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154)  Railway  track  circuit  equipment. 
©  Track  circuit  equipment  is  provided  in  which  the  trans- 
mitter  of  each  track  circuit  uniquely  identifies  its  transmis- 
sions  by  impressing  an  associated  data  word  (38)  onto  its 
transmission  using  frequency  shift  keying.  The  track  circuit 
receivers  are  so  arranged  that  in  order  to  output  a  track  clear 
signal,  a  receiver  must  first  have  detected  on  incoming 
signals  a  data  word  (38)  identifying  the  transmitter  belonging 
to  the  same  track  circuit  as  the  receiver.  Each  data  word  (38) 
is  included  in  a  message  structure  that  also  provides  a  start 
sequence  (35)  and  a  parity  section  (39).  The  data  word  (38) 
includes  respective  bit  groups  providing  longitudinal  and 
lateral  location  information  on  the  related  transmitter.  Each 
data  word  (38)  may  also  include  a  bit  group  providing  for  an 
auxiliary  signalling  function  such  as  track-to-train  signalling. 

s  message  ;  >' 

351  38̂   39̂  
" A G ™   15  51Ai"  SEQUENCE  BUS  11  DAI  A  BITS  5  PARITY  j  HHUOK 

4  ;  3  !  t  \  
LONG  1  LAI  1RSCK/IRAN  M̂WIO  2 

PARITY  BIT k  16.11  HAMMING  * 
FIG  3  ,  133  SECONDS  C0DE 

Croydon  Printing  Company  Ltd 

  Track  circuit  equipment  is  provided  in  which  the  trans- 
mitter  of  each  track  circuit  uniquely  identifies  its  transmis- 
sions  by  impressing  an  associated  data  word  (38)  onto  its 
transmission  using  frequency  shift  keying.  The  track  circuit 
receivers  are  so  arranged  that  in  order  to  output  a  track  clear 
signal,  a  receiver  must  first  have  detected  on  incoming 
signals  a  data  word  (38)  identifying  the  transmitter  belonging 
to  the  same  track  circuit  as  the  receiver.  Each  data  word  (38) 
is  included  in  a  message  structure  that  also  provides  a  start 
sequence  (35)  and  a  parity  section  (39).  The  data  word  (38) 
includes  respective  bit  groups  providing  longitudinal  and 
lateral  location  information  on  the  related  transmitter.  Each 
data  word  (38)  may  also  include  a  bit  group  providing  for an 
auxiliary  signalling  function  such  as  track-to-train  signalling. 



The  p r e s e n t  i n v e n t i o n   r e l a t e s   t o   r a i l w a y   t r a c k - c i r c u i t  

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

p r e d e t e r m i n e d   s e c t i o n   of  t r a c k ,   and  in  p a r t i c u l a r ,  

b u t   n o t   e x c l u s i v e l y ,  t o   a  t r a c t i o n - i m m u n e ,   j o i n t l e s s  

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

As  i s   w e l l   k n o w n ,   j o i n t l e s s   t r a c k   c i r c u i t s   s e r v e   t o  

d i v i d e   c o n t i n u o u s   t r a c k   i n t o   p r e d e t e r m i n e d   s e c t i o n s  

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

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

s e p a r a t i o n   of  a d j a c e n t   t r a c k   c i r c u i t s   is  a c h i e v e d  

by  u s i n g   a . c .   t r a c k   c i r c u i t   s i g n a l s   of  d i f f e r e n t  

f r e q u e n c i e s   in  a d j a c e n t   t r a c k   c i r c u i t s .   F i g u r e   1  o f  

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

t h e   l a y o u t   of  a  known  j o i n t l e s s   t r a c k   c i r c u i t  

a r r a n g e m e n t ;   e a c h   t r a c k   c i r c u i t   TC1,   TC2,  TC3 

i n c l u d e s   a  t r a n s m i t t e r   t u n i n g   u n i t   2  and  a  r e c e i v e r  

t u n i n g   u n i t   3  b o t h   c o n n e c t e d   b e t w e e n   t h e   r a i l w a y  

r u n n i n g   r a i l s   1.  The  f r e q u e n c y   f   1  of  t h e   s i g n a l s  

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

r e c e i v e r  u n i t s   2  and  3  in  t r a c k   c i r c u i t   TC2  i s  

d i f f e r e n t   f r o m   t h e   s i g n a l   f r e q u e n c y   f2  u s e d   by  t h e  

two  a d j a c e n t   c i r c u i t s   TC1,  TC3.  The  d e s i g n   a n d  

a r r a n g e m e n t   of  t h e   j u x t a p o s e d   t u n i n g   u n i t s   2,  3  o f  

a d j a c e n t   t r a c k   c i r c u i t s   is   s u c h   t h a t   a t   t h e   t w o  

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

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

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

to   t h e   o t h e r .   As  a  r e s u l t ,   i t   i s   p o s s i b l e   to   u s e  

t h e   same  s i g n a l   f r e q u e n c y   f o r   a l t e r n a t e   t r a c k   c i r c u i t s  

so  t h a t   o n l y   two  b a s i c   s i g n a l   f r e q u e n c i e s   f   a n d   f 2  
a r e   r e q u i r e d .  

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

p a t h   f o r   a . c .   or  d . c .   t r a c t i o n   c u r r e n t ,   i t   is  of  c o u r s e  



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

c a u s e   e r r o n e o u s   o p e r a t i o n   of  t h e   t r a c k   c i r c u i t s .  

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

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

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

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

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

t r a c t i o n   c u r r e n t   h a r m o n i c s ,   b u t   by  f r e q u e n c y   s h i f t  

k e y i n g   (FSK)  t h e   t r a c k   c i r c u i t   s i g n a l   b e t w e e n  t w o  

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

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

t r a c k  c i r c u i t   s i g n a l   m i g h t   be  f r e q u e n c y   s h i f t   k e y e d  

b e t w e e n   1582  Hz  and  1 7 1 5 H z ,   t h a t   i s ,   b e t w e e n  +   1 7 H z  

a b o u t   a  c e n t r e   f r e q u e n c y   of   1699  Hz;  t h e   a c t u a l  

s h i f t   r a t e   m i g h t   t y p i c a l l y   be  5  Hz.   I t   is   to   b e  

n o t e d   t h a t   t h e   two  FSK  f r e q u e n c i e s   s h o u l d   l i e   c l o s e   t o  

t h e  t r a c k   c i r c u i t   c e n t r e   f r e q u e n c y   f ,   or  f2  i n  

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

f r e q u e n c y   band  o v e r   w h i c h   t h e   t r a c k - c i r c u i t   t u n i n g  

u n i t s   a r e   e f f e c t i v e .   M o d u l a t i o n   of  t h e   two  b a s i c  

t r a c k   c i r c u i t   s i g n a l   f r e q u e n c i e s   f 1 ,   f2  in  t h i s   m a n n e r  

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

t r a c t i o n  i m m u n i t y .  

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

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

e r r o n e o u s   t r a c k   c i r c u i t   o p e r a t i o n   due   to   c r o s s t a l k  

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

o p e r a t i n g   a t   t h e  s a m e   c e n t r e   f r e q u e n c y .   Such  c r o s s t a l k  

can   be  b r o a d l y   d i v i d e d   i n t o   two  c l a s s e s   d e p e n d i n g   o n  

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

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

t h e   same  l e n g t h   of  t r a c k .  



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

p a r a l l e l   t r a c k s   and  to   a v o i d   r i s k s   of  e r r o n e o u s  

t r a c k   c i r c u i t   o p e r a t i o n   as  a  r e s u l t   of  s u c h   c r o s s t a l k  

i t   has   been   t he   p r a c t i c e   to   u s e   d i f f e r e n t l y   v a l u e d  

p a i r s   of  f r e q u e n c i e s   f 1 ,   f2  f o r   a d j a c e n t   t r a c k s .  

Thus   t h e   t r a c k   c i r c u i t s  o f   one  l i n e   may  u s e   f r e q u e n c i e s  

c e n t r e d   on  1700  a n d  2 3 0 0   Hz  w h i l e   t h e   t r a c k   c i r c u i t s  

of  an  a d j a c e n t   l i n e   u s e   f r e q u e n c i e s   c e n t r e d   o n  

f r e q u e n c i e s   of  2000  and  2600  Hz.  W i t h   e l e c t r i c  

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

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

t r a c t i o n   c u r r e n t   r e t u r n   s y s t e m ,   i t   has   in  f a c t   b e e n  

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

c i r c u i t   f r e q u e n c i e s   f o r   e a c h   of  f o u r   or   more   p a r a l l e l  

t r a c k s .   The  p r o v i s i o n   of  s u c h   a  l a r g e   n u m b e r   o f  

d i f f e r e n t   c e n t r e   f r e q u e n c i e s   r e s u l t s   in  a  c o n s i d e r a b l e  

i n c r e a s e   in  t h e   c o s t  o f   t h e   o v e r a l l   t r a c k   c i r c u i t  

e q u i p m e n t .  

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

same  t r a c k   w i l l   g e n e r a l l y   o n l y   r e s u l t   f r o m   an  e q u i p m e n t  

f a i l u r e   s i n c e   as  m e n t i o n e d   a b o v e ,   t h e   u n i t s   2,  3  a r e  

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

t h r o u g h   a d j a c e n t   t r a c k   c i r c u i t s .   More  p a r t i c u l a r l y ,  

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

c r o s s t a l k   may  a r i s e   f r o m :  

a)  f a i l u r e   of  t h e   c o n n e c t i o n  t o  a   r a i l   1  of  o n e  

or  more  u n i t s   2,  3  e n a b l i n g   e n e r g y   f r o m   o n e  

t r a c k   c i r c u i t   to   " f e e d   t h r o u g h "   an  a d j a c e n t  

t r a c k   c i r c u i t   to   t h e   n e x t   t r a c k   c i r c u i t  

o p e r a t i n g   a t   t h e   same  c e n t r e   f r e q u e n c y ;   t h i s  

p r o b l e m   is   g r e a t l y   e x a c e r b a t e d   w i t h  

r e l a t i v e l y   s h o r t   t r a c k   c i r c u i t s .  

b)  f a i l u r e  o f   an  i n s u l a t e d   r a i l   j o i n t  

p r o v i d e d   b e t w e e n   a d j a c e n t   t r a c k   c i r c u i t s  

o p e r a t i n g   a t   t h e   same  c e n t r e   f r e q u e n c y  



( t h i s   u n u s u a l   s i t u a t i o n   can   a r i s e   w h e r e  

t r a c k   c i r c u i t s   of  t h e   a b o v e - d e s c r i b e d  

t y p e   a r e   u s e d   a t   s w i t c h e s   and  c r o s s i n g s ) .  

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

t r a c k   c i r c u i t s   s u c h   as  d e s c r i b e d . i n   U . K .  

p a t e n t   s p e c i f i c a t i o n   No.  8 5 5 , 5 4 9 .  

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

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

e r r o n e o u s   t r a c k   c i r c u i t   o p e r a t i o n s   h a v e ,   in  t h e   p a s t ,  

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

d e s c r i b e d   t y p e   h a v e   b e e n   made  a t   l e a s t   a  c e r t a i n  

min imum  l e n g t h   to   a v o i d   f a i l u r e s   of  t y p e   (a)  a b o v e  

r e s u l t i n g   in   e r r o n e o u s   t r a c k   c i r c u i t   o p e r a t i o n .   T o  

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

(b)  and  (c)  a b o v e ,   t r a c k   c i r c u i t s   of  t h e   t y p e   d e s c r i b e d  

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

or  w i t h   A s t e r - t y p e   s h o r t i n g   s t r a p s .  

As  h a s   a l r e a d y   b e e n   m e n t i o n e d ,   i t   i s   known  to   s u b j e c t  

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

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

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

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

to   u n i q u e l y   i d e n t i f y   a  t r a c k   c i r c u i t   w i t h i n   a  g i v e n  

z o n e .   W h i l e   t h i s   a r r a n g e m e n t   w o u l d   p e r m i t   some  o f  

t h e   a b o v e - d e s c r i b e d   p r o b l e m s   and  l i m i t a t i o n s   c a u s e d   b y  
c r o s s t a l k   to   be  a l l e v i a t e d ,   t h e   n u m b e r   of  d i f f e r e n t  

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

t o   t h e   n e e d   to   m i n i m i s e   s i g n a l   e n e r g y   o u t s i d e   a  

v e r y   s m a l l   f r e q u e n c y   b a n d   e i t h e r   s i d e   of  t h e   t r a c k -  

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

of  FSK  m o d u l a t i o n   r a t e s   a v a i l a b l e ,   s i t u a t i o n s   c a n  
s t i l l   a r i s e   in  w h i c h   c r o s s t a l k   c o u l d   o c c u r   b e t w e e n  

t r a c k   c i r c u i t s   h a v i n g   t h e   same  c e n t r e   f r e q u e n c y   a n d  

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



I t   is  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   to  p r o v i d e  

t r a c k   c i r c u i t  e q u i p m e n t   t h a t   e n a b l e s   t h e   a b o v e -  

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

c r o s s t a l k   to   be  s u b s t a n t i a l l y   o v e r c o m e .  

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

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

c r o s s t a l k   b e t w e e n   t r a c t i o n - i m m u n e   r a i l w a y   t r a c k  

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

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

means  a r r a n g e d   to   o u t p u t   a  t r a c k - c i r c u i t   s i g n a l  

f r e q u e n c y - s h i f t - k e y e d   b e t w e e n   two  f r e q u e n c i e s ,   a n d  

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

r e c e i v e   s i g n a l s   a t   s a i d   two  f r e q u e n c i e s ;   s a i d  

m e t h o d   i n v o l v i n g :  

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

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

of  e a c h   t r a c k   c i r c u i t ,   e a c h   s a i d   d a t a   word   s e r v i n g   t o  

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

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

e f f e c t i n g   t h e   f r e q u e n c y   s h i f t   k e y i n g   of  t h e   l a t t e r  

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

-  f o r   e a c h   t r a c k - c i r c u i t   r e c e i v e r   m e a n s ,   d e t e c t i n g  

t h e   d a t a   w o r d s   i m p r e s s e d   on  a  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 " t h e r e b y ,   and  e n a b l i n g   t h e   g e n e r a t i o n   of  a  

" t r a c k   c l e a r "  s i g n a l   by  t h e   r e c e i v e r   means   w h e n  

t h e   t r a n s m i t t e r   means   i d e n t i f i e d   by  a  d e t e c t e d  

d a t a   word  i s   t h e   t r a n s m i t t e r   means   b e l o n g i n g   t o  t h e  

same  t r a c k   c i r c u i t   as  s a i d   r e c e i v e r   m e a n s .  

The  use   o f  F S K - e n c o d i n g   to   t r a n s m i t   b i n a r y   d a t a  

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

i t s e l f   new  a n d ,   i n d e e d ,   i t   ha s   p r e v i o u s l y   b e e n  

p r o p o s e d   to   i m p l e m e n t   t r a c k - t o - t r a i n   s i g n a l l i n g  

by  F S K - e n c o d i n g   d a t a   a t   200  baud   o n t o   s i g n a l s   c a r r i e d  

by  t h e   r u n n i n g   r a i l s .   H o w e v e r   i t   h a s   n o t   been   p r o p o s e d  



t o   u s e   F S K - e n c o d e d   b i n a r y   d a t a   w o r d s   t o   l a b e l   t r a c k  

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

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

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

or   l a t e r a l   c r o s s t a l k .   In   t h i s   r e s p e c t   i t   i s   to   b e  

n o t e d   t h a t   t h e   a f o r e - m e n t i o n e d   200  b a u d   FSK  s y s t e m  

w o u l d   be  e n t i r e l y   u n s u i t a b l e   f o r   t r a c k   c i r c u i t   u s a g e  
d u e  t o   i t s   e x c e s s i v e   b a n d w i d t h .  

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

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

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

l o c a l i t y   and  e a c h   i n c l u d i n g :  

-  t r a n s m i t t e r   means   f o r   f e e d i n g   an  a . c .   t r a c k  

c i r c u i t   s i g n a l   to   t h e   r u n n i n g   r a i l s   of   a  r a i l w a y  

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

e n c o d i n g   a .  p r e d e t e r m i n e d   m u l t i - b i t   b i n a r y   d a t a   w o r d  

o n t o   t h e   t r a c k - c i r c u i t   s i g n a l   by  f r e q u e n c y   s h i f t  

k e y i n g   t h e   l a t t e r   b e t w e e n   two  f r e q u e n c i e s , s a i d   d a t a  

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

m e a n s ,   a n d  

-  r e c e i v e r   means   i n c l u d i n g   a  r e c e i v e r   f o r  

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

c i r c u i t   s i g n a l s   f r e q u e n c y - s h i f t   k e y e d   b e t w e e n   s a i d  

two  f r e q u e n c i e s ,   and  s i g n a l   p r o c e s s i n g   m e a n s   a r r a n g e d  
to   d e c o d e   t r a c k - c i r c u i t   s i g n a l s   r e c e i v e d   by  t h e  

r e c e i v e r   w h e r e b y   t o  d e t e c t   b i n a r y   d a t a   w o r d s   e n c o d e d  

t h e r e o n   and  t o   g e n e r a t e   a  " t r a c k   c l e a r "   o u t p u t  

s i g n a l   when  t h e   t r a n s m i t t e r   means   i d e n t i f i e d   by  a  d e t e c t e d  

d a t a   word   is  t h e   t r a n s m i t t e r   means   b e l o n g i n g   t o   t h e  

same  t r a c k   c i r c u i t   as  t h e   r e c e i v e r   m e a n s .  

The  r e c e i v e r   means   of  e a c h   t r a c k   c i r c u i t   w i l l  

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

a s s o c i a t e d   t r a n s m i t t e r   m e a n s , s o   t h a t   i f   c r o s s t a l k   ( e i t h e r  

l o n g i t u d i n a l   or  l a t e r a l )   were  to  r e s u l t   in  an  a p p r o p r i a t e  



d a t a   word  b e i n g   d e t e c t e d   by  t h e   r e c e i v e r   means  of  a  

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

w i l l   f a i l   to   p r o d u c e   a  " t r a c k   c l e a r "   o u t p u t   s i g n a l .  

In  s t a n d a r d   m a n n e r ,   t h e   r e c e i v e r   means   of  t h e   t r a c k  

c i r c u i t   e q u i p m e n t   is   a r r a n g e d   to   g e n e r a t e   a  " t r a c k  

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

f r e q u e n c i e s   h a v e   been   a b s e n t   f o r   a t   l e a s t   a  m i n i m u m  

p e r i o d   o f ,   f o r   e x a m p l e ,   0 . 1 .   s e c o n d s .   In  a d d i t i o n ,   t h e  

r e c e i v e r   means   is  a l s o   a r r a n g e d   to   p r o d u c e   a  " t r a c k  

o c c u p i e d "   s i g n a l   when  a  s u c c e s s i v e l y   d e c o d e d   d a t a  

word  d i f f e r s   f r o m   s a i d   p r e d e t e r m i n e d   word   e x p e c t e d  

to  be  r e c e i v e d   s i n c e ,   u n d e r   t h e s e   c i r c u m s t a n c e s , a n  

e q u i p m e n t   f a i l u r e   has   p r o b a b l y   o c c u r r e d   ( t h e   t r a c k  

o c c u p i e d   c o n d i t i o n   b e i n g   t h e   " f a i l - s a f e "   c o n d i t i o n  

of  t h e   e q u i p m e n t ) .  

Fur the rmore ,   the  r e c e i v e r   means  of  a  t r a c k   c i r c u i t   forming  p a r t   of  a n  

embodiment  of  t h e i n v e n t i o n   is  p r e f e r a b l y   a r r a n g e d   to   i g n o r e  

any  d a t a   word  i m p r e s s e d   on  an  i n c o m i n g   s i g n a l   i f ,  

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

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

p r e s e n t .   T h i s   f e a t u r e   e n s u r e s  t h a t   any   a m b i g u i t y  

p r e s e n t   a t   t h e   r e c e i v e r   means   due   t o   b o t h   s i g n a l  

f r e q u e n c i e s   b e i n g   s i m u l t a n e o u s l y   p r e s e n t   ( f o r   e x a m p l e ,  

due  to   c r o s s t a l k )   does   n o t   r e s u l t  i n   e r r o n e o u s  

g e n e r a t i o n   of  a  " t r a c k   c l e a r "   s i g n a l .   The  p r e s e n c e  

o r   a b s e n c e   of  a  t r a c k - c i r c u i t   s i g n a l   f r e q u e n c y   i s ,   o f  

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

is   a b o v e   or  b e l o w   a  p r e d e t e r m i n e d   t h r e s h o l d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a l t h o u g h   t h e   FSK  e n c o d i n g   o f  

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

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

t r a c k   c i r c u i t s ,   t h e s e   d a t a   w o r d s   can   a d d i t i o n a l l y   b e  

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



s i g n a l l i n g   a p p l i c a t i o n s   s u c h   as  t r a c k - t o - t r a i n   s i g n a l l i n g .  

Where   i t   i s   d e s i r e d   to   u s e   t h e   d a t a   w o r d s   i m p r e s s e d  

on  r a i l - c a r r i e d   s i g n a l s   to   s i m u l t a n e o u s l y   e f f e c t   b o t h  

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

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

one   of   a  u n i q u e   s e t   of  d a t a   w o r d s   r a t h e r   t h a n   j u s t  

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

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

a l s o   a  p a r t i c u l a r   command  or  s t a t u s   m e s s a g e   to   b e  

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

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

i s   t r a c k - t o - t r a i n   s i g n a l l i n g ,   any  command  or   s t a t u s  

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

n u m b e r   of   d i f f e r e n t   d a t a   w o r d s   as  t h e   t r a i n   t r a v e r s e s  

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

word   ( t r a c k   c i r c u i t   i d e n t i f i c a t i o n   and   a  s i g n a l l i n g   f u n c t i o n )  

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

d a t a   w o r d ,   one  p a r t   b e i n g   d e d i c a t e d   t o   t r a c k   c i r c u i t  

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

f u n c t i o n .  

W i t h   r e g a r d   to   t h e   d a t a   r a t e   of  t h e   b i n a r y   word   i m p r e s s e d  

on  t h e   t r a c k - c i r c u i t   s i g n a l ,   as  has   a l r e a d y   b e e n   n o t e d  

t h e   FSK  m o d u l a t i o n   r a t e   mus t   in   p r a c t i c e   be  k e p t   l o w  

to   e n s u r e  t h e   e f f e c t i v e n e s s   of  t h e   t r a c k   c i r c u i t   t u n e d  

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

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

t o   be  m i n i m i s e d .   A  maximum  m o d u l a t i o n   r a t e   of  20Hz  a n d  

p r e f e r a b l y   12Hz  i s   t h e r e f o r e   e n v i s a g e d .  

In   t h e   p r a c t i c a l   u s a g e   of   t r a c k   c i r c u i t s   i t   ha s   in  t h e   p a s t  

b e e n   f o u n d   n e c e s s a r y   to   r e t a r d   t h e   o u t p u t   of  a  " t r a c k  

c l e a r "   s i g n a l   upon   t h e   c o r r e s p o n d i n g   s e c t i o n   of  t r a c k  

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

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



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

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

With  c e r t a i n   e a r l y   f o r m s   of  t r a c t i o n   immune  t r a c k   c i r c u i t  

a  d e l a y   of  1 . 5   s e c o n d s   in  t h e   g e n e r a t i o n   of  a  " t r a c k  

c l e a r "   s i g n a l   was  f o u n d  t o   be  n e c e s s a r y   ( a p p r o x i m a t e l y  

1  sec   b e i n g   due  to   t h e   t i m e   t a k e n   f o r   t h e   n e x t   t r a c k  

c i r c u i t   to   d e t e c t   t h e   p r e s e n c e   of  a  t r a i n   and  0 .4  s e c  

b e i n g   due  t o   t h e   d i f f e r e n c e   b e t w e e n   d r o p   ou t   and  p i c k -  

up  t i m e   of  a  s t a n d a r d   r a i l w a y   s i g n a l l i n g   r e l a y ) .   I n  

f a c t ,   t h i s   1 .5   s e c .   d e l a y   has   b e e n   f o u n d   to   have   c e r t a i n  

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

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

c i r c u i t s .   As  a  r e s u l t ,   i t   i s   p o s s i b l e   to  a l l o w   a  c y c l e  

t i m e   b e t w e e n   s u c c e s s i v e   d a t a   word   e m m i s s i o n s   of  a b o u t  

1 . 4 s . ,   any  f a s t e r   r e p e t i t i o n   b e i n g   p o i n t l e s s   a s  

g e n e r a t i o n   of   a  " t r a c k   c l e a r "   s i g n a l   in   r e s p o n s e   t h e r e t o  

would   t h e n   n e e d   t o   be  de l ayed .   W i t h   a  t r a n s m i s s i o n   r a t e  

of  24  b a u d ,   i t   i s   p o s s i b l e   t o  i n p r e s s  u p   to  33  b i t s   onto  the  t r a c k  

c i r c u i t   s i g n a l   in  one  1.4s  c y c l e ;   in   p r a c t i c e ,   of  c o u r s e ,  

no t   a l l   t h e s e   b i t s   w o u l d   be  d a t a   word  b i t s   as  t h e  

d a t a   word  i t s e l f   w o u l d   be  e m b e d d e d   in  a  m e s s a g e   i n c l u d i n g ,  

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

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

a  s t a r t   s e q u e n c e   ( f o r   e x a m p l e ,   a  p s e u d o - r a n d o m   b i n a r y  

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

d a t a - w o r d   e r r o r   d e t e c t i o n   a n d  c o r r e c t i o n ;   t h e  s t a r t  

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

c o m p o s e d   of  f i f t e e n ,   e l e v e n ,   and  s i x   b i t s   r e s p e c t i v e l y .  

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

t h e   e l e v e n   d a t a   b i t s   in   a  [16,  111  hamming  c o d e ,  

t h e   r e m a i n i n g   p a r i t y   b i t   b e i n g   u s e d   as  a  m o d u l o - 2  

p a r i t y   b i t .  



The  d a t a   word  may  be  d i v i d e d   i n t o   two  or  more  b i t - g r o u p s  

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

e x a m p l e ,   one  b i t   g r o u p   m i g h t   i d e n t i f y   a  t r a c k   c i r c u i t  

a c c o r d i n g   to   i t s   l o n g i t u d i n a l   p o s i t i o n   in   a  t r a c k  

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

t h e   p a r t i c u l a r   t r a c k   in   w h i c h   t h e   t r a c k - c i r c u i t  

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

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

d a t a   word   i s   u s e d   t o   p r o v i d e   such   a  f a c i l i t y .  

Wi th   r e g a r d   t o   t h e   p o s s i b l e   c h o i c e   of  d a t a   w o r d s ,   as  a  

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

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

word   as  p r e s e n t ,   t h e   d a t a   w o r d s   u s e d   a r e   a d v a n t a g e o u s l y  

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

w i t h   t h e   p r e d o m i n a n c e   of   one   or  o t h e r   f r e q u e n c y ,   c a n n o t  

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

F u r t h e r m o r e ,   to   p r o v i d e   a  s a f e t y   c h e c k   on  t h e   c o r r e c t  

d y n a m i c   o p e r a t i o n   of   t h e   e q u i p m e n t ,   t h e   t r a c k - c i r c u i t  

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

s i g n a l   f r e q u e n c i e s   a t   l e a s t ,   f o r   e x a m p l e ,   e v e r y  
0 .2   s ;   i f   t h e   r e c e i v e r   means   d e t e c t s   t h e   p r e s e n c e  
o f  a   t r a c k - c i r c u i t   s i g n a l   t h a t   d o e s   n o t   c h a n g e   f r e q u e n c y  

a t   l e a s t   as  o f t e n   as  e v e r y   0 . 2 s   t h e n   a  " t r a c k   o c c u p i e d "  

s i g n a l   i s   g e n e r a t e d   as   an  e q u i p m e n t   f a i l u r e   h a s  

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

c h e c k ,   i t   i s   n e c e s s a r y   to   a v o i d   t h e   u s e   of  c e r t a i n  

b i n a r y   d a t a   w o r d s   c o n t a i n i n g   s t r i n g s   of  b i n a r y   " 1 "  

o r  " 0 "   t h a t   w o u l d   r e s u l t   in   t h e   t r a n s m i s s i o n   of   o n e  

f r e q u e n c y   f o r   g r e a t e r   t h a n   0 . 2 s .   Wi th   a  t r a n s m i s s i o n  

r a t e   of  24  b a u d ,   t h e   f o r e g o i n g   r e q u i r e m e n t   i s   e q u i v a l e n t  

to   no  more   t h a n   f o u r   s u c c e s s i v e   b i t s   b e i n g   t h e   s a m e .  

The  r e q u i r e m e n t   f o r   a  t r a n s i t i o n   a t   l e a s t   e v e r y   0 . 2 s  

( f o r  e x a m p l e )   may  be  a p p l i e d   o v e r   o n l y   p a r t   of  a  



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

t h i s   r e q u i r e m e n t   may  be  d i s p e n s e d   w i t h   f o r   t h e   p a r i t y  

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

a l l o w a b l e   d a t a   words   i s   t h a t   t h e y   s h o u l d   no t   a p p e a r  
e l s e w h e r e   in  a  m e s s a g e   or  a c r o s s   two  a d j a c e n t   m e s s a g e s .  

In  h a r d w a r e   t e r m s ,   t h e   e n c o d e r   and  d e c o d e r   a r e   p r e f e r a b l y  

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

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

o p e r a t i o n .   Wi th   r e g a r d   t o   t h e   r e c e i v e r   of  t h e   r e c e i v e r  

m e a n s ,   r a t h e r   t h a n   u s i n g   two  v e r y   h i g h   Q  f i l t e r s   e a c h  

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

s i g n a l   f r e q u e n c i e s ,   ( f o r   e x a m p l e   1 6 9 9  ±   1 7 H z ) ,   a  

h e t e r o d y n i n g   t e c h n i q u e   can   be  u s e d   to   a d v a n t a g e   t o  

down  c o n v e r t   t h e   r e c e i v e d   f r e q u e n c i e s   ( f o r   e x a m p l e ,   t o  

75  =17Hz)   w h e r e b y   to   p e r m i t   t h e   use   of  much  l o w e r  

Q  f i l t e r s .   The  h e t e r o d y n i n g   and  f i l t e r i n g   can   e i t h e r  

be  of  s t a n d a r d   a n a l o g u e   f o r m   or  d i g i t a l   t e c h n i q u e s  

can  be  u s e d .  

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

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

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

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

t r a c k - c i r c u i t   t r a n s m i t t e r   t o   i t s   c o r r e s p o n d i n g  

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

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

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

t h e   t r a n s m i s s i o n s   of  e a c h   t r a c k - c i r c u i t   t r a n s m i t t e r   i n  

dependence  on  a  s e l e c t e d   one  of  a  p l u r a l i t y   of  b inary   d a t a  

w o r d s   e a c h   u n i q u e   to   t h a t   t r a n s m i t t e r ,   t h e   i d e n t i t y  

of  t h e   s e l e c t e d   d a t a   word   w i t h i n   s a i d   p l u r a l i t y   b e i n g  

d e p e n d e n t   on  t h e   i d e n t i t y   of  t h e   s a i d   s i g n a l   m e s s a g e  
i t   i s   d e s i r e d   to   t r a n s m i t   w h e r e b y   e a c h   s a i d   s i g n a l  



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

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

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

t r a c k - c i r c u i t   t r a n s m i t t e r .  

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

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

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

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

to   t r a n s m i t   a  d e s i r e d   a u x i l i a r y   s i g n a l   m e s s a g e   s u c h   a s ,  
f o r   e x a m p l e ,   a  t r a c k - t o - t r a i n   m e s s a g e   w h i c h   c an   be  u n i q u e l y  

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

t r a c k  c i r c u i t   c u r r e n t l y   b e i n g   t r a v e r s e d .  

E a c h   d a t a   w o r d   can   be  m o d u l a t e d   o n t o   t h e   t r a n s m i s s i o n s   o f  

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

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

k e y i n g   s c h e m e .  

P r e f e r a b l y ,   e a c h   d a t a   word  is   s t r u c t u r e d   s u c h   t h a t   i t  

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

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

a u x i l i a r y   s i g n a l   m e s s a g e .  

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

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

r e f e r e n c e   t o   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 u r e   1  i s ,   as  a l r e a d y   d e s c r i b e d ,   a  d i a g r a m   o f  

a  known  t r a c k   c i r c u i t   l a y o u t ;  

F i g u r e   2  i s   a  b l o c k   d i a g r a m   of  a  t r a n s m i t t e r   u n i t  

of  t r a c k   c i r c u i t   e q u i p m e n t   e m b o d y i n g   t h e  i n v e n t i o n ;  

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

s i g n a l   by  t h e   t r a n s m i t t e r   u n i t ;   a n d  

F i g u r e   4  i s   a  b l o c k   d i a g r a m   of  a  r e c e i v e r   u n i t   o f  

t h e   t r a c k   c i r c u i t   e q u i p m e n t   e m b o d y i n g   t h e   i n v e n t i o n .  



The  t r a c k   c i r c u i t   e q u i p m e n t   now  to   be  d e s c r i b e d   h a s  

t h e   same  g e n e r a l   l a y o u t   as  t h e  p r i o r   a r t   e q u i p m e n t  

shown  in  F i g u r e   1,  t h a t   i s ,  t h e   e q u i p m e n t   a s s o c i a t e d  

w i t h   e a c h   t r a c k   c i r c u i t   ( f o r   e x a m p l e   t r a c k   c i r c u i t  

TC2  in  F i g u r e   1)  i n c l u d e s   a  t r a n s m i t t e r   t u n i n g   u n i t  

2  and  a  r e c e i v e r   t u n i n g   u n i t   3  r e s p e c t i v e l y   a r r a n g e d   t o  

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

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

( f o r   e x a m p l e ,   f r e q u e n c y   f l ) .   The  d e s i g n   a n d  

c o n s t r u c t i o n   of  t h e   t u n i n g   u n i t s   2  and  3  and  t h e i r  

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

t r a c k   c i r c u i t s   to   p r o v i d e   t u n e d   t e r m i n a t i o n s   f o r   t h e  

t r a c k   c i r c u i t s   w i l l   no t   be  d e s c r i b e d   in   d e t a i l   h e r e i n   a s  

such   u n i t s   2,  3  u s e d   w i t h   t h e   e q u i p m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   can  be  t h e   same  as  t h o s e   a l r e a d y   known  and  u s e d  

in  t h e   a r t .  

For  e a c h   t r a c k   c i r c u i t ,   t h e   e q u i p m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   i c l u d e s ,   in  a d d i t i o n   t o   t h e   t u n i n g   u n i t s   2 , 3 ,  

a  t r a n s m i t t e r   u n i t   shown  in  i t s   e n t i r e l y   in  F i g u r e   2 

and  a  r e c e i v e r   u n i t   shown  in  i t s   e n t i r e t y   in  F i g u r e   4 .  

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

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

m e s s a g e   on  l i n e   10  to   a  m o d u l a t o r   11  in   o r d e r   to   c o n t r o l  

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

l i n e   12.  The  m o d u l a t o r   11  a c t s   to   f r e q u e n c y   s h i f t   k e y  

(FSK)  i t s   o u t p u t   s i g n a l   b e t w e e n  a n   u p p e r   f r e q u e n c y  

f 1 + Δ f   u s e d   to   r e p r e s e n t   t h e   b i n a r y   "1"  s t a t e   of  b i t s  

of  t h e   i n c o m i n g   m e s s a g e ,   and  a  l o w e r   f r e q u e n c y   of  f l   - Δ f  

r e p r e s e n t i n g   t h e  b i n a r y   " 0 "  s t a t e .   The  f r e q u e n c y   f 1  
i s ,   f o r   e x a m p l e ,   1699  Hz  w i t h   t h e   v a l u e   of  t h e   Δf   b e i n g  

17Hz;  (as   a l r e a d y   e x p l a i n e d ,   t h e   v a l u e   o f  A f   i s   k e p t  

s m a l l   t o   m i n i m i s e   t he   s i g n a l   e n e r g y   o u t s i d e   t h e  

e f f e c t i v e   r a n g e   of  t he   t u n e d   t r a c k - c i r c u i t   t e r m i n a t i o n s  

p r o v i d e d   by  c o o p e r a t i n g   u n i t s   2,  3  of  a d j a c e n t   t r a c k  



c i r c u i t s ) .   The  f r e q u e n c y - s h i f t - k e y e d   o u t p u t   s i g n a l  

p r o d u c e d   b y  t h e   m o d u l a t o r   11  on  l i n e   12  i s   fed   v i a  

an  o u t p u t   r e g u l a t o r   13  and  p o w e r   a m p l i f i e r   14  t o  

t h e   t r a c k - c i r c u i t   t r a n s f o r m e r   u n i t   2  c o n n e c t e d   b e t w e e n  

t h e   r u n n i n g   r a i l s   1 .  

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

t h e   b i n a r y   c o d e d  m e s s a g e   f e d   t o   t h e   m o d u l a t o r   11 

on  l i n e   10  c o m p r i s e s   two  s u b s t a n t i a l l y - i d e n t i c a l  

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

p r o c e s s o r   u n i t   16,   and  I /O  ( i n p u t / o u t p u t )   p o r t   1 7 ,  

a  p r o g r a m m e   and  f i x e d   d a t a   s t o r a g e   u n i t   in   t h e   f o r m  

of  a  ROM  ( r e a d   o n l y   memory)   18 ,   a  n o n - v o l a t i l e   v a r i a b l e  

d a t a   s t o r e   in   t h e   form  of   a  n o n - v o l a t i l e   RAM  ( r a n d o m  

a c c e s s   memory )   19  i n t e r f a c i n g   w i t h   t h e   c e n t r a l   p r o c e s s o r  
u n i t   16  v i a   t h e   I / O   p o r t   17,   and   a  w o r k i n g   s t o r e  

p r o v i d e d   by  v o l a t i l e   RAM  20.   The  c e n t r a l   p r o c e s s o r  
u n i t   16  of   e a c h   m i c r o p r o c e s s o r   s y s t e m   i n t e r f a c e s  

w i t h   i t s   a s s o c i a t e d   I /O  p o r t   17,   ROM  18,   and  RAM  2 0  

v i a   a d d r e s s   b u s e s  2 1  a n d   d a t a   b u s e s   22  w h i l e   t h e  

n o n - v o l a t i l e   RAM  1 9  c o m m u n i c a t e s   w i t h   t h e   I / 0   p o r t   17  

v i a   a d d r e s s   and  d a t a   b u s e s   i n d i c a t e d   d i a g r a m m a t i c a l l y  

i n  F i g u r e   2  b y  l i n e   2 3 .  

The  e l e m e n t s   16,   17,   18  and  20  of   e a c h   m i c r o p r o c e s s o r  

s y s t e m   a r e   a d v a n t a g e o u s l y   a l l   i n t e g r a t e d   on  a  s i n g l e  

common  c h i p  a s  i n d i c a t e d   by  t h e   d a s h e d   o u t l i n e s   i n  

F i g u r e   2.  E a c h   m i c r o p r o c e s s o r   s y s t e m   i s   f e d   w i t h :  

(a )   t h e   same  l o c a l   code   u n i q u e l y   i d e n t i f y i n g  

( w i t h i n  t h e   l o c a l   a r e a )   t h e   t r a c k - c i r c u i t   t r a n s m i t t e r  

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

t h i s   c o d e  b e i n g   s e t   up  e i t h e r   by  m e a n s   of  s w i t c h e s  

or   h a r d   w i r i n g   d i r e c t l y   t o   i n p u t   l i n e s   24  of   t h e   I / O  

p o r t   17,   a n d  



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

c o n t r o l   i n p u t s   98,  t h e s e   c o d e s   r e p r e s e n t i n g   a  l i m i t e d  

i n s t r u c t i o n   s e t   ( f o r   e x a m p l e ,   of  t e n   i n s t r u c t i o n s )  

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

s i g n a l s   f o r   p i c k   up  by  a  t r a i n .  

The  two  m i c r o p r o c e s s o r   s y s t e m s   o p e r a t e   u n d e r  

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

f o r m a t   t h e   i n p u t   l o c a l   c o d e   and  t r a c k - t o - t r a i n   c o d e  

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

be  d e s c r i b e d   in  d e t a i l   h e r e i n a f t e r .  

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

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

s y s t e m s   w i l l   be  i d e n t i c a l   w h e r e a s   f a i l u r e   of  e i t h e r  

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

In  t h e   p r e s e n t   e x a m p l e ,   t h e   u p p e r   one  of   t h e   t w o  

m i c r o p r o c e s s o r   s y s t e m s   i l l u s t r a t e d   in   F i g u r e   2  i s  

u s e d   to   p r o v i d e   t h e   o u t p u t   to   l i n e   10  w i t h   t h i s  

o u t p u t   b e i n g   fed   back   v i a   l i n e s   30  and  31  to   e a c h  

of  t h e   m i c r o p r o c e s s o r   s y s t e m s   f o r   c h e c k i n g .   S h o u l d  

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

t h e   m e s s a g e   i n t e r n a l l y   g e n e r a t e d   t h e r e b y   and  t h e   m e s s a g e  

p r e s e n t   on  l i n e   10,   t h e n   i t   i n i t i a t e s   a c t i o n   to   s h u t  

down  t h e   e q u i p m e n t   in   a  f a i l s a f e   m a n n e r .   The  f a i l s a f e  

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

u n i t   3 2  w h i c h   c o n t r o l s   t h e   p o w e r  s u p p l y   to   t h e  

m i c r o p r o c e s s o r   s y s t e m s   and  i s   o p e r a t i v e   t o   c u t   o f f   t h i s  

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

b e t w e e n   t h e   m e s s a g e   o u t p u t   on  l i n e   10  and  t h a t  

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

s y s t e m s   a l s o   e f f e c t   m u t u a l   c r o s s   c h e c k s   of  p r o g r a m m e s  
and  i n t e r m e d i a t e   r e s u l t s   v i a   l i n e s   33;  a g a i n ,   s h o u l d  

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

a r r a n g e m e n t   i s   s h u t   down  v i a   t h e   r e d u n d a n c y   m a n a g e m e n t  

u n i t   3 2 .  



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

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

by  R . C .   S h o r t   in   a  p a p e r   e n t i t l e d   "The  D e s i g n   o f  

F a i l - S a f e   P r o c e s s o r   S y s t e m s "   p r e s e n t e d   in   J a n u a r y   1 9 8 0  

to   t h e   I n s t i t u t i o n   of  R a i l w a y   S i g n a l   E n g i n e e r s ,   L o n d o n .  

For   t h i s   r e a s o n ,   a  more   d e t a i l e d   d e s c r i p t i o n   of  t h e  

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

u n i t   w i l l   n o t   be  g i v e n   h e r e i n .  

C o n s i d e r a t i o n   w i l l   now  be  g i v e n   to   t h e   fo rm  of   t h e   m e s s a g e  

c y c l i c a l l y   o u t p u t   on  l i n e   10  by  t h e   d u p l i c a t e d  

m i c r o p r o c e s s o r   a r r a n g e m e n t .   As  can   be  s e e n   f rom  F i g u r e  

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

35,   a  d a t a   word   p o r t i o n   38  d e t e r m i n e d   by  t h e   l o c a l  

i d e n t i f y i n g   c o d e   and  t r a c k - t o - t r a i n   c o d e   f e d   i n t o   t h e  

m i c r o p r o c e s s o r   s y s t e m s ,   and  a  p a r i t y   p o r t i o n   39.   I n  

o r d e r   to   p r o v i d e   an  a d e q u a t e   n u m b e r   of  u n i q u e   t r a c k -  

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

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

38  n e e d s   to   be  s u b s t a n t i a l .   H o w e v e r ,   t h e   l e n g t h   of  t h e  

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

m e s s a g e   t r a n s m i s s i o n   w i t h i n   an  o v e r a l l   t i m e   of  l e s s  

t h a n   t h e   d e l a y   t i m e   ( t y p i c a l l y   1 . 5   s e c o n d )   w i t h i n  

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

e x p e c t   to   r e c e i v e   an  u p d a t e   i f   a  " t r a c k   c l e a r "  

c o n d i t i o n   i s   t o   be   m a i n t a i n e d .   F u r t h e r m o r e ,   t h e   n e e d  

to   p r o v i d e   t h e   s t a r t   s e q u e n c e   35  and  t h e   p a r i t y   p o r t i o n  

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

word   38.  A n o t h e r   l i m i t i n g   f a c t o r   i s   t h e  m a x i m u m   a l l o w a b l e  

FSK  m o d u l a t i o n   r a t e ,   t h i s   maximum  b e i n g   s e t   by  t h e   n e e d  

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

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

of  l i m i t i n g   n o i s e   p o w e r   w i t h i n   t h e   e q u i p m e n t .   I n  t h e  

p r e s e n t   e x a m p l e ,   an  FSK  m o d u l a t i o n   r a t e   of   12  Hz  i s  

e m p l o y e d   c o r r e s p o n d i n g   to   a  d a t a   r a t e   of   24  b a u d .  



To  c o m p l y   w i t h   t h e s e   r e q u i r e m e n t s ,   an  11  b i t   d a t a   w o r d  

38  i s   u s e d   in  t h e   p r e s e n t   e m b o d i m e n t   t o g e t h e r   w i t h   a  

6 - b i t   p a r i t y   p o r t i o n   39  g i v i n g   a  d u r a t i o n   f o r   t h e  

d a t a   word  and  p a r i t y   p o r t i o n s   38,   39  of  0 . 7 0 8   s e c o n d s .  

The  s t a r t   s e q u e n c e   35  is  made  up  of  f i f t e e n   b i t s  

w h e r e b y   t h e   t o t a l   m e s s a g e   d u r a t i o n   is  1 . 33   s e c o n d s .  

The  s t a r t   s e q u e n c e   35  is   a  h i g h - s e c u r i t y   s t a r t   c o d e  

w h i c h   in  t h e   p r e s e n t   e x a m p l e   is  a  p s e u d o - r a n d o m  

b i n a r y   s e q u e n c e   (PRBS) ,   s u c h   s e q u e n c e s   h a v i n g  a   h i g h  

a u t o - c o r r e l a t i o n   f u n c t i o n .  

The  d a t a   word  38  i s   o r g a n i s e d   i n t o   t h r e e   b i t   g r o u p s  

r e s p e c t i v e l y   of  4,  3,  4  b i t s   and  r e s p e c t i v e l y   r e p r e s e n t i n g  

a  l o n g i t u d i n a l   t r a c k  c i r c u i t   number   ( t h a t   i s ,   a  t r a c k  

c i r c u i t   number   a l o n g   t h e   same  t r a c k ) ,   a  l a t e r a l   t r a c k  

c i r c u i t   n u m b e r ,   and  t h e   r e q u i r e d   t r a c k - t o - t r a i n  

s i g n a l l i n g   c o d e .   The  l o c a l   i d e n t i f y i n g   c o d e   s e t   i n t o  

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

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

c i r c u i t   c o n c e r n e d ;   t h e   t r a c k - t o - t r a i n   c o d e   s e t   in  o n  

l i n e   98  d e t e r m i n e s   t h e   b i t   v a l u e s   in  t h e   t r a c k - t o - t r a i n  

b i t   g r o u p .   For   a  g i v e n   t r a c k   c i r c u i t ,   t h e   d a t a   word  38 

may  t h u s   h a v e   any  of  a  u n i q u e   s e t   of  v a l u e s ,   t h e   common 

u n i q u e   c h a r a c t e r i s t i c   of  w h i c h   is   d e t e r m i n e d   by  t h e   f i r s t  

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

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

t h i r d   b i t - g r o u p   ( t h e   t r a c k - t o - t r a i n   s i g n a l l i n g   g r o u p ) .  

The  p a r i t y   p o r t i o n   39  is  o r g a n i s e d   w i t h   e m p h a s i s  

on  e r r o r   d e t e c t i o n .   To  t h i s   e n d ,   t h e   f i r s t   f i v e   b i t s  

of  t h e   p a r i t y   p o r t i o n   39  t o g e t h e r   w i t h   t h e   e l e v e n  

d a t a   b i t s   f r om  a  c o d e w o r d   of  a  ( 1 6 , 1 1 )   hamming   c o d e  

of  w e i g h t   t h r e e   w h i l e   t h e   s i x t h   p a r i t y   b i t   is  a  

m o d u l o - 2   p a r i t y   b i t   f o r   t h e   d a t a   b i t s .   T h i s  

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

and  t h e   d e t e c t i o n   of  up  to   t h r e e   e r r o r s .  



In  o r d e r   to   p r o v i d e   a  d y n a m i c   s a f e t y   c h e c k   on  t h e  

o p e r a t i o n   of  t h e   t r a c k - c i r c u i t   e q u i p m e n t ,   t h e   t r a c k -  

c i r c u i t   s i g n a l   i s   a r r a n g e d   to   c h a n g e   f r e q u e n c i e s   ( t h a t   i s ,  

between  f1  + Δ f   and f1   - Δ f )   at  l e a s t   every  0 . 2 s  

e x c e p t   d u r i n g   t h e   p a r i t y   p o r t i o n   of  e a c h   m e s s a g e .  
T h i s   r e q u i r e m e n t   c o r r e s p o n d s   to   h a v i n g   no  more   t h a n  

f o u r   b i t s   t h e   same  in  s u c c e s s i o n   w h i c h ,   in  t u r n ,  

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

of   no  more   t h a n   two  b i t s  t o   be  t h e   same  a t   t h e  

b e g i n n i n g   a n d  e n d   of  t h e   s t a r t   s e q u e n c e   35  and  of   e a c h  

of   t h e   t h r e e   b i t - g r o u p s   of  t h e   d a t a   word   3 8 .  

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

l i m i t a t i o n   i s :  

T h i s   s e q u e n c e   i s   u s e d  f o r   a l l   t r a c k   c i r c u i t s .  

P o s s i b l e   v a l u e s   f o r   t h e   b i t - g r o u p s   of  t h e   d a t a   w o r d  

38  a r e :  

Any  v a l u e   f r o m   one   g r o u p   may  be  u s e d   w i t h   any  v a l u e  

f r o m   a n o t h e r   g r o u p ,   g i v i n g   1 0 x 6 x 1 0   =  600  p o s s i b l e   d a t a  

w o r d s .  

A  f u r t h e r   l i m i t a t i o n   on  t h e   n u m b e r   of  d a t a   w o r d s  

a l l o w a b l e   i s   t h e   r e q u i r e m e n t   t h a t   n e i t h e r   t h e   s t a r t  



s e q u e n c e   n o r  t h e   d a t a   word  i t s e l f   mus t   be  r e p e a t e d  

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

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

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

of  t h e   (16 ,   1 1 )  h a m m i n g   c o d e   a r e   d e r i v e d   s i n c e   u n w a n t e d  

r e p e t i t i o n   o f  t h e   s t a r t   s e q u e n c e   or  d a t a   word  m a y  
i n v o l v e   t h e s e   p a r i t y   b i t s .  

The  hamming  c o d e   p a r i t y   b i t s . a r e   g e n e r a t e d   u s i n g   a  

g e n e r a t o r   m a t r i x   G  s u c h   t h a t  

w h e r e   C  is  t h e  c o d e w o r d   c o n s t i t u t e d  b y   t h e   d a t a   b i t s  

and  f i r s t   f i v e   p a r i t y  b i t s ,   D  i s   t h e   d a t a - b i t   row  v e c t o r  

and  G  is  a  (11  x  1 6 )   m a t r i x .   More  p a r t i c u l a r l y ,   G  h a s  

t h e   f o r m :  

w h e r e   I11  is  t h e  i d e n t i t y   m a t r i x   of  o r d e r   11  and  P 

is   a  (11  x  5)  m a t r i x  w i t h   no  row  i d e n t i c a l l y   z e r o  

and  a l l   rows  d i s t i n c t .   W i t h  P  o f   t h e   f o l l o w i n g  

f o r m :  

f o u r   h u n d r e d   and  s e v e n   d i f f e r e n t   d a t a   words   a r e   v a l i d .  



The  r e c e i v e r   u n i t   of   t h e   e q u i p m e n t   i s   shown  in  F i g u r e  

4  and  c o m p r i s e s   a  r e c e i v e r   s e c t i o n   i n t e r f a c i n g   v i a  

a n a l o g u e   to   d i g i t a l   c o n v e r t e r s   40  w i t h   a  d u p l i c a t e d  

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

c o n f i g u r a t i o n   as  t h a t   of  t h e   t r a n s m i t t e r   u n i t .   T h e  

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

i n p u t   t r a n s f o r m e r   41  a r r a n g e d   to   r e c e i v e   t h e   t r a c k -  

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

t r a c k   by  t h e   u n i t   3  o f   t h e   t r a c k - c i r c u i t   e q u i p m e n t .  

The  r e c e i v e d   s i g n a l   w h i c h   i s   of  f r e q u e n c y   f   ±  Δ f   i s   f e d  

v i a   p r e a m p l i f i e r   42  t o   a  m i x e r   43  w h e r e   i t   is  m i x e d  

w i t h   a  s i g n a l   of  f r e q u e n c y   ( f 1  -   f i )   d e r i v e d   f r o m   a  

l o c a l   o s c i l l a t o r   44.   The  l o c a l   o s c i l l a t o r   44  i s  

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

p r e s e t   in  d e p e n d e n c e   on  t h e   c e n t r e   f r e q u e n c y   of  t h e  

t r a c k   c i r c u i t   t r a n s m i t t e r   u n i t   ( in   t h e   p r e s e n t   c a s e ,  

f r e q u e n c y   f 1 ) .   T h e  o u t p u t   of  t h e   m i x e r   43  is   a  s i g n a l  

of  f r e q u e n c y   f i  ±  Δ f .   T y p i c a l l y ,   t h e  i n t e r m e d i a t e  

f r e q u e n c y   f i   i s   7 5  H z .  

The  p u r p o s e   of  h e t e r o d y n i n g   down  t h e   t r a c k - c i r c u i t   s i g n a l  

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

s e l e c t i v e   f i l t e r i n g   o f  t h e   two  f r e q u e n c i e s   m a k i n g   u p  
t h e   t r a c k - c i r c u i t   s i g n a l s ,   much  l o w e r   Q  f i l t e r s   b e i n g  

r e q u i r e d   to   s e l e c t i v e l y   d e t e c t   t h e   two  f r e q u e n c i e s   ( f i  
+  Δ f )   and  ( f i   - Δ f )   t h a n   t h e   f r e q u e n c i e s   (f  1  + Δ f  )  
and  ( f 1  - Δ f ) .  

The  o u t p u t   of  t h e   m i x e r   43  i s   f e d   to   a c t i v e   f i l t e r s   4 6  

and  47  r e s p e c t i v e l y   t u n e d   to   t h e   f r e q u e n c i e s   ( f i   + Δ f )  

and  ( f .  -  A f ) .   The  o u t p u t   of   t h e   f i l t e r s   46  and  47  a r e  

f e d   v i a   r e s p e c t i v e   e n v e l o p e   d e t e c t o r s   48  and  49  t o  

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

c o n v e r t e r s   40.   E a c h   a n a l o g u e   to   d i g i t a l   c o n v e r t e r   4 0  

p r o v i d e s   a  two  b i t   r e p r e s e n t a t i o n   of   t h e   s i g n a l   l e v e l  

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



p a i r s   of  o u t p u t   l i n e s   51,   50  to  r e s p e c t i v e   ones   of  t h e  

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

m i c r o p r o c e s s o r   a r r a n g e m e n t   of  t h e   r e c e i v e r   u n i t .   E a c h  

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

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

c o m p o n e n t s   (f1  +  Δ f )   a n d  ( f 1  -  Δ f )   on  t h e   t r a c k  

r u n n i n g   r a i l s .  

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

a r r a n g e m e n t   of  t h e   r e c e i v i n g   u n i t   is   of  s u b s t a n t i a l l y  

t h e   same  f o r m   as  t h a t   of  t h e   t r a n s m i t t e r   u n i t   w i t h  

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

c e n t r a l   p r o c e s s o r   u n i t   52 ,   an  I /O  p o r t   53 ,   ROM  a n d  

RAM  m e m o r i e s   54  and  55 ,   and  a  n o n - v o l a t i l e   memory  56 

i n t e r f a c i n g   w i t h   t h e   CPU  v i a   t h e   p o r t   53.   T h e  

e l e m e n t s   52  to  55  a r e   p r e f e r a b l y   i n t e g r a t e d   on  a  

s i n g l e   c h i p .  

Each  m i c r o p r o c e s s o r   s y s t e m   is  f ed   v i a   t h e  p o r t   53 

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

i n f o r m a t i o n   p r o v i d e d   on  l i n e s  5 0   and  51  b u t   a l s o   w i t h  

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

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

in   b y  m e a n s   of  s w i t c h e s   or  h a r d   w i r e d   c o n n e c t i o n s   o n  

i n p u t   l i n e s   57.  The  o u t p u t   of  t h e   d u p l i c a t e d  

m i c r o p r o c e s s o r   a r r a n g e m e n t   is  p r o v i d e d   on  a  l i n e   58  

f r o m   t h e   u p p e r   o f  t h e  t w o   m i c r p p r o c e . s s o r   s y s t e m s   a s  

v i e w e d  i n   F i g u r e   4,  t h i s   o u t p u t   b e i n g   u s e d   to   c o n t r o l  

a  s t a n d a r d   t r a c k - c i r c u i t   r e l a y   ( n o t  s h o w n ) .   The  s i g n a l  

on  t h e   l i n e   58  is   a l s o   f e d   b a c k   to   t h e   two  m i c r o p r o c e s s o r  

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

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

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

a r r a n g e m e n t   in  t h e   e v e n t   of  a  d i s a g r e e m e n t   b e i n g   d e t e c t e d  



b e t w e e n   t h e   s i g n a l s   a p p e a r i n g   on  l i n e   58  and  t h a t  

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

s y s t e m s ,   is   e f f e c t e d   by  a  r e d u n d a n c y   m a n a g e m e n t   a n d  

power   s u p p l y   u n i t   60  o p e r a t i n g   in  s t a n d a r d   m a n n e r .  

S h u t   down  is   s i m i l a r l y   i n i t i a t e d   i f   c r o s s   c h e c k i n g  

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

l i n e s   34 ,   i n d i c a t e s   a  d i s c r e p a n c y   e i t h e r   i n  

i n t e r m e d i a t e   r e s u l t s   or   p r o g r a m m e s .  

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

c o n t r o l ,   t h e   f o l l o w i n g   f u n c t i o n s ;  

1)  r e c o g n i t i o n   of  t h e   p r e s e n c e   of  t h e   f r e q u e n c i e s  

( f   1 + Δf)  and   ( f   - Δ f )   in  d e p e n d e n c e   on  t h e  

s i g n a l s   f e d   t h e r e t o   v i a   t h e   l i n e s   49  and  5 0 ;  

2)  c h e c k i n g   t h a t   a  t r a n s i t i o n   b e t w e e n   t h e   two  t r a c k -  

c i r c u i t   s i g n a l   f r e q u e n c i e s   (when  t h e   t r a c k  

c i r c u i t   s i g n a l   i s   d e t e c t e d )   o c c u r s   a t   l e a s t   e v e r y  
0 .2   s e c o n d s   e x c e p t   d u r i n g   t h e   p a r i t y   p o r t i o n   o f  

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

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

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

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

3)  c h e c k i n g   t h a t   o n l y   one   of   t h e   two  t r a c k - c i r c u i t  

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

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

f r e q u e n c i e s   i n d i c a t e s   t h e   p r e s e n c e   of   c r o s s t a l k  

and  a  c o r r e s p o n d i n g   e r r o r   s i g n a l   can   be  g e n e r a t e d  
t o   i n d i c a t e   t h i s   c o n d i t i o n ;  

4)  d e t e c t i o n   of   t h e   m e s s a g e   s t a r t   s e q u e n c e   w h e r e b y   t o  

i d e n t i f y   t h e   s t a r t   of   t h e   d a t a   word   p o r t i o n   38  a n d  

p a r i t y   p o r t i o n   3 9 ;  

5)  r e a d i n g   of  t h e   d a t a   word   38  c o n t a i n e d   in  e a c h   m e s s a g e  
w i t h   f r e q u e n c y   (f1  +  Δ f )   b e i n g   r e a d   as  a  b i n a r y  
"1"  and  f r e q u e n c y   (f1  - Δ f )   b e i n g   r e a d   as  b i n a r y  

" 0 " ;   e r r o r   d e t e c t i o n   and  p o s s i b l e   c o r r e c t i o n  



u s i n g   t h e   p a r i t y   p o r t i o n   39  of  t h e   m e s s a g e ;  
6)  c o m p a r i s o n   of  t h e   f i r s t   t w o  b i t - g r o u p s   of  t h e  

r e c e i v e d   d a t a   word  w i t h   t h e   l o c a l   code   s e t   in  v i a  
t h e   l i n e s  5 7 ;  

7)  g e n e r a t i o n   of  a  " t r a c k   c l e a r "  s i g n a l   on  t he   l i n e  

58  upon   t h e   r e c e i v e d   t r a n s m i t t e r - i d e n t i f y i n g   d a t a  

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

t h e   r e c e i v e d   and   l o c a l   c o d e s   do  n o t   c o r r e s p o n d ,  

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

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

8)  g e n e r a t i o n   of  a  " t r a c k   o c c u p i e d "   s i g n a l   on  l i n e  

58  in  t h e   a b s e n c e   of  any  t r a c k - c i r c u i t   s i g n a l  

f r e q u e n c y   f o r   more   t h a n   0.1  s e c o n d .  

The  e r r o r   d e t e c t i o n / c o r r e c t i o n   p r o c e s s   r e f e r r e d   t o  

in  (5)  a b o v e   i n v o l v e s   f o r m i n g   t h e   e r r o r   s y n d r o m e   S  o f  

t he   r e c e i v e d   d a t a   word   R  in  a c c o r d a n c e   w i t h   t h e  

f o l l o w i n g   r e l a t i o n :  

w h e r e   E  is  t h e   e r r o r   v e c t o r   of  t h e   r e c e i v e d   d a t a  

(R  =  C  +  E)  and  H  is   t h e   p a r i t y  c h e c k   m a t r i x   and  h a s  

t h e   f o r m :  

For   s i n g l e   e r r o r s ,   t h e   v a l u e   o f  S  g i v e s   t h e   e x a c t   d i g i t  
in  e r r o r   by  c o m p a r i n g   t h e  v a l u e   of  S  w i t h   t h e  r o w s   o f .  H T .  

D o u b l e   e r r o r s   a r e   d e t e c t e d  b u t   c a n n o t  b e   c o r r e c t e d .  

The  ( 1 6 , 1 1 )   h a m m i n g   c o d e   w i l l ,   by  i t s e l f ,   s o m e t i m e s  

i n c o r r e c t l y  d e c o d e   t r i p l e   e r r o r s ;   h o w e v e r ,  b y   t e s t i n g  
t h e   m o d u l o - 2   p a r i t y   b i t ,   s u c h   t r i p l e - e r r o r   c o n d i t i o n s  

can  be  d e t e c t e d   ( b u t   n o t   c o r r e c t e d ) .   Fou r   or  m o r e  

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

From  t he   f o r e g o i n g ,   i t   can  be  s e e n   t h a t   t h e   r e c e i v i n g   u n i t  

w i l l   g e n e r a t e   a  " t r a c k   c l e a r "   s i g n a l   o n l y   when  t h e  

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



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

of  t h e   two  t r a c k - c i r c u i t   f r e q u e n c i e s   c o n c e r n e d .   I n  

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

o p e r a t i n g   a t   t h e   same   c e n t r e   f r e q u e n c y ,   t h e n   e i t h e r  

t h e   two  t r a c k - c i r c u i t   s i g n a l   f r e q u e n c i e s   w i l l   be  p r e s e n t  

t o g e t h e r   o r ,   as  may  be  t h e   c a s e   w h e r e   t h e   t r a n s m i t t e r  

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

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

to   t h a t   s e t   in  v i a   t h e   l i n e s   57 ;   in   e i t h e r   c a s e ,   a  

" t r a c k   c l e a r "   s i g n a l   w i l l   n o t   be  g e n e r a t e d .  

As  r e g a r d s   t h e   t r a c k - t o - t r a i n   c o d e s   e m b e d d e d   in  t h e  

t r a c k   c i r c u i t   s i g n a l ,   t h e s e   a r e   a r r a n g e d   to   be  d e c o d e d  

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

t r a c k - c i r c u i t   r e c e i v i n g   u n i t   ( t h e   t r a c k - c i r c u i t   s i g n a l  

b e i n g   i n d u c t i v e l y   c o u p l e d   t o   t r a i n   b o r n e   p i c k   up  c o i l s ) .  

Of  c o u r s e ,   i n s t e a d   of  t h e   f i n a l   b i t   g r o u p   of  t h e   m e s s a g e  
d a t a   word   38  b e i n g   a p p l i e d   t r a c k - t o - t r a i n   s i g n a l l i n g ,  

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

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

of  s t a t u s   i n f o r m a t i o n   b e t w e e n   t h e   t r a n s m i t t e r   a n d  

r e c e i v e r   of   a  t r a c k   c i r c u i t   ( i n   t h i s   c a s e ,   in  a d d i t i o n  

to  a  r e l a y   o u t p u t   5 8 ,   e a c h   t r a c k - c i r c u i t   r e c e i v e r   c o u l d  

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

l i n e s   99  in   F i g u r e   4 ) .  

V a r i o u s   m o d i f i c a t i o n s   to   t h e   d e s c r i b e d   e q u i p m e n t   c a n ,  
of  c o u r s e ,   be  made .   Thus   f o r   e x a m p l e   in   t h e   r e c e i v e r  

u n i t   a  d i g i t a l   h e r e r o d y n i n g   t e c h n i q u e   can   be  u s e d  

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

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

e f f e c t e d   d i g i t a l l y   in  known  m a n n e r .  



1.  A  m e t h o d   of  p r o v i d i n g  s e c u r i t y   a g a i n s t   c r o s s t a l k  

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

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

t y p e   c o m p r i s i n g   t r a n s m i t t e r   m e a n s   (2)  a r r a n g e d   to   o u t p u t  

a  t r a c k - c i r c u i t   s i g n a l   f r e q u e n c y - s h i f t - k e y e d   b e t w e e n   t w o  

f r e q u e n c i e s ,   and  a s s o c i a t e d   r e c e i v e r   means   (3)  a r r a n g e d  

to   s e l e c t i v e l y   r e c e i v e   s i g n a l s   a t   s a i d   two  f r e q u e n c i e s ;  

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

-  i m p r e s s i n g   a  m u l t i - b i t  b i n a r y   d a t a   word  (38)  o n t o  

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

(2)  of  e a c h   t r a c k   c i r c u i t ,   e a c h   s a i d   d a t a   word  s e r v i n g  

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

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

e f f e c t i n g   t h e   f r e q u e n c y   s h i f t  k e y i n g   of  t h e   l a t t e r   i n  

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

-  f o r   e a c h   t r a c k - c i r c u i t   r e c e i v e r   means   ( 3 ) ,  

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

a  " t r a c k   c l e a r "   s i g n a l   by  t h e   r e c e i v e r   means   when  t h e  

t r a n s m i t t e r   means   i d e n t i f i e d   by  a  d e t e c t e d   d a t a   word  i s  

t h e   t r a n s m i t t e r   means   b e l o n g i n g   to   t h e   same  t r a c k  

c i r c u i t   as  s a i d   r e c e i v e r   m e a n s .  

2.  T r a c k   c i r c u i t   e q u i p m e n t   c o m p r i s i n g   a  p l u r a l i t y   o f  

t r a c k   c i r c u i t s   (TC1,  TC2,  T C 3 )  d i s p o s e d   in  t h e   s a m e  

l o c a l i t y   and  e a c h  i n c l u d i n g :   t r a n s m i t t e r   means   (2)  f o r  

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

r a i l s   (1)  o f  a   r a i l w a y   l i n e   and   r e c e i v e r   means   (3)  f o r  

s e l e c t i v e l y   r e c e i v i n g   f r o m   t h e   r u n n i n g   r a i l s   ( 1 )  

t r a c k - c i r c u i t   s i g n a l s   f r e q u e n c y - s h i r t   k e y e d   b e t w e e n   t w o  

f r e q u e n c i e s   ( f l ,   f 2 ) ,  
c h a r a c t e r i s e d   in  t h a t  

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



p r e d e t e r m i n e d   m u l t i - b i t   b i n a r y   d a t a   word   (38)   o n t o   t h e  

t r a c k - c i r c u i t   s i g n a l   by  f r e q u e n c y   s h i f t   k e y i n g   t h e  

l a t t e r   b e t w e e n   two  f r e q u e n c i e s   ( f l ,   f 2 ) ,   s a i d   d a t a   w o r d  

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

m e a n s ,   a n d  

s i g n a l   p r o c e e s i n g   means   a r e   a r r a n g e d   to   d e c o d e  

t r a c k - c i r c u i t   s i g n a l s   r e c e i v e d   by  t h e   r e c e i v e r   m e a n s  

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

t o   g e n e r a t e   a  " t r a c k   c l e a r "   o u t p u t   s i g n a l   when  t h e  

t r a n s m i t t e r   means   i d e n t i f i e d   by  a  d e t e c t e d   d a t a   word   i s  

t h e   t r a n s m i t t e r   means   b e l o n g i n g   t o   t h e   same  t r a c k  

c i r c u i t   as  t h e   r e c e i v e r   m e a n s .  

3.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   t o   C l a i m   2 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   t r a n s m i t t e r   m e a n s   of   e a c h  

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

a  p l u r a l i t y   of   d a t a   w o r d s   (38)   o n t o   t h e   t r a c k - c i r c u i t  

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

s e r v i n g   b o t h   t o   i d e n t i f y   t h e   t r a n s m i t t e r   m e a n s   and  t o  

r e p r e s e n t   a  d i f f e r e n t   r e s p e c t i v e   command  or   s t a t u s   c o d e  

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

to   t h e   t r a c k - c i r c u i t   i d e n t i f i c a t i o n   f u n c t i o n ,   t h e  

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

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

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

t r a n s m i t t e r   means   b e l o n g i n g   t o   t h e   same  t r a c k   c i r c u i t   a s  

t h e   r e c e i v e r  m e a n s .  

4.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   t o   C l a i m   3 ,  

c h a r a c t e r i s e d   in   t h a t   e a c h   d a t a   word   (38)   i s   d i v i d e d  

i n t o   two  p a r t s   one  of  w h i c h   s e r v e s   t o   i d e n t i f y   t h e  

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

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

or   s t a t u s   c o d e .  



5.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   C l a i m   2 ,  

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

t o  o r   l e s s   t h a n   20  H z .  

6.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   C l a i m   2 ,  

c h a r a c t e r i s e d   in  t h a t   e a c h   d a t a   word   (38)   i s   i n c l u d e d   i n  

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

c o r r e s p o n d i n g   t r a n s m i t t e r   means   (2)  on  i t s   t r a c k   c i r c u i t  

s i g n a l   by  f r e q u e n c y   s h i f t   k e y i n g ,   t h e   m e s s a g e   f u r t h e r  

c o m p r i s i n g   a  s t a r t   s e q u e n c e   (35)   and  a  p a r i t y   s e c t i o n  

( 3 9 ) .  

7.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   C l a i m   6 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   s t a r t   s e q u e n c e   i s   a  

p s e u d o - r a n d o m   b i n a r y   s e q u e n c e .  

8.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   t o   C l a i m   6  o r  

C l a i m   7,  c h a r a c t e r i s e d   in  t h a t   e a c h   d a t a   word   c o m p r i s e s  

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

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

t r a c k - c i r c u i t   t r a n s m i t t e r   m e a n s .  

9.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   C l a i m   8 ,  

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

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

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

c i r c u i t   i d e n t i f i c a t i o n   f u n c t i o n .  

1 0 .  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   a n y  o n e   o f  

C l a i m s   6  t o   9,  c h a r a c t e r i s e d   i n  t h a t   s a i d   p a r i t y   s e c t i o n  

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

t h e   d a t a   w o r d ,   a  h a m m i n g  c o d e w o r d ,   and  a  m o d u l o - 2  p a r i t y  

b i t .  



11.  T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   a n y  o n e   o f  

C l a i m s   6  t o   10,  c h a r a c t e r i s e d   in   t h a t   t h e   m e s s a g e s   a r e  

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

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

m e s s a g e   w h e r e   X  i s   an  i n t e g e r   l e s s   t h a n   t h e   number   o f  

b i t s   in   t h e   d a t a   w o r d .  

12.   T r a c k   c i r c u i t   e q u i p m e n t   a c c o r d i n g   to   a n y  o n e   o f  

C l a i m s   6  t o   11,   c h a r a c t e r i s e d   in   t h a t   t h e   m e s s a g e s   a r e  

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

e l s e w h e r e   in   t h e   m e s s a g e .  

13.   A  r a i l w a y   s i g n a l l i n g   m e t h o d   c h a r a c t e r i s e d   in  t h a t  

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

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

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

p u r p o s e   o f   t r a n s m i t t i n g   a  d e s i r e d   one   of   a  p r e d e t e r m i n e d  

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

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

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

t r a c k - c i r c u i t   t r a n s m i t t e r   w i t h   a  s e l e c t e d   one  of  a  

p l u r a l i t y   of   b i n a r y   d a t a   w o r d s   (38)   e a c h   u n i q u e   to  t h a t  

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

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

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

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

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

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

t r a n s m i s s i o n s   of   a  r e s p e c t i v e   t r a c k - c i r c u i t   t r a n s m i t t e r .  

14.  A  r a i l w a y   s i g n a l l i n g   m e t h o d   a c c o r d i n g   to   C l a i m   1 3 ,  

c h a r a c t e r i s e d   in  t h a t   e a c h   d a t a   word   i s   s t r u c t u r e d   s u c h  

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

a u x i l i a r y   s i g n a l   m e s s a g e .  



15.  A  r a i l w a y   s i g n a l l i n g   m e t h o d   a c c o r d i n g   to  C l a i m   13  

or  C l a i m   14,  c h a r a c t e r i s e d   in  t h a t   s a i d   a u x i l i a r y  

s i g n a l l i n g   f u n c t i o n   i s   t r a c k - t o - t r a i n   s i g n a l l i n g .  
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