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Method  and  apparatus  for  identifying  the  location  of  a  change  in  state  of  a  part  of  an  electrical  circuit. 

09  

CM 
I *  
o  

An  electrical  circuit  arrangement  including  a  plurality  of 
bistate  devices  such  as  vibration  detection  devices  (2  to  7) 
connected  therein.  (Figure  1)  each  occupying  a  particular  posi- 
tion  in  the  circuit,  and  each  having  a  resistor  (R2  to  R7)  asso- 
ciated  therewith,  such  that  a  predertermined  value  of  resis- 
tance  normally  prevails  and  the  value  is  changed  when  any  de- 
vice  changes  state,  comparison  means  (13  to  17)  for  compar- 
ing  a  parameter  such  as  the  current  in  the  circuit  with  a  refer- 
ence  parameter  to  indicate  the  identity  of  any  device  which  has 
changed  state  and  the  position  in  the  circuit  of  any  changed- 
state  device. 

In  a  second  embodiment  (Figure  2)  the  bistate  devices  (2 
to  6; 30  to  34)  and  resistors  (Ri  to  Rs)  are  connected  in  a  multi- 
terminal  network  (1,  1;  35.  36)  and  connected  to  monitoring 
means  (39)  such  as  a  microprocessor,  via  a  switching  unit  (40), 
the  monitoring  means  (39)  being  operable  in  a  plurality  of  dif- 
ferent  modes  to  monitor  the  devices  (2  to  6;  30  to  34)  across 
different  combinations  of  pairs  of  terminals  (1,1';  35, 36)  such 
as  to  identify  the  position  of  any  changed-state  device  in  the 
circuit  and  to  identify  any  failed  or  faulty  device  and  to  allow  the 
circuit  to  continue  to  operate  despite  any  failed  or  faulty  de- 
vice. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   and   a p p a r a t u s   f o r  

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

of   an  e l e c t r i c a l   c i r c u i t   and   p a r t i c u l a r l y ,   b u t   n o t  

e x c l u s i v e l y   r e l a t e s   to   a  m e t h o d   and   a p p a r a t u s   f o r  

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

c a u s e d   to   c h a n g e   s t a t e .  

In   p r o t e c t i v e   c i r c u i t s   u s e d   i n   i n t r u d e r   p r o t e c t i o n  

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

i n t r u d e r   d e t e c t i o n   and   w a r n i n g   d e v i c e s   a n d   f i r e   a n d  

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

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

t h e   e n t r y   of   any   i n t r u d e r   i n t o   a  b u i l d i n g   or   t h e   o u t b r e a k  

of   h e a t   smoke  or   f i r e   by  a  c h a n g e   of   s t a t e   of   a  d e v i c e ,  

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

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

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

b e e n   c a u s e d   to   c h a n g e   s t a t e ,   w i t h o u t   i n s t a l l i n g   e x p e n s i v e  

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

s e p a r a t e l y   to   t h e   c o n t r o l   a p p a r a t u s .  



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   is  to  p r o v i d e   a  m e t h o d  

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

c i r c u i t   of  a  p a r t   of  t he   c i r c u i t   which   has  been  c a u s e d   t o  

c h a n g e   s t a t e .  

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

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

b i - s t a t e   d e v i c e s   c o n n e c t e d   t h e r e i n ,   each   o c c u p y i n g   a 

p a r t i c u l a r   p o s i t i o n   in  t he   c i r c u i t   and  each   h a v i n g   a n  

i m p e d a n c e   e l e m e n t   a s s o c i a t e d  t h e r e w i t h   such  t h a t   a  p r e -  

d e t e r m i n e d   v a l u e   of  i m p e d a n c e   p r e v a i l s   in  t he   c i r c u i t   w h e n  

a l l   s a i d   b i - s t a t e   d e v i c e s   a re   in  one  s t a t e   and  a  v a l u e   o f  

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

when  any  of  s a i d   b i - s t a t e   d e v i c e s   a re   c a u s e d   to  c h a n g e  

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

a  p a r a m e t e r   of  t he   c i r c u i t   w i t h   a  r e f e r e n c e   p a r a m e t e r   t o  

p r o v i d e   an  i n d i c a t i o n   of  t h e   i d e n t i t y   of  any  b i - s t a t e   d e v i c e  

which   has  c h a n g e d   f rom  s a i d   one  s t a t e   to  s a i d   s e c o n d   s t a t e  

and  to  i d e n t i f y   t he   p o s i t i o n   of  s a i d   c h a n g e d - s t a t e   d e v i c e  

in  the  c i r c u i t .  

The  a d v a n t a g e s   of  t he   i n v e n t i o n   a re   many.   One  p a r t i c u l a r  

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

e l e c t r i c a l   c i r c u i t   wh ich   has  c h a n g e d   s t a t e .   A c c o r d i n g l y ,  



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

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

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

and  c o r r e c t i v e   a c t i o n   as  d e s i r e d   may  be  t a k e n ,   or  in  t h e  

c a s e   of  a  f a i l e d   c o m p o n e n t   i t   may  be  r e p l a c e d .  

When  the   m e t h o d   and  a p p a r a t u s   a r e   used   in  a  s e c u r i t y  

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

the   l o c a t i o n   of  a  d e v i c e   w h i c h   has  c h a n g e d   s t a t e   as  a  r e s u l t  

o f ,   f o r   e x a m p l e ,   d e t e c t i n g   an  i n t r u d e r ,   can  be  i m m e d i a t e l y  

i d e n t i f i e d   even   when  t he   d e v i c e s   a re   w i r e d   in  s e r i e s .  

S i m i l a r l y ,   f a u l t y   or  f a i l e d   d e v i c e s   can  be  i m m e d i a t e l y  

i d e n t i f i e d .  

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

i n t r u d e r   d e t e c t i n g   d e v i c e s   or  s w i t c h e s   of  a  s e c u r i t y   c i r c u i t  

to  be  w i r e d   in  s e r i e s ,   w h i l e   each   i n d i v i d u a l   d e v i c e   c a n  

s t i l l   be  i d e n t i f i e d .   T h i s   l e a d s   to  c o n s i d e r a b l e ' s i m p l i c i t y  

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

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

A  f u r t h e r   a d v a n t a g e   of  t he   i n v e n t i o n   is  t h a t   i t   p e r m i t s  

the  s e c u r i t y   c i r c u i t   to  be  r e m o t e l y   m o n i t o r e d   by,  f o r   e x a m p l e ,  

a  phone  l i n e   or  t he   l i k e .  



A d d i t i o n a l l y ,   when  t he   i n t r u d e r   d e v i c e s   a re   m o u n t e d   o n ,  

f o r   e x a m p l e ,   d o o r s   or  w i n d o w s ,   i f   a  m e m o r y   is  a d d e d   t o  

the   c i r c u i t ,   t he   memory  may  be  used   to  r e c o r d   and  s t o r e  

the   t i m e s   at  w h i c h   t he   d o o r s   and  w indows   were   o p e n e d   a n d  

c l o s e d .   I n d e e d ,   t he   o p e n i n g   and  c l o s i n g   of  e ach   d o o r  

may  be  i n d i v i d u a l l y   and  s e p a r a t e l y   m o n i t o r e d .  

An  a d d i t i o n a l   a d v a n t a g e   of  t he   i n v e n t i o n   is  t h a t   i t   p e r m i t s  

the   l o c a t i o n   of  any  b i - s t a b l e   d e v i c e   to  be  l o c a t e d   in  a n  

e l e c t r i c a l   c i r c u i t ,   w h e t h e r   or  not   t he   d e v i c e   is  w i r e d   i n  

s e r i e s   w i t h   o t h e r   d e v i c e s .  

Not  o n l y   is  i t   a d v a n t a g e o u s   to  i d e n t i f y   t he   p a r t i c u l a r  

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

but   i t   wou ld   a l s o   be  an  a d v a n t a g e   not   o n l y   to  i d e n t i f y   t h e  

c h a n g e d - s t a t e   d e v i c e ,   but   a l s o   to  i d e n t i f y   a  f a i l e d   o r  

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

c o n t a i n i n g   t he   f a i l e d   or  f a u l t y   d e v i c e .  

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

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

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

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

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



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

c i r c u i t   when  a l l   s a i d   b i - s t a t e   d e v i c e s   a re   in  one  s t a t e  

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

v a l u e   p r e v a i l s   when  any  of  s a i d   b i - s t a t e   d e v i c e s   a r e   c a u s e d  

to  c h a n g e   f rom  s a i d   one  s t a t e   to  a  s e c o n d   s t a t e ,   a n d  

means  f o r   c o m p a r i n g   a  p a r a m e t e r   of  t he   c i r c u i t   w i t h   a 

r e f e r e n c e   p a r a m e t e r   to  p r o v i d e   an  i n d i c a t i o n   of  t h e  

i d e n t i t y   of  any  b i s t a t e   d e v i c e   wh ich   has  c h a n g e d   f rom  s a i d  

one  s t a t e   to  s a i d   s e c o n d   s t a t e   and  to  i d e n t i f y   t he   p o s i t i o n  

of  s a i d   c h a n g e d - s t a t e   d e v i c e   in  the   c i r c u i t ,   s a i d   b i s t a t e  

d e v i c e s   b e i n g   i n c l u d e d   in  a  m u l t i - t e r m i n a l   n e t w o r k ,   a n d  

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

modes  f o r   m o n i t o r i n g   s a i d   b i s t a t e   d e v i c e s   a c r o s s   d i f f e r e n t  

c o m b i n a t i o n s   of  p a i r s   of  t e r m i n a l s   of  s a i d   n e t w o r k ,   t o  

a l l o w   not   o n l y   t he   p a r t i c u l a r   d e v i c e   wh ich   has  c h a n g e d  

s t a t e   to  be  i d e n t i f i e d   and  the   p o s i t i o n   t h e r e o f   to  b e  

l o c a t e d ,   bu t   to  a l l o w   d e v i c e s   w h i c h   have  f a i l e d   or  a re   f a u l t y  

to  be  i d e n t i f i e d   and  the   c i r c u i t ,   to  be  u t i l i s e d   i r r e s p e c t i v e  

of  the   f a i l u r e   o f ,   or  f a u l t   in  any  such   d e v i c e .  

The  a d v a n t a g e s   of  t h i s   f e a t u r e   of  t he   i n v e n t i o n   is  t h a t  

when  one  of  t h e   b i - s t a t e   d e v i c e s   b e c o m e s   f a u l t y   or  f a i l s ,  

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



In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n   e a c h   s a i d   i m p e d a n c e  

e l e m e n t   is  a  r e s i s t o r .  

The  a d v a n t a g e   of  u s i n g   r e s i s t o r s   is  t h a t   DC  c u r r e n t   may 

be  used   in  m o n i t o r i n g   t he   c i r c u i t .   T h i s   l e a d s   to  a 

r e l a t i v e l y   i n e x p e n s i v e   means   f o r   m o n i t o r i n g   the   c i r c u i t .  

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

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

t r a n s i s t o r   or  o t h e r   such   s e m i c o n d u c t o r .  

The  a d v a n t a g e   of  u s i n g   d i o d e s   is  t h a t   t he   c i r c u i t   is  s t a b l e .  

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n ,   the   e l e c t r i c a l   c i r c u i t  

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

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

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

c i r c u i t ,   and  means   f o r   c o m p a r i n g   the   c u r r e n t   in  t he   c i r c u i t  

w i t h  a   r e f e r e n c e   c u r r e n t   to  p r o v i d e   an  i n d i c a t i o n   of  a 

c h a n g e   of  s t a t e   of  any  of  t h e   b i s t a t e   d e v i c e s .  

The  a d v a n t a g e s   of  t h i s   f e a t u r e   of  t he   i n v e n t i o n   is  t h a t   i t  

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



c i r c u i t .  

In  a  f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   s a i d   b i s t a t e  

d e v i c e s   a re   s e c u r i t y   d e t e c t i o n   d e v i c e s   h a v i n g   a  q u i e s c e n t  

s t a t e   and  a  s e c o n d   s t a t e   to  w h i c h   the   d e v i c e s   a r e  

a c t u a t e d   in  r e s p o n s e   to  t he   o c c u r r e n c e   of  an  a b n o r m a l  

s e c u r i t y   s i t u a t i o n .  

The  a d v a n t a g e   of  t h i s   f e a t u r e   of  the   i n v e n t i o n   is  t h a t   i t  

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

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

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

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

P r e f e r a b l y ,   s a i d   means   f o r   c o m p a r i n g   a  p a r a m e t e r   of  t h e  

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

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

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

the   c i r c u i t ,   and  r e s p o n s i v e   a l s o   to  a  r e f e r e n c e   c u r r e n t  

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

r e s i s t o r s   a s s o c i a t e d   w i t h   s a i d   b i s t a t e   d e v i c e s ,   s a i d  

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

v ia   a  s c a n n i n g   c i r c u i t   and  b i s t a b l e   s t a t e  d e v i c e   h a v i n g   a n  

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

a r r a n g e m e n t   b e i n g   such   t h a t   when  i d e n t i t y   e x i s t s   b e t w e e n  



the   m e a s u r e d   c u r r e n t   and  the   r e f e r e n c e   c u r r e n t ,   an  o u t p u t  

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

any  b i s t a t e   d e v i c e   w h i c h   has  c h a n g e d   s t a t e .  

The  a d v a n t a g e s   of  t h i s   f e a t u r e  o f   t he   i n v e n t i o n   is  t h a t   i t  

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

c i r c u i t s .  

A d v a n t a g e o u s l y ,   an  o u t p u t   s i g n a l   f rom  t he   c i r c u i t   i s  

s u p p l i e d   v i a   t he   s c a n n i n g   c i r c u i t   to  f r e q u e n c y   m e a s u r i n g  

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

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

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

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

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

by  s a i d   v i s u a l   i n d i c a t o r .  

The  a d v a n t a g e s   of  t h i s   f e a t u r e   of  t he   i n v e n t i o n   is   t h a t   i t  

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

s t a t e   to  be  i m m e d i a t e l y   i d e n t i f i e d ,   a n d  o n l y   p e r m i t s   a n  

a l a r m   to  be  s o u n d e d   when  t he   d e v i c e   is  v i b r a t i n g   w i t h i n  

c e r t a i n   p r e - d e t e r m i n e d   l i m i t s   t h e r e b y   m i n i m i s i n g   t h e   r i s k  

of  f a l s e   a l a r m s .  



In  a  f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   s a i d   b i s t a t e  

d e v i c e s   i n c l u d e   a  f i r s t   s e r i e s   of  d e v i c e s   c o n n e c t e d   by  

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

of  d e v i c e s   c o n n e c t e d   by  a  s e c o n d   c o n d u c t o r   to  a  s e c o n d  

t e r m i n a l ,   the   r e s p e c t i v e   r e s i s t o r s   of  t he   b i s t a t e   d e v i c e s  

b e i n g   c o n n e c t e d   b e t w e e n   s a i d   f i r s t   and  s e c o n d   c o n d u c t o r s ,  

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

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

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

c o n t a c t s   of  s a i d   s w i t c h i n g   u n i t   b e i n g   c o n n e c t e d   to  s a i d  

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

of  modes  to  m o n i t o r   t he   f i r s t   and  s e c o n d   s e r i e s   of  d e v i c e s  

a c r o s s   d i f f e r e n t   c o m b i n a t i o n s   of  p a i r s   of  s a i d   f i r s t ,  

s e c o n d   and  a d d i t i o n a l   t e r m i n a l s   to  i d e n t i f y   any  d e v i c e   w h i c h  

has  c h a n g e d   s t a t e   and  any  d e v i c e   w h i c h   has  f a i l e d   or  i s  

f a u l t y .  

The  a d v a n t a g e   of  t h i s   f e a t u r e   of  t he   i n v e n t i o n   is  t h a t   a s  

we l l   p e r m i t t i n g   a n y  o n e   of  a  number   of  d e v i c e s   or  s w i t c h e s  

t o  b e  i d e n t i f i e d   when  the   d e v i c e   or  s w i t c h   has  c h a n g e d   s t a t e ,  

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

s w i t c h e s   a f t e r   one  or  more  have  c h a n g e d   s t a t e   or  f a i l e d .  



A d v a n t a g e o u s l y ,   t he   m o n i t o r i n g   means  c o m p r i s e s   a  m i c r o -  

p r o c e s s o r   c o n n e c t e d   to  s a i d   f i r s t ,   s e c o n d   and  a d d i t i o n a l  

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

s w i t c h i n g   u n i t .  

The  a d v a n t a g e   of  t h i s   f e a t u r e   of  the   i n v e n t i o n   is  t h a t  

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

c h a n g e d   s t a t e .  

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

of  the   s w i t c h i n g   u n i t   a re   c o n n e c t e d   to  t he   m o n i t o r i n g  

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

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

on  any  p a i r   of  s a i d   f i r s t ,   s e c o n d   and  a d d i t i o n a l   t e r m i n a l s  

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

s a i d   m o n i t o r i n g   ' m e a n s .  

The  a d v a n t a g e   of  t h i s   f e a t u r e   of  the   i n v e n t i o n   is  t h a t  

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

P r e f e r a b l y   a  v i s u a l   d i s p l a y   d e v i c e   is  c o n n e c t e d   to  an  o u t p u t  

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

any  f a u l t y   d e v i c e   and  the   p o s i t i o n   in  t he   c i r c u i t   of  a n y  

d e v i c e   w h i c h   has  c h a n g e d   s t a t e .  



The  a d v a n t a g e   of  t h i s   f e a t u r e   of  t h e   i n v e n t i o n   is  t h a t   i t  

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

s t a t e .  

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  of  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 he   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   1  is  a  c i r c u i t   d i a g r a m   of  an  e l e c t r i c a l  

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

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

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

F i g u r e   2  is  a  c i r c u i t   d i a g r a m   of  a n o t h e r   e m b o d i m e n t  

of  t he   i n v e n t i o n ,  

F i g u r e   3  is  a  c i r c u i t   d i a g r a m   of  a  f u r t h e r  

e m b o d i m e n t   of  t he   i n v e n t i o n ,   a n d  

F i g u r e   4  is  a  c i r c u i t   d i a g r a m   of  a  s t i l l   f u r t h e r  

e m b o d i m e n t   of  the   i n v e n t i o n .  

R e f e r r i n g   i n i t i a l l y   to  F i g u r e   1,  t h e r e   is  i l l u s t r a t e d   a n  

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

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



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

or  in  p a r t   of  t h e   s t r u c t u r e   such  as  in  a  window  or  d o o r  

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

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

a  p a i r   of  i n p u t   t e r m i n a l s   1,  1'  to  which  a  c o n t r o l   c i r c u i t  

d e s i g n a t e d   B  is   a r r a n g e d   to  be  c o n n e c t e d .   A  r e s i s t o r   R1 

is  c o n n e c t e d   a c r o s s   t e r m i n a l s   1,  1 ' ,   f o r   a  p u r p o s e   h e r e i n -  

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

v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  7  i n c l u s i v e   fo r   d e t e c t i n g  

v i b r a t i o n s   in  a  w i n d o w ,   d o o r   or  o t h e r   s t r u c t u r e   of  a 

b u i l d i n g ,   and  may  be  s i m i l a r   to  the   d e t e c t i o n   d e v i c e s  

r e f e r r e d   to  in  B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  2 0 0 0 3 7 7 .  

The  v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  7  a re   c o n n e c t e d   i n  

s e r i e s   as  shown  and  e a c h   d e v i c e   2  to  7  has  an  a s s o c i a t e d  

r e s i s t o r   R2  to  R7  r e s p e c t i v e l y   c o n n e c t e d   b e t w e e n   an  o u t p u t  

t e r m i n a l   8  of  e a c h   d e v i c e   and  a n  e a r t h e d   l i n e   9.  Each  d e v i c e  

is  p r o v i d e d   w i t h   an  i n p u t   t e r m i n a l   10  c o n n e c t e d   to  t h e  

o u t p u t   t e r m i n a l   8  of  t h e   n e x t   a d j a c e n t   d e v i c e   such  t h a t  

the   d e v i c e s   2  to  7  a r e   c o n n e c t e d   in  s e r i e s .  

The  a r r a n g e m e n t   is  such   t h a t   the   r e s i s t a n c e   of  t he   p r o t e c t i v e  

c i r c u i t   A  b e t w e e n   t he   t e r m i n a l s   1 ,  1 ' ,   v a r i e s   in  a c c o r d a n c e  

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



s t a t e .   Each  of  t he   r e s i s t o r s   R1  to  R7  a re   p r e f e r a b l y  

of  1  megaohm  and  the   r e s i s t o r   R1  is  c o n n e c t e d   a c r o s s  

the   t e r m i n a l s   1,  1 ' ,   to  p r o v i d e   a  c u r r e n t   p a t h   t h r o u g h  

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

d e v i c e   2  c h a n g e   s t a t e .  

The  c o n t r o l   c i r c u i t   B,  i n c l u d e s   c o n t r o l   a p p a r a t u s   11  f o r  

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

any  d e v i c e   2  to  7  w h i c h   u n d e r g o e s   a  c h a n g e   in  s t a t e .   T h e  

c o n t r o l   c i r c u i t   B  a l s o   i n c l u d e s   c o n t r o l   a p p a r a t u s   12  f o r  

m o n i t o r i n g   t h e   f r e q u e n c y   of  v i b r a t i o n   of  any  of  t h e  

v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  7  and  s h o u l d   the   f r e q u e n c y  

be  w i t h i n   c e r t a i n   p r e d e t e r m i n e d   l i m i t s ,   the   a p p a r a t u s   12 

e f f e c t s   e n e r g i s a t i o n   of  a  r e l a y   2 1  o f   a  v i s u a l   or  a u d i b l e  

w a r n i n g   d e v i c e   ( n o t   shown)   to  p r o v i d e   an  a l a r m   i n d i c a t i o n .  

C o n t r o l   a p p a r a t u s   11  i n c l u d e s   means   ( n o t   shown)   f o r   a p p l y i n g  

an  e . m . f .   t y p i c a l l y   6  v o l t s ,   a c r o s s   the   i n p u t   t e r m i n a l s   1,  1 ' ,  

of  t he   p r o t e c t i v e   c i r c u i t   A.  A  c o m p a r a t o r   13  is  p r o v i d e d   w i t h  

a  p a i r   of  i n p u t s ,   one  of  w h i c h   is  c o n n e c t e d   to  p r o t e c t i v e  

c i r c u i t   A  and  t he   o t h e r   of  w h i c h   is  c o n n e c t e d   to  a  r e f e r e n c e  

c i r c u i t   14  v i a   a  b i s t a b l e   s t a t e   d e v i c e   15.  The  c o m p a r a t o r  

13  c o m p a r e s   t he   c u r r e n t   f l o w i n g   t h r o u g h   the   p r o t e c t i v e  



c i r c u i t   A  w i t h   a  r e f e r e n c e   c u r r e n t  g e n e r a t e d   by  d e v i c e  

14  and  w h i c h   c o m p r i s e s   a  bank  of  r e s i s t o r s   16  c o r r e s p o n d i n g  

to  t he   r e s i s t o r s   R2  to  R7  of  t h e  p r o t e c t i v e   c i r c u i t   A.  

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

17  and  b i s t a b l e   d e v i c e   15  to  one  i n p u t   of  t he   c o m p a r a t o r  

1 3 .  

As  the   s c a n n i n g   c i r c u i t   17  s c a n s   t he   r e s i s t o r s   16,   f o r  

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

p r o t e c t i v e   c i r c u i t   A  and  t h e   i n s t a n t a n e o u s   r e f e r e n c e  

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

has  c h a n g e d   s t a t e   is  i d e n t i f i e d   by  the   c o n t r o l   c i r c u i t   1 2 .  

The  s i g n a l   f rom  t he   p r o t e c t i v e   c i r c u i t   A  is  p a s s e d   f r o m  

the   s c a n n i n g   c i r c u i t   17  to  a  m u l t i p l e x   s c a n n i n g   u n i t   18  

v ia   r e s p e c t i v e   i n t e g r a t o r   c i r c u i t s   19  wh ich   p r o v i d e   a 

s i g n a l   i n d i c a t i v e   of  the   f r e q u e n c y   of  t he   s i g n a l .   I f   t h e  

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

p a s s e s   to  t h e   m u l t i p l e x   s c a n n i n g   u n i t   18  and  an  o u t p u t  

s i g n a l   t h e r e f r o m   i n i t i a t e s   e n e r g i s a t i o n   of  r e l a y   21  and  i s  

s u p p l i e d   t o  t h e   d i g i t a l   d i s p l a y   d e v i c e   20  such   t h a t   a 

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

d e t e c t i o n   d e v i c e   2  to  7  w h i c h   has  c h a n g e d   s t a t e .  

When  t h e   v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  7  a r e   in  t h e i r  



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

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

t e r m i n a l s   1,  1 ' ,   w i l l   b e : -  

I f ,   f o r   e x a m p l e ,   v i b r a t i o n   d e t e c t i o n   d e v i c e   5  b e g i n s   t o  

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

p r o t e c t i v e   c i r c u i t   1,  t h e   p o r t i o n   of  t he   c i r c u i t   A  b e y o n d  

d e v i c e   5  is  i s o l a t e d   and  d e v i c e   5  i t s e l f   w i l l   be  in  an  o p e n  

c i r c u i t   s t a t e .  

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

m o n i t o r e d   by  t h e   c o n t r o l   c i r c u i t   B  . i s : -  

The  r e s i s t a n c e   m o n i t o r e d   w i l l   c l e a r l y   i n d i c a t e   t h a t   i t   i s  

v i b r a t i o n   d e t e c t i o n   d e v i c e   5  t h a t   has  c h a n g e d   f rom  a 

q u i e s c e n t   s t a t e   to  an  open  c i r c u i t   s t a t e   and  the   d i s p l a y  

d e v i c e   20  w i l l   i n d i c a t e   in  d i g i t a l   f o r m ,   d e v i c e   5 .  

In  t h e   e m b o d i m e n t   of  t h e   i n v e n t i o n   i l l u s t r a t e d   in  F i g u r e   2 ,  

t he   p r o t e c t i v e   c i t c u i t   A  of  F i g u r e   1  is  p r o v i d e d   w i t h ,   i n  



a d d i t i o n   to  t he   v i b r a t i o n   d e t e c t i o n   d e v i c e s ,   a  r e s p e c t i v e  

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

T h u s ,   r e f e r r i n g   to  F i g u r e   2,  f i v e   s e r i e s - c o n n e c t e d  

v i b r a t i o n   d e t e c t i o n   d e v i c e s   a re   shown  a t   2,  3,  4,  5,  6 ,  

w i t h   t he   i n p u t   t e r m i n a l s   1 ,  1 ' ,   and  t he   r e s i s t o r   R1 

c o n n e c t e d   b e t w e e n   l i n e s   28,   29  and  t he   r e s i s t o r s   R25  R 3 ,  

R4,  R5,  R6  c o n n e c t e d   r e s p e c t i v e l y   b e t w e e n   the   o u t p u t   t e r m i n a l s  

of  the   d e v i c e s   2  to  6  and  t he   l i n e   29.  In  a d d i t i o n   t o  

t he   v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  6,  a n t i - t a m p e r   d e v i c e s  

30  to  34  a r e   p r o v i d e d .   The  v i b r a t i o n   d e t e c t i o n   d e v i c e s  

2  to  6  in  a d d i t i o n   to  t he   a n t i - t a m p e r   d e v i c e s   30  to  34  

a re   c o n n e c t e d   in  s e r i e s ,   and  the   i n p u t   t e r m i n a l s   1,  1 ' ,   a r e  

a r r a n g e d   such   t h a t   an  e . m . f .   can  be  a p p l i e d   to  t he   p r o t e c t i v e  

c i r c u i t   A  so  t h a t   t he   r e s i s t a n c e   of  t he   c i r c u i t   can  b e  

m e a s u r e d .  

In  a d d i t i o n   to  t he   i n p u t   t e r m i n a l s   1,  1 ' ,   t e r m i n a l s   35,   36  

a re   p r o v i d e d   in  l o o p s   37,   38  c o n t a i n i n g   the   v i b r a t i o n  

d e t e c t i o n   d e v i c e s   2  to  6  and  t h e   a n t i - t a m p e r   d e v i c e s   30  t o  

34  r e s p e c t i v e l y .   The  a d d i t i o n a l   t e r m i n a l s   a l l o w   t h e  

r e s i s t a n c e   of  t he   c i r c u i t   to  be  m e a s u r e d   f rom  e i t h e r   end  o f  

t he   l o o p s   in  t he   e v e n t   of  a  c h a n g e   of  s t a t e   of  one  of  t h e  

v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  6  on  one  of  t h e   a n t i - t a m p e r  

d e v i c e s   30  to  3 4 .  



A  m i c r o p r o c e s s o r   39  is  c o n n e c t e d   to  t he   t e r m i n a l s   1,  1 ' ;  

and  35,  36;  v i a   a  b i l a t e r a l   s w i t c h   u n i t   40  and  c o n n e c t i o n s  

41.  The  t e r m i n a l s   1,  1 ' ;   35,   36;  a r e   a l s o   c o n n e c t e d   v i a  

the   b i l a t e r a l   s w i t c h   u n i t   40 ,   to  f o u r  r e s p e c t i v e   a l a n o g u e /  

d i g i t a l   c o n v e r t e r s   42 ,   t he   o u t p u t s   of  w h i c h   a re   c o n n e c t e d  

to  r e s p e c t i v e   t e r m i n a l s   of  t he   m i c r o p r o c e s s o r   39.  T h e  

a n a l o g u e / d i g i t a l   c o n v e r t e r s   42  a l l o w   s i g n a l s   f rom  t h e  

r e s p e c t i v e   t e r m i n a l s   1,  1 ' ;   35,   36;  to  be  c o n v e r t e d   t o  

d i g i t a l   s i g n a l s   f o r   t he   m i c r o p r o c e s s o r   39.  A  d i s p l a y   p a n e l  

( n o t   shown)   is  c o n n e c t e d   to  an  o u t p u t   of  t he   m i c r o p r o c e s s o r  

39,  to  p r o v i d e   a  v i s u a l   i n d i c a t i o n   w h e t h e r   or  no t   one  of  t h e  

v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  6  or  o n e  o f   t he   a n t i -  

t a m p e r   d e v i c e s   30  to  34  has  c h a n g e d   s t a t e   or  is  f a u l t y   s u c h  

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

f a u l t y ,   can  be  i d e n t i f i e d .  

In  o p e r a t i o n ,   when  i t   i s   r e q u i r e d   to  l o c k - u p   a  b u i l d i n g   f o r  

t he   n i g h t ,   t h e   p r o t e c t i v e   c i r c u i t   is  p r e s e t   by  p l a c i n g   e a c h  

v i b r a t i o n   d e t e c t i o n   d e v i c e   i n t o   a  one  s t a t e   and  t h e  

m i c r o p r o c e s s o r   39 ,   is  s e t   to  a  mode  to  d e l i v e r   an  e . m . f .  

a c r o s s   t he   i n p u t   t e r m i n a l s   1,  1 ' .   If   a n y  o n e   of  t h e  

v i b r a t i o n   d e t e c t i o n   d e v i c e s   2  to  6,  or  a n t i - t a m p e r   d e v i c e s  

30  to  34,  is  f a u l t y ,   t h e r e   w i l l   be  a  b r e a k   in  t he   c o n t i n u i t y  



of  t he   c i r c u i t   and  t h e   m i c r o p r o c e s s o r   39 ,   w i l l   o n l y   m e a s u r e  

the   r e s i s t a n c e   of  t he   c i r c u i t   f r om  R1  up  to  the   r e s i s t a n c e  

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

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

I f ,   f o r   e x a m p l e ,   the   f a u l t y   c o m p o n e n t   is  v i b r a t i o n   d e t e c t i o n  
d e v i c e  

4   t h e n   t h e   m i c r o p r o c e s s o r   39  by  m o n i t o r i n g   a c r o s s   t h e  

t e r m i n a l s   1,  1 ' ,   w i l l   be  a b l e   to  m o n i t o r   t he   v i b r a t i o n  

d e t e c t i o n   d e v i c e s   2  and  3  and  t he   a n t i - t a m p e r   d e v i c e s   3 0 ,  

31.  In  o r d e r   f o r   t he   r e m a i n i n g   d e v i c e s   5,  6  and  33,   34,   t o  

be  m o n i t o r e d ,   t h e   m i c r o p r o c e s s o r   39  is  p l a c e d   in  a  mode  t o  

m o n i t o r   a c r o s s   t he   t e r m i n a l s   35 ,   1'  as  we l l   as  a c r o s s   t h e  

t e r m i n a l s   1,  1 ' .  

By  m o n i t o r i n g   a c r o s s   t h e   t e r m i n a l s   35 ,   1 ' ,   i t   w i l l   b e  

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

R6  and  R5.  T h u s ,   s h o u l d   a  f a u l t   o c c u r   in  the   d e v i c e s   5  o r  

6  or  33,  34 ,   t h i s   w i l l   be  r e a d i l y   d e t e c t e d   by  t h e   m i c r o -  

p r o c e s s o r .  

The  m i c r o p r o c e s s o r   can  be  p l a c e d   in  a  f u r t h e r   mode  t o  

m o n i t o r   a c r o s s   t e r m i n a l s   1  and  36  such   t h a t   s h o u l d   a n t i -  

t a m p e r   d e v i c e   32  become  f a u l t y ,   t h e   f a u l t   w i l l   be  r e a d i l y  

d e t e c t e d   and  i d e n t i f i e d .  



The  m i c r o p r o c e s s o r   may  be  p l a c e d   in  y e t   a n o t h e r   mode  t o  

m o n i t o r   a c r o s s   t e r m i n a l s   35,   36  in  a d d i t i o n   to  any  o f  

the   modes  a l r e a d y   d e s c r i b e d .   An  a d v a n t a g e  o f   m o n i t o r i n g  

a c r o s s   a l l   t he   t e r m i n a l s   is  t h a t   a  s h o r t   c i r c u i t   in  any  o f  

the   l i n e s   can  a l s o   be  r e a d i l y   i d e n t i f i e d   and  t he   p o s i t i o n  

r e a d i l y   l o c a t e d .  

R e f e r r i n g   now  to  F i g u r e   3  t h e r e   is  i l l u s t r a t e d   an  e l e c t r i c a l  

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

of  the   i n v e n t i o n ,   t h i s   c i r c u i t   is  s u b s t a n t i a l l y   s i m i l a r   t o  

t h a t   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1  w i t h   t he   e x c e p t i o n  

t h a t   the   d e v i c e s   2  to  7  in  t h i s   e m b o d i m e n t   of  t he   i n v e n t i o n  

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

s w i t c h e s ,   w h i c h   may  be  m o u n t e d   on,   f o r   e x a m p l e ,   d o o r s ,  

w indows   or  t he   l i k e   so  t h a t   on  o p e n i n g  o f   a  d o o r   or  w i n d o w  

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

the   i n t e g r a t o r   c i r c u i t s   19  a re   r e d u n d a n t .   H o w e v e r ,   i f   i t  

were  d e s i r e d   to  r e p l a c e   any  of  t he   d e v i c e s   2  to  7  w i t h  

v i b r a t i o n   d e t e c t i o n   d e v i c e   t h i s   c o u l d   r e a d i l y   be  done  and  t h e  

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

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

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1.  For   e x a m p l e ,   when  t h e  



r e e d   s w i t c h   5  o p e n s ,   t h e   p o r t i o n   of  t he   c i r c u i t   b e y o n d  

t h e   d e v i c e   5  is  i s o l a t e d .   A c c o r d i n g l y ,   t he   r e s i s t a n c e  

of  the   p r o t e c t i v e   c i r c u i t   A  m o n i t o r e d  b y  t h e   c o n t r o l  

c i r c u i t   B  i s : -  

T h u s ,   t h e   d e v i c e   on  open   c i r c u i t   5  w i l l   be  i m m e d i a t e l y  

i d e n t i f i e d   and  t h i s   i n f o r m a t i o n   w i l l  b e   d i s p l a y e d   on  t h e  

d i g i t a l   d i s p l a y   d e v i c e   20.  A d d i t i o n a l l y ,   t he   r e l a y   21  w i l l  

t r i g g e r   an  a l a r m .  

F i g u r e   4  i l l u s t r a t e s   an  e l e c t r i c a l   p r o t e c t i v e   c i r c u i t  

wh ich   is   a g a i n   s u b s t a n t i a l l y   s i m i l a r  t o   t h a t   of  F i g u r e   1 .  

In  t h i s   c a s e ,   t he   d e v i c e s   2  to  7  a re   v i b r a t i o n   d e t e c t i o n  

d e v i c e s   and  t h e   r e s i s t o r s   R1  to  R 7  a r e   r e p l a c e d   by  d i o d e s  

D1  to  D7.  The  d i o d e s   D1  to  D7  p e r f o r m   a  s i m i l a r   f u n c t i o n  

to  t h a t   of  th.e  r e s i s t o r s   of  F i g u r e   1 .  

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

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

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

o t h e r   t y p e s   of  d e t e c t i o n   d e v i c e   may  be  u s e d ,   f o r   e x a m p l e ,  



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

or  the   l i k e   or  i n f r a r e d   or  u l t r a s o n i c   i n t r u d e r   d e t e c t o r s .  

S i m i l a r l y ,   t he   d e t e c t i o n   d e v i c e s   may  be  smoke  or  f i r e  

d e t e c t i o n   d e v i c e s .   I n d e e d ,   a  c o m b i n a t i o n   of  t h e s e   d e v i c e s  

in  s e r i e s   c o u l d   be  u s e d   in  t he   one  c i r c u i t .  

F u r t h e r m o r e ,   t he   p r o t e c t i v e   c i r c u i t   may  u t i l i s e   d e v i c e s  

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

l i k e   and  the   i n v e n t i o n   is  no t   r e s t r i c t e d   to  s e c u r i t y  

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

r e s i s t o r s   R2  to  R7  or  d i o d e s   D 2  t o   D7  c o u l d   be  e m p l o y e d ,  

f o r   e x a m p l e ,   z e n e r   d i o d e s ,   t r a n s i s t o r s   or  o t h e r   s e m i -  

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

d e v i c e s .  

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

to  m o n i t o r   t he   e l e c t r i c a l   c i r c u i t ,   o t h e r   s u i t a b l e   m e a n s  

may  be  u s e d   and  in  f a c t   one  such   means   is  d e s c r i b e d   in  t h e  

s p e c i f i c a t i o n   of  I r i s h   P a t e n t   A p p l i c a t i o n   No.  2 2 5 / 8 1 .  

A d d i t i o n a l l y ,   i t   is  e n v i s a g e d   t h a t   a  memory  may  be  i n c o r p o r a t e d  

in  t he   c i r c u i t   B  in  w h i c h   c a s e   t he   memory  may  be  used   t o  

r e c o r d   and  s t o r e   t he   t i m e s   at  w h i c h   the   d e v i c e s   or  s w i t c h  



were  a c t i v a t e d   or  b e c a m e   f a u l t y .   I n d e e d ,   w h e r e   d e v i c e s  

a re   m o u n t e d   on  d o o r s   or  w i n d o w s ,   t h e   o p e n i n g   and  c l o s i n g  

of  each   d o o r   may  be  i n d i v i d u a l l y  a n d  s e p a r a t e l y   m o n i t o r e d .  

F u r t h e r m o r e ,   i t   is  e n v i s a g e d   t h a t   t h e   c i r c u i t   B  c o u l d   b e  

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

be  r e m o t e l y   m o n i t o r e d .  



1.  An  e l e c t r i c a l   c i r c u i t   a r r a n g e m e n t   i n c l u d i n g   a 

p l u r a l i t y   of  b i - s t a t e   d e v i c e s   (2  to  7)  c o n n e c t e d   t h e r e i n ,  

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

each   h a v i n g   an  i m p e d a n c e   e l e m e n t   (R2  to  R7,  D2  to  D7) 

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

i m p e d a n c e   p r e v a i l s   in  t he   c i r c u i t   when  a l l   s a i d   b i - s t a t e  

d e v i c e s   (2  to  7)  a re   in  one  s t a t e   and  a  v a l u e   of  i m p e d a n c e  

d i f f e r e n t   f rom  s a i d   p r e d e t e r m i n e d   v a l u e   p r e v a i l s   when  a n y  

of  s a i d   b i - s t a t e   d e v i c e s   (2  to  7)  a re   c a u s e d   to  c h a n g e   f r o m  

s a i d   one  s t a t e   to  a  s e c o n d   s t a t e ,   and  means   (13)   f o r  

c o m p a r i n g   a  p a r a m e t e r   of  the   c i r c u i t   w i t h   a  r e f e r e n c e  

p a r a m e t e r   to  p r o v i d e   an  i n d i c a t i o n   of  t he   i d e n t i t y   of  a n y  

b i - s t a t e   d e v i c e   (2  to  7)  w h i c h   has  c h a n g e d   f rom  s a i d   o n e  

s t a t e   to  s a i d   s e c o n d   s t a t e   and  to  i d e n t i f y   t he   p o s i t i o n   o f  

s a i d   c h a n g e d - s t a t e   d e v i c e   in  t h e   c i r c u i t .  

2.  An  e l e c t r i c a l   c i r c u i t   a r r a n g e m e n t   i n c l u d i n g   a 

p l u r a l i t y   of  b i - s t a t e   d e v i c e s   (2  to  6,  30  to  34)  c o n n e c t e d  

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

and  each   h a v i n g   an  i m p e d a n c e   e l e m e n t   R2  to  R6)  a s s o c i a t e d  

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



in  the   c i r c u i t   when  a l l   s a i d   b i - s t a t e   d e v i c e s   (2  t o  6 ,  

30  to  34)  a r e   in  one  s t a t e   and  a  v a l u e  o f   i m p e d a n c e  

d i f f e r e n t   f rom  s a i d   p r e d e t e r m i n e d   v a l u e   p r e v a i l s   when  a n y  

of  s a i d   b i - s t a t e   d e v i c e s   (2  to  6 ,  3 0   t o  3 4 )  a r e   c a u s e d   t o  

c h a n g e   f rom  s a i d   one  s t a t e   to  a  s e c o n d   s t a t e ,   and  m e a n s  

(39)   f o r   c o m p a r i n g   a  p a r a m e t e r   of  t he   c i r c u i t   w i t h   a 

r e f e r e n c e   p a r a m e t e r   to  p r o v i d e   an  i n d i c a t i o n   of  t he   i d e n t i t y  

of  any  b i s t a t e   d e v i c e ' ( 2   to  6,  30  to  34)  w h i c h   has  c h a n g e d  

f rom  s a i d   one  s t a t e   to  s a i d   s e c o n d   s t a t e   and  to  i d e n t i f y   t h e  

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

b i s t a t e   d e v i c e s   (2  to  6,  30  to  34)  b e i n g   i n c l u d e d   in  a 

m u l t i - t e r m i n a l   ( 1 , 1 ' ,   3 5 , 3 6 )   n e t w o r k ,   and  m o n i t o r i n g   m e a n s  

(39)   o p e r a b l e   in  a c c o r d a n c e   w i t h   a  p l u r a l i t y   of  modes  f o r  

m o n i t o r i n g   s a i d   b i s t a t e   d e v i c e s   (2  t o  6 ,   30  to  34)  a c r o s s  

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

to  a l l o w   n o t   o n l y   the   p a r t i c u l a r   d e v i c e   w h i c h   has  c h a n g e d  

s t a t e   to  be  i d e n t i f i e d   and  t h e   p o s i t i o n   t h e r e o f   to  be  l o c a t e d ,  

bu t   to  a l l o w   d e v i c e s   w h i c h   have   f a i l e d   or  a r e   f a u l t y   to  b e  

i d e n t i f i e d   and  t he   c i r c u i t ,   to  be  u t i l i s e d   i r r e s p e c t i v e  

of  the   f a i l u r e   o f ,   or  f a u l t  i n   any  s u c h  d e v i c e .  

3.  An  e l e c t r i c a l   c i r c u i t   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 

w h e r e i n   e a c h   s a i d   i m p e d a n c e   e l e m e n t   is   a  r e s i s t o r   (R2  to  R 7 ) .  

4.  An  e l e c t r i c a l   c i r c u i t   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 



w h e r e i n   each   s a i d   i m p e d a n c e   e l e m e n t   is  a  d i o d e   (D2  to  D 7 ) '  

z e n e r   d i o d e ,   t r a n s i s t o r   or  o t h e r   such  s e m i c o n d u c t o r .  

5.  An  e l e c t r i c a l   c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  a n y  

p r e c e d i n g   c l a i m   i n c l u d i n g   means   (11)   f o r   a p p l y i n g   an  e . m . f .  

a c r o s s   t he   c i r c u i t ,   means  (13)   f o r   m e a s u r i n g   the   c u r r e n t  

f l o w i n g   t h r o u g h   the   c i r c u i t   and  means  (13)   f o r   c o m p a r i n g  

the   c u r r e n t   f l o w i n g   t h r o u g h   t he   c i r c u i t   w i t h   a  r e f e r e n c e  

c u r r e n t   d e r i v e d   f rom  a  r e f e r e n c e   s o u r c e   ( 1 6 ) .  

6.  An  e l e c t r i c a l   c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  a n y  

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   b i s t a t e   d e v i c e s   (2  to  7)  a r e  

s e c u r i t y   d e t e c t i o n   d e v i c e s   (2  to  7)  h a v i n g   a  q u i e s c e n t  

s t a t e   and  a  s e c o n d   s t a t e   to  wh ich   the   d e v i c e s   a re   a c t u a t e d  

in  r e s p o n s e   to  t he   o c c u r r e n c e   of  an  a b n o r m a l   s e c u r i t y  

s i t u a t i o n .  

7.  An  e l e c t r i c a l   c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   i n  

c l a i m   3  or  c l a i m   4  w h e r e i n   s a i d   means  (13)   f o r   c o m p a r i n g  

a  p a r a m e t e r   of  t he   c i r c u i t   w i t h   a  r e f e r e n c e   p a r a m e t e r  

c o m p r i s e s   a  c o m p a r a t o r   d e v i c e   (13)   r e s p o n s i v e   to  c u r r e n t  

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

a c c o r d a n c e   w i t h   t he   r e s i s t a n c e   of  t he   c i r c u i t ,   and  r e s p o n s i v e  

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

r e s i s t o r s   (16)   c o r r e s p o n d i n g   to  t he   r e s i s t o r s   (R2  to  R7)  



a s s o c i a t e d   w i t h   s a i d   b i s t a t e   d e v i c e s   (2  to  7 ) ,   s a i d  

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

(13)   v i a   a  s c a n n i n g   c i r c u i t   (17)   and  b i s t a b l e   s t a t e  

d e v i c e   (15)   h a v i n g   an  o u t p u t   c o n n e c t e d   to  one  i n p u t   of  t h e  

c o m p a r a t o r   d e v i c e   ( 1 3 ) ,   t h e   a r r a n g e m e n t   b e i n g   such   t h a t  

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

r e f e r e n c e   c u r r e n t ,   an  o u t p u t   s i g n a l   is  p r o d u c e d   by  s a i d  

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

c h a n g e d   s t a t e .  

8.  A  c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   7  w h e r e i n  

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

s c a n n i n g   c i r c u i t   (17)   to  f r e q u e n c y   m e a s u r i n g   a p p a r a t u s   ( 1 9 )  

a r r a n g e d   to  s u p p l y   t h e   s i g n a l   of  an  a u d i o   (21)   a n d / o r  

v i s u a l   w a r n i n g   i n d i c a t o r   (20)   v i a   a  f u r t h e r   s c a n n i n g   c i r c u i t  

(18)   such   t h a t   s h o u l d   the   f r e q u e n c y   of  t he   s i g n a l   b e  

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

p a r t i c u l a r   b i s t a t e   d e v i c e   wh ich   has  c h a n g e d   s t a t e   i s  

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

9.  A  c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  e i t h e r   c l a i m   3  o r  

c l a i m   4  when  a p p e n d a n t   to  c l a i m   2  w h e r e i n   s a i d   b i s t a t e  

d e v i c e s   (2  to  6,  30  to  34)  i n c l u d e   a  f i r s t   s e r i e s   of  d e v i c e s  

(2  to  6)  c o n n e c t e d   by  a  f i r s t   c o n d u c t o r   (28)   to  a  f i r s t  



t e r m i n a l   (1)  and  a  s e c o n d   s e r i e s   of  d e v i c e s  ( 3   to  3 4 )  

c o n n e c t e d   by  a  s e c o n d   c o n d u c t o r   (29)   to  a  s e c o n d   t e r m i n a l  

( 1 ' ) ,   the   r e s p e c t i v e   r e s i s t o r s   R2  t o  R 6 )   o f .  t h e   b i s t a t e  

d e v i c e s   b e i n g   c o n n e c t e d   b e t w e e n   s a i d   f i r s t   and  s e c o n d  

c o n d u c t o r s   ( 2 8 ,   29)  e a c h   c o n d u c t o r   h a v i n g   an  a d d i t i o n a l  

t e r m i n a l   ( 3 5 ,   36)  c o n n e c t e d   t o g e t h e r   w i t h   s a i d   f i r s t   a n d  

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

s w i t c h i n g   u n i t   ( 4 0 ) ,   s e c o n d   c o n t a c t s   of  s a i d   s w i t c h i n g  

u n i t   b e i n g   c o n n e c t e d   to  s a i d   m o n i t o r i n g   means  (39)   o p e r a b l e  

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

f i r s t   and  s e c o n d   s e r i e s   of  d e v i c e s   (2  to  6,  30  to  3 4 )  

a c r o s s   d i f f e r e n t   c o m b i n a t i o n s   of  p a i r s  o f   s a i d   f i r s t ,  

s e c o n d   and  a d d i t i o n a l   t e r m i n a l s   ( 1 , 1 ' , 3 5 , 3 6 )   to  i d e n t i f y   a n y  

d e v i c e   (2  to  6,  30  to  34)  w h i c h   has  c h a n g e d   s t a t e   a n d  

any  d e v i c e   wh ich   has  f a i l e d   or  is  f a u l t y .  

10.  A  c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   9  w h e r e i n  

the   m o n i t o r i n g   means   (39)   c o m p r i s e s   a  m i c r o p r o c e s s o r   ( 3 9 )  

c o n n e c t e d   to  s a i d   f i r s t ,   s e c o n d   ( 1 , 1 ' )   and  a d d i t i o n a l  

t e r m i n a l s   ( 3 5 , - 3 6 )   v i a   t he   f i r s t   and  s e c o n d   c o n t a c t s   of  s a i d  

s w i t c h i n g   u n i t   ( 4 0 ) .  

11.  A  c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  c l a i m   9  or  10  

w h e r e i n   t he   c o n t a c t s   of  t he   s w i t c h i n g   u n i t   (40)   a r e  



c o n n e c t e d   to  t he   m o n i t o r i n g   means   (39)   v i a   r e s p e c t i v e  

a n a l o g u e - t o - d i g i t a l   (42)   c o n v e r t e r s  s u c h   t h a t   s i g n a l s  

on  s a i d   f i r s t   and  s e c o n d   c o n d u c t o r s   ( 1 , 1 ' )   p r e s e n t   on  

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

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

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

12.  A  c i r c u i t   a r r a n g e m e n t   as  c l a i m e d   in  any  of  c l a i m s  

2,  3 , , 4 ,   9,  10  or  11  w h e r e i n   a  v i s u a l   d i s p l a y   (20)   d e v i c e  

is  c o n n e c t e d   to  an  o u t p u t   of  t he   m o n i t o r i n g   means   ( 1 8 )  

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

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

c h a n g e d   s t a t e .  
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