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@  A  digital  electronic  remote  control  system. 
A  transmitter  and  receiver  suitable  for  use  in  a  digital 

electronic  remote  control  system  for  operating  remote 
equipment.  The  system  uses  radio  control  and  digital 
frequency  techniques.  In  the  transmitter,  information  regard- 
ing  the  desired  function  of  the  remote  equipment  is  digitally 
encoded  and  transmitted  serially.  A  receiver  at  the  remote 
equipment  decodes  the  received  information  and  is  adapted 
to  enable  respective  functions  of  the  equipment  in  response 
to  the  decoded  information.  Fail-safe  features  may  be 
incorporated  into  the  system. 





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  t r a n s m i t t e r   and  a  
r e c e i v e r   s u i t a b l e   for   use  in  a  d i g i t a l   e l e c t r o n i c   r e m o t e  

c o n t r o l   s y s t e m   wh ich   can  be  used   f o r   the   r e m o t e   o p e r a t i o n   o f  

i n d u s t r i a l   e q u i p m e n t .   In  p a r t i c u l a r ,   t he   p r e s e n t   i n v e n t i o n  

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

In  mos t   i n s t a n c e s   t h r o u g h o u t   t he   w o r l d ,   i n d u s t r i a l  

i n s t a l l a t i o n s   and  e l e c t r i c a l   e q u i p m e n t   show  an  a p p l i c a t i o n  

fo r   r e m o t e   c o n t r o l   of  m e c h a n i c a l   e q u i p m e n t .   H i s t o r i c a l l y  

t h i s   r e m o t e   c o n t r o l   has  been   by  means   of  m u l t i c o r e   c a b l i n g   t o  

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

The  use  of  r a d i o   c o n t r o l   for   such   a p p l i c a t i o n s   h a s  

many  a d v a n t a g e s   o v e r   t r a d i t i o n a l   t e c h n i q u e s .   In  p a r t i c u l a r ,  

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

i n d u s t r i a l   e n v i r o n m e n t s   w h i c h   a re   no t   s u i t a b l e   fo r   m a n .  

A l s o ,   t he   r e m o t e   c o n t r o l l e d   e q u i p m e n t   has  g r e a t e r  

m a n o e u v r a b i l i t y   due  to  the   a b s e n c e   of  c o n t r o l   w i r e s   a n d  

c a b l i n g .  

I t   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

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

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

t h e r e w i t h .  

ADVANTAGES  OF  THE  PRESENT  INVENTION 

(a)  L a b o u r   S a v i n g  

W i t h   a  s m a l l   l i g h t w e i g h t   c o n t r o l   t r a n s m i t t e r   t h e  

o p e r a t o r   is  not   c o n f i n e d   in  m o v e m e n t   or  p o s i t i o n   as  w i t h  

c a b l e   c o n n e c t e d   c o n t r o l l e r s .   The  o p e r a t o r   can  p o s i t i o n  

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

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

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

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

s t e e r   h i s   own  l o a d s   e n a b l i n g   s m o o t h e r   and  q u i c k e r   o p e r a t i o n s .  

(b)  S a f e t y  

Where  the   e q u i p m e n t   b e i n g   c o n t r o l l e d   moves  i n t o   a  

h a z a r d o u s   a r e a   c a u s e d   by  h e a t ,   g a s e s ,   r a d i o a c t i v i t y   o r  

u n s t a b l e   s t r u c t u r e s   or  f o r m a t i o n s   the   o p e r a t o r   may  r e m a i n  

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

of  the   m a c h i n e r y   i n v o l v e d .  



(c)  F l e x i b i l i t y   &  E c o n o m y  

D i f f e r e n t   a p p l i c a t i o n s   of  the   p r e s e n t   i n v e n t i o n   c a n  
be  b a s e d   on  i d e n t i c a l   c i r c u i t r y   and  t he   v a r i o u s   c o n t r o l  

o p t i o n s   can  be  o r g a n i s e d   to  s u i t   s p e c i f i c   c u s t o m e r  

r e q u i r e m e n t s .   The  c o n t r o l   u n i t   can  be  v i r t u a l l y   any  s i z e   a n d  

l a y o u t   a b o v e   the   s m a l l e s t   u n i t ,   t he   hand  h e l d   r a d i o   c o n t r o l  

m o d e l ,   w h i c h   is  c a r r i e d   by  t he   o p e r a t o r .   Where   t he   c o n t r o l  

p o i n t   i s   f i x e d   w i t h   r e s p e c t   to  the   m a c h i n e r y ,   c o m m a n d  

t r a n s f e r   can  be  by  means   of  a  s i n g l e   p a i r   of  c o n d u c t o r s   o v e r  

a  l ong   d i s t a n c e   i n s t e a d   of  by  r a d i o   t r a n s m i s s i o n .   T h i s   s a v e s  

on  c o s t   a n d  r a d i o   s p e c t r u m   u s a g e   and  w i l l   o f t e n   be  c h e a p e r  
t h a n   e q u i v a l e n t   r u n s   of  m u l t i c o r e   c a b l e s .  

I n s t a l l a t i o n   c o s t s   a re   low  as  t he   r e c e i v e r   can  b e  

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

p u s h b u t t o n s   w h e r e   r e q u i r e d .  

O p e r a t i n g   c o s t s   e s s e n t i a l l y   c o m p r i s e   r a d i o   l i c e n c e  

f e e s   ( w h e r e   a p p l i c a b l e )   and  b a t t e r y   c h a r g i n g   c o s t s   w h i c h   a r e  

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

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

t h e r e   is   p r o v i d e d   a  t r a n s m i t t e r   f o r   use  in  a  d i g i t a l  

e l e c t r o n i c   r e m o t e   c o n t r o l   s y s t e m   fo r   o p e r a t i n g   r e m o t e  

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

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

a d a p t e d   to  be  e n a b l e d ,   e a c h   s e l e c t o r   means   c o r r e s p o n d i n g   to  a  

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

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

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

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

c h a n n e l s   to  t h e r e b y   d e t e r m i n e  t h e i r   s t a t u s ,   e a c h   e n a b l e d  

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

c o d e ,  

e n c o d e r   means   fo r   d i g i t a l l y   e n c o d i n g   i n f o r m a t i o n  

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

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

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

i n f o r m a t i o n   s e r i a l l y .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  the   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  r e c e i v e r   f o r   use  w i t h   t he   a b o v e m e n t i o n e d  

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

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



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

t r a n s m i t t e r ,   d e c o d i n g   means   c o n n e c t e d   to  an  o u t p u t   of  s a i d  

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

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

d e c o d e d   i n f o r m a t i o n   for   e n a b l i n g   the   o p e r a t i o n   o f  

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

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

i n v e n t i o n ,   t h e r e   is  p r o v i d e d   a  d i g i t a l   e l e c t r o n i c   r e m o t e  

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

r e c e i v e r .  

P r e f e r r e d   e m b o d i m e n t s   of  the  i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  the   d r a w i n g s   in  w h i c h :  

F i g .   1  is  a  s c h e m a t i c   d i a g r a m   of  a  t r a n s m i t t e r   of  a n  

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

F i g s .   2a  and  2b  a re   s c h e m a t i c   d i a g r a m s   of  a  r e c e i v e r  

s u i t a b l e   f o r   use  w i t h   t he   t r a n s m i t t e r   of  F i g .   1;  F i g .   2b  

b e i n g   a  c o n t i n u a t i o n   of  F i g .   2 a ,  

F i g .   3  is  an  a l l o c a t i o n   c h a r t   d e p i c t i n g   a  p a r t i c u l a r  

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

T u r n i n g   to  F i g .   1,  the   d e s c r i p t i o n   of  t he   t r a n s m i t t e r  

can  be  b r o k e n   down  i n t o   f u n c t i o n a l   b l o c k s   for   e a s e   o f  

e x p l a n a t i o n .   The  power   s o u r c e   c o m p r i s e s   a  b a t t e r y   1  w h i c h   i s  

p r e f e r a b l y   a  l50mAH  12  v o l t   r e c h a r g e a b l e   B a t t e r y   Pack  w h i c h  

w i l l   g i v e   8  h o u r s   of  n o r m a l   o p e r a t i o n   b e f o r e   r e q u i r i n g  

r e c h a r g i n g .   R e c h a r g i n g   t i m e   is  n o m i n a l l y   12  h o u r s   f r o m  

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

b a t t e r i e s   if   r e q u i r e d .  

C o n t r o l s   2  c o m p r i s e   s e l e c t o r   means   by  wh ich   t h e  

d e s i r e d   f u n c t i o n s   of  t he   r e m o t e   e q u i p m e n t   can  be  c h o s e n .   T h e  

c o n s t r u c t i o n   and  c o n f i g u r a t i o n   of  the   s e l e c t o r   means   can  b e  

v a r i e d   to  s u i t   p a r t i c u l a r   c u s t o m e r   r e q u i r e m e n t s ,   but   t h e  

means   a re   u s u a l l y   e n g r a v e d   p u s h b u t t o n s   for   m o t i o n s ,   c r a n e  

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

(no t   shown)   to  a l l o w   the   t r a n s m i t t e r   to  be  a c t i v a t e d   and  a  

" d e a d m a n "   p u s h b u t t o n   (no t   shown)  to  p r e v e n t   a c c i d e n t a l  

o p e r a t i o n .  

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

the   c o n t r o l s   2  w h e r e   t h e y   a re   c o n n e c t e d   to  t he   s e l e c t o r  

m e a n s .   When  the   s e l e c t o r   means  are   e n a b l e d ,   e n a b l i n g   s i g n a l s  



are   g e n e r a t e d   on  r e s p e c t i v e   p r e d e t e r m i n e d   c o n t r o l   c h a n n e l s .  
The  p r e s e n c e   or  a b s e n c e   of  a  s i g n a l   on  a  c o n t r o l   c h a n n e l  
d e t e r m i n e s   i t s   s t a t u s .   T h u s ,   u s i n g   d i g i t a l   n o t a t i o n ,   t h e  

s t a t u s   of  a  c o n t r o l   c h a n n e l   is  " h i g h "   if  a  s i g n a l   is  p r e s e n t ,  
and  " low"   if   no  s i g n a l   is  p r e s e n t   t h e r e o n .   C o n s e q u e n t l y ,   t h e  

s t a t u s   of  24  c o n t r o l   c h a n n e l s   can  be  r e p r e s e n t e d   by  a  24  b i t  

c o d e  w o r d ,   "1"  b i t s   and  "0"  b i t s   s i g n i f y i n g   t h e   p r e s e n c e   o r  

a b s e n c e ,   r e s p e c t i v e l y ,   of  a  s i g n a l   on  t he   r e s p e c t i v e   c o n t r o l  

c h a n n e l .  

A l t h o u g h   the   p r e f e r r e d   e m b o d i m e n t   o p e r a t e s   w i t h   2 4  

i n d e p e n d e n t   c h a n n e l s   of  c o n t r o l ,   the   i n v e n t i o n   w i l l   work  w i t h  

any  s u i t a b l e   number   of  c o n t r o l   c h a n n e l s .   The  number   o f  

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

f u n c t i o n s   w h i c h   the   r e m o t e   e q u i p m e n t   is  r e q u i r e d   to  p e r f o r m .  

T h e r e   s h o u l d   be  a  s u f f i c i e n t   number   of  c o n t r o l   c h a n n e l s   t o  

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

f u n c t i o n ;   t h a t   i s ,   no  two  f u n c t i o n s   s h o u l d   r e s u l t   in  t he   s a m e  

c h a n n e l   s t a t u s   c o d e .  

A  power   s e n s e   and  c o n t r o l   u n i t   3  m o n i t o r s   t h e   s t a t e  

of  c h a r g e   of  t h e   b a t t e r y   w h i l s t   t he   t r a n s m i t t e r   is   t u r n e d   o n ,  
and  fo r   e x a m p l e ,   a  low  v o l t a g e   s i t u a t i o n   can  c a u s e   a  red   " l o w  

b a t t e r y "   l i g h t   ( n o t   shown)   to  f l a s h .   Where  f u r t h e r   d e c r e a s e  

in  v o l t a g e   o c c u r s ,   a t   a  g i v e n   p o i n t ,   t he   power   c o n t r o l  

c i r c u i t r y   3  s h u t s   power   o f f   to  t he   r e s t   of  t h e   c i r c u i t r y .  

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

a p p r o x i m a t e l y   5  to   10  m i n u t e s   c o n t i n u o u s   u s e .   The  c i r c u i t y  

can  be  d e s i g n e d   so  t h a t   t he   t r a n s m i t t e r   w i l l   n o t   s t a r t   u p  
w h i l s t   t h e   b a t t e r y   is  in  a  low  s t a t e .   F u r t h e r ,   t h e   power   i s  

r o u t e d   t h r o u g h   a  key  s w i t c h   and  the   deadman   s w i t c h   a n d  

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

A  power   i n d i c a t o r   4.  i s   e n a b l e d   when  s u f f i c e n t   b a t t e r y  

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

can  c o m p r i s e   a n  o r a n g e   " B a t t e r y   OK"  l i g h t   ( no t   shown)  w h i c h  

comes  on  when  t h e   power   key  s w i t c h   is  c l o s e d   and  t he   d e a d m a n  

b u t t o n   i s   p r e s s e d .  

A  p a r i t y   g e n e r a t o r   5  is  c o n n e c t e d   to  t he   c o n t r o l  

c h a n n e l s ,   and  g e n e r a t e s   a  p a r i t y   b i t   f rom  the   i n c o m i n g  

s i g n a l s   on  t he   c o n t r o l   c h a n n e l s   t o  m a i n t a i n   an  odd  p a r i t y   o f  

s c a n   i n f o r m a t i o n .   Any  o t h e r   s u i t a b l e   p a r i t y   code   may  b e  



u s e d .   The  p a r i t y   i n f o r m a t i o n   is   used   fo r   v e r i f i c a t i o n   a t   t h e  

r e c e i v e r .  

An  i d e n t i f i c a t i o n   code  d e v i c e   6  g e n e r a t e s   a  

p r e d e t e r m i n e d   code   u n i q u e   to  each   t r a n s m i t t e r ,   w h i c h   is  a l s o  

s c a n n e d   fo r   t r a n s m i s s i o n   and  is  used   for   v e r i f i c a t i o n   at  t h e  

r e c e i v e r .   P r e f e r a b l y   the   code  c o n s i s t s   of  f o u r   b i t s   but   t h i s  

may  be  v a r i e d   in  a c c o r d a n c e   w i t h   the  number  of  s i m i l a r  

r e m o t e   c o n t r o l   s y s t e m s  o p e r a t i n g   in  t he   v i c i n i t y .  

A  p a r a l l e l - t o - s e r i a l   c o n v e r t o r   7  is  a r r a n g e d   t o  

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

wh ich   c o m p r i s e s   the   c o n t r o l   c h a n n e l   s t a t u s   i n f o r m a t i o n ,   t h e  

p a r i t y   i n f o r m a t i o n   and  the   i d e n t i f i c a t i o n   c o d e .   T h e  

p a r a l l e l - t o - s e r i a l   c o n v e r t o r   7  c o n v e r t s   the   p a r a l l e l  

i n f o r m a t i o n   i n t o   a  p r e d e t e r m i n e d   s e r i a l   f o r m a t   at   a  r a t e  

w h i c h   is  s e t   by  a  r a t e   g e n e r a t o r   8.  P r e f e r a b l y ,   t he   s e r i a l  

i n f o r m a t i o n   is   in  the   form  of  32  b i t   words   c o m p r i s i n g :  

H o w e v e r ,   t he   word  l e n g t h   and  f o r m a t   can  be  v a r i e d   t o  

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

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

The  s c a n n i n g   by  the   p a r a l l e l - t o - s e r i a l   c o n v e r t o r   7  i s  

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

d i g i t a l   d a t a .  

A  r a t e   g e n e r a t o r   and  s e q u e n c e   l o g i c   8  c o n n e c t e d   t o  

t he   p a r a l l e l - t o - s e r i a l   c o n v e r t o r   7  s e t s   t he   r a t e   of  s can   a n d  

t he   s e q u e n c e   of  s c a n n i n g ,   and  is  p r e f e r a b l y   f i x e d   by  a  

c r y s t a l   o s c i l l a t o r ,   or  o t h e r   c o n s t a n t   f r e q u e n c y   s o u r c e .   A 

s c a n n i n g   r a t e   of  1  baud  is  p r e f e r r e d .  

An  AFSK  g e n e r a t o r   9  (Aud io   F r e q u e n c y   S h i f t   K e y i n g  

G e n e r a t o r )   is  c o n n e c t e d   to  the   o u t p u t   of  t h e  

p a r a l l e l - t o - s e r i a l   c o n v e r t o r   7  and  c o n v e r t s   t he   s e r i a l  

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

fo r   e x a m p l e ,   850Hz  AFSK.  In  the   p r e f e r r e d   e m b o d i m e n t ,   t h e  

two  t o n e s   u sed   a r e   2125Hz  and  2975Hz,   but   the   f r e q u e n c i e s   c a n  

be  a l t e r e d   to  a v o i d   i n t e r f e r e n c e   from  n e i g h b o u r i n g   a u d i o  



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

An  a u d i o   p r o c e s s i n g   u n i t   10  c o n n e c t e d   t o  t h e   AFSK 

g e n e r a t o r   9  p r o c e s s e s   t h e   a u d i o   g e n e r a t e d   to  e n s u r e   t h e  

o p t i m u m   l e v e l   and  wave  s h a p e   fo r   the   t r a n s m i t t e r .  

The  o u t p u t   of  t h e   a u d i o   p r o c e s s i n g   u n i t   10  i s  

c o n n e c t e d   to  a  t r a n s m i t t i n g   d e v i c e   wh ich   can  be  a  UHF  ( U l t r a  

High  F r e q u e n c y )   t r a n s m i t t e r   11  a d a p t e d   to  t r a n s m i t  

a p p r o x i m a t e l y   100  m i l l i w a t t s   of  RF  a t   UHF  f r e q u e n c y ,  

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

10.  A  s h o r t   a e r i a l   can  be  a t t a c h e d   to  the   t r a n s m i t t e r   f o r  

d i r e c t i n g   t he   r a d i o   t r a n s m i s s i o n .  

The  s t a t u s   of  t he   c o n t r o l   c h a n n e l s ,   t h e   p a r i t y   b i t ( s )  

g e n e r a t e d   t h e r e f r o m ,   a n d  t h e   i d e n t i f i c a t i o n   code   a re   s c a n n e d  

at   t he   f i x e d   r a t e   and ,   t o g e t h e r   w i t h   s t a r t   and  s t o p   b i t s ,   a r e  
f o r m e d   i n t o   a  p r e c i s e   d i g i t a l   code   w h i c h   is  t r a n s m i t t e d   f r o m  

the   t r a n s m i t t i n g   d e v i c e .   Any  d e v i a t i o n   f rom  t h i s  f i x e d  

f o r m a t   in  e i t h e r   m a k e u p   or  s p e e d   ( w i t h i n   t o l e r a n c e )   w i l l   n o t  

be  a c c e p t e d   by  a  c o r r e s p o n d i n g   r e c e i v e r   as  a  v a l i d  

t r a n s m i s s i o n .  

The  t r a n s m i t t e r   of  F i g .   1  can  be  i n c o r p o r a t e d   in  a  

hand  h e l d   c o n t r o l   u n i t   w h i c h   w e i g h s   a b o u t   2 .6   Kg,  has   a n  

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

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

t r e a t m e n t ,   has   a  f l e x i b l e   " r u b b e r "   a e r i a l   o n l y   a b o u t   16  cm 

l o n g   and  a  s h o u l d e r   s t r a p   to   l e a v e   b o t h   h a n d s   f r e e   when  t h e  

u n i t   is  not   in  u s e .  

The  24  i n d e p e n d e n t   c o n t r o l   c h a n n e l s   w h i c h   can  b e  

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

c h a r t   of  F i g .   3,  to   p r o v i d e   many  f u n c t i o n s .   O t h e r  

f u n c t i o n / c h a n n e l   a l l o c a t i o n s   can  be  u s e d .  

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

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

b a t t e r y   s e n s i n g   s y s t e m   3  w h i c h   w a r n s   of  a  low  b a t t e r y   c h a r g e  

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

is   c h a r g e d .  

A  p r e f e r r e d   e m b o d i m e n t   of  a  r e c e i v e r   f o r   use  w i t h   t h e  

a b o v e d e s c r i b e d   t r a n s m i t t e r   is  shown  in  F i g . 2 .   The  r e c e i v e r  

c o m p r i s e s   a  power   s u p p l y   (no t   shown)  w h i c h   is  common  to  a l l  

s e c t i o n s   of  t h e   r e c e i v e r .   The  r e c e i v e r   is   p o w e r e d   by  f o u r  



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

(i)  R e l a y s  -   24  to  33  v o l t   semi  r e g u l a t e d   DC. 

( i i )   E l e c t r o n i c s   A  s i d e  -   24  v o l t s   to  33  v o l t s   s e m i  

r e g u l a t e d   DC. 

( i i i )   E l e c t r o n i c s   B  s i d e  -   24  v o l t s  t o   33  v o l t s   s e m i  

r e g u l a t e d   DC. 

( iv)   R e c e i v e r   U n i t  -   12  v o l t   f u l l y   r e g u l a t e d   DC. 

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

w i t h s t a n d   a  1 .5   s e c o n d   f a i l u r e   to  i n c o m i n g   s u p p l y   w i t h o u t  

e f f e c t .   Each  s u p p l y   l i n e   is  s e p a r a t e l y   i n d i c a t e d   but  a  m a i n  

s w i t c h   (not   shown)  i s o l a t e s   a l l   s u p p l i e s .   I n p u t   to  the   p o w e r  

s u p p l y   is  the  s t a n d a r d   240  v o l t   AC  50Hz  s u p p l y   u n l e s s  

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

The  r e c e i v e r   c o m p r i s e s   r e c e p t i o n   means  h a v i n g   a  

UHF-FM  r e c e i v e r   u n i t   12  a d a p t e d   to  r e c e i v e   the   s i g n a l  

t r a n s m i t t e d   by  the   t r a n s m i t t e r   ( F i g .   1)  and  d e t e c t   the   a u d i o  

i n f o r m a t i o n   t h e r e i n .   P r e f e r a b l y ,   i t   a l s o   p r o v i d e s   an  o u t p u t  

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

The  o u t p u t   of  t he   r e c e i v i n g   u n i t   is  c o n n e c t d   to  a n  
a u d i o   b u f f e r   13  wh ich   b u f f e r s   the   a u d i o   s i g n a l   from  t h e  

r e c e i v e r   u n i t   12  and  e n s u r e s   a  s u f f i c i e n t   l e v e l   and  c o r r e c t  

wave  s h a p e   for   the   f o l l o w i n g   d e m o d u l a t o r   s e c t i o n .  

A  mute  b u f f e r   14  is  a l s o   c o n n e c t e d   to  the   o u t p u t   o f  

t h e   r e c e i v e r   u n i t   12  and  s e n s e s   t he   s i g n a l / n o   s i g n a l   o u t p u t  

f rom  t he   r e c e i v e r   u n i t   12  and  p r o v i d e s   a  c o n t r o l   v o l t a g e   f o r  

the   s a f e t y   r e l a y s   2 5 .  

A  mute  i n d i c a t o r   15  c o n n e c t e d   to  the   mute  b u f f e r   14 

p r o v i d e s   an  i n d i c a t i o n   of  s i g n a l / n o   s i g n a l   c o n d i t i o n .  

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

a re   d u p l i c a t e d   f o r   f a i l s a f i n g   r e a s o n s .   Only  one  h a l f   (A 

s i d e )   is  shown  in  F i g .   2a  and  F i g .   2b,  the   o t h e r   h a l f   (B 

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

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

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

and  s a f e t y   wh ich   i t   p r o v i d e s .  

The  o u t p u t   of  the   a u d i o   b u f f e r   13  is  c o n n e c t e d   to  a n  

AFSK  D e m o d u l a t o r   16  w h i c h   d e m o d u l a t e s   t he   AFSK  a u d i o   s i g n a l  

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



f o r   t h e   s e r i a l - t o - p a r a l l e l   c o n v e r t o r   17  to  w h i c h   i t   i s  

c o n n e c t e d .  

The  s e r i a l - t o - p a r a l l e l   c o n v e r t o r   17  c o n v e r t s   t h e  

s e r i a l   i n f o r m a t i o n   to  p a r a l l e l   i n f o r m a t i o n   wh ich   is   t h e  

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

of  t h e   t r a n s m i t t e r .  

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

b i t s   in  t he   p a r a l l e l   i n f o r m a t i o n   a re   p a s s e d   to  a  p a r i t y  

c h e c k e r   18  w h i c h   c o m p a r e s   the   p a r i t y   b i t s   w i t h   the   p a r i t y   o f  

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

c h e c k i n g .   A l s o ,   a  i d e n t i f i c a t i o n   c o m p a r a t o r   19  c o m p a r e s   t h e  

r e c e i v e d   and  c o n v e r t e d   i d e n t i f i c a t i o n   code  of  the   t r a n s m i t t e r  

w i t h   t he   r e c e i v e r   i d e n t i f i c a t i o n   code  f rom  a  r e c e i v e r  

i n d e n t i f i c a t i o n   code  g e n e r a t o r   2 7 .  

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

i n c l u d i n g   p a r i t y   c h e c k e r   18  o u t p u t ,   i n d e n t i f i c a t i o n  

c o m p a r a t o r   19  o u t p u t   and  s p e e d   of  r e c e p t i o n .   I f   a l l  

c o n d i t i o n s   a r e   c o r r e c t   t h e  v a l i d i t y   d e c o d e r   e n a b l e s   ON/OFF 

c o u n t e r s   2 2 .  

A  r a t e   g e n e r a t o r   and  s e q u e n c e   l o g i c   21  i s  c o n n e c t e d  

to  t h e   s e r i a l - t o - p a r a l l e l   c o n v e r t o r   17,  and  the   v a l i d i t y  

d e c o d e r   20,   and  c o n t r o l s   t he   r a t e   of  d e c o d i n g   and  t h e  

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

t h e   s y n c h r o n i s i n g   s t a r t   b i t s   of  e ach   s c a n   f rom  t h e  

t r a n s m i t t e r .  

T h e r e   is   an  ON/OFF  c o u n t e r   22  f o r   each   of  t h e   24  

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

c o r r e s p o n d i n g   to  t h e  c o n t r o l   c h a n n e l s .   T h e s e  O N / O F F  

c o u n t e r s ,   f o r   e x a m p l e ,   can  be  c o n f i g u r e d   to  have   t h e  

f o l l o w i n g   e f f e c t :   T h r e e   "ON"  c o n d i t i o n   o u t p u t s   m u s t   b e  

c o u n t e d   b e f o r e   an  o u t p u t   is  p a s s e d   on,   bu t   o n l y   one  " O F F "  

c o n d i t i o n   o u t p u t   is  r e q u i r e d   f o r   an  "OFF"  o u t p u t   to  b e  

p a s s e d .   A g a i n ,   t h i s   p r o v i d e s   a  s a f e t y   c h e c k   b e f o r e   t h e  

r e m o t e   e q u i p m e n t   is  e n a b l e d .  

R e l a y   d r i v e r s   23  w h i c h ,   f o r   e x a m p l e ,   can  be  o p e n  

c o l l e c t o r   d r i v e r   t r a n s i s t o r s ,   a p p l y   e n e r g i s i n g   power   t o  

r e s p e c t i v e   o u t p u t   r e l a y s   26  w h e n e v e r   the   "ON"  o u t p u t   i s  

p r e s e n t e d   to  them  f rom  r e s p e c t i v e   ON/OFF  c o u n t e r s   2 2 .  

A  s a f e t y   d r i v e r   2 4  c o n n e c t e d   to  the   mute   b u f f e r   14 



p r o v i d e s   e n e r g i s i n g   power   to  a  s a f e t y   r e l a y   25  w h e n e v e r   a  

" s i g n a l "   c o n d i t i o n   o u t p u t   is  p r e s e n t e d   to  i t .   The  s a f e t y  

r e l a y   25  p r o v i d e s   r e t u r n   power   to  t he   o u t p u t   r e l a y s   26  f o r  

e a c h   s i d e   of  t he   r e c e i v e r   s y s t e m   r e s p e c t i v e l y .   T h a t   i s ,   w h e n  

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

d e - e n e r g i s e .  

I t   is  t he   o u t p u t   r e l a y s   26  w h i c h   p r o v i d e   the   a c t u a l  

o u t p u t   f rom  t he   r e c e i v e r   to  t he   e q u i p m e n t   i t   is  c o n t r o l l i n g  

in  the  form  of  n o r m a l l y   open  i n t e r l o c k s .   P r e f e r a b l y ,   f o r   a  

h i g h e r   s a f e t y   m a r g i n ,   the   r e s p e c t i v e   o u t p u t   r e l a y s   f rom  e a c h  

s i d e   of  the   r e c e i v e r   must   be  e n e r g i s e d   for   o u t p u t   to  o c c u r ,  
i . e .   the   o u t p u t   c i r c u i t   is  w i r e d   in  s e r i e s   t h r o u g h   b o t h  

o u t p u t   r e l a y s   per   f u n c t i o n .  

A  r e c e i v e r   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   the  a b o v e  

p r o v i d e d   the   f o l l o w i n g   t e s t   r e s u l t s :  

R e c e i v e r   U n i t   S p e c i f i c a t i o n  

The  s y s t e m   is  immune  to  h e a v y   l e v e l s   of  n a t u r a l   a n d  

man  made  i n t e r f e r e n c e .   H o w e v e r ,   e x c e s s i v e   i n t e r f e r e n c e s   w i l l  

no t   c a u s e   r andom  o p e r a t i o n   but   w i l l   c a u s e   the   s y s t e m   to  s h u t  

down,  as  i l l u s t r a t e d   by  the   f o l l o w i n g   t e s t   r e s u l t s  

R e c e i v e r   C o r r u p t i o n   T e s t   R e s u l t s  



E x p e c t e d   s i g n a l   l e v e l   a t   t he   r e c e i v e r   is  on  t h e  

a v e r a g e   10mV  or  b e t t e r .  

T h e s e   t e s t s   i n d i c a t e   t h a t   m o b i l e   t r a n s m i t t e r   of  10  

w a t t s   r a d i a t e d   p o w e r ,   280  y d s .   f rom  the   r e c e i v e r ,   and  w i t h  

t h e   r e m o t e   c o n t r o l   t r a n s m i t t e r   20  y d s .   s i t u a t e d   f rom  t h e  

r e c e i v e r ,   w i l l   s h u t d o w n   the   s y s t e m .  

H o w e v e r ,   t h e   above   s t a t e m e n t   is   o n l y   t r u e   as  l o n g   a s  
the   m o b i l e   t r a n s m i t t e r   is  on  t h e   same  f r e q u e n c y   as  t he   r e m o t e  

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

p r o b a b l y   o n l y   be  t h e   c a s e   i f   t h e   m o b i l e   t r a n s m i t t e r   w a s  

m a l f u n c t i o n i n g   or  o p e r a t i n g   i l l e g a l l y .   When  the   m o b i l e   i s  

no t   on  the   same  f r e q u e n c y ,   no  c o r r u p t i v e   i n t e r f e r e n c e   w i l l  

o c c u r .   T h e s e   r e s u l t s   a re   the   w o r s t   c a s e   and  would   n o r m a l l y  

be  f a r   e x c e e d e d .  

The  f o r e g o i n g   d e s c r i b e s   some  e m b o d i m e n t s   of  t h e  

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

in  the   a r t ,   may  be  made  t h e r e t o   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  t h e   p r e s e n t   i n v e n t i o n   as  d e f i n e d   in  the   f o l l o w i n g  .  

c l a i m s .   For  e x a m p l e ,   t he   number   of  c o n t r o l   c h a n n e l s   may  b e  

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

d e c r e a s e   in  the   number   of  b i t s   per   s c a n .   F u r t h e r ,   t h e  

f u n c t i o n / c o n t r o l   c h a n n e l   r e l a t i o n s h i p s   shown  in  F i g .   3  may  b e  

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



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

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

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

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

a d a p t e d   to  be  e n a b l e d ,   each   s e l e c t o r   means   c o r r e s p o n d i n g   to  a  

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

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

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

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

c h a n n e l s   to  t h e r e b y   d e t e r m i n e   t h e i r   s t a t u s ,   each   e n a b l e d  

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

c o d e ,  

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

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

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

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

i n f o r m a t i o n   s e r i a l l y .  

2.  A  t r a n s m i t t e r   as  c l a i m e d   in  c l a i m   1  w h e r e i n   s a i d  

i n f o r m a t i o n   is  p r e s e n t e d   in  p a r a l l e l   form  to  s a i d   e n c o d e r  

m e a n s ,   and  s a i d   e n c o d e r   means   c o m p r i s e s   a  p a r a l l e l - t o - s e r i a l  

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

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

d i g i t a l l y   e n c o d e d   i n f o r m a t i o n .  

3.  A  t r a n s m i t t e r   as  c l a i m e d   in  c l a i m   2  w h e r e i n   s a i d  

o u t p u t   means   c o m p r i s e s   an  a u d i o   f r e q u e n c y   s h i f t   k e y i n g  

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

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

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

i n f o r m a t i o n .  

4.  A  t r a n s m i t t e r   as  c l a i m e d   in  c l a i m   3  w h e r e i n   s a i d  

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

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

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

o u t p u t .  

5.  A  t r a n s m i t t e r   as  c l a i m e d   in  c l a i m   4  w h e r e i n   s a i d  

c a r r i e r   f r e q u e n c y   is  in  t he   UHF  r a n g e ,   and  s a i d   c a r r i e r  

f r e q u e n c y   is  f r e q u e n c y   m o d u l a t e d   by  s a i d   a u d i o   o u t p u t .  

6.  A  t r a n s m i t t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,  



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

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

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

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

i d e n t i f i c a t i o n   code   and  s a i d   p a r i t y   c o d e .  

7.  A  t r a n s m i t t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   s a i d   c o n t r o l   means   c o m p r i s e s   a  key  s w i t c h   and  a  

d e a d m a n   s w i t c h ,   w h e r e b y   s a i d   key  s w i t c h   and  deadman   s w i t c h  

m u s t   be  e n a b l e d   b e f o r e   s a i d   s e l e c t o r   means   can  be  e n a b l e d .  

8.  A  t r a n s m i t t e r   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

h a n d - h e l d   u n i t .  

9.  A  r e c e i v e r   fo r   use   w i t h   t he   t r a n s m i t t e r   of  a n y  

one  of  c l a i m s   1  to  8,  s a i d   r e c e i v e r   c o m p r i s i n g   r e c e p t i o n  

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

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

t r a n s m i t t e r ,   d e c o d i n g   means   c o n n e c t e d   to   an  o u t p u t   of  s a i d  

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

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

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

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

10.  A  r e c e i v e r   as  c l a i m e d   in  c l a i m   9  w h e r e i n   s a i d  

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

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

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

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

to   p a r a l l e l   f o r m ,   d e r i v e   e n a b l i n g   and  d i s a b l i n g   s i g n a l s  

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

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

l l .   A  r e c e i v e r   as  c l a i m e d   in  c l a i m   10  w h e r e i n   s a i d  

a c t u a t o r   means   c o m p r i s e s   a  p l u r a l i t y   of  r e l a y   means   f o r  

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

means   b e i n g   e n e r g i s a b l e   and  d e - e n e r g i s a b l e   in  r e s p o n s e   t o  

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

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

12.  A  r e c e i v e r   as  c l a i m e d   in  c l a i m   11  f u r t h e r  

c o m p r i s i n g   a  p l u r a l i t y   of  ON/OFF  c o u n t e r s   each   c o n n e c t e d  

b e t w e e n   r e s p e c t i v e   ones   of  s a i d   c o n t r o l l i n g   c h a n n e l s   and  s a i d  



r e l a y   m e a n s ,   e a c h   ON/OFF  c o u n t e r   b e i n g   a d a p t e d   to  p r o v i d e   a n  
e n e r g i s i n g   o u t p u t   to  i t s   r e s p e c t i v e   r e l a y   means   o n l y   a f t e r  

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

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

13.  A  r e c e i v e r   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   10  t o  

12  c o m p r i s i n g   i d e n t i f i c a t i o n   code  g e n e r a t i n g   means   f o r  

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

i d e n t i f i c a t i o n   code   of  s a i d   t r a n s m i t t e r ,   and  i d e n t i f i c a t i o n  

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

g e n e r a t i n g   means   and  s a i d   s e r i a l - t o - p a r a l l e l   c o n v e r t o r   m e a n s  
for   c o m p a r i n g   s a i d   g e n e r a t e d   i d e n t i f i c a t i o n   code  w i t h   a n  
i d e n t i f i c a t i o n   code  d e r i v e d   f rom  s a i d   p a r a l l e l   i n f o r m a t i o n ,  

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

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

a c t u a t o r   means   o n l y   in  t he   e v e n t   of  a  v a l i d   c o m p a r i s o n   o f  

s a i d   i d e n t i f i c a t i o n   c o d e s .  

14.  A  r e c e i v e r   as  c l a i m e d   in  c l a i m   13  f u r t h e r  

c o m p r i s i n g   p a r i t y   code   g e n e r a t i n g   means   c o n n e c t e d   to  s a i d  

c o n t r o l l i n g   c h a n n e l s   fo r   g e n e r a t i n g   a  p a r i t y   code  t h e r e f r o m ,  

and  p a r i t y   c o m p a r a t o r   means   c o n n e c t e d   to  s a i d   p a r i t y   c o d e  

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

for   c o m p a r i n g   t h e   g e n e r a t e d   p a r i t y   code   w i t h   a  p a r i t y   c o d e  

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

d e c o d e r   means   is  c o n n e c t e d   to  s a i d   p a r i t y   c o m p a r a t o r   m e a n s  

and  is  a d a p t e d   to  e n a b l e   s a i d   a c t u a t o r   means  o n l y   in  t h e  

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

15.  A  r e c e i v e r   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   9  t o  

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

r e c e p t i o n   means   fo r   s e n s i n g   the   r e c e p t i o n   of  a  t r a n s m i s s i o n  

from  s a i d   t r a n s m i t t e r ,   and  means   c o n n e c t e d   to  s a i d   s e n s i n g  

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

on ly   d u r i n g   r e c e p t i o n   of  s a i d   t r a n s m i s s i o n   f rom  s a i d  

t r a n s m i t t e r .  

16.  A  r e c e i v e r   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   11  t o  

15  w h e r e i n   s a i d   d e c o d e r   means   and  s a i d   a c t u a t o r   means  a r e  

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

o p e r a b l e   o n l y   when  b o t h   s e t s   of  the   r e s p e c t i v e   r e l a y   m e a n s  

a re   e n e r g i z e d .  
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