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(54)  Toll  collection  system  capable  of  properly  collecting  a  toll  from  a  user  without  requiring  any 
special  equipment  to  be  mounted  in  a  vehicle 

(57)  A  mobile  terminal  (20)  for  mobile  communica- 
tion  transmits  a  radio  signal  carrying  a  terminal  number 
and  a  particular  dial  number.  Each  toll  lane  (1  2)  of  a  toll- 
gate  is  provided  with  an  antenna  (1  21  )  for  receiving  the 
radio  signal  and  a  vehicle's  class  detector  (1  22)  for  de- 
tecting  the  vehicle's  class  of  an  automotive  vehicle  (11  ). 
Each  tollgate  is  provided  with  a  terminal  information  re- 
ceiving  unit  (13)  and  an  interface  circuit  (16).  Respon- 
sive  to  the  radio  signal  from  the  antenna  (121),  the  in- 
terface  circuit  (16)  identifies  as  lane  information  an  entry 
lane  which  the  automotive  vehicle  (11)  is  entering  and 
acquires  terminal  information  corresponding  to  the  ter- 
minal  number  by  accessing  the  mobile  communication 
exchange  system  (30).  The  terminal  information  receiv- 
ing  unit  (13)  receives  the  lane  information  and  the  ter- 
minal  information  for  transmission  to  a  data  memory  unit 
(14).  On  the  other  hand,  the  processing  unit  (17)  ac- 
quires  vehicle's  class  information  from  the  vehicle's 
class  detector  (122).  The  processing  unit  (17)  then  pre- 
pares  and  stores  in  the  data  memory  unit  (14)  passage 
car  information  containing  the  lane  information,  the  ter- 
minal  information,  the  vehicle's  class  information,  and  a 
passage  time.  A  central  processing  computer  (15)  ob- 
tains  from  every  tollgate  vehicle  passage  data  including 
the  passage  vehicule  information  and  tollgate  informa- 
tion  to  prepare  toll  charge  data. 
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Description 

Background  of  the  Invention  : 

This  invention  relates  to  a  toll  collection  system  for 
a  toll  road,  a  parking  space,  or  the  like  and,  in  particular, 
to  a  toll  collection  system  for  automatically  collecting  a 
toll  from  a  user  of  a  toll  road  by  the  use  of  radio  signals 
transmitted  between  a  tollgate  and  an  automotive  vehi- 
cle  passing  through  the  tollgate. 

Traditionally,  a  road  toll  for  a  toll  road  such  as  an 
expressway  is  manually  collected  by  temporarily  stop- 
ping  an  automotive  vehicle  at  a  tollgate.  In  order  to  re- 
duce  time  and  labor  of  a  user  and  a  toll  collector,  pro- 
posal  has  been  made  of  automatic  toll  collection  sys- 
tems  each  of  which  transmits  and  receives  radio  waves 
between  data  transmission/reception  units  equipped  in 
both  the  tollgate  and  the  automotive  vehicle  to  acquire 
vehicle  passage  data,  prepares  toll  charge  data  from  the 
vehicle  passage  data,  and  automatically  charges  the 
road  toll  based  on  the  toll  charge  data. 

For  example,  one  such  system  is  disclosed  in  Jap- 
anese  Unexamined  Patent  Prepublication  (A)  No. 
242098/1  993  which  is  called  herein  a  first  conventional 
toll  collection  system.  In  the  first  conventional  toll  collec- 
tion  system,  an  on-vehicle  unit  for  toll  collection  is 
mounted  in  each  automotive  vehicle  while  each  tollgate 
is  equipped  with  an  optical  communication  unit  and  a 
data  terminal  unit  connected  to  a  host  computer.  When 
the  automotive  vehicle  approaches  an  entrance  booth 
of  one  tollgate  as  an  entrance  tollgate,  a  tollgate  number 
assigned  to  the  entrance  tollgate  is  transmitted  from  the 
data  terminal  unit  through  the  optical  communication 
unit  in  the  entrance  booth  to  the  on-vehicle  unit  to  be 
written  in  a  memory  of  the  on-vehicle  unit  as  entrance 
place  data.  Then,  the  on-vehicle  unit  transmits  to  the 
optical  communication  unit  registration  number  data,  in- 
cluding  vehicle  type  data,  preliminarily  registered.  The 
registration  number  data  and  the  entrance  place  data 
are  delivered  from  the  optical  communication  unit  to  the 
host  computer  through  the  data  terminal  unit. 

On  the  other  hand,  when  the  automotive  vehicle  ap- 
proaches  an  exit  booth  of  the  other  tollgate  as  an  exit 
tollgate,  the  entrance  place  data  and  the  registration 
number  data  stored  in  the  memory  of  the  on-vehicle  unit 
are  transmitted  from  the  on-vehicle  unit  to  the  data  ter- 
minal  unit  through  the  optical  communication  unit  in  the 
exit  booth.  The  data  terminal  unit  transmits  to  the  host 
computer  exit  place  data  representative  of  a  tollgate 
number  of  the  exit  tollgate  together  with  the  registration 
number  data  and  the  entrance  place  data  supplied  from 
the  on-vehicle  unit.  In  response  to  those  data,  the  host 
computer  issues  a  toll  payment  order. 

According  to  the  above-mentioned  first  toll  collec- 
tion  system,  it  is  possible  to  collect  the  road  toll,  such 
as  an  expressway  toll,  with  reduced  load  both  on  the 
user  and  the  toll  collector  and  without  stopping  the  au- 
tomotive  vehicle  at  the  tollgate. 

Another  toll  collection  system  is  disclosed  in  Japa- 
nese  Unexamined  Patent  Prepublication  (A)  No. 
120504/1993  which  is  called  herein  a  second  conven- 
tional  toll  collection  system.  In  the  second  conventional 

5  toll  collection  system,  each  automotive  vehicle  has  a 
portable  responder  for  transmission  and  reception  of  toll 
collection  data  when  the  automotive  vehicle  passes  an 
entrance  part  and  an  exit  part  of  an  expressway.  When 
a  credit  card  is  inserted  into  the  portable  responder,  the 

10  portable  responder  is  enabled  to  transmit  an  ID  (identi- 
fication)  code  of  the  credit  card,  to  store  reception  data 
in  a  memory  as  stored  data,  and  to  transmit  the  stored 
data. 

When  the  automotive  vehicle  passes  the  entrance 
is  part,  an  entrance  on-road  unit  receives  the  ID  code 

transmitted  from  the  portable  responder  and  in  turn 
transmits  the  ID  code  together  with  an  input  time  of  the 
ID  code  and  an  entrance  tollgate  name  to  a  central  unit. 
Simultaneously,  the  input  time  and  the  entrance  tollgate 

20  name  are  also  sent  to  the  portable  responder  to  be 
stored  in  the  memory  of  the  portable  responder  as  the 
above-mentioned  stored  data.  In  the  exit  part,  an  exit 
on-road  unit  receives  the  stored  data  from  the  portable 
responder.  The  exit  on-road  unit  then  calculates  the 

25  road  toll  and  transmits  required  data,  such  as  the  road 
toll,  an  exit  tollgate  name,  and  a  passage  time,  to  the 
portable  responder  and  the  central  unit. 

In  addition,  each  tollbooth  is  equipped  with  a  signal 
unit  and  a  camera  to  monitor  illegal  passage  of  any  au- 

30  tomotive  vehicle. 
The  second  conventional  toll  collection  system  is 

excellent  in  safety  and  reliability  and  enables  smooth 
and  efficient  toll  collection  with  a  very  small  number  of 
toll  collectors. 

35  still  another  toll  collection  system  is  disclosed  in 
Japanese  Unexamined  Patent  Prepublication  (A)  No. 
1  0891  6/1  993  which  is  called  herein  a  third  conventional 
toll  collection  system.  In  the  third  conventional  toll  col- 
lection  system,  on  each  automotive  vehicle  is  mounted 

40  an  on-vehicle  ID  signal  processing  device  for  toll  collec- 
tion  which  includes  an  on-vehicle  antenna,  a  place  ID 
memory,  and  a  vehicle  ID  signal  generator.  An  entry  ID 
signal  processing  device  is  installed  at  each  entry  gate 
of  the  tollgate  for  expressway  while  an  exit  ID  signal 

45  processing  device  is  installed  at  each  exit  gate  of  toll- 
gate  for  expressway. 

In  the  entry  gate,  the  on-vehicle  ID  signal  process- 
ing  device  receives  via  the  on-vehicle  antenna  an  entry 
ID  signal  for  the  tollgate  for  expressway  and  temporarily 

so  stores  in  the  place  ID  memory  the  entry  ID  signal  indi- 
cating  where  the  automotive  vehicle  enters  in  the  ex- 
pressway.  In  the  exit  gate,  the  on-vehicle  ID  signal 
processing  device  sends  an  vehicle  ID  signal  and  the 
entry  ID  signal  via  the  on-vehicle  antenna  from  the  ve- 

55  hide  ID  signal  generator  and  the  place  ID  memory,  re- 
spectively.  The  exit  I  D  signal  processing  device  receives 
and  recognizes  the  these  ID  signals.  Thus,  an  express- 
way  rate  is  automatically  calculated  and  processed  by 
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a  rate  computing  device  using  information  of  the  exit 
gate  of  the  tollgate  for  expressway  and  the  above-men- 
tioned  ID  signals. 

However,  the  conventional  toll  collection  systems 
described  above  are  disadvantageous  in  the  following 
respects. 

Each  of  the  first  and  the  third  conventional  toll  col- 
lection  system  is  based  on  the  presumption  that  the  on- 
vehicle  unit  or  the  on-vehicle  ID  signal  processing  de- 
vice  preliminarily  stores  a  correct  registration  or  ID 
number  assigned  to  the  automotive  vehicle.  Collection 
of  the  toll  is  addressed  to  the  vehicle  registration  or  ID 
number  stored  in  the  on-vehicle  unit  or  the  on-vehicle 
ID  signal  processing  device  and  the  user  himself  is  not 
specified  at  all.  It  is  therefore  difficult  to  quickly  and  ac- 
curately  collect  the  toll.  In  addition,  the  cost  of  the  auto- 
motive  vehicle  is  inevitably  increased  by  the  equipment 
of  the  on-vehicle  unit  or  the  on-vehicle  ID  signal 
processing  device.  Smooth  and  non-stop  passage 
through  the  booth  and  reliable  toll  collection  are  expect- 
ed  provided  that  all  automotive  vehicles  are  obliged  to 
mount  the  on-vehicle  units  or  the  on-vehicle  ID  signal 
processing  devices  and  actually  equipped  with  the  on- 
vehicle  units  or  the  on-vehicle  ID  signal  processing  de- 
vices.  However,  it  is  impossible  to  prevent  occurrence 
of  failure  in  the  on-vehicle  units  or  the  on-vehicle  ID  sig- 
nal  processing  devices,  presence  of  unequipped  auto- 
motive  vehicles  during  a  transient  period,  and  illegal 
passage  of  those  automotive  vehicles  from  which  the 
on-vehicle  units  or  the  on-vehicle  ID  signal  processing 
devices  are  intentionally  removed. 

On  the  other  hand,  the  second  conventional  toll  col- 
lection  system  makes  use  of  the  ID  code  registered  in 
the  credit  card  carried  by  an  individual.  Accordingly,  the 
user  can  be  specified  as  a  payer  of  the  toll.  However, 
the  second  conventional  toll  system  is  expensive  be- 
cause  such  special-purpose  portable  responder  must 
be  purchased  in  order  to  use  the  toll  road.  In  addition, 
since  a  plurality  of  portable  responders  transmit  and  re- 
ceive  the  radio  waves  in  a  very  close  range  at  the  toll- 
gate,  it  is  difficult  to  discriminate  among  the  portable  re- 
sponders,  namely,  the  radio  waves.  Furthermore,  it  is 
impossible  to  identify  the  vehicle  type  of  the  automotive 
vehicle  passing  the  tollgate.  Thus,  the  second  conven- 
tional  toll  collection  system  is  practically  disadvanta- 
geous. 

Summary  of  the  Invention  : 

It  is  an  object  of  this  invention  to  provide  a  toll  col- 
lection  system  which  is  capable  of  properly  charging  a 
user  of  a  toll  road  for  a  toll  without  requiring  any  special 
terminal  unit  to  be  equipped  in  a  user's  vehicle. 

A  toll  collection  system  for  a  toll  road  to  which  this 
invention  is  applicable  transmits  and  receives  radio 
waves  between  a  tollgate  and  a  data  transmission/re- 
ception  unit  of  an  automotive  vehicle  passing  the  toll- 
gate  to  collect  vehicle  passage  data,  and  prepares  toll 

charge  data  from  the  vehicle  passage  data  to  automat- 
ically  collect  a  road  toll.  According  to  an  aspect  of  this 
invention,  the  data  transmission/reception  unit  is  a  mo- 
bile  terminal  for  mobile  communication. 

5  The  mobile  terminal  may  be  adapted  to  transmit  a 
radio  signal  carrying  a  terminal  number  assigned  there- 
to  and  a  predetermined  dial  number  for  a  passage  per- 
mission  request.  The  tollgate  may  comprise  a  toll  lane 
through  which  the  automotive  vehicle  goes  and  an  an- 

10  tenna  over  the  toll  lane  which  receives  the  radio  signal 
transmitted  from  the  mobile  terminal.  The  tollgate  further 
may  comprises  a  processing  unit  for  acquiring  terminal 
information  for  identifying  a  user  of  the  mobile  terminal 
by  accessing  a  mobile  communication  exchange  sys- 

15  tern  using  the  terminal  number.  The  processing  unit  in- 
cludes  a  data  memory  unit  for  storing  passage  vehicle 
information  containing  a  passage  time  and  the  terminal 
information.  The  toll  collection  system  further  may  com- 
prise  a  central  processing  computer  for  obtaining  from 

20  the  processing  unit  the  passage  vehicle  information  to- 
gether  with  tollgate  information  at  least  containing  a  toll- 
gate  identification  code  to  prepare  the  toll  charge  data. 
The  above-mentioned  system  utilizes  the  mobile  termi- 
nal  widely  used  in  an  ordinary  telephone  system.  It  is 

25  therefore  unnecessary  to  provide  the  automotive  vehi- 
cle  with  any  special  equipment  in  order  to  use  the  toll 
road.  Thus,  extra  cost  is  saved. 

Brief  Description  of  the  Drawing: 
30 

Fig.  1  is  a  functional  block  diagram  for  describing  a 
toll  collection  system  according  to  a  first  embodi- 
ment  of  this  invention; 
Fig.  2  is  a  flow  chart  for  describing  the  operation  of 

35  the  system  illustrated  in  Fig.  1  in  preparation  of  pas- 
sage  car  data; 
Fig.  3  is  a  functional  block  diagram  for  describing  a 
toll  collection  system  according  to  a  second  embod- 
iment  of  this  invention;  and 

40  Fig.  4  is  a  flow  chart  for  describing  the  operation  of 
the  system  illustrated  in  Fig.  3  in  preparation  of  toll 
charge  data. 

Description  of  the  Preferred  Embodiments: 
45 

Now,  description  will  be  made  as  regards  an  em- 
bodiment  of  this  invention  with  reference  to  the  drawing. 

As  well  known  in  the  art,  toll  collection  systems  for 
toll  roads  are  classified  into  two  types.  A  first  type  of  the 

so  toll  collection  system  is  a  uniform  rate  system  where  a 
toll  is  uniform  independent  of  an  interval  of  traveling  and 
is  determined  on  the  basis  of  a  vehicle's  class  alone. 
The  vehicle's  class  defines  a  class  of  automotive  vehi- 
cles.  A  second  type  of  the  toll  collection  system  is  a  var- 

55  iable  rate  system  where  a  toll  is  variable  in  dependence 
of  the  interval  of  traveling.  In  the  variable  rate  system, 
tailgates  are  divided  into  two  types,  namely,  entrance 
tailgates  and  exit  tailgates.  The  uniform  rate  system  will 
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be  at  first  described.  The  variable  rate  system  will  later 
be  described. 

Referring  to  Fig.  1  ,  a  toll  collection  system  accord- 
ing  to  a  first  embodiment  of  this  invention  is  for  collecting 
a  toll  from  a  user  of  an  automotive  vehicle  1  1  passing  a 
tollgate  on  a  toll  road.  The  automotive  vehicle  11  may 
be  a  light  car,  a  minicar  or  a  small-sized  car,  an  ordinary 
class  of  car  or  an  ordinary-sized  car,  a  large-sized  ve- 
hicle  such  as  a  bus,  a  truck  or  the  like,  an  extra-large 
vehicle,  and  so  on. 

The  toll  collection  system  includes  a  plurality  of  toll 
lanes  12  (only  one  toll  lane  is  illustrated),  a  terminal  in- 
formation  receiving  unit  13.  a  data  memory  unit  14,  a 
central  processing  computer  1  5.  and  an  interface  circuit 
1  6  connected  to  a  mobile  communication  exchange  sys- 
tem  30.  The  mobile  communication  exchange  system 
30  is  connected  to  a  communication  network  (not 
shown).  When  the  automotive  vehicle  11  passes 
through  one  of  the  toll  lanes  1  2,  the  user  of  the  automo- 
tive  vehicle  1  1  has  a  mobile  terminal  20  for  mobile  com- 
munication.  The  mobile  terminal  20  may  be  a  mobile  tel- 
ephone  set,  a  portable  telephone  set,  a  personal  handy- 
hone,  or  the  like.  The  data  memory  unit  1  4,  the  terminal 
information  receiving  unit  1  3,  and  the  interface  circuit  1  6 
are  included  in  a  processing  unit  17. 

The  toll  collection  system  according  to  this  invention 
is  different  from  the  conventional  toll  collection  systems 
described  in  the  preamble  of  the  specification  in  the  fol- 
lowing  respect.  In  this  system,  the  mobile  terminal  20 
connected  to  the  mobile  communication  exchange  sys- 
tem  30  by  means  of  radio  waves  serves  to  make  a  pas- 
sage  permission  request  when  the  automotive  vehicle 
1  1  passes  the  tollgate. 

Each  toll  lane  12  extends  straight  and  bears  an  in- 
dication  of  a  particular  dial  number  for  use  in  making  the 
passage  permission  request.  The  toll  lane  12  is 
equipped  with  an  antenna  121  for  transmitting  and  re- 
ceiving  radio  waves  or  radio  signals  to  and  from  the  mo- 
bile  terminal  20,  a  vehicle's  class  detector  1  22  for  detect- 
ing  the  vehicle's  class,  a  signal  unit  123,  and  a  camera 
1  24.  The  antenna  1  21  is  located  on  a  center  line  of  each 
toll  lane  12  extending  straight. 

In  order  to  make  the  passage  permission  request, 
the  user  make  the  mobile  terminal  20  off-hook.  Thereby, 
the  mobile  terminal  20  transmits  the  radio  signal  carry- 
ing  a  terminal  number  assigned  thereto.  Thereafter,  the 
user  operates  the  mobile  terminal  20  to  dial  the  above- 
mentioned  particular  dial  number  preliminarily  deter- 
mined  for  selection  of  a  toll  collection  system  route. 
When  the  mobile  terminal  20  originates  a  call  by  dialing 
the  particular  dial  number,  the  mobile  communication 
exchange  system  30  is  activated  to  start  the  operation 
of  the  toll  collection  system.  Specifically,  the  particular 
dial  number  serves  to  establish  a  connection  route  be- 
tween  the  mobile  communication  exchange  system  30 
and  the  terminal  information  receiving  unit  13  of  each 
tollgate.  On  the  other  hand,  when  any  ordinary  dial 
number  is  dialed,  the  mobile  communication  exchange 

system  30  is  activated  to  start  ordinary  radio  communi- 
cation. 

For  example,  the  selection  of  the  toll  collection  sys- 
tem  route  is  represented  by  at  least  a  first  numerical 

5  character  contained  in  the  particular  dial  number.  In  this 
event,  the  mobile  communication  exchange  system  30 
judges  from  the  first  numerical  character  that  the  call  is 
to  be  connected  not  to  the  communication  network  but 
to  the  toll  collection  system. 

10  The  antenna  121  serves  to  receive  as  a  reception 
radio  signal  the  above-mentioned  call  transmitted  from 
the  mobile  terminal  20  and  to  supply  the  mobile  com- 
munication  exchange  system  30  with  a  channel  estab- 
lishment  request  and  the  particular  dial  number  via  the 

is  interface  circuit  1  6.  On  the  other  hand,  the  antenna  121 
serves  to  transmit  a  transmission  radio  signal  from  the 
mobile  communication  exchange  system  30.  As  will  lat- 
er  be  described,  an  entry  lane  which  the  automotive  ve- 
hicle  11  is  entering  is  detected  with  reference  to  a  dif- 

20  ference  between  signal  levels  of  the  same  reception  ra- 
dio  signal  received  at  the  toll  lanes  12  adjacent  to  one 
another.  In  orderto  facilitate  such  detection,  the  antenna 
121  is  located  on  a  center  line  of  each  toll  lane  12  as 
mentioned  before.  Preferably,  each  antenna  1  2  is  direc- 

ts  tional  antenna  which  faces  the  toll  lane  12  in  question. 
The  vehicle's  class  detector  122  detects  the  vehi- 

cle's  class  of  the  automotive  vehicle  11  passing  the  toll- 
gate  and  supplies  vehicle's  class  information  indicative 
of  the  vehicle's  class  to  the  data  memory  unit  14.  It  is 

30  noted  here  that  the  vehicle's  class  is  required  in  charg- 
ing  the  toll  for  the  toll  road. 

The  vehicle's  class  detector  122  may  be  a  number 
plate  reader  for  reading  a  registration  number  on  a 
number  plate  of  the  automotive  vehicle  11  passing  the 

35  tollgate  and  supplies,  as  the  vehicle's  class  information, 
the  registration  number  to  the  data  memory  unit  14.  In 
the  present  status,  however,  the  toll  in  relation  to  the 
vehicle's  class  is  not  always  determined  by  the  registra- 
tion  number  alone.  In  view  of  the  above,  the  vehicle's 

40  class  for  determination  of  the  toll  is  preliminarily  stored 
in  a  memory  (not  shown)  of  the  central  processing  com- 
puter  15  in  relation  to  the  registration  number. 

The  signal  unit  123  has  a  function  of  detecting  the 
passage  of  the  automotive  vehicle  11  to  produce  a  pas- 

45  sage  detection  signal  on  detection  of  the  passage  of  the 
automotive  vehicle  1  1  .  That  is,  the  signal  unit  1  23  serves 
as  a  passage  detection  unit.  When  all  required  informa- 
tion  of  the  car  11  passing  the  tollgate  is  properly  ob- 
tained,  the  signal  unit  1  23  turns  on  a  green  light  as  a  go 

so  signal  in  response  to  a  passage  permission  signal  from 
the  processing  unit  17.  Simultaneously,  the  signal  unit 
1  23  notifies  the  camera  1  24  of  the  go  signal  and  allows 
the  passage  of  the  automotive  vehicle  11.  At  any  rate, 
the  signal  unit  123  acts  as  a  passage  permission  an- 

55  nouncing  unit  for  announcing  passage  permission  to  the 
user  of  the  mobile  terminal  20  in  response  to  the  pas- 
sage  permission  signal.  After  the  passage  of  the  auto- 
motive  vehicle  1  1  ,  the  signal  unit  1  23  turns  on  a  red  light 

4 
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as  a  stop  signal.  The  signal  unit  123  notifies  the  data 
memory  unit  1  4  of  the  fact  that  the  camera  1  24  performs 
a  photographing  operation  during  the  stop  signal  as  will 
be  described  below. 

The  camera  1  24  is  operatively  coupled  with  the  sig- 
nal  unit  123.  When  the  signal  unit  123  indicates  the  go 
signal,  the  camera  124  performs  no  photographing  op- 
eration.  On  the  other  hand,  in  presence  of  an  illegal  pas- 
sage  of  the  automotive  vehicle  1  1  during  the  stop  signal, 
the  camera  124  is  informed  of  the  occurrence  of  the  il- 
legal  passage  from  the  signal  unit  123.  In  this  event,  the 
camera  124  photographs  a  front  side  of  the  automotive 
vehicle  11  to  identify  a  driver  and  informs  the  signal  unit 
123  of  execution  of  the  photographing  operation.  At  any 
rate,  the  camera  124  is  operable  as  a  picking  unit  for 
picking  up  the  automotive  vehicle  1  1  on  reception  of  the 
passage  detection  signal  before  reception  of  the  pas- 
sage  permission  signal. 

The  interface  circuit  16  is  conneated  to  the  mobile 
communication  exchange  system  30  which  has  a 
charge  function  to  the  mobile  terminal  20.  The  interface 
circuit  16  is  connected  to  the  antenna  121  of  each  toll 
lane  12  and  identifies  as  the  entry  lane  one  of  the  an- 
tennas  121  that  receives  the  reception  radio  signal  as  a 
strongest  radio  wave  from  the  mobile  terminal  20  in  the 
automotive  vehicle  11.  From  the  reception  radio  signal, 
the  interface  circuit  16  detects  the  terminal  number  of 
the  mobile  terminal  20  to  send  it  to  the  mobile  commu- 
nication  exchange  system  30. 

On  one  hand,  the  mobile  communication  exchange 
system  30  copes  with  various  mobile  communication 
systems.  The  interface  circuit  16  acts  as  a  lane  identi- 
fying  unit  for  identifying,  as  the  entry  lane,  one  of  the  toll 
lanes  12  that  the  automotive  vehicle  11  go  through  to 
produce  lane  information  indicative  of  the  entry  lane. 
However,  the  lane  identifying  unit  may  be  omitted  if  the 
tollgate  has  only  one  toll  lane  12.  When  the  entry  lane 
12  is  identified,  the  interface  circuit  16  sends  the  lane 
information  to  the  terminal  information  receiving  unit  1  3. 

On  the  other  hand,  the  mobile  communication  ex- 
change  system  30  typically  has  an  integrated  data  stor- 
age  (not  shown)  which  preliminarily  stores  subscriber 
data  for  use  as  terminal  information.  The  subscriber  da- 
ta  includes  the  name  and  the  address  of  a  payer  as  well 
as  the  manner  of  payment,  in  relation  to  the  subscriber 
number  or  the  terminal  number  of  the  mobile  terminal 
20.  Responsive  to  the  terminal  number,  the  mobile  com- 
munication  exchange  system  30  searches  the  terminal 
information  identifying  the  user  of  the  mobile  terminal 
20  in  the  integrated  data  storage.  The  terminal  informa- 
tion  is  sent  from  the  mobile  communication  exchange 
system  30  via  the  interface  circuit  1  6  to  the  terminal  in- 
formation  reception  unit  13.  In  preparation  of  toll  charge 
data  corresponding  to  the  charge  function,  the  terminal 
information  receiving  unit  13  obtains  from  the  mobile 
communication  exchange  system  30  via  the  interface 
circuit  16  the  above-mentioned  subscriber  data  as  the 
terminal  information  with  reference  to  the  subscriber 

number  or  the  terminal  number  of  the  mobile  terminal 
20.  That  is,  the  terminal  information  reception  unit  13 
serves  in  cooperation  with  the  interface  circuit  16  as  an 
acquiring  arrangement  for  acquiring  the  terminal  infor- 

5  mation  by  accessing  the  mobile  communication  ex- 
change  system  30  using  the  terminal  number. 

The  terminal  information  receiving  unit  13  is 
equipped  in  each  tollgate  to  receive  from  the  mobile 
communication  exchange  system  30  via  the  interface 

10  circuit  1  6  the  lane  information  and  the  terminal  informa- 
tion  for  each  toll  lane  and  to  transmit  the  lane  information 
and  the  terminal  information  to  the  data  memory  unit  1  4. 

The  data  memory  unit  14  is  supplied  from  the  vehi- 
cle's  class  detector  122  with  equipped  lane  information 

is  of  a  particular  toll  lane  where  the  vehicle's  class  detector 
1  22  is  equipped  and  with  the  vehicle's  class  information 
detected  by  the  vehicle's  class  detector  1  22.  On  the  oth- 
er  hand,  the  data  memory  unit  1  4  receives  the  terminal 
information  and  the  lane  information  from  the  terminal 

20  information  receiving  unit  13  as  described  above.  The 
processing  unit  1  7  collates  the  lane  information  with  the 
equipped  lane  information  to  find  coincidence  therebe- 
tween.  The  processing  unit  17  confirms  the  terminal  in- 
formation  and  the  vehicle's  class  corresponding  to  the 

25  toll  lane  12  of  coincidence. 
After  the  terminal  information  and  the  vehicle's 

class  are  confirmed,  the  processing  unit  1  7  stores  in  the 
data  memory  14,  as  passage  vehicle  information,  the 
terminal  information  and  the  vehicle's  class  information 

30  together  with  a  passage  time.  In  addition,  the  processing 
unit  1  7  adds  tollgate  information  to  the  passage  vehicle 
information  to  prepare  vehicle  passage  data  for  trans- 
mission  to  the  central  processing  computer  15.  On  the 
other  hand,  the  processing  unit  17  sends  the  above- 

35  mentioned  passage  permission  signal  to  the  signal  unit 
123  of  the  toll  lane  12  in  consideration  to  turn  on  the 
green  light.  In  case  where  the  processing  unit  17  is  no- 
tified  from  the  signal  unit  1  23  of  execution  of  the  photo- 
graphing  operation,  the  processing  unit  17  stores  in  the 

40  data  memory  unit  1  4,  as  abnormal  passage  vehicle,  in- 
formation,  the  passage  time  and  photograph  informa- 
tion  together  with  the  terminal  information  and  the  lame 
information  already  collected.  Simultaneously,  the  ab- 
normal  passage  vehicle  information  and  the  tollgate  in- 

45  formation  are  transmitted  to  the  central  processing  com- 
puter  15  as  the  vehicle  passage  data. 

The  central  processing  computer  1  5  obtains  the  ve- 
hicle  passage  data  from  every  tollgate.  Inasmuch  as  the 
illustrated  toll  collection  system  is  a  uniform  rate  system, 

so  a  particular  tollgate  defines  a  uniform  or  flat  rate.  In  this 
event,  the  central  processing  computer  15  recognizes 
the  collection  of  the  uniform  rate  with  reference  to  the 
name  of  the  particular  tollgate  and  the  vehicle's  class  so 
that  the  toll  charge  data  can  be  immediately  prepared 

55  from  the  vehicle  passage  data  of  the  particular  tollgate 
and  stored  in  the  memory  of  the  central  processing  com- 
puter  1  5.  The  toll  charge  data  accumulated  in  the  central 
processing  computer  1  5  can  be  periodically  read  to  pre- 

5 
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pare  a  bill  which  is  sent  to  the  user. 
In  the  foregoing,  the  vehicle's  class  is  detected  by 

the  number  plate  reader  as  the  vehicle's  class  detector 
in  combination  with  vehicle's  class  data  corresponding 
to  the  vehicle  number.  Alternatively,  use  may  be  made 
of  a  step  board  and  an  optical  detector  like  in  the  prior 
art.  In  this  event,  the  vehicle's  class  of  the  automotive 
vehicle  entering  the  toll  lane  is  detected  with  reference 
to  the  number  of  axles.  It  is  therefore  desired  to  tempo- 
rarily  stop  the  automotive  vehicle. 

Referring  to  Fig.  2  in  addition  to  Fig.  1,  description 
will  be  made  as  regards  an  operation  of  preparing  the 
tollgate  data  transmitted  from  the  tollgate. 

At  first,  when  the  automotive  vehicle  11  enters  the 
toll  lane  12  of  the  tollgate,  the  vehicle's  class  detector 
1  22  detects  the  vehicle's  class  of  the  automotive  vehicle 
1  1  (step  S1  )  and  delivers  the  equipped  lane  information 
and  the  vehicle's  class  signal  to  the  data  memory  unit 
14.  On  the  other  hand,  supplied  with  the  call  from  the 
mobile  terminal  20  through  the  antenna  121  and  the  in- 
terface  circuit  16,  the  mobile  communication  exchange 
system  30  establishes  a  channel  and  transmits  a  dial 
tone  to  receive  the  passage  permission  request  (step 
S2)  and  the  interface  circuit  1  6  identifies  the  toll  lane  1  2 
to  produce  the  lane  information  (step  S3).  Simultane- 
ously,  the  mobile  communication  exchange  system  30 
obtains  the  terminal  information  including  the  identifica- 
tion  of  the  payer  with  reference  to  the  terminal  number 
contained  in  the  call  (step  S4).  The  lane  information  and 
the  terminal  information  are  delivered  to  the  data  mem- 
ory  unit  14  through  the  terminal  information  receiving 
unit  13. 

As  mentioned  above,  the  data  memory  unit  14  re- 
ceives  the  equipped  lane  information  and  the  vehicle's 
class  signal  from  the  vehicle's  class  detector  1  22  on  one 
hand.  On  the  other  hand,  the  data  memory  unit  14  re- 
ceives  the  lane  information  and  the  terminal  information 
from  the  mobile  communication  exchange  system  30 
through  the  interface  circuit  16  and  the  terminal  infor- 
mation  receiving  unit  13. 

For  the  lane  information  of  coincidence,  the 
processing  unit  17  stores  in  the  data  memory  unit  14, 
as  the  passage  vehicle  information,  the  terminal  infor- 
mation  and  the  vehicle's  class  signal  together  with  the 
lane  information  and  the  passage  time  (step  S5).  On  the 
other  hand,  the  normality  of  the  passage  vehicle  infor- 
mation  thus  memorized  is  checked  (step  S6). 

When  the  passage  vehicle  information  as  stored  is 
normal  ("YES"  in  step  S6),  the  processing  unit  1  4  sends 
the  passage  permission  signal  to  the  signal  unit  123  to 
switch  the  red  light  into  the  green  light  so  as  to  allow  the 
passage  of  the  automotive  vehicle  11  (step  S7)  and  in- 
hibits  the  photographing  operation  of  the  camera  124. 
Then,  when  the  vehicle  11  passes  the  signal  unit  123 
(step  S8),  the  processing  unit  1  7  delivers  a  passage  pro- 
hibition  signal  to  the  signal  unit  123  to  turn  the  green 
light  back  to  the  red  light  (step  S9).  In  this  event,  the 
passage  of  any  automotive  vehicle  is  prohibited  while 

the  inhibition  of  the  photographing  operation  by  the  cam- 
era  124  is  cancelled.  On  the  other  hand,  the  passage 
vehicle  information  containing  the  lane  information,  the 
tollgate  information,  and  the  passage  time  are  collec- 

5  tively  delivered  to  the  central  processing  computer  15 
as  the  vehicle  passage  data  (step  S10). 

If  the  passage  vehicle  information  stored  in  the  data 
memory  unit  14  is  abnormal  ("NO"  in  step  S6),  the 
processing  unit  1  7  notifies  the  user  of  the  mobile  termi- 

10  nal  20  (the  automotive  vehicle  11)  that  the  passage  per- 
mission  request  should  be  performed  again  (step  S11). 
In  this  event,  the  signal  unit  123  keeps  the  red  light. 
When  the  automotive  vehicle  11  advances  to  the  posi- 
tion  of  the  signal  unit  1  23  ("NO"  in  step  S1  2),  the  camera 

is  124  performs  the  photographing  operation  in  response 
to  the  instruction  from  the  signal  unit  1  23  and  the  abnor- 
mal  passage  vehicle  information  is  stored  in  the  data 
memory  unit  14  (step  S13).  Then,  the  step  S13  pro- 
ceeds  to  the  step  S10. 

20  When  the  automotive  vehicle  1  1  is  kept  stopped  be- 
cause  the  signal  unit  123  indicates  the  red  light  ("NO" 
in  step  S12),  the  operation  returns  to  the  step  S2  in 
which  the  passage  permission  request  is  received. 

Referring  to  Fig.  3,  a  toll  collection  system  accord- 
25  ing  to  a  second  embodiment  of  this  invention  is  similar 

in  structure  to  that  that  illustrated  in  Fig.  1  except  that 
the  tollgate  comprises  a  vehicle  identification  unit  1  22A 
in  place  of  the  vehicle's  class  detector  122. 

In  the  toll  collection  system,  the  tollgate  is  used  as 
30  an  entrance  tollgate  or  the  an  exit  tollgate.  The  vehicle 

identification  unit  1  22A  identifies  the  automotive  vehicle 
11  to  produce  vehicle  identification  (ID)  information.  The 
vehicle  identification  unit  1  22A  may  be  the  number  plate 
reader  for  reading,  as  the  vehicle  ID  information,  the  reg- 

35  istration  number  on  the  number  plate  of  the  automotive 
vehicle  11.  The  vehicle  ID  information  indicates  the  ve- 
hicle  number  of  the  automotive  vehicle  1  1  . 

Inasmuch  as  both  the  entrance  tollgate  and  the  exit 
tollgate  are  involved,  the  vehicle  passage  data  from  the 

40  entrance  tollgate  are  stored  as  entrance  data.  With  ref- 
erence  to  the  vehicle  passage  data  received  from  the 
exit  tollgate,  the  entrance  data  are  searched  for.  With 
reference  to  the  both  data,  calculation  is  made  of  the  toll 
to  prepare  the  toll  charge  data  which  are  stored  in  the 

45  central  processing  computer  15. 
Next  referring  to  Fig.  4  in  combination  with  Fig.  3, 

description  will  be  made  as  regards  an  operation  of  pre- 
paring  the  toll  charge  data  in  case  where  a  plurality  of 
entrance  tailgates  and  a  plurality  of  exit  tailgates  are  in- 

50  volved. 
At  first,  the  central  processing  computer  1  5  receives 

the  vehicle  passage  data  from  the  data  memory  unit  14 
of  each  tollgate  (step  S21  ).  When  received  from  the  en- 
trance  tollgate  ("YES"  in  step  S22),  the  central  process- 

es  ing  computer  1  5  stores  the  vehicle  passage  data  as  the 
entrance  data  (step  S23)  in  a  memory  (not  shown).  If 
the  entrance  data  thus  received  are  abnormal  ("YES"  in 
step  S24),  an  abnormal  data  processing  operation  is 

6 
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carried  out  in  a  predetermined  manner  (step  S25). 
On  the  other  hand,  when  the  vehicle  passage  data 

are  received  from  the  exit  tollgate  ("NO"  in  step  S22), 
the  central  processing  computer  1  5  searches  for  the  en- 
trance  data  with  reference  to  the  vehicle  number  of  the 
vehicle  passage  data  received  from  the  exit  tollgate 
(step  S31  ).  Thus,  the  entrance  data  of  the  same  vehicle 
number  are  related  to  the  vehicle  passage  data  received 
from  the  exit  tollgate  ("YES"  in  step  S32).  For  those  data, 
confirmation  is  made  of  the  normality  of  the  terminal  in- 
formation  of  the  mobile  terminal  20  which  transmits  the 
call.  If  the  terminal  information  is  normal  without  any  ab- 
normality  ("NO"  in  step  S33),  the  central  processing 
computer  15  prepares  the  toll  charge  data  for  a  sub- 
scriber  of  the  mobile  terminal  20  (step  S34).  On  the  other 
hand,  when  the  terminal  information  has  any  abnormal- 
ity  ("YES"  in  step  S33),  the  toll  charge  data  are  prepared 
for  the  vehicle  number  (step  S35). 

When  the  same  vehicle  number  can  not  be  found 
("NO"  in  step  S5),  the  central  processing  computer  15 
recognizes  the  automotive  vehicle  11  as  an  illegal  pas- 
sage  vehicle  and  performs  a  predetermined  operation 
(step  S36). 

In  the  foregoing,  the  subscriber  data  of  the  mobile 
terminal  are  described  as  a  part  of  the  charge  function 
of  the  mobile  communication  exchange  system  and  in- 
cluded  in  the  terminal  information  delivered  from  the  mo- 
bile  communication  exchange  system.  Alternatively,  the 
subscriber  data  may  be  searched  by  the  central 
processing  computer  in  correspondence  to  the  sub- 
scriber  number  or  the  terminal  number  delivered  from 
the  mobile  communication  exchange  system. 

In  the  foregoing,  as  far  as  the  mobile  communica- 
tion  exchange  system  can  discriminate  the  call  for  the 
toll  collection  system,  the  lane  identifying  unit  having  a 
function  equivalent  to  the  antenna  identifying  function  of 
the  mobile  communication  exchange  system  is 
equipped  in  each  tollgate  together  with  the  terminal  in- 
formation  receiving  unit.  Alternatively,  the  antenna  of  the 
mobile  communication  exchange  system  may  be 
equipped  in  each  toll  lane  and  the  mobile  communica- 
tion  exchange  system  may  identify  the  toll  lane  in  con- 
sideration. 

In  the  foregoing,  the  operation  in  the  abnormal  con- 
dition  is  partially  described  with  the  remaining  part  omit- 
ted. 

In  the  foregoing,  a  few  embodiment  have  been  de- 
scribed  by  way  of  example.  However,  this  invention  is 
not  restricted  to  the  above-described  embodiments  but 
includes  various  modifications  by  separation  and  com- 
bination  of  the  functions,  exchange  of  the  order  of  the 
steps,  performance  of  parallel  operations,  and  so  on. 

In  the  above-mentioned  toll  collection  systems  ac- 
cording  to  this  invention,  the  data  transmission/  recep- 
tion  unit  is  implemented  by  the  mobile  terminal  for  mo- 
bile  communication.  Each  toll  lane  is  equipped  with  the 
antenna  for  receiving  the  terminal  number  and  the  pre- 
determined  dial  number  transmitted  from  the  mobile  ter- 

minal,  and  the  vehicle's  class  detector  for  detecting  the 
vehicle's  class  of  the  automotive  vehicle  entering  the  toll 
lane.  Each  tollgate  is  equipped  with  the  processing  unit 
supplied  from  the  antenna  with  the  radio  signal  carrying 

5  the  dial  number  and  the  terminal  number  for  identifying 
the  entry  lane  of  the  automotive  vehicle  and  for  acquiring 
the  terminal  information.  In  addition,  the  processing  unit 
is  also  supplied  from  the  vehicle's  class  detector  with 
the  vehicle's  class  detected  by  the  vehicle's  class  de- 

10  tector  to  obtain  the  vehicle's  class  information.  The 
processing  unit  then  prepares  and  stores  in  a  data  mem- 
ory  unit  the  passage  vehicle  information  containing  the 
passage  time,  the  lane  information,  the  terminal  infor- 
mation,  and  the  vehicle's  class  information.  The  central 

is  processing  computer  obtains  the  vehicle  passage  data 
including  the  passage  vehicle  information  and  the  toll- 
gate  information  from  every  tollgate  to  prepare  the  toll 
charge  data. 

Since  the  mobile  terminal  for  mobile  communication 
20  is  used  as  the  data  transmission/reception  unit  for  the 

toll  collection  system,  the  user  of  the  automotive  vehicle 
is  not  required  to  have  any  special  terminal  equipment 
in  order  to  use  the  toll  road.  Furthermore,  the  vehicle's 
class  detector  for  detecting  the  vehicle's  class  of  the  au- 

25  tomotive  vehicle  entering  the  toll  lane  is  used  in  addition. 
It  is  therefore  possible  to  properly  charge  the  toll  to  the 
user  of  the  toll  road. 

While  this  invention  has  thus  far  been  described  in 
conjunction  with  a  few  preferred  embodiments  thereof, 

30  it  will  now  be  readily  possible  for  those  skilled  in  the  art 
to  put  this  invention  into  various  other  manners.  For  ex- 
ample,  the  toll  collection  system  may  be  applicable  to  a 
parking  space,  or  the  like.  In  addition,  the  tollgate  may 
comprise  only  one  toll  lane. 

35 

Claims 

1.  A  toll  collection  system  which  transmits  and  re- 
40  ceives  radio  waves  between  a  tollgate  and  a  data 

transmission/reception  unit  of  an  automotive  vehi- 
cle  (1  1  )  passing  said  tollgate  to  collect  vehicle  pas- 
sage  data,  and  which  prepares  toll  charge  datafrom 
said  vehicle  passage  data  to  automatically  collect  a 

45  road  toll,  characterized  in  that  said  data  transmis- 
sion/reception  unit  is  a  mobile  terminal  (20)  for  mo- 
bile  communication. 

2.  A  toll  collection  system  as  claimed  in  claim  1, 
so  wherein  said  mobile  terminal  (20)  transmits  a  radio 

signal  carrying  a  terminal  number  assigned  thereto 
and  a  predetermined  dial  number  for  a  passage  per- 
mission  request. 

55  3.  A  toll  collection  system  as  claimed  in  claim  2, 
wherein  said  tollgate  comprises  a  toll  lane  (12) 
through  which  said  automotive  vehicle  (11)  goes 
and  an  antenna  (121)  over  said  toll  lane  (12)  which 

7 
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receives  said  radio  signal  transmitted  from  said  mo- 
bile  terminal  (20). 

4.  A  toll  collection  system  as  claimed  in  claim  3, 
wherein  said  tollgate  further  comprises  a  process-  s 
ing  unit  (17),  connected  to  said  antenna  and  a  mo- 
bile  communication  exchange  system  (30)  and  sup- 
plied  from  said  antenna  with  said  radio  signal,  for 
acquiring  terminal  information  identifying  a  user  of 
said  mobile  terminal  (1  1  )  by  accessing  said  mobile  10 
communication  exchange  system  (30)  using  said 
terminal  number,  said  processing  unit  (17)  including 
a  data  memory  unit  (14)  for  storing  passage  vehicle 
information  containing  a  passage  time  and  the  ter- 
minal  information.  15 

5.  A  toll  collection  system  as  claimed  in  claim  4, 
wherein  further  comprises  a  central  processing 
computer  (15),  connected  to  said  processing  unit, 
for  obtaining  from  said  processing  unit  the  passage  20 
vehicle  information  together  with  tollgate  informa- 
tion  at  least  containing  a  tollgate  identification  code 
to  prepare  the  toll  charge  data. 

6.  A  toll  collection  system  as  claimed  in  claim  4,  25 
wherein  said  processing  unit  (17)  produces  a  pas- 
sage  permission  signal  when  said  processing  unit 
receives  said  passage  permission  request  from 
said  mobile  terminal  via  said  antenna,  said  tollgate 
further  comprises  a  passage  permission  announc-  30 
ing  unit  (1  23),  connected  to  said  processing  unit,  for 
announcing  passage  permission  to  the  user  of  said 
mobile  terminal  in  response  to  the  passage  permis- 
sion  signal. 

35 
7.  A  toll  collection  system  as  claimed  in  claim  6, 

wherein  said  passage  permission  announcing  unit 
is  a  signal  unit  (123)  . 

8.  A  toll  collection  system  as  claimed  in  claim  6,  40 
wherein  said  tollgate  further  comprises: 

a  passage  detection  unit  (123)  for  detecting 
passage  of  said  automotive  vehicle  (11  )  to  pro- 
duce  a  passage  detection  signal  on  detection  45 
of  the  passage  of  said  automotive  vehicle;  and 
pickup  means  (124),  connected  to  said  pas- 
sage  detection  means  and  said  processing 
unit,  for  picking  up  said  automotive  vehicle  (11) 
on  reception  of  the  passage  detection  signal  so 
before  reception  of  the  passage  permission  sig- 
nal. 

9.  A  toll  collection  system  as  claimed  in  claim  3, 
wherein  said  tollgate  further  comprises  a  vehicle's  55 
class  detector  (122),  mounted  on  the  toll  lane,  for 
detecting  a  vehicle's  class  of  said  automotive  vehi- 
cle  entering  said  tollgate  to  produce  vehicle's  class 

information  indicative  of  the  vehicle's  class. 

10.  A  toll  collection  system  as  claimed  in  claim  9, 
wherein  said  tollgate  further  comprises  a  process- 
ing  unit  (17),  connected  to  said  vehicle's  class  de- 
tectors  and  a  mobile  communication  exchange  sys- 
tem,  for  acquiring  terminal  information  identifying  a 
user  of  said  mobile  terminal  by  accessing  said  mo- 
bile  communication  exchange  system  using  said 
terminal  number,  said  processing  unit  including  a 
data  memory  unit  (14)  for  storing  passage  vehicle 
information  containing  a  passage  time,  the  terminal 
information,  and  the  vehicle's  class  information. 

11.  A  toll  collection  system  as  claimed  in  claim  10, 
wherein  further  comprises  a  central  processing 
computer  (15),  connected  to  said  processing  unit, 
for  obtaining  from  said  processing  unit  the  passage 
vehicle  information  together  with  tollgate  informa- 
tion  at  least  containing  a  tollgate  identification  code 
to  prepare  the  toll  charge  data. 

12.  A  toll  collection  system  as  claimed  in  claim  10, 
wherein  said  processing  unit  produces  a  passage 
permission  signal  when  said  processing  unit  re- 
ceives  said  passage  permission  request  from  said 
mobile  terminal  via  said  antenna,  said  tollgate  fur- 
ther  comprises  a  passage  permission  announcing 
unit  (123),  mounted  on  the  toll  lane  and  connected 
to  said  processing  unit,  for  announcing  passage 
permission  to  the  user  of  said  mobile  terminal  in  re- 
sponse  to  the  passage  permission  signal. 

13.  A  toll  collection  system  as  claimed  in  claim  12, 
wherein  said  passage  permission  announcing  unit 
is  a  signal  unit  (123). 

14.  A  toll  collection  system  as  claimed  in  claim  12, 
wherein  said  tollgate  further  comprises  : 

a  passage  detection  unit  (123),  mounted  on 
said  toll  lane,  for  detecting  passage  of  said  au- 
tomotive  vehicle  to  produce  a  passage  detec- 
tion  signal  on  detection  of  the  passage  of  said 
automotive  vehicle;  and 
a  pickup  unit  (1  24),  connected  to  said  passage 
detection  unit  and  said  processing  unit,  for  pick- 
ing  up  said  automotive  vehicle  on  reception  of 
the  passage  detection  signal  before  reception 
of  the  passage  permission  signal. 

15.  A  toll  collection  system  as  claimed  in  claim  3, 
wherein  said  tollgate  further  comprises  a  vehicle 
identification  unit  (122A)  for  identifying  said  auto- 
motive  vehicle  (1  1  )  to  produce  vehicle  identification 
information. 

16.  A  toll  collection  system  as  claimed  in  claim  15, 
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wherein  said  vehicle  identification  unit  is  a  number 
plate  reader  (1  22A)  for  reading,  as  the  vehicle  iden- 
tification  information,  a  registration  number  on  a 
number  plate  of  said  automotive  vehicle. 

17.  A  toll  collection  system  as  claimed  in  claim  15, 
wherein  said  tollgate  further  comprises  a  process- 
ing  unit  (17),  connected  to  said  antenna,  said  vehi- 
cle  identification  unit,  and  a  mobile  communication 
exchange  system  and  supplied  from  said  antenna 
with  said  radio  signal,  for  acquiring  terminal  infor- 
mation  identifying  a  user  of  said  mobile  terminal  by 
accessing  said  mobile  communication  exchange 
system  using  said  terminal  number,  said  processing 
unit  including  a  data  memory  unit  (14)  for  storing 
passage  vehicle  information  containing  a  passage 
time,  the  vehicle  identification  information,  and  the 
terminal  information. 

18.  A  toll  collection  system  as  claimed  in  claim  17, 
wherein  further  comprises  a  central  processing 
computer  (15),  connected  to  said  processing  unit, 
for  obtaining  from  said  processing  unit  the  passage 
vehicle  information  together  with  tollgate  informa- 
tion  at  least  containing  a  tollgate  identification  code 
to  prepare  the  toll  charge  data. 

19.  A  toll  collection  system  as  claimed  in  claim  17, 
wherein  said  processing  unit  produces  a  passage 
permission  signal  when  said  processing  unit  re- 
ceives  said  passage  permission  request  from  said 
mobile  terminal  via  said  antenna,  said  tollgate  fur- 
ther  comprises  a  passage  permission  announcing 
unit  (123),  connected  to  said  processing  unit,  for  an- 
nouncing  passage  permission  to  the  user  of  said 
mobile  terminal  in  response  to  the  passage  permis- 
sion  signal. 

20.  A  toll  collection  system  as  claimed  in  claim  19, 
wherein  said  passage  permission  announcing  unit 
is  a  signal  unit  (123). 

21.  A  toll  collection  system  as  claimed  in  claim  19, 
wherein  said  tollgate  further  comprises: 

a  passage  detection  unit  (123)  for  detecting 
passage  of  said  automotive  vehicle  to  produce 
a  passage  detection  signal  on  detection  of  the 
passage  of  said  automotive  vehicle;  and 
a  pickup  unit  (1  24),  connected  to  said  passage 
detection  unit  and  said  processing  unit,  for  pick- 
ing  up  said  automotive  vehicle  on  reception  of 
the  passage  detection  signal  before  reception 
of  the  passage  permission  signal. 

22.  A  toll  collection  system  as  claimed  in  claim  2, 
wherein  said  tollgate  comprises  a  plurality  of  toll 
lanes  (12)  through  one  of  which  said  automotive  ve- 

hicle  goes  and  a  plurality  of  antennas  (121  )  over  the 
respective  toll  lanes  each  of  which  receives  said  ra- 
dio  signal  transmitted  from  said  mobile  terminal. 

5  23.  A  toll  collection  system  as  claimed  in  claim  22, 
wherein  said  antennas  are  directional  antennas 
which  face  the  respective  toll  lanes. 

24.  A  toll  collection  system  as  claimed  in  claim  22, 
10  wherein  said  tollgate  further  comprises  vehicle's 

class  detectors  mounted  on  the  respective  toll 
lanes,  each  of  said  vehicle's  class  detectors  being 
for  detecting  a  vehicle's  class  of  said  automotive  ve- 
hicle  entering  said  tollgate  to  produce  vehicle's 

is  class  information  indicative  of  the  vehicle's  class. 

25.  A  toll  collection  system  as  claimed  in  claim  24, 
wherein  said  tollgate  further  comprises  a  process- 
ing  unit  (17)  connected  to  said  vehicle's  class  de- 

20  tectors  and  a  mobile  communication  exchange  sys- 
tem,  said  processing  unit  comprising: 

lane  identifying  means  (16)  for  identifying,  in  re- 
sponse  to  said  radio  signal  received  by  said  an- 

25  tennas,  one  of  said  toll  lanes  that  said  automo- 
tive  vehicle  go  through  as  an  entry  lane,  said 
lane  identifying  means  producing  lane  informa- 
tion  indicative  of  the  entry  lane; 
acquiring  means  (16,  13)  for  acquiring  terminal 

30  information  identifying  a  user  of  said  mobile  ter- 
minal  by  accessing  said  mobile  communication 
exchange  system  using  said  terminal  number; 
and 
a  data  memory  unit  (14)  for  storing  passage  ve- 

35  hide  information  containing  a  passage  time, 
the  lane  information,  the  terminal  information, 
and  the  vehicle's  class  information. 

26.  A  toll  collection  system  as  claimed  in  claim  25, 
40  wherein  further  comprises  a  central  processing 

computer  (15),  connected  to  said  processing  unit, 
for  obtaining  from  said  processing  unit  the  passage 
vehicle  information  together  with  tollgate  informa- 
tion  at  least  containing  a  tollgate  identification  code 

45  to  prepare  the  toll  charge  data. 

27.  A  toll  collection  system  as  claimed  in  claim  25, 
wherein  said  processing  unit  produces  a  passage 
permission  signal  when  said  processing  unit  re- 

50  ceives  said  passage  permission  request  from  said 
mobile  terminal  via  said  antennas,  said  tollgate  fur- 
ther  comprises  a  plurality  of  passage  permission 
announcing  units  (123)  mounted  on  the  respective 
toll  lanes  and  connected  to  said  processing  unit, 

55  each  of  said  passage  permission  announcing  units 
announcing  passage  permission  to  the  user  of  said 
mobile  terminal  in  response  to  the  passage  permis- 
sion  signal. 

50 

55 

30 
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28.  A  toll  collection  system  as  claimed  in  claim  27, 
wherein  each  of  said  passage  permission  announc- 
ing  units  is  a  signal  unit  (123). 

29.  A  toll  collection  system  as  claimed  in  claim  27, 
wherein  said  tollgate  further  comprises: 

a  plurality  of  passage  detection  units  (123), 
mounted  on  the  respective  toll  lanes,  each  of 
which  detects  passage  of  said  automotive  ve- 
hicle  to  produce  a  passage  detection  signal  on 
detection  of  the  passage  of  said  automotive  ve- 
hicle;  and 
a  plurality  of  pickup  units  (124),  connected  to 
the  respective  passage  detection  units  and  said 
processing  unit,  each  of  which  picks  up  said  au- 
tomotive  vehicle  on  reception  of  the  passage 
detection  signal  before  reception  of  the  pas- 
sage  permission  signal. 

30.  A  toll  collection  system  as  claimed  in  claim  22, 
wherein  said  tollgate  further  comprises  a  plurality  of 
vehicle  identification  units  (122A)  mounted  on  the 
respective  toll  lanes,  each  of  said  vehicle  identifica- 
tion  units  being  for  identifying  said  automotive  ve- 
hicle  to  produce  vehicle  identification  information. 

31.  A  toll  collection  system  as  claimed  in  claim  30, 
wherein  each  of  said  vehicle  identification  units  is  a 
number  plate  reader  (122A)  for  reading,  as  the  ve- 
hicle  identification  information,  a  registration 
number  on  a  number  plate  of  said  automotive  vehi- 
cle. 

32.  A  toll  collection  system  as  claimed  in  claim  30, 
wherein  said  tollgate  further  comprises  a  process- 
ing  unit  (1  7)  connected  to  said  vehicle  identification 
units  and  a  mobile  communication  exchange  sys- 
tem,  said  processing  unit  comprising: 

lane  identifying  means  (16)  for  identifying,  in  re- 
sponse  to  said  radio  signal  received  by  said  an- 
tennas,  one  of  said  toll  lanes  that  said  automo- 
tive  vehicle  go  through  as  an  entry  lane,  said 
lane  identifying  means  producing  lane  informa- 
tion  indicative  of  the  entry  lane; 
acquiring  means  (16,  13)  for  acquiring  terminal 
information  identifying  a  user  of  said  mobile  ter- 
minal  by  accessing  said  mobile  communication 
exchange  system  using  said  terminal  number; 
a  data  memory  unit  (14)  for  storing  passage  ve- 
hicle  information  containing  a  passage  time, 
the  lane  information,  the  terminal  information, 
and  the  vehicle  identification  information. 

33.  A  toll  collection  system  as  claimed  in  claim  32, 
wherein  further  comprises  a  central  processing 
computer  (15),  connected  to  said  processing  unit, 

for  obtaining  from  said  processing  unit  the  passage 
vehicle  information  together  with  tollgate  informa- 
tion  at  least  containing  a  tollgate  identification  code 
to  prepare  the  toll  charge  data. 

5 
34.  A  toll  collection  system  as  claimed  in  claim  32, 

wherein  said  processing  unit  produces  a  passage 
permission  signal  when  said  processing  unit  re- 
ceives  said  passage  permission  request  from  said 

10  mobile  terminal  via  said  antennas,  said  tollgate  fur- 
ther  comprises  a  plurality  of  passage  permission 
announcing  units  (123)  mounted  on  the  respective 
toll  lanes  and  connected  to  said  processing  unit, 
each  of  said  passage  permission  announcing  units 

is  announcing  passage  permission  to  the  user  of  said 
mobile  terminal  in  response  to  the  passage  permis- 
sion  signal. 

35.  A  toll  collection  system  as  claimed  in  claim  34, 
20  wherein  each  of  said  passage  permission  announc- 

ing  units  is  a  signal  unit  (123). 

36.  A  toll  collection  system  as  claimed  in  claim  34, 
wherein  said  tollgate  further  comprises: 

a  plurality  of  passage  detection  units  (123), 
mounted  on  the  respective  toll  lanes,  each  of 
which  detects  passage  of  said  automotive  ve- 
hicle  to  produce  a  passage  detection  signal  on 

30  detection  of  the  passage  of  said  automotive  ve- 
hicle;  and 
a  plurality  of  pickup  units  (124),  connected  to 
the  respective  passage  detection  units  and  said 
processing  unit,  each  of  which  picks  up  said  au- 

35  tomotive  vehicle  on  reception  of  the  passage 
detection  signal  before  reception  of  the  pas- 
sage  permission  signal. 

10 
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