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©  Sound  pattern  discrimination  system. 
Apparatus  for  the  selective  monitoring  and  recognition 

of  sounds  of  different  frequencies  including  a  first  detector 
for  recognising  signals  of  a  first  frequency  and  producing  an 
output  signal  indicative  thereof,  at  least  one  further  sound 
detector  for  recognising  a  second  sound  signal  of  different 
frequency  and  producing  an  output  signal  indicative  thereof, 
a  time  delay  circuit  responsive  to  the  output  signal  from  the 
first  detector,  and  producing  a  time  delayed  enable  signal  to 
enable  a  further  circuit  connected  to  the  output  of  the  further 
detector  to  pass  signals  from  the  further  detector  through  the 
further  circuit  in  response  to  the  enable  signal  and  the  output 
of  the  further  circuit  being  coupled  to  a  control  circuit  to 
produce  a  control  signal  only  in  response  to  the receipt  of 
signals  of  said  first  and  different  frequency  in  a  sequential 
time  pattern  established  by  the  time  delay  circuit  and  said 
further  circuit. 





T h i s   i n v e n t i o n   r e l a t e s   to  an  a l l - e l e c t r o n i c  

s y s t e m   f o r   the   d e t e c t i o n ,   r e c o g n i t i o n   and  p o s i t i v e  

i d e n t i f i c a t i o n   of  a  p a r t i c u l a r   r e p e t i t i v e   or  n o n -  

r e p e t i t i v e   sound   p a t t e r n   and  more  p a r t i c u l a r l y   to  a n  

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

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

t r a f f i c   s i g n a l   d e v i c e s .  

B r i e f l y ,   t he   p r e s e n t   i n v e n t i o n   has   p r i m a r y  

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

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

f r e q u e n c y   d i s c r i m i n a t i o n   c i r c u i t s ,   s e q u e n c e   d e t e c t i o n  

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

c i r c u i t s ,   and  r e p e t i t i o n   c o u n t i n g   c i r c u i t s .  

C o n s e c u t i v e   t o n e s   of  d i f f e r e n t   f r e q u e n c y   must   o c c u r   t o  

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

c o u n t e r   c h a i n   to  a c t u a t e   a  t r a f f i c   s i g n a l   r e l a y .  



F r e q u e n c y   d i s c r i m i n a t i o n   can  be  a c c o m p l i s h e d   by  b a n d  

pas s   f i l t e r s   or  by  IC  p h a s e   l o c k e d   l o o p   t o n e   d e c o d e r s .  

The  v a r i o u s   c i r c u i t s   can  be  r e - a d j u s t e d   to  r e c o g n i z e  

a l m o s t   any  k i n d   of  p r e d e t e r m i n e d   r e p e t i t i v e   s o u n d  

p a t t e r n   w h i l e   r e t a i n i n g   t he   a b i l i t y   to  r e j e c t   a l l  

o t h e r   u n w a n t e d   s o u n d s .  

The  p a r t i c u l a r   a p p l i c a t i o n   and  e m b o d i m e n t   h e r e i n  

d e s c r i b e d   fo r   t h i s   i n v e n t i o n   is   d e s i g n e d   to  d e t e c t   a n d  

r e c o g n i z e   the   sound   of  a  p a r t i c u l a r   o p e r a t i n g   mode  o f  

an  e m e r g e n c y   v e h i c l e   s i r e n   known  as  a  " y e l p " ,   f o r   t h e  

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

i n t e r s e c t i o n   mak ing   i t   e a s i e r   and  s a f e r   f o r   t h e  

e m e r g e n c y   v e h i c l e   to  t r a v e r s e   t h e   i n t e r s e c t i o n .   T h e  

s y s t e m   is  c a p a b l e   of  r e j e c t i n g   a l l   e x t r a n e o u s   s o u n d s  

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

modes  known  as  " w a i l "   and  " h i g h - l o w " .   The  p u r p o s e   o f  

making   the   s y s t e m   r e s p o n s i v e   to  t he   " y e l p "   o p e r a t i n g  

mode  is  b e c a u s e   t h a t   mode  is  n o r m a l l y   used   b y  

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

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

no  m o d i f i c a t i o n   to  t he   n o r m a l   s i r e n   u s a g e   p a t t e r n .  

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

wish   to  make  no  c h a n g e   in  t h e   t r a f f i c   s i g n a l   c y c l e   o f  

an  i n t e r s e c t i o n   he  is  a p p r o a c h i n g ,   he  has  the   o p t i o n  

of  u s i n g   any  s i r e n   mode  o t h e r   t h a n   the   " y e l p " .  



By  way  of  f u r t h e r   e x p l a n a t i o n ,   the   a u d i o  

c h a r a c t e r i s t i c   of  t he   " y e l p "   o p e r a t i n g   mode  c o n s i s t s  

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

f r e q u e n c y   as  low  as  500  Hz  and  s w e e p s   to  a  f r e q u e n c y  

as  h i g h   as  1600  Hz  and  t h e n   s w e e p s   back  down  a g a i n   t o  

the   low  f r e q u e n c y ,   t h i s   c o n s t i t u t i n g   a  s i n g l e   s w e e p  

c y c l e .   The  sweep   c y c l e   is  t h e n   r e p e a t e d   a t   a  r a t e   o f  

one  to  f o u r   c y c l e s   p e r   s e c o n d .   The  e x a c t   f r e q u e n c y  

r a n g e   c o v e r e d   and  t h e   e x a c t   sweep   c y c l e   r e p e t i t i o n  

r a t e   d e p e n d s   on  the   p a r t i c u l a r   mode l   and  t y p e   of  s i r e n .  

The  c i r c u i t s   of  the   p r e s e n t   i n v e n t i o n   a c c o m m o d a t e   a n d  

r e c o g n i z e   t he   f u l l   r a n g e   of  " y e l p "   f r e q u e n c i e s   a n d  

r e p e t i t i o n   r a t e s   m e n t i o n e d   a b o v e .  

The  u t i l i t y   of  a  s y s t e m   w h e r e b y   the   t r a f f i c  

s i g n a l s   at   an  i n t e r s e c t i o n   a r e   r e m o t e l y   c o n t r o l l e d   b y  

the   d r i v e r   of  an  a p p r o a c h i n g   e m e r g e n c y   v e h i c l e   i s  

t h o r o u g h l y   e x p l a i n e d   in  U.S .   P a t e n t   No.  3 , 5 5 0 , 0 7 8  

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

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

h i g h - i n t e n s i t y   lamp  m o u n t e d   on  e a c h   v e h i c l e .  

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

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

s o u n d s   such   as  s i r e n s   or  a u t o m o b i l e   h o r n s .  

R e p r e s e n t a t i v e   s y s t e m s   a re   d e s c r i b e d   in  U.S.   P a t e n t  

Nos.  3 , 5 6 8 , 1 4 4   and  3 , 7 3 5 , 3 4 2 ,   b o t h   of  wh ich   a r e  



d e s i g n e d   to  be  m o u n t e d   in  a  v e h i c l e   fo r   t he   p u r p o s e   o f  

a l e r t i n g   the   d r i v e r   to  t he   n e a r b y   p r e s e n c e   of  a n  

e m e r g e n c y   v e h i c l e   s i r e n   a n d ,   in  one  c a s e ,   a l s o   t h e  

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

N e i t h e r   of  t h e s e   p a t e n t s   make  any  m e n t i o n   of  t r a f f i c  

s i g n a l   c o n t r o l .  

B e f o r e   r e v i e w i n g   the   a b o v e   p a t e n t s   in  f u r t h e r  

d e t a i l ,   i t   is  n e c e s s a r y   to  c l a r i f y   the   d i s t i n c t i o n  

b e t w e e n   (1)  the   c a p a b i l i t y   to  r e s p o n d   to  an  a u d i o   t o n e  

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

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

t h a t   h a p p e n   to  c o n t a i n   t he   same  t o n e   or  t o n e   s e q u e n c e  

(a  t o n e   d e c o d e r )   and  (2)  t he   c a p a b i l i t y   to  d e t e c t   a n d  

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

a b i l i t y   to  r e j e c t   a l l   u n w a n t e d   s o u n d s   and  s o u n d  

c o m b i n a t i o n s   (a  sound   p a t t e r n   d i s c r i m i n a t o r ) .   T h e  

f o r m e r   (1)  is  t y p i f i e d ,   f o r   e x a m p l e ,   by  a  t e l e p h o n e  

t o u c h - t o n e   s y s t e m   w h i c h   e s t a b l i s h e s   an  a r t i f i c i a l ,  

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

s e q u e n c e s   t h a t   can  o c c u r   a r e   known.   A  t o n e   d e c o d e r ,  

fo r   i n s t a n c e ,   t h a t   is  d e s i g n e d   to  r e s p o n d   to  a  

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

l o c a l   t e l e p h o n e   number   would   no t   r e s p o n d   to  the   f i r s t  

s e v e n   d i g i t s   of  any  t e n - d i g i t ,   l o n g   d i s t a n c e   n u m b e r  

b e c a u s e   t he   f i r s t   s e v e n   d i g i t s   of  a l l   t e n - d i g i t   n u m b e r s  



n e v e r   d u p l i c a t e   any  s e v e n - d i g i t   n u m b e r .   By  the   s a m e  

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

r e s p o n s e s   a re   a d e q u a t e l y   f i l t e r e d   or  a t t e n u a t e d   b e f o r e  

r e a c h i n g   the   t o n e   d e c o d e r .   T h u s ,   in  a  c o n t r o l l e d  

e l e c t r i c a l   e n v i r o n m e n t   t h e r e   is  l i t t l e   need  fo r   t h e  

t o n e   d e c o d e r   to  have   any  s p e c i a l   means  f o r   r e j e c t i n g  

u n w a n t e d   s i g n a l s   b e c a u s e   such   s i g n a l s   a re   a d e q u a t e l y  

a t t e n u a t e d   b e f o r e h a n d   o r ,   by  d e s i g n ,   a re   no t   p e r m i t t e d  

to  o c c u r .  

The  l a t t e r ,   (2)  is  t y p i f i e d   fo r   e x a m p l e   by  a 

busy   t r a f f i c   i n t e r s e c t i o n ,   w h i c h   is  a  n a t u r a l ,  

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

u n p r e d i c t a b l e   s o u n d s   and  s o u n d   c o m b i n a t i o n s   may  o c c u r .  

A  sound  p a t t e r n   d i s c r i m i n a t o r ,   f o r   i n s t a n c e ,   t h a t   i s  

d e s i g n e d   to  d e t e c t   and  r e c o g n i z e   t he   sound   of  a n  

e m e r g e n c y   v e h i c l e   s i r e n ,   must   be  a b l e   to  d i s c r i m i n a t e  

a g a i n s t   and  r e j e c t   such   s o u n d s   as  e n g i n e   e x h a u s t   n o i s e ,  

t r a n s m i s s i o n   g e a r   w h i n e ,   e l e c t r i c   h o r n s   on  a u t o m o b i l e s ,  

a i r   h o r n s   on  t r u c k s ,   the   s c r e e c h i n g   of  b r a k e s ,   t h e  

s q u e a l i n g   of  t i r e s ,   and  t he   e v e r - p r e s e n t ,   b r o a d - b a n d  

wind  n o i s e .   Any  c i r c u i t   t h a t   is  l i m i t e d   in  i t s  

a b i l i t y   to  r e j e c t   such   e x t r a n e o u s   s o u n d s ,   a l t h o u g h   i t  

may  be  u s e f u l   as  a  t o n e   d e c o d e r   in  a  c o n t r o l l e d  

e n v i r o n m e n t ,   has  l i t t l e   p r a c t i c a l   v a l u e   in  a n  

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



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

R e f e r r i n g   now  to  U.S .   P a t e n t   No.  3 , 5 6 8 , 1 4 4   w h i c h  

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

is  c l a i m e d   to  be  c a p a b l e   of  r e s p o n d i n g   to  the  sound  o f  

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

v e h i c l e   s i r e n   and  d i s p l a y   each  r e s p o n s e   s e p a r a t e l y .  

I t   a c c o m p l i s h e s   t h i s   aim  by  means  of  t h r e e   c h a n n e l s ,  

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

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

t r a i n   w h i s t l e s ,   the   s e c o n d   b e i n g   t u n e d   to  t h e  

c h a r a c t e r i s t i c   f r e q u e n c y   of  a u t o m o b i l e   h o r n s ,   and  t h e  

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

s i r e n s .  

The  above   d e s c r i b e d   s y s t e m s   a r e   no t   t o t a l l y  

e f f e c t i v e   for   two  i m p o r t a n t   r e a s o n s .   F i r s t ,   the  u s e  

of  one  b a n d p a s s   f i l t e r   to  r e s p o n d   to  t h e  

c h a r a c t e r i s t i c   f r e q u e n c y   of  a u t o m o b i l e   h o r n s   does  n o t  

work  b e c a u s e   a u t o m o b i l e   h o r n s   do  no t   have   a  s i n g l e  

c h a r a c t e r i s t i c   f r e q u e n c y .   The  f r e q u e n c y   of  a  h o r n  

v a r i e s   w i t h   the   make  and  model  of  a u t o m o b i l e .  

M o r e o v e r ,   most   a u t o m o b i l e s   c a r r y   two  h o r n s ,   one  of  l o w  

p i t c h   and  one  of  h i g h   p i t c h ,   to  p r o d u c e   a  m o r e  

p l e a s i n g   t o n e .   If   the   p a s s   band  of  t he   f i l t e r   w e r e  

made  so  b r o a d   so  as  to  i n c l u d e   the   c h a r a c t e r i s t i c  

f r e q u e n c i e s   of  most  h o r n s ,   the  s y s t e m   would   have  no 



d i s c r i m i n a t i n g   a b i l i t y   and  would   r e s p o n d   to  most   o t h e r  

s o u n d s .   E x a c t l y   t he   same  r e a s o n i n g   h o l d s   t r u e   fo r   a 

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

v a r i o u s   t r a i n   w h i s t l e s   is  n a r r o w e r   t h a n   v a r i o u s   h o r n s ,  

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

f r e q u e n c y   r a n g e   f o r   h o r n s .   O b v i o u s l y ,   a  s i r e n   d o e s  

no t   have   a  s i n g l e   c h a r a c t e r i s t i c   f r e q u e n c y ,   bu t   s w e e p s  

a  r a t h e r   w ide   s p e c t r u m ,   as  e x p l a i n e d   in  a  p r e v i o u s  

p a r a g r a p h ,   wh ich   f u l l y   o v e r l a p s   the   f r e q u e n c y   r a n g e s  

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

t h a t ,   even   w i t h   n a r r o w - b a n d   f i l t e r s ,   t he   c i r c u i t   h a s  

v e r y   p o o r   d i s c r i m i n a t i n g   a b i l i t y .   Most  s t r e e t   n o i s e s  

have   a  c o m p l e x   s p e c t r u m   t h a t   c o n t a i n s   many  a u d i o  

c o m p o n e n t s   of  d i f f e r e n t   f r e q u e n c i e s   and  t h e s e   n o i s e s  

would   c a u s e   a l m o s t   c o n s t a n t   f a l s e   t r i g g e r i n g ,  

r e n d e r i n g   t he   c i r c u i t   u s e l e s s .  

R e f e r   now  to  U.S .   P a t e n t   No.  3 , 7 3 5 , 3 4 2   w h i c h  

r e l a t e s   to  a  t o n e - r e s p o n s i v e   c i r c u i t   c a p a b l e   o f  

r e s p o n d i n g   to  t h e   s o u n d   of  an  e m e r g e n c y   v e h i c l e   s i r e n .  

The  s y s t e m   of  t h i s   p a t e n t   is  an  i m p r o v e m e n t   o v e r   t h e  

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

f r e q u e n c i e s   must   be  d e t e c t e d   w i t h i n   a  p r e d e t e r m i n e d  

t ime   p e r i o d ,   ten   s e c o n d s ,   by  means  of  t h r e e   b a n d p a s s  

f i l t e r s   b e f o r e   a  r e s p o n s e   is  o b t a i n e d .   An  SCR 

s e q u e n c i n g   c i r c u i t   is  u sed   so  the   s o u n d s   must   o c c u r   i n  



a  p r e d e t e r m i n e d   s e q u e n c e .   T h e r e   is  no  d e l a y   t ime   b u i l t  

i n t o   the   s e q u e n c e r   e x c e p t   f o r   t he   i n h e r e n t  t u r n - o n  

t ime  of  an  SCR  w h i c h   is  t y p i c a l l y   l e s s   t h a n   0 . 5  

m i c r o s e c o n d .   S i n c e   the   p e r i o d   of  one  c y c l e   of  a  1000  Hz 

tone   is  1  m i l l i s e c o n d ,   f rom  a  p r a c t i c a l   s t a n d p o i n t   i n  

a u d i o   w o r k ,   a  p e r i o d   as  s h o r t   as  0 . 5   m i c r o s e c o n d   may  

be  c o n s i d e r e d   to  be  i n s t a n t a n e o u s .   Thus ,   t h r e e  

s i m u l t a n e o u s   t o n e s   a t   t he   p r o p e r   f r e q u e n c i e s   w i l l  

c a u s e   the   c i r c u i t   to  r e s p o n d ,   as  w i l l   the   same  t h r e e  

t o n e s   o c c u r r i n g   in  any  s e q u e n c e   w h a t e v e r ,   so  l o n g   a s  

t h e r e   is  a t   l e a s t   a  1  to  2  m i c r o s e c o n d   o v e r l a p .   T h e  

s y s t e m   of  t h i s   p a t e n t   d o e s   no t   i n c l u d e   any  e f f e c t i v e  

means  of  r e j e c t i n g   u n w a n t e d   s o u n d s   and ,   t h e r e f o r e ,   c a n  

be  e a s i l y   t r i g g e r e d   by  any  b r o a d - b a n d   n o i s e   s o u r c e .  

At  b e s t ,   t h i s   c i r c u i t   may  be  c o n s i d e r e d   to  be  a  t o n e  

d e t e c t o r   fo r   a  t h r e e - t o n e   s i g n a l ,   b u t   i t   would  b e  

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

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

p r o v i d e d   a  sound   d i s c r i m i n a t i o n   s y s t e m   f o r   use  in  a n  

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

v a r i o u s   f r e q u e n c i e s   and  c o m b i n a t i o n s   of  f r e q u e n c i e s ,  

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

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

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

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



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

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

sound   d e t e c t i n g   c i r c u i t   fo r   s e l e c t i v e l y   d e t e c t i n g   a n d  

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

d i f f e r e n t   f r e q u e n c y   from  s a i d   f i r s t   f r e q u e n c y   w i t h i n  

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

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

such   r e c o g n i t i o n   and  d e t e c t i o n   of  s a i d   s e c o n d   s o u n d  

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

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

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

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

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

f rom  s a i d   s e c o n d   sound   d e t e c t i n g   c i r c u i t   t h r o u g h   s a i d  

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

s a i d   f i r s t   t ime   d e l a y   c i r c u i t ,   and  t he   o u t p u t   of  s a i d  

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

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

o n l y   in  r e s p o n s e   to  r e c e i p t   of  s a i d   f i r s t   and  s e c o n d  

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

by  s a i d   f i r s t   t i m e   d e l a y   c i r c u i t   and  s a i d   f u r t h e r  

c i r c u i t .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

e x a m p l e   o n l y   w i t h   p a r t i c u l a r   r e f e r e n c e   to  t h e  

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



F i g u r e   1A  and  1B  t o g e t h e r   a r e   a  b l o c k   d i a g r a m   o f  

t he   c i r c u i t r y   of  the   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  shows  the  c i r c u i t   d e t a i l s   of  t he   p r e -  

a m p l i f i e r ;  

F i g u r e   3  shows  d e t a i l s   of  t h e   v o l t a g e   f o l l o w e r  

and  band  p a s s   c i r c u i t s ;  

F i g u r e   4  is  a  d e t a i l   r e p r e s e n t a t i v e   of  t he   b a n d  

p a s s   f i l t e r s ;  

F i g u r e   5  is  a  t y p i c a l   t i m e r   c o n f i g u r a t i o n ;  

F i g u r e   6  shows  the   c i r c u i t   c o n f i g u r a t i o n   of  t h e  

c o u n t e r   c h a i n   and  c o n t r o l   r e l a y ;  

F i g u r e   7  i l l u s t r a t e s   t he   d i s a b l e   c i r c u i t r y ;  

a n d  

F i g u r e   8  g r a p h i c a l l y   r e p r e s e n t s   the   t y p i c a l  

" y e l p "   s i g n a l .  

A  b l o c k   d i a g r a m   of  t he   o v e r a l l   e l e c t r o n i c  

c o n f i g u r a t i o n   is  shown  in  F i g u r e s   1A  and  1B.  R e f e r r i n g  

to  F i g u r e   lA,  s o u n d   w a v e s ,   f o r   e x a m p l e ,   i n c l u d i n g   a  

" y e l p "   o p e r a t i n g   mode  as  w e l l   as  e x t r a n e o u s   s o u n d s ,  

i m p i n g i n g   o n  t h e   m i c r o p h o n e   1  a r e   c o n v e r t e d   t o  

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

a m p l i f i e r   2.  The  o u t p u t   s i g n a l   f r o m   the   p r e - a m p l i f i e r  

2  is  s u p p l i e d   to  the   i n p u t   of  t h e   a m p l i f i e r   4  by  m e a n s  

of  the  s h i e l d e d   c a b l e   3 .  

In  an  a c t u a l   f i e l d   i n s t a l l a t i o n ,   the   w i r e  



c o n n e c t i o n   b e t w e e n   the   m i c r o p h o n e   and  s u b s e q u e n t  

c i r c u i t s   may  be  s e v e r a l   h u n d r e d   f e e t   in  l e n g t h .   T h i s  

n e c e s s i t a t e s   the   use   of  s h i e l d e d   c a b l e ,   as  w e l l   as  a  

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

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

i n d u c e d   n o i s e   a n d / o r   s p u r i o u s   s i g n a l s .  

The  e l e c t r i c a l   s i g n a l   f rom  p r e - a m p l i f i e r   2  i s  

f u r t h e r   a m p l i f i e d   by  the   a m p l i f i e r   4,  the   o u t p u t   o f  

wh ich   is  p a s s e d   t h r o u g h   a  s y m m e t r i c a l   s i g n a l   c l i p p e r   5 

to  p r e v e n t   o v e r l o a d i n g   at  the   i n p u t   of  the   f o l l o w i n g  

a m p l i f i e r   s t a g e   6,  w h i c h   i f   such   o v e r l o a d i n g   w e r e  

a l l o w e d   to  o c c u r ,   wou ld   c a u s e   d i s t o r t i o n   and  t h e  

g e n e r a t i o n   of  u n d e s i r a b l e   h a r m o n i c   e n e r g y .   T h e  

a m p l i f i e r   and  c l i p p e r   c o m b i n a t i o n   is   r e p e a t e d   t w i c e  

more  w i t h   c l i p p e r   7,  9  and  a m p l i f i e r   8.  The  o u t p u t   o f  

the   t h i r d   c l i p p e r   9  is   c o n n e c t e d   to  a  v o l t a g e   f o l l o w e r  

10  and  to  a  l o w - p a s s   f i l t e r   11  w i t h   a  c u t o f f   f r e q u e n c y  

of  1600  Hz.  The  p u r p o s e   of  the   v o l t a g e   f o l l o w e r   10  i s  

to  p r o v i d e   a  p r o p e r   i m p e d a n c e   ma tch   b e t w e e n   the   c l i p p e r  

9  and  the  l o w - p a s s   f i l t e r   11.  A m p l i f i e r s   4,  6  and  8 

each   have  a  b u i l t - i n   l o w - f r e q u e n c y   r o l l - o f f  

c h a r a c t e r i s t i c   w i t h   a  c u t o f f   f r e q u e n c y   of  600  Hz.  T h u s ,  

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

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

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



o p e r a t i o n   of  s u b s e q u e n t   c i r c u i t s   due  to  s p u r i o u s  

s i g n a l s   or  h a r m o n i c   d i s t o r t i o n .  

The  o u t p u t   of  the   l o w - p a s s   f i l t e r   11  i s  

c o n n e c t e d   to  t he   i n p u t s   of  f o u r   h i g h - Q   b a n d p a s s  

f i l t e r s   12,  13,  14  and  15,  w h i c h   a r e   t u n e d   to  p a s s  

s i g n a l s   a t   n o m i n a l   c e n t e r   f r e q u e n c i e s   of  800  H z ,  

1000  Hz,  1200  Hz  and  1400  Hz,  r e s p e c t i v e l y .   T h e  

number   of  f i l t e r s   and  t h e i r   c e n t e r   f r e q u e n c i e s   may  b e  

v a r i e d   in  a c c o r d a n c e   w i t h   s y s t e m   r e q u i r e m e n t s .   Any  

s i g n a l   f rom  t he   o u t p u t   of  the   l o w - p a s s   f i l t e r   11  t h a t  

f a l l s   w i t h i n   t he   p a s s - b a n d   of  one  of  the   a f o r e m e n t i o n e d  

b a n d p a s s   f i l t e r s   i s   a p p l i e d   to  t he   r e s p e c t i v e   a m p l i f i e r  

16,  17,  18  or  19  w h i c h   f o l l o w s   t h a t   b a n d p a s s   f i l t e r   a n d  

is  a m p l i f i e d   to  a  s u f f i c i e n t   v o l t a g e   l e v e l   to  a c t   as  a  

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

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

The  o u t p u t s   of  the   f o u r   a m p l i f i e r s   16 ,   17,   18  a n d  

19  a r e   c o n n e c t e d   to  t he   t r i g g e r   i n p u t s   of  t h e   t i m e r s   2 0 ,  

21,  22  and  23  r e s p e c t i v e l y ,   t i m e r s   24,  26,  28  and  30  

r e s p e c t i v e l y ,   and  t i m e r s   38,  36,  34  and  32  r e s p e c t i v e l y .  

R e f e r   to  F i g u r e   lB.   T h u s ,   a  t r i g g e r   s i g n a l   a t   t h e  

o u t p u t   of  t he   a m p l i f i e r   16,  f o r   e x a m p l e ,   i s  

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

20,  24  and  38.  In  a  s i m i l a r   m a n n e r ,   a  t r i g g e r   s i g n a l  

a t   t he   o u t p u t   of  any  of  t he   o t h e r   a m p l i f i e r s   i s  



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

t i m e r s ,   as  seen   in  F i g u r e s   1A  and  1B.  

Of  the  e i g h t   t i m e r s   shown  in  F i g u r e   1B  t h a t   a r e  

c o n n e c t e d   to  the  o u t p u t s   of  the   f o u r   a m p l i f i e r s   16,  1 7 ,  

18  and  19,  on ly   t i m e r   24  does   not   r e q u i r e   an  e n a b l e  

s i g n a l   b e f o r e   i t   can  be  t r i g g e r e d .   T h e r e f o r e ,   t h e  

o n l y   c i r c u i t   a c t i o n   t h a t   can  i n i t i a l l y   o c c u r   must   b e  

i n i t i a t e d   by  an  800  Hz  s i g n a l ,   c a u s i n g   a  t r i g g e r  

s i g n a l   from  the  o u t p u t   of  a m p l i f i e r   16  to  s t a r t   a  20  

m i l l i s e c o n d   t i m i n g   p e r i o d   by  t i m e r   24.  At  the  end  o f  

the   20  m i l l i s e c o n d   p e r i o d ,   t i m e r   25  i n i t i a t e s   a  1 0 0  

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

c o n t i n u o u s   e n a b l e   s i g n a l   t h a t   is  a p p l i e d   to  t i m e r   2 6 .  

T h u s ,   d u r i n g   the  t ime   p e r i o d   of  20  m i l l i s e c o n d s   to  1 2 0  

m i l l i s e c o n d s   from  the   moment  an  800  Hz  t one   w a s  

d e t e c t e d ,   t i m e r   26  can  be  t r i g g e r e d   by  the   d e t e c t i o n  

of  a  1000  Hz  t o n e .   If   a  1000  Hz  tone   does   not   o c c u r  

d u r i n g   t h i s   1 0 0 . m i l l i s e c o n d   p e r i o d ,   no  f u r t h e r   c i r c u i t  

a c t i o n   w i l l   t a k e   p l a c e   and  the   c i r c u i t   w i l l  

e f f e c t i v e l y   r e v e r t   to  the   c o n d i t i o n   e x i s t i n g   p r i o r   t o  

the   d e t e c t i o n   of  the   800  Hz  t o n e .  

If  a  1000  Hz  t o n e   o c c u r s   w i t h i n   the   d e s i g n a t e d  

t ime   f r a m e ,   c a u s i n g   t i m e r   26  to  be  t r i g g e r e d ,   the   s a m e  

s e q u e n c e   of  e v e n t s   as  d e s c r i b e d   above  w i l l   o c c u r ,  

c a u s i n g   t i m e r   28  to  be  e n a b l e d   by  t i m e r   27  for   a  1 0 0  



m i l l i s e c o n d   p e r i o d   d u r i n g   w h i c h   t i m e r   28  can  b e  

t r i g g e r e d   by  a  1200  Hz  t o n e .   If   t i m e r   28  i s  

s u c c e s s f u l l y   t r i g g e r e d ,   t he   s e q u e n c e   c o n t i n u e s   in  t h e  

same  m a n n e r ,   c a u s i n g   the   s u c c e s s i v e   e n a b l i n g   of  t i m e r s  

30,  32,  34,  36  and  38.  For  t i m e r   38  to  be  s u c c e s s f u l l y  

e n a b l e d   and  t r i g g e r e d   r e q u i r e s   the   d e t e c t i o n   of  e i g h t  

a u d i o   t o n e s   in  the   f o l l o w i n g   p r e c i s e   s e q u e n c e :   800  H z ,  

1000  Hz,  1200  Hz,  1400  Hz,  1400  Hz,  1200  Hz,  1000  H z ,  

800  Hz.  In  a d d i t i o n ,   a f t e r   t he   d e t e c t i o n   of  t h e   f i r s t  

800  Hz  t o n e ,   each   s u c c e s s i v e   t o n e   must   be  d e t e c t e d  

w i t h i n   t h e   p e r i o d   of  20  m i l l i s e c o n d s   to  120  m i l l i s e c o n d s  

a f t e r   t h e   d e t e c t i o n   of  t he   p r e v i o u s   t o n e   in  t h e  

e s t a b l i s h e d   s e q u e n c e .   Any  o u t - o f - s e q u e n c e   t o n e ,   o t h e r  

t h a n   an  800  Hz  t o n e ,   t h a t   is   d e t e c t e d   w i l l   a l w a y s  

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

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

W h e n e v e r   t i m e r   38  is  s u c c e s s f u l l y   t r i g g e r e d ,   i t  

a c t i v a t e s ,   a f t e r   a  20  m i l l i s e c o n d   d e l a y ,   a  10  

m i l l i s e c o n d   s i n g l e - p u l s e   g e n e r a t o r   39  w h i c h   p r o v i d e s   a 

d i s a b l e   s i g n a l   to  t he   d i s a b l e   p u l s e   g e n e r a t o r   40  and  a 

t r i g g e r   p u l s e   to  t he   5  s e c o n d   t i m e r   41  and  to  a l l   f i v e  

c o u n t e r s   42,   43,  44,  45  and  46.  Each  c o u n t e r ,   h o w e v e r ,  

r e q u i r e s   an  e n a b l e   s i g n a l   in  o r d e r   to  be  t r i g g e r e d .  

The  f i r s t   c o u n t e r   42  r e c e i v e s   i t s   e n a b l e   s i g n a l   f r o m  

the   o u t p u t   of  the   5  s e c o n d   t i m e r   41  and  e a c h  



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

o u t p u t   of  the   p r e c e d i n g   c o u n t e r .   When  t he   f i r s t   t r i g g e r  

p u l s e   o c c u r s ,   t he   5  s e c o n d   t i m e r   41  is  t r i g g e r e d   a n d  

i m m e d i a t e l y   p r o v i d e s   an  e n a b l e   s i g n a l   to  t he   f i r s t  

c o u n t e r   42  a l l o w i n g   i t   to  be  t r i g g e r e d   as  w e l l .   T h e  

s e c o n d   c o u n t e r   43  r e c e i v e s   i t s   e n a b l e   s i g n a l   o n l y  

a f t e r   a  50  m i l l i s e c o n d   d e l a y   and  c a n ,   t h e r e f o r e ,   n o t  

be  t r i g g e r e d   by  t he   f i r s t   p u l s e   and  must   w a i t   f o r   a  

s e c o n d   p u l s e   to  o c c u r .   If   t i m e r   38  is  s u c c e s s f u l l y  

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

o c c u r   to  t r i g g e r   t he   s e c o n d   t i m e r   43  w h i c h ,   a f t e r   a  5 0  

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

the   t h i r d   c o u n t e r   44.  In  t h i s   m a n n e r ,   e a c h   s u c c e e d i n g  

p u l s e   w i l l   t r i g g e r   t h e   n e x t   c o u n t e r   in  s e q u e n c e   u n t i l  

t he   f i f t h   p u l s e   has   t r i g g e r e d   the   f i f t h   c o u n t e r   4 6 .  

Once  the   5  s e c o n d   t i m e r   41  has  been   t r i g g e r e d ,  

h o w e v e r ,   s u c c e e d i n g   p u l s e s   t h a t   o c c u r   w i t h i n   the   5 

s e c o n d   p e r i o d   have   no  f u r t h e r   e f f e c t   on  t h a t   t i m e r .  

If   the   5  s e c o n d   t i m e r   41  c o m p l e t e s   i t s   t i m i n g  

p e r i o d   b e f o r e   t he   f i f t h   c o u n t e r   46  is  t r i g g e r e d ,   t h e  

l o s s   of  the   e n a b l e   s i g n a l   w i l l   i m m e d i a t e l y   d i s a b l e   a l l  

f i v e   c o u n t e r s   and  e f f e c t i v e l y   r e s e t   t he   e n t i r e   c o u n t e r  

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

r e s t a r t   the   5  s e c o n d   t i m e r   41  and  r e t r i g g e r   t he   f i r s t  

c o u n t e r   42,  as  b e f o r e .  



If   the   f i f t h   c o u n t e r   46  is  t r i g g e r e d   b e f o r e   t h e  

end  of  the   5  s e c o n d   t i m i n g   p e r i o d ,   i t   w i l l   a c t u a t e   t h e  

t r a f f i c   s i g n a l   c o n t r o l   r e l a y   48  and  at   t he   same  m o m e n t  

p r o v i d e   a  r e s t a r t   p u l s e   47  to  the   5  s e c o n d   t i m e r   41  

wh ich   w i l l ,   w i t h o u t   i n t e r r u p t i o n ,   i n i t i a t e   a  new  5 

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

a r e   t r i g g e r e d ,   a l l   e n a b l e   s i g n a l s   a r e   p r e s e n t ,   and  t h e  

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

have  no  f u r t h e r   e f f e c t   on  the   c o u n t e r   c h a i n   e x c e p t  

t h a t   e ach   p u l s e   i n i t i a t e s   a  new  t i m e r   r e s t a r t   p u l s e   4 7 .  

If   no  t r i g g e r   p u l s e   o c c u r s   f o r   a  p e r i o d   of  5  s e c o n d s ,  

the   5  s e c o n d   t i m e r   41  w i l l   c o m p l e t e   i t s   t i m i n g   p e r i o d  

c a u s i n g   l o s s   of  t he   e n a b l e   s i g n a l ,   r e s e t t i n g   of  t h e  

t i m e r   c h a i n ,   and  d e a c t i v a t i o n   of  t he   t r a f f i c   s i g n a l  

c o n t r o l   r e l a y   4 8 .  

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

c o n t r o l l e d   by  t h e   d i s a b l e   p u l s e   g e n e r a t o r   40  w h i c h ,  

when  p r o v i d e d   w i t h   a  s u i t a b l e   d i s a b l e   s i g n a l ,  

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

the   s e v e n   100  m i l l i s e c o n d   e n a b l e   t i m e r s   25,   27,  2 9 ,  

31,  33,  35  and  37.  T h i s   c a u s e s   a  l o s s   of  a l l   e n a b l e  

s i g n a l s   and  e f f e c t i v e l y   r e s e t s   the   t i m e r   c i r c u i t s .  

The  d i s a b l e   s i g n a l s   p r o v i d e d   to  t he   d i s a b l e   p u l s e  

g e n e r a t o r   40  can  come  from  e i t h e r   of  two  s o u r c e s .   One 

s o u r c e   is  t he   10  m i l l i s e c o n d   p u l s e   g e n e r a t o r   39,  w h i c h  



g e n e r a t e s   a  s i g n a l   20  m i l l i s e c o n d s   a f t e r   t i m e r   38  i s  

t r i g g e r e d   fo r   the   p u r p o s e   of  r e s e t t i n g   t he   t i m e r  

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

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

n e x t   s e q u e n c e   of  t o n e s .   Such  r e s e t t i n g   a s s u r e s   t h a t  

t he   v a r i o u s   c i r c u i t s   a r e   in  t h e i r   p r o p e r   i n i t i a l  

s t a t e s   r e g a r d l e s s   of  any  s p u r i o u s   s i g n a l s   or  f a l s e  

t r i g g e r i n g   t h a t   may  have   o c c u r r e d .  

The  s e c o n d   s o u r c e   of  d i s a b l e   s i g n a l s   is  f rom  t h e  

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

f o u r   10  m i l l i s e c o n d   d i s a b l e   t i m e r s   20,  21,  22  and  23 

shown  in  F i g u r e   lA.  Each  of  t h e s e   t i m e r s   p r o d u c e s   a n  

o u t p u t   s i g n a l   fo r   a  10  m i l l i s e c o n d   p e r i o d   w h e n e v e r   i t  

is   t r i g g e r e d   by  a  t r i g g e r   s i g n a l   f rom  t he   o u t p u t   o f  

i t s   a s s o c i a t e d   a m p l i f i e r   16,  17,  18  or  19.  The  o u t p u t  

s i g n a l s   f rom  a l l   f o u r   t i m e r s   a re   summed  by  means  of  a 

r e s i s t a n c e   n e t w o r k   so  t h a t   a  d i s a b l e   s i g n a l   i s  

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

t r i g g e r e d .   T h i s   s i t u a t i o n   would   o c c u r   o n l y   i f   800  H z ,  

1000  Hz,  1200  Hz,  and  1400  Hz  t o n e s   were   a l l   d e t e c t e d  

w i t h i n   a  10  m i l l i s e c o n d   t ime   s p a n .   The  p u r p o s e   o f  

t h i s   c i r c u i t   is  to  e l i m i n a t e   the   p o s s i b i l i t y   of  f a l s e  

t r i g g e r i n g   by  b r o a d - b a n d   n o i s e .  

T h i s   c o m p l e t e s   the   d e s c r i p t i o n   of  t he   b l o c k  

d i a g r a m s   in  F i g u r e s   1A  and  lB.  In  v i ew  of  t h e  



u n i q u e n e s s   of  t he   i n d i v i d u a l   c i r c u i t s ,   t he   f o l l o w i n g  

more  d e t a i l e d   d e s c r i p t i o n   is  b e l i e v e d   h e l p f u l   to  a  

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

A l t h o u g h   a l m o s t   any  t y p e   of  a u d i o   t r a n s d u c e r   1 

can  be  used   and  i t s   e l e c t r i c a l   c h a r a c t e r i s t i c s   a r e   n o t  

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

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

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

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

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

h o u s i n g   s h o u l d   no t   o n l y   be  d e s i g n e d   to  be  w e a t h e r p r o o f  

and  a d e q u a t e l y   r u g g e d ,   b u t   s h o u l d   a l s o   be  d e s i g n e d   t o  

m i n i m i z e   the   g e n e r a t i o n   of  l o c a l i z e d   (a t   t he   h o u s i n g )  

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

p i c k u p .   The  h o u s i n g   s h o u l d   a l s o   be  d e s i g n e d   t o  

m i n i m i z e   v e r t i c a l   s e n s i t i v i t y   and  m a x i m i z e   h o r i z o n t a l  

s e n s i t i v i t y   in  o r d e r   to  r e d u c e   t r a f f i c   n o i s e   p i c k u p  

from  d i r e c t l y   b e l o w   t h e   m i c r o p h o n e .  

The  p r e - a m p l i f i e r   2  shown  in  F i g u r e   2  i s  

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

m i c r o p h o n e   and  is   c o n n e c t e d   to  t he   a m p l i f i e r   4  b y  

means  of  s h i e l d e d   c a b l e   3.  The  c i r c u i t   c o n f i g u r a t i o n  

of  the  p r e - a m p l i f i e r   2  is  u n i q u e   in  t h a t   t he   c o n n e c t i o n  

to  the  a m p l i f i e r   4  r e q u i r e s   o n l y   a  s i n g l e - c o n d u c t o r  

w i r e   p l u s   a  s h i e l d ,   w h i c h ,   fo r   l ong   s h i e l d e d   c a b l e  



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

use  of  m u l t i - c o n d u c t o r   w i r e s .   T h i s   was  a c c o m p l i s h e d  

by  c o n n e c t i n g   the   b a s e   b i a s   r e s i s t o r ,   Rl ,   d i r e c t l y   t o  

the   c o l l e c t o r   t e r m i n a l   of  t r a n s i s t o r   Ql  and  moving   t h e  

c o l l e c t o r   l o a d   r e s i s t o r ,   R3,  to  the   f a r   end  of  t h e  

s h i e l d e d   c a b l e .   By  t h i s   m e a n s ,   b o t h   t he   d . c .   c o l l e c t o r  

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

t he   s i n g l e - c o n d u c t o r   w i r e ,   w h i l e   b o t h   the   d . c .   a n d  

a . c .   r e t u r n   c u r r e n t s   a r e   c a r r i e d   by  t he   s h i e l d .   O t h e r  

b i a s   a r r a n g e m e n t s   or  t he   use   of  a  m u l t i - s t a g e  

a m p l i f i e r   would   r e q u i r e   a t   l e a s t   a  t w o - c o n d u c t o r   w i r e  

p l u s   s h i e l d .   The  use   of  an  i n t e g r a t e d   c i r c u i t  

o p e r a t i o n a l   a m p l i f i e r   wou ld   r e q u i r e   a  t h r e e - c o n d u c t o r  

w i r e   p l u s   s h i e l d .  

The  r e m a i n i n g   c o m p o n e n t s   in  the   p r e - a m p l i f i e r   2 

c o n s i s t   of  a  c a p a c i t o r   Cl  wh ich   c o u p l e s   t he   s i g n a l  

f rom  the   m i c r o p h o n e   t o  t h e   b a s e   of  t r a n s i s t o r   Q l ,  

e m i t t e r   s t a b i l i z a t i o n   r e s i s t o r   R2,  e m i t t e r   b y p a s s  

c a p a c i t o r   C2,  and  c a p a c i t o r   C3  wh ich   c o u p l e s   t h e  

s i g n a l   to  the   i n p u t   of  a m p l i f i e r   4.  D i o d e s   Dl  and  D2 

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

e f f e c t s   of  r e v e r s e - p o l a r i t y   o v e r v o l t a g e   s i g n a l s  

i n d u c e d   at  or  n e a r   t he   s h i e l d e d   c a b l e   3  or  i t s  

c o n n e c t i o n s .   A l t h o u g h   Dl  and  D2  a re   d i a g r a m m e d   a s  

s i g n a l   d i o d e s ,   z e n e r   d i o d e s   may  be  used   e f f e c t i v e l y .  



A m p l i f i e r   4  is  an  i n t e g r a t e d   c i r c u i t   o p e r a t i o n a l  

a m p l i f i e r ,   I C I ,   c o n n e c t e d   in  a  n o n - i n v e r t i n g ,   h i g h -  

g a i n   c o n f i g u r a t i o n .   In  t he   i n t e r e s t   of  s i m p l i c i t y ,  

s u p p l y   v o l t a g e   t e r m i n a l s   a r e   no t   shown.   R e s i s t o r   R4 

.  p r o v i d e s   a  g r o u n d   r e f e r e n c e   fo r   t he   n o n - i n v e r t i n g  

i n p u t ,   d i o d e   D3  p r o t e c t s   t he   i n p u t   f r o m  

f o r w a r d - p o l a r i t y   o v e r v o l t a g e   s i g n a l s .   R e s i s t o r   R5 

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

i n p u t ,   r e s i s t o r   R6  and  c a p a c i t o r   C4  c o n t r o l   t he   r o l l -  

o f f   c h a r a c t e r i s t i c   by  e s t a b l i s h i n g   the   l o w - f r e q u e n c y  

c u t o f f   f r e q u e n c y   of  t he   a m p l i f i e r ,   and  r e s i s t o r   R7 

p r o v i d e s   l o a d   i s o l a t i o n   b e t w e e n   a m p l i f i e r   4  a n d  

c l i p p e r   5 .  

S y m m e t r i c a l   s i g n a l   c l i p p e r   5  is  a  s t a n d a r d  

c l i p p e r   c o n f i g u r a t i o n   c o n s i s t i n g   of  r e s i s t o r s   R8,  R 9 ,  

and  R10  and  d i o d e s   D4  and  D5.  A m p l i f i e r s   6  and  8  i n  

F i g u r e   lA  a r e   s i m i l a r   to  a m p l i f i e r   4  and  c l i p p e r s   7 

and  9  a r e   s i m i l a r   to  c l i p p e r   5.  The  use  of  a  m u l t i p l i -  

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

in  t h i s   f a s h i o n   is   a  u n i q u e   t e c h n i q u e   for   a m p l i f y i n g   a  

v e r y   weak  s i g n a l   to  a  u s a b l e   l e v e l   in  the   p r e s e n c e   o f  

ve ry   s t r o n g   s i g n a l s   w i t h o u t   g e n e r a t i n g   e x c e s s i v e  

d i s t o r t i o n   p r o d u c t s .  

The  v o l t a g e   f o l l o w e r   10  shown  in  F i g u r e   3  is   a  

s t a n d a r d   c o n f i g u r a t i o n   c o n s i s t i n g   of  IC2  and  a  



f e e d b a c k   r e s i s t o r .   The  l o w - p a s s   f i l t e r   11,  c o n s i s t i n g  

of  IC3  and  i t s   a s s o c i a t e d   c o m p o n e n t s ,   is  a  s e c o n d - o r d e r  

a c t i v e   f i l t e r   u t i l i z i n g   a  S a l l e n - K e y   c i r c u i t   c o n f i g u r a -  

t i o n .   Both  IC2  and  IC3  a r e   i n t e g r a t e d   c i r c u i t  

o p e r a t i o n a l   a m p l i f i e r s .   The  b a n d p a s s   f i l t e r   12  a s  

s e e n   in  F i g u r e   4,  c o n s i s t i n g   of  IC4 ,   IC5,   IC6  a n d  

t h e i r   a s s o c i a t e d   c o m p o n e n t s ,   is  a  h i g h - Q ,   s e c o n d - o r d e r  

a c t i v e   f i l t e r   u t i l i z i n g   a  s t a t e - v a r i a b l e   c i r c u i t  

c o n f i g u r a t i o n .   A m p l i f i e r   16,  c o n s i s t i n g   of  IC7  and  a  

f e e d b a c k   n e t w o r k ,   is  a  s t a n d a r d   n o n - i n v e r t i n g  

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

b a n d p a s s   f i l t e r s   12,  13,  14  and  15  a r e   s i m i l a r   and  t h e  

c o n f i g u r a t i o n s   of  a l l   f o u r   a m p l i f i e r s   16,  17,  18  a n d  

19  a re   s i m i l a r .  

Of  the   e i g h t   p a i r s   of  t i m e r s   24  t h r o u g h   39  s h o w n  

in  F i g u r e   1B,  the   c i r c u i t   c o n f i g u r a t i o n   fo r   one  t y p i c a l  

p a i r   of  t i m e r s   is  shown  in  F i g u r e   5.  Timer   26  a n d  

t i m e r   27  a re   b o t h   i n t e g r a t e d   c i r c u i t   t i m e r s ,   t h e  

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

l e g e n d   in  F i g u r e   5.  In  t he   i n t e r e s t   of  s i m p l i c i t y ,  
J 

t he   s u p p l y   v o l t a g e   and  g r o u n d   t e r m i n a l s   a re   no t   s h o w n .  

T imer   26  is  c o n n e c t e d   as  a  m o n o s t a b l e   c i r c u i t   s u c h  

t h a t   when  an  e n a b l e   s i g n a l   f rom  t i m e r   25  is  p r e s e n t ,   a 

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

to  t e r m i n a l   TL  w i l l   c a u s e   the   o u t p u t   to  go  h i g h   f o r   a 



p r e d e t e r m i n e d   l e n g t h   of  t i m e ,   the   p e r i o d   of  wh ich   i s  

e s t a b l i s h e d   by  t he   v a l u e s   of  r e s i s t o r   R l l   a n d  

c a p a c i t o r   C5.  In  t h i s   c a s e ,   the   p e r i o d   is  20  m i l l i -  

s e c o n d s .   Timer   27  is  a l s o   c o n n e c t e d   as  a  m o n o s t a b l e  

c i r c u i t   w i t h   t i m i n g   c o m p o n e n t s   R13  and  C7  of  t h e  

p r o p e r   v a l u e s   to  e s t a b l i s h   a  t i m i n g   p e r i o d   of  1 0 0  

m i l i s e c o n d s .   R e s i s t o r   R12  and  c a p a c i t o r   C6  c o m p r i s e   a 

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

f rom  t i m e r   26  such   t h a t   t i m e r   27  does   n o t   t r i g g e r  

u n t i l   t he   end  of  t he   20  m i l l i s e c o n d   p e r i o d .   D iode   D6 

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

v o l t a g e ,   a  c o n d i t i o n   t h a t   c o u l d   damage   t i m e r   27.  When 

t i m e r   27  is  t r i g g e r e d ,   t h e   e n a b l e   l i n e   to  t i m e r   28  g o e s  

h i g h   f o r   a  p e r i o d   of  100  m i l l i s e c o n d s .   At  any  t i m e  

d u r i n g   t h i s   p e r i o d ,   a  d i s a b l e   p u l s e   f rom  t i m e r   40  w i l l  

t e r m i n a t e   the   t i m i n g   p e r i o d   and  t h e r e b y   t e r m i n a t e   t h e  

e n a b l e   s i g n a l   to  t i m e r   28.  The  c o n f i g u r a t i o n s   of  a l l  

e i g h t   p a i r s   of  t i m e r s   a r e   s i m i l a r   e x c e p t   t h a t   t he   R 

t e r m i n a l   of  t i m e r   24  is  c o n n e c t e d   to  t h e   p o s i t i v e  

s u p p l y   so  t h a t   i t   is  a l w a y s   e n a b l e d ,   and  t h e   v a l u e s   o f  

t h e   t i m i n g   c o m p o n e n t s   f o r   t i m e r   39  a r e   m o d i f i e d   t o  

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

m i l l i s e c o n d   p e r i o d .  

F i g u r e   6  shows  the   c i r c u i t   c o n f i g u r a t i o n   of  t h e  

c o u n t e r   c h a i n   and  the   c o n t r o l   r e l a y   a c t u a t i o n  



c i r c u i t r y .   Al l   the   t i m e r s   41  t h r o u g h   47  a r e  

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

f o r   w h i c h   a r e   d e f i n e d   in  the   l e g e n d   in  F i g u r e   5 .  

S u p p l y   v o l t a g e   and  g r o u n d   t e r m i n a l s   a r e   n o t   s h o w n .  

T imer   41  is   c o n n e c t e d   as  a  m o n o s t a b l e   c i r c u i t ,   w i t h  

t i m i n g   c o m p o n e n t s   R14  and  C8  of  the   p r o p e r   v a l u e s   t o  

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

e n a b l e   s i g n a l   is  p r o v i d e d   to  t i m e r   42.  T i m e r   42  i s  

c o n n e c t e d   as  a  S c h m i t t   t r i g g e r   and  the   50  m i l l i s e c o n d  

d e l a y   b e f o r e   an  e n a b l e   s i g n a l   is   p r o v i d e d   to  t i m e r   43 

is  c o n t r o l l e d   by  the   v a l u e s   of  R15  and  C9.  T h i s  

c i r c u i t   c o n f i g u r a t i o n   is  r e p e a t e d   w i t h   t i m e r s   43,  44 

and  4 5 .   When  t i m e r   45  is  t r i g g e r e d ,   t he   c o m m u t a t i o n  

r e l a y   is  e n e r g i z e d   c a u s i n g   i t s   n o r m a l l y   open   c o n t a c t s  

to  c l o s e ,   t h e r e b y   c o m p l e t i n g   the   c i r c u i t   b e t w e e n   t h e  

SCR  and  the   c o n t r o l   r e l a y .   T imer   46,  w h i c h   is  t h e  

f i f t h   c o u n t e r   in  the   c h a i n ,   is  c o n n e c t e d   as  a  

m o n o s t a b l e   c i r c u i t ,   w i t h   t i m i n g   c o m p o n e n t s   R16  and  C10  

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

40  m i c r o s e c o n d s .   When  t i m e r   46  is  t r i g g e r e d ,   t h e  

r e s u l t i n g   40  m i c r o s e c o n d   p u l s e   is   a p p l i e d   to  t he   g a t e  

of  t he   SCR  c a u s i n g   i t   to  t u r n   on,   t h e r e b y   e n e r g i z i n g  

and  l a t c h i n g   the   t r a f f i c   s i g n a l   c o n t r o l   r e l a y .   At  t h e  

same  m o m e n t ,   t he   40  m i c r o s e c o n d   p u l s e   is  a l s o   a p p l i e d  

to  t i m e r   47,  wh ich   is  c o n n e c t e d   as  a  S c h m i t t   t r i g g e r ,  



c a u s i n g   c a p a c i t o r   C8  to  d i s c h a r g e ,   w h i c h   has  t h e  

e f f e c t   of  r e s t a r t i n g   t h e   5  s e c o n d   t i m i n g   p e r i o d  

w i t h o u t   i n t e r r u p t i o n .   I f   t i m e r   46  is  no t   r e t r i g g e r e d  

w i t h i n   a  5  s e c o n d   p e r i o d ,   the   l o s s   of  t he   e n a b l e  

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

w h i c h   by  d i s c o n n e c t i n g   t h e   g r o u n d   l i n e   t h r o u g h   t h e  

SCR,  w i l l   c a u s e   t h e   t r a f f i c   s i g n a l   c o n t r o l   r e l a y   t o  

d r o p   o u t .  

The  d i s a b l e   c i r c u i t r y   i s   shown  in  F i g u r e   7.  A l l  

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

d e s i g n a t i o n s   a r e   d e f i n e d   in  the   l e g e n d s   in  F i g u r e   5 .  

S u p p l y   v o l t a g e   and  g r o u n d   t e r m i n a l s   a r e   no t   s h o w n .  

Four   of  the   t i m e r s ,   20  to  23,  a re   c o n n e c t e d   a s  

m o n o s t a b l e   c i r c u i t s   w i t h   a  t i m i n g   p e r i o d   of  10  m i l l i -  

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

a  summing  n e t w o r k   c o n s i s t i n g   of  r e s i s t o r s   R17,  R 1 8 ,  

R19,  R20  and  R21.   T i m e r   40,  wh ich   i s   c o n n e c t e d   as  a  

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

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

summing  n e t w o r k   i s   a r r a n g e d   so  t h a t   the   r e q u i r e d  

t h r e s h o l d   is  o n l y   a t t a i n e d   when  a l l   f o u r   t i m e r s ,   20  t o  

23,  a re   t r i g g e r e d   a t   t h e   same  t i m e ,   t h a t   i s ,   w i t h i n   10  

m i l l i s e c o n d s   of  e a c h   o t h e r .   T imer   40  w i l l   a l s o   p r o d u c e  

a  d i s a b l e   p u l s e   when  i t   r e c e i v e s   a  p u l s e   f rom  t i m e r   39 

t h r o u g h   d i o d e   D7.  The  p u r p o s e   of  d i o d e   D7  is  t o  



i s o l a t e   t i m e r   39  f rom  the   summing  n e t w o r k .  

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

b a n d p a s s   f i l t e r   and  a m p l i f i e r   c o m b i n a t i o n   such   as  12 

and  16,  13  and  17,  14  and  18,  or  15  and  19,  may  b e  

r e p l a c e d   by  an  i n t e g r a t e d   c i r c u i t   p h a s e - l o c k e d - l o o p  

t o n e   d e c o d e r .   P h a s e - l o c k e d - l o o p   t o n e   d e c o d e r s   a r e  

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

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

such   t h a t   t h e y   can  be  s u i t a b l y   u s e d   as  d i r e c t  

r e p l a c e m e n t s   f o r   t he   b a n d p a s s   f i l t e r   and  a m p l i f i e r  

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

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

would   be  b a s e d   on  t he   n a t u r e   of  t h e   sound   or  s o u n d  

c o m b i n a t i o n   t h a t   is  to  be  d e t e c t e d   as  w e l l   as  c o s t  

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

s i t u a t i o n .  

As  m e n t i o n e d   p r e v i o u s l y ,   t h e   e x t r e m e   f l e x i b i l i t y  

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

to  be  a d j u s t e d   to  r e c o g n i z e   a l m o s t   any  r e p e t i t i v e   o r  

n o n - r e p e t i t i v e   s o u n d   p a t t e r n   to  t he   c o m p l e t e   e x c l u s i o n  

of  o t h e r   u n w a n t e d   s o u n d s .   As  s u c h ,   t h i s   i n v e n t i o n   may 

be  used   f o r   any  o t h e r   a p p l i c a t i o n   in  w h i c h   i t   i s  

n e c e s s a r y   to  r e c o g n i z e   a  p a r t i c u l a r   sound   a m o n g s t   a n  

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

t h i s ,   v a r i o u s   c h a n g e s   c o u l d   be  made  to  t he   a b o v e -  



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

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

d e t a i l s   in  the   d e s c r i p t i o n s   and  in  t he   f i g u r e s   b e  

i n t e r p r e t e d   as  p u r e l y   i l l u s t r a t i v e   and  t o t a l l y   n o n -  

l i m i t i n g .  



1.  A  s o u n d   d i s c r i m i n a t i o n   s y s t e m   fo r   use   in  a n  

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

v a r i o u s   f r e q u e n c i e s   and  c o m b i n a t i o n s   of  f r e q u e n c i e s ,  

s a i d   s y s t e m   b e i n g   c h a r a c t e r i z e d   b y :  

a  f i r s t   sound   d e t e c t i n g   c i r c u i t   fo r   s e l e c t i v e l y  

d e t e c t i n g   and  r e c o g n i z i n g   s o u n d   s i g n a l s   a t   a  f i r s t  

f r e q u e n c y   w i t h i n   the   a u d i o   f r e q u e n c y   s p e c t r u m   of  a 

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

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

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

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

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

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

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

s i g n a l   in  r e s p o n s e   to  such   r e c o g n i t i o n   and  d e t e c t i o n  

of  s a i d   s e c o n d   sound   s i g n a l ,   a  f i r s t   t ime   d e l a y  

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



d e t e c t i n g   c i r c u i t   f o r   p r o d u c i n g   a  t ime  d e l a y e d   e n a b l e  

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

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

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

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

r e s p o n s e   to  the   e n a b l e   s i g n a l   f rom  s a i d   f i r s t   t i m e  

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

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

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

r e c e i p t   of  s a i d   f i r s t   and  s e c o n d   sound   s i g n a l s   in  a  

s e q u e n t i a l   t ime  p a t t e r n   e s t a b l i s h e d   by  s a i d   f i r s t   t i m e  

d e l a y   c i r c u i t   and  s a i d   f u r t h e r   c i r c u i t .  

2.  A  s y s t e m   as  c l a i m e d   in  c l a i m   1  f u r t h e r  

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

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

p r o d u c i n g   an  o u t p u t   s i g n a l   upon  the   s e q u e n t i a l  

d e t e c t i o n   and  r e c o g n i t i o n   of  sound   s i g n a l s   a t  

d i f f e r e n t   f r e q u e n c i e s   w i t h i n   the   a u d i o   f r e q u e n c y  

s p e c t r u m   of  the   p a r t i c u l a r   sound  p a t t e r n ;   s a i d   f u r t h e r  

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

c i r c u i t s ,   each  c o u p l e d   to  the   o u t p u t   of  a 

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

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

t ime   d e l a y ;   and  e a c h   of  s a i d   t ime   d e l a y   c i r c u i t s   b e i n g  



c o u p l e d   to  the   n e x t   one  of  s a i d   t ime   d e l a y   c i r c u i t s   i n  

the   s e q u e n c e   f o r   p r o d u c i n g   an  e n a b l e   s i g n a l   t h e r e t o   i n  

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

t ime   d e l a y   c i r c u i t   c o u p l e d   to  t he   i n p u t   of  s a i d  

c o n t r o l   c i r c u i t .  

3.  A  s y s t e m   as  c l a i m e d   in  c l a i m   2  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   e a c h   of  s a i d   d e t e c t i n g   c i r c u i t s  

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

of  w h i c h   is  in  a  f i r s t   s e t   f o r   c o m b i n a t i o n s   of  s o u n d s  

of  d i f f e r e n t   f r e q u e n c i e s   r e c o g n i z e d   by  s a i d   d e t e c t i n g  

c i r c u i t s   in  a  f i r s t   s e q u e n t i a l   o r d e r   and  t he   o t h e r   o f  

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

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

r e v e r s e   s e q u e n t i a l   o r d e r   to  s a i d   f i r s t   o r d e r   t o  

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

c i r c u i t   f rom  the   o u t p u t   of  t he   l a s t   one  of  s a i d   t i m e  

d e l a y   c i r c u i t s   in  s a i d   s e c o n d   s e t   of  t ime   d e l a y  

c i r c u i t s .  

4.  A  sound   d i s c r i m i n a t i o n   s y s t e m   as  c l a i m e d   i n  

any  p r e c e d i n g   c l a i m   f u r t h e r   c h a r a c t e r i z e d   by  a  

r e p e t i t i o n   d e t e c t i o n   c i r c u i t   c o u p l e d   b e t w e e n   t h e  

o u t p u t   of  s a i d   l a s t   t ime   d e l a y   c i r c u i t   and  the   i n p u t  

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



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

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

t i m e   d e l a y   c i r c u i t .  

5.  A  s y s t e m   as  c l a i m e d   in  c l a i m   4  f u r t h e r  

c h a r a c t e r i z e d   by  a  t i m e r   c o u p l e d   to  t he   o u t p u t   of  s a i d  

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

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

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

r e c e i p t   of  t he   l a s t   s i g n a l   f rom  s a i d   l a s t   t i m e   d e l a y  

c i r c u i t .  

6.  A  s y s t e m   as  c l a i m e d   in  c l a i m   5  f u r t h e r  

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

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

c o u n t e r s ,   the   f i r s t   of  w h i c h   is   t r i g g e r e d   to  p r o d u c e  

an  e n a b l e   p u l s e   by  the   f i r s t   o u t p u t   s i g n a l   f rom  s a i d  

l a s t   t ime   d e l a y   t ime   c i r c u i t   and  w h e r e i n   each   of  s a i d  

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

in  s a i d   c a s c a d e   to  be  t r i g g e r e d   f o r   o p e r a t i o n   b y  

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

t i m e   c i r c u i t .  



7.  A  s y s t e m   as  c l a i m e d   in  any  one  of  t h e  

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   by  a  d i s a b l i n g   c i r c u i t  

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

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

an  i n p u t   s i g n a l   to  s a i d   c o n t r o l   c i r c u i t   when  s a i d  

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

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