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©  Systems  for  locating  mobile  objects  by  inductive  radio. 

©  The  invention  relates  to  a  position  locating  system  for 
detecting  a  mobile  object  on  a  predetermined  route.  This 
system  includes  a  twisted-pair  type  inductive  radio- 
frequency  lines  (1)  which  are  arranged  along  the  route  of  the 
object.  The  inductive  lines  (1)  comprise  a  plurality  of 
crossings  (3,  4)  and  intervals  of  specific  two  different  lengths 
p1  and  p2  within  an  area  necessary  for  detecting  the  absolute 
position  of  the  object  with  value  of  p2  being  larger  than  the 
value  of  p1  .  The  position  locating  system  according  to  the 
invention  is  available  even  for  the  place  where  it  is  difficult  to 
install  multi-pairs  of  the  inductive  lines  and  it  is  inexpensive 
for  the  production  and  simple  for  the  installation. 
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FIELD  OF  THE  INVENTION 

.  P o s i t i o n   d e t e c t i n g   and  c o n t r o l   of   a  m o b i l e   o b j e c t .  

BACKGROUND  OF  THE  INVENTION 

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

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

by  i n d u c t i v e   r a d i o .   I t   e n a b l e s   to  d e t e c t   and  c o n t r o l   m o b i l e '  

o b j e c t s ,   s u c h   as  a  t r a i n ,   t r a v e l l i n g   c r a n e   on  r u n n i n g   t r a c k s .  

In  c o n t a i n e r   y a r d s   of   w h a r f ,   f o r   i n s t a n c e ,   t h e   i n s t a l l a t i o n  

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

w i l l   n o t   be  a l l o w e d   s i n c e  i t   r e q u i r e s   u n d e r - g r o u n d   c o n s t r u c -  

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

be  u s e d   w h i c h   c o u n t s   t h e   n u m b e r   of  c r o s s i n g s   in  t he   t w i s t e d -  

p a i r   t y p e   i n d u c t i v e   r a d i o - f r e q u e n c y   l i n e s .  

As  shown  in   F i g .   1,  the   t w i s t e d - p a i r   t y p e   i n d u c t i v e  

l i n e s   1  a r e   i n s t a l l e d   a l o n g   t he   t r a c k   of  the   m o b i l e   o b j e c t  

and   a  r a d i o - f r e q u e n c y   p o w e r   s u p p l y   is  c o n n e c t e d   to  t h e   l i n e s  

2.  A  p a i r   of   a n t e n n a s   5,  and  6  a r e   a t t a c h e d   to  t he   m o b i l e  

o b j e c t   k e e p i n g   a  f i x e d   i n t e r v a l   l e n g t h w i s e   of  t he   l i n e s .  

In  t h e   a n t e n n a s ,   m a g n e t i c   f l u x   w h i c h   is   e x e m p l i f i e d   by  t h e  

d o t t e d   l i n e s   in   F i g .   1,  w i l l   g e n e r a t e   i n d u c e d   c u r r e n t s   f l o w -  

i n g   in   t h e   d i r e c t i o n s   c o r r e s p o n d i n g   to  t h o s e   ( p h a s e )   of  t h e  

c u r r e n t s   in   t h e   t w i s t e d - p a i r   l i n e s   1,  the   l i n e s   1  h a v i n g  

c r o s s i n g s   3,  4,  - - - - ,   s p a c e d   a t   f i x e d   i n t e r v a l s   w h e r e b y   t h e  



p h a s e   of   c u r r e n t   f l o w i n g   in  t he   l i n e s   1,  as  shown  by  t h e  

a r r o w   in  t h e   F i g .   1,  a l t e r n a t e s   a t   an  i n t e r v a l   e q u a l   to  t h a t  

b e t w e e n   t h e   c r o s s i n g s .  

Now,  a s s u m i n g   t h a t   t h e   p h a s e s   of  t h e   i n d u c e d  

c u r r e n t s   in  t he   a n t e n n a s   5,  6  and  t h e  c u r r e n t   in   t he   l i n e s   1 

have   a  r e l a t i o n   shown  by  t h e   l i n e s   in   F i g .   1,  t he   c u r r e n t s  

in  t h e   a n t e n n a s   5,  and  6  a r e   in  an  o p p o s i t e   p h a s e   to  e a c h  

o t h e r .  

When  t h e   p h a s e - r e l a t i o n   b e t w e e n   the   a n t e n n a s   5,  6 

and  the   l i n e s   1  has   b e e n   v a r i e d   as  shown  by  t he   o n e - d o t - a n d -  

d a s h   l i n e s   in  F i g .   1,  as  t he   m o b i l e   o b j e c t   t r a v e l s   r i g h t -  

w a r d l y   in   t h e   f i g u r e ,   t h e  c u r r e n t   in  t he   a n t e n n a s   5  and  6 

a r e   in   t h e   same  p h a s e .  

Such  p h a s e   r e l a t i o n   b e t w e e n   t he   a n t e n n a s   5,  6  .  

a l t e r s   w i t h   t he   e v e r y   p a s s a g e   of  t he   a n t e n n a s ,   i . e . ,   t h e  

m o b i l e   o b j e c t ,   t h r o u g h   c r o s s i n g .   H e n c e ,   the   n u m b e r   of   t h e  

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

of   c r o s s i n g s   t h r o u g h   w h i c h   t he   m o b i l e   o b j e c t   has   p a s s e d ,  

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

In  the   a b o v e   c a s e ,   h o w e v e r ,   the   m o b i l e   o b j e c t   i s  

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

r o u t e ,   w h e r e b y   an  a b s o l u t e   p o s i t i o n   s e n s i n g   m e t h o d   i s  r e q u i r e d  

in  a d d i t i o n .   A  t y p i c a l   way  of  t h e   a b s o l u t e   p o s i t i o n   d e t e c t -  

ing   of  a  m o b i l e   o b j e c t   is   to  i n s t a l l   a  p l u r a l i t y   of   t w i s t e d -  

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



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

a l l o c a t e d   so  t h a t   t h e   c o m b i n a t i o n s   o f   t he   p h a s e s   of  t h e  

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

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

In  t he   a b o v e   c a s e ,   h o w e v e r ,   p o s i t i o n   of   t he   m o b i l e  

o b j e c t   can  be  d e t e r m i n e d   in  i t s   r e l a t i v e   l o c a t i o n   on  t h e  

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

l o c a t i o n   of  t he   o b j e c t   a r e   to  be  i n s t a l l e d .  

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

a b s o l u t e   p o s i t i o n   of  a  m o b i l e   o b j e c t   on  t h e   p r e - d e t e r m i n e d  

t r a v e l l i n g   r o u t e   i s   c a r r i e d   ou t   by  i n s t a l l i n g   a  p l u r a r i t y  

of   a  t w i s t e d - p a i r   t y p e   i n d u c t i v e   l i n e s   in   p a r a l l e l   to  t h e  

t r a v e l l i n g   l i n e   of   t h e   m o v i n g   o b j e c t   and  by  d e t e c t i n g   t h e  

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

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

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

of  a  m o b i l e   o b j e c t   on  a  t r a v e l l i n g   r o u t e   is  to  c o m b i n e   t h e  

p h a s e   r e l a t i o n s   of   t he   i n d u c e d   c u r r e n t s   in  a  a n t e n n a   by  e a c h  

of  t he   t w i s t e d - p a i r   t y p e   i n d u c t i v e   l i n e s .   In  t h i s   c a s e   s o m e  

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

l i n e .  

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

m o b i l e   o b j e c t   is  i l l u s t r a t e d   in  F i g .   1.  In  t h i s   c a s e   s o m e  

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

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



l i n e s   f o r   t h e   r e l a t i v e   p o s i t i o n   o f   t h e   o b j e c t .   The  p r e s e n c e  

of   t he   o b j e c t   is  s i m p l y   d e t e r m i n e d   when  a n t e n n a ( s )   d e t e c t s  

the   s p e c i f i c   s i g n a l   f rom  t h e   s o u r c e   on  t he   p r e - d e t e r m i n e d  

zone  on  t h e   t r a v e l l i n g   r o u t e .  

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

be  i n s t a l l e d   a l o n g   the   i n d u c t i v e   f r e q u e n c y   l i n e s   and  m o r e -  

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

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

n a n c e ,   e s p e c i a l l y   a  l a r g e   n u m b e r   of   d e t e c t i n g   zones   may  e x i s t .  

DISCLOSURE  OF  THE  INVENTION 

An  o b j e c t   of  t he   i n v e n t i o n   i s   to   p r o v i d e   an  a b s o l u t e  

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

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

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

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

T h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  d e t a i l   a c c o r d -  

i ng   to  t h e   d r a w i n g s .   R e f e r r i n g   to  F i g .   2,  t he   p o s i t i o n a l  

r e l a t i o n   b e t w e e n   s i g n a l   s e n s i n g   a n t e n n a s   and  the   t w i s t e d -  

p a i r   t y p e   i n d u c t i v e   r a d i o - f r e q u e n c y   l i n e s   1  is   shown,   i n  

w h i c h   r e f e r e n c e   n u m e r a l   7  d e s i g n a t e s   a  r e f e r e n c e   a n t e n n a ,  

8  d e s i g n a t e s   an  a u x i l i a r y   a n t e n n a ,   9  d e s i g n a t e s   a  c o m p a r i s o n  

a n t e n n a ,   2  d e s i g a n t e s   a  r a d i o - f r e q u e n c y   p o w e r   s u p p l y ,   and  3 

and  4  d e s i g n a t e   t he   c r o s s i n g s   of   t h e   l i n e   1,  the   r e f e r e n c e  

a n t e n n a   7  and  t he   c o m p a r i s o n   a n t e n n a   9  b e i n g   a t t a c h e d   to  a  

m o b i l e   o b j e c t   ( n o t   shown  in  t he   F i g u r e )   k e e p i n g   a  d i s t a n c e  



t  a l o n g   t he   l i n e s   1.  The  c r o s s i n g s   in  l i n e s   1  a r e   s p a c e d  

at   t h e   p r e d e t e r m i n e d   i n t e r v a l   L  or  2L:  two  t i m e s   t h e   i n t e r v a l  

L,  t he   d i s t a n c e   l  b e i n g   s e t   in  a  r a n g e   to  mee t   t h e   r e l a t i o n  

of  L @ l < 2 L .  

F i g .   3  shows  a  b l o c k   d i a g r a m   of  a  s e n s o r   10  a t t a c h e d  

t o g e t h e r   w i t h   a n t e n n a s   7,  8  and  9  in  F i g .   2  to  a  m o b i l e   o b j e c t  

and  g i v e n   o u t p u t s   f rom  t he   a b o v e   t h r e e   a n t e n n a s ,   i n p u t  

t e r m i n a l s   7 ' ,   8'  a n d - 9 '   of  s e n s o r   10  b e i n g   g i v e n   o u t p u t s   o f  

a n t e n n a s   7,  8  and  9  in   F i g .   2.  R e f e r e n c e   n u m e r a l   13  d e s i g n -  

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

i n p u t   t e r m i n a l s   7'  and  8'  and  o u t p u t s   a  d i g i t a l   v a l u e   "1"   o r  

"0"   c o r r e s p o n d i n g   to  t he   c o m p a r i s o n   r e s u l t s   of   w h e t h e r   t h e  

s i g n a l s   a r e   in  t h e   o p p o s i t e   p h a s e   or  in   t h e   same  p h a s e .   14  

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

p h a s e s   on  i n p u t   t e r m i n a l s   7'  and  9'  and  o u t p u t s   d i g i t a l  

v a l u e   "1"   or  "0"   c o r r e s p o n d i n g   to  t he   c o m p a r i s o n   r e s u l t s   o f  

w h e t h e r   t h e   s i g n a l s   a r e   in  t he   o p p o s i t e   p h a s e   or  in  t he   s a m e  

p h a s e .   T h e s e   p h a s e   c o m p a r a t o r s   a l s o   s e r v e   as  an  a n a l o g /  

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

to  t he   c o m p a r i s o n   r e s u l t s   of   a n a l o g   a m o u n t .   R e f e r e n c e  

n u m e r a l   15  d e s i g n a t e s   an  AND  g a t e ,   16  d e s i g n a t e s   a  s h i f t  

r e g i s t e r   of   f i v e   s t a g e s   g i v e n   an  o u t p u t   of  AND  g a t e   15  a n d  

a  s h i f t   p u l s e   S  f rom  p h a s e   c o m p a r a t o r   13,  and  17  d i s i g n a t e s  

an  AND  g a t e   f o r   d e c o d i n g   t he   c o n t e n t s   of   t he   s h i f t   r e g i s t e r  

1 6 .  



A s s u m i n g   t h a t   t he   a n t e n n a s   7,  8  and  9  a r e   p o s i t i o n e d  

as  shown  in  F i g .   2  f o l l o w i n g   t h e   m o v e m e n t   of   t he   m o b i l e  

o b j e c t ,   s i n c e   a n t e n n a s   7  and  8  a r e   p o s i t i o n e d   a t   b o t h   s i d e s  

of  t h e   c r o s s i n g   p o i n t   3,  i n d u c e d   c u r r e n t   in   e a c h   a n t e n n a   i s  

in   a  o p p o s i t e   p h a s e   so  t h a t   t he   p h a s e   c o m p a r a t o r   13  in   F i g .   3 

f e e d s   d i g i t a l   s i g n a l  " 1 "   to   one  i n p u t   t e r m i n a l   of   AND  g a t e  

15  and  a  s h i f t   p u l s e   S  to  t h e   s h i f t   r e g i s t e r   1 6 .  

The  a n t e n n a s   7  and  9  a r e   s i m i l a r l y   p o s i t i o n e d . a t  

b o t h   s i d e   of   t he   c r o s s i n g   4  so  t h a t   t h e   i n d u c e d   c u r r e n t   i n  

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

c o m p a r a t o r   14  in   F i g .   3  o u t p u t s   d i g i t a l   s i g n a l   " 1 " .   The  AND 

g a t e   15,   w h i c h   is   g i v e n   "1"   s i g n a l  f r o m   t h e   b o t h   a n t e n n a s ,  

o u t p u t s   "1"   to   t he   s h i f t   r e g i s t e r   16  so  t h a t   one  a d d i t i o n a l  

"1"   s i g n a l   i s   r e a d   on  t he   s h i f t   r e g i s t e r   r e a d i n g s .  

On  the   o t h e r   h a n d ,   when  t he   i n t e r v a l   b e t w e e n   t h e  

c r o s s i n g s   3  and  4  in  F i g .   2  is  2L,  and  when  t he   a n t e n n a s   7 

and  8  a r e   l o c a t e d   b e t w e e n   t h e   two  c r o s s i n g s ,   t he   p h a s e  

c o m p a r a t o r   13  o u t p u t s   s i g n a l   " 1 " .   As  t h e r e   is   no  c r o s s i n g  

b e t w e e n   t he   a n t e n n a s   7  and  9,  t he   c u r r e n t s   t h e r e i n   a r e   i n  

t h e   same  p h a s e   and  t he   p h a s e   c o m p a r a t o r   14  o u t p u t s   " 0 " .  

F i g .   4  shows  an  e x a m p l e   of  an  a r r a n g e m e n t   of   t h e  

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

i n t e r v a l s   b e t w e e n   c r o s s i n g s   in  t he   t w i s t e d - p a i r   t y p e   i n d u c -  

t i v e   r a d i o - f r e q u e n c y   l i n e s   1  and  v a r i a t i o n s   in  an  a r r a n g e m e n t  

of  a n t e n n a s   7,  8,  and  9  a r e   i l l u s t r a t e d .  



When  t he   a n t e n n a s   7,  8  and  9  more  r i g h t w a r d l y  

t h r o u g h   t he   a b o v e   l i n e s   1,  p o s i t i o n i n g   of   them  vs  t h e   c r o s s -  

i n g s   a r e   shown  d o w n w a r d l y   in  t he   f i g u r e .   The  f i g u r e   a l s o  

i n d i c a t e s   t h a t   r e l a t i v e   s p a c e   b e t w e e n   t h e   a n t e n n a s   a r e   k e p t  

u n c h a n g e d   d u r i n g   t h e i r   m o v e m e n t   on  t he   r o u t e .   When  t h e  

a n t e n n a s   7  and  8  a r e   l o c a t e d   b e t w e e n   c r o s s i n g s ,   t he   r e a d i n g  

of  t h e   s h i f t   r e g i s t e r   is   " 1 " ,   and  when  t h e y   a r e   p l a c e d   i n  

t h e   b o t h   s i d e s   of  t he   c r o s s i n g   b,  i . e . ,   t he   c r o s s i n g   b  i s  

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

7  and  8  a r e   in  t he   same  p h a s e .   The  p h a s e   c o m p a r a t o r   14,  t h e n ,  

o u t p u t s   "0"   s i g n a l   so  t h a t   t he   r e a d i n g   on  the   s h i f t   r e g i s t e r  

w i l l   become   " 0 " .   S i m i l a r l y   in  t he   c a s e   when  t he   a n t e n n a s   7 

and  8  a r e   l o c a t e d   b e t w e e n  t h e   c r o s s i n g s   c,  d  and  e,  t h e  

r e a d i n g s   of   t he   s h i f t   r e g i s t e r   16  w i l l   become   " 0 " ,   "1"  a n d  

"1"  r e s p e c t i v e l y .  

T h u s ,   e a c h   t i m e   when  the   r e f e r e n c e   a n t e n n a   7 

p a s s e s   t h e   c r o s s i n g ,   t h e   s h i f t   r e g i s t e r   16  shows  r e a d i n g s  

of  "1"   or  "0"   d e p e n d i n g   on  w h e t h e r   t he   a n t e n n a   7  and  9  a r e  

p o s i t i o n e d   b e t w e e n   c r o s s i n g s   or  n o t .   In  F i g .   4,  t h e  

r e s p e c t i v e   c o l u m n s   1 6 - 1 ,   1 6 - 2 ,   . . . . ,   16 -5   of  t h e   s h i f t  

r e g i s t e r   16  show  " 1 " ,   " 1 " ,   " 0 " ,   "0"  and  "1"   r e s p e c t i v e l y .  

H e n c e ,   when  the   a n t a n n a s   7  and  8  a r e   p r e s e n t l y  

p o s i t i o n e d   a c r o s s   t h e   c r o s s i n g   e,  i . e . ,   t h e   a n t e n n a   7  p a s s e s  

the   c r o s s i n g   e,  the   AND  g a t e   17  o u t p u t s   a  d i g i t a l   s i g n a l   " 1 "  

to  an  o u t p u t   t e r m i n a l   18.  The  p r e s e n t   l o c a t i o n   of  t h e  



a n t e n n a s   and  a l s o   t h a t   of   t he   m o b i l e   o b j e c t   w i l l   be  d i s p l a y e d  

on  t h e   s h i f t   r e g i s t e r   by  c o m b i n a t i o n   of   t he   d i g i t a l   c o d e s  

w h i c h   i m p l y   the   a b s o l u t e   a d d r e s s   of   t h e   o b j e c t   on  t he   t r a v e l -  

l i n g   r o u t e .  

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

a b s o l u t e   p o s i t i o n   d e t e c t i n g   a r e a   .on  t h e   r o u t e   of  t he   o b j e c t  

i s   s e t   in  a  c o n s t a n t   l e n g t h   l a r g e r   t h a n   the   i n t e r v a l ,   i . e . ,  

t h e   d i s t a n c e   b e t w e e n   t he   a n t e n n a s   7  and  9,  w h e r e b y   t h e   p h a s e  

c o m p a r a t o r   14  a l w a y s   o u t p u t s   "0"   s i g n a l   and  t he   r e a d i n g s   o n  

t h e   s h i f t   r e g i s t e r   16  w i l l   b e c o m e   a l w a y s   " 0 " .   On  t h e  

c o n t r a r y ,   e a c h   t ime   when  t h e   r e f e r e n c e   a n t e n n a   7  p a s s e s   a  

c r o s s i n g ,   t he   p h a s e   c o m p a r a t o r   13  o u t p u t s   "1"   s i g n a l   to  t h e  

t e r m i n a l   19  t h e r e b y   p r o v i d e s   l o c a t i o n   d e t e c t i n g   s i g n a l   w i t h  

t h e   m o v i n g   o b j e c t .  

In  F i g .   3,  t h e   AND  g a t e   15  can  be  e l i m i n a t e d   a n d  

t h e   o u t p u t   t e r m i n a l   o f   t h e   p h a s e   c o m p a r a t o r   14  is   c o n n e c t e d  

d i r e c t l y   to  the   s h i f t   r e g i s t e r   16  and  t h u s   e n a b l e s   t he   o u t p u t  

f rom  t h e   p h a s e   c o m p a r a t o r   13  to  be  u s e d   as  a  d r i v e   s i g n a l   f o r  

t he   p h a s e   c o m p a r a t o r   14.  The  p h a s e   c o m p a r i s o n   of   t he   i n d u c e d  

c u r r e n t s   in   the   a n t e n n a s   7  and  9  w i l l   r e s u l t   in  d i g i t a l  

s i g n a l s   "1"   or  " 0 " ,   o n l y   when  t h e   r e f e r e n c e   a n t e n n a   7  p a s s e s  

a  c r o s s i n g   as  shown  in  F i g s .   2  and  4 .  

When  t he   a l i g n m e n t   of   t he   a n t e n n a s   7  and  8  a r e  

a l t e r e d   in   F i g .   2,  t h e   c o m p a r i s o n   of  t he   p h a s e s   of   t h e  

i n d u c e d   c u r r e n t s   in  t he   a n t e n n a s   7  and  9  is   c a r r i e d   o u t   j u s t  



b e f o r e   t h e   r e f e r e n c e   a n t e n n a   7  has  r e a c h e d   an  c r o s s i n g ,  

i n s t e a d   of  d o i n g   the   same  j u s t   a f t e r   the   r e f e r e n c e   a n t e n n a  

has   p a s s e d   a  c r o s s i n g .  

In  t h i s   c a s e ,   t h e   p h a s e   c o m p a r i s o n   c i r c u i t   14  i s  

d e s i g n e d   so  as  to  o u t p u t   t h e   d i g i t a l   s i g n a l   "1"  or  " 0 " ,  

d e p e n d i n g   on  w h e t h e r   t h e   p h a s e s   of  t he   i n d u c e d   c u r r e n t s   i n  

the   a n t e n n a s   and  9  a re   in  t h e   same  p h a s e   or  n o t ,   i . e . ,  

d e p e n d i n g   on  the   p r e s e n c e   of  the   c r o s s i n g   4  b e t w e e n   t h e  

a n t e n n a s   7  and  9,  r e s p e c t i v e l y .  

In  t h i s   way  t h e   a d d r e s s   i n f o r m a t i o n   a b o u t   t h e  

m o b i l e   o b j e c t   is  s t o r e d   as  " 1 1 0 0 1 "   in  t he   s h i f t   r e g i s t e r   i n  

F i g .   3  and  t h u s   e n a b l e s   t h e   AND  g a t e   17  to  o u t p u t   s i g n a l   " 1 "  

to  t h e   t e r m i n a l   1 8 .  

A n o t h e r   e x a m p l e   of  t he   p r e f e r r e d   e m b o d i m e n t   o f  

t h i s   i n v e n t i o n   is  shown  in   F i g .   5.  In  t he   b l o c k d i a g r a m   1 7 - 1 ,  

1 7 - 2 ,   1 7 - 3 ,   . . . .   17 -5   a re   AND  g a t e s ,   t h e   o t h e r   e l e m e n t s   w i t h  

n u m e r a l s   as  e q u i v a l e n t   to  t h o s e   in  F i g .   3  a re   i l l u s t r a t e d .  

In  F i g .   6  is   e x e m p l a r y   of   an  a r r a n g e m e n t   of  c r o s s -  

ing   w i t h i n   the   a b s o l u t e   l o c a t i o n ,   i . e . ,   t he   a d d r e s s   of  a n  

a r e a   in  t he   t w i s t e d - p a i r   t y p e   i n d u c t i v e   r a d i o - f r e q u e n c y   l i n e s  

1.  T h i s   i l l u s t r a t e s   t he   f u n c t i o n s   of  the   c i r c u i t   in  F i g .   5 .  

In  c a s e   t h a t   t he   i n t e r v a l   b e t w e e n   the  c r o s s i n g s   in  t h e  

r e l a t i v e   l o c a t i o n   d e t e c t i n g   zone  is  d e s i g n e d   to  be  l a r g e r  

t h a n   t he   i n t e r v a l   b e t w e e n   the   a f o r e m e n t i o n e d   a n t e n n a s   7  a n d  

8,  t he   s h i f t   r e g i s t e r   16  m a i n t a i n s   the   r e a d i n g   of  "0"  in  t h e  



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

k e p t   u n c h a n g e d   as  ( 0 0 0 0 0 )   u n t i l   t he   r e f e r e n c e   a n t e n n a   7 

p a s s e s   t he   c r o s s i n g   a  in   F ig .   6 .  

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

1 6 - 1   shows  "1"   when  t h e   r e f e r e n c e   a n t e n n a   7  p a s s e s   t he   c r o s s -  

i ng   a  and  c o n s e q u e n t l y   t he   t e r m i n a l   1 8 - 1   a t   t he   AND  g a t e   1 7 - 1  

o u t p u t s   t he   s i g n a l   " 1 " .   S i m i l a r l y   o p e r a t i o n   t a k e   p l a c e   w h e n  

t he   a n t e n n a   7  p a s s e s   t h e   c r o s s i n g s   b,  c,  and  so  on  and  t h e  

AND  g a t e s   1 7 - 2 ,   1 7 - 3 ,   1 7 - 4 ,   . . . .   in  F i g .   5  o u t p u t   "1"  to  t h e  

c o r r e s p o n d i n g   t e r m i n a l s   1 8 - 2 ,   1 8 - 3 ,   1 8 - 4   . . . .   r e s p e c t i v e l y .  

H e n c e ,   t h e   a d d r e s s   of   t h e   m o b i l e   o b j e c t   is   d e t e r m i n e d   a t  

e v e r y   c r o s s i n g   a,  b,  c,  . . . .   on  the   t r a v e l l i n g   r o u t e   of   t h e  

o b j e c t .  

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

shown  in  F i g .   7,  in  w h i c h   n u m e r a l   20  d e s i g n a t e s   a  r e f e r e n c e  

a n t e n n a ,   21  d e s i g n a t e s   an  a u x i l i a r y   a n t e n n a ,   22  d e s i g n a t e s  

a  c o m p a r i s o n   a n t e n n a .   1  d e s i g n a t e s   a  t w i s t e d - p a i r   t y p e  

r a d i o - f r e q u e n c y   l i n e s ,   and  3  and  4  a r e   c r o s s i n g s   on  t h e   r o u t e  

of   t he   t r a v e l l i n g   o b j e c t .   R e f e r e n c e   a n t a n n a   20,  as  shown  i n  

F i g .   7-A,  i s   l o c a t e d   p e r p e n d i c u l a r l y   to  t he   l i n e s   1,  and  t h e  

a u x i l i a r y   a n t e n n a   21  and   the   c o m p a r i s o n   a n t e n n a   22  i n  a  

p a r a l l e l   p o s i t i o n   to  t h e   s a m e .  

F i g .   7-B  shows   a  r e l a t i v e   v a l u e   a  of   the   p o w e r  

l e v e l   r e c e i v e d   by  t h e   r e f e r e n c e   a n t e n n a   20  and  in  the   v i c i n i t y  

of   t he   c r o s s i n g   3  an  p o w e r  l e v e l   of  t h e   i n d u c e d   c u r r e n t s   o n  



t he   a n t e n n a   21  and  22.  The  r e f e r e n c e   a n t e n n a   20  is  v e r t i c a l l y  

p o s i t i o n e d   and  is  b e i n g   g i v e n   the   maximum  p o w e r   on  the   c r o s s -  

i n g   and  is   a l s o   d i m i n i s h i n g   the   p o w e r   l e v e l   up  to  z e r o   as  i t  

l e a v e s  t h e   c r o s s i n g   p o i n t .   The  a n t e n n a   21  and  22  b e i n g  

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

p o w e r   l e v e l   goes   b a c k   to  a  c o n s t a n t   v a l u e   as  i t   l e a v e s   t h e  

c r o s s i n g .  

On  the   o t h e r   h a n d ,   the   p h a s e s   of   t he   i n d u c e d  

c u r r e n t s   in   t he   r e f e r e n c e   a n t e n n a   7  and  9  a r e   e i t h e r   in  t h e  

same  p h a s e   or  in  t he   a l t e r e d   p h a s e ,   d e p e n d i n g   on  w h e t h e r   t h e  

c r o s s i n g   4  is   p r e s e n t   b e t w e e n   them  or  n o t .  

The  r e f e r e n c e   a n t e n n a   20,  t h e   a u x i l i a r y   a n t e n n a   21  

and  t h e   c o m p a r i s o n   a n t e n n a . 2 2   a r e   c o n n e c t e d   to  t he   i n p u t  

t e r m i n a l s   7 ' ,   8'  and  9'  in  F i g .   3  r e s p e c t i v e l y ,   w h e r e   t h e  

p h a s e   c o m p a r a t o r   13  t h e r e i n   is  to  be  r e p l a c e d   by  a  l e v e l  

c o m p a r a t o r   w h i c h   is   e q u i v a l e n t   t h e r e t o   in  i t s   f u n c t i o n .   T h e  

l e v e l   c o m p a r a t o r   o u t p u t s   "1"   to  one  of  t he   two  i n p u t   t e r m i n a l s  

of  t h e   AND  g a t e   15,  s h i f t   p u l s e   t e r m i n a l   of  t he   s h i f t   r e g i s t e r  

16,  and  o u t p u t   t e r m i n a l   19.  The  o t h e r   c o m p o n e n t s   in  F i g .   3 

f u n c t i o n   in   t he   same  m a n n e r   as  the   m e n t i o n e d   e x a m p l e s .  

In  F i g .   7,  the   a n t e n n a s   20  and  21  may  be  s e t   w i t h  

an  i n t e r v a l   e q u a l   to  t he   minimum  i n t e r v a l   of  L  in  t h e  l i n e s  

1,  so  t h a t   t he   l e v e l s   of  t he   i n d u c e d   c u r r e n t s   in  b o t h   t h e  

a n t e n n a s   20  and  22  be  c o m p a r e d   o n l y   when  the   a n t e n n a   20  i s  

p o s i t i o n e d   in  t he   v i c i n i t y   of  the   c r o s s i n g .   The  r e s u l t s   o f  



t he   c o m p a r i s o n   in  such   c o n f i g u r a t i o n   a r e   shown  in  F ig .   7 - C .  

The  l e v e l s   a t   t he   a n t e n n a s   7  and   9  a r e   a b o u t   e q u a l   so  t h a t  

t h e   c o m p a r i s o n   r e s u l t s   a r e   " 0 " s   a n d  i n   F i g .   7-D,  w h e r e   t h e  

a n t e n n a   9  is   p o s i t i o n e d   a t   t h e   c r o s s i n g   4,  is   a l m o s t   z e r o  

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

As  d e s c r i b e d   a b o v e ,   t h e   s p a c e s   b e t w e e n   the   n e i g h -  

b o u r i n g   two  c r o s s i n g s   in   t h e . i n d u c t i v e   l i n e s   may  be  e x p r e s s e d  

by  t h e   two  v a l u e s ,   n a m e l y   p l   and   p2 ,   w h e r e   p2  is  l a r g e r . t h a n  

p l .   In  a  p r e f e r r e d   e m b o d i m e n t   o f   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

o n l y   one  r e q u i s i t   f o r   p l   and   p2  i s   to  s a t i s f y   w i t h   t he   f o l l o w -  

i n g   e q u a t i o n s :  

o r  

T h e s e   c o n d i t i o n s   i m p l y   t h a t   p1  i s   l a r g e r   t h a n   l / 2   so  t h a t   t h e  

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

of  7  and   9  a r e   k e p t   u n c h a n g e d   a l o n g   t he   l i n e s .   For  i n s t a n c e  

one  c r o s s i n g   may  e x i s t   in  t he   c a s e   of   F i g .   2,  and  two  c r o s s -  

i n g s   a l w a y s   e x i s t   when  t h e   a n t e n n a   7  and  8  a r e   e x c h a n g e d   i n  

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

of   t he   a b o v e   e q u a t i o n   i s   t h a t   p1  i s   l e s s   t h a n  i   in  o r d e r   t o  

d e t e c t   t he   a b s o l u t e   p o s i t i o n   o f   t h e   m o b i l e   o b j e c t .   T h e  

a n o t h e r   i m p l i c a t i o n s   of   t he   a b o v e   e q u a t i o n s   a r e   t h a t   pl   i s  

l e s s   t h a n  l   when  the   a b s o l u t e   a d d r e s s   of  t he   m o b i l e   o b j e c t  

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



n e i g h b o u r i n g   two  c r o s s i n g s .   On  the   c o n t r a r y   i t   is  r e q u i r e d  

t h a t   p2  is   l a r g e r   t h a n  i   when  d e t e c t i o n   of  t he   a b s o l u t e  

p o s i t i o n   of  t h e   o b j e c t   is  n e c e s s a r y   a l o n g   t he   i n d u c t i v e  

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

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

c o m p a r i n g   c i r c u i t r y .   T h e r e   have   been   shown  v a r i o u s   m o d i f i -  

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

l e v e l s   of   t h e   c u r r e n t s   i n d u c e d   in   t he   r e f e r e n c e   a n t e n n a   20 

and  in  t h e   a u x i l i a r y   a n t e n n a   21.  In  b r i e f ,   t h e y   a r e   e n o u g h  

to  o p e r a t e   as  a  p r o p e r   d e t e c t i n g   means   f o r   t he   p o s i t i o n   o f  

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

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

p h a s e s   or   t he   l e v e l s   of  t he   c u r r e n t   i n d u c e d .  

As  d e s c r i b e d   in  d e t a i l s ,   t he   p u r p o s e   of   t h e   p r e s e n t  

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

d e t e c t i n g   an  a b s o l u t e   p o s i t i o n   of  a  m o b i l e   o b j e c t   on  i t s  

t r a v e l l i n g   l i n e s .   The  c o m b i n a t i o n   of  l a r g e   and  s m a l l   i n t e r -  

v a l s   b e t w e e n   c r o s s i n g s   of  the   r a d i o - f r e q u e n c y   i n d u c t i v e   l i n e s  

and  the   r e f e r e n c e   and  c o m p a r i s o n   a n t e n n a s   a re   u t i l i z e d .   I t  

s h o u l d   be  e m p h a s i z e d   t h a t   many  m o d i f i c a t i o n s   can  be  d o n e  

w i t h i n   t he   s c o p e   of   t he   p r e s e n t   i n v e n t i o n .  



A  s y s t e m   f o r   d e t e c t i n g   m o b i l e   o b j e c t   on  the   p r e -  

d e t e r m i n e d   r o u t e   u t i l i z i n g   t w i s t e d - p a i r   t y p e   i n d u c t i v e   r a d i o  

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

t h e   o b j e c t ,  

1.  s a i d   s y s t e m   b e i n g   c h a r a c t e r i z e d   in  t h a t   s a i d  

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

i n t e r v a l s   of  the   s p e c i f i c   two  d i f f e r e n t   l e n g t h   p l   and  p 2  

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

of   t h e   m o b i l e   o b j e c t   and  p2  is   l a r g e r   t h a n   p l .  

2.  t he   m o b i l e   o b j e c t   i s   e q u i p p e d   w i t h   a  r e f e r e n c e  

a n t e n n a   and   a  c o m p a r i s o n   a n t e n n a   and  t he   s p a c e   b e t w e e n   s a i d  

a n t e n n a s  t   m e e t s   w i t h   t h e  f o l l o w i n g   e q u a t i o n s :  

3.  t he   c u r r e n t s   i n d u c e d   in  t h e   a n t e n n a s   ot   C l a i m   2 

a r e   c o m p a r e d   in  t e r m s   o f   p h a s e s   and  p o w e r   l e v e l s   and  o u t p u t  

s i g n a l   of  "1"   or  "0"   d e p e n d i n g   on  t h e   c o i n c i d e n c e   or  n o n -  

c o i n c i d e n c e   of  t he   c o m p a r i s o n   r e s u l t s .  

4.  d e t e c t i o n   means   f o r   t he   p r e s e n c e   o f   t h e   r e f e r e n c e  

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

l i n e s   to  t h e r e b y   a c t u a t e   s a i d   c o m p a r i s o n   means   or  a n  o u t p u t  

t h e r e o f .  

5.  d i s c r i m i n a t i o n   means   f o r   s t o r i n g   an  o u t p u t   of  s a i d  

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