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This  i n v e n t i o n   r e l a t e s   to  d i g i t a l   vo ice   s i g n a l   p r o c e s s i n g   t o  

o b t a i n   p i t c h   changing  which  p r o c e s s i n g   is  c o n t r o l l e d   by  the  p i t c h  

p e r i o d   of  the  voice   s i g n a l   being  p r o c e s s e d .  

Background  of  the  I n v e n t i o n  

The  u s e f u l n e s s   of  an  economical   system  for   rea l   time  p i t c h  

changing  of  an  audio  s i g n a l   or  for  speech  compress ion   a n d / o r  

expans ion   ( tha t   i s ,   p i t c h   r e s t o r a t i o n   of  the  audio  s i g n a l  

g e n e r a t e d   by  speeded  or  slowed  p layback  of  a  r eco rd ing )   is  w e l l  

r ecogn ized   today.   The  e a r l y   forms  of  such  systems  w e r e  

e l e c t r o m e c h a n i c a l   tape  p l a y e r s   with  moving  magne t ic   read  h e a d s .  

These  systems  produced  the  e q u i v a l e n t   of  c u t t i n g   the  record  t a p e  

in to   sho r t   segments  and  s p l i c i n g   a l t e r n a t e   segments   t o g e t h e r .  

These  e a r l y   schemes  have  been  r ep l aced   by  a l l - e l e c t r o n i c   s y s t e m s  
such  as  those  d e s c r i b e d   in  Schiffman  p a t e n t s   US  3 ,786,195  and  US 

3 ,936 ,610   which  have  been  widely   used  c o m m e r c i a l l y .  

The  Schiffman  approach  and  most  o the r   p r a c t i c a l   systems  r e l y  

on  a  p i t c h   c h a n g e - s p l i c e   approach.   That  i s ,   in  the  case  of  a u d i o  

p i t c h   l ower ing ,   r e g u l a r   segments  of  the  s i g n a l   are   s t r e t c h e d   t o  

ach ieve   p i t ch   change  and  the  i n t e r v e n i n g   r ema inde r s   are  d e l e t e d  

r e s u l t i n g   in  d i s c o n t i n u i t i e s   c r e a t e d   by  the  d e l e t i o n .   In  the  c a s e  

of  audio  p i t c h   r a i s i n g ,   the  r e p e t i t i v e   p i t c h   change  c o n s i s t s   o f  

compress ing  the  time  i n t e r v a l   occupied   by  the  s i g n a l   segments  t h u s  

c r e a t i n g   gaps;  the  compressed  segments  are  then  r epea t ed   a s  

n e c e s s a r y   to  f i l l   the  gaps  c r e a t e d   by  the  compress ing   of  t h e  

s i g n a l .  

Cont inua l   work  has  been  done  on  improving  the  sound  q u a l i t y  

of  the  "p i tch   c h a n g e - s p l i c e "   methods,   mos t ly   c e n t e r e d   on  i m p r o v i n g  

the  s p l i c i n g   scheme.  The  sugges t ed   approaches   u s u a l l y   involved  a  

r a t h e r   m ic roscop ic   a n a l y s i s   of  the  waveform  at  s p l i c e   p o i n t s ,   t h e  

s p l i c e   po in t s   having  g e n e r a l l y   been  p r e d e t e r m i n e d   by  s y s t e m  

c o n s t r a i n t s   r e g a r d l e s s   of  the  i n s t a n t a n e o u s   or  g e n e r a l  



c h a r a c t e r i s t i c s   of  the   waveform  being  p r o c e s s e d .   That  i s ,   f o c u s  

has  been  on  the  i n s t a n t a n e o u s  v a l u e s   of  waveform  p a r a m e t e r s   ( s u c h  

as  l e v e l ,   s l o p e ,   and /o r   d i r e c t i o n   ( p o l a r i t y )   of  s lope)   and  o n  

match ing ,   in  r e s p e c t  t o   one  or  more  of  those   v a l u e s ,   the  t r a i l i n g  

edge  of  the  s e g m e n t  t o   be  t e r m i n a t e d   with  the  l e a d i n g   edge  of  t h e  

segment  to  be  next   c o n n e c t e d .   Zero  c r o s s i n g   s p l i c i n g   (with  a n d  

w i t h o u t   c o i n c i d e n c e   of  p o l a r i t y ) ,   l eve l   match ing ,   o v e r l a p   schemes  

and  o t h e r s   have  been  t r i e d ,   but  the  improvenent   in  sound  q u a l i t y  

g e n e r a l l y   was  l e s s   than  e x p e c t e d .  

One  example  of  a  d i g i t a l   zero  energy  l e v e l   matching  scheme  i s  

found  in  the  p a t e n t   to  Lee  3 ,803 ,363 ,   where  audio  s i g n a l s   w e r e  

conver t ed   in to   d i g i t a l   format   and  s t o r ed   in  random  acces s   memory 

and  read  out  at   a  d i f f e r e n t   r a t e   than  t h a t   at   which  they  w e r e  

w r i t t e n   in  memory.  When  the  add re s se s   at  which  memory  access   f o r  

w r i t e   and  read  are   t a k i n g   p lace   came  c lose   to  conve rg ing   (which  

occu r r ed   because  the  w r i t e   and  read  were  d i f f e r e n t ) ,   the   scheme 

p rov ided   for  jumping  to  a  new  address   which  was  s e l e c t e d   to  have  a  

low  energy  l eve l   or  "zero  c r o s s i n g " .  

Another  d i g i t a l   scheme  which  provided  for  w r i t e   and  read  a t  

d i f f e r e n t   r a t e s   in  the  d i g i t a l   memory  c o n d i t i o n e d   the  jump  when 

the  addres ses   converged  on  examining  the  s i g n a l   in  s t o r a g e   t o  

delay   the  jump  t i l l   a  s u i t a b l e   match  between  the  waveforms  was  

l o c a t e d .   This  p a t e n t   to  Jusko  et  a l . ,   4 , 1 2 1 , 0 5 8 ,   p r o v i d e d  

a d d i t i o n a l   f e a t u r e s   such  as  looping  for  review  of  s p e c i f i c  

p o r t i o n s   of  the  message  and  i n t e r r u p t i n g   the  input   s t o r a g e   i n  

order   to  hold  the  segment  under  review  in  memory. 
In  each  of  the  f o r e g o i n g   d i g i t a l   schemes  of  Lee  and  Jusko  e t  

a l . ,   the  jump  of  the  read  p o i n t e r   to  i t s   new  add re s s   in  memory  i s  

p r e s e l e c t e d   to  u t i l i z e   s u b s t a n t i a l l y   a l l   of  the  memory  c a p a c i t y  

such  t h a t   the  i n i t i a l   d i f f e r e n t i a l   between  the  w r i t e   and  r e a d  

p o i n t e r s   is  c o n s t a n t   excep t   for  the  small  v a r i a t i o n   occas ioned   b y  

the  mic roscop ic   e x a m i n a t i o n   and  ad jus tment   made  to  p rov ide   a  

s i g n a l   l eve l   m a t c h .  

Research  such  as  t h a t   done  by  Ian  Bennet  has  shown  t h a t   i n  



the  case  where  the  audio  s i g n a l   is  speech ,   if  the  s i g n a l   s e g m e n t s  

which  are  s t r e t c h e d   or  compressed  by  the  p r o c e s s i n g   c i r c u i t   a r e  

synchronous  p i t c h   p e r i o d s   of  the  fundamenta l   voiced  f r e q u e n c y  

t h e r e   is  s i g n i f i c a n t   improvement  in  the  sound  q u a l i t y   of  t h e  

p roces sed   audio .   (Note  t h a t   i f   the  fundamental   voice   f r equency   i s  

e x t r a c t e d   and  examined,  then  the  p i t c h   pe r iod   is  simply  the  p e r i o d  

of  t h a t   f undamen ta l . )   The  complete   ( u n f i l t e r e d )   speech  wavefo rm,  

however,  is  not  a  pure  s i n u s o i d ,   even  for  voiced  sounds,   b u t  

r a t h e r   a  r e p e t i t i v e   p a t t e r n   each  p e r i o d   of  which  g e n e r a l l y   b e g i n s  

with  a  g l o t t a l   pu l se   fo l lowed  by  a  damped  waveform  over  t h e  

remainder   of  the  epoch.  Some  schemes  for   p i t c h   s y n c h r o n o u s  

p r o c e s s i n g   have  been  d e s c r i b e d ,   but  they  g e n e r a l l y   became  q u i t e  

e l a b o r a t e   and  compl i ca t ed   because   they  r e q u i r e   d e t e c t i o n   of  t h e  

beginning   of  epochs  ( i . e .   the  g l o t t a l   pulse)   and  p r o c e s s i n g   b y  

d i s c a r d i n g   or  r e p e a t i n g   one  or  more  i n t e g r a l   e p o c h s .  

Neuberg  has  sugges ted   a  new  v e r s i o n   of  the  o r i g i n a l   cut  a n d  

s p l i c e   method.  Neuberg  has  proposed   t h a t   for  p i t c h   l o w e r i n g ,   t h e  

d e l e t i o n   (or  in  the  case  of  p i t c h - r a i s i n g ,   the  r e p e t i t i o n )   o f  

segments  equal  in  l eng th   to  an  epoch,  but  r e g a r d l e s s   of  where  t h e y  

s t a r t e d   or  ended,  would  produce  good  r e s u l t s .  

This  was  exp la ined   in  terms  of  speech  c h a r a c t e r i s t i c s   w h e r e ,  

for  many  voiced  sounds,   s u c c e s s i v e   epochs  con ta in   a  r e p e t i t i o n   o f  

almost  i d e n t i c a l   waveforms  of  the  same  p i t c h   pe r iod   which  may 
con t inue   for  many  such  p i t c h   p e r i o d s .   Thus,  d e l e t i o n   of  a n y  

segment  equal  in  l eng th   to  the  p i t c h   p e r i o d   ma in t a ins   the  c a d e n c e  

of  the  p i t c h   p e r i o d s .   This  approach   was  s t a t e d   as  l e a d i n g   to  a  

major  improvement,   which  could  not  r e s u l t   from  s p l i c i n g   t e c h n i q u e s  

which  focus  s o l e l y   on  "mic roscop ic "   matching  of  waveform 

p a r a m e t e r s ,   and  could  in  theory   at  l e a s t   be  accompl ished  more  

r e a d i l y   and  simply  than  t r ue   p i t c h   synchronous   sys tems.   M o r e o v e r ,  
t h i s   approach  a u t o m a t i c a l l y   r e s u l t s   in  a  f a i r   degree  of  wave 

matching  in  the  "mic roscop ic"   s ense ,   s i nce   to  the  e x t e n t   t h a t   t h e  

p i t c h   pe r iod   and  waveform  do  not  change  from  epoch  to  epoch,  t h e  

end  of  one  segment  and  the  beg inn ing   of  ano ther   (with  one  or  two 



p i t c h   p e r i o d s   d e l e t e d   in  between)  w i l l   o f t e n   match  c l o s e l y   i n  

regard   to  l e v e l ,   s l o p e ,   e t c .  

Summary  of  the  P r e s e n t   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  improved  v e r s i o n   of  t h e  

p i t c h   change  cut   and  s p l i c e   systems  in  which  the  d i s c a r d   i n t e r v a l s  

or  the  r e p e t i t i o n   i n t e r v a l s   for   gap  f i l l i n g   in  compress ion  a n d  

expans ion   r e s p e c t i v e l y   are   c o n t r o l l e d   in  accordance   with  a  g l o t t a l  

p u l s e   s i g n a l   d e r i v e d   from  the  a c t u a l   speech  s i g n a l   such  t h a t   t h e  

b e n e f i t s   of  the   n a t u r a l   s p l i c i n g   of  epochs  can  be  r e a l i z e d   in  a  

system  which  can  p r o c e s s   t ape   r eco rded   m a t e r i a l   at   s e l e c t a b l e  

p layback   speeds  or  in  a  system  for  r e a l - t i m e   p i t c h   s h i f t i n g   a n d  

which  can  be  r e a d i l y   produced  in  high  volume  at   low  cos t .   T h i s  

r e s u l t   is  ach ieved   by  c o n v e n t i o n a l   m i c r o p r o c e s s o r   l o g i c  

a p p l i c a t i o n   wi th   f i xed   programming  to  perform  the  n e c e s s a r y  a u d i o  

sampl ing ,   da t a   c o n v e r s i o n ,   s t o r a g e   and  read  out ,   t o g e t h e r   w i t h  

a n a l y s i s   of  the   audio   s i g n a l   to  d e r i v e   the  g l o t t a l   pulse   s i g n a l  

whose  p e r i o d i c i t y   is  used  to  c o n t r o l   the  junp  i n t e r v a l   in  memory, 
which  is  r e q u i r e d   when  the  w r i t e   and  read  p o i n t e r s   converge  i n  

e i t h e r   compress ion   or  expans ion   mode.  Var ious   m o d i f i c a t i o n s  

i nc lude   l i m i t   c i r c u i t s   to  o p e r a t e   in  absence  of  voiced  s p e e c h  

sounds  and  the  u t i l i z a t i o n   of  a  second  read  p o i n t e r   c l o s e l y  
a s s o c i a t e d   wi th   the  p o s i t i o n   of  the  w r i t e   p o i n t e r   so  t h a t  

p a r t i c u l a t r l y   in  the  case  of  compress ion   the  p i t c h   pe r iod   d e l e t i o n  

is  a c c u r a t e l y   r e l a t e d   to  the  audio  s i g n a l   c u r r e n t l y   being  r e a d  

from  memory  r a t h e r   than  being  spaced  by  the  depth  of  memory  as  i s  

the  case  when  the  p i t c h   p e r i o d   c a l c u l a t i o n   is  de r ived   from  t h e  

audio  input   s i g n a l   ( i . e .   t h a t   p r o v i d e d   to  the  w r i t e   p o i n t e r . )   . 
D e s c r i p t i o n   o f  t h e   D r a w i n g s  

FIG.  1  is   a  c o n c e p t u a l   block  diagram  of  the  o v e r a l l   system  i n  

accordance   wi th   the  i n v e n t i o n .  

FIG.  2  is  a  d iagram  showing  a  m o d i f i c a t i o n   of  the  ROM  memory 
with  two  read  p o i n t e r s .  

FIGS.  3A,  B  and  C,  assembled   as  i n d i c a t e d ,   p rovide   an  o v e r a l l  

block  diagram  of  the  b a s i c   s y s t e m .  



FIG.  4A  is  a  flow  cha r t   showing  programming  for  c o n t r o l   o f  

the  w r i t e   and  read  p o i n t e r s   and  the  output   b u f f e r   for  the  d i g i t a l  

to  analog  c o n v e r t e r .  

FIG.  4B  is  a  flow  c h a r t   showing  analog  to  d i g i t a l   c o n v e r s i o n  

of  the  input   aud io   s i g n a l   and  the   d e r i v a t i o n   of  the  g l o t t a l   p u l s e  

p i t ch   pe r iod   s i g n a l   from  the  audio  input   s i g n a l .  

FIG.  5  is  a  p a r t i a l   block  diagram  c o r r e s p o n d i n g   to  FIG.  3 

showing  the  m o d i f i c a t i o n s   for  o p e r a t i n g   with  two  read  p o i n t e r s .  

FIG.  6  is  a  p a r t i a l   block  diagram  c o r r e s p o n d i n g   to  FIG.  3 

showing  m o d i f i c a t i o n s   for   o p e r a t i n g   with  an  a d a p t i v e   p i t ch   p e r i o d .  

FIG.  7  is  a  p a r t i a l   block  diagram  c o r r e s p o n d i n g   to  FIG.  3  

showing  a  m o d i f i c a t i o n   for   g r e a t e r   memory  u t i l i z a t i o n   in  the  p i t c h  

per iod   p r o c e s s o r .  

D e s c r i p t i o n   of  the  I n v e n t i o n  

R e f e r r i n g   now  to  FIG.  1  the  o v e r a l l   a r rangement   u t i l i z e s   a  

random  access   memory  RAM  17  which  r e c e i v e s   the  d i g i t i z e d   s a m p l e s  
of  the  audio  i npu t   s i g n a l   from  an  analog  to  d i g i t a l   c o n v e r t e r   12  

which  d i g i t a l   words  are  w r i t t e n   in  memory  s e q u e n t i a l l y   by  a  w r i t e  

po in t e r   1.  The  memory  is  read  out  in  the  same  sequence  by  a  r e a d  

po in t e r   2  and  such  d i g i t a l   words  read  from  memory  are  conve r t ed   i n  

a  d i g i t a l   to  ana log   c o n v e r t e r   16  to  p rov ide   the  audio  o u t p u t .  

The  memory  is  under  c o n t r o l   of  an  address   r e g i s t e r   3  which  i s  

opera ted   by  c o n t r o l   l og i c   4 .  

Control   l o g i c   4  s u p p l i e s   a  read  r a t e   s i g n a l   fr   which  is  f i x e d  

and  wr i t e   r a t e   s i g n a l   fw  which  is  equal  to  cf r   where  c  is  t h e  

compression  r a t i o   de f i ned   as  un i ty   for  no  p i t c h   change  a n d  

r e p r o d u c t i o n   at   the  r eco rded   r a t e   and  as  a  q u a n t i t y   g r e a t e r   than  1 

for  compression  and  l e s s   than  1  but  g r e a t e r   than  zero  f o r  

expansion.   The  p r e s e n t   a d d r e s s e s   of  the  w r i t e   and  read  p o i n t e r s  

are  used  by  c o n t r o l   l o g i c   4  to  develop  the  o p e r a t i o n a l   c o n t r o l   o f  

the  system.  The  d i f f e r e n c e   between  the  p r e s e n t   address   l o c a t i o n s  

i n d i c a t e d   by  the  q u a n t i t i e s   Fr  (t)  and  Fw  (t)  r e p r e s e n t s   the  a n g l e  

6t  which  in  the  r e p r e s e n t a t i o n   of  FIG.  1  is  the  angu la r   s p a c i n g  
between  the  w r i t e   and  the  read  p o i n t e r s   1  and  2.  Also  i n d i c a t e d  



in  FIG.  1  are   the  q u a n t i t i e s   @min  and  @max  d e f i n i n g   a  s e c t o r   o n  

o p p o s i t e   s i d e s   of  the   w r i t e   p o i n t e r   1.  When  the  ang le   6t   r e a c h e s  

a  va lue   such  t h a t   the  read  p o i n t e r   is  l e s s   than  min  or  g r e a t e r  

than  @max  the  c o n d i t i o n   for   jumping  the  w r i t e   p o i n t e r   to  a  new 

l o c a t i o n   has  a r r i v e d   and  i t   is  the  c o n t r o l   for  t h i s   o p e r a t i o n   t h a t  

c o n s t i t u t e s   the  major  d e c i s i o n a l   c r i t e r i a   of  t h i s   i n v e n t i o n .  

The  jump  d i s t a n c e   for   the   w r i t e   p o i n t e r   in  accordance   w i t h  

the   i n v e n t i o n   is  a lways  an  i n t e g r a l   number  of  p i t c h   p e r i o d s ,   b u t  

not  p i t c h   p e r i o d   s y n c h r o n o u s .   In  o ther   words,  the   jump  does  n o t  

need  to  be  s y n c h r o n i z e d   a t   the   g l o t t a l   pulse   but  the   p e r i o d  

between  g l o t t a l   p u l s e s   i s   n e c e s s a r y   to  de te rmine   the  magni tude  o f  

the  jump  a long  with  o t h e r   s i g n i f i c a n t   f a c t o r s   which  de t e rmine   t h e  

number  of  pu l se   p e r i o d s   the   jump  should  be.  For  t h i s   purpose   a  

g l o t t a l   pu l se   d e t e c t o r   32  deve lops   a  pu lse   s i g n a l   o u t p u t   t h a t   i s  

s u p p l i e d   to  c o n t r o l   l o g i c   4  for  t h i s   p u r p o s e .  
R e f e r r i n g   to  FIG.  2,  the   a r rangement   of  FIG.  1  has  b e e n  

mod i f i ed   by  adding  a  second  read  p o i n t e r   5  which  moves  at  t h e  

speed  of  w r i t e   p o i n t e r   1  wi th   a  f i xed   spacing  t h e r e f r o m  

r e p r e s e n t e d   by  the  ang le   @.  The  o the r   m o d i f i c a t i o n   shown  in  F i g .  

2  is  t h a t   the  source   of  the   audio   s i g n a l   is  d e r i v e d   f r a n   t h e  

d i g i t i z e d   audio  inpu t   s i g n a l   at   the  l o c a t i o n   of  the   second  r e a d  

p o i n t e r   5.  This  f e a t u r e ,   as  w i l l   be  d e s c r i b e d ,   a s s u r e s   t h a t   a  

c u r r e n t   va lue   of  g l o t t a l   p u l s e   pe r iod   w i l l   be  u t i l i z e d   by  t h e  

s y s t e m .  

R e f e r r i n g   now  to  FIGS.  3A,  3B  and  3C  the  a r c h i t e c t u r a l  

overview  of  a  s p e c i f i c   p r e f e r r e d   embodiment  d i g i t a l   system  w i l l   b e  

f i r s t   d e s c r i b e d .  

The  s t r u c t u r e   of  t h i s   embodiment  is  d iv ided   i n to   f i v e  

f u n c t i o n a l   b locks :   Data  C o n t r o l ,   Address  G e n e r a t o r ,   Access  C o n t r o l  

P r o c e s s o r ,   Jump  C o n t r o l ,   and  P i t c h   Per iod   P r o c e s s o r .   These  f i v e  

e l e m e n t s ,   working  in  c o n c e r t ,   c o n t r o l   the  data   flow  in  a  
c o n v e n t i o n a l   d i g i t a l   Random  Access  memory  (RAM)  17,  which  i s  

a d d r e s s e d   s e q u e n t i a l l y   in  a  c o n t i n u o u s   loop,   and  which  p r o v i d e s  

the  n e c e s s a r y   s h o r t - t e r m   memory.  



The  f u n c t i o n s   of  the  a b o v e - i d e n t i f i e d   blocks  a r e :  
Data  C o n t r o l .  

P rov ide s   the  d i g i t i z e d   data   i n t e r f a c e   for  the  a n a l o g  

audio  in  and  audio  o u t .  

Address  G e n e r a t o r .  

P rov ide s   m u l t i p l e   add re s se s   for   the  RAM,  which  i n c l u d e  

an  a d d r e s s   for   the  next  input   and  an  address   for  n e x t  

o u t p u t .  

Access  Cont ro l   P r o c e s s o r .  

P rov ides   the  t iming  s i g n a l s   n e c e s s a r y   for  the  o r d e r l y  

r e a d / w r i t e   of  the  RAM. 

Jump  C o n t r o l .  

P rov ide s   p a r t   of  the  "smart  FIFO"  i n t e l l i g e n c e   at   t h e  

ou tpu t   s i d e .  

Determines   the  "when"  and  the  "which"  for  d i s c a r d   or  g a p -  
f i l l .   I t   a lso   pe rmi t s   a  " l ook -ahead"   Read-out   for  t h e  

P i t c h   P e r i o d   P r o c e s s o r .  

p i t c h   Pe r iod   P r o c e s s o r .  

Determines   the  "how  Much"  for  the  Jump  Control   modu le .  

Working  on  the  audio  input   s i g n a l ,   de t e rmines   a  c u r r e n t  

measure  of  the  p e r i o d i c i t y   of  the  speech  waveform.  

Data  C o n t r o l  

Data  Cont ro l   is  a  s t r a i g h t - f o r w a r d   t r e a t m e n t   for  h a n d l i n g  

sampled  d a t a .  

WRITE  CLOCK  is  a  r egu la r   s i g n a l   with  a  f requency   in  d i r e c t  

p r o p o r t i o n   to  the  tape   speed  or  o the r   c o n t r o l   vo l t age   t h u s  

i n t r o d u c i n g   the  compress ion  r a t i o ,   C,  to  c o n t r o l   p i t c h   change.   I t  

de te rmines   how  o f t en   and  how  the  input   da ta   is  d i g i t i z e d .   For  a  
1:1  compress ion   r a t i o   (C=l),  i t   has  the  same  f requency   as  READ 

CLOCK  11.  A  Nyquis t   sampling  r a t e   of  12.5  KHz  for  C=1  p e r m i t s   a n  
audio  bandwidth  of  6  KHz. 

Maximum  compress ion   is  s p e c i f i e d   at   2 . 5 : 1 ,   so  the  maximum 

f requency   of  WRITE  CLOCK  is  31.25  KHz  and  the  A n a l o g - t o - D i g i t a l  

conve r t e r   12  must  be  ope ra ted   in  32  s  for  each  s a m p l e .  



The  d i g i t i z e d   da ta   word  has  been  e s t a b l i s h e d   a t   8 - b i t s   p e r  
sample ,   however  the  A/D  c o n v e r t e r   12  and  a  d i g i t a l   to  a n a l o g  

c o n v e r t e r   16  are  not  n e c e s s a r i l y   r e s t r i c t e d   to  be  of  the  l i n e a r  

t y p e ,   and  may  embody  companding  t e c h n i q u e s   to  maximize  the  dynamic  

range  of  the  e s t a b l i s h e d   8 - b i t   da ta   p a t h .  

An  Input   Buffer   14  is  for   the  g e n e r a l   case  of  a n  

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

of  the   a v a i l a b l e   p r o c e s s i n g   t ime.   This  e lement   compr ises   a  

"ma i l -box"   so  t h a t   Data  Con t ro l   and  Access  Cont ro l   need  not  w a i t  

upon  one  a n o t h e r .   The  Input   Buf fe r   14  may  not  be  r e q u i r e d   i f   t h e  

A/D  c o n v e r t e r   is  s u f f i c i e n t l y   f a s t   to  be  i d l e   when  Access  C o n t r o l  

r e q u i r e s   new  d a t a .  

I t   is  noted  t h a t   an  INPUT  STROBE  and  an  OUTPUT  STROBE  f r o m  

Access   Control   o p e r a t e   b u f f e r s   14  and  15  but  need  not  b e  

n e c e s s a r i l y   r e g u l a r .   But  in  order   to  ensu re   r e g u l a r   sampl ing,   t h e  

i npu t   sample  should   be  in  a  f i x e d   phase  r e l a t i o n s h i p   with  t h e  

WRITE  CLOCK.  Likewise ,   the  ou tpu t   sample  should   be  a l lowed  t o  

change  only  in  a  f i xed   phase  r e l a t i o n s h i p   with  the  READ  CLOCK. 

The  Input   Buffer   14  and  the  Output  Buf fe r   15  p rov ide   t h i s  

f u n c t i o n .  

Address  G e n e r a t o r  

The  depth  of  RAM  17  has   been  e s t a b l i s e h d   a t   512,  8 - b i t  

s amples .   Thus,  a  9 - b i t   a d d r e s s   is  r e q u i r e d   for  each  access   to  t h e  

RAM. 

A  9 - b i t   s e q u e n t i a l   coun te r   p r o v i d e s   the   RAM  WRITE  ADDRESS  f o r  

the   input   sample.  To  al low  for  the  s i m p l e s t   p h y s i c a l   r e a l i z a t i o n  

for   t h i s   c o u n t e r ,   the  coun te r   is  advanced  under  command  o f   t h e  

s i g n a l   WCNT,  which  may  be  the  l a s t   i tem  in  the  WRITE  p r o c e s s  
f l o w c h a r t   (FIG.  4A),  a l lowing   n e a r l y   the  f u l l   p e r i o d   of  the   WRITE 

CLOCK  for  i t s   next  add re s s   to  s e t t l e .  

A  9 - b i t   p r e s e t t a b l e   coun t e r   19  p r o v i d e s   the  READ  ADDRESS  a n d  

the   n o n - s e q u e n t i a l   " i n t e l l i g e n t "   a cce s s   to  the  ou tpu t   sample.   I t  

i s   under  command  of  a  combina t ion   of  t iming   s i g n a l s   from  A c c e s s  

Con t ro l   and  Jump  C o n t r o l .  



Ei ther   one  of  these  two  counte r   ou tpu ts   is  routed  a t  

d i f f e r e n t   t imes  to  the  RAM  through  the  9 -b i t   p a r a l l e l   m u l t i p l e x e r  

called POINTER  MUX  18 .  

Access  C o n t r o l  P r o c e s s o r  

This  f u n c t i o n a l   block  p rov ides   the  d e t a i l e d   t iming  a n d  

d e c i s i o n   log ic   for  any  and  a l l   access   to  data  in  the  RAM  17.  I t  

is  a  s i n g l e   p rocessor   c o n t r o l l e d   by  a  p rocessor   clock  25  and  

t i m e - s h a r e d   by  the  two  asynchronous   p rocesses   READ  and  WRITE.  I t s  

f unc t i on   and  i t s   s t r u c t u r e   are  not  un l ike   the  i n t e r r u p t   mechanism 

of  a  m i n i / m i c r o c o m p u t e r .  

Re fe r r i ng   to  the  FLOWCHART,  FIG.  4A,  the  i d l e   s t a t e   of  t h e  

ACCESS  CONTROL  processor   is  denoted  by  the  t e rmina to r   WAIT  2.  The 

p rocesso r   is  awai t ing   a  s e rv i ce   r eques t   from  e i t h e r   the  READ  CLOCK 

or  the  WRITE  CLOCK,  or  both  s i m u l t a n e o u s l y .  

If  a  s e rv i ce   reques t   occurs  in  i s o l a t i o n ,   a  ha rdware  

f l i p / f l o p   23  is  set  to  the  a p p r o p r i a t e   cond i t ion   cor responding   t o  

the  p rocess   to  be  s e r v i c e d ,   e i t h e r   READ  or  WRITE. 

If  s e r v i c e   r eques t s   occur  in  co inc idence   the  ha rdware  

f l i p / f l o p   23  must  make  a  " f i e l d e r ' s   cho ice" ,   choosing  j u s t   one  

process   for  s e rv ice   (the  RAM  can  handle  only  one  at  a  t i m e ) .  

Whichever  process   is  s e rv iced   is  the  one  tha t   is  acknowledged.  

Acknowledgement  c o n s i s t s   of  c l e a r i n g   the  a p p r o p r i a t e   r eques t   a n d  

r e s e t i n g   of  the  hardware  device  t h a t   i n i t i a t e d   the  p rocess .   These  

devices   are  termed  "TICK  REGISTERS"  21  and  22  and  may  be  r e a l i z e d  

by  almost  any  simple  one -b i t   memory  dev ice .   Their  f u n c t i o n   is  t o  

provide   one  and  only  one  s e rv i ce   r eques t   for  each  pe r iod   of  t h e  

CLOCK  (WRITE  or  READ)  with  which  they  are  a s s o c i a t e d .   Because  

they  have  memory,  they  also  serve  as  a  "mail-box"  between  t h e i r  

CLOCK  and  the  ACCESS  CONTROL  PROCESSOR.  Thus  i f   ACCESS  CONTROL  i s  

busy  with  a  WRITE  process   when  READ  CLOCK  reques ts   new  s e r v i c e ,  

t ha t   reques t   wi l l   s t i l l   be  wai t ing   when  the  p rocessor   r e t u r n s   t o  

"WAIT". 

I t   should  be  noted  tha t   t he re   is  no  p a r t i c u l a r   o r d e r e d  

p r i o r i t y   on  the  s e rv ice   of  READ  or  WRITE.  The  log ic   is  p u r p o s e l y  



kept  as  s imple   as  p o s s i b l e   and  JUMP  CONTROL  is  aware  of  t h i s  

s i m p l i c i t y .  

Jump  C o n t r o l  

JUMP  CONTROL  is  not  a  s e p a r a t e   p r o c e s s o r .   I t   is  a  c o l l e c t i o n  

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

for  p roduc ing   a  n o n - s e q u e n t i a l   (JUMP)  next   a d d r e s s   for  o u t p u t  

acces s .   I t   is   under  c o n t r o l   of  the  ACCESS  CONTROL  p r o c e s s o r   a n d  

c o n t a i n s   a  minimum  of  c o n t r o l   memory  for  c o o r d i n a t i n g   i t s   f u n c t i o n  

under  the  two  p r o c e s s e s   of  READ  and  WRITE. 

Refer  to  the  FLOWCHART,  FIG.  4A,  DIGITAL.  At  each  and  e v e r y  
WRITE  access   of  RAM,  the  W/  P  MUX  31  ( c a l l e d   "  MUX"  in  t h e  

FLOWCHART)  is   se t   to  "W"  and  (+/-)   is  se t   to  (-) .  This  p e r m i t s  

the  s igned  adder  26  to  make  a  comparison  of  the  WRITE  POINTER  a n d  

the  READ  POINTER.  If   l o g i c   dec ide s   to  make  a  JUMP  the  READ 

p o i n t e r   is  moved  ( forward  or  back)  by  nΔP  where  ΔP  is  the  p i t c h  

pe r iod   and  n  is  an  i n t e g e r .  

ALERT  DETECTION  27  examines  the  ou tpu t   of  the   s igned  a d d e r  

and  saves  the   d e c i s i o n   in  a  JUMP  F l i p / F l o p   2 9 .  

The  JUMP  d e c i s i o n   is   d i f f e r e n t   depending  upon  whether  t h e  

system  is  s e t   for   COMPRESSION  or  EXPANSION.  The  d e t a i l s   are   shown 

in  the  FLOWCHART.  The  case  of  COMPRESSION  or  EXPANSION  i s  

de te rmined   by  the  + / -   FLIP  FLOP  28  which  compares  the  sign  of  t h e  

d i f f e r e n c e   q u a n t i t y   R-W.  This  e v a l u a t i o n   is   e q u i v a l e n t   t o  

de t e rmin ing   whether   to  WRITE  p o i n t e r   has  moved  to  w i th in   t h e t a m i n  

or  thetamax  of  the  READ  p o i n t e r .  

PITCH PERIOD  PROCESSOR 

This  module  measures   the  g l o t t a l   p u l s e   p e r i o d   and  p rov ides   a  

c o n s t a n t   a cce s s   va lue   of  nΔP  for  the  magni tude   of  the  jump.  
OVERALL  DESCRIPTION AND  OPERATION 

The  c e n t r a l   memory  is  a  RAM  17,  and  the   RAM  r e q u i r e s   a n  
address   and  i t   d e l i v e r s   d a t a ,   or  i t   a c c e p t s   d a t a .   Data  C o n t r o l  

t r e a t s   the  d a t a ,   e i t h e r   in  or  out  depending  on  whether   i t   i s  

w r i t i n g   or  r e a d i n g .   Wr i t ing   is   at   a  c e r t a i n   a d d r e s s ,   which  i s  

p rov ided   by  the  w r i t e   c o u n t e r ,   and  r ead ing   is   from  a  read  a d d r e s s .  



The  two  a d d r e s s e s   have  to  be  combined  in  a  m u l t i p l e x e r   POINTER  MUX 

18  in  o rder   to  d e l i v e r   a  s i n g l e   address   to  the  RAM  because   t h e  

program  can  only  access   the  RAM,  e i t h e r   read  or  w r i t e ,   but  n o t  

both  at  the  same  t ime.   An  a c c e s s   con t ro l   p roces s   c o o r d i n a t e s   t h e  

r ead ing   and  the  w r i t i n g   so  t h a t   they  are  d i s t i n c t .   That  p r o c e s s o r  
is  d r i ven   by  asynchronous   s i g n a l s ,   i . e .   the  w r i t e   c lock  and  t h e  

read  clock  do  not  have  to  have  any  phase  f ixed   r e l a t i o n s h i p  

w h a t s o e v e r .  

The  s e l e c t i o n   of  w r i t e   or  read  is  made  by  a  f l i p   f l op   2 3 ' s  

being  he ld   in  an  unde f ined   s t a t e ,   where  both  i t s   o u t p u t s   are  n o t  

d i s t i n c t .   When  e i t h e r   the   w r i t e   c lock  is  r ecogn ized   or  the  r e a d  

clock  is   r e cogn i zed ,   or  bo th ,   then  the  f l i p   f lop   23  is  r e l e a s e d   t o  

f lop   i n to   one  of  i t s   d e f i n e d   s t a t e s   to  s e l e c t   one  or  the  o t h e r ,  

read  or  w r i t e .  

The  WRITE  and  READ  c locks   a re   p e r i o d i c .   The  l e a d i n g   edge  o f  

the  w r i t e   c lock  is  d e t e c t e d   by  f l i p   f lop   21  and  the  l e a d i n g   e d g e  

of  the  read  clock  is  being  d e t e c t e d   by  f l i p   f l op   22  (TICK 

RDGISTERS).  Their  Q  o u t p u t s   feed  the  s e t / r e s e t   i n p u t s   of  a  

WRITE/READ  f l i p   f lop   23,  so  the  r i s i n g   edge  of  c lock  w i l l   t r i g g e r  

the  f l i p   f l o p   to  make  an  d e c i s i o n   to  go  to  read  or  w r i t e .   I f  

t h e r e   is   no  r e q u e s t ,   in  o t h e r   words  a f t e r   new  b u s i n e s s   i s  

comple ted ,   then  the  inpu t   f l i p   f l o p s   (  the  t i c k   r e g i s t e r s )   a r e  

r e s e t ,   so  t h a t   t h e r e   is   a  low  on  the  se t   s ide  and  a  low  on  t h e  

r e s e t   s ide   of  the  r e a d / w r i t e   f l i p   f l op   23,  and  i t   is  in  a  

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

hasn  not  made  a  d e c i s i o n ,   as  soon  as  e i t h e r   one  or  the  o the r   o f  

the  s e t s   is  r e l e a s e d ,   then  i t   w i l l   take  up  one  or  the  o ther   of  t h e  

d e f i n e d   s t a t e s .   That  causes   i t   to  s e l e c t   e i t h e r   the  READ  or  t h e  

WRITE.  This  is  l i k e   the   s o - c a l l e d   " f i e l d e r ' s   c h o i c e , "   where  t h e  

READ/WRITE  f l i p   f lop   is  the   f i e l d e r   and  has  to  se rve   b o t h  

p r o c e s s e s ,   the  WRITE  p r o c e s s   and  the  READ  p r o c e s s .   If   both  come 
in  at   the  same  time  i t   makes  a  f i e l d e r ' s   choice .   The  p roce s s   i s  

so  sho r t   t h a t   as  soon  as  one  is  completed  the  o the r   p r o c e s s   w i l l  

be  acknowledged  and  s e r v i c e d .  



The  PROCESSOR  CLOCK  STATE  MACHINE  (PCSM)  d e t e r m i n e s   t h e  

i n d i v i d u a l   o r d e r i n g   of  the   da ta   packages  t h a t   go  i n to   the  RAM, 

because   the  RAM  has  four   i n p u t / o u t p u t s  -   four  b i t s  -   r e q u i r i n g   two 

w r i t e s   to  w r i t e   one  8 - b i t   data   p i ece   in to   the  RAM.  Likewise  t h e r e  

are  two  p r o c e s s e s   to  r e t r i e v e   two  4 - b i t   packages ,   two  4 - b i t  

n i b b l e s ,   t h a t   are   combined  i n to   one  8 - b i t   ou tpu t   w o r d .  

The  PCSM  25  p r o v i d e s   a  t h r e e - s t e p   f u n c t i o n .   I t   p r o v i d e s   a n  

i n i t i a l   d e l a y ,   so  t h a t   any  p r o c e s s   t h a t   had  p receded   the  new 

p r o c e s s   w i l l   have  time  to  s e t t l e   out .   Then  i t   a l lows   one  4 - b i t  

n i b b l e   to  happen,   and  f i n a l l y   a  second  4 - b i t   n i b b l e   w h i c h  

comple t e s   the   p r o c e s s .   Sometime  dur ing  t h a t   p r o c e s s ,   because  t h e  

acces s   c o n t r o l   p r o c e s s o r   knows  what  f u n c t i o n   i t   is  p e r f o r m i n g  -  

i . e .   e i t h e r   read  or  w r i t e ,   but  never  the  two  s i m u l t a n e o u s l y  -   i t  

acknowledges   the  one  t h a t   i t   is  doing.   I t   r e s e t s   e i t h e r  2 1   i f   21 

s t a r t e d   i t   or  22  i f   22  s t a r t e d   i t ,   but  i t   does  not  acknowledge  t h e  

o the r   one.   In  s h o r t ,   when  i t   has  f i n i s h e d   an  o p e r a t i o n ,   i t  

acknowledges   the  one  i t   d id .   If  the  o p e r a t i o n   t h a t   i t   was  n o t  

doing  i s   s e t   in  the  meantime,   i t   is  immedia te ly   ready  to  p e r f o r m  

t h a t ,   immed ia t e ly   a f t e r   the  p r e c e d i n g   o n e .  

The  PCSM  25  has  an  a synchronous   clock  t h a t   can  be  s t a r t e d   b y  

e i t h e r   the   w r i t e   c lock  or  the  read  clock  t r a n s i t i o n   of  f l i p   f l o p s  

21  or  22.  When  both  are   f i n i s h e d ,   the  PCSM  is  s e t   i n to   i t s   i d l e  

c o n d i t i o n   and  no  longer   c l o c k s .   For  each  w r i t e   c lock  t r a n s i t i o n  

and  for   each  read  c lock  t r a n s i t i o n   t h e r e   is  g u a r a n t e e d   to  be  o n e  

and  only  one  cyc le   of  the   PCSM. 

The  9 - b i t   r i p p l e   c o u n t e r   20  is  m a i n t a i n i n g  t h e   w r i t e   a d d r e s s  

in  a  s imp le   s e q u e n t i a l   f a s h i o n ,   one  address   a f t e r   a n o t h e r ,   a n d  

a f t e r   512  a d d r e s s e s   i t   r e t u r n s   to  address   0.  There  i s   no  r e s e t  

for   t h a t   c o u n t e r .   I t   s imply   p roduces   a  9 - b i t   a d d r e s s   t h a t   r o l l s  

over  by  i t s e l f .   On  the  o t h e r   hand  the  read  coun te r   19  is   a  

p r e s e t t a b l e   coun te r   which  can  be  commanded  to  assume  any  d e s i r e d  

p r e s e t   number.  That  number  is  o b t a i n e d   from  JUMP  CONTROL  as  R  ±  n  

P,  a  9 - b i t   add re s s   for   the   p r e s e t   of  counter   19.  The  command  t o  

accep t   t h a t   p r e s e t   is   r e c o g n i z e d   by  counter   19  when  the  LOAD 



CONTROL  30  is  a s s e r t e d   and  R  count  RCNT  has  a  l e ad ing   edge.  The 

load  c o n t r o l   in  JUMP  CONTROL  p r o v i d e s   the  s t e e r i n g   s i g n a l   f o r  

coun te r   19  and  is  pa r t   of  the  read  w r i t e / t i m i n g   p rov ided   by  t h e  

ACCESS  CONTROL  PROCESSOR.  If   the  s i g n a l   PRESET  LOAD  is  a s s e r t e d  

p r i o r   to  an  R  count ,   the  R ±  n  P  p r e s e t   is  loaded  in to   t h e  

p r e s e t t a b l e   counter   19.  That  c o n s t i t u t e s   a  jump. 

Unt i l   the  time  t h a t   the  jump  is  n e c e s s a r y   the  9 - b i t  

p r e s e t t a b l e   counter   is  o p e r a t e d   in  very  much  the  same  manner  a s  

the  counte r   20.  I t   runs  under  command  of  the  R  count  s i gna l   RCNT 

which  comes  from  the  access   c o n t r o l   p r o c e s s o r ,   so  t h a t   p r i o r   t o  

any  read  the  counter   19  is  i nc remen ted   one  address   l o c a t i o n .   The 

ACCESS  CONTROL  PROCESSOR  p r o v i d e s   as  i t s   f i r s t   o rder   of  b u s i n e s s   a  

de lay   time  to  allow  the  9 - b i t   p r e s e t t a b l e   counte r   19  time  for  i t s  

a d d r e s s e s   to  s e t t l e ,   and  they  must  s e t t l e   through  the  p o i n t e r   MUX 

18  in to   the  RAM  17  p r i o r   to  the  da ta   being  s t r o b e d   accord ing   t o  

the  DATA  CONTROL  TIMING. 

The  RAM  output   is  a l lowed  to  assume  i t s   new  analog  value  o n l y  

on  the  l e ad ing   edge  of  the  s i g n a l   from  read  clock  number  11,  so  a n  

ou tpu t   b u f f e r   15  is  p rov ided   t h a t   b u f f e r s   dur ing  the  time  w h i l e  

the   RAM  is  read  out  and  dur ing   the   time  while   t h a t   data  has  to  b e  

d e l i v e r e d   to  the  o u t p u t .  
The  JUMP  CONTROL  d e t e r m i n e s   the  i n t e r v a l   as  an  i n t e g r a l  

number  of  p i t c h   p e r i o d s ,   n  ΔP.  The  PITCH  PERIOD  PROCESSOR,  in  a  

manner  which  w i l l   be  d e s c r i b e d   l a t e r ,   de t e rmines   what  t h a t   number 

i s ,   and  puts   i t   on  a  bus  we  c a l l   the  n  P  bus.  A  9 - b i t   number  i s  

thus   c o n t i n u o u s l y   a v a i l a b l e   on  the  n  P  bus  to  de te rmine   t h e  

magni tude  of  the  jump  whenever  a  jump  is  needed.  In  the  case  o f  

compress ion   i t   must  bea  jump  ahead  i n to   h igher   memory,  in  the  c a s e  

of  expans ion   i t   must  be  a  jump  back  i n to   e a r l i e r   memory,  so  t h e  

cases   of  R  +  nΔP  and  R -   nΔP  p rov ide   r e s p e c t i v e l y   for  c o m p r e s s i o n  

and  expans ion .   In  order   accompl i sh   t h i s   jump,  a  9 - b i t   s i g n e d  
adder  26  adds  the  c u r r e n t   add re s s   from  the  p r e s e t t a b l e   counter   19 

to  the  nΔP  number  and  p r o v i d e s   a  new  add re s s   number  at  the  R  ±  nΔP 

bus,  for  use  when  a  jump  is  r e q u i r e d .   A  m u l t i p l e x e r   31  w/ΔP  MUX, 



a l lows  same  9 - b i t   s igned  adder  to  be  used  not  only  to  produce  t h e  

new  ( a f t e r   jump)  a d d r e s s ,   but  a l so   to  compare  the  c u r r e n t   r e a d  

add re s s   R  with  the  c u r r e n t   w r i t e   a d d r e s s   W,  to  de te rmine   when  i t  

is  n e c e s s a r y   to  make  a  jump.  Adder  26  c o n t i n u o u s l y   moni tors   e a c h  

w r i t e   a d d r e s s   as  i t   increments   to  compare  t h a t   new  wr i t e   a d d r e s s  

to  the  c u r r e n t   va lue   of  the   read  a d d r e s s .   To  do  t h a t   a  s i g n a l  

from  jump  f l i p   f l op   29  is  o r d i n a r i l y   in  a  r e l a x e d   c o n d i t i o n   ( t h e  

W/  P  MUX  is   normal ly   se t   up  to  the  W  p o s i t i o n )   so  t h a t   ALERT 

DETECTOR  27  can  c o n t i n u a l l y   compare  W  a g a i n s t   read  R.  For  t h e  

case  of  expans ion   and  the  case  of  compress ion   d i f f e r e n t   a l g o r i t h m s  

are   used  to  de t e rmine   when  i t   is  n e c e s s a r y   to  jump.  However,  a  

s i n g l e   c o n d i t i o n   w i l l   allow  d e t e r m i n a t i o n   of  when  i t   is  n e c e s s a r y  

to  jump  but  a l s o   of  whether  the  mode  is  expans ion   or  c o m p r e s s i o n .  

A l e r t   d e t e c t o r   27  moni to rs   the   ou tpu t   of  adder  26  t o  

de t e rmine   when  t h i s   a l e r t   c o n d i t i o n   has  happened  and  when  a  jump 

must  occur  in  o rder   to  avoid  a  d i s c o n t i n u i t y   of  the   s igna l   which  

would  o c c u r i f   w r i t e   p o i n t e r   c o i n c i d e d   wi th   the  read  p o i n t e r .   When 

an  a l e r t   happens ,   load  con t ro l   30  is   s i g n a l e d   and  i t   combines  t h e  

read  w r i t e   t iming   s igna l s  R /W  TIMING  so  t h a t   i t   a s s e r t s   the  l o a d  

s i g n a l   once,   and  once  only,   j u s t   ahead  of  the  R  count   s i g n a l ,   s o  

t h a t   only  one  j ump  i s   made  at  each  t ime  a  jump  r equ i r emen t   i s  

d e t e c t e d .  

A  p lus   minus  f l i p   f lop   28  m o n i t o r s   the  c o n d i t i o n   of  the  a l e r t  

d e t e c t o r   and  t h e r e b y   de t e rmines   whether   o p e r a t i o n   i s   in  e x p a n s i o n  

or  compres s ion .   For  expans ion   i t   is   n e c e s s a r y   to  a s s e r t   t h e  

s i g n a l   c a r r y   CY  (which  a l so   f e e l s   the   e x c l u s i v e   OR  which  is  p a r t  

of  the   9 - b i t   s igned   adder  26)  to  cause   the  9 - b i t   s igned   adder  26 

now  to  assume  the   s ign  of  a  n e g a t i v e .   In  o the r   words,   i t  

s u b t r a c t s   to  produce  R -  nΔP.  That  same  f l i p   f l o p   28  commanded  b y  

ALERT  DETECTOR 27  when  i t   is  n e c e s s a r y   to  be  in  the  minus  

c o n d i t i o n   for   a  comparison  between  the  read  and  the  w r i t e  

a d d r e s s e s   in  o rder   to  a s s e r t   jump  f l i p   f l op   2 9 .  

The  amount  of  the  jump,  nΔP,  is  de t e rmined   by  the  p i t c h  

p e r i o d   p r o c e s s o r .   This  c i r c u i t   is  a  combina t ion   of  a n a l o g  



c i r c u i t s   and  d i g i t a l   c i r c u i t s .   The  input   audio  s i gna l   is  a p p l i e d  

to  a  g l o t t a l   pu lse   d e t e c t o r   32.  D e t e c t o r   32  is  a  device   t h a t   i s  

p redominan t ly   a  f i l t e r   t h a t   t r a c k s   the  incoming  audio  at  v a r y i n g  

speed  accord ing   the  value  of  C  p r o v i d e d .   I f ,   as  in  a  t a p e  

r eco rde r   a p p l i c a t i o n ,   t h e r e   are  v a r i a t i o n s   in  the  p layback  s p e e d ,  

d e t e c t o r   32  t r a c k s   t h e s e ,   so  t h a t   the  p a r a m e t e r s   are  n o r m a l i z e d  

a g a i n s t   the  o r i g i n a l   recorded  f r e q u e n c i e s .   I t   moni to rs   the  a u d i o  

peaks  to  d e t e c t   those   peaks  and  a d v i s e s   the  START/STOP  t r a n s f e r  

l og ic   36  t h a t   i t   has  found  each  new  p e a k .  

A  9 - b i t   r i p p l e   counter   block  33  is  c o n t i n u o u s l y   count ing   a t  

the  wr i t e   c lock ,   WCNT.  I t   t r a n s f e r s   i t s   l a t e s t   count  in to   9 - b i t  

l a t c h   34  and  s t a r t s   count ing   again   on  r e c e i p t   of  each  s i gna l   f r o m  

START/STOP  36.  The  START/STOP  t r a n s f e r   l o g i c   36  r e c e i v e s   a n o t h e r  

input   c a l l e d   UPDATE  INHIBIT  out  of  the  jump  f l i p   f lop   2 9  t h a t   i s  

necessa ry   to  keep  the  P  number  from  changing  s i m u l t a n e o u s l y   a t  

the  very  time  i t   is  used  to  make  the   jump.  In  t h a t   event  t h e  

t r a n s f e r   of  the  9 - b i t   r i p p l e   coun te r   which  is  asynchronous   w i t h  

the  W  count  would  be  held  long  enough  so  t h a t   i t   w i l l   not  d i s t u r b  

the  9 - b i t   l a t c h   34  dur ing  the  time  of  the  read  cycle   when  d a t a  

must  be  a v a i l a b l e .   Af ter   t h a t ,   the   update   occu r s .   A  l i m i t s  

d e t e c t o r   35  m o n i t o r s   the  c u r r e n t   va lue   of  the  9 - b i t   r i p p l e   c o u n t e r  

33  as  i t   counts   up  u n t i l   i t   r eaches   a  c e r t a i n   minimum  number .  

Unt i l   t ha t   minimum  is  reached ,   even  though  ano the r   s t a r t / s t o p  

s i g n a l   occurs   i t   w i l l   be  ignored .   Once  t h a t   minimum  has  b e e n  

exceeded,   however,  a  new  g l o t t a l   p u l s e   peak  d e t e c t i o n   f rom 

d e t e c t o r   32  i n i t i a t e s   s t a r t / s t o p   t r a n s f e r .   If   a  c e r t a i n   maximum 

count  in  r i p p l e   counte r   33  is  reached   w i t h o u t   a  g l o t t a l   pu lse   p e a k  

being  d e t e c t e d   by  d e t e c t o r   32,  l i m i t s   d e t e c t o r   35  w i l l   r e j e c t   t h a t  

maximum  as  being  a  number  t h a t   is  too  l a r g e ,   in  which  case  t h e r e  

is  no  update .   In  t h a t   case  the  l a s t   va lue   t h a t   was  r e s i d e n t   i n  

the  9 - b i t   l a t c h   34  is  used.  The  9 - b i t   l a t c h   34  always  has  a  

number  a v a i l a b l e   for  the  n  P  value  should   i t   be  needed.  T h i s  

f l e x i b i l i t y   is  n e c e s s a r y   because  the   jumps  taken   by  JUMP  CONTROL 

occur  only  when  r e q u i r e d   by  the  r e l a t i o n s h i p   of  the  read  and  w r i t e  



p o i n t e r s   and  t h i s   r e q u i r e m e n t   bears   no  r e l a t i o n   to  the  o c c u r e n c e  

of  g l o t t a l   p u l s e s   d e t e c t e d   out  of  d e t e c t o r   32  (or  to  any  s i g n a l  

c r i t e r i o n .  

Typ ica l   v a l u e s   for   the  l i m i t s   of  the  l i m i t s   d e t e c t o r   35  i n  

the  range  of  10  m i l l i s e c o n d s   and  20  m i l l i s e c o n d s ,   normal ized   t o  

the  ou tpu t   s i g n a l ,   were  found  to  produce  good  r e s u l t s .   T h i s  

i n t e r v a l   for   a  v a l i d   g l o t t a l   pulse   pe r iod   c o r r e s p o n d s   to  a  p i t c h  

( i . e .   fundamenta l   f requency)   range  of  50  Hz  and  100  Hz.  If  t h e  

incoming  audio   is  at   a  h igher   f r equency ,   the   d e t e c t e d   n  P  w i l l   b e  

c lose   to  the   minimum  l i m i t   ( i . e .   10  ms)  because   of  the   h i g h  

f r equency   of  the  d e t e c t e d   peaks  coming  out  of  d e t e c t o r   32.  T h a t  

i s ,   as  soon  as  the  l i m i t s   d e t e c t o r   35  r eaches   t h a t   m i n i u m   number 

i t   is  l i k e l y   t h a t   a  peak  w i l l   come  along  and  START/STOP  36  w i l l  

load  t h a t   number  c l o s e   to  10  ms  inro   the  9 - b i t   l a t c h   34  and  t h e n  

s t a r t   a n o t h e r   c y c l e .   S i m i l a r l y   i f   an  unvoiced  sound  occu r s ,   ( e . g .  

whi te   n o i s e ) ,   a  minimum  number  wi l l   be  accumula ted   in  9 - b i t   l a t c h  

34.  A  minimum  va lue   s i g n i f i c a n t l y   l e s s   than  10  ms  would  r e s u l t   i n  

a  n e e d l e s s l y   high  p r o c e s s i n g   r a t e ,   whi le   i n c r e a s i n g   the  maximum 

va lue   is  l i m i t e d   by  the  s i z e   of  the  memory.  In  t h i s   embodiment ,  

the  maximum  was  chosen  to  be  ha l f   the   memory  s i z e ,   which  makes  i t  

c o n v e n i e n t   to  de t e rmine   the  sign  of  the   number  out  of  the  9 - b i t  

s igned   adder  2 6 .  

T h e   system  o p e r a t e s   by  program  c o n t r o l   as  shown  in  FIG.  4A 

and  4B  to  make  the  jump  as  the  wr i t e   p o i n t e r   app roaches   the  r e a d  

p o i n t e r .  T h e   flow  c h a r t   is  w r i t t e n   as  having  two  p r o c e s s o r s  
working  on  the   b locks   of  WAIT  1  and  WAIT  2.  WAIT  1  s t ands   f o r  

p r o c e s s o r   1  and  WAIT  2  for  p r o c e s s o r   2.  The  system  has  s e p a r a t e  
hardware   e l emen t s   t h a t   a re   working  in  c o n c e r t   a t   the   same  t ime,   s o  

t h e r e   is  not   a  s i n g l e   p r o c e s s o r .   There  o p e r a t i o n   is   d e s c r i b e d   a s  
d i s t i n c t   by  us ing  the   p r o c e s s o r   n o t a t i o n   WAIT  1  and  WAIT  2  to  show 

t h a t   t h e r e   a re   p r o c e s s e s   t h a t   are   going  on  s i m u l t a n e o u s l y .  

The  ACCESS  CONTROL  PROCESSOR  of  FIG.  3C  is   programmed  as  f l o w  

c h a r t e d   under  WAIT  2.  There  are  two  competing  p r o c e s s e s ,   a  w r i t e  

c lock  p r o c e s s   (FIG.  4B)  and  a  read  clock  p r o c e s s   (FIG.  4A)  t h a t  



are  wa i t i ng   for  p r o c e s s o r   number  2.  P rocesso r   number  2  is  d e v o t e d  

to  doing  the  bus ines s   of  the  random  access   memory  which  c a n n o t  

read  and  w r i t e   s i m u l t a n e o u s l y .   The  d e c i s i o n   block  c a l l e d   ANY 

TICK?  is  a  wa i t i ng   loop  used  while   the  ACCESS  CONTROL  PROCESSOR  i s  

w a i t i n g   for  something  to  happen.  ACCESS  CONTROL  has  two  t i c k  

r e g i s t e r s   21,  22.  When  e i t h e r   t i c k   r e g i s t e r   is  se t   the   t i c k  

d e c i s i o n   block  e x i t s   on  the  YES  s ide  in to   FLIP  FLOP  TO  ONE  ONLY, 

READ  ELSE  WRITE  ( co r re spond ing   to  f l i p   f lop   23).   Taking  f i r s t   t h e  

w r i t e   cyc l e ,   the  program  s i g n a l s   the  analog  d i g i t a l   c o n v e r t e r   12 

to  s tay   out  of  the  input   b u f f e r   FIG.  4B  (BUFFER  BUSY?)  Then  a f t e r  

a  de l ay ,   i t   pe rmi t s   t h a t   b u f f e r   to  c l e a r   had  i t   been  busy.  T h i s  

o p e r a t i o n   is  CLEAR  THE  WRITE  PROCESS  TICK  REGISTER.  I t   can  b e  

done  any  time  in  t h i s   f low,  but  i t   is  conven ien t   to  do  i t   h e r e .  

Next  the  input   bu f fe r   is  t r a n s f e r r e d   to  the  random  access   memory. 
(In  FIG.  3A  the  input   b u f f e r   14  is  s t r o b e d   by  the  input   s t r o b e   and  

data   is  w r i t t e n   in  through  the  b i d i r e c t i o n a l   I/O  l i n e   in to   RAM 

17.)  Then  the  analog  to  d i g i t a l   c o n v e r t e r ,   if   i t   happens  to  b e  

c o n v e r t i n g   at  tha t   p a r t i c u l a r   t ime,   is  c l e a r e d .   The  next  s t ep   i s  

to  check  POINTER  ALERT.  Here  the  ou tput   of  the  jump  c o n t r o l   9 - b i t  

s igned   adder  26  is  used  to  compare  the  read  add re s s   a g a i n s t   t h e  

w r i t e   address   to  f ind  out  i f   the  s e p a r a t i o n   of  the  two  p o i n t e r s   i s  

c o l l a p s i n g .   Most  o f  t h e   time  the  program  wi l l   f ind   t h a t   t h e  

p o i n t e r s   are  not  c o l l a p s i n g   so  the  NO  ex i t   is  t aken .   Then  t h e  

only  remaining  order  of  b u s i n e s s   in  the  wr i t e   p roce s s   is  t o  

advance  the  wr i t e   p o i n t e r ,   t h a t   is  to  increment   the  9 - b i t   r i p p l e  

coun te r   20.  Then  the  program  goes  to  WAIT  2.  Now  because  t h e  

w r i t e   p roces s   t i ck   r e g i s t e r   was  c l e a r e d ,   when  the  program  comes 

back  up  to  WAIT  2  i t   w i l l   h i t   the  i n t e r r o g a t i o n   block  ANY  TICK? 

and  t h e r e   w i l l   not  be  a  t i c k   coming  from  the  w r i t e   c lock .   But  a  

t i c k   might  have  been  r e cogn ized   from  the  read  c lock .   In  t h a t   c a s e  

ANY  TICK  YES  goes  to  ONLY  READ  ELSE  WRITE  and  s e l e c t s   READ  b e c a u s e  

WRITE  has  been  s a t i s f i e d .  

In  the  read  p rocess   i t   is  n e c e s s a r y   switch  the  POINTER  MUX  t o  

s e l e c t   the  9 - b i t   read  add re s s   from  coun te r   19.  That  is  only  done  



in  the   read  p r o c e s s   s i n c e   the  w r i t e   p r o c e s s   assumes  t h a t   a  w r i t e  

a d d r e s s   i s   always  a v a i l a b l e .   Next  the  program  advances   the   r e a d  

p o i n t e r ,   changing  the   R  count   s i g n a l ,   RCNT,  which  t e l l s   coun te r   19  

to  i nc remen t   to  R  +  1 .   Note  t h a t   t h e r e   is  an  inc rement   even  i f  

t h e r e   is  a  jump.  Next  is   an  u n c o n d i t i o n a l   de lay   to  i n s u r e   t h a t  

the   count   has  s e t t l e d   on  the  ou tpu t   l i n e s ,   of  coun te r   1 9 .  

This  is   a  c o n v e n i e n t   p l ace   to  c l e a r   the  read  p r o c e s s   t i c k  

r e g i s t e r   t h a t   s t a r t e d   t h i s   read  cyc l e .   With  the  a d d r e s s e s   s e t t l e d  

i t   is   now  time  to  read  the  RAM  to  OUTPUT  BUFFER.  I t   is  not  r e a d  

a t   t h i s   t ime  d i r e c t l y   to  the  audio  ou tpu t   because  to  do  t h a t   t h a t  

would  cause  the  ou tpu t   to  j i t t e r .   To  a s s u r e   t h a t   the   ou tpu t   w i l l  

be  very   r e g u l a r ,   the   RAM  is  w r i t t e n   to  the  ou tpu t   b u f f e r .  

The  ou tpu t   b u f f e r   15,  a l though   i t   is  connec ted   to  the  d i g i t a l  

to  analog  c o n v e r t e r   DAC  16,  has  a  b u i l t   in  l a t c h   so  t h a t   a l t h o u g h  
the   DAC  is  connec ted   the  l a s t   p i ece   of  data   i s   ho ld ing   on  t h e  

o u t p u t .   Under  the  c o n t r o l   of  the  read  clock  the  program  s t r o b e s  

t h a t   ou tpu t   b u f f e r   to  the  DAC  l a t c h .   This  is   shown  in  the  u p p e r  
r i g h t   hand  p o r t i o n   of  the  flow  c h a r t .   The  s t r o b e   occurs   always  o n  
the   l e a d i n g   edge  of  the   read  c lock .   The  l a s t   va lue   t h a t   was  

r e s i d e n t   in  the  b u f f e r ,   when  l a s t   read ,   is  then  t r a n s f e r e d   to  t h e  

l a t c h   ha l f   of  the  d i g i t a l   analog  c o n v e r t e r   16.  Because  t h a t   r e a d  

c lock  a l so   t r i g g e r s   the   t i c k   r e g i s t e r   t h e r e   w i l l   not  be  a  r e a d  

c y c l e   t h a t ' s   occupying  t h a t   b u f f e r   at  the  same  t i m e .  

A f t e r   r ead ing   the   RAM  to  the   ou tpu t   b u f f e r ,   the   p r o g r a m  

moves  to  an  i n t e r r o g a t i o n   block  where  i t   is   asked  " i s   JUMP  FLIP  

FLOP  SET?"  The  jump  f l i p   f l o p   is   p a r t   of  the   w r i t e   p r o c e s s .   I f  

i t   has  not  been  s e t ,   a  NO output   r e t u r n s   the  READ  p o i n t e r   mux  t o  

the   w r i t e   s e l e c t i o n   and  aga in   the  program  goes  back  to  WAIT  2 .  

A f t e r   s a t i s f y i n g   the   read  p r o c e s s   the  program  w i l l   not  do  

a n o t h e r   read  u n t i l   the   c lock   RCNT  has  gone  low  and  then  a g a i n  

h igh .   If  a f t e r   the  read  p r o c e s s   the  w r i t e   c lock  had  l e f t  

something   in  the  t i c k   r e g i s t e r   the   program  again   would  i m m e d i a t e l y  

fo l low  th rough   and  do  the  w r i t e   cyc l e .   For  the  c o n d i t i o n s   w h i c h  

fo l l ow   on  the  w r i t e   cyc l e   the  p o i n t e r   a l e r t   t h a t   is   doing  a  



comparison  using  the  9 - b i t   s igned  adder  26  with  the  W/  P  MUX  i n  

the  W  p o s i t i o n   which  i t   o r d i n a r i l y   is  in,   compares  the  r e a d  

address   with  t h i s   l a t e s t   w r i t e   a d d r e s s .   If  the  POINTER  ALERT  h a s  

s i g n a l l e d   yes ,   ( t h e r e   is  an  impending  c o l l i s i o n   of  the  two  

p o i n t e r s , )   then  a l e r t   d e t e c t o r   27  w i l l   have  a  s igna l   a s s e r t e d ,   and  

i t   w i l l   be  used  to  se t   the  jump  f l i p   f l op   28.  At  the  same  t i m e  

t h a t   jump  f l i p   f l o p   is  set   the  W  P  MUX  is  togg led   over  to  the  P  

p o s i t i o n   because   the  next  order   of  b u s i n e s s   w i l l   be  for  the  r e a d  

p roces s   to  employ  n  P,  to  accompl ish   the  jump.  To  set   a  p o i n t e r  

a l e r t   here  r e q u i r e d   a  compar ison,   t h a t   is   the  +/ -   f l i p   f l op   28  i s  

o r d i n a r i l y   se t   in  i t s   minus  c o n d i t i o n ,   because  s u b t r a c t i o n   i s  

e q u i v a l e n t   to  a  compar ison .   When  the  jump  f l i p   f lop   is  se t   to  do  

a  jump,  and  the  9 - b i t   s igned  adder  is  a l so   set   in  a  p o s i t i v e  

c o n d i t i o n ,   as  an  adder ,   i t   is  for  the  case  of  compress ion,   for  a  

jump  forward .   In  t h a t   event  the  f l i p   f l op   is  se t   to  p l u s .  

Otherwise   i t   is  l e f t   in  the  minus  p o s i t i o n   for  the  case  o f  

expans ion .   The  way  to  de termine   the  p o l a r i t y   is  to  examine  t h e  

output   of  the  9 - b i t   s igned  adder  to  de t e rmine   the  sign  of  R -   W. 

All  of  the  b i t s   out  of  the  9 - b i t   s igned   adder  are  examined  t o  

determine   whether   they  are  p o s i t i v e   or  n e g a t i v e .   If  they  a r e  

small  and  p o s i t i v e   then  i t   must  be  because   the  p o i n t e r s   a r e  

c o l l a p s i n g   in  t h a t   p a r t i c u l a r   d i r e c t i o n  -   i . e .   the  case  o f  

compress ion .   If   they  are  small   and  n e g a t i v e ,   i t   must  be  b e c a u s e  

the  p o i n t e r s   are  c o l l a p s i n g   in  a  d i r e c t i o n   t h a t   means  t o  

expans ion .   Even  though  the  s ign  is  de t e rmined ,   t he re   is  no  jump 

because  the  program  is  in  the  w r i t e   p r o c e s s .   The  program  s e t s   t h e  

jump  f l i p   f l op   and  goes  over  to  the  read  p roces s   toward  t h e  

c o n d i t i o n   block  to  i n t e r r o g a t e   in  the  read  p rocess   whether  t h e  

JUMP  f l i p   f l op   is  s e t .   In  the  next  read  p roces s   the  p r o g r a m  

i n t e r r o g a t e s   the  jump  f l i p   f lop   and  s i nce   i t   is  s e t ,   i t   t akes   t h e  

branch.   This  w i l l   jump  the  read  p o i n t e r   which  takes   R  to  R  +  o r  -  

n  P,  the  plus  or  minus  being  de te rmined   by  the  plus  or  minus  f l i p  

f lop   block  28,  which  had  been  se t   in  compress ion  during  the  w r i t e  

p r o c e s s .   Making  the  jump  c l e a r s   the  jump  f l i p   f lop   to  a cknowledge  



the  f a c t   t h a t   the   w r i t e   p roce s s   had  c a l l e d   for   a  jump  which  was  

execu ted .   Thus  the   program  jumps  only  once,   u n t i l   the  c o n d i t i o n  

happens  a g a i n .  

Now  the  W/ΔPMUX  31  is  r e t u r n e d   to  i t s   normal  c o n d i t i o n   in  t h e  

w r i t e   p o s i t i o n ,   and  the  p lus   minus  f l i p   f l o p   28  is  c l e a r e d   to  i t s  

normal  c o n d i t i o n ,   being  minus.   To  r e p e a t ,   in  the  w r i t e   p r o c e s s  

the  two  c o n d i t i o n s   of  being  in  the  minus  p o s i t i o n   and  being  in  t h e  

W  p o s i t i o n   are   always  needed  to  compare  W  a g a i n s t   R  to  d e t e r m i n e  

if   a  jump  is  r e q u i r e d .   The  l a s t   o rder   of  b u s i n e s s   in  FIG.  4A  i s  

to  s t e e r   the  p o i n t e r   MUX  to  i t s   normal  p o s i t i o n ,   i . e .   WRITE. 

The  program  for   ana log   to  d i g i t a l   c o n v e r t e r   12  is  shown  u n d e r  

WAIT  1  in  FIG.  4B.  The  t i c k   r e g i s t e r   21  moni to r s   the  wr i t e   c l o c k .  

If   the  w r i t e   c lock  l e a d i n g   edge  happens  a t   t h i s   t ime,   t h i s  

p r o c e s s o r   can  r e c o g n i z e   i t   in  the  same  manner  t h a t   WAIT  2  d i d .  

The  f i r s t   t h ing   i t   does  i s   c l e a r   t h i s   t i c k   r e g i s t e r   and  t h a t  

causes   the  c o n v e r s i o n   from  analog  to  d i g i t a l .   To  de termine   w h e r e  

to  s t o r e   t h a t   d a t a i t   must  examine  whether   or  not  input   bu f f e r   14  

is  busy,  because   the   p r o c e s s   of  WAIT  2  could   be  a cce s s ing   i t   a t  

the  same  t ime.   If   b u f f e r   14  is  f r e e   to  be  used  then  BUFFER  BUSY ? 

is  NO.  This  t a k e s   t he   conve r s ion   from  the  analog  to  d i g i t a l  

c o n v e r t e r   12  and  pu t s   i t   in to   the  input   b u f f e r   14.  The  p r o g r a m  
immedia te ly   goes  back  and  s t a r t s   ano the r   c o n v e r s i o n   un less   WAIT  2  

p r o c e s s   s i g n a l s   i t   to  s t ay   out  of  b u f f e r .  

That  same  audio  analog  s i gna l   t h a t   is   about  to  be  c o n v e r t e d  

to  d i g i t a l   is  be ing  used  by  the  analog  p i t c h   pe r iod   d e t e c t o r   32  t o  

dec ide   whether   or  not   t h e r e   is  a  s t a r t   of  a  p i t c h   p e r i o d ,   b y  

d e t e c t i n g   a  g l o t t a l   p u l s e .   Under  WAIT  3,  ano the r   p r o c e s s o r   (wh ich  

is  no th ing   more  than   a  coun te r   and  a  few  ga tes )   is  count ing  t h e  

i n t e r v a l   between  g l o t t a l   p u l s e s   of  the  audio  i n p u t .   F i r s t   t h e  

program  d i s a b l e s   the   peak  counter   33,  to  s top   the  input   pu l s e s   a n d  

se t   the   count  to  z e r o ,   and  then  i t   wa i t s   for   a  new  g l o t t a l   p u l s e  

to  appear .   The  c o u n t e r   33  is  r e s e t   to  a  s t a r t i n g   c o n d i t i o n   o f  

zero .   The  l a s t   v a l u e   of  the   p i t c h   p e r i o d   t h a t   was  counted  is  n o t  

l o s t   because  i t   can  be  r e s i d e n t   in  9 - b i t   l a t c h   34.  When  a  g l o t t a l  



pulse   comes  in  from  the  analog  pu l se   d e t e c t o r   32  the  program  e x i t s  

the  START  OF  PITCH  PERIOD  in  the  yes  branch  and  enab le s   the  p e a k  

coun te r   33.  Enabl ing  the   peak  counte r   33  a l lows  the   W  counts   WCNT 

to  come  in  on  the  r i g h t   hand  s ide   of  the  9 - b i t   r i p p l e   coun te r   3 3 .  

The  system  moni to rs   the   g l o t t a l   pu l se s   and  each  count  advances   t h e  

c o u n t e r ,   P  becomes  P  +  1.  The  l i m i t   d e t e c t o r   35  checks  whether   o r  

not  the  high  l i m i t   count   is  ove r run .   If  the  count  is  g r e a t e r   t h a n  

384  which  is  about  3/4  the  s i z e   of  the  memory  and  e q u i v a l e n t   t o  

roughly   20  ms.  If  YES,  the  count  is  g r e a t e r   than  the  high  l i m i t  

and  i t   means  t h e r e   was  a  long  i n t e r v a l   between  g l o t t a l   p u l s e s  

( longer   than  is  expec ted   in  normal  speech) ,   so  i t   must  have  been  a  

pause  in  the  speech.   JUMP  should  not  be  based  on  such  a  s i g n a l  

because   t h a t   is  not  a  s t e ady   s t a t e   c o n d i t i o n ,   s o  i n   t h a t   case  t h e  

program  j u s t   abo r t s   and  goes  back  to  WAIT  3.  Note  t h a t   when 

program  fo l lows   t h a t   branch  i t   does  not  change  the  number  t h a t   i s  

s t i l l   r e s i d e n t   in  9 - b i t   l a t c h   3 4 .  

If   the  number  is  l e s s   than  t h a t   maximum,  then  the  p r o g r a m  
asks  whether   or  not  the  end  of  p i t c h   per iod   has  happened.   I f  

t h e r e   is  a  g l o t t a l   p u l s e ,   the  count  is  s topped  and  the   p r o g r a m  
e x i t s   v ia   the  yes  branch  and  then  examines  the  number  in  the  P  

counte r   to  see  i f   i t   is  g r e a t e r   than  95.  This  is  an  a r b i t r a r y  
l i m i t   t h a t   is  s e t ,   e q u i v a l e n t   to  the  10  ms  minimum  l i m i t .   If   t h e  

number  is  g r e a t e r   than  t h a t   very  small   minimum  then  i t   is  c a l l e d   a  

good  p i t c h   pe r iod   because   i t   had  to  be  l e s s   than  or  equal  to  384 

and  i t   had  to  be  g r e a t e r   than  95  which  c o n s t i t u t e s   good  p i t c h  

p e r i o d   ( i . e .   a  voiced  p i t c h ) .   Then  the  program  asks  i f   the   jump 

f l i p   f lop   is  s e t .   If  the   jump  f l i p   f lop   is  se t   l a t c h   34  is  n o t  

changed  because  the  read  cyc le   may  be  using  i t   at  the  same  t i m e .  

If   the  jump  f l i p   f l op   is  not  se t   then  the  read  cyc le   is  not  a b o u t  

to  use  the  nAP  t h a t   is  r e s i d e n t   in  the  9 - b i t   l a t c h   34  so  AP  BUFFER 

is  updated.   In  t h a t   case  the  number  from  the  9 - b i t   r i p p l e   c o u n t e r  

33  is  t r a n s f e r e d   to  the  9 - b i t   ho ld ing   l a t c h   34  and  t h a t   ends  t h a t  

c y c l e .  

When  a  cycle   is  ended  a  new  one  s t a r t s .   The  program  d i s a b l e s  



the   peak  coun te r   and  s e t s   the  count   to  ze ro ,   to  START  OF  PITCH 

PERIOD.  In  t h i s   case  the  answer  is  yes  because   the  s t a r t   of  o n e  

s i g n a l s   the  end  of  a n o t h e r ,   or  v i c e   v e r s a  -   the  end  of  one  w i l l  

s i g n a l   the   s t a r t   of  an  o t h e r .   If   YES,  the  program  r e s i d e s   f o r  

most  of  the   time  in  a  loop  f o l l o w i n g   the  "enable   P  coun te r "   and  W 

count   WCNT,  loops  on  the  "no"  b r anch .   This  is  the  w a i t i n g   t i m e  

where  the   inc rements   the  P  c o u n t e r   upon  each  w r i t e   cyc le   and  k e e p s  

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

found  or  the  count  exceeds  the  upper  l i m i t .   As  long  as  the  c o u n t  

is   l e s s   than  384  the  loop  r e p e a t s   u n t i l   the   end  of  p i t c h   p e r i o d  

and  as  long  as  "end  of  p i t c h - p e r i o d "   is  NO,  meaning  t h a t   the  n e x t  

g l o t t a l   pu l se   has  not  o c c u r r e d ,   the   program  c o n t i n u e s   to  loop  and  

i n c r e m e n t   the  P  counter   on  each  new  w r i t e   coun t .   Thus  the  p r o g r a m  
c o u n t s   the   number  of  w r i t e   c y c l e s   between  g l o t t a l   p u l s e s ,   and  t h i s  

i n t e r v a l   when  found  is  loaded   i n t o   the  9 - b i t   l a t c h   3 4 .  

R e f e r r i n g   now  to  FIG.  5,  a  m o d i f i c a t i o n   for  c o n t r o l   of  t h e  

two  read  p o i n t e r   systems  i n t r o d u c e d   in  FIG.  2  w i l l   be  d e s c r i b e d .  

FIG.  5  shows  only  enough  of  FIG.  3  to  i l l u s t r a t e   the  changes  made 

fo r   t h i s   improvement .  

This   embodiment  a d d r e s s e s   the   problem  of  the  l a r g e   time  d e l a y  

between  the  d e t e c t i o n   of  g l o t t a l   p u l s e s   and  the  use  of  t h i s  

i n f o r m a t i o n   for  the  Read  P o i n t e r   jumps.  I t   improves  o p e r a t i o n   b y  

p r o v i d i n g   an  a u x i l i a r y   Read  P o i n t e r   in  f i xed   r e l a t i v e   p o s i t i o n   t o  

the   w r i t e   p o i n t e r   and  used  s o l e l y   for  the  purpose   of  p r o v i d i n g  

d a t a   to  the  g l o t t a l   Pulse  D e t e c t o r   3 2 .  

This   da ta   from  read  p o i n t e r   R2  is  read  out  of  memory  t h r o u g h  

an  a d d i t i o n a l   DAC  37,  b u f f e r e d   by  an  a d d i t i o n a l   ou tpu t   b u f f e r   3 6 .  

I t   shou ld   be  noted  t h a t   depending  upon  the  speed  c a p a b i l i t i e s   of  a  

t y p i c a l   DAC,  a  s i n g l e   DAC  may  se rve   in  a  m u l t i p l e x e d   c a p a c i t y   t o  

p r o v i d e   the   secondary   "R2  Analog  D a t a " .  

Whether  or  not  an  a d d i t i o n a l   DAC,  or  a  s i n g l e   m u l t i p l e x e d   DAC 

is   employed,   an  a d d i t i o n a l   s t r o b e   t iming   s i g n a l   is  r e q u i r e d   f r o m  

t h e   Access  Control   P r o c e s s o r .   This  s i g n a l   c a l l e d   R2  S t robe   i s  

g e n e r a t e d   by  Access  Cont ro l   P r o c e s s o r   in  r esponse   to  a  r eques t   f o r  



Access  to  the  RAM  der ived   from  WRITE  CLOCK  ODD. 

WRITE  CLOCK  10  is  n e c e s s a r i l y   doubled  in  f requency   for  t h i s  

r e f i n e m e n t .   A  d i v i d e - b y - t w o   f l i p / f l o p   38  d e l i v e r s   two  a l t e r n a t i n g  

s i g n a l s .   One  of  them,  WRITE  CLOCK  EVEN,  is  used  to  s i gna l   t h e  

input   A/D  c o n v e r t e r   12  in  the  same  manner  and  at  the  same 

f requency   as  was  used  for  the  system  of  FIG.  3.  Access  to  the  RAM 

for  w r i t i n g   the  d i g i t a l   data   in to   memory  is  synchron ized   from  t h i s  

s igna l   in  a  manner  s i m i l a r   to  the  b a s i c   s y s t e m .  

The  new  s i g n a l   WRITE  CLOCK  ODD,  ga ins   access   to  the  RAM  by  

way  of  the  Access  Control   P roces so r   to  cause  a  READ  Process   t o  

occur  in  between  each  WRITE  p r o c e s s ,   and  so  t h i s   new  READ  p r o c e s s  

occurs   at   the   same  c o n t r o l l e d   r a t e   as  the  WRITE  p r o c e s s i n g .   The 

WRITE  a spec t   of  WRITE  P roces s ing   is  the   same  as  in  the  b a s i c  

system,  however  a  new  READ  aspec t   is  added  so  t h a t   the  Audio  I n p u t  

s i gna l   can  e f f e c t i v e l y   be  s h i f t e d   along  the  t i m e - a x i s   be fo re   b e i n g  

app l i ed   to  the   G l o t t a l   Pulse  D e t e c t o r   3 2 .  

In  the  case  of  an  Analog  G l o t t a l   Pulse   D e t e c t o r ,   a n  

a d d i t i o n a l   DAC  f u n c t i o n   is  needed  for   t h i s   r e f i n e m e n t .   Such 

a d d i t i o n a l   f u n c t i o n   may  be  p rov ided   e x p l i c i t l y   in  the  a d d i t i o n a l  

DAC  37  or  i t   may  be  der ived   i m p l i c i t l y   by  s u i t a b l e   m u l t i p l e x i n g   o f  

MC  16  of  FIG.  3  with  subsequent   analog  d e m u l t i p l e x i n g .  

For  the  case  of  a  D i g i t a l   G l o t t a l   Pulse   D e t e c t o r ,   only  t h e  

a d d i t i o n a l   READ  aspec t   of  WRITE  P r o c e s s i n g   is  r e q u i r e d .  

For  whichever   type  of  data  p r o c e s s e d ,   the  remainder   of  t h i s  

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

t i m e - a x i s   s h i f t   of  the  audio  input   s i g n a l .  

The  9 - b i t   RIPPLE  COUNTER  20  is  the   same  Wri te   Po in t e r   C o u n t e r  

as  in  the  b a s i c   system.  A  new  o f f s e t   s t r u c t u r e   comprised  of  a  

4 - b i t   Adder  39  and  W/R2  S e l e c t i o n   M u l t i p l e x e r   40  p rov ides   for  t h e  

t i m e - a x i s   s h i f t .  

An  example  of  an  " o f f s e t   code"  of  1 2 8  i s   shown  as  a n  i n p u t   t o  

the  4 - b i t   Adder  39.  This  number  may  be  any  number  t h a t   can  b e  

r e p r e s e n t e d   with  the  upper  4 - b i t s   of  a  9 - b i t   code,  128  happens  t o  

r e p r e s e n t   o n e - q u a r t e r   of  the  512  p o s s i b l e   WRITE  a d d r e s s e s .   The  



s m a l l e s t   p o s s i b l e   number  for   a  4 - b i t   o f f s e t   code  is  3 2 ,  

r e p r e s e n t i n g   6  1/4%  of  the  depth  of  the   da ta   memory.  Other  c o d e s  

in  inc rements   of  6  1/4%  are   p o s s i b l e .  

The  s econdary   R2  Analog  Data  may  be  s e l e c t e d   to  be  read  o u t  

of  memory  e i t h e r   ahead  of  the  WRITE  P o i n t e r   or  behind  the  WRITE 

P o i n t e r   depending  upon  the   phase  r e l a t i o n s h i p   of  t iming  s i g n a l s  

OFFSET  SELECT  and  WRITE  CLOCK  EVEN.  I f   OFFSET  SELECT  is  a s s e r t e d  

to  s e l e c t   the   4 - b i t s ,   from  4 - b i t   Adder  39  at  the  same  time  a s  

WRITE  EVEN  causes   da ta   to  be  w r i t t e n   i n t o   memory,  while  READ 

Aspect  R2  S t robe   occurs   when  OFFSET  SELECT  is  u n a s s e r t e d   to  s e l e c t  

the  4 - b i t s   d i r e c t l y   from  c o u n t e r   20,  then   the  R2  Analog  Data  w i l l  

lag  behind  the  Audio  INput  by  the  amount  of  OFFSET  CODE. 

Converse ly ,   i f   the  phase  r e l a t i o n s h i p   of  OFFSET  SELECT  is  s u c h  

t h a t   i t   c o i n c i d e s   wi th   WRITE  CLOCK  ODD,  then  i t   w i l l   be  the  A u d i o  

INput  t h a t   lags   beh ind .   But  because   the   memory  is  a  c i r c u l a r  

s t o r e ,   the  e f f e c t   is  to  have  R2  Analog  Data  l agg ing   behind  A u d i o  

INput  by  the  f u l l   s i z e   of  the   memory  ( for   example  512)  l e s s   t h e  

amount  of  OFFSET  CODE. 

A  f u r t h e r   f e a t u r e   of  t h i s   r e f i n e m e n t   is   COMPRESSION/EXPANSION 

DISCRIMINATOR  45.  This   l o g i c   block  compares  the  w r i t i n g   r a t e  

a g a i n s t   the  r ead ing   r a t e   and  so  is  ab le   to  a s s e r t   a  l og i c   s i g n a l  

"COMP"  when  the  w r i t i n g   r a t e   exceeds  the   read ing   r a t e .   ACCESS 

CONTROL  PROCESSOR  is  thus  ab le   to  make  use  of  t h i s   i n f o r m a t i o n   i n  

dec id ing   which  phase  r e l a t i o n s h i p   to  apply   to  OFFSET  SELECT. 

I t   w i l l   be  seen  t h a t   i f   OFFSET  SELECT  is   l e f t   at  a  s t e a d y  

l o g i c   l e v e l ,   e i t h e r   l o g i c   t r u e   or  l o g i c   not   t r u e ,   then  a d d r e s s e s  

de r ived   from  coun t e r   20  are   e f f e c t i v e l y   the  same  for  WRITE  CLOCK 

EVEN  and  WRITE  CLOCK  ODD,  p r o v i d i n g   a  c o n d i t i o n   of  zero  o f f s e t  

r e g a r d l e s s   of  the   v a l u e   of  "OFFSET  CODE".  I t   is   t h i s   c o n d i t i o n   o f  

zero  o f f s e t   t h a t   i s   d e s i r a b l e   for   the   case   of  Expansion,   w h e r e i n  

the  READ  P o i n t e r   jumps  backward  away  from  the  WRITE  P o i n t e r ,  

jumping  over  da ta   t h a t   has  j u s t   been  e v a l u a t e d   for  i t s  

p i t c h - p e r i o d .  

For  the  case  of  compres s ion ,   the   READ  P o i n t e r   tends  to  l a g  



behind  the  WRITE  P o i n t e r   and  t h i s   lag  becomes  p r o g r e s s i v e l y  

g r e a t e r   u n t i l   i t   becomes  n e c e s s a r y   to  jump  ahead  because  the  f u l l  

s ize   of  the  c i r c u l a r   s t o r e   is  f i l l e d   and  the  WRITE  Po in t e r   w i l l  

soon  overun  the  READ  P o i n t e r   r e s u l t i n g   in  an  u n c o n t r o l l e d   "jump" 

and  a  c o n s e q u e n t i a l   i n d e t e r m i n a t e   s p l i c e   of  the  output   d a t a .  

Acco rd ing ly ,   when  a  jump  is  taken  j u s t   s l i g h t l y   be fo re   t h i s  

overrun  c o n d i t i o n   and  i t   is  taken  only  by  the  amount  of  "n  P",  t h e  

r e s u l t i n g   READ  P o i n t e r   w i l l   s t i l l   l i k e l y   be  deep  in to   data  memory. 

In  f a c t ,   with  t h i s   "Jump-On-Necess i ty"   Logic ,   the   READ  P o i n t e r  

manages  to  j u s t   s t ay   ahead  of  the  WRITE  P o i n t e r   in  the  c i r c u l a r  

s t o r e .   This  behav ior   is  p e r f e c t l y   a c c e p t a b l e   when  the  s p e e c h  

waveform  is  r e a s o n a b l y   s t e a d y - s t a t e   in  P i t c h - P e r i o d .   But  when  t h e  

P i t c h - P e r i o d   is  " g l i d i n g "   to  a  new  va lue ,   and  when  i t   is  b e i n g  

de r ived   from  the  Audio  INput,   then  the  P i t c h - P e r i o d   m o s t .  r e c e n t l y  

e v a l u a t e d   may  be  c o n s i d e r a b l y   in  the  f u t u r e   in  r e s p e c t   to  the  READ 

P o i n t e r .   I t   is  for   t h i s   c o n d i t i o n   t h a t   t h i s   R2(W)  m o d i f i c a t i o n   o f  

FIG.  5  proves  most  u s e f u l .   By  p r o v i d i n g   an  o f f s e t   such  tha t   R2 

Analog  Data  comes  from  data   deep  in to   the  c i r c u l a r   s t o r e ,   then  t h e  

e v a l u a t i o n   of  P i t c h - P e r i o d   can  come  from  da ta   t h a t   is  more  n e a r l y  

a l i gned   in  time  with  the  s e c t i o n   of  memory  over  which  the  p r i m a r y  

READ  p o i n t e r   w i l l   a c t u a l   make  i t s   jump. 

A c c o r d i n g l y ,   the  p r e f e r r e d   embodiment  of  t h i s   r e f inement   i s  

to  ope ra t e   with  OFFSET  SELECT  at  a  s t eady   l e v e l   for  zero  o f f s e t  

when  COMPRESSION/EXPANSION  DISCRIMINATOR  (45)  i n d i c a t e s   the  c a s e  

Expansion  (COMP.=0)  and  for   the  case  of  Compression  (COMP.=1)  t o  

o p e r a t e   the  OFFSET  SELECT  a s s e r t e d   in  an  i n - p h a s e   r e l a t i o n s h i p  

with  WRITE  CLOCK  ODD  so  t h a t   R2  ANALOG  DATA  is  e x t r a c t e d   ahead  o f  

the  WRITE  POINTER  by  the  amount  of  "OFFSET  CODE". 

(Note:  Comment  in  "MSB"  and  "LSB"  o u t p u t s   of  9 - b i t   r i p p l e  

counter   2 0 . )  

Another  embodiment  of  the  i n v e n t i o n   a f f o r d s   two  d i s t i n c t  

f e a t u r e s   e i t h e r   for  the  Basic  System  of  FIG.  3  or  for  a  B a s i c  

System  r e f i n e d   accord ing   to  R2  (W)  as  in  FIG.  5.  The 

m o d i f i c a t i o n s   of  FIG.  3  used  to  implement  t h e s e   f e a t u r e s   are  shown 



in  FIG.  6 .  

The  f i r s t   f e a t u r e   a f f o r d s   a  means  to  o b t a i n   a  m u l t i p l i c a t i v e  

va lue   for   nAP,  wherein   comes  from  a  measurement  between  e x a c t l y  

two  g l o t t a l   p u l s e s   and  "n"  is   e i t h e r   f i xed   or  is  d e r i ved   from  t h e  

second  f e a t u r e .   This  f i r s t   f e a t u r e   thus   a f f o r d s   a  means  to  o b t a i n  

a  jump  va lue   t h a t   can  be  d e r i v e d   from  the  s m a l l e s t   p o s s i b l e   t i m e  

i n t e r v a l   (n=l)  and  is  t h e r e f o r e   more  o f t e n   a v a i l a b l e   than  a  v a l u e  

t h a t   is   d e r i v e d   by  coun t i ng   over   more  than  one  P i t c h - P e r i o d   (n=2 ,  

3,  e t c . )   and  can  t h e r e b y   be  more  r e c e n t l y   r e p r e s e n t a t i v e   when 

P i t c h - P e r i o d   is  r a p i d l y   c h a n g i n g .  

The  second  f e a t u r e   a f f o r d s   a  means  to  c o n t r o l   the  " k e e p  

i n t e r v a l , "   the   i n t e r v a l   between  jumps  which  becomes  more  i m p o r t a n t  

at   h ighe r   va lues   of  compress ion   "C"  when  the  WRITE  POINTER  s p e e d s  

away  from  the  READ  POINTER  so  f a s t   t h a t   jumps  are  n e c e s s a r y   s o  

o f t e n   t h a t   the   READ  POINTER  is   never  ab le   to  d e l i v e r   a  c o n t i g u o u s  

segment  t h a t   is   long  enough  to  g u a r a n t e e   t h a t   i t   c o n t a i n s   a t   l e a s t  

one  g l o t t a l   p u l s e .   Such  h i g h e r   compress ion   r a t i o s   d i c t a t e   the   u s e  

of  l a r g e r   d i s c a r d   segments   to  i n s u r e   t h a t   the  keep  segments  w i l l  

be  of  adequa te   l e n g t h ;   however ,   a t   lower  compress ion   r a t i o s ,  

s h o r t e r   d i s c a r d   segments   may  be  p r e f e r a b l e .   A c c o r d i n g l y ,   M a t r i x  

ROM  (Read-Only-Memory)  42  p r o v i d e s   a  means  to  adapt   a  l a r g e   memory 

for   p u r p o s e f u l   f u l l   e x p l o i t a t i o n   for   l a r g e   C  and  for   p u r p o s e f u l  

p a r t i a l   e x p l o i t a t i o n   for   C  more  n e a r l y   u n i t y .   The  a b s o l u t e   v a l u e  

of  jump  e q u i v a l e n t   to  the   d i s c a r d   segment  can  be  the  d e s i g n  

o b j e c t i v e ,   because   "AP"  is   p a r t   of  the   Matr ix   i n p u t .  

READ/WRITE  FREQUENCY  DISCRIMINATOR  44  compares  the   w r i t i n g  

r a t e   a g a i n s t   the   Reading  r a t e   and  p r o v i d e s   a  3 - b i t   b i n a r y   m e a s u r e  

of  compress ion   "C".  Thus  C2  o u t p u t  r e p r e s e n t s   compress ion ,   c O . 5  

r e p r e s e n t s   expans ion   and  Cl  is   normal  p layback   wi th   no  p i t c h  

change.   A  "  P"  coun te r   p r o v i d e s   a  f r e q u e n t l y   updated  9 - b i t   b i n a r y  

number  r e p r e s e n t i n g   the  i n t e r v a l   of  add re s s   l o c a t i o n s   b e t w e e n  

g l o t t a l   p u l s e s .   Together   t h e s e   1 2 - b i t s   p rov ide   a  l ook-up   a d d r e s s  

for   Matr ix   ROM  42.  The  Matr ix   ROM  42  p r o v i d e s   as  the  operand  o f  

i t s   look-up   a  4 - b i t   t a b l e d   da t a   e lement   r e p r e s e n t i n g   the   d e s i r a b l e  



value   of  "n"  from  n=1  to  n = 1 5 .  

A  4  X  4K  =  16K -  b i t   ROM  is  s u f f i c i e n t   a l t hough   c e r t a i n l y   n o t  

n e c e s s a r y   for  the  s i ze   of  Matr ix   ROM  42.  Combina t iona l   Logic  o n  

the  1 2 - b i t   a d d r e s s e s   P  and  C  can  be  used  to  reduce  t h i s   memory 

r e q u i r e m e n t .  

The  ΔP  counte r   46  is  comprised  of  the  9 - b i t   RIPPLE  c o u n t e r  

33,  START/STOP  TRANSFER  LOGIC  36  and  LIMITS  DETECTOR  33  forming  a n  

i n t e r v a l   coun te r   for  the  number  of  w r i t e   p u l s e s   between  e x a c t l y  

two  p u l s e s   from  Analog  G l o t t a l   Pulse  De tec to r   32.  This  is  s i m p l y  

a  s p e c i a l i z a t i o n   of  the  n  P  coun te r   of  the  system  of  FIG.  3,  b u t  

with  LIMITS  DETECTOR  33  se t   s u f f i c i e n t l y   low  t h a t   n = 1 .  

ΔP  Counter   s t o r e s   i t s   most  r e c e n t   measurement  in  9 - b i t   ΔP 

BUFFER  46,  and  each  time  i t   does  so  i t   s i g n a l s   s u c c e s s i v e   ADDITION 

SEQUENCER  41  t h a t   new  da ta   is  a v a i l a b l e .  

Af t e r   each  data   sample  is  read  out  of  RAM  17  ( F I G .  3 ) ,   t h e  

s u c c e s s i v e   ADDITION  SEQUENCER  r e c e i v e s   a  s y n c h r o n i z i n g   s t a r t  

s i g n a l   END  OF  READ  CYCLE.  If   new  da ta   is  a v a i l a b l e   from  t h e  Δ P  

c o u n t e r ,   the  SUCCESSIVE  ADDITION  SEQUENCER  wi l l   begin  to  p e r f o r m  

"n"  s u c c e s s i v e   a d d i t i o n s   and  w i l l   complete   i t s   o p e r a t i o n s   b e f o r e  

the  next   READ-CYCLE  when  "nΔP"  may  be  r e q u i r e d .   A  RESET  s i g n a l   i s  

f i r s t   s en t   to  a  9 - b i t   n  P  s t o r e   43  to  c l e a r   i t   to  zero .   This  z e r o  

appears   on  a  9 - b i t   adder  40  t o g e t h e r   with  the  new  ΔP from  the  ΔP 

c o u n t e r .   A  s t r o b e   s i g n a l   is  then  i s sued   to  n  P  STORE  43  from  t h e  

sequencer   41  so  t h a t   i t   t akes   the  sum  of  ΔP  and  ze ro .   If  n ( Δ P ,  C )  

= 1 ,   the   sequence  is  completed.   For  n(  P,C)≥2,   s u c c e s s i v e   s t r o b e s  

are  i s s u e d ,   with  only  a  s h o r t   s e t t l i n g   time  r e q u i r e d   b e t w e e n  

s t r o b e s .   Thus  the nΔP  STORE  accumulates  ΔP+0=ΔP,  ΔP+  ΔP  =  2ΔP,  2Δ 

P+ΔP  =  3AP  and  so  on  u n t i l   "n"  is  s a t i s f i e d ,   where  the   va lue   o f  

"n"  is  o b t a i n e d   from  MATRIX  ROM  42.  For  example,  h ighe r   C  v a l u e s  

would  r e q u i r e   a  l a r g e r   n,  whi le   l a r g e r   Pvalues   would  r e q u i r e   a  

s m a l l e r   n .  

An  a l t e r n a t i v e   mode  of  o p e r a t i o n   of  FIG.  3  w i l l   now  b e  

d e s c r i b e d .   I t s   o b j e c t i v e   is  the  same  as  t h a t   to  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  FIG.  5  in  t h a t   i t   seeks  to  minimize  the  de lay   b e t w e e n  



the  P i t c h - P e r i o d   i n f o r m a t i o n   and  the  READ  POINTER  for  the  case  o f  

compress ion   (C>1).  In  so  doing  i t   a l so   makes  the  s i z e   of  t h e  

c i r c u l a r   s t o r e   l e s s   of  a  des ign   c o n s i d e r a t i o n .  

The  a r c h i t e c t u r e   for  t h i s   r e f i n e m e n t   is   the  same  a r c h i t e c t u r e  

as  t h a t   of  FIGS.  3  and  4,  the  only  m o d i f i c a t i o n s   neces sa ry   a r e  

c o n t a i n e d   in  the  t im ing   s i g n a l s   t h a t   are   g e n e r a t e d   by  the  ACCESS 

CONTROL  PROCESSOR. 

The  m o d i f i c a t i o n   may  be  thought   of  as  p roduc ing   a  " t r i a l  

jump"  between  each  and  every  READ  ACCESS,  so  t h a t   a  second  v i r t u a l  

ALERT  POINTER  is   c r e a t e d ,   running  a t   the  READ  r a t e   but  r u n n i n g  

ahead  of  the  READ  POINTER  by  an  amount  n  P.  Then  the  ALERT 

DETECTOR  27  i n s t e a d   of  o p e r a t i n g   on  the  q u a n t i t y   "R-W",  o p e r a t e s  

on  the  q u a n t i t y   "R+nΔP-W".  The  c r i t e r i a   for   ALERT  (when  a  jump  i s  

to  be  taken)  then  becomes  not  a  JUMP-OF-NECESSITY  but  r a t h e r   a  

JUMP-ON-OPPORTUNITY. 

The  m o d i f i c a t i o n   need  only  apply   to  the   case  of  c o m p r e s s i o n .  

The  case  of  Expansion  remains   unchanged,   i t s   ALERT  Logic  is  s t i l l  

the   J u m p - o f - N e c e s s i t y   but  because  i t s   READ  r a t e   tends   to  o v e r t a k e  

the   WRITE  POINTER,  the  two  p o i n t e r s   tend  to  m a i n t a i n   a  c l o s e  

s e p a r a t i o n   wi th   the  READ  POINTER  only  in  sha l low  memory.  Thus  t h e  

P i t c h - P e r i o d   i n f o r m a t i o n   o b t a i n e d   from  the  Audio  INpu t  

( e s s e n t i a l l y   e q u i v a l e n t   to  the  i n f o r m a t i o n   being  w r i t t e n   in to   t h e  

memory  by  the  WRITE  POINTER)  can  be  used  for   d e t e r m i n i n g   the  jump 

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

the  memory. 
The  P i t c h - P e r i o d   be ing   e x t r a c t e d   from  the  AUDIO  INput  is  t h a t  

c o r r e s p o n d i n g   to  the  s i g n a l   i n f o r m a t i o n   s t o r e d   in  sha l low  memory. 
This  is  g e n e r a l l y   a  d e s i r a b l e   f e a t u r e   because   i t   means  t h a t   when 

the   P i t c h - P e r i o d   changes   the   speech  waveform  t h a t   be longs   to  t h a t  

change  is  in  r e c e n t   memory.  If   a  jump  is   t aken   over  t h a t   same 

waveform  i t   w i l l   p roduce   a  good  s p l i c e ,   s i n c e   the  P i t c h - P e r i o d  

i n f o r m a t i o n   used  is  t h a t   of  the   s i g n a l   a c t u a l l y   jumped  over .   Bu t  

i f   the   READ  POINTER  is  a l lowed   to  s ink  deep  i n to   memory  t h e  

waveforms  t h a t   i t   jumps  over  have  been  measured  for   P i t c h - P e r i o d  



at   a  much  e a r l i e r   t ime  and  if   the  P i t c h - P e r i o d   is   changing  and  i s  

being  c o n t i n u o u s l y   upda ted ,   the  a p p r o p r i a t e   nΔP  for  the  jump  is  n o  

longer   a v a i l a b l e .  

"JUMP-ON-OPPORTUNITY"  for  the  case  of  c o m p r e s s i o n ,  

" Jump-On-Necess i ty"   for  the  case  of  Expansion  is  the   s t r a t e g y   t h a t  

t h i s   r e f i n e m e n t   employs  to  ope ra t e   always  in  sha l low  memory. 

Implement ing   t h i s   r e f inement   is  e a s i e s t   when  the  ALERT  L o g i c  

is  not  r e q u i r e d   to  make  the  COMPRESSION/EXPANSION  d e c i s i o n   as  i t  

did  in  the  Basic   System.  A  READ/WRITE  FREQUENCY  DISCRIMINATOR  c a n  

perform  t h i s   f u n c t i o n   as  h e r e i n a f t e r   d e s c r i b e d   with  r e f e r e n c e   t o  

FIG.  7,  so  t h a t   for  the  case  of  Expansion  t h i s   r e f i n e m e n t   r e v e r t s  

to  the  b a s i c   system  of  FIG.  3.  For  the  case  of  compres s ion ,   a n  

a d d i t i o n a l   f u n c t i o n   of  the  READ  count ing   is  r e q u i r e d ,   the   "TRIAL 

JUMP". 

The  READ  Access  of  FIG.  3  is  l e f t   unmodi f i ed ,   however  t h e  

WRITE  Access  is  expanded  to  perform  the  T r i a l   Jump  and  the  ALERT 

t e s t i n g .   At  the  beg inn ing   of  WRITE  Access ,   not  only  is  d a t a  

w r i t t e n   i n to   memory  but  a  T r i a l   Jump  is  commanded  of  the  READ 

address   c o u n t e r .   The  W/AP  M u l t i p l e x e r   31  is  r e s e t   to "W"  a n d  

"+/-"   to  "-"  so  t h a t   a  comparison  can  be  made  between  the  t r i a l  

jump  and  the  c u r r e n t   WRITE  Address  c o u n t e r ,   which  is  the   ALERT 

t e s t .   The  r e s u l t   of  the  t e s t   then  de t e rmines   whether   or  not  t h e  

t r i a l   jump  w i l l   be  r e t a i n e d   as  an  a c t u a l   jump.  

In  the  remain ing   expanded  p o r t i o n   of  the  WRITE  Access ,   t h e  

READ  Address  Counter   is  e i t h e r   commanded  to  r e t u r n   to  i t s   o r i g i n a l  

value  or  s i n p l y   l e f t   in  the  "R+nAP"  c o n d i t i o n ,   thus   c o n s i t u t i n g   a  

jump.  Most  o f t e n   the  ALERT  t e s t   i n d i c a t e s   t h a t   the   T r i a l   Jump 
should  be  reneged ,   so  a  second  command  is  i s sued   a f t e r   h a v i n g  

r e t u r n e d   the  W/ΔP  M u l t i p l e x e r   31  to  AP.  The  r e s u l t   of  t h i s  

second,  c o n d i t i o n a l   command,  is  R=R+nΔP-nΔP,  the  o r i g i n a l   READ 

POINTER  v a l u e .  

The  l a s t   i tem  of  b u s i n e s s   in  the  expanded  WRITE  Access ,   is  t o  

update  the  nΔP  Counter   33.  I t   is  i n p o r t a n t   to  note   t h a t   the   nΔP 

t h a t   is  used  for  the  T r i a l   Jump  is  not  changed  b e f o r e   i t   w i l l  



a g a i n  b e   used  to  renege  the  jump.  

The  c r i t e r i a   for   the  ALERT  Test   to  dec ide   to  r e t a i n   the  T r i a l  

Jump  is   s imply   t h a t   t h e r e   is  "room"  to  Jump.  If   the  T r i a l   Jump 

causes   the   ALERT  POINTER  (R+n  P)  to  exceed  the  WRITE  POINTER  t h e n  

i t   is  not  ye t   t ime  to  r e t a i n   the  jump,  and  the  T r i a l   Jump  i s  

r eneged .   This   s t r a t e g y   ensures   t h a t   the  READ  POINTER  s inks   n o  

deeper   i n t o   memory  than  i t   has  t o .   As  soon  as  i t   has  sunk  b a c k  

far   e n o u g h  t h a t   i t   can  jump  forward   by  n  P  wi thou t   o v e r t a k i n g   t h e  

WRITE  POINTER,  i t   does  so.  The  r e s u l t   is  t h a t   the  READ  POINTER 

o p e r a t e s   in  the   same  shal low  memory  for  both  the  case  of  E x p a n s i o n  

and  now  a l so   for   the  case  of  c o m p r e s s i o n .  

An  a l t e r n a t e   to  the  embodiment  of  FIG.  6  is  shown  in  FIG.  7 .  

The  system  of  FIG.  7  p r o v i d e s   a l l   of  the  f e a t u r e s   of  FIG.  6  a n d  

adds  the   a d d i t i o n a l   a b i l i t y   to  p rov ide   p r e d e t e r m i n e d   d e f a u l t  

c o n s t a n t s   fo r   n  P  under  c e r t a i n   s p e c i f i e d   c o n d i t i o n s .  

This  new  v e r s i o n   t r a d e s - o f f   the   complex i ty   of  the  s u c c e s s i v e  

a d d i t i o n   s e q u e n c e r   41  and  the  9 - b i t   s igned   adder  40  for  a  l a r g e r  

READ-ONLY-MEMORY  (ROM)  50.  I n s t e a d   of  computing  the  va lue   of  n  P ,  

a l l   v a l u e s   a re   t a l e d   in  MATRIX  ROM  ( 5 0 ) .  

For  t h o s e   c o n d i t i o n s   for  which  4P  is  w i t h i n   a  r e a s o n a b l e  

range ,   the   v a l u e s   t a b l e d   in  the  MATRIX  RCM  (50)  are   s i m p l y  Δ P  

m u l t i p l i e d   by  the   most  advan tageous   i n t e g e r   n  for   the  C  r a t e .  

Thus  the   m u l t i p l i c a t i o n   is  a l r e a d y   taken  ca re   of  when  the  M a t r i x  

50  is  c o n s u l t e d   in  r ea l   t i m e .  

For  t h o s e   c o n d i t i o n s   for  which  P  is  un rea sonab ly   smal l   o r  

l a r g e ,   the   v a l u e s   t a b l e d   can  be  " d e f a u l t "   va lues   t h a t   have  b e e n  

d e t e r m i n e d   to  be  most  a p p r o p r i a t e   for  the  p a r t i c u l a r   C  r a t e .  

Va r ious   m o d i f i c a t i o n s   of  the   d i s c l o s e d   embodiments  w i l l   now 
be  a p p a r e n t   to  t hose   s k i l l e d   in  the  a r t .   The  i n v e n t i o n   is  to  b e  

c o n s i d e r e d   as  i n c l u d i n g   a l l   such  v a r i a t i o n s   as  come  w i t h i n   t h e  

scope  of  the   appended  c l a i m s .  



1.  The  method  of  a l t e r i n g   the  p i t c h   of  an  audio  s i g n a l  

compr i s ing   the  s t ep s   o f :  

sampling  sa id   audio  s i g n a l   at  a  f i r s t   r a t e   and  w r i t i n g  

c o n s e c u t i v e   s i g n a l   samples  so  de r ived   in  a  random  access   memory; 

r ead ing   sa id   memory  at  a  second  r a t e   to  recover   s t o r e d  

samples  as  ou tpu t   s i g n a l s   in  the  same  c o n s e c u t i v e   o r d e r ,   s a i d  

f i r s t   and  second  r a t e s   having  a  r a t i o   according   to  the  p i t c h  

a l t e r a t i o n   d e s i r e d ;  

d e t e r m i n i n g   the  p i t c h   pe r iod   of  sa id   audio  s i g n a l ;   a n d  

r e s e t t i n g   the  s t a r t   l o c a t i o n   of  con t inued   r ead ing   of  s a i d  

s t o r e d   samples  from  sa id   memory  to  a  l o c a t i o n   s e p a r a t e d   from  t h e  

l a s t   r ead ing   l o c a t i o n   by  a p p r o x i m a t e l y   the  number  of  c o n s e c u t i v e  

samples  w i t h i n   an  i n t e g r a l   number  of  sa id   p i t ch   p e r i o d s   w h e n e v e r  

the  w r i t i n g   and  read ing   l o c a t i o n s   in  sa id   memory  are  s e p a r a t e d   by  

l e s s   than  a  p r e d e t e r m i n e d   d i f f e r e n t i a l .  

2.  Appara tus   for  p i t c h   c o n v e r s i o n   of  audio  s i g n a l s   c o m p r i s i n g :  

means  for  d e r i v i n g   s e q u e n t i a l   samples  of  sa id   audio  s i g n a l s ;  

an  a d d r e s s a b l e   memory; 

means  for  w r i t i n g   s a id   samples  at  a  f i r s t   r a t e   in to   s a i d  

memory  for  s t o r a g e   and  r e t r i e v a l ;  

means  for   reading   sa id   samples  from  sa id   memory  at   a  s e c o n d  

r a t e   in  o rdered   sequence  c o r r e s p o n d i n g   to  sa id   s e q u e n t i a l   s a m p l e s ;  

means  for  d e t e r m i n i n g   the  p i t c h   pe r iod   of  sa id   audio  s i g n a l s ;  

means  for  r e s e t t i n g   the  s t a r t   l o c a t i o n   for  c o n t i n u i n g   s a i d  

r ead ing   of  the  s t o r e d   samples  from  sa id   memory  to  a  l o c a t i o n  

s e p a r a t e d   from  the  l a s t   r ead ing   l o c a t i o n   by  app rox ima te ly   t h e  

number  of  c o n s e c u t i v e   samples  w i t h i n   an  i n t e g r a l   number  of  s a i d  

p i t c h   p e r i o d s   whenever  the  w r i t i n g   and  reading   l o c a t i o n s   in  s a i d  

memory  are  s e p a r a t e d   by  l e s s   than  a  p rede te rmined   d i f f e r e n t i a l ;  

a n d  

means  for  u t i l i z i n g   the  sequence  of  s i g n a l s   read  out  of  s a i d  



memory  to  produce  an  ou tpu t   s i g n a l .  

3.  Appara tus   a c c o r d i n g   to  c la im  2  wherein   s a id   second  r a t e   i s  

g r e a t e r   than  sa id   f i r s t   r a t e   whereby  the  r ead ing   l o c a t i o n  

a p p r o a c h e s   the  w r i t i n g   l o c a t i o n   in  s a id   memory  and  s a id   r e s e t t i n g  

s h i f t s   sa id   s t a r t   l o c a t i o n   for   s a id   con t inued   r ead ing   backward  i n  

s a i d   sequence  t he r eby   r e p e a t i n g   some  of  s a id   samples   in  s a i d  

o u t p u t   s i g n a l .  

4.  Appara tus   acco rd ing   to  c la im  2  wherein  s a id   second  r a t e   i s  

l e s s   than  sa id   f i r s t   r a t e   whereby  the  w r i t i n g   l o c a t i o n   a p p r o a c h e s  

the   r ead ing   l o c a t i o n   in  s a i d   memory  and  sa id   r e s e t t i n g   s h i f t s   s a i d  

s t a r t   l o c a t i o n   for  sa id   c o n t i n u e d   r ead ing   forward   in  sa id   s e q u e n c e  

t h e r e b y   d i s c a r d i n g   some  of  s a i d   samples   from  a p p e a r i n g   in  s a i d  

o u t p u t   s i g n a l .  

5.  Appara tus   for  p i t c h   c o n v e r s i o n   of  audio  s i g n a l s   c o m p r i s i n g :  

a  random  access   memory  having  a d d r e s s   l o c a t i o n s   for  s t o r i n g  

d a t a   s anp le s   r e p r e s e n t i n g   s a i d   audio   s i g n a l s ;  

means  for   sampling  s a id   audio  s i g n a l s   to  o b t a i n   s e q u e n t i a l  

samples   and  w r i t i n g   s a i d   samples   at   a  f i r s t   r a t e   to  w r i t e   a d d r e s s  

l o c a t i o n s   in  sa id   memory; 

means  for  reading   s a id   samples   from  sa id   a d d r e s s   l o c a t i o n s   i n  

s a i d   memory  at   a  second  r a t e   to  o b t a i n   an  ou tpu t   s i g n a l   of  s a i d  

s e q u e n t i a l   s amples?  

means  for   d e t e r m i n i n g   the   p i t c h   pe r iod   of  s a i d   audio  s i g n a l s ;  

means  for   r e s e t t i n g   the   s t a r t   add re s s   for  c o n t i n u e d   r e a d i n g  
of  s a i d   samples  to  an  a d d r e s s   s e p a r a t e d   from  the   l a s t   read  a d d r e s s  

by  a p p r o x i m a t e l y   the  number  of  c o n s e c u t i v e   samples  w i t h i n   a n  

i n t e g r a l   number  of  s a id   p i t c h   p e r i o d   whenever  the  s e p a r a t i o n  

between  w r i t i n g   and  r ead ing   a d d r e s s   l o c a t i o n s   becomes  l e s s   than  a  

p r e d e t e r m i n e d   minimum  or  g r e a t e r   than  a  p r e d e t e r m i n e d   maximum, 

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

g r e a t e r   than  sa id   minimum  or  l e s s   than  sa id   maximum. 

6.  Appara tus   acoord ing   to  c l a im  5  wherein   s a i d   audio  s i g n a l s   a r e  



app l i ed   as  the  input   to  s a id   means  for  d e t e r m i n i n g   p i t c h   p e r i o d .  

7.  Appara tus   a c c o r d i n g   to  c la im  5  i n c l u d i n g   second  means  f o r  

reading  s a id   samples  at  sa id   f i r s t   r a t e   at  an  address   l o c a t i o n  

near  the  c u r r e n t   w r i t i n g   address   l o c a t i o n ,   the   ou tput   of  s a i d  

second  means  being  the   input   to  sa id   means  for   de t e rmin ing   t h e  

p i t c h   p e r i o d .  

8.  Appara tus   a c c o r d i n g   to  c la im 7   wherein   sa id   second  r a t e   i s  

l e s s   than  s a id   f i r s t   r a t e   and  sa id   spac ing   is  s e l e c t e d   to  h a v e  

sa id   second  means  read  from  sa id   memory  c l o s e l y   ahead  of  s a i d  

w r i t i n g .  

9.  Appara tus   a c c o r d i n g   to  claim  7  where in   sa id   second  r a t e   i s  

g r e a t e r   than  s a id   f i r s t   r a t e   and  sa id   spac ing   is  s e l e c t e d   to  h a v e  

sa id   second  means  read  from  sa id   memory  con t iguous   with  or  c l o s e l y  

fo l lowing   s a i d   w r i t i n g .  

10.  Appara tus   a c c o r d i n g   to  claim  7  where in   sa id   second  r e a d i n g  

means  reads  from  memory  c l o s e l y   ahead  of  s a i d   w r i t i n g   a n d  

i nc lud ing   swi tch   means  r e s p o n s i v e   to  d e t e r m i n i n g   t h a t   sa id   f i r s t  

r a t e   is  l e s s   than  s a id   second  r a t e   for   d i s c o n n e c t i n g   the  ou tpu t   o f  

the  sa id   second  r ead ing   means  from  the  input   of  the  means  f o r  

de t e rmin ing   the  p i t c h   p e r i o d   and  s i m u l t a n e o u s l y   connec t ing   s a i d  

audio  s i g n a l s   to  the  inpu t   of  sa id   means  for   de t e rmin ing   the  p i t c h  

p e r i o d .  

11.  Appara tus   a cco rd ing   to  claims  5,  6,  7,  8  or  9  and  i n c l u d i n g  

means  for  d e t e r m i n i n g   i f   sa id   p i t c h   p e r i o d   is  o u t s i d e  

p r e d e t e r m i n e d   upper  and  lower  va lue s   for   p i t c h   p e r i o d s ,   and  means  

for   modifying  s a id   r e s e t t i n g   whenever  s a i d   p i t c h   pe r iod   is  o u t s i d e  

sa id   l i m i t s .  

12.  Appara tus   a cco rd ing   to  claim  11  where in   sa id   means  f o r  

modifying  s a i d   r e s e t t i n g   i n c l u d e s  

means  r e s p o n s i v e   to  de t e rmin ing   t h a t   s a id   p i t c h   p e r i o d  i s  

g r e a t e r   than  s a id   upper  va lue   for  d i s c a r d i n g   from  sa id   ou tpu t   a  



sequence  of  samples  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   va lue ;   a n d  

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

l e s s   than  s a i d   lower  va lue   for  d i s c a r d i n g   from  sa id   ou tpu t   s i g n a l  

a  sequence  of  samples  c o r r e s p o n d i n g   to  a  second  p r e d e t e r m i n e d  

v a l u e .  

13.  Appara tus   a c c o r d i n g   to  c la im  12  where in   s a id   s e c o n d  

p r e d e t e r m i n e d   va lue   is   s e l e c t e d   to  be  a  m u l t i p l e   of  s a i d  

p r e d e t e r m i n e d   minimum  p i t c h   p e r i o d   v a l u e .  

14.  Appara tus   a c c o r d i n g   to  c la im  11  and  i n c l u d i n g   means  f o r  

s t o r i n g   the  c u r r e n t   va lue   of  s a id   p i t c h   p e r i o d   only  i f   such  v a l u e  

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

c u r r e n t   va lue   of  s a id   p i t c h   pe r iod   is   below  sa id   minimum  or  a b o v e  

sa id   maximum  for  c o n t r o l l i n g   sa id   r e s e t t i n g   to  be  by  a p p r o x i m a t e l y  

the  number  of  samples  w i t h i n   an  i n t e g r a l   m u l t i p l e   of  s a id   s t o r e d  

p i t c h   p e r i o d   v a l u e .  

15.  Appara tus   a c c o r d i n g   to  c la im  5  i n c l u d i n g   means  f o r  

c o n t r o l l i n g   the   amount  o f .  s a id   r e s e t t i n g   to  be  a p p r o x i m a t e l y   t h e  

number  of  samples   in  an  i n t e g r a l   m u l t i p l e   of  the  l a s t   d e t e r m i n e d  

p i t c h   p e r i o d .  

16.  Appara tus   a c c o r d i n g   to  c la im  12,  14  or  15  wherein  the  i n t e g e r  

for   s a id   i n t e g r a l   number  or  m u l t i p l e   is   de t e rmined   as  a  f u n c t i o n  

of  the  va lue   of  s a id   l a s t   d e t e rmined   p i t c h   p e r i o d   or  the  r a t i o   "C" 

of  p i t c h   change  being  accompl i shed   or  b o t h .  

17.  Appara tus   a c c o r d i n g   to  c la im  5  where in   the  means  f o r  

d e t e r m i n i n g   the   p i t c h   p e r i o d   of  s a i d   audio  s i g n a l s   comprises   a  

means  for   d e t e c t i n g   the   s t a r t   of  a  p i t c h   p e r i o d   and  i n c l u d i n g :  

means  for   summing  a  p r e d e t e r m i n e d   number  of  c o n s e c u t i v e   p i t c h  

p e r i o d s ;   a n d  

means  for   us ing  s a i d   sum  for  c o n t r o l l i n g   s a id   r e s e t t i n g   to  b e  

by  a p p r o x i m a t e l y   the  number  of  samples   w i t h i n   s a id   sum  of  r e c e n t  

p i t c h   p e r i o d s .  



18.  Appara tus   a cco rd ing   to  c la im  5  where in   the  means  f o r  

d e t e r m i n i n g   the  p i t c h   p e r i o d   of  s a id   audio  s i g n a l s   compr i ses   a  

means  for   d e t e c t i n g   the  s t a r t   of  a  p i t c h   pe r iod   and  i n c l u d i n g :  

means  for  summing  one  or  more  c o n s e c u t i v e   p i t c h   p e r i o d s ;  

means  for  m o n i t o r i n g   whether   s a i d   sum  is  w i t h i n   p r e d e t e r m i n e d  

minimum  and  maximum  l i m i t s ;  

u p d a t a b l e   s t o r a g e   means  for   s t o r i n g   a  r e c e n t   va lue   of  s a i d  

sum; 

means  r e s p o n s i v e   to  d e t e r m i n i n g   t h a t   sa id   sum  is  w i t h i n   s a i d  

l i m i t s   for  r e s t a r t i n g   s a id   summing  means  and  for  s t o r i n g   sa id   sum 

in  s a id   s t o r a g e   means;  a n d  

means  for  using  the  sum  c u r r e n t l y   s t o r e d   in  s a id   s t o r a g e  

means  for   c o n t r o l l i n g   sa id   r e s e t t i n g   to  be  by  a p p r o x i m a t e l y   t h e  

number  of  samples  w i t h i n   sa id   sum  of  r e c e n t   p i t c h   p e r i o d s .  

19.  Appara tus   accord ing   to  any  of  c la ims   2  or  5  where in   s a i d  

second  r a t e   is  l e s s   than  sa id   f i r s t   r a t e   and  c o n t a i n i n g   means  t o  

c o n t r o l   sa id   r e s e t t i n g   to  take  p l ace   whenever  s a id   w r i t i n g   a d d r e s s  

l o c a t i o n   is  ahead  of  s a id   r ead ing   a d d r e s s   l o c a t i o n   by  more  t h a n  

the  number  of  c o n s e c u t i v e   samples  w i t h i n   the  i n t e g r a l   number  o f  

p i t c h   p e r i o d s   by  which  the  read  l o c a t i o n   is  to  be  advanced  in  s a i d  

s e q u e n c e .  
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