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ABSTRACT

This paper proposes a speech synthesis method using Fuzzy VQ, and then study how to make
choice of fuzziness value which optimizes (controls) the performance of FVQ in order to obtain the
synthesized speech which is closer to the original speech. When FVQ is used to synthesize a speech,
analysis stage generates membership function values which represents the degree to which an input
speech pattern matches each speech patterns in codebook, and synthesis stage reproduces a
synthesized speech, using membership function values which is obtained in analysis stage, fuzziness
value, and fuzzy-c-means operation. By comparsion of the performance of the FVQ and VQ
synthesizer with simmulation, we show that, although the FVQ codebook size is half of a VQ
codebook size, the performance of FVQ is almost equal to that of VQ. This results imply that, when
Fuzzy VQ is used to obtain the same performance with that of VQ in speech synthesis, we can reduce
by half of memory size at a codebook storage. And then we have found that, for the optimized FVQ
with maximum SQNR in synthesized speech, the fuzziness value should be small when the variance
of analysis frame is relatively large, while fuzziness value should be large, when it is small. As a
results of comparsion of the speeches synthesized by VQ and FVQ in their spectrogram of frequency
domain, we have found that spectrum bands(formant frequency and pitch frequency) of FVQ
synthesized speech are closer to the original speech than those using VQ.

ME
= Alggo] 2 ojAEEe A

< Eu
o wet Wdte YR FHEF A

60



A e A H
Modols ThesiA|
olHH A A
7holl SgbabA] i
7bsakA stz 1
Bl o] 2ol &3
=53 Ak %LHOM
Tt TI‘S(text—to-speech)QJ Y
w] 7kefl A 44
LA 71e] FRstel Aol 7h =l
3 9 OLZ(ZL-H—iH——

A7k Aok @ &

Aok 2y &

0M‘=’§§}9_} x{ o]g

kv

tje

t’o‘éli'lf 7ol A ¥
g7 Bohe 4 AET
Z2E 5§53 E
[21[3]el it} ADPCM3} ADMe
A, EA-gFAAEREAE, o
o FA4ol UAEE}F— AE
o2 LPCH4IY Forman
oy 5535t Yy et

SO - T )

1
1.014
ot

oo &
ox [
tlo A

L

£

A ofob o mit 4 e oX fE orlo M e 2 s o

_L.ar_{m

—t '{N‘
o iy
%
o >
£

MPLPC(Multi Pluse LPC),
Excited LPC),

RELP (Residual
VELP(Voice Excited LPC),
CELP(Code Excited LPC)%} Z+&
21 3 ATC(Adaptive

AZrEF)

Transform Coding),

98 AW YA HAY 2 sheieiagel BE A7
SBC(Subband Coding)? & F w4 g oe)
Hol ek olH e YA e AFst el £A4o]
e A Y5, LC Beia) A8 5t e
BE Fi4 d9Ee] AdEYe) Yus HAY
3, ohgd WMAFEH FA/RAS Buo] B

Lot el mswz 3ot
o] gxlg].l Al Abeko]

U
W5 WESe AN qASE FohHe
%

s3deletE A e dEar] fsiA

r\o
i ©
o
i
ox
o
R
o
I,
H
ot

dlol e}

(o]
g5l Bestth o8 A8 AEIA S olE

g shipel 2oz o WE Helsts WH YR

VQE +45F3538, $4202. "HHiY

Vector Quantization : VQ)[5]7} 5t}

2857 gt o]#3 VQe AL IR =
A 9]%—6}—131‘ A8 Aol K-means G318 E

r
93,
©
fmg

rlo ol
Hr n{}i

off od
I ka n
1©, ojy

] A7)l ojEsted, £

] fﬂr Uﬂ‘iﬁla EolA

i
I
oA by

o

10,

<

s
14
i

of

o
°
0%
x>

o
o

S or s BN roox
)
£

e o
Jt) Xy
(e Y]
o o
2
X
ol
o
>
ﬁ
2
L
N
o
i
to

HAARNY, HARA=e, JAAFH
A &2 FAEGD HAIFES 01“*7]?3"“

=7 }% 0z 18 Jehdie 71&
2] A Al (hard decision) &b &7 o= A%
7F ofl W ol Ax £ ¢ e

AP LuEl6], 2
[7] o) qvh Ywxoz
=

o
gL
3:
O
%fﬂ
_E
3
e
N
off
o njo
A
rr

%3}%
9 =
%3l

ol vl &

=] A Al (soft decision) & 0 3 1 Alolg] A&AE
2 gdstd AHelgth olzHg AdE VQI A§
gk o] AR Y St [8]ot) 32 WEFxtEE
A A3 ol 2 [9]e o] &3 A7) Ak

AW B FAste] B4 ol A

19 edME st me

WE] Afole) HAWY S Feysted, YHWE ol o

& 7zt IowEee A%YEE YeEye
L=

F7re A= ez &
3]

pa3

T = T T2
means 2+ & AL 85l &

o
0.>1'. o}_,

-

gt

s
AT

o A= Fuzzy c-



st 2] B A5 A|AHES] =22 1998, Vol. 8, No. 2. (1998)60~69

AT S Are] WEE e AU
B2 7 39 H2dS A= Aol W] WE
of, & AFM e HAolEE HE3t drE e
g FolHAM FHLIAES =Y F dv HHE
el HAHE FASE ST/ Eok H &3
I B A7 wE WEIE Fol 7E
vVQ Wald o AR F4SHE =3v WY
S Adgt}, 2N M e ZEE A e Bt
2 @ Ee BEsty, 3FdAM e AAHEH S
& o]&3 24EM-FHAI & s 718
t} 4 AolM = K-means drg|&o g AAMHA F
o Z=E A7l i VQI HAHE G5
ofgt £ g sy, o S48 HF
o2 48 & dve HFH A "dyGFEE §
g Fuzzinesszt Aol dish 7l&sta 530A A
g 2e=rt

2. ZER dA L3228 F

FoBE APt BEE AdH7HA7E Uk
K-means ¢218l& LBG €2a8&[10]& HA
dEdE o} e AYE Zte L-Hd 27 REE
S AT ug, AdE Ha dIEste) dA kol
EAQ3 37t 2 o 7hA] wiEEle AT EHA

:Jd fr

o) o] ¥ Wyl o] W& K-means ¥4
e Z=E9 A7 ALl HsRE W,

LBG ¥ EL ®A FHFfIFo] A o]t
g o 71x 228 3718 59 YriEA Yske
719 ZAAseE v e 2 K-means &
IFF Bt T’P‘é AFXE g 5 o] mart
ojeigh W& FEF AAME ol HlolE 9
IS 2 Y ez EFde RolAw, 4y
HE7E 239 FAYH A&Fe F=E AN
o] JEWHEIEE FH3Ee 7lgo] A=, o
2ol FCM ## 3 clustering) *H[11] otk =8
L} o] m—h‘JO uLO ;ﬂ/\].ako g g 3}L- \:}»;(4_0_
ZARU

%3}&1
HxEHez AHAY
2l (winner neuron) 3h4

ol

FzRS

21 K-means 12| &H

62

_(centroid)a}lf’_ e £
4= x—}” HAals o

o] =]
= 4%

of

B
=

@A 2) 7] 2R ZYGEA

271 WY (Y 0), 1 <j <L)9 & 43
ot dHUEAGREES] AdAre Haa Vg
astd ddstA G, dAHYE ] W
A es dAsta] L] 27 ZE HEE zhe
A= N3 Z}-}“B‘]—E}'

@A 3) YEAE X, 1 <i <n}7} L AL
BHEEE I O BF

X, =C,
all

if d[X,.Y,(m)]|<d[X,Y,(m)]

1<j<L (1)

j#k,

WA 4) 7 Aol FANHE Adste] A=
EERCIRE

]

Y,(m) = Cent(C,(m)), 1<j<L (2)
g 5) HA FHF Dim) & AN
D(m) = E[d(X,,Y,(m))] (3)

@A 6) T (44g EIE FYPS YF2
8x) etow A 3)& o)
D(m—1)— D(m) (4)
D(m) B



d
o
o
2,
o
o

f1et A e Fatste] AR YL dpeteetd el #ak Ay

2.2 FCM &l 3}(clustering) & 12| &

A2 8 (fuzzy clustering) WHEE A% 71y
o 23 A 3Herisp clustering) ¥ (K -means
¢} LBG ¢*12F:)& &3 sigeltt va 23
shib e HEs AANE dolM deolgA#EE
2 e #eg ERste Aolxut Az £
9 AAF sl HolHE o= 3 79
+3olg ds] AHZAFN e Fevt Aok 2
&
o

ol px 4

o

>
).
B
ok
+
T g
o
o
-
P
1o
S
2
R
o
=
fru

< L) AHsx &
FZAYE Ag&HE AR 25E8FUL I/LE
z7)|8lslt}, A&ghgeghe] WMlE 08 MA st}
@A 2) a&5Ee A
BE d¥dEEol ZE 239 FAWEY &
5 s AFAEE U Ao N2 ANt
1 -1
_ L ll(X, Y,) I':I -
U, (new) kél[d—&:—yp } (5)
A7A w0 WA JEY

TAEEA 255 e @ g ol d(X
e WEe Az (FAF3se] AF 4

YA 22HE ek

@A 3) maxfuy ol <8 0w we, 29
R ¢kom A 4) 2 7t} 7)1 0<d < 19|t}

A 4) MEL FAYEE Yinew)E TS 2o
2 3

g F
Y, (new) = 'E:I[WU)FX'] (6)
I_):Zl[(#,-j» ]
g 71A i=1,..., n (YFHE Y 4, j=1,.., L (&
AHE e = = IR Hu)e ek

|

A 5) @A 2 & FYFct

23 ZYEHSNEY YDAF

A SaNARe FrE 993 eds 29
Foz PAHM YYFoAME AN wols
otk oWl W X7 FolHTH X BE AR
Se 93 RUd Y¥How YYHy, euR
e PHWEY AFFE(UHFH e9FHA
Aole} AAE) Atolel AE AT 245
AAE eHZlA AN A E wastel Ha
ATl Feg dsted SARUCR AT o
SAFAY st Eol FrHW YAEH
euzel APPEI} TEEE FAs LAY
o mERo] YA 3

Y=[Y:}- =

©A 1) 2713 @)

dEuE o] A(ZEWEY ) H 2¥F F
d F(RZEE AL, BFF e(n) A
oA 2) JEFF Y SAtelY AAAE(Y(0))
%78}

A atA AestAG dEdolel HEe A WA
A e 2 278

94

A 3) HeolEd dHYEG AARE (Y8
# 2dFAtele] AZAAE)S AYE At
P AHE AEE e sAwE S 2RI

7 = (7)

J

{1. if d(X.Y,(m)<d(X.,Y,(m),j#k1<j<L

0, otherwise

©A 4) 238 $ARAL S Yoz

K

A
La_zs

ghtt.

Y(m+1)=Y,0m)+ e(m)(X, - Y,(m)Z,  (8)
e(m) = A" (9)

A71M, d= HES] Az, eme G5EE e
Wm gEME e HEEo] 23 (custer) o) FA9
HE gagel wet 1 wsige) Az we g
aote AFPEYS AV AL cmel Ao A



R 9 Ay AsHels =

S ARse AFOlL T (49 W 9d
Holekel A 54¢ elsted el grow
EEELS

3. T x| & E| 2 x} 5}
NPT

WE{YAFEHVQ : Vector Quantization)E &
©

WES} 7 fAlE REWEES sh dyaslE
gl 3 A WE G sk Fuzzy VQ)E shtel 9l
HulEe] ga) ReHel RE FmuEste] fab
HEg 0 31 Abelel oz A asds
we HEez s shute] WE(GEYTAE) S
uug = 8 o N 5 ]-o]]}\-] o]‘: 2&E 2 A

FAT)
FVQel ol2@ e v
:17(45} 6L)«]uj}g1§_

2k,

31 mx|HE{Ax}ste| SHEM

AR M Flshe] mEREe s)Ee) VQ ZEE
3 s J‘]X] VQ EAg e HRAGFo)E
A E o} Zhzhe] oA) 3 W g
@v&ﬂkg— T ol olake} At

714 HA = YRS NE e Eug eR
GoAA Sk £ 2= uel §4 mus)
Fug dEn 27 Adge aey as)
L olth $E4FUE 0 & 9 o4 Qe a2
BHee ros oo,

0,:[/1,1’.“,‘2! """"""" ’luzL] (11)

BME O AEES 77 %ol goln
stepn =

1 o] "¢} z28]5 F(Fuzziness)>1
2 Heh g Z+delct. &8
A

o] %15

> ruE fo g
My oM mju —n

(12)

HH“—"JE‘]O -‘%"% A 2 ALdezie] AE
Ak g A MES demin VoSl paa
o] sjgaich ZelA BAHEE 0 o ArEe
e SAYWE Xob 34 ZEWY Y. 2 7z &
Y $§S Yepdr,

le—[yu YViz, .., ym‘l—‘
I Ye={yn, yo,. .,y
Xt e el Y o
............ |
=[yue .y ,y.N]’v

29 3-1 3A VQel 2w
Fig. 3-1. FVQ speech analysis

Fuzziness 29l F7} £33 #AA
EE AEES UL 2HE JES 24 HLLF
1ol ke @ 2g £ ol shuel 4
1 A He o€ g

H & o rlo
N
i
ol

® g o
v
g
o
o

o
PV
o
N
N
ol
rir

32 Tx|E XSt AR

A7) VQ S4EAHS VQel deinhRel o8 3
3 gEA BHRA 9 B O o g4
FH g AHEte] TERYS) &4 HEWET} of

WOAlZ S stube] 4 SAME X der
A H e FCM A84g Apgshed, of gty
H5" ZE 54 Z=YHE 28Ete 25FgS
ol WE 7R E WYt AR gl 2=
WEZE obd AR B SHUWEE Aoy
VQe] & Boe dFd o vike 4eE
derh

‘Y|=[yu, Yo, .., le]

Y= :,::,..,2."
Q:[ﬂnlnul: ~~~~~~~~~~ :u,/_]% Lysr-y y] ‘%0,

N yl.N]

I 32 ¥A VQe g4
Fig. 3-2. FVQ speech synthesis



FEde] FATEL g sHAWEdAste] HA Y2 gt et el e AP
471 BHSHME § & e o) Foluck 29 L 9 EA/e S Y
I Fig. 4-1. Original speech /an young ha sim ni ka /
X, = [ Ry ki Xy, | (13)
29 4-2 (a), (b), (c) B H A E FA s
X o 4w £ b vhesl FOM AaA[4] o o sl® A4e] B8 271 A9 Furziness g
2 7o of we =g W SQNRE viehdch g4el ¥
,, 4 mAQe 400 B2 PR AeE B
-l (14) S Kemeans@alg] So2 24t 42}% 32 49y
i 2[”‘/’ ] ol t}.
(1 <i £n ne A HAF)
)A(U% HAF ol oA FEWEH AT 3l T3t
oG4 SAME R o ARE Z a8 45w . ,
£ vhepdth 1y y | &— ]
P , g"“' E‘T M
4. MEZENNSIN HE AR T ,
:H‘TTWHTETEE_W&_E?'H?W 7'5_6_1 T 7218 % 28 ';L:IBGCCWJ
HAA VQ 4 el H5E ®HtE] 9
3 AHEE &4 delels 3 /EsAUT o) (a) (¢)
o} o] B¥HE ¥ 4-1 of vehUTE o] &40l
OlE}= Ariel A}l speech station 30 &4
WA A [16, 17, 18]& AHE3Et] @2 Zolth o
A 282 pC-56D DSP Coprocessor Board & A} e e T T e
251w DSP 56001, zero state 16 KRAM, 14 bit "] z’f\ e :1"/{'\ ’”’%H**@‘\
analog [/O signal channel, 24 bit parallel %“%h\ R ! %m F:/,T;}*{:“M‘-
interface § 22 FAEo] Avk WEY Fare N g ~ 1‘

8 KHz 2 893 o5& 2u& &k

B 1% o]u, 800071 9] A& gholth
HeAsE Al FASEEUSQNR), T4
w49y, 2AERIgos HIhdT SQNR &

Beoz gelech

Els*
SQNR:I()LOG,(,[E—(E:—{,]T] [dB]
o714 S 9 S0 MEFolw § & A
H gdel MEATeh

/an_voama fa Sy wt

1000 2000 3000 4000 5000 6000 7000  BOOD
Bamples onter

65

NTETE T s 5 4% 1 45 G 65 6 a8 7 75 6 T 1218 2 25 3 35 4 46 6 66 8 68 7 78 &
Fusetiom Vahsme Fuzziomes Valow

{b) (d)
2% 4-2. ZalY ¥ Fuzziness a9 W& SQNR
) =g 155, () ZHY 6-10, (c) ZEY 11-15, (D) ZHY 16-20,
Fig. 4-2. SQNR vs. Fuzziness values for frames order
(a) frame 1-5, (b) frame 6-10, (c) frame 11-15, (d) frame 16-20,

23 4-2 (a)ollA Fuzziness3k2 1504 3¢
Lol A, (b)ol M= 15004 32 B 9ol A, SONRE&
HAN=Z g & F Ut (¢ Oﬂ’ﬂ—* Fuzziness to]
2o A 3e] WHeloA SQNRE FHZ shxrt 159
A T o Me 8olde] FhellAM SQNRE Ho=
ke 4 £ Ar} (d)o| A+ Fuzzinessko] 159

A 42 g elellAl SQNRE HWE shAIWH 16W A
Ze ol Ale golde] ghelM HAdidg & 5 3



Mg el upz} X)W Eta}slo|
S 2 3} Fuzzinessgt
LA B A=

Fuzziness 32 A 3}7)

o
2
oo
v
iy
tio
e
i &
4%
Y

SQNR &

ﬂ‘;
2
tru

Fuzziness 3t#2] #AE vleld Ao
T ZadelM =
24 SQNRE ¥ 5

H
i)
-
O o
2
2
rr
[K
i)
e :
uE
M
>
i)
o
2]
el
Z
=
o

e
2
£ o

s8 wolEr) o
| 4]+ Fuzziness
aEi7r) A3k

> |0

-

N
N,
s
Iy
o 32

)

r
o {k

2 M
=
fo g
fu
*x
oX
<8
I

ox B W € hu
to to o @
- flo

2 X o

o

o

o N

o Wy 42

n

Ry
oX
o
il

o M2
o g

w o
b
EJ
%
oo
10,

0.
2]
i
=
rlo

o

P

It
o E X o
>l omy

N
'~
-

oX &

Fuzziness
HERF S
71A "}

woox & ooX
a®
=2

tlo o
K
@ 8
o ook
o |o
fu
% X
do do {H o

of

123450678 010111213141561617181020
Frams order

I 4-3. ZHYE BAza H 2 Fuzziness3t

Fig. 4-3. Variance and optimum fuzziness values for frames order

29 44 = 32 #H¥E vQ, 64 g vQ, 3234
FVQ (Fuzzy VQ)ol 23 A4 Zyody
SQNRE ueldth #H A Fuzzinessgte zt:= 32

#dY FVQ 9] A%< 64ad vQ 9 A5 vz
g 0 BRYFEY ol I=Ee une]S Fu
o8 Folxk e FHLTAL dE F UL

EEES

123465678 0910111213(4161017181020
Frarme order

el ZadE SQNR

9 4-4. VQSE FVQ =% T34
25 7he 32 89 FVQ,

(a) 32 " VQ, (b) FHFH HAU
(c) 64 A9l VQ

Fig. 4-4. SQNR vs, frames order for VQ using 32 level
codebook (a), FVQ using 32 level codebook with optimum
fuzziness values (b), and VQ 64 level codebook (c).

213 4-5 (a), (b), (¢) & 7z} 32 94 vQ, &4
A vQ. 2l Y HF AV 2ES 2

%]
=32 AW FVQel 9% gHSHe HEe e
A ZERe A7)
VQ#4 ks FVQ %4
Hol gl o g @

o
ijo
fi

(c)

29 45 F4E S4A
(a) 32 99 VQ (b) 64 @ VQ, (©) 32 #¥ FVQ
Fig. 4-5. (a) Speech synthesized by 32 level-VQ (b) 64
level-VQ (c¢) and 32 level-FVQ

a9 4-6 (a), (b), (o), (d) & z}zF ¥4 &4, 32
gl vQ, 64 # VQ, el 32 @ FVQ 9
ol e 2HEZ WS Vepdt)

66



Ao FATEE S AAHE LAste] HA V2 st o) B Ay
6000 &) Alele] HE&REM VQ FASAME
88 RIF JERA] 22 whEe (HAZE 600
Hz oj4e] ZF 4,2 vebd) #Hx vQel ¢
FaSde SHAFE £FF ARE B & U
o _vome gy I i voame Ba iy w s
. €3 - L
san voaws Ba iy ot I /aw vaawa Ba f1g w1 [
(a) {c) )
T —— T e —— T
== ——
(a) (c)
/aw voewe Ba fig W1 dns san voane fia fig a1 (172
{b) (d) e yems Ba_fin mi o n vaene Ba fry w
28 4-6. 9 A4 FHEEY 29EZOY ]
(@) 9<. (b) 32 #AW VQ (o) 64 d¥ VQ (d) 32 # : 5 ; =7
4 FVQ - - - B
Fig. 4-6. Spectrogram of original speech (b) (d)
(a), speech synthesized by 32 level-VQ (b), 64 level-VQ
(), and 32 level-FVQ (d), respectivly 2% 4-7 4 AT §H LS9 HAFFG4,
Fig. 4-7. Pitch frequency of original speech
HA VQoll 9% FALL AHer EITE (a), speech synthesized by 32level-VQ (b), 64 level-VQ
Fulg2] F2o] HFa%k ukde) vQol 93k A (c), and 32 level-FVQ (d), respectivly
a2 ERE Fog Atold SA Faby Aol
obd & Aol Wo] A3t XVE Folgo) o] AL FVQol 23 #4329 x| Fut57)
#F2to] FHEA F5S B 4 ol HA VQY AW smoothing AHE Q) A T A}
o FAECl USe AAEE AUHoR T ole HA FHFe A5 fAsHE Ao
AE g E BAFET VQ #$4F Bor ALl E3tE wAFg e 9
& Aok 64 HE VQol & FHSAe) Tx
27 4-7 (@), (b), (o), (d) & 747t 4 &4, 32 FH5+E A ¢ F Ad5o JAFH450 Hele
g vQ, 64 #E VQ zEl3 32 #Y FVQ o H¥o MEE ] dsiMe ZER A7E B
o sl dA Farg vepdc olmex g & & Utk
A8=el fA Fare G & xojrt A= AAA AMgE e 42 EE (K-means
fol W&ol FA Faa(eF 200 Hz) & #FR3te  <38E, 24 540749 ¢3x8E FCM &2
Ae & F Avh 2y /gt o 3 @E)dd Qg Z=Fe Awuze FREA[19]
s 2 FE WAEF, F /M7 GoodE - & #Fx bldd 358 AAe Ase A gle

67



FEAA L A N 2YY =R

1998, Vol. 8, No. 2. (1998)60~69

& & ek

o

o] & &4 7
HE AAsta, x3de] A8 271
Z| sl2b| e} 2]
B71EC HEte] AT A HEIGAEE
&3 S48 v 9] HolH &S &
S48A Zedd 4E8 AdolE

HA A 71Q1e 4 ZedAlel
¢] smoothing & ol ¢jsh Z#H U] AAHFoA
39] g3t FarA F48 28 7 UFE
. AR HE Ak e] g ek
[Ura} 2] SQNRo] W EE
}l, SQNRE ZtJE &= Fuzziness 3t
Ze el EAakgte]l AW A AL

1_4

Fuzziness
dgew

koo

Sl

oy HL &
go?‘;ééﬁr&é;fioz
ok

o2 A dHstedor g WHlch

FATFE AF7HA 9 ?i—_r”jﬂr# EQE 24
Zy Yo ®Ba@gd g AFHez HA
FuzzinessZH-3 A% &l %*3%“3-% Fste A
S WX W e B Adaptive FVQ) &4 8432
of gk A4t dolH ¢F5EE s %37 ¢
sl S atE o] AWEglo] ofd S 54 mey
EE gEste] mx WEdAE S48 §As

= #$ FVQ-CELP ¥hyol| 3% Zlo|ch
238

[11 S. Furui, Digital speech processing, synthesis, and
recognition, Marcel dekker, 1992.

{2] Juin-Hwey Chen and Allen Gersho, "Real- time vector
APC speech coding at 4800 bps with adpaptive
postfiltering,"pp. 51. 3.1 - 51. 3. 4, ICASSP 1987.

{3] N. S. Jayant and V. Ramamorthy,
postfiltering of 16kbits/s ADPCM speech,” pp. 16.4.

1-16.4.4, ICASSP 1986.

[4] M. R. Schroeder and B. S. Atal, "Code-excited linear

prediction (CELP): High quality speech at very low

"Adaptive

bit rates,"Proc. Int'l Conference on Acostics, Speech,
and Signal Processing, Tampa, March 1985.

[5] R. M. Gray, "Vector quantization, " [EEE ASSP Mag.,
vol. 1, pp. 4-29. April 1984.

68

Fuzzy - C - means &

WEg4s mEde] Hu)w, "

(6] olxo], H&E A,

4, o1y,
2elzel ol% Wel
|

A 3% IFAE, 3 HAA 2 FF g
«t)3 =23, vol 1. pp. 18-20, 1993, 10,
(7] o)de], A8, o]y, "NAY S5 Peigats)

<
AFA %, A7

. 1, pp.
10-18, 1993, 5.

[8] H. P. Tseng, M. J. Sabin, and E. A. Lee, " Fuzzy
vector quantization applied to hidden Markov
modeling.” Proc. [CASSP 1987, Paper 15. 5.

(9] ol719, "AME g ol o)d spabE g ol
1A, 7 WA ek whabeky] =&, 1991

[10] Y. Linde, A. Buzo. and R. Gray, "An algorithm for
vector quantizer design,” IEEE, Tran. commun., vol.
com-28, pp. 84-95, Jan. 1980.

[11] Bezdek. J. C., Pattern Recognition with Fuzzy
Objective Function Algorithms , 1981, New York,
London.

[12] Stanley C, Ahalt, Ashok K, Krishnamurthy, Prakoon
Chen,and Douglas E.Melton, "Competitive Learning
Algorithms for Vector Quantization,” Neural

Networks, Vol.3, pp. 277- 290, 1990.

[13] De Sieno. D.,"Adding a conscience to competitive
learning. In IEEE Inter'l Conference on Neural
Networks, pp. 1117-1124, 1988.

[14] H. J. Zimmermann, Fuzzy set theory and its
applications, second edition, Kluwer academic
publisers. 1991.

[15] Lee Jin-Yi, Lee Kwang-Hyung, " The Optimum
Fuzzy Vector Quantizer for Speech Synthesis ,"
Fifth IFSA Congress, pp. 1321-1325, 1993,

[16] Ariel Corporation, User's Manual for PC-56D DSP
Coprocessor Board, second edition November 1991.

[17] Motorora, DSP 56 KCC C cross compiler user's
manual, 1989.

[18] Sensimetrics Coporation, Speech Station USER'S
Guide, 1993.

[19] ellol, "= WE| gz} Al )
BEgel B A7 s UAey mE
1993,



19 S A e gske] HAU 2 sebed Pl BE A

sl
o
o
o

|
o

o] Xl o] Jin-Yi Lee) ZAl=l9
1959 a8 Aaelst 9
1l F sk dakgatap At
19 paloigky dabgatat uhap
1995 - A et ks
BE R

ok Rop A A AwWe g t)xg

fo )
220, ylolelgtaE

69



