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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  method  of  producing  a  train  running  plan  which  is  effective  for  realizing  a  high 
speed,  high  density,  and  energy-saving  running  of  a  railway  train. 

With  respect  to  a  method  of  producing  the  optimal  train  running  plan  under  the  conditions  such  as  line  conditions, 
e.g.,  a  limit  speed  and  a  grade,  and  rolling  stock  characteristics,  e.g.,  a  running  resistance,  driving  force  characteristics, 
and  speed  decreasing  characteristics,  there  are  published  the  following  literatures: 

10 
Literature  1  ;  5th  National  Symposium  for  Utilization  of  Cybernetics  in  a  Railway,  June,  1968,  pp.  11-16;  and 
Literature  2;  The  Transactions  of  the  Institute  of  Electrical  Engineering  Engineer's  of  Japan,  Vol.  106-B,  No.  9,  Sep- 

tember,  1986,  pp.  769-776. 

15  The  method  in  the  literature  1  is  such  that  the  optimal  running  method  is  obtained  in  the  running  of  arbitrary  form 
between  stations  on  the  basis  of  the  dynamic  planning  by  treating  the  running  time,  the  power  consumption  and  the 
number  of  notch  switching  as  the  objective  factors.  This  method  is  obtained  in  the  form  of  notch  sequence.  Then,  the 
running  time,  the  power  consumption  and  the  like  as  the  objective  factors  are  obtained  by  performing  the  running  sim- 
ulation  of  the  train  to  determine  the  position,  the  speed  and  the  like  of  the  train. 

20  In  the  literature  2,  the  discussion  is  made  with  respect  to  the  energy-saving  running  method  in  the  running  of  the 
super-express  railway's  train  stopping  every  station,  between  the  stations.  In  the  literature  1  ,  the  calculation  is  made  by 
the  simulation  with  the  time  base  being  divided  since  the  equation  of  motion  of  the  train  cannot  be  exactly  obtained  in 
the  large  area.  On  the  other  hand,  in  the  literature  2,  each  of  the  strict  solutions  is  obtained  on  the  assumption  that  the 
magnitude  of  the  grade  takes  a  fixed  value  and  the  resultant  solutions  are  linked  to  one  another  to  perform  the  calcula- 

25  tion  of  the  consumed  energy,  the  necessary  time  and  the  like. 
The  discussion  about  the  energy-saving  running  method  in  the  literature  2  is  made  in  such  a  way  that  four  patterns 

near  the  actual  running  are  prepared,  the  consumed  energy  is  calculated  every  running  pattern  on  the  assumption  that 
the  magnitude  of  the  grade  is  zero  over  the  whole  territories,  and  the  predetermined  comparison  is  performed.  Out  of 
the  four  running  patterns,  the  running  pattern  having  the  minimum  consumed  energy  provides  the  results  of  the  maxi- 

30  mum  acceleration  the  fixed  running  at  the  maximum  speed  stopping  by  the  repetition  of  the  coasting  and  the  nor- 
mal  maximum  braking. 

In  the  above-mentioned  running  pattern  having  the  minimum  consumed  energy,  only  the  maximum  speed  is 
changed  to  obtain  the  speed  in  which  the  necessary  time  coincides  with  the  schedule  time  for  realizing  the  scheduled 
running  in  which  the  necessary  time  coincides  with  the  schedule  time. 

35  However,  in  the  prior  art  method  of  obtaining  the  optimal  running  plan  on  the  basis  of  the  dynamic  planning  in  the 
literature  1  ,  there  arises  a  problem  in  that  the  calculation  requires  much  time. 

In  the  literature  2,  as  the  running  pattern  of  the  limit  speed  between  the  stations,  only  the  pattern  shown  in  Fig.  1  is 
supposed.  Thus,  the  method  described  therein  can  be  applied  to  only  this  running  pattern.  Therefore,  it  cannot  be 
applied  to  the  complicated  pattern  as  shown  in  Fig.  2  for  example. 

40  Further,  in  addition  to  the  literatures  1  and  2,  with  respect  to  the  method  of  changing  the  train  running  plan  pro- 
duced  in  advance  in  the  train  in  a  real-time  manner,  there  is  published  the  literature  3,  i.e.,  The  Transactions  of  the  Insti- 
tute  of  Electrical  Engineering  Engineer's  of  Japan,  Vol.  107-D,  No.  5,  May,  1987,  pp.  665-672. 

The  method  described  in  the  literature  3  is  about  the  running  plan  of  the  super-express  railway's  train  stopping 
every  station.  In  this  case,  the  running  pattern  as  shown  in  Fig.  1  is  supposed  as  the  running  pattern  of  the  limit  speed. 

45  Then,  out  of  a  plurality  of  running  methods  which  are  supposed  in  advance,  one  providing  the  minimum  energy-saving 
is  determined  on  the  assumption  that  the  magnitude  of  the  grade  is  zero  over  the  territory  shown  in  Fig.  1  .  The  resultant 
energy-saving  running  method  is  such  that  the  running  pattern  is  obtained  by  combining  the  maximum  acceleration,  the 
fixed  speed  running,  the  coasting  and  the  maximum  deceleration  with  one  another. 

In  the  running  method  having  such  a  running  pattern,  the  parameters  which  are  to  be  determined  in  advance  are 
so  the  maximum  speed  and  the  deceleration  starting  point  in  the  running  territory.  The  two  parameters  are  changed  so  as 

to  provide  the  maximum  energy-saving  running  under  the  condition  of  the  scheduled  running  (the  running  time  coin- 
cides  with  the  schedule  time). 

In  the  method  described  in  the  literature  3,  only  the  running  pattern  as  shown  in  Fig.  1  is  supposed  as  the  running 
pattern  of  the  limit  speed  between  the  stations,  the  method  of  energy-saving  running  is  determined  in  advance,  and  only 

55  the  determination  of  the  deceleration  starting  point  is  performed  in  the  real-time  change  in  the  train.  Therefore,  this 
method  cannot  cope  with  the  occurrence  of  change  of  the  limit  speed  as  shown  in  Fig.  3A,  for  example,  which  is  not 
supposed  in  advance. 

2 
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SUMMARY  OF  THE  INVENTION 

It  is  the  object  of  the  present  invention  to  determine  the  target  speed  so  as  to  provide  the  minimum  consumed 
energy  during  the  running  of  the  train. 

5  This  object  is  met  by  a  method  according  to  claim  1  .  Preferred  embodiments  are  disclosed  in  the  depending  claims. 
The  general  pattern  of  the  limit  speed  between  the  stations  is  supposed  as  shown  in  Fig.  4,  and  the  running  pattern 

on  the  basis  of  that  limit  speed  is  assumed  here.  Then,  the  limit  speed  territories  in  Fig.  4  are  numbered  serially  (the 
number  of  territories  is  N).  At  the  same  time,  it  is  assumed  that  the  limit  speed  in  the  i-th  limit  speed  territory  is  VMAX  ; 
and  the  running  speed  to  be  targeted  (hereinafter,  referred  to  as  simply  "the  target  speed",  when  applicable)  is  Vi.  Then, 

10  the  relationship  of  Vi  s  VMAX,i  is  established. 
Under  such  assumptions,  to  set  the  target  speed  (it  is  not  always  possible  to  reach  this  target  speed)  every  limit 

speed  territory  is  determined  the  train  running  method  between  the  associated  stations.  For  example,  in  the  running 
pattern  of  the  maximum  acceleration  -»  the  fixed  speed  running  -»  the  deceleration  by  the  normal  maximum  braking, 
under  the  limit  speed  of  VMAX  ;  (i=1  N),  if  Vi  (i=1  N)  is  established,  the  train  running  method  between  the  asso- 

15  ciated  stations  is  correspondingly  established.  Conversely,  it  is  also  true  that  to  establish  the  train  running  method 
between  the  stations  is  to  establish  Vi  (i=1  N). 

By  the  optimal  running  method  in  the  train  running  method  as  described  above,  it  means  the  scheduled  running  in 
which  the  necessary  time  required  for  the  train  to  run  between  the  stations  coincides  with  the  schedule  time  and  at  this 
time,  the  minimum  consumed  energy  is  obtained. 

20  It  is  assumed  that  the  necessary  time  required  for  the  train  to  run  through  a  predetermined  territory  is  T  and  the 
consumed  energy  is  E.  Then,  the  necessary  time  T  and  the  consumed  energy  E  cannot  be  analytically  calculated  even 
if  the  line  conditions  and  the  rolling  stock  characteristics  as  already  described  are  known.  However,  these  factors  can 
be  obtained  by  making  the  equation  of  motion  of  the  train  discrete  corresponding  to  the  travel  distance  and  by  perform- 
ing  the  numerical  calculation  (i.e.,  by  performing  the  simulation). 

25  At  this  time,  if  Vi  (i=1  N)  is  established,  the  necessary  time  T  and  the  consumed  energy  E  are  uniquely  obtained. 
Therefore,  each  of  T  and  E  is  a  function  of  Vi  (i=1  N).  That  is,  the  following  relational  expressions  are  established: 

T  =  T{V,  VN),E  =  E(V1  VN)  (1) 

30  Then,  to  obtain  the  optimal  Vi  (i=1  N)  is  established  mathematically  in  such  a  way  as  to  obtain  a  set  of  target  speeds 
Vi  VN  for  minimizing  the  objective  function  E(V-|  VN),  under  the  condition  of  the  necessary  time  T(V-|  VN)  = 
the  schedule  time  TD. 

More  specifically,  Vi  is  changed  so  as  to  decrease  the  consumed  energy  E,  and  for  example,  the  partial  derivative 
0E/0Vi  of  E  with  respect  to  Vi  is  obtained.  Thus,  the  direction  of  decreasing  of  E  is  obtained.  There  is  known  a  non-linear 

35  planning  in  which  the  calculation  for  obtaining  the  direction  of  decreasing  of  E  is  repeated  until  the  necessary  time  T 
approaches  the  scheduled  time  TD  within  the  range  of  a  certain  allowable  error  8T,  and  when  the  necessary  time  T 
becomes  in  the  range  of  the  allowable  error,  the  above  calculation  is  finished. 

Or,  the  following  equation  may  be  used  as  the  objective  function. 

40  J  =  E  +  <x{(T-TD)/5T}  (2) 

In  this  case,  it  is  possible  to  simultaneously  evaluate  both  the  consumed  energy  E  and  the  necessary  time  T.  At  this 
time,  the  evaluation  by  only  the  consumed  energy  E  can  be  performed  in  the  case  of  a  =  0. 

The  above  description  has  been  given  with  respect  to  the  specific  case  where  the  train  runs  through  the  territory 
45  between  the  two  stations,  and  it  is  then  stopped  at  the  following  station.  However,  even  in  the  case  where  both  the  two 

stations  are  passed  stations,  the  same  means  can  be  used  by  giving  the  initial  speed  at  the  first  station  in  addition  to 
the  above  conditions. 

When  the  running  speed  of  the  train  is  changed,  the  subsequent  target  speed  V  =  (V-|  ,  V2  VN)  as  a  vector  form 
is  newly  obtained  on  the  basis  of  the  change  ratio  of  the  consumed  energy  between  that  running  speed  and  the  target 

so  speed  of  interest.  Therefore,  the  component  of  the  gradient  vector  vE(V)  in  the  direction  of  decreasing  of  the  consumed 
energy  E  is  obtained  from  the  following  approximate  expression. 

0E/0V(n)  =  AE/AV(n)  (3) 

55  That  is,  the  target  speed  V(n)  is  changed  in  the  direction  of  the  gradient  vector,  and  the  target  speed  V(n)  for  minimizing 
the  consumed  energy  E  is  obtained. 
According  to  another  embodiment  of  the  present  invention,  instead  of  the  gradient  vector  vE(V),  the  ratio  of  the 
decreasing  of  the  consumed  energy  E  to  the  increasing  of  the  running  time  T  when  V(n)  is  changed  by  AV(n),  i.e.,  the 
ratio  of  AE  to  AT  is  used.  Then,  each  of  the  components  of  each  of  the  gradient  vectors  is  obtained  from  the  following 

3 
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equation. 

-AE/AT  =  -{AE/AV(n)}/{AT/AV(n)J  (4) 
=  -{0E/0V(n)}/{0T/0V(n)J 

5 
The  value  of  the  equation  (4)  is  called  p(m).  Then,  let  p(n)  be  replaced  with  q,  as  the  form  of  vector.  Then,  the  target 
speed  V  is  changed  in  the  direction  of  &  |n  this  case,  it  is  assumed  that  the  initial  value  of  the  target  speed  V(n)  is 
expressed  by  {the  limit  speed  Vmax(n)  -  (the  marginal  speed)}.  Then,  by  the  marginal  speed  it  means  the  upper  limit 
speed  that  does  not  exceed  the  limit  speed  during  the  running  at  the  fixed  speed. 

10  In  the  calculation  of  the  running  time,  in  addition  to  the  running  curve  on  the  speed  curve  which  is  expressed  by  the 
speed  on  the  axis  of  ordinate  with  respect  to  the  position  on  the  axis  of  abscissa  as  shown  in  Fig.  5,  the  curve  of  the 
inverse  number  of  the  speed  is  also  utilized.  Since  the  single  integral  of  the  Inverse  number  of  the  speed  with  respect 
to  the  position  on  the  axis  of  abscissa  becomes  the  running  time  of  the  territory  of  interest,  it  is  herein  referred  to  as  "the 
running  time  density",  and  is  expressed  by  X. 

15  The  characteristics  of  the  train  are  characterized  by  the  acceleration  and  deceleration  characteristics,  the  running 
resistance  and  the  like.  With  the  train,  it  is  assumed  that  all  the  grades  of  the  traffic  line  are  zero.  Then,  as  shown  in  Fig. 
7,  in  the  acceleration  up  to  the  suitable  speed  more  than  the  maximum  speed  on  the  line,  the  data  about  the  running 
speed  v,  the  running  time  density  X  and  the  running  time  T  with  respect  to  the  running  distance  x  are  produced.  Now, 
the  running  speed  v,  the  running  time  density  X  and  the  running  time  T  are  expressed  by  the  following  equations, 

20  respectively. 

v  =  p(x)  (5) 

X  =  1/p(x)  =  f(x)  (6) 
25 

30 

Jf(C)dC  =  F(x)  (7) 

Moreover,  as  shown  in  Fig.  8,  the  individual  data  in  the  deceleration  from  the  running  speed  v  of  interest  are  also  pro- 
duced.  In  this  case,  the  running  speed  v,  the  running  time  density  X  and  the  running  time  T  are  expressed  by  the  follow- 
ing  equations,  respectively. 

35  v  =  q(x)  (8) 

X  =  1/q(x)  =  g(x)  (9) 

40 Jg(C)dC  =  G(x)  (10) 

Since  each  of  the  functions  p(x),  q(x),  f(x),  g(x),  F(x)  and  G(x)  is  a  monotonous  function,  these  functions  have 
45  respective  inverse  functions.  Moreover,  as  the  functions  necessary  for  the  calculation  of  the  running  time,  the  data  of 

F(f  with  respect  to  the  variable  X  in  the  acceleration  and  the  data  of  G(g"1(A,))  with  respect  to  the  variable  X  in  the 
deceleration  are  produced. 

Although  these  functions  are  not  always  clearly  expressed  in  the  form  of  formula,  they  are  stored  in  the  computer 
in  the  form  of  discrete  numeral  data. 

so  Fig.  9  is  a  graphical  representation  showing  the  running  of  the  train  in  which  the  fixed  speed  running  is  performed 
up  to  the  position  x-,  at  the  speed  V-,,  the  acceleration  is  started  from  the  position  x-,,  the  running  speed  reaches  the 
speed  V2  in  the  position  ^  ,  the  fixed  speed  running  is  performed  up  to  the  position  x2  at  the  speed  V2,  the  deceleration 
is  started  from  the  position  x2,  the  running  speed  reaches  the  speed  V3  in  the  position  £2,  and  the  fixed  speed  running 
is  performed  up  to  the  position  x3.  Incidentally,  in  this  case,  it  is  also  assumed  that  the  magnitude  of  the  grade  is  zero 

55  in  each  of  the  running  territories. 
Moreover,  Fig.  10  is  a  graphical  representation  showing  the  inverse  number  of  the  speed,  i.e.,  the  running  time  den- 

sity.  The  running  time  density  is  expressed  by  the  following  equation. 

A.i  =  1/Vi  (i=1,  2,  3)  (11) 

4 
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The  position  1̂  where  the  running  is  switched  over  from  the  acceleration  to  the  fixed  speed  running  can  be  obtained 
using  the  speed  curve  p(x)  in  the  acceleration  of  Fig.  7,  and  the  distance  required  for  the  acceleration  from  Vi  to  V2  can 
be  obtained  by  the  following  equation. 

s  p"1(V2)-p"1(V1)  =  1̂  -x,  (12) 

The  running  time  TA  from  x-|  to  £i  corresponds  to  the  area  A  shown  in  Fig.  10.  In  order  to  obtain  this  running  time 
TA,  the  travel  territory  between  x-,  and  t,2  is  converted  into  the  characteristics  shown  in  Fig.  7  and  the  resultant  charac- 
teristic  curve  of  Fig.  7  is  then  integrated.  First,  the  positions  y-\  and  y2  corresponding  to  h-\  and  X2  are  given  by 

10  y  1  =  f  "1  {X  1  )  and  y  2  =  f  "1  {X  2)  ,  respectively.  Therefore,  the  running  time  TA  is  given  by: 

y2  r\x2) 
TA  =  Jf(QdC=  I  f(QdC 

is  n  r\xo  (13) 

=  F(f"1(X2))-F(f"1(X1)) 

Moreover,  the  running  time  TB  from  ^  to  x2  corresponds  to  the  area  B  and  is  given  by  X2  •  (x2  -  %  .  As  a  result, 
20  the  running  time  TAB  from  x1  to  x2  is  obtained  using  the  following  equation. 

TAB  =  F(f  ~\x2))  -  F(f  -\X,))  +  X2  •  (x2  -  ^)  (14) 

The  position  E,2  where  the  running  is  switched  over  from  the  deceleration  to  the  fixed  speed  running  is  obtained  from 
25  the  following  equation,  using  the  speed  curve  q(x)  in  the  deceleration  of  Fig.  8. 

q"1(V3)-q-1(V2)  =  42-x2  (15) 

In  the  same  manner  as  in  the  acceleration,  the  running  time  Tc  from  x2  to  E,2  iS  given  by: 
30 

,  (16) 

35  _rvn"1n  w  .  rŝ n"1  n  w 

The  running  time  TD  from  E,2  to  x3  corresponds  to  the  area  D  and  is  given  by  X3  •  (x3  -  E,2)  .  As  a  result,  the  run- 
ning  time  TCD  from  x2  to  x3  is  obtained  using  the  following  equation. 

40 
T  cd  =  G(9  "1  ft  3))-G{g'\x2))  +  X3-{x3-^2)  (1  7) 

The  reason  for  performing  the  calculation  on  the  assumption  that  the  magnitude  of  the  grade  is  zero  in  the  above 
description  is  that  since  the  magnitude  of  the  grade  depends  on  the  place,  taking  the  actual  grades  into  consideration, 

45  it  is  impossible  to  produce  the  desired  data  in  advance  by  the  simulation.  However,  the  following  items  are  true: 

1  .  Since  the  recalculation  of  the  running  time  in  the  train  is  necessary  for  the  territory  where  the  change  of  the  limit 
speed  occurs  locally  and  the  subsequent  several  territories,  the  distance  requiring  the  recalculation  is  short.  Thus, 
there  is  a  small  error  between  this  case  and  the  case  where  the  magnitude  of  the  grade  is  taken  into  consideration. 

so  2.  Such  a  territory  where  the  change  of  the  limit  speed  occurs  is  mainly  included  in  the  high  speed  area,  and  there- 
fore,  there  is  small  influence  of  some  variation  of  the  speed  due  to  the  grade  upon  the  running  time. 

For  the  above  reasons,  there  is  the  small  error  between  the  present  case  and  the  case  where  the  magnitude  of  the 
grade  is  taken  into  consideration. 

55  As  described  above,  the  necessary  data  are  calculated  in  advance  by  the  simulation  and  the  like,  and  the  running 
time  is  then  calculated  using  the  resultant  data,  whereby  it  is  possible  to  correct  the  running  method  which  is  set  in 
advance,  in  a  real-time  manner. 

According  to  the  present  invention,  the  necessary  data  is  calculated  in  advance  by  the  simulation  Even  when  the 
necessity  of  correcting  the  train  running  method  occurs,  e.g.,  the  change  of  the  limit  speed  temporarily  occurs,  it  is  pos- 
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sible  to  correct  the  running  method  in  the  train  in  a  real-time  manner. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

5  Fig.  1  is  a  graphical  representation  showing  a  prior  art  running  pattern  of  a  limit  speed  between  stations; 
Fig.  2  is  a  graphical  representation  showing  an  example  of  a  running  pattern  of  a  limit  speed  between  stations; 
Fig.  3A  is  a  graphical  representation  showing  an  example  of  the  running  pattern  in  the  case  where  the  setting  of 
the  limit  speed  occurs  temporarily; 
Fig.  3B  is  a  graphical  representation  showing  an  example  of  the  running  pattern  corresponding  to  the  inverse 

10  number  of  the  limit  speed  illustrated  in  Fig.  3A; 
Fig.  4  is  a  graphical  representation  showing  an  example  of  the  running  pattern  of  the  limit  speed  between  the  sta- 
tions; 
Fig.  5  is  a  graphical  representation  showing  a  running  pattern  used  for  correcting  the  running  plan; 
Fig.  6  is  a  graphical  representation  showing  the  inverse  number  of  the  running  pattern  shown  in  Fig.  5; 

15  Fig.  7  is  a  graphical  representation  showing  the  speed,  the  inverse  number  of  the  speed  and  the  running  time  in  the 
acceleration  in  the  case  where  the  magnitude  of  the  grade  of  the  travel  territory  is  "0"; 
Fig.  8  is  a  graphical  representation  showing  the  speed,  the  inverse  number  of  the  speed  and  the  running  time  in  the 
deceleration  in  the  case  where  the  magnitude  of  the  grade  of  the  travel  territory  is  "0"; 
Fig.  9  and  Fig.  10  are  graphical  representations  useful  in  explaining  the  calculation  of  the  running  time  using  the 

20  inverse  number  of  the  speed; 
Fig.  1  1  is  a  block  diagram  showing  the  arrangement  of  a  system  for  carrying  out  a  method  of  producing  a  train  run- 
ning  plan  according  to  the  present  invention; 
Fig.  12  is  a  flow  chart  showing  the  method  of  producing  a  train  running  plan  of  a  first  embodiment  according  to  the 
present  invention; 

25  Fig.  1  3  is  a  diagram  useful  in  explaining  an  example  of  the  running  plan  which  is  displayed  on  a  CRT  of  a  train  sys- 
tem; 
Fig.  14  is  a  graphical  representation  showing  an  example  of  the  grade  data  of  a  limit  speed  territory; 
Fig.  15  is  a  graphical  representation  showing  the  running  pattern  of  the  limit  speed  which  is  used  when  a  train 
passes  a  station; 

30  Fig.  1  6  is  a  flow  chart  showing  the  method  of  producing  a  train  running  plan  of  a  second  embodiment  according  to 
the  present  invention; 
Fig.  1  7  is  a  flow  chart  showing  the  method  of  correcting  a  train  running  plan; 
Fig.  18  and  Fig.  19  are  graphical  representations  useful  in  explaining  examples  of  correction  of  the  running  plan; 
and 

35  Fig.  20  and  Fig.  21  are  graphical  representations  useful  in  explaining  another  examples  of  correction  of  the  running 
plan. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

40  Preferred  embodiments  of  the  present  invention  will  hereinafter  be  described  in  detail  with  reference  to  the  accom- 
panying  drawings. 

Fig.  1  1  is  a  block  diagram  showing  the  arrangement  of  a  system  for  carrying  out  a  method  of  producing  a  train  run- 
ning  plan  according  to  the  present  invention. 

This  system  arrangement  is  made  up  of  a  train  system  200a  having  a  main  function  of  displaying  an  optimal  train 
45  running  plan  on  a  CRT  203  provided  in  a  train  to  perform  the  operational  support  for  an  engineer,  and  a  ground  system 

200b  having  a  main  function  of  producing  the  optimal  train  running  plan  to  be  displayed  by  the  train  system  200a. 
Moreover,  for  brevity,  it  is  assumed  that  the  traffic  route  is  a  line  consisting  of  two  rails,  a  plurality  of  stations  are 

included  in  the  traffic  route,  a  running  train  is  limited  in  type,  and  each  of  the  trains  is  a  local  train. 
A  running  plan  producing  unit  208  serves  to  refer  to  the  necessary  data  in  a  rolling  stock  characteristic  data  file  21  2 

so  and  a  line  condition  data  file  213  to  produce  optimal  train  running  plan  thereby  to  store  the  optimal  train  running  plan  in 
a  running  plan  data  file  21  1  .  This  processing  is  performed  in  advance  with  respect  to  all  the  territories,  the  type  of  the 
train,  the  up  train  line  and  the  down  train  line. 

Then,  to  determine  the  train  plan  is  to  determine  a  target  speed  in  each  of  the  limit  speed  territories.  Incidentally,  in 
addition  to  the  target  speed,  the  curve  of  the  speed  corresponding  to  the  position  on  the  line,  which  is  designated  the 

55  running  curve,  will  be  also  displayed  in  the  train.  In  the  data  file  21  1  ,  the  result  of  the  simulation  when  the  optimal  target 
speed  is  set  will  be  recorded  in  the  form  of  the  position  and  the  speed.  The  details  of  the  method  of  producing  an  optimal 
train  running  plan  will  be  described  later  with  reference  to  Fig.  12. 

Then,  by  the  rolling  stock  characteristic  data  it  means  the  drive  force  characteristic  data  and  the  deceleration  char- 
acteristic  data  corresponding  to  the  train  speed,  the  running  resistance  which  is  a  function  of  the  second  order  of  the 
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train  speed,  the  train  organization,  the  train  weight  and  the  like  all  of  which  are  inherent  in  the  train.  These  rolling  stock 
characteristic  data  are  stored  corresponding  to  the  type  of  the  running  train. 

Moreover,  by  the  line  condition  data  it  means  the  position  of  the  station  (stopping  target  position),  the  limit  speed 
information  (territory  starting  position  and  limit  speed,  etc.),  the  grade  information  (starting  position  and  magnitude  of 

5  grade,  etc.)  and  the  like  all  of  which  are  obtained  with  the  starting  point  of  the  traffic  route  being  treated  as  a  standard. 
Since  it  is  assumed  that  the  traffic  route  is  a  single  line,  these  data  are  limited  to  only  two  kinds  with  respect  to  the  up 
train  line  and  the  down  train  line. 

Out  of  the  data  of  the  optimal  train  running  plan  thus  produced,  the  data  corresponding  to  the  running  train  and  the 
territory  between  the  stations  at  which  the  train  is  to  be  stopped  in  order  need  to  be  transferred  to  the  train  system  200a 

10  of  the  running  train.  As  for  the  means  for  transferring  such  data,  there  are  known  various  kinds  of  ones.  However,  par- 
ticularly  in  the  present  example,  an  IC  card  is  used  to  transfer  the  data  from  the  ground  system  200b  to  the  train  system 
200a.  The  running  plan  producing  unit  208  serves  to  search  for  the  necessary  data  to  take  out  them  from  the  data  file 
21  1  ,  thereby  to  send  them  to  an  IC  card  writer  214.  The  IC  card  writer  214  serves  to  write  the  data  thus  sent  thereto  in 
an  IC  card  215.  The  IC  card  215  having  the  data  written  therein  is  the  same  as  an  IC  card  206  in  the  train  system  200a. 

15  A  running  support  unit  201  serves  to  read  out  the  running  plan  from  the  IC  card  206  through  an  IC  card  reader  207 
prior  to  the  start  of  the  train  and  to  record  the  running  plan  in  a  running  plan  data  file  204  in  a  train  computer.  Further, 
the  running  support  unit  201  performs  the  display  of  the  present  position,  the  target  speed  at  the  present  position,  the 
running  curve  in  the  running  plan,  and  the  like  on  a  CRT  203,  corresponding  to  the  travel  position  of  the  train.  A  key- 
board  202  in  the  train  system  200a  and  the  209  in  the  ground  system  200b  are  used  for  the  input  of  the  commands  and 

20  the  like  when  the  respective  systems  are  operated  and  so  forth.  An  example  of  the  displayed  picture  is  shown  in  Fig.  1  3. 
In  Fig.  1  3,  the  reference  numeral  701  designates  the  limit  speed,  the  reference  numeral  702  designates  the  optimal 

target  speed,  and  the  reference  numeral  703  designates  the  running  curve  which  is  obtained  by  performing  the  simula- 
tion  of  the  running  at  the  optimal  target  speed.  The  reference  numeral  704  indicates  the  present  position  on  the  running 
curve.  The  target  speed,  the  present  speed,  the  present  position  and  the  running  time  are  numerically  displayed  in 

25  areas  705,  706,  707  and  708,  respectively. 
Returning  to  Fig.  1  1  ,  the  position  of  the  train  is  calculated  in  such  a  way  that  a  rolling  stock  position  detection  unit 

205  measures  the  rotational  frequency  of  the  wheel  and  the  correction  is  performed  in  the  place  where  the  positions  of 
the  station  and  the  vicinity  thereof  can  be  accurately  grasped. 

Fig.  12  is  a  flow  chart  in  accordance  with  which  the  running  plan  producing  unit  208  in  the  ground  system  200b 
30  shown  in  Fig.  1  1  carries  out  a  first  embodiment  of  a  method  of  producing  an  optimal  train  running  plan. 

The  first  embodiment  is  characterized  in  that  the  target  speed  is  determined  so  as  to  provide  the  minimum  con- 
sumed  energy  when  the  train  is  running. 

In  Step  101  ,  the  data  inputted  from  the  keyboard  209  is  read  out.  The  data  which  are  inputted  from  the  keyboard 
209  are  made  up  of  the  type  of  the  train,  the  identifiers  with  respect  to  the  individual  stations,  the  starting  time,  and  the 

35  estimated  time  of  arrival. 
In  Step  102,  on  the  basis  of  the  data  thus  inputted,  the  line  condition  data  with  respect  to  the  stations  at  which  the 

running  train  is  to  be  stopped  in  order  (the  line  length,  the  station  position,  the  limit  speed  information,  the  grade  infor- 
mation  and  the  like)  and  the  rolling  stock  characteristic  data  of  the  running  train  (the  drive  force  characteristics,  the 
deceleration  characteristics,  the  train  weight  and  the  like)  which  are  stored  in  advance  in  the  files  213  and  212  of  the 

40  ground  system  200b,  respectively,  are  read  out.  The  train  weight  is  calculated  on  the  basis  of  the  average  seat-load  fac- 
tor  (it  is  estimated  from  the  past  data  and  the  like). 

In  Step  103,  on  the  basis  of  the  above  data  thus  read  out,  the  target  speed  which  is  obtained  by  subtracting  the 
marginal  speed  from  the  limit  speed  is  assigned  to  each  of  the  limit  speed  territories.  The  marginal  speed  is  set  so  as 
not  to  exceed  the  limit  speed  during  the  fixed  speed  running.  Thus,  for  example,  if  the  marginal  speed  is  set  to  3  km/h, 

45  when  the  limit  speed  is  100  km/h,  97  km/h  is  set  to  the  target  speed. 
In  Step  1  04,  the  necessary  time  T  and  the  consumed  energy  E  in  the  case  where  the  train  will  run  between  the  sta- 

tions  at  the  target  speed  thus  set  are  calculated.  The  concrete  method  of  calculating  the  necessary  time  T  and  the  con- 
sumed  energy  E  will  hereinbelow  be  described. 

The  running  pattern  of  the  limit  speed  shown  in  Fig.  4  is  used  as  that  in  the  present  embodiment.  The  axis  of 
so  abscissa  designates  the  distance  from  the  starting  station  and  will  hereinbelow  be  represented  by  x.  The  limit  speed 

territories  are  numbered  serially  (the  total  number  of  territories  is  N).  At  this  time,  it  is  assumed  that  the  starting  position 
of  the  i-th  territory  is  Xj  and  the  limit  speed  thereof  is  VMAXj.  That  is,  if  the  position  of  the  train  satisfies  the  relationship 
of  Xj  s  x  s  xi+i,  the  limit  speed  at  that  position  is  VMAXj. 

Moreover,  as  described  above,  it  is  assumed  that  the  running  pattern  takes  the  combination  of  the  maximum  accel- 
55  eration  -»  the  fixed  speed  running  -»  the  deceleration  by  the  normal  maximum  braking. 

Next,  it  is  assumed  that  the  grade  of  the  n-th  limit  speed  territory  is  as  shown  in  Fig.  1  4  and  the  number  of  territories 
each  having  the  grade  is  Mn.  Then,  in  the  position  satisfying  the  relationship  of  4n,m-i  -  x  -  £n,m-  tne  grade  is  yn  m.  Inci- 
dentally,  the  unit  of  the  grade  is  expressed  by  o/oo  (per  mil). 

The  running  resistance  RR  is  a  function  of  the  second  order  of  the  train  speed  v  and  is  expressed  by  the  following 
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formula: 

RR(v)  =  a  +  bv  +  cv2  (18) 

where  a,  b  and  c  are  parameters  inherent  in  the  kind  of  the  train. 
The  grade  resistance  RG  is  a  function  of  the  position  x.  Since  the  unit  of  the  grade  y  is  given  by  o/oo,  if  the  angle 

corresponding  to  the  grade  is  given  by  6,  the  following  relationship  is  established. 

sin  6  =  6  =  tan  6  =  y/1000 

Thus,  if  the  train  weight  is  given  by  M,  the  following  relationship  is  established. 

RG(x)  =  M  •  g  •  sin  6  =  M  •  g  •  y/1000 

Then,  if  the  drive  force  characteristics  and  the  deceleration  characteristics  corresponding  to  the  speed  v  are 
expressed  by  TQ(v)  and  TB(v),  respectively,  the  equation  of  motion  of  the  train  motion  are  given  by: 

M ' s   =  fmM-Rr(v)-Rq(x)  (19) 

where  FM(v)  is  the  output  of  a  motor  (TQ(v)  in  the  acceleration  and  -TB(v)  in  the  deceleration).  Since  the  limit  speed  as 
the  constraint  condition  depends  on  the  position  x,  the  independent  variable  of  the  time  t  is  inconvenient  to  treat.  Then, 
the  time  t  is  subjected  to  the  change  of  variables  to  obtain  the  independent  variable  x.  At  this  time,  the  equation  is  rewrit- 
ten  as  follows: 

m , v , J   =  f m M " r r ( v ) - r g M   (20) 

Thereafter,  the  necessary  time  T  and  the  consumed  energy  E  can  be  obtained  in  such  a  way  that  the  distance  x  is 
made  to  be  discrete  and  the  equation  (20)  is  solved  by  the  numerical  calculation. 

Incidentally,  although  it  is  assumed  that  with  respect  to  the  train  running,  the  acceleration  is  performed  in  accord- 
ance  with  TQ(v)  and  the  deceleration  is  performed  in  accordance  with  TB(v),  the  control  in  the  fixed  speed  running  is 
performed  in  the  following  manner. 

The  lower  limit  AVd  and  the  upper  limit  AVu  of  the  error  between  the  present  speed  v  and  the  target  speed  Vn  are 
set.  Then,  the  control  in  the  fixed  speed  running  is  performed  in  accordance  with  the  following  relationship. 

vsVn-  AVd  :  acceleration  due  to  T  Q(v) 

Vn  -  AVd  <  v  <  Vn  +  AVu  :  coasting  (F  M(v)  =  0) 

Vn  +  AVu  s  v  :  deceleration  due  to  T  B(v) 

In  order  to  obtain  the  partial  derivative  0E/6Vi  of  the  consumed  energy  E  with  respect  to  the  target  speed  Vi,  the 
target  speed  Vi  is  reduced  by  the  small  speed  eV  to  perform  the  same  calculation.  If  the  consumed  energy  at  this  time 
is  given  by  E',  the  following  relationship  is  established. 

0E/0Vi  =  (E  -  E'VeV  (21) 

Such  a  calculation  is  repeatedly  performed  with  respect  to  i  (i=1  N). 
After  the  completion  of  the  above  processing,  with  the  target  speed  being  equal  to  the  initial  setting  value  (i.e.,  in 

the  first  calculation),  the  schedule  time  (the  estimated  time  of  arrival  -  the  starting  time)  is  compared  with  the  calculated 
necessary  time  (Step  105).  When  the  schedule  time  is  smaller  than  the  necessary  time  (in  the  case  where  the  train  is 
too  late  for  the  necessary  time  at  any  high  speed),  it  is  judged  that  the  input  data  are  abnormal.  Then,  this  processing 
is  completed  (Step  106).  The  completion  of  this  processing  is  displayed  on  the  CRT  210. 

On  the  other  hand,  when  the  schedule  time  is  larger  than  the  necessary  time,  the  difference  between  the  schedule 
time  and  the  necessary  time  is  calculated.to  compare  the  magnitude  of  the  difference  and  the  allowable  error  8T  with 
each  other  (Step  107).  If  the  difference  therebetween  is  smaller  than  the  allowable  error  (formation  of  end  condition), 
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the  target  speed  and  the  running  curve  data  at  this  time  are  stored  in  the  running  plan  data  file  204  (Step  108).  Thus, 
the  processing  for  obtaining  the  optimal  train  running  method  is  completed  (Step  109). 

If  the  difference  therebetween  is  more  than  the  allowable  error  8T,  the  processing  for  changing  the  target  speed  is 
performed  (Step  110).  There  are  various  methods  for  changing  the  target  speed.  For  example,  there  is  a  method  in 

5  which  the  gradient  vector  having  5E/5Vi  as  the  i-th  component  is  normalized  (making  the  length  thereof  1),  the  length 
along  the  i-th  component,  i.e.,  that  of  the  target  speed  as  the  vector  is  decreased  by  5  km/h.  There  is  another  method 
in  which  the  positive  and  maximum  partial  derivative  is  selected  and  the  target  speed  is  reduced  by  1  km/h.  In  the 
present  embodiment,  the  latter  is  employed. 

Thereafter,  the  subsequent  target  speed  is  newly  set,  a  series  of  processings  beginning  from  Step  104  are 
10  repeated. 

As  another  example  in  the  method  of  producing  a  train  running  plan,  it  is  supposed  that  the  territory  for  providing 
the  optimal  train  running  plan  exists  between  the  two  passed  stations,  as  shown  in  Fig.  15.  At  this  time,  there  is  no 
schedule  time  between  these  stations.  However,  the  difference  between  the  estimated  times  of  passing  with  respect  to 
the  two  stations  is  regarded  as  the  schedule  time,  the  speed  at  passing  the  station  at  the  left  end  (the  initial  speed  in 

15  the  simulation)  is  added,  and  the  consumed  energy  and  the  necessary  time  are  obtained  by  the  simulation. 
Thus,  in  the  method  of  producing  a  train  running  plan  according  to  the  first  embodiment,  since  the  target  speed  in 

each  of  the  limit  speed  territories  is  obtained  on  the  basis  of  the  nonlinear  planning  for  obtaining  the  desired  train  run- 
ning  plan,  the  number  of  parameters  used  for  determining  the  target  speed  can  be  decreased,  and  the  computation 
time  becomes  less  in  comparison  with  the  case  of  the  optimal  running  method  for  all  the  territories  by  the  dynamic  plan- 

20  ning  or  the  like. 
Moreover,  the  method  of  producing  a  train  running  plan  of  the  present  embodiment  can  be  applied  to  the  running 

pattern  using  the  arbitrary  limit  speed. 
The  second  embodiment  of  the  present  invention  will  subsequently  be  described.  In  the  second  embodiment,  the 

subsequent  target  speed  is  newly  obtained  on  the  basis  of  the  change  ratio  of  the  consumed  energy  with  respect  to  the 
25  change  of  the  running  time  when  changing  the  target  speed.  Incidentally,  as  the  system  for  carrying  out  the  method  of 

producing  a  train  running  plan  of  the  second  embodiment,  as  shown  in  Fig.  1  1  is  used.  Therefore,  the  description  of  the 
arrangement  of  the  system  is  omitted  here  for  brevity.  Then,  only  the  features  of  the  second  embodiment  will  hereinafter 
be  described  with  reference  to  Fig.  16. 

In  Step  101a,  the  data  of  the  type  of  the  train,  the  identifiers  with  respect  to  the  individual  stations,  the  starting  time, 
30  the  estimated  time  of  arrival,  and  the  like  are  inputted  from  the  keyboard  209. 

In  Step  102a,  on  the  basis  of  the  data  inputted  in  Step  101a,  the  line  condition  data  with  respect  to  the  stations  at 
which  the  running  train  is  to  be  stopped  (the  line  length,  the  station  position,  the  limit  speed  information,  the  grade  infor- 
mation  and  the  like)  and  the  rolling  stock  characteristic  data  of  the  train  of  interest  (the  drive  force  characteristics,  the 
deceleration  characteristics,  the  train  weight,  and  the  like)  which  are  stored  in  advance  in  the  files  213  and  212  of  the 

35  ground  system  200b,  respectively,  are  read  out.  The  weight  of  the  passengers  in  the  train  weight  is  calculated  on  the 
basis  of  the  average  seat-load  factor  (it  is  estimated  from  the  past  data). 

In  Step  103a,  on  the  basis  of  the  data  thus  read  out,  the  initial  value  of  the  target  speed  of  each  of  the  limit  speed 
territories  is  set  by  subtracting  the  marginal  speed  from  the  limit  speed  Vmax(n).  The  marginal  speed  is  set  so  as  not 
to  exceed  the  limit  speed  during  the  fixed  speed  running  at  the  maximum  speed.  Thus,  for  example,  if  the  marginal 

40  speed  is  set  to  3  km/h,  when  the  limit  speed  is  100  km/h,  97  km/h  is  set  to  the  target  speed. 
In  Step  104a,  the  processing  is  performed  with  respect  to  the  following  two  items: 

(1)  The  simulation  of  the  train  running  is  performed  using  the  target  speed  which  is  set  at  present  to  calculate  the 
running  time  T  and  the  consumed  energy  E.  At  the  same  time,  the  combination  data  of  the  target  speeds  at  that 

45  time,  and  the  running  curve  data  which  are  expressed  by  the  relationship  between  the  running  position  and  the 
speed  are  temporarily  stored. 
(2)  The  target  speed  of  the  n-th  limit  speed  territory  which  is  set  at  present  is  expressed  by  V(n).  Then,  the  target 
speed  of  that  territory  is  set  to  V(n)  -  eV  which  is  obtained  by  reducing  the  target  speed  by  the  small  value  eV,  to 
perform  the  simulation  of  the  train  running.  Thus,  the  running  time  T'  and  the  consumed  energy  E'  are  calculated. 

so  Then,  the  following  approximate  expression  is  calculated. 

p(n)  =  -(E-E')/(T-T')  (22) 

Such  a  processing  is  carried  out  with  respect  to  n  (n=1  N).  Incidentally,  as  stated  in  the  description  of  the  equa- 
55  tion  (4),  p(n)  represents  the  vector  component. 

Now,  when  the  running  pattern  of  the  limit  speed  is  that  as  shown  in  Fig.  4,  the  calculation  method  of  the  running 
time  T  and  the  consumed  energy  E  is  as  follows. 

The  running  pattern  of  the  train  is  supposed  in  such  a  way  that  in  the  acceleration  running,  the  acceleration  by  the 
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maximum  accelerating  force  is  switched  over  to  the  fixed  speed  running,  and  in  the  deceleration  running,  the  decelera- 
tion  by  the  normal  maximum  braking  is  switched  over  to  the  fixed  speed  running.  At  this  time,  by  determining  the  train 
running  plan  it  means  that  determining  the  target  speed  in  each  of  the  limit  speed  territories. 

Then,  if  the  drive  force  characteristics  and  the  deceleration  characteristics  corresponding  to  the  speed  v  are 
5  expressed  by  Tq(v)  and  Tb(v),  respectively,  the  equation  of  motion  of  the  train  is  given  by: 

M  •  (dv/dt)  =  Fm(v)  -  Rr(v)  -  Rg(x)  (23) 

where  Fm(v)  represents  the  output  of  the  motor  and  is  expressed  by  Tq(v)  in  the  acceleration  while  being  expressed  by 
10  -Tb(v)  in  the  deceleration.  Thereafter,  the  necessary  time  T  and  the  consumed  energy  E  can  be  obtained  in  such  a  way 

that  the  time  t  is  made  to  be  discrete  and  the  above  equation  is  solved  by  the  numerical  calculation. 
Incidentally,  although  it  is  assumed  that  with  respect  to  the  train  running,  the  acceleration  running  is  performed  in 

accordance  with  Tq(v)  and  the  deceleration  running  is  performed  in  accordance  with  Tb(v),  the  control  in  the  fixed 
speed  running  is  performed  in  the  following  manner.  The  lower  limit  AVI  and  the  upper  limit  AVu  of  the  error  between  the 

15  present  speed  v  and  the  target  speed  V(n)  are  set.  Then,  the  control  in  the  fixed  speed  running  is  performed  in  accord- 
ance  with  the  following  relationship. 

v  s  V(n)  -  AVI  :  acceleration  due  to  Tq(v) 

20  V(n)  -  AVI  <  v  <  V(n)  +  AVu  :  coasting  (Fm(v)  =  0) 

V(n)  +  AVu  s  v  :  deceleration  due  to  Tb(v) 

After  the  completion  of  the  above  processing,  in  Step  105a,  with  the  target  speed  being  equal  to  the  initial  setting 
25  value  which  is  set  in  Step  103a  (i.e.,  in  the  first  calculation),  the  schedule  time  (=the  estimated  time  of  arrival  -  the  start- 

ing  time)  is  compared  with  the  running  time  which  is  calculated  by  the  simulation. 
By  the  case  where  the  running  time  is  larger  than  the  schedule  time,  it  means  that  in  the  case  where  the  train  is  too 

late  for  the  schedule  time  at  any  high  speed.  In  such  a  case,  the  input  data  are  abnormal.  Then,  the  processing  for 
obtaining  the  optimal  target  speed  is  completed  (Step  106a).  Then,  the  completion  of  this  processing  is  displayed  on 

30  the  CRT  210. 
In  the  case  where  the  running  time  is  smaller  than  the  schedule  time,  the  calculation  result  of  "the  schedule  time  - 

the  running  time"  and  the  allowable  error  8T  are  compared  with  each  other  (Step  107a).  When  the  difference  therebe- 
tween  is  smaller  than  the  allowable  error  8T,  the  formation  of  the  end  condition  is  established.  In  this  case,  the  combi- 
nation  data  of  the  target  speeds  and  the  running  curve  data  both  of  which  are  temporarily  stored  are  stored  in  the 

35  running  plan  data  file  204  (Step  108a).  Then,  the  processing  for  obtaining  the  optimal  train  running  method  is  completed 
(Step  109a). 

On  the  other  hand,  when  the  difference  therebetween  is  more  than  the  allowable  errors  ST,  the  processing  for 
changing  the  target  speed  is  performed  (Step  1  1  0a).  Then,  the  target  speed  in  the  territory  having  the  positive  and  max- 
imum  p(n)  is  reduced  by  unit  quantity,  e.g.,  1  km/h.  After  the  subsequent  target  speed  is  newly  set,  a  series  of  process- 

40  ing  beginning  from  Step  104a  are  repeated. 
With  respect  to  the  method  of  changing  the  target  speed  in  Step  1  10a,  in  addition  to  the  above-mentioned  method, 

there  are  various  ones  which  will  subsequently  be  listed. 

(1)  A  first  method  is  such  that  as  described  on  referring  to  the  equation  (4),  q,  as  the  vector  is  used,  its  unit  vector 
45  is  obtained,  the  target  speed  is  moved  along  the  direction  of  that  unit  vector  by  unit  quantity,  and  in  a  territory 

where  the  target  velocity  exceeds  the  limit  speed,  that  target  speed  is  not  changed. 
(2)  A  second  method  is  such  that  since  in  the  above  method  (1),  the  target  speed  will  be  increased  in  any  territory 
having  the  negative  p(n),  q,  where  c(n)  =  0  is  set  to  that  territory  is  used. 
(3)  A  third  method  is  such  that  since  in  the  method  described  in  the  present  embodiment  and  the  above  methods 

so  (1)  and  (2),  there  is  the  possibility  that  the  increasing  of  the  running  time  corresponding  to  the  change  of  the  target 
speed  per  unit  quantity  is  large  and  thus  it  may  not  be  suitably  within  the  range  of  the  allowable  error,  when 
approaching  the  running  time  set  in  advance,  the  target  speed  is  changed  to  decrease  the  unit  quantity. 

Thus,  in  the  method  of  producing  a  train  running  plan  according  to  the  second  embodiment,  the  target  speed  in 
55  each  of  the  limit  speed  territories  is  obtained  for  obtaining  the  train  running  plan,  and  the  combination  of  the  optimal  tar- 

get  speeds  is  obtained  by  utilizing  the  ratio  of  the  decreasing  of  the  consumed  energy  to  the  increasing  of  the  running 
time  in  the  change  of  the  target  speed.  Therefore,  the  number  of  parameters  used  for  determining  the  target  speed  can 
be  decreased  and  the  computation  time  becomes  less  in  comparison  with  the  case  of  the  method  of  obtaining  the  opti- 
mal  running  method  over  all  the  territories,  such  as  the  dynamic  planning.  Moreover,  the  present  method  can  be  applied 
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to  the  running  pattern  using  the  arbitrary  limit  speed.  Further,  since  it  is  unnecessary  to  search  for  the  minimum  target 
speed  within  the  limited  area,  the  amount  of  calculation  becomes  less  in  comparison  with  the  solution  by  the  nonlinear 
planning. 

When  the  limit  speed  of  the  train  is  changed,  the  running  plan  may  be  corrected  so  that  the  running  time  becomes 
5  the  previously  determined  running  time.  Incidentally,  as  the  system  arrangement  for  carrying  out  the  method  of  produc- 

ing  a  train  running  plan,  that  shown  in  Fig.  1  1  is  used.  Therefore,  the  description  of  the  system  arrangement  is  omitted 
here  for  brevity.  Then,  only  the  features  of  the  correction  will  hereinafter  be  described  with  reference  to  Fig.  17. 

In  Step  101b,  the  data  of  the  starting  position  and  the  ending  position  of  the  limit  speed  changing  territory  (the  ter- 
ritory  5  in  Fig.  3A),  and  the  change  value  of  the  limit  speed  are  inputted. 

10  In  Step  102b,  it  is  judged  whether  or  not  the  change  of  the  limit  speed  of  the  limit  speed  changing  territory  influ- 
ences  upon  the  target  speed  of  that  territory,  i.e.,  whether  or  not  that  target  speed  is  allowed  in  the  newly  set  limit  speed. 

In  the  case  of  no  influence  thereupon,  it  is  unnecessary  to  change  the  target  speed,  and  thus  the  processing  is 
completed  (Step  103b).  In  the  case  where  the  influence  is  more  or  less  present,  a  series  of  processing  beginning  from 
the  Step  104b  are  carried  out  in  the  following  manner. 

15  Now,  the  preparation  for  giving  the  description  of  the  series  of  processing  from  Step  104b  will  hereinunder  be  per- 
formed. 

Fig.  18,  Fig.  19,  Fig.  20  and  Fig.  21  are  enlarged  views  of  the  territories  5  through  7  shown  in  Fig.  3A  and  Fig.  3B. 
Fig.  18  and  Fig.  20  relate  to  the  speed-and  Fig.  19  and  Fig.  21  relate  to  the  running  time  density.  Incidentally,  it  is 
assumed  that  the  grade  is  zero  over  all  the  territories.  The  reason  for  setting  the  grade  to  zero  was  already  discussed. 

20  Fig.  18  and  Fig.  19  show  the  running  plan  before  the  reduction  of  the  limit  speed  of  the  territory  5,  and  Fig.  20  and 
Fig.  21  show  the  running  plan  after  the  reduction  of  the  limit  speed  of  the  territory  5.  In  these  figures,  it  is  assumed  that 
the  limit  speed  of  the  territory  n  is  VMAX  n,  the  inverse  number  of  VMAXj  is  A,MAX  j,  the  target  speed  is  Vn,  the  inverse 
number  of  Vn  is  Xn,  the  starting  position  of  the  territory  is  xn,  and  the  position  where  the  switching  over  to  the  fixed 
speed  running  occurs  is  £n.  In  Fig.  20  and  Fig.  21,  the  change  value  is  distinguished  from  the  original  value  in  Fig.  18 

25  and  Fig.  1  9  by  putting  to  the  original  value  as  shown  in  the  form  of 
In  Step  104b,  the  target  speed  V5'  of  the  territory  5  where  the  limit  speed  is  reduced  is  set  to  the  maximum  speed 

as  fast  as  the  train  runs  through  the  territory  5.  This  setting  is  performed  for  the  purpose  of  recovering  the  delay  as  soon 
as  possible  to  reduce  the  acceleration  in  the  territory  6.  Then,  as  the  marginal  speed  which  is  set  so  as  not  to  exceed 
the  limit  speed  in  the  running  is  expressed  by  8v,  and  then  the  target  speed  is  set  in  accordance  with  the  relationship  of 

30  V5'  =  VMAX5'  -  8v  .  If  the  limit  speed  is  100  km/h  for  example,  the  marginal  speed  Sv  is  set  to  about  3  km/h. 
In  Step  105b,  it  is  judged  whether  or  not  a  limit  speed  territory  is  present  between  the  target  speed  changing  terri- 

tory,  i.e.,  in  this  case,  the  territory  5  where  the  target  speed  is  changed  by  the  change  of  the  limit  speed,  and  the  follow- 
ing  station.  In  the  case  of  absence  of  such  a  territory,  there  is  no  room  for  correction,  and  it  is  impossible  to  carry  out 
the  scheduled  operation  up  to  the  following  station  (Step  106b). 

35  In  the  case  of  presence  of  the  limit  speed  territory,  the  processing  proceeds  to  Step  107b.  In  Step  107b,  it  is  judged 
whether  or  not  the  scheduled  operation  can  be  performed  as  the  result  of  the  correction  of  the  target  speed  of  the  ter- 
ritory  6.  The  detail  description  will  hereinbelow  be  given  with  respect  to  the  judgement  in  Step  107b. 

The  running  time  T-|  of  the  territories  5  through  7  shown  in  Fig.  18  and  Fig.  19  is  expressed  by  the  following  equa- 
tion  using  the  equation  (14)  as  already  described. 

40 
T,  =  XA  •  (x6  -  x5)  +  XA  •  (x7  -  x6)  +  G(g"V7))  -G(g"V4))  +  X7  •  (x8  -  %7)  (27) 

Incidentally,  the  position  E,7  in  the  territory  7  where  the  switching  over  to  the  fixed  speed  running  is  carried  out  is 
obtained  from  the  following  equation  by  utilizing  the  equation  (15). 

45 
q"1(V7)-q"1(V4)  =  47-x7 

The  calculation  of  the  running  time  T2  of  the  territories  5  through  7  shown  in  Fig.  20  and  Fig.  21  will  subsequently 
be  performed.  Now,  the  target  speed  V6'  in  the  territory  6  is  uncertain.  Then,  that  target  speed  is  determined  so  that  the 

so  relationship  of  T2  =  T  1  is  established. 
Then,  T2  is  calculated  while  leaving  V6'  being  an  unknown  quantity.  Therefore,  T2  is  a  function  of  V6'.  Then,  while 

t,s  and  £7'  are  also  unknown  quantities,  they  are  uniquely  determined  if  V6'  is  determined.  By  using  the  equations  (14) 
and  (17),  the  following  expression  is  obtained. 

55  T  2  =  G(g  "1  5'))  -  G(g  "1  (x  5))+  X  5'  •  (x  6  -  4  5')+  F(f  "1  (4  6'))  -  F(f  "1  (x  „)) 
(28) 

+  ».  6"  *  (x7  "  %  e')+  G(9  "1  (4  7'))  "  G(g  "1  (*  7))+  7'  *  (xs  "  %  7') 
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Incidentally,  with  respect  to  £5',  £6'  and  E,7\  the  following  relationships  are  established. 

q"1(V5')-q-1(V4)  =  45'-x5 

p"1(V6')-q-1(V5)  =  46'-x6 

q"1(V7')V(V6)  =  47'-x7 

V6'  to  be  obtained  can  be  calculated  as  the  root  of  (̂V,)  =  T2(V6')-T1  from  the  numerical  calculation  by  utilizing 
10  the  Newton's  method  or  the  like. 

In  the  case  where  the  solution  of  (|>(V6')  =  0  is  present,  it  is  judged  in  Step  107b  that  it  is  possible  to  perform  the 
scheduled  operation.  At  this  time,  the  target  speeds  V5  and  V6  are  corrected  to  V5'  and  V6',  respectively,  to  complete 
the  processing  (Step  1  08b).  The  resultant  target  speeds  are  displayed  on  the  CRT  21  0.  With  the  running  curve,  the  data 
of  the  territories  (the  territories  5  through  7)  where  the  correction  occurs  are  replaced  with  those  of  the  running  curve 

15  (p(x)  in  Fig.  7  and  q(x)  in  Fig.  8)  when  the  grade  is  zero. 
In  the  case  of  absence  of  the  solution  of  (|>(V6')  =  0  ,  it  is  judged  in  Step  107b  that  it  is  impossible  to  perform  the 

scheduled  operation  by  only  the  correction  of  the  territories  5  and  6.  At  this  time,  in  the  same  manner  as  in  V5',  V6'  is 
also  set  to  the  maximum  speed  as  fast  as  the  train  runs  through  the  territory  6  (Step  109b).  Then,  the  processing  is 
returned  to  the  Step  105b  to  perform  the  calculation  for  obtaining  V7'. 

20  In  the  above-mentioned  algorithum,  in  the  case  where  the  correction  is  necessary  for  the  fairly  toward  territories 
such  as  the  territories  7  and  8,  the  amount  of  calculation  is  increased  so  that  the  calculation  requires  much  time.  How- 
ever,  since  the  target  speed  of  the  nearest  territory  is  set  to  the  maximum  speed  as  fast  as  the  train  runs  through  that 
territory,  the  predetermined  calculation  may  be  completed  during  the  running  through  that  territory.  Thus,  there  is  no 
problem  in  practical  use. 

25  As  described  above,  according  to  the  method  of  correcting  a  train  running  plan,  the  data  which  are  calculated  in 
advance  by  the  simulation  are  used  to  perform  the  calculation  of  the  running  time,  thereby  to  perform  the  correction  of 
the  running  plan.  Therefore,  even  when  the  change  of  the  limit  speed  occurs  temporarily,  the  running  plan  can  be  cor- 
rected  in  a  real-time  manner. 

30  Claims 

1.  A  method  of  producing  a  train  running  plan  for  making  a  train  to  run  through  a  predetermined  travel  territory  of  a 
railway,  wherein  the  travel  territory  is  divided  into  a  plurality  of  territories,  each  having  a  predetermined  limit  speed 
(VMAXj),  while  maintaining  a  predetermined  running  time  (TD),  the  method  comprising  the  steps  of: 

35 
(a)  setting  a  target  speed  for  each  territory; 
(b)  obtaining  a  consumed  energy  (E)  and  a  running  time  (T),  wherein  the  train  is  simulated  to  run  in  accordance 
with  the  target  speeds  in  each  territory,  assuming  acceleration  of  the  train  by  a  maximum  accelerating  force 
and  deceleration  of  the  train  by  a  maximum  decelerating  force; 

40  (c)  for  each  territory,  without  altering  the  target  speeds  of  the  other  territories,  reducing  the  target  speed  of  a 
territory  and  obtaining  a  consumed  energy  (E')  and  a  running  time  (T)  for  the  changed  target  speed  of  the  ter- 
ritory,  and  determining  a  change  ratio  of  the  consumed  energy  obtained  for  the  territory;  and 
(d)  repeating  steps  (b)  and  (c),  wherein,  after  each  step  (c),  the  target  speeds  are  reset  on  the  basis  of  the 
change  ratios,  in  order  to  determine  the  target  speeds  of  all  the  territories  in  the  predetermined  travel  territory 

45  in  such  a  way  that,  in  the  simulation,  the  train  runs  in  accordance  with  said  predetermined  running  time  and  the 
consumed  energy  becomes  minimum. 

2.  The  method  according  to  claim  1  ,  wherein  step  (c)  comprises  the  steps  of 

so  (c-|)  determining  the  change  ratio  of  the  consumed  energy  for  each  territory  as  positive  for  the  case  that  the 
consumed  energy  is  decreased  while  the  running  time  is  increased,  wherein  the  target  speed  initially  set  in 
step  (a)  is  assumed  to  be  the  limit  speed; 
(c2)  reducing  the  target  speed  of  the  territory,  in  which  the  resultant  change  ratio  of  the  consumed  energy  takes 
the  maximum  value,  by  unit  quantity;  and 

55  (c3)  treating  the  target  speed  reduced  by  unit  quantity  in  step  (c2)  as  a  new  target  speed,  when  the  running  time 
is  within  a  predetermined  error  range. 

3.  The  method  according  to  claim  2,  wherein  step  (c2)  includes  a  processing  of  the  value  of  the  change  ratio  of  the 
consumed  energy  obtained  for  each  territory  as  a  vector  quantity  to  change  the  target  speed  along  the  direction  of 
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the  vector  by  unit  quantity. 

4.  The  method  according  to  claim  3,  wherein  said  processing  as  a  vector  quantity  includes  a  changing  of  a  component 
of  the  vector  quantity  of  the  territory  to  "0"  if  the  component  of  the  vector  quantity  is  negative. 

5 
5.  The  method  according  to  claim  2,  wherein  step  (c2)  includes  a  process  of  decreasing  the  unit  quantity  for  changing 

the  target  speed,  when  the  running  time  of  the  train  in  the  territory  approaches  the  predetermined  running  time. 

6.  The  method  according  to  claim  1  ,  wherein  the  running  time  and  the  consumed  energy  of  the  train  of  the  predeter- 
10  mined  travel  territory  are  obtained  on  the  basis  of  an  initial  speed  when  the  train  enters  into  said  travel  territory,  pre- 

determined  grade  information,  a  running  resistance  of  the  train,  acceleration  and  deceleration  characteristics  of  the 
train  and  a  weight  of  the  train. 

7.  The  method  according  to  claim  6,  wherein  the  consumed  energy  is  made  to  be  an  evaluation  function  (E) 
15  expressed  by  an  equation  of  E  =  E(V1  VN)  wherein  the  individual  target  speeds  are  independent  variables 

(Vi  VN). 

8.  The  method  according  to  claim  7,  wherein  the  running  time  is  made  to  be  evaluation  function  (T)  expressed  by 
equation  T  =  T(V  1  V  N)  . 

20 
9.  The  method  according  to  claim  7  or  8,  wherein  a  differential  coefficient  is  obtained  from  an  approximate  expression 

of  0E/6V(n)  =  AE/AV(n)  ,  wherein  target  speed  V(n)  is  changed  in  the  range  of  0  <  V(n)  <  Vmax(n)  and  V(n) 
becomes  an  optimal  target  speed  when  E  takes  a  minimum  value. 

25  Patentanspruche 

1  .  Verfahren  zum  Erstellen  eines  Zugfahrplans,  urn  einen  Zug  durch  ein  vorbestimmtes  Reisegebiet  eines  Eisenbahn- 
netzes  fahren  zu  lassen,  wobei  das  Reisegebiet  in  eine  Vielzahl  von  Gebieten  unterteilt  ist,  die  jedes  eine  vorbe- 
stimmte  Hochstgeschwindigkeit  (Vmax  j)  besitzt,  wahrend  eine  vorbestimmte  Fahrzeit  (TD)  aufrechterhalten  wird, 

30  mit  den  Schritten 

(a)  Festlegen  einer  Zielgeschwindigkeit  fur  jedes  Gebiet; 
(b)  Bestimmen  der  verbrauchten  Energie  (E)  und  der  Fahrzeit  (T),  wobei  simuliert  wird,  daB  der  Zug  in  Uber- 
einstimmung  mit  den  Zielgeschwindigkeiten  in  jedem  Gebiet  fahrt  unter  der  Annahme  einer  Beschleunigung 

35  des  Zuges  mit  einer  maximalen  Beschleunigungskraft  und  einer  Abbremsung  des  Zuges  mit  einer  maximalen 
Abbremskraft; 
(c)  fur  jedes  Gebiet,  Verringern  der  Zielgeschwindigkeit  eines  Gebietes,  ohne  die  Zielgeschwindigkeiten  der 
anderen  Gebiete  zu  verandern,  und  Ermitteln  der  verbrauchten  Energie  (E')  und  der  Fahrzeit  (T)  fur  die  gean- 
derte  Zielgeschwindigkeit  des  Gebietes  und  Bestimmen  eines  Veranderungsquotienten  der  fur  das  Gebiet 

40  ermittelten,  verbrauchten  Energie;  und 
(d)  Wiederholen  der  Schritte  (b)  und  (c),  wobei  nach  jedem  Schritt  (c)  die  Zielgeschwindigkeiten  auf  der  Grund- 
lage  der  Anderungsquotienten  neu  festgelegt  werden,  urn  die  Zielgeschwindigkeiten  aller  Gebiete  in  dem  vor- 
bestimmten  Reisegebiet  auf  eine  solche  Weise  zu  bestimmen,  daB  bei  der  Simulation  der  Zug  in 
Ubereinstimmung  mit  der  vorbestimmten  Fahrzeit  fahrt  und  die  verbrauchte  Energie  minimal  wird. 

45 
2.  Verfahren  gemaB  Anspruch  1  ,  wobei  der  Schritt  (c)  die  Schritte 

(c-i)  Bestimmen  des  Anderungsquotienten  der  verbrauchten  Energie  fur  jedes  Gebiet  als  positiv,  wenn  die  ver- 
brauchte  Energie  abnimmt,  wahrend  die  Fahrzeit  zunimmt,  wobei  die  anfanglich  in  Schritt  (a)  festgelegte  Ziel- 

50  geschwindigkeit  als  Hochstgeschwindigkeit  angesehen  wird; 
(c2)  Verringern  der  Zielgeschwindigkeit  des  Gebietes,  in  dem  der  resultierende  Anderungsquotient  der  ver- 
brauchten  Energie  den  maximalen  Wert  annimmt,  urn  einen  Einheitswert;  und 
(c3)  Behandeln  der  urn  den  Einheitswert  in  Schritt  (c2)  verringerten  Zielgeschwindigkeit  als  neue  Zielgeschwin- 
digkeit,  wenn  die  Fahrzeit  innerhalb  eines  vorbestimmten  Fehlerbereichs  liegt. 

55 
3.  Verfahren  gemaB  Anspruch  2,  wobei  der  Schritt  (c2)  ein  Verarbeiten  des  Wertes  des  Anderungsquotienten  der  fur 

jedes  Gebiet  ermittelten  verbrauchten  Energie  als  VektorgroBe,  urn  die  Zielgeschwindigkeit  entlang  der  Richtung 
des  Vektors  urn  den  Einheitswert  zu  andern. 

13 
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4.  Verfahren  gemaB  Anspruch  3,  wobei  das  Verarbeiten  einer  VektorgroBe  ein  Andern  einer  Komponente  der  Vektor- 
groBe  des  Gebietes  auf  "0"  enthalt,  wenn  die  Komponente  der  VektorgroBe  negativ  ist. 

5.  Verfahren  gemaB  Anspruch  2,  wobei  der  Schritt  (c2)  einen  Vorgang  des  Verringerns  des  Einheitswerts  zum  Andern 
5  der  Zielgeschwindigkeit  enthalt,  wenn  die  Fahrzeit  des  Zuges  in  dem  Gebiet  sich  der  vorbestimmten  Fahrzeit 

nahert. 

6.  Verfahren  gemaB  Anspruch  1  ,  wobei  die  Fahrzeit  und  die  verbrauchte  Energie  des  Zuges  in  dem  vorbestimmten 
Reisegebiet  auf  der  Grundlage  einer  Eingangsgeschwindigkeit,  wenn  der  Zug  in  das  Reisegebiet  einfahrt,  einer 

10  vorbestimmten  Steigungsinformation,  eines  Fahrwiderstands  des  Zuges,  einer  Beschleunigungs-  und  Abbrems- 
characteristik  des  Zuges  und  eines  Gewichts  des  Zuges  erhalten  wird. 

7.  Verfahren  gemaB  Anspruch  6,  wobei  die  verbrauchte  Energie  als  Auswertefunktion  (E),  ausgedriickt  durch  eine 
Gleichung  E  =  E(V  1  VN)  ,  wobei  die  einzelnen  Zielgeschwindigkeiten  unabhangige  Variablen  (V-,  VN)  sind, 

15  behandelt  wird. 

8.  Verfahren  gemaB  Anspruch  7,  wobei  die  Fahrzeit  als  Auswertefunktion  (T),  ausgedriickt  durch  die  Gleichung 
T ^ O ^   VN),  behandelt  wird. 

20  9.  Verfahren  gemaB  Anspruch  7  oder  8,  wobei  der  Differentialkoeffizient  von  einem  Naherungsausdruck  von 
8E/8V(n)  =  AE/AV(n)  erhalten  wird,  wobei  die  Zielgeschwindigkeit  V(n)  im  Bereich  von  0  <  V(n)  <  Vmax(n)  gean- 
dert  wird  und  V(n)  die  optimale  Zielgeschwindigkeit  ist,  wenn  E  einen  minimalen  Wert  annimmt. 

Revendications 
25 

1  .  Procede  de  production  d'un  plan  de  circulation  de  train  pour  faire  circuler  un  train  a  travers  un  trongon  de  deplace- 
ment  predetermine  d'une  voie  de  chemin  de  fer  dans  lequel  le  trongon  de  deplacement  est  divise  en  plusieurs  tron- 
gons,  ayant  chacun  une  vitesse  limite  predeterminee  (VMAXj),  tout  en  maintenant  un  temps  de  circulation 
predetermine  (TD),  le  procede  comportant  les  etapes  consistant  a  : 

30 
(a)  etablir  une  vitesse  cible  pour  chaque  trongon  ; 
(b)  obtenir  une  energie  consommee  (E)  et  un  temps  de  circulation  (T),  dans  lesquels  on  simule  que  le  train  cir- 
cule  conformement  aux  vitesses  cibles  de  chaque  trongon,  en  supposant  que  le  train  est  accelere  par  une 
force  deceleration  maximale  et  que  le  train  est  decelere  par  une  force  de  deceleration  maximale  ; 

35  (c)  pour  chaque  trongon,  sans  faire  varier  les  vitesses  cibles  des  autres  trongons,  reduire  la  vitesse  cible  du 
trongon  et,  obtenir  une  energie  consommee  (E')  et  un  temps  de  circulation  (T)  pour  la  vitesse  cible  changee 
du  trongon,  et  determiner  un  rapport  de  changement  de  I'energie  consommee  obtenu  pour  le  trongon  ;  et 
(d)  repeter  les  etapes  (b)  et  (c),  les  vitesses  cibles,  apres  chaque  etape  (c),  etant  reinitialisees  sur  la  base  des 
rapports  de  changement  afin  de  determiner  les  vitesses  cibles  de  tous  les  trongons  du  trongon  de  deplace- 

40  ment  predetermine  de  telle  sorte  que,  dans  la  simulation,  le  train  circule  conformement  audit  temps  de  circu- 
lation  predetermine  et  I'energie  consommee  devient  minimale. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  I'etape  (c)  comporte  les  etapes  consistant  a  : 

45  (c-|)  determiner  le  rapport  de  changement  de  I'energie  consommee  pour  chaque  trongon  comme  etant  positif 
dans  le  cas  ou  I'energie  consommee  diminue  alors  que  le  temps  de  circulation  est  augmente,  la  vitesse  cible 
etablie  initialement  a  I'etape  (a)  etant  supposee  etre  la  vitesse  limite  ; 
(c2)  reduire  la  vitesse  cible  du  trongon,  dans  lequel  le  rapport  de  changement  resultant  de  I'energie  consom- 
mee  prend  la  valeur  maximale,  d'une  quantite  unitaire  ;  et 

so  (c3)  traiter  la  vitesse  cible  reduite  d'une  quantite  unitaire  dans  I'etape  (c2)  en  tant  que  nouvelle  vitesse  cible, 
lorsque  le  temps  de  circulation  est  dans  une  plage  d'erreurs  predeterminee. 

3.  Procede  selon  la  revendication  2,  dans  lequel  I'etape  (c2)  comporte  un  traitement  de  la  valeur  du  rapport  de  chan- 
gement  de  I'energie  consommee  obtenu  pour  chaque  trongon  en  tant  que  grandeur  vectorielle  pour  changer  la 

55  vitesse  cible  le  long  de  la  direction  du  vecteur  d'une  quantite  unitaire. 

4.  Procede  selon  la  revendication  3,  dans  lequel  ledit  traitement  en  tant  que  grandeur  vectorielle  comporte  le  chan- 
gement  d'une  composante  de  la  grandeur  vectorielle  du  trongon  a  "0"  si  la  composante  de  la  grandeur  vectorielle 
est  negative. 

14 
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Procede  selon  la  revendication  2,  dans  lequel  I'etape  (c2)  comporte  un  traitement  de  diminution  de  la  quantite  uni- 
taire  pour  changer  la  vitesse  cible,  lorsque  le  temps  de  circulation  du  train  dans  le  trongon  approche  le  temps  de 
circulation  predetermine. 

Procede  selon  la  revendication  1,  dans  lequel  le  temps  de  circulation  et  I'energie  consommee  du  train  du  trongon 
de  deplacement  predetermine  sont  obtenus  sur  la  base  de  la  vitesse  initiale  lorsque  le  train  penetre  dans  ledit  tron- 
gon  de  deplacement,  d'une  information  de  declivite  predeterminee,  d'une  resistance  a  la  circulation  du  train,  des 
caracteristiques  deceleration  et  de  deceleration  du  train  et  du  poids  du  train. 

Procede  selon  la  revendication  6,  dans  lequel  I'energie  consommee  est  amenee  a  etre  une  fonction  devaluation 
(E)  exprimee  par  I'equation  E  =  E(V1  VN)  dans  laquelle  les  vitesses  cibles  individuelles  sont  des  variables 
independantes  (Vi  VN). 

Procede  selon  la  revendication  7,  dans  lequel  le  temps  de  circulation  est  amene  a  etre  une  fonction  devaluation 
(T)  exprimee  par  I'equation  T  =  T(V  1  V  N)  . 

Procede  selon  la  revendication  7  ou  8,  dans  lequel  un  coefficient  differential  est  obtenu  a  partir  d'une  expression 
approchee  de  8E/8V(n)  =  AE/AV(n)  ,  la  vitesse  cible  V(n)  etant  changee  dans  la  plage  de  0  <  V(n)  <  Vmax(n)  et 
V(n)  etant  une  vitesse  cible  optimale  lorsque  E  a  une  valeur  minimale. 
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