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@  There  is  disclosed  an  automatic  driving  system  for  a  rail- 
way  vehicle.  In  a  permanent  way,  there  is  means  for  sub- 
stantially  continuously  communicating  to  a  vehicle  signalling 
information  which  concerns  safety  of  movement.  At  a  station, 
there  is  means  (39,  32,  35)  for  periodically  supplying  a  vehicle 
with  static  information  (such  as  gradients,  distances  between 
stops  and  target  arrival  times)  concerning  efficient  operation 
of  the  vehicle.  On  each  vehicle  there  are:  means  (2)  for 
receiving  the  signalling  information;  means  (14)  for  receiving 
and  means  (20)  for  storing  the  static  information;  and  means 
(4)  for  measuring  the  speed  of  the  vehicle  and  distance  it  has 
travelled;  and  control  means  (8)  capable  of  producing  control 
outputs  (10,  9)  to  operate  the  brakes  and  the  motors  of  the 
vehicle  in  accordance  with  inputs  produced  in  response  to 
the  stored  static  information  and  the  received  signalling 
information. 
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AUTOMATIC  RAILWAY  VEHICLE  OPERATION 

T h i s   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   a u t o m a t i c  

r a i l w a y   v e h i c l e   o p e r a t i o n .  

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

same  b a s i c   s i g n a l l i n g   p r i n c i p l e s   as  e m p l o y e d   f o r  

m a n u a l l y   d r i v e n   t r a i n s ,   t h a t   i s ,   t he   t r a i n   i s   d r i v e n  

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

i n f r i n g e   t h e   min imum  s a f e   h e a d w a y   d i s t a n c e   to  t h e   r e a r  

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

and  e v e n t u a l l y   i t   may  be  h a l t e d .  

In  a d d i t i o n   to  c o n v e n t i o n a l   h e a d w a y   s a f e t y  

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

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

l i m i t   and  a  t a r g e t   s p e e d   l i m i t .   The  t r a i n   i s   t h e n  

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

e x c e e d i n g   t h e   maximum  s p e e d .   T h u s ,   when  i t   b e g i n s   t o  

a p p p r o a c h   t h e   min imum  h e a d w a y   of  a  t r a i n   a h e a d   t h e  

t a r g e t   s p e e d   is   r e d u c e d   and  t he   t r a i n ' s   b r a k e s   a r e  

a c t u a t e d   i m m e d i a t e l y   to  s l o w   the   t r a i n   to  i t s   t a r g e t  

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

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

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

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

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

a  c o m p l e t e   n e t w o r k   or  a  c o m p l e t e   s e c t i o n   of  t h e  

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

t r a i n s   o v e r   many  r o u t e s .  

An  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 i d e  

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

t h a t   i t   can   c a l c u l a t e   i t s   own  a c c e l e r a t i o n ,   b r a k i n g ,  

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

i n f o r m a t i o n   of  t he   i m m e d i a t e   r o u t e   to  be  t r a v e r s e d .  

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  

an  a u t o m a t i c   d r i v i n g   s y s t e m   f o r   a  r a i l w a y   v e h i c l e  
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c o m p r i s i n g ,   in   a  p e r m a n e n t   way ,   m e a n s   f o r  

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

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

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

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

b e t w e e n   s t o p s   and   t a r g e t   a r r i v a l   t i m e s )   c o n c e r n i n g  

e f f i c i e n t   o p e r a t i o n   of  t h e   v e h i c l e ;   and   on  e a c h  

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

i n f o r m a t i o n ^   m e a n s   f o r   r e c e i v i n g   and  s t o r i n g   t h e  

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

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

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

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

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

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

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

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

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

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

s t o r e d   in   t h e   s t o r i n g   m e a n s   on  t h e   v e h i c l e .   S t o r e d  

s t a t i c   i n f o r m a t i o n   r e c e i v e d   a t   one  s t a t i o n   may  b e  

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

n e x t   s t a t i o n   a t   w h i c h   t h e   v e h i c l e   s t o p s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  o f  

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 s   in   w h i c h :  

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

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

F i g .   2  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  a u t o m a t i c  

t r . a i n   o p e r a t i n g   e q u i p m e n t   in   F i g . l ;  

F i g .   3  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  f i x e d  

e q u i p m e n t   a t   a  s t a t i o n ;  

F i g .   4  shows   in   s c h e m a t i c   f o r m   an  a r r a n g e m e n t   of  a  

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

F i g .   5  shows   c o m p a r a t i v e   t r a i n   s p e e d   p r o f i l e s ,   w i t h  

and  w i t h o u t   t h e   i n v e n t i o n .  

R e f e r r i n g   f i r s t l y   to  F i g . l ,   t he   i l l u s t r a t e d  

5  a p p a r a t u s   c o m p r i s e s   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  

( A . T . P . )   e q u i p m e n t   1  c o n n e c t e d   to  r e c e i v e   a  f i r s t   i n p u t  
f r o m   a  p i c k - u p   2.  T h i s   p i c k - u p   2  may  c o m p r i s e   a n  
i n d u c t i v e   l o o p   a n t e n n a   m o u n t e d   u n d e r n e a t h   t h e   t r a i n ,  
low  down  a t   t h e   f r o n t   of  t he   l e a d i n g   b o g i e ,   a h e a d   o f  

10  t he   l e a d i n g   a x l e ,   and  in  c l o s e   p r o x i m i t y   to  one  of  t h e  

t r a c k   r a i   Is  3  . 
E l e c t r i c a l   c u r r e n t s   i n d u c e d   in  t he   t r a c k   r a i l s   3  i n  

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

p i c k - u p   2 . . T h e   s i g n a l s   a r e   u s e d ,   f i r s t l y ,   by  t r a c k  

15  c i r c u i t   e q u i p m e n t   ( n o t   s h o w n )   to  d e t e c t   t he   p r e s e n c e   o f  

a  t r a i n   in   t h e   t r a c k   s e c t i o n   b e t w e e n   t he   e q u i p m e n t ' s  
t r a n s m i t t e r   and   r e c e i v e r   a p p a r a t u s .   T h i s   i s   w e l l   k n o w n  

in  t he   a r t   and  w e l l   d e s c r i b e d   e l s e w h e r e .   As  i t   i s  

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

20  p r e s e n t   i n v e n t i o n   is   c o n c e r n e d ,   i t   w i l l   be  a s s u m e d   t h a t  

t he   r e a d e r   is   f a m i l i a r   w i t h   t h e   t e c h n o l o g y .  
The  p i c k - u p   2  i s   d u p l i c a t e d .   The  s e c o n d   p i c k - u p   i s  

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

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

25  t r a c k   c i r c u i t   s i g n a l   i n p u t   to  t h e   A . T . P .   e q u i p m e n t   1 .  

The  a p p a r a t u s   b e i n g   d e s c r i b e d   m a k e s   u se   of  A . C .  

c o d e d   s i g n a l s   u s e d   to  m o d u l a t e   t he   b a s i c   t r a c k   c i r c u i t  

s i g n a l   c a r r i e r   f r e q u e n c y   f o r   t r a i n   o p e r a t i n g   p u r p o s e s .  
The  c o d e d   s i g n a l s   i m p r e s s e d   on  t he   t r a c k   c i r c u i t  

30  c a r r i e r   s i g n a l   c o n v e y   maximum  s p e e d   and  t a r g e t   s p e e d  
i n f o r m a t i o n   to  a  t r a i n .   T h i s   s p e e d   i n f o r m a t i o n ,   i n  

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

d r i v e r   by  means   of  t he   c o n v e n t i o n a l   c o l o u r e d   l i g h t  

s i g n a l l i n g   e q u i p m e n t .   B r i e f l y ,   i t   w o r k s   as  f o l l o w s .   T h e  

35  
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t r a i n   i s   g i v e n   a  maximum  s p e e d   w h i c h   i t   m u s t   n o t   e x c e e d  

and   a  t a r g e t   s p e e d   w h i c h   may  be  e x p e c t e d   to  be  i t s  

maximum  s p e e d   in   t h e   n e x t   s e c t i o n .   T a r g e t   s p e e d s   m a y  

be  p r o g r e s s i v e l y   l o w e r e d   in   s t a g e s   in   s u c c e s s i v e  

5  s e c t i o n s   down  to  z e r o .   E q u a l   maximum  and   t a r g e t   s p e e d s  

a r e   e q u i v a l e n t   to  a  c o n v e n t i o n a l   g r e e n   c o l o u r e d   l i g h t ;  

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

to  a  w a r n i n g   a m b e r   c o l o u r e d   l i g h t ;   and   a  z e r o   t a r g e t  

s p e e d   i s   t h e   same  as  a  r e d   a s p e c t   s t o p   s i g n a l .  

10  The  t r a i n   c a r r i e d   A . T . P .   e q u i p m e n t   1  c o u l d   be  of  a  

f o r m   known   in  t h e   a r t   -  s e e   f o r   e x a m p l e   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n s   Nos .   2 1 5 9 3 1 1   and   2 0 1 7 9 9 1 .   The  m a x i m u m  

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

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

15  t r a c k   r a i l s   3  and   r e c e i v e d   v i a   p i c k - u p s   2.  T h i s  

s i g n a l   i s   d e c o d e d   by  t h e   e q u i p m e n t   1  in   o r d e r   t o  

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

of  t h e   t r a i n   i s   m e a s u r e d   by  a  t a c h o m e t e r   4  w h i c h  

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

20  t h e   s p e e d   of  t h e   t r a i n .   T h i s   s p e e d   o u t p u t   s i g n a l   i s  

c o n n e c t e d   to  a  s e c o n d   i n p u t   of  t h e   A . T . P .   e q u i p m e n t   1 .  

The  A . T . P .   e q u i p m e n t   i s   o p e r a t i v e   to  c o m p a r e   t h e  

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

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

25  t r a c k   c i r c u i t   s i g n a l   r e c e i v e d   v i a   p i c k - u p s   2.  I f   t h e  

m e a s u r e d   s p e e d   e x c e e d s   t h e   maximum  s p e e d   l i m i t   t h e  

b r a k e s   a r e   a p p l i e d   a u t o m a t i c a l l y   by  t h e   A . T . P .  

e q u i p m e n t   1.  The  e q u i p m e n t   1  h a s   an  e m e r g e n c y   b r a k e  

c o n t r o l   o u t p u t   5  c o n n e c t e d   to  t h e   b r a k e   s y s t e m .   When  

30  t h e   e m e r g e n c y   b r a k e   s i g n a l   a p p e a r s   on  o u t p u t   5  t h e  

t r a i n ' s   b r a k e s   a r e   a u t o m a t i c a l l y   a p p l i e d   to  e m e r g e n c y  

b r a k i n g   l e v e l .   The  A . T . P .   e q u i p m e n t   1  has   two  f u r t h e r  

o u t p u t s   6  and   7  w h i c h   c a r r y ,   r e s p e c t i v e l y ,   t h e   t a r g e t  

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

3 5  
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A u t o m a t i c   t r a i n   o p e r a t i n g   ( A . T . O . )   e q u i p m e n t   i s  

r e p r e s e n t e d   by  b l o c k   8  in   F i g . l .   T h i s   c o m p r i s e s   a  

m i c r o - p r o c e s s o r   s y s t e m   w h i c h   w i l l   be  d e s c r i b e d   in   m o r e  

d e t a i l   b e l o w .   The  A . T . O .   e q u i p m e n t   8  h a s   two  c o n t r o l  

o u t p u t s   9  and  10  w h i c h   a r e   o p e r a t i v e l y   c o n n e c t e d   t o  

c o n t r o l   t he   t r a i n ' s   m o t o r   c o n t r o l   and  b r a k e   s y s t e m s  

r e s p e c t i v e l y .   The  t a r g e t   s p e e d   and   t r a c k   c i r c u i t  

f r e q u e n c y   s i g n a l   o u t p u t s   6  and   7  f r o m   t he   A . T . P .  

e q u i p m e n t   1  a r e   c o n n e c t e d   r e s p e c t i v e l y   to  i n p u t s   11  a n d  

12  of  t h e   A . T . O .   e q u i p m e n t   8.  A  f u r t h e r   A . T . O .   i n p u t  

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

a n t e n n a   r e c e i v i n g   a r r a n g e m e n t ,   i n d i c a t e d   by  r e f e r e n c e  

n u m e r a l   " 1 4 .  

The  A . T . O .   e q u i p m e n t   8  a l s o   has   an  o u t p u t   l i n e   15  

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

a n t e n n a   a r r a n g e m e n t ,   i n d i c a t e d   by  r e f e r e n c e   16.  T h e  

a n t e n n a   a r r a n g e m e n t s   14  and  16  a r e   m o u n t e d   u n d e r n e a t h  

t he   v e h i c l e   c o n t a i n i n g   t h e   A . T . O .   e q u i p m e n t ,   t o  

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

c l o s e   p r o x i m i t y   to  t h e   t r a c k   r a i l s   3,  and  t h e y   a r e  

i n s t a l l e d   f u r t h e r   b a c k   on  the   v e h i c l e   t h a n   t h e  

p i c k - u p s   2  r e f e r r e d   to  a b o v e .   The  m e a s u r e d   s p e e d  

s i g n a l   f rom  t a c h o m e t e r   4  i s   c o n n e c t e d   to  an  i n p u t   17  t o  

t he   A . T . O .   e q u i p m e n t   8 .  

F i g .   2  shows   t h e   A . T . O .   e q u i p m e n t   in   g r e a t e r   d e t a i l ,  

p a r t s   a l s o   shown  in  F i g . l   h a v i n g   l i k e   r e f e r e n c e s .   T h e  

c e n t r a l   p a r t   of  t h e   A . T . O .   e q u i p m e n t   i s   a  

m i c r o - p r o c e s s o r   18.  The  o p e r a t i o n   of  p r o c e s s o r   18  i s  

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

p r o g r a m s ,   s t o r e d   in  a  p r o g r a m m a b l e   r e a d   o n l y   m e m o r y  

(PROM)  19  c o m p r i s i n g   a  c o n t r o l   d a t a   s t o r e   c o n n e c t e d   t o  

the   p r o c e s s o r .   A l s o   c o n n e c t e d   to  t h e   p r o c e s s o r   18  i s   a  

f u r t h e r   memory  20  w h i c h   a c t s   as  a  g e o g r a p h i c a l   d a t a  

s t o r e   . 
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The  p r o c e s s o r   18  h a s   an  i n p u t   21  and  an  o u t p u t   2 2  

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

m o d u l a t o r   / d e m o d u l a t o r   b l o c k   23  to  t h e   d u p l i c a t e d  

r e c e i v e r   and  t r a n s m i t t e r   a n t e n n a e   14  and   16.   T h e  

5  s i g n a l   to   t h e   t r a n s m i t t e r   a n t e n n a e   i s   b o o s t e d   by  a n  

a m p l i f i e r   24 .   R e c e i v e d   and   t r a n s m i t t e d   s i g n a l s   a r e  

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

f r o m   t h e   d u p l i c a t e d   a n t e n n a e   14  b e i n g   a p p l i e d   to  t h e  

b l o c k   23  v i a   a  c a r r i e r   l e v e l   d e c t e c t o r   25 .   The  b l o c k  

10  23  i n c l u d e s   a  m a t c h i n g   h i g h   f r e q u e n c y   s i g n a l   g e n e r a t o r  

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

w i t h   t h e   p r o c e s s o r   o u t p u t   22  f o r   t r a n s m i s s i o n ,   a n d  

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

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

15  2 1 .  

P r o c e s s o r   18  i s   a l s o   c o n n e c t e d   to  a  s y s t e m   d a t a   b u s  

26  f o r   two  way  c o m m u n i c a t i o n   w i t h   a  d a t a   i n p u t   b l o c k  

27 ,   a  d a t a   o u t p u t   b l o c k   28  and   a  d i s t a n c e / v e l o c i t y  

m e a s u r e m e n t   u n i t   29 .   The  i n p u t   and  o u t p u t   b l o c k s   2 7 a n d  

20  28  c a r r y   t h e   t r a i n   o p e r a t i n g   s y s t e m   c o n t r o l   s i g n a l s .  

The  p r o c e s s o r   18  i s   h o u s e d   in   a  d e m o u n t a b l e   u n i t   and  i s  

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

t h r o u g h   an  i n t e r f a c e   30 .   The  c o n t r o l   o u t p u t s   9  and  1 0  

f o r   t h e   m o t o r s   and  b r a k e s   e m e r g e   f r o m   t h e   p r o c e s s o r   1 8  

25  t h r o u g h   i n t e r f a c e   30 ,   and   t h e   t a r g e t   s p e e d   and  t r a c k  

c i r c u i t   f r e q u e n c y   s i g n a l s   on  i n p u t s   11  and  12  e n t e r   t h e  

p r o c e s s o r   18  t h r o u g h   t h e   i n t e r f a c e   3 0 .  

The  t a c h o m e t e r   4  i s   c o n n e c t e d   to  t h e  

d i s t a n c e / v e l o c i t y   m e a s u r e m e n t   u n i t   29 ,   t h i s   u n i t  

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

o p e r a t i n g   i n d e p e n d e n t l y   of  t h e   m a i n   p r o c e s s o r   18.  T h e  

t a c h o m e t e r   4  may  c o m p r i s e   an  a . c .   g e n e r a t o r   p r o d u c i n g  

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

3 5  
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w h e e l s   a n d ,   t h e r e f o r e ,   to  t h e   s p e e d   of  t h e   v e h i c l e .  

The  u n i t   29  i n c l u d e s   a  s q u a r i n g   c i r c u i t   w h i c h   p r o d u c e s  

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

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

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

t h a t   i s ,   t he   d i s t a n c e   t r a v e l l e d   by  t he   t r a i n   f rom  a n  

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

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

d e t e r m i n i n g   t h e   r a t e   of  c h a n g e   w i t h   t i m e   of  t h e  

d i s t a n c e   m o v e m e n t ;   and   to  p r o v i d e   an  i n d i c a t i o n   o f  

m o v e m e n t   in   r e v e r s e   ( r u n b a c k ) .  

The  m e a s u r e m e n t   u n i t   29  p r o v i d e s   i t s   o u t p u t   in  a  

d i g i t a l   f o r m a t   c o m p a t i b l e   w i t h   t he   i n p u t   word   f o r m a t   o f  

p r o c e s s o r   18.  The  o u t p u t   of  u n i t   29  i s   c o n n e c t e d   w i t h  

t he   d a t a   bus  26  . 
F i g .   3  i l l u s t r a t e s   in   b l o c k   d i a g r a m   fo rm  t h e   f i x e d  

e q u i p m e n t   p a r t   of  t h e   s y s t e m   i n s t a l l e d   a t   a  s t a t i o n  

h a l t .   A  s t a t i o n   p l a t f o r m   is   i n d i c a t e d   in  o u t l i n e   a t   3 1  

and  a d j a c e n t   to  t h i s   p l a t f o r m   is   a  r a i l w a y   t r a c k   ( n o t  

shown)   in  t he   b o d y   of  w h i c h   a r e   l o c a t e d   s e v e r a l   l o o p  

a e r i a l s   3 2 , 3 3 , 3 4   and  35  of  two  t y p e s .   The  l o o p s   32  a n d  

35  of  t h e   f i r s t   t y p e   a r e   p o s i t i o n e d   a b o u t   100  m e t r e s  

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

c o n s t r u c t i o n   i s   shown  in   g r e a t e r   d e t a i l   in   F i g .   4.  M o r e  

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

d r a w n   a t   F i g .   4 ( b )   i s   of  s p e c i a l   i n t e r e s t   and  w i l l   b e  

r e f e r r e d   to  b e l o w   in  more   d e t a i l .  

The  l o o p s   33  and  34 ,   w h i c h   a r e   of  t h e   s e c o n d   t y p e ,  

a r e   l o c a t e d   b e t w e e n   t h e   p o s i t i o n s   of  t h e   l o o p s   32  a n d  

35.   The  l o o p   33  i s   shown  by  d a s h e d   l i n e s   to  i n d i c a t e  

t h a t   i t   i s   an  o p t i o n a l   f e a t u r e .   In  p r a c t i c e   t h e  

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

one  t i m e ,   as  d i c t a t e d   by  t h e   d i r e c t i o n   of  t r a v e l   of  a  

t r a i n .   In  F i g .   3,  a  t r a i n   i s   a s s u m e d   to  move  f r o m   l e f t  
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to   r i g h t   in   t h e   p l a n e   of   t h e   p a g e ,   so  t h a t   i t   u s e s   t h e  

l o o p s   32 ,   34  and   35 .   The  l o o p s   34  and   35  a r e  

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

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

e m b o d i m e n t   u s e s   t h e   l o o p s   32 ,   33 ,   3 5 ,   t h e   l o o p s   3 2  

and   33  b e i n g   p o s i t i o n e d   r e a s o n a b l y   c l o s e   t o g e t h e r   a n d  

a t   t h e   h e a d   of  t h e   t r a i n .  

The  l o o p s   32  and   35  of  t h e   f i r s t   t y p e   a r e   u s e d   t o  

t r a n s m i t   d a t a   to  a  t r a i n .   A  t r a i n   m o v i n g   f rom  l e f t   t o  

r i g h t   i s   h a l t e d   w i t h   i t s   r e c e i v i n g   a n t e n n a e   1 4  

a c c u r a t e l y   p o s i t i o n e d   a b o v e   t h e   p o r t i o n   of  t h e   l o o p   3 5  

r e f e r e n c e d   A  in   F i g .   4.  A  t r a i n   t r a v e l l i n g   in  t h e  

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

a n t e n n a e   14  a b o v e   t h e   p o r t i o n   A  of  t he   l o o p   3 2 .  

The  t r a n s m i t t e r   l o o p s   32  and   35  a r e   c o n n e c t e d   to  a n  

o u t p u t   38  f r o m   a  " P l a t f o r m   C o m m u n i c a t o r   U n i t "   39  v i a  

l i n e   f e e d   u n i t s   36  and   37  r e s p e c t i v e l y ;   and  t h e   l o o p s  

33  and  34  a r e   c o n n e c t e d   to  t h e   u n i t   39  v i a   l i n e  

m a t c h i n g   u n i t s   40  and  41  r e s p e c t i v e l y .   The  p l a t f o r m  

c o m m u n i c a t o r   u n i t   39  i n c l u d e s :   a  g e o g r a p h i c a l   d a t a  

s t o r e   42;   m i c r o - p r o c e s s o r   b a s e d   s c a n n i n g   and   c o n t r o l  

c i r c u i t r y   43  f o r   s c a n n i n g   t h e   s t o r e   42  so  t h a t   t h e  

l a t t e r   may  be  s e l e c t i v e l y   r e a d   and  i t s   d a t a   t r a n s m i t t e d  

to  t h e   t r a i n   v i a   l o o p   35  i f   t h e   t r a i n   i s   m o v i n g   f r o m  

l e f t   to  r i g h t   and   v i a   l o o p   32  i f   t h e   t r a i n   is   m o v i n g  

f r o m   r i g h t   to  l e f t   in   F i g .   3;  h i g h   f r e q u e n c y   c a r r i e r  

m o d u l a t i n g / d e m o d u l a t i n g   c i r c u i t r y   44  c o u p l e d   v i a   a  

b i - d i r e c t i o n a l   l i n k   45  to  t he   c i r c u i t r y   43;   c a r r i e r  

l e v e l   d e t e c t o r   c i r c u i t r y   46  h a v i n g   i n p u t s   c o n n e c t e d   t o  

o u t p u t s   of  l i n e   m a t c h i n g   u n i t s   40  and  41,   an  o u t p u t  

c o n n e c t e d   to  an  i n p u t   of  c i r c u i t r y   44 ,   an  i n p u t  

c o n n e c t e d   to  an  o u t p u t   of  c i r c u i t r y   44  and  an  o u t p u t  

c o n n e c t e d   v i a   a  p o w e r   a m p l i f i e r   47  to  o u t p u t   38  of  t h e  
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u n i t   39;   d a t a   i n p u t   c i r c u i t r y   48  c o u p l e d   v i a   a  p a r a l l e l  

• i n t e r f a c e   bus  49  w i t h   an  a u t o m a t i c   t r a i n   s u p e r v i s o r y  

( A . T . S . )   f a c i l i t y   in   a  t r a f f i c   c o n t r o l   o f f i c e   and  v i a   a  

d a t a   bus  50  to  c i r c u i t r y   43;   d a t a   o u t p u t   c i r c u i t r y   51  

5  c o u p l e d   v i a   a  p a r a l l e l   i n t e r f a c e   52  w i t h   t he   A . T . S .  

f a c i l i t y   and  v i a   d a t a   bus   50  to  c i r c u i t r y   43;   and  a  

t w i s t e d - p a i r   b i - d i r e c t i o n a l   l i n k   54  c o u p l e d   b e t w e e n   t h e  

c i r c u i t r y   43  and  t h e   A . T . S .   f a c i l i t y .  

The  g e o g r a p h i c a l   d a t a   in  s t o r e   42  d e s c r i b e s   t h e  

10  n e x t   s t r e t c h   of  t r a c k ,   e x t e n d i n g   as  f a r   as  t h e   n e x t  

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

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

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

f r e q u e n c i e s ,   maximum  s p e e d   l i m i t s ,   t r a i n   s c h e d u l e  

15  i n f o r m a t i o n   and  t he   l i k e ,   or  any  o t h e r   d a t a   w h i c h   m u s t  

be  t a k e n   i n t o   a c c o u n t   to  o p e r a t e   a  t r a i n   m o s t  

e f f i c i e n t l y .   D a t a   s e n t   to   d a t a   i n p u t   c i r c u i t r y   48  v i a  

i n t e r f a c e   49  a n d / o r   d a t a   s e n t   to  c i r c u i t r y   43  v i a   l i n k  

54  i n c l u d e s   d i g i t a l l y   c o d e d   i n f o r m a t i o n   d e s c r i b i n g  
20  c u r r e n t   s i g n a l l i n g   i n f o r m a t i o n ,   i . e .   t e m p o r a r i l y  

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

l i m i t s   f o r   e a c h   t r a c k   s e c t i o n   a l o n g   t h e   r o u t e   to  t h e  

n e x t   s t a t i o n .   T h i s   i n f o r m a t i o n   i s   p r o v i d e d   f r o m   t h e  

A . T . S .   f a c i l i t y .   T h i s   i n f o r m a t i o n   i s   t h e r e f o r e  

25  d e p e n d e n t   on,   f o r   e x a m p l e ,   t h e   p r e s e n c e   of  a n o t h e r  

t r a i n   on  t he   same  t r a c k   in   o r d e r   to  m a i n t a i n   a  m i n i m u m  

s a f e   h e a d w a y   d i s t a n c e .  

The  f i x e d   g e o g r a p h i c a l   d a t a   f r o m   s t o r e   42  and  t h e  

t r a n s i e n t   s i g n a l l i n g   d a t a   r e c e i v e d   by  c i r c u i t r y   4 8  
30  a n d / o r   v i a   l i n k   54  a r e   e n c o d e d ,   as  a  s e r i e s   of  d i g i t a l  

d a t a   t e l e g r a m s   w h i c h   a r e   f e d   to  c i r c u i t r y   44  u n d e r   t h e  

c o n t r o l   of  c i r c u i t r y   43  v i a   l i n k   45 .   A  h i g h   f r e q u e n c y  

c a r r i e r   s i g n a l   g e n e r a t e d   by  c i r c u i t r y   44  i s   f r e q u e n c y  

m o d u l a t e d   in  c i r c u i t r y   44  u s i n g   t he   d i g i t a l   t e l e g r a m s  
35  
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as  m o d u l a t i o n   s i g n a l s .   The  r e s u l t a n t   m o d u l a t e d   s i g n a l  

is  t h e n   f e d   i n t o   t h e   l o o p   32  or   35  v i a   d e t e c t o r  

c i r c u i t r y   46 ,   p o w e r   a m p l i f i e r   47 ,   o u t p u t   38  and   u n i t   3 6  

Dr  37 .   The  " h a n d s h a k e "   s i g n a l   t r a n s m i t t e d   f r o m   t h e  

t r a i n   and   r e c e i v e d   by  l o o p   34  i s   s u p p l i e d   t h r o u g h   l i n e  

H a t c h i n g   u n i t   41  to   t h e   c a r r i e r   l e v e l   d e t e c t o r  

c i r c u i t r y   46 .   The  c i r c u i t r y   46  s t o r e s   a  v a l u e  

r e p r e s e n t i n g   t h e   maximum  l e v e l   of  s i g n a l   r e c e i v e d   w h e n  

t he   t r a i n   f i r s t   t r a v e r s e s   t he   l o o p   32  or  35 .   When  

s u b s e q u e n t l y   t h e   s i g n a l   r e d u c e s   in   l e v e l ,   t he   d a t a  

p r e s e n t e d   to  c i r c u i t r y   43  v i a   l i n e   45  i s   s w i t c h e d   o f f  

when  t h e   l e v e l   r e a c h e s   a  f i x e d   pe r cen t age   of  t h e   m a x i m u m  

l e v e l   s t o r e d .  

The  c o n s t r u c t i o n   of   e a c h   of  t h e   l o o p s   32  and  35  i s  

shown  in  more   d e t a i l   in   F i g .   4 ( b ) .   Each   l o o p   has   a n  

o v e r a l l   l e n g t h   of  15  m e t r e s   and   c o m p r i s e s   s e v e r a l  

s u b - l o o p s   i n d i c a t e d   by  t h e   r e f e r e n c e   l e t t e r s   A,  B,  C,  D 

and  E.  The  d i v i s i o n s   b e t w e e n   s u b - l o o p s   B_,  C,  D  and  E 

a r e   f o r m e d   by  c r o s s - o v e r s .   As  a  p a i r   of  t r a i n   a n t e n n a e  

p a s s   o v e r   t h e s e   c r o s s - o v e r s ,   when  t he   l o o p   i s  

e n e r g i s e d ,   t h e   s i g n a l   r e c e i v e d   by  t h e   t r a i n   e x p e r i e n c e s  

a  p r o n o u n c e d   f a l l   in   l e v e l   f o l l o w e d   by  a  r i s e   as  s h o w n  

in   F i g .   4 ( c ) .   The  c r o s s - o v e r   d i v i s i o n   b e t w e e n   s u b - l o o p s  

B  and  C  i s   p o s i t i o n e d   a p p r o x i m a t e l y   10  m e t r e s   fxom  t h e  

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

a r r a n g e d   to  be  w i t h i n   sub- loop   ^A.  The  c o r r e s p o n d i n g   l e v e l  

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

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

o n - b o a r d   p r o c e s s o r   18 ,   and   a l s o   as  low  s p e e d   c h e c k s .  

T h i s   e n a b l e s   t h e   t r a i n   to  be  h a l t e d   p r e c i s e l y   w i t h  

r e c e i v i n g   a n t e n n a e   14  o v e r   s u b - l o o p   A  in   l o o p   35  a n d  

a n t e n n a e   16  o v e r   l o o p   34  i f   t h e   t r a i n   i s   t r a v e l l i n g  

f rom  l e f t   to  r i g h t   in   F i g .   3.  A  t r a i n   t r a v e l l i n g   in  t h e  
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o p p o s i t e   d i r e c t i o n   u s e s   l o o p s   32 ,   33  and   35'  in   t h e   s a m e  

way  b u t   h a l t s   w i t h   i t s   a n t e n n a e   14  and  16  p o s i t i o n e d  

o v e r   l o o p s   32  and  33  r e s p e c t i v e l y .  

The  s e q u e n c e   of  e v e n t s ,   as  a  t r a i n   a p p r o a c h e s   t h e  

5  s t a t i o n   shown  in  F i g .   3  and   f rom  t he   l e f t   i s   as  f o l l o w s .  

The  t r a i n   has   a l r e a d y   b e e n   d r i v e n   u n d e r   t he   command  o f  

t he   A . T . O .   e q u i p m e n t   in   a c c o r d a n c e   w i t h   t he   s i g n a l l i n g  

s y s t e m ' s   maximum  and  t a r g e t   s p e e d   l i m i t s ,   and  t h e  

A . T . O .   e q u i p m e n t ' s   c o n t r o l s   a r e   a t t e m p t i n g   to  h a l t   t h e  

10  t r a i n   w i t h   i t s   h e a d   as  c l o s e   as  p o s s i b l e   to  t h e  

s t o p p i n g   p o i n t   ( s e e   F i g .   3 ) .  

The  P l a t f o r m   C o m m u n i c a t o r   U n i t   39  i s   in   i t s   s t a n d b y  

mode ,   c o n t i n u o u s l y   t r a n s m i t t i n g   s y n c h r o n i s a t i o n   d a t a   t o  

t he   l o o p s   32  and  35.   T h i s   d a t a   may  c o m p r i s e   a  s i n g l e  
15  t o n e   s i g n a l   b u t   p r e f e r a b l y   c o m p r i s e s   a  f r e q u e n c y   s h i f t  

k e y e d   s i g n a l   c o n t a i n i n g   a  s t a t i o n   i d e n t i t y   c o d e .   As  

t he   a n t e n n a e   14  on  t h e   t r a i n   p a s s   o v e r   l o o p   32 ,   t h e   t w o  

become   i n d u c t i v e l y   c o u p l e d   and  the   p r o c e s s o r   18  on  t h e  

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

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

shown  a t   F i g .   4 ( c ) ,   b u t   t r a c e d   f rom  r i g h t   to  l e f t .   T h e  

s e c o n d   c r o s s o v e r   p o i n t ,   b e t w e e n   t he   s u b - l o o p s   C  and  D 

in  F i g s .   4 ( a )   and   ( b ) ,   i s   d e s i g n a t e d   as  a  f i r s t  

s y n c h r o n i s a t i o n   p o i n t .   I t   i s   l o c a t e d   a t   a p p r o x i m a t e l y  
25  100  m e t r e s   f r o m   t h e   s t o p p i n g   p o i n t .   At  t he   f i r s t  

s y n c h r o n i s a t i o n   p o i n t ,   t h e   p r o c e s s o r   18  a c t s   t o  

s y n c h r o n i s e   t h e   d i s t a n c e / v e l o c i t y   m e a s u r e m e n t   u n i t   2 9 ,  

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

r e q u i r e d   by  t he   b r a k i n g   p r o f i l e   n e e d e d   to  s t o p   t h e  

30  t r a i n   in   t he   r e q u i r e d   p o s i t i o n .   Some  t i m e   l a t e r ,   t h e  

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

35.   As  t h e   a n t e n n a e   14  p a s s   o v e r   t he   t h i r d   c r o s s - o v e r ,  

t h a t   i s   b e t w e e n   s u b - l o o p s   C  and  B  in   F i g s .   4 ( a )   and   ( b )  

and  m o v i n g   l e f t   to  r i g h t ,   t h e   p r o c e s s o r   18  r e c o g n i s e s   a  
35  
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s e c o n d   s y n c h r o n i s a t i o n   p o i n t .   T h i s   p o i n t   i s   iu  m e t r e s  

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

c h e c k   and   u p - d a t e ,   i f   n e c e s s a r y ,   of  t h e   b r a k i n g  

r e q u i r e m e n t .  
'  When  t h e   t r a i n   has   h a l t e d ,   t h e   a n t e n n a e   14  a r e  

d i r e c t l y   a b o v e   t h e   a r e a   A  of  l o o p   35 ,   and  a n t e n n a e   16  

a r e   d i r e c t l y   a b o v e   l o o p   34 .   The  u n i t   29  i n d i c a t e s   z e r o  

s p e e d   a n d ,   in   r e s p o n s e   to  t h i s ,   t h e   p r o c e s s o r   18  

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

-°  i t s   i d e n t i t y   code   v i a   a n t e n n a e   16  to  t h e   p l a t f o r m  

c o m m u n i c a t o r   u n i t   39 .   H a v i n g   t h u s   e s t a b l i s h e d   t w o - w a y  

c o m m u n i c a t i o n ,   t h e   u n i t   39  b e g i n s   to  t r a n s m i t   i t s  

p r e d e t e r m i n e d   d a t a   m e s s a g e s .  

The  f i r s t   s u c h   m e s s a g e   may  be  an  i n s t r u c t i o n   t o  

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

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

In  t h e   l a t t e r   c a s e   i t   i s   a b s o l u t e l y   e s s e n t i a l   t h a t   t h e  

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

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

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

d e s c r i b e d   a b o v e   w i l l   e n s u r e   t h i s .   N e x t ,   t he   u n i t   3 9  

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

s i g n a l l i n g   d a t a   to  t h e   t r a i n .  

The  new  g e o g r a p h i c a l   d a t a   i s   l o a d e d   i n t o   memory   2 0  

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

d i s c a r d e d .   P r e f e r a b l y ,   w h i l e   t h i s   i s   t a k i n g   p l a c e   t h e  

t r a i n   c o n t i n u e s   to  t r a n s m i t   i t s   i d e n t i t y   code   to  t h e  

u n i t   3 9 .   T h i s   i s   a  " c o n t i n u o u s   h a n d s h a k e "  

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

30  t h e   end  of  t h i s   p e r i o d ,   t h e   u n i t   39  c e a s e s   d a t a  

t r a n s m i s s i o n s   and   t h e   A . T . O .   e q u i p m e n t   r e - c l o s e s   t h e  

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

a n y ,   a r e   c l o s e d ,   an  i n d i c a t i o n   i s   p a s s e d   to  t h e   A . T . O .  

3 5  
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e q u i p m e n t   on  t he   t r a i n   in   p r e p a r a t i o n   f o r   r e s t a r t i n g  

t h e   t r a i n ' s   j o u r n e y .   A  f u l l y   a u t o m a t i c   t r a i n   may  m o v e  

o f f   in  r e s p o n s e   to  t h i s   i n d i c a t i o n .   On  a  t r a i n   h a v i n g  

a  human  " d r i v e r "   or  s u p e r v i s o r   i t   may  be  n e c e s s a r y   f o r  

5  him  to  v e r i f y   a  s t a r t   command ,   e . g .   by  p r e s s i n g   a  s t a r t  

b u t t o n   or  t h e   l i k e .  

As  t h e   t r a i n   p r o g r e s s e s   a l o n g   the   t r a c k ,   t h e  

p i c k - u p s   2  m o u n t e d   u n d e r n e a t h   t he   f r o n t   of  t h e   t r a i n  

r e c e i v e   c o d e d   t r a c k   c i r c u i t   s i g n a l s   f rom  t h e   r a i l s   3 

10  and  t h e   A « T . P . e q u i p m e n t   p a s s e s   s p e e d   i n f o r m a t i o n   a n d  

t r a c k   c i r c u i t   f r e q u e n c y   to  t he   A . T . O .   e q u i p m e n t   8.  T h e  

t a c h o m e t e r   4  g e n e r a t e s   o u t p u t   p u l s e s   f r o m   w h i c h   u n i t   2 9  

is   a b l e   "to  i n d i c a t e   s p e e d   and  d i s t a n c e   t r a v e l l e d   to  t h e  

A . T . O .   e q u i p m e n t   8.  The  p r o c e s s o r   18  u n d e r   t h e   c o n t r o l  

15  of  t he   p r o g r a m   s t o r e d   in  memory  19,  p e r f o r m s   two  b a s i c  

t a s k s .   F i r s t l y ,   i t   d e t e r m i n e s   w h e r e   t h e   t r a i n   i  s  b y  

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

p o i n t   and  t h e   f r e q u e n c y   of  t he   t r a c k   c i r c u i t   c a r r i e r  

s i g n a l   w i t h   t h e   g e o g r a p h i c a l   d a t a   s t o r e d   in  t h e   m e m o r y  
20  20.   T h i s   t e c h n i q u e   i s   more   f u l l y   d e s c r i b e d   in  t h e  

c o - p e n d i n g   P a t e n t   A p p l i c a t i o n   No  .863>lO'kth&  e n t i   t i e d  

" P o s i t i v e   R o u t e   I d e n t i f i c a t i o n "   . H a v i n g   i d e n t i f i e d   i t s  

p r e s e n t   l o c a t i o n ,   t he   p r o c e s s o r   18  t h e n   r e a d s   f r o m  

memory  20  g e o g r a p h i c a l   d a t a   d e s c r i b i n g   t h e   r o u t e   o r  

25  t r a c k w a y   a h e a d   of  t he   t r a i n .   In  o r d e r   to  c a l c u l a t e   t h e  

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

p a r t i c u l a r l y   a  c u r r e n t   a c c e l e r a t i o n   r a t e ,   d e c e l e r a t i o n  

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

m u s t   t a k e   i n t o   c o n s i d e r a t i o n   t r a c k   g r a d i e n t ,   m a x i m u m  

30  t r a c k   s p e e d   l i m i t ,   and  d i s t a n c e   to  t h e   n e x t   s p e e d  

c h a n g e ,   i . e .   t h e   l e n g t h s   of  t h e   t r a c k   s e c t i o n s .   F i g .   5 

i l l u s t r a t e s   one  r e s p e c t   in  w h i c h   t h i s   a l l o w s   a  t r a i n   t o  

be  o p e r a t e d   w i t h   g r e a t e r   e f f i c i e n c y .  

In  F i g .   5  a  t r a i n   i s   a s s u m e d   to  be  t r a v e l l i n g   f r o m  

3 5  
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l e f t   to  r i g h t ,   t h e   v e r t i c a l   d a s h e d   l i n e s   i n d i c a t i n g  

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

t r a i n   s p e e d   in   k i l o m e t r e s   p e r   h o u r   ( k p h ) ,   and  on  t h e  

5  a b s c i s s a   a r e   shown  t h e   t r a c k   s e c t i o n   s p e e d   c o d e s   a s  

maximum  s p e e d   o v e r   t a r g e t   s p e e d ,   t h e   t a r g e t   s p e e d   b e i n g  

t h e   maximum  s p e e d   to  be  a c h i e v e d   on  e n t r y   to  t h e   n e x t  

s e c t i o n .   As  s h o w n ,   t he   s p e e d   c o d e s ,   f r om  t h e   l e f t ,   a r e  

8 0 / 8 0 ,   8 0 / 6 5 ,   and   6 5 / 6 5 .   The  t r a i n   e n t e r s   f r o m   t h e   l e f t  

10  a t   r o u g h l y   80  k p h .   When  i t   e n t e r s   t h e   s e c o n d   s e c t i o n ,  

t h e   t a r g e t   s p e e d   i s   r e d u c e d   to  65  k p h .   In  a  

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

t r i g g e r -   t h e   A . T . O .   e q u i p m e n t   8  to  a p p l y   t h e   b r a k e s   t o  

r e d u c e   s p e e d   to  j u s t   u n d e r   65  kph  and  t h i s   i s  

15  i l l u s t r a t e d   by  t he   c u r v e   l a b e l l e d   " w i t h o u t   i n v e n t i o n " .  

The  p r e s e n t l y   d e s c r i b e d   e q u i p m e n t   i s   a b l e   to  c o n t i n u e  

f o r   l o n g e r   w i t h o u t   b r a k i n g   b e c a u s e   t h e   p r o c e s s o r   18  i s  

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

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

20  c a l c u l a t e   t h e   n e a r e s t   p o i n t   to  t h e   end  of  t h e   s e c t i o n  

a t   w h i c h   b r a k i n g   m u s t   be  c o m m e n c e d ,   t a k i n g   i n t o   a c c o u n t  

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

g r a d i e n t .   T h i s   i s   r e p r e s e n t e d   by  t h e   s p e e d   c u r v e  

l a b e l l e d   " w i t h   i n v e n t i o n " .   The  b r a k i n g   p o i n t   a n d  

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

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

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

s c h e d u l e   t i m e   t h e n   i t   n e e d   n o t   be  d r i v e n   up  to  t h e  

maximum  s p e e d   l i m i t ,   and  b r a k i n g   may  be  c o m m e n c e d  

30  a c c o r d i n g   to  t h e   t i m e   d i f f e r e n c e   in   h a n d ,   or  a  t r a i n  

may  be  d r i v e n   to  c o m p l y   w i t h   a  s p e e d   r e s t r i c t i o n  

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

e v e n   t h o u g h   t h e   maximum  and  t a r g e t   s p e e d s   i n  

i n t e r v e n i n g   s e c t i o n s   may  be  h i g h e r .  

3 5  
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CLAIMS 

1:  An  a u t o m a t i c   d r i v i n g   s y s t e m   f o r   a  r a i l w a y  

v e h i c l e   c o m p r i s i n g   : -  

a)  in  a  p e r m a n e n t   way ,   m e a n s   f o r   s u b s t a n t i a l l y  

c o n t i n u o u s l y   c o m m u n i c a t i n g   to  a  v e h i c l e  

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

s a f e t y   of  m o v e m e n t ;  

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

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

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

c)  on  e a c h   v e h i c l e   : -  

i)   means   f o r   r e c e i v i n g   t h e   s i g n a l l i n g  

i n f o r m a t i o n ;  

i i )   means   f o r   r e c e i v i n g   and  m e a n s  

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

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

of  t h e   v e h i c l e   and  d i s t a n c e   i t  

has   t r a v e l l e d ;   a n d  

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

c o n t r o l   o u t p u t s   to  o p e r a t e   t h e  

b r a k e s   and  t h e   m o t o r s   of  t h e  

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

p r o d u c e d   in   r e s p o n s e   to  t h e   s t o r e d  

s t a t i c   i n f o r m a t i o n   and  t h e   r e c e i v e d  

i n f o r m a t i o n .  

2.  A  s y s t e m   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   s a i d  

means   on  e a c h   v e h i c l e   f o r   r e c e i v i n g   and  s t o r i n g   t h e  

s t a t i c   i n f o r m a t i o n   c o m p r i s e   : ~  

a)  a n t e n n a   means   f o r   r e c e i v i n g   t h e   s t a t i c  

i n f o r m a t i o n ;   a n d  

b)  d a t a   s t o r a g e   means   f o r   s t o r i n g   t h e   s t a t i c  

i n f o r m a t i o n   u n d e r   t h e   c o n t r o l   of  a  m i c r o -  

p r o c e s s o r ,   t h e   c o n t r o l   means   of  t h e  

v e h i c l e   i n c l u d i n g   s a i d   m i c r o - p r o c e s s o r .  
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3.  A  s y s t e m   a c c o r d i n g   to  C l a i m   1  or  2,  w h e r e i n   s a i d  

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

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

t h e   s t a t i c   i n f o r m a t i o n   to  t h e   v e h i c l e   w h i l e   t h e   v e h i c l e   i s  

5  s t a n d i n g   a t   t he   s t a t i o n ,   t h e   i n f o r m a t i o n   b e i n g   s t o r e d   i n  

t h e   s t o r i n g   means   on  the   v e h i c l e .  

4 .   A  s y s t e m   a c c o r d i n g   to  C l a i m   3,  w h e r e i n   s t o r e d  

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

LO  f r e s h   s t a t i c   i n f o r m a t i o n   r e c e i v e d   a t   t he   n e x t   s t a t i o n   a t  

w h i c h   t h e   v e h i c l e   s t o p s .  

5.  A  s y s t e m   a c c o r d i n g   to  C l a i m   3  or  4,  w h e r e i n   s a i d  

m e a n s   a t   a  s t a t i o n   c o m p r i s e s   : ~  

15  a)  d a t a   s t o r a g e   means   f o r   s t o r i n g   s t a t i c  

i n f o r m a t i o n ;  

b)  means   f o r   d e t e c t i n g   a r r i v a l   of  a  v e h i c l e   a t  

the   s t a t i o n ;   a n d  

c)  means   f o r   c a u s i n g   the   s t a t i c   i n f o r m a t i o n   to  b e  

20  t r a n s m i t t e d   v i a   the   t r a n s m i t t i n g   means   to  t h e  

v e h i c l e   w h i l e   the   l a t t e r   is  s t a n d i n g   a t   t h e  

s t a t i o n .  

6.  A  s y s t e m   a c c o r d i n g   to  C l a i m   5,  w h e r e i n   s a i d  

25  d e t e c t i n g   means   c o m p r i s e s   l o o p   means   f o r   d e t e c t i n g  

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

7.  A  s y s t e m   a c c o r d i n g   to  C l a i m   5  or  6,  w h e r e i n   s a i d  

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

30  s a i d   d a t a   s t o r a g e   means   a t   t he   s t a t i o n   so  t h a t   t h e  

i n f o r m a t i o n   in  t he   d a t a   s t o r a g e   means   may  be  s e l e c t i v e l y  

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

8.  A  s y s t e m   a c c o r d i n g   to  any  of  C l a i m s   5,  6  and  7 ,  

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

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

i n d i c a t i n g   to  t he   l a t t e r   a r r i v a l   of  a  v e h i c l e   a t   t h e  

s t a t i o n .  
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9.  A  s y s t e m   a c c o r d i n g   to  C l a i m   8,  w h e r e i n   s a i d  

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

i n f o r m a t i o n   r e c e i v e d   by  s a i d   c o m m u n i c a t i n g   means   f r o m  

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

means   to   a  v e h i c l e   w h i l e   t h e   l a t t e r   i s   s t a n d i n g   a t  

t h e   s t a t i o n .  

10  A  s y s t e m   a c c o r d i n g   to  any  of  C l a i m s   3  t o  

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

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

to  a  v e h i c l e .  
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