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@  An  apparatus  and  method  for  automatic  detection  of 
speech  signals  in  the  presence  of  noise  including  noise 
events  occurring  when  speech  is  not  present  and  having 
signals  whose  signal  strengths  are  substantially  equal  to  or 
greater  than  the  speech  signals.  Frames  of  data  repre- 
senting  digitized  output  signals  from  a  plurality  of  frequency 
filters  are  operated  on  by  a  linear  feature  vector  to  create 
a  scalar  feature  for  each  frame  which  is  indicative  of  wheth- 
er  the  frame  is  to  be  associated  with  speech  signals  or  noise 
event  signals.  The  scalar  features  are  compared  with  a 
detection  threshold  value  which  is  created  and  updated 
from  a  plurality  of  previously  stored  scalar  features.  A 
plurality  of  the  results  of  the  comparison  for  a  succession 
of  frames  is  stored  and  the  stored  results  combined  in  a 
predetermined  way  to  obtain  an  indication  of  when  speech 
signals  are  present.  In  automatic  speech  recognizers  em- 
ploying  the  above-described  speech  detections,  when  such 
indication  is  given,  frames  are  further  preprocessed  and 
then  compared  with  stored  templates  in  accordance  with  the 
dynamic  programming  algorithm  in  order  to  recognize 
which  word  was  spoken. 
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T h i s   i n v e n t i o n   r e l a t e s   to  an  a p p a r a t u s   and  m e t h o d   f o r  

s p e a k e r   i n d e p e n d e n t   s p e e c h   a c t i v i t y   d e t e c t i o n   in  a n  

e n v i r o n m e n t   of  r e l a t i v e l y   h i g h   l e v e l   n o i s e ,   and  t o  

a u t o m a t i c   s p e e c h   r e c o g n i z e r s   w h i c h   u se   s u c h   s p e a k e r  

i n d e p e n d e n t   s p e e c h   a c t i v i t y   d e t e c t i o n .   T h i s   i n v e n t i o n  

a l s o   r e l a t e s   to   U.S  a p p l i c a t i o n   S e r i a l   N o .  4 7 3 , 4 2 2 ,   f i l e d  

M a r c h   9,  1 9 8 3 ,   e n t i t l e d   " A p p a r a t u s   and  M e t h o d   f o r  

A u t o m a t i c   S p e e c h   R e c o g n i t i o n " ,   a s s i g n e d   a l o n g   w i t h   t h i s  

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

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

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

f o r   man  to  i n t e r f a c e   w i t h   c o m m u n i c a t i o n   e q u i p m e n t ,  

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

c o n v e n i e n t   mode  of  c o m m u n i c a t i o n .   Where   r e a u i r e d ,   t h i s  

w i l l   e n a b l e   o p e r a t o r s   of  t e l e p h o n e s ,   c o m p u t e r s ,   e t c .   t o  

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

s y s t e m s   when  t h e i r   h a n d s   and  e y e s   a r e   b u s y ,   w h e n  t h e y   a r e  

in  t he   d a r k ,   or  when  t h e y   a r e   u n a b l e   to  be  s t a t i o n a r y   a t   a  

t e r m i n a l .  



One  known  a p p r o a c h   to   a u t o m a t i c   s p e e c h   r e c o g n i t i o n  

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

f i l t e r e d   (BPF)  a u d i o   s p e e c h   i n p u t   s i g n a l   to  c r e a t e   f r a m e s  

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

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

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

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

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

a  w o r d ,   w h i c h   when  t a k e n   t o g e t h e r   f o r m   t he   r e f e r e n c e  

v o c a b u l a r y   of   t h e   a u t o m a t i c   s p e e c h   r e c o g n i z e r ) ;   a n d  

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

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

s u c h   as  t h e   dynami>c  p r o g r a m m i n g   a l g o r i t h m ( D P A )   d e s c r i b e d  

in  an  a r t i c l e   by  F.  I t a k u r a ,   e n t i t l e d   "Minimum  p r e d i c t i o n  

r e s i d u a l   p r i n c i p l e   a p p l i e d   to   s p e e c h   r e c o g n i t i o n " ,   I E E E  

T r a n s .   A c o u s t i c s ,   S p e e c h   and  S i g n a l   P r o c e s s i n g ,   V o .  

A S S P - 2 3 ,   p p .   6 7 - 7 2 ,   F e b r u a r y   1 9 7 5 ,   to  f i n d   t h e   b e s t   t i m e  

a l i g n m e n t   p a t h   or  m a t c h   b e t w e e n   a  g i v e n   t e m p l a t e   and  t h e  

s p o k e n   w o r d .  

A u t o m a t i c   S p e e c h   R e c o g n i z e r s   d e p e n d   on  d e t e c t i n g   t h e  

end  p o i n t s   of   s p e e c h   b a s e d   on  m e a s u r e m e n t s   o f  e n e r g y .  

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

e n e r g y ,   a s s u m e d   to  be  s p e e c h ,   and  l a c k   of  e n e r g y ,   a s s u m e d  

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

R e c o g n i z e r s   r e q u i r e   a  r e l a t i v e l y   q u i e t   e n v i r o n m e n t   i n  

w h i c h   to  o p e r a t e ,   o t h e r w i s e ,   p e r f o r m a n c e   in  t e r m s   o f  

r e c o g n i t i o n   a c c u r a c y   d r o p s   d r a s t i c a l l y .   R e q u i r i n g   a  q u i e t  

e n v i r o n m e n t   r e s t r i c t s   t h e   u s e s   to   w h i c h   a  S p e e c h  

R e c o g n i z e r   can   be  p u t ,   f o r   e x a m p l e ,   p r i o r   a r t   r e c o g n i z e r s  

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

or  in  a  c o c k p i t   of  a  t a c t i c a l   a i r c r a f t ,   e t c .   S u c h   n o i s y  

e n v i r o n m e n t s   as  t h e s e   can   be  c h a r a c t e r i z e d   as  h a v i n g  

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

and  n o i s e   e v e n t s   o c c u r r i n g   when  s p e e c h   is   n o t   p r e s e n t ,   t h e  



n o i s e   e v e n t s   s o m e t i m e s   h a v i n g   s i g n a l   l e v e l s   e q u a l   to   o r  

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

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

an  a p p a r a t u s   f o r   s p e a k e r   i n d e p e n d e n t   s p e e c h   a c t i v i t y  
d e t e c t i o n   and  f o r   s u c h   s p e e c h   a c t i v i t y   d e t e c t i o n   f o r   u s e  
in  a u t o m a t i c   s p e e c h   r e c o g n i z e r s   w h i c h   m u s t   o p e r a t e   in  a n  
e n v i r o n m e n t   w h e r e i n   n o i s e   e v e n t s   w i t h   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   o c c u r   when  s p e e c h   i s   n o r   p r e s e n t .  

T h i s   o b j e c t   i s   a c h i e v e d   as  s e t   f o r t h   in   c l a i m   1.  F u r t h e r  

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

The  i n v e n t i o n   can   be  s u m m a r i z e d   as  f o l l o w s :  

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

d i g i t a l   s i g n a l   v a l u e s   a s s o c i a t e d   w i t h   s a i d   d i g i t i z e d  

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

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

p r e f e r r e d   e m b o d i m e n t ,   t h i s   i s   d o n e   w i t h   a  s p e a k e r  

i n d e p e n d e n t   p r e d e f i n e d ,   f i x e d   o p e r a t i o n   or  t r a n s f o r m a t i o n  

p e r f o r m e d   on  t h e   f r a m e s .  

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

a r e   f r e q u e n c y   f i l t e r e d   to  p r o v i d e   a  p l u r a l i t y   o f   f i l t e r  

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

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

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

s i g n a l   v a l u e s   to  c r e a t e   a  s c a l a r   f e a t u r e   f o r   e a c h   f r a m e  

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

n o i s e   e v e n t   s i g n a l s .  

A  d e t e c t i o n   t h r e s h o l d   v a l u e   i s   c r e a t e d   f o r   the   s c a l a r  

f e a t u r e   m a g n i t u d e s   and  r e p e a t e d l y   u p d a t e d .   S c a l a r  

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

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

a r e   s t o r e d .   The  s t o r e d   r e s u l t s   a r e   c o m b i n e d   in  a  

p r e d e t e r m i n e d   m a n n e r   to  o b t a i n   an  i n d i c a t i o n   of  w h e n  



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

When  an  i n d i c a t i o n   t h a t   s p e e c h   s i g n a l s   a r e   p r e s e n t   i s  

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

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

of  r e c o g n i z a b l e   w o r d s .   The  c o m p a r i s o n   i s   b a s e d   on  t h e  

d y n a m i c   p r o g r a m m i n g   a l g o r i t h m   ( D P A ) .  

O b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of   t h e   p r e s e n t  

i n v e n t i o n   w i l l   become   more   f u l l y   a p p a r e n t   f r o m   t h e  

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

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

d r a w i n g s ,   in  w h i c h :  

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

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

i n v e n t i o n .  

F i g .   2  i s   a  more   d e t a i l e d   b l o c k   d i a g r a m   of  t h e  

b a n d p a s s   f i l t e r   p o r t i o n   of  the   i n v e n t i o n   of   F i g .   1 .  

F i g .   3  i s   a  t a b l e   g i v i n g   t h e   f i l t e r   c h a r a c t e r i s t i c s  

of   t h e   b a n d p a s s   f i l t e r   p o r t i o n   o f   F i g .   2 .  

F i g .   4  is   a  p r e f e r r e d   e m b o d i m e n t   b l o c k   d i a g r a m   of  t h e  

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

p r e s e n t   i n v e n t i o n .  

F i g .   5  i s   a  g r a p h   s u m m a r i z i n g   t h e   t i m e   a l i g n m e n t   a n d  

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

r e c o g n i t i o n   a l g o r i t h m   of  F i g .   4 .  

F i g .   6  shows   t h s e e   g r a p h s   o f   a m p l i t u d e   v s .   f r e q u e n c y  

f o r   v o i c e ,   j e t   n o i s ;   and  o x y g e n   r e g u l a t o r   n o i s e . -  

F i g .   7  i s   a  more   d e t a i l e d   b l o c k   d i a g r a m   of  t h e   s p e e c h  

a c t i v i t y   d e t e c t o r   p o r t i o n   o f   t he   s p e e c h   r e c o g n i t i o n  

a l g o r i t h m   of  F i g .   4 .  



F i g .   1  i s   a  b l o c k   d i a g r a m   of   an  a u t o m a t i c   s p e e c h  

r e c o g n i z e r   a p p a r a t u s   d e s i g n a t e d   g e n e r a l l y   100 .   I t  

c o m p r i s e s   a  m i c r o p h o n e   1 0 2 ;   a  m i c r o p h o n e   p r e a m p l i f i e r  

c i r c u i t   1 0 4 ;   a  b a n d p a s s   f i l t e r   bank   c i r c u i t   108  f o r  

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

of  c i r c u i t   1 0 4 ;   a  p a i r   of  p r o c e s s o r s   110  and  1 1 2  -  

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

c i r c u i t s   114  and  1 1 6 ;   and  an  e x t e r n a l   n o n - v o l a t i l e   m e m o r y  

d e v i c e   1 1 8 .   In  t h e   p r e f e r r e d   e m b o d i m e n t ,   p r o c e s s o r s   1 1 0  

and  112  a r e   M o t o r o l a   MC68000  m i c r o p r o c e s s o r s   a n d  

i n t e r - p r o c e s s o r   c o m m u n i c a t i o n   c i r c u i t s   114  and  116  a r e  

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

and  d a t a   t r a n s f e r s   b e t w e e n   MC68000  m i c r o p r o c e s s o r s .  

I n t e r r u p t   p r o c e d u r e s   f o r   t h e   MC68000  a r e   a d e q u a t e l y  

d e s c r i b e d   in  t n e   MC68000  s p e c i f i c a t i o n .  

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

EPROM  memory   p o r t i o n s   122  and  124  of   t h e   p r o c e s s o r s   1 1 0  

and  1 1 2 ,   r e s p e c t i v e l y ,   w h i l e   t h e   p r e d e f i n e d   v o c a b u l a r y   i s  

s t o r e d   as  p r e v i o u s l y   c r e a t e d   t e m p l a t e s   in   t he   e x t e r n a l  

n o n - v o l a t i l e   memory   d e v i c e   118  w h i c h   in  t h e   p r e f e r r e d  

e m b o d i m e n t   is   an  I n t e l   b u b b l e   m e m o r y ,   Mode l   No.  7 1 1 0 ,  

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

e m b o d i m e n t ,   t h e r e   a r e   o n l y   36  w o r d s   in  t h e   v o c a b u l a r y ,  

a n d ,   h e n c e ,   36  t e m p l a t e s   w i t h   4000  b i t s   r e q u i r e d   p e r  

t e m p l a t e   on  t h e   a v e r a g e .   H e n c e ,   t h e   b u b b l e   memory   i s  

c a p a b l e   of  s t o r i n g   a p p r o x i m a t e l y   250  t e m p l a t e s .   When  

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

of  s p e e c h   d a t a   f r o m   BPF  c i r c u i t   108 ,   t h e y   a r e   b r o u g h t   f r o m  

memory   118  i n t o   w o r k i n g   memory   126  in  p r o c e s s o r   1 1 2 .  



R e f e r r i n g   now  to  F i g .   2,  a  more   d e t a i l e d   b l o c k  

d i a g r a m   of  t h e   b a n d p a s s   f i l t e r   b a n k   c i r c u i t   108  is   s h o w n .  

The  o u t p u t   f r o m   p r e a m p   104  on  l e a d   130  f r o m   F i g .   1  i s  

t r a n s m i t t e d   to  an  i n p u t   a m p l i f i e r   s t a g e   2 0 0  w h i c h  h a s   a  

3  db  b a n d w i d t h   of  l O k H z .   T h i s   i s   f o l l o w e d   by  a  6  db  p e r  

o c t a v e   p r e e m p h a s i s   a m p l i f i e r   202  h a v i n g   s e l e c t a b l e   c u t   i n  

f r e q u e n c i e s   of  5 0 0  o r   5 0 0 0  H z .  T h i s   i s   c o n v e n t i o n a l  

p r a c t i c e  t o  p r o v i d e   more   g a i n   a t   t h e   h i g h e r   f r e q u e n c i e s  

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

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

o u t p u t   of  a m p l i f i e r   202  t h e   s i g n a l   s p l i t s   and  i s   p r o v i d e d  

to   t h e  i n p u t s   of  a n t i - a l i a s i n g   f i l t e r s   204  ( w i t h   a  c u t o f f  

f r e q u e n c y   of   1 . 4   kHz)  a n d  2 0 6   ( w i t h   a  c u t o f f   f r e q u e n c y   o f  

1 0 . 5   KHz) .   T h e s e   a r e   p r o v i d e d   to  e l i m i n a t e   a l i a s i n g   w h i c h  

may  r e s u l t   b e c a u s e   of  s u b s e q u e n t   s a m p l i n g .  

The  o u t p u t s   of  f i l t e r s   204  and  206  a r e   p r o v i d e d   t o  

b a n d p a s s   f i l t e r   c i r c u i t s   (BPF)  208  and  2 1 0 ,   r e s p e c t i v e l y .  

BPF  208  i n c l u d e s   c h a n n e l s   1-9   w h i l e   BPF  210  i n c l u d e s  

c h a n n e l s   1 0 - 1 9 .   Each  of   c h a n n e l s   1 - 1 8   c o n t a i n s  a  

o n e / t h i r d   o c t a v e   f i l t e r .   C h a n n e l   19  c o n t a i n s   a  f u l l  

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

c o n v e n t i o n a l   m a n n e r   u s i n g   R e t i c o n   Mode l   N u m b e r s   R5604  a n d  

R 5 6 6 0 6   s w i t c h e d - c a p a c i t o r   d e v i c e s .   F i g .   3  g i v e s   t he   c l o c k  

i n p u t   f r e q u e n c y ,   c e n t e r   f r e q u e n c y   and  3  db  b a n d w i d t h   o f  

t h e   19  c h a n n e l s   of  t he   BPF  c i r c u i t s   208  and  210 .   T h e  

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

BPF  c i r c u i t s   208  and  210  a r e   g e n e r a t e d   in  a  c o n v e n t i o n a l  

m a n n e r   f r o m  a   c l o c k   g e n e r a t o r   c i r c u i t   212  d r i v e n   by  a  

1 . 6 3 2   MHz  c l o c k   2 1 3 .  

The  o u t p u t s   of   BPF  c i r c u i t s   208  and  210  a r e  

r e c t i f i e d ,   low  p a s s   f i l t e r e d   ( c u t o f f   f r e q u e n c y   =  30  Hz)  

and  s a m p l e d   s i m u l t a n e o u s l y   in  19  s a m p l e   and  h o l d   c i r c u i t s  

( N a t i o n a l   S e m i c o n d u c t o r   Mode l   No.  LF398)   in  s a m p l i n g  

c i r c u i t r y   214 .   The  19  c h a n n e l   s a m p l e s   a r e   t h e n  



m u l t i p l e x e d   t h r o u g h   m u l t i p l e x e r s   216  and  218  ( S i l i c o n i x  

M o d e l   No.  DG506)  and  c o n v e r t e d   f r o m   a n a l o g   to   d i g i t a l  

s i g n a l s   in  l o g   A/D  c o n v e r t e r   2 2 0 ,   a  S i l i c o n i x   d e v i c e ,  

M o d e l   No.  DF331 .   The  c o n v e r t e r   220  has   an  8  b i t  s e r i a l  

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

to  p a r a l l e l   r e g i s t e r   222  ( N a t i o n a l   S e m i c o n d u c t o r   M o d e l  

No.  D M 8 6 L S 6 2 )  f o r   i n p u t   to  p r o c e s s o r   110  v i a   bus   1 3 2 .  

A  2  MHz  c l o c k   224  g e n e r a t e s   v a r i o u s   t i m i n g   s i g n a l s  

f o r   t h e   c i r c u i t r y   214 ,   m u l t i p l e x e r s   216  a n d  2 1 8   and  f o r  

A/D  c o n v e r t e r   220 .   A  s a m p l e   and  h o l d   command  is   s e n t   t o  

c i r c u i t r y   214  o n c e   e v e r y   10  m i l l i s e c o n d s   o v e r   l e a d   2 1 5 .  

Then  e a c h   of   t h e   s a m p l e   and  h o l d   c i r c u i t s  i s   m u l t i p l e x e d  

s e q u e n t i a l l y   (one  e v e r y   5-00  m i c r o s e c o n d s )   in  r e s p o n s e   to   a  

f i v e   b i t   s e l e c t i o n ' s i g n a l   t r a n s m i t t e d   v i a   bus   217  t o  

c i r c u i t s   216  and  218  f rom  t i m i n g   c i r c u i t   226 .   Four   b i t s  

a r e   u s e d   by  e a c h   c i r c u i t   w h i l e   one  b i t   i s   u s e d   to  s e l e c t  

w h i c h   c i r c u i t .   I t   t h e r e f o r e   t a k e s   10  m i l l i s e c o n d s   to   A / D  

c o n v e r t   19  s a m p l e d   c h a n n e l s   p l u s   a  g r o u n d   r e f e r e n c e  

s a m p l e .   T h e s e   20  8 - b i t   d i g i t a l   s i g n a l s   a r e   c a l l e d   a  f r a m e  

of  d a t a   and  t h e y   a r e   t r a n s m i t t e d   o v e r   bus   132  a t  

a p p r o p r i a t e   t i m e s   to  m i c r o p r o c e s s o r   110 .   Once  e v e r y   f r a m e  

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

c i r c u i t   226  and  p r o v i d e d   to   p r o c e s s o r   110  v i a   l e a d   2 2 8 .  

T h i s   s i g n a l   s e r v e s   to  s y n c   t h e   f i l t e r   c i r c u i t   108  t i m i n g  

to  t h e   p r o c e s s o r   110  i n p u t .   T i m i n g   g e n e r a t o r   c i r c u i i t   2 2 6  

f u r t h e r   p r o v i d e s   a  2  kHz  d a t a   r e a d y   s t r o b e   v i a   l e a d   230  t o  

p r o c e s s o r   1 1 0 .   T h i s   p r o v i d e s   20  i n t e r r u p t   s i g n a l s   p e r  

f r a m e   to   p r o c e s s o r   1 1 0 .  

R e f e r r i n g   now  to  F i g .   4,  a  b l o c k   d i a g r a m   of  t h e  

a u t o m a t i c   s p e e c h   r e c o g n i t i o n   a l g o r i t h m   400  of   t h e   p r e s e n t  .  
i n v e n t i o n   i s   p r e s e n t e d .   I t   can   be  d i v i d e d   i n t o   f o u r  

s u b t a s k s :   b a n d p a s s   f i l t e r   d a t a   t r a n s f o r m a t i o n   4 0 2 ;  s p e e c h  

a c t i v i t y   d e t e c t i o n   404;   v a r i a b l e   f r a m e   r a t e   e n c o d i n g   a n d  

n o r m a l i z e d   m e l - c e p s t r a l   t r a n s f o r m a t i o n   406 ;   a n d  



r e c o g n i t i o n   408 .   The  s p e e c h   a c t i v i t y   d e t e c t i o n  

s u b t a s k   404  h a s   b e e n   i m p l e m e n t e d   in  C  l a n g u a g e   f o r   u s e   o n  

a  VAX  1 1 / 7 8 0   and  in   a s s e m b l y   l a n g u a g e   f o r   u s e   on  a n  
M C 6 8 0 0 0 .   C  l a n g u a g e   i s   a  h i g h e r   o r d e r   l a n g u a g e   c o m m o n l y  

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

W e s t e r n   E l e c t r i c .   The  C  l a n g u a g e   v e r s i o n   of   s u b t a s k  4 0 4  

w i l l   be  d e s c r i b e d   in  more  d e t a i l  i n   c o n n e c t i o n   w i t h   a  

d e s c r i p t i o n   of  F i g .   7 .  

As  d i s c u s s e d   e a r l i e r ,   e v e r y   500  m i c r o s e c o n d s   t h e  

m i c r o p r o c e s s o r   110  is   i n t e r r u p t e d   by  t h e  c i r c u i t   108  v i a  

l e a d   230 .   The  s o f t w a r e   w h i c h   h a n d l e s   t h a t   i n t e r r u p t   i s  

t h e   BPF  t r a n s f o r m a t i o n   s u b t a s k  4 0 2 .   U s u a l l y ,   t h e   n e w  

8 - b i t   f i l t e r   v a l u e   f r o m   bus   132  i s   s t o r e d   i n t o   a  b u f f e r ,  

b u t   e v e r y - 1 0   m i l l i s e c o n d   ( t h e   2 0 t h   i n t e r r u p t )   a  new  f r a m e  

s i g n a l   is   s e n t   v i a   l e a d   228 .   The  BPF  t r a n s f o r m a t i o n  

s u b t a s k   402  t a k e s   t h e   19  8 - b i t   f i l t e r   v a l u e s   t h a t   w e r e  

b u f f e r e d ,   c o m b i n e s   t he   f i r s t   t h r e e   v a l u e s   as  t h e   f i r s t  

c o e f f i c i e n t   and  t h e   n e x t   two  v a l u e s   as  t h e   s e c o n d  

c o e f f i c i e n t ,   and  d i s c a r d s  t h e   1 9 t h   v a l u e   b e c a u s e   i t   h a s  

b e e n   f o u n d   to  c o n t a i n   l i t t l e   i f   any  u s e f u l   i n f o r m a t i o n ,  

e s p e c i a l l y   in  a  n o i s y   e n v i r o n m e n t .   The  r e s u l t i n g   1 5  

c o e f f i c i e n t s   c h a r a c t e r i z e   one  10  ms  f r a m e   of  t h e   i n p u t  

s i g n a l  

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

b u f f e r   410  and  t h e n   to  t he   VFRE  and  m e l - c e p s t r a l  

t r a n s f o r m a t i o n   s u b t a s k   406  i f   t h e   s p e e c h   a c t i v i t y   d e t e c t o r  

s u b s ' t a s k   404  has   i n d i c a t e d   t h a t   s p e e c h   i s   p r e s e n t .   T h e  

s p e e c h   a c t i v i t y   d e t e c t o r   s u b t a s k   404  w i l l   be  e x p l a i n e d   i n  

more   d e t a i l   l a t e r .   A s s u m i n g   f o r   t ne   moment   t h a t  

s u b t a s k   404  i n d i c a t e s   t h a t   s p e e c h   is   p r e s e n t ,   t h e n   i n  

s u b t a s k   406 ,   t h e   E u c l i d e a n   d i s t a n c e   b e t w e e n   a  p r e v i o u s l y  

s t o r e d   f r a m e   and  t h e   c u r r e n t   f r a m e   in  b u f f e r   410  i s  

d e t e r m i n e d .   I f   t h e   d i s t a n c e   i s   s m a l l   ( l a r g e   s i m i l a r l y )  



and  n o t   more   t n a n   two  f r a m e s   of  d a t a   h a v e   b e e n   s k i p p e d ,  

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

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

n o r m a l i z e d   m e l - c e p s t r a l   t r a n s f o r m a t i o n .   On  t h e   a v e r a g e ,  

o n e - h a l f   of   t h e   d a t a   f r a m e s   f r o m   t h e   c i r c u i t   108  a r e  

p a s s e d   on  ( i . e .   50  f r a m e s   p e r   s e c o n d ) .  

To  r e d u c e   t h e   d a t a   to  be  p r o c e s s e d ,   t h e   15  f i l t e r  

c o e f f i c i e n t s   a r e   r e d u c e d   to  5  c o e f f i c i e n t s   by  a  l i n e a r  

t r a n s f o r m a t i o n   m a t r i x .   A  c o m m o n l y   u s e d   m a t r i x   c o m p r i s e s   a  

f a m i l y   of  5  " m e l - c o s i n e "   v e c t o r s   t h a t   t r a n s f o r m   t h e  

b a n d p a s s   f i l t e r   d a t a   i n t o   an  a p p r o x i m a t i o n   o f  

" m e l - c e p s t r a l "  c o e f f i c i e n t s .   M e l - c o s i n e   l i n e a r  

t r a n s f o r m a t i o n s   a r e   d i s c u s s e d   in  (1)  D a v i s ,   S - B .  a n d  

M e r m e l s t e i n ,   P.  " E v a l u a t i o n   of  A c o u s t i c   P a r a m e t e r s   f o r  

M o n o s y l l a b l e   Word  I d e n t i f i c a t i o n " ,   J o u r n a l   A c o u s t .   S o c .  

Am.,  V o l .   64,   S u p p l .   1,  pp .   S 1 8 0 - 1 8 1 ,   F a l l   1978  ( A b s t r a c t )  

and  (2)  S.  D a v i s   and  P.  M e r m e l s t e i n   " C o m p a r i s o n   o f  

P a r a m e t e r   R e p r e s e n t a t i o n s   f o r   M o n o s y l l a b i c   W o r d  

R e c o g n i t i o n   in  C o n t i n u o u s l y   S p o k e n   S e n t e n c e s " ,   IEEE  T r a n s . .  

A c o u s t . ,   S p e e c h ,   S i g n a l   P r o c . ,   V o l .   A S S P - 2 8 ,   p p .   3 5 7 - 3 6 6 ,  

b o t h   of   w h i c h   a r e   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e   as  i f  

s p e c i f i c a l l y   s e t   f o r t h   h e r e i n .   H o w e v e r ,   in  t h e   p r e f e r r e d  

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

" m e l - c o s i n e "   l i n e a r   t r a n s f o r m a t i o n   i s   u s e d   c a l l e d  

n o r m a l i z e d   m e l - c e p s t r a l   t r a n s f o r m a t i o n ,   i . e . ,   t h e  r a w   BPF 

d a t a   is   n o r m a l i z e d   to  z e r o   m e a n ,   n o r m a l i z e d   to  z e r o   n e t  

s l o p e   a b o v e   500  HZ  and  m e l - c o s i n e   t r a n s f o r m e d   in  o n e  

s t e p .   The  f i r s t   m e l - c e p s t r a l   c o e f f i c i e n t   ( w h i c h   is   v e r y  

s e n s i t i v e   to  s p e c t r a l   s l o p e )   is   n o t   u s e d .  

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

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

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

p r o c e s s o r ' s   w o r k i n g   memory  126.   The  c o m p a r i s o n   is  done   i n  



a c c o r d a n c e   w i t h   a  r e c o g n i t i o n   p o r t i o n   408  of  t h e   a l g o r i t h m  

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

S e r i a l   No:   4 7 3 , 4 2 2 ,   f i l e d   M a r c h   9,  1983   and  b a s e d   on  t h e  

w e l l - k n o w n   d y n a m i c   p r o g r a m m i n g   a l g o r i t h m   (DPA)  w h i c h  i s  

d e s c r i b e d   in  an  a r t i c l e   by  F.  I t a k u r a   e n t i t l e d   " M i n i m u m  

P r e d i c t i o n   R e s i d u a l   P r i n c i p l e   A p p l i e d   to   S p e e c h  

R e c o g n i t i o n " ,   IEEE  T r a n s .   A c o u s t i c s ,   S p e e c h   and  S i g n a l  

P r o c e s s i n g ,   V o l .   A S S P - 2 3 ,   pp .   6 7 - 7 2 ,   F e b r u a r y   1 9 7 5 .   I n  

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

of   t he   DPA  is   u s e d ,   c a l l e d   a  w i n d o w e d   DPA  w i t h   p a t h  

b o u n d a r y   c o n t r o l .   A  s u m m a r y   of  t h e   DPA  is   p r o v i d e d   i n  

c o n n e c t i o n   w i t h   a  d e s c r i p t i o n   of   F i g .   5.  A  t e m p l a t e   i s  

p l a c e d   on  t h e   y - a x i s   502  and  t h e   i n p u t   word   to  b e  

r e c o g n i z e d   i s   p l a c e d   on  t h e   x - a x i s   504  to   f o r m   a  DPA 

m a t r i x   5 0 0 ,   E v e r y   c e l l   in  t h e   m a t r i x   c o r r e s p o n d s   to   a  

o n e - t o - o n e   m a p p i n g   of  a  t e m p l a t e   f r a m e   w i t h   a  w o r d .  f r a m e .  

Any  t i m e   a l i g n m e n t   b e t w e e n   t h e   f r a m e s   o f   t h e s e   p a t t e r n s  

can   be  r e p r e s e n t e d   by  a  p a t h   t h r o u g h   t h e   m a t r i x   f r o m   t h e  

l o w e r - l e f t   c o r n e r   to  t he   u p p e r - r i g h t   c o r n e r .   A  t y p i c a l  

a l i g n m e n t   p a t h   506  is   s h o w n .   The  DPA  f u n c t i o n   f i n d s   t h e  

l o c a l l y   o p t i m a l   p a t h   t h r o u g h   t he   m a t r i x   by  p r o g r e s s i v e l y  

f i n d i n g   t he   b e s t   p a t h   t o  e a c h   c e l l ,   D,  in   t h e   m a t r i x   b y  

e x t e n d i n g   t h e   b e s t   p a t h   e n d i n g   in   t he   t h r e e   a d j a c e n t   c e l l s  

l a b e l e d   by  v a r i a b l e s ,   A , B ,   and  C.  The  p a t h   t h a t   has   t h e  

m i n i m u m   s c o r e   i s   s e l e c t e d   to   be  e x t e n d e d   to  D  s u b j e c t   t o  

t h e   l o c a l   p a t h   c o n s t r a i n t :   e v e r y   h o r i z o n t a l   or  v e r t i c a l  

s t e p   m u s t   be  f o l l o w e d   by  a  d i a g o n a l   s t e p .   For  e x a m p l e ,   i f  

a  v e r t i c a l   s t e p   was  made  i n t o   c e l l   C,  t h e   p a t h   a t   c e l l   C 

c a n n o t   be  c h o s e n   as  t he   b e s t   p a t h   to  c e l l   D.  The  p a t h  

s c o r e   a t   c e l l   D  is   u p d a t e d   w i t h   t h e   p r e v i o u s   p a t h   s c o r e  

( f r o m   A,  B,  or  C)  p l u s   t he   f r a m e - t o - f r a m e   d i s t a n c e   a t  

c e l l   D.  T h i s   d i s t a n c e   is  d o u b l e d   b e f o r e   a d d i n g   i f   a  

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



n o r m a l i z a t i o n .   The  m o v e m e n t   of  t h e   DPA  f u n c t i o n   i s   a l o n g  

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

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

r e c o g n i t i o n   a l g o r i t h m   by  r e s e t t i n g   t he   B  v a r i a b l e   to  c e l l  

D ' s   s c o r e ,   t he   A  v a r i a b l e   to  c e l l   C ' s   s c o r e   and  r e t r i e v i n g  

f r o m   s t o r a g e   a  new  v a l u e   f o r   C .  

H o w e v e r ,   b e f o r e   t he   s u b t a s k s   406  and   408  c a n   o p e r a t e ,  

t h e   b e g i n n i n g   a n d  e n d   of  s p e e c h   m u s t   be  d e t e c t e d .   W h e r e  

s p e e c h   r e c o g n i t i o n   is   t a k i n g   p l a c e   in  a  q u i e t   e n v i r o n m e n t  

w i t n   l i t t l e   or  no  n o i s e   p r e s e n t ,   e n d p o i n t   d e t e c t i o n   b a s e d  

on  e n e r g y   m e a s u r e m e n t   can  be  u s e d .   H o w e v e r ,   in  t h e  

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

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

a c t i v i t y  - d e t e c t o r s   u s e l e s s .   B a c k g r o u n d   n o i s e   f r o m   e n g i n e s  

and  w ind   i s   a d d e d   to  t h e   s p e e c h   s i g n a l   and  r e s u l t s   in  t h e  

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

a d d i t i v e   n o i s e .   See  c u r v e   602  in  F i g .   6.  The  use   of   a n  

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

and  e x h a l e s   w h i c h   a r e   n o t   c o n c u r r e n t   w i t h   s p e e c h   b u t  

r e s e m b l e   s p e e c h   in  s p e c t r a l   s h a p e   and  can   c a u s e   s p u r i o u s  

d e t e c t i o n .   See  C u r v e s   604  and  606,   r e s p e c t i v e l y .   T h e  

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

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

c o c k p i t   c o n d i t i o n s .  

R e f e r r i n g   now  to  F i g .   7,  a  more  d e t a i l e d   d e s c r i p t i o n  

of   t he   s p e e c h   a c t i v i t y   d e t e c t i o n   s u b t a s k   404  i s   g i v e n .   A 

l a r g e   n u m b e r   of   f r a m e s   of  d a t a   f rom  s u b t a s k   4 0 2  

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

v a r i e t y   of   s p e a k e r s   and  o x y g e n   r e g u l a t o r s   we re   s t u d i e d   t o  

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

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

n o i s e   e v e n t s   o v e r   a  r a n g e   of   s p e a k e r s .   I t   was  d e t e r m i n e d  

t h a t   a  s i n g l e   15  p a r a m e t e r   f e a t u r e   v e c t o r   702  c o u l d   b e  



f o u n d   w h o s e   i n n e r   p r o d u c t   703  w i t h   m o d i f i e d   f r a m e s   7 0 4  

d e r i v e d  f r o m   t h e  b a n d p a s s   f i l t e r   f r a m e   705  w o u l d   p r o v i d e   a  
s c a l a r   f e a t u r e   706  g i v i n g   g o o d  s e p a r a t i o n   of  s p e e c h   f r o m  
n o i s e   e v e n t s .   The  f r a m e s   c o m i n g   f r o m   t h e   B P F  
t r a n s f o r m a t i o n   s u b t a s k   402  a r e   l o g a r i t h m i c a l l y   e n c o d e d  
f r a m e s   due  to  t h e   a c t i o n   of   t h e   l o g   A/D  C o n v e r t e r   2 2 0 .  
B e t t e r   r e s u l t s   a r e   a c h i e v e d ,   h o w e v e r ,   i f   f r a m e s  

p r o p o r t i o n a l   to   t h e   e n e r g y   of   t h e   n o i s e   e v e n t   s i g n a l s   a n d  
s p e e c h   s i g n a l s   a r e   f o r m e d .   T h i s   i s   a c c o m p l i s h e d   b y  
m o d i f y i n g   t h e   BPF  f r a m e s   f r o m   70.5  v i a   t h e   o p e r a t i o n   o f  

s q u a r i n g   t h e   i n v e r s e   l o g   of  t h e   f r a m e   c o m p o n e n t s   7 0 7 .  
T h i s   s t e p   e n h a n c e s   s p e e c h   a c t i v i t y   d e t e c t i o n   by  i n c r e a s i n g  
t h e   d y n a m i c   r a n g e   of   t h e   f e a t u r e s ,   t h u s   p r o v i d i n g   g r e a t e r  
s e p a r a t i o n  b e t w e e n   t he   p e a k s   of  t he   s p e e c h   s p e c t r a   and  t h e  
r e l a t i v e l y   b r o a d   b a n d   n o i s e   and  n o n - s p e e c h   s p e c t r a .  

To  d e r i v e   a  good   f e a t u r e   v e c t o r   F,  a  c o l l e c t i o n   o f  
f r a m e s   of  BPF  d a t a   f rom  a  p l u r a l i t y   of   s p e a k e r s   and  n o i s e  
e v e n t s   o c c u r r i n g   when  s p e e c h   is   n o t   p r e s e n t   a r e   c o l l e c t e d  
and  m o d i f i e d   as  d e s c r i b e d   a b o v e .   The  d a t a   i s   d i v i d e d   i n t o  
s e t s   of   s p e e c h   f r a m e s   [S]  and   n o i s e   e v e n t   f r a m e s   [N] .   B y  
i n s p e c t i o n ,   a  good   i n t u i t i v e   g u e s s   a t   F  i s   made  and  t h e n  
in  a c c o r d a n c e   w i t h   t he   e q u a t i o n   b e l o w ,   t h e   i n n e r   p r o d u c t s  
of   F  w i t h  a l l   of   [S]  and  a l l   of  [N]  i s   f o r m e d ,   and  t h e  
s t a t i s t i c a l   o v e r l a p   of  t he   r e s u l t i n g   two  c l a s s e s   of  s c a l a r  
f e a t u r e s ,   [ F . S ]   and  [F.N]  i s   m e a s u r e d   t o  f o r m   a  s e p a r a t i o n  
f i g u r e  o f   m e r i t .   (.  r e p r e s e n t s - f o r m i n g   the   i n n e r  p r o d u c t  
of  t h e   two  v e c t o r s . )  

S m a l l   c h a n g e s   in  e a c h   of  t h e   f e a t u r e   v e c t o r   c o m p o n e n t s ,  
f j   is   made ,   f o r   e x a m p l e ,   t h e   f i r s t   c o m p o n e n t ,   f 1 ,   of   F 



i s   made  a  l i t t l e   l a r g e r   and  t h e n   a  l i t t l e   s m a l l e r ,   t h e n  

t h e   same  is   d o n e   f o r   f2  and  so  on .   For   e a c h   s m a l l  

c n a n g e   F .S   and  F.N  is   r e c o m p u t e d   f o r   a l l   t h e   f r a m e s   [S]  

and  [N]  and  t h e   s e p a r a t i o n   r e m e a s u r e d .   T h i s   i d e n t i f i e s  

t he   d i r e c t i o n   to   t a k e   to  c h a n g e   F  f o r   b e t t e r   s e p a r a t i o n .  

F  is   c h a n g e d   a c c o r d i n g l y ,   o b t a i n i n g   a  new  v e c t o r   f o r   a  

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

a p p r o a c h   i s   known  as  a  g r a d i e n t   s e a r c h .  

When  a  f e a t u r e   v e c t o r   F  i s   f o r m e d   w h i c h   a p p e a r s   to  b e  

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

a l g o r i t h m   to  s e e   how  i t   w o r k s .   I f   c e r t a i n   t y p e s   of  n o i s e  

e v e n t s   a r e   f o u n d   to  s t i l l   t r i g g e r   t he   d e t e c t i o n ,   or  i f  

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

them  a r e   t a k e n   and  a d d e d   to  t h e   d a t a   b a s e   [S]  and   [ N ] .  

Then  a  new  f e a t u r e   v e c t o r   i s   s e a r c h e d   f o r   t h a t   h a n d l e s   t h e  

new  d a t a   as  w e l l   as  t h e   o l d .  

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

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

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

c o m p u t e r .  



The  p r e f e r r e d   e m b o d i m e n t ,   15  p a r a m e t e r   f e a t u r e   v e c t o r  

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

a b o v e   i s ,  

Once  t he   o p t i m u m   f e a t u r e   v e c t o r   i s   d e t e r m i n e d ,   t h e  

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

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

f o r m e d   i n t o   a  h i s t o g r a m   d e s i g n a t e d   g e n e r a l l y   710  i n  

F i g .   7.  The  x - a x i s   712  i s   t he   m a g n i t u d e   of  t h e   s c a l a r  

f e a t u r e   w h i l e   t h e   y - a x i s   714  i s  t h e   number   of  t i m e s   a  

p a r t i c u l a r   m a g n i t u d e   o c c u r s .   J e t   n o i s e   716  and  r e g u l a t o r  
s o u n d s   718  o c c u r   b e l o w   a  t h r e s h o l d   720  w h i l e   v o i c e   7 2 2  

o c c u r s   a b o v e   t h e   t h r e s h o l d   7 2 0 .  

When  t he   s p e e c h   r e c o g n i z e r   i s   b e i n g   u s e d ,   e . g . ,   i n  

f l i g h t   in  an  a i r c r a f t   c o c k p i t ,   t h e   s p e e c h   a c t i v i t y  



d e t e c t i o n   s u b t a s k   404  i n i t i a l l y   s e l e c t s   a  d e t e c t i o n  

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

and  u p d a t e s   t h e   h i s t o g r a m   on  t h e   f e a t u r e   7 2 6 .   E v e r y  

1000   f r a m e s ,   t h e   d e t e c t i o n   t h r e s h o l d   i s   a d j u s t e d   b a s e d   o n  

t h e   s t a t i s t i c s   in  t h e   h i s t o g r a m .   For  e x a m p l e ,   t h e  

p e a k   750  i s   l o c a t e d   in  t h e   h i s t o g r a m   7 1 0 ,   and  a  s e a r c h   i s  

c o n d u c t e d   f o r w a r d   f r o m   t h e   p e a k   750  to  l o c a t e   t h e   l o w  

p o i n t   720 .   The  t h r e s h o l d   i s   s e t   to  t h e   low  p o i n t   v a l u e  

p l u s   s o m e  b i a s   s u c h   as  one  or  t w o .   F i n a l l y ,   e a c h  

h i s t o g r a m   e n t r y   i s   d i v i d e d   by  two  to  k e e p   t h e   h i s t o g r a m  

v a l u e s   f r o m   g r o w i n g   too   l a r g e .  

The  m a g n i t u d e   of  t h e   d e t e c t i o n   t h r e s h o l d   708  i s  

s u b t r a c t e d   f r o m   t h e   m a g n i t u d e   of  t he   s c a l a r   f e a t u r e   706  a t  

b l o c k   7 3 0 - f o r   e a c h   f r a m e .   A  w e i g h t i n g   f u n c t i o n   732  i s  

a p p l i e d   to  t he   o u t p u t   v a l u e   of  b l o c k   730  to  s m o o t h   o u t  t h e  

v a l u e s   b e f o r e   t h e y   a r e   f i l t e r e d   and  c l a m p e d   a t   734 .   T h e  

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

b l o c k   730  and  r e d u c e s   s m a l l   p o s i t i v e   v a l u e s .   L a r g e  

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

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

p e r f o r m e d   by  t h e   f i l t e r   and  c l a m p   f u n c t i o n   7 3 4 . t o   p r o v i d e  

s h a r p   c u t o f f   p o i n t s   b e t w e e n   t he   b e g i n n i n g   and  end  o f  

s p e e c h   d e t e c t i o n .   L a r g e   n e g a t i v e   v a l u e s   p r o v i d e   no  b e t t e r  

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

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

when  s p e e c h   i s   p r e s e n t .   S m a l l   p o s i t i v e   v a l u e s   c r e a t e  

u n c e r t a i n t y   as  to  w h e t h e r   s p e e c h   is   p r e s e n t   and  a r e   b e t t e r  

l e f t   u n d e t e c t e d .   An  e x a m p l e   of  t h e   p r e f e r r e d   e m b o d i m e n t  

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

p r o v i d e d   in  C  l a n g u a g e   on  p a g e   19  of  t h e   s p e c i f i c a t i o n .  

Fou r   v a l u e s   f r o m   f i l t e r   and  c l a m p   734  c o r r e s p o n d i n g  

to  f o u r   s u c c e s s i v e   f r a m e s   f r o m   s u b t a s k   402  a r e   s t o r e d   i n  



b u f f e r s   736 .   Then  m u l t i - f r a m e   d e c i s i o n   l o g i c   738  i s  

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

For   e x a m p l e ,   i f   no  s p e e c h   w e r e   p r e s e n t   and  i f   a l l   f o u r  

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

made  t h a t   s p e e c h   i s   p r e s e n t ,   and  t h i s   i s   p a s s e d   on  t o  

b l o c k   410  in  F i g .   4,  o t h e r w i s e   a  d e c i s i o n   is   made  t h a t  

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

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

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

s p e e c h   s i g n a l   i s   p r e s e n t .   Only   i f   a l l   f o u r   b u f f e r s  

i n d i c a t e   no  s p e e c h   s i g n a l s   p r e s e n t   w i l l   a  d e c i s i o n   be  m a d e  

t h a t   s p e e c h   i s   now  o v e r .   The  a b o v e - d e s c r i b e d   d e c o d i n g   i s  

p r o v i d e d   in  C  l a n g u a g e   a t   p a g e s   19  and  20  of  t h e  

s p e c i f i c a t i o n  

I t   s h o u l d   be  n o t e d   t h a t   in  t h e  p r e f e r r e d   e m b o d i m e n t ,  

s u b t a s k s   4 0 2 ,   404  and  406  a r e   p e r f o r m e d   in  p r o c e s s o r   1 1 0  

w h i l e   s u b t a s k   408  i s   p e r f o r m e d   in  p r o c e s s o r   112 .   H o w e v e r ,  

t h e r e   is   no  r e a s o n   why  t he   two  p r o c e s s o r s   c o u l d   n o t   b e  

c o m b i n e d   as  o n e .   A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s  

to  a  36  word   v o c a b u l a r y   w i t h   i s o l a t e d   w o r d   r e c o g n i t i o n ,  

t h e r e   i s   no  r e a s o n ' w h y   t he   s p e e c h   a c t i v i t y   d e t e c t o r   c o u l d  

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

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

t h r o u g h   t h e   use   of   t h e  i n n e r   p r o d u c t   b e t w e e n   a  p r e d e f i n e d  

f e a t u r e   v e c t o r   and  f r a m e s   of  s p e e c h   can   be  p e r f o r m e d   o n  

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

f i l t e r   t r a n s f o r m a t i o n   s u b t a s k   402  even   t h o u g h   t h i s   f r a m e  

is   p r o p o r t i o n a l   to  t he   log   of  t h e   v a l u e   of  t he   d i g i t a l  

s i g n a l s .   S i m i l a r l y ,   t h e   i n n e r   p r o d u c t   c o u l d   be  p e r f o r m e d  

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

m a g n i t u d e   of  t he   d i g i t a l   s i g n a l s   and  n o t   t he   m a g n i t u d e  

s q u a r e d .  



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

i n d i c a t e   r e c o g n i t i o n   a c c u r a c y   of  85  to   95%  f o r   w o r s t   c a s e s  

of  c o c k p i t   s o u n d   p r e s s u r e   l e v e l   o f   115  dB  and  a c c e l e r a t i o n  

f o r c e s   of  5G.  In  f a c t ,   t h e   s y s t e m   s h o w s   no  d e g r a d a t i o n  

f r o m   low  l e v e l   a m b i e n t   n o i s e   p e r f o r m a n c e   (95+%  a c c u r a c y )  

to  n o i s e   l e v e l s   of  a p p r o x i m a t e l y   106  dB.  I t   s h o u l d   b e  

p o i n t e d   o u t ,   h o w e v e r ,   t h a t   t h e   115  dB  s o u n d   l e v e l s   a t   5G 

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

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

o f f   t h e   a m b i e n t   c o c k p i t   n o i s e .   H o w e v e r ,   t h e   s t r e s s   of  t h e  

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

a  l e s s   t h a n   n o r m a l   s p e a k i n g   m a n n e r .   A l s o ,   t h e   n o i s e  

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

t h e   o x y g e n   r e g u l a t o r   a r e   a l s o   p r e s e n t .  



1.  An  a p p a r a t u s   fo r   s p e e c h   a c t i v i t y   d e t e c t i o n   of  s p e e c h   i n  

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

s p e e c h   is  n o t   p r e s e n t   c h a r  a c  t  e r i z e d   i n 

t  h a  t  i t   c o m p r i s e s :  

means  (108)   for   d i g i t i z i n g   s i g n a l s   a s s o c i a t e d   wi th   s a i d  

s p e e c h   s i g n a l s   and  s i g n a l s   a s s o c i a t e d   wi th   s a i d   n o i s e   e v e n t s  

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

wi th   s a i d   s p e e c h   and  n o i s e   e v e n t   s i g n a l s ;   a n d  

s e p a r a t i o n   means  ( 1 1 0 ,   112)  c o u p l e d   to  s a i d   d i g i t i z i n g  

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

s a i d   n o i s e   e v e n t   s i g n a l s .  

2.  The  a p p a r a t u s   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   i n  

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

a p p l y i n g   a  s p e a k e r   i n d e p e n d e n t ,   p r e d e t e r m i n e d ,   f i x e d   t r a n s -  

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

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

s e p a r a t e d   from  f r a m e s   a s s o c i a t e d   wi th   s a i d   n o i s e   e v e n t  

s i g n a L s .  



3.  The  a p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   means  fo r   a p p l y i n g   s a i d   s p e a k e r   i n d e p e n d e n t ,  

p r e d e t e r m i n e d ,   f i x e d   t r a n s f o r m a t i o n   c o m p r i s e s :  

means  fo r   c r e a t i n g   s c a l a r   f e a t u r e s   from  s a i d   f r a m e s ;  

a n d  

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

means  fo r   e x t a b l i s h i n g   and  u p d a t i n g   a  d e t e c t i o n  

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

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

d e t e c t i o n   t h r e s h o l d   v a l u e   a re   c o n s i d e r e d   a s  

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

a s s o c i a t e d   wi th   s c a l a r   f e a t u r e s   h a v i n g   m a g n i t u d e s  

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

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

4.  The  a p p a r a t u s   as  c l a i m e d   in  c l a i m   3,  c h a r a c t e r i z e d   i n  

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

means  fo r   c o m p a r i n g   s a i d   s c a l a r   f e a t u r e s   wi th   s a i d  

d e t e c t i o n   t h r e s h o l d   v a l u e ;  

means  for   s t o r i n g   the   r e s u l t s   of  a  p l u r a l i t y   of  s a i d  

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

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

i n d i c a t i o n   of  when  s p e e c h   s i g n a l s   a re   p r e s e n t .  

5.  The  a p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  the   p r e c e d i n g  

c l a i . m s ,   c h a r a c t e r i z e d   in  t h a t   s a i d   s e p a r a t i o n   means  ( 1 1 0 , 1 1 2 )  

c o m p r i s e s :  

s p e e c h   a c t i v i t y   means  (404)   c o u p l e d   to  s a i d   d i g i t i z i n g  

means  ( 1 0 8 ,   408)  for   a u t o m a t i c a l l y   s e p a r a t i n g   s a i d   s p e e c h  

s i g n a l s   from  s a i d   n o i s e   e v e n t   s i g n a l s   to  d e t e r m i n e   when  

s a i d   s p e e c h   s i g n a l s   a re   p r e s e n t ;  



s p e e c h   r e c o n g n i t i o n   means  ( 4 0 6 ,   408)  c o u p l e d   to  s a i d  

d i g i t i z i n g   means  (402)   and  s a i d   s p e e c h   a c t i v i t y   means  ( 4 0 4 )  

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

more  s u i t a b l e   fo r   f u r t h e r   r e c o g n i t i o n   p r o c e s s i n g   when  s a i d  

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

p r e s e n t ;   a n d  

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

s e l e c t e d   ones   of  s a i d   f r a m e s   of  p a r a m e t r i c   d a t a   wi th   a 

p l u r a l i t y   of  t e m p l a t e s   which  a re   r e p r e s e n t a t i v e   of  s a i d  

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

r e c o g n i z e d .  

6.  The  a p p a r a t u s   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   s p e e c h   a c t i v i t y   means  (404)   f u r t h e r   c o m p r i s e s :  

means  (706)   for   c r e a t i n g   s c a l a r   f e a t u r e s   from  s a i d  

f r a m e s ;  

means  ( 7 0 8 ,   728)  for   e x t a b l i s h i n g   and  u p d a t i n g   a 

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

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

t h r e s h o l d   v a l u e   are   c o n s i d e r e d   as   a s s o c i a t e d   wi th   n o i s e  

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

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

v a l u e   a re   c o n s i d e r e d   as  a s s o c i a t e d   wi th   s p e e c h   s i g n a l s ;  

means  (730)   for   c o m p a r i n g   s a i d   s c a l a r   f e a t u r e s   w i t h  

s a i d   d e t e c t i o n   t h r e s h o l d   v a l u e s ;  

means  ( 7 3 2 ,   736)  for   s t o r i n g   the   r e s u l t s   of  a  p l u r a l i t y  

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

a n d  

means  (738)   for   c o m b i n i n g   s a i d   s t o r e d   r e s u l t s   to  o b t a i n  

an  i n d i c a t i o n   of  when  s p e e c h   s i g n a l s   a re   p r e s e n t .  



7.  The  a p p a r a t u s   as  c l a i m e d   in  c l a i m   6,  c h a r a c t e r i z e d   i n  

t h a t   the   m a g n i t u d e   of  s a i d   n o i s e   e v e n t   s i g n a l s   is  e q u a l   t o  

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

8.  The  a p p a r a t u s   as  c l a i m e d   in  c l a i m   6,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   a p p a r a t u s   f u r t h e r   c o m p r i s e s   means  ( 7 0 7 ,   )o4)   f o r  

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

s p e e c h   a c t i v i t y   means  to  form  m o d i f i e d   f r a m e s   of  d i g i t a l  

s i g n a l s   w h e r e i n   s a i d   d i g i t a l   s i g n a l   v a l u e s   a re   r e l a t e d   t o  

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

s i g n a l s .  
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