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©  Speech  synthesizing  apparatus. 
(sy  A  speech  synthesizing  apparatus  is  provided  which 
comprises  a  phoneme  converting  circuit  (14)  for  generating 
phoneme  string  data  in  accordance  with  an  input  character 
code  string,  segment  files  (10  and  12)  in  which  consonant 
and  vowel  segment  data  are  stored,  a  control  circuit  (16)  for 
allowing  the  corresponding  consonant  and  vowel  segment 
data  to  be  generated  from  these  segment  files  (10  and  12)  in 
accordance  with  the  phoneme  string  data,  and  a  synthesizing 
unit  (18,  20,  22,  24,  26  and  28)  for  synthesizing  speech  signal 
on  the  basis  of  the  consonant  and  vowel  segment  data  from 

*T  the  segment  files  (10  and  12).  A  plurality  of  consonant 
^   characteristic  parameter  data  respectively  representative  of  a 

plurality  of  consonant  segments  each  of  which  has  a 
J2  consonant  portion  and  a  transient  segment  which  changes  to 
J*  a  vowel  segment,  and  a  plurality  of  vowel  characteristic ™  parameter  data  respectively  representative  of  a  plurality  of 

vowel  segments  are  stored  in  the  above  segment  files  (10 
q   and  12). 
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T h i s   i n v e n t i o n   r e l a t e s   to  a  s p e e c h   s y n t h e s i z i n g  

a p p a r a t u s   f o r   s y n t h e s i z i n g   s p e e c h   in  a c c o r d a n c e  

w i t h   i n p u t   c h a r a c t e r   s t r i n g s .  

R e c e n t l y ,   v a r i o u s   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s e s  

f o r   s y n t h e s i z i n g   s p e e c h   on  the   b a s i s   of  t h e   s e n t e n c e  

d a t a   to  be  a p p l i e d   as  c h a r a c t e r   s t r i n g s   a r e   k n o w n .  

For   e x a m p l e ,   in  an  a p p a r a t u s   f o r   s y n t h e s i z i n g   s p e e c h  

by  r u l e ,   v a r i o u s   s p e e c h   s e g m e n t s   of  p r e d e t e r m i n e d  

u n i t s   a r e   p r e l i m i n a r i l y   r e g i s t e r e d   as  a  f o r m a t   o f  

a c o u s t i c   p a r a m e t e r   in  a  s p e e c h   s e g m e n t   f i l e ,   a n d  

t h e   c o r r e s p o n d i n g   a c o u s t i c   p a r a m e t e r   d a t a   i s   s e l e c t i v e l y  

r e a d   o u t   f rom  t h i s   s p e e c h   s e g m e n t   f i l e   in  a c c o r d a n c e  

w i t h   t h e   i n p u t   p h o n e m e   d a t a   s t r i n g .   The  s p e e c h   d a t a  

i s   s y n t h e s i z e d   on  t h e   b a s i s   of  t h i s   a c o u s t i c   p a r a m e t e r  
d a t a  r e a d   o u t   in  a c c o r d a n c e  w i t h   a  p r e d e t e r m i n e d  

s y n t h e s i z i n g   r u l e .   As  d e s c r i b e d   a b o v e ,   in  t h i s   s p e e c h  

s y n t h e s i z i n g   a p p a r a t u s ,   a  d e s i r e d   s e n t e n c e   can  b e  

g e n e r a t e d   a t   a  d e s i r e d   s p e a k i n g   s p e e d   s i n c e   t he   s p e e c h  

i s   s y n t h e s i z e d   in  a c c o r d a n c e   w i t h   a  p r e d e t e r m i n e d  

s y n t h e s i z i n g   r u l e .  

T h i s   a p p a r a t u s   f o r   s y n t h e s i z i n g   s p e e c h   b y  

r u l e   is   m a i n l y   d i v i d e d ,   f o r   e x a m p l e ,   i n t o   a  V - C - V  

s y n t h e s i z i n g   a p p a r a t u s   u s i n g   a  c h a i n   c o n s i s t i n g   o f  

v o w e l ,   c o n s o n a n t   and  vowel   as  a  s p e e c h   s e g m e n t   o f  

one  u n i t ,   and  a  C-V  s y n t h e s i z i n g   a p p a r a t u s   u s i n g   a  

m o n o s y l l a b l e   c o n s i s t i n g   of  c o n s o n a n t   and  v o w e l   as  a  



s p e e c h   s e g m e n t   of  one  u n i t   in  d e p e n d e n c e   upon  the   f o r m a t  
of   t h e   s p e e c h   s e g m e n t   to  be  r e g i s t e r e d   in  t h e   s p e e c h  
s e g m e n t   f i l e .   R e f e r e n c e   c h a r a c t e r s   V  and  C  u s e d   h e r e i n  

r e p r e s e n t ' a   v o w e l   s e g m e n t   and  a  c o n s o n a n t   s e g m e n t ,  

r e s p e c t i v e l y .  

F i g .   1  is   a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  c o n v e n -  
t i o n a l   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s . .   T h i s   s p e e c h  

s y n t h e s i z i n g   a p p a r a t u s   i n c l u d e s   a  p h o n e m e   c o n v e r t i n g  
c i r c u i t   2  f o r   c o n v e r t i n g   i n p u t   c h a r a c t e r   c o d e   s t r i n g  
i n t o   p h o n e m e   d a t a   s t r i n g   i n c l u d i n g   a c c e n t  i n f o r m a t i o n   i n  

a c c o r d a n c e   w i t h   p r e d e t e r m i n e d   phoneme   c o n v e r s i o n   r u l e  

and  a c c e n t   r u l e ,   a  s p e e c h   s e g m e n t   f i l e   4  in  w h i c h   a  

p l u r a l i t y   of   s p e e c h   s e g m e n t s   in  t h e   f o r m   of  m o n o s y l l a b l e  
h a v e   b e e n   s t o r e d ,   an  i n t e r p o l a t i n g   c i r c u i t   6  w h i c h  

s e q u e n t i a l l y   r e a d s   o u t   t he   s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   of  t h e   c o r r e s p o n d i n g   s p e e c h   s e g m e n t   f r o m  

t h e   s p e e c h   s e g m e n t   f i l e   4  in  a c c o r d a n c e   w i t h   the   p h o n e m e  
d a t a   s t r i n g   f rom  t h e   phoneme   c o n v e r t i n g   c i r c u i t   2  a n d  

t h e n   i n t e r p o l a t e s   t h e s e   s p e e c h   c h a r a c t e r i s t i c - p a r a m e t e r  

d a t a ,   and  a  s p e e c h   s y n t h e s i z e r   c i r c u i t   8  f o r   g e n e r a t i n g  

s p e e c h   d a t a   by  f i l t e r - p r o c e s s i n g   t h e   p a r a m e t e r   d a t a   f r o m  

t h i s   i n t e r p o l a t i n g   c i r c u i t   6 .  

In   t h e   a p p a r a t u s   f o r   s y n t h e s i z i n g   s p e e c h   d a t a   b y  
r u l e   of   t h i s   k i n d ,   p h o n e m e   mus t   be  of  c o u r s e   c o n v e r t e d  

w i t h   h i g h   a c c u r a c y   to   o b t a i n   more  n a t u r a l   s p e e c h   w i t h  

h i g h   q u a l i t y ,   b u t   i t   i s   a l s o   r e q u i r e d   t o   o b t a i n   s p e e c h  
c h a r a c t e r i s t i c   p a r a m e t e r s   w h i c h   r e p r e s e n t ,   w i t h   a  h i g h  

f i d e l i t y ,   t h e   c h a r a c t e r i s t i c s   of  t h e   s p e e c h   g e n e r a t e d  

by  a  human  b e i n g .   For   e x a m p l e ,   when  s p e e c h e s   w e r e  

c o n t i n u o u s l y   g e n e r a t e d ,   t h e r e   may  be  a  c a s e   w h e r e   a  

c e r t a i n   m o n o s y l l a b l e   in  t h e s e   s p e e c h e s   i s   c o a r t i c u l a t e d  

by  m o n o s y l l a b l e s   b e f o r e   and  a f t e r   t he   a b o v e - m e n t i o n e d  

m o n o s y l l a b l e .   When  a  m o n o s y l l a b l e   f o r m e d   of  c o n s o n a n t -  

v o w e l   ( C l - V l )   s y l l a b l e   is   i n d e p e n d e n t l y   g e n e r a t e d ,  

t h e   a c o u s t i c   e n e r g y   p a t t e r n   ( s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r )   of   t h e   s p e e c h   s e g m e n t   of  t h i s   m o n o s y l l a b l e  

e x h i b i t s   t h e   i n h e r e n t   c h a r a c t e r i s t i c s   of  t h e   c o n s o n a n t  



Cl  and  t h e   vowe l   Vl  w i t h   h i g h   f i d e l i t y   as  s c h e m a t i c a l l y  

shown  in  F i g .   2.  H o w e v e r ,   in  t he   c a s e   w h e r e   t h i s  

m o n o s y l l a b l e   i s   s u c c e s s i v e l y  g e n e r a t e d   t o g e t h e r   w i t h  

o t h e r   m o n o s y l l a b l e s ,   t he   a c o u s t i c   e n e r g y   p a t t e r n   ( s p e e c h  

c h a r a c t e r i s t i c   p a r a m e t e r )   of  t h e   s p e e c h   s e g m e n t   of  t h e  
C l - V 1   m o n o s y l l a b l e   w i l l   be  c h a n g e d   as  shown  in  F i g s .   3A 

and  3B  in  d e p e n d e n c e   u p o n ,   f o r   e x a m p l e ,   w h e t h e r   t h e  

s u b s e q u e n t   m o n o s y l l a b l e   is   a  C2-V2  s y l l a b l e   or  a  C 3 - V 3  

s y l l a b l e .   In  o t h e r   w o r d s ,   t h i s   m o n o s y l l a b l e   i s  

c o a r t i c u l a t e d   by  the   s u b s e q u e n t   C2-V2  m o n o s y l l a b l e  

and  is   c h a n g e d   to  a  C l l - V l l   m o n o s y l l a b l e ,   or  i t   i s  

c o a r t i c u l a t e d   by  the   s u b s e q u e n t   C3-V3  m o n o s y l l a b l e  

a n d   i s   c h a n g e d   to  a  C12-V12  m o n o s y l l a b l e .   T h e r e f o r e ,  

in   o r d e r   to   g e n e r a t e   t he   s p e e c h   w h i c h   is   more   n a t u r a l  

and  has   h i g h   q u a l i t y   and  i s   as  s i m i l a r   as  p o s s i b l e  

t o   t h e   s p e e c h   t h a t   is   a c t u a l l y   g e n e r a t e d   by  a  h u m a n  

b e i n g ,   i t   i s   r e q u i r e d   to   g e n e r a t e   t he   s p e e c h   i n  

c o n s i d e r a t i o n   of  t he   c o a r t i c u l a t i o n   b e t w e e n   t h e  

s u c c e s s i v e   s p e e c h   s e g m e n t s .   H o w e v e r ,   w i t h   a  c o n v e n -  

t i o n a l   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s ,   o n l y   u n n a t u r a l  

s p e e c h e s   a r e   o b t a i n e d   b e c a u s e   i t   g e n e r a t e s   s p e e c h e s  

by  s i m p l y   c o u p l i n g   t h e   p h o n e m e s   r e g a r d l e s s   of  t h e  

i n f l u e n c e   due  to  t h e   c o a r t i c u l a t i o n .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   f o r   s y n t h e s i z i n g   c l e a r  

and  n a t u r a l   s p e e c h e s .  

T h i s   o b j e c t   is   a c c o m p l i s h e d   by  a  s p e e c h   s y n t h e s i z i n g  

a p p a r a t u s   c o m p r i s i n g   a  d a t a   g e n e r a t i o n   c i r c u i t  f o r  ,  

g e n e r a t i n g   phoneme   s t r i n g   d a t a ;   a  c o n s o n a n t   s e g m e n t  
f i l e   in  w h i c h   a  p l u r a l i t y  o f   c o n s o n a n t   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   r e s p e c t i v e l y   r e p r e s e n t i n g   a  p l u r a l i t y  o f  

c o n s o n a n t   s e g m e n t s   e a c h   of  w h i c h   has   a  c o n s o n a n t   p o r t i o n  

and  a  t r a n s i e n t   s e g m e n t   a r e   s t o r e d ;   a  vowe l   s e g m e n t   f i l e  

in   w h i c h   a  p l u r a l i t y   of  vowe l   c h a r a c t e r i s t i c   p a r a m e t e r  

d a t a   r e s p e c t i v e l y   r e p r e s e n t i n g   a  p l u r a l i t y   of  s t e a d y -  

s t a t e   and  c o a r t i c u l a t e d   vowe l   s e g m e n t s   a r e   s t o r e d ;   a  

c o n t r o l   c i r c u i t   f o r   s u p p l y i n g   c o n s o n a n t   and  v o w e l  



s e g m e n t   a d d r e s s   d a t a   to   t h e   c o n s o n a n t   and  vowel   s e g m e n t  
f i l e s   in  a c c o r d a n c e   w i t h   t h e   phoneme  s t r i n g   d a t a   f r o m  

t h e   d a t a   g e n e r a t i o n   c i r c u i t   to  r e a d   ou t   t h e   c o r r e -  

s p o n d i n g   c o n s o n a n t   and  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r  
d a t a   f rom  t h e s e   c o n s o n a n t   and  vowel   s e g m e n t   f i l e s ;   a  

p a r a m e t e r   d a t a   s e r i e s   g e n e r a t i o n   c i r c u i t   f o r   g e n e r a t i n g  

s e r i e s   of  c o n s o n a n t   and  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r  
d a t a   on  t h e   b a s i s   of  t h e   c o n s o n a n t   and  vowe l   c h a r a c - '  

t e r i s t i c   p a r a m e t e r   d a t a   r e a d   ou t   f rom  t h e   c o n s o n a n t  

and  vowel   s e g m e n t   f i l e s ;   and  a  s y n t h e s i s   u n i t   f o r  

s y n t h e s i z i n g   s p e e c h   s i g n a l s   on  the   b a s i s   of  t he   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   s e r i e s   f rom  t he   p a r a m e t e r   d a t a  

s e r i e s   g e n e r a t i o n   c i r c u i t .  

In  t h i s   i n v e n t i o n ,   e a c h   c o n s o n a n t   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   s t o r e d   in  t h e   c o n s o n a n t   s e g m e n t   f i l e  

r e p r e s e n t s   t he   c o n s o n a n t   s e g m e n t  i n c l u d i n g   a  c o n s o n a n t  

p o r t i o n   and  a  t r a n s i e n t   s e g m e n t   to  t he   vowe l   s e g m e n t ;  

t h e r e f o r e ,   i t   i s   p o s s i b l e   t o  e a s i l y   o b t a i n   t he   i n t e r -  

p o l a t e d   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   b e t w e e n - t h i s  

c o n s o n a n t   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   and  t h e  

s u c c e e d i n g   vowe l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e a d  

o u t   f rom  t h e   v o w e l   s e g m e n t   f i l e ,   t h e r e b y   m a k i n g   i t  

p o s s i b l e   to   c l e a r l y   and  n a t u r a l l y   s y n t h e s i z e   a  s p e e c h  

even   f o r  a   c o a r t i c u l a t e d   m o n o s y l l a b l e .  

T h i s   i n v e n t i o n   can   be  more  f u l l y   u n d e r s t o o d   f r o m  

t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is   a  s c h e m a t i c   b l o c k   d i a g r a m   of  a  c o n v e n -  

t i o n a l   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s ;  

F i g .   2  shows  t he   s c h e m a t i c   a c o u s t i c   e n e r g y   p a t t e r n  

of  a  m o n o s y l l a b l e   i n d e p e n d e n t l y   g e n e r a t e d ;  

F i g s .   3A  and  3B  show  t h e   s c h e m a t i c   a c o u s t i c   e n e r g y  

p a t t e r n   of  c o a r t i c u l a t e d   m o n o s y l l a b l e s ;  

F i g .   4  shows   t h e   s c h e m a t i c   a c o u s t i c   e n e r g y   p a t t e r n  

of  c o n s o n a n t   and  v o w e l   s e g m e n t s   r e g i s t e r e d   in  c o n s o n a n t  

and  vowel   s e g m e n t   f i l e s   u s e d   in  t h i s   i n v e n t i o n ;  

F i g s .   5A  and  5B  show  w a v e f o r m s   of  [ a ] - s o u n d  



i n c l u d e d   in  d i f f e r e n t   s p e e c h e s ;  

F i g s .   6A  and  6B  show  p o w e r   s p e c t r a   of  s e l e c t e d  

f r a m e s   in  t h e   [ a ] - s o u n d s   shown  in  F i g s .   5A  and  SB;  

F i g s .   7A  to  7C  show  a  s p e e c h   s i g n a l ,   p o w e r  

s p e c t r a   and  p o w e r   s e q u e n c e   of  a  m o n o s y l l a b l e   " g o " ;  

F i g .   7D  shows   s i m i l a r i t y   b e t w e e n   t h e   power   s p e c t r u m  

h a v i n g   t h e   maximum  p o w e r   in  t he   p o w e r   s e q u e n c e   o f  

F i g .   7C  and  o t h e r  p o w e r   s p e c t r a ;  

F i g .   8  is   a  b l o c k   d i a g r a m   of  a  s p e e c h   s y n t h e s i z i n g  

a p p a r a t u s   a c c o r d i n g   to   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ;  

F i g .   9  s h o w s   p o w e r   s p e c t r a   o b t a i n e d   in  t he   s p e e c h  

s y n t h e s i z i n g   a p p a r a t u s   of  F i g .   8;  a n d  

F i g .   10  i s   a  f l o w c h a r t   i l l u s t r a t i n g   t he   o p e r a t i o n  

of   t h e   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   shown  in  F i g .   8 .  

In  t h i s   i n v e n t i o n ,   as  shown  in  F i g .   4,  c o n s o n a n t  

s e g m e n t s   e a c h   i n c l u d i n g   a  c o n s o n a n t   p o r t i o n   and  a  
t r a n s i e n t   s e g m e n t   w h i c h   c h a n g e s   f rom  t h i s   c o n s o n a n t  

p o r t i o n   to  a  v o w e l   s e g m e n t   a r e   r e g i s t e r e d   as  a  c o n s o n a n t  

s e g m e n t   C  in  t h e   c o n s o n a n t   s e g m e n t   f i l e ,   and  v o w e l  

s e g m e n t s   i n c l u d i n g   s t e a d y - s t a t e   and  c o a r t i c u l a t e d   v o w e l  

s e g m e n t s   a r e   r e g i s t e r e d   as  a  v o w e l   s e g m e n t   V  in  t h e  

v o w e l  s e g m e n t   f i l e .  

F i g s .  5 A   and  5B  shows   w a v e f o r m s   of  a  s e c o n d   [ a ] -  

s o u n d   of  s p e e c h   [ h a k a t a ]   and  an  [ a ] - s o u n d   of  s p e e c h  

[ k i a i ] .   F i g .   6A  shows   a  power   s p e c t r u m   in  t he   f r a m e   A 

of   [ a ] - s o u n d   shown  in  F i g .   5A.  F i g .   6B  shows  a  p o w e r  

s p e c t r u m   in  t h e   f r a m e   B  of  [ a ] - s o u n d  s h o w n   in  F i g .   5 B .  

As  i s   o b v i o u s   f rom  t h e s e   F i g s .   5A,  5B,  6A  and  6B,  t h e  

p o w e r   s p e c t r u m   of  [ a ] - s o u n d   of  [ k i a i ]   w h i c h   is   s t r o n g l y  

a f f e c t e d   due  to  t h e   c o a r t i c u l a t i o n   is  d i f f e r e n t   f r o m  

t h e   p o w e r   s p e c t r u m   of  t h e   s e c o n d   [ a ] - s o u n d   of  s p e e c h  

[ h a k a t a ]   w h i c h   is  n o t   so  a f f e c t e d   due  to   t he   c o a r t i c u -  

' l a t i o n .   As  d e s c r i b e d   a b o v e ,   t he   s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r s   r e p r e s e n t a t i v e   of  t h e   p o w e r   s p e c t r a   o f  

d i f f e r e n t   k i n d s   of  [ a ] - s o u n d s   a r e   r e g i s t e r e d   in  t h e  

v o w e l  s e g m e n t   f i l e   in  d e p e n d e n c e   upon  t h e   d e g r e e   of  t h e  

i n f l u e n c e   due  to  t h e   c o a r t i c u l a t i o n .  



F i g s .   7A  to  7C  show  a  s p e e c h   s i g n a l ,   p o w e r   s p e c t r u m  

and  p o w e r   s e q u e n c e   of  a  m o n o s y l l a b l e   "go"  when  i t   w a s  

g e n e r a t e d .   F i g .   7D  i n d i c a t e s   s i m i l a r i t y   b e t w e e n   t h e  

p o w e r   s p e c t r u m   h a v i n g   t he   maximum  p o w e r   in  t h e   p o w e r  

s e q u e n c e   shown  in  F i g .   7C  and  o t h e r   p o w e r   s p e c t r a .   I n  

F i g .   7D,  t i m e   p o i n t   t l   is   d e t e r m i n e d   as  a  b o u n d a r y   p o i n t  

b e t w e e n   c o n s o n a n t   and  v o w e l ,   t h a t   i s ,   in  t h i s   e x a m p l e ,  

t h e   t i m e   p o i n t   t l   is   d e t e r m i n e d   as  a  t i m e   p o i n t   a t   w h i c h  

t h e   s i m i l a r i t y   b e c o m e s   s m a l l e r   t h a n   a  p r e d e t e r m i n e d   v a l u e  

when  t h e   s i m i l a r i t y   b e t w e e n   t h e   power   s p e c t r u m   h a v i n g  

t h e   maximum  p o w e r   and  t h e   p o w e r   s p e c t r a   w h i c h   s e q u e n -  

t i a l l y   a p p e a r   t o w a r d   t h e   d i r e c t i o n   in  w h i c h   a  c o n s o n a n t  

was  g e n e r a t e d   is   s e q u e n t i a l l y   c a l c u l a t e d .   The  s p e e c h  

c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e p r e s e n t i n g   t h e   p o w e r  

s p e c t r a   g e n e r a t e d   d u r i n g   t h e   p e r i o d   f rom  t h e   t i m e   w h e n  

t h e   c o n s o n a n t   had  been   g e n e r a t e d  t o   t he   t i m e   p o i n t   t l ,  

in   t h i s   e x a m p l e ,   t h e   p o w e r   s p e c t r a   of  t h r e e   f r a m e s ,   i s  

r e g i s t e r e d   as  a  c o n s o n a n t   s e g m e n t   d a t a   i n  t h e   c o n s o n a n t  

s e g m e n t   f i l e .   In  a d d i t i o n ,   t h e   s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   r e p r e s e n t i n g   t he   power   s p e c t r u m   of  o n e  

f r a m e   g e n e r a t e d   a f t e r   a  p r e d e t e r m i n e d   n u m b e r   of  f r a m e s  

f r o m   t h e   t i m e   p o i n t   t l ,   p r e f e r a b l y   i n d i c a t i v e   of  t h e  

p o w e r   s p e c t r u m   h a v i n g   t h e   maximum  p o w e r   i s   r e g i s t e r e d  a s  

a  v o w e l   s e g m e n t   d a t a   in  t h e   v o w e l   s e g m e n t   f i l e .  

The  f o r m a t s   of  t he   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r s  

to   be  r e g i s t e r e d   in  t h e   c o n s o n a n t   and  v o w e l   s e g m e n t  

f i l e s   a r e   d e t e r m i n e d   in  a c c o r d a n c e   w i t h   t he   s p e e c h  

s y n t h e s i z i n g   a p p a r a t u s   to   be  u s e d .   For   e x a m p l e ,   in  t h e  

F o r m a n t   s y n t h e s i z i n g   a p p a r a t u s ,   t he   s p e e c h   c h a r a c -  

t e r i s t i c   p a r a m e t e r   is   d e t e r m i n e d   by  t h e   F o r m a n t   f r e -  

q u e n c y ,   i t s   band   w i d t h   and  v o i c e d - u n v o i c e d   i n f o r m a t i o n .  

On  t h e   o t h e r   h a n d ,   in  t he   l i n e a r   p r e d i c t i o n   s y n t h e s i z i n g  

a p p a r a t u s ,   t h e   s p e e c h   c h a r a c t e r i s i c   p a r a m e t e r   is   d e t e r -  

m i n e d   by  t h e   l i n e a r   p r e d i c t i o n   c o e f f i c i e n t   and  v o i c e d -  

u n v o i c e d   i n f o r m a t i o n .  

F i g .   8  shows   a  b l o c k   d i a g r a m   of  a  s p e e c h   s y n t h e -  

s i z i n g   a p p a r a t u s   f o r   s y n t h e s i z i n g   s p e e c h   by  r u l e   as  o n e  



e m b o d i m e n t   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n .   T h i s  

s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   i n c l u d e s   a  c o n s o n a n t  

s e g m e n t   f i l e   10 ,   a  v o w e l   s e g m e n t   f i l e  1 2 ,   a  p h o n e m e  

c o n v e r t i n g  c i r c u i t   14,   a n d  a   c o n t r o l   c i r c u i t   16  f o r  

g e n e r a t i n g   o u t p u t   d a t a   s u c h  a s   c o n s o n a n t   s e g m e n t   a d d r e s s  

d a t a ,   vowe l   s e g m e n t   a d d r e s s   d a t a ,   p i t c h   d a t a ,   e t c .   i n  

r e s p o n s e   to  t h e   o u t p u t   d a t a   f rom  the   p h o n e m e   c o n v e r t i n g  

c i r c u i t   14.  As  a l r e a d y   d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g .   4,  a  p l u r a l i t y   of  s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r  

d a t a   r e s p e c t i v e l y   r e p r e s e n t i n g   a  p l u r a l i t y   of  c o n s o n a n t  

s e g m e n t s   e a c h   of  w h i c h   has   a  c o n s o n a n t   p o r t i o n   and  a  

t r a n s i e n t   s e g m e n t   a r e   s t o r e d   in  t he   c o n s o n a n t   s e g m e n t  
f i l e   10.  A  p l u r a l l i t y   of  s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   r e s p e c t i v e l y   r e p r e s e n t i n g   a  p l u r a l i t y  

of  s t e a d y - s t a t e   v o w e l   and  c o a r t i c u l a t e d   v o w e l s   a r e  

s t o r e d   in  t he   v o w e l   s e g m e n t   f i l e   12.  The  phoneme   c o n -  

v e r t i n g   c i r c u i t   14  r e a d s   ou t   t h e   c o r r e s p o n d o n g   p h o n e m e  

s t r i n g   d a t a   and  a c c e n t  d a t a   f rom  a  p h o n e m e   d i c t i o n a r y  

and   an  a c c e n t   d i c t i o n a r y   ( n o t   shown)   on  t h e   b a s i s   of  t h e  

c h a r a c t e r   code   s t r i n g   c o r r e s p o n d i n g   to  w o r d , - c l a u s e   o r  

s e n t e n c e ,   and  t h e n   s u p p l i e s   to   t he   c o n t r o l   c i r c u i t   1 6 .  

T h i s   p h o n e m e   c o n v e r t i n g   c i r c u i t   14  i s   i n t r o d u c e d   i n ,  

f o r   e x a m p l e ,   " L e t t e r - t o - S o u n d   R u l e s   f o r   A u t o m a t i c  

T r a n s l a t i o n   of  E n g l i s h   T e x t   to   P h o n e t i c s "   by  Honey  S .  

E l o v i t z   e t   a l .   f rom  N a v a l   R e s e a r c h   L a b .  

The  c o n t r o l   c i r c u i t   16  s e r v e s   to  s u p p l y   t he   c o n -  

s o n a n t   s e g m e n t   a d d r e s s   d a t a   and  vowel   s e g m e n t   a d d r e s s  

d a t a   to  t h e   c o n s o n a n t   s e g m e n t   f i l e  1 0   and  t he   v o w e l  

s e g m e n t   f i l e   12,  r e s p e c t i v e l y ,   in  a c c o r d a n c e   w i t h   t h e  

phoneme   s t r i n g   d a t a   f rom  the   phoneme  c o n v e r t i n g   c i r c u i t  

14.  At  t he   same  t i m e ,   t he   c o n t r o l   c i r c u i t   16  w r i t e s  

t h e   t i m e   d a t a   c o r r e s p o n d i n g   to  t he   t i m e   d u r a t i o n   of  a  

- v o w e l   to   be  g e n e r a t e d   and  t he   a c c e n t   d a t a   f rom  t h e  

p h o n e m e   c o n v e r t i n g   c i r c u i t   14  i n t o   a  r a n d o m   a c c e s s  

memory  (RAM)  16A.  Where  the   c o n t r o l   c i r c u i t   1 6 - g e n e r a t e s  

t h e   c o n s o n a n t   and  vowe l   s e g m e n t   a d d r e s s   d a t a   c o r r e -  

s p o n d i n g   to  t he   c o n s o n a n t   and  vowel   w h i c h   a r e   i n c l u d e d  



in  a  m o n o s y l l a b l e   s u p p l i e d   f rom  t he   phoneme  c o n v e r t i n g  
c i r c u i t   14 ,   t h e   s e g m e n t   a d d r e s s   d a t a   a r e   d e t e r m i n e d   i n  

a c c o r d a n c e   w i t h   n o t   o n l y   t h e  p h o n e m e   d a t a   i n d i c a t i v e   o f  

t h e   m o n o s y l l a b l e ,   b u t   a l s o   t h e   phoneme   d a t a   r e p r e s e n t i n g  

a  s u c c e e d i n g   m o n o s y l l a b l e   f rom  t h e   phoneme   c o n v e r t i n g  

c i r c u i t   1 4 ,   f o r   e x a m p l e .  

The  s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f rom  t h e  

c o n s o n a n t   s e g m e n t   f i l e   10  i s   s u p p l i e d   to  a  f i r s t   i n p u t  

p o r t   of  an  i n t e r p o l a t i o n   c i r c u i t   18,  w h i l e   t he   s p e e c h  
c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f rom  t h e   vowe l   s e g m e n t  
f i l e   12  i s   s u p p l i e d   to  a  s e c o n d   i n p u t   p o r t   of  t h e  

i n t e r p o l a t i o n   c i r c u i t   18  and  to   a  r e p e t i t i o n   c i r c u i t   2 0 .  

The  i n t e r p o l a t i o n   c i r c u i t   18  c a l c u l a t e s   a  p r e d e t e r m i n e d  

n u m b e r   of   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   on  t h e  

b a s i s   of  t h e   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

i n d i c a t i v e   of   t h e   c o n s o n a n t   s e g m e n t   w h i c h   i s   c o n s t i t u t e d  

by  t he   p o w e r   s p e c t r u m   of  t h r e e   f r a m e s   f rom  t h e   c o n s o n a n t  

s e g m e n t   f i l e   10  and  the   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r  

d a t a   i n d i c a t i v e   of  t he   v o w e l   s e g m e n t   of  t he   p o w e r  

s p e c t r u m   of   one  f r a m e   f rom  t h e   v o w e l   s e g m e n t   f i l e   1 2 .  

The  c a l c u l a t e d   s p e e c h   p a r a m e t e r   d a t a   r e s p e c t i v e l y  

r e p r e s e n t   a  c o r r e s p o n d i n g   n u m b e r   of  v o w e l   s e g m e n t s   e a c h  

h a v i n g   t h e   s p e c t r u m   of  one  f r a m e   and  i n t e r p o l a t e d   b e -  

t w e e n   t h e   i n p u t   c o n s o n a n t   and  v o w e l   s e g m e n t s .   T h e  

r e p e t i t i o n   c i r c u i t   20  r e p e a t e d l y   f e t c h e s   f rom  the   v o w e l  

s e g m e n t   f i l e   1 2  t h e   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

by  t he   n u m b e r   of  f r a m e s   c o r r e s p o n d i n g   to   t h e   vowe l   t i m e  

d u r a t i o n   d a t a   s t o r e d   in  t h e   RAM  1 6 A .  

The  s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f rom  t h e  

i n t e r p o l a t i o n   c i r c u i t   18  and  r e p e t i t i o n   c i r c u i t   20  a r e  

s u p p l i e d   t h r o u g h   a  s w i t c h   24  to  a  b u f f e r   r e g i s t e r   22  i n  

t h i s   o r d e r .   The  s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

f rom  t h i s   b u f f e r   r e g i s t e r   22  i s   s u p p l i e d   to  an  i n t e r -  

p o l a t i o n   c i r c u i t   26.   T h i s   i n t e r p l a t i o n   c i r c u i t   26 

i n t e r p o l a t e s   a  p r e d e t e r m i n e d   n u m b e r   of  s p e e c h   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   b e t w e e n   t h e s e   two  s p e e c h   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   on  t h e   b a s i s   of  t he   s p e e c h  



c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   of  t he   s u c c e s s i v e   t w o  

f r a m e s   f rom  the   b u f f e r   r e g i s t e r   2 2 .  T h e   s p e e c h   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   f r o m  t h i s   i n t e r p o l a t i o n   c i r c u i t  

26  a r e   s e q u e n t i a l l y   s u p p l i e d   to   a  s p e e c h   s y n t h e s i z e r  

28.   T h i s   s p e e c h   s y n t h e s i z e r   28  s e q u e n t i a l l y   f i l t e r -  

p r o c e s s e s   t h e  s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f r o m  

t h e   i n t e r p o l a t i o n   c i r c u i t   2 6 ' a c c o r d i n g   to   t h e   p i t c h  

p e r i o d   d a t a   g e n e r a t e d   f rom  a  p i t c h   g e n e r a t i o n   c i r c u i t   30 

in  a c c o r d a n c e   w i t h   t he   a c c e n t   d a t a   of  t h e   RAM  16A,  a n d  

t h e n   g e n e r a t e s   a  s p e e c h   s i g n a l .  

The  o p e r a t i o n   of  t he   s p e e c h   s y n t h e s i z i n g   a p p a r a t u s  
shown  in  F i g .   8  w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  a  

p o w e r   s p e c t r u m   shown  in  F i g .   9,  and  a  f l o w c h a r t   shown  i n  

F i g .   1 0 .  

The  phoneme  c o n v e r t i n g   c i r c u i t   14  s u p p l i e s   t h e  

p h o n e m e   s t r i n g   d a t a   and  a c c e n t   d a t a   to   t h e   c o n t r o l   c i r -  

c u i t   16  in  a c c o r d a n c e   w i t h   t he   i n p u t   c h a r a c t e r   c o d e  

s e r i e s .   T h i s   c o n t r o l   c i r c u i t   16  w r i t e s   t h e   t i m e   l e n g t h  

d a t a   r e p r e s e n t i n g   the   t i m e   d u r a t i o n   of  a  v o w e l   t o  

be  g e n e r a t e d   and  t h e   p i t c h   d a t a   r e g a r d i n g   a  s p e e c h  

g e n e r a t i n g   p i t c h   in  t he   RAM  16A  on  t h e   b a s i s   of  t h e  

p h o n e m e   d a t a   and  a c c e n t   d a t a   f rom  the   p h o n e m e   c o n v e r t i n g  

c i r c u i t   14,  r e s p e c t i v e l y .   F u r t h e r m o r e ,   t h e   c o n t r o l   c i r -  

c u i t   16  s u p p l i e s   t h e   c o n s o n a n t   s e g m e n t   a d d r e s s   d a t a   a n d  

v o w e l   s e g m e n t   a d d r e s s   d a t a   c o r r e s p o n d i n g   to   t h e   p h o n e m e  

s t r i n g   d a t a   f rom  t h e   phoneme   c o n v e r t i n g   c i r c u i t   14  to   . 
t h e  c o n s o n a n t   s e g m e n t   f i l e   10  and  t he   v o w e l   s e g m e n t   f i l e  

12,   r e s p e c t i v e l y .   In  t h i s   c a s e ,   t h e   c o n t r o l   c i r c u i t . 1 6  

s i m u l t a n e o u s l y   g e n e r a t e s   t h e   s w i t c h   c o n t r o l   s i g n a l   t o  

s e t   t h e   s w i t c h   24  i n t o   t he   f i r s t   s w i t c h i n g   p o s i t i o n .  

I t   is   now  a s s u m e d ,   f o r   e x a m p l e ,   t h a t   t he   i n p u t  

c h a r a c t e r   code  s e r i e s   i n c l u d i n g   the   c h a r a c t e r   c o d e s  

r e p r e s e n t a t i v e   of  two  s u c c e s s i v e   m o n o s y l l a b l e s   of  [goma]  

was  s u p p l i e d   to  the   phoneme  c o n v e r t i n g   c i r c u i t   1 4 .  

In  t h i s   c a s e ,   the   c o n t r o l   c i r c u i t   16  s u p p l i e s   t h e  

c o n s o n a n t   and  vowel   s e g m e n t   a d d r e s s   d a t a   c o r r e s p o n d i n g  

to   c o n s o n a n t   s e g m e n t   [g]  and  v o w e l   s e g m e n t   [o]  to  t h e  



c o n s o n a n t   and  v o w e l   s e g m e n t   f i l e s   10  and  12,   r e s p e c -  
t i v e l y ,   on  t h e   b a s i s   of  t he   p h o n e m e   d a t a   c o r r e s p o n d i n g  
to   t h e   two  s u c c e s s i v e   m o n o s y l l a b l e s   of  [goma]  g e n e r a t e d  
f r o m   t he   p h o n e m e   c o n v e r t i n g   c i r c u i t   14.  Due  to   t h i s ,  

t h e   f i r s t   to   t h i r d   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

c o r r e s p o n d i n g   to  t h e   p o w e r   s p e c t r a   of  t h r e e   f r a m e s  

i n d i c a t i v e   of  c o n s o n a n t   s e g m e n t   [ g ]  i n   F i g .   9  a r e   r e a d  

o u t   f rom  t h e   c o n s o n a n t   s e g m e n t   f i l e   10.   The  f o u r t h  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   c o r r e s p o n d i n g   t o  

t h e   p o w e r   s p e c t r u m   of  one  f r a m e   i n d i c a t i v e   of  v o w e l   [ o ]  

i s   r e a d   o u t   f rom  t h e   vowe l   s e g m e n t   f i l e   12.  The  i n t e r -  

p o l a t i o n   c i r c u i t   18  c a l c u l a t e s   t h e   f i f t h   to  e i g h t h  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   i n d i c a t i v e   of  t h e  

p o w e r   s p e c t r u m   of  a  p r e d e t e r m i n e d   n u m b e r   of  f r a m e s ,   i n  

t h i s   e x a m p l e ,   f o u r   f r a m e s   b e t w e e n   c o n s o n a n t   s e g m e n t   [ g ]  
and  v o w e l   s e g m e n t   [o]  shown  .in  F i g .   9,  on  t he   b a s i s   o f  

t h e   t h i r d   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e a d   o u t  

f r o m   t he   c o n s o n a n t   s e g m e n t   f i l e   10  and  the   f o u r t h   s p e e c h  
c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e a d   o u t   f rom  t h e   v o w e l  

s e g m e n t   f i l e   12.  N e x t ,   t h i s   i n t e r p o l a t i o n   c i r c u i t   18  

s u p p l i e s   t h e   l s t   to   3 rd   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r  
d a t a   f rom  t he   c o n s o n a n t   s e g m e n t   f i l e   10,   t h e   5 th   to  8 t h  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   t h u s   c a l c u l a t e d ,  

and  t h e   4 t h   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f r o m  

the   v o w e l   s e g m e n t   f i l e   12  to  t he   b u f f e r   r e g i s t e r   2 2  

t h r o u g h   t h e   s w i t c h   24  in  t h i s   o r d e r   in  r e s p o n s e   to  t h e  

i n t e r p o l a t i o n   c o n t r o l   s i g n a l   f rom  t h e   c o n t r o l   c i r c u i t   1 6 .  

T h e r e a f t e r ,   t h e   s w i t c h   24  i s   s e t   i n t o   t h e  s e c o n d  

s w i t c h i n g   p o s i t i o n   by  t he   s w i t c h i n g   c o n t r o l   s i g n a l   f r o m  

t h e   c o n t r o l   c i r c u i t   16.  The  c o n t r o l   c i r c u i t   16  t h e n  

s u p p l i e s   t h e   c o n t r o l   p u l s e s   of  t h e   number   c o r r e s p o n d i n g  

to   t h e   v o w e l   t i m e   d u r a t i o n   d a t a   s t o r e d   in  t h e   RAM  16A  t o  

" the   r e p e t i t i o n   c i r c u i t   20  and  t h r o u g h   an  OR  g a t e   32  t o  

t h e   b u f f e r   r e g i s t e r   22.  T h u s ,   t h e   r e p e t i t i o n   c i r c u i t   20 

f e t c h e s   t h e   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f r o m  

t h e   v o w e l   s e g m e n t   f i l e   12  a  c o r r e s p o n d i n g   number   o f  

t i m e s   in  r e s p o n s e   to   t h e - c o n t r o l   p u l s e   f rom  t h e   c o n t r o l  



c i r c u i t   16,  and  s e q u e n t i a l l y   s u p p l i e s   to  t he   b u f f e r  

r e g i s t e r   22.  In  t h i s   way,   as  shown  in  F i g .   9,  t h e  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e p r e s e n t i n g   t h e  

p o w e r   s p e c t r a   s i m i l a r   to   t he   power   s p e c t r a   shown  i n  

F i g .   7B  i s   s t o r e d   in  t h e   b u f f e r   r e g i s t e r   22.   In  F i g .   9 ,  

t h e   p o w e r   s p e c t r a   shown  by  the   s o l i d   l i n e s   i n d i c a t e   t h e  

p o w e r   s p e c t r a   c o r r e s p o n d i n g   to  t he   s p e e c h   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   r e a d   o u t   f rom  the   c o n s o n a n t   a n d  v o w e l  

s e g m e n t   f i l e s   10  and  12,   and  the   power   s p e c t r a   shown  b y  

t he   b r o k e n   l i n e s   r e p r e s e n t   t he   power   s p e c t r a   c a l c u l a t e d  

by  t he   i n t e r p o l a t i o n   c i r c u i t   18  and  t he   p o w e r   s p e c t r a  

g e n e r a t e d   f rom  t h e   r e p e t i t i o n   c i r c u i t   2 0 .  

N e x t ,   t he   c o n t r o l   c i r c u i t  1 6   s u p p l i e s   t he   i n t e r -  

p o l a t i o n   c o n t r o l   s i g n a l   t h r o u g h   the   OR  g a t e   32  to   t h e  

b u f f e r   r e g i s t e r   22  and  a l s o   s u p p l i e s   t h e   i n t e r p o l a t i o n  

c o n t r o l   s i g n a l   to   t h e   i n t e r p o l a t i o n   c i r c u i t   26,  t h e r e b y  

a l l o w i n g   t h e   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   i n  

t h e   b u f f e r   r e g i s t e r   22  to   be  s e q u e n t i a l l y   s e n t   to   t h e  

i n t e r p o l a t i o n   c i r c u i t   26.   The  i n t e r p o l a t i o n   c i r c u i t   26  

t h e n   c r e a t e s   a  p r e d e t e r m i n e d   number   of  i n t e r p o l a t e d  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   on  t h e   b a s i s   of  t h e  

s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   of  t h e   s u c c e s s i v e  

two  f r a m e s   s e n t   f r o m   t h e   b u f f e r   r e g i s t e r   22  and  s e q u e n -  
t i a l l y   s u p p l i e s   to   t h e   s p e e c h   s y n t h e s i z e r   28.   In  t h i s  

c a s e ,   t he   c o n t r o l   c i r c u i t   16  s i m u l t a n e o u s l y   r e a d s   o u t  

t h e   a c c e n t   d a t a   s t o r e d   in  t he   RAM  16A  and  s u p p l i e s   t o  

t h e   p i t c h   g e n e r a t i o n   c i r c u i t   30,  t h e r e b y   a l l o w i n g   t h i s  

p i t c h   g e n e r a t i o n   c i r c u i t   30  to  g e n e r a t e   t he   p i t c h   p e r i o d  

d a t a .   The  s p e e c h   s y n t h e s i z e r   28  s y n t h e s i z e s   t he   s p e e c h  

s i g n a l   i n c l u d i n g   t h e   p i t c h   i n f o r m a t i o n   in  a c c o r d a n c e  

w i t h   t he   s p e e c h   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f rom  t h e  

i n t e r p o l a t i o n   c i r c u i t   26  and  the   p i t c h   p e r i o d   d a t a   f r o m  

' t h e   p i t c h   g e n e r a t i o n   c i r c u i t   30  and  t h e n   g e n e r a t e s   t h e  

.  s y n t h e s i z e d   s p e e c h   s i g n a l .  

A l t h o u g h   t he   p r e s e n t   i n v e n t i o n   has  been   d e s c r i b e d  

a b o v e   w i t h   r e s p e c t   to   one  e m b o d i m e n t ,   t h i s   i n v e n t i o n   i s  

n o t   l i m i t e d   to  o n l y   t h i s   e m b o d i m e n t .   For   e x a m p l e ,   t h e  



r e p e t i t i o n   c i r c u i t   20  i s   c o n s t i t u t e d   in  such   a  m a n n e r  

t h a t   i t   f e t c h e s   t h e   v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

f rom  t h e   v o w e l   s e g m e n t   f i l e   12  in  r e s p o n s e   to  t h e  

c o n t r o l  p u l s e s   f rom  t h e   c o n t r o l   c i r c u i t   1 6 .   H o w e v e r ,   i t  

may  be  p o s s i b l e   to   m o d i f y   t h i s   r e p e t i t i o n   c i r c u i t   20  

s u c h   t h a t  a   h i g h - l e v e l   s i g n a l   is   g e n e r a t e d   f rom  t h e   c o n -  

t r o l   c i r c u i t   16  o v e r   t h e   p e r i o d   of  t i m e   c o r r e s p o n d i n g  

to  t he   t i m e   l e n g t h   d a t a ,   and  t h a t   t h e   r e p e t i t i o n   c i r c u i t  

20  f e t c h e s   t h e   v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   a t  

a  f i x e d   i n t e r v a l   f rom  t h e   vowe l   s e g m e n t   f i l e   12  i n  

r e s p o n s e   to   t h i s   h i g h - l e v e l   s i g n a l .   In  a d d i t i o n ,  

a l t h o u g h   a  p l u r a l i t y   of  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r  

d a t a   e a c h   of   w h i c h   r e p r e s e n t s   one  f r a m e   power   s p e c t r u m  

have   b e e n   s t o r e d   in  t h e   v o w e l   s e g m e n t   f i l e   12,  t h e   v o w e l  

c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   e a c h   of  w h i c h   r e p r e s e n t s   a  

p l u r a l i t y   of  p o w e r   s p e c t r a   can  be  s t o r e d   in  t h i s   v o w e l  

s e g m e n t   f i l e .  



1.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   c o m p r i s i n g :   a  

d a t a   g e n e r a t i o n   c i r c u i t   (14)  f o r   g e n e r a t i n g   p h o n e m e  

s t r i n g   d a t a ;   memory  means   (10  and  12)  in  w h i c h   c o n s o n a n t  

and  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e p r e s e n t a t i v e  

of   c o n s o n a n t   and  v o w e l   s e g m e n t s   a r e   s t o r e d ;   c o n t r o l  

m e a n s   (16)   f o r   a l l o w i n g   the   c o r r e s p o n d i n g   c o n s o n a n t  

and  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   to  be  g e n e r a t e d  

f rom  s a i d   memory  m e a n s   (10  and  12)  in  a c c o r d a n c e   w i t h  

s a i d   phoneme   s t r i n g   d a t a ;   and  s y n t h e s i z i n g   means   ( 1 8 ,  

20 ,   22 ,   24,   26,  28  and  30)  f o r   s y n t h e s i z i n g   s p e e c h  

s i g n a l   on  t h e  b a s i s   of  s a i d   c o n s o n a n t   and  vowe l   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   from  s a i d   memory   means   (10  a n d  

1 2 ) ,   c h a r a c t e r i z e d   in  t h a t   s a i d   memory  means   has   a  c o n -  

s o n a n t   s e g m e n t   f i l e   (10)   in  w h i c h   a  p l u r a l i t y   of  c o n -  

s o n a n t   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   r e s p e c t i v e l y  

r e p r e s e n t a t i v e   of  a  p l u r a l i t y   of  c o n s o n a n t   s e g m e n t s   e a c h  

of   w h i c h   has   a  c o n s o n a n t   p o r t i o n   and  a  t r a n s i e n t   s e g m e n t  

to   a  vowe l   s e g m e n t   a r e   s t o r e d ,   and  a  v o w e l   s e g m e n t   f i l e  

(12)   in  w h i c h   a  p l u r a l i t y   of  v o w e l   c h a r a c t e r i s t i c  

p a r a m e t e r   d a t a   r e s p e c t i v e l y   r e p r e s e n t a t i v e   of  a  p l u r a l -  

i t y   of  s t e a d y - s t a t e   and  c o a r t i c u l a t e d   vowe l   s e g m e n t s  

a r e   s t o r e d ,   a n d  t h a t  s a i d   s y n t h e s i z i n g   means   i s   p r o v i d e d  

w i t h   a  p a r a m e t e r   d a t a   s e r i e s   g e n e r a t i o n   c i r c u i t   (18 ,   20  

and  24)  f o r  g e n e r a t i n g   s e r i e s   of  c o n s o n a n t   and  v o w e l  

c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   on  t he   b a s i s   of  the   c o n -  

s o n a n t   and  vowe l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f r o m  

s a i d   c o n s o n a n t   and  v o w e l   s e g m e n t   f i l e s   (10  and  1 2 ) ,   a n d  

a  s y n t h e s i s   c i r c u i t   (22 ,   26,  28  and  30)  f o r   s y n t h e s i z i n g  

t h e   s p e e c h   s i g n a l   on  t h e   b a s i s   of  t h e   p a r a m e t e r   d a t a  

s e r i e s   f rom  s a i d   p a r a m e t e r   d a t a   s e r i e s   g e n e r a t i o n   c i r -  

c u i t   (18 ,   20  and  2 4 ) .  

2.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   p a r a m e t e r   d a t a  

s e r i e s   g e n e r a t i o n   c i r c u i t   i n c l u d e s :   an  i n t e r p o l a t i o n  

c i r c u i t   (18)  f o r   c a l c u l a t i n g   a  p r e d e t e r m i n e d   number   o f  



i n t e r p o l a t e d   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   on  the  b a s i s  

of   t h e   c o n s o n a n t   and  v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a  

f r o m   s a i d   c o n s o n a n t   and  v o w e l   s e g m e n t   f i l e s   (10  and  1 2 ) ;  

a  r e p e t i t i o n   c i r c u i t   (20)   f o r   r e p e a t e d l y   d e r i v i n g   t h e  

v o w e l   c h a r a c t e r i s t i c   p a r a m e t e r   d a t a   f rom  s a i d   v o w e l  

s e g m e n t   f i l e   ( 1 2 ) ;   and  a  d a t a   s e l e c t i o n   c i r c u i t   (24)  f o r  

s e q u e n t i a l l y   and  s e l e c t i v e l y   s u p p l y i n g   t h e   c h a r a c -  -  

t e r i s t i c   p a r a m e t e r   d a t a   f rom  s a i d   i n t e r p o l a t i o n   c i r c u i t  

(18)   and  s a i d   r e p e t i t i o n   c i r c u i t   (20)   to   s a i d   s y n t h e s i s  

c i r c u i t   ( 22 ,   26,  28  and  3 0 ) .  

3 . .   A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   s a i d   d a t a   s e l e c t i o n   c i r -  

c u i t   is  a  s w i t c h i n g   c i r c u i t   ( 2 4 )   w h o s e   s w i t c h i n g   p o s i -  

t i o n   is  c o n t r o l l e d   in  r e s p o n s e   to   a  s w i t c h i n g   c o n t r o l  

s i g n a l   f rom  s a i d   c o n t r o l   m e a n s   ( 1 6 ) .  

4.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   s a i d   c o n t r o l   means  ( 1 6 )  

g e n e r a t e s  t i m e   l e n g t h   d a t a   i n d i c a t i v e   of  a  v o w e l  

d u r a t i o n   l e n g t h   in  a c c o r d a n c e   w i t h   t h e   phoneme  s t r i n g  

d a t a   from  s a i d   d a t a   g e n e r a t i o n   c i r c u i t   ( 1 4 ) ,   and  t h a t  

s a i d   r e p e t i t i o n   c i r c u i t   (20)   d e r i v e s   t h e   vowel   c h a r a c -  

t e r i s t i c   p a r a m e t e r   d a t a   f rom  s a i d   v o w e l   s e g m e n t   f i l e  

(12)   by  the   n u m b e r   of  t i m e s   c o r r e s p o n d i n g   to  s a i d   t i m e  

l e n g t h   d a t a .  

5.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   2,  c h a r a c t e r i z e d  i n   t h a t   s a i d   d a t a   g e n e r a t i o n  

c i r c u i t   (14)  g e n e r a t e s   a c c e n t   d a t a   t o g e t h e r   w i t h  

s a i d   phoneme  s t r i n g   d a t a   and  s a i d   c o n t r o l   means   ( 1 6 )  .  

g e n e r a t e s   p i t c h   d a t a   in  a c c o r d a n c e   w i t h   s a i d   a c c e n t  

d a t a ,   and  t h a t   s a i d   s y n t h e s i s   c i r c u i t   ( 22 ,   26,  28  a n d  

30)  s y n t h e s i z e s   t he   s p e e c h   s i g n a l   o n  t h e   b a s i s   of  t h e  

p a r a m e t e r   d a t a   s e r i e s   f rom  s a i d   p a r a m e t e r   d a t a   s e r i e s  

g e n e r a t i o n   c i r c u i t   (18 ,   20  and  24)  and  t he   p i t c h   d a t a  

f r o m   s a i d   c o n t r o l   means   ( 1 6 ) .  

6.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   s a i d   s y n t h e s i s   c i r c u i t  

c o m p r i s e s :   an  i n t e r p o l a t o r   (26)   w h i c h   r e c e i v e s   t h e  



p a r a m e t e r   d a t a   s e r i e s   f rom  s a i d   p a r a m e t e r   d a t a   s e r i e s  

g e n e r a t i o n   c i r c u i t   ( 18 ,   20  and  24)  and  c a l c u l a t e s   a  

p r e d e t e r m i n e d   n u m b e r   of  i n t e r p o l a t e d   p a r a m e t e r   d a t a  

o n . t h e   b a s i s   of  two  s u c c e s s i v e   p a r a m e t e r   d a t a ;   and  a  

s y n t h e s i z i n g   u n i t   (28)  f o r   s y n t h e s i z i n g   t h e   s p e e c h  

s i g n a l   on  t h e   b a s i s   o f  . t h e   p a r a m e t e r   d a t a   f rom  s a i d  

i n t e r p o l a t o r   ( 2 6 ) .  

7.  A  s p e e c h   s y n t h e s i z i n g   a p p a r a t u s   a c c o r d i n g   t o  

c l a i m   6,  c h a r a c t e r i z e d   in  t h a t   s a i d   d a t a   g e n e r a t i o n  

c i r c u i t   (14)   g e n e r a t e s   a c c e n t   d a t a   t o g e t h e r   w i t h  

s a i d   p h o n e m e   s t r i n g   d a t a   and  s a i d   c o n t r o l   means   ( 1 6 )  

g e n e r a t e s   p i t c h   d a t a   in  a c c o r d a n c e   w i t h   s a i d   a c c e n t  

d a t a ,   and  t h a t   s a i d   s y n t h e s i s   c i r c u i t   ( 22 ,   26,  28  a n d  

30)  s y n t h e s i z e s   t h e   s p e e c h   s i g n a l   on  t h e   b a s i s   of  t h e  

p a r a m e t e r   d a t a   s e r i e s   f rom  s a i d   p a r a m e t e r   d a t a   s e r i e s  

g e n e r a t i o n   c i r c u i t   ( 18 ,   20  and  24)  and  the   p i t c h   d a t a  

f rom  s a i d   c o n t r o l   means   ( 1 6 ) .  
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