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(w)  A  train  operation  control  apparatus. 
(b7)  For  supplying  data  concerning  the  track  condition  such 
as  a  grade,  a  curve  and  so  on  for  an  automatic  train  control 
apparatus  (10),  there  is  used  a  magnetic  card  (9)  which  is 
combined  with  a  timetable  for  a  train  operator.  A  card  reader 
(8)  reads  out  the  data  recorded  on  the  card  (9)  necessary  for 
traveling  between  a  station  A  and  the  next  station  B  when  a 
train  departs  from  the  station  A.  The  automatic  train 
operation  apparatus  (ATO)  (10)  produces  a  notch  command 
to  a  driving  motor  control  apparatus  in  view  of  the  read  data. 
The  present  invention  can  realize  the  ATO  flexible  to  the 
internal  and  external  variable  factors. 
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BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e m e n t   of   a  

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

a u t o m a t i c   t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   (  c a l l e d   A T O  

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

w h i c h   has   t h e   h i g h   f l e x i b i l i t y   or  a d a p t a b i l i t y   a g a i n s t  

v a r i a t i o n   of   f a c t o r s   a f f e c t i n g   t he   t r a i n   o p e r a t i o n  

c o n t r o l .  

D e s c r i p t i o n   of  t h e   R e l a t e d   A r t  

N o w a d a y s ,   a  s o - c a l l e d   m i c r o c o m p u t e r   i s   w i d e l y   u s e d  

f o r   an  ATO,  and  one   of   t he   f e a t u r e s   of  s u c h   an  ATO  l i e s  

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

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

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

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

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

As  one  of   t h e   c o n t r o l   p a r a m e t e r s   f o r   t he   ATO,  t h e r e  

i s   t he   t r a c k   c o n d i t i o n   s u c h   as  t he   g r a d e   or  t h e   c u r v e .  

In  a  c o n v e n t i o n a l   ATO  s y s t e m ,   t h e   t r a c k   c o n d i t i o n   i s   n o t  

u s e d   as  t h e   p a r a m e t e r ,   and  t h i s   has   b e e n   c a u s i n g   t h e  

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

b r a k i n g   f o r c e .   B e s i d e s ,   in  t h e   c a s e   of  t h e   c o n v e n t i o n a l  

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

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

s t o p   of  t h e   t r a i n   has   to   be  s e t   so  t h a t   t h e   t r a i n   w i l l  

n o t   o v e r r u n   t h e   s t o p   p o i n t   even   when  s u c h   p o i n t   i s  

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

d e s c e n t   t h r o u g h o u t   t h e   w h o l e   r a i l w a y   l i n e .   T h e s e   t h i n g s 7 "  

a r e   d i s a d v a n t a g e o u s  f o r   t he   ATO  s y s t e m   in  t e r m s   of  t h e  

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

e n e r g y .  

As  one  of   t h e   s o l u t i o n   to  s u c h   p r o b l e m ,   t h e   s y s t e m  

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



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

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

t h e   q u a n t i t y   of   t h e   memory   r e q u i r e d   i n c r e a s e s   i n  

p r o p o r t i o n   to   t h e   l e n g t h   of   t h e   l i n e   to   be  c o v e r e d .  

A n o t h e r   p r o b l e m   w i t h   t h i s   s y s t e m   is   t h a t   t h e   memory  h a s  

to   be  c h a n g e d   when  t h e   t r a i n   h a s   to  be  o p e r a t e d   on  t h e  

d i f f e r e n t   l i n e   of   t h e   d i f f e r e n t   t r a v e l i n g   r o u t e .  

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

a  J a p a n e s e   P a t e n t   L a i d - o p e n   N o . 5 4 - 9 3 5 0 8 ,   f o r   e x a m p l e ,  

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

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

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

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

g r o u n d .   Such   a  memory  c an   h a v e   t h e   s u f f i c i e n t   s t o r a g e  

c a p a c i t y .   In   t h i s   c a s e ,   h o w e v e r ,   t h e   p o s s i b i l i t y   of  t h e  

t r a n s m i s s i o n   e r r o r   due  to  t h e   e x t e r n a l   n o i s e   has   to   b e  

t a k e n   i n t o   a c c o u n t ,   and  t h e   e q u i p m e n t   c o s t   of  s u c h   s y s t e m  

i s   c o n s i d e r a b l y   h i g h .  

F u r t h e r ,   in  a  J a p a n e s e   P a t e n t   L a i d - o p e n   N o . 5 5 - 1 3 6 7 0 ,  

t h e r e   i s   shown   a  s y s t e m   in   w h i c h   t h e   i n f o r m a t i o n  

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

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

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

d i s t a n c e - s p e e d   and   t i m e - s p e e d   o b t a i n e d   by  t h e   c a l c u l a t i o n  

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

o p e r a t i o n a l   m o d e l   by  a  s k i l l e d   o p e r a t o r .   The  t r a i n   i s  

c o n t r o l l e d   by  a  f o l l o w - u p   c o n t r o l   a n d / o r   a  v a r i a b l e   v a l u e  

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

c a s s e t t e .   H o w e v e r ,   s u c h   a  s y s t e m   has   n o t   t h e   s u f f i c i e n t  

f l e x i b i l i t y   to   t h e   v a r i a b l e   i n t e r n a l   and  e x t e r n a l  

f a c t o r s .  

SUMMARY  OF  THE  INVENTION 

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   is   to  p r o v i d e   a  

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

i t s e l f   f l e x i b l y   to   t h e   i n t e r n a l   and  e x t e r n a l   v a r i a b l e  

f a c t o r s .  



A  f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   is   in  t h a t   a n  

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

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

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

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

c o n t r o l   m e a n s ,   w h e r e b y   a  n o t c h   command  i s   d e t e r m i n e d  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g . l   is   a  b l o c k   d i a g r a m   s c h e m a t i c a l l y   s h o w i n g   a  

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

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

F i g . 2   shows   an  e x a m p l e   of  a  c a r d   as  an  e x t e r n a l  

s t o r a g e   m e d i u m   u s e d   in   t he   e m b o d i m e n t   of   F i g . l ;  

F i g . 3   i s   an  e x p l a n a t o r y   d i a g r a m   f o r   t h e   t r a i n  

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

F i g . l ,   c o m p a r e d   w i t h   t h a t   of  t h e   c o n v e n t i o n a l   s y s t e m ;   a n d  

F i g s . 4 ( A )   to  4 (D)  a r e   d i a g r a m s   f o r   e x p l a i n i n g   t h e  

o p e r a t i o n   of   t h e   e m b o d i m e n t   of  F i g . l ,   in  w h i c h   F i g s . 4 ( A )  

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

F i g s . 4 ( C )   and  (D)  i n d i c a t e   e v a l u a t i o n   f u n c t i o n s   u t i l i z e d  

in  t he   o p e r a t i o n   shown   by  t h e   f l o w   c h a r t s   of  F i g s . 4 ( A )  

and  ( B ) .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   to   F i g . l ,   t h e   d e s c r i p t i o n   w i l l   be  made   o f  

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

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

In  t h e   f i g u r e ,   a  r e f e r e n c e   n u m e r a l   2  d e n o t e s   a  k n o w n  

a u t o m a t i c   t r a i n   c o n t r o l   d e v i c e   (  c a l l e d   ATC 

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

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

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

min imum  s e c u r i t y   of  t he   t r a i n .   A  r e f e r e n c e   n u m e r a l   4 

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

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

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



t r a n s m i t t e r   (  n o t   s h o w n  )   p r o v i d e d   a t   p r e d e t e r m i n e d  

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

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

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

has   to   s t o p .   A  r e f e r e n c e   n u m e r a l   6  r e p r e s e n t s   a  

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

g e n e r a t e s   a  p u l s e   e v e r y   u n i t   t r a v e l i n g   d i s t a n c e .   A  

r e f e r e n c e   n u m e r a l   8  d e n o t e s   a  c a r d   r e a d e r   as  an  e x t e r n a l  

d a t a   r e a d i n g   m e a n s   f o r   r e a d i n g   d a t a   r e c o r d e d   on  a  c a r d   9 

w h i c h   i s   s e t   in   t h e   r e a d e r   8  by  a  t r a i n   o p e r a t o r .   T h e  

c a r d   9  and  t h e   d a t a   r e c o r d e d   t h e r e o n   w i l l   be  f u r t h e r  

d e s c r i b e d   l a t e r .  

A  r e f e r e n c e   n u m e r a l   10  r e p r e s e n t s   an  ATO,  w h i c h  

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

ATC  2,  t h a t   i s ,   by  w h i c h   t h e   t r a i n   is   o p e r a t e d   w i t h i n  

s u c h   a  l i m i t   t h a t   t h e   ATC  2  i s   n o t   o p e r a t e d .   In   t h e   ATO 

10,   a  t a r g e t   s p e e d   s e t t i n g   d e v i c e   102  i s   i n c l u d e d   w h i c h  

r e c e i v e s   t h e   s i g n a l   f r o m   t h e   ATC  2,  i . e .   t h e   s p e e d   l i m i t  

s i g n a l   or  t h e   a l l o w e d   maximum  s p e e d   s i g n a l ,   and  p r o v i d e s  

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

t a r g e t   s p e e d   is   u s u a l l y   s e t   by  s e v e r a l   k i l o m e t e r s   p e r  
h o u r   l o w e r   t h a n   t h e   l i m i t   s p e e d   or  t he   a l l o w e d   m a x i m u m  

s p e e d .   A  p o i n t   d i s c r i m i n a t o r   104  i s   a l s o   i n c l u d e d   w h i c h  

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

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

f u r t h e r   p r o v i d e d   a  s p e e d   c a l c u l a t o r   106  w h i c h   o b t a i n s   a n  

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

o u t p u t t e d   f rom  t h e   t a c h o g e n e r a t o r   6 .  

A  c o n s t a n t   s p e e d   c o n t r o l l e r   (  c a l l e d   CSC 

h e r e i n a f t e r  )   108  i s   one   of   m a i n   c o m p o n e n t s   of   t h e   ATO 

10,   w h i c h   r e c e i v e s   t h e   s i g n a l s   f rom  t h e   t a r g e t   s p e e d  

s e t t i n g   d e v i c e   102  and  t h e   s p e e d   c a l c u l a t o r   106  a n d  

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

t r a i n   f o l l o w   t h e   t a r g e t   s p e e d .   T h i s   c o n t r o l l e r   1 0 8  

r e c e i v e s   a n o t h e r   i n p u t   s i g n a l   f rom  t h e   c a r d   r e a d e r   8  s o  

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

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



t h e   ATO  10  is   a  t r a i n   a u t o m a t i c   s t o p   c o n t r o l l e r   (  c a l l e d  

TASC  h e r e i n a f t e r  )   110 ,   w h i c h   c o n t r o l s   t h e   s p e e d   of  t h e  

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

t a r g e t   s p e e d   d e c r e a s e s   f rom  an  i n i t i a l   s p e e d   a t   a  c e r t a i n  

p o i n t   (  a   d e c e l e r a t i o n   s t a r t i n g   p o i n t  )   to  z e r o   a t   a  

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

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

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

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

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

p o i n t .   The  TASC  110  r e c e i v e s   t he   s i g n a l   f rom  t h e   s p e e d  

c a l c u l a t o r   106  and  c o n t r o l s   t he   s p e e d   of   t he   t r a i n   i n  

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

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

B o t h   t h e   c o n t r o l l e r s   108  and  110  f u r n i s h e s   n o t c h  

c o m m a n d s   to   a  known  d r i v i n g   m o t o r   c o n t r o l   a p p a r a t u s   (  n o t  

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

s e l e c t o r   1 1 2 .   The  n o t c h   s e l e c t o r   112  s e l e c t s   e i t h e r   o n e  

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

l o w e r   n o t c h   p o s i t i o n .   The  s e l e c t e d   n o t c h   command  is   n o t  

g i v e n   to   t he   d r i v i n g   m o t o r   c o n t r o l   a p p a r a t u s   a t   o n c e ,  
b u t ,   as  i s   d e s c r i b e d   in  d e t a i l   l a t e r ,   i t   is   e v a l u a t e d  

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

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

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

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

r e s p e c t   to   a l l   n o t c h e s   e v e r y   t i m e   when  t h e   r e q u i r e m e n t s  

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

h e n c e   t h e   p r e s e n t   n o t c h   b e c o m e s   n e c e s s a r y   to   be  c h a n g e d .  
A  r e f e r e n c e   n u m e r a l   114  d e n o t e s   an  a c c e l e r a t i o n  

d e t e c t o r ,   w h i c h   d e t e c t s   t he   a c c e l e r a t i o n   or  d e c e l e r a t i o n  

on  t h e   b a s i s   of  t h e   s i g n a l   s u p p l i e d   f rom  t h e   s p e e d  
c a l c u l a t o r   106 .   At  t h a t   t i m e ,   t h e   s i g n a l   f rom  t h e   c a r d  

r e a d e r   8,  w h i c h   i n c l u d e s   t h e   i n f o r m a t i o n   a b o u t   t h e   t r a c k  

c o n d i t i o n s   s u c h   as  a  g r a d e ,   a  c u r v e   and  so  on ,   i s   t a k e n  

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

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



c a u s e d   by  a  b r a k i n g   d e v i c e   can   be  d e t e c t e d .   N a m e l y ,   t h e  

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

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

s u c h   as  a  g r a d e .   Such   an  a c c e l e r a t i o n   or   d e c e l e r a t i o n   i s  

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

a b o v e .  

In   t h i s   e m b o d i m e n t ,   as  a n o t h e r   f a c t o r   f o r   t h e  

e v a l u a t i o n ,   t h e   v a r i a t i o n   in  t h e   r i d i n g   q u a l i t y   i s   t a k e n  

i n t o   a c c o u n t   w h i c h   i s   c a u s e d   by  c h a n g i n g   t h e   n o t c h .   T o  

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

d e v i c e   116 .   A l t h o u g h   d e s c r i b e d   in   d e t a i l   l a t e r ,   t h i s  

d e v i c e   116  e v a l u a t e s   t h e   r i d i n g   q u a l i t y   on  t h e   b a s i s   o f  

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

N e x t ,   t h e   f u r t h e r   d e s c r i p t i o n   w i l l   be  made  of  t h e  

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

F i g s . 2   and  3.  The  c a r d   i s   u s e d   as  an  e x t e r n a l   d a t a  

s t o r a g e   m e d i u m   in  t h i s   e m b o d i m e n t .   H o w e v e r ,   i t   can   be  o f  

c o u r s e   s u b s t i t u t e d   by  any  o t h e r   t y p e   of  known  s t o r a g e  

m e d i u m   s u c h   as  a  m a g n e t i c   t a p e   or  d i s k .   A l t h o u g h   a  

p u n c h e d   t a p e   may  be  u s e d   f o r   e x a m p l e ,   an  e r a s a b l e   s t o r a g e  

m e d i u m   is   much  more   p r e f e r r e d .   A l s o ,   a  s o - c a l l e d  I C   c a r d  

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

e m p l o y e d .  

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

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

o p e r a t o r   w h i c h   w i l l   n e v e r   f a i l   to   be  t a k e n   w i t h   him  w h e n  

he  r u n s   a  t r a i n .   The  o p e r a t o r   u s u a l l y   s e t s   t h e   t i m e t a b l e  

on  a  t i m e t a b l e   s t a n d   p r o v i d e d   in   an  o p e r a t o r ' s   p l a t f o r m .  

T h e r e f o r e ,   t h e   c a r d   r e a d e r   8  shown  in   F i g . l   is   d e s i r a b l e  

to   be  c o m b i n e d   w i t h   s u c h   t i m e t a b l e   s t a n d .   Now,  as  s h o w n  

in  F i g . 2 ( A ) ,   t h e   t i m e t a b l e   a c c o r d i n g   to   t h i s   e m b o d i m e n t  

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

On  t h e   t i m e t a b l e   a r e a ,   t h e r e   a r e   v i s u a l l y   r e c o r d e d   n a m e s  
of   s t a t i o n s   of   a  l i n e   and  t i m e s   a t   w h i c h   t h e   t r a i n  

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

s t a t i o n s .   C h e c k i n g   t h e   a c t u a l   s t a t e   of  t h e   t r a i n  

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

o p e r a t o r   m a k e s   an  e f f o r t   to   run   t h e   t r a i n   on  t i m e .  



On  t he   d a t a   r e c o r d i n g   a r e a   of  t he   t i m e t a b l e ,   t h e  

t r a c k   c o n d i t i o n s   a r e   r e c o r d e d   m a g n e t i c a l l y .   An  e x a m p l e  

of  t h e   c o n t e n t  o f   the   r e c o r d  i s   shown  in  F i g . 2 ( B ) ,   i n  

w h i c h   the   t r a c k   c o n d i t i o n s   b e t w e e n   s t a t i o n s   A  and  B  a r e  

i l l u s t r a t e d .   I t e m s   of  t h e   r e c o r d   in  t h i s   e x a m p l e   a re   a  

b e t w e e n - s t a t i o n s   c o d e ,   a  d i s t a n c e   (km)  m e a s u r e d   f rom  a  

s t a t i o n   t o w a r d   a  n e x t   s t a t i o n ,   an  i n f o r m a t i o n   code   of  t h e  

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

a m o u n t   or  d e g r e e   of  t h e  t r a c k   c o n d i t i o n s .   In  a  c o l u m n   o f  

VALUE  in  F i g . 2 ( B ) ,   t h e   n u m e r i c a l   v a l u e   and  i t s   s i g n  

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

mean  t h e   d e g r e e   of  the   g r a d e   and  w h e t h e r   t he   g r a d e  i s   a n  

a s c e n t   (+)  or  a  d e s c e n t   ( - ) ,   r e s p e c t i v e l y .   I n  t h e   s a m e  

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

i n f o r m a t i o n   c o d e   CURVE  i n d i c a t e s   the   r a d i u s   of  t he   c u r v e ,  
bu t   " 9 9 9 9 9 "   i s   a  code   v a l u e   i n d i c a t i n g   t h e   s t r a i g h t  

t  a c k .   F u r t h e r  i n   t he   same  c o l u m n ,   t h e   n u m e r i c a l  v a l u e  

c o r r e s p o n d i n g   to  t he   i n f o r m a t i o n   code   SPEED  LIM  is   t h e  

v a l u e   of  s p e e d   l i m i t e d .  

R e f e r r i n g   n e x t   to  F i g . 3 ,   l e t   us  e x p l a i n   t h e  

s i t u a t i o n   of  the   t r a c k   c o n d i t i o n s   as  shown  in  F i g . 2 ( B ) .  

The  w h o l e   d i s t a n c e   b e t w e e n   t he   s t a t i o n s   A  and  B  is  1  k m .  

F r o m   t he   s t a t i o n   A,  the   t r a c k   has   an  a s c e n t   of  5  pe r   m i l l  

and  i s   s t r a i g h t .  A t   0 . 1 0 0   km  from  t h e   s t a t i o n   A,  t h e  

t r a c k   c h a n g e s   f rom  the   a s c e n t   to  a  d e s c e n t   of  20  p e r  
m i l l .   From  0 . 3 5 0   km  a f t e r   t he   d e p a r t u r e ,   t h e r e   i s   a  

s p e e d   l i m i t   s e c t i o n   of  45  km/h .   From  0 . 4 0 0   km  a f t e r   t h e  

d e p a r t u r e   to   0 . 5 0 0   km,  t h e   t r a c k   is  c u r v e d .   The  r a d i u s  

of  t h e   c u r v e   is   6 0 0  m .   The  d e s c e n t   of  200  pe r   m i l l  

s t a r t i n g   f rom  0 . 1 0 0   km  a f t e r   t he   d e p a r t u r e   c o n t i n u e s   t i l l  

t h e   p o i n t   of  0 . 7 0 0   km  f rom  t h e   s t a t   on  A.  At  t h a t   p o i n t ,  

t h e   t r a c k   c h a n g e s   f rom  t he   d e s c e n t   o  an  a s c e n t   o f  2 0   p e r  

m i l l ,   and  f u r t h e r   f rom  t he   a s c e n t   to  a  d e s c e n t   o f  5   p e r  
m i l l   a t   t he   p o i n t   of  0 . 1 0 0   km  b e f o r e   t he   s t a t i o n   B .  

A b o v e m e n t i o n e d   is  the   s i t u a t i o n   of  t he   t r a c k   c o n d i t i o n s  

b e t w e e n   t he   s t a t i o n s   A  and  B.  A c c o r d i n g   to  F i g . 2 ( B ) ,   t h e  

d e s c e n t   of  5  pe r   m i l l   f u r t h e r   c o n t i n u e s   u n t i l   t he   p o i n t  



of   0 . 1 0 0   km  a f t e r   t h e   s t a t i o n   B.  The  o p e r a t i o n   mode  u p o n  

d e p a r t u r e   f rom  t h e   s t a t i o n   B  is   made  s l o w   f o r   s o m e  

r e a s o n .  

R e f e r r i n g   f u r t h e r   to   F i g . 3 ,   t h e   d e s c r i p t i o n   i s   m a d e  

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

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

c o m p a r e d   w i t h   t h a t   of   t h e   c o n v e n t i o n a l   s y s t e m .   In  F i g . 3 ,  

a  s o l i d   l i n e   a  r e p r e s e n t s   t he   a l l o w e d   maximum  s p e e d  

g e n e r a t e d   by  t h e   ATC  2  w i t h   r e s p e c t   to   t h e   d i s t a n c e .  

R e c e i v i n g   t h e   s i g n a l   of   t h e   a b o v e   maximum  s p e e d ,   t h e  

t a r g e t   s p e e d   s e t t i n g   d e v i c e   102  p r o d u c e s   t h e   t a r g e t   s p e e d  

s i g n a l   as  shown  by  a  c h a i n   l i n e   b.  In   t h e   c o n v e n t i o n a l  

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

i n c r e a s e s   so  as  to   f o l l o w   t h e   t a r g e t   s p e e d   by  a  f u l l  

n o t c h   o p e r a t i o n ,   as   s h o w n   by  a  b r o k e n   l i n e   c.   In  t h i s  

e m b o d i m e n t ,   by  m e a n s   of  t h e   i n f o r m a t i o n   e x t e r n a l l y   g i v e n  

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

when   t h e   t r a i n   r u n s   0 . 1 0 0   km  a f t e r   d e p a r t u r e   i s   t a k e n  

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

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

p o s i t i o n   i s   s o o n   s h i f t e d   down  to  t h e   p o s i t i o n   of   a  h a l f  

n o t c h   o p e r a t i o n ,   f o r   e x a m p l e .   H o w e v e r ,   t h e   t r a i n  

c o n t i n u e s   to   be  a c c e l e r a t e d   by  t h e   d e s c e n t   in   a d d i t i o n   t o  

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

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

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

r e m a r k a b l y   s a v e d .  

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

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

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

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

s e c t i o n ,   as  s h o w n   by  t h e   c u r v e   d.  In  c o n t r a s t   in  t h e  

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

i n i t i a t e d   when  t h e   a c t u a l   s p e e d   of  t h e   t r a i n   e x c e e d s   t h e  

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

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

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



shown  by  t h e   b r o k e n   l i n e   c.  Not  o n l y   t he   u n n e c e s s a r i l y  

l a r g e   b r a k i n g   f o r c e   is  r e q u i r e d ,   bu t   a l s o   t h e  

c o m f o r t a b l e n e s s   of   r i d i n g   is   i n j u r e d .  

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

t h e   same  in  b o t h   t he   c o n v e n t i o n a l   s y s t e m   and  t h i s  

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

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

shown  by  t h e   l i n e   b,  and  t h e   s p e e d   of  t h e   t r a i n   i n c r e a s e s  

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

shown  by  t h e   l i n e s   c  a n d   d .  

In  t he   d e c e l e r a t i o n   of  t h e   t r a i n ,   a c c o r d i n g   to   t h e  

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

r e f e r e n c e   s i g n a l   a t   t he   p o i n t   of  0 . 7 0 0   km  f rom  t h e  

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

to   z e r o   s m o o t h l y   i s   g e n e r a t e d ,   as  shown  by  t h e   b r o k e n  

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

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

s t a t i o n   B.  H o w e v e r ,   t he   t r a c k   has   an  a s c e n t   of  20  p e r  
m i l l   f rom  t he   p o i n t   of  0 . 7 0 0   km.  In  t h i s   e m b o d i m e n t ,  

t h e r e f o r e ,   i t   i s   j u d g e d   t h a t   t h e   t r a i n   can  be  s t o p p e d   a t  

t h e   s c h e d u l e d   p o s i t i o n   e v e n   i f   t h e   t ime   p o i n t   o f  

i n i t i a t i n g   t h e   b r a k i n g   is  d e l a y e d .   The  t r a i h   c o n t i n u e s  

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

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

as  shown  by  t h e   l i n e   d,  w h e r e b y   i t   b e c o m e s   p o s s i b l e   t o  

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

s t a t i o n s  A   and  B .  

When  t h e   t r a i n   l e a v e s   f rom  t h e   s t a t i o n   B,  t h e  

b e t w e e n - s t a t i o n s   c o d e   is   c o u n t e d   up  (or  down)  by  o n e ,   a n d  

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

s t a t i o n   B  and  t h e   n e x t   s t a t i o n   w i t h   t he   a i d   of  t h e  

i n f o r m a t i o n   g i v e n   by  t he   c a r d .  

N e x t ,   t h e   o p e r a t i o n   of  t h i s   e m b o d i m e n t   shown  i n  

F i g . l   i s   e x p l a i n e d   in  d e t a i l   b e l o w .   A l t h o u g h   in  t h e  

f i g u r e   t he   ATO  a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   i s  

i l l u s t r a t e d   as  c o n s t r u c t e d   by  d e s c r e t e   means   or  d e v i c e s  

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



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

t h e   g o o d   u n d e r s t a n d i n g .   Of  c o u r s e ,   t h e   ATO  a c c o r d i n g   to   : 

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

m e a n s   or  d e v i c e s   as  shown  in  F i g . l ,   h o w e v e r   in   r e c e n t  .  

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

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

m e n t i o n e d   h e r e t o f o r e .   T h e r e f o r e ,   t h e   f o l l o w i n g  

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

F i g . 4 .  

F i r s t   of   a l l ,   t h e   d e s c r i p t i o n   r e l a t e s   to   t h e  

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

d e s c r i b e d   in   c o n n e c t i o n   w i t h   t h e   CSC  108  in   F i g . l .   W h e n  

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

t h e   s t a t i o n   A,  t h e   c a r d   r e a d e r   8  r e a d s   d a t a   c o n c e r n i n g  

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

s t a t i o n s   A  and   B.  The  d a t a   r e a d   a t   t h i s   t i m e   i s   t h o s e  

a c c o m p a n i e d   w i t h   t h e   b e t w e e n - s t a t i o n s   c o d e   A.  The  r e a d  

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

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

e x a m p l e .   The   t a b l e   i s   r e f e r r e d   to  w i t h   t h e   p r o g r e s s   o f  

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

t h e r e f r o m .  

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

F i g s . 4 ( A )   and   4(B)  i s   i n i t i a t e d   and  e x e c u t e d   r e p e a t e d l y  

a t   a  p r e d e t e r m i n e d   i n t e r v a l ,   e . g .   a  few  m i l l i s e c o n d s .   I n  

t h e   f l o w   c h a r t ,   s t e p s   20  and  22  f o r m   t h e   t a b l e   r e t r i e v a l  

p r o c e s s .   At  t h e   s t e p   20,   an  a c t u a l   t r a v e l i n g   d i s t a n c e  

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

f u r n i s h e d   f r o m   t h e   t a c h o g e n e r a t o r   6.  At  t h e   s t e p   22,   i t  

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

a c t u a l   d i s t a n c e   as  a  s e a r c h i n g   key  w h e t h e r   or  n o t   t h e r e  

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

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

b a c k   to   t h e   s t e p   20  and  t h e   o p e r a t i o n   m e n t i o n e d   a b o v e   i s  

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

At  t h e   s t e p   22 ,   i f   any  d i s t a n c e   d a t a   is   f o u n d ,   t h e   f l o w  

of   t h e   o p e r a t i o n   g o e s   to  a  s t e p   24,   w h e r e   t h e   d a t a  



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

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

H e r e   i t   i s   to  be  n o t e d   t h a t   t he   a b o v e   m e n t i o n e d   r e a d  

of  t he   i n f o r m a t i o n   c o d e s   and  t h e i r   v a l u e s   mus t   be  d o n e  

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

s p e c i f i e d   in  t h e   t a b l e   as  t he   d i s t a n c e   d a t a .   To  t h i s  

e n d ,   t h e   v a l u e   a d d e d   by  an  a d d i t i o n a l   d i s t a n c e   to  t h e  

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

u s e d   as  the   s e a r c h i n g   key  at   the   s t e p   22.  As  a  

s u b s t i t u t e   t h e r e o f ,   t h e   c a r d   can   be  r e c o r d e d   in  a d v a n c e  

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

a c t u a l   d i s t a n c e ,   as  i t   i s ,   is  u s e d   as  t h e   s e a r c h i n g   k e y .  

When  t h e   r e a d   of  d a t a   at   t he   s t e p   24  is  f i n i s h e d ,  

t h e   f l o w   of  t h e   o p e r a t i o n   a d v a n c e s   to  a  s t e p   26  

(  F i g . 4 ( B )  ) ,   w h e r e   a  g i v e n   n o t c h   Ni  is  s e l e c t e d  

p r o v i s i o n a l l y .   T h e r e   f o l l o w s   a  s t e p   28,  a t   w h i c h   a  s p e e d  

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

Ni  is  p r e d i c t e d .   N a m e l y ,   t h e r e   is  p r e d i c t e d   the   s p e e d   V p  
w h i c h   t h e   t r a i n   w i l l   r e a c h   a f t e r   t he   p r e d e t e r m i n e d   t i m e   T 

i f   t h e   p r o v i s i o n a l l y   s e l e c t e d   n o t c h   Ni  is  made  t h e   n o t c h  

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

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

r e l a t i o n ,   f o r   e x a m p l e :  

w h e r e i n  

V o  :   a c t u a l   s p e e d   of  t he   t r a i n   at   t h e   p r e s e n t   t i m e ,  

@ Ni:  a c c e l e r a t i o n   c a u s e d   by  t he   n o t c h   Ni ,   w h i c h   i s  

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

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

@G :   a c c e l e r a t i o n   c a u s e d   by  t h e   g r a d e   of  t he   t r a c k  

( a s c e n t   or  d e s c e n t ) ,   t he   m a g n i t u d e   of  w h i c h  

d e p e n d s   on  t h e   d e g r e e   of  t he   g r a d e   and  the   l o a d  

of  t he   t r a i n ,   a n d  

@ C :  a c c e l e r a t i o n   n e g a t i v e l y   a f f e c t e d   to  t h e   t r a i n  

by  t h e   c u r v e - r u n n i n g   r e s i s t a n c e   when  t h e   t r a i n  



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

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

c u r v e .  

At  a  s t e p   30 ,   a  d i f f e r e n c e   Δ V  b e t w e e n   t h e   t a r g e t  

s p e e d   and  t h e   s p e e d   Vp  p r e d i c t e d   a t   t h e   s t p   28  i s  

c a l c u l a t e d .   On  t h e   b a s i s   of  t h e   s p e e d   d i f f e r e n c e d   V,  t h e  

s e l e c t e d   n o t c h   Ni  i s   e v a l u a t e d   a t   a  s t e p   32.   T h i s  

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

as  shown  in   F i g . 4 ( C ) ,   f o r   e x a m p l e .   In  t h e   f i g u r e ,   a n  

a b s c i s s a   r e p r e s e n t s   t h e   s p e e d   d i f f e r e n c e  Δ  V   and  a n  

o r d i n a t e   an  e v a l u a t i o n   v a l u e   ES.  As  i s   a p p a r e n t   f r o m   t h e  

f i g u r e ,   t h e   m a x i m u m   e v a l u a t i o n   v a l u e   ES=1  i s   g i v e n   i f   t h e  

d i f f e r e n c e  Δ  V   is   w i t h i n   a  c e r t a i n   s m a l l   v a l u e ,   and  t h e  

e v a l u a t i o n   v a l u e   ES  is  d e c r e a s e d   as  t h e   d i f f e r e n c e  Δ  V  

i n c r e a s e s .   T h i s   i s   in  o r d e r   to   s u p p r e s s   t h e   g e n e r a t i o n  

of   s h o c k   c a u s e d   by  t h e   v a r i a t i o n   in   t h e   s p e e d   o f   t h e  

t r a i n   when  t h e   n o t c h   is   c h a n g e d .   F u r t h e r ,   t h e   e v a l u a t i o n  

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

t h a n   in  t h e   s i d e   o f   t h e   n e g a t i v e   o n e .  

N e x t ,   a t   a  s t e p   34,  t h e   t i m e   l a p s e   t  f r om  t h e   l a s t  

n o t c h   c h a n g e   i s   c a l c u l a t e d ,   and  f u r t h e r   a  d i f f e r e n c e  Δ  N  

of   t h e   n o t c h   s t e p s   b e t w e e n   t h e   s e l e c t e d   n o t c h   Ni  and  a  

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

a t   a  s t e p   36 .   At   a  s t e p   38,   t h e   e v a l u a t i o n   v a l u e   ENC 

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

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

a t   t h e   s t e p s   34  and   36  in   a c c o r d a n c e   w i t h   t h e   r e l a t i o n   a s  

s h o w n   in   F i g . 4 ( D ) .   In  t h e   f i g u r e ,   an  a b s c i s s a   r e p r e s e n t s  

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

o r d i n a t e   i n d i c a t e s   t h e   e v a l u a t i o n   v a l u e   ENC,  t h e   m a x i m u m  

v a l u e   of  w h i c h   i s   1  s i m i l a r l y   to   t h a t   of  ES.  T h e  

p a r a m e t e r   i s   t h e   n o t c h   d i f f e r e n c e  Δ N .   As  i s   u n d e r s t o o d  

f r o m   t h e   f i g u r e ,   i f  t h e   n o t c h   d i f f e r e n c e  Δ N   is   1  and   t h e  

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

t o   t he   t i m e   p o i n t   when  t h e   n o t c h   s h o u l d   be  c h a n g e d   t o   t h e  

s e l e c t e d   n o t c h   Ni  e x c e e d s   t h e   t i m e   t l ,   t h e   m a x i m u m  

e v a l u a t i o n   v a l u e   ENC=1  is   g i v e n .   I f   t h e   t i m e   l a p s e   t  i s  



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

d i f f e r e n c e d  N = 2 ,   t he   maximum  e v a l u a t i o n   v a l u e   ENC=1  i s  

n o t   g i v e n   u n l e s s   t h e   t i m e   l a p s e   t  e x c e e d s   t he   t i m e   t 2 .  

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

d i f f e r e n c e   Δ  N=3 .   T h e r e b y   t h e   i n t e r v a l   t  of  t h e   n o t c h  

c h a n g e   can   b e c o m e   as  l o n g   as  p o s s i b l e   and  t h e   n o t c h   o f  

the   s m a l l e s t   p o s s i b l e   d i f f e r e n c e  Δ  N   is   s e l e c t e d ,   so  t h a t  

t he   r i d i n g   q u a l i t y   i s   n o t   i n j u r e d .  

On  the   b a s i s   of  t h e   t h u s   o b t a i n e d   e v a l u a t i o n   v a l u e s  

Eg  and  ENC,  t h e   s y n t h e t i c   e v a l u a t i o n   v a l u e   ET  is   o b t a i n e d  

at   a  s t e p   40.  For   e x a m p l e ,   t h e   s m a l l e r   one  of  t h e  

e v a l u a t i o n   v a l u e s   ES  and  ENC  can   be  s e l e c t e d   as  t h e  

s y n t h e t i c   e v a l u a t i o n   v a l u e .   ET.  A f t e r   t h e   t h u s   o b t a i n e d  

s y n t h e t i c   e v a l u a t i o n   v a l u e   ET  i s   made  t h e   e v a l u a t i o n   v a l e  

of  t h e   n o t c h   Ni  s e l e c t e d   a t   t h e   s t e p   26,   t he   f l o w   of  t h e  

o p e r a t i o n   g o e s   to   a  s t e p   42,   w h e r e   i t   i s   c h e c k e d   w h e t h e r  

or  no t   t h e   e v a l u a t i o n   as  d e s c r i b e d   a b o v e   has   b e e n  

e x e c u t e d   w i t h   r e s p e c t   to   e v e r y   n o t c h e s .   I f   n o t ,   t h e   f l o w  

of  t he   o p e r a t i o n   r e t u r n s   back   to  t h e   s t e p   26  and  t h e   n e x t  

n o t c h   is   n e w l y   s e l e c t e d   and  e v a l u a t e d   in  t he   same  m a n n e r .  

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

e v a l u a t i o n   of  a l l   t he   n o t c h e s   has   b e e n   c o m p l e t e d .  

When  a l l   t h e   n o t c h e s   h a v e   b e e n   e v a l u a t e d ,   t h e   f l o w  

of  t h e   o p e r a t i o n   s h i f t s   to   a  s t e p   44,   in  w h i c h   t h e   n o t c h  

h a v i n g   the   l a r g e s t   e v a l u a t i o n   v a l u e   ET  is   s e l e c t e d  

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

c o n t r o l   o p e r a t i o n .  

N e x t ,   t h e   t r a i n   a u t o m a t i c   s t o p   c o n t r o l   o p e r a t i o n  

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

TASC  110  in  F i g . l   w i l l   be  d e s c r i b e d   h e r e i n a f t e r .   S i n c e ,  

h o w e v e r ,   t h i s   o p e r a t i o n   i s   a l m o s t   t h e   same  as  t he   t h e  

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

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

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

r e f e r e n c e   to  F i g . 4 .  



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

is   r e q u i r e d   when  t h e   t r a i n   a p p r o a c h e s   t h e   s t a t i o n   a t  

w h i c h   i t   is  to  be  s t o p p e d .   T h e r e f o r e ,   t h e   o p e r a t i o n   o f  

r e a d i n g   the   d a t a   f rom  t h e   c a r d ,   as  shown  in  F i g . 4  ( A ) ,   i s  

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

c o n t r o l   is   s t a r t e d   f r o m   t h e   s t e p   26  of  F i g . 4 ( B )   when  t h e  

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

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

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

p r o v i s i o n a l l y   s e l e c t e d   a t   t he   s t e p   26.  The  p r e d i c t i o n  

s t e p   28  f o l l o w s ,   in  w h i c h   a  s t o p   p o s i t i o n   Pp  when  t h e  

d e c e l e r a t i o n   is  c o n t i n u e d   w i t h   t he   s e l e c t e d   n o t c h   Ni  i s  

p r e d i c t e d .   At  t h e   s t e p   30,  d i f f e r e n c e  Δ   P  in  t h e  

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

p r e d i c t e d   one  Pp  i s   c a l c u l a t e d .   On  t h e   b a s i s   of  t h e  

d i f f e r e n c e  Δ  P ,   t h e   n o t c n   Ni  is  e v a l u a t e d   a t   t he   s t e p   3 2 .  

For   t h i s   e v a l u a t i o n ,   t h e r e   m u s t   be  p r e p a r e d   the   r e l a t i o n  

b e t w e e n   t he   e v a l u a t i o n   v a l u e   and  t he   d i f f e r e n c e  Δ  P   w h i c h  

i s   s i m i l a r   to  t h a t   as  shown  in  F i g . 4 ( C ) .   A f t e r   t h a t ,   t h e  

f l o w   of  t h e   o p e r a t i o n   i s   t h e   same  as  t h a t   in   t he   c o n s t a n t  

s p e e d   c o n t r o l   o p e r a t i o n   m e n t i o n e d   b e f o r e .   A l so   in  t h i s  

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

v a l u e   is   f i n a l l y   s e l e c t e d   as  t he   n o t c h   command  u n d e r   t h e  

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

The  o p e r a t i o n   as  m e n t i o n e d   a b o v e   i s   r e p e a t e d   a t   a  

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

s e l e c t e d   s u c c e s s i v e l y .   U n d e r   t he   c o n t r o l   by  means   of  t h e  

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

s t o p p e d   at   t he   s c h e d u l e d   p o s i t i o n .  

By  t he   way,   u s u a l l y   in  t he   s t e a d y   s t a t e ,   t h e   t r a i n  

p e r a t i o n   is  d o m i n a t e d   by  e i t h e r   one  of  t he   c o n s t a n t  

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

c o n t r o l   o p e r a t i o n .   E s p e c i a l l y ,   b e f o r e   t h e   p o i n t  

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

i s   r e c e i v e d ,   t h e   t r a i n   i s   c o n t r o l l e d   by  the   c o n s t a n t  

s p e e d   c o n t r o l   o p e r a t i o n   o n l y .   H o w e v e r ,   j u s t   a f t e r  

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



o p e r a t i o n s   may  run   s i m u l t a n e o u s l y   so  t h a t   t h e   n o t c h  

commands   d e p e n d e n t   on  b o t h   of  them  a re   p o s s i b l y   i s s u e d .  

In  s u c h   a  c a s e ,   t h e   n o t c h   command  o f  t h e   l o w e r   n o t c h  

p o s i t i o n   is  f i n a l l y   s e l e c t e d   as  the   command  t o   t h e  

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

c o n n e c t i o n   w i t h   t he   n o t c h   s e l e c t o r   112  in  F i g . l .  

As  has  been   a l r e a d y   m e n t i o n e d   a b o v e ,  t h e   p r o b l e m s ,  

w h i c h   c a n n o t   be  s o l v e d   w i t h   the   c o n v e n t i o n a l   c o n t r o l  

s y s t e m   such   as  t he   w a s t e   of  power   as  is  r e p r e s e n t e d   b y  

t he   b r o k e n   l i n e   c  in  F i g . 3   and  the   e x e s s i v e   a l l o w a n c e   f o r  

t he   s p e e d   r e d u c t i o n   r a t e   fo r   t he   s t o p   of  t he   t r a i n ,   c a n  

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

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

of  t h e   e n e r g y   and  t h e   r e d u c t i o n   of  the   r u n n i n g   t i m e   f o r  

t h e   t r a i n   can   a l s o   be  r e a l i z e d .  

F a r t h e r ,   in  t h e   c a s e   of  the   above   e m b o d i m e n t ,   t h e  

t r a c k   c o n d i t i o ,   is   s t o r e d   in  the  m a g n e t i c   c a r d   as  t h e  

e x t e r n a l   s t o r a g e   m e d i u m ,   so  t h a t   the   ATO  c o n t r o l   s y s t e m  

can  be  made  u n i f o r m   r e g a r d l e s s   of  the   d i f f e r e n c e   of  t h e  

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

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

o v e r   t he   c o n v e n t i o n a l   c o n t r o l   s y s t e m .   F u r t h e r m o r e ,   t h e  

ATO  c o n t r o l   s y s t e m   w i l l   no t   r e a d   a l l   the   d a t a   c o n c e r n i n g  

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

s e c t i o n   b e t w e e n   t h e   s t a t i o n s ,   and  the   d a t a   fo r   t h e   t r a c k  

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

of  t h e   t i m e s   of  t h e   r e a d   of  the  d a t a ,   so  t h a t   t h e  

q u a n t i t y   of  t he   memory  n e e d e d   by  the   ATO  c o n t r o l   s y s t e m  

can  be  made  s m a l l e r   t h a n   t h a t   r e q u i r e d   by  t h e  

c o n v e n t i o n a l   s y s t e m ,   and  the   a d a p t a t i o n   of  t he   c o n t r o l  

s y s t e m   to  t he   c a s e   w h e r e   the   l e n g t h   of  the   r a i l w a y   l i n e  

to  be  c o v e r e d   is  e x t e n d e d   can  be  made  r e a d i l y .  

A l s o ,   in  t he   c a s e   of  t h i s   e m b o d i m e n t ,   t he   f u n c t i o n  

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

d e p e n d i n g   on  the   t i m e   zone  f o r   e x a m p l e   can  be  a d d e d   t o  

t he   c o n t r o l   s y s t e m ,   by  i n t e g r a t i n g   the   m a g n e t i c   c a r d   a n d  

t h e   t i m e t a b l e .  



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

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

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

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

c a p a c i t y   t h a n   t h a t   r e q u i r e d   by  t h e   c o n v e n t i o n a l   c o n t r o l  

s y s t e m .  



1.  A  t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   h a v i n g   a n  

a u t o m a t i c   t r a i n   c o n t r o l   means   (2)  wh ich   g e n e r a t e s   a  s p e e d  

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

p o i n t   r e f e r e n c e   r e c e i v i n g   means   ( 4 )  f o r  r e c e i v i n g  a  p o i n t  

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

p o i n t   on  t h e   g r o u n d ,   a  t a c h o g e n e r a t o r   (6)  w h i c h   g e n e r a t e s  

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

t r a i n ,   and  an  a u t o m a t i c   t r a i n   c o n t r o l   m e a n s   (10)  in  w h i c h  

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

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

( 2 ) ,   a  d i s t a n c e - d e p e n d e n t   s p e e d   p a t t e r n   i s   g e n e r a t e d   i n  

r e s p o n s e   to   an  o u t p u t   s i g n a l   f r o m  ' t h e   p o i n t   r e f e r e n c e  

r e c e i v i n g   m e a n s   (4)  and  a  n o t c h   c o m m a n d  i s   i s s u e d   to  a  

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

s p e e d   o f   t h e   t r a i n   f o l l o w s   t h e   t a r g e t   s p e e d   or  t h e  

d i s t a n c e - d e p e n d e n t   s p e e d   p a t t e r n ,  

c  h  a  r  a  c  t   e  r   i  z  e  d   b y  

an  e x t e r n a l   s t o r a g e   med ium  (9)  w h i c h   s t o r e s   d a t a  

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

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

a  d a t a   r e a d i n g   m e a n s   (8)  w h i c h   r e a d s   o u t   t h e  

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

a u t o m a t i c   t r a i n   c o n t r o l   means   ( 1 0 ) ,  w h e r e b y   t h e  n o t c h  

command  i s   d e t e r m i n e d   t a k i n g   the   s u p p l i e d   d a t a   i n t o  

c o n s i d e r a t i o n .  

2.  A  t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   as  d e f i n e d   i n  

c l a i m   1,  w h e r e i n   s a i d   e x t e r n a l   s t o r a g e   med ium  (9)  is  a  

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

t r a i n   o p e r a t o r .  

3 .  A   t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   as  d e f i n e d   i n  

c l a i m   2,  w h e r e i n   s a i d   d a t a   r e a d i n g   means   (8)  i s   c o m b i n e d  

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

o p e r a t o r ' s   p l a t f o r m ,   and  t he   r e a d   of  t h e   d a t a   r e c o r d e d   o n  



t h e   m a g n e t i c   c a r d   i s   r e a d y   to  be  c o n d u c t e d   when  t h e   t r a i n  

o p e r a t o r   s e t s   t h e   t i m e t a b l e   in  t he   s t a n d .  

4.  A  t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   as  d e f i n e d   i n  

c l a i m   1,  w h e r e i n   s a i d   d a t a   r e a d i n g   means   (8)  r e a d s   t h e  

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

s t a t i o n   when  t h e   t r a i n   d e p a r t s   f rom  t h e   s t a t i o n .  

5.  A  t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   as  d e f i n e d   i n  

c l a i m   4,  w h e r e i n   e v e r y   d a t a   r e c o r d e d   on  s a i d   e x t e r n a l  

s t o r a g e   med ium  (9)  h a v e   r e s p e c t i v e   b e t w e e n - s t a t i o n s   c o d e s  

a n d ,   when  t h e   t r a i n   d e p a r t s   f rom  t he   s t a t i o n ,   s a i d   d a t a  

r e a d i n g   m e a n s   (8)  r e a d s   t h e   d a t a   h a v i n g   t h e   b e t w e e n -  

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

t h e   two  s t a t i o n s .  

6.  A  t r a i n   o p e r a t i o n   c o n t r o l   a p p a r a t u s   as  d e f i n e d   i n  

c l a i m   1,  w h e r e i n   t h e   d a t a   r e c o r d e d   on  s a i d   e x t e r n a l  

s t o r a g e   med ium  (9)  i s   a  d i s t a n c e - d e p e n d e n t   i n f o r m a t i o n  

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

r e a d   o u t   to   d e c i d e   t h e   n o t c h   command  b e f o r e   t h e   t r a i n  

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

i n f o r m a t i o n   to  be  r e a d .  
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