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@  System  for  locating  a  railway  vehicle. 

57  A  flaw  detector  for  checking  and  continuously  proving  the 
integrity  of  railway  tracks  rails  is  given  a  second  role  to  addi- 
tionally  sense  markers  attached  to  the  rail  webs.  These  mark- 
ers,  for  example  welded  metal  blocks,  are  arranged  to 
reproduce  a  code  word  in  the  flaw  sensor  outputs  representing 
the  location  of  the  vehicle.  The  code  word  is  then  transmitted, 
together  with  another  code  word  representing  the  vehicle's 
identity,  to  a  central  traffic  control  office  via  a  radio  communi- 
cation  channel.  The  described  arrangement  may  directly 
replace  conventional  track  circuit  apparatus. 



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

r a i l w a y   v e h i c l e .  

The  i n v e n t i o n   s e e k s   to   p r o v i d e   a  s y s t e m   f o r   d e t e r m i n i n g  

t h e   l o c a t i o n   of  a  r a i l w a y   v e h i c l e   a l o n g   a  t r a c k  

n o t i o n a l l y   d i v i d e d   i n t o   t r a c k   s e c t i o n s .   The  p r o p o s e d  

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

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

v u l n e r a b l e   to   v a n d a l i s m   and  r e q u i r e s   p e r i o d i c  

m a i n t e n a n c e .  

R a i l w a y   o p e r a t o r s   have   b e e n   e x p l o r i n g   ways  o f  

i n c r e a s i n g   e f f i c i e n c y   of  t r a c k   m a i n t e n a n c e   f o r   s o m e  

t i m e   in  o r d e r   to   cope   w i t h   t h e   d e m a n d s   of  g r e a t e r   u s a g e  
of  t r a c k   and  i n c r e a s e d ,   a t   l e a s t   f o r   p a s s e n g e r  
s e r v i c e s ,   o p e r a t i n g   s p e e d s .   A r i s i n g   f rom  t h i s  

u l t r a - s o n i c   f l a w   e q u i p m e n t   c a p a b l e   of  o p e r a t i n g   a t  

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

t h a t   t h e   i n t e g r i t y   of  t r a c k   r a i l s   may  be  c h e c k e d  

w i t h o u t   i n t e r r u p t i o n s   to   s e r v i c e s .   F l a w s ,   c r a c k s   a n d  

t h e   l i k e   a r e   d e t e c t e d   a t   an  e a r l y   s t a g e   and  m a r k e d ,   f o r  

e x a m p l e   by  a  b l o b   of  p a i n t   on  t h e   t r a c k   n e a r   a  f l a w   a n d  

can  be  d e a l t   w i t h   as  n e e d e d   b e f o r e   r a i l   b r e a k a g e s  

o c c u r .  

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

e x i s t i n g   f l a w   d e t e c t i o n   e q u i p m e n t   to   d e t e c t   m a r k e r s  

i n s t a l l e d   on  t h e   r a i l s ,   and  t h a t   t h e   m a r k e r s   f u l f i l   t h e  

same  f u n c t i o n s   as  t r a c k   c i r c u i t s   and  t r a c k   s i g n a l l i n g  

e q u i p m e n t ,   in  a d d i t i o n   to   t h e   n o r m a l   f u n c t i o n   of  t h e  

e q u i p m e n t   to   c h e c k   t h e   i n t e g r i t y   of  t r a c k   r a i l s .  

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



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

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

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

f l a w s   in   t h e   t r a c k   r a i l s ,   m a r k e r s   a s s o c i a t e d   w i t h   t h e  

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

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

r e s p o n s e   c o n s i s t i n g   of  a  code   word   r e p r e s e n t i v e   of  i t s  

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

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

r a i l w a y   v e h i c l e   as  r e p r e s e n t e d   by  s a i d   code   w o r d .  

P r e f e r a b l y   t h e   i n v e n t i o n   u t i l i z e s   f l a w   d e t e c t i o n  

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

p u r p o s e s .   A p p a r a t u s   e m b o d y i n g   t h e   i n v e n t i o n   t h e r e f o r e  

has   a  d u a l   r o l e ,   a l t h o u g h   as  t h e   t r a c k   i n s p e c t i o n  

f u n c t i o n s   a r e   no  c o n c e r n   of  t h e   p r e s e n t   i n v e n t i o n   n o .  

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

The  i n v e n t i o n   and  how  i t   may  be  c a r r i e d   i n t o   p r a c t i c e  

w i l l   now  be  d e s c r i b e d ,   by  way  of  e x a m p l e   o n l y ,   w i t h  

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   in   w h i c h ;  

F i g .   1  shows  a t   (a)  a  s e c t i o n e d   v i e w   t h r o u g h   a  r a i l  

p r o v i d e d   w i t h   a  m e t a l   b l o c k   s e t ,   and  a t   (b)  a  s i d e   v i e w  

t h e r e o f ,   a n d  

F i g .   2  shows  a  b l o c k   d i a g r a m   of  t h e   l o c a t i o n   s y s t e m .  

In  t h e   p a r t i c u l a r   e m b o d i m e n t   of  t h e   i n v e n t i o n   to   b e  

d e s c r i b e d   m e t a l   b l o c k s   of  s e v e r a l   s i z e s   a r e   a t t a c h e d   t o  

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

head   and  a d j a c e n t   t h e   v e r t i c a l   web,   as  shown  in  F i g .   1 .  

The  s i z e   a n d / o r   p o s i t i o n   of  t h e   b l o c k s   i s   c h o s e n   t o  

p r o v i d e   a  u s e f u l   code   when  s e n s e d   by  a  p a s s i n g   r a i l w a y  

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



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

p l a c e d   as  shown  in  t h e   s i d e   v i e w   to   r e p r e s e n t   a  b a r  

code   1 0 0 1 .   The  b l o c k s   a r e   m o u n t e d   on  a t   l e a s t   one   s i d e  

of  t h e   r a i l ,   b l o c k s   may  be  m o u n t e d   a d j a c e n t   b o t h   f a c e s  

of  t h e   c e n t r a l   v e r t i c a l   web,   and  t h e s e   s e t s   of  b l o c k s  

may  c o n v e y   d i f f e r e n t   i n f o r m a t i o n .  

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

a p p r o p r i a t e   to   t h e   m e t h o d   of  d e t e c t i o n   to   be  e m p l o y e d ,  

and  in  a  p o s i t i o n   w h i c h   w i l l   e n a b l e   t h e   b l o c k s   to   b e  

s e n s e d .   The  s e n s i n g   means   may  be  c o n n e c t e d   to   p r o v i d e  

an  i n p u t   to   t r a i n   b o r n e   e q u i p m e n t   a d a p t e d   to   make  u s e  

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

i n v e n t i o n   may  be  u s e d   to   c o m m u n i c a t e   to   a  t r a i n   a  c o d e  

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

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

The  i n v e n t i o n   may  u t i l i z e   s e v e r a l   a l t e r n a t i v e  

p h e n o m e n a ,   of  w h i c h   t h e   f o l l o w i n g   a r e   some  e x a m p l e s :  

c o n d u c t i v e   m e t a l   b l o c k s   may  be  u s e d   in   c o n j u n c t i o n   w i t h  

eddy   c u r r e n t   f l a w   s e n s o r s ,   r a d i o - a c t i v e   b l o c k s   i n  

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

means   f o r   s e n s i n g   r e f l e c t e d   e n e r g y ,   and  l i g h t  

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

s o u r c e   and  l i g h t   s e n s o r .   F u r t h e r   p o s s i b i l i t i e s   i n c l u d e  

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

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

c o o p e r a t e   w i t h   a  m i c r o w a v e   t r a n s m i t t e r   and  r e c e i v e r   o n  

a  v e h i c l e ,   or  b l o c k s   d r i l l e d   or  f o r m e d   w i t h   h o l e s  

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

s e n s e d   by  an  a c o u s t i c   d e t e c t o r   on  a  v e h i c l e .   I n  

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

e m p l o y e d ,   in  w h i c h   c a s e   t h e   r a i l   m o u n t e d   b l o c k s   may  b e  

f o r m e d   w i t h   s p e c i a l l y   s h a p e d   ramp  f o r m a t i o n s .   Such  a n  



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

s p e e d s .  

The  i n f o r m a t i o n   to   be  c o n v e y e d   by  or  d e r i v e d   f r o m  

s e n s i n g   of  t h e   b l o c k s   i s   as  f o l l o w s :   t h e   s i z e   a n d / o r  

s p a c i n g   of  b l o c k s   may  r e p r e s e n t   an  e n c o d e d   l o c a t i o n  

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

t h e   t i m e   s p a n   of  t h e   m e s s a g e ,   i . e .   e l a p s e d   t i m e   b e t w e e n  

t h e   f i r s t   and  l a s t   b l o c k   as  s e n s e d   by  a  v e h i c l e   may  b e  

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

m e m b e r s   may  be  a r r a n g e d   in  a  p r e d e t e r m i n e d   s e q u e n c e   t o  

p r o v i d e   a  more   s o p h i s t i c a t e d   p r o g r e s s i v e   t i m e   or  s p e e d  

c h e c k ,   and  t h e   b l o c k s   may  be  u s e d   to   t r i g g e r   a  f u r t h e r  

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

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

d e t a i l e d   i n f o r m a t i o n .   The  i n v e n t i o n   may  a l s o   be  u s e d  

to   c o n v e y   f i x e d   d a t a   c o n c e r n i n g   c o n d i t i o n s   on  t h e   l i n e  

or  r o u t e   a h e a d ,   f o r   e x a m p l e ,   to   i n d i c a t e   a  m a x i m u m  

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

end ,   and  so  o n .  

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

d i a g r a m m a t i c a l l y   in   F i g .   2  t h e   i n v e n t i o n   i s   u s e d   i n  

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

c o n t r o l   of  a  r a i l w a y   t r a i n .   The  t r a i n   c o m m u n i c a t e s  

w i t h   a  c e n t r a l   t r a f f i c   c o n t r o l   room  f rom  t i m e   to   t i m e  

by  means   of  a  s e c u r e   r a d i o   s y s t e m .  

R e f e r r i n g   to   F i g .   2,  t h e   t r a i n   c a r r i e s   a  f l a w   s e n s o r s  

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

s e n s o r   f o r   e a c h   r a i l .   T h e s e   s e n s o r s   do  n o t   n e e d   to   b e  

p o s i t i o n e d   a h e a d   of  t h e   f i r s t   a x l e   and  may  be  l o c a t e d  

a n y w h e r e   t h a t   i s   c o n v e n i e n t .   Known  f l a w   s e n s o r s   a r e  

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

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



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

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

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

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

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

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

d i s c o n t i n u i t y   in   a  r a i l ,   s u c h   as  i s   c a u s e d   by  a  c r a c k  

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

s e n s o r   c o i l   i m p e d a n c e   as  t h e   s e n s o r   p a s s e s   o v e r   t h e  

c r a c k   e t c .  

The  s e n s o r   c o i l s   a r e   c o n n e c t e d   in   r e s o n a n t   s e n s o r  

c i r c u i t s   in  s u c h   a  way  t h a t   t h e s e   t r a n s i e n t   i m p e d a n c e  

c h a n g e s   i n f l u e n c e   t h e   f r e q u e n c y   and  a m p l i t u d e   of  a  

s e n s o r   c i r c u i t   o u t p u t .   C o n v e n i e n t l y   t h i s   o u t p u t   i s  

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

w h i c h   s e e k   o u t   t h e   e v i d e n c e   of  i m p e d a n c e   c h a n g e s   c a u s e d  

by  c r a c k s   e t c .   In  a  d u a l   p u r p o s e   s y s t e m   as  p r e s e n t l y  

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

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

when  c o m p a r e d   w i t h   t h e   c h a n g e s   due  to   a  s m a l l   c r a c k   f o r  

e x a m p l e ,   and  t a k e   t h e   fo rm  of  a  w e l l - d e f i n e d   a n d  

p r e d e t e r m i n e d   c o r r e s p o n d i n g   code   word  s i g n a l .  

T h e s e   code   word  s i g n a l s   a r e   d i v i d e d   o u t   of  t h e   m a i n  

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

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

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

may  be  as  s i m p l e ,   in   one  fo rm  of  t h e   i n v e n t i o n ,   as  a  

s q u a r i n g   c i r c u i t ,   b u t   in  more  s o p h i s t i c a t e d   v e r s i o n ,  

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

r e c e i v e d   code   word   i s   c h e c k e d   a g a i n s t   s t o r e d   v a l i d   c o d e  

w o r d s   in  o r d e r   to   c h e c k   t h e   v a l i d i t y   of  t h e   s e n s e d   c o d e  

word .   The  s i g n a l s   f rom  t h e   two  s e n s o r   c o i l s   a r e   a l s o  



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

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

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

The  p r o c e s s i n g   a p p a r a t u s   o u t p u t   i s   c o n n e c t e d   to   a  r a d i o  

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

word  s i g n a l ,   i s   e n e r g i s e d   to   t r a n s m i t   t h e   s i g n a l   to   a  

r e c e i v e r   in   a  c e n t r a l   t r a f f i c   c o n t r o l   o f f i c e   w h e r e   t h e  

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

i s   c o n n e c t e d   to   r a i l w a y   c o n t r o l   s i g n a l   i n t e r l o c k i n g  

m e a n s .   The  s i g n a l   may  a l s o   be  c o n n e c t e d   to   a  t r a i n  

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

v e h i c l e ' s   l o c a t i o n .  

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

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

f u r t h e r   i n f o r m a t i o n   such   as  t h e   v e h i c l e ' s   i d e n t i t y ,  

o t h e r   i n f o r m a t i o n   f o r   e x a m p l e   t r a i n   s p e e d   may  b e  

i n c l u d e d .   T r a i n   s p e e d   can  be  i n d e p e n d e n t l y   c a l c u l a t e d  

f rom  t h e   s e n s e d   s i g n a l s   i f   t h e   c o d e d   b l o c k   s e q u e n c e s  

a r e   of  p r e d e t e r m i n e d   l e n g t h   so  t h a t   s e n s e d   m e s s a g e  

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

c o d e d   b l o c k   s e t .  

When  t h e   s e n s i n g   e q u i p m e n t   d e t e c t s   t h e   m a r k e r s   t h e  

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

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

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

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

i n f o r m a t i o n .   The  s y s t e m   may  r e q u i r e   t h e   i n t e r v e n t i o n  

of  a  human  o p e r a t e r ,   i . e .   t h e   d r i v e r ,   or  may  b e  

c o m p l e t e l y   a u t o m a t i c ;   in   t h e   f o r m e r   c a s e   f a i l u r e   t o  

make  some  r e s p o n s e   to  an  i n d i c a t i o n   a r i s i n g   f rom  t h e  

p a s s a g e   of  a  member   s e t   of  b l o c k s   may  r e s u l t   in  t h e  

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



In  an  o t h e r   e m b o d i m e n t   t h e   m e s s a g e   r e p r e s e n t e d   by  t h e  

b l o c k s   of  a  member   s e t   may  be  c h a n g e d ,   f o r   e x a m p l e ,   b y  

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

may  be  e m p l o y e d   to   r e p r e s e n t   a  " s i g n a l   a s p e c t "  

r e p l a c i n g   a  r e d ,   a m b e r ,   g r e e n   a s p e c t   s e t   l i g h t s .   T h u s ,  

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

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

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

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

o t h e r   c h a n g i n g   i n f o r m a t i o n   may  be  c o n v e y e d   to   t h e  

t r a i n .   The  s e n s i n g   e q u i p m e n t   c a r r i e d   by  t h e   t r a i n  

v e h i c l e   may  be  i n t e r l o c k e d   w i t h   t h e   a u t o m a t i c   b r a k i n g  

s y s t e m   in  o r d e r   t h a t ,   f o r   e x a m p l e ,   i f   a  " r e d "   s i g n a l  

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

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

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

t r a i n   to   a  h a l t   w i t h i n   a  p r e d e t e r m i n e d   p e r i o d   of  t i m e .  

The  m e t a l   b l o c k s   w h i c h   c o m p r i s e   a  member   s e t   may  b e  

a t t a c h e d   to   t h e   r a i l   in  s e v e r a l   ways  s u c h   as  b y  

f r i c t i o n   w e l d i n g ,   by  g l u e ,   or  o t h e r   s u i t a b l e   m e t h o d  

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

t h e   r a i l .   The  l o c a t i o n   of  t h e   b l o c k s   u n d e r   t h e   head   o f  

t h e   r a i l   a d j a c e n t   t h e   v e r t i c a l   web  i n s u r e s   t h a t   t h e y  

w i l l   n o t   i n t e r f e r e   w i t h   m e c h a n i c a l   t r a c k   m a i n t e n a n c e  

t o o l s ,   nor   t h a t   t h e y   w i l l   i m p e d e   or  be  d a m a g e d   by  w h e e l  

f l a n g e s .   The  b l o c k s   may  be  s e p a r a t e   or  j o i n e d   t o g e t h e r  

by  m o u n t i n g   on  a  communal   c a r r i e r   or  b a s e ,   or  may  b e  

f o r m e d   i n t e g r a l l y   as  a  m o n o l i t h i c   b a r .  

The  a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n   can  r e p l a c e  

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

The  known  t r a c k   c i r c u i t   r e c e i v e r s   a r e   c o n n e c t e d   to   a  

t r a c k   o c c u p a n c y   r e l a y   w h i c h   i s   o n l y   " p i c k e d - u p "   w h e n  

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



l o c a t e d   in   a  r e l a y   room  a t   some  d i s t a n c e   f rom  t h e   t r a c k  

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

r a d i o   l i n k   in   t h e   p r e s e n t   i n v e n t i o n   i s   d i r e c t l y  

a n a l o g o u s   w i t h   t h e   w i r e   l i n k .   H o w e v e r ,   t h e  

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

t h e   r a i l w a y   v e h i c l e   p l a y s   a  p a s s i v e   r o l e ,   m e r e l y  

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

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

p a s s i v e   and  t h e   r a i l w a y   v e h i c l e   p l a y s   an  a c t i v e   r o l e   i n  

s e n s i n g   t h e   b l o c k s   and  r e l a y i n g   t h e   o c c u p a n c y  
i n d i c a t i o n .   T h i s   means   t h a t   c o n s i d e r a b l e   c o s t   s a v i n g s  

may  be  made  s i n c e   t h e r e   a r e   o n l y   as  many  e x p e n s i v e  

a c t i v e   s e t s   of  a p p a r a t u s   as  t h e r e   a r e   t r a i n s ,   i n s t e a d  

of  t h e r e   b e i n g   as  many  as  t h e r e   a r e   t r a c k   s e c t i o n s ,   a n d  

t h e   m a i n t e n a n c e   of  e x p e n s i v e   t r a c k s i d e   e q u i p m e n t   i s  

e l i m i n a t e d .  

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

b l o c k   s e t s   on  t h e   r a i l s   to   c o n v e y   to   t h e   t r a i n   c e r t a i n  

i n f o r m a t i o n   in  a d d i t i o n   to   t h a t   c o n t a i n e d   in  t h e   a c t u a l  

m e s s a g e .   Coded  b l o c k   s e t s   a r e   p r e f e r a b l y   p o s i t i o n e d   o n  

b o t h   r a i l s ,   o p p o s i t e   to   each   o t h e r .   F l aw  d e t e c t i o n  

a p p a r a t u s   i s   p r o v i d e d   f o r   e ach   r a i l   and  t h e i r   o u t p u t s  

a r e   c o r r e l a t e d   f o r   f a i l - s a f e   d e t e c t i o n   of  t h e   b l o c k s .  

The  b l o c k   s e t s   may  be  s t a g g e r e d   or  d i f f e r e n t i a l l y  

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

so  t h a t   t h e   v e h i c l e   may  d e d u c e   i t s   d i r e c t i o n   of  t r a v e l  

f rom  t h e   o r d e r   of  d e t e c t i o n   of  t h e   b l o c k s .  

The  b l o c k   s e t s   may  be  s e l e c t i v e l y   p l a c e d   on  one  s i d e  

o n l y   of  t h e   r a i l s ,   i . e .   i n s i d e   or  o u t s i d e ,   and  t h i s  

c o u l d   be  u s e d   to   i n d i c a t e   to  a  v e h i c l e   t h a t   i t   i s   b e i n g  

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

t h e   r a i l s ,   or  s t r a i g h t - o n   i f   t h e   b l o c k s   a r e   o u t s i d e .  



The  s e n s o r   c i r c u i t s   shown  in  F i g .   2  t h e r e f o r e   w i l l  

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

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

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

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

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

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

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

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

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

f u r t h e r   a d d i t i o n a l   i n f o r m a t i o n .  

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

c o n n e c t e d   w i t h   a  cab   i n d i c a t o r   d i s p l a y   p o s i t i o n e d   i n  

t h e   d r i v e r ' s   v i e w ,   t h i s   c o n n e c t i o n   i s   shown  by  a  d a s h e d  

l i n e   in  F i g .   2.  The  l o c a t i o n   of  t h e   v e h i c l e   i s  

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

r e m i n d e r   to   him  of  h i s   v e h i c l e ' s   p r e s e n t   l o c a t i o n .  



1.  A  s y s t e m   f o r   l o c a t i n g   a  r a i l w a y   v e h i c l e   e q u i p p e d  
w i t h   a p p a r a t u s   f o r   d e t e c t i n g   f l a w s ,   c r a c k s   or  t h e  

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

c a p a b l e   of  d e t e c t i n g   f l a w s   in  t h e   t r a c k   r a i l s ,  

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

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

f l a w   s e n s o r   s i g n a l   o u t p u t   a  p r e d e t e r m i n e d   r e s p o n s e  
c o n s i s t i n g   of  a  code  word  r e p r e s e n t i v e   of  i t s  

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

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

t h e   r a i l w a y   v e h i c l e   as  r e p r e s e n t e d   by  s a i d   c o d e  

w o r d .  

2.  A  s y s t e m   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e   means   t o  

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

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

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

to  a  r e m o t e   r e c e i v i n g   s t a t i o n .  

3.  A  s y s t e m   as  c l a i m e d   in  c l a i m   2  w h e r e i n   t h e   r a d i o  

c o m m u n i c a t i o n   means   is   a u t o m a t i c a l l y   e n e r g i s e d   b y  

s e n s i n g   of  a  code  word  to   t r a n s m i t   t h e   s a m e .  

4.  A  s y s t e m   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to   3 

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

code   word  to   d i s p l a y   in  t h e   v e h i c l e   d r i v i n g   cab   a n  

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

5.  A  s y s t e m   as  c l a i m e d   in  a n y  o n e   of  C l a i m s   1  to   4 

w h e r e i n   t h e   m a r k e r s   c o m p r i s e   means   m o u n t e d   on  e a c h  

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

s e n s i n g   means   a s s o c i a t e d   w i t h   e a c h   of  t h e   r a i l s   t o  

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

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



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

6.  A  s y s t e m   as  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e   m a r k e r s  

a r e   d i f f e r e n t i a l l y   or  s e l e c t i v e l y   d i s p o s e d   on  t h e  

r a i l s   in  o r d e r   to  c o n v e y   a d d i t i o n a l   i n f o r m a t i o n .  

7.  A  s y s t e m   s u b s t a n t i a l l y   as  d e s c r i b e d   w i t h   r e f e r e n c e  

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