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Summary 

Modelling Risk Control Measures in Railways 

A n a ly s in g  h o w  d e s ig n e r s  a n d  o p e r a to r s  o r g a n is e  s a f e  r a il tr a f f ic  

Jaap van den Top 

 

Research question and relevance 

T h e  D u tc h  g o v e r n m e n t a n d  th e  r a ilw a y  in d u s tr y  w is h  to  u s e  th e  e x is tin g  r a ilw a y  n e tw o r k  

m o r e  in te n s iv e ly . T h is  w ill lik e ly  in v o lv e  m o r e  in te r a c tio n s  b e tw e e n  tr a in s , w h ic h  c o u ld  r e s u lt 

in  d e la y s  o r  in  tr a in s  in c id e n ta lly  p a s s in g  r e d  s ig n a ls  m o r e  f r e q u e n tly  th a n  is  c u r r e n tly  th e  

c a s e . I t is  th e  m a in  f o c u s  o f  th is  th e s is  to  d e v e lo p  k n o w le d g e  th a t h e lp s  to  p r e v e n t th e s e  

p h e n o m e n a  f r o m  h a p p e n in g . 

 

B e tte r  u n d e r s ta n d in g  o f  h o w  to  c o p e  w ith  th e s e  in te r a c tio n s  is  r e q u ir e d  to  s e e  h o w  th e  

g o v e r n m e n ta l w is h  c a n  b e  r e a lis e d , w h ils t th e  q u a lity  a n d  s a f e ty  le v e ls  r e m a in  a c c e p ta b le . I f  

th e  c u r r e n t p e r f o r m a n c e  le v e l is  n o t to  b e  lo w e r e d  a n d  if  d is tu r b a n c e s  c a n n o t b e  ta k e n  a w a y , 

th e  o n ly  w a y  to  a c h ie v e  a  h ig h e r  n e tw o r k  u tilis a tio n  is  to  im p r o v e  th e  c o n tr o l s y s te m ’ s  a b ility  

to  c o p e  w ith  d is tu r b a n c e s . S in c e  th e s e  in te r a c tio n s  a r e  in h e r e n t to  o p e r a tio n a l p r o c e s s e s  a n d  

h o w  th e s e  a r e  c o n tr o lle d , th e  r e s e a r c h  q u e s tio n  is : 

 

In what way could real time process control be improved to positively influence safety 

and quality of service in rail traffic operation? 

Method used 

T o  a n s w e r  th e  r e s e a r c h  q u e s tio n , th e  f o llo w in g  m a in  s te p s  w e r e  ta k e n : 

1 . b a s ic  c o n c e p ts  f r o m  r a ilw a y  o p e r a tio n  a n d  s a f e ty  s c ie n c e  w e r e  a n a ly s e d  a n d  g a p s  

id e n tif ie d ; 

2 . a  f r a m e w o r k , th e  s o - c a lle d  ‘ s a f e  e n v e lo p e  o f  o p e r a tio n s ’ , w a s  d e v e lo p e d  w h ic h  c a n  

in c o r p o r a te  th e  m a in  is s u e s  r e le v a n t to  r a ilw a y  o p e r a tio n  a n d  s a f e ty  s c ie n c e ; 

3. in te r v ie w s  a n d  lite r a tu r e  s u r v e y s  w e r e  ta k e n  to  id e n tif y  to  w h ic h  e x te n ts  c u r r e n t p r a c tic e s  

m a tc h  th e  c r ite r ia  f r o m  th e  f r a m e w o r k ; 

4 . o p tio n s  f o r  im p r o v e m e n t w e r e  e x p lo r e d . 

 

A n a ly s is  o f  b a s ic  c o n c e p ts  f r o m  r a ilw a y  o p e r a tio n  in d ic a te d  th a t m a n y  f u n c tio n s  h a v e  to  c o -

o p e r a te  in  o r d e r  to  s u p p ly  tr a in  p a th s . T h e s e  a r e  m a in ly  in f r a s tr u c tu r e  d e s ig n , tim e ta b le  

d e s ig n , tr a f f ic  m a n a g e m e n t, r o u te  a llo c a tio n  a n d  tr a in  c o n tr o l. T h e  c a s c a d e  m o d e l c a n  s h o w  

th e s e  a s  a  h ie r a r c h ic a l s e t o f  f u n c tio n s . I t in d ic a te s  th a t in  th e  c u r r e n t s itu a tio n , d e g r e e s  o f  

f r e e d o m  f o r  o p e r a to r s  b e c o m e  le s s  a s  th e  tim e  r e m a in in g  to  th e  m o m e n t o f  o p e r a tio n  g e ts  

s h o r te r . A ls o , it in d ic a te d  th a t th e r e  is  h a r d ly  a n y  f e e d b a c k  f r o m  th e  lo w e r - le v e l f u n c tio n s  

to w a r d s  th e  d e s ig n  s ta g e s . 

 

L ite r a tu r e  f r o m  s a f e ty  s c ie n c e  in d ic a te d  th a t r is k s  a n d  b e n e f its  a r e  tw o  s id e s  o f  th e  s a m e  

a c tiv ity : th e y  c a n n o t b e  c o n s id e r e d  in  is o la tio n , b u t m u s t b e  s e e n  in  th e  c o n te x t o f  n o r m a l 

o p e r a tio n s . A ls o , it w a s  s h o w n  th a t m o s t e x is tin g  a c c id e n t m o d e ls  d o  n o t s u f f ic e  to  d e s c r ib e  

c e r ta in  ty p e s  o f  a c c id e n ts  in  r e la tio n  to  n o r m a l s y s te m  o p e r a tio n ; th e y  f o c u s  o n  s a f e ty  o n ly . 

A ls o , m a n y  a c c id e n t m o d e ls  a r e  b a s e d  o n  p r o b a b ilitie s  o f  c o m p o n e n t f a ilu r e  o r  o p e r a to r  

f a ilu r e . A lth o u g h  u s e f u l, s u c h  m o d e ls  d o  n o t e x p la in  w h ic h  m e c h a n is m s  u n d e r lie  s y s te m ic  

r is k s  a n d  w h a t m u s t b e  d o n e  to  d e c r e a s e  th e  g iv e n  p r o b a b ilitie s . T h is  r e q u ir e s  u n d e r s ta n d in g  

o f  th e  u n d e r ly in g  p r o c e s s e s . 
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F igure S 1 :  T he cascade model. 

 

T h e r e f o r e , in  th is  th e s is , s e v e r a l e x is tin g  a n d  n e w  c o n c e p ts  w e r e  c o m b in e d  a n d  d e v e lo p e d  in  

o r d e r  to  u n d e r s ta n d  th e s e  p r o c e s s e s . T h is  s o - c a lle d  ‘ s a f e  e n v e lo p e  o f  o p e r a tio n s ’  is  a  r is k  

m o d e l th a t c a n  c o m b in e  s a f e ty  r is k s  w ith  th e  p u r p o s e  o f  a n  a c tiv ity . I t c a n  r e p r e s e n t 

o p e r a tio n a l p r o c e s s e s  a n d  its  c r itic a l b o u n d a r ie s  a n d  a s  s u c h  c a n  h e lp  d e s ig n e r s , m a n a g e r s  a n d  

a n a ly s ts  to  u n d e r s ta n d  h o w  r is k s  a n d  q u a lity  p r o b le m s  a r is e . T h e  m o d e l in d ic a te s  th a t a c to r s  

c o n tr o llin g  a  s y s te m  s h o u ld  b e  a b le  to  k n o w  th e  f o llo w in g  ite m s  in  o r d e r  to  f u lf il th e ir  ta s k s  

s a f e ly  a n d  e f f e c tiv e ly : 

− W h a t is  th e  c u r r e n t s y s te m  s ta te ?  

− W h a t is  th e  g o a l a n d  w h ic h  to le r a n c e s  a r e  a llo w e d  ( o p e r a tio n a l e n v e lo p e ) ?  

− C a n  th e  g o a l b e  r e a c h e d  in  tim e  ( a tta in a b ility  e n v e lo p e ) ?  

− W h e r e  is  th e  b o u n d a r y  o f  s a f e  o p e r a tio n  ( v ia b le  e n v e lo p e ) ?  

− W h a t is  th e  u ltim a te  m o m e n t to  e x e r c is e  c o n tr o l ( c o n tr o lla b ility  e n v e lo p e ) ?  

 

T h e s e  f iv e  e le m e n ts  c a n  b e  v is u a lis e d  r e la tiv e  to  e a c h  o th e r , a n d  e a c h  o f  th e s e  ite m s  c a n  

c h a n g e  o v e r  tim e : th e  e n v e lo p e s  a r e  d y n a m ic . T h u s , th e  s a f e  e n v e lo p e  m o d e l p r o v id e s  

a d d itio n a l w a y s  to  th in k  o f  p o s s ib le  a c c id e n t m e c h a n is m s  in  d y n a m ic  s y s te m s . T o  k e e p  th e  

s y s te m  w ith in  th e  s a f e  e n v e lo p e ’ s  b o u n d a r ie s , c o n tr o l m u s t b e  e x e r c is e d  b y  th e  o p e r a to r s . 

M o d e llin g  th is  r e q u ir e s  u n d e r s ta n d in g  o f  th e  te c h n o lo g y , th e  h u m a n s  o p e r a tin g  th e  s y s te m , 

b u t a ls o  o f  th e  d e s ig n e r s  a n d  m a n a g e r s  w h o  a r e  r e s p o n s ib le  f o r  th e  s y s te m  a s  a  w h o le . 

A lth o u g h  it a p p e a r s  th a t q u ite  d if f e r e n t f ie ld s  o f  k n o w le d g e  a r e  in v o lv e d , it w a s  s h o w n  th a t 

c o n c e p ts  f r o m  th e  d if f e r e n t f ie ld s  c a n  a ll b e  r e la te d  to  c o n tr o l lo o p s : 

− C o n tr o l th e o r y  f r o m  th e  f ie ld  o f  e n g in e e r in g ; 

− D e te c t- d ia g n o s e - a c t c o n tr o l s e q u e n c e  f r o m  s a f e ty  s c ie n c e ; 

− S itu a tio n  a w a r e n e s s  f r o m  th e  f ie ld  o f  h u m a n  f a c to r s ; 

− P la n - d o - c h e c k - a d ju s t f e e d b a c k  lo o p  f r o m  m a n a g e m e n t s c ie n c e ; 

− O r g a n is a tio n a l le a r n in g  f r o m  th e  f ie ld  o f  m a n a g e m e n t s c ie n c e . 
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I t is  c o n v e n ie n t th a t th e  s a m e  p r in c ip le s  c a n  b e  a p p lie d  to  th e s e  d if f e r e n t f ie ld s . T h is  a llo w s  u s  

to  d e s c r ib e  b o th  s a f e ty  a n d  ‘ p r o d u c tio n ’  b y  ta k in g  a n  in te g r a te d  f u n c tio n a l a p p r o a c h  to  th e  

s y s te m ’ s  v a r ia b le s  th a t n e e d  to  b e  c o n tr o lle d . T h is  r e q u ir e s  a  c le a r  v is u a lis a tio n  o f  th e  

b o u n d a r ie s  w ith in  w h ic h  th e  v a r ia b le s  s h o u ld  b e  ( th is  is  th e  f u n c tio n  o f  th e  s a f e  e n v e lo p e  

m o d e l)  a n d  it r e q u ir e s  a  m o d e l to  d e s c r ib e  th e  c o n tr o l p r o c e s s e s  th a t m u s t k e e p  th e  v a r ia b le s  

w ith in  th e s e  b o u n d a r ie s  ( f o r  w h ic h  th e  d e te c t- d ia g n o s e - a c t s e q u e n c e s  w e r e  u s e d ) . A ll 

f u n c tio n s  in  th e  c o n tr o l m o d e l ( a s  f o r  e x a m p le  d e s c r ib e d  in  th e  c a s c a d e  m o d e l)  n e e d  to  d e te c t 

w h e r e  th e  e n v e lo p e ’ s  b o u n d a r ie s  a r e , to  d ia g n o s e  th e  s itu a tio n  a n d  to  p e r f o r m  a n  a c tio n  to  

in f lu e n c e  th e  s y s te m  s ta te . S u c h  in te r f e r e n c e  in  th e  s y s te m  c a n  b e  d o n e  e ith e r  d ir e c tly , o r  

in d ir e c tly  w h e n  th e  a c tio n  p r o v id e s  a  c h a n g e d  g o a l, a  c h a n g e d  b o u n d a r y , a  n e w  c o n tr o l 

m e a s u r e  to  a  lo w e r  le v e l c o n tr o l f u n c tio n s , o r  if  th e s e  a r e  g iv e n  a  b u f f e r  o r  b a r r ie r  to  a b s o r b  

d is tu r b a n c e s . 

 

I n  o r d e r  to  a s s e s s  th e  c o n tr o lla b ility  o f  th e  c u r r e n t r a ilw a y  s y s te m , s e v e r a l s o u r c e s  w e r e  u s e d , 

c o m p r is in g  in te r v ie w s  w ith  o p e r a tio n a l s ta f f  a n d  d e s ig n e r s , a n d  lite r a tu r e  f r o m  s c ie n tif ic  a n d  

b u s in e s s  s o u r c e s . S in c e  p r o b le m s  w ill s h o w  th e m s e lv e s  in  o p e r a tio n s , th is  w a s  th e  s ta r tin g  

p o in t f o r  th e  a n a ly s is . W h e r e v e r  n e c e s s a r y , th e  s tu d y  lo o k e d  b a c k  to  e a r lie r  c h o ic e s , f o r  

e x a m p le  in  th e  tim e ta b le  d e s ig n  o r  in  s y s te m s  d e s ig n . T o  f in d  u n d e r ly in g  c a u s e s  in  th e  

d e ta ile d  d a ta , a  g r o u n d e d  th e o r y  a p p r o a c h  w a s  u s e d . 

Results 

T w e lv e  r e la te d  u n d e r ly in g  c a u s e s  w e r e  f o u n d  f o r  p e r f o r m a n c e  p r o b le m s  ( e .g . d e la y s  o r  

p a s s in g  r e d  s ig n a ls ) , w h ic h  a r e  s h o w n  in  F ig u r e  S 2 . T h e s e  u n d e r ly in g  c a u s e s  c a n  b e  g r o u p e d  

a s  th r e e  v ic io u s  c ir c le s  o f  c a u s e s  a n d  e f f e c ts : 

 

A . Individual loop 

S in c e  n o  c le a r  g o a l is  s e t ( 1 ) , it is  n o t r e a lly  c le a r  f o r  m a n y  o p e r a to r s  w h a t e x a c tly  th e y  

s h o u ld  a c h ie v e . T h is  e ith e r  r e s u lts  in  s e lf - f o r m u la te d  g o a ls  (3) a n d  s e lf - d e v e lo p e d  

p r a c tic e s  ( 1 0), o r  to  o p e r a to r s  lim itin g  th e m s e lv e s  to  th e ir  f o r m a l r e s p o n s ib ilitie s  ( 2 ) . F o r  

s e v e r a l r e a s o n s , m a n y  o p e r a to r s  a r e  d is c o u r a g e d  ( 7 )  a n d  th u s  p r o v id e  n o  f e e d b a c k  ( 8 ) . 

W ith o u t f e e d b a c k , th e r e  is  in s u f f ic ie n t o r g a n is a tio n a l le a r n in g  ( 9 ) . P r o b le m s  r e m a in  w h ic h  

f u r th e r  d is c o u r a g e s  o p e r a to r s . 

 

B . O perations loop 

A ls o , th is  c a u s e s  o p e r a to r s  to  d e v e lo p  in d iv id u a l a n d  th e r e f o r e  p o s s ib ly  in c o m p a tib le  

m e th o d s  ( 1 0), w h ic h  a r e  p a r tly  a  c a u s e  o f  in a d e q u a te  c o n tr o l in f o r m a tio n  a n d  th e  lo s s  o f  

m o tiv a tio n . T h is  s ta r ts  a  s e lf - r e in f o r c in g  p r o c e s s  o f  o p e r a to r s  r e tr e a tin g  to  th e ir  o w n  

‘ is la n d s ’  w ith  lim ite d  c o m m u n ic a tio n  b e tw e e n  th e m  ( 1 2 ) . 

 

C . D esig n and m anag em ent loop 

T h is  a ls o  m a k e s  it d if f ic u lt f o r  d e s ig n e r s  to  u n d e r s ta n d  h o w  th e y  c a n  s u p p o r t o p e r a to r s  

w ith  b e tte r  s u p p o r t s y s te m s , r e g u la tio n s  e t c e te r a  ( 1 1 ) . T h is  a g a in  le a d s  to  a  s h if t f r o m  

g o a l to  m e a n s  (3) a n d  s u p p o r t s y s te m s  th a t d o  n o t a lw a y s  a d e q u a te ly  p r o v id e  th e  o p e r a to r s  

w ith  th e  in f o r m a tio n  th e y  n e e d  ( 4 ,5,6 )  

 

T h e r e  is  v e r y  little  f e e d b a c k  o n  th e  b a s is  o f  w h ic h  a c to r s  in  th e  c a s c a d e  m o d e l c a n  le a r n  

w h e th e r  th e ir  d e c is io n s  w o r k  in  p r a c tic e . T h is  m a y  b e  o n e  o f  th e  r e a s o n s  w h y  th e r e  a r e  

d if f e r e n t r e p r e s e n ta tio n s  o f  th e  r e a lity  f o r  d if f e r e n t f u n c tio n s . F o r  in s ta n c e , in  tim e ta b le  

d e s ig n , tr a f f ic  c o n tr o l a n d  tr a in  d r iv in g , f iv e  d if f e r e n t a n d  in  s o m e  s itu a tio n s  in c o m p a tib le  

w a y s  o f  s o lv in g  tr a in  d e la y s  w e r e  f o u n d . T h e s e  f iv e  w a y s  a r e  a ll b a s e d  o n  c e r ta in  a s s u m p tio n s  

to  m a k e  th e  ta s k  o f  th e  a c to r  in  q u e s tio n  e a s ie r  ( a t le a s t f o r  h im s e lf ) , b u t th e y  d o  n o t a lw a y s  f it 
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R e s u lt n o t a s  
d e s ire d  b y  o p e ra to r

1 0 . In c o m p a tib le  

m e th o d s  b e tw e e n  

o p e ra to rs

1 . G o a l n o t c le a r

4 . T ra ffic  c o n tro l 

s u p p o rt s y s te m s  

in s u ffic ie n t

3 . S h ift fro m  g o a l 

to  m e a n s

6 . C o n tro l 

in fo rm a tio n  

in a d e q u a te

2 . C lin g in g  to  

n o rm s  a n d  

re s p o n s ib ility

5 . T ra in  c o n tro l 

s u p p o rt s y s te m s  

in s u ffic ie n t

C. design and 

management

9 . N o  le a rn in g  / 

e x p e rie n c e  

s h a rin g

B . o p eratio ns

8 . N o  fe e d b a c k  

s ig n a l

7 . L o s s  o f 

m o tiv a tio n

1 1 . In c o m p le te  

u n d e rs ta n d in g  o f 

o p e ra tio n s

A . indiv idu al

1 2 . Is la n d  m e c h a n is m  
F igure S 2 :  Cause-effect diagram for underlying causes of performance problems. 

 

to g e th e r . M a n y  o p e r a to r s  r e tr e a t to  th e ir  o w n  is la n d  in  o r d e r  to  m a k e  th e ir  ta s k  m a n a g e a b le , 

b u t b y  r e tr e a tin g , th e y  m a y  c u t o f f  o th e r s  f r o m  r e le v a n t in f o r m a tio n . 

 

W ith  r e g a r d  to  th e  tr a f f ic  c o n tr o l p r o c e s s  it is  r e m a r k a b le  th a t th is  p r o c e s s  is  d if f ic u lt to  

p r e d ic t, e v e n  th o u g h  th e  tr a f f ic  c o n tr o lle r ’ s  m a in  f u n c tio n  is  to  s o lv e  c o n f lic ts  in  a d v a n c e . 

I t w o u ld  b e  h e lp f u l if  a  tr a f f ic  c o n tr o lle r  h a d  to o ls  th a t p r o v id e  h im  w ith  a n  o v e r s ig h t o f  th e  

s itu a tio n  a s  it is  e x p e c te d  to  b e  in  1 5 –  6 0 m in u te s  a n d  if  c o n f lic ts  in  th a t p ic tu r e  c a n  e a s ily  b e  

f o u n d . T h e  e f f o r t o f  a  tr a f f ic  c o n tr o lle r  w o u ld  th e n  n o t b e  s p e n t o n  f in d in g  o u t w h a t th e  

s itu a tio n  a c tu a lly  is  a n d  w h e r e  p r o b le m s  a r e  a b o u t to  o c c u r , b u t o n  s e le c tin g  s o lu tio n s  to  s o lv e  

th e s e  p r o b le m s  in  a d v a n c e . A lth o u g h  o p e r a to r  e x p e r ie n c e  p a r tia lly  f ills  th e  g a p  o f  in c o m p le te  

in f o r m a tio n , th e  r e s u lt it th a t n o r m a lly  n o  u p d a te d , c o n f lic t- f r e e , r e a l tim e  s c h e d u le  is  m a d e  in  

r e s p o n s e  to  s m a lle r  d e v ia tio n s  f r o m  th e  tim e ta b le . T h u s , it is  n o t g u a r a n te e d  th a t th e r e  is  a  

f e a s ib le  p r o d u c tio n  s c h e d u le , a  f a c t th a t its e lf  m a k e s  th e  p r o c e s s  u n p r e d ic ta b le . 

 

A ls o  th e  d r iv e r s  h a v e  d if f ic u ltie s  to  p e r f o r m  th e ir  m a in  ta s k , w h ic h  is  to  o p e r a te  th e ir  tr a in  

c lo s e ly  to  th e ir  s c h e d u le d  p a th . A p a r t f r o m  th e  f a c t th a t n e w  c o n f lic t- f r e e  s c h e d u le s  a r e  

n o r m a lly  n o t m a d e  in  r e s p o n s e  to  s m a lle r  d is r u p tio n s , th e  d r iv e r  is  a ls o  n o t in f o r m e d  a b o u t 

p o s s ib ly  c h a n g e d  s c h e d u le s . A ls o , h e  c a n n o t s e e  in  s u f f ic ie n t d e ta il w h e th e r  h e  d o e s  a d h e r e  

a n d  h o w  h e  c a n  a d h e r e  b e tte r  to  th e  ( r e ) s c h e d u le d  p a th , w h ic h  r e q u ir e s  a  p r e c is io n  in  f r a c tio n s  

o f  m in u te s . T h e s e  f a c ts  r e s u lt in  a n  u n n e c e s s a r ily  h ig h  n u m b e r  o f  r e s tr ic tiv e  ( y e llo w  o r  r e d )  

s ig n a l a p p r o a c h e s . T h u s , p r e v e n tin g  th a t s ig n a ls  a r e  p a s s e d  a t d a n g e r  is  n o t ju s t a  h u m a n  

f a c to r  o r  te c h n ic a l ( s ig n a llin g )  is s u e , b u t a ls o  a n  in f o r m a tio n  e x c h a n g e  is s u e  b e tw e e n  tr a f f ic  

c o n tr o lle r s  r e w o r k in g  th e  p la n  a n d  d r iv e r s  e x e c u tin g  it s o  th a t tr a in s  c a n  b e  c o n tr o lle d  s u c h  

th a t th e y  m e e t s ig n a ls  p r e f e r a b ly  o n ly  w h e n  th e y  h a v e  c le a r e d  th e  r o u te  b e h in d  th e m . 

 

A lth o u g h  tim e ta b le  d e s ig n e r s  a n d  tr a f f ic  c o n tr o lle r s  u s u a lly  r e ly  o n  th e  d r iv e r  to  o b e y  s ig n a ls , 

im p e r f e c tio n s  in  th e  r o u te  s e ttin g  s y s te m , th e  s ig n a llin g  s y s te m  a n d  th e  tr a in  p r o te c tio n  

s y s te m , a n d  th e  im p o s s ib ility  o f  f a u ltle s s  o p e r a to r  b e h a v io u r  m a k e  th is  a  d a n g e r o u s  

a s s u m p tio n . D r iv e r  e x p e c ta n c y  c a n n o t b e  b a n n e d , s in c e  th is  is  e s s e n tia l h u m a n  b e h a v io u r . T h e  

f o c u s  s h o u ld  n o t b e  o n  p r e v e n tio n  o f  e x p e c ta n c ie s , b u t e f f o r t s h o u ld  in s te a d  b e  s p e n t to  
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p r e v e n tin g  th a t th e s e  e x p e c ta n c ie s  c a n  b e c o m e  w r o n g , w h ic h  is  a ls o  a n  in f o r m a tio n  e x c h a n g e  

is s u e . O n e  o f  th e  m a in  p r o b le m s  is  th a t th e  s ig n a llin g  s y s te m  in  s e v e r a l c a s e s  p r o v id e s  

in f o r m a tio n  th a t d o e s  n o t in f o r m  th e  d r iv e r  a b o u t th e  u n iq u e  s c e n a r io  th a t h e  is  g o in g  to  e n te r , 

w h ic h  le a v e s  r o o m  f o r  ( w r o n g )  in te r p r e ta tio n . T h is  p u ts  s tr o n g e r  e m p h a s is  o n  th e  d r iv e r ’ s  

a b ility  to  d e te c t a  r e d  s ig n a l f r o m  a  s u f f ic ie n t d is ta n c e  a n d  r e la te  it to  h is  tr a c k , b u t it w a s  

s h o w n  th a t th is  is  n o t s u f f ic ie n tly  w e ll p o s s ib le  in  s o m e  c a s e s . 

 

R o u te  k n o w le d g e , w h ic h  is  in  f a c t a ls o  a n  e x p e c ta n c y , is  in  th e s e  c a s e s  th e  la s t lin e  o f  d e f e n c e  

in  o r d e r  to  a s s u r e  s a f e ty , b u t is  o n ly  h a s  a  w e a k  f o r m a l m e a n in g . M o r e o v e r , th e  h u m a n  

m e m o r y  w o r k s  m o r e  r e lia b ly  in  r e s p o n s e  to  e x te r n a l c u e s  a n d  s h o u ld  th u s  n o t b e  u s e d  to  

r e p la c e  th e s e . T h e r e f o r e , a lth o u g h  r o u te  k n o w le d g e  is  u s e f u l a s  g e n e r a l e x p e r ie n c e , it s h o u ld  

n o t b e  r e lie d  o n  to  e n s u r e  s a f e  o p e r a tio n s . 

 

T h e  b e lie f  th a t d r iv e r  e x p e c ta n c y  is  th e  c a u s e  o f  m a n y  p r o b le m s  g iv e s  th e  im p r e s s io n  th a t th e  

s y s te m  d e s ig n  is  f a ilu r e - f r e e , a n d  d o e s  n o t n e e d  to  b e  c h a n g e d , b u t th is  is  n o t th e  c a s e . S e v e r a l 

e x a m p le s  w e r e  s h o w n  in  w h ic h  c h a n g e s  to  th e  tr a f f ic  c o n tr o l s y s te m , th e  s ig n a llin g  s y s te m , 

th e  tr a in  p r o te c tio n  s y s te m  o r  th e  r a d io  s y s te m  m a d e  th e  d r iv e r ’ s  ta s k  m o r e  d if f ic u lt in  a n  

u n e x p e c te d  w a y . S in c e  th is  w a s  n o t th e  d e s ig n e r s ’  in te n tio n , it m u s t b e  c o n c lu d e d  th a t th e ir  

in f lu e n c e  o n  th e  d r iv e r ’ s  ta s k  is  n o t f u lly  u n d e r s to o d . O f te n , n e w  te c h n o lo g y  w a s  in tr o d u c e d  

w ith o u t a  c le a r  v ie w  o n  h o w  th is  w o u ld  p r e c is e ly  s u p p o r t th e  o p e r a to r ’ s  p r o c e s s e s , o r  n e w  

te c h n o lo g y  r e p la c e d  o ld e r  te c h n o lo g y  a n d  th e r e b y , in f o r m a l w o r k in g  r o u tin e s  w e r e  r e n d e r e d  

in f e a s ib le . 

P ossib le im provem ents 

I n  th e  f ir s t p la c e , th e  w is h  to  ‘ b e tte r ’  u s e  th e  s y s te m  r e q u ir e s  a  c le a r  c u t a n s w e r  to  th e  q u e s tio n  

w h e n  th e  u s e  is  ‘ g o o d ’ , o r  in  o th e r  w o r d s , w h a t th e  s y s te m  s h o u ld  a c h ie v e . T h e  s e c o n d  

q u e s tio n  th a t s h o u ld  b e  a s k e d  is  h o w  th e  o p e r a tio n a l p r o c e s s e s  m u s t b e  d e s ig n e d  in  o r d e r  to  

a c h ie v e  th is  r e s u lt. T h is  a s k s  f o r  r e d e s ig n e d  p r o c e s s e s  in  th e  f ir s t p la c e , s u c h  a s  im p r o v e d  

c o m m u n ic a tio n  b e tw e e n  tr a f f ic  c o n tr o lle r s  a n d  tr a in  d r iv e r s  a n d  im p r o v e d  s itu a tio n  

a w a r e n e s s . T h is  a g a in  w ill o f te n  r e q u ir e  n e w  te c h n o lo g y  in  o r d e r  to  s u p p o r t th e  p r o c e s s e s . 

T h e  in te n d e d  o p e r a tin g  p r o c e s s  s h o u ld  b e  d e s ig n e d  f ir s t a n d  th e  r e q u ir e d  te c h n o lo g y  s h o u ld  

b e  d e r iv e d  f r o m  th a t, n o t v ic e  v e r s a . 

 

T h e  p r o d u c tio n  p r o c e s s e s , th e ir  p la n n in g  a n d  th e  m e a n s  o f  p r o d u c tio n , s u c h  a s  th e  tim e ta b le , 

th e  r o llin g  s to c k  c a p a b ilitie s , th e  in f r a s tr u c tu r e  la y o u t a n d  th e  s a f e ty  s y s te m  lim ita tio n s  m u s t 

b e  g e a r e d  to  e a c h  o th e r  in  o r d e r  to  f u lly  e x p lo it th e ir  p o s s ib ilitie s . T h is  a s k s  f o r  a n  in te g r a te d  

a p p r o a c h : if  o n e  o f  th e s e  e le m e n ts  is  c o n s id e r e d  a s  a  g iv e n  a n d  im m u ta b le  f a c t, im p r o v e m e n ts  

in  th e  o th e r  e le m e n ts  c a n n o t b e  f u lly  e x p lo ite d . S in c e  p r o c e s s  c o n tr o l d e f in e s  w h e n  w h ic h  

r e s o u r c e s  w ill b e  u s e d  f o r  w h ic h  p r o c e s s , it is  in h e r e n tly  lin k e d  to  th e  a c h ie v e m e n t o f  th e  

g o a ls  a n d  th u s  to  th e  s y s te m ’ s  c a p a c ity .T h e  c u r r e n t p a r a d ig m  in  tim e ta b le  d e s ig n , in  w h ic h  it 

is  a s s u m e d  th a t tr a in s  d o  n o t in te r a c t a n d  a  u n iq u e  s o lu tio n  to  o p e r a te  th e m  is  n a ile d  d o w n  a  

y e a r  in  a d v a n c e , d o e s  n o t ta k e  th e  e f f e c t o f  p r o c e s s  c o n tr o l in to  a c c o u n t a n d  th e r e f o r e  n e e d s  to  

b e  r e p la c e d . W h a t is  r e q u ir e d  in s te a d , is  a  n e w  tim e ta b lin g  p a r a d ig m  in  w h ic h  th e  tr a f f ic  

p a tte r n  is  s tr u c tu r e d  in  s u c h  a  w a y  th a t th e  r e a l tim e  p r o c e s s  c o n tr o l h a s  m o r e  a n d  e x p lic it 

f r e e d o m  to  r e s c h e d u le  th e  tr a f f ic  p a tte r n  o n  th e  s h o r t te r m . T h e  c u s to m e r  s e r v ic e  in te n tio n , 

w h ic h  s h o u ld  r e m a in  e x p lic it, c a n  th e n  s e r v e  a s  a  c le a r  g o a l f o r  th e  tr a f f ic  c o n tr o l p r o c e s s , s o  

th a t th e  q u a lity  o f  s e r v ic e  is  lik e ly  to  b e  im p r o v e d . B e tte r  o p e r a to r  s u p p o r t w o u ld  s te e r  th e  

s y s te m  m o r e  e f f ic ie n tly . T h is  w o u ld  th e n  a llo w  f o r  a  m o r e  e f f ic ie n t u s e  o f  s la c k  tim e  a n d  th e  

a b ility  to  c u t o n  s la c k  tim e s , th u s  le a d in g  to  a  h ig h e r  u tilis a tio n . S in c e  th e  s y s te m  w o u ld  th e n  

b e  o p e r a te d  c lo s e r  to  th e  b o u n d a r y  o f  w h a t it c a n  h a n d le , c o n s ta n t m o n ito r in g  o f  w h e th e r  

o p e r a tio n a l p r o c e s s e s  a r e  r u n n in g  a s  d e s ir e d  a n d  w ith o u t s id e - e f f e c ts  w o u ld  b e  n e c e s s a r y . 
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T h is  m e a n s  th a t n o t o n ly  r e a l tim e  tr a f f ic  c o n tr o l is  n e c e s s a r y , b u t a ls o  th e  tr a f f ic  c o n tr o l a n d  

tr a in  c o n tr o l p r o c e s s e s  th e m s e lv e s  m u s t b e  m o n ito r e d  a n d  a n a ly s e d . 

 

O n  a n  a b s tr a c t le v e l, s o lv in g  q u a lity  a n d  s a f e ty  p r o b le m s  is  a ll a b o u t a v o id in g  s u r p r is e s  

( u n d e s ir e d , u n in te n d e d  a n d  u n e x p e c te d  r e s u lts )  d u r in g  o p e r a tio n s . T o  im p r o v e  ( s a f e ty )  

p e r f o r m a n c e , th e  c o r r e c t f u n c tio n in g  o f  th e  p r o c e s s e s  p e r f o r m e d  n e e d s  to  b e  m a d e  s u r e . S u c h  

in s ig h ts  c a n  b e  g a in e d  b y  c lo s in g  th e  f e e d b a c k  lo o p  f r o m  o p e r a tio n a l le v e l to  d e s ig n  a n d  

m a n a g e m e n t. P r o b le m s  d u r in g  o p e r a tio n s  s h o u ld  b e  f r e e ly  r e p o r te d  b y  o p e r a to r s  a n d  a c tiv e ly  

b e  lo o k e d  f o r  b y  th e  o r g a n is a tio n . F o r  e x a m p le , th e  o r g a n is a tio n  m u s t m e a s u r e  h o w  o f te n  

s a f e ty - c r itic a l p r o c e s s e s  a r e  e x e c u te d , h o w  o f te n  th e y  f a ile d  a n d  h o w  o f te n  f a ilu r e s  w e r e  

s to p p e d  b y  th e  s a f e ty  s y s te m s . E x a m p le s  a r e  th e  n u m b e r  o f  r o u te  s e ttin g  c o m m a n d s  r e f u s e d  

b y  th e  in te r lo c k in g , o r  th e  n u m b e r  o f  in te r v e n tio n s  b y  th e  tr a in  p r o te c tio n  s y s te m . S u c h  

in d ic a to r s  m a k e  c le a r  h o w  w e ll th e  o p e r a tio n a l p r o c e s s  is  a c tu a lly  k e p t a w a y  f r o m  its  c r itic a l 

b o u n d a r ie s . S u c h  a  p r o c e s s - r e la te d  a n a ly s is  a llo w s  th e  f in d in g  o f  m o r e  p o s s ib le  c a u s e s  f o r  

tr a in s  r u n n in g  th r o u g h  r e d  s ig n a ls  th a n  a n  a p p r o a c h  in  w h ic h  c a u s e s  a r e  c o n s id e r e d  to  b e  

c e r ta in  p r o p e r tie s  o f  s ig n a ls  o r  o f  d r iv e r s , s in c e  it a ls o  ta k e s  th e ir  in te r a c tio n  in to  a c c o u n t. A s  

lo n g  a s  n o  p r o p e r  a n a ly s is  o f  c u r r e n t o p e r a tio n s  ta k e s  p la c e , k n o w le d g e  a b o u t th e  a c tu a l 

p r o c e s s e s  w ill n o t im p r o v e  a n d  n e ith e r  w ill th e  p r o c e s s e s  th e m s e lv e s . F e e d b a c k  o f  a c tu a l 

p e r f o r m a n c e  d a ta  to  tim e ta b le  d e s ig n  h a s  r e c e n tly  b e e n  s u c c e s s f u lly  s ta r te d  w ith ; it is  

r e c o m m e n d e d  th a t s u c h  f e e d b a c k  lo o p s  a r e  a ls o  c lo s e d  o n  o th e r  d is c ip lin e s . 

 

I n  s p ite  o f  th e  e r r o r s  a d d r e s s e d  e a r lie r , th e  c u r r e n t s ig n a llin g  s y s te m , in  c o m b in a tio n  w ith  a  

h ig h  le v e l o f  p r o f e s s io n a lis m  o f  tr a in  d r iv e r s  a n d  tr a f f ic  c o n tr o lle r s , h a s  r e s u lte d  in  r a ilw a y s  

b e in g  o n e  o f  th e  s a f e s t tr a n s p o r ta tio n  s y s te m s . H o w e v e r , if  th e  p u b lic  d e m a n d s  o n  th e  s y s te m  

in c r e a s e  a n d  tr a in s  h a v e  to  b e  p la n n e d  e v e n  m o r e  c lo s e ly  to g e th e r , th e  s y s te m  w ill b e  ta x e d  

b e y o n d  its  lim its . R ig h t n o w  th e r e  a r e  in s is te n t s ig n s , in  th e  f o r m  o f  o p e r a to r s  lo s in g  o v e r s ig h t 

o v e r  th e  s itu a tio n  a n d  in c r e a s in g  n u m b e r s  o f  s ig n a ls  p a s s e d  a t d a n g e r , th a t in d ic a te  th a t th e  

lim its  o f  th e  c u r r e n t c o n tr o l p h ilo s o p h y  a r e  a p p r o a c h in g . T h e r e f o r e , a  m u c h  m o r e  

s o p h is tic a te d  r e a l- tim e  c o n tr o l p h ilo s o p h y  is  r e q u ir e d , w h ic h  m u s t e n h a n c e  o p e r a to r s ’  

s itu a tio n s  a w a r e n e s s  s o  th a t a ll a c to r s  s h a r e  th e  s a m e  e x p e c ta tio n . T h e  s ig n a llin g  s y s te m  c a n  

th e n , a g a in , b e  u s e d  a s  a  b a c k u p  s y s te m  –  th e  f u n c tio n  it w a s  d e s ig n e d  f o r . F a ilu r e s  a n d  

u n e x p e c te d  s u r p r is e s  s h o u ld  b e  lo o k e d  f o r  a n d  f r e e ly  r e p o r te d , s o  th a t o p e r a tio n a l p r o c e s s e s  

c a n  b e  g e a r e d  to  e a c h  o th e r  a n d  s o  th a t d e s ig n e r s  c a n  b e tte r  u n d e r s ta n d  h o w  a c tu a l o p e r a tio n s  

a r e  b e in g  p e r f o r m e d . T h is  w ill n o t o n ly  im p r o v e  s a f e ty  p e r f o r m a n c e , b u t it w ill a ls o  m a k e  it 

m o r e  lik e ly  th a t th e  p r o m is e s  to  th e  c u s to m e r  c a n  b e  f u lf ille d . 

 

 

 


