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A b s t r a c t 

A f e a t u r e e x t r a c t i o n method f o r speech waves and an 
a l g o r i t h m f o r sentence r e c o g n i t i o n are s t u d i e d . 
The f e a t u r e e x t r a c t i o n i s based on an a r t i c u l a t o r y 
model c o n s t r u c t e d f rom the s t a t i s t i c a l a n a l y s i s o f 
X- ray d a t a . The model ho lds i m p l i c i t l y the p h y s i o 
l o g i c a l c o n s t r a i n t s and made p o s s i b l e to e s t i m a t e 
the s t a t e o f the a r t i c u l a t o r y mechanism. The e s t i 
mated a r t i c u l a t o r y parameters p r o v i d e a se t of good 
f e a t u r e s f o r the speech r e c o g n i t i o n . The sentence 
r e c o g n i t i o n p rob lem i s m a t h e m a t i c a l l y f o r m u l a t e d as 
a n o p t i m i z a t i o n prob lem w i t h c o n s t r a i n t s b y i n t r o 
duc ing sentence s t r u c t u r e s f rom the s y n t a c t i c and 
semant ic c o n s i d e r a t i o n s . The a l g o r i t h m p resen ts an 
o p t i m a l s o l u t i o n i n the Bayesian sense. 

I n t r o d u c t i o n 

In t h i s paper two major components of the 
speech u n d e r s t a n d i n g system are d i s c u s s e d . One is 
a f e a t u r e e x t r a c t i o n method f o r the speech wave 
and the o t h e r i s a sentence r e c o g n i t i o n a l g o r i t h m . 
Many speech p a t t e r n r e c o g n i t i o n systems have been 
made to c l a s s i f y spoken words and a few have been 
t r i e d to t r e a t spoken sen tences . A speech r e c o g 
n i t i o n system which employs i n f o r m a t i o n f rom a l l 
l e v e l s - f rom the a c o n s t i c to the semant ic - to 
unders tand the meaning of 
i n t e r e s t . 1 ~ 5 I t i s t r u e t h a t the reseaches a t the 
h i g h e r l e v e l s such as the s y n t a c t i c and semant ic 
l e v e l s have no t been s u f f i c i e n t l y a p p l i e d to speech 
r e c o g n i t i o n . However, the ba lance o f each l e v e l 
of the system is Impor tant . The a p p l i ca t ion of 
the i n f o r m a t i o n a t the h i g h e r l e v e l s might improve 
the t o t a l per formance o f the system but i t shou ld 
be noted t h a t the communicat ion system in wh ich 
l i t t l e redundancy i s remained i s d e p r i v e d o f v a r i 
a b i l i t y and a d a p t a b i l i t y . Though the i n f o r m a t i o n 
at the upper l e v e l may be used in the manner of 
human speech u n d e r s t a n d i n g , i t does not mean t h a t 
he cannot c o r r e c t l y recogn ize a s i n g l e word wh ich 
i s pronounced c l e a r l y . T h e r e f o r e , the more e f f o r t 
shou ld be necessary f o r the r e c o g n i t i o n o f words 
o r phonemes. I f the speech u n d e r s t a n d i n g system is 
o b j e c t e d . I n t h i s s t u d y , f i r s t , a f e a t u r e e x 
t r a c t i o n method f o r the speech wave is t r e a t e d as 
the most e l e m e n t a l p rob lem. 

R e c e n t l y , s e v e r a l a u t h o r s have s t u d i e d the 
e s t i m a t i o n o f the v o c a l t r a c t shape f rom the speech 
wave. But t i l l now the r e s u l t s a re no t necessa
r i l y s a t i s f a c t o r y , because, a s i s w e l l known, the 
s p e c t r a l c h a r a c t e r i s t i c s o f the speech wave do n o t 
cor respond one to one to the v o c a l t r a c t shape as 
an a c o u s t i c tube and because the speech wave 
c a r r i e s the e f f e c t s o f the v o c a l co rd o s c i l l a t i o n , 
no ise from the t u r b u l e n c e and so o n . Then i t i s 
d e s i r a b l e to app ly the knowledge f rom p h y s i o l o g i c a l 
and p h o n o l o g i c a l s tudy f o r the e s t i m a t i o n o f the 
voca l t r a c t shape. And such a reseach has p o t e n t i 
a l i t y to make p o s s i b l e the e s t i m a t i o n o f the motor 
commands t h a t move the a r t i c u l a t o r y mechanism. 
I t i s d o u b t f u l t h a t , i f the motor commands are 
p r e c i s e l y e s t i m a t e d , the phoneme r e c o g n i t i o n 

becomes easy . However, they may be good f e a t u r e s 
f o r the speech r e c o g n i t i o n . I n t h i s s t u d y , a n 
a r t i c u l a t o r y model i s c o n s t r u c t e d o n the b a s i s o f 
X - ray da ta and a n o n l i n e a r r e g r e s s i o n method is 
used to e s t i m a t e the a r t i c u l a t o r y p a r a m e t e r s . The 
r e s u l t s o f the e s t i m a t i o n p r e s e r v e the t y p i c a l 
n a t u r e of each phoneme and the method wou ld p r o 
v i d e a u s e f u l f e a t u r e e x t r a c t i o n t e c h n i q u e . 

Second, the p rob lem o f sentence r e c o g n i t i o n 
i s m a t h e m a t i c a l l y f o r m u l a t e d as an o p t i m i z a t i o n 
prob lem w i t h the c o n s t r a i n t o f sentence s t r u c t u r e s 
and is s o l v e d by a method of dynamic programming. 

H e r e , i t m igh t b e necessary t o d e f i n e what 
i s r e c o g n i t i o n o f s e n t e n c e . The fundamenta l 
s i t u a t i o n o f the speech i s c o n v e r s a t i o n . I n t h e 
c o n v e r s a t i o n between A and B, the r e p r e s e n t a t i o n 
" B unders tands the sentence spoken by A , " has 
too much c o n t e n t . Then we c o n s i d e r o n l y , " B r e 
sponds to the sentence spoken by A . " The response 
i s d e s c r i b e d by a s t a t e t r a n s i t i o n o f the mach ine . 
Of c o u r s e , the machine may e x h i b i t some o u t p u t s at 
the t r a n s i t i o n . 

Each moment of the c o n v e r s a t i o n is accompa
n i e d by a scene and u s u a l l y the speaker and the 
r e c e i v e r have a common r e c o g n i t i o n of the scene . 
The concept o f the scene I s n a t u r a l l y taken I n t o 
account by the s t a t e o f the mach ine. P robab le 
sentences t h a t may appear under a s t a t e are l i m i t 
ed an ' the e f f e c t i v e number of the sentences t h a t 
a f f e c t s the r e c o g n i t i o n sco re i s r educed . 

In a p r a c t i c a l a p p l i c a t i o n , the purpose and 
the a b i l i t y o f the machine I s a lways l i m i t e d , and 
the c o n t e n t s o f the c o n v e r s a t i o n may be f i n i t e . 
Then, i t i s a l l o w a b l e t o se t sentence s t r u c t u r e s 
t o o r d e r words i n r e s t r i c t e d ways. 

In the framework ment ioned above , the 
sentence r e c o g n i t i o n can be cons ide red on the 
e x t e n s i o n of a c l a s s i f i c a t i o n prob lem and an e f 
f e c t i v e o p t i m a l a l g o r i t h m f o r the sentence 
r e c o g n i t i o n can be o b t a i n e d . 

Fea tu re E x t r a c t i o n v i a E s t i m a t i o n 
o f A r t i c u l a t o r y Parameters 

C o n s t r u c t i o n o f A r t i c u l a t o r y Model 

An a r t i c u l a t o r y model p r e s e n t s an e f f e c t i v e 
r e p r e s e n t a t i o n f o r the s t r u c t u r e s o f the a r t i c u 
l a t o r y mechanism and the dynamica l c h a r a c t e r i s t i c s 
o f the a r t i c u l a t o r y m o t i o n , and f u r t h e r i t r e l a t e s 
the a r t i c u a t o r y parameters to the a c o u s t i c ones? 9 

The c o n f i g u l a t i o n o f the a r t i c u l a t o r y model 
i s shown i n F i g . l . The m l d s a g g i t a l v o c a l t r a c t 
o u t l i n e can be r e p r e s e n t e d by t h e v a r i a b l e s 
s p e c i f y i n g the p o s i t i o n s o f the movable s t r u c t u r e s , 
i . e . j a w , tongue and l i p s . The m a x i l l a , r e a r -
pha ryngea l w a l l and l a r y n x o u t l i n e s are f i x e d and 
approx imated by the sequence o f c i r c u l a r a r cs 
and s t r a i g h t l i n e s . The Jaw Is assumed to r o t a t e 
w i t h the f i x e d r a d i u s about the f i x e d p o i n t 
F j , and i t s l o c a t i o n 1 s g i v e n b y the ang le 
w i t h r e s p e c t t o the r e f e r e n c e l i n e wh i ch i s 
t angen t to the h a r d p a l a t e . The jaw movement 
execu tes the pass i ve e f f e c t t o the p o s i t i o n o f 
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the tongue and l i p s , and I n f l u e n c e s no t o n l y rUa 

mouth open ing area bu t the o v e r a l l voca l t r a c t 
shape. 

The l i p shape i s s p e c i f i e d by the h e i g h t L n 

and the p r o t r u s i o n Lp r e l a t i v e to the jaw p o s i t i o n 
o n the m i d s a g i t t a l p l a n e . Only the l i p p r o t r u s i o n 
parameter may be necessary to s p e c i f y the l i p move
ment f o r the v o w e l s , b u t b o t h a re r e q u i r e d to 
e x p l a i n the d i f f e r e n t g e s t u r e s i n the usual speech 
c o n t a i n i n g l a b i a l consonan t s . 

The tongue c o n t o u r i s d e s c r i b e d i n terms o f 
a s e m i - p o l a r c o o r d i n a t e system d e f i n e d w i t h r e f 
e rence to the jaw p o s i t i o n . The c e n t e r F t r o t a t e s 
synch ronous l y w i t h the jaw movement1.1 T h e r e f o r e , 
the tongue con tou r i s measured w i t h the jaw based 
c o o r d i n a t e sys tem. Though the tongue may be a b l e 
t o form v a r i o u s shape , i t has l i m i t e d freedom t o 
move about in a r t i c u l a t o r y p rocess on account o f 
the p h y s i o l o g i c a l and p h o n o l o g i c a l c o n s t r a i n t s . 
Thdse c o n s t r a i n t s can be expressed by the s t r o n g 
c o r r e l a t i o n o f the p o s i t i o n o f each segment a l o n g 
the tongue c o n t o u r and may be e x t r a c t e d f rom the 
s t a t i s t i c a l a n a l y s i s o f the X - ray d a t a . 

I t i a known t h a t f o r the tongue a r t i c u l a t i o n 
o f v o w e l s , t he e x t r i n s i c muscle a c t i v i t y i s more 
s i g n i f i c a n t than t h a t o f the i n t r i n s i c one. Then, 
the p r i n c i p a l components f o r the e x t r i n s i c a c t v i t y 
a re o b t a i n e d f rom the tongue con tou r d a t a f o r 
v o w e l s , and the tongue c o n t o u r v e c t o r f o r vowels 
X v can be exp ressed in the l i n e a r form a s , 

(1) 

where, are e igenvectors and is 
a mean vector f o r vowels which corresponds to the 
neu t r a l tongue contour . The e igenvectors are c a l 
cu lated from the next equat ion . 

( 2 ) 

The f i r s t component r e p r e s e n t s the movement 
of the tongue body between the r e a r - p h a r y n g e a l 
w a l l and the h a r d p a l a t e d i r e c t i o n and produces 
m a i n l y an a n t i s y m m e t r i c p e r t u r b a t i o n o f the v o c a l 
t r a c t . I t I n d i c a t e s the o p p o s i t e f e a t u r e o f back 
and f r o n t v o w e l s , i . e . ( a ] v s [ i ] . The second 
component r e p r e s e n t s the movemerat of the tongue to
wards the velum and produces a symmet r i c p e r t u r b a 
t i o n t h a t i s e f f e c t i v e f o r the rounded vowel [ u ] . 
The t h i r d component i s l e ss c l e a r l y e x p l a i n e d 
and may be i n t e r p r e t e d as the r e s u l t i n g tongue 
d e f o r m a t i o n from the c o n t r a c t i o n o f the p o s t e r i o r 
f i b e r s o f g e n i o g l o s u s and the i n t r i n s i c muscle 
o f the tongue t i p . The f o u r t h component I s an 
i n t r i n s i c component and r e p r e s e n t s the tongue t i p 
r e t r o f l e x . 

As an example the l o c i of t h e tongue move
ment on a i~a2 space f o r t h r e e u t t e r a n c e s / h 3 t V / 
(V: a , i , u ) a re i l l u s t r a t e d i n F i g . 3 . The p o i n t s 
A on the l o c i i n d i c a t e the onset and the o f f s e t 
o f the tongue t i p c l o s u r e . 

From the above d i s c u s s i o n s , i t i s seen t h a t 
the f o l l o w i n g a r t i c u l a t o r y parameters a re enough 
t o d e s c r i b e the m i d s a g l t t a l v o c a l t r a c t o u t l i n e , 
i . e . the jaw ang le , the l i p p r o t r u s i o n L p and 
the w e i g h t i n g c o e f f i c i e n t s o f the tongue compo
nen ts a j , bfc. For the vowels the l i p h e i g h t i s 
dependent on the l i p p r o t r u s i o n and can be 
approx ima ted b y , 

and A i s the c o r r e s p o n d i n g e i g e n v a l u e to s a t i s f y 
the c h a r a c t e r i s t i c e q u a t i o n . 

(A) 

For the consonan ts , t he e f f e c t o f the i n t r i n 
s i c muscle a c t i v i t y appears p a r t i c u l a r l y i n the 
f r o n t p a r t o f the tongue b u t i t i s d i f f i c u l t t o 
sepa ra te p r e c i s e l y the i n t r i n s i c muscle a c t i v i t y 
f rom the e x t r i n s i c one. A t f i r s t t he c o n t r i b u t i o n 
wh ich comes f rom the e x t r i n s i c components are 
s u b t r a c t e d by p r o j e c t i n g the tongue con tou r v e c t o r 
X c to the vowel space wh ich is spanned by the 
e i g e n v e c t o r s f o r the v o w e l s . And the rema inder 
i s c a l c u l a t e d a s , 

(5 ) 

where means the p r o j e c t i o n o f to the vowel 
space . Aga in tho p r i n c i p a l component a n a l y s i s 
i s per fo rmed on and the e i g e n v e c t o r s ( k » l , 2 , 
. . . , q ) i s c a l c u l a t e d In the same manner as 
F i n a l l y the e x p r e s s i o n f o r the consonants can be 
o b t a i n e d as, 

Lh - 0 . 3 - 0 . 2 5 ( L p - 1 . 0 ) . ( 7 ) 

The r e l a t i o n (7) was de te rm ined f rom the a n a l y s i s 
o f the f r o n t and s i d e p h o t o g r a p h s . 

The c r o s s - s e c t i o n a l d imens ion a l o n g the v o c a l 
t r a c t i s de te rm ined from a semi—polar c o o r d i n a t e 
system f i x e d w i t h r e g a r d t o the m a x i l l a and the 
r e a r - p h a r y n g e a l w a l l . The r e l a t i o n between the 
c ross d imens ion d and the c ross s e c t i o n a l area S 
i s approx ima ted by power f u n c t i o n S-2d 1 , f i . I n t h e 
l a b i a l r e g i o n the a rea i s approx imated by an 
e l l i p s e w i t h the w i d t h g i v e n b y 

where L s i s the v e r t i c a l s e p a r a t i o n o f t he l i p s . 
The v o c a l t r a c t i s dev ided I n t o 30 u n i f o r m 

c y l i n d r i c a l tubes and the r e f l e c t i o n c o e f f i c i e n t s 
between the a d j o i n i n g s e c t i o n s a re c a l c u l a t e d . 
Regard ing the l o s s e s a t the g l o t t i s , l i p s and 
w i t h i n the t r a c t , a t r a n s m i s s i o n - l i n e model i s 
c o n s t r u c t e d and the t r a n s f e r f u n c t i o n i s exp ressed 
u s i n g z - t r a n s f o r m . 
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where z -exp ( is the l e n g t h 
of one s e c t i o n and c is the v e l o c i t y of sound. 
The fo rmant f r e q u e n c i e s are c a l c u l a t e d f rom E q . ( 9 ) 
by the F i b o n a c c i s e a r c h i n g method. 

E s t i m a t i o n o f A r t i c u l a t o r y Parameters 

I t i s w e l l known t h a t the v o c a l t r a c t shape 
i s no t u n i q u e l y de te rm ined f rom the s p e c t r a l 
c h a r a c t e r i s t i c s o f the speech wave w i t h o u t the 
a d d i t i o n a l c o n s t r a i n t s i n terms o f the speech 
p r o d u c t i o n p r o c e s s . Such c o n s t r a i n t s mus t be con
s i d e r e d f rom the p h y s i o l o g i c a l , p h o n o l o g i c a l and 
p e r s o n a l i t y p o i n t s o f v i ew . The c o n s t r a i n t s can 
be r e f l e c t e d on the a r t i c u l a t o r y model in two ways 
One i s i n the p h y s i c a l d imens ion o f the a r t i c u 
l a t o r y organs and In the components v e c t o r s V i and 
O k The o t h e r is the maimer of the c o n t r o l o f the 
a r t i c u l a t o r y p a r a m e t e r s . The l a t t e r i s cons ide red 
i n t h i s s tudy o n l y a l i t t l e . I t i s c l e a r t h a t 
the number o f the a r t i c u l a t o r y pa ramete rs is much 
s m a l l e r than t h a t o f the c y l i n d r i c a l tubes t o d e 
s c r i b e the voca l t r a c t shape and t h i s f a c t w i l l 
make the e s t i m a t i o n e a s y . T h e r e f o r e , the v o c a l 
t r a c t shape i s de te rmined by e s t i m a t i n g these 
a r t i c u l a t o r y p a r a m e t e r s . The p r e s e n t model i s 
u s e f u l f o r the e s t i m a t i o n f rom the speech wave, 
because i t i s c o n s t r u c t e d no t o n l y t o d e s c r i b e 
the a r t i c u l a t o r y s t a t e s t r i c t l y bu t a l s o t o b e 
d i r e c t l y r e l a t e d t o the v a r i a t i o n o f the voca l 
t r a c t shape. However, t h e r e remains a p o s s i b i l i t y 
to b r i n g about a freedom in the a r t i c u l a t o r y 
parameters f o r a c e r t a i n r e g i o n o f the s p e c t r a l 
c h a r a c t e r i s t i c s o f a speech sound. T h e r e f o r e , i t 
i s d e s i r a b l e t o app ly the c o o p e r a t i v e r e l a t i o n 
between the a r t i c u l a t o r s i n s t a t i c and dynamic 
senses to a v o i d such a f reedom. 

The t ime c o n s t a n t s o f the a r t i c u l a t o r y mot ion 
are l a r g e compared w i t h the sound p r o p a g a t i o n 
phenomena and in the case of the a r t i c u l a t i o n of 
v o w e l s , the power s p e c t r a l d e n s i t y o f t he speech 
sound is cons ide red to be s t a t i o n a r y in a smal1 
i n L e r v a l . T h e r e f o r e , the s t a t i c cor respondence 
between the a r t i c u l a t o r y parameters and the acous
t i c ones i s ve ry i m p o r t a n t . 

The r e l a t i o n s h i p between the a r t i c u l a t o r y 
parameters and the a c o u s t i c f e a t u r e s i s f o r m u l a t e d 
i n n o n l i n e a r r e g r e s s i o n a s , 

where Cy and C are the c o v a r i a n c e m a t r i c e s 
and means the e s t i m a t e d v a l u e of 

Four v a r i a b l e s a re used as the a r t i c u l a t o r y 
p a r a m e t e r s , namely the jaw open ing the 
w e i g h t i n g c o e f f i c i e n t s o f the p r i n c i p a l components 
of the tongue con tou r a1 and a2, and the l i p 
p r o t r u s i o n L p , wh ich were i n t r o d u c e d i n the 
p r e c e d i n g s e c t i o n . As the a c o u s t i c f e a t u r e s , 
f i r s t two fo rmant f r e q u e n c i e s F1 and F2 a re used , 
because they are the most s i g n i f i c a n t f e a t u r e s to 
be c l o s e l y r e l a t e d t o the v o c a l t r a c t shape f o r 
the v o w e l - l i k e sounds. The d a t a f rom wh ich the 
r e g r e s s i o n c o e f f i c i e n t s are de te rm ined c o n s i s t 
o f the samples d i s t r i b u t e d around the f i v e J a p a 
nese vowels and r e a l ones o b t a i n e d f rom the X - ray 
p i c t u r e s , and the t o t a l number o f t he samples i s 
300. B y u t i l i z i n g the r e a l a r t i c u l a t o r y d a t a f o r 
the e s t i m a t i o n , some c o o p e r a t i v e r e l a t i o n between 
the a r t i c u l a t o r s i s i n c l u d e d i n the r e g r e s s i o n 
c o e f f i c i e n t s . The formant f r e q u e n c i e s are c a l 
c u l a t e d a c c o r d i n g t o the a l g o r i t h m p resen ted i n 
the p r e c e d i n g s e c t i o n . 

The e s t i m a t e d r e s u l t f o r the s y n t h e s i z e d c o n 
t i n u o u s speech / a i u e o / i s shown i n F i g . 4 
i n compar ison w i t h the o r i g i n a l a r t i c u l a t o r y p a r a 
m e t e r s . S o l i d l i n e s show the o r i g i n a l a r t i c u 
l a t o r y mot i o n . The f i r s t and the second formant 
f r e q u e n c i e s a t every moment are c a l c u l a t e d f o r 
t h i s a r t i c u l a t o r y movement and c o n v e r s e l y the 
a r t i c u l a t o r y parameters are e s t i m a t e d b y E q . ( l l ) 
f o r those formant f r e q u e n c i e s . The e s t i m a t e d 
va lues agree w i t h the o r i g i n a l ones except f o r the 
s l i g h t d e v i a t i o n in the tongue parameters a^ and 
. I T , However, t h i s r e s u l t means t h a t i f the model 
i s j u s t f i t t e d f o r the speake r , the e s t i m a t i o n 
would be s u c c e s s f u l by the n o n l i n e a r r e g r e s s i o n 
method. 

The r e s u l t f o r the r e a l speech da ta /a i u 
e 0 / i s shown in F i g . 5 . The speaker is d i f f e r e n t 
f rom the person whose da ta were used to c o n s t r u c t 
the mode l . A l t hough the e s t i m a t e d v a l u e s cannot 
be compared w i t h the t r u e ones because the X - ray 
da ta were not taken f o r t h i s u t t e r a n c e , they 
convey the t y p i c a l n a t u r e of each v o w e l . For 
example , vowel is c h a r a c t e r i z e d by the most 
p o s i t i v e v a l u e o f a2 and the l i p p r o t r u s i o n and 
c l e a r l y d i s t i n g u i s h e d f rom [ o ] b y the d i f f e r e n c e s 
of the jaw open ing and the tongue parameter a * . 
F ron t vowel [ i ] i s c h a r a c t e r i z e d by the most n e g a 
t i v e va lue o f a 1 and d i s t i n g u i s h e d f rom [ e ] by t h e 
d i f f e r e n c e o f the degree o f the jaw o p e n i n g . 

I n F i g . 4 and F i g . 5 , the marks wh ich i n d i c a t e 
the e s t i m a t e d va lues o f t he fonnan t f r e q u e n c i e s 
mean the c a l c u l a t e d formant va lues c o r r e s p o n d i n g 
t o the e s t i m a t e d a r t i c u l a t o r y p a r a m e t e r s . I t i s 
seen t h a t the correspondence in the fonnan t domain 
i s ve ry w e l l . N e v e r t h e l e s s , t h e r e a re s l i g h t 
d e v i a t i o n I n the a r t i c u l a t o r y parameters i n F i g . 4 . 
T h i s i n d i c a t e s t h a t the f i r s t two fonnan t f r e 
quenc ies are not s u f f i c i e n t t o dec ide p r e c i s e l y 
the a r t i c u l a t o r y parameters In some r e g i o n . 

I n a p r a c t i c a l p o i n t o f v i e w , the o u t p u t s o f 
f i l t e r bank i s more conven ien t than the f onnan t 
f r e q u e n c i e s as a se t o f a c o u s t i c p a r a m e t e r s , 
because the c a l c u l a t i o n o f t he fo rmant f r e q u e n c i e s 
i s n o t so easy m a t t e r . Then the e s t i m a t i o n u s i n g 
the o u t p u t o f the f i l t e r bank was t r i e d . The o u t -
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p u t s i g n a l s o f t h e f i l t e r b a n k w e r e r e d u c e d t o 3 o r 
4 c o m p o n e n t s b y t h e p r i n c i p a l c o m p o n e n t s a n a l y s i s 
and t h o s e m a i n c o m p o n e n t s we re u s e d as t h e a c o u s t i c -
p a r a m e t e r s i n t h e n o n l i n e a r r e g r e s s i o n . ' t h e r e s u l t 
i s shown i n F i g . 6 f o r t h e s y n t h e s i z e d v o i c e / a i u 
e o / . Compared w i t h F i g , 4 , t h e a c c u r a c y i s a l m o s t 
t he same. The o r i g i n a l and t h e e s t i m a t e d 
s p e c t r a l p a t t e r n s a r e shown i n F i g . 7 . Fo rmant 
f r e q u e n c i e s f r o m f i r s t t o f o u r t h a r e i n good a g r e e 
m e n t . 

I t may b e c o n c l u d e d t h a t t h e a r t i c u l a t o r y 
p a r a m e t e r s e s t i m a t e d b y t h e n o n l i n e a r r e g r e s s i o n 
m e t h o d can b e e m p l o y e d a s a f e a t u r e v e c t o r f o r t he 
s p e e c h r e c o g n i t i o n . 

S e n t e n c e R e c o g n i t i o n A l g o r i t h m 

F o r m u l a t i o n o f t h e S e n t e n c e R e c o g n i t i o n P r o b l e m 

i n t h i s s e c t i o n t h e s e n t e n c e r e c o g n i t i o n 
p r o b l e m w i l l b e g i v e n a m a t h e m a t i c a l f o r m u l a t i o n . 
S e n t e n c e s t r u c t u r e s mean t h e c a t e g o l i z a t i o n o f t h e 
t y p e s o f t h e s e n t e n c e s a c c o r d i n g t o t h e s y n t a c t i c 
and s e m a n t i c c o n t e n t s . The m e t h o d t o s e t t h e 
s e n t e n c e s t r u c t u r e s depends upon t h e s c a l e and t h e 
c o m p l e x i t y o f t h e p r o b l e m . I n t h i s s t u d y , f r o m 
t h e p r a c t i c a l v i e w p o i n t , i t i s assumed t h a t t h e 
number o f t h e w o r d s i s n o t s o l a r g e and t h e 
l a n g u a g e can b e d e s c r i b e d b y t h e c o n t e x t f r e e 
g r a m m a r . The c o n s t r u c t i o n o f t h e C . F . G . f o r t h e 
g i v e n p r o b l e m becomes i m p o r t a n t . I t may b e d i f f i 
c u l t t o f i n d t h e g e n e r a l p r o c e d u r e . H o w e v e r , i f 
a n a p p r o p r i a t e r e s t r i c t i o n f o r t h e s p e a k e r i s 
s e t t l e d , t h e c a t e g o l i z a t i o n o f t h e s e n t e n c e s i s n o t 
s o h a r d i n a s m a l l s c a l e p r o b l e m . 

F i r s t , a s e t o f p a r t s o f s p e e c h 
,m) I s I n t r o d u c e d . The c o n c e p t o f a p a r t o f s p e e c h 
may b e d i f f e r e n t f r o m t h e l i n g u i s t i c o n e . I t i s 
d e f i n e d s o a s t o i n c l u d e i t s m e a n i n g i n a d d i t i o n t o 
i t s r o l e i n a s e n t e n c e . The j - t h w o r d o f t h e i - t h 
p a r t o f s p e e c h i s d e n o t e d b y w j * , s o t h a t 

I t may h a p p e n t h a t a w o r d 
t e r e d i n two o r more p a r t s . The t o t a l 
v o c a b u l a r y o f t h e s y s t e m i s 

S e c o n d , s e n t e n c e s t r u c t u r e s a r e d e s c r i b e d b y 
a c o n t e x t f r e e grammar w h i c h 
g i v e s t h e a r r a n g e m e n t o i W ^ i n a s e n t e n c e . The 
grammar i s assumed t o b e n o t a m b i g u o u s and 

a se t o f n o n - t e r m i n a l symbo ls , 
a s e t o f t e r m i n a l symbo ls , 
i n i t i a l s ymbo l , 
a s e t o f p r o d u c t i o n r u l e s . 

The s e t i s the s e t o f p a r t s o f speech , i . e . V t -
The i n i t i a l symbol z a means 

t h a t the s t a t e o f the machine i s a t t he a - t h s t a t e 
The se t o f the s t a t e where 
denotes the t o t a l number o f the s t a t e s o f the 
mach ine . The grammar produces the sentence 
s t r u c t u r e s wh ich can appear under the a - t h s t a t e . 
I t i s assumed t h a t i s no t ambiguous. T h e r e f o r e 
one sentence cor responds to o n l y one l e f t most 
d e r i v a t i o n and is d e s c r i b e d by a sequence of the 
used p r o d u c t i o n r u l e s . The se t o f the sentences 
wh ich Is gene ra ted by a sequence of the p r o d u c t i o n 
r u l e s * • • i s denoted b y 

(13) 

( U ) 

when ' LB shows the l eng th of the sentence 
An element means the Y - th sentence wi th the 

sentence s t r u c t u r e wh ich may be a r i s e under 
the a - t h s t a t e , and can be expressed a s . 

where i n d i c a t e s the p a r t of speech o£ the 
h - t h word i n the sentence o f and f u r t h e r 

addresses a word In W i The f a c t t h a t 
one sequence of words has meaning is c o n s i d e r e d 
as t h a t the sequence is one p o s s i b l e 

The purpose to i n t r o d u c e the sentence 
s t r u c t u r e i s t h a t the s t r o n g mutua l dependence 
of words in a sentence Is* absorbed in the sentence 
s t r u c t u r e a n d b e c o m e s n e a r l y s t a t i s t i 
c a l l y independent i n The o p e r a t i o n o f the 
machine can be shown as F i g . 8 t h a t is an example 
to g i v e o r d e r s f o r a r o b o t in a d i a l o g u e to move 
f o r w a r d o r t u r n in an ass igned manner. 

The f i r s t te rm o f E q . ( 1 9 ) comes f rom the word 
r e c o g n i t i o n and the second terms o f E q . ( 1 8 ) and 
E q . ( 1 9 ) c a r r y i n f o r m a t i o n on the c o n t e x t and the 
s i t u a t i o n . Then the sentence r e c o g n i t i o n p rob lem 
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The two methods were d i s c u s s e d s e p a r a t e l y in 
t h i s pape r . B u t , i f the s u i t a b l e a l g o r i t h m t o 
dec ide phonemes f rom the e x t r a c t e d f e a t u r e i s 
added, the sys tem w i l l b e c o m p l e t e d . 

The au tho r thanks Dr . H. Fu j i sawa and 
Mr, M. Honda f o r t h e i r c o o p e r a t i o n . 
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Conc lus ion 

I n t h i s s t u d y two i m p o r t a n t p a r t s o f t h e 
speech u n d e r s t a n d i n g system were c o n s i d e r e d . The 
f e a t u r e e x t r a c t i o n method t h a t u t i l i z e s the phy 
s i o l o g i c a l and the p h o n o l o g i c a l c o n s t r a i n t s was 
p roposed . I t w i l l b e e f f e c t i v e f o r the speech 
recogn i t i o n by i m p r o v i n g the word o r phoneme r e 
c o g n i t i o n s c o r e . 

R e c e n t l y , s e v e r a l a t t emp ts have been made to 
e s t i m a t e the c r o s s - s e c t i o n a l area f u n c t i o n o f the 
v o c a l t r a c t u s i n g the s t a t e space e x p r e s s i o n o f 
the a c o u s t i c vave i n the v o c a l t r a c t . However, 
i n those f ramework , i t w i l l make the p rob lem too 
much c o m p l i c a t e d one to c o n s i d e r the v a r i o u s c o n 
s t r a i n t s o f the a r t l c u l a t o r y m o t i o n . I f the 
dynamics i s t aken i n t o account i n any sense , the 
dynamic c h a r a c t e r o f the a r t l c u l a t o r y mo t i on 
shou ld be c o n s i d e r e d f i r s t and the s t a t e space e x 
p r e s s i o n o f t he a c o u s t i c l e v e l may be i g n o r e d 
because o f the d i f f e r e n c e i n t h e i r t ime c o n s t a n t s . 

The sentence r e c o g n i t i o n a l g o r i t h m i s w e l l 
f o r m u l a t e d and v e r y compact. Then, i t makes easy 
the r e a l t ime o p e r a t i o n o f the speech u n d e r s t a n d i n g 
w i t h o u t u s i n g s p e c i a l ha rd wares . 

An i m p o r t a n t p rob lem a r i s e s in the above 
f o r m u l a t i o n . That I s the a b e r r a t i o n o f the scene 
r e c o g n i t i o n between the speaker and the mach ine . 
The speaker does n o t know the s t a t e of the machine 
or the speaker u t t e r s a sentence by m i s t a k e t h a t 
shou ld n o t b e p e r m i t t e d i n t h a t s i t u a t i o n . These 
phenomena o f t e n occur i n the a c t u a l c o n v e r s a t i o n . 
P a r t i c u l a r l y in the case t h a t the machine made a 
m i s r e c o g n l t i o n and went to a s t a t e unexpected by 
the speake r , I t i s d i f f i c u l t f o r t he speaker t o d o 
a s u i t a b l e a c t i o n . I n such a b e r r a t i o n c o n d i t i o n 
the above a l g o r i t h m cannot work s a t i s f a c t o r i l y . 
T h i s phenomenon a lways appear when the r e l a t i o n 
between the speaker and the r e c e i v e r i s made t i g h t 
t o improve the r e c o g n i t i o n s c o r e . 








