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DESCRIPTION 

APPARATUS  FOR  DETECTING  VEHICLE  ON  TRACK 

T e c h n i c a l   F i e l d  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  v e h i c l e   d e t e c t i n g  
a p p a r a t u s   f o r   d e t e c t i n g   w h e t h e r   or  no t   a  v e h i c l e   i s   p r e s e n t  
on  a  r a i l r o a d   or  on  r a i l s   in  a  m a r s h a l i n g   y a r d .  

B a c k g r o u n d   T e c h n i q u e  

As  t h e   v e h i c l e   d e t e c t i n g   a p p a r a t u s   in  a  r a i l w a y   s i g n a l  
s y s t e m ,   t h e r e   i s   known  a  r a i l w a y   r e l a y   in  w h i c h   r a i l s   a r e  
u s e d   as  p a r t s   of  a  c i r c u i t ,   a  s h o r t   c i r c u i t   is   f o r m e d   b e t w e e n  
two  r a i l s   t h r o u g h   w h e e l s   and  a  w h e e l   s h a f t   when  a  t r a i n   i s  
p r e s e n t   on  a  t r a c k   and  t h e   c h a n g e   of  t h e   v o l t a g e   by  t h e  
f o r m a t i o n   of  t h e   s h o r t   c i r c u i t   i s   r e a d   to   a c t u a t e   t h e   r e l a y  
and  d e t e c t   t h e   p r e s e n c e   or  a b s e n c e   of  t h e   v e h i c l e .   M o r e  
s p e c i f i c a l l y ,   a  p r e d e t e r m i n e d   l e n g t h   of  t h e   t r a c k   i s   d i v i d e d  
i n t o   s e c t i o n s ,   and  r a i l s   of  t h e   s p e c i f i c   s e c t i o n   a r e   u t i l i z e d  
as  p a r t s   of  an  e l e c t r i c   c i r c u i t .   I f   a  s h o r t   c i r c u i t   i s  
f o r m e d   b e t w e e n   t h e   r a i l s   by  a  t r a i n   p r e s e n t   on  t h e   t r a c k ,   t h e  
p r e s e n c e   of  t h e   v e h i c l e   in  t h i s   s e c t i o n   is   d e t e c t e d   by  a n  
e l e c t r o m a g n e t i c   t r a c k   r e l a y .   V a r i o u s   s a f e t y   d e v i c e s   of  t h e  
r a i l w a y   s i g n a l   s y s t e m   a r e   c o n t r o l l e d   by  t h i s   d e t e c t i o n  
s i g n a l .   As  one  of  t h e   r a i l w a y   r e l a y   of  t h i s   t y p e ,   t h e r e   i s  
known  an  a l t e r n a t i n g   c u r r e n t   r a i l w a y   r e l a y   w h i c h   i s   a c t u a t e d  
by  an  a l t e r n a t i n g   c u r r e n t   f l o w i n g   in  r a i l s .  

For  e x a m p l e ,   an  a l t e r n a t i n g   r a i l w a y   r e l a y   d i s c l o s e d   in  a  
p a m p h l e t   p u b l i s h e d   by  LM  ERICSSON  S i g n a l l i n g   S y s t e m s  
D e p a r t m e n t ,   S t o c k h o l m ,   Sweden  is   d r i v e n   and  c o n t r o l l e d   b y  
u t i l i z i n g   a  s e m i c o n d u c t o r   s w i t c h .   G e n e r a l l y ,   t h i s  
a l t e r n a t i n g   r a i l w a y   r e l a y   c o m p r i s e s   an  e l e c t r i c   c i r c u i t  
i n c l u d i n g   a  f i r s t   t r a n s f o r m e r   f o r   t h e   i n p u t   of  an  a l t e r n a t i n g  
c u r r e n t   l o c a l   s i g n a l   a p p l i e d   as  a  r e f e r e n c e   s i g n a l   to   r a i l s  
of  t h e   s p e c i f i c   s e c t i o n ,   a  s e c o n d   t r a n s f o r m e r   f o r   t h e   i n p u t  
of  a  t r a c k   s i g n a l ,   w h i c h   is   c o n n e c t e d   to   r a i l s   on  w h i c h   a  
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t r a i n   r u n s ,   a  t h i r d   t r a n s f o r m e r   f o r   p u t t i n g   o u t   a  t r a i n  

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

p l u r a l i t y   of  d i o d e s   and   an  o u t p u t   r e l a y   to   be  a c t u a t e d   b a s e d  

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

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

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

t h e   a d j a c e n t   p r e c e d e n t   s e c t i o n .   When  t h e   p h a s e   of  t h e   t r a c k  

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

p h a s e   of  t h e   l o c a l   s i g n a l   and  t h e   v o l t a g e   l e v e l   of  t h e   t r a c k  

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

b e c a u s e   of  f o r m a t i o n   of  no  s h o r t   c i r c u i t   b e t w e e n   t h e   r a i l s ,  

t h a t   i s ,   o n l y   when  t h e s e   two  c o n d i t i o n s   a r e   s a t i s f i e d ,   a n  

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

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

t r a i n   i s   p u t   ou t   to   e x c i t e   t h e   r a i l w a y   r e l a y .  

On  t h e   o t h e r   h a n d ,   i f   a  s h o r t   c i r c u i t   i s   f o r m e d   b e t w e e n  

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

t h e   p r e d e t e r m i n e d   v a l u e ,   and  t h e r e f o r e ,   no  o u t p u t   i s  

g e n e r a t e d   on  t h e   s e c o n d a r y   s i d e   of  t h e   t h i r d   t r a n s f o r m e r   a n d  

t h e   r a i l w a y   r e l a y   i s   p l a c e d   in   t h e   n o n - e x c i t e d   s t a t e ,   w h e r e b y  

t h e   p r e s e n c e   of  a  v e h i c l e   in   t h e   s p e c i f i c   s e c t i o n   i s  

i n d i c a t e d .  

In  t h e   c a s e   w h e r e   an  e l e c t r i c   s h o r t   c i r c u i t   i s   f o r m e d  

b e t w e e n   t h e   s p e c i f i c   s e c t i o n   and  t h e   a d j a c e n t   s e c t i o n ,   t h e  

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

s h o r t   c i r c u i t   s i n c e   t h e r e   i s   t h e   p h a s e   d i f f e r e n c e   it  b e t w e e n  

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

i n f o r m e d .  

In  t h i s   c o n v e n t i o n a l   a p p a r a t u s ,   t h e   p h a s e   of  t h e   t r a c k  

s i g n a l   is   made  d i f f e r e n t   in  r e s p e c t i v e   t r a c k   s e c t i o n s ,   a n d  

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

t h e   j u d g e m e n t   of  t h e   v o l t a g e   l e v e l   and  p h a s e   of  t h e   t r a c k  

s i g n a l .  

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

j u d g e m e n t   and  t h e   l e v e l   j u d g e m e n t   a r e   p e r f o r m e d   by  o n e  

t h y r i s t o r ,   t he   n o i s e   r e s i s t a n c e   i s   e x t r e m e l y   p o o r .  

N a m e l y ,   in  o r d e r   to   j u d g e   t h e   p h a s e s   of  t h e   l o c a l   s i g n a l  

and  t r a c k   s i g n a l   p r e c i s e l y ,   i t   i s   mos t   a d v a n t a g e o u s   to   d e t e c t  
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t h e   z e r o   l e v e l   a t   w h i c h   t h e   p o l a r i t y   of  t h e   s i g n a l   i s  
c h a n g e d .   In  t h e   j u d g e m e n t   of  t h e   r e c e i p t   l e v e l ,   a  n o i s e   i s  
g r e a t l y   p e r c e i v e d   a t   t h e   j u d g e m e n t   of  t h e   z e r o   l e v e l   and  t h e  
n o i s e   r e s i s t a n c e   is   p o o r e s t   a t   t h i s   p o i n t .   In  o r d e r   t o  
p r e v e n t   t h i s   d e f e c t ,   i t   is,  e x p e d i e n t   t h a t   t h e   t h r e s h o l d   l e v e l  
f o r   r e c e i p t   of  s i g n a l s   i s   e l e v a t e d   to   b r o a d e n   t h e   n o i s e -  
i n s e n s i t i v e   r e g i o n .   On  t h e   o t h e r   h a n d ,   t h e   j u d g e m e n t   of  t h e  
p h a s e   i s   p r e c i s e   when  t h e   a l t e r n a t i n g   c u r r e n t   s i g n a l s ,   t h a t  
i s ,   t h e   t r a c k   s i g n a l   and  l o c a l   s i g n a l s ,   a r e   c l o s e   to   t h e   z e r o  
p o i n t s ,   b e c a u s e   t h e   j u d g e m e n t   i s   h a r d l y   i n f l u e n c e d   by  c h a n g e s  
of  a m p l i t u d e s   of  t h e   s i g n a l s .   In  t h e   c o n v e n t i o n a l   a p p a r a t u s ,  
h o w e v e r ,   s i n c e   b o t h   t h e   j u d g e m e n t   of  t h e   p h a s e   and  t h e  
j u d g e m e n t   of  t h e   r e c e i p t   l e v e l   a r e   p e r f o r m e d   b a s e d   on  t h e  
g a t e   v o l t a g e   of  one  t h y r i s t o r ,   i t   is   i m p o s s i b l e   t o  
s i m u l t a n e o u s l y   s a t i s f y   t h e   a b o v e - m e n t i o n e d   c o n t r a d i c t o r y  
r e q u i r e m e n t s ,   t h a t   i s ,   i n c r e a s e   of  t h e   t h r e s h o l d   l e v e l   at   t h e  
l e v e l   j u d g e m e n t   and  r e d u c t i o n   to   t h e   z e r o   p o i n t   at   t h e   p h a s e  
j u d g e m e n t ,   and  t h e r e f o r e ,   i t   i s   i m p o s s i b l e   to   p e r f o r m   t h e  
p h a s e   j u d g e m e n t   p r e c i s e l y   and  a  h i g h   p r e c i s i o n   c a n n o t   b e  
e x p e c t e d   in  t h e   j u d g e m e n t   of  t h e   p r e s e n c e   or  a b s e n c e   of  a  
v e h i c l e   in  t h e   s p e c i f i c   t r a c k   s e c t i o n .  

F u r t h e r m o r e ,   in  t h e   c o n v e n t i o n a l   a p p a r a t u s ,   t h e   o u t p u t  
r e l a y   i s   o p e r a t e d   by  t h e   o n - o f f   o p e r a t i o n   of  t h e   l o c a l   s i g n a l  
by  t h e   t h y r i s t o r   t h r o u g h   t h e   f i r s t   and  t h i r d   t r a n s f o r m e r s ,  
and  t h e   c o n v e n t i o n a l   a p p a r a t u s   c a n n o t   be  i n t e g r a t e d   as  a  
d e t e c t i o n   a p p a r a t u s   h a v i n g   s o - c a l l e d   i n t e l l i g e n t   f u n c t i o n s  
n e c e s s a r y   f o r   a  t r a i n   d e t e c t i o n   s e n s o r ,   s u c h   as  t h e   f u n c t i o n  
of  a  p r e c i s e   l e v e l   j u d g e m e n t   and  t h e   f i l t e r   f u n c t i o n .  
M o r e o v e r ,   in  t h e   c a s e   w h e r e   a  t r o u b l e   s u c h   as  f o r m a t i o n   of  a  
s h o r t   c i r c u i t   or  d i s c o n n e c t i o n   i s   s i m u l t a n e o u s l y   c a u s e d   in  a  
p l u r a l i t y   of  t h y r i s t o r s   ,  t h e   l e v e l   j u d g e m e n t   of  t h e   t r a c k  
s i g n a l   b e c o m e s   i m p o s s i b l e   and  e v e n   i f   a  t r a i n   is   p r e s e n t   a n d  
t h e   t r a c k   s i g n a l   i s   a t   t h e   low  l e v e l ,   t h e   c i r c u i t   i s  
c o n s t r u c t e d   and  an  o u t p u t   i s   g e n e r a t e d   in  t h e   t h i r d  
t r a n s f o r m e r ,   w i t h   t h e   r e s u l t   t h a t   no  f a i l - s a f e   e f f e c t   i s  
a t t a i n e d .   T h i s   is   a  d e f e c t   w h i c h   i s   e s s e n t i a l l y   c a u s e d  
b e c a u s e   t h e   v o l t a g e   e x c i t i n g   t h e   o u t p u t   r e l a y   d e p e n d s   on  t h e  
f r e q u e n c y   of  t h e   i n p u t   s i g n a l ,   t h a t   i s ,   t h e   t h i r d   t r a n s f o r m e r  
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d i r e c t l y   t r e a t s   t h e   f r e q u e n c y   of  t h e   i n p u t   s i g n a l -  

I t   i s   a  p r i m a r y   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

a p p a r a t u s   by  p e r f o r m i n g   t h e   J u d g e m e n t   of  t h e   p h a s e s   of  t h e  

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

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

means   and  p u t t i n g   ou t   a  s i g n a l   of  t h e   a b s e n c e   of  a  v e h i c l e  

o n l y   when  t h e   f o l l o w i n g   two  r e q u i r e m e n t s   a r e   s i m u l t a n e o u s l y  

s a t i s f i e d ,   t h a t   i s ,   when  by  a  p h a s e   j u d g i n g   s i g n a l   v i b r a t i n g  

w i t h   t h e   r e f e r e n c e   l e v e l   b e i n g   as  t h e   c e n t e r ,   b o t h   t h e   p h a s e  

s i g n a l s   a r e   j u d g e d   as  b e i n g   of  t h e   same  p h a s e   and  t h e   v o l t a g e  

l e V e l   of  t h e   t r a c k   s i g n a l   i s   h i g h e r   t h a n   a  p r e d e t e r m i n e d  

v a l u e   . .  
A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v x d e   a  

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

D i s c l o s u r e   of  t h e   I n v e n t i o n  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f o r e g o i n g  

o b j e c t s   a r e   a t t a i n e d   by  an  a p p a r a t u s   f o r   d e t e c t i n g   a  v e h i c l e  

on  a  t r a c k ,   w h i c h   c o m p r i s e s ,   as  shown  in  F i g .   1,  a  t r a c k  

c i r c u i t   in  w h i c h   a  l o c a l   s i g n a l   w h i c h   i s   an  a l t e r n a t i n g  

c u r r e n t   v o l t a g e   s i g n a l   of   a  s p e c i f i c   f r e q u e n c y   i s   p u t   xn  a  

p a i r   of  r a i l s   in  a  s p e c i f i c   c l o s e d   s e c t i o n   and  a  t r a c k   s i g n a l  

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

of  a  v e h i c l e   on  t h e   r a i l s   a r e   p u t   o u t ,   f i r s t   p h a s e   j u d g e m e n t  

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

s i g n a l   v i b r a t i n g   w i t h   a  r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e  

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

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

s i g n a l   v i b r a t i n g   w i t h   t h e   r e f e r e n c e   v o l t a g e   l e v e l   b e x n g   a s  

t h e   c e n t e r   b a s e d   on  t h e   t r a c k   s i g n a l ,   l e v e l   j u d g e m e n t   s x g n a l  

g e n e r a t i n g   means   f o r   p u t t i n g   ou t   a  l e v e l   j u d g e m e n t   s x g n a l  

v i b r a t i n g   w i t h   t h e   r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e  

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

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

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

t h e   p h a s e   j u d g e m e n t   s i g n a l   p u t   ou t   f r o m   t h e   s e c o n d   p h a s e  
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j u d g e m e n t   s i g n a l   g e n e r a t i n g   means   and  p u t s   out   a  s i g n a l   b a s e d  
on  t h e   l o g i c a l   p r o d u c t   of  b o t h   t he   p h a s e   s i g n a l s   when  b o t h  
t h e   p h a S e   s i g n a l s   a r e   of  t he   same  p h a s e   bu t   does   not   g e n e r a t e  
any  s i g n a l   at  t h *   t i m e   of  a  t r o u b l e ,   a  l e v e l   j u d g i n g   c i r c u i t  
w h i c h   p u t s   out   a  s i g n a l   when  t he   v o l t a g e   l e v e l   of  t he   l e v e l  
j u d g e m e n t   s i g n a l   p u t   ou t   f rom  t h e   l e v e l   j u d g m e n t   s i g n a l  
g e n e r a t i n g   means   i s   h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e   b u t  
does   no t   pu t   ou t   any  s i g n a l   a t   t h e   t i m e   of  a  t r o u b l e ,   and  a  
s e c o n d   l o g i c a l   p r o d u c t   c i r c u i t   w h i c h   p u t s   out   a  s i g n a l   of  t h e  
a b s e n c e   of  a  v e h i c l e   when  b o t h   t h e   f i r s t   l o g i c a l   p r o d u c t  
c i r c u i t   and  t h e   l e v e l   j u d g i n g   c i r c u i t   s i m u l t a n e o u s l y   pu t   o u t  
s i g n a l s   bu t   does   n o t   p u t   out   any  s i g n a l   a t   t he   t i m e   of  a  
t r o u b l e .  

I n c i d e n t a l l y ,   t h e   f i r s t   and  s e c o n d   l o g i c a l   p r o d u c t  
c i r c u i t s   may  be  c o n s t r u c t e d   by  a  s i n g l e   l o g i c a l   p r o d u c t  
c o m p u t i n g   o s c i l l a t i n g   c i r c u i t .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   by  the   a b o v e -  
m e n t i o n e d   s t r u c t u r e ,   t he   j u d g e m e n t   of  t he   p h a s e s   can  b e  
p e r f o r m e d   at   a  low  l e v e l   to   r e d u c e   t h e   i n f l u e n c e s   o f  
v a r i a t i o n s   of  t h e   a m p l i t u d e   and  t h e   l e v e l   j u d g e m e n t   can  b e  
p e r f o r m e d   at  a  h i g h   l e v e l   to  i m p r o v e   t h e   n o i s e   r e s i s t a n c e .  

M o r e o v e r ,   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   t h e  
l o c a l   i n p u t   s i g n a l   can  be  s u b j e c t e d   to  i n t e g r a t i o n  
p r o c e s s i n g .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

F i g .   1  is  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   the   s c h e m a t i c  
s t r u c t u r e   of  t h e   p r e s e n t   i n v e n t i o n .  

F i g .   2  is  a  d i a g r a m   i l l u s t r a t i n g   a  known  a l t e r n a t i n g  
c u r r e n t   t r a c k   c i r c u i t .  

F i g .   3  is  a  b l o c k   d i a g r a m   i l l u s t r a t i n g   an  e m b o d i m e n t   o f  
t he   c i r c u i t   of  t h e   a p p a r a t u s   f o r   d e t e c t i n g   a  v e h i c l e   on  a  
t r a c k   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

F i g .   4  is  a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  v o l t a g e  
m u l t i p l y i n g   h a l f   -wave   r e c t i f i e r   c i r c u i t   u s e d   as  t he   r e c t i f i e r  
in  t he   a b o v e - m e n t i o n e d   e m b o d i m e n t .  

F i g .   5  is  a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  d i f f e r e n t i a l  
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c i r c u i t   u s e d   in  t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t .  

F i g .   6  i s   a  c i r c u i t   d i a g r a m   i l l u s t r a t i n g   a  l o g i c a l  

p r o d u c t   c i r c u i t   u s e d   in  t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t .  

F i g .   7  i s   a  t i m e   c h a r t   i l l u s t r a t i n g   t h e   o p e r a t i o n   s t a t e  

in  t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t .  

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

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

R e f e r r i n g   to   F i g .   2,  a  v e h i c l e   1  r u n s   on  two  r a i l s   2  a n d  

3  in   t h e   d i r e c t i o n   i n d i c a t e d   by  t h e   a r r o w .   The  r a i l s   2  and  3 

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

s e c t i o n   4  and  a  s e c t i o n   5  r e a r   w i t h   r e s p e c t   to   t h e   d i r e c t i o n  

of  a d v a n c e   of  t h e   v e h i c l e .   For   e x a m p l e ,   a  t r a n s m i s s i o n  

s i g n a l   w h i c h   is   an  a l t e r n a t i n g   c u r r e n t   r e f e r e n c e   v o l t a g e   V& 

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

a c t s   as  a  l o c a l   s i g n a l   Si   )  is   a p p l i e d   to   t h e   r a i l s   of  e a c h  

of  t h e   b l o c k   s e c t i o n s   4  and  5.  The  r a i l s   2  and  3  a r e  

u t i l i z e d   as  p a r t s   of  t h e   c i r c u i t   and  t h e   v o l t a g e   Vt  b e t w e e n  

t h e   r a i l s   2  and  3  i s   p u t   o u t   as  a  t r a c k   s i g n a l   St  f o r  

r e c e p t i o n .   T h i s   c i r c u i t   i s   known  as  t h e   a l t e r n a t i n g   c u r r e n t  

t r a c k   c i r c u i t .  

The  t r a n s m i s s i o n   s i g n a l   of  t h e   t r a c k ,   t h a t   i s ,   t h e   l o c a l  

s i g n a l   S£,  is   a  s i n e   wave   a l t e r n a t i n g   c u r r e n t   s i g n a l   shown  i n  

F i g .   7  -A  and  i s   p u t   in   a  r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21  

and   a  wave  f o r m   r e c t i f y i n g   c i r c u i t   22  t h r o u g h   a  t r a n s f o r m e r  

11.  The  r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21  i s   a  known  c i r c u i t  

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

and  f o r m i n g   a  d i r e c t   c u r r e n t   o u t p u t   p o w e r   s o u r c e   Vs.  T h e  

wave   f o r m   r e c t i f y i n g   c i r c u i t   22  a c t s   as  t h e   f i r s t   p h a s e  

j u d g e m e n t   s i g n a l   g e n e r a t i n g   means   and  i s   a  known  c i r c u i t ,   f o r  

e x a m p l e ,   a  S c h m i t t   c i r c u i t   f o r   r e c t i f y i n g   a  s i n e   wave  l o c a l  

s i g n a l   to   a  r e c t a n g u l a r   wave  as  shown  in  F i g .   7 -C.   By  t h e s e  

c i r c u i t s ,   a  r e c t a n g u l a r   wave  p h a s e   j u d g e m e n t   s i g n a l   v i b r a t i n g  

w i t h   t h e   r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e   c e n t e r   i s  

o b t a i n e d .  

The  t r a c k   s i g n a l   St  i s   p u t   in  a  l e v e l   j u d g i n g   s i g n a l   23  
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and  a  wave  form  r e c t i f y i n g   c i r c u i t   24  t h r o u g h   a  s e c o n d  
t r a n s f o r m e r   12.  The  l e v e l   j u d g i n g   c i r c u i t   23  is   a  c i r c u i t  
f o r   d e t e c t i n g   w h e t h e r   or  no t   a  v o l t a g e   o b t a i n e d   b y  
t r a n s f o r m i n g   t h e   t r a c k   s i g n a l   St  by  t h e   t r a n s f o r m e r   12  a c t i n g  
as  t h e   l e v e l   j u d g e m e n t   s i g n a l   g e n e r a t i n g   m e a n s ,   t h a t   is  ,  a  
l e v e l   j u d g i n g   s i g n a l ,   is   h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e ,  
f o r   e x a m p l e ,   t h i s   c i r c u i t   c o m p r i s e s   a  l e v e l   d e t e c t i n g   c i r c u i t  
s u c h   as  a  S c h m i t t   c i r c u i t   and  a  known  v o l t a g e   d o u b l i n g   h a l f -  
wave  r e c t i f y i n g   c i r c u i t   f o r   r e c t i f y i n g   t h e   o u t p u t   of  t h i s  
d e t e c t i n g   c i r c u i t ,   w h i c h   i n c l u d e s ,   f o r   e x a m p l e ,   c a p a c i t o r s   C l  
and  C2  and  d i o d e s   Dl  and  D2,  as  shown  in  F i g .   4.  A 
r e l a t i v e l y   h i g h   t h r e s h o l d   l e v e l   i s   s e t   in  t h e   S c h m i t t  
c i r c u i t .   The  v o l t a g e   d o u b l i n g   h a l f   - w a v e   r e c t i f y i n g   c i r c u i t  
r e c t i f i e s   and  s m o o t h e n s   t h e   a l t e r n a t i n g   c u r r e n t   v o l t a g e   p u t  
ou t   f r o m   t h e   S c h m i t t   c i r c u i t   by  t h e   d i o d e   D2  and  t h e  
c a p a c i t o r   C2  t h r o u g h   t h e   c o u p l i n g   c a p a c i t o r   Cl  and  t h e   c l a m p  
d i o d e   Dl  and  a  r e c t i f i e d   o u t p u t   i s   o b t a i n e d   f rom  an  o u t p u t  
t e r m i n a l   D.  The  v o l t a g e   d o u b l i n g   h a l f - w a v e   r e c t i f y i n g  
c i r c u i t   has   s u c h   a  f a i l - s a f e   s t r u c t u r e   t h a t   a t   t h e   t i m e   of  a  
t r o u b l e   s u c h   as  d i s c o n n e c t i o n ,   no  r e c t i f i e d   o u t p u t   i s  
o b t a i n e d   (a  known  f o u r - t e r m i n a l   c a p a c i t o r   w h i c h   g e n e r a t e s   n o  
o u t p u t   a t   t h e   t i m e   of  d i s c o n n e c t i o n   of  a  t e r m i n a l   i s   shown  a s  
t h e   c a p a c i t o r   C2  )  .  The  d i r e c t   c u r r e n t   v o l t a g e   Vs  of  t h e  
r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21  is   p u t   in  t h e   r e c t i f y i n g  
c i r c u i t .   The  d i o d e   Dl  is  c o n s t r u c t e d   so  t h a t   a  c o m p u t i n g  
o s c i l l a t o r   of  t h e   s u b s e q u e n t   s t a g e   i s   o s c i l l a t e d   by  t h e  
o u t p u t   of  t h e   r e c t i f y i n g   c i r c u i t   by  c l a m p i n g   t h e   i n p u t   s i g n a l  
f rom  t h e   c a p a c i t o r   Cl  to  t h i s   i n p u t   p o w e r   s o u r c e   V s .  

The  wave  fo rm  r e c t i f y i n g   c i r c u i t   24  has   a  t h r e s h o l d  
l e v e l   s u f f i c i e n t l y   l o w e r   t h a n   t h e   t r a c k   s i g n a l   St  p u t   in  t h e  
c i r c u i t   24.  A c c o r d i n g l y ,   a  w a v e - r e c t i f i e d   o u t p u t   w h i c h  
c h a n g e s   s u b s t a n t i a l l y   a t   t h e   z e r o   p o i n t   of  t h e   t r a c k   s i g n a l  
St  can  be  p r o d u c e d .  

A  d i f f e r e n t i a l   c i r c u i t   25  c o m p r i s e s ,   f o r   e x a m p l e ,   a  
c a p a c i t o r   C3  and  a  r e s i s t o r   Rl,   as  shown  in  F i g .   5,  and  h a s  
s u c h   a  known  s t r u c t u r e   t h a t   t h e   r e f e r e n c e   v o l t a g e   l e v e l   i s  
s e t   a t   t h e   a b o v e - m e n t i o n e d   l e v e l   Vs.  T h u s ,   t h e   p h a s e   of  t h e  
t r a c k   s i g n a l   is   g e n e r a t e d   s u b s t a n t i a l l y   at   t h e   z e r o   p o i n t  
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( r e f e r e n c e   v o l t a g e   l e v e l ) .   Of  t h e   o u t p u t   of  t h e   d i f f e r e n t i a l  

c i r c u i t   25,  t h a t   i s ,   t h e   p h a s e   s i g n a l   of  t h e   t r a c k   s i g n a l ,  

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

t h r e e - i n p u t   l o g i c a l   p r o d u c t   c i r c u i t   26  t h r o u g h   a  d i o d e   D4  .  A 

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

f o r m e d   e v e n   by  o m i t t i n g   t h e   d i o d e   D4  . 

The  l o g i c a l   p r o d u c t   c i r c u i t   26  has   t h r e e   i n p u t   t e r m i n a l s  

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

f o r m   r e c t i f y i n g   c i r c u i t   22  a t   t h e   i n p u t   t e r m i n a l   a  and  t h e  

o u t p u t   of  t h e   l e v e l   d e t e c t i n g   c i r c u i t   23  a t   t h e   i n p u t  

t e r m i n a l   b.  The  l o g i c a l   p r o d u c t   c i r c u i t   26  i s   a  l o g i c a l  

p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   shown  in  F i g .   6,  w h i c h  

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

( p h a s e   j u d g e m e n t )   t h a t   t h e   p h a s e   j u d g e m e n t   s i g n a l   of  t h e  

l o c a l   s i g n a l   SJl  by  t h e   wave  f o r m   r e c t i f y i n g   c i r c u i t   22  a n d  

t h e   p h a s e   j u d g e m e n t   s i g n a l   of  t h e   t r a c k   s i g n a l   St  by  t h e  

d i f f e r e n t i a l   c i r c u i t   25  a r e   of  t h e   same  p h a s e ,   a  s e c o n d  

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

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

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

l e v e l   j u d g e m e n t   s i g n a l   of  t h e   t r a c k   s i g n a l   St  h i g h e r   t h a n   t h e  

p r e d e t e r m i n e d   v a l u e   by  t h e   l e v e l   d e t e c t i n g   c i r c u i t   a r e  

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

g e n e r a t e s   an  o s c i l l a t i n g   o u t p u t   when  a l l   of  t h e   i n p u t s   a t   t h e  

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

v o l t a g e   Vs  and  has   a  f a i l - s a f e   s t r u c t u r e   in  w h i c h   when  a  

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

o s c i l l a t i o n   is   i m p o s s i b l e   and  t h e r e f o r e ,   no  o u t p u t   i s  

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

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

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

i s   c h a n g e d   to   NPN  f r o m   PNP  and  t h e   d i r e c t i o n   of  t h e   d i o d e   i s  

r e v e r s e d .  

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

o s c i l l a t i n g   c i r c u i t   26  w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e  

to   F i g .   6.  T r a n s i s t o r s   T r l   and  Tr2  a r e   c o n n e c t e d   to   e a c h  

o t h e r   t h r o u g h   an  a t t e n u a t i o n   r e s i s t o r   R6  ,  and  t h e   c o l l e c t o r  

of  t h e   t r a n s i s t o r   Tr2  is   c o n n e c t e d   to   t h e   b a s e   of  a  
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t r a n s i s t o r   Tr3  t h r o u g h   a  l e v t - 1   s h i f t i n g   Z e n e r   d i o d e   ZDl  a n d  
t h e   c o n n e c t i n g   p o i n t   b e t w e e n   a  Z e n e r   d i o d e   ZD2  c o n n e c t e d   t o  
t h e   c o l l e c t o r   of  t h e   t r a n s i s t o r   Tr3  and  a  r e s i s t o r   R4  i s  
c o n n e c t e d   to  t h e   b a s e   of  t h e   t r a n s i s t o r   T r l   t h r o u g h   a  
r e s i s t o r   R5  .  R2  and  R3  r e p r e s e n t   c o l l e c t o r   r e s i s t o r s ,   R7 
r e p r e s e n t s   a  r e s i s t o r   on  t h e   l e a k   c u r r e n t   s i d e ,   t h a t   i s ,   a  
r e s i s t o r   f o r   f l o w i n g   of  a  l e a k   c u r r e n t   of  t h e   b a s e   of  t h e  
t r a n s i s t o r   T r3 ,   Vs  r e p r e s e n t s   an  i n p u t   p o w e r   s o u r c e ,   and  C 
r e p r e s e n t s   an  o u t p u t   t e r m i n a l .   In  t h e   l o g i c a l   p r o d u c t  
c o m p u t i n g   o s c i l l a t o r   h a v i n g   t h i s   s t r u c t u r e ,   when  Z e n e r  
v o l t a g e s   VZ1  and  VZ2  of  t h e   Z e n e r   d i o d e s   ZDl  and   ZD2  and  a  
v o l t a g e   Ve  h i g h e r   t h a n   t h e   p o w e r   s o u r c e   v o l t a g e   Vs  a r e   p u t   i n  
t he   i n p u t   t e r m i n a l s   a,  b  and  c  r e s p e c t i v e l y ,   t h a t   i s ,   w h e n  
v o l t a g e s   e x c e e d i n g   t h e   r a n g e   of  t h e   p o w e r   s o u r c e   v o l t a g e   a r e  
pu t   in  t h e   i n p u t   t e r m i n a l s   a,  b  and  c,  t h e   t r a n s i s t o r s   T r l  
t h r o u g h   Tr3  a r e   t u r n e d   on  and  o f f   in  s e q u e n c e   and  a n  
o s c i l l a t i n g   o u t p u t   o s c i l l a t i n g   b e t w e e n   t h e   i n p u t   v o l t a g e  
l e v e l   g i v e n   to   t h e   i n p u t   t e r m i n a l   and  t h e   l e v e l   s u b s t a n t i a l l y  
e q u a l   to   z e r o   is   o b t a i n e d   a t   t h e   o u t p u t   t e r m i n a l   C.  On  t h e  
o t h e r   h a n d ,   i f   t h e   i n p u t   v o l t a g e   a p p l i e d   to   any  one  of  t h e  
i n p u t   t e r m i n a l s   a,  b  and  c  is   l o w e r   t h a n   t h e   p o w e r   s o u r c e  
v o l t a g e ,   t h e   o p e r a t i o n   of  t h e   t r a n s i s t o r s   T r l   t h r o u g h   Tr3  i s  
no t   r e v e r s e d   and  t h e   o s c i l l a t i o n   is   s t o p p e d .   A l s o   when  a  
t r o u b l e   s u c h   as  d i s c o n n e c t i o n   i s   c a u s e d   in  t h e   c i r c u i t ,   t h e  
o s c i l l a t i o n   i s   s t o p p e d   and  no  o s c i l l a t i n g   o u t p u t   is   g e n e r a t e d  
at   t h e   o u t p u t   t e r m i n a l   C.  In  t h i s   c a s e ,   i t   i s   p r e f e r r e d   t h a t  
t h e   Z e n e r   v o l t a g e s   VS$>1  and  VZD2  of  t h e   Z e n e r   d i o d e s   ZDl  a n d  
VZD2  of  t h e   Z e n e r   d i o d e s   ZDl  and  ZD2  be  s e l e c t e d   to   s a t i s f y  
t h e   c o n d i t i o n   of  VZD2  <  Vs  <  VZD1  .  I n c i d e n t a l l y ,   as  is  o b v i o u s  
to  e x p e r t s   in  t h e   a r t ,   a  c o m p u t i n g   o s c i l l a t o r   of  a  h i g h  
o u t p u t   can   be  c o n s t r u c t e d   by  c o n n e c t i n g   a  known  a m p l i f i e r   t o  
t he   i n p u t   t e r m i n a l .  

I n c i d e n t a l l y ,   t h e   l e v e l   j u d g i n g   c i r c u i t   23  and  t h e  
r e c t i f y i n g   c i r c u i t   27  d e s c r i b e d   h e r e i n a f t e r   may  c o m p r i s e ,   f o r  
e x a m p l e ,   t h e   v  v o l t a g e   d o u b l i n g   h a l f   -wave   r e c t i f y i n g   c i r c u i t ,  
and  t h i s   v o l t a g e   d o u b l i n g   h a l f   - w a v e   r e c t i f y i n g   c i r c u i t   a n d  
t h e   t h e   l o g i c a l   p r o d u c t   c o m p u t i n g   o s c i l l a t o r   shown  in  F i g .   6 

may  be  a  known  f a i l - s a f e   l o g i c a l   p r o d u c t   c i r c u i t   in  w h i c h   n o  
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o u t p u t   i s   p r o d u c e d   u n l e s s   i n p u t   s i g n a l s   a r e   a p p l i e d   t o   a l l   o f  

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

J a p a n e s e   U t i l i t y   Mode l   A p p l i c a t i o n   L a i d - O p e n   S p e c i f i c a t i o n  
No.  4 7 6 4 / 8 2   or  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 8 2 1 1 / 7 6 .  

The  r e c t i f i e d   o u t p u t   of  t h e   r e c t i f y i n g   c i r c u i t   27  f o r  

r e c t i f y i n g   t h e   o u t p u t   of  t h e   l o g i c a l   p r o d u c t   c o m p u t i n g  
o s c i l l a t i n g   c i r c u i t   26  i s   f e d   b a c k   to   t h e   i n p u t   t e r m i n a l   c ,  
in  w h i c h   t h e   o u t p u t   of  t h e   d i f f e r e n t i a l   c i r c u i t   25  i s   p u t ,  
t h r o u g h   t h e   d i o d e   D3  .  An  a l t e r n a t i n g   c u r r e n t   a m p l i f y i n g  
c i r c u i t   28  a m p l i f i e s   t h e   o s c i l l a t i n g   o u t p u t   of  t h e   l o g i c a l  

p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26,  and   t h e   a m p l i f i e d  

o u t p u t   i s   r e c t i f i e d   by  a  r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   29  t o  
d r i v e   a  t r a d e   r e l a y   30,  as  in  t h e   c o n v e n t i o n a l   a p p a r a t u s .  

The  a b o v e - m e n t i o n e d   t r a n s f o r m e r   12,  wave  f o r m   r e c t i f y i n g  
c i r c u i t   24,  d i f f e r e n t i a l   c i r c u i t   25,  r e c t i f y i n g   c i r c u i t   27  
and  d i o d e s   D3  and  D4  c o n s t i t u t e   t h e   s e c o n d   p h a s e   j u d g e m e n t  
s i g n a l   g e n e r a t i n g   m e a n s ,   and  t h e   wave  r e c t i f y i n g   c i r c u i t   24  
and  d i f f e r e n t i a l   c i r c u i t   25  c o n s t i t u t e   t h e   means   f o r  

d e t e c t i n g   t h e   z e r o   p o i n t   of   t h e   t r a c k   s i g n a l .  
The  o p e r a t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

t h e   t i m e   c h a r t   of  F i g .   7 .  

The  a l t e r n a t i n g   c u r r e n t   l o c a l   s i g n a l   shown  in  F i g .   7 - A  
is   p u t   in   t h e   r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21  and  wave   f o r m  

r e c t i f y i n g   c i r c u i t   22  t h r o u g h   t h e   f i r s t   t r a n s f o r m e r   11.  A t  
t h e   r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21,  t h e r e   i s   g e n e r a t e d   t h e  
d i r e c t   c u r r e n t   o u t p u t   Vs  to   be  u s e d   as  t h e   p o w e r   f o r   d r i v i n g  
t h e :   l e v e l   d e t e c t i n g   c i r c u i t   23,  wave  f o r m   r e c t i f y i n g  
c i r c u i t s   22  and  24,  a m p l i f y i n g   c i r c u i t   28,  l o g i c a l   p r o d u c t  
c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  and  t r a c k   r e l a y   3 0 .  
F u r t h e r m o r e ,   at   t h e   wave   f o r m   r e c t i f y i n g   c i r c u i t   22,  a  
r e c t a n g u l a r   wave  shown  in  F i g .   7-C  i s   g e n e r a t e d   as  t h e   p h a s e  
j u d g i n g   s i g n a l .   T h i s   p h a s e   j u d g i n g   s i g n a l   o s c i l l a t e s   w i t h  
t h e   r e f e r e n c e   v o l t a g e   l e v e l   ( c o r r e s p o n d i n g   to   t h e   z e r o   p o i n t  
of  t h e   t r a c k   s i g n a l )   b e i n g   as  t h e   c e n t e r .  

When  t h e   v e h i c l e   1  i s   n o t   p r e s e n t   in   t h e   s p e c i f i c  
s e c t i o n   1,  t h e   t r a c k   s i g n a l   St  p u t   in  t h e   s e c o n d   t r a n s f o r m e r  
12  f o r m   t h e   r a i l s   2  and  3  has   a  s h a p e   of  a  s i n e   s a v e   as  s h o w n  
in  F i g .   7-B.   The  t r a c k   s i g n a l   St  i s   p u t   in  t h e   l e v e l   j u d g i n g  
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c i r c u i t   23  and  wave  f o r m   r e c t i f y i n g   c i r c u i t   24,  and  a  
r e c t i f i e d   d i r e c t   c u r r e n t   o u t p u t   VL1  f o r   d e t e c t i n g   a  l e v e l  
h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   as  shown  in  F i g .   7-D,  i s  
p r o d u c e d   f r o m   t h e   f o r m e r   c i r c u i t .   F u r t h e r m o r e ,   a  r e c t a n g u l a r  
wave  as  shown  in  F i g .   7-E  is  p u t   ou t   f rom  t h e   l a t t e r   c i r c u i t  
and  a  d i f f e r e n t i a l   p u l s e   as  shown  in  F i g .   7-F  i s   p u t   ou t   f r o m  
t h e   d i f f e r e n t i a l   c i r c u i t   25.  I n c i d e n t a l l y ,   e a c h   of  t h e  
o u t p u t s   of  t h e   wave  f o r m   r e c t i f y i n g   c i r c u i t s   22  and  24,  l e v e l  
j u d g i n g   c i r c u i t   23  and  d i f f e r e n t i a l   c i r c u i t   25  i s   p u t   ou t   i n  
t h e   s t a t e   w h e r e   t h e   d i r e c t   c u r r e n t   o u t p u t   Vs  of  t h e  
r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   21  is   o v e r - l a p p e d .  

A c c o r d i n g l y ,   e a c h   of  p o s i t i v e   p u l s e s   of  t h e   w a v e  
r e c t i f y i n g   c i r c u i t   22,  l e v e l   j u d g i n g   c i r c u i t   23  a n d  
d i f f e r e n t i a l   c i r c u i t   25  to   be  p u t   i n t o   t h e   i n p u t   t e r m i n a l s   a ,  
b  and  c  of  t h e   l o g i c a l   p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t  
26,  r e s p e c t i v e l y ,   has   an  i n p u t   l e v e l   h i g h e r   t h a n   t h e   p o w e r  
s o u r c e   v o l t a g e   Vs  a t   w h i c h   i n i t i a t i o n   of  t h e   o s c i l l a t i o n   i s  
p o s s i b l e .   And,  i f   p o s i t i v e   p u l s e s   a r e   p u t   in  t h e   l o g i c a l  
p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  f r o m   t h e   wave  f o r m  
r e c t i f y i n g   c i r c u i t   22  and  d i f f e r e n t i a l   c i r c u i t   25,  t h e   p h a s e  
j u d g e m e n t   c o n d i t i o n   ( t h e   l o c a l   s i g n a l   and  t h e   t r a c k   s i g n a l  
a r e   of  t h e   same  p h a s e )   i s   e s t a b l i s h e d   ( f i r s t   l o g i c a l  
p r o d u c t ) ,   and  t h e   l o g i c a l   p r o d u c t   ( s e c o n d   l o g i c a l   p r o d u c t )   o f  
t h i s   e s t a b l i s h e d   c o n d i t i o n   and  t h e   a l r e a d y   e s t a b l i s h e d   l e v e l  
j u d g e m e n t   c o n d i t i o n   ( t h e   v o l t a g e   l e v e l   of  t h e   t r a c k   s i g n a l   i s  
h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e )   i s   e s t a b l i s h e d   a n d  
o s c i l l a t i o n   is   i n i t i a t e d   in  t h e   l o g i c a l   p r o d u c t   c o m p u t i n g  
o s c i l l a t i n g   c i r c u i t   2 6 .  

The  o s c i l l a t i n g   o u t p u t   of  t h e   c o m p u t i n g   o s c i l l a t i n g  
c i r c u i t   26  i s   p u t   in  t h e   a l t e r n a t i n g   c u r r e n t   a m p l i f y i n g  
c i r c u i t   28  and  i s   s i m u l t a n e o u s l y   r e c t i f i e d   by  t h e   r e c t i f y i n g  
c i r c u i t   27  and  f e d   b a c k   to   t h e   i n p u t   t e r m i n a l   c  t h r o u g h   t h e  
d i o d e   D3  to   s e l f   - r e t a i n   t h e   o u t p u t   of  t h e   c o m p u t i n g  
o s c i l l a t o r   26  u n t i l   t h e   p h a s e   s i g n a l   on  t h e   l o c a l   s i g n a l   s i d e  
( F i g .   7-C)  f a l l s ,   w h e r e b y   a m p l i f i c a t i o n   of  t h e   p u l s e   w i d t h   i s  
e f f e c t e d   ( s e e   F i g .   7 - G ) .   I n c i d e n t a l l y ,   t h e   d i o d e   D3  p r e v e n t s  
e x t i n c t i o n   of  t h e   d i f f e r e n t i a l   p u l s e   at   t h e   c a p a c i t o r   C2  o f  
t h e   r e c t i f y i n g   c i r c u i t   2 7 .  
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The  p u l s e   w i d t h - a m p l i f i e d   o u t p u t ,   shown  in  F i g .   7-G,   o f  

t h *   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  i s   a m p l i f i e d   by  t h e  

a l t e r n a t i n g   a m p l i f y i n g   c i r c u i t   28,  r e c t i f i e d   by  t h e  

r e c t i f y i n g   s m o o t h e n i n g   c i r c u i t   29  and   s u p p l i e d   to   t h e   r e l a y  

30  to   r e t a i n   t h e   r e l a y   30  in  t h e   e x c i t e d   s t a t e .   N a m e l y ,   t h e  

a b s e n c e   of  a  t r a i n   in  t h e   t r a c k   c i r c u i t   i s   i n f o r m e d .  

I f   a  t r a i n   i n t r u d e s   i n t o   t h e   t r a c k   c i r c u i t ,   a  s h o r t  

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

t h e   v o l t a g e   l e v e l   Vt  of  t h e   t r a c k   s i g n a l   St  p u t   in   t h e   s e c o n d  

t r a n s f o r m e r   12  i s   r e d u c e d .   At  t h i s   p o i n t ,   t h e   o u t p u t   of  t h e  

l e v e l   j u d g i n g   c i r c u i t   23  i s   r e d u c e d   to   VL2  shown  in  F i g .   7 - D  

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

o s c i l l a t i n g   c i r c u i t   26  i s   n o t   e s t a b l i s h e d .   A c c o r d i n g l y ,   t h e  

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

s t o p p e d ,   and  t h e r e f o r e ,   t h e   r e l a y   30  f a l l s   in  t h e   n o n - e x c i t e d  

s t a t e   and  t h e   p r e s e n c e   of  t h e   t r a i n   in   t h e   t r a c k   c i r c u i t   4  i s  

d e t e c t e d .  

i n c i d e n t a l l y ,   in  t h i s   p h a s e   j u d g e m e n t ,   i f   t h e r e   i s   a  

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

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

c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  i s   s a t i s f i e d   e v e n   when  b o t h  

t h e   s i g n a l s   a r e   n o t   of  t h e   same  p h a s e ,   and  an  e r r o n e o u s  

j u d g e m e n t   i s   m a d e .  

In  o r d e r   to   p r e v e n t   t h i s   d i s a d v a n t a g e ,   in  t h e   p r e s e n t  

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

r e c t i f y i n g   c i r c u i t   24  i s   d i f f e r e n t i a t e d   and  t h e   p o s i t i v e  

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

c i r c u i t   26,  w h e r e b y   t h e   o s c i l l a t i n g   o u t p u t   i s   s e l f   - r e t a i n e d  

and  m a i n t a i n e d .  

in  t h e   c o n v e n t i o n a l   a p p a r a t u s ,   when  t h e   l e v e l   a t   w h i c h  

t h e   t h y r i s t o r   i s   t u r n e d   on,  t h a t   i s ,   t h e   v o l t a g e   l e v e l   of  t h e  

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

t h e   r a i l s ,   i s   d e t e r m i n e d ,   t h e   p h a s e   to   be  j u d g e d   i s  

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

l e v e l   of  t h e   t r a c k   s i g n a l   is   g r e a t l y   v a r i e d   by  c h a n g e s   of  t h e  

r a i l - l a y i n g   e n v i r o n m e n t ,   f o r   e x a m p l e ,   r a i n   or   snow,   t h e  

j u d g e d   v a l u e   of  t h e   p h a s e   is   c h a n g e d   w i t h   t h i s   c h a n g e   of  t h e  

v o l t a g e   l e v e l .   T h i s   c h a n g e   b e c o m e s   g r e a t   as  t h e   s e t   v a l u e  
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f o r   t h -   j u d g e m e n t   of  t h e   l e v e l   is   l a r g e .   In  o r d e r   to  p r e v e n t  
an  e r r o n e o u s   o p e r a t i o n   by  a  n o i s e   g e n e r a t e d   by  a  t r a i n  
c u r r e n t   or  t h e   l i k e ,   i t   is   p r e f e r r e d   t h a t   t h e   a b o v e - m e n t i o n e d  
s e t   v a l u e   be  l a r g e .   A c c o r d i n g l y ,   t h e   c o n v e n t i o n a l   a p p a r a t u s  
is   d i s a d v a n t a g e o u s   in  t h a t   i f   i n c r e a s e   of  t h e   p r e c i s i o n   o f  
t h e   l e v e l   j u d g e m e n t   i s   i n t e n d e d ,   t h e   p r e c i s i o n   of  t h e   p h a s e  
j u d g e m e n t   i s   r e d u c e d   and  i f   m a i n t e n a n c e   of  a  h i g h   p r e c i s i o n  
of  t h e   p h a s e   j u d g e m e n t   i s   i n t e n d e d ,   t h e   p r e c i s i o n   of  t h e  
l e v e l   j u d g e m e n t   i s   r e d u c e d .  

In  c o n t r a s t ,   in  t h e   p r e s e n t   e m b o d i m e n t ,   s i n c e   s i g n a l s  
f o r   t h e   l e v e l   j u d g e m e n t   and  t h e   p h a s e   j u d g e m e n t   a r e  
i n d e p e n d e n t l y   g e n e r a t e d   and  b o t h   t h e   j u d g e m e n t s   a r e  
s e p a r a t e l y   p e r f o r m e d ,   t h e   s e t   v a l u e   f o r   t h e   l e v e l   j u d g e m e n t  
can  be  i n c r e a s e d ,   and  t h e   p h a s e   j u d g e m e n t   can  a l w a y s   be  d o n e  
at   t h e   p o i n t   w h e r e   t h e   p h a s e   j u d g i n g   s i g n a l   c r o s s e s   t h e  
r e f e r e n c e   v o l t a g e ,   t h a t   i s ,   at   t h e   p o i n t   ( z e r o   p o i n t )   w h e r e  
t h e   t r a c k   s i g n a l   is   c h a n g e d   to  t h e   p o s i t i v e   v a l u e   f rom  t h e  
n e g a t i v e   v a l u e .   A c c o r d i n g l y ,   t h e   d e t e c t i o n   p r e c i s i o n   can  b e  
e l e v a t e d   and  t h e   r e l i a b i l i t y   can  be  i m p r o v e d .   M o r e o v e r ,  
s i n c e   known  f a i l - s a f e   l o g i c a l   p r o d u c t   c o m p u t i n g   o s c i l l a t i n g  
c i r c u i t   26,  l e v e l   j u d g i n g   c i r c u i t   23,  r e c t i f y i n g   c i r c u i t   2 7 ,  
a l t e r n a t i n g   c u r r e n t   a m p l i f y i n g   c i r c u i t   28  and  d i f f e r e n t i a l  
c i r c u i t   25  a r e   u s e d ,   a  f a i l - s a f e   s t r u c t u r e   is   r e a l i z e d   in  t h e  
d e t e c t i n g   a p p a r a t u s .   M o r e o v e r ,   s i n c e   t h e   c o m p u t i n g  
o s c i l l a t i n g   c i r c u i t   26  i s   no t   s e l f   - r e t a i n e d   i f   t h e   d i o d e   D3 
is   o p e n e d ,   a  p o w e r   s u f f i c i e n t   to  e x c i t e   t h e   r e l a y   30  is  n o t  
o b t a i n e d ,   and  s i n c e   t h e   d i f f e r e n t i a l   p u l s e   is   a b s o r b e d   in  t h e  
c a p a c i t o r   C2  and  no  s i g n a l   is   p u t   in  t h e   i n p u t   t e r m i n a l   c  o f  
t h e   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   2  6  i f   a  s h o r t   c i r c u i t   i s  
f o r m e d ,   a  f a i l - s a f e   e f f e c t   i s   a t t a i n e d .  

I n c i d e n t a l l y ,   in  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   l o g i c a l  
p r o d u c t   of  t h e   l e v e l   j u d g e m e n t   and   t h e   p h a s e   j u d g e m e n t   i s  
made  by  one  l o g i c a l   p r o d u c t   c i r c u i t ,   b u t   t h e   p r e s e n t  
i n v e n t i o n   is  no t   l i m i t e d   to   t h i s   s t r u c t u r e .   N a m e l y ,   t h e r e  
may  be  a d o p e t e d   a  s t r u c t u r e   in  w h i c h   t h e   p h a s e   j u d g e m e n t   i s  
c a r r i e d   ou t   by  u s i n g   a  f a i l - s a f e   l o g i c a l   p r o d u c t   c i r c u i t ,   t h e  
r e l a y   30  is   d r i v e n   by  t h i s   j u d g e m e n t   s i g n a l   and  t h e   c o n t a c t  
o u t p u t   of  t h e   r e l a y   d r i v e n   by  t h e   o u t p u t   of  t h e   l e v e l   j u d g i n g  
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c i r c u i t   23  i s   c o n n e c t e d   in  s e r i e s   to   t h e   c o n t a c t   o u t p u t   o f  

t h e   r e l a y   30.  A l t h o u g h   t h e   r e c t i f y i n g   c i r c u i t   i s   u s e d   as  t h e  

l e v e l   j u d g i n g   c i r c u i t   23,  i t   is   o b v i o u s   t h a t   t h e   o u t p u t   m a y  
be  r e c t i f i e d   by  u s i n g   a  known  l e v e l   d e t e c t o r   of  t h e  

a l t e r n a t i n g   c u r r e n t   i n p u t   t y p e .  

In  t h e   c a s e   w h e r e   t h e   i n p u t   l e v e l   of  t h e   t r a c k   s i g n a l   i s  

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

t h e   l e v e l   d e t e c t i n g   c i r c u i t   of  t h e   l e v e l   j u d g i n g   c i r c u i t   2 3 ,  

as  i n d i c a t e d   by  a  do t   l i n e   in  F i g .   3,  can  be  u t i l i z e d   i n s t e a d  

of  t h e   wave  r e c t i f y i n g   c i r c u i t   24.  F u r t h e r m o r e ,   i f   t h e   i n p u t  

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

to   - the   j u d g e m e n t   l e v e l   of  t h e   t r a c k   s i g n a l ,   t h e   l o g i c a l  

p r o d u c t   c i r c u i t   can  be  u t i l i z e d   as  t h e   l e v e l   j u d g i n g   c i r c u i t  

23.  In  t h i s   c a s e ,   i t   is   s u f f i c i e n t   i f   t h e   l e v e l   j u d g i n g  

c i r c u i t   23  i s   r e p l a c e d   by  a  r e c t i f y i n g   c i r c u i t .  

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

of  t h e   l o g i c a l   p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  i s  

no t   d i r e c t l y   a p p l i e d   to   t h e   a l t e r n a t i n g   c u r r e n t   a m p l i f y i n g  

c i r c u i t   28  b u t   t h e   o s c i l l a t i n g   o u t p u t   i s   p u t   in   a  v o l t a g e  

m u l t i p l y i n g   r e c t i f y i n g   c i r c u i t   as  shown  in  F i g .   4  and  t h e  

i n p u t   t e r m i n a l s   a,  b  and  c  shown  in  F i g .   6  a r e   c o n n e c t e d   t o  

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

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

o s c i l l a t i n g   c i r c u i t   is   pu t   in  t h e   a l t e r n a t i n g   c u r r e n t  

a m p l i f y i n g   c i r c u i t   shown  in  F i g .   3  ( t h a t   i s ,   i f   a  r e c t i f y i n g  

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

b e t w e e n   t h e   l o g i c a l   p r o d u c t   c o m p u t i n g   o s c i l l a t i n g   c i r c u i t   26  

and  t h e   a l t e r n a t i n g   c u r r e n t   a m p l i f y i n g   c i r c u i t   2 8 ) ,   t h e  

c a p a c i t y   of  t h e   s m o o t h e n i n g   c a p a c i t o r   C2  of  t h e   i n t e r p o s e d  

r e c t i f y i n g   c i r c u i t   can  be  i n c r e a s e d ,   w h e r e b y   an  e r r o n e o u s  

o p e r a t i o n   by  a  n o i s e   of  t h e   t r a c k   s i g n a l   or   t h e   l i k e   can  b e  

m o d e r a t e d .  

As  is   a p p a r e n t   f rom  t h e   f o r e g o i n g   d e s c r i p t i o n ,   a c c o r d i n g  

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

to  o b t a i n   a  d i r e c t   c u r r e n t   p o w e r   and  p r e c i s e   and  v a r i o u s  

l e v e l   d e t e c t i o n s   can  be  p e r f o r m e d   by  t h i s   d i r e c t   c u r r e n t  

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

l o g i c a l   p r o c e s s i n g   of  t h e   o u t p u t   of  s u c h   l e v e l   d e t e c t i o n   a n d  
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s u c h   p r o c e s s i n g   can  be  i n t e g r a t e d ,   w h e r e b y   t h e   s i z e   of  t h e  
a p p a r a t u s   can  be  r e d u c e d .   M o r e o v e r ,   when  t he   a p p a r a t u s   g e t s  
ou t   of  o r d e r ,   t h e   o u t p u t   i s   i n e v i t a b l y   r e d u c e d   to   z e r o   a n d  
t h e   r e l a y   f a l l s   to   t h e   s a f e   s i d e ,   and  a  f a i l - s a f e   e f f e c t   c a n  
be  a s s u r e d l y   a t t a i n e d .   F u r t h e r m o r e ,   s i n c e   t h e   p h a s e  
d i f f e r e n c e   b e t w e e n   t h e   l o c a l   s i g n a l   and  t h e   t r a c k   s i g n a l   i s  
j u d g e d   s e p a r a t e l y   f rom  t h e   l e v e l   of  t h e   t r a c k   s i g n a l ,   t h e  
p h a s e   j u d g e m e n t   can  be  made  a t   a  v o l t a g e   l e v e l   c l o s e   to   t h e  
r e f e r e n c e   l e v e l   w h i l e   t h e   l e v e l   j u d g e m e n t   can  be  made  at  a  
v o l t a g e   l e v e l   h i g h e r   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   and  p r e c i s e  
p h a s e   j u d g e m e n t   and  l e v e l   j u d g e m e n t   become   p o s s i b l e .  

I n d u s t r i a l   A p p l i c a b i l i t y  

As  i s   a p p a r e n t   f rom  t h e   f o r e g o i n g   d e s c r i p t i o n ,   t h e  
a p p a r a t u s   f o r   d e t e c t i n g   a  v e h i c l e   on  a  t r a c k   a c c o r d i n g   to  t h e  
p r e s e n t   i n v e n t i o n   i s   mos t   e f f e c t i v e l y   u t i l i z e d   f o r   d e t e c t i n g  
a  t r a i n   on  a  r a i l s   in  a  s i g n a l   s y s t e m   of  a  r a i l r o a d   l i n e   o r  
in  an  u n m a n n e d   o p e r a t i o n   s y s t e m   in  a  f a c t o r y ,   a  d o c k y a r d   o r  
an  a s s o r t i n g   or  m a r s h a l i n g   y a r d .  
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WHAT  IS  CLAIMED  I S  

1.  An  a p p a r a t u s   f o r   d e t e c t i n g   a  v e h i c l e   on  a  t r a c k ,  

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

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

f r e q u e n c y   is   p u t   in  a  p a i r   of  r a i l s   in  a  s p e c i f i c   c l o s e d  

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

to   t h e   p r e s e n c e   or  a b s e n c e   of  a  v e h i c l e   on  t h e   r a i l s   a r e   p u t  

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

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

r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e   c e n t e r   b a s e d   on  s a i d  

l o c a l   s i g n a l ,   s e c o n d   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g   m e a n s  

f o r   p u t t i n g   ou t   a  p h a s e   j u d g e m e n t   s i g n a l   v i b r a t i n g   w i t h   t h e  

r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e   c e n t e r   b a s e d   on  t h e  

t r a c k   s i g n a l ,   l e v e l   j u d g e m e n t   s i g n a l   g e n e r a t i n g   means   f o r  

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

r e f e r e n c e   v o l t a g e   l e v e l   b e i n g   as  t h e   c e n t e r   b a s e d   on  t h e  

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

t h e   p h a s e   j u d g e m e n t   s i g n a l   p u t   ou t   f r o m   t h e   f i r s t   p h a s e  

j u d g e m e n t   s i g n a l   g e n e r a t i n g   means   and  t h e   p h a s e   j u d g e m e n t  

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

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

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

a r e   of  t h e   same  p h a s e   b u t   does   n o t   g e n e r a t e   any  s i g n a l   a t   t h e  

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

s i g n a l   when  t h e   v o l t a g e   l e v e l   of  t h e   l e v e l   j u d g e m e n t   s i g n a l  

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

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

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

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

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

j u d g i n g   c i r c u i t   s i m u l t a n e o u s l y   p u t   ou t   s i g n a l s   b u t   does   n o t  

p u t   o u t   any   s i g n a l   a t   t h e   t i m e   of  a  t r o u b l e .  

2.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in   c l a i m  

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

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

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

r e c t i f y i n g   t h e   o u t p u t   s i g n a l   of  t h e   t r a n s f o r m e r   to   a  
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r e c t a n g u l a r   wave,  s i g n a l   v i b r a t i n g   w i t h   t h e   r e f e r e n c e   v o l t a g e  
l e v e l   b e i n g   as  t h e   c e n t e r ,   a  d i f f e r e n t i a l   c i r c u i t   f o r  
d i f f e r e n t i a t i n g   t h e   o u t p u t   of  t h e   f i r s t   wave  fo rm  r e c t i f y i n g  
c i r c u i t   and  p u t t i n g   t h e   d i f f e r e n t i a t e d   o u t p u t   i n t o   t h e   f i r s t  
l o g i c a l   p r o d u c t   c i r c u i t   and  s e l f   - r e t a i n i n g   means   f o r   f e e d i n g  
b a c k   t h e   o u t p u t   of  t h e   f i r s t   l o g i c a l   p r o d u c t   c i r c u i t   to   t h e  
f i r s t   l o g i c a l   p r o d u c t   c i r c u i t   t h r o u g h   a  d i o d e   and  s e l f -  
r e t a i n i n g   t h e   o u t p u t   of  t h e   f i r s t   l o g i c a l   p r o d u c t   c i r c u i t .  

3.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  
1,  w h e r e i n   t h e   s e c o n d   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g   m e a n s  
c o m p r i s e s   a  d i f f e r e n t i a l   c i r c u i t   f o r   d i f f e r e n t i a t i n g   t h e  
o u t p u t   s i g n a l   of  t h e   l e v e l   j u d g i n g   means   and  s e l f   - r e t a i n i n g  
means   f o r   f e e d i n g   b a c k   t h e   o u t p u t   of  t h e   f i r s t   l o g i c a l  
p r o d u c t   c i r c u i t   to   t h e   f i r s t   l o g i c a l   p r o d u c t   c i r c u i t   t h r o u g h  
a  d i o d e   and  s e l f   - r e t a i n i n g   t h e   o u t p u t   of  t h e   f i r s t   l o g i c a l  
p r o d u c t   c i r c u i t .  

4.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  
1,  w h e r e i n   t h e   l e v e l   j u d g i n g   c i r c u i t   c o m p r i s e s   a  t h r e s h o l d  
c i r c u i t   f o r   p u t t i n g   ou t   o n l y   a  v o l t a g e   h i g h e r   t h a n   a  
p r e d e t e r m i n e d   v a l u e   of  t h e   l e v e l   j u e g i n g   s i g n a l   p u t   ou t   f r o m  
t h e   l e v e l   j u d g i n g   s i g n a l   g e n e r a t i n g   means   and  a  v o l t a g e  
d o u b l i n g   h a l f   - w a v e   r e c t i f y i n g   c i r c u i t   f o r   p r o c e s s i n g   t h e  
o u t p u t   s i g n a l   of  t h e   t h r e s h o l d   c i r c u i t .  

5.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  
1,  w h e r e i n   t h e   f i r s t   l o g i c a l   p r o d u c t   c i r c u i t   and  s e c o n d  
l o g i c a l   p r o d u c t   c i r c u i t   c o n s t i t u t e   l o g i c a l   p r o d u c t   c o m p u t i n g  
o s c i l l a t i n g   means   w h i c h   has  an  i n p u t   t e r m i n a l   a  f o r   r e c e i v i n g  
t h e   o u t p u t   of  t h e   f i r s t   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g  
m e a n s ,   an  i n p u t   t e r m i n a l   b  f o r   r e c e i v i n g   t h e   o u t p u t   of  t h e  
l e v e l   j u d g i n g   m e a n s ,   an  i n p u t   t e r m i n a l   c  f o r   r e c e i v i n g   t h e  
o u t p u t   of  t h e   s e c o n d   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g   m e a n s  
and  a  r e f e r e n c e   v o l t a g e   i n p u t   t e r m i n a l   f o r   r e c e i v i n g   a  s i g n a l  
of  a  d i r e c t   c u r r e n t   v o l t a g e   Vs  ,  and  w h i c h   is   c o n s t r u c t e d   s o  
t h a t   an  o s c i l l a t i n g   o u t p u t   i s   g e n e r a t e d   when  v o l t a g e s  
e x c e e d i n g   t h e   r a n g e   of  t h e   d i r e c t   c u r r e n t   v o l t a g e   Vs  a r e  
s i m u l t a n e o u s l y   a p p l i e d   to   t he   t h r e e   i n p u t   t e r m i n a l s   a,  b  a n d  
c .  

6.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  
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5,  w h e r e i n   t h e   f i r s t   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g   m e a n s  

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

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

p u t t i n g   ou t   t h e   r e c t a n g u l a r   wave  s i g n a l   to   t h e   i n p u t   t e r m i n a l  

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

c o m p r i s e s   a  f i r s t   wave   f o r m   r e c t i f y i n g   c i r c u i t   f o r   r e c t i f y i n g  

a  t r a c k   s i g n a l   to   a  r e c t a n g u l a r   wave  s i g n a l ,   a  d i f f e r e n t i a l  

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

r e c t i f y i n g   c i r c u i t   and   p u t t i n g   t h e   d i f f e r e n t i a t e d   o u t p u t   i n t o  

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

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

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

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

i n t o   t h e   t e r m i n a l   c .  

7.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  

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

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

c o l l e c t o r   r e s i s t o r   b e t w e e n   t h e   i n p u t   t e r m i n a l   a  and  t h e  

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

s a i d   f i r s t   t r a n s i s t o r   b e i n g   p u t   in  t h e   b a s e   t h r o u g h   a n  

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

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

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

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

f i r s t   Z e n e r   d i o d e ,   a  l e a k   r e s i s t o r   i n t e r p o s e d   b e t w e e n   t h e  

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

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

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

v o l t a g e   of  t h e   t h i r d   c o l l e c t o r   r e s i s t o r   and  s e c o n d   Z e n e r  

d i o d e   is   p u t   in  t h e   b a s e   of  t h e   f i r s t   t r a n s i s t o r   a n d '   a n  

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

and   t h e   c o l l e c t o r   of  t h e   t h i r d   t r a n s i s t o r .  

8.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  

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

c o m p r i s e s   a  s e c o n d   wave  fo rm  r e c t i f y i n g   c i r c u i t   f o r  

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

p u t t i n g   ou t   t h e   r e c t a n g u l a r   wave  s i g n a l   i n t o   t h e   i n p u t  

t e r m i n a l   a,  and  t h e   s e c o n d   p h a s e   j u d g e m e n t   s i g n a l   g e n e r a t i n g  
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imeans  c o m p r i s e s   a  f i r s t   wave  fo rm  r e c t i f y i n g   c i r c u i t   f o r  

r e c t i f y i n g   t h e   t r a c k   s i g n a l   to  a  r e c t a n g u l a r   wave  s i g n a l ,   a  
d i f f e r e n t i a l   c i r c u i t   f o r   d i f f e r e n t i a t i n g   t h e   o u t p u t   of  t h e  

f i r s t   wave  fo rm  r e c t i f y i n g   c i r c u i t   and  p u t t i n g   t h e  

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

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

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

t h e   o u t p u t   of  t h e   r e c t i f y i n g   c i r c u i t   o n l y   in  t h e   t e r m i n a l   c .  

9.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  

8,  w h e r e i n   t h e   l e v e l   j u d g i n g   means   c o m p r i s e s   a  t h r e s h o l d  

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

v a l u e   of  t h e   l e v e l   j u d g i n g   s i g n a l   p u t   ou t   f rom  t h e   l e v e l  

j u d g i n g   s i g n a l   g e n e r a t i n g   means   and  a  v o l t a g e   m u l t i p l y i n g  

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

of  t h e   t h r e s h o l d   c i r c u i t .  

10.  A  v e h i c l e   d e t e c t i n g   a p p a r a t u s   as  s e t   f o r t h   in  c l a i m  

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

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

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

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

as  a  p o w e r   s o u r c e .  
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D e c e m b e r   22,  1986  (22.   12.   8 6 )  

Signature  of  Authorized  Officer  • International  Searching  Authority  ' 

J a p a n e s e   P a t e n t   O f f i c e  

Form  PCT/ISA/210  (second  sheet)  (October  1981) 


	bibliography
	description
	claims
	drawings
	search report

