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©  Speech  synthesizing  apparatus. 
@  A  speech  synthesizing  apparatus  including  a  periodic 
sound  signal  generator  circuit  (10)  for  generating  a  voiced 
sound  signal  synchronously  with  a  clock  pulse  in  accordance 
with  pitch  data  corresponding  to  a  speech  to  be  synthesized; 
and  a  digital  filter  (1)  for  filter-processing  the  voiced  sound 
signal  generated  from  the  periodic  sound  signal  generator 
circuit  (10)  in  accordance  with  synthesis  parameters  which 
are  generated  in  correspondence  to  a  speech  to  be  synthe- 
sized.  This  periodic  sound  signal  generator  circuit  (10) 
includes  a  memory  (101)  which  has  stored  therein  a  prede- 
termined  number  of  sampling  values  within  a  predetermined 
time  range  of  a  continuous  wave  signal  which  is  obtained  by 
developing  the  voiced  sound  signal  based  on  an  interpola- 
tion  function;  and  a  processing  unit  (100,  102)  for  sequential- 
ly  reading  out  the  sampling  values  of  the  continuous  wave 
signal  within  the  predetermined  time  range  that  are  synchro- 
nized  with  the  pitch  period  represented  by  the  input  pitch 
data  from  the  memory  (101)  in  response  to  the  clock  pulse. 
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The  p r e s e n t   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   g e n e r a t i n g   s y n t h e t i c   s p e e c h  
w i t h   e x c e l l e n t   q u a l i t y .  

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

b e e n   d e v e l o p e d .   For   e x a m p l e ,   as  shown  in  F i g .   1,  t h i s  

k i n d   of  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   u s u a l l y   c o m p r i s e s  

a  v o c a l - t r a c t - a p p r o x i m a t i o n - d i g i t a l   f i l t e r   1  f o r   s e t t i n g  
t h e   f e a t u r e   of  a  s p e e c h   to  be  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   s y n t h e s i s   p a r a m e t e r s ;   a  r a n d o m   n o i s e   g e n e r a t o r   2 ;  

a  p e r i o d i c   s o u n d   g e n e r a t o r   3  f o r   g e n e r a t i n g   a  s o u n d  

s i g n a l   a t   a  p i t c h   i n t e r v a l   t h a t   d e p e n d s   upon   t h e  

f u n d a m e n t a l   f r e q u e n c y   of  t he   s p e e c h   to  be  s y n t h e s i z e d ;   a  
s e l e c t o r   4  f o r   s e l e c t i v e l y   s u p p l y i n g   o u t p u t   s i g n a l s   f r o m  

t h e   g e n e r a t o r s   2  and  3  to  t he   d i g i t a l   f i l t e r   d e p e n d i n g  

upon   w h e t h e r   t h e   s p e e c h   to   be  s y n t h e s i z e d   i s   v o i c e d  

s p e e c h   or  u n v o i c e d   s p e e c h ;   and  a  c o n t r o l   c i r c u i t   5  f o r  

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

d a t a   to   t h e   d i g i t a l   f i l t e r   1  and  to  p e r i o d i c   s o u n d  

g e n e r a t o r   3  in  a c c o r d a n c e   w i t h   t he   s p e e c h   t o   b e  

s y n t h e s i z e d ,   and  f o r   s u p p l y i n g   s a m p l i n g   p u l s e s - t o   t h e s e  
c i r c u i t s .   The  d i g i t a l   f i l t e r   1  r e c e i v e s   a  l i n e a r  

p r e d i c t i v e   c o e f f i c i e n t ,   l i n e   s p e c t r a l   p a i r   ( L S P )  

p a r a m e t e r ,   c e p s t r u m ,   e t c .   as  s y n t h e s i s   p a r a m e t e r s  

d e p e n d i n g   upon  t he   s p e e c h   s y n t h e s i z i n g   m e t h o d ,   e . g . ,  



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

e t c .   and  g e n e r a t e s   t h e   s p e e c h   d a t a   c o r r e s p o n d i n g   to   t h e  

s p e e c h   to   be  s y n t h e s i z e d .   In  t h e   c a s e   w h e r e   t h e   s p e e c h  

to  be  s y n t h e s i z e d   i s   w h a t   i s   c a l l e d   p e r i o d i c   v o i c e d  

s p e e c h ,   t h e   v o i c e d   s o u n d   s i g n a l   s u c h   as  an  i m p u l s e ,  

t r i a n g u l a r   wave ,   g l o t t a l   p u l s e   w a v e ,   e t c .   w h i c h   i s  

g e n e r a t e d   f r o m  t h e   p e r i o d i c   s o u n d   g e n e r a t o r   3  a t   t h e  

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

p i t c h   d a t a   i s   s u p p l i e d   to   t h e   d i g i t a l   f i l t e r   1  t h r o u g h  

t h e   s e l e c t o r   4.  On  t h e   o t h e r   h a n d ,   in  t h e   c a s e   w h e r e  

t h e   s p e e c h   to   be  s y n t h e s i z e d   i s   u n v o i c e d ,   a  r a n d o m   n o i s e  

f rom  t h e   r a n d o m   n o i s e   g e n e r a t o r   2  is   s u p p l i e d   to   t h e  

d i g i t a l   f i l t e r   1  t h r o u g h   t h e   s e l e c t o r   4 .  

The  d i g i t a l   f i l t e r   1  f i l t e r i n g - p r o c e s s e s   t h e   v o i c e d  

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

s u p p l i e d   t h r o u g h   t h e   s e l e c t o r   4  in   a c c o r d a n c e   w i t h   t h e  

s y n t h e s i s   p a r a m e t e r s   f rom  t h e   c o n t r o l   c i r c u i t   5,  t h e r e b y  

m a k i n g   t h e   s p e e c h .   The  s y n t h e s i s   p a r a m e t e r   i s   u p d a t e d ,  

f o r   e x a m p l e ,   a t   e v e r y   f r a m e   of  a b o u t   10  msec   or  a t   e v e r y  
t i m e   i n t e r v a l   s y n c h r o n i z e d   w i t h   t h e   p i t c h   p e r i o d .   S i n c e  

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

d i g i t a l   f i l t e r   1  i s   a  d i s c r e t e   s i g n a l ,   i t   i s   c o n v e r t e d  

to   an  a n a l o g   s i g n a l   by  a  D / A   c o n v e r t e r   6,  a n d  t h e r e a f t e r  

i t   i s   s u p p l i e d   to   an  e l e c t r i c - a c o u s t i c   c o n v e r t e r   7 

t h r o u g h   a  l o w - p a s s   f i l t e r   8  h a v i n g   a  c u t - o f f   f r e q u e n c y  

w h i c h   i s   l e s s   t h a n   h a l f   of  t h e   f r e q u e n c y   of  a  s a m p l i n g  

p u l s e   w h i c h   is   s u p p l i e d   f r o m   t h e   c o n t r o l   c i r c u i t   5 .  

In  s y n t h e s i z i n g   v o i c e d   s p e e c h ,   t h e   v o i c e d   s o u n d  

s i g n a l   is   s u b s t a n t i a l l y   e q u a l   to   t h e   i n t e r v a l   d e t e r m i n e d  

by  t h e   i n p u t   p i t c h   d a t a   and  i s   g e n e r a t e d   f rom  t h e  

p e r i o d i c   s o u n d   g e n e r a t o r   3  s y n c h r o n o u s l y   w i t h  t h e  

s a m p l i n g   p u l s e .   Then  i t   i s   s u b j e c t e d   to   t h e   f i l t e r i n g  

p r o c e s s i n g   in  t h e   d i g i t a l   f i l t e r   1  s y n c h r o n o u s l y   w i t h  

t h e   s a m p l i n g   p u l s e .   For   i n s t a n c e ,   in  t h e   c a s e   w h e r e  

i m p u l s e s   a r e   u s e d   as  a  v o i c e d   s o u n d   s i g n a l ,   as  shown  i n  

F i g .   2A,  t h e   p e r i o d i c   s o u n d   g e n e r a t o r   3  g e n e r a t e s   a n  

i m p u l s e .   The  p u l s e s   mus t   be  s p a c e d   by  an  i n t e g e r  



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

to  t h e   i n t e r v a l   d e t e r m i n e d   by  t h e   i n p u t   p i t c h   d a t a .  

T h i s   i m p u l s e   i s   s u p p l i e d   t h r o u g h   t h e   s e l e c t o r   4  t o  

t h e   d i g i t a l   f i l t e r   1,  w h e r e   i t   i s   s u b j e c t e d   t o  

f i l t e r i n g - p r o c e s s ,   g e n e r a t i n g   t h e   s p e e c h   as  shown  i n  

F i g .   2 B .  

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

man  i s   low  and  i t s   p i t c h   p e r i o d   i s   l o n g ,   t h e   p i t c h  

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

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

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

p e r i o d   i s   s h o r t   and  w h e r e   t h i s   p i t c h   p e r i o d   f r e q u e n t l y  

v a r i e s   s u c h   as  in  t h e   v o i c e   of  a  woman  or  c h i l d ,  

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

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

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

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

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

f o r   t h e   v a r i a t i o n   in  p i t c h   p e r i o d .   In  s u c h   a  c a s e ,   t h e  

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

c a u s i n g   t h e   s o u n d   q u a l i t y   to   d e t e r i o r a t e .   In  a d d i t i o n ,  

s u c h   an  i n c o n t i n u o u s   c h a n g e   of  f r e q u e n c y   in   t h e  

s y n t h e t i c   s p e e c h   i s   s e n s e d   as  an  u n p l e a s a n t   s o u n d   b y  

a u d i e n c e .  

To  s o l v e   t h i s   k i n d   of  p r o b l e m ,   a  m e t h o d   i s  

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

p i t c h   d a t a   i s   s e t   to  have   a  l e n g t h   w h i c h   i s   N  t i m e s   t h e  

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

i n c r e a s i n g   t h e   f r e q u e n c y   of  t h e   s a m p l i n g   p u l s e   w h i c h   i s  

u s e d .   H o w e v e r ,   in  t h i s   c a s e ,   in  o r d e r   to   i m p a r t   t h e  

p r o p e r   s y n t h e s i s   p a r a m e t e r   to   t h e   d i g i t a l   f i l t e r   f r o m  

t h e   c o n t r o l   c i r c u i t   5  in  a c c o r d a n c e   w i t h   e a c h   s a m p l i n g  

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

s y n t h e s i s   p a r a m e t e r s   i n t o   a  memory  ( n o t   shown)   in  t h e  

c o n t r o l   c i r c u i t   5,  c a u s i n g   t h e   r e a d o u t   c o n t r o l   of  t h e s e  

s y n t h e s i s   p a r a m e t e r s   to  be  c o m p l i c a t e d .  



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   g e n e r a t i n g   s y n t h e t i c  

s p e e c h   w i t h   e x c e l l e n t   q u a l i t y   i r r e s p e c t i v e   of  t he   l e n g t h  

and  v a r i a t i o n   of  t h e   p i t c h   p e r i o d .  

T h i s   o b j e c t   i s   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  c o n t r o l   c i r c u i t   f o r  

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

d a t a   c o r r e s p o n d i n g   to   a  s p e e c h   to  be  s y n t h e s i z e d ;   a  

memory  wh ich   has   s t o r e d   t h e r e i n   a  p r e d e t e r m i n e d   n u m b e r  

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

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

a  c o n t i n u o u s   wave  w h i c h   i s   o b t a i n e d   by  d e v e l o p i n g   a  
v o i c e d   sound   s i g n a l   by  u s e   of  an  i n t e r p o l a t i o n   f u n c t i o n ;  

a  r e a d o u t   c o n t r o l   c i r c u i t   f o r   s e q u e n t i a l l y   r e a d i n g   o u t  

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

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

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

t h e   memory  in  r e s p o n s e   to   t h e   c l o c k   p u l s e ;   a  d i g i t a l  

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

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

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

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

f r o m   t h i s   d i g i t a l   f i l t e r .  

In  t h i s   i n v e n t i o n ,   t h e   s a m p l i n g   v a l u e s   c o r r e -  

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

t h e   c o n t i n u o u s   wave  w h i c h   i s   g e n e r a t e d   w i t h i n   a  

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

p e r i o d   a r e   s e q u e n t i a l l y   g e n e r a t e d .   T h e r e f o r e ,  

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

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

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

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

e x c e l l e n t   q u a l i t y   can   be  o b t a i n e d .  

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   i n  

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  b l o c k   d i a g r a m   s h o w i n g   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 s .   2A  and  2B  a r e   s i g n a l   w a v e f o r m   d i a g r a m s   f o r  

e x p l a i n i n g   t h e   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   of  F i g .   1 ;  

F i g .   3  i s   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   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g s .   4A  to  4D  a r e   s i g n a l   w a v e f o r m   d i a g r a m s   f o r  

e x p l a i n i n g   t h e   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 .   3 ;  

F i g .   5  i s   a  f l o w   c h a r t   e x p l a i n i n g   t h e   o p e r a t i o n   o f  

t h e   v o i c e d   s o u n d   g e n e r a t o r   c i r c u i t   shown  in  F i g .   3 ;  

F i g .   6  i s   a  s i g n a l   w a v e f o r m   d i a g r a m   e x p l a i n i n g   t h e  

o p e r a t i o n   of  t h e   v o i c e d   s o u n d  g e n e r a t o r   c i r c u i t   shown  i n  

F i g .   3;  a n d  

F i g .   7  i s   a  b l o c k   d i a g r a m   of  t h e   v o i c e d   s o u n d  

g e n e r a t o r   c i r c u i t   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  t o   a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

F i g .   3  i s   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 e   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 s  

c o n s t i t u t e d   s i m i l a r l y  t o   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 .   1  e x c e p t   t h a t   i t   has   a  p e r i o d i c  

s o u n d   g e n e r a t o r   c i r c u i t   10  in  p l a c e   of  t he   p e r i o d i c  

s o u n d   g e n e r a t o r   3.  The  p e r i o d i c   sound   g e n e r a t o r   c i r c u i t  

10  c o m p r i s e s   a  c e n t r a l   p r o c e s s i n g   c i r c u i t   1 0 0 :  a   r e a d  

o n l y   memory  (ROM)  101;   a  r a n d o m   a c c e s s   memory  (RAM)  1 0 2 ;  

an  I /O   p o r t   103  w h i c h   r e c e i v e s   t h e   p i t c h   d a t a   f r o m   t h e  

c o n t r o l   c i r c u i t   5;  and  an  I /O   p o r t   104  w h i c h   s u p p l i e s  

t h e   v o i c e d   s o u n d   d a t a   to   t h e   s o u n d   s e l e c t o r   4 .  

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

g e n e r a t o r   c i r c u i t   10  w i l l   be  e x p l a i n e d   h e r e i n b e l o w .   I t  

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

p i t c h   p e r i o d   wh ich   i s   e q u a l   to   m  ( i n t e g e r )   t i m e s   t h e  

s a m p l i n g   p e r i o d   T  i s   s u p p l i e d   f rom  t he   c o n t r o l   c i r c u i t   5 

and  t h a t   t h e   p e r i o d i c   s o u n d   g e n e r a t o r   c i r c u i t   1 0  

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



i m p u l s e   x 0 ( n )   a t   t h e   n - t h   s a m p l i n g   t i m i n g   as  shown  i n  

F i g .   4A  in  r e s p o n s e   to   t h i s   p i t c h   d a t a .   A  c o n t i n u o u s  

wave  s i g n a l   x a ( t )   w h i c h   i s   o b t a i n e d   by  d e v e l o p i n g   t h i s  

i m p u l s e   x0 (n )   by  t h e   i n t e r p o l a t i o n   f u n c t i o n   b a s e d   on  t h e  

s a m p l i n g   t h e o r e m   i s   g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n :  

As  t h i s   i n t e r p o l a t i o n   f u n c t i o n ,   i t   i s   p o s s i b l e   t o  

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

f u n c t i o n   or  t he   l i k e .  

As  shown  in  F i g .   4B,  t h i s   c o n t i n u o u s   wave  s i g n a l  

x a ( t )   i s   g e n e r a t e d   o v e r   t h e   t i m e   i n t e r v a l   f r o m  - ∞   t o  

+∞;  h o w e v e r ,   t h e   s i g n a l   c o m p o n e n t   x b ( t )   a t   a  p r e -  
d e t e r m i n e d   t i m e   r a n g e   a r o u n d   t i m e   0  of  t h e  c o n t i n u o u s  

wave   s i g n a l   x a ( t )   can   be  s u b s t a n t i a l l y   r e g a r d e d   to   b e  

e q u i v a l e n t   to  t h e   c o n t i n u o u s   wave  s i g n a l   x a ( t ) .   F o r  

i n s t a n c e ,   when  u s i n g   a  t i m e   w indow  ω ( t )   s u c h   as  a  s q u a r e  
w i n d o w   or   a  hamming  w i n d o w   or  t h e   l i k e   w h i c h   b e c o m e s   0 

in   t h e   r a n g e s   of  t  ≤   -2T  and  t  ≥   2T  and  b e c o m e s   1  in  t h e  

r a n g e   of  - 2 T  <   t  <   2T,  t h e   s i g n a l   c o m p o n e n t  x b ( t )   a s  

shown  in   F i g .   4C  i s   o b t a i n e d .   T h i s   s i g n a l   c o m p o n e n t  

x b ( t )   i s   g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n :  

By  s a m p l i n g   t h i s   s i g n a l   c o m p o n e n t   x b ( t )   w i t h  

r e s p e c t   t o  4 N   p o i n t s   as  shown  in  F i g .   4D  in  t h e   t i m e  

r a n g e   of  - 2 T  <   t  <   0  and  in  t h e   t i m e   r a n g e   o f  

0  <   t  <   2T,  r e s p e c t i v e l y ,   4N  s a m p l i n g   d a t a   SD(-2N)   t o  

SD(0)   or  SD(0)  to   SD(2N)  a r e   g i v e n   in  e a c h   t i m e   r a n g e .  
T h e s e   s a m p l i n g   d a t a   S D ( i )   (i  i s   an  i n t e g e r   in   a  r a n g e   o f  

- 2 N  <   i  <   2N)  a r e   g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n :  

N a m e l y ,   t h e   s a m p l i n g   d a t a   S D ( - 2 N ) . . . S D ( 0 ) . . . S D ( 2 N )  

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

- 2 N . . . 0 . . . 2 N   in  F i g .   4D.  In  F i g .   4D,  a l t h o u g h   N  i s   s e t  



to   be  5,  N  can  be  s e t   to   a n o t h e r   v a l u e .  

The  i t e m s   of  s a m p l i n g   d a t a   S D ( - 2 N ) . . . S D ( 0 ) . . . S D ( 2 N )  

a r e   r e s p e c t i v e l y   s t o r e d   in  memory  a r e a s   M ( - 2 N ) . . . M ( 0 ) . . .  

M(2N)  of  t h e   ROM  101 .   T h e s e   memory  a r e a s   M ( - 2 N ) . . .  

M ( 0 ) . . . 2 ( 2 N )   a r e   r e s p e c t i v e l y   d e s i g n a t e d   by  a d d r e s s   d a t a  

A [ 0 ] . . . A [ 2 N ] . . . A [ 4 N ] .  

The  o p e r a t i o n   of  t h e   p e r i o d i c   s o u n d   g e n e r a t o r  
c i r c u i t   10  shown  in  F i g .   3  w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to   t h e   f l o w   c h a r t   shown  in  F i g .   5.  I t   i s   now 
a s s u m e d   t h a t   a  p i t c h   p e r i o d   PT  of  t h e   v o i c e d   s o u n d  

s i g n a l   t h a t   s h o u l d   be  s y n t h e s i z e d   is  g i v e n   by  t h e  

f o l l o w i n g   e q u a t i o n :  

w h e r e   Pl  and  P2  a r e   i n t e g e r s   and  0 @  P2  <  N.  

In  t h e   i n i t i a l   s t a t e ,   t h e   c o n t e n t s   of  t h e   m e m o r y  

a r e a s   MRl  to   MR4  a r e   a l l   c l e a r e d .  

When  t h e   p i t c h   d a t a   i n d i c a t i v e   of  an  i n t e r v a l   PX  i s  

s u p p l i e d   to   t h e   I /O   p o r t   103  u n d e r   t h i s   s t a t e ,   a  c h e c k  

is   made  s y n c h r o n o u s l y   w i t h   t h e   s a m p l i n g   p u l s e   to   s ee   i f  

a  p i t c h   c o u n t   d a t a   PCD  s t o r e d   in  t he   memory   a r e a   MR3  i s  

0  or  l e s s   in  STEP  1.  When  i t   is   d e t e c t e d   t h a t   t h e   p i t c h  

c o u n t   d a t a   PCD  is   0  or  l e s s ,   d e v i a t i o n   t i m e   d a t a   DT2 

s t o r e d   in  t h e   memory  a r e a   MR2  i s   t h e n   s t o r e d   in  t h e  

memory  a r e a   MRl  as  d e v i a t i o n   t i m e   d a t a   DT1.  At  t h e   s a m e  

t i m e ,   new  d e v i a t i o n   t i m e   d a t a   DT2  w h i c h   i s   g i v e n   by  t h e  

f o l l o w i n g   e q u a t i o n   i s   s t o r e d   in  t h e   memory  a r e a  

MR2: 

w h e r e   Re{X}  i s   a  f u n c t i o n   r e p r e s e n t i n g   a  v a l u e   w h i c h   i s  

e q u a l   to   an  i n t e g e r   p o r t i o n   of  X.  T h i s   e q u a t i o n   ( 5 )  

d e n o t e s   t h a t   t h e   d e v i a t i o n   t i m e   d a t a   DT2  i s   o b t a i n e d   b y  

t h e   sum  of  t h e   t i m e   t h a t   i s   g i v e n   by  t h e   d e v i a t i o n   t i m e  

d a t a   DT1,  i . e . ,   t h e   t i m e   b e t w e e n   t h e   s t a r t i n g  t i m e   o f  

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

edge   of  t he   s a m p l i n g   p u l s e   g e n e r a t e d   s i m u l t a n e o u s l y   w i t h  

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



t he   t i m e   d i f f e r e n c e   b e t w e e n   t h e   f r a c t i o n   i n t e r v a l  

( i n t e r v a l   c o r r e s p o n d i n g   to  P2  x  (T/N)  in  e q u a t i o n   ( 4 ) )  

of  t h e   p i t c h   i n t e r v a l   e x p r e s s e d   by  t h e   p i t c h   d a t a   g i v e n  

in  t h e   n e x t   o p e r a t i o n   c y c l e   and  one  s a m p l i n g   p e r i o d   T .  

DT2/T  has   a  v a l u e   t h a t   i s   e q u a l   to   or  g r e a t e r   t h a n   0  b u t  

l e s s   t h a n   2 .  

T h e r e a f t e r   in  STEP  2,  a  c h e c k   i s   made  to   s ee   i f  

t h i s   d e v i a t i o n   t i m e   d a t a   DT2  i s   T  or  m o r e .   When  i t   i s  

d e t e c t e d   t h a t   DT2/T  is   l e s s   t h a n   1,  n a m e l y ,   in  t h e   c a s e  

w h e r e   i t   is   d e t e c t e d   t h a t   t h e  d e v i a t i o n   t i m e   d a t a   DT2 

r e p r e s e n t s   t h e   t i m e   d i f f e r e n c e   b e t w e e n   t h e   end  of  p i t c h  

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

g e n e r a t e d   s i m u l t a n e o u s l y   w i t h   or  i m m e d i a t e l y   a f t e r   t h i s  

end  of  p i t c h   p e r i o d ,   t h e - p i t c h   c o u n t   d a t a   PCD  w h i c h   i s  

g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n   i s   w r i t t e n   in  t h e   m e m o r y  

a r e a   MR3: 

On  t h e   o t h e r   h a n d ,   in  STEP  2,  when  i t   is   d e t e c t e d  

t h a t   DT2/T  i s   1  or  m o r e ,   i . e . ,   t h a t   t h e   d e v i a t i o n   t i m e  

d a t a   DT2  i n d i c a t e s   t h e   t i m e   d i f f e r e n c e   b e t w e e n   t h e   e n d  

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

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

s e c o n d   t i m e ,   t h e   p i t c h   c o u n t   d a t a   PCD  w h i c h   i s   g i v e n   b y  

t h e   f o l l o w i n g   e q u a t i o n   i s   w r i t t e n   in  t h e   memory  a r e a  

MR3: 

In  t h i s   c a s e ,   t h e   v a l u e   of  t h i s   d e v i a t i o n   t i m e   d a t a  

DT2  w h i c h   i s   s u b t r a c t e d   by  one  s a m p l i n g   p e r i o d   T  i s  

w r i t t e n   in  t h e   memory  a r e a   MR2  as  new  d e v i a t i o n   t i m e  

d a t a .   A f t e r   t h e   p i t c h   c o u n t   d a t a   PCD  was  w r i t t e n   in  t h e  

memory  a r e a   MR3  in  t h i s   way,   t h e   c o n t e n t s   of  t h e   m e m o r y  

a r e a   MR4  a r e   c l e a r e d .   F u r t h e r ,   t h e r e a f t e r ,   in  STEP  3,  a  

c h e c k   i s   made  to   see   i f   c o u n t   d a t a   CD  o f  t h e   memory  a r e a  
MR4  has   a  p r e d e t e r m i n e d   v a l u e   Z  or  l e s s .   T h i s  

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



d a t a   w h i c h   i s   r e a d   o u t   f rom  the   ROM  101  in  e a c h  

o p e r a t i o n   c y c l e   and  i s   s e t   to  3  in  t h i s   e m b o d i m e n t .   I n  

STEP  3,  when  i t   i s   d e t e c t e d   t h a t   t h e   c o u n t   d a t a   CD  h a s  

a  p r e d e t e r m i n e d   v a l u e   Z  or  l e s s ,   one  of  t h e   a d d r e s s  

d a t a   A [ 0 ] . . . A [ 2 N ] . . . A [ 4 N ]   c o r r e s p o n d i n g   t o   t h e   sum  o f  

t h i s   c o u n t   d a t a   CD  and  1/T  of  t h e   d e v i a t i o n   t i m e   d a t a  

DT1  s t o r e d   in  t h e   memory   a r e a   MR1  i s   s u p p l i e d   to   t h e  

ROM  101 .   C o r r e s p o n d i n g   one  of  t h e   s a m p l i n g   d a t a  

S D ( - 2 N ) . . . S D ( 0 ) . . . S D ( 2 N )   i s   r e a d   o u t   f r o m   t h i s   ROM  1 0 1  

and  i s   s u p p l i e d   to   t h e   d i g i t a l   f i l t e r   1  t h r o u g h   t h e   I / O  

p o r t   104  and  s e l e c t o r   4.  T h e r e a f t e r ,   t h e   c o u n t   d a t a  C D  

in  t h e   memory  a r e a   MR4  i s   i n c r e a s e d   by  one  c o u n t .  

F u r t h e r ,   t h e r e a f t e r ,   t h e   p i t c h   c o u n t   d a t a   PCD  in  t h e  

memory  a r e a   MR3  i s   d e c r e a s e d   by  one  c o u n t ,   and   t h e  

a p p a r a t u s   s t a n d s   by  u n t i l   t h e   n e x t   s a m p l i n g   p u l s e   i s  

s u p p l i e d .   On  t h e   o t h e r   h a n d ,   in  STEP  3,  when  i t   i s  

d e t e c t e d   t h a t   t h e   c o u n t   d a t a   CD  b e c o m e s   l a r g e r   t h a n   t h e  

p r e d e t e r m i n e d   v a l u e   Z,  "0"  i s   s u p p l i e d   to   t h e   d i g i t a l  

f i l t e r ,   and  t h e   p i t c h   c o u n t   d a t a   PCD  i s   d e c r e a s e d   by  o n e  

c o u n t   w i t h o u t   i n c r e a s i n g   t h e   c o u n t   d a t a   CD.  T h e n ,   t h e  

a p p a r a t u s   w a i t s   f o r   t h e   i n p u t   of  t h e   n e x t   s a m p l i n g  

p u l s e .   When  t h e   n e x t   s a m p l i n g   p u l s e   i s   s u p p l i e d   in  t h i s  

s t a t e ,   STEP  1  is   a g a i n   e x e c u t e d .   When  t h e   p i t c h   c o u n t  

d a t a   PCD  is   d e t e r m i n e d   to   be  l a r g e r   t h a n   0  in   STEP  1 ,  

STEP  2  is   e x e c u t e d .  

I t   i s   now  a s s u m e d   t h a t   t h e   f i r s t   and  s e c o n d   p i t c h  

d a t a   r e p r e s e n t a t i v e   of  t h e   p i t c h   p e r i o d s   PXl  and  PX2  o f  

2 5 . 4 T   (Pl   =  25,  P2  =  2)  and  2 5 . 2 T   (Pl   =  25,  P2  =  1)  a r e  

s u p p l i e d   to   t h e   CPU  100  t h r o u g h   t h e   I /O   p o r t   103  i n  

a c c o r d a n c e   w i t h   t h i s   s e q u e n c e .  
The  CPU  1 0 0  e x e c u t e s   STEP  1 ' i n   r e s p o n s e   to   t h e  

f i r s t   s a m p l i n g   p u l s e   ( t i m e   t  =  0)  w h i c h   was  i n p u t  

i m m e d i a t e l y   a f t e r   t h e   f i r s t   p i t c h   d a t a   was  r e c e i v e d .   I n  

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

memory  a r e a   MR3  i s   0,  t h e   d e v i a t i o n   t i m e   d a t a   DT2  w h i c h  

is   g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n   i s   s t o r e d   in  t h e  

memory  a r e a   MR2: 



S i n c e  t h e   d e v i a t i o n   t i m e   d a t a   DT2  of  0 . 6 T   s t o r e d   i n  

t h e   memory  a r e a   MR2  i s   s m a l l e r   t h a n   T,  t h e   p i t c h   c o u n t  

d a t a   PCD  w h i c h   i s   g i v e n   by  t h e   f o l l o w i n g   e q u a t i o n   i s  

s t o r e d   in   t h e   memory  a r e a   MR3: 

T h e r e a f t e r ,   t h e   c o n t e n t s   of  t h e   memory  a r e a   MR4  a r e  

c l e a r e d ,   and  i t   i s   d e t e c t e d   in  STEP  3  t h a t   t h e   c o u n t  

d a t a   CD  i s   s m a l l e r   t h a n   t h e   p r e d e t e r m i n e d   v a l u e   Z ( = 3 ) .  

Due  t o   t h i s ,   t h e   a d d r e s s   d a t a   A[Xl ]   w h i c h   i s   g i v e n   b y  

t h e   f o l l o w i n g   e q u a t i o n   i s   g i v e n   to   t h e   ROM  1 0 1 :  

Due  t o   t h i s ,   t h e   s a m p l i n g   d a t a   SD(-2N)   i s   r e a d   o u t  

f rom  t h e   memory  a r e a   M(-2N)  of  t h e   ROM  101  and  i s  

s u p p l i e d   t o   t h e   d i g i t a l   f i l t e r   1  t h r o u g h   t h e   I /O   p o r t  

104  and  s e l e c t o r   4.  N e x t ,   t h e   c o n t e n t   of  t h e   m e m o r y  

a r e a   MR4  i s   c h a n g e d   f rom  0  to   1,  and  t h e   c o n t e n t   of   t h e  

memory  a r e a   MR3  is   c h a n g e d   f rom  26  to   2 5 .  

The  CPU  1 0 0  . e x e c u t e s   STEP  1  in  r e s p o n s e   t o   t h e   n e x t  

s a m p l i n g   p u l s e .   S i n c e   t h e   p i t c h   c o u n t   d a t a   PCD  i s   n o w  

25,  STEP  2  i s   e x e c u t e d .   S i n c e   t h e   c o u n t   d a t a   CD  i s   1 ,  

t h e   a d d r e s s   d a t a   A[X2]  i s   g i v e n   by  t h e   f o l l o w i n g  

e q u a t i o n :  

T h e r e a f t e r ,   t h e   c o u n t   d a t a   CD  of  t h e   memory  a r e a  

MR4  i s   i n c r e a s e d   by  one  c o u n t ,   w h i l e   t h e   c o u n t   d a t a   PCD 

of  t h e   memory   a r e a   MR3  is   d e c r e a s e d   by  o n e  c o u n t .  

A f t e r   t h a t ,   a  s i m i l a r   o p e r a t i o n   i s   r e p e a t e d l y  

e x e c u t e d ,   so  t h a t   a d d r e s s   d a t a   A[10]   and  A [ 1 5 ]   a r e  



s u p p l i e d   to   t h e   ROM  101  and  t h e   c o r r e s p o n d i n g   s a m p l i n g  

d a t a   a r e   r e a d   o u t   f rom  t h e   ROM  101.   A f t e r   t h e   a d d r e s s  

d a t a   A [ 1 5 ]   was  r e a d   o u t ,   t h e   c o n t e n t   of  t h e   c o u n t  

d a t a   CD  b e c o m e s   4  and  t h e   c o n t e n t   of  t h e   p i t c h   c o u n t  

d a t a   PCD  b e c o m e s   22.  In  t h e   f o l l o w i n g   c y c l e ,   i t   i s  

d e t e c t e d   t h a t   t h e   c o u n t   d a t a   C D  i s   l a r g e r   t h a n   3  i n  

STEP  3.  T h e r e f o r e ,   0  i s   s u p p l i e d   to   t h e   d i g i t a l   f i l e r ,  

and  t h e   p i t c h   c o u n t   d a t a   PCD  i s   d e c r e a s e d   by  one  c o u n t  

w h e n e v e r   e a c h   s a m p l i n g   p u l s e   i s   s u p p l i e d .   T h i s  

o p e r a t i o n   i s   e x e c u t e d   u n t i l   t h i s   p i t c h   c o u n t   d a t a   PCD 

b e c o m e s   0 .  

As  d e s c r i b e d   a b o v e ,   a f t e r   t h e   f i r s t   p i t c h   d a t a   w a s  

i n p u t ,   t h e   a d d r e s s   d a t a   A [ 0 ] ,   A [ 5 ] ,   A [ 1 0 ] ,   and  A [ 1 5 ]   a r e  
-  s e q u e n t i a l l y  g i v e n   to   t h e   ROM  101  in  r e s p o n s e   to   t h e  

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

S D ( - 1 0 ) ,   S D ( - 5 ) ,   S D ( 0 ) ,   and  SD(5)  a r e   s e q u e n t i a l l y   r e a d  

o u t   f r o m   t h e   ROM  101  and  a r e   g i v e n   to   t h e   d i g i t a l  

f i l t e r   1.  As  shown  in  F i g .   6,  t h e s e   i t e m s   of  s a m p l i n g  

d a t a   S D ( - 1 0 ) ,   S D ( - 5 )   and  SD(5)  a r e   0,  w h i l e   t h e   s a m p l i n g  

d a t a   SD(0)   c o r r e s p o n d s   to   an  i m p u l s e   of  a  p r e d e t e r m i n e d  

a m p l i t u d e   X 0 .  
T h e   p i t c h   c o u n t   d a t a   CD  b e c o m e s   0  a f t e r   t h e   2 6 t h  

s a m p l i n g   p u l s e   i s   g e n e r a t e d   a t   t i m e   25T.  When  i t   i s  

d e t e c t e d   in  STEP  1  t h a t   t h e   p i t c h   c o u n t   d a t a   PCD  i s   0  o r  

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

26T,  t h e   CPU  100  t r a n s f e r s   t h e   c o n t e n t s   of  t h e   m e m o r y  

a r e a   MR2  to   t h e   memory  a r e a   MRl,  and  t h e   c o n t e n t s   DT2  o f  

t h e   memory   a r e a   MR2  a r e   u p d a t e d   in  a c c o r d a n c e   w i t h   t h e  

f o l l o w i n g   e q u a t i o n :  

S i n c e   t h e   d e v i a t i o n   t i m e   d a t a   DT2  is   l a r g e r   t h a n   T ,  

t h e   d e v i a t i o n   t i m e   d a t a   of  0 . 4T   is   w r i t t e n   in  t h e   m e m o r y  

a r e a   MR2.  The  p i t c h   c o u n t   d a t a   PCD  w h i c h   i s   g i v e n   b y  



t h e   f o l l o w i n g   e q u a t i o n   i s   s t o r e d   in  t h e   memory  a r e a   MR3. 

T h e r e a f t e r ,   t he   a d d r e s s   d a t a   A[X26]  i s   o b t a i n e d   i n  

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

m a n n e r   as  m e n t i o n e d   a b o v e :  

T h u s ,   t h e   s a m p l i n g   d a t a   SD(-2N  +  3)  i s   r e a d   o u t  

f r o m   t h e   memory  a r e a   M(-2N  +  3)  of  t h e   ROM  1 0 1 .  

In  a  s i m i l a r   m a n n e r ,   t h e   a d d r e s s   d a t a   A [ 8 ] ,   A [ l 3 ]  

and  A [ 1 8 ]   a r e   s e q u e n t i a l l y   g e n e r a t e d   w h e n e v e r   t h e  

s a m p l i n g   p u l s e s   a r e . s u p p l i e d   a t   t i m e s   27T  to   29T.   I n  

r e s p o n s e   t o   t h e   a d d r e s s   d a t a   A [ 3 ] ,   A [ 8 ] ,   A [ 1 3 ] ,   a n d  

A [ 1 8 ] ,   t h e   f o u r   i t e m s   of  s a m p l i n g   d a t a   c o r r e s p o n d i n g   t o  

t h e   i m p u l s e s   a t   t h e   s a m p l i n g   p o i n t s   - 7 ,   - 2 ,   3,  and  8 

( w h e r e ,   N  =  5)  in   F i g .   4D  a r e   r e a d   o u t   f rom  t h e   ROM 

101 .   N a m e l y ,   t h e   s a m p l i n g   d a t a   c o r r e s p o n d i n g   t o   t h e  

f o u r   i m p u l s e s   t h a t   a r e   g e n e r a t e d   a t   t i m e s   26T  to   2 9 T  

shown  in  F i g .   6  i s   s u p p l i e d   to   t h e   d i g i t a l   f i l t e r   1 .  

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

d a t a   i s   s u p p l i e d .   For  i n s t a n c e ,   in  t h e   n e x t   o p e r a t i o n  

c y c l e ,   as  shown  a t   t he   r i g h t   of  F i g .   6,  t h e   f o u r   i t e m s  

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

s a m p l i n g   p o i n t s   - 8 ,   - 3 ,   2,  and  7  in  F i g .   4D  a r e   r e a d   o u t  

f r o m   t h e   ROM  101  a t   t h e   s a m p l i n g   t i m i n g s   51T  t o   5 4 T .  

The  s y n t h e s i z e d   i m p u l s e   of  t h e   f o u r   i m p u l s e s ,  

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

a r e   g e n e r a t e d   a t   t he   s a m p l i n g   t i m i n g s   26T  to  29T  i n  

F i g .   6,  c o r r e s p o n d s   to   t h e   i m p u l s e   h a v i n g   t h e   a m p l i t u d e  

of  X0,  as  i n d i c a t e d   by  t h e   b r o k e n   l i n e   in  t h e  d i a g r a m .  

The  i m p u l s e   is   g e n e r a t e d   a t   t i m e   2 7 . 4 T ,   t h a t   i s ,   a t   a  

t i m e   a f t e r   t h e   i n t e r v a l   of  2 5 . 4 T   f rom  t h e   s a m p l i n g  

t i m i n g   2T  a t   w h i c h   t h e   i m p u l s e   h a v i n g   t h e   a m p l i t u d e   o f  

x0  was  g e n e r a t e d   in  t h e   f i r s t   c y c l e .   On  t h e   o t h e r   h a n d ,  



t h e   s y n t h e s i z e d   i m p u l s e   of  t h e   f o u r   i m p u l s e s  

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

a r e   g e n e r a t e d   a t   t h e   s a m p l i n g   t i m i n g s   51T  to   5 4 T  

c o r r e s p o n d s   to   t h e   i m p u l s e   h a v i n g   t he   a m p l i t u d e   of  Xo 
w h i c h   i s   g e n e r a t e d   a t   t i m e   5 2 . 6 T ,   t h a t   i s ,   a t   t h e   t i m e  

a f t e r   t h e   e l a p s e   of  t h e   i n t e r v a l   of  2 5 . 2 T   f r o m   t h e   t i m e  

2 7 . 4 T .  

As  d e s c r i b e d   a b o v e ,   in  t h i s   e m b o d i m e n t ,   one   or  a  

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

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

p u l s e s .   T h e r e f o r e ,   even   i f   t h e   p i t c h   p e r i o d   i s   s e t   t o  

be  s h o r t ,   or  even   i f   t h e   p i t c h   p e r i o d   r a p i d l y   c h a n g e s ,  

s y n t h e t i c   s p e e c h   of  r e l a t i v e l y   e x c e l l e n t   q u a l i t y  c a n   b e  

g e n e r a t e d .  

F i g .  7   shows  a  b l o c k   d i a g r a m   of  a  p e r i o d i c  s o u n d  

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

c o m p r i s e s   r e g i s t e r s   110  t o   112  f o r   r e s p e c t i v e l y   s t o r i n g  
t h e   p i t c h   d a t a   PX  and  d e v i a t i o n  t i m e   d a t a   DT1  and  DT2;  a  
d i v i d e r   113  f o r   d i v i d i n g   t h e   p i t c h   d a t a   PX  by  t h e  

s a m p l i n g   p e r i o d   T;  a  r e g i s t e r   114  f o r   s t o r i n g   t h e   o u t p u t  
d a t a   of  t h e   d i v i d e r   113;   an  i n t e g e r   d e t e c t o r   115  f o r  

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

r e g i s t e r   114 ;   a  DT2  c a l c u l a t i o n   c i r c u i t   116  f o r  

c a l c u l a t i n g   a  new  d e v i a t i o n   t i m e   d a t a   DT2  on  t h e   b a s i s  

of  t h e   o u t p u t   d a t a   of  t h e   r e g i s t e r s   110  and  111 ;   a  
d i v i d e r   117  f o r   d i v i d i n g   t h e   o u t p u t   d a t a   of  t h e  

c a l c u l a t i o n   c i r c u i t   116  by  T;  a  f r a c t i o n   d e t e c t o r   l 1 8  

f o r   d e t e c t i n g   t h e   f r a c t i o n   p a r t   of  t he   o u t p u t   d a t a   o f  

t h e   d i v i d e r   117;   and  a  c o m p a r a t o r   119  f o r   c o m p a r i n g   t h e  

o u t p u t   d a t a   of  t h e   d i v i d e r   117  w i t h   a  c o n s t a n t   1.  T h e  

c o m p a r a t o r   119  g e n e r a t e s   an  o u t p u t   d a t a   "1"  when  i t   i s  

d e t e c t e d   t h a t   t h e   o u t p u t   d a t a   of  t h e   d i v i d e r   117  i s  

e q u a l   to   or  l a r g e r   t h a n   1.  On  t h e   o t h e r   h a n d ,   t h e  



c o m p a r a t o r   119  g e n e r a t e s   an  o u t p u t   d a t a   "0"  when  s u c h   a n  

o u t p u t   d a t a   i s   d e t e c t e d   to  be  s m a l l e r   t h a n   T.  A 

s u b t r a c t e r   120  s u b t r a c t s   t h e   o u t p u t   d a t a   o f  t h e  

c o m p a r a t o r   119  f rom  t h e   o u t p u t   d a t a   g e n e r a t e d   f rom  t h e  

i n t e g e r   d e t e c t o r   115  and  s e t s   t h e   r e s u l t   i n t o   a  PCD 

d o w n - c o u n t e r   L21.   T h i s   PCD  d o w n - c o u n t e r   1 2 1  e x e c u t e s  

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

p u l s e .   When  t h e   c o n t e n t s   of  t h e   d o w n - c o u n t e r   121  b e c o m e  

0,  i t   s e t s   t h e   CD  u p - c o u n t e r   122  to   0.  The  CD 

u p - c o u n t e r   122  e x e c u t e s   t h e   u p - c o u n t i n g   o p e r a t i o n   i n  

r e s p o n s e   to   t h e   s a m p l i n g   p u l s e .   A  c o m p a r a t o r   123  c h e c k s  

t h e   o u t p u t   d a t a   of  t h e   u p - c o u n t e r   122  to   see   i f   i t   i s  

t h r e e   or  l e s s .   When  i t   i s   d e t e c t e d   t h a t   t h e   o u t p u t   d a t a  

i s   t h r e e   or  l e s s ,   t h e   c o m p a r a t o r   123  g e n e r a t e s   an  o u t p u t  

p u l s e .   An  a d d r e s s   c a l c u l a t i o n   c i r c u i t   124  c a l c u l a t e s  

t h e   a d d r e s s   d a t a   on  t he   b a s i s   of  t h e   o u t p u t   d a t a   of  t h e  

r e g i s t e r   111  and  of  t h e   u p - c o u n t e r   122  in  r e s p o n s e   t o  

t h e   o u t p u t   p u l s e   f r o m   t h e   c o m p a r a t o r   123 ,   s u p p l i e s   t h i s  

c a l c u l a t e d   a d d r e s s   d a t a   to   a  memory   125 ,   and  r e a d s   o u t  

t h e   c o r r e s p o n d i n g   s a m p l i n g   d a t a   f rom  t h e   memory  1 2 5 .  

The  memory  125  s t o r e s   t h e   s a m p l i n g   d a t a   S D ( - 2 N ) . . .  

S D ( 0 ) . . . S D ( 2 N )   as  in  t h e   ROM  101  shown  in  F i g .  3 .  

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

p e r i o d   PX  (=  Pl  x  T  +  P2  x  T/N)  i s   i n p u t   d u r i n g   t h e  

i n i t i a l   s t a t e ,   t he   d a t a   (P l   +  P2 /N)   w h i c h   was  o b t a i n e d  

by  d i v i d i n g   t h e   p i t c h   d a t a   by  T  in  t h e   d i v i d e r   113  i s  

s t o r e d   in   t h e   r e g i s t e r   114 .   T h e r e f o r e ,   o u t p u t   d a t a   o f  

Pl  i s   g e n e r a t e d   f rom  t h e   i n t e g e r   d e t e c t o r   115 .   On  t h e  

o t h e r   h a n d ,   t h e   DT2  c a l c u l a t i o n   c i r c u i t   116  c a l c u l a t e s  

t h e   new  d e v i a t i o n   t i m e   d a t a   DT2  in  a c c o r d a n c e   w i t h  

e q u a t i o n   ( 5 ) .   The  o u t p u t   d a t a   of  t h e   c a l c u l a t i o n  

c i r c u i t   116  i s   d i v i d e d   by  T  in  t h e   d i v i d e r   1 1 7 .  

T h e r e a f t e r ,   i t   i s   s u p p l i e d   to   t h e  f r a c t i o n   d e t e c t o r   1 1 8  

and  c o m p a r a t o r   119.   A f t e r   t h e   o u t p u t   d a t a   of  t h e  

f r a c t i o n   d e t e c t o r   118  is   i n c r e a s e d   by  T  t i m e s   in   t h e  

m u l t i p l i e r   126 ,   i t   is   s t o r e d   in  t h e   DT2  r e g i s t e r   1 1 2 .  

In  a d d i t i o n ,   s i n c e   t h e   o u t p u t   d a t a   of  t he   d i v i d e r   117  i s  



l e s s   t h a n   t h a t   of  t h e   f i r s t   c y c l e ,   t h e   o u t p u t   d a t a   of  0 

i s   g e n e r a t e d   f rom  t h e   c o m p a r a t o r   119 .   T h u s ,   t h e   o u t p u t  
d a t a   of  Pl  of  t he   i n t e g e r   d e t e c t o r   115  i s   d i r e c t l y   s e t  

i n t o   t h e   PCD  d o w n - c o u n t e r   121  in  t h e   f i r s t   o p e r a t i o n  

c y c l e .   A l t h o u g h   no t   s h o w n ,   in  t h e   c a s e   w h e r e   t h e  

c o n t e n t s   of  t h e   PCD  d o w n - c o u n t e r   121  a r e   one  or  m o r e ,  
t h e   d o w n - c o u n t e r   121  s u p p l i e s   i n h i b i t i o n   s i g n a l s   to   t h e  

r e g i s t e r s   110  to   112 ,   c a l c u l a t i o n   c i r c u i t   116  a n d  

s u b t r a c t e r   120 ,   t h e r e b y   i n h i b i t i n g   t h e   o p e r a t i o n s  

t h e r e o f .  

S i n c e   t he   c o n t e n t s   of  t h e   DT1  r e g i s t e r   111  a n d  

c o u n t e r   122  a r e   b o t h   0,  t h e   a d d r e s s   d a t a   A[0]  i s  

g e n e r a t e d   in  t h e   a d d r e s s   c a l c u l a t i o n   c i r c u i t   124  i n  

a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e q u a t i o n .  

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

t h e   memory  125  in  a c c o r d a n c e   w i t h   t h i s   a d d r e s s   d a t a  

A [ 0 ] .   In  a  s i m i l a r   m a n n e r ,   w h e n e v e r   t h e   s a m p l i n g   p u l s e  

i s   i n p u t ,   t h e   a d d r e s s   d a t a   A [ 5 ] ,   A [ l 0 ]   and  A[15]   a r e  

g e n e r a t e d   f rom  t he   a d d r e s s   c a l c u l a t i o n   c i r c u i t   1 2 4 ,  

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

t h e   memory  125.   In  r e s p o n s e   to   t h e   n e x t   s a m p l i n g   p u l s e ,  

t h e   c o n t e n t s   of  t h e   CD  u p - c o u n t e r   122  b e c o m e   4,  so  t h a t  

a  "0"  o u t p u t   s i g n a l   i s   g e n e r a t e d   f rom  t h e   c o m p a r a t o r  

123 .   T h u s ,   t h e   a d d r e s s   c a l c u l a t i o n   c i r c u i t   124  does   n o t  

e x e c u t e   t h e   c a l c u l a t i o n .  

On  t h e   o t h e r   h a n d ,   t h e   PCD  d o w n - c o u n t e r   1 2 1  

e x e c u t e s   t he   d o w n - c o u n t i n g   o p e r a t i o n   u n t i l   t h e   c o n t e n t s  

t h e r e o f   become  0  in  r e s p o n s e   to   t he   s a m p l i n g   p u l s e .  

When  t h e   c o n t e n t s   of  t h e   d o w n - c o u n t e r   121  become  0,  t h e  

CD  u p - c o u n t e r   122  i s   s e t   to   0,  and  a t   t h e   same  t i m e   t h e  

r e g i s t e r s   110  to  112 ,   c a l c u l a t i o n   c i r c u i t   116  a n d  

s u b t r a c t e r   120  a r e   s e t   i n t o   t h e   o p e r a t i o n a l   s t a t e s .  

T h e r e f o r e ,   t he   p i t c h   d a t a   i s   s t o r e d   in  t h e   PX  r e g i s t e r  

110  in  r e s p o n s e   to   t h e   n e x t   s a m p l i n g   p u l s e ,   and  a t   t h e  

same  t i m e   the   d e v i a t i o n   t i m e   d a t a   f rom  t h e   DT2  r e g i s t e r  



112  i s   s t o r e d   in  t h e   DTl  r e g i s t e r   1 1 1 .  

In  a  s i m i l a r   m a n n e r ,   t h e   c i r c u i t   shown  in  F i g .   7 

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

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

A l t h o u g h   t h e   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  

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

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

c h a r t   shown  in  F i g .   5,  a l t h o u g h   t h e   d e t e r m i n a t i o n  

r e g a r d i n g   t h e   g e n e r a t i o n   of  t h e   a d d r e s s   d a t a   i s   made  b y  

c h e c k i n g   t h e   c o u n t   d a t a   CD  to  s ee   i f   i t   i s   t h r e e   or  l e s s  

in  STEP  3,  i t   i s   a l s o   p o s s i b l e   to   c h e c k   w h e t h e r   o r  

not   t h e   f o l l o w i n g   c o n d i t i o n   i s   s a t i s f i e d   in  STEP  3 :  

F u r t h e r ,   i t   i s   p o s s i b l e   to   u se   t h e   t i m e   w i n d o w  

wh ich   b e c o m e s   a t   a  1  l e v e l   in  t h e   r a n g e   f r o m   -T  to   T  a s  

the   t i m e   w indow  w ( t ) .   A l s o   o t h e r   memory  a r e a s  

M ( - N ) . . . M ( 0 ) . . . M ( N )   f o r   s t o r i n g   t h e   s a m p l i n g   d a t a  

S D ( - N ) . . . S D ( 0 ) . . . S D ( N )   may  be  p r o v i d e d   in  t h e   ROM  1 0 1 .  



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  c o n t r o l   c i r c u i t   (5)  fo r   g e n e r a t i n g   s y n t h e s i s  

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

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

g e n e r a t i n g   m e a n s   (100  to   102 ;   110  to   125)   f o r   g e n e r a t i n g  

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

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

c i r c u i t   (1)  f o r   f i l t e r - p r o c e s s i n g   t h e   d i g i t a l   d a t a  

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

means   (100  to  102;   110  to  125)  s y n c h r o n o u s l y   w i t h   s a i d  

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

f rom  s a i d   c o n t r o l   c i r c u i t   ( 5 ) ;   and  s p e e c h   g e n e r a t i n g  

means   (6  to   8)  f o r   g e n e r a t i n g   t h e   s p e e c h   c o r r e s p o n d i n g  

to  t h e   d i g i t a l   d a t a   f rom  s a i d   d i g i t a l   f i l t e r   c i r c u i t  

( 1 ) ,  

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

g e n e r a t i n g   means   c o m p r i s e s   memory  means   ( 1 0 1 ;   125)  f o r  

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

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

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

wave  s i g n a l   w h i c h   i s   o b t a i n e d   by  d e v e l o p i n g   t h e   v o i c e d  

s o u n d   s i g n a l   b a s e d   on  an  i n t e r p o l a t i o n   f u n c t i o n ;   a n d  

r e a d o u t   c o n t r o l   means   ( 1 0 0 ,   102 ;   110  to   124)  f o r  

s e q u e n t i a l l y   r e a d i n g   ou t   t h e   s a m p l i n g   d a t a   of  t h e  

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

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

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

means   ( 1 0 1 ;   125)  in  r e s p o n s e   to   s a i d   c l o c k   p u l s e   and  f o r  

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

c i r c u i t   ( 1 ) .  

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   r e a d o u t   c o n t r o l  

means   c o m p r i s e s :   a  f i r s t   memory  (MRl)  f o r   s t o r i n g  

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

t h e   s t a r t   p o i n t   of  t h e   p i t c h   i n t e r v a l   and  a  c l o c k   p u l s e  



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

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

d a t a   p r o c e s s i n g   c i r c u i t   ( 1 0 0 ,   MR2)  f o r   s e q u e n t i a l l y  

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

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

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

s a i d   memory  means   ( 1 0 1 )   s y n c h r o n o u s l y   w i t h   s a i d   c l o c k  

p u l s e .  

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   p r o c e s s i n g  

c i r c u i t   c o m p r i s e s :   a  s e c o n d   memory  (MR2);   and   a  d a t a  

p r o c e s s i n g   u n i t   ( 100 )   f o r   s e q u e n t i a l l y   c o u n t i n g   up  t h e  

c o n t e n t s   of  s a i d   s e c o n d   memory  (MR2)  in  r e s p o n s e   to   t h e  

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

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

and  f o r   s e q u e n t i a l l y   r e a d i n g   ou t   t h e   s a m p l i n g   d a t a   f r o m  

s a i d   memory  means   (101)   in  r e s p o n s e   to   t h e   c o n t e n t s   o f  

s a i d   f i r s t   and  s e c o n d   m e m o r i e s   (MRl  and  M R 2 ) .  

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   1,  2  or  3,  c h a r a c t e r i z e d   in  t h a t   s a i d   r e a d o u t  

c o n t r o l   means   ( 1 0 0 ,   102 ;   110  to   124)  p r o d u c e s   a  

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

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

r a n d o m   n o i s e   g e n e r a t o r   (2)  and  a  s o u n d   s e l e c t o r   (4)  f o r  

p e r m i t t i n g   one  of  o u t p u t   s i g n a l s   f rom  s a i d   memory  m e a n s  

( 1 0 1 )   and  r andom  n o i s e   g e n e r a t o r   (2)  to   be  s e l e c t i v e l y  

t r a n s f e r r e d   to   s a i d   d i g i t a l   f i l t e r   c i r c u i t   (1)  i n  

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