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Electronic  article  surveillance  system. 
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<  

@  An  electronic  article  surveillance  system  for  microwave 
frequencies  (500  MHz  and  higher)  has  microstrip  antenna  arrays 
each  array  comprising  a  dielectric  substrate  having  a  plurality  of 
metal  patches,  spaced  apart  in  the  normal  direction  of  travel 
through  a  surveillance  zone,  on  one  side  and  a  metal  ground 
plane  on  the  other  side.  Each  metal  patch  and  the  adjacent 
portion  of the  ground  plane  together  form  a  cavity  resonator  which 
resonates  at  a  desired  transmitter  or  return  signal  frequency  and 
thereby  form  a  signal  radiating  or  receiving  structure.  The  patch 
size,  patch  to  ground  plane  spacing,  and  spacing  between 
patches  are  determined  by  the  desired  resonant  frequency. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the  I n v e n t i o n  

This   i n v e n t i o n   r e l a t e s   to  e l e c t r o n i c   a r t i c l e  
s u r v e i l l a n c e   s y s t e m s   and  more  p a r t i c u l a r l y   to  e l e c t r o n i c -  
a r t i c l e   s u r v e i l l a n c e   s y s t e m s   e m p l o y i n g   m i c r o w a v e   t r a n s m i t t e r  

f r e q u e n c i e s .  

D e s c r i p t i o n   o f  t h e  P r i o r   A r t  

Sys tems  fo r   d e t e r r i n g   or  d e t e c t i n g   t h e f t   of  a r t i c l e s ,  

commonly  known  as  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   (or  EAS) 

s y s t e m s ,   have  come  i n t o   i n c r e a s i n g l y   w i d e s p r e a d   u s e ,   e s p e c i a l l y  
in  r e t a i l   s t o r e s .   Such  sys t ems   g e n e r a l l y   i n c l u d e   one  or  m o r e  

t ags   which   are  a t t a c h e d   to  a r t i c l e s   to  be  p r o t e c t e d   a g a i n s t  
t h e f t ,   one  or  more  t r a n s m i t t e r s   and  a s s o c i a t e d   a n t e n n a s   w h i c h  
r a d i a t e   s i g n a l s   i n t o   a  p r o t e c t e d   a r ea   or  s u r v e i l l a n c e   zone ,   a n d  

a  r e c e i v e r   and  a s s o c i a t e d   a n t e n n a   which  w i l l   d e t e c t   t h e  

p r e s e n c e   of  a  tag  in  the  s u r v e i l l a n c e   zone  and  c ause   an  a l a r m  

to  be  a c t u a t e d .   The  s u r v e i l l a n c e   zone  is  u s u a l l y   l o c a t e d   n e a r  
an  e x i t   from  the  p r o t e c t e d   p r e m i s e s .   The  d e s i r e d   s u r v e i l l a n c e  

zone  may  be  an  e x i t   doorway ,   for   e x a m p l e .  
E l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   s y s t e m s   in  c o m m e r c i a l  

use  may  be  c l a s s i f i e d   i n t o   two  g roups   on  the  b a s i s   o f  

t r a n s m i t t e r   f r e q u e n c y   or  f r e q u e n c i e s   emp loyed .   The  f i r s t   g r o u p  
c o n s i s t s   of  sy s t ems   e m p l o y i n g   one  or  more  m i c r o w a v e   f r e q u e n c i e s .  
A  " m i c r o w a v e   f r e q u e n c y "   as  used  h e r e i n   is  a  r a d i o   f r e q u e n c y  



h i g h e r   than  500  m e g a h e r t z   (MHz).  The  second  group  c o n s i s t s   o f  

sys t ems   u t i l i z i n g   lower  f r e q u e n c i e s .   The  p r e s e n t   s y s t e m  
b e l o n g s   to  the  f i r s t   g roup ,   i . e . ,   t h o s e   e m p l o y i n g   m i c r o w a v e  

f r e q u e n c i e s .  
R e f e r e n c e s   i l l u s t r a t i n g   microwave   EAS  sys t ems   i n c l u d e  

U.S.  P a t e n t   3 , 8 9 5 , 3 6 8   to  Gordon  et  a l . ,   and  U.S.  P a t e n t  

4 , 0 6 3 , 2 2 9   to  Welsh  et  a l .   The  Gordon  et  a l .   sys tem  i n c l u d e s  
bo th   a  mic rowave   t r a n s m i t t e r   and  a  low  f r e q u e n c y   s i g n a l  

g e n e r a t o r .   An  e s p e c i a l l y   d e s i r a b l e   mic rowave   sys tem  is  t h e  
dual   f r e q u e n c y   sys t em  d e s c r i b e d   in  the  c o p e n d i n g   commonly 
a s s i g n e d   a p p l i c a t i o n   of  Ha ro ld   B.  W i l l i a m s ,   S e r i a l   No.  3 7 3 , 2 5 1 ,  
f i l e d   A p r i l   29,  1982  ( h e r e i n a f t e r   the  " W i l l i a m s   a p p l i c a t i o n " ) .  

Minasy  U.S.  P a t e n t   3 , 4 9 3 , 9 5 5   is  i l l u s t r a t i v e   o f  

sy s t ems   u s i n g   f r e q u e n c i e s   below  the  microwave   r a n g e .  
Microwave  sys tems   c o n s t i t u t e   a  l a r g e   m a j o r i t y   of  t h e  

e l e c t r o n i c  a r t i c l e   s u r v e i l l a n c e   sys t ems   c u r r e n t l y   in  use .   An 

a d v a n t a g e   of  mic rowave   sys t ems   o v e r  s y s t e m s   e m p l o y i n g   l o w e r  

f r e q u e n c i e s   is  t h a t   mic rowave   sys tems   have  a  l o n g e r   range   t h a n  
lower   f r e q u e n c y   sy s t ems   and  can  t h e r e f o r e   be  used  to  p r o t e c t  
w i d e r   doorways .   This   is  a  major   a d v a n t a g e ,   p a r t i c u l a r l y   f o r  

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

P r e s e n t l y   known  microwave   EAS  sys t ems   have  c e r t a i n  
l i m i t a t i o n s .   One  is  t h a t   a n t e n n a s   now  used  for   such  s y s t e m s  
r e q u i r e   a p p r e c i a b l e   d e p t h .   As  a  c o n s e q u e n c e ,   the  a n t e n n a s   a r e  
g e n e r a l l y   housed   in  f r ee   s t a n d i n g   p e d e s t a l s   of  c o n s i d e r a b l e  

t h i c k n e s s ,   which  a re   o r d i n a r i l y   p l a c e d   nea r   an  e x i t   doorway  o f  

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

space   and  are  c o n s p i c u o u s .   U n o b t r u s i v e   i n s t a l l a t i o n s   are  n o t  

p o s s i b l e .  
A n o t h e r   d rawback   of  microwave  EAS  sys t ems   is  t h a t   a l l  

such  sy s t ems   known  to  da te   have  a  p rob lem  of  " o v e r - r a n g i n g "   t o  



a  g r e a t e r   or  l e s s e r   e x t e n t .   " O v e r - r a n g i n g "   a r i s e s   b e c a u s e   a  
t r a n s m i t t e r   s i g n a l   or  s i g n a l s   are   r a d i a t e d   beyond  the  i n t e n d e d  
s u r v e i l l a n c e   zone  and  are   p i c k e d   up,  e i t h e r   by  t a g s   in  t h e  
i n t e r i o r   of  the  s t o r e   or  by  s p u r i o u s   m e t a l   o b j e c t s ,   such  a s  
s t r o l l e r s   or  baby  c a r r i a g e s   e i t h e r   i n s i d e   or  o u t s i d e   the  s t o r e .  
The  r emote   tag  or  s p u r i o u s   me ta l   o b j e c t   may  r e r a d i a t e   a  s i g n a l  
back   to  the  r e c e i v e r ,   p o s s i b l y   t r i g g e r i n g   a  f a l s e   a l a r m .  

" O v e r - r a n g i n g "   c o n t i n u e s   to  be  somewhat  of  a  p r o b l e m   d e s p i t e  
the   use  of  t r a n s m i t t e r   a n t e n n a   a r r a n g e m e n t s   d e s i g n e d   to  c o n f i n e  

the   t r a n s m i t t e r   s i g n a l s   to  the  d e s i r e d   s u r v e i l l a n c e   zone  a n d  

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

A n t e n n a s   used   in  mic rowave   EAS  s y s t e m s   i n c l u d e   d i p o l e  
a n t e n n a   a r r a y s   such  as  t h o s e   d i s c l o s e d   in  the  W i l l i a m s  

a p p l i c a t i o n ,   and  c i r c u l a r l y   p o l a r i z e d   h e l i c a l   a n t e n n a s   such  a s  
t h o s e   d i s c l o s e d   in  the  c o p e n d i n g   commonly  a s s i g n e d   a p p l i c a t i o n  
of  P h i l i p   D a n i e l   F a n c h e r ,   S e r i a l   No.  3 6 7 , 7 1 5 ,   f i l e d   A p r i l   1 2 ,  
1982  (he re ina f t e r   the  "rancher  app l ica t ion-   equi lavent  to   European  P a t e n t  

Appl ica t ion   83102895.6).  The  t r a n s m i t t e r  a n t e n n a   arrays  of  both  t h e  
Williams  and  Fancher  app l ica t ions   may  include  a  r e f l e c t o r   cons is t ing   o f  

a  conductive  metal  panel  or  mesh  grid,   and  the  rece iver   antennas  of  t h e  
Williams  app l i ca t ion   (like  both  the  t r ansmi t t e r   and  rece iver   antennas  o f  

F a n c h e r )   are   c i r c u l a r l y   p o l a r i z e d .   Antenna   s t r i p s   of  t h e  

W i l l i a m s   a p p l i c a t i o n   may  be  s u p p o r t e d   on  a  d i e l e c t r i c   b a c k i n g .  

D i p o l e   or  t u r n s t i l e   a n t e n n a s   such  as  t h o s e   shown  in  t h e  

W i l l i a m s   a p p l i c a t i o n   r a d i a t e   or  r e c e i v e   s i g n a l s   over   a  w i d e  

a n g l e ,   so  t h a t   s i g n a l s   are  r a d i a t e d   i n t o   or  r e c e i v e d   from  b o t h  

the  i n t e r i o r   and  the  e x t e r i o r   of  the  p r o t e c t e d   p r e m i s e s   as  w e l l  

as  the  d e s i r e d   s u r v e i l l a n c e   zone.   F a l s e   a l a r m s   from  t ags   o r  

s p u r i o u s   m e t a l   o b j e c t s   may  r e s u l t ,   as  p r e v i o u s l y   e x p l a i n e d .  
H e l i c a l   a n t e n n a s   such  as  t hose   i l l u s t r a t e d   in  the  F a n c h e r  



a p p l i c a t i o n   a l so   have  a  wide  beam  w i d t h   ( t y p i c a l l y   about   6 0 ° ) .  

A l t h o u g h   t h i s   is  n a r r o w e r   than   the  t y p i c a l   beam  w i d t h   a c h i e v e d  

w i t h   d i p o l e   a n t e n n a s ,   i t   is  s t i l l   wide  enough  to  r e s u l t   i n  

f a l s e   a l a r m s .   In  a d d i t i o n ,   h e l i c a l   a n t e n n a s   r e q u i r e  
c o n s i d e r a b l e   a x i a l   l e n g t h   in  o r d e r   to  a c h i e v e   a  60°  beam  w i d t h  

at  a  t y p i c a l   EAS  t r a n s m i t t e r   f r e q u e n c y   of  915  MHz. 
Welsh  et   a l .   U.S.  P a t e n t   4 , 0 6 3 , 2 2 9 ,   c i t e d   s u p r a ,   a l s o  

d i s c l o s e s   (a t   column  6,  l i n e   54  to  column  7,  l i n e   4)  v a r i o u s  
forms  of  a n t e n n a s   and  a s s o c i a t e d   a c c e s s o r i e s   ( i n c l u d i n g  
r e f l e c t o r s )   which  may  be  used   in  mic rowave   EAS  s y s t e m s .  

M i c r o s t r i p   a n t e n n a s   have  been  the  s u b j e c t   of  a  n u m b e r  
of  p a t e n t s   and  o t h e r   p u b l i c a t i o n s   in  the  l a s t   decade   or  so,  u s e  
of  m i c r o s t r i p   a n t e n n a s   to  da te   has  been  c o n f i n e d   l a r g e l y   t o  

a i r c r a f t ,   m i s s i l e s ,   and  o t h e r   m i l i t a r y   a p p l i c a t i o n s .   P a t c h  

a n t e n n a s   h a v i n g   an  a i r   d i e l e c t r i c   have  a l s o   been  d e v e l o p e d   i n  

r e c e n t   y e a r s ,   but   have  not  a c h i e v e d   e i t h e r   w i d e s p r e a d   usage   o r  
the  p r o m i n e n c e   in  the  l i t e r a t u r e   t h a t   m i c r o s t r i p   a n t e n n a s   h a v e  

a c h i e v e d .  
U.S.  P a t e n t   No.  4 ,3 '66 ,484   to  Weiss  et  a l .   d e s c r i b e s   a  

t e m p e r a t u r e   c o m p e n s a t e d   r a d i o   f r e q u e n c y   a n t e n n a   h a v i n g   two 
m e t a l l i c   members  and  a  r e s o n a n t   c a v i t y   t h e r e b e t w e e n   which  i s  

p a r t i a l l y   f i l l e d   w i th   a i r   and  p a r t i a l l y   f i l l e d   w i th   a  
d i e l e c t r i c   m a t e r i a l .  

U.S.  P a t e n t   No.  4 , 2 9 1 , 3 1 2   to  K a l o i   d i s c l o s e s   v a r i o u s  
forms  of  dual   g round   p l a n e   m i c r o s t r i p   a n t e n n a s ,   i n c l u d i n g  

a r r a y s   h a v i n g  a   p l u r a l i t y   of  r a d i a t i n g   e l e m e n t s   and  a  f e e d  
n e t w o r k   on  one  s i de   of  a  d i e l e c t r i c   s u b s t r a t e ,   and  a  g r o u n d  
p l a n e s   on  bo th   s i d e s   of  the  s u b s t r a t e .  

Other   U.S.  p a t e n t s   i l l u s t r a t i n g   m i c r o s t r i p   a n t e n n a s  
i n c l u d e   the  f o l l o w i n g :   3 , 8 0 3 , 6 2 3   to  C h a r l o t ;   3 , 8 1 1 , 1 2 8   t o  

Munson;  3 , 9 2 1 , 1 7 7   to  Munson,  and  3 , 9 8 7 , 4 5 5   to  O l y p h a n t .  



SUMMARY  OF  THE  INVENTION 

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   a  mic rowave   f r e q u e n c y  
e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys t em  is  p r o v i d e d   w i t h   a t  
l e a s t   one  a n t e n n a   means  c o m p r i s i n g   an  a n t e n n a   h a v i n g   a  
d i e l e c t r i c   s u b s t r a t e ,   at  l e a s t   one  m e t a l l i c   p a t c h   on  one  s i d e  
of  the  s u b s t r a t e ,   and  a  m e t a l l i c   g round   p l a n e   on  the  o p p o s i t e  
s ide   of  the  s u b s t r a t e .   The  p a t c h   and  the  g round   p l a n e   t o g e t h e r  
form  a  s i g n a l   r a d i a t i n g   or  r e c e i v i n g   s t r u c t u r e .   E i t h e r   t h e  

t r a n s m i t t e r   a n t e n n a   means ,   or  the  r e c e i v e r   a n t e n n a   means,   o r  
( p r e f e r a b l y )   b o t h ,   are   in  a c c o r d a n c e   w i th   t h i s   i n v e n t i o n .  

To  m i n i m i z e   " o v e r - r a n g i n g " ,   i t   is  p r e f e r r e d   to  use  a  
p l u r a l i t y   of  a n t e n n a   e l e m e n t s   spaced   a p a r t   a l ong   the  n o r m a l  
d i r e c t i o n   of  t r a v e l   of  an  a r t i c l e   t h r o u g h   the  s u r v e i l l a n c e  

z o n e .  
In  p r e f e r r e d   embod imen t s   of  t h i s   i n v e n t i o n ,   t h e  

t r a n s m i t t e r   a n t e n n a   means  i n c l u d e s   at  l e a s t   one  a n t e n n a   a r r a y  
fo r   each  t r a n s m i t t e r   f r e q u e n c y ,   and  the  r e c e i v e r   a n t e n n a   m e a n s  
i n c l u d e s   at  l e a s t   one  a n t e n n a   a r r a y .   Each  a n t e n n a   a r r a y  
i n c l u d e s   a  d i e l e c t r i c   s u b s t r a t e ,   at  l e a s t   two  t h i n   m e t a l l i c  

p a t c h e s   a r r a n g e d   in  spaced   a p a r t   s i d e - b y - s i d e   r e l a t i o n s h i p  

a long   the  normal   d i r e c t i o n   of  t r a v e l   on  one  s ide   of  t h e  

s u b s t r a t e ,   and  a  m e t a l l i c   ground  p l a n e   on  the  o p p o s i t e   s ide   o f  

the  s u b s t r a t e .   Each  p a t c h   and  the  p o r t i o n   of  the  g round   p l a n e  
b e h i n d   the  p a t c h   form  a  c a v i t y   r e s o n a t o r .   All   p a t c h e s   on  an  

a r r a y   have  the  same  r e s o n a n t   f r e q u e n c y .   The  p a t c h e s   a r e  

p r e f e r a b l y   c i r c u l a r l y   p o l a r i z e d .  
An  EAS  sy s t em  a c c o r d i n g   to  t h i s   i n v e n t i o n   a l s o  

i n c l u d e s   t r a n s m i t t e r   means  for   g e n e r a t i n g   at  l e a s t   o n e  
mic rowave   s i g n a l ,   tag  means  c o m p r i s i n g   at  l e a s t   one  tag  a d a p t e d  
to  be  a t t a c h e d   to  a  p r o t e c t e d   a r t i c l e   and  o p e r a b l e   to  r e c e i v e  



s a i d   at  l e a s t   one  mic rowave   s i g n a l   a n d  t o   r e r a d i a t e   a  r e t u r n  
s i g n a l ,   and  r e c e i v e r   means  for   d e t e c t i n g   s a i d   r e t u r n   s i g n a l   and  
a c t u a t i n g   an  a la rm  when  a  tag  is  p r e s e n t   in  the  s u r v e i l l a n c e  

zone.   The  t r a n s m i t t e r ,   tag  and  r e c e i v e r   may  a l l   b e  
c o n v e n t i o n a l   components   of  an  EAS  s y s t e m .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  d r a w i n g s :  
FIG.  1  is  a  f r o n t   e l e v a t i o n a l   view  showing  a  

p r e f e r r e d   a r r a n g e m e n t   of  t r a n s m i t t e r   a n t e n n a   and  r e c e i v e r  
a n t e n n a   a r r a y s   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n .  

FIG.  2  is  a  s i d e   v iew,   t aken   a long   l i n e   2-2  of  F I G .  
1 .  

FIG.  3  is  a  s i de   view,   t a k e n   a l ong   l i n e   3-3  of  F I G .  
1 .  

FIG.  4  is  a  view  l o o k i n g   upward ,   t a k e n   a long   l i n e   4 - 4  
of  FIG.  1 .  

FIG.  5  is   a  view  l o o k i n g   upward ,   a long   l i n e   4-4  o f  
FIG.  1,  of  a  m o d i f i e d   a n t e n n a   a r r a n g e m e n t   a c c o r d i n g   to  t h i s  

i n v e n t i o n .  
FIG.  6  is  a  s c h e m a t i c   d i ag ram  of  an  e l e c t r o n i c  

a r t i c l e   s u r v e i l l a n c e   sy s t em  which  i n c l u d e s   the  t r a n s m i t t e r   and  
r e c e i v e r   a n t e n n a s   of  t h i s   i n v e n t i o n .  

FIG.  7  is  an  i s o m e t r i c   view  of  a  tag   or  p a s s i v e  
t r a n s p o n d e r   used  in  the  sys t em  shown  in  FIG.  6 .  

FIG.  8  is  a  f r o n t   e l e v a t i o n a l   view  of  a  t r a n s m i t t e r  
a n t e n n a   a r r a y   a c c o r d i n g   to  t h i s   i n v e n t i o n .  

FIG.  9  is  a  v e r t i c a l   s e c t i o n a l   view  t a k e n   a long   l i n e  

9-9  of  FIG.  8 .  



FIG.  10  is  a  f r o n t   e l e v a t i o n a l   view  of  a  r e c e i v e r  

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

FIG.  11  is  an  end  view  of  the  r e c e i v e r   a n t e n n a   a r r a y  
shown  in  FIG.  1 0 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  p r e s e n t   i n v e n t i o n   w i l l   be  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  an  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e  

sys t em  h a v i n g   two  t r a n s m i t t e r s   which  r a d i a t e   s i g n a l s   on  two  

f r e q u e n c i e s   in  the  m ic rowave   r a n g e .   The  two  f r e q u e n c i e s   u s e d  
h e r e i n   for   i l l u s t r a t i o n   are   905  MHz  and  925  MHz.  Such  a  s y s t e m  
is  d e s c r i b e d   in  d e t a i l   in  the  W i l l i a m s   a p p l i c a t i o n .  

R e f e r r i n g   now  to  FIGS.  1  to  4,  the  t r a n s m i t t e r  

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

m i c r o s t r i p   p a t c h   type   t r a n s m i t t e r   a n t e n n a   a r r a y s   101,  102,  1 0 3 ,  
104.  The  a r r a y s   a re   mounted   on  e i t h e r   s i de   of  doorway  1 0 6 ,  
which  is  an  e x i t   doorway  in  w a l l   108  of  a  p r o t e c t e d   p r e m i s e s .  
Two  of  t h e s e   a r r a y s ,   101  and  102,  are  c o n c e a l e d   in  c a b i n e t   109 

on  one  s ide   of  doorway  106.  The  o t h e r   two  a r r a y s ,   103  and  1 0 4 ,  

are  c o n c e a l e d   in  c a b i n e t   110  on  the  o p p o s i t e   s i de   of  d o o r w a y  
106.  C a b i n e t s   109,  110  are   n o n - m e t a l l i c   so  as  not   to  i n t e r f e r e  

w i th   s i g n a l   p r o p a g a t i o n .  
Each  a r r a y   c o m p r i s e s   a  d i e l e c t r i c   s u b s t r a t e   h a v i n g   a  

p l u r a l i t y   of  s q u a r e   m e t a l l i c   p a t c h e s   on  one  s i de   and  a  m e t a l l i c  

ground  p l a n e   on  the  o t h e r   s i d e ,   as  w i l l   be  d e s c r i b e d   in  d e t a i l  
w i t h   r e f e r e n c e   to  FIGS.  8  and  9.  The  p a t c h e s   on  each  a r r a y   a r e  

spaced   a p a r t   a long   the  normal   d i r e c t i o n   of  t r a v e l   of  an  a r t i c l e  

t h r o u g h   the  s u r v e i l l a n c e   zone ,   as  may  be  seen  in  FIGS.  2  and  3 .  

The  ground  p l a n e s   of  a r r a y s   101,  102  p r e f e r a b l y   l i e   in  a  common 
v e r t i c a l   p l a n e .   L i k e w i s e ,   the  ground  p l a n e s   of  a r r a y s   103,  104 



a l s o   p r e f e r a b l y   l i e   in  a  common  v e r t i c a l   p l a n e .   Both  v e r t i c a l  

p l a n e s   are   p a r a l l e l   to  the  normal   d i r e c t i o n   of  t r a v e l   t h r o u g h  
the  s u r v e i l l a n c e   z o n e .  

A r r a y s   101,  102,  103,  104  are   s h a l l o w ,   t y p i c a l l y   n o  
more  than  2  i n c h e s   (5 .1  cm)  t h i c k .   C o n s e q u e n t l y ,   c a b i n e t s   1 0 9 ,  
110  need  not  be  more  than  about   3  i n c h e s   (7 .6   cm)  t h i c k .  
C a b i n e t s   109,  110  can  t h e r e f o r e   be  i n s t a l l e d   u n o b t r u s i v e l y   a t  
the  s i d e s   of  doorway  106,  and  they  do  not   m a t e r i a l l y   d e c r e a s e  
the  w i d t h   of  the  d o o r w a y .  

A l t e r n a t i v e l y ,   the  a r r a y s   101,  102,  103,  104  may  b e  

p l a c e d   in  f r e e   s t a n d i n g   p e d e s t a l s   on  e i t h e r   s ide   of  t h e  

doorway.   P e d e s t a l s   are  p r e f e r r e d   when  a  c o n s p i c u o u s  
i n s t a l l a t i o n   is  d e s i r e d ,   w h i l e   the  i l l u s t r a t e d   a r r a n g e m e n t  
a f f o r d s   an  u n o b t r u s i v e   i n s t a l l a t i o n .  

Ar r ays   101  and  103  (one  on  each  s i de   of  doorway  1 0 6 )  
r a d i a t e   o n e  t r a n s m i t t e r   f r e q u e n c y   s i g n a l   f l ,   say  905  MHz.  The 
o t h e r   two  a r r a y s   102  and  104  (one  on  each  s i de   of  doorway  1 0 6 )  
r a d i a t e   the  o t h e r   t r a n s m i t t e r   f r e q u e n c y   s i g n a l   f2,   say  925  MHz. 
A  p a i r   of  a r r a y s   which   r a d i a t e   the  same  t r a n s m i t t e r   f r e q u e n c y  
s i g n a l   ( e . g . ,   a r r a y s   101  and  103)  are  p r e f e r a b l y   p l a c e d   a t  
d i f f e r e n t   e l e v a t i o n s   as  shown.  Both  t r a n s m i t t e r   f r e q u e n c y  
s i g n a l s   are  r a d i a t e d   from  bo th   w a l l s   to  m i n i m i z e   the  e f f e c t   o f  
" shadows"   due  to  the  p r e s e n c e   of  p e r s o n s   or  o b j e c t s   w i t h i n   t h e  
s u r v e i l l a n c e   zone  ( s i n c e   p e r s o n s   and  o b j e c t s   act   as  s h i e l d s   f o r  

s i g n a l s   in  the  mic rowave   r a n g e )   and  t h e r e b y   to  a s s u r e   t h a t   b o t h  

s i g n a l s   are  r a d i a t e d   t h r o u g h o u t   the  s u r v e i l l a n c e   z o n e .  
The  r e c e i v e r   a n t e n n a   means  of  the  p r e s e n t   i n v e n t i o n  

c o m p r i s e s   a  s i n g l e   m i c r o s t r i p   p a t c h   type  r e c e i v e r   a n t e n n a   a r r a y  
111  which  is  c o n c e a l e d   in  c a b i n e t   112  in  the  c e i l i n g   of  d o o r w a y  
106,  or  s u s p e n d e d   c l o s e   to  the  doorway.   The  p a t c h e s   on  t h e  
r e c e i v e r   a n t e n n a   a r r a y   111  are  spaced   a p a r t   a long   the  n o r m a l  



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

zone ,   as  may  be  seen  in  FIG.  4.  The  ground  p l a n e   of  a r r a y   111 
l i e s   in  a  h o r i z o n t a l   p l a n e .   C a b i n e t   112  is  o r d i n a r i l y   not   more  
than   3  i n c h e s   t h i c k .  

L o c a t i o n   of  a  p a i r   of  t r a n s m i t t e r   a n t e n n a s   on  e a c h  
s ide   of  a  doorway  and  a  r e c e i v e r   a n t e n n a   in  the  c e i l i n g ,   a s  
d e s c r i b e d   above ,   is  not   a  n o v e l   f e a t u r e   of  t h i s   i n v e n t i o n .  
Such  an  a r r a n g e m e n t   is  d e s c r i b e d   in  the  F a n c h e r   a p p l i c a t i o n .  

The  no rmal   d i r e c t i o n   of  t r a v e l   of  a  p r o t e c t e d   a r t i c l e  

t h r o u g h   the  s u r v e i l l a n c e   zone  ( i . e . ,   doorway  106)  is  from  t h e  

i n t e r i o r   of  the  p r o t e c t e d   p r e m i s e s   t h r o u g h   doorway  106  to  t h e  
o u t s i d e .   This  d i r e c t i o n   is  e s s e n t i a l l y   h o r i z o n t a l .   I f   a  

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

doorway  106,  the  tag  w i l l   p i c k   up  t r a n s m i t t e r   s i g n a l s   f r o m  

t r a n s m i t t e r   a n t e n n a   a r r a y s   101,  102,  103,  104  and  r e r a d i a t e   a  
r e t u r n   s i g n a l   to  r e c e i v e r   a n t e n n a   a r r a y   111,  c a u s i n g   an  a l a r m  

to  sound  as  w i l l   be  d e s c r i b e d   l a t e r .  

FIG.  5  shows  an  a l t e r n a t i v e   a r r a n g e m e n t   of  a n t e n n a  

a r r a y s .   In  t h i s   a r r a n g e m e n t ,   two  t r a n s m i t t e r   a n t e n n a   a r r a y s  
101,  102,  one  for   each  t r a n s m i t t e r   f r e q u e n c y ,   and  a  r e c e i v e r  

a n t e n n a   a r r a y   111,  a re   a l l   p l a c e d   in  c a b i n e t   112,  which   i s  
l o c a t e d   in  the  c e i l i n g   above  doorway  106  as  shown  in  FIG.  1 .  

The  ground  p l a n e s   of  a l l   t h r e e   a r r a y s   p r e f e r a b l y   l i e   in  a  

common  h o r i z o n t a l   p l a n e .   The  p a t c h e s   of  a l l   t h r e e   a r r a y s   a r e  
spaced   a p a r t   a long   the  n o r m a l   d i r e c t i o n   of  t r a v e l   of  an  a r t i c l e  

t h r o u g h   the  s u r v e i l l a n c e   z o n e .  
FIG.  6  i l l u s t r a t e s   a  p r e f e r r e d   e l e c t r o n i c   a r t i c l e  

s u r v e i l l a n c e   sys tem  in  which   the  a n t e n n a s   of  the  p r e s e n t  
i n v e n t i o n   may  be  u t i l i z e d .   This  sys tem  may  be  l i k e   t h a t   of  t h e  

W i l l i a m s   a p p l i c a t i o n   e x c e p t   for   a n t e n n a   s t r u c t u r e s   a n d  

p l a c e m e n t .  



R e f e r r i n g   to  FIG.  6,  the  p r e s e n t   sys t em  h a s  

t r a n s m i t t e r   means  c o m p r i s i n g   t r a n s m i t t e r s   121,  122  w h i c h  

g e n e r a t e   mic rowave   s i g n a l s .   The  f r e q u e n c i e s   of  the  s i g n a l s  
g e n e r a t e d   by  t r a n s m i t t e r s   121,  122  are  p r e f e r a b l y   c l o s e  

t o g e t h e r ,   t h a t   i s ,   they  p r e f e r a b l y   d i f f e r   from  each  o t h e r   by  no 
more  than  about   t h r e e   p e r c e n t .   For  p u r p o s e s   of  i l l u s t r a t i o n  

h e r e i n ,   t r a n s m i t t e r s   121,  122  g e n e r a t e   s i g n a l s   h a v i n g  
f r e q u e n c i e s   of  905  MHz  and  925  MHz,  r e s p e c t i v e l y .   One  of  t h e s e  

s i g n a l s ,   say  the  925  MHz  s i g n a l ,   may  be  m o d u l a t e d   by  a  low 

f r e q u e n c y   audio   tone   (2  k i l o h e r t z ,   for   e x a m p l e ) .   The  o t h e r  

s i g n a l   is  p r e f e r a b l y   an  u n m o d u l a t e d   c o n t i n u o u s   wave  s i g n a l .  
The  s i g n a l   g e n e r a t e d   by  t r a n s m i t t e r s   121,  122  ( a l s o  

d e s i g n a t e d   as  TR-1  and  TR-2,  r e s p e c t i v e l y )   are  fed  t h r o u g h  
c a b l e s   123,  124  to  a n t e n n a   a r r a y s   101,  102,  and  t h r o u g h   c a b l e s  

125,  126  to  a n t e n n a   a r r a y s   103,  104.  The  c a b l e s   may  b e  
c o n v e n t i o n a l   low  l o s s   c o a x i a l   c a b l e s .   Antenna   a r r a y s   101,  102 

are   l o c a t e d   on  one  s i de   of  the  s u r v e i l l a n c e   zone  ( i . e . ,   d o o r w a y  
106)  and  a n t e n n a   a r r a y s   103,  104  are  l o c a t e d   on  the   o p p o s i t e  
s ide   of  the  s u r v e i l l a n c e   zone.   The  s i g n a l s   fed  to  a n t e n n a  

a r r a y s   101,  102  (which  are  on  the  s ide   of  doorway  106  m o r e  
remote   from  the  t r a n s m i t t e r s   121,  122)  may  be  a m p l i f i e d   b y  
l i n e a r   a m p l i f i e r s   127,  128.  The  l i n e a r   a m p l i f i e r s   127,  128 

c o m p e n s a t e   for   the  l o s s e s   in  c a b l e s   123,  124  and  i n c l u d e  

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

T r a n s m i t t e r s   121,  122  and  a m p l i f i e r s   127,  128  h a v e  

a p p r o p r i a t e   power  s u p p l i e s   ( t y p i c a l l y   p r o v i d i n g   a  low  D.C.  

v o l t a g e ,   e . g . ,   18  v o l t s   d e r i v e d   c o n v e n t i o n a l l y   from  110  v o l t   o r  
220  v o l t   AC  power  l i n e s )   not   shown.  

T r a n s m i t t e r   a n t e n n a   a r r a y s   101,  102,  103,  104  ( w h i c h  

c o l l e c t i v e l y   c o n s t i t u t e   t r a n s m i t t e r   a n t e n n a   means)  r a d i a t e  



t h e i r   r e s p e c t i v e   mic rowave   s i g n a l s   i n t o   the  s u r v e i l l a n c e   z o n e ,  

i . e . ,   doorway  1 0 6 .  

The  sy s t em  of  t h i s   i n v e n t i o n   a l s o   i n c l u d e s   one  o r  
more  t ags   130,  which   may  be  a t t a c h e d   to  p r o t e c t e d   a r t i c l e s .   A 

tag   130,  when  in  the  s u r v e i l l a n c e   zone,   r e c e i v e s   m i c r o w a v e  

s i g n a l s   from  a n t e n n a s   101,  102,  103  and  104  and  r e r a d i a t e s   o n e  

or  more  r e t u r n   s i g n a l s   in  r e s p o n s e   t h e r e t o .   The  r e t u r n   s i g n a l s  
are  r e c e i v e d   by  r e c e i v e r   a n t e n n a   a r r a y   111.  The  p r e f e r r e d   t a g  
is  a  p a s s i v e   t r a n s p o n d e r .  

FIG.  7  i l l u s t r a t e s   the  p r e f e r r e d   tag  130  in  d e t a i l .  

Tag  130  c o m p r i s e s   a  f l a t   m e t a l   a n t e n n a   loop  132  w i th   a  gap  o n  
one  s i d e ,   and  a  n o n - l i n e a r   impedance   e l e m e n t   134  which   may  be  a  
s e m i c o n d u c t o r   d i o d e ,   s u p p o r t e d   on  or  embedded  in  a  n o n -  
c o n d u c t i v e   ( e . g . ,   p l a s t i c )   s u b s t r a t e   136.  Antenna   loop  132 

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

shape  of  a n t e n n a   loop  132  are  p r e f e r a b l y   chosen   to  make  i t  

r e s o n a n t   at  a  mean  c e n t e r   f r e q u e n c y ,   which  is  the   a r i t h m e t i c  

mean  be tween   the  two  mic rowave   f r e q u e n c i e s   g e n e r a t e d   by  
t r a n s m i t t e r s   121,  122.  The  mean  c e n t e r   f r e q u e n c y   in  t h e  
i l l u s t r a t e d   embodiment   is  915  MHz  ( t r a n s m i t t e r   f r e q u e n c i e s   i n  

the  i l l u s t r a t e d   embodiment   are  905  MHz  and  925  MHz  a s  

p r e v i o u s l y   n o t e d ) .   While  the  d e t a i l s   of  tag  130  do  not  f o r m  

p a r t   of  the  p r e s e n t   i n v e n t i o n   and  are  e s s e n t i a l l y   the  same  a s  
the  d e t a i l s   of  the  tag  or  t r a n s p o n d e r   of  the  W i l l i a m s  

a p p l i c a t i o n ,   they  have  been  r e p e a t e d   he re   for   c o n v e n i e n c e .  

Because   of  i t s   n o n - l i n e a r   n a t u r e ,   tag  130  r e s p o n d s   t o  
the   t r a n s m i t t e r   s i g n a l s   (905  MHz  and  925  MHz  in  the  i l l u s t r a t e d  

embod imen t )   by  r e r a d i a t i n g   a  smal l   r e t u r n   s i g n a l   at  the  sum 

f r e q u e n c y   s i g n a l   of  1830  MHz,  in  a d d i t i o n   to  o t h e r   r e t u r n  

s i g n a l s   ( i n c l u d i n g   the  second   h a r m o n i c   f r e q u e n c i e s   of  1810  MHz 

and  1850  MHz)  of  l e s s e r   a m p l i t u d e .   The  sum  f r e q u e n c y   s i g n a l  



(and  o t h e r   s i g n a l s )   r e r a d i a t e d   by  tag  130  w i l l   i n c l u d e   a n y  
m o d u l a t i o n   which  is  p r e s e n t   in  e i t h e r   of  the  t r a n s m i t t e r  

s i g n a l s .  
R e t u r n i n g   now  to  FIG.  6,  r e c e i v e r   140  is  c o u p l e d  

t h r o u g h   c a b l e   142  to  r e c e i v e r   a n t e n n a   a r r a y   111.  R e c e i v e r   140 

is  a l s o   c o u p l e d   to  a la rm  1 4 4 .  

One  may  use  compact  t r a n s m i t t e r s   121,  122  l o c a t e d  

i n s i d e   c a b i n e t s   109,  110,  and  a  compact   r e c e i v e r   140  l o c a t e d  

i n s i d e   c a b i n e t   112,  i n s t e a d   of  r e m o t e l y   l o c a t e d   t r a n s m i t t e r s  

and  r e c e i v e r   as  shown  in  FIG.  6,  i f   d e s i r e d .   (In  t h e  

embodiment   of  FIG.  5,  compact   t r a n s m i t t e r s   and  a  c o m p a c t  
r e c e i v e r   may  be  l o c a t e d   in  c a b i n e t   112 . )   The  a la rm  144  i s  

u s u a l l y   p l a c e d   at  a  l o c a t i o n   remote   from  the  s u r v e i l l a n c e   z o n e  

( i t   may  be  p l a c e d   in  the  s t o r e   o f f i c e s ,   fo r   e x a m p l e ) .  
The  p r e f e r r e d   r e c e i v e r   140  is  a  n a r r o w b a n d   r e c e i v e r  

l i k e   the  r e c e i v e r   d e s c r i b e d   in  the  c o p e n d i n g   W i l l i a m s  

a p p l i c a t i o n .   Such  a  r e c e i v e r   r e s p o n d s   to  a  sum  f r e q u e n c y  
r e t u r n   s i g n a l   (1830  MHz)  to  the  e x c l u s i o n   of  the  t r a n s m i t t e r  

s i g n a l s   (905  and  925  MHz)  and  t h e i r   h a r m o n i c s .   In  o t h e r   w o r d s ,  

r e c e i v e r   140  e x c l u d e s   the  a d j a c e n t   second  h a r m o n i c s   (1810  a n d  

1850  MHz)  as  w e l l   as  h i g h e r   h a r m o n i c s .   When  a  sum  f r e q u e n c y  

s i g n a l   (1830  MHz)  e x c e e d i n g   a  p r e d e t e r m i n e d   t h r e s h o l d   a m p l i t u d e  
is  r e c e i v e d   by  r e c e i v e r   140,  the  r e c e i v e r   r e s p o n d s   by  a d m i t t i n g  
the  s i g n a l   to  a  d e m o d u l a t o r   or  d e t e c t o r   c i r c u i t .   The  t h r e s h o l d  

a m p l i t u d e   is  a  s a f e g u a r d   a g a i n s t   f a l s e   a l a rms   due  to  s p u r i o u s  

s i g n a l s   r e c e i v e d   from  o u t s i d e   the  s u r v e i l l a n c e   zone.   When  o n e  
of  the  two  t r a n s m i t t e r   s i g n a l s   is  m o d u l a t e d ,   as  is  p r e f e r r e d ,  
the  r e t u r n   s i g n a l   is  a l so   m o d u l a t e d .   System  r e l i a b i l i t y   a n d  

s e n s i t i v i t y   are  f u r t h e r   enhanced   in  t h i s   case  by  h a v i n g   t h e  

r e c e i v e r   140  supp ly   an  o u t p u t   s i g n a l   to  a l a rm  144  only   when  t h e  

f r e q u e n c y   of  the  m o d u l a t i n g   tone  s i g n a l   d e t e c t e d   ma tches   t h e  



f r e q u e n c y   be ing   t r a n s m i t t e d   as  m o d u l a t e d   from  the  t r a n s m i t t e r  
fo r   a  p r e d e t e r m i n e d   f i x e d   i n t e r v a l   which  is  i n d i c a t i v e   of  t h e  

a c t u a l   p r e s e n c e   of  a  tag  130  in  the  s u r v e i l l a n c e   zone .   F u r t h e r  
d e t a i l s   of  the  p r e f e r r e d   r e c e i v e r   are  g iven   in  the  W i l l i a m s  

a p p l i c a t i o n .  
The  p r e f e r r e d   t r a n s m i t t e r   a n t e n n a   a r r a y s   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  FIGS.  8  and  9.  S ince   a l l   f o u r  

t r a n s m i t t e r   a n t e n n a   a r r a y s   101,  102,  103,  104  are  s t r u c t u r a l l y  
a l i k e   e x c e p t   fo r   s l i g h t   d i f f e r e n c e s   in  s i z e   ( a r r a y s   102,  104 

are  s l i g h t l y   s m a l l e r   than  a r r a y s   101,  103  b e c a u s e   they   r a d i a t e  

a  s i g n a l   of  s l i g h t l y   h i g h e r   f r e q u e n c y ) ,   only   a r r a y   101  w i l l   b e  
d e s c r i b e d   in  d e t a i l .  

R e f e r r i n g   to  FIG.  8,  t r a n s m i t t e r   a n t e n n a   a r r a y   101 

c o m p r i s e s   a  r e c t a n g u l a r   d i e l e c t r i c   s u b s t r a t e   150  h a v i n g   a  p a i r  
of  spaced   t h i n   s q u a r e   m e t a l   p a t c h e s   151,  152  and  a  feed   n e t w o r k  

153,  on  one  s i d e ,   and  a  t h i n   m e t a l l i c   ground  p l a n e   154  (FIG.  9 )  

on  the  o p p o s i t e   s i d e .   The  p a t t e r n   c o n s i s t i n g   of  p a t c h e s   1 5 1 ,  
152  and  feed  n e t w o r k   153  may  be  formed  by  c o n v e n t i o n a l   e t c h i n g  

t e c h n i q u e s ,   i . e . ,   by  e t c h i n g   one  s i de   of  a  s h e e t   of  d i e l e c t r i c  
m a t e r i a l   which  is  me ta l   ( e . g . ,   c o p p e r )   c l ad   on  bo th   s i d e s .   A 

p r e f e r r e d   me ta l   c l a d   d i e l e c t r i c   m a t e r i a l   is  a  

p o l y t e t r a f l u o r o e t h y l e n e / g l a s s   l a m i n a t e ,   coppe r   c l a d   on  b o t h  

s i d e s   and  so ld   by  M i n n e s o t a   Mining  and  M a n u f a c t u r i n g   Company 
for   mic rowave   use  under   the  t r a d e   name  "CuClad  250".   The  

d i e l e c t r i c   m a t e r i a l   in  t h i s   p r o d u c t   has  a  d i e l e c t r i c   c o n s t a n t  
of  abou t   2 . 5 5 .  

S u b s t r a t e   150  is  t h i n ,   f l a t   and  of  u n i f o r m   t h i c k n e s s ,  

so  t h a t   p a t c h e s   151,  152  are   p a r a l l e l   to  ground  p l a n e   154.  A 

s u b s t r a t e   t h i c k n e s s   of  0 .12  inch   (0 .30   cm)  has  been  f o u n d  
s u i t a b l e   for   t r a n s m i t t e r   a r r a y s   fo r   s i g n a l s   of  e i t h e r   905  MHz 

or  925  MHz  f r e q u e n c y .   The  s p a c i n g   may  be  v a r i e d ,   but   any  s u c h  



v a r i a t i o n s   a f f e c t   bo th   r e s o n a n t   f r e q u e n c y   and  band  w i d t h ,   as  i s  
known  in  the  a n t e n n a   a r t .  

P a t c h e s   151,  152  are  a p p r o x i m a t e l y   but   not   e x a c t l y  
o n e - h a l f   w a v e l e n g t h   (as  m e a s u r e d   in  the  d i e l e c t r i c   m a t e r i a l  

f o r m i n g   s u b s t r a t e   150)  on  each  s i d e .   Good  r e s u l t s   have  b e e n  

o b t a i n e d   w i th   p a t c h e s   abou t   0.48  w a v e l e n g t h   on  each  s i d e .  
Each  p a t c h   151  or  152  and  the  p o r t i o n   of  the  g r o u n d  

p l a n e   154  b e h i n d   i t   a c t s   as  a  l eaky   c a v i t y   r e s o n a t o r ,   i . e . ,   a 

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

to  the  t r a n s m i t t e r   f r e q u e n c y   which  the  p a t c h   r a d i a t e s .   A l l  

p a t c h e s   on  an  a r r a y   are  t uned   to  the  same  r e s o n a n t   f r e q u e n c y .  
The  p r i m a r y   d i r e c t i o n   of  r a d i a t i o n   from  each  p a t c h  

( i . e . ,   the  dominan t   lobe)   is  a long   an  ax i s   p e r p e n d i c u l a r   to  t h e  

p a t c h .   In  the  embodiment   shown  in  FIGS.  1  to  4  t h e s e   p r i m a r y  

axes  of  r a d i a t i o n   are   h o r i z o n t a l ,   i . e . ,   a c r o s s   doorway  106  f r o m  

one  s ide   to  the  o t h e r .   In  the  embodiment   shown  in  FIG.  5,  t h e  

p r i m a r y   d i r e c t i o n   of  r a d i a t i o n   is  v e r t i c a l l y   downward  i n t o  

doorway  106.  Side  l obes   may  a l s o   be  r a d i a t e d .   S i g n a l  

a m p l i t u d e   is  g r e a t e s t   a long   the  p r i m a r y   ax i s   and  in  g e n e r a l  
d e c r e a s e s   as  the  a n g l e   from  the  p r i m a r y   a x i s   i n c r e a s e s .   G r o u n d  

p l a n e   154  p r e v e n t s   back  r a d i a t i o n   ( i . e . ,   r a d i a t i o n   away  f r o m  

the   s u r v e i l l a n c e   zone)  e x c e p t   for   a  smal l   amount  which   g o e s  
a round   the  edges .   This  is  i m p o r t a n t   for   s t o r e s   where   t a g g e d  

goods  are   nea r   the  d o o r s .  
The  p a t c h e s   on  an  a r r a y ,   i . e . ,   p a t c h e s   151,  152  i n  

the  embodiment   shown,  are  spaced   a p a r t   in  the  l o n g i t u d i n a l  
d i r e c t i o n   of  the  a r r a y .   Whether   a  t r a n s m i t t e r   a n t e n n a   a r r a y   i s  

i n s t a l l e d   v e r t i c a l l y ,   as  in  FIGS.  1  to  4,  or  h o r i z o n t a l l y   as  i n  

FIG.  5,  the  l o n g i t u d i n a l   ax i s   of  the  a r r a y   is  p a r a l l e l   t o  
no rmal   d i r e c t i o n   of  t r a v e l   of  a  tag  t h r o u g h   the  s u r v e i l l a n c e  

zone ,   which  is  h o r i z o n t a l   the   p a t c h e s . .   By  p r o v i d i n g   a  



p l u r a l i t y   of  a p p r o p r i a t e l y   spaced   p a t c h e s   on  each  a r r a y ,   i t   i s  

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

the  s u r v e i l l a n c e   zone .   The  s i g n a l s   r a d i a t e d   to  e i t h e r   s i de   o f  

doorway  106  (and  t h e r e f o r e   to  l o c a t i o n s   o u t s i d e   t h e  
s u r v e i l l a n c e   zone)   c a n c e l   each  o t h e r   out  or  at  l e a s t   m i n i m i z e  

each  o t h e r ,   so  t h a t   ve ry   weak  s i g n a l s ,   and  in  some  d i r e c t i o n s  

v i r t u a l l y   no  s i g n a l s ,   are   r e c e i v e d   o u t s i d e   the  s u r v e i l l a n c e  

zone.   On  the  o t h e r   hand,   the  p a t c h e s   do  r a d i a t e   v e r t i c a l l y  

t h r o u g h o u t   the  e n t i r e   h e i g h t   of  doorway  106,  (or  a c r o s s   t h e  

w i d t h   of  doorway  106  in  the  embodiment   of  FIG.  5)  s i n c e   t h e  

p a t c h e s   are  so  p l a c e d   t h a t   no  i n t e r f e r e n c e   in  the  v e r t i c a l  
d i r e c t i o n   t a k e s   p l a c e .   A  p r e f e r r e d   s p a c i n g   b e t w e e n   p a t c h e s  
151,  152  is  about   t h r e e - q u a r t e r s   of  a  w a v e l e n g t h   as  m e a s u r e d  
in  a i r ,   c e n t e r   to  c e n t e r .  

A  t w o - p a t c h   a n t e n n a   a r r a y   101  as  shown,  in  which   t h e  

p a t c h - t o - p a t c h   s p a c i n g   is  t h r e e - q u a r t e r s   of  a  w a v e l e n g t h ,   has  a  
h a l f   power  ( -3db)   beam  w i d t h   of  40°  in  the  l o n g i t u d i n a l  
d i r e c t i o n   of  the  a r r a y   w i t h   m in ima l   s ide   l o b e s .   The  h a l f   p o w e r  
beam  w i d t h   in  the  t r a n s v e r s e   d i r e c t i o n   is  about   60°.   By 
c o m p a r i s o n ,   a  s i n g l e   p a t c h   a n t e n n a   e l e m e n t   has  a  h a l f   p o w e r  
beam  w i d t h   of  abou t   60°  m e a s u r e d   in  e i t h e r   d i r e c t i o n .   A 
h e l i c a l   a n t e n n a   of  known  form  a l so   has  a  h a l f   power  beam  w i d t h  
of  about   60°.   Ha l f   power  beam  w i d t h   is  a  u s e f u l   m e a s u r e m e n t  
for   compar ing   the  d i r e c t i o n a l i t y   of  d i f f e r e n t   a n t e n n a s ,  
a l t h o u g h   i t   does  not   o r d i n a r i l y   c o i n c i d e   w i t h   the  a c t u a l   w i d t h  

over   which  a  s i g n a l   is  e f f e c t i v e l y   r a d i a t e d   or  r e c e i v e d .  

More  than   two  p a t c h e s   can  be  used  when  space  p e r m i t s .  
Use  of  more  p a t c h e s   d e c r e a s e s   the  e x t e n t   of  o v e r r a n g i n g   b e y o n d  
the  doorway  (or  beyond  the  space  be tween   the  p e d e s t a l s   when  

they  are  u s e d ) .   Use  of  two  p a t c h e s   as  i l l u s t r a t e d   is  based   on 
the  a s s u m p t i o n   t h a t   the  dep th   of  doorway  106  ( i . e . ,   t h e  



d i m e n s i b n   in  the  d i r e c t i o n   of  t r a v e l   of  an  a r t i c l e )   is  two 
f e e t .  

The  p a t c h e s   may  be  spaced   c l o s e r   t o g e t h e r   than   t h e  

p r e f e r r e d   t h r e e - q u a r t e r s   of  a  w a v e l e n g t h   when  l i m i t e d   s p a c e  
r e q u i r e s   t h i s ,   or  when  i t   is  d e s i r e d   to  m i n i m i z e   the  s i z e   o f  

the  a r r a y   for   r e a s o n s   of  c o s t   ( the   s u b s t r a t e   m a t e r i a l   i s  

c o s t l y ) .   This   r e s u l t s   in  an  i n c r e a s e   in  the  l o n g i t u d i n a l   beam 

w i d t h   (and  t h e r e f o r e   in  l e s s   c o n t r o l   over  unwanted   " s p r e a d "   o f  

the  s u r v e i l l a n c e   zone ) ;   howeve r ,   the  l o n g i t u d i n a l   beam  w i d t h   o f  

a  t w o - p a t c h   a r r a y   in  which  the  p a t c h - t o - p a t c h   s p a c i n g   is  l e s s  

than   i d e a l   is  l e s s   than  the  beam  w i d t h   of  a  s i n g l e   p a t c h  
a n t e n n a .  

Each  of  the  a r r a y s   101,  102,  103,  104  may  be  r e p l a c e d  
by  an  a n t e n n a   e l e m e n t   hav ing   a  s i n g l e   p a t c h   151  and  a  g r o u n d  
p l a n e   154,  where  the  p a s s a g e w a y   to  be  p r o t e c t e d   is  n a r r o w .  
Such  w o u l d  b e   the  c a s e ,   for   example ,   at  an  e s c a l a t o r   l a n d i n g   o r  
in  a  sma l l   shop  s i t u a t e d   on  a  s t r e e t   and  hav ing   a  n a r r o w  
doorway .   Such  i n s t a l l a t i o n   may  a l s o   be  used  where  n e c e s s i t a t e d  

by  space   l i m i t a t i o n s ,   as  fo r   example ,   when  doorway  106  is  in  a  
w a l l   s u b s t a n t i a l l y   l e s s   than   two  f e e t   t h i c k .   Use  of  a  s i n g l e  
a n t e n n a   e l e m e n t   in  p l a c e   of  an  a r r a y   is  not   p r e f e r r e d   for   w i d e r  

doo rways .   When  a  s i n g l e   a n t e n n a   e l e m e n t   (or  a  s i n g l e   e l e m e n t  

on  each  s ide   of  doorway  106)  is  used   for   each  t r a n s m i t t e r  

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

s u r v e i l l a n c e   zone  due  to  the  b r o a d e r   p a t t e r n   from  t h a t   e l e m e n t ,  
w i t h o u t   the  e x t i n c t i o n   or  a t t e n u a t i o n   which  is  a c h i e v e d   w i t h   a  
p r o p e r l y   d e s i g n e d   a r r a y .  

The  t r a n s m i t t e r   s i g n a l   from  t r a n s m i t t e r   121,  a f t e r  

a m p l i f i c a t i o n   in  a m p l i f i e r   127,  p a s s e s   t h r o u g h   the  feed   n e t w o r k  

153  shown  in  FIG.  8.  This  feed  n e t w o r k   may  be  t e rmed   a  

p a r a l l e l   feed   n e t w o r k   s i n c e   the  p a t c h e s   are  fed  in  p a r a l l e l .  



The  feed  n e t w o r k   153  has  a  s i n g l e   f e e d  p o i n t   160.  A  c o a x i a l  

c o n n e c t o r   162  (FIG.  9) ,   which   may  be  c o n v e n t i o n a l ,   s u p p l i e s   a 
t r a n s m i t t e r   s i g n a l   to  f eed   p o i n t   160.  This   c o n n e c t o r   has  a  
c e n t e r   p in   in  c o n t a c t   w i t h   the  feed   n e t w o r k   153  at  feed  p o i n t  
160,  and  an  a n n u l a r   s h i e l d   in  c o n t a c t   w i t h   g round   p l a n e   1 5 4 .  

The  feed  n e t w o r k   153  i n c l u d e s   two  m e t a l   s t r i p   b r a n c h   c o n d u c t o r s  

e x t e n d i n g   from  feed   p o i n t   160,  and  a  p a i r   of  c o n d u c t o r s ,   one  o f  

which   is  o n e - q u a r t e r   w a v e l e n g t h   l o n g e r   than   the  o t h e r ,  

e x t e n d i n g   from  each  of  t h e s e   b r a n c h   c o n d u c t o r s   to  the  n e a r e s t  

p a t c h   151  or  152.  These  c o n d u c t o r s   t e r m i n a t e   at  feed   p o i n t s  
which   are  at  the  m i d - p o i n t s   of  a d j a c e n t   s i d e s   of  p a t c h e s   1 5 1 ,  
152.  In  t h i s   manner   the  p a t c h e s   151,  152  are   e l l i p t i c a l l y   o r  
c i r c u l a r l y   ( p r e f e r a b l y   c i r c u l a r l y )   p o l a r i z e d   so  as  to  m i n i m i z e  

the  e f f e c t s   of  tag   o r i e n t a t i o n .   A l so ,   p a t c h e s   151,  152  r a d i a t e  

s i g n a l s   in  p h a s e .   The  r e s i s t a n c e s   of  the  c o n d u c t o r   s t r i p s   i n  
feed   n e t w o r k   153  are  such  as  to  g ive   s a t i s f a c t o r y   o p e r a t i o n  
when  o p e r a t e d   w i t h   i n t e r c o n n e c t i n g   c a b l e s   h a v i n g   50  ohm 
c h a r a c t e r i s t i c   i m p e d a n c e s .  

A  p r e f e r r e d   r e c e i v e r   a n t e n n a   a r r a y   111  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  FIG.  10.  R e c e i v e r   a n t e n n a   a r r a y  
111  has  a  r e c t a n g u l a r   d i e l e c t r i c   s u b s t r a t e   180  w i th   a  p l u r a l i t y  
of  h o r i z o n t a l l y   spaced   t h i n   s q u a r e   me ta l   p a t c h e s   181,  182,  1 8 3 ,  
184  and  a  feed  n e t w o r k   185  on  one  s i d e ,   and  spaced   from--a- 
m e t a l l i c   g round   p l a n e   186  (FIG.  11)  on  t h e  o t h e r   s i d e .   T h e  -  

p a t c h e s   181,  182,  183,  184  are  a r r a n g e d   in  spaced   r e l a t i o n s h i p  

a long   the  l o n g i t u d i n a l   ax i s   of  the  a r r a y .   R e c e i v e r   a n t e n n a  

a r r a y   111  is  s t r u c t u r a l l y   s i m i l a r   to  the  t r a n s m i t t e r   a n t e n n a  

a r r a y s ,   e x c e p t   t h a t   the  r e c e i v e r   a n t e n n a   p a t c h e s   181,  182,  1 8 3 ,  
184  are  about   o n e - h a l f   the  s i z e   of  p a t c h e s   151,  152  in  t h e  

t r a n s m i t t e r   a n t e n n a   a r r a y s   101,  102,  103,  104  in  o r d e r   t o  



a c h i e v e   the  d e s i r e d   r e s o n a n t   f r e q u e n c y .   L i k e w i s e   the  s p a c i n g  
b e t w e e n   p a t c h e s   is  a l s o   abou t   h a l f   as  g r e a t   as  the  s p a c i n g  
b e t w e e n   p a t c h e s   of  the   t r a n s m i t t e r   a n t e n n a   a r r a y s .   Also ,   t h e  

s u b s t r a t e   180  of  the  r e c e i v e r   a n t e n n a   a r r a y   111  is  t y p i c a l l y  

only   h a l f   as  t h i c k   as  the  s u b s t r a t e s   150  for   the  t r a n s m i t t e r  

a n t e n n a   a r r a y s .   The  g round   p l a n e s   154,  186  of  the  t r a n s m i t t e r  
and  r e c e i v e r   a n t e n n a   a r r a y s   101,  111  r e s p e c t i v e l y   are   t y p i c a l l y  
the  same  s i z e .   I t   is  t h e r e f o r e   p o s s i b l e   to  f i t   f ou r   r e c e i v e r  

a n t e n n a   p a t c h e s   i n t o   the  same  space  t h a t   is  r e q u i r e d   fo r   two  
t r a n s m i t t e r   a n t e n n a   p a t c h e s .  

R e c e i v e r   a n t e n n a   a r r a y   111  may  have  e i t h e r   fewer   o r  
more  p a t c h e s   than  the  four   shown,  d e p e n d i n g   on  space   a v a i l a b l e  
and  cos t   c o n s i d e r a t i o n s .   Of  c o u r s e ,   fewer  p a t c h e s   r e s u l t s   in  a 

g r e a t e r   l o n g i t u d i n a l   beam  a n g l e ,   which  in  t u r n   r e s u l t s   in  l e s s  

e f f e c t i v e   c o n f i n e m e n t   of  the  r e c e i v e r   p i ckup   zone.   I t   i s  

h i g h l y   d e s i r a b l e   for   a  r e c e i v e r   a n t e n n a   a r r a y   to  have  at  l e a s t  

two  p a t c h e s ,   s i n c e   even  a  t w o - p a t c h   a r r a y   has  a  l o n g i t u d i n a l  
beam  w i d t h   a p p r e c i a b l y   l e s s   than  the  beam  w i d t h   of  a  s i n g l e  
p a t c h   a n t e n n a .   The  r e c e i v e r   a n t e n n a   a r r a y   111,  l i k e   t h e  

t r a n s m i t t e r   a n t e n n a   a r r a y s ,   is  i n s t a l l e d   so  t h a t   t h e  

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

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

z o n e .  
The  feed   n e t w o r k   185  for   r e c e i v e r   a n t e n n a   a r r a y   111 

is  a  p a r a l l e l   feed  n e t w o r k   s i m i l a r   to  the  feed  n e t w o r k   153  f o r  

a  t r a n s m i t t e r   a r r a y   101  (or  102,  103,  or  104) ,   e x c e p t   t h a t   o n e  
a d d i t i o n a l   se t   of  b r a n c h   c o n d u c t o r s   is  r e q u i r e d   b e c a u s e   a  
r e c e i v e r   a n t e n n a   a r r a y   has  four   p a t c h e s   i n s t e a d   of  two.  The  
f eed   n e t w o r k   185  has  a  s i n g l e   feed  p o i n t   190.  The  feed   n e t w o r k  

185  is  such  t h a t   p a t c h e s   181,  182,  183,  184  are  e l l i p t i c a l l y   o r  
( p r e f e r a b l y )   c i r c u l a r l y   p o l a r i z e d   and  the  p a t c h e s   r e c e i v e  



s i g n a l s   in  p h a s e .   Also  the  impedances   in  the  feed  n e t w o r k   185 

are   such  as  to  g ive   s a t i s f a c t o r y   o p e r a t i o n   when  o p e r a t e d   w i t h  

i n t e r c o n n e c t i n g   c a b l e s   h a v i n g   50  ohm  c h a r a c t e r i s t i c   i m p e d a n c e s .  
A  c o a x i a l   c o n n e c t o r   (not   shown),   which   may  be  c o n v e n t i o n a l ,  

s u p p l i e s   a  s i g n a l   from  feed   p o i n t   190  to  r e c e i v e r   140  t h r o u g h  
c a b l e   1 4 2 .  

P a t c h e s   181,  182,  183,  184  are  s t r u c t u r a l l y   s i m i l a r  

to  p a t c h e s   151,  152,  but   may  be  c i r c u l a r l y   p o l a r i z e d   in  t h e  

o p p o s i t e   d i r e c t i o n   from  the  d i r e c t i o n   of  p o l a r i z a t i o n   of  t h e  

t r a n s m i t t e r   p a t c h e s   i f   d e s i r e d .   If   the  t r a n s m i t t e r   p a t c h e s   a r e  

p o l a r i z e d   to  the  r i g h t ,   the  r e c e i v e r   p a t c h e s   may  be  p o l a r i z e d  
to  the  l e f t ,   and  v i c e   v e r s a .   This   may  be  a c c o m p l i s h e d   b y  
l o c a t i n g   the  f eed   p o i n t s   for   each  p a t c h   181,  182,  183,  184  on  
the  top  and  r i g h t   e d g e s ,   i n s t e a d   of  on  the  top  and  l e f t   e d g e s  
as  shown  in  FIG.  1 0 .  

P a t c h e s   181,  182,  183,  184,  and  the  p o r t i o n s   of  t h e  

ground  p l a n e   186  b e h i n d   the  p a t c h e s ,   ac t   as  c a v i t y   r e s o n a t o r s  
t uned   to  a  f r e q u e n c y   r e r a d i a t e d   by  tag  130.  When  t h e  
t r a n s m i t t e r   f r e q u e n c i e s   are   905  and  925  MHz,  one  of  t h e  
r e r a d i a t e d   f r e q u e n c i e s   is  1830  MHz.  R e c e i v e r   a n t e n n a   a r r a y   111 
is  a d v a n t a g e o u s l y   tuned   to  t h i s   f r e q u e n c y .  

The  r e c e i v e r   a n t e n n a   a r r a y   111  of  t h i s   i n v e n t i o n   i s  

h i g h l y   s e l e c t i v e   to  a  p r e d e t e r m i n e d   f r e q u e n c y .   In  a d d i t i o n ,  
b e c a u s e   the  r e c e i v e r   a n t e n n a   a r r a y   t y p i c a l l y   has  fou r   p a t c h e s  
i n s t e a d   of  two  as  in  a  t r a n s m i t t e r   a n t e n n a   a r r a y   of  the  same 
s i z e ,   the  r e c e i v e r   a n t e n n a   " p i c k u p "   or  s i g n a l   r e c e p t i o n   zone  i s  

more  c l o s e l y   c o n f i n e d   to  doorway  106  (or  o t h e r   d e s i r e d  
s u r v e i l l a n c e   a r e a )   than  is  the  case   wi th   the  t r a n s m i t t e r  

a n t e n n a   a r r a y s .   A  f o u r - p a t c h   r e c e i v e r   a n t e n n a   a r r a y   as  shown 



h e r e i n   has  a  h a l f   power  beam  w id th   ang le   of  about   18°,   c o m p a r e d  
to  about   40°  in  the  t w o - p a t c h   t r a n s m i t t e r   a n t e n n a   a r r a y   shown .  

This   makes  i t   p o s s i b l e   to  p l a c e   t a g g e d   m e r c h a n d i s e   c l o s e   to  t h e  

doorway  106  i n s i d e   the  s t o r e   i f   d e s i r e d ;   even  i f   the  tag  p i c k s  

up  t r a n s m i t t e r   s i g n a l s   from  the  t r a n s m i t t e r   a n t e n n a   a r r a y s   1 0 1 ,  

102,  103,  104,  the  r e t u r n   s i g n a l   from  the  tag  w i l l   n o t  

n e c e s s a r i l y   be  p i c k e d   up  by  the  r e c e i v e r   a n t e n n a   a r r a y   1 1 1 .  

Al so ,   a  r e c e i v e r   a n t e n n a   a r r a y   111  w i l l   not   p i ck   up  r e t u r n  

s i g n a l s   from  tags   which   are   c l o s e   to  the  doorway  on  t h e  

e x t e r i o r   s ide   t h e r e o f   ( f o r   example ,   tags   s i m i l a r   to  tag  130 

which  were  a f f i x e d   to  an  a r t i c l e   by  a n o t h e r   s t o r e   in  the  same 

s h o p p i n g   mal l   and  not   removed  from  a r t i c l e   b e f o r e   i t   was  t a k e n  

out  of  s t o r e ) .  
T r a n s m i t t e r   and  r e c e i v e r   a n t e n n a   a r r a y s   as  shown  a n d  

d e s c r i b e d   h e r e i n ,   and  h a v i n g   the  c h a r a c t e r i s t i c s   g iven   in  T a b l e  

1  be low,   have  been  found  to  p e r f o r m   s a t i s f a c t o r i l y   w h e n  

o p e r a t e d   w i th   f eed   n e t w o r k s   and  i n t e r c o n n e c t i n g   c a b l e s   h a v i n g  
50  ohm  c h a r a c t e r i s t i c   i m p e d a n c e s .  



The  t r a n s m i t t e r   a n t e n n a   p a t c h - t o - p a t c h   s p a c i n g s  
i l l u s t r a t e d   in  Tab le   1  are   l e s s   than  i d e a l .   They  are  for   a n  
a r r a y   13  x  7.5  i n c h e s .   A  p r e f e r r e d   s p a c i n g   is  9.67  i n c h e s  

(24 .6   c m ) .  
The  sys t em  d e s c r i b e d   h e r e i n   is  s i m i l a r   in  o p e r a t i o n  

to  t h a t   d e s c r i b e d   in  c o p e n d i n g   a p p l i c a t i o n   of  Samuel  S e n s i p e r  
et  a l . ,   f i l e d   August   1,  1983  and  e n t i t l e d   " E l e c t r o n i c   A r t i c l e  

S u r v e i l l a n c e   System  Having  Low  P r o f i l e   A n t e n n a s " .   The  two  

sys t ems   are  a l s o   s t r u c t u r a l l y   s i m i l a r ,   excep t   t h a t   the  s y s t e m  
d e s c r i b e d   in  the  c o p e n d i n g   S e n s i p e r   et  a l .   a p p l i c a t i o n   h a s  

a n t e n n a   a r r a y s   which   empty  an  a i r   d i e l e c t r i c   i n s t e a d   of  a  s o l i d  

s u b s t r a t e ,   and  which  have  c o a x i a l   cab le   feed  n e t w o r k s   l o c a t e d  
b e h i n d   the  ground  p l a n e s .   The  m i c r o s t r i p   a r r a y s   h e r e i n   a r e  
e a s i e r   to  m a n u f a c t u r e   and  are  more  rugged .   On  the  o t h e r   h a n d ,  
the  s o l i d   s u b s t r a t e   m a t e r i a l   h e r e i n   is  c o s t l y .   Each  sys tem  h a s  

some  a d v a n t a g e s   compared   to  the  o t h e r .  

O p e r a t i o n  

When  a  p u r c h a s e r   of  a  p r o t e c t e d   a r t i c l e   pays  for   i t  
in  the  u s u a l   way,  he  or  she  w i l l   do  so  b e f o r e   r e a c h i n g   t h e  

s u r v e i l l a n c e   zone ,   and  the  tag  w i l l   be  removed  at  the  time  o f  

paymen t .   The  p u r c h a s e r   then   p a s s e s   f r e e l y   t h r o u g h   t h e  

s u r v e i l l a n c e   zone  and  no  a la rm  is  s o u n d e d .  
If   a  s h o p l i f t e r   a t t e m p t s   to  take  a  p r o t e c t e d   a r t i c l e  

out   of  a  s t o r e   (or  o t h e r   p r o t e c t e d   p r e m i s e s )   w i t h o u t   h a v i n g   t h e  

tag   130  removed,   he  must  pass   t h r o u g h   the  s u r v e i l l a n c e   zone  i n  

p a s s i n g   t h r o u g h   doorway  106.  As  he  does  so,  tag  130  p i c k s   up  
t r a n s m i t t e r   s i g n a l s   r a d i a t e d   from  t r a n s m i t t e r   a n t e n n a   a r r a y s  
101,  102,  103,  104,  and  r e r a d i a t e s   a  r e t u r n   s i g n a l   ( t y p i c a l l y   a 

sum  f r e q u e n c y   s i g n a l   in  the  dual   f r e q u e n c y   sys tem  i l l u s t r a t e d ) .  



This   r e t u r n   s i g n a l   is  p i c k e d   up  by  r e c e i v e r   a n t e n n a   111  a n d  

conveyed   to  r e c e i v e r   140.  R e c e i v e r   140  w i l l   r e c o g n i z e   t h e  
r e t u r n   s i g n a l   as  v a l i d   and  cause   a la rm  144  to  be  a c t u a t e d .  

M o d i f i c a t i o n s  

The  p r e s e n t   i n v e n t i o n   may  be  u t i l i z e d   g e n e r a l l y   w i t h  

EAS  sys t ems   h a v i n g   at  l e a s t   one  t r a n s m i t t e r   f r e q u e n c y   above  500 
MHz.  A l t h o u g h   the  p r e s e n t   i n v e n t i o n   may  be  used   in  EAS  s y s t e m s  
h a v i n g   t r a n s m i t t e r   f r e q u e n c i e s   lower  than  500  MHz,  such  use  i s  

u s u a l l y   i m p r a c t i c a l   b e c a u s e   of  the  l a r g e   s i z e   of  t r a n s m i t t e r  

a n t e n n a   a r r a y s   r e q u i r e d .   While  the  dual   f r e q u e n c y   sys t em  o f  
the  W i l l i a m s   a p p l i c a t i o n   is  p r e f e r r e d   and  has  been  used  f o r  

p u r p o s e s   of  i l l u s t r a t i o n ,   the  a n t e n n a s   d e s c r i b e d   h e r e i n   c o u l d  
be  used  w i th   o t h e r   mic rowave   EAS  s y s t e m s ,   such  as  t h o s e  
d e s c r i b e d   in  Gordon  et  a l .   U.S.  P a t e n t   3 , 8 9 5 , 3 6 8   or  Welsh  e t  
a l .   U.S.  P a t e n t   4 , 0 6 3 , 2 2 9 ,   bo th   c i t e d   s u p r a .   However ,   t h e  

a n t e n n a   sys tem  of  the  p r e s e n t   i n v e n t i o n   is  more  e f f e c t i v e   i n  

p r e v e n t i n g   unwan ted   s p r e a d   of  the  s u r v e i l l a n c e   zone  in  s y s t e m s  
employ ing   two  mic rowave   f r e q u e n c i e s   (such  as  the  W i l l i a m s  

sys tem)   than   i t   is  in  sys t ems   u t i l i z i n g   a  s i n g l e   m i c r o w a v e  

f r e q u e n c y   (such  as  t h o s e   d e s c r i b e d   in  Gordon  et  a l .   or  Welsh  e t  

a l . ) .   This   is  b e c a u s e   the  s t r e n g t h   of  a  s i g n a l   r e r a d i a t e d   by  a  

tag  130  is  p r o p o r t i o n a l   to  the  p r o d u c t   of  the  a m p l i t u d e s   of  t h e  

t r a n s m i t t e r   s i g n a l s   which  the  tag  r e c e i v e s   in  the  case  of  a 
dual   f r e q u e n c y   sys t em.   T r a n s m i t t e r   s i g n a l   a m p l i t u d e   d i m i n i s h e s  

as  one  goes  o u t s i d e   the  doorway  r e g i o n ,   and  the  p r o d u c t   of  t h e  

two  t r a n s m i t t e r   s i g n a l s   d i m i n i s h e s   even  more  r a p i d l y .   When  t h e  
EAS  sys t em  chosen   uses   bo th   microwave  and  low  f r e q u e n c i e s ,   a s  
is  the  case  in  the  sys tem  of  the  Gordon  et  a l .   p a t e n t ,   t h e  

p r e s e n t   a n t e n n a   a r r a y s   are   used  only  for  the  mic rowave   s i g n a l .  



C i r c u l a r   or  o t h e r   shaped  p a t c h e s   may  be  used   i n s t e a d  
of  s q u a r e   p a t c h e s   in  bo th   the  t r a n s m i t t e r   and  r e c e i v e r   a n t e n n a  

a r r a y s .  
Any  d e s i r e d   a r r a n g e m e n t   of  t r a n s m i t t e r   and  r e c e i v e r  

a n t e n n a   a r r a y s   may  be  used .   For  example ,   one  may  p l a c e   b o t h  

t r a n s m i t t e r   and  r e c e i v e r   a n t e n n a   a r r a y s   on  o p p o s i t e   s i d e s   o f  

the  s u r v e i l l a n c e   zone ,   e i t h e r   in  c a b i n e t s   109,  110  or  i n  

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

a n t e n n a   a r r a y .   (The  W i l l i a m s   a p p l i c a t i o n   shows  such  a n  

a r r a n g e m e n t ) .   Al l   a r r a y s   shou ld   be  mounted  so  t h a t   the  p a t c h e s  
in  each  a r r a y   are  spaced   a p a r t   in  the  d i r e c t i o n   of  t r a v e l  

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

a n t e n n a   a r r a y s   on  only   one  s ide   of  the  s u r v e i l l a n c e   zone  is  n o t  

p r e f e r r e d ,   b e c a u s e   bo th   the  human  body  and  o b j e c t s   in  t h e  
s u r v e i l l a n c e   zone  p roduce   " shadows"   which  would  p e r m i t   a  tag  t o  

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

I n s t e a d   of  one  or  more  t r a n s m i t t e r   a n t e n n a   a r r a y s ,  
one  may  p r o v i d e   two  or  more  s e p a r a t e   t r a n s m i t t e r   a n t e n n a  
e l e m e n t s ,   each  of  which  i n c l u d e s   a  p a t c h   and  a  g round   p l a n e ,  
for   each  t r a n s m i t t e r   f r e q u e n c y .   The  e l e m e n t s   in  such  i n s t a n c e  

are  a r r a n g e d   in  s i d e - b y - s i d e   r e l a t i o n s h i p   in  the  n o r m a l  
d i r e c t i o n   of  t r a v e l .   S i m i l a r l y ,   two  or  more  r e c e i v e r   a n t e n n a  
e l e m e n t s   may  in  p r i n c i p l e   r e p l a c e   a  r e c e i v e r   a n t e n n a   a r r a y .  
However,   in  p r a c t i c e   the  need  to  have  a c c u r a t e   p h a s e  
r e l a t i o n s h i p s   m a i n t a i n e d   be tween   p a t c h e s ,   and  p a t c h   s p a c i n g  
ma tched   to  the  w a v e l e n g t h   of  s i g n a l s   in  o r d e r   to  m i n i m i z e  

" o v e r r a n g i n g " ,   makes  i t   much  b e t t e r   to  use  p r e f a b r i c a t e d  

a r r a y s ,   as  shown  and  d e s c r i b e d   h e r e i n .  



G e n e r a l  

Antenna   a r r a y s   a c c o r d i n g   to  t h i s   i n v e n t i o n   wi th   t h e i r  

feed   n e t w o r k s   can  be  made  l e s s   t han   two  i n c h e s   t h i c k .   ( T h e  

a n t e n n a   a r r a y s   t h e m s e l v e s   can  be  made  l e s s   than  o n e - q u a r t e r  
inch  t h i c k ) .   I n s t a l l a t i o n   of  the  sys tem  t h e r e f o r e   need  n o t  

s i g n i f i c a n t l y   d e c r e a s e   the  e f f e c t i v e   w i d t h   of  the  p a s s a g e w a y   t o  
be  p r o t e c t e d .   The  sys tem  can  be  i n s t a l l e d   u n o b t r u s i v e l y   a s  
i l l u s t r a t e d   or  i t   can  be  i n s t a l l e d   c o n s p i c u o u s l y   in  f r e e  

s t a n d i n g   p e d e s t a l s ,   p r o v i d e d   in  e i t h e r   case  t h a t   the  i n t e r v e n i n g  
n o n - c o n d u c t i n g   m a t e r i a l   of  c o n s t r u c t i o n   of  the  doorway  o r  
p e d e s t a l   is  not  w a t e r - a b s o r b i n g   and  is   not   so  c l o s e   t h a t   i t s  
d i e l e c t r i c   p r o p e r t i e s   m a t e r i a l l y   a f f e c t   the  o p e r a t i o n   of  t h e  

a n t e n n a s .   If   a  c o n c e a l e d   doorway  i n s t a l l a t i o n   is  c h o s e n ,   t h e  

space   r e q u i r e m e n t s   for  the  a n t e n n a s   are  m i n i m a l .  
R e c e i v e r   a n t e n n a   a r r a y s   a c c o r d i n g   to  t h i s   i n v e n t i o n  

can  be  p l a c e d   in  h igh   doorways  or  c e i l i n g s   w i t h o u t   l o s i n g   t h e i r  
e f f e c t i v e n e s s   and  w i t h o u t   undue  s p r e a d   of  the  s i g n a l   r e c e p t i o n  
zone  beyond  the  doorway.   (The  zones  of  e f f e c t i v e   s i g n a l  
r e c e p t i o n   in  the  d i r e c t i o n   of  t r a v e l   may  be  a p p r o x i m a t e d   b y  
p l a n e s   which   e x t e n d   from  the  s i d e s   of  the  r e c e i v e r   a n t e n n a  

a r r a y .   These  p l a n e s   make  only  a  smal l   ang le   w i th   the  v e r t i c a l  
in  the  case   of  o v e r h e a d   r e c e i v e r   a n t e n n a   a r r a y s ) .  

The  s u r v e i l l a n c e   zone  can  be  c o n f i n e d   more  c l o s e l y   t o  
the  space   d e s i r e d ,   i . e . ,   the  space  w i t h i n   or  c l o s e   to  the  e x i t  

p a s s a g e w a y ,   than  is  the  case  w i t h   p r e v i o u s   EAS  a n t e n n a   s y s t e m s .  
T r a n s m i t t e r   a n t e n n a   a r r a y s   of  t h i s   i n v e n t i o n   can  be  r e a d i l y  
c o n s t r u c t e d   to  g ive   chosen   beam  p a t t e r n s   which  w i l l   c o n t r o l   t h e  

s p r e a d   of  the  s u r v e i l l a n c e   z o n e .  



S i m i l a r l y ,   the  r e c e i v e r   a n t e n n a   a r r a y   e f f e c t i v e l y  

p i c k s   up  s i g n a l s   only  from  the  s u r v e i l l a n c e   zone.   The  r e c e i v e d  

s t r e n g t h   of  s i g n a l s   from  o u t s i d e   the  s u r v e i l l a n c e   zone  is  s o  
low  t h a t   the  a l a rm  w i l l   not   sound,   due  to  the  a r r a n g e m e n t   o f  

a n t e n n a   p a t c h e s   which  n u l l i f i e s   or  g r e a t l y   a t t e n u a t e s   s i g n a l s  
from  o u t s i d e   the  s u r v e i l l a n c e   z o n e .  

The  r e c e i v e r   a n t e n n a   is  h i g h l y   s e l e c t i v e   for   a  
d e s i r e d   r e t u r n   s i g n a l   f r e q u e n c y .   The  r e c e i v e r   a n t e n n a   t h u s  

e n h a n c e s   the  s e n s i t i v i t y   of  the  r e c e i v e r   i t s e l f   i n  

d i s c r i m i n a t i n g   be tween   v a l i d   and  s p u r i o u s   r e t u r n   s i g n a l s .  
One  may  use  the  a n t e n n a   of  t h i s   i n v e n t i o n   only   f o r  

the  t r a n s m i t t e r   a n t e n n a ( s )   or  o n l y - f o r   the  r e c e i v e r   a n t e n n a ,  
w i t h   a n o t h e r   type  of  a n t e n n a   b e i n g   used  for   the  o t h e r ,   i f  
d e s i r e d .   Such  i n s t a l l a t i o n ,   for   example ,   may  i n c l u d e   a n  
o v e r h e a d   r e c e i v e r   a n t e n n a   a r r a y   a c c o r d i n g   to  t h i s   i n v e n t i o n  
w i t h   h e l i c a l   t r a n s m i t t e r   a n t e n n a s   on  the  s i d e s   of  t h e  
s u r v e i l l a n c e   zone.   Of  c o u r s e ,   some  of  the  a d v a n t a g e s   of  t h i s  

i n v e n t i o n   are  l o s t   in  such  c a s e .   For  example ,   i f   one  uses   a  
r e c e i v e r   a n t e n n a   of  t h i s   i n v e n t i o n   w i th   a  p r i o r   a r t   t r a n s m i t t e r  

a n t e n n a ,   one  l o s e s   some  c o n t r o l   over   s p r e a d   of  the  s u r v e i l l a n c e  

zone  which  the  p r e s e n t   t r a n s m i t t e r   a n t e n n a   a f f o r d s .   I f   o n e  

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

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

s i g n a l s   to  the  s u r v e i l l a n c e   zone  but  does  not   s c r e e n   o u t  

s p u r i o u s   r e t u r n   s i g n a l s   from  o u t s i d e   the  s u r v e i l l a n c e   zone  a s  
e f f e c t i v e l y   as  one  does  when  u s i n g   a  r e c e i v e r   a n t e n n a   a c c o r d i n g  

to  t h i s   i n v e n t i o n .   I t   is  e s p e c i a l l y   i m p o r t a n t   to  use  r e c e i v e r  

a n t e n n a s   a c c o r d i n g   to  t h i s   i n v e n t i o n ,   s i n c e   the  improvemen t   i n  

r e d u c i n g   " o v e r r a n g i n g "   is  more  marked  in  the  case  of  r e c e i v e r  

a n t e n n a s   than   is  the  case  w i t h   t r a n s m i t t e r   a n t e n n a s ,   as  a l r e a d y  
i n d i c a t e d .  



A  t w o - p a t c h   t r a n s m i t t e r   a n t e n n a   a r r a y   a c c o r d i n g   t o  
the  p r e s e n t   i n v e n t i o n   when  used  for   r a d i a t i n g   bo th   t r a n s m i t t e r  

f r e q u e n c y   s i g n a l s   of  a  dual   mic rowave   f r e q u e n c y   sys t em  such  a s  
t h a t   d e s c r i b e d   in  the  W i l l i a m s   a p p l i c a t i o n ,   cu t s   the  amount  o f  

" o v e r r a n g i n g "   of  each  t r a n s m i t t e r   s i g n a l   by  a p p r o x i m a t e l y   h a l f  

as  compared  to  a  h e l i c a l   a n t e n n a   a r r a n g e m e n t .   The  a n t e n n a  

means  of  the  p r e s e n t   i n v e n t i o n ,   when  used  for   r e c e i v i n g   a  
s i n g l e   r e t u r n   s i g n a l   f r e q u e n c y ,   cu t s   the  amount  o f  

" o v e r r a n g i n g "   in  the  zone  of  e f f e c t i v e   r e c e p t i o n   b y  

a p p r o x i m a t e l y   t h r e e   q u a r t e r s .   ( C o m p a r i s o n s   are  ba sed   on  

c o m p a r a t i v e   h a l f   power  beam  w i d t h   a n g l e s ) .   When  the  a n t e n n a  

a r r a y s   a c c o r d i n g   to  t h i s   i n v e n t i o n   are   used   for   bo th   t h e  

t r a n s m i t t e r   s i g n a l s   and  the  r e c e i v e r ,   the  amount  o f  

" o v e r r a n g i n g "   is  cut  even  more  than   when  such  a n t e n n a   a r r a y s  
are  used  for   e i t h e r . t r a n s m i t t e r   or  r e c e i v e r   a n t e n n a s   a l o n e .  
The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   p r o v i d e s   an  e f f e c t i v e   means  f o r  

d i m i n i s h i n g   the  e x t e n t   of  " o v e r r a n g i n g " ,   which  has  been  a  m a j o r  

sou rce   of  f a l s e   a l a rms   in  p r e v i o u s   EAS  s y s t e m s .  
While  t h i s   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  

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

w i l l   be  a p p a r e n t   t h a t   o t h e r   m o d i f i c a t i o n s   can  be  made  by  t h o s e  
s k i l l e d   in  the  a r t   w i t h o u t   d e p a r t i n g   from  the  p r e s e n t  
i n v e n t i o n .  



1.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  c o m p r i s -  
ing  t r a n s m i t t e r   means  for   g e n e r a t i n g   at  l e a s t   one  m i c r o w a v e  

s i g n a l ,   t r a n s m i t t e r   a n t e n n a   means  for   r a d i a t i n g   s a i d   a t  
l e a s t   one  mic rowave   s i g n a l   i n t o   a  s u r v e i l l a n c e   zone,   t a g  
means  c o m p r i s i n g   at  l e a s t   one  tag  a d a p t e d   to  be  a t t a c h e d   t o  
a  p r o t e c t e d   a r t i c l e   and  o p e r a b l e   to  r e c e i v e   s a i d   at  l e a s t  

one  microwave   s i g n a l   and  to  r e r a d i a t e   a  r e t u r n   s i g n a l ,  
r e c e i v e r   a n t e n n a   means  for   r e c e i v i n g   s a i d   r e t u r n   s i g n a l ,   a n d  

r e c e i v e r   means  for   d e t e c t i n g   s a id   r e t u r n   s i g n a l   and  a c t u a t i n g  
an  a larm  when  a  tag  is  p r e s e n t   in  s a i d   s u r v e i l l a n c e   z o n e ,  
c h a r a c t e r i z e d   in  t h a t   at   l e a s t   one  of  s a i d   a n t e n n a   means  com-  
p r i s e s   an  a n t e n n a   hav ing   a  d i e l e c t r i c   s u b s t r a t e ,   at  l e a s t  
one  m e t a l l i c   p a t c h   or  one  s i d e   of  s a i d   s u b s t r a t e ,   and  a  
m e t a l l i c   ground  p l a n e   on  the  o p p o s i t e   s ide   of  s a i d   s u b s t r a t e ,  
and  s a i d   p a t c h   and  s a i d   g round   p l a n e   t o g e t h e r   fo rming   a  
s i g n a l   r a d i a t i n g   or  r e c e i v i n g   s t r u c t u r e .  
2.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a i m   14  c h a r a c t e r i z e d   in  t h a t   s a i d   at  l e a s t   one  a n t e n n a  

means  i n c l u d e s   at   l e a s t   two  p a t c h e s   a r r a n g e d   in  spaced   a p a r t  
s i d e - b y - s i d e   r e l a t i o n s h i p   a long  the  normal   d i r e c t i o n   o f  
t r a v e l   of  an  a r t i c l e   t h r o u g h   sa id   s u r v e i l l a n c e   zone  a n d  
r e s o n a n t   at  the  same  p r e d e t e r m i n e d   f r e q u e n c y .  
3.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   at  l e a s t   one  a n t e n n a  

means  i n c l u d e s   one  or  more  a n t e n n a   a r r a y s ,   each  a n t e n n a   a r r a y  
i n c l u d i n g   a  d i e l e c t r i c   s u b s t r a t e ,   a  p l u r a l i t y   of  m e t a l l i c  

p a t c h e s   on  one  s i de   of  s a i d   s u b s t r a t e ,   s a i d   p a t c h e s   b e i n g  

spaced   a p a r t   in  the  normal   d i r e c t i o n   of  t r a v e l   t h r o u g h   t h e  

s u r v e i l l a n c e   zone,   and  a  m e t a l l i c   g round   p l a n e   on  the  o p p o s i t e  
s i d e   of  s a i d   s u b s t r a t e ,   s a i d   p a t c h e s   and  the  a d j a c e n t   p o r t i o n s  
of  the  g round   p l a n e   fo rming   c a v i t y   r e s o n a t o r s ,   each  a r r a y  
be ing   tuned   to  a  s i n g l e   r e s o n a n t   f r e q u e n c y .  
4.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   a n t e n n a   e l e m e n t   i s  

c i r c u l a r l y   p o l a r i z e d .  
5.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys t em  a c c o r d i n g  
to  c l a im   1,  c h a r a c t e r i z e d   in  t h a t   s a i d   m e t a l l i c   p a t c h   is  a  



s q u a r e   p a t c h .  
6.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t   s a id   t r a n s m i t t e r   a n t e n n a  

means  c o m p r i s e s   an  a n t e n n a   hav ing   a  d i e l e c t r i c   s u b s t r a t e ,   a t  
l e a s t   one  m e t a l l i c   p a t c h   on  one  s i d e   of  s a id   s u b s t r a t e ,   a  
m e t a l l i c   ground  p l a n e   on  the  o p p o s i t e   s i de   of  s a i d   s u b s t r a t e ,  
s a id   a n t e n n a   be ing   r e s o n a n t   at   a  p r e d e t e r m i n e d   t r a n s m i t t e r  

s i g n a l   f r e q u e n c y .  
7.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t   s a id   t r a n s m i t t e r   a n t e n n a  

means  i n c l u d e s   one  or  more  a n t e n n a   a r r a y s ,   each  a n t e n n a   a r r a y  
i n c l u d i n g   a  d i e l e c t r i c   s u b s t r a t e   a  p l u r a l i t y   of  m e t a l l i c  

p a t c h e s   on  one  s i d e   of  s a id   substra te ,   s a i d   p a t c h e s   b e i n g  
spaced   a p a r t   in  the  normal   d i r e c t i o n   of  t r a v e l   t h r o u g h   t h e  
s u r v e i l l a n c e   zone,  and  a  m e t a l l i c   g round   p l a n e   on  the  o p p o s i t e  
s ide   of  s a id   s u b s t r a t e ,   s a id   p a t c h e s   and  the  a d j a c e n t   p o r t i o n s  
of  the  ground  p l a n e   fo rming   c a v i t y   r e s o n a t o r s ,   each  a r r a y  
being  tuned   to  a  s i n g l e   r e s o n a n t   f r e q u e n c y .  
8.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im  7,  c h a r a c t e r i z e d   in  t h a t   s a i d   t r a n s m i t t e r   a n t e n n a  

means  i n c l u d e s   at  l e a s t   two  a n t e n n a   a r r a y s   tuned   to  d i f f e r e n t  

r e s o n a n t   f r e q u e n c i e s .  
9.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t   s a id   r e c e i v e r   a n t e n n a   m e a n s  
c o m p r i s e s   an  a n t e n n a   hav ing   a  d i e l e c t r i c   s u b s t r a t e ,   at   l e a s t  

one  m e t a l l i c   p a t c h   on  one  s ide   of  s a i d   s u b s t r a t e ,   and  a  
m e t a l l i c   ground  p l a n e   on  the  o p p o s i t e   s ide   of  s a i d   s u b s t r a t e ,  
s a id   a n t e n n a   be ing   r e s o n a n t   at  a  p r e d e t e r m i n e d   r e t u r n   s i g n a l  
f r e q u e n c y .  
10.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t   s a i d   r e c e i v e r   a n t e n n a   m e a n s  
c o m p r i s e s   an  a n t e n n a   a r r a y   hav ing   a  d i e l e c t r i c   s u b s t r a t e ,   a  
p l u r a l i t y   of  m e t a l l i c   p a t c h e s   on  one  s ide   of  s a i d   s u b s t r a t e ,  
s a id   p a t c h e s   be ing   spaced   a p a r t   in  the  normal   d i r e c t i o n   o f  
t r a v e l   t h r o u g h   the  s u r v e i l l a n c e   zone,  a  t h i n   m e t a l l i c   g r o u n d  

p l a n e   on  the  o p p o s i t e   s i d e   of  s a id   s u b s t r a t e ,   s a i d   p a t c h e s  
and  sa id   ground  p l a n e   t o g e t h e r   fo rming   a  r e s o n a n t   s t r u c t u r e .  
11.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  



to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t  

(a)  s a i d   t r a n s m i t t e r   a n t e n n a   means  i n c l u d e s   a t  
l e a s t   one  a n t e n n a   h a v i n g   a  d i e l e c t r i c   s u b s t r a t e ,   at  l e a s t   o n e  
m e t a l l i c   p a t c h   on  one  s ide   of  s a id   s u b s t r a t e ,   and  a  m e t a l l i c  

ground  p l a n e   on  the  o p p o s i t e   s ide   of  s a i d   s u b s t r a t e ,   s a i d  

p a t c h   a n d  

(b)  s a i d   r e c e i v e r   a n t e n n a   means  i n c l u d e s   at  l e a s t  

one  a n t e n n a   hav ing   a  d i e l e c t r i c   s u b s t r a t e ,   at   l e a s t   o n e  
m e t a l l i c   p a t c h   on  one  s u r f a c e   of  s a id   s u b s t r a t e ,   and  a  
m e t a l l i c   ground  p l a n e   on  the   o p p o s i t e   s u r f a c e   of  s a id   s u b -  

s t r a t e ,   s a i d   a n t e n n a   be ing   r e s o n a n t   at  a  r e t u r n   s i g n a l  

f r e q u e n c y .  
12.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys t em  a c c o r d i n g  
to  c l a im  1,  c h a r a c t e r i z e d   in  t h a t  

(a)  s a i d   t r a n s m i t t e r   a n t e n n a   means  i n c l u d e s   at  l e a s t  

one  a n t e n n a   a r r a y   hav ing   a  d i e l e c t r i c   s u b s t r a t e   at   l e a s t   two  
t h i n   m e t a l l i c   p a t c h e s   on  one  s ide   of  s a i d   s u b s t r a t e ,   s a i d  

p a t c h e s   be ing   spaced   a p a r t   in  the  normal   d i r e c t i o n   of  t r a v e l  

t h r o u g h   s a i d   s u r v e i l l a n c e   zone,   and  a  t h i n   m e t a l l i c   g r o u n d  
p l a n e   on  the  o p p o s i t e   s i de   of  s a i d   s u b s t r a t e ,   a n d  

(b)  s a i d   r e c e i v e r   a n t e n n a   means  i n c l u d e s   an  a n t e n n a  

a r r a y   h a v i n g   a  d i e l e c t r i c   s u b s t r a t e ,   a  p l u r a l i t y   of  t h i n  
m e t a l l i c   p a t c h e s   on  one  s i de   of  s a i d   s u b s t r a t e ,   s a i d   p a t c h e s  
be ing   spaced   a p a r t   in  the  normal   d i r e c t i o n   of  t r a v e l   t h r o u g h  
s a i d   s u r v e i l l a n c e   zone,   and  a  t h i n   m e t a l l i c   g round   p l a n e   on  
the  o p p o s i t e   s i d e   of  s a i d   s u b s t r a t e .  
13.  An  e l e c t r o n i c   a r t i c l e   s u r v e i l l a n c e   sys tem  a c c o r d i n g  
to  c l a i m   12,  c h a r a c t e r i z e d   in  t h a t   s a i d   t r a n s m i t t e r   a n t e n n a  

means  i n c l u d e s   at  l e a s t   two  a n t e n n a   a r r a y s   tuned   to  d i f f e r e n t  

t r a n s m i t t e r   f r e q u e n c i e s .  
14.  An  e lec t ron ic   a r t i c l e   s u r v e i l l a n c e   sys t em  a c c o r d i n g  
to  c l a im  7,  c h a r a c t e r i z e d   by  i n c l u d i n g   p a r a l l e l   feed  n e t w o r k s  
for   s a i d   p a t c h e s .  
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