75 .

Befg, Hailu|N, (EIREE

2AMof| 2|3t Man-Machine Communication

7|2

eig

B & §
E & R
WEH BRI BR BT IR #8

2 of

2 =FolAe 54l 23 man-machine commu-
nication 2] A7)l FAQ4A U A AnukAql
Z1gel H#eled o HIE doldcl wA 494
oAl sjAsolo} & FAHEE A3l Aelglo]
ol4], Ao ql4Al, aelx ddde] QA s
#3g 7|3t Aelgle] al4lel A pattern mat-
ching Wilell4 A-gsle dFo He] 54 £ re-
ference 942l HAlE &34, FAE &4 Az o7
AAZAA HaA ek dAwbe] H dEade] o}
AolMEe #xl 371 =5l2 Y+ “bottom-up appro-
ach” ¢} “top-down approach” ol B4 A=sln ol
F e og AES 24k df 24 ¥4
o4l 71E9 o7t A wE AR o)F
o AtHE 71Edt mAtoR F} dzA IF
o] text-to-speech ¥ A|=Roll 3l 7]z ghet.

I. M =

S4e A AR AlERols, AWY B ok
o o 2odlE AEAD 4oz,
2 ohe} Bae Algtel o], 44, §8
A2 T¥an Yo o9 R 84

AAsel Ay el $wtoz AlgRchal, e 4

-

#@E°] computer 5 o} £ o|7]E {GA o] &
T4 S B ol iy AYolx e Hey

]

AE wE F g Holeh olH@ olf wEel
32 AAF 3, computer F3AHS} Aol  wAAEL
A& A2 Z1AA el HrAge] scioz =)
Azt 24 A4 FA el FF FH4
A5 dA g sk ek

pn oo §2

7
3t

ol

(210)

2Adol 93} man-machine communication”|E& 2
A HEF3shd, HA computer 7} QUZke] wEE A
£ A 53 dolE7] A% 5424 (speech recogini-
tion) 71€ 7 PR text T A5, HEstn, =
AxE YA e FE= FA YA (speech

synthesis) 7162 +§8 4 Uk

3

HA SAQlA FokE Ay A 104 WA
Ze|toiel Azwtel 9 QAo FlojAe e UA

AL W%, YL SANA 2 39
s} gleh % AANAYEL o
A Azgez 57 A Bl
sof gl 4 BA olhAGIE 95%el4el <l
2 ZErh ol AMALYY Aol FAkgol
e 1 $EEolE A o $3HHA L chepeln)
Ak, ol £ 24F Aag 44 9 B, §3
i W e, FEAE R A4, 4o
B FF A7AY AHE AL A5z 2
$4 de Pyl

4 Q4L AR Robz Uxold A7s|m gl
o AR Fope Azimolsl aldezd  orAE
WESA FEoel BEet old ANk AT
A oAl FF Axdgel 485 s, A
Sete] Q4 e HAE % whof AlolE FEa}el
weol smz AA Agele ofeid ol gloh
s Robe AT AALZA o) U4 A

g2 Fo AdayA LEdke AR E e

o] o] %o} A4

A44% AEol

2 Azl

0;

TR T 4

=2
2

K



76
ztol R o] ek,

4 SAUAL ARD 49 Do s 2FHA
A% $4e Adgor ol WE waA A
Y471ERE ARHA 249 el e $4, 8

A e dgd FF 7RI 2§ Fell AT §il
oluldl o] mx EAE AT & e 2=9 7|
€& 88 FAY SAPNVIES 2 AT Eot
T4 A ol WdEe A4S P
< Aol e T, 54 EA model & A
43 Ay, A WAV IRl A=

(vocal tract)Z simulation 3} A 3= WHE L &
T itk

AT SEFoks WS BN |l 2F HWot
2 dEF €9 o 2o

« 23l 7}HE computer v A A Au]

o A7} Ao 2L-E $ 3l reading machine

o At Aol x5 213} talking machine

o Aol o AR system

* Teaching machine ¥ training machine

« At

o]2 gt S8¥of olefollx FFof FTAFA sys-
tem< A7ldle, FgAD, FHFY & FEI) »
2A WHslele FollA o] & ol&¥ozd AHAAE
55t §A4 oz AgATAA ArA] AEE ser-
vice ¥ 4 o, AFAE 4 FU AT ol
S4og AWE dojof s ALl F&3A ALE
Hrt

+ v2dME T4
nication & 7]& 7|

£gA4 9] A 7gel Bale] Zlggcth A e
SATAe At e FFol SAFANA
"o g o Fas HES AESSG vt
2 ANAAM A2E gech

0. 34 2y 7=
1. Azgke] 14
ZAelete] Q142 1960\dd] ol#E o] Wikl A

#Ha odFsted ghor} 1970\ ol Velichko 2}  Zago-
ruyko 7} dynamic programming 9 71¥-& 4 <4
of £9lsl7] AnAE & AAe] gialek. 2 Fol
Eoubgd o WaE v 9yog ¥ s

$3led dynamic programming S AMEse oA

1988 4 BTFIBER

(211)

F15E H 258

7} gol 3=k
Zzlgto] qlAloll4& feature vector 50} w8
Ay S ogre o 10-30ms 7t dojx =,

training data 288 F3led 3 oln] A Qe
reference sequence 53 feature vector &9 se-
quence & vlmale] 7} FASHA dAsl=E AL

Fopdich o] wjm AAeA A Fot e
7}9) reference sequence 2} ¢ # sequence & A| 7t
&g z2A3E Aeoldh of alignment W F A 71
chgl A2 98 sequence & & EA I reference
sequence o] % EAHE UAA|F| L Ale] Alolef 9
dlolel-E Bt At A9 de wyelsh ey,
Hgdwo] WaE vAYHelug Fo B34 o
g ALE-3lojol @t &, ¥ sequence 9} refer-
ence sequence’} 713 TAEHA AAE 4 QEE
dynamic programming ¥ o2 A&l u] A A
warping @4l olalA 413 dlojele] A7EE W
31A)7)+= uiolc}, o] ¥ dynamic time war-
ping(DTW) 7l o]} 3f= Ae] o dzcto} ql4le
A Fg adE 2w Yo

g3 time sequence & AH X7} YulA o g A7ts)
€ R Bk 24 gL oAA Yedbe A4
2 Ed & vector quantization(VQ) o 2]& &4
1At o] H ol o-FEUctk? o] wby L = B3}
B o FF U A7 ghololl HE3= single
codebook ©] 1} codebook & training se-
quence 288 AAslo} I} 7t codebookd A
g 2715 Z+ HE=Ql feature vectorTE T4
3to 2 4 9]& feature vector &} 7}A A3} code-
word & #H+ed AM&-sch =heF 18 sequence 2
feature vector ol 533} codebook ol sl 712
e Rez viehd
o] codebook ol #eF3te o]zt o] A a®o] 4l
3l tlol7} "}, o]zl ulAollE time sequence ol
o3 Au e Adog FAFE 4 gk ze

i)

[

‘multiple

=

accumulated distance & Z+

°|

Wi e GEol FAIR ol Fel Helde BEE 2
3E 2 4 Jomz, oy BAYE usta

2304 multi-section VQut matrix quantization
(MQ) 52 HA1= algorithm o] ) qk=] i)™

o] Aol 4] A{& &l dynamic programming 7| ]}
vQuiate A o SAAH AT 4ol At
o] clXol &5 7= Pt 7EA o= hidden
Markov model (HMM) # qld] o 7|4l ZE xlo]
Markov chain & £9<4 &8 342 modeling =

L



¥4l ¢& Man-Machine Communication 7|42 &8 77

o} ¥ Markov chain-& state transition network e}
3% &9 o] network & state transition®] ZE,
%E_% a?_}xg.g] i}—%—' 3—‘7’]—7— State-q T 5 ‘E—;}-‘% pa-
rameter 7} lojof d}&dl ©]2 3} parameterE-< ok
& %9 training data 228 FA gk o w9
+4 A A&doiM+= U3 feature vector 7} &
2 feature vector & WAAIF|7] A VQ W4 e
Z g5, z2)9d feature vector 2 sequence B
el A]A-2 Viterbi algorithm & A}&3lo] ojw
reference 5ol 7} 7} A4S 2| A AR whala,
o] uhalol) €k 9l4l& DTWell o3& Axct &
Ao R o|FeolA 4 Qe A9 oFAF ]
25t HMM A5l DTWH VQ Aol A%
sltte A LA Fa 9t

Aol 71eq Avivte] a4l W E EA A

2ol 23 & DTW-E o]&3 pattern matching
Agleto] glAl Aol 7 1o =AlEe] gtk

Pattern matchingoll 2|3 Hegle] gl4le <l
S49 EA 3%, A AH reference pattern
test pattern3e] AR 24, azly fAE =
A Ade] o7 Ao AYAE AAA "o o
off F3lo] olefol Addglet,

s{n) | ENDPOINTS
SPEECH DETECTION

FEATURE

L || DISTANCE
EXTRACTION

CALCULATION

REFERENCE
PATTERNS

L=

RULE WORD

. AEite] QA AlAd e £HE

o
%22 memory size, AALA]7}, 22l hardware
TEe Lol4-g mE{dlojof lewl, 2 wiew
A+ filter bankell 9]& short-time spectrum &3,
homomorphic processing W], A3 ol ul(LP
C) 54 € 4 Yl Filter bank &3 =2 ulwyje
AH 45 1078 W= 30702] bandpass filterE &

# A7) % rectification, low-pass filtering 2 3}

DECISION |RECOGNIZED

1 3% 343 gk AHEEE  filter bank o 7H
AL JHY A9 N9 Z(Yubdog 100Hz F-
3000 W= 6000Hz) 2 A& 5]+ filter bank & 4o
ute} ct2u ®E 1000Hz ol 3}= Al&Aoz 0]
Abol| A€ logarithmic scale B 7\}7:4% Zech o
filter bank £3 #& 8y& F3o| Lold nl
olue} computationd7} ¥]a# He] real time
processing ©| 7H5317] wiFoll HaAl o] Al&E3
et

Homomorphic processing W42 & &4 & dis-
crete Fourier transform(DFT) 3} logarithmic non-
linear operation &% 4] % 9] parameter (Z spectral
envelope) 9} o3 7] Al % (excitation signal) & ¥ 2]4)7)
+ 9ot Bl By gpectral envelope v %3
filter bank ¥W}41 22 band & 107} W=l 3002
ol <stst Hled band & e Wle A3¥
scale 2 Y+ WYy, A4S 7lx= 3
band scale 2 v+ Wl 5ol Slch

LPCuy & A&l Ad4 459 vocoding ol AH&
g e} LPC paremeter setAA7} Jxo] B2
veld 7] wlgoll A Al de AMEE T gt

2) FAlE &4

dH A9 Ao &5 testslE wlhole &
A3 7] A A reference ¥tol 2 £A JFAEE
FZAslolof gt FAEE A7 HMME dis-
tance measure & AM-&3tojo} 3l L o2& eu-

clidean distance, spectral distance, LPC log like-

critical

lihood measure & 5 4 Ut}

FAEE S5t dol YoM #rkA] Fod §
AFHL Mite] dile &5+ 7t Fxtol wel o=
7] wjF-ol test pattern} reference pattern | dis-
tance &3 021k wholdA & HusiA T 4+ ¢l
e Holoh, wheld] AAEFL Eol7] HMAME test
pattern®] ¥& 7% (end point detection) ©] # %3}
Al glojo} 32 F pattern? time alignment & 3}
ojo} 3t} Time alignment & 7} &E3pHdql ul
WL A 7143l dynamic time warping(DTW) 3}
W = ¥} A level-building DTW #¥jog
g2l A gledl ol 52 dynamic programming 7]
(o] :Viterbi algorithm) o] <2-& %3 9=k DTW
ubal o] 7|2 9] EAIE end point2t alignment &
path7} Fo]A Z 7 3}ol| 4] test pattern 3 reference
pattern®] A& A3 sE 22 warping path %
T3 RegAM AF7A| F7EA| algorithm o] A<t

ol

(212)



78

5ok, DTWHAlollA test pattern® reference
patternoll warping 4| 71+ & 2§ 20l A3
tt. DTWx X% distance A4t FA0 &3 =+
o) o] uhyel AL FAQAMAA JtE A
HHez ZFHn gl

32l 2. DTWoll4 path m=w(n) &
R (n) oll warping A] 7]+ o}

& T(m) &

3) FAlE &4 Ao 93 Q4 AR

Pattern matchingol|l 213t Q4o wlz|u} tl
A dH8=EE 9)A Y test pattern-2 AAFH o=
M) reference pattern FollA 1A 7H7-E R
matching A] 7]+ Y o|t}, HaA A7k 8
o] dFEdovt sta A el Al WL nearest
neighbor rule (NN rule) 3 K-nearest neighbor rule
(KNN rule) o]t} NN rule- test pattern®} refe-
rence pattern A}o]2] 3 distance”} 7} HE A
< A H word® A® 3= ZAe|rd. {3 KNNrule
€ 7} reference®tolzsl & m= 2 o]4t9] refe-
rence pattern 22 Fo]A o ALREc} VA refe-
rence o] Zt7z}toll tall Pl o] reference pattern ©]
chskal i A reference patternol jis) e
Re& RY 1<i<v, 1<j<pata FAsHA  olw
DTW¢] distance & D% (D" <D" <-..<DWP1)

ol-&

(213)

19885 47 BFYLREE HF15%8 & 2 B

2 ¥A)3lH KNN rule o4& average distance &

K

LD

K=

D& X

:::I-—-

2 345 AL o A e R
o]z 7+F381A "k, KNN rule 2 i}z}%
ol ¢} 3to] =to|t} template -7t B
rule(K=1) B¢} K7} 2 =& °£
2 Foz delArt

Azlgte] Ao V|EHor
£ AA d4e] sHed AL £F
3hat F4 A|&”Q HASell= dA) 96% °M}°l 5
3 gk 32 57 A &”Ql Afele Aol 85%
olAto] sl gl whe] alAeilA #HA| FAY 2A

E. z]

< JAES Fole 47 a4 o3 5 EHE
dojth, A EL HAY FFolA HA3F woli=
AL oz g Uo|v} tlol 2l end point detection &
3ol A3 da wrojgl4le £5E £Y F U=

2 multi-pass - Zozg4 o] AHx FHE BRI
Utk AFa9 Fhe QA EL

processing
time 5 Aoz Halo] ud], olef AL
a3Aql ¢4 algorithm 3} Al&=5l+ DSP chip ¥
processor o] &2t}
2. AAge] ]14
472 ATE oJFF(dE 9 d4A S

Zte dZdxto] AR 2w A7 ql4] A2y
o A ez & 4 dew, 1970dH] 27
Az o] dZxte] <l4 A|&WE Frix] wYaor
ATEoe] gt WA AL “bottom-up” ¥
Al oz wlold S WA 5A <dtH(o, &4

+4) ol vl F8E o o] xh9lel o 5
e wiAlolnh ¥ WL 7 oFd wep AY
Aoz AHosluw FHAsty Al S of& A=
Martin® 2 <2 914 algorithmoll sle] -7
sgded, 2v 718 9HE FASLE Ao o
7]l 7}eb§t sequential decision algorithm & #-&
3191 ch ™ Nakatsu®} Kohda € &3 wh9lel FTo
TAE F& 9o} 4 us A os®
go] AAME 718 Y2 AEEE AAYE <73l
gl Sambur 2} Rabiner & 42,
w28 Tl 2AF 52
A&
A FAd TAE
2}, oleld

o]

x

A

L

24e 2§
dol £ARel e 2
wt ¥ slgowd® FHTole ZelinskiZzt FA

FEY wEe Adgne 2
£ Aol AT AL ¥Y o



S4dell 9% Man-Machine Communication 7|52 &3}

A olFe] E5F whAo] A o3& F& rlo
724 A% error & FTF WAL 4 Ut
FA 83 £l 9sled LS error & §lo)

7} 91814 dynamic programming Z]#°] Hzlglo
Q1A Eul ohel Azgte] AAE 9t digte A
£50] giet. olei gk W o] AHLE Q4] Axde]
nlg] zZt3olol & A W9} training 9 Ak
Aoz wbx] 747+o| tholo| i reference selghE:
43 o feh, = shie] AL wele] AHA
A& v|AYA time alignment, 2|3 4] 2] A
7}zl F3to] FAlo k= Aolch, wepd, ¥
o] 73Ale HZoly vAYA time alignment ol A
v £E = el exbe WAlSHA] et of algo-
rithm & $EA & whojol] daliAul dA sty sl
ttol o] ZAAle AFHoz HAAR

+& ol gl Haiml TAH
2 b olgEke] weow
S&Eok7t vl YA A
e dFdME AEsa =l
A 2 7HA F83 FA L AFof
AL, thole AA -z AEHoz FHE
oo} gt kel o] 35 FH37] HAsiAE
4 (phoneme),

ble) 59} wc} zhe

opel

9o
2 <

s 7]
RECE
ol O O<]

W
3}7)

=2 K]
Wi

. oz

demisyllable, diphone =+ <4 (ylla-
ReEel Fz AEEG. o]

4] diphone©|2t 24 2] F stationary region ] A4
F Abele) HEg el o3 E ol ¥ 7R =
2 veld ool vl A4S ofwA AAE

A7, & oln] Aasle] 3k wole) Tyl
slAlel S48 % HLE ofWA B A<}
s A AZIRe o TAE HAHA) AsiA
Be AREel 7H4e AL ¥ olE AFdE W
o ofeisba W AFe Rk ole TAY
2ol M B ZEe © 3 2 shRe e
4e AZen, oley HHE HEo| goz
AL sSAGeEE golth ole@ WAL
o ulxe] £4e &% HuE

AL

g FA4 3= 2
ALgate] Al wlaLs] wolol ¥ xlo]E
=, wolf Hldle FEL o AV EAY &
FollA Adisl tho]EF wms] Mx ol tlols}
SRl %fﬁk Ag o} 7hA fARE A5 AAR #
o2 FA QdAE = FEelAe d4E dAAtlo
£ 280z uojEA Xt
= g ulilo g “top-down” ®EA]o] QlriiM

A2 YAl FHohE F¥ol F ] ¥ 47

O

e

CO

ol

(214)

79

9] syntax Y semantics 2|1 o3 ®Ao| i
AFzAE AHAR3H wtolg FAZURCH ol A
Soll wlo}E BQldle BEL dAJE wholE F
obl ¥ Al&Wog 3lodg o] wlo]f AMEd] =
thE top-down WAl 9 s1A L e JJrh Al
< oled HAAES whEsld AA gt o
xslHA] EHAo g A jkdt £49 rlold
< Zohlch ol ¥ ol &l HAHL AAlo] ®
7] wWgoll top-down WAl qhe] Al8-2 A9 3}z
At

oEe g4 Alage] ghE
317 A’ Ao ol o 3l
g AEE 4 9l st &

ojv} dulHoz oy HAES 3
A Az u2dg, & 7 3z

o = ) =3
o], +3 54,

aL

-l
A
ol o
=3

l°-l>m?!_u

phonetic target<] ul2 o]
257} & zAsNA Y coarticulationd HE,
agol AMgEs e, o™ ofFo] W 49
g, 28lx &% ¥ Aol Mz daA g
o} o]atell A vl Shzlol] whE o] & & A sk
uy & shie 7 gAbel 9 template & 23
o} ¥+ wbgo|c) o] template & 59 279
7t 2% wlth b phonetic target
o] T AAA vREE Ao], 5§ 7Y
atol, coarticulation ¥t o] &a} A7) zfolF-L

L AEE 34T 4 Uk 4l o3 EHA Qo]
A8 Aol o] Fol o oFHEE HIEAY

ztol,

k=X
=

7HA A d A& FA S ShAbel] dhsiAlul 914
A e eg3lug s AT 4+ gk 2 ©
o 29 §}- Foll a4 ZhAto] EA = template &
Fu| ke AL 7ukslA tomz, oy AFHF 2
4 H3lr] fsl me AgEel s 4

algorithm & 7| @tél 3zl »2ja) ko)

oligl olfr& Zufol Al7fzA] AT wialo] Aubs]
Sed WA 4 gty el oA A
59 9%<% normalize 5= 3t Ag whol. o
w2 A2y A4S YA A 5ol training
S He 7 3k o] o Hxo AMeF 2o
Erh Fuis 8L gtatistical training 2 ) & 5}
£ wAlog A o] 7o gloiA olFE A 5o
Aot 7 ghojo dhsiA FH vkz o] WHEHH refe-
rence 7} W85+ sample & 7|Z% % clustering algo-
rithm & o|&3ld FAI"oz FZEcoh o
olFlas FAA7] AT AEE whoio ol

o



80

o] gre #HA5ol ¢4 training ¢] L L3FE, clus-
tering 9 thEFkoll 2 A d= HFAEE 7HE 3
c},

olglg FAAEL &431A717] A 34 W
ol EAAHQ clustering & AHEEA] @3 99
alol] el DA EAHL slAE FAFH fea-
ture & o)-&dhs Al o] odFEo] gich
3}zl Eg)Aal feature & AMEFHE A|LEE tra-
ining o\t o 3lgkel]l wi & A ge] U9 glowz &
G Fa Yok 2y, SAd A 5§
feature & FErhe AL Zwksix] @gon €A
7x odolzl A= EAA training ¥l vld =

28

wojzlct,
52 AAlgke] EdolA nAd Bt RS
7 &4 <lAle]l @Al A9l dynamic program-

ming (ol : 17 ko] QlA]el A 9] level-building DTW
algorithm) oll A 8] A 4takg ZAAA7lHE A7) @
o] #8l5jgl o =uteF dynamic programming I3
Z 71870 AEE FH AAARE o AHAEx
Al 4 ok # o] #AHEE (trace segmentation)
ozl she wjA ¥ A A7k ok 7)ol feature
frame 9] test sequence Fol Y& framed +5 #
£A717] Yl Aat=licl, o]z g wWHEL rhy-
thm 3} articulation rate 2] W37} A A3 o
LR
5 TYE HEL oY FAHE frame o dEoR
2oi7 gl7] wjFol %2k frame wte . FA
2 BT 4 ke AMEE 7122 32 A
c}, o]2| g uAlol 4 frame rate¥ SAAlZo wt
g} A== FU% 2odl4 2 frame rate£ 2
=] transition FEeAE wA EHct o] WAL o
Zolof & AW el kg 714 A]7]v dynamic pattern
matching Aol A]7}8] normalization ©] ¢]Fojx] B2
PEENEY

olAtol| 4 A&7 AAFE Fol7]l AT AAA o
WMo AFAAE T4 A4 A&y Zz wz

5

A3l B35 (steady region) ol 53 4IFE
!
]

)
T

[+d

o

o
[e]
1

ALgslo] gieh, e, Zhzbe] AAE Ao
ot @7kAwt ARgEle AR & A5E A A
22 7l

3. d< ode] g4

o7loAe A4 oA Alade sEAHd T4
o disle] Amum g4 7| 4 FHst

2 B4l aisl ZlEdtst A% 54 A4 A2,

19885 473 WTTEREE

(215)

FI5E B 20

24 olsll Al&® (speech  understanding
system) ¢ 712 #2]l block 27} 28 3 o] el Q)
o4 gAlo] ¢d# 5" = A acoustic processor
A W FAE FEol At 54
o]# 5l ubHE bottom-up approachz} 3J}i
A AANERES FAHsn 2 Al
235 ol A5 M AFE dbEse W
¥ S top-down approach&li st&d] 2%Fe F7}
2 WS wWasted ALEsta gkt 9] Fuiy
2 A 7|£3 Akl qdAdM e Frix  why
3 e}

O

A F T

T

low level high level

F

Controller I

Lexical Li

Acoustic
processor

continuous

r
speech decoder decoder result

bottum-up approach top-down approach

&

3. A% 24 A4 AxE

e

=

oo

Acoustic processor ¥+ UHH AL FAS oA
o2de 225 EAE o]&3lo] 14 th4(recog-
nition unit) 52| sequence 2 wlYE AL Y3

A =l dA+= ZA segmenting acoustic proce-

e

ssor ¢} time-synchronous acoustic processor 2] %
7k uigjo]l AtgElm k. 2 4o acoustic
processor 2] block diagram¢] =A]5o] glrl AW
A aye e Axog FAY BRoz 9lHx
oA &AL Hutdl 914l 2] whY (recognition unit)
2 FE432 7 segment & 7|F patternd
ale] labeling 3 wicldl =l 4 sy ol
spectrogram &2 Bl acoustic knowledge & %3
glojok dr}h o] uiL o]&7l5d RE HRE o]
4% & AUrke AHe] Ux vkl segmentation
error ¢ labeling A1 2} error & Zr4-#ho} 3= A
o] 9lch

Suis wye a3 HHoz el B¥

u]

o
]

d4 $4¢ 4] <9E segmentation sk o] o}
et d4 AL 3A% Zol9 frame o2 Vi



(e}
+4

T Phoneme sequence

. Reference
Phonetic Phonological
L abeli &

beling rule

[ 3

[

1

L ------ -

|

)

!
Segmentation Feutur.e
extraction

]
]
1

] [ |
l Continuous speech

12| 4. Acoustic processor & E#HE

o 7 frame & SYH oz 4 A 2L 9l
Al €122 mapping sl W 22 segment %HA| ol 4]
9] errorol 94 %g whz] g AAo] 9}

AF AlZ & lexical decoder
8} linguistic decoder & A XA =Hidl oS o
A& block diagram o] 8 50] el 9tk o)
decoder 52 acoustic processor & ZH#}E o]g&3}
o] theje} AL ubEe] Wi T T B3
knowledge & ©]|£3}9] acoustic processor of]4] H}
A 745 error & LA UE 3A =

A
Lexical decoder + word mapper $} phrase map-

Acoustic process &

perZ T-A ¥+l word mapper & acoustic proce-
ssor 2] £#<ql recognition unit 2] sequence& v &
7145 ol4] ghe] ALA (lexicon) 3 w|iwdled 7}Ak &
B3 thol & A3 g 2 A oo} A7 A
A, 2El3 2 whelsl dupulyt ABEE spxm
ZA 5ol B3 AR E phrase mapper & A
23}3. phrasé mapper ol A+ S¥&3 3 (pho-
nological rule) ol whe} 712 A slsAlol F2
A& o] uiAl "ok

o|gA A=
Eo] qlA slazt

o e A7

o
N

944
EA <lole] ¥ (grammar)
e

AL o] g}

+ 22 linguistic decoder &

as

oft

i

al

J,@

syntactic analysis &
AH Filole % ) sals o oo)e}
el o= Il7b g AFshe
analysis ¢} pragmatic analysis & 3}A| fc}. ewpx| =t

r1r o
r-{u

o .
ke semantic

o} 2]§ Man-Machine Communication 7|42 &

(216)

X 81
Linguistic Decoder
L i 14
' 1
' ]
| |
! discourse '
H analysis :
} '
. 1
1 pragmatic task
| analysis model !
' I
' |
t scmantic )
\ anclysis |
! 1
t |
| 1
controller | syntactic
. . a);m]ysis grammar !
information | | !
board | !
) '
[====mm=—memmmmmme e oo 4
| Lexical Decoder
b m - m— e e r s r e s s ee 1
! '
1 }
phrase Y 1 rule )
) mapper X
: !
' t
) ]
. t
word . 1
' mapper lexicon )
) 1
] i
)
| 1
e e e e -~ -+

1% 5. Lexical decoder 2}
4=

linguistic decoder ]

2 39 s
¥ E °]-R 3l
v} (discourse analysis).
Yol 7153 L4 olA A AL
QLA S olel S Y Sl B
A7t Adsloof e FEoIh E3l A% F
AAE AT A4S 712 w4 (recognition unit)
Flez AY A7t BG AFEe] HLs)
AF7HA Folg ez s T4 YA
of gt oI Aol st ‘whol’ & qlA]e 7]
Az AL wpghA slz] ookt ol psld
484 2E Uo A WG Aue Ty
YA @7 whEol olsl AAE HopH7IA 4
A @a ol Abolel $E 4% 28AYL
2.8 3o 4 oA s Al S :1""6‘EH°]“°H: s
Aol =7t 0}“‘1 A4 A kel o] 47t FrEe
ute} Aae] FA FHE 2 sl vEE
olfrE R A ‘gloy’

A Lwlo] = 7] wfo|ch oly
BohE subword unit & Q4] w9lg AlEsta Qo)

stress, accent®} intonation 528 X
e AL old A

olo
e e

rk‘lﬂ]o

FA o

X

oX rf,"_‘.

d

-

Cla=

rﬂ

Ko de o e

0
...°_>L

o }‘ﬁ &o do

\_

o}
R BN



82 1988 48 BTIREE H15% £ 2 %
B1. 4 24 Q4 B AR
A4 w4 < A 22 A
allophone | o YFEL FTastdog 4A 74 o o ¥Rt AdaA Eshet
o F¥EA A 471 A} o FF%7t gt
phoneme o TFo A}, e g H oz A BHEA U+
o ko] & 47| phonemeod FAE 4 rl, eBe SEH WAL Weg
diphone o transition A X5 WESl il e FF7) gl
s dutHel FHAEE 4A HEE 4 gt
syllable sulamA A FHeol AAE Zohd + Ut - AEY 5L AAE 7] ok
o F&7t gt

Subword unit ol]&= phoneme, diphone, demisyllable,
syllable 52 oA&7tx]7} gledl o|AES U4
718 shglz ARRE aje) A . wAE wlmd x-
F13 2t 99 subword unit 5 = &3ks
Al BAHANA Heol®l Aol ofi <o
3l T Ao ® He)r] all-Fo
unit® 44 g4 ol 4L subword
9] segment & #2]3}7]7} o8l x| at 1 subword unit
o 2 He dle]E ubEo] W& lexical decoding ©} 4
Al =} ®lwdol subword unit S &3kl A
oA EF3h= wdle]l Wilpon Foll o8] Algks]
<o o] Wye FHste AHe 4+YsRak 53
Aoz BEE subword unit # olddH oz

£5 subword unit A}olell o o A oHSTASL A

3lz] €7 wiFoll lexical decoding©] oJ2]% =]
kA o] gl

ul
A
&3 q] subword

unit

froox Mz o 32 o

o

m SMd8M Il
1. =A% 71 uiy
et 2w A& »4_71:4 4 T 7= 1780
A7 Kratzenstine ol 2]s}ed AAE Q1718  vocal

Ruldl o) (resonator) gt & 4
ey AT F EAAQ d7e Ay A
3lol| 4] L4 A<l man-machine communication& <
o gtoezd 4 $A71e e computer
9} digital Al 2] 7z kel Fgle] 9
ARz e

$4 84 W471E BFolo] L, A phonetic
wit® g ol FueAY dolatd A4g vl
Elo & 3} ruled AL 7 oo text & SAoF

tract 'é‘

(217)

%A 514 text-to-speech system 3}, w]2] coding =
ol A 4, F, @l & decodingsld A&
FAse AgHEd 259 T4 §H systeme 2 E
% 4 9} Text-to-speech system-2 3 93}
A AR 4 gl uk obAl 45 || AdA
B x B3 lojol ok B #4le] Wed o)y
$Ao] 9lor, &4 $Y systemE FATY £32
o] text-to- speech systemol] v]3lo] Y535 43}
Ak, 2 §EHoprt A7Ho] Yk wAe| etk
+4E A wez o B dFFH
tob ol 37ix) wog F§ & 4 Qledl old
sl 7rzks| Ao obg7) Zop

1) Waveform coding 4]0l &3} §Haduly

ol e A &4 33 & sampling 3 &, pulse
code modulation(PCM), adaptive differential PCM
(ADPCM), adaptive predictive coder (APC) % o
2]7}A] coding Bl ol 215ty &4 =ML coding 3}
o computer V4ol A F, Hag AEE AW
o] A4 FAEAE el W gelt i
o] wl¥ L algorithmeo] ®] ZEek3he, decoding®
AT +Ho| A7 o) glo), database 7}
22| sk ofol vl gow, FAHEE  AosrIr}
o] ofz 9] ATH Fo wholE ]'%3]—1: +4
5 Alz"dAe ALE-sfyt ko] text-to-
speech systemol| A+ A2 AL&3}x] ?%1‘1—4.

2) +4%A model & AT A U

o] HlH & yocal tractd SFHFH EAHS SA419
d-EHE Aoz AGE4 2 =2 modeling
3led, o]& ol&3le] SAl S A WHloz A,

A A model & 2% 6 3} Fo] sound source 2}

T

=

v-l‘:lr“

[e)
i-'r_"‘

L

]
ol



o &

vocal tract filter 2 FAI®c}, olu] vocal tract
filter 9 coefficient & LPC, filter bank W4 =&
homomorphic Al 48] WHlFo2 3 4 g &
A ade 2763 22 model g o83l izl
el § TAge2A Ado] =l o) WL wave-
form codingell €& Aubllo] u|sld HEe me-
mory 2M S4< FHET 4 Ye AAo]l it =
&l vocal tract®] coefficient® ZAEo A FA&
& vlmd A Aol 4 gle s text-to- speech
systemoll A 2L tl 9ol phonetic unitE o] &3}
AL A sed NE felsieh oy vocal
tract model S ©] 83 24 ¥4 algorithm & wave-
form coding ol &J%t A uboll wjdted w9 s}
o, 59 FAE ¥ chdo] ek o|2§ vocal

tract model & o] &3sld SAS FA = I AHq)
ol LPC ¥4 719} formant ﬁ’/‘* 71E¢ € 4 Utk
PITCH
PREIOD
VOCAL TRACT
IMPULSE VOICED/
TRAIN UNVOICED PARAMETERS
GENERATOR I /swn-cu
TIME-VARYING
—_0 DIGITAL ——
FILTER s(n)
RANDOM
NOISE
GENERATOR s
a7 6. Vocal tract filter & ©]-88 <4 Al model

3) Vocal tractS simulation 3} A 3= uly]
o] uly.o Alglo] w23 u vocal tracto] 3}

+ #AE X-ray 5& ©]23519 vocal tractS A
Fo 24 vocal tract& modeling3ls] ©o|& o] &3}
o SAL P uezd, 2491 o) L3)

o] vocal tract-& modeling 31 730l B3l vocal
tract& &3] modeling® 4 Y+ AH o] Sk 2
2|1} vocal tract-$ modeling 3t7] $138} data7} X-

ray Goll SJEZo 2 |23 data & F317] ol %
v, #%3 vocal tracte] 3AYe|nE o]E Hil3
modeling 3=l 71 Al FA7F o obd A&

2] FAo] yuwc}

Text-to-speech system 2 A 3}7] YajA] = 28
73 Zo| sl A3 A routine & Ao}l Hr} o7
Al &4 routine® YHH textd WLEHLE Fe o
code 2 ®i¥E H¥g ozl TEEH

T e

Man-Machine Communication 7|4 2] &3}

(218)

83

(syntactic)d B 9} o]n] & (semantic)}o‘_‘i'_ 9 accent &}
intonationol] 33 A .‘i’.—g- Z%3, A routine ol
A& #MA routineolA & AW G429 feature
parameter,duration, fundamental frequency 55 4}
45t dY textoll HZ3he T4 YL e
o|2] 3 14 routine & ¥4 routineol] #Fg AFE
__x-) ‘{]»/Ho“ xg/- zJo] *]—3]'°]“i u%-O A]-%Oﬂ _9]3}
o AT siglen 25 AP Fo gk

———e speech

input text—— 34 routine 4 routine

agz

[=}
. oA

g4 AT A2y

2. @30 4 PAdol A7 2H

o] FARA A2 TF text YHE oo
HE3he ol S0z WAATE Aago A,
o] Al2dl 9] 7]E A ql block diagramo] L& 8o} =

Aol gk o] AlagE wix Aoz Aws)
o oed B1HE ALge gHE @2 text® @
Folo] SAEA EAL Edgiz AAH w13 &

o]t WH R 2 ‘ﬁ%/‘l?ﬂl Toh =3 S8 (pro-

sody) & ZA387] fsle] = A e (WA
+ BWEE, ATE FE ) E THed F9 o
743t oim| & E2A) 7|+ 9= v} Databaseoll =
A sEE 7 4 =+ $HE S LPC, formant =
+ channel bank W 522 analysis 3tod sjgtE]=
feature parameter £ ] A7 5o gl Ao] A&

dolMe 24 7] 13 299 287 computer

Wi-ol A% database & o|-8-3ted A (¥ 4
I FAE AAAE A FAE A&, F

Qs Adaz g3 YA4E A7 2+ accent 9
intonation-& 3l && =24 FAE HEAA g
A70ol )l A3 & Bt} wlxigtoz 34704
+ feature parameter %2 93 analysis e o
A}AdE HBAA FAE SAMNA speakerZ £

A Zlet, ool ZlEd 74 A WAL E o A
A8 A =}

1) 4 374¥3

w4 B71¥ 3} algorithm & 5o} A &4 sys-
temol| Al ¢34 Hat &Astel we  AolE

sidste] ot F, AL FEAE Askd §F



84

TEXT FILE

KEYBOARD

!

T4 71§ system

!

CONTROLLER DATABASE
SYNTHESIZER Spealeer

88, 3ol SAFA system 2] block diagram

o
]

5hed,

= [}
A stz w3

o]& o]_Q_——
E7)12 wio] Foh =3 Aodse
7] Y% &g dg Avx AF3c)

w2t S4 #71M 3 algorithmol M+
7b qFo] Aol o3 =Y 27 YA &
I debe 7HY o, FElshe, s UE
glof, zeja 47t ATE = YAs=
o] o3l S47t ohE el S4E WHI=HE
HE d4Ss Aedet olul -S4 F7]W 3 algori -
thmol 4 443 $89% WAl F4WA, ¢
o A7) % B, AL, A
e clgu

a
A= =}
» D:‘ -,

ol &3}

S

rE onR o _?,
-r“

_Q_
=)
-1
E

le_:l

o

H T
pattern matching 2
=g -8k
Database & 9§ phonetic unit
élsl,a ,(]/kal_g] database + o-]
it AL ot G2l
base 2] memory size 5
3l2o]e] Exlo g Mol Al Hu—l < 93
phonetic unit 24 4%
o Ageoz 3 74 72
;:ég] TFAL FAlo7 FHsS
A&, V=54 ¥,
ok o714 C e HHelE |9l & A7t 18709
483 C 7 9E A7 Sew (o] F empiy 2 E
&), Ve Axele 1008 223 1149 $2g
o] &t} a3 C'9 Aol empty st 7709 o
Fgol &}

Kol
]

n]o R
o)

data-

¥ ox o P r£

(219)

1988%F 48 BTIEEE W 15% F 2 %

utebs FFole FATFAL ofzle} ol 4 7HA
Feizl 9low, olF EAR o|EHeor A4lse
<49 g+ & 3500 A= "ok e AA A
45E £AY 4 49 F49 AR AGn
A AHEER] ok Sl glomz ol 3
A AL 1096 H = ol

C'=1, ¢’=149l 4%:CVCH

C'=1, ¢’= 03l A% :

C'—-0, C’= 19 A%
Ao "M x
Alolo]] EA| s+ transition F-H2o M E
2 glemg olE phonetic unit$} ¥]a3hed
Ao $AEE ©E 4 ek =28 F
AFA 7] ruleo]l 4ol ®lsleo wg
A A}ololl Al 2] coarticulation effect 7}
coarticulation effectel]  ®]3}e]
Aol 9] A4 energy
’9‘}7‘ 2gE st glermg Y SAR &
A7 F8olA wAsE  spectral
envelope J«] discontinuity oll 93 S4 9 £4-&
BaAA FL 4 4L JHE + AUk
221} database &} 7} wlmA gol wolg Az,
duration 7} database &F Fed ¥ parameter 9

©
= &3

e n[o

e A B
N
N

ﬂ(:»L
R

ol dlo
ol
ok
X

ZA

K-Tg,
Z4 % database & Alojsle Yol 4A ¥ wA
o] it}
3) &4 A
G 71&7 ule} Fo| AT FTAHL A, FA,
FHoz FAE glow, olF $HY F4£E A
2o Agzgor qldte] St EAjol Wyl

o}, w3 €33 FAHE tlo]= ¢ space, pau-
seoll o3te] ohE whojE 3} 7 oA, A W
T Fast 4 AeldlA HE ¢ AzAE
obviA]gt, %é# =3 Alelelld g2 FAH
T 5 o] 45 A48L Yo, &Y
S4e WYAA dALeh Debd
phonetic unit 2 ©]-&-& i}-},‘-o{ SA A systemollA]
£ wHeel 84 48 Askel 243 £4ol
AL o pAHE 2o s S AHN7
227} glek

N EE>
£ ¢ 4 lezg,
ol 28 ¥ 4 ek

Cl| Vl

o]

o

}N
o?:.

3)
=

o oot ¢

KB
ua
S|

. o o
el 542 3

©]

a

& o
ox
mlo ‘“

Aoz F¥sd C'VC =
Aol AAd o e 2

2.
=3
=

F

C’ZVI



o

Aol &%

2
N

, VE 28¢ vehye,
g 843, 2gn
C'oll= empty s} 7R (/x/,
/tl, Ity [af, In/y, /mf, N1/)e] & 4 9lew, C*
d& /p/5 AN ZE AL empty?t 2 & Y
omzg % $do] dAY wl LA AL
chg3} 7},
N —=8C"-19C'"=152

aey o] g3t
W Alef 2710 glomg,
F gdo] AR wf WA
2 ZojErh AFzAL ohe
< /1) ZAE /1 ol99 e
o
« /x/, /ol It] EARL,
2 8522 /m/, /n/
o A== gk
< /n/ 2L /1) FAOE AAEHA e
< &/, Iol, 1 B 2S /K, fel, I, fel e
S3tsivy, /h/ & AL Home  /k/, /o/, /),
/el i) 2L [/, [t ol B AAEA &
et

dlo

1

de e
43
ri ﬂlO
e & o
et o

A
n[o

[e]
2w

oXx

-

o

O.u

J+ A=A o

8|3 elA Jg/, /m/, /o/2
242 K/, /), o/ FA

aaw

4) &9 =4
Algke] Aol whalE Alglo] AGslElE A
¥ ohueh whe Aol 2, &3, ol 4HUE

de|7lx] F9 d7ol B FRE Tdatzm grh
wteba] olzlgh Fu ol WAL BAE 7HA Sl
g HE& d7sled S4EA

2o A2y P YAEL AW 4 ek
S8 #g AT+ F5 249 duration, intensity,

28] 2 fundamental frequency(©°] & F, 2 Fx])¢}
A& BA 7L ¥ accent &} intonationo] H3F A
o 24 text-to-speech conversion systemollA] o]
£ FE3l= =7k A= HFEH]) al-
gorithm-2 schematic algorithm ¥} naturalistic algo-
rithm € Qleh® o 7]4 naturalistic algorithm &
ul2] A5 FsMe) FF  fundamental frequency
pattern& ©]&3le] vl &g xpe oloj o) fun-
damental frequency pattern& modeling 3}81 2 3}
ZAolm, schematic algorithm & u]g] AA" 3F
fundamental frequency pattern §l°], target ¥} tar-
get Ao} & interpolation o] &J3sle] 7 dto 2 4
Aol AA =gl fundamental frequency pattern-&

o
=

algorithm

o
-

_‘?-

systemol] Z£4] 7|9,

Man-Machine Communication 7}% 2}

(220)

43

85

A olck of Zlof A& &0l 9 accent 2} in-
tonationoll A¥ 54 ol B3 A9} schematic algo-

)l uiAl

rithm & ©]&3l o] 5 FHsl whyo] diste] A
Bg?}q_.[zg,sol

(1) Accent

Accentt “F4 Aol W 5 SH9 Foo 4

%, duration 8] #£7}, intensity & Z7}, ol &
o B§ @Az Ao¥ 4 glvh dFoiolA F,
duration, intensity ZFollA accent®} 717 " &
A7t 9lE parameter & Foole, =z tfgog =3
g BA 7 U 7o) intensity, 22| nlxjalo] du-
ration &2 el ok =3 accentd] x|l o
A As Bl FFojoAlE wle] whHE  accent
7} Fois= HE4e glor,

3= R2E accentt &4 ©

97 Hoxok 28] accentd $ A= F(phrase)
w2 A0 AubRel bR e £ SdER T
A oo A Tl Ao 47+ accent?} 9

oy, A9 Fubfol 9= ghol= A FHel ace-
ent7} olrh 2Ela Al A2 FAE doldde £
WA Aol accent”t $ A dhe},

(2) Intonation

3

>
ol Hr a® Mo mk rir

Intonation & “FAoll A 2] pitche
T (phrase) &} -+ A}olollA412] accent 2
o2 Aol & 4 2olon] accentst
FHA| 7] WA 75l 9&4

o] “u} Wol” gj=
.;,_—o]]/ﬂ Fo ]' o

_11)1 fr L fo

0

Aok, weha °1?—13L in-
modeling & & # .8 7} Yt
A+ ol' A 2 Fo pattern< Az Ew, 73
Helle 2899 ke Az dete
A& —5l7ke]l pattern 3 I
pattern & B 4 lth 22| pause’t Z =
Aol 7% F, 9 pattern-2 F#2] A HHollA pa-
use 7} Y= 7] 57450 pauvse 7t Q)
Fo7t 5438 453 ¥, o4 A3 3
ttern< 7kAe}, )i F, 9 7};4
s}7} 5= patternS Ao =&

o|t}. ‘!- Fo o} Wl g% 'u\r%—g]
= “‘°}7‘] 31, top-line 2 wlEA|

=
o

&)
=

SRS

g=}
)

VAX)

[}

ol
S
Lo

e

ttern ],

—\—‘

al

il

& oA Zadeh ax g3 ¥ F39 K
pattern & Aol 45— 87, &/l 9

Yoz ol A5E AREFH FrhRRelAE
A%, AERANE 445 EE 45-97 2¥m



86

Fo (Hz)

|

0.8 12
TIME (ms)

SAle] FHuw|t}’ o] F, pattern

2.0

a7e. 249 “ge

ARTANE 4%
2 olsh e
At qEd 9F £ae

ofat 7} stet.

—-st4e e & A et @
intonation-2 A &3 F&EHsr] s
SA A systemo] o]3la)

Q
hi g

=

&

2742 Sl 2% man-machine commumication
oA b WA FlE $4 AN AT 2
ofB 3 o| ZlEo oejrtA] oy E HES EolsA
ot SA42 JH AdxE FAY el 8 A
B 7A 7 ol A o8 AL HAto] shgsiA Hrhd
o]l A He]ge o % & Heolth
2 oald HA W QAR o g e ofps) s
Rt Ao} Qi Zlge] 483 5 AxE
Yoz o Ade] AY Hoz o) dd&ql
Ao ozl ML A AL3) 57 Atz Ye
A o139 Ak el4] JEs AEE 5

= Aeolch thA] 24 rho]
£ ssicha A A% &4

22 7ste 4L st 3

s}:% LSAFA 7Ee 2

o] go| WAZ ) wa} 7t
Reolch, FAlE= FAF o3 A4
F9 Az TS T A2 oAEA AA
Beg AiWE FAT AL Aroleh

Aol oyt jHA FE o] AR ddolo] =ZA
Toll Wtethe A of & ol Aol wehy
man-machine communication 2 & &Fo] T4 °l
Al g A IEL B Fokole dE o TS
A AL g gz FolA =t A 5]°1°}:‘_

pal

nl-‘?%L 2 o]

2

r

e mx E2

Z 29 VLSI 7|
Aejol Algslr} &

SR YA AN Qutar

F-l° o 2

Ly

19885 47 BTFILRE®

(221)

HMI5E B 2%
Eo|Ae zZt3 9t} olF HalM e ALH A7
F29) 3 kel eAHt
E
B =T Uge g sdolA d AY
Zql “qAFo] &4 A 7E A a “2AY &
A Alay A dFAse dvd, &4
A dAFE JISEE A ¢ W7k dFujE =
el FA A7 FAFAS) AT dTEE
2 flslo] FA Halr)g Aol A4 AAL dES =
Aych olge B o) HAlHa x8E tein
Q= FAF AT4Y speech HoF A7, 4.9

A gAEe] x 38 Aty

2 T XM

[1] H. Sakoe, S. Chiba, “Dynamic programming
algorithm optimization for spoken word
recognition,” IEEE Trans. Acoust., Speech,
Signal Processing, vol. ASSP-26, pp. 43-49,
Feb. 1978.

J.E. Shore, D. Burton, J. Buck, “A generali-
zation of isolated word recognition using
vector quantization,” in Proc. 1983 IEEE
Int. Conf. Acoust., Speech, Signal Process-
ing, pp. 1021-1024, Apr. 1983,

(2]

[3] D.K. Burton, J.E. Shore, J.T. Buck,
“Isolatedword speech recognition using
multisection vector quantization code-
books,” IEEE Trans. Acoust., Speech,

Signal Processing, vol. ASSP-33, no. 4, pp.
837-849, Aug. 1985,

L.R. Rabiner, S.E. Levinson, “A speaker-
independent, syntax-directed, connected
word recognition system based on hidden
Markov models and level building,” IEEFE
Trans. Acoust., Speech, Signal Processing,
vol. ASSP-33, no. 3, pp. 561-572, June
1985.

L.R. Rabiner, R.W. Schafter, Digital Pro-
cessign of Speech Signal, Englewood Cliffs,
NIJ: Prentice-Hall, 1978.

V.R. Lesser, R.D. Fennel, L.D. Erman, D.R.
Reddy “Organization of the hearsay II
speech understanding system” IEEE Trans.
Acoust., Speech, Signal Processing, vol.
ASSP-23, pp. 11-24, Feb., 1975.

(4]

[5]

[6]



4ol 2|3t Man-Machine Communication 7] 2] &3k

[7] T.B. Martin, “Acoustic recognition of a
limited vocabulary in continuous speech,”
Ph.D. dissertation, Univ. Pennsylvania,
Philadelphia, 1970.

[8] R. Nakatsu, M. Kohda, ‘““Speech recognition
of connected words,” Trans. IECE Japan,
vol. E61, pp. 770-771, Sept. 1978.

[9] M.R. Sambur, L.R. Rabiner, “A statistical
decision approach to the recognition of
connected digits,” IEEE Trans. Acoust.,
Speech, Signal Processing,, vol. ASSP-24,
pp. 550-558, Dec., 1965.

[10] R. Zelinski, F. Class, “A segmentation
procedure for connected word recognition
based on estimation principles,” in Proc.
1981 IEEE Int. Conf. Acoust., Speech,
Signal Processing, Atlanta, GA, pp. 960-963,
Mar.-Apr. 1981.

[11] W. Lea, Ed., Trends in Speech Recognition,
Englewood Cliffs, N.J., Prentice-Hall, 1980.

[12] L.R. Rabiner and J.G. Wilpon, “Considera-
tions in applying clustering techniques to
speaker-independent word recognition,” J,
Acous. Soc. Am., vol. 66, no. 3, pp. 663-
672, 1979,

[13] P. Fonsale, “Connected word recognition
system using speaker-independent phonetic
features,” in Proc. 1983 IEEE Int. Conf,
Acoust., Speech, Signal Processing, Boston,
pp. 312-315, 1983.

[14] B. Lowerre and R. Reddy, “The Harpy
Understanding System,” in Trends in Speech
Recognition, Englewood Cliffs, N.J.,
Prentice-Hall, 1980.

[15] Torbjorn Svendsent and Frank K. Soong
“On the Automatic Segmentation of Speech
Signals,” Proc. ICASSP-87, pp. 3.4.1-3.4.4,
Dallas, 1987.

[16] J.G. Wilpon, B.H. Juang and L.R. Rabiner,
“An Investigation on the Use of Acoustic
Sub-Word Units for Automatic Speech

Image enhancement ! stab g =X
st AEE AR sted ke 44

==

[17]

[18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[29]

[30]

87

Recognition,” Proc. ICASSP-87, pp. 20.7.1-
20.7.4, Dallas, 1987.
eFmel, ol &4 U4
7 1986, '87,'88 HF ¥ a4, FIaer)|E 9,
LFqe], o] FAE 24 4 A=W
M 2 FH A, d=7Her|EY, 1988,
L.R. Labiner and R.W. Schafer, Digital
Processing of Speech Signals, Prentice-Hall,
Inc., N.J. Englewood Cliffs, 1978.

J.L. Flanagan, “Computers that talk and
listen: man-machine communication by
voice,” Proceedings of the IEEE, vol. 64, no.
4, April 1976.

F. Fallside and W.A. Woods, Computer
Speech Processing, Prentice Hall Intern-
ational, 1985.

D.H. Klatt, “Review of text-to-speech
conversion for English,” JASA, vol. 82, no.
3, September 1987.

J.L. Flanagan, L.R. Rabiner, “Speech
synthesis,” Papers in Acoustics, 1973.

D. Osaughnessy, ‘“Automatic speech syn-
thesis,”” IFEE Communication magazine,
1983.

G. Kaplan, E.J. Lerner, “Realism in
synthestic spesch,” IEEE Spectrum, vol. 21,
no. 4, April 1985.

[26]1 8 &, =of &¥3, FHaAkL 1985
(271 #
(28]

4, Fol S& viedel AT

o]Atel “Papers in Korean Phonetics, # 3}
A3, 1987.

G. Akers and M. Lenning “Intonation in
text-to-speech  synthesis: evalution of
algorithms,” J. Acoust. Soc. Am., vol. 77,
Jun. 1985.

A. Culter and D.R. Ladd, “In Prosody:
Models and Measurements,” Berlin, Heidel-
bery, New York, Tokyo: Springer-Verlag,
1983. 3%




