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j)  An  infra-red  intruder  detection  apparatus  has  an  optical 
'stem  comprising  a  Fresnel  plate  (7)  and  an  infra-red  sensor 
)  positioned  at  the  focus  of  the  Fresnel  plate.  An  optical  path 
ctending  from  the  Fresnel  plate  to  the  infra-red  sensor  is 
junded  on  either  side  by  first  and  second  mirrors  (2,  3)  div- 
ging  from  the  sensor  towards  the  Fresnel  plate  to  thereby 
ovide  a  first  fan  of  field  of  view  for  the  sensor.  A  third  mirror 
)  is  preferably  disposed  above  the  optical  path  to  thereby 
ovide  a  second  fan  of  field  of  view  for  the  sensor  below  the 
st  said  fan. 
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The  i n v e n t i o n   r e l a t e s   to  e  mo t ion   d e t e c t i o n   s y s t e m  

m a i n l y   used  as  en  i n t r u d e r   s e n s o r   in  b u r g l a r   a l a rm  s y s t e m s .  

The  i n v e n t i o n   h e r e i n   d e s c r i b e d   d e t e c t s   c h a n g e s   in  i n f r a -  

red   (7 -12   m i c r o n   w a v e l e n g t h )   e n e r g y   c o l l e c t e d   by  a  p l u r a l i t y  

>  of  o p t i c a l   f i e l d s - o f - v i e w ,   each  f o c u s s i n g   on  a  common 

i n f r a - r e d   s e n s i n g   d e v i c e   such  t h a t   when  an  i n t r u d e r   m o v e s  

a c r o s s   tne  f  i  el  d - o f - v i   ew  the  i n s t a n t a n e o u s   i n f r a - r e d  

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

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

0  The  use  of  m u l t i p l e   f i e l d s - o f - v i e w ,   i n f r a - r e d   i n t r u d e r  

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

new,  and  i n t r u d e r   d e t e c t o r s   u s i n g   t h e s e   t e c h n i q u e s   have  b e e n  

in  use  in  the  s e c u r i t y   i n d u s t r y   fo r   many  y e a r s .   The  m e a n s  
of  a c h i e v i n g   a  p l u r a l i t y   of  f i e l d s - o f - v i e w   in  c u r r e n t l y  

5  a v a i l a b l e   i n t r u d e r   s e n s o r s   f a l l   b r o a d l y   i n t o   two  t y p e s .  

One  t ype   u ses   a  number   of  r e f l e c t i v e   e l e m e n t s   such  a s  

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

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

d e t e c t o r   such  t h a t   the   d e t e c t o r   is  at  the  focus   of  e a c h  
0  m i r r o r .   The  a x i s   of  each   m i r r o r   is  a r r a n g e d   to  r a d i a t e  

from  the  un i t   r a d i a l l y   so  t h a t   the  room  or  a rea   to  b e  

p r o t e c t e d   is  c o v e r e d   by  a  fan  s h a p e d   s e r i e s   of  f i e l d s - o f - v i e w .  

I t   is  common  p r a c t i c e   to  have  a  f u r t h e r   s e r i e s   of  m i r r o r  

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

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

of  vlfcu  a n g l e d   be low  the  f i r s t   se t   to  p r e v e n t   an  i n t r u d e r  

n o v i n p   be loh   then  and  thus   a v o i d i n g   d e t e c t i o n .  
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The  o t h e r   common  t y p e   of  i n t r u d e r   s e n s o r   u s e s   a  

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

F r e s n e l   l e n s e s ,   s h a r i n g   an  i n f r a - r e d   d e t e c t o r   l o c a t e d   a t   t h e  

common  f o c u s   of  t he   l e n s e s ,   w h i c h   a re   r a d i a l l y   d i s p o s e d  

b  to  p r o v i d e   a  f a n - s h a p e d   s e r i e s   of  f i e l d s   of  v i e w .   A g a i n ,  

f u r t h e r   r a n k s   of  l e n s e s   may  be  u s e d   to  p r o v i d e   a d d i t i o n a l  

d o w n w a r d - p o i n t i n g   f i e l d s   of  v iew  to  p r e v e n t   an  i n t r u d e r  

a v o i d i n g   d e t e c t i o n .  

In  b o t h   t h e s e   t e c h n i q u e s ,   w h i c h   form  the   m a j o r i t y  

10  of  i n t r u d e r   s e n s o r s   c u r r e n t l y   a v a i l a b l e ,   the   i n f r a - r e d  

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

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

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

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

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

on  one  or  o t h e r   e l e m e n t   w i l l   c a u s e   an  e l e c t r i c a l   o u t p u t .  

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

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

a l a r m s .   S i n c e   b o t h   d e t e c t o r   e l e m e n t s   a re   l o c a t e d   on  the   f o c a l  

20  p l a n e   of  the   f o c u s s i n g   m i r r o r s   or  l e n s e s ,   each   m i r r o r   o r  

l e n s   a x i s   p r o v i d e s   in  e f f e c t   two  f i e l d s   of  v i e w ,   one  f o r  

each   e l e m e n t .   Thus  when  an  i n t r u d e r   moves  a c r o s s   the   f i e l d s  

of  v iew  h i s   i n f r a - r e d   e n e r g y   w i l l   f a l l   upon  f i r s t   one ,   and  t h e n  

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

25  by  a  n e g a t i v e - g o i n g   s i g n a l .   T h i s   s i g n a l   w i l l   r e p e a t   f o r  

each   a x i s   t r a v e r s e d ,   and  is   u sed   to  s i g n a l   an  a l a r m .  

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



0 2 1 9 9 5 4  

- 3 -  

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

p l u r a l i t y   of  f i e l d s   of  v i e w .  

All   of  t he   a b o v e   s y s t e m s   have  some  m a j o r   d i s a d v a n t a g e s  

w h i c h   the   i n v e n t i o n   s e e k s   to  o v e r c o m e .   T h e s e   d i s a d v a n t a g e s  

5  a r e   g e n e r a l l y   as  f o l l o w s :  

C u r r e n t l y   a v a i l a b l e   d e t e c t o r s   t y p i c a l l y   use  t w o  

s e n s i n g   e l e m e n t s   of  a p p r o x i m a t e l y   1  mm.  w i d t h   s p a c e d   a p a r t  

by  1  mm.  In  an  i n t r u d e r   s e n s o r   h a v i n g   a  50  f t .   r a n g e ,   a n y  

s i n g l e   f i e l d   of  v iew  s h o u l d   be  a p p r o x i m a t e l y   1  f t .  

10  wide   at  50  f t .   r a n g e .   Thus  a  f o c a l   l e n g t h   of  50  urn.  w o u l d  

be  a p p r o p r i a t e .   In  o r d e r   to  keep   the   e l e c t r o n i c  

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

s i g n a l - t o - n o i s e   r a t i o ,   as  much  o p t i c a l   g a i n   as  p o s s i b l e   i s  

r e q u i r e d ,   and  f  n u m b e r s   h i g h e r   t h e n   f  3  a re   d e s i r a b l e .  

15  T h e r e f o r e ,   in  a  p r a c t i c a l   i n t r u d e r   s e n s o r   h a v i n g   a  50  f t .  

r a n g e ,   a  s i n g l e   m i r r o r   or  l e n s   s e g m e n t   w i l l   r e q u i r e   an  a r e a  

of  a t   l e a s t   200  sq .   mm.  Thu6  a  t y p i c a l   d e t e c t o r   h a v i n g   a n  

a r r a y   of  say  10  s e g m e n t s   w i l l   r e q u i r e   a  m i r r o r   or  l e n s   a r r a y  

of  a t   l e a s t   2 , 0 0 0   sq .   mm.  T h i s   s i z e   of  a r r a y   p l a c e s   a 

20  l i m i t   on  t he   minimum  s i z e   of  a  c o m p l e t e   i n t r u d e r   d e t e c t o r  

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

t o w a r d s   s m a l l   and  l e s s   o b t r u s i v e   u n i t s .   In  t he   c a se   o f  

r e f r a c t i v e   s y s t e m s ,   the   l e n s   a r r a y   is  commonly   made  f r o m  

a  p o l y e t h y l e n e   m a t e r i a l ,   s i n c e   t h i s   is  one  of  the   f ew 

2b  e c o n o m i c a l l y   a v a i l a b l e   m a t e r i a l s   wh ich   w i l l   a l l o w   l o w - l o s s  

t r a n s m i s s i o n   of  f a r   i n f r a - r e d   e n e r g y .   P o l y e t h y l e n e   is  n o t  

a  r i g i d   p l a s t i c ,   and  s i n c e   the   l e n s   a r r a y   t y p i c a l l y   f o r m s  
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t h e   f r o n t   " w i n d o w "   of  t h e   i n t r u d e r   s e n s o r ,   i*ne  «u***  w, 

of  t h e   u n i t   to  a c c i d e n t a l   or  d e l i b e r a t e   damage  i n c r e a s e s   w i t h  

t h e   n u m b e r   of  f i e l d s   of  v i ew   r e q u i r e d .   A  f u r t h e r   p r a c t i c a l  

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

as  a  f l a t   h o t - p r e s s e d   p l a s t i c   s h e e t ,   and  is  u s u a l l y  

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

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

A l t h o u g h   i d e a l l y   e a c h   l e n s   s e g m e n t   s h o u l d   be  f l a t ,   w i t h  

t h e   b e n d i n g   on ly   o c c u r r i n g   a t   t he   gaps   b e t w e e n   t h e  

10  s e g m e n t s ,   in  p r a c t i c e   t h e   l e n s   s e g m e n t s   t a k e   on  t h e  

g e n e r a l   c u r v a t u r e   of  t h e   a r r a y ,   and  t h u s   c a u s e  

c o n s i d e r a b l e   a b b e r a t i o n   and  l o s s   of  f o c u s   of  the   i n t r u d e r ' s  

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

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

15  by  p r o v i d i n g   a  means  w h e r e i n   a  p l u r a l i t y   of  f i e l d s   of  v i e w  

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

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

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

U n i t e d   Kingdom  P a t e n t   No.  1  3?5  410  d e s c r i b e s   a n  

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

s e g m e n t s .   Such  an  a r r a n g e m e n t   can  on ly   a c h i e v e   a  g o o d  

r e s o l v i n g   power   i f   t he   m i r r o r   s e g m e n t s   have   a  l ong   f o c a l  

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

d e s c r i b e d   a b o v e .   F u r t h e r m o r e ,   such   an  a r r a n g e m e n t  

has   a  l a r g e   number   of  c o m p o n e n t s   w h i c h   r e q u i r e   to  b e  
2  5 

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

e x p e n s i v e   c o n s t r u c t i o n .   The  a r r a n g e m e n t   of  t he   p r e s e n t  
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i n v e n t i o n ,   in  c o n t r a s t ,   is   s i m p l e r ,   c h e a p e r   and  e a s i e r   t o  

c o n s t r u c t   and  a d j u s t .  

The  p r e s e n t   i n v e n t i o n   wh ich   is   d e f i n e d   in  t he   c l a i m s  

a p p e n d e d   h e r e t o ,   makes   use   of  p l a n e   m i r r o r s   and  a  f o c u s s i n g  

5  l e n s   . 

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   w i t h   r e f e r e n c e  

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

F i g u r e   1  is  a  c i r c u i t   d i a g r a m   of  a  d e t e c t o r   c i r c u i t  

s u i t a b l e   f o r   use  w i t h   t he   p r e s e n t   i n v e n t i o n ;  

10  F i g u r e   2  is   an  e x p l o d e d   v iew  of  the   o p t i c a l   c o m p o n e n t s  

of  t h e   i n v e n t i o n ;  

F i g u r e s   3,  4,  5,  7  and  9  a re   d i a g r a m m a t i c   p l a n  

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

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

15  F i g u r e s   6  and  8  r e p r e s e n t   e l e c t r i c a l   w a v e f o r m s   g e n e r a t e d  

by  t h e   a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n   on  the   p a s s a g e  

of  an  i n t r u d e r .  

The  c i r c u i t   of  F i g u r e   1  shows  an  i n f r a - r e d   s e n s o r  

c o m p r i s i n g   two  d e t e c t o r s   c o n n e c t e d   back   to  back   in  the   i n p u t  

20  c i r c u i t   of  a  band  p a s s   a m p l i f i e r .   The  o u t p u t   of  t h i s  

a m p l i f i e r   is   a p p l i e d   to  a  t h r e s h h o l d   d e v i c e   and  when  t h e  

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

a c t i v a t e d   . 

F i g u r e   2  is  an  e x p l o d e d   v iew  of  t he   o p t i c a l   c o m p o n e n t s  

25  of  the   i n v e n t i o n .   A  F r e s n e l   l e n s   p l a t e   1  is  f o c u s s e d   on 

the   s u r f a c e   of  an  i n f r a - r e d   s e n s o r   5,  the   s e n s o r   5  has  t w o  

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

more  t h a n   6  m i c r o n s   w a v e l e n g t h .  

At  e i t h e r   s i d e   a r e   p o s i t i o n e d   a  p a i r   of  v e r t i c a l  

m i r r o r s   2  and  3  i n c l i n e d   a t   a  s m a l l   a n g l e   p r e f e r a b l y   a b o u t  

5  6  d e g r e e s ,   to  t h e   o p t i c   a x i s   of  t he   F r e s n e l   l e n s  

p l a t e   1.  Above  and  in  f r o n t   of  t he   s e n s o r   i s   a  f u r t h e r  

r e f l e c t o r   4  i n c l i n e d   to  t h e   h o r i z o n t a l   s i m i l a r l y   a t   a  

s m a l l   a n g l e .  

F i g u r e   3  shows   d i a g r a m m a t i c a l   ly  in  p l a n   v i ew  s o m e  

10  of  t h e   f i e l d s   of  v i ew   g e n e r a t e d   by  t h i s   a r r a n g e m e n t .  

As  shown  in  F i g u r e   3,  f i v e   d i v e r g i n g   f i e l d s   of  v i ew  a r e  

g e n e r a t e d ,   o n l y   t h r e e   of  w h i c h   a re   shown  in  t he   d i a g r a m  

f o r   c l a r i t y .   A  f i r s t   f i e l d   of  v iew  i n d i c a t e d   by  d a s h e d  

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

15  beam  f a l l i n g   n o r m a l l y   o n t o   t he   s u r f a c e   of  t he   l e n s   p l a t e   1 

and  f o c u s s e d   by  i t   o n t o   t h e   d e t e c t o r   5.  A  s e c o n d   f i e l d  

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

c o r r e s p o n d s   to   a  beam  f o c u s s e d   by  the   l e n s   1  and  r e f l e c t e d  

by  t h e   m i r r o r   s u r f a c e   2  o n t o   t he   d e t e c t o r   5.  A  s i m i l a r  

20  f i e l d   of  v iew  n o t   shown  in  t he   d i a g r a m   c o r r e s p o n d   to  a  

beam  s y m m e t r i c a l l y   d i s p o s e d   on  the   o t h e r   s i d e   of  t he   a x i s  

and  r e f l e c t e d   by  t he   m i r r o r   3 .  

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

t r i p l e   h e a d e d   a r r o w s   w h i c h   a f t e r   r e f r a c t i o n   by  t he   l e n s   1  i s  

25  r e f l e c t e d   t w i c e ,   once   a t   t he   m i r r o r   3  and  a  s e c o n d   t ime   a t  

t he   m i r r o r   2  b e f o r e   r e a c h i n g   the   d e t e c t o r   5.  A  s i m i l a r  

f i e l d   no t   shown  in  t he   d i a g r a m   e x i s t s   on  the   o t h e r   s i d e  

of  t h e   a x i s   c o r r e s p o n d i n g   to  r e f l e c t i o n   f i r s t   at   t he   m i r r o r   2 
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and  t h e n   at  the   m i r r o r   3 .  

F i g u r e   4  is  a  d i a g r a m m a t i c   s e c t i o n a l   e l e v a t i o n   s h o w i n g  

how  t he   top   m i r r o r   4  p r o v i d e s   a  l o w e r   s e t   of  f i e l d s   o f  

v iew  c o r r e s p o n d i n g   to  t h o s e   in  F i g u r e   3.  The  d a s h e d   l i n e s  

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

f i e l d s   w h i l e   t h o s e   w i t h   d o u b l e   a r r o w   h e a d s   show  f i e l d s  

c o r r e s p o n d i n g   to  r e f l e c t i o n   by  the   m i r r o r   4  and  i n c l i n e d  

down  w a r d s   in  o r d e r   to  d e t e c t   an  i n t r u d e r   b e l o w   t h e   m a i n  

f i e l d s .  

10  F i g u r e   5  shows  how  t he   a p p a r e n t   i m a g e s   of  t h e  

d e t e c t o r   c a u s e d   by  r e f l e c t o r s   2  and  3  d e t e r m i n e   t h e  

p o s i t i o n s   of  the   f i e l d s   of  v i e w .  

F i g u r e   6  shows  a  t y p i c a l   e l e c t r i c a l   s i g n a l  

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

1 5 v i e w .   The  p o s i t i v e - g o i n g   s i g n a l s   r e s u l t   f rom  d e t e c t o r  

e l e m e n t   A  r e c e i v i n g   e n e r g y ,   and  t he   n e g a t i v e - g o i n g  

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

R e f e r r i n g   to  F i g u r e   5,  e n e r g y   c o l l e c t e d   w i t h i n  

f i e l d   of  view  Al  w i l l   be  f o c u s s e d   to  f a l l   on  to  d e t e c t o r  

2 0 e l e m e n t   A.  S i m i l a r l y ,   e n e r g y   c o l l e c t e d   w i t h i n   f i e l d  

of  v iew  Bl  w i l l   be  f o c u s s e d   to  f a l l   on  to  d e t e c t o r  

e l e m e n t   B.  E n e r g y   c o l l e c t e d   w i t h i n   f i e l d   of  v iew  A2  w i l l  

r e a c h   d e t e c t o r   e l e m e n t   A  v i a   p l a n e   r e f l e c t o r .   2 .  

E n e r g y   c o l l e c t e d   w i t h i n   f i e l d   of  view  B2  w i l l   r e a c h  

2 5 d e t e c t o r   e l e m e n t   B  v i a   p l a t e   r e f l e c t o r   2 .  

E n e r g y   c o l l e c t e d   w i t h i n   f i e l d   of  v iew  B3  w i l l   r e a c h  

d e t e c t o r   e l e m e n t   B  v i a   p l a n e   r e f l e c t o r   3 .  
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E n e r g y   c o l l e c t e d   f rom  f i e l d   of  v i e w   Bfl  w i n   r e a c n  

d e t e c t o r   e l e m e n t   B  v i a   p l a n e   r e f l e c t o r s   2  and  3 .  

E n e r g y   c o l l e c t e d   f rom  f i e l d   of  v i e w   A4  w i l l   r e a c h  

d e t e c t o r   e l e m e n t   A  v i a   p l a n e   r e f l e c t o r s   2  and  3 .  

i  E n e r g y   c o l l e c t e d   f rom  f i e l d   of  v i ew   A5  w i l l   r e a c h  

d e t e c t o r   e l e m e n t   A  v iew  p l a n e   r e f l e c t o r s   3  and  2 .  

E n e r g y   c o l l e c t e d   v i a   f i e l d   of  v i ew  B5  w i l l   r e a c h  

d e t e c t o r   e l e m e n t   B  v i a   p l a n e   r e f l e c t o r s   3  and  2 .  

The  r e l a t i v e   s p a c i n g   and  a n g l e s   of  t he   p l a n e   r e f l e c t o r s  

10  may  be  c h a n g e d   to   g i v e   d i f f e r e n t   p o s i t i o n s   of  t he   f i e l d ?  

of  v i e w .  

I n f r a - r e d   e n e r g y   may  e n t e r   t he   s y s t e m   f rom  a n g l e s  

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

b e t w e e n   r e f l e c t o r s   2  and  3  b e f o r e   f i n a l l y   r e a c h i n g  

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

w i l l   be  u n f o c u s s e d ,   due  to  the   e x c e s s i v e   p a t h   l e n g t h ,  

and  a l s o   may  a r r i v e   at   t he   d e t e c t o r   f r o n t   f i l t e r   w i n d o w  

at   or  a b o v e   t he   a n g l e   of  i n c i d e n c e   or  cone   of  a c c e p t a n c e .  

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

20  2  and  3,  t he   a p p a r e n t   d e t e c t o r   p o s i t i o n s   do  n o t   l i e   in  a  

p l a n e   and  some  d e - f o c u s s i n g   o c c u r s .   In  t he   p r a c t i c a l  

e m b o d i m e n t ,   t he   d e t e c t o r   5  is  l o c a t e d   c l o s e r   to  t h e   l e n s  

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

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

2 5 r e q u i r e d   f o r   an  i d e a l l y   p l a c e d   d e t e c t o r .   Thus  e n e r g y  

a r r i v i n g   at   t h e   d e t e c t o r   v i a   one  or  b o t h   p l a n e  

r e f l e c t o r s   2  and  3  w i l l   be  in  f o c u s   and  a l l   a r r i v e   a t  
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t h e   d e t e c t i n g   e l e m e n t ,   t h e r e b y   c o m p e n s a t i n g   f o r  

r e f l e c t i v e   l o s s e s .  

R e f e r r i n g   to  F i g u r e   4,  the   a d d i t i o n   of  p l a n e  

r e f l e c t o r   4  e n s u r e s   t h a t   e n e r g y   a r r i v i n g   f rom  l o c a t i o n s  

v e r t i c a l l y   be low  f i e l d s   of  v i e w ,   Al,   Bl  to  A5,  B5,  a n d  

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

t he   d e t e c t o r   e l e m e n t s   A  or  B.  For  e x a m p l e   F i g u r e   4  s h o w s  

the   p a t h   by  which   e n e r g y   f rom  an  i n t r u d e r   e n t e r i n g  

a n g l e d   f i e l d s   of  v iew  A6  wou ld   r e a c h   d e t e c t o r   e l e m e n t   A 

v i a   p l a n e   r e f l e c t o r   4.  C l e a r l y ,   e n e r g y   e n t e r i n g   the   o t h e r  

a n g l e d   f i e l d s   of  v iew  wou ld   a r r i v e   v i a   r e f l e c t o r s   2  or  3 

and  4  . 

E n e r g y   a r r i v i n g   v i a   t he   r e f l e c t o r s   2,  3  and  4  w i l l   b e  

l a r g e l y   d e - f o c u s s e d   due  to  the   e x t r a   p a t h   l e n g t h .   H o w e v e r ,  

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

p r e f e r a b l y   be  l o c a t e d   a b o u t   7 f t .   ( 2 . 1   m e t r e s )   above   t h e  

f l o o r   and  a n g l e d   such   t h a t   the   main  r a n k   of  f i e l d s   o f  

v iew  would   be  a n g l e d   at   a b o u t   10°  d o w n w a r d s .   The  l o w e r  

a n g l e d   f i e l d s   of  view  a n g l e d   at  a b o u t   40°  d o w n w a r d s   w o u l d  

t h e r e f o r e   r e a c h   the   f l o o r   at   a  d i s t a n c e   of  some  12  f e e t  

( 3 . 6   m e t r e s ) .   Thus  t h e   d e - f o c u s s e d   and  t h e r e f o r e   w i d e r  

f i e l d   of  view  would   s t i l l   g a t h e r   s u f f i c i e n t   e n e r g y  

f rom  t he   r e l a t i v e l y   c l o s e   i n t r u d e r .   N o t e :   ( p r o v i d e d  

the   i n t r u d e r   f u l l   f i l l s   t he   f i e l d   of  v i e w ,   the   e n e r g y  

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

s e n s o r   )  . 

In  an  a l t e r n a t i v e   a r r a n g e m e n t ,   shown  in  F i g u r e   7,  t w o  
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p o s i t i v e   f o c u s   l e n s e s   A  and  B  a r e   l o c a t e d   in  r e l a t i o n  

to  two  p l a n e   r e f l e c t o r s .   The  l e n s e s   a r e   o f f - a x i s   s e g m e n t s .  

The  a d v a n t a g e   of  t h i s   e m b o d i m e n t   i s   i n t e r l e a v i n g   of  t h e  

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

5  v i e w   f o r   a  g i v e n   a r e a   of  p r o t e c t i o n .   Thus  f o r   a  g i v e n  

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

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

t e c h n i q u e s   to  i m p r o v e   f a l s e   a l a r m   r e j e c t i o n .  

F i g u r e   8  shows  t he   e l e c t r i c a l   s i g n a l   f r o m  

10  d e t e c t o r   5  f o r   m o v e m e n t   of  an  i n t r u d e r   a c r o s s   t h e  

f i e l d s   of  v i e w .  

A  f u r t h e r   e m b o d i m e n t ,   shown  in  F i g u r e   9,  shows   t h e  

a x i s   f o r   l e n s   A  g o i n g   t h r o u g h   the   l e n s   s e g m e n t ,   w h e r e a s  

t h e   a x i s   f o r   l e n s   B  is   o u t s i d e   t he   l e n s   s e g m e n t .  

15  T h i s   a r r a n g e m e n t   may  a l s o   p r o v i d e   means   w h e r e b y   t he   f i e l d s  

of  v i e w   may  be  i n t e r l e a v e d   or  i n t e r s p a c e d .  

The  p r e f e r r e d   e m b o d i m e n t s   h e r e i n   d e s c r i b e d   u s e  

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

f rom  g e r m a n i u m ,   or  o t h e r   m a t e r i a l   o f f e r i n g   a  low  l o s s   t o  

20  7  -  12  m i c r o n   i n f r a - r e d   e n e r g y ,   may  a l s o   be  u s e d .  
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1.  An  i n f r a - r e d   d e t e c t o r   s y s t e m   c o m p r i s i n g   an  i n f r a - r e d  

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

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

of  v i e w   f o r   t he   s e n s o r   d i v e r g i n g   in  a  f a n - l i k e   m a n n e r ,  

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

of  u p r i g h t   p l a n e   m i r r o r s   ( 2 , 3 )   p o s i t i o n e d   in  f r o n t   o f  

t he   s e n s o r   (5)  and  d i v e r g i n g   at   a  s m a l l   a n g l e   so  as  to  p r o d u c t  

a  p l u r a l i t y   of  v i r t u a l   i m a g e s   of  the   s e n s o r   ( 5 ) ,   and  a 

f o c u s s i n g   l e n s   (1)  in  f r o n t   of  t he   m i r r o r s .  

10  2.  An  i n f r a - r e d   d e t e c t o r   s y s t e m   a c c o r d i n g   to  c l a i m   1 

i n c l u d i n g   a  f u r t h e r   p l a n e   m i r r o r   (4)  p o s i t i o n e d   in  f r o n t  

of  en  a b o v e   t he   s e n s o r   (5)   and  i n c l i n e d   a t   an  a n g l e   to  t h e  

h o r i z o n t a l   so  as  to  p r o d u c e   a  l o w e r   fan   of  f i e l d s   of  v i e w .  

3.  An  i n f r a - r e d   d e t e c t o r   s y s t e m   a c c o r d i n g   to  c l a i m   1 

15  or  c l a i m   2  in  w h i c h   the   l e n s   is  a  F r e s n e l   p l a t e   b e a r i n g  

a  p l u r a l i t y   of  l e n s   s e g m e n t s .  

4.  An  i n f r a - r e d   d e t e c t o r   s y s t e m   a c c o r d i n g   to  c l a i m   3 

in  w h i c h   t he   o p t i c   a x i s   of  at   l e a s t   one  l e n s   s e g m e n t  

l i e s   o u t s i d e   t he   s e g m e n t .  

20  &.  An  i n f r a - r e d   i n t r u d e r   d e t e c t i o n   a p p a r a t u s   c o m p r i s i n g  

an  i n f r a r e d   s e n s o r   f o r   c o n n e c t i o n   in  a  d e t e c t o r   c i r c u i t  

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

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

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

25  6.  An  i n f r a - r e d   i n t r u d e r   d e t e c t i o n   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   5  c h a r a c t e r i s e d   in  t h a t   the   l e n s   is  a  F r e s n e l  
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ens  d e f i n i n g   an  o p t i c a l   p a t h   e x t e n d i n g   from  t he   F r e s n e l  

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

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

rom  t h e   s e n s o r   t o w a r d s   t he   F r e s n e l   l e n s   so  as  t o  

r o v i d e   f i e l d s   of  v iew  f o c u s s e d   d i r e c t   . f rom  the   l e n s  

nd  v i a   t he   f i r s t   and  s e c o n d   r e f l e c t o r s .  

An  i n f r a - r e d   i n t r u d e r   d e t e c t i o n   a p p a r a t u s   a c c o r d i n g   t o  

: l a i m   6  c h a r a c t e r i s e d   by  a  t h i r d   p l a n e   r e f l e c t o r   d i s c p o s e d  

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

view  v i a   t h e   t h i r d   r e f l e c t o r .  
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