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Hemote  control  device. 
^   - ~s  —  niMuun  a  iieiiisminer  \  \\Ji Mch  is  driven  by  a  battery  (E)  and  generates  light  or  an iltrasonic  signal,  and  a  receiver  (20)  which  receives  the  light 
>r  the  ultrasonic  signal  for  generating  a  corresponding ontrol  signal.  The  light  or  the  ultrasonic  signal  produced  by tie  transmitter  (10)  is  modulated  in  accordance  with  Barker eries  data  representing  the  control  signal.  The  light  or  the Itrasonic  signal  received  by  the  receiver  (20)  is  converted 
ito  an  electric  signal  and  is  supplied  to  an  autocorrelation jnction  generating  circuit  (26). 
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A   remote  control  device  includes  a  transmitter  (10) which  is  driven  by  a  battery  (E)  and  generates  light  or  an ultrasonic  signal,  and  a  receiver  (20)  which  teceives  the  light or  the  ultrasonic  signal  for  generating  a  corresponding control  signal.  The  light  or  the  ultrasonic  signal  produced  by the  transmitter  (10)  is  modulated  in  accordance  with  Barker series  data  representing  the  control  signal.  The  light  or  the ultrasonic  signal  received  by  the  receiver  (20)  is  converted into  an  electric  signal  and  is  supplied  to  an  autocorrelation function  generating  circuit  (26). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  r e m o t e   c o n t r o l  

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

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

a  t e l e v i s i o n   r e c e i v e r   and  w h i c h   u s e s   a  b a t t e r y   as  a  
t r a n s m i t t e r   p o w e r   s o u r c e .  

A  c o n v e n t i o n a l   r e m o t e   c o n t r o l   d e v i c e   i s   k n o w n  

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

s i g n a l   s u c h   as  l i g h t   or   an  u l t r a s o n i c   wave .   The  e n e r g y  
s i g n a l   i s   m o d u l a t e d   on  t h e   b a s i s   of  b i n a r y   c o d e d   d a t a  

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

be  t r a n s m i t t e d   and  a  r e c e i v e r   w h i c h   r e c e i v e s   t h e   e n e r g y  

s i g n a l   t r a n s m i t t e d   f rom  t h e   t r a n s m i t t e r .   The  r e c e i v e r  

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

and  t h e n   s u p p l i e s   t h e   d e c o d e d   c o n t r o l   d a t a   as  a  c o n t r o l  

s i g n a l   to   a  c o n t r o l l e d   d e v i c e   such   as  a  t e l e v i s i o n  

r e c e i v e r   or  t h e   l i k e .   In  o r d e r   to  p e r f o r m   c o r r e c t  

t r a n s f e r   of  t h e   c o n t r o l   d a t a   in  t h e   r e m o t e   c o n t r o l  

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

(1)  I n c r e a s i n g   an  o u t p u t   p o w e r   f rom  t h e   t r a n s -  

m i t t e r   to  i n c r e a s e   an  S/N  r a t i o   of  t h e   o u t p u t   e n e r g y  
s i g n a l .  

(2)  S u c c e s s i v e l y   g e n e r a t i n g   o u t p u t   s i g n a l s   e a c h  

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

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

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



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

(3)  I n s e r t i n g   a  c h e c k   b i t   i n t o   t h e   c o n t r o l   d a t a  

when  t h e   c o n t r o l   d a t a   i s   c o v e r t e d   i n t o   b i n a r y   c o d e d   d a t a  

to  d i s c r i m i n a t e   a t   t h e   r e c e i v e r   w h e t h e r   or   n o t   t h e  

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

w i t h   t h e   c h e c k   b i t .  

H o w e v e r ,   when  m e t h o d   (1)  i s   a d o p t e d ,   t h e   s e r v i c e  

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

t r a n s m i t t e r   i s   s h o r t e n e d .   When  m e t h o d   (2)  i s   a d o p t e d ,  

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

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

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

(3)  i s   a d o p t e d ,   a  c h e c k i n g   f u n c t i o n   and  an  e r r o r   c o r r e c -  

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

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

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

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

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

r e q u i r i n g   an  i n c r e a s e   of  t r a n s m i s s i o n   o u t p u t   p o w e r .  

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

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

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

o t h e r .   The  t r a n s m i t t i n g   means   i s   d r i v e n   by  a  b a t t e r y  

and  has   code  s e r i e s   d a t a   g e n e r a t i n g   means   f o r   g e n e r a t i n g  

code   s e r i e s   d a t a   w h i c h   i n c l u d e s   a t   l e a s t   one  code   s e r i e s  

w h o s e   a u t o c o r r e l a t i o n   f u n c t i o n   has   a  s i n g l e   s h a r p   p e a k .  

The  t r a n s m i t t i n g   means   a l s o   has   e n e r g y   s i g n a l   g e n e r a t i o n  

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

a c c o r d a n c e   w i t h   t h e   code   s e r i e s   d a t a   t r a n s f e r r e d   f r o m  

t h e   code   s e r i e s   d a t a   g e n e r a t i o n   m e a n s .   The  r e c e i v i n g  

means   has   c o n v e r t i n g   means   w h i c h   r e c e i v e s   t h e   e n e r g y  

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

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

r e c e i v i n g   means   a l s o   has   an  a u t o c o r r e l a t i o n   f u n c t i o n  

g e n e r a t i n g   c i r c u i t   w h i c h   r e c e i v e s   t h e   code   s e r i e s   d a t a  

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

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



f u n c t i o n   of  t h e   r e c e i v e d   code   s e r i e s   d a t a .  

In  t h e   r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to  t h e  

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

code   s e r i e s   i n c l u d e d   in   t h e   code   s e r i e s   d a t a   w h i c h   i s  

s u p p l i e d   by  t he   code   s e r i e s   d a t a   g e n e r a t i n g   means   h a s  

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

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

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

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

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

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

by  n o i s e .  

T h i s   i n v e n t i o n   can   be  more   f u l l y   u n d e r s t o o d   f r o m  

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

c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g .   1  i s   a  c i r c u i t   d i a g r a m   of  a  r e m o t e   c o n t r o l  

d e v i c e   a c c o r d i n g   to   one  e m b o d i m e n t   of  t h i s   i n v e n t i o n ;  

F i g s .   2A  and  2B  show  s i g n a l   w a v e f o r m s   f o r   i l l u s -  

t r a t i n g   t h e   o p e r a t i o n   of  a  B a r k e r   s e r i e s   g e n e r a t i n g  

c i r c u i t   u s e d   in  t h e   r e m o t e   c o n t r o l   d e v i c e   of  F i g .   1 ;  

F i g s .   3A  and  3B  show  s i g n a l   w a v e f o r m s   f o r   i l l u s -  

t r a t i n g   t h e   o p e r a t i o n   of  an  a u t o c o r r e l a t i o n   f u n c t i o n  

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

of  F i g .   1 ;  

F i g s .   4A  and  4B  r e s p e c t i v e l y   show  i n p u t   and  o u t p u t  

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

c i r c u i t   shown  in  F i g .   1;  a n d  

F i g .   5  i s   a  c i r c u i t   d i a g r a m   of  a  r e m o t e   c o n t r o l  

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

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

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

s e l e c t i o n ,   v o l u m e ,   c o n t r a s t   and  so  on  of  a  t e l e v i s i o n  

r e c e i v e r ,   a c c o r d i n g   to   an  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 .   The  r e m o t e   c o n t r o l   d e v i c e   i n c l u d e s   a  t r a n s -  

m i t t e r   10  w h i c h   i s   d r i v e n   by  a  b a t t e r y   E  f o r   g e n e r a t i n g  

a  l i g h t   s i g n a l   and  a  r e c e i v e r   20  w h i c h   g e n e r a t e s   a  
c o n t r o l   s i g n a l   in  c o r r e s p o n d e n c e   w i t h   t h e   l i g h t   s i g n a l  



f rom  t h e   t r a n s m i t t e r   1 0 .  

The  t r a n s m i t t e r   10  i n c l u d e s   a  k e y b o a r d   12  h a v i n g  

c h a n n e l   s e l e c t o n   k e y s ,   a  v o l u m e   c o n t r o l   s w i t c h ,   a  

c o n t r a s t   c o n t r o l   s w i t c h   and  so  on;  an  e n c o d e r   14  f o r  

c o n v e r t i n g   a  c o n t r o l   s i g n a l   f rom  t h e   k e y b o a r d   12  i n t o ,  

e . g . ,   8 - b i t   b i n a r y   c o d e ;   a  B a r k e r   s e r i e s   g e n e r a t i n g  

c i r c u i t   16  f o r   g e n e r a t i n g   a  B a r k e r   s e r i e s   w h o s e  

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

c o r r e s p o n d e n c e   w i t h   a  "1"  b i t   h a v i n g   a  h i g h   l e v e l  

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

14;  and  a  l i g h t - e m i t t i n g   d i o d e   18  f o r   g e n e r a t i n g   a  l i g h t  

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

s e r i e s   s u p p l i e d   f rom  t h e   B a r k e r   s e r i e s   g e n e r a t i n g  

c i r c u i t   1 6 .  

The  r e c e i v e r   20  i n c l u d e s   a  p h o t o d i o d e   22  f o r  

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

18  i n t o   an  e l e c t r i c   s i g n a l ;   an  a m p l i f i e r   c i r c u i t   24  f o r  

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

by  t h e   p h o t o d i o d e   22;  an  a u t o c o r r e l a t i o n   f u n c t i o n  

g e n e r a t i n g   c i r c u i t   26  f o r m e d   o f ,   f o r   e x a m p l e ,   a  c h a r g e  

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

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

f i e r   c i r c u i t   24;  and  a  d e c o d e r   28  f o r   d e c o d i n g   a n  

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

a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26  and  f o r  

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

r e c e i v e r   (no t   s h o w n ) .  

A  c i r c u i t   w h i c h   g e n e r a t e s   a  2 - ,   3 - ,   4 - ,   5 - ,   7 - ,  

11-  or  1 3 - b i t   B a r k e r   s e r i e s   in  r e s p o n s e   to   a  s i n g l e  

p u l s e   can  be  u s e d   as  t h e   B a r k e r   s e r i e s   g e n e r a t i n g  
c i r c u i t   16.  In  an  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  c i r c u i t   w h i c h   g e n e r a t e s   a  1 3 - b i t   B a r k e r   s e r i e s   i s  

a d o p t e d .   In  o t h e r   w o r d s ,   t h e   B a r k e r   s e r i e s   g e n e r a t i n g  

c i r c u i t   16  g e n e r a t e s   a  B a r k e r   s e r i e s   h a v i n g   13  b i t s   o f  

" 1 " ,   " 1 " ,   " 1 " ,   " 1 " ,   " 1 " ,   " 0 " ,   " 0 " ,   " 1 " ,   " 1 " ,   " 0 " ,   " 1 " ,  
"0"  and  "1"  in   a c c o r d a n c e   w i t h ,   f o r   e x a m p l e ,   " 1 " - b i t   d a t a  

h a v i n g   a  l o g i c   l e v e l   "1"  s u p p l i e d   f rom  t h e   e n c o d e r   1 4 .  



Assume  t h a t   when  t h e   e n c o d e r   14  g e n e r a t e s   d a t a   ( 1 , 0 , 1 , 0 )  

as  a  p a r t   of   an  o u t p u t   b i n a r y   c o d e ,   as  shown  in  F i g .   2A,  

t h e   B a r k e r   s e r i e s   g e n e r a t i n g   c i r c u i t   16  g e n e r a t e s   a  

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

14  i s   s e t   t o   l o g i c   l e v e l   " 1 " ,   as  shown  in   F i g .   2 B .  

The  d u r a t i o n   c o r r e s p o n d i n g   to   e a c h   b i t   in   t h e   B a r k e r  

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

l e n g t h   of   e a c h   B a r k e r   s e r i e s   i s   1 3 T .  

The  a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26  

g e n e r a t e s   an  a u t o c o r r e l a t i o n   f u n c t i o n   ϕ ( t )   of  t h e   i n p u t  

s i g n a l   X ( t )   c a l c u l a t e d   a c c o r d i n g   to   t h e   f o l l o w i n g  

e q u a t i o n :  

N o t e   t h a t   X( t )   r e p r e s e n t s   a  B a r k e r   s e r i e s   in   t h e  

p r e s e n t  . e m b o d i m e n t   and  i s   g i v e n   b y ;  

T h u s ,   t h e   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g  

c i r c u i t   26  g e n e r a t e s   t h e   a u t o c o r r e l a t i o n   f u n c t i o n   φ ( t )  

shown  in  F i g .   3B  upon  r e c e i v i n g   t h e   B a r k e r   s e r i e s   X ( t )  

shown  in  F i g .   3A.  

The  mode  of  o p e r a t i o n   of  t h e   r e m o t e   c o n t r o l   d e v i c e  

shown  in  F i g .   1  w i l l   now  be  d e s c r i b e d .  

F i r s t ,   t h e   k e y b o a r d   12  i s   o p e r a t e d   to   g e n e r a t e   a  

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

t e l e v i s i o n   r e c e i v e r .   The  e n c o d e r   14  c o n v e r t s   t h e   c o n t r o l  

s i g n a l   i n t o   c o r r e s p o n d i n g   b i n a r y   c o d e d   d a t a .   The  B a r k e r  

s e r i e s   g e n e r a t i n g   c i r c u i t   16  g e n e r a t e s   a  B a r k e r   s e r i e s  

in  r e s p o n s e   to   e a c h   " 1 " - b i t   s i g n a l   a t   h i g h   l e v e l  

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

e n c o d e r   14,  in  a  m a n n e r   e x p l a i n e d   w i t h   r e f e r e n c e   t o  

F i g s .   2A  and  2B.  As  a  r e s u l t ,   t h e   l i g h t - e m i t t i n g  
d i o d e   18  i s   i n t e r m i t t e n t l y   b i a s e d   a c c o r d i n g   to   t h e  

B a r k e r   s e r i e s   s u p p l i e d   f rom  t h e   B a r k e r   s e r i e s   g e n e r a t -  

i ng   c i r c u i t   16  and  g e n e r a t e s   l i g h t   w h i c h   i s   m o d u l a t e d  

in  a c c o r d a n c e   w i t h   t he   B a r k e r   s e r i e s .   Upon  r e c e i v i n g  
t h e   l i g h t   s u p p l i e d   f rom  t h e   l i g h t - e m i t t i n g   d i o d e   1 8 ,  



t he   p h o t o d i o d e   22  c a u s e s   a  c u r r e n t   c o r r e s p o n d i n g   t o  

t h e   i n t e n s i t y   of  t h e   l i g h t   to  be  s u p p l i e d   to   t h e  

a m p l i f i e r   24.  T h e r e f o r e ,   t h e   a m p l i f i e r   24  g e n e r a t e s  

B a r k e r   s e r i e s   d a t a   c o r r e s p o n d i n g   to   t h e   B a r k e r   s e r i e s  

d a t a   s u p p l i e d   f rom  t h e   B a r k e r   s e r i e s   g e n e r a t i n g   c i r c u i t  

16,  t h a t   i s ,   t h e   B a r k e r   s e r i e s   d a t a   shown  in   F i g .   2 B .  

The  g e n e r a t e d   B a r k e r   s e r i e s   d a t a   i s   s u p p l i e d   t o   t h e  

a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26.   I n  

a  m a n n e r   e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g s .   3A  and  3 B ,  

t h e   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26  

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

s h a r p   peak   as  shown  in  F i g .   3B  e v e r y   t i m e   i t   r e c e i v e s  

a  B a r k e r   s e r i e s .   The  d e c o d e r   28  d e t e c t s   a  p e a k   p u l s e  

c o m p o n e n t   or  c o m p o n e n t s   i n c l u d e d   in  an  o u t p u t   s i g n a l  

f rom  t h e   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26  

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

t e l e v i s i o n   r e c e i v e r   ( n o t   s h o w n ) .  

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

shown  in  F i g .   1,  t h e   o u t p u t   power   f rom  t h e   t r a n s m i t t e r  

10  can  be  d e c r e a s e d   p r o v i d e d   t h e   l i g h t   s i g n a l   i s   t r a n s -  

m i t t e d   f rom  t h e   l i g h t - e m i t t i n g   d i o d e   18  to   t h e   p h o t o -  
d i o d e   22  and  t h e n   t h e   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g  

c i r c u i t   26  g e n e r a t e s   an  o u t p u t   s i g n a l   i n c l u d i n g   a t   l e a s t  

one  p e a k   p u l s e   c o m p o n e n t   w h i c h   can  be  s e p a r a t e d   a n d  

d e t e c t e d   as  a  l o g i c   s i g n a l   of  " 1 " .   F u r t h e r m o r e ,   e v e n  
i f   t h e   S/N  r a t i o   of  t h e   l i g h t   s i g n a l   t r a n s m i t t e d   f r o m  

t h e   t r a n s m i t t e r   18  i s   OdB  or  l o w e r ,   a  p e a k   p u l s e  

c o m p o n e n t   h a v i n g   a  l e v e l   h i g h   e n o u g h   to   be  d e t e c t e d   b y  

t h e   d e c o d e r   28  can  be  g e n e r a t e d   by  t h e   a u t o c o r r e l a t i o n  

f u n c t i o n   g e n e r a t i n g   c i r c u i t   26.  For   e x a m p l e ,   in   a n  

e x p e r i m e n t   w h e r e i n   an  i n p u t   s i g n a l   whose   S/N  r a t i o  

was  - l l d B ,   as  shown  in  F i g .   4A,  was  s u p p l i e d   to   t h e  

a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i n g   c i r c u i t   26,   a n  

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

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

shown  in  F i g .   4B,  was  p r o d u c e d .  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d  



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

to   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t  

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

m e n t   shown  in  F i g .   1,  t h e   l i g h t - e m i t t i n g   d i o d e   18  a n d  

t h e   p h o t o d i o d e   22  a r e   u s e d   f o r   t r a n s m i t t i n g   t h e   l i g h t  

s i g n a l   f rom  t h e   t r a n s m i t t e r   10  to   t h e   r e c e i v e r   2 0 .  

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

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

an  u l t r a s o n i c   s i g n a l   shown  in  F i g .   5  i s   s i m i l a r   to   t h a t  

shown  in  F i g .   1  e x c e p t   t h a t   t h e   d e v i c e   in  F i g .   5  u s e s  

e l e c t r o a c o u s t i c   t r a n s d u c e r s   19  and  23  e a c h   f o r m e d   o f  

a  p i e z o e l e c t r i c   e l e m e n t   in  p l a c e   of  t h e   l i g h t - e m i t t i n g  

d i o d e   18  and  t h e   p h o t o d i o d e   22.  In  t h e   r e m o t e   c o n t r o l  

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

by  t h e   t r a n s d u c e r   19  and  t h e n   t r a n s m i t t e d   to   t h e   t r a n s -  

d u c e r   23,  w h e r e   i t   i s   c o n v e r t e d   i n t o   an  e l e c t r i c   s i g n a l .  

F u r t h e r m o r e ,   in  t h e   r e m o t e   c o n t r o l   d e v i c e   shown  i n  

F i g .   1,  a n o t h e r   c i r c u i t   w h i c h   g e n e r a t e s   a n o t h e r   t y p e   o f  

c o d e d   s e r i e s ,   such   as  a  H a d a m a r d   s e r i e s ,   can   be  u s e d  

i n s t e a d   of  t h e   B a r k e r   s e r i e s   g e n e r a t i n g   c i r c u i t   1 6 .  

In  a d d i t i o n ,   in  t h e   a b o v e   d e s c r i p t i o n ,   t h e   B a r k e r  

s e r i e s   g e n e r a t i n g   c i r c u i t   16  g e n e r a t e s   t h e   B a r k e r   s e r i e s  

in  a c c o r d a n c e   w i t h   " 1 " - b i t   s i g n a l s   a t   a  l o g i c   "1"  l e v e l  

s u p p l i e d   f rom  t h e   e n c o d e r   14.  H o w e v e r ,   t h e   c o n f i g u r a t i o n  
of   t h e   d e v i c e   can  be  c h a n g e d   s u c h   t h a t   t h e   B a r k e r   s e r i e s  

g e n e r a t i n g   c i r c u i t   16  g e n e r a t e s   t h e   B a r k e r   s e r i e s   i n  

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

e n c o d e r   1 4 .  



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

means   ( 1 0 ) ,   u s i n g   a  b a t t e r y   (E)  as  a  d r i v e   p o w e r   s o u r c e ,  
f o r   e m i t t i n g   an  e n e r g y   s i g n a l   in  a c c o r d a n c e   w i t h   a  

c o n t r o l   s i g n a l   and  r e c e i v i n g   means   ( 2 0 ) ,   d i s p o s e d  

s e p a r a t e l y   f rom  s a i d   t r a n s m i t t i n g   means   ( 1 0 ) ,   f o r  

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

means   (10)  and  d e r i v i n g   t h e   c o n t r o l   s i g n a l   on  t h e   b a s i s  

of  a  r e c e i v e d   e n e r g y   s i g n a l ,   c h a r a c t e r i z e d   in  t h a t   s a i d  

t r a n s m i t t i n g   means   (10)  i n c l u d e s   code   d a t a   g e n e r a t i o n  

means   (12,   14,  16)  f o r   g e n e r a t i n g   code   s e r i e s   d a t a  

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

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

g e n e r a t i o n   m e a n s   (18;   19)  f o r   g e n e r a t i n g   t h e   e n e r g y  

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

d a t a   f rom  s a i d   code   s e r i e s   d a t a   g e n e r a t i o n   means   ( 1 2 ,  

14,  1 6 ) ;   and  s a i d   r e c e i v i n g   means   (20)  i n c l u d e s   c o n -  

v e r t i n g   means   (22,   24;  23,  24)  f o r   r e c e i v i n g   a n d  

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

g e n e r a t i o n   means   (18;   19)  i n t o   c o r r e s p o n d i n g   code   s e r i e s  

d a t a ,   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i o n   means   ( 2 6 )  

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

a u t o c o r r e l a t i o n   f u n c t i o n   of  t h e   code   s e r i e s   d a t a  

s u p p l i e d   f rom  s a i d   c o n v e r t i n g   means   (22 ,   24;  23,   2 4 ) ,  

and  c o n t r o l   s i g n a l   g e n e r a t i n g   means   (28)  f o r   g e n e r a t i n g  

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

f rom  s a i d   a u t o c o r r e l a t i o n   f u n c t i o n   g e n e r a t i o n   means   ( 2 6 ) .  

2.  A  r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to   c l a i m   1 ,  

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

(12,   14,  16)  c o m p r i s e s   k e y b o a r d   means   (12)  f o r   g e n e r a t i n g  

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

means   (14)  f o r   c o n v e r t i n g   t h e   c o n t r o l   s i g n a l   s u p p l i e d  

f rom  s a i d   k e y b o a r d   means   (12)  i n t o   b i n a r y   c o d e d   d a t a ,  

and  a  code   s e r i e s   g e n e r a t i n g   c i r c u i t   (16)  w h i c h   g e n e r a t e s  

t h e   code   s e r i e s   d a t a   in  a c c o r d a n c e   w i t h   t h e   b i n a r y  

c o d e d   d a t a   s u p p l i e d   f rom  s a i d   c o d i n g   means   ( 1 4 ) .  



3.  A  r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to  c l a i m   2 ,  

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

(16)  c o m p r i s e s   a  B a r k e r   s e r i e s   g e n e r a t i n g   c i r c u i t .  

4.  A  r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to   c l a i m   3 ,  

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

means   c o m p r i s e s   a  l i g h t - e m i t t i n g   d i o d e   (18)  and  s a i d  

c o n v e r t i n g   means   c o m p r i s e s   a  p h o t o d i o d e   ( 2 2 ) .  

5.  A  r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to   c l a i m   4 ,  

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

means   (28)  c o m p r i s e s   a  d e c o d e r .  

6.  A  r e m o t e   c o n t r o l   d e v i c e   a c c o r d i n g   to  c l a i m   3 ,  

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

means   c o m p r i s e s   an  e l e c t r o a c o u s t i c   t r a n s d u c e r   (19)  a n d  

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

t r a n s d u c e r   ( 2 3 ) .  
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