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@  Method  and  apparatus  for  detecting  speech  in  a  voice  channel  signal. 

in  a  digital  speech  detector,  a  first  detector  (601)  pro- 
duces  an  output  signal  if  any  sample  of  a  voice  channel  signal 
has  a  magnitude  (T)  exceeding  a  fixed  threshold  (TF)  above 
noise  levels.  A  second  detector  (602)  produces  a  second 
threshold  (TL)  which  is  adaptively  adjusted  to  noise  levels  on 
the  channel  by  being  set  to  a  level  above  the  current  sample 
magnitude  (T)  each  time  that  this  does  not  exceed  the  preced- 
ing  sample's  magnitude  (TP).  When  the  sample  magnitude  (T) 
rises  above  the  second  threshold  (TL),  and  for  each  subse- 
quent  sample  of  successively  increasing  magnitude,  the  sec- 
ond  detector  (602)  produces  an  output  signal.  A  speech  deci- 
sion  for  the  voice  channel  is  reached  if  either  detector  (601, 
602)  produces  its  output  signal.  The  output  signals  of  the  first 
and  second  detectors  (601,  602)  are  maintained  for  fixed  and 
variable,  respectively,  hangover  periods  to  maintain  the 
speech  decision  during  intersyllabic  pauses  in  speech.  The 
samples  are  supplied  to  the  speech  detector  by  an  offset  re- 
mover  and  averaging  circuit. 



This   i n v e n t i o n   r e l a t e s   to  a  me thod   o f ,   and  a  

speech   d e t e c t o r   f o r ,   d e t e c t i n g   the  p r e s e n c e   of  speech   s i g n a l s  

in  a  sampled  v o i c e   c h a n n e l   s i g n a l .  

Speech  d e t e c t o r s   are   used  in  a  v a r i e t y   of  s p e e c h  

t r a n s m i s s i o n   s y s t e m s   in  which  speech   t r a n s m i s s i o n   p a t h s   a r e  

e s t a b l i s h e d   in  r e s p o n s e   to  the   d e t e c t i o n   of  s p e e c h   a c t i v i t y   on  

a  v o i c e   c h a n n e l .   One  such  sys tem  is  a  d i g i t a l   speech   i n t e r -  

p o l a t i o n   (DSI)  t r a n s m i s s i o n   s y s t e m ,   such  as  the  s y s t e m  

d e s c r i b e d   and  c l a i m e d   in  our  c o p e n d i n g   p a t e n t   a p p l i c a t i o n ,  

c o r r e s p o n d i n g   to  C a n a d i a n   P a t e n t   A p p l i c a t i o n   No.  359 ,965   f i l e d  

Sep tember   9,  1980,  e n t i t l e d   " M i t i g a t i o n   of  Noise   S i g n a l  

C o n t r a s t   in  a  D i g i t a l   Speech  I n t e r p o l a t i o n   T r a n s m i s s i o n  

Sys tem" ,   which  c o n v e n i e n t l y   embodies   the  s p e e c h   d e t e c t o r   o f  

t h i s   i n v e n t i o n .  

A  s p e e c h   d e t e c t o r   s h o u l d   i d e a l l y   be  h i g h l y  

s e n s i t i v e   to  the   p r e s e n c e   of  speech   s i g n a l s   w h i l e   at   the   same  

time  r e m a i n i n g   i n s e n s i t i v e   to  n o n - s p e e c h   s i g n a l s   such  as  n o i s e .  

A  d i f f i c u l t y   a r i s e s   in  d i s t i n g u i s h i n g ,   q u i c k l y   and  a c c u r a t e l y ,  

be tween   s p e e c h   s i g n a l s ,   p a r t i c u l a r l y   at  low  l e v e l s ,   and  n o i s e .  

In  a  DSI  t r a n s m i s s i o n   sy s t em,   fo r   e x a m p l e ,   the   s p e e c h   d e t e c t o r  

shou ld   be  a b l e   to  d e t e c t   speech   s i g n a l s   at   low  l e v e l s   in  o r d e r  

to  avo id   e x c e s s i v e   c l i p p i n g   of  speech   s i g n a l s   at  the   s t a r t   o f  

speech   u t t e r a n c e s ,   but   at  the  same  t ime  s h o u l d   not   r e s p o n d   t o  

n o i s e   a l o n e ,   even  at  r e l a t i v e l y   h igh   l e v e l s ,   b e c a u s e   t h i s   w o u l d  

u n d e s i r a b l y   i n c r e a s e   the  a c t i v i t y   of  the   DSI  t r a n s m i s s i o n .  



V a r i o u s   forms  of  speech   d e t e c t o r  h a v e   b e e n  

d e v i s e d   in  o r d e r   to  d i s t i n g u i s h   more  r e l i a b l y   be tween   s p e e c h  

s i g n a l s   and  n o i s e .   For  e x a m p l e ,   F a r i e l l o   U.S.  P a t e n t   No. 

3 , 8 7 8 , 3 3 7   i s s u e d   A p r i l   15,  1975  d i s c l o s e s   an  a r r a n g e m e n t   i n  

which  a  p r e d e t e r m i n e d   s e q u e n c e   of  the   s ign   of  s u c c e s s i v e   s a m p l e s  

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

of  s p e e c h .   LaMarche  et   al  U.S.  P a t e n t   No.  4 , 0 2 8 , 4 9 6   i s s u e d  

June  7,  1977  d i s c l o s e s   an  a r r a n g e m e n t   in  which   the  d e t e c t i o n  

s e n s i t i v i t y   and  n o i s e   r e j e c t i o n   a re   improved   by  a c c u m u l a t i n g  

w e i g h t e d   d i f f e r e n c e s   b e t w e e n   s i g n a l   s amples   and  t h e i r   s h o r t -  

term  r u n n i n g   a v e r a g e .   F u r t h e r m o r e ,   V a g l i a n i   et  al  U.S.  P a t e n t  

4 , 0 5 7 , 6 9 0   i s s u e d   November  8,  1977  d i s c l o s e s   an  a r r a n g e m e n t   i n  

which  segments   of  the   e n v e l o p e   of  a  v o i c e   c h a n n e l   s i g n a l   a r e  

compared  wi th   one  a n o t h e r   over   d i f f e r e n t   t ime  domains   in  o r d e r  

to  d i s t i n g u i s h   b e t w e e n   speech   s i g n a l s   and  n o i s e .   However ,   t h e s e  

a r r a n g e m e n t s   do  not   f u l l y   s a t i s f y   the   r e q u i r e m e n t s ,   of  a  s p e e c h  

d e t e c t o r   in  a  DSI  t r a n s m i s s i o n   s y s t e m ,   of  d i s t i n g u i s h i n g   b e t w e e n  

low  l e v e l s   of  s p e e c h   and  n o i s e   and  a v o i d i n g   c l i p p i n g   of  t h e  

speech   s i g n a l s   a t   the   s t a r t   of  s p e e c h   u t t e r a n c e s ,   a n d  

a c c o r d i n g l y   a  need  s t i l l   e x i s t s   for   an  improved   speech   d e t e c t i o n  

a r r a n g e m e n t   which  s a t i s f i e s   t h e s e   r e q u i r e m e n t s .  

A c c o r d i n g l y ,   an  o b j e c t   of  t h i s   i n v e n t i o n   is  t o  

p r o v i d e   an  improved   method  o f ,   and  speech   d e t e c t o r   f o r ,   d e t e c t -  

ing  the  p r e s e n c e   of  s p e e c h   s i g n a l s   in  a  sampled   v o i c e   c h a n n e l  

s i g n a l .  

A c c o r d i n g   to  t h i s   i n v e n t i o n   t h e r e   is  p r o v i d e d   a  

method  of  d e t e c t i n g   the   p r e s e n c e   of  s p e e c h   s i g n a l s   in  a  s a m p l e d  



v o i c e   c h a n n e l   s i g n a l ,   c o m p r i s i n g   the   s t e p s   o f : -   p r o d u c i n g   a  

f i r s t   s i g n a l   wheneve r   the  m a g n i t u d e   of  a  s i g n a l   sample  e x c e e d s  

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

sample  wi th   t h a t   of  the  p r e c e d i n g   s ample ;   wheneve r   t h e  

m a g n i t u d e   of  a  sample   is  not   g r e a t e r   than   t h a t   of  the   p r e c e d i n g  

sample ,   s e t t i n g   a  s econd   t h r e s h o l d   to  a  l e v e l   which   is  g r e a t e r  

than  and  is  d e p e n d e n t   upon  the  m a g n i t u d e   of  the  c u r r e n t   s a m p l e ;  

whenever   the  m a g n i t u d e   of  a  sample   is  g r e a t e r   than   t h a t   of  t h e  

p r e c e d i n g   s amp le ,   p r o d u c i n g   a  second   s i g n a l   i f   t h i s   s e c o n d  

s i g n a l   was  p r o d u c e d   in  r e s p e c t   of  the   p r e c e d i n g   sample  or  i f  

the  m a g n i t u d e   of  the   c u r r e n t   sample   e x c e e d s   the  s e c o n d  

t h r e s h o l d   l e v e l ;   and  in  r e s p o n s e   to  e i t h e r   the  f i r s t   s i g n a l   o r  

the  second  s i g n a l ,   p r o d u c i n g   a  t h i r d   s i g n a l ,   r e p r e s e n t i n g   t h e  

p r e s e n c e   of  s p e e c h ,   at   l e a s t   in  r e s p e c t   of  the   c u r r e n t   s a m p l e .  

Thus  in  a c c o r d a n c e   w i th   t h i s   i n v e n t i o n   t h e  

speech   d e t e c t i o n   is  e f f e c t e d   in  two  s e p a r a t e   p a r t s ,   a s s o c i a t e d  

wi th   the  p r o d u c t i o n   of  the  f i r s t   and  second  s i g n a l s   r e s p e c t i v e -  

ly .   The  f i r s t   t h r e s h o l d   is  se t   to  be  above  a n t i c i p a t e d   n o i s e  

l e v e l s ,   so  t h a t   the  f i r s t   s i g n a l   is  p r o d u c e d   only   at   r e l a t i v e l y  

h igh   l e v e l s   of  speech   s i g n a l s ,   which  h igh   l e v e l s   exceed   t h e  

f i r s t   t h r e s h o l d   l e v e l   and  a c c o r d i n g l y   can  not   be  n o i s e .   The 

second  t h r e s h o l d   l e v e l   is  a d a p t i v e l y   a d j u s t e d   to  be  a  l i t t l e  

above  the  l e v e l   o f  n o i s e   on  the   r e l e v a n t   c h a n n e l .   When  t h e  

sampled   s i g n a l   m a g n i t u d e   r i s e s   above  t h i s   second  t h r e s h o l d  

l e v e l ,   the  second   s i g n a l   is  p r o d u c e d   i m m e d i a t e l y .   I f ,   as  a t  

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

to  i n c r e a s e   in  s u c c e s s i v e   s a m p l e s ,   the  second  s i g n a l   c o n t i n u e s  



to  be  p r o d u c e d   for   t h e s e   s a m p l e s .   If   on  the  o t h e r   h a n d ,  

the   s i g n a l   m a g n i t u d e   f a l l s   a g a i n   the  s econd   s i g n a l   is  no  

l o n g e r   p r o d u c e d   and  the  second  t h r e s h o l d   l e v e l   is  a d a p t i v e l y  

a d j u s t e d .  

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

d e t e c t i o n   of  speech   s i g n a l s   at  low  l e v e l s   at   the   s t a r t   o f  

speech   u t t e r a n c e s .  

In  o r d e r   t h a t   the   t h i r d   s i g n a l ,   r e p r e s e n t i n g  

the   p r e s e n c e   of  s p e e c h ,   is  not   t e r m i n a t e d   d u r i n g   s h o r t   p a u s e s  

in  speech   such  as  occu r   b e t w e e n   s y l l a b l e s ,   s o - c a l l e d   h a n g o v e r  

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

i n d i c a t i o n   for   a  number  of  s amp le s   f o l l o w i n g   the   l a s t   s a m p l e  

which  c a u s e s   the   i n d i c a t i o n   to  be  p r o d u c e d .   To  t h i s   end,  t h e  

method  p r e f e r a b l y   i n c l u d e s   the   s t e p s   o f : -   in  r e s p o n s e   to  t h e  

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

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   s a m p l e s   commencing  w i t h  

the   c u r r e n t   s ample ;   and  in  r e s p o n s e   to  the   s econd   s i g n a l ,  

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

c o n s e c u t i v e   s amples   commencing  w i th   the   c u r r e n t   s ample ;   w h e r e i n  

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

f o u r t h   s i g n a l   or  the   f i f t h   s i g n a l .  

The  second  number  of  c o n s e c u t i v e   s amp le s   i s  

d e s i r a b l y   v a r i e d   i n  d e p e n d e n c e   upon  the   r e l i a b i l i t y   w i th   w h i c h  

the   second   s i g n a l   is  p r o d u c e d   in  r e s p e c t   of  each  s ample ,   i n  

o r d e r   t h a t   a  s p e e c h   i n d i c a t i o n   is  no t   p r o d u c e d   fo r   a  l o n g  

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

has  r e s u l t e d   in  the  p r o d u c t i o n   of  the   s e c o n d   s i g n a l .  



A c c o r d i n g l y ,   the   me thod   p r e f e r a b l y   a l s o   i n c l u d e s   the  s t e p   o f  

d e t e r m i n i n g   s a id   second   number  in  d e p e n d e n c e   upon  p r e v i o u s  

sample   m a g n i t u d e s ,   s a i d   second  number  b e i n g   i n c r e a s e d   by  a  

p r e d e t e r m i n e d   amount ,   up  to  a  maximum  number ,   fo r   each  s a m p l e  

in  r e s p e c t   of  which  the  second  s i g n a l   is  p r o d u c e d ,   and  b e i n g  

d e c r e a s e d   by  a  p r e d e t e r m i n e d   amount  at  l e a s t   fo r   each   s a m p l e  

whose  m a g n i t u d e   is  not   g r e a t e r   than   the  m a g n i t u d e   of  t h e  

p r e c e d i n g   s a m p l e .  

Thus  the  h a n g o v e r   p e r i o d   which  is  a s s o c i a t e d  

wi th   the  p r o d u c t i o n   of  the   second  s i g n a l   is  g r a d u a l l y   i n c r e a s e d ,  

up  to  a  maximum  p e r i o d ,   as  the  r e l i a b i l i t y   of  s p e e c h   s i g n a l  

d e t e c t i o n   i n c r e a s e s   due  to  s u c c e s s i v e   i n c r e a s e s   in  the  s i g n a l  

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

w i th   the  p r o d u c t i o n   of  the   f i r s t   s i g n a l   need  not   be  v a r i a b l e  

b e c a u s e   t h i s   f i r s t   s i g n a l   is  on ly   p r o d u c e d   for   r e l a t i v e l y   h i g h  

s i g n a l   l e v e l s   for   which  the  r e l i a b i l i t y   of  the   s p e e c h   s i g n a l  

i n d i c a t i o n   is  ve ry   h i g h .  

Due  to  f l u c t u a t i n g   s i g n a l   l e v e l s ,   i t   can  o c c u r  

t h a t   s u c c e s s i v e   s i g n a l   samples   of  a  m a g n i t u d e   be low  the   f i r s t  

t h r e s h o l d   l e v e l   i n i t i a l l y   r i s e   at  the   s t a r t   of  a  s p e e c h   u t t e r -  

ance ,   then   f a l l   s l i g h t l y   so  t h a t   the  second   t h r e s h o l d   l e v e l   i s  

s e t   to  a  h i g h e r   v a l u e   and  the  second  s i g n a l   is  not   p r o d u c e d ,  

and  then   r i s e   a g a i n   to  a  v a l u e   which  is  above  the  p r e v i o u s  

v a l u e s   for   which  the  second  s i g n a l   was  p r o d u c e d   bu t   which  i s  

below  the  new,  h i g h e r ,   second  t h r e s h o l d   l e v e l .   I t   i s  

d e s i r a b l e   t h a t   the   second   s i g n a l   a l s o   be  p r o d u c e d   in  t h e s e  

c i r c u m s t a n c e s .   A c c o r d i n g l y ,   the  method   p r e f e r a b l y   f u r t h e r  



i n c l u d e s   the   s t e p s   o f : -   whenever   the  m a g n i t u d e   of  a  s a m p l e  

exceeds   t h a t   of  the   p r e c e d i n g   sample ,   and  in  r e s p e c t   of  t h e  

p r e c e d i n g   sample   the   f i f t h   s i g n a l   was  p r o d u c e d   but   the   s e c o n d  

s i g n a l   was  not   p r o d u c e d ,   p r o d u c i n g   the   second   s i g n a l   i n  

r e s p e c t   of  the   c u r r e n t   sample   i f   i t s   m a g n i t u d e   does  not   e x c e e d  

the  second  t h r e s h o l d   l e v e l   but   e x c e e d s   a  t h i r d   t h r e s h o l d   l e v e l ;  

and  s e t t i n g   the   t h i r d  t h r e s h o l d   l e v e l   equa l   to  the   m a g n i t u d e  

of  the  p r e c e d i n g   sample   wheneve r   the  second   s i g n a l   was  p r o d u c e d  

in  r e s p e c t   of  the   p r e c e d i n g   sample  and  the   m a g n i t u d e   of  t h e  

c u r r e n t   sample   is  not   g r e a t e r   than   t h e  m a g n i t u d e   of  t h e  

p r e c e d i n g   s a m p l e .  

In  o r d e r   to  r e d u c e   the   i n f l u e n c e   of  s p u r i o u s  

n o i s e   s i g n a l s   and  d . c .   o f f s e t s   on  the  s p e e c h   d e t e c t o r ,  

p r e f e r a b l y   each  s i g n a l   sample   is  c o n s t i t u t e d   by  an  a v e r a g e   o f  

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

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

sample  by  r e m o v i n g   d . c .   o f f s e t s   from  and  a v e r a g i n g   a  p l u r a l i t y  

of  i n d i v i d u a l   s a m p l e s   of  the   v o i c e   c h a n n e l   s i g n a l .   T h e  

a v e r a g i n g   is  p a r t i c u l a r l y   easy   to  a c h i e v e   in  a  DSI  t r a n s m i s s i o n  

sys tem  of  the   t ype   d e s c r i b e d   in  our  c o p e n d i n g   P a t e n t  

A p p l i c a t i o n   No.  ,  a l r e a d y   r e f e r r e d   to ,   in  which  u p d a t i n g  

of  the  speech   d e c i s i o n   fo r   each   c h a n n e l   t a k e s   p l a c e   on ly   o n c e  

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

f rames   each  i n c l u d i n g   a  sample   of  each  v o i c e   s i g n a l   c h a n n e l .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   the  s t e p s   of  t h e  

method  of  t h i s   i n v e n t i o n   can  be  c a r r i e d   out   by  i n d i v i d u a l  

components   such  as  c o m p a r a t o r s ,   s t o r e s ,   and  g a t e s ,   or  by  o n e  



or  more  programmed  r e a d - o n l y   m e m o r i e s .  

A c c o r d i n g l y ,   the   i n v e n t i o n   a l s o   e x t e n d s   to  a  

speech   d e t e c t o r   c o m p r i s i n g   one  o r  m o r e   r e a d - o n l y  m e m o r i e s  

programmed  and  a r r a n g e d   to  c a r r y   out   the   method  r e c i t e d   a b o v e .  

F u r t h e r m o r e ,   the   i n v e n t i o n   e x t e n d s   to  a  s p e e c h  

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

sampled   v o i c e   c h a n n e l   s i g n a l ,   c o m p r i s i n g : -   means  for   p r o d u c i n g  

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

e x c e e d s   a  f i r s t   t h r e s h o l d   l e v e l ;  m e a n s   fo r   g e n e r a t i n g   a  s e c o n d  

t h r e s h o l d ;   means  fo r   d e l a y i n g   each  sample   u n t i l   the   n e x t  

sample ;   means  fo r   c o m p a r i n g   the   m a g n i t u d e   of  each  sample   w i t h  

t h a t   of  the  p r e c e d i n g   sample   d e l a y e d   by  s a i d   d e l a y i n g   m e a n s ;  

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

m a g n i t u d e   of  a  sample   is  not   g r e a t e r   than   t h a t   of  the   p r e c e d i n g  

sample ,   for   s e t t i n g   the   second   t h r e s h o l d   to  a  l e v e l   which  i s  

g r e a t e r   than  and  is  d e p e n d e n t   upon  the  m a g n i t u d e   of  the   c u r r e n t  

sample;   means,   r e s p o n s i v e   to  s a i d   c o m p a r i n g   means  d e t e r m i n i n g  

t h a t   the  m a g n i t u d e   of  a  sample  is  g r e a t e r   than   t h a t   of  t h e  

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

s i g n a l   was  p r o d u c e d   in  r e s p e c t   of  the  p r e c e d i n g   sample   or  i f  

the  m a g n i t u d e   of  the   c u r r e n t   sample   e x c e e d s   the   s e c o n d  

t h r e s h o l d   l e v e l ;   and  means  r e s p o n s i v e   to  e i t h e r   the  f i r s t  

s i g n a l   or  the   s econd   s i g n a l   for   p r o d u c i n g   a  t h i r d   s i g n a l ,  

r e p r e s e n t i n g   the   p r e s e n c e   of  s p e e c h ,   at  l e a s t   in  r e s p e c t   o f  

the  c u r r e n t   s a m p l e .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   u n d e r s t o o d   f r o m  

the  f o l l o w i n g   d e s c r i p t i o n   of  a  p r e f e r r e d   embodiment   t h e r e o f  



wi th   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h : -  

Fig.   1  i l l u s t r a t e s   in  the   form  of  a  b l o c k  

d i a g r a m   a  speech   d e t e c t o r   for   use  in  a  DSI  t r a n s m i s s i o n  

s y s t e m ;  

Fig .   2  shows  a  f low  c h a r t   in  e x p l a n a t i o n   o f  

the   o p e r a t i o n   of  the   speech   d e t e c t o r ;  

Fig .   3  is  a  s i g n a l   l e v e l   d i a g r a m   i l l u s t r a t i n g  

the   o p e r a t i o n   of  the  speech   d e t e c t o r ;   a n d  

F ig .   4  i l l u s t r a t e s   an  o f f s e t   r emover   a n d  

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

s i g n a l   s amples   to  the  speech   d e t e c t o r .  

The  speech   d e t e c t o r   d e s c r i b e d   below  w i t h  

r e f e r e n c e   to  F i g s .   1  to  3  is  i n t e n d e d   for   use  in  a  DSI 

t r a n s m i s s i o n   sys t em  of  the  t ype   d e s c r i b e d   in  our  c o p e n d i n g  

P a t e n t   A p p l i c a t i o n   No.  a l r e a d y   r e f e r r e d   to ,   in  w h i c h  

once  in  each  s u p e r f r a m e   a  s p e e c h   d e c i s i o n   is  u p d a t e d   for   e a c h  

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

which  t h e r e   is  an  i n d i v i d u a l   sample   c o n t a i n e d   in  each  of  a  

p l u r a l i t y   of  f rames   f o r m i n g   the  s u p e r f r a m e .   In  the  p r e s e n t  

c a s e ,   i t   is  assumed  t h a t   in  each  s u p e r f r a m e   t h e r e   are   27  f r a m e s  

each  c o m p r i s i n g   48  v o i c e   c h a n n e l   s i g n a l   s a m p l e s   each  of  8  b i t s .  

R e f e r r i n g   to  F ig .   1,  which   shows  the  s p e e c h  

d e t e c t o r   in  the  form  of  a  b l o c k   d i a g r a m ,   i t   w i l l   be  seen  t h a t  

the   speech   d e t e c t o r   i n c l u d e s   two  i n d e p e n d e n t   p a r t s ,   which  a r e  

r e f e r r e d   to  h e r e i n   as  the  l e v e l   d e t e c t o r   601  and  the  s l o p e  

d e t e c t o r   602,  whose  o u t p u t s   a re   combined   in  an  OR  g a t e   603 

to  p r o d u c e   for   each  c h a n n e l   a  s p e e c h   d e c i s i o n   which  is  s t o r e d  



in  a  4 8 - c h a n n e l   d e c i s i o n   s t o r e   604,  to  the  o u t p u t   of  which  a 

speech   d e c i s i o n   o u t p u t   l i n e   110  is  c o n n e c t e d .   Each  of  t h e  

d e t e c t o r s   601  and  602  is  s u p p l i e d   wi th   a  7 - b i t   a v e r a g e   T,  

p r o d u c e d   by  the  c i r c u i t   d e s c r i b e d   be low  wi th   r e f e r e n c e   t o  

F ig .   4,  on  l i n e s   115,  and  is  e n a b l e d   in  t h e  f o u r t e e n t h   f r a m e  

of  each  s u p e r f r a m e   to  u p - d a t e   the  s p e e c h   d e c i s i o n   for   e a c h  

c h a n n e l .   In  i t s   p r e f e r r e d   form,  each  of  the   d e t e c t o r s   601  a n d  

602  c o m p r i s e s   a  r e a d - o n l y   memory.  The  speech   d e t e c t o r   i s  

r e q u i r e d   to  be  a b l e   to  d e t e c t   speech   s i g n a l s   at  low  l e v e l s   i n  

o r d e r   to  avo id   e x c e s s i v e   c l i p p i n g   of  s p e e c h   s i g n a l s   at  t h e  

s t a r t   of  speech   u t t e r a n c e s ,   but   at  the   same  t ime  is  r e q u i r e d  

not  to  r e s p o n d   to  r e l a t i v e l y   h igh   l e v e l s   of  n o i s e   a l o n e   b e c a u s e  

t h i s   would  u n d e s i r a b l y   i n c r e a s e   the   a c t i v i t y   of  the   DSI 

t r a n s m i s s i o n .   In  o r d e r   to  comply  wi th   t h e s e   r e q u i r e m e n t s ,   t h e  

speech   d e t e c t o r   is  d e s i g n e d   to  e x p l o i t   d i f f e r e n c e s   in  t h e  

c h a r a c t e r i s t i c s   of  n o i s e   and  speech   s i g n a l s ,   namely  t h a t   (a)  

speech   s i g n a l s   u s u a l l y   have  a  h i g h e r   l e v e l   t han   n o i s e ,   and  (b) 

whe reas   n o i s e   is  c o n t i n u o u s ,   speech   s i g n a l s   o c c u r   in  b u r s t s  

wi th   the  s i g n a l   l e v e l   p r o g r e s s i v e l y   i n c r e a s i n g   at  the  s t a r t   o f  

each  b u r s t .   I t   is  to  t h i s   end  t h a t   the   s p e e c h   d e t e c t o r  

c o m p r i s e s   the  two  d e t e c t o r s   601  and  6 0 2 .  

Each  of  the  d e t e c t o r s   601  and  602  c l a s s i f i e s  

each  c h a n n e l   as  b e i n g   in  one  of  t h r e e   s t a t e s ,   namely  s p e e c h ,  

h a n g o v e r ,   and  s i l e n c e .   For  ea se   of  r e f e r e n c e ,   in  F i g s .   2  a n d  

3  t h e s e   s t a t e s   a re   d e n o t e d   by  the  v a l u e   of  an  i n d e x ,   M  for   t h e  

l e v e l   d e t e c t o r   and  K  for   the   s l o p e   d e t e c t o r ,   each  index   h a v i n g  

the   v a l u e   0  for   s i l e n c e ,   1  for   s p e e c h ,   and  2  for   h a n g o v e r .  



Thus  M=l  i n d i c a t e s   t h a t   the   l e v e l   d e t e c t o r   d e c l a r e s   t h a t   t h e  

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

The  h a n g o v e r   s t a t e   is  a  t e m p o r a r y   s t a t e   which  a  

c h a n n e l   is  deemed  to  be  in  i m m e d i a t e l y   f o l l o w i n g   the  s p e e c h  

s t a t e ,   and  is  p r o v i d e d   to  avo id   speech   c l i p p i n g   a f t e r  

i n t e r s y l l a b i c   p a u s e s   in  s p e e c h .   In  each  d e t e c t o r ,   a  c h a n n e l  

which  p r e v i o u s l y   was  d e c l a r e d   as  b e i n g   in  the   s p e e c h   s t a t e ,  

but   in  r e s p e c t   of  which  speech   is  no  l o n g e r   d e t e c t e d ,   i s  

deemed  to  be  in  the   h a n g o v e r   s t a t e   and  an  i n i t i a l   h a n g o v e r  

count   is  s e t .   I f   speech   is  s t i l l   not   d e t e c t e d   in  s u c c e s s i v e  

s u p e r f r a m e s ,   t hen   t h i s   h a n g o v e r   coun t   is  d e c r e m e n t e d   u n t i l   i t  

r e a c h e s   z e r o ,   when  the  c h a n n e l   is  d e c l a r e d   s i l e n t .   The  i n i t i a l  

h a n g o v e r   coun t   is  f i x e d   in  the  l e v e l   d e t e c t o r   but   is  v a r i a b l e  

in  the  s l o p e   d e t e c t o r ,   as  is  f u r t h e r   e x p l a i n e d   b e l o w .  

R e f e r r i n g   aga in   to  F ig .   1,  the   l e v e l   d e t e c t o r  

601  c o n s i s t s   of  t h r e e   p a r t s ,   namely  a  c o m p a r a t o r   605,  a  

h a n g o v e r   and  c o n t r o l   u n i t   606,  and  a  d e c i s i o n   s t o r e   607.  I n  

frame  14  in  each  s u p e r f r a m e ,   for   each  c h a n n e l ,   the   c o m p a r a t o r  

605  compares   the   a v e r a g e   T  wi th   a  f i x e d   t h r e s h o l d   TF  which   i s  

above  the  h i g h e s t   p o s s i b l e   n o i s e   l e v e l .   The  r e s u l t   of  t h i s  

c o m p a r i s o n   is  s u p p l i e d   to  the  u n i t   606.  The  u n i t   606  

d e t e r m i n e s   t he   s t a t e   of  the   c h a n n e l   in  d e p e n d e n c e   upon  t h i s  

c o m p a r i s o n   and  the   c h a n n e l ' s   p r e v i o u s   s t a t e   as  s t o r e d   in  t h e  

s t o r e   607,  and  s t o r e s   the  c u r r e n t   s t a t e   of  the   c h a n n e l ,   a n d  

any  h a n g o v e r   c o u n t   which  is  a p p l i c a b l e ,   in  the   s t o r e   6 0 7 .  

The  u n i t   606  s u p p l i e s   a  l o g i c   1  on  the  o u t p u t   l i n e   608  i f   t h e  

c h a n n e l   is  d e t e r m i n e d   as  b e i n g   in  e i t h e r   the   s p e e c h   or  t h e  



hangover   s t a t e .  

The  s l o p e   d e t e c t o r   602  c o n s i s t s   of  a  d e l a y   u n i t  

609,  c o m p a r a t o r s   610,  a  h a n g o v e r ,   c o n t r o l ,   and  t h r e s h o l d  

g e n e r a t o r   u n i t   611,  and  a  d e c i s i o n   and  t h r e s h o l d   s t o r e   6 1 2 .  

The  de lay   u n i t   609  p r o v i d e s   a  d e l a y   of  1  s u p e r f r a m e   fo r   t h e  

a v e r a g e   T  to  p r o v i d e   a  p r e v i o u s   a v e r a g e   TP  v ia   l i n e s   613  t o  

the  c o m p a r a t o r s   610.  In  f rame  14  in  each  s u p e r f r a m e ,   for   e a c h  

c h a n n e l ,   the  c o m p a r a t o r s   610  compare   the   c u r r e n t   a v e r a g e   T 

wi th   the  p r e v i o u s   a v e r a g e   TP,  a  f i r s t   t h r e s h o l d   TL,  and  a  s e c o n d  

t h r e s h o l d   TH  and  s u p p l y   the  c o m p a r i s o n   r e s u l t s   to  the   u n i t   6 1 1 .  

The  t h r e s h o l d s   TL  and  TH a re   v a r i a b l e   t h r e s h o l d s   which  a r e  

s t o r e d   for   each  i n d i v i d u a l   c h a n n e l   in  the  s t o r e   612.  The  u n i t  

611  d e t e r m i n e s   the  s t a t e   of  the   c h a n n e l   in  d e p e n d e n c e   upon  t h e  

c o m p a r i s o n   r e s u l t s   and  the  c h a n n e l ' s   p r e v i o u s   s t a t e   as  s t o r e d  

in  the  s t o r e   612,  g e n e r a t e s   new  t h r e s h o l d s   TL  and  TH  i f  

n e c e s s a r y ,   and  s t o r e s   t he   c u r r e n t   s t a t e   of  the  c h a n n e l ,   t o g e t h e r  

wi th   any  new  h a n g o v e r   coun t   and  t h r e s h o l d s   TL  and  TH,  in  t h e  

s t o r e   612.  The  u n i t   611  s u p p l i e s   a  l o g i c   1  on  the  o u t p u t   l i n e  

614  if   the  c h a n n e l   is  d e t e r m i n e d   as  b e i n g   in  e i t h e r   the   s p e e c h  

or  the  h a n g o v e r   s t a t e .  

Thus  i t   w i l l   be  seen  t h a t   the  speech   d e c i s i o n   on 

the  l i n e   110  is  p r e s e n t   for   each  c h a n n e l ,   i . e .   the   c h a n n e l   i s  

deemed  to  be  c a r r y i n g   s p e e c h ,   u n l e s s   bo th   the  l e v e l   d e t e c t o r   a n d  

the  s l ope   d e t e c t o r   d e c l a r e   the   c h a n n e l   to  be  s i l e n t ,   i . e .   b o t h  

M=0  and  K=0. 

The  o p e r a t i o n   of  the  s p e e c h   d e t e c t o r   w i l l   b e  

f u r t h e r   u n d e r s t o o d   from  the   f o l l o w i n g   d e s c r i p t i o n   wi th   r e f e r e n c e  



to  F i g s .   2  and  3.  In  F ig .   2  B,  D,  and  G  are   i n t e g e r s ,   H  is  t h e  

h a n g o v e r   count   in  the   l e v e l   d e t e c t o r ,   HM  is  a  maximum  v a l u e   o f  

H,  C  is  the   h a n g o v e r   coun t   in  the  s l o p e   d e t e c t o r ,   CM  is   a  

maximum  v a l u e   of  C,  and  the  o t h e r   symbols   have  the   m e a n i n g s  

a l r e a d y   d e s c r i b e d .   For  the   i l l u s t r a t i o n   in  F ig .   3  i t   has  b e e n  

assumed  t h a t   B=l,  D=5,  G=4,  and  CM=HM=31.  Each  of  F i g s .   2  and  3 

r e l a t e s   to  only   one  of  the  48  c h a n n e l s ,   a l l   the   c h a n n e l s   b e i n g  

t r e a t e d   in  the  same  manner .   F ig .   3  i l l u s t r a t e s   the   a v e r a g e   T 

for   the  c h a n n e l   as  a  l i n e   801  on  which  each  p o i n t   r e p r e s e n t s  

the  v a l u e   of  T  in  one  s u p e r f r a m e ,   and  a l s o   i l l u s t r a t e s   t h e  

r e s u l t a n t   v a l u e s   of  M,  H,  TL,  TH,  K,  and  C.  I t   is  i n i t i a l l y  

assumed  t h a t   M=K=C=0.  S u c c e s s i v e   p o i n t s   on  the  l i n e   801  a r e  

i d e n t i f i e d   by  r e f e r e n c e s   802  t h r o u g h   8 3 4 .  

C o n s i d e r i n g   f i r s t l y   the  o p e r a t i o n   of  the   l e v e l  

d e t e c t o r ,   for   each  of  the   p o i n t s   802  t h r o u g h   821  T   TF 

( i n t e r r o g a t i o n   701  in  F ig .   2)  and  the  p r e v i o u s l y   s t o r e d   v a l u e   o f  

M  is  zero  ( i n t e r r o g a t i o n   702  in  F ig .   2)  so  t h a t   in  F ig .   2  t h e  

b r a n c h   703  is  r e a c h e d   and  M  r e m a i n s   zero  ( s i l e n c e ) .   For  each  o f  

the  p o i n t s   822  t h r o u g h   827  T  >  TF,  so  t h a t ,   r e g a r d l e s s   of  t h e  

p r e v i o u s l y   s t o r e d   v a l u e   of  M,  M  is  s e t   to  1  ( speech)   in  b l o c k  

704  in  F ig .   2.  For  p o i n t   828  the  r e s u l t   of  the   i n t e r r o g a t i o n  

701  is  n e g a t i v e ,   so  t h a t   the   v a l u e   of  M  is  i n t e r r o g a t e d   a t  

b l o c k   702  in  F ig .   2.  The  p r e v i o u s l y   s t o r e d   v a l u e   of  M  is  1,  s o  

t h a t   b lock   705  in  F ig .   2  is  r e a c h e d ,   M  b e i n g   s e t   to  2  ( h a n g o v e r )  

and  H  be ing   s e t   to  HM=31.  For  each  of  p o i n t s   829  t h r o u g h   834 

the   r e s u l t   of  the   i n t e r r o g a t i o n   701  is   n e g a t i v e   and  t h e  

p r e v i o u s l y   s t o r e d   v a l u e   of  M,  i n t e r r o g a t e d   in  b l o c k   702,  is  2 



so  t h a t   in  Fig.   2  the  v a l u e   of  H  is  i n t e r r o g a t e d   at  b lock   7 0 6 .  

For  t h e s e   p o i n t s   HfO,  so  t h a t   H  is  d e c r e m e n t e d   each  t ime  a t  

b l o c k   707  in  Fig .   2  and  M  is  u n c h a n g e d .   Un le s s   T  a g a i n   e x c e e d s  

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

H=0,  when  i n t e r r o g a t i o n   706  has  a  p o s i t i v e   r e s u l t   so  t h a t  

b lock   708  is  r e a c h e d   in  which  M  is  se t   t o  z e r o   ( s i l e n c e ) .  

C o n s i d e r i n g   now  the  o p e r a t i o n   of  the   s l o p e  

d e t e c t o r ,   a f t e r   r e a d i n g   the  v a l u e   T  in  each  s u p e r f r a m e   ( b l o c k  

709  in  Fig.   2),   t h i s   v a l u e   is  compared   w i th   the  p r e v i o u s   v a l u e  

TP  ( i n t e r r o g a t i o n   710  in  F ig .   2).   If  T  >  TP,  as  at  p o i n t s   8 0 3 ,  

805  and  808  in  Fig .   3,  then   an  i n t e r r o g a t i o n   is  made  as  t o  

w h e t h e r   K  =  1  ( speech)   in  b l o c k   711  of  F ig .   2.  For  each  of  t h e  

p o i n t s   803,  805,  and  808  the  p r e v i o u s   v a l u e   of  K  is  z e r o ,   s o  

t h a t   the  r e s u l t   of  t h i s   i n t e r r o g a t i o n   is  n e g a t i v e .   In  a  

s u b s e q u e n t   i n t e r r o g a t i o n   712  T  is  compared   w i th   the   f i r s t  

t h r e s h o l d   TL,  and  for   each  of  the  p o i n t s   803,  805,  and  808 

T   TL  so  t h a t   a  s u b s e q u e n t   i n t e r r o g a t i o n   in  b l o c k   713  i s  

e f f e c t e d   as  to  w h e t h e r   K=0.  For  each  of  t h e s e   p o i n t s   t h e  

r e s u l t   of  t h i s   i n t e r r o g a t i o n   is  p o s i t i v e ,   so  t h a t   in  a  b l o c k  

714  the  p r e v i o u s   v a l u e   of  C  is  i n c r e a s e d   by  G=4,  K  r e m a i n i n g  

u n c h a n g e d .  

For  each  of  the   p o i n t s   804,  806,  and  807  t h e  

r e s u l t   of  the  i n t e r r o g a t i o n   710  is  n e g a t i v e ,   so  t h a t   in  a  b l o c k  

715  the  f i r s t   t h r e s h o l d   TL  is  s e t   to  BT  +  D,  i . e .   T  +  5  i n  

F ig .   3.  The  p r e v i o u s   v a l u e   of  K  is  then   i n t e r r o g a t e d   in  a  

b l o c k   716,  and  b e c a u s e   in  the  case   of  each  of  t h e s e   p o i n t s   t h e  

p r e v i o u s   v a l u e   of  K  is  z e r o ,   C  is  s e t   to  zero   in  a  b l o c k   717 



and  K  r e m a i n s   u n c h a n g e d .   Thus  for   a l l   of  the   p o i n t s   803  to  808 

K=0  ( s i l e n c e ) .   I t   can  be  seen  t h a t   the   t h r e s h o l d   TL  i s  

a d a p t i v e l y   a d j u s t e d   d u r i n g   t h i s   p e r i o d ,   so  t h a t   t h i s   t h r e s h o l d  

is  g e n e r a l l y   a  l i t t l e   above  the   l e v e l   of  n o i s e   p r e s e n t   on  t h e  

p a r t i c u l a r   c h a n n e l .  

For  the  p o i n t   809  the   i n t e r r o g a t i o n   710  has  a  

p o s i t i v e   r e s u l t ,   the  s u b s e q u e n t   i n t e r r o g a t i o n   711  has  a  n e g a t i v e  

r e s u l t ,   and  the   r e s u l t a n t   i n t e r r o g a t i o n   712  has  a  p o s i t i v e  

r e s u l t   b e c a u s e   now  T  >  TL,  so  t h a t   K  is  s e t   to  1  ( speech)   i n  

b l o c k   718  in  F ig .   2.  For  each  of  the   p o i n t s   810  t h r o u g h   813  t h e  

i n t e r r o g a t i o n   710  and  the  r e s u l t a n t   i n t e r r o g a t i o n   711  both   h a v e  

p o s i t i v e   r e s u l t s .   Thus  for   each  of  the   p o i n t s   809  t h r o u g h   813 

C  is  i n c r e a s e d   by  G=4  in  a  b l o c k   719;  t h i s   g r a d u a l   i n c r e a s i n g   o f  

C,  and  hence   the  h a n g o v e r   p e r i o d   which  w i l l   s u b s e q u e n t l y   o c c u r ,  

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

r e a c h e d   i n i t i a l l y   at   the   p o i n t   809.  C  is  in  each  case   c o m p a r e d  

w i t h   CM=31  in  an  i n t e r r o g a t i o n   720;  for   each  of  t h e s e   p o i n t s  

the   r e s u l t   of  t h i s   i n t e r r o g a t i o n   is   n e g a t i v e   so  t h a t   no  f u r t h e r  

a c t i o n   is  t a k e n .  

For  the   p o i n t   814  T  <  TP,  so  t h a t   the   f i r s t  

t h r e s h o l d   TL  is  a g a i n   r e s e t   in  b lock   715.  In  t h i s   case   t h e  

p r e v i o u s   v a l u e   of  K  i n t e r r o g a t e d   in  b l o c k   716  is  1,  so  t h a t   i n  

a  b l o c k   721  the  second  t h r e s h o l d   TH  is  s e t   to  the   p r e v i o u s  

a v e r a g e   v a l u e   TP  and  K  is  se t   to  2  ( h a n g o v e r ) .   S u b s e q u e n t l y   i n  

a  b l o c k   722  C  is  d e c r e a s e d   by  1  to  23.  For  the   p o i n t   815 

T  >  T P ,  K  +  1 ,  T  t  T L ,   and  K +  0,  so  t h a t   an  i n t e r r o g a t i o n  

T  >  TH?  (b lock   723  in  F ig .   2)  is  r e a c h e d   whose  r e s u l t   i s  



p o s i t i v e .   A c c o r d i n g l y ,   K  is  se t   to  1  in  b l o c k   718  and  C  i s  

i n c r e a s e d   in  b l o c k   719.  This  r e c o g n i z e s   the   p o i n t   815  a s  

c o m p r i s i n g   s p e e c h ;   t h i s   r e c o g n i t i o n   is  based   on  the   f a c t   t h a t  

p r e v i o u s l y   the   l o w e r - l e v e l   p o i n t   813  was  i d e n t i f i e d   a s  

c o m p r i s i n g   s p e e c h ,   so  t h a t   the  r e l a t i v e l y   h i g h e r - l e v e l   p o i n t  

815  is  a l so   assumed  to  c o m p r i s e   s p e e c h .  

The  p o i n t   816  r e s u l t s   in  a  h a n g o v e r   d e c i s i o n  

(K=2)  in  the   same  manner   as  for   the  p o i n t   814,  the   t h r e s h o l d s  

TL  and  TH  b e i n g   r e s e t   and  C  be ing   d e c r e a s e d   by  1  to  26.  F o r  

the  p o i n t   817  T      TP  so  t h a t   the  t h r e s h o l d   TL  is  r e s e t ,   a n d  

the  i n t e r r o g a t i o n   716  is  r e a c h e d   and  r e v e a l s   t h a t   K=2,  so  t h a t  

in  an  i n t e r r o g a t i o n   724  C  is  a s s e s s e d   and,  s i n c e   i t   is  not   z e r o ,  

is  d e c r e a s e d   by  one  in  the  b lock   7 2 2 .  

For  the  p o i n t   818  T  >  T P ,   K  +  1 ,   T  t  T L ,   K  +  0 ,  

and  T   TH,  so  t h a t   C  is  i n t e r r o g a t e d   in  a  b l o c k   725  and,  n o t  

b e i n g   z e r o ,   is  d e c r e a s e d   by  1  in  a  b l o c k   726,  K  r e m a i n i n g  

u n c h a n g e d .   The  p o i n t   819  and  the  p o i n t s   820  t h r o u g h   825  r e s u l t  

in  the  same  c i r c u m s t a n c e s   as  the  p o i n t s   809  and  810  t h r o u g h   813 

r e s p e c t i v e l y ,   e x c e p t   t h a t   for   e a c h  o f   the   p o i n t s   820  t h r o u g h   825 

i n c r e a s i n g   C  in  b l o c k   719  r e s u l t s   in  the  i n t e r r o g a t i o n   C  >  CM? 

in  b lock   720  h a v i n g   a  p o s i t i v e   r e s u l t ,   so  t h a t   for   each  of  t h e s e  

p o i n t s   C  is  s e t   to  CM=31  in  a  b l o c k  7 2 7 .   At  the  p o i n t   826  b o t h  

of  the  t h r e s h o l d s   TL  and  TH  are  r e s e t   in  the   same  manner   as  a t  

the  p o i n t s   814  and  816,  and  a  h a n g o v e r   d e c i s i o n   (K=2)  is  r e a c h e d  

so  t h a t   C  is  r e d u c e d   by  one.  In  the   same  manner   as  fo r   t h e  

p o i n t   817,  at  each  of  the   p o i n t s   827  t h r o u g h   834  the   t h r e s h o l d  

TL  is  r e s e t   and  C  is  r e d u c e d   by  1.  U n l e s s   the   l i n e   801  a g a i n  



c r o s s e s   the  t h r e s h o l d   TL  or  TH,  t h i s   r e d u c t i o n   of  C  c o n t i n u e s  

in  s u c c e s s i v e   s u p e r f r a m e s   u n t i l   C=0,  when  one  of  t h e  

i n t e r r o g a t i o n s   724  and  725  has  a  p o s i t i v e   r e s u l t  s o   t h a t   in  o n e  

of  b l o c k s   728  and  729  r e s p e c t i v e l y   K  is  s e t   to  ze ro   ( s i l e n c e ) .  

I t   can  be  s een ,   t h e r e f o r e ,   t h a t   t he   l e v e l  

d e t e c t o r   601  p r o v i d e s   a  r e l i a b l e   d e t e c t i o n   of  the   p r e s e n c e   o f  

speech   each  t ime  t h a t   the   a v e r a g e   T  e x c e e d s   the  f i x e d   t h r e s h o l d  

TF,  and  t h a t   a f t e r   each  such  d e t e c t i o n   the  speech   d e c i s i o n   o n  

the  l i n e   110  is  m a i n t a i n e d   fo r   a  f i x e d   h a n g o v e r   p e r i o d   of  32 

s u p e r f r a m e s ,   to  m a i n t a i n   the   d e c i s i o n   d u r i n g   i n t e r s y l l a b i c  

p a u s e s   in  s p e e c h .   On  the  o t h e r   hand,   the  s l o p e   d e t e c t o r   602 

p r o v i d e s   a  l e s s   r e l i a b l e   but   much  e a r l i e r   d e t e c t i o n   of  t h e  

s t a r t   of  speech   b u r s t s ,   as  at  the   p o i n t   809,  to  p r o d u c e   t h e  

speech   d e c i s i o n   on  the   l i n e   110  as  q u i c k l y   as  p o s s i b l e   and  h e n c e  

to  avo id   e x c e s s i v e   c l i p p i n g   of  speech   s i g n a l s   at   the   s t a r t   o f  

speech   b u r s t s .   As  t h i s   d e t e c t i o n   is  l e s s   r e l i a b l e ,   the   h a n g o v e r  

p e r i o d   of  the  s l o p e   d e t e c t o r   is  not   i m m e d i a t e l y   s e t   to  t h e  

maximum  as  in  the   l e v e l   d e t e c t o r ;   but   i n s t e a d   is  i n c r e a s e d   o n l y  

g r a d u a l l y   to  avo id   e x c e s s i v e l y   i n c r e a s i n g   the   a c t i v i t y   of  t h e  

DSI  t r a n s m i s s i o n .   For  e x a m p l e ,   the   a v e r a g e   T  at  the   p o i n t   809 

could   a l t e r n a t i v e l y   be  due  to  n o i s e   t r a n s i e n t s   i n s t e a d   of  t h e  

s t a r t   of  s p e e c h ,   in  which   case   the   l i n e   801  would  not   r i s e   a f t e r  

t h i s   p o i n t .   In  t h i s   case   a l t h o u g h   the  s l o p e   d e t e c t o r   w o u l d  

r e a c h   the  i n c o r r e c t   d e c i s i o n   K=l  ( speech )   fo r   the  p o i n t   8 0 9 ,  

t h i s   d e c i s i o n   would  be  m a i n t a i n e d   on ly   fo r   the  s h o r t   h a n g o v e r  

p e r i o d   of  8  s u p e r f r a m e s   so  t h a t   the   DSI  t r a n s m i s s i o n   a c t i v i t y  

would  be  only   s l i g h t l y   i n c r e a s e d .   In  any  e v e n t ,   as  d e s c r i b e d  



below,   the  v a l u e   T  is  i t s e l f   an  a v e r a g e   t a k e n   over   t h e  

d u r a t i o n   of  one  s u p e r f r a m e ,   and  the  t h r e s h o l d   TL  is  a d a p t i v e l y  

a d j u s t e d   to  be  above  the  a v e r a g e   n o i s e   l e v e l   of  the   c h a n n e l ,  

so  t h a t   the  s l o p e   d e t e c t o r   is  r e l a t i v e l y   i n s e n s i t i v e  t o   n o i s e  

t r a n s i e n t s .  

F ig .   4  i l l u s t r a t e s   in  the  form  of  a  b l o c k  

d i ag ram  a  d . c .   o f f s e t   r emover   and  a v e r a g i n g   c i r c u i t   w h i c h  

s e r v e s   to  p r o d u c e   a  7 - b i t   o f f s e t   removed  a v e r a g e   T  for   e a c h  

c h a n n e l   on  the  l i n e s   115,  from  8 - b i t   i n d i v i d u a l   s i g n a l   s a m p l e s  

of  the  c h a n n e l s   s u p p l i e d   t h e r e t o   on  l i n e s   102.  The  o f f s e t  

remover   c o n s i s t s   of  an  8 - b i t   s u b t r a c t e r   401,  a  1 6 - b i t  

up/down  c o u n t e r   402,  and  a  4 8 - c h a n n e l   by  1 6 - b i t   s t o r e   4 0 3 .  

The  a v e r a g i n g   c i r c u i t   c o n s i s t s   of  a  1 2 - b i t   adder   404,  a  

4 8 - c h a n n e l   by  1 2 - b i t   s t o r e   405,  a  b u f f e r   406  h a v i n g   a  c l e a r  

i n p u t   CL,  and  a  4 8 - c h a n n e l   by  7 - b i t   s t o r e   407  h a v i n g   a  

w r i t e - e n a b l e   i n p u t   WE.  Each  of  the  s t o r e s   is  a d d r e s s e d   i n  

t u r n   for   each  c h a n n e l   v ia   an  a d d r e s s   bus  which  is  not   s h o w n .  

The  o f f s e t   r emove r   s e r v e s   to  p r o d u c e   on  l i n e s  

409  for   each  c h a n n e l   a  7 - b i t   m a g n i t u d e   s i g n a l   f r o m  w h i c h  

l o n g - t e r m   d . c .   o f f s e t s   have  been  r emoved ,   and  to  t h i s   end  t h e  

o f f s e t   remover   in  o p e r a t i o n   r e a c h e s   an  e q u i l i b r i u m   s t a t e   i n  

which  for   each  c h a n n e l   a  1 6 - b i t   o f f s e t   v a l u e   of  the   c h a n n e l  

is  s t o r e d   in  the   s t o r e   403.  In  each  f r ame ,   fo r   each  c h a n n e l ,  

the  s t o r e d   o f f s e t   v a l u e   of  the   c h a n n e l   is  l o a d e d   from  t h e  

s t o r e   403  i n t o   the   c o u n t e r   402  and  is  a v a i l a b l e   at  the  c o u n t e r  

o u t p u t .   The  8  most   s i g n i f i c a n t   b i t s   of  the   o f f s e t   v a l u e   a r e  

a p p l i e d   v ia   l i n e s   410  to  the   s u b t r a c t e r   401,  which  s u b t r a c t s  



the   o f f s e t   v a l u e   b i t s   from  the  c u r r e n t   sample   of  the  c h a n n e l  

to  p r o d u c e   the  7 - b i t   m a g n i t u d e   s i g n a l   on  the  l i n e s   409  a n d  

a  s ign   b i t   on  a  f u r t h e r   o u t p u t   l i n e   411.  This  l i n e   411  i s  

c o n n e c t e d   to  an  up/down  c o u n t i n g   c o n t r o l   i n p u t   U/D  of  t h e  

c o u n t e r   402  and  c a u s e s   the  coun t   of  the   c o u n t e r   to  b e  

i n c r e a s e d   or  d e c r e a s e d   by  1  d e p e n d i n g   on  the  p o l a r i t y   of  t h e  

s ign   b i t   on  the   l i n e   411.  The  c o u n t e r   402  t hus   p r o d u c e s   a 

new,  m o d i f i e d ,   1 6 - b i t   o f f s e t   v a l u e   for   the   c h a n n e l   at  i t s  

o u t p u t ,   and  t h i s   new  v a l u e   is  w r i t t e n   i n t o   the  s t o r e   403 

in  p l a c e   of  the   p r e v i o u s   o f f s e t   v a l u e   fo r   the   c h a n n e l .  

This  s e q u e n c e   is  r e p e a t e d   for   s u b s e q u e n t   c h a n n e l s   in  e a c h  

f r a m e .  

In  the  long  t e rm,   the   e q u i l i b r i u m   s t a t e   r e a c h e d  

is  such  t h a t   for   each  c h a n n e l   the  numbers   of  p o s i t i v e   a n d  

n e g a t i v e   s ign   b i t s   p r o d u c e d   on  the   l i n e   411  are   e q u a l .  

A l t h o u g h   the   s t o r e d   o f f s e t   v a l u e   of  each  c h a n n e l   v a r i e s ,   o n l y  

the   8  most  s i g n i f i c a n t   b i t s   of  t h i s   a re   s u b t r a c t e d   from  t h e  

c h a n n e l   i n f o r m a t i o n ,   and  in  f a c t   256  s ign   b i t s   of  one  p o l a r i t y  

are  r e q u i r e d   in  o r d e r   to  change   the   s u b t r a c t e d   o f f s e t   v a l u e  

b i t s   by  one  s t e p .  

The  a v e r a g i n g   c i r c u i t   s e r v e s   to  p r o d u c e ,   f o r  

each  c h a n n e l ,   the   7 - b i t   a v e r a g e   T  on  the  l i n e s   115.  I n  

f a c t ,   in  o r d e r   to  s i m p l i f y   i m p l e m e n t a t i o n   of  the  c i r c u i t   t h e  

a v e r a g e   T  on  the  l i n e s   115  is  a c t u a l l y   a  f r a c t i o n   of  2 7 / 3 2  

of  the  a c t u a l   a v e r a g e   of  the   s i g n a l s   on  the  l i n e s   409.  F o r  

each  c h a n n e l ,   t h i s   a v e r a g e   T  is  u p d a t e d   in  the   t h i r t e e n t h  

frame  of  each  s u p e r f r a m e   by  a  s i g n a l   a p p l i e d   v i a   a  l i n e   414 



to  the  i n p u t   CL  of  the  b u f f e r   406  and  the   i n p u t   WE  of  t h e  

s t o r e   407,  to  w r i t e   a  new  a v e r a g e   T  i n t o   the   s t o r e   407  a n d  

to  c l e a r   the  b u f f e r   4 0 6 .  

For  each  c h a n n e l   in  each  f rame  of  t h e  

s u p e r f r a m e ,   the  o u t p u t   of  the   adder   404  is  s t o r e d   in  t h e  

s t o r e   405.  The  adder   o u t p u t   is  e q u a l   to  the   sum  of  t h e  

7 - b i t   m a g n i t u d e   s i g n a l   of  the  p a r t i c u l a r   c h a n n e l ,   p r e s e n t  

on  the  l i n e s   409,  and  a  1 2 - b i t   c u m u l a t i v e   sum  for   t h e  

p a r t i c u l a r   c h a n n e l   p r e s e n t   on  l i n e s   412.  The  c u m u l a t i v e  

sum  for   the   c h a n n e l   is  the  p r e v i o u s l y   s t o r e d   sum  for   t h e  

c h a n n e l   which  was  s t o r e d   in  the  s t o r e   405,  which   is  c l o c k e d  

t h r o u g h   the  b u f f e r   406  in  each  f rame  e x c e p t   the  t h i r t e e n t h  

frame  of  each  s u p e r f r a m e   when,  as  d e s c r i b e d   above ,   t h e  

b u f f e r   406  is  c l e a r e d   to  r e d u c e   the  c u m u l a t i v e   sum  to  z e r o .  

In  the   t h i r t e e n t h   f rame  of  each  s u p e r f r a m e ,  

t h e r e f o r e ,   for   each  c h a n n e l   the  1 2 - b i t   c u m u l a t i v e   sum 

p r o d u c e d   at  the   o u t p u t   of  the  s t o r e   405  is  e q u a l   to  the  sum 

of  the  o f f s e t - r e m o v e d   m a g n i t u d e   s i g n a l s   fo r   t h a t   c h a n n e l  

d u r i n g   the   p r e c e d i n g   27  f r ames .   Only  the  7  most   s i g n i f i c a n t  

b i t s   of  t h i s   sum  are   w r i t t e n   i n t o   the  s t o r e   407  to  a c h i e v e  

a  d i v i s i o n   of  the   sum  by  a  f a c t o r   of  32;  hence   the  a v e r a g e  

T  is  27/32  of  the   a c t u a l   a v e r a g e .   This   minor   d i f f e r e n c e   d o e s  

not   a d v e r s e l y   a f f e c t   the  o p e r a t i o n   of  the   s p e e c h   d e t e c t o r .  

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

a v e r a g i n g   c i r c u i t   has  been  d e s c r i b e d   above ,   the   s p e e c h  

d e t e c t o r   of  the   i n v e n t i o n   can  o b v i o u s l y   be  used  i n  

c o n j u n c t i o n   w i th   o t h e r   forms  of  such  c i r c u i t   or  w i t h o u t  



any  p r e c e d i n g   o f f s e t   r emover   and  a v e r a g i n g   c i r c u i t .  

S i m i l a r l y ,   the   s p e e c h   d e t e c t o r   can  be  used  in  o t h e r  

a p p l i c a t i o n s   than   t h a t   d e s c r i b e d ,   and  can  be  p r o v i d e d   i n  

r e s p e c t   of  any  number  of  v o i c e   c h a n n e l   s i g n a l s .   Numerous  

and  v a r i e d   o t h e r   a r r a n g e m e n t s   can  be  p r o v i d e d   w i t h o u t  

d e p a r t i n g   from  the  scope   of  the  i n v e n t i o n   as  d e f i n e d   i n  

the  c l a i m s .  



1.  A  method  of  d e t e c t i n g   the  p r e s e n c e   o f  

speech   s i g n a l s   in  a  sampled   v o i c e   c h a n n e l   s i g n a l ,  

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

(T)  of  a  s i g n a l   sample   e x c e e d s   a  f i r s t   t h r e s h o l d   l e v e l   ( T F ) ,  

c h a r a c t e r i z e d   by  the   s t e p s   o f :  

c o m p a r i n g   the  m a g n i t u d e   (T)  of  each  s a m p l e  

wi th   t h a t   (TP)  of  the   p r e c e d i n g   s a m p l e ;  

wheneve r   the  m a g n i t u d e   (T)  of  a  sample   i s  

not   g r e a t e r   than   t h a t   (TP)  of  the   p r e c e d i n g   s amp le ,   s e t t i n g  

a  second  t h r e s h o l d   (TL)  to  a  l e v e l   which  is  g r e a t e r   t h a n  

and  is  d e p e n d e n t   upon  the  m a g n i t u d e   (T)  of  the  c u r r e n t  

s a m p l e ;  

wheneve r   the  m a g n i t u d e   (T)  of  a  sample   i s  

g r e a t e r   than  t h a t   (TP)  of  the   p r e c e d i n g   s amp le ,   p r o d u c i n g  

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

r e s p e c t   of  the   p r e c e d i n g   sample   or  i f   the  m a g n i t u d e   (T) 

of  the  c u r r e n t   sample   e x c e e d s   the   second   t h r e s h o l d   l e v e l  

(TL);  a n d  

in  r e s p o n s e   to  e i t h e r   the  f i r s t   s i g n a l   o r  

the  second  s i g n a l ,   p r o d u c i n g   a  t h i r d   s i g n a l ,   r e p r e s e n t i n g  

the  p r e s e n c e   of  s p e e c h ,   at  l e a s t   in  r e s p e c t   of  the   c u r r e n t  

s a m p l e .  

2.  A  method  as  c l a i m e d   in  c l a i m   1 ,  

c h a r a c t e r i z e d   by  the  s t e p s   o f : -  



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

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

c o n s e c u t i v e   s amples   commencing  wi th   the   c u r r e n t   s ample ;   a n d  

in  r e s p o n s e   to  a  second   s i g n a l ,   p r o d u c i n g   a 

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

samples   commencing  wi th   the   c u r r e n t   s a m p l e ;  

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

p r e s e n c e   of  e i t h e r   the   f o u r t h   s i g n a l   or  the   f i f t h   s i g n a l .  

3.  A  method  as  c l a i m e d   in  c l a im   2 ,  

c h a r a c t e r i z e d   by  the   s t e p   of  d e t e r m i n i n g   s a i d   s econd   n u m b e r  

in  d e p e n d e n c e   upon  p r e v i o u s   sample   m a g n i t u d e s ,   s a i d   s e c o n d  

number  be ing   i n c r e a s e d   by  a  p r e d e t e r m i n e d   amount ,   up  to  a  

maximum  number,   for   each  sample   in  r e s p e c t   of  which  t h e  

second   s i g n a l   is  p r o d u c e d ,   and  b e i n g   d e c r e a s e d   by  a  

p r e d e t e r m i n e d   amount  at  l e a s t   for   each  sample   w h o s e  

m a g n i t u d e   (T)  is  not   g r e a t e r   t han   the   m a g n i t u d e   (TP)  o f  

the  p r e c e d i n g   s a m p l e .  

4.  A  method  as  c l a i m e d   in  c l a i m   2  or  3 ,  

c h a r a c t e r i z e d   by  the   s t e p s   o f : -  

wheneve r   the  m a g n i t u d e   (T)  of  a  s a m p l e  

e x c e e d s   t h a t   (TP)  of  the   p r e c e d i n g   s a m p l e ,   and  in  r e s p e c t  

of  the  p r e c e d i n g   sample   the  f i f t h   s i g n a l   was  p r o d u c e d   b u t  

the  second  s i g n a l   was  not   p r o d u c e d ,   p r o d u c i n g   the   s e c o n d  

s i g n a l   in  r e s p e c t   of  the   c u r r e n t   sample   i f   i t s   m a g n i t u d e  

(T)  does  not  exceed   the  second   t h r e s h o l d   l e v e l   (TL)  b u t  

e x c e e d s   a  t h i r d   t h r e s h o l d   l e v e l   (TH);  a n d  



s e t t i n g   the  t h i r d   t h r e s h o l d   l e v e l   (TH)  e q u a l  

to  the  m a g n i t u d e   (TP)  of  the  p r e c e d i n g   sample  whenever   t h e  

second  s i g n a l   was  p r o d u c e d   in  r e s p e c t   of  the   p r e c e d i n g  

sample  and  the  m a g n i t u d e   (T)  of  the   c u r r e n t   sample  i s  

not  g r e a t e r   t han   the   m a g n i t u d e   (TP)  of  the  p r e c e d i n g   s a m p l e .  

5.  A  method  as  c l a i m e d   in  any  of  c l a i m s   1 

to  4  c h a r a c t e r i z e d   in  t h a t   each  t ime  t h a t   the   s e c o n d  

t h r e s h o l d   l e v e l   (TL)  is  s e t ,   i t   is  s e t   to  be  g r e a t e r   t h a n  

the  m a g n i t u d e   (T)  of  the  c u r r e n t   sample   by  a  p r e d e t e r m i n e d  

a m o u n t .  

6.  A  method  as  c l a i m e d   in  any  of  c l a i m s  

1  to  5  c h a r a c t e r i z e d   in  t h a t   each  s i g n a l   sample  i s  

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

samples   of  the  v o i c e   c h a n n e l   s i g n a l ,   the   method  c o m p r i s i n g  

the  s t ep   of  p r o d u c i n g   each  s i g n a l   sample  by  r emoving   d . c .  

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

of  the  v o i c e   c h a n n e l   s i g n a l .  

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

c o m p r i s i n g   one  or  more  r e a d - o n l y   memor ies   programmed  a n d  

a r r a n g e d   to  c a r r y   out   the  method  of  any  of  c l a i m s   1  to  6 .  

8.  A  s p e e c h   d e t e c t o r   for   d e t e c t i n g   t h e  

p r e s e n c e   of  s p e e c h   s i g n a l s   in  a  sampled   v o i c e   c h a n n e l  

s i g n a l ,   c o m p r i s i n g   means  (605)  for   p r o d u c i n g   a  f i r s t  

s i g n a l   whenever   the   m a g n i t u d e   (T)  of  a  s i g n a l   s a m p l e  

exceeds   a  f i r s t   t h r e s h o l d   l e v e l   (TF),  c h a r a c t e r i z e d   in  t h a t  



the  speech   d e t e c t o r   c o m p r i s e s : -  

means  (611)  for   g e n e r a t i n g   a  s e c o n d  

t h r e s h o l d   ( T L ) ;  

means  (609)  for   d e l a y i n g   each  sample   u n t i l  

the  next   s a m p l e ;  

means  (610)  for   c o m p a r i n g   the  m a g n i t u d e   (T) 

of  each  sample   w i t h   t h a t   (TP)  of  the   p r e c e d i n g   s a m p l e d  

d e l a y e d   by  s a i d   d e l a y i n g   means  ( 6 0 9 ) ;  

means  (611) ,   r e s p o n s i v e   to  s a i d   c o m p a r i n g  

means  (610)  d e t e r m i n i n g   t h a t   the  m a g n i t u d e   (T)  of  a  s a m p l e  

is  not   g r e a t e r   t han   t h a t   (TP)  of  the  p r e c e d i n g   s a m p l e ,   f o r  

s e t t i n g   the  second   t h r e s h o l d   (TL)  to  a  l e v e l   which   i s  

g r e a t e r   than   and  is  d e p e n d e n t   upon  the  m a g n i t u d e   (T)  o f  

the  c u r r e n t   s a m p l e ;  

means  (611) ,   r e s p o n s i v e   to  s a i d   c o m p a r i n g  

means  (610)  d e t e r m i n i n g   t h a t   the  m a g n i t u d e   (T)  of  a  s a m p l e  

is  g r e a t e r   than   t h a t   (TP)  of  the  p r e c e d i n g   s a m p l e ,   f o r  

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

p r o d u c e d   in  r e s p e c t   of  the  p r e c e d i n g   sample   or  i f   t h e  

m a g n i t u d e   (T)  of  the   c u r r e n t   sample  e x c e e d s   the   s e c o n d  

t h r e s h o l d   l e v e l   (TL);  a n d  

means  (603)  r e s p o n s i v e   to  e i t h e r   the  f i r s t  

s i g n a l   or  the   second   s i g n a l   for   p r o d u c i n g   a  t h i r d   s i g n a l ,  

r e p r e s e n t i n g   the   p r e s e n c e   of  s p e e c h ,   at   l e a s t   in  r e s p e c t  

of  the  c u r r e n t   s a m p l e .  

9.  A  speech   d e t e c t o r   as  c l a i m e d   in  c l a i m  

8  c h a r a c t e r i z e d   b y : -  



means  (606)  r e s p o n s i v e   to  the  f i r s t   s i g n a l  

to  p roduce   a  f o u r t h   s i g n a l   in  r e s p e c t   of  a  f i r s t   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   s amples   commencing  w i t h  

the  c u r r e n t   s ample ;   a n d  

means  (611)  r e s p o n s i v e   to  the   second  s i g n a l  

to  p roduce   a  f i f t h   s i g n a l   in  r e s p e c t   of  a  second  n u m b e r  

of  c o n s e c u t i v e   s a m p l e s   commencing  wi th   the  c u r r e n t  

s a m p l e ;  

w h e r e i n   the   means  (603)  for   p r o d u c i n g   t h e  

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

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

10.  A  speech   d e t e c t o r   as  c l a i m e d   in  c l a i m  

9  c h a r a c t e r i z e d   by  means  (611)  for   d e t e r m i n i n g   s a i d   s e c o n d  

number  in  d e p e n d e n c e   upon  p r e v i o u s   sample  m a g n i t u d e s ,   s a i d  

d e t e r m i n i n g   means  b e i n g   r e s p o n s i v e   to  the  second   s i g n a l  

be ing   p r o d u c e d   in  r e s p e c t   of  a  sample   to  i n c r e a s e   t h e  

second  number,   up  to  a  maximum  number ,   by  a  p r e d e t e r m i n e d  

amount,   and  b e i n g   r e s p o n s i v e   to  the   c o m p a r i n g   means  (610)  

d e t e r m i n i n g   t h a t   the   m a g n i t u d e   (T)  of  a  sample  is  n o t  

g r e a t e r   than  t h a t   (TP)  of  the   p r e c e d i n g   sample   to  d e c r e a s e  

the  second  number  by  a  p r e d e t e r m i n e d   a m o u n t .  

11.  A  speech   d e t e c t o r   as  c l a i m e d   in  c l a i m  

8,  9  or  10  c h a r a c t e r i z e d   by  means  (401  to  406)  f o r  

p r o d u c i n g   each  s i g n a l   sample   by  r emov ing   d . c .   o f f s e t s   f r o m  

and  a v e r a g i n g   a  p l u r a l i t y   of  i n d i v i d u a l   s amples   of  t h e  

v o i c e   c h a n n e l   s i g n a l .  
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