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Description 

The  present  invention  relates  to  an  automatic  toll 
exaction  system  for  urban  and  extraurban  highways,  for 
bridge  and  tunnel  crossings  and  for  accesses  to  urban 
areas  and  car  parks. 

As  is  known,  through  the  years,  in  view  of  the  fact 
that  the  highway  system  has  a  strategic  role  of  develop- 
ment  and  integration  of  the  territory,  an  extensive  inte- 
grated  network  capable  of  providing  the  necessary  as- 
surances  of  ease  of  transit  as  well  as  new  services  re- 
lated  to  stops  and  to  increasingly  complete  tourist-cul- 
tural  information  and  information  on  road  conditions  has 
been  developed.  In  particular,  in  order  to  increase  fluid- 
ity,  safety  and  comfort  on  the  highway  network,  and  in 
order  to  reduce  the  congestion  of  traffic  near  stations, 
which  is  endured  by  highway  users  with  rising  intoler- 
ance,  there  has  been  a  constant  commitment  aimed  at 
the  adaptation  of  the  structures  and  to  the  development 
of  automation.  A  further  fluidizing  factor  is  constituted 
by  the  possibility  of  paying  the  toll  by  means  of  electronic 
money  either  in  the  form  of  a  "prepaid  charge-deduc- 
tion"  card  or  of  charging,  either  directly  or  by  means  of 
contracted  organizations  or  finally  with  charging  to  a 
bank  account  (VIACARD  system). 

US-A-4  303  904  discloses  an  automatic  toll  paying 
system  which  comprises  the  technical  elements  as  in- 
cluded  in  the  preamble  of  the  appended  claim  1.  Such 
system  starts  with  a  lump  sum  paid  in  advance  to  a  per- 
manently  assigned  collection  agency's  representative. 
This  sum  is  inserted,  electronically,  into  the  memory  of 
a  microwave  transponder-data-processor,  normally 
kept  in  the  vehicle.  A  code  identifying  the  user  is  fixedly 
stored  in  the  transponder-data-processor  and  thus  can- 
not  be  easily  changed.  As  the  vehicle  passes  suitably 
equipped  toll  collection  facilities,  a  toll  transponder  re- 
ceives  billing  information  from  the  vehicle  transponder, 
calculates  the  toll,  and  transmits  it  back  to  the  vehicle 
transponder  where  the  toll  is  electronically  subtracted 
from  the  stored  balance. 

EP-A-323  326  discloses  an  on-board  vehicle  trans- 
ponder  in  which  a  removable  microprocessor  card  is  in- 
sertable.  The  microprocessor  card  comprises  a  memory 
with  prepaid  units  which  are  subtracted  from  the  card 
when  the  transponder  receives  appropriate  signals  from 
an  emitting  station.  The  removable  card  stores  a  code 
identifying  the  vehicle  which  is  transmitted  by  the  on- 
board  transponder  to  the  emitting  station  for  example 
for  identifying  a  stolen  vehicle. 

The  present  invention  provides  a  system  and  a 
process  for  the  automatic  exaction  of  toll  for  urban  and 
extraurban  highways,  for  bridge  and  tunnel  crossings 
and  for  accesses  to  urban  areas  and  car  parks,  which 
are  specified  in  claims  1  and  12  respectively  and  allow 
a  dynamic  exaction  of  the  toll  even  with  different  cards. 

In  particular,  the  present  invention  provides  an  au- 
tomatic  toll  exaction  system  which  can: 

simultaneously  provide  the  diffusion  of  precise  and 
timely  information  on  road  conditions  and  on  the 
services  offered; 
ensure  greater  fluidity,  safety,  reduction  of  pollution 

5  near  stations  and  energy  saving,  since  the  vehicle 
no  longer  needs  to  stop  in  the  lane  but  can  pass  at 
the  speed  enforced  by  safety  regulations; 
have  great  reliability  and  modularity  to  allow  the  pro- 
gressive  introduction  of  the  various  provided  serv- 

10  ices  and  the  easy  implementation  of  new  ones; 
be  easily  integrated  in  the  existing  structures,  as  re- 
gards  both  the  vehicles  and  the  road,  and  in  partic- 
ular  the  configuration  of  the  stations. 

is  The  system  according  to  the  invention  is  further- 
more  compatible  and  interactive  with  currently  installed 
5  exaction  systems,  allows  to  maintain  the  currently  ex- 
isting  monetics  circuits  and  allows  opening  to  integration 
with  information  processing  systems. 

20  The  characteristics  and  advantages  of  the  invention 
will  become  apparent  from  the  description  of  a  preferred 
embodiment,  illustrated  only  by  way  of  non-limitative  ex- 
ample  in  the  accompanying  drawings,  wherein: 

25  figure  1  is  a  schematic  view  of  the  three  essential 
components  of  the  system  according  to  the  inven- 
tion; 
figure  2  is  a  block  diagram  of  the  onboard  appara- 
tus; 

30  figure  3  is  a  schematic  view  of  the  configuration  of 
a  station  executed  according  to  the  invention,  illus- 
trating  the  division  of  the  areas  affected  by  the  sys- 
tem; 
figure  4  is  a  block  diagram  of  the  ground-based  ap- 

35  paratus;  and 
figures  5-8  are  block  diagrams  of  the  steps  for  au- 
tomatic  toll  exaction  according  to  the  invention. 

With  reference  to  figure  1  ,  the  system  according  to 
40  the  invention  is  substantially  composed  of  three  parts, 

and  precisely  an  onboard  apparatus  (composed  of  the 
units  shown  in  figure  2)  mounted  inside  a  motor  vehicle 
1  in  a  position  which  can  be  accessed  by  the  driver,  a 
personal  card  2,  which  must  be  inserted  in  the  onboard 

45  apparatus  in  order  to  use  the  toll  exaction  system  ac- 
cording  to  the  invention,  and  a  ground-based  apparatus 
(represented  in  figure  1  by  a  buoy  3  on  which  an  antenna 
4  is  mounted  and  schematically  indicated  in  figure  4) 
which  ensures  linkup  with  the  onboard  apparatus  and 

so  the  processing  of  the  data  for  toll  exaction.  This  ground- 
based  apparatus  also  allows  connection  to  existing  in- 
formation-processing  and  automation  units. 

The  onboard  apparatus  has  the  function  of  ensuring 
the  reception  and  transmission  of  the  messages,  the 

55  handling  and  storage  of  the  transactions  and  the  inter- 
action  with  the  user  (generally  the  driver).  In  detail,  said 
apparatus  (see  figure  2)  comprises  a  ground-to-vehicle 
radio-link  section  (composed  of  an  antenna  5  and  of  a 

30 
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reception  and  transmission  device  6  of  a  known  type), 
an  information  processing  section  (composed  of  a  con- 
trol  unit  7  with  a  memory  8  of  its  own),  a  section  for  read- 
ing  and  encoding  the  card  (card  reader  9)  and  a  man- 
machine  interface  10  which  is  typically  constituted  by  a 
display  unit,  which  includes  a  red  LED  and  a  green  LED 
for  displaying  messages  sent  by  the  ground-based  ap- 
paratus  or  generated  by  the  control  unit  7,  and  by  a  two- 
tone  acoustic  alarm  system  for  attracting  the  user's  at- 
tention  and  repeating  the  visual  indication  provided  by 
the  LEDs.  A  third  yellow  LED  can  furthermore  be  pro- 
vided;  when  lit,  said  LED  indicates  that  the  card  can  no 
longer  be  removed  from  the  reader.  Finally,  means  suit- 
able  for  allowing  the  user  to  receive  further  information 
concerning  road  conditions  and  traffic  may  be  provided. 
Said  means  may  be  constituted  for  example  by  displays 
and/or  loudspeakers  or  other  solutions  suitable  for  the 
purpose,  as  well  as  by  elements  for  connection  to  the 
devices  which  are  already  available  on  board  (radio, 
etc.). 

The  personal  card,  which  for  example  can  be  exe- 
cuted  as  an  extension  of  the  VIACARD  (Trade  Mark) 
cards,  has  the  function  of  activating  the  onboard  appa- 
ratus,  of  identifying  the  user  and  of  storing  the  operative 
data  (such  as  the  operativity  or  locking  of  the  card  as 
well  as  the  transactions  for  the  payment  of  the  toll  or  of 
other  goods  or  services).  Conveniently,  in  order  to  en- 
sure  that  the  dialogue  is  confidential,  to  protect  access 
to  the  system  and  store  the  operative  data,  said  card  is 
executed  according  to  the  technology  of  microproces- 
sor-equipped  cards  which  also  contain  electrically  rewri- 
table  memories.  The  card  furthermore  conveniently  has, 
on  the  same  support,  magnetic  tracks  recorded  accord- 
ing  to  the  currently  applicable  codings  to  allow  the  use 
of  the  same  card  (which  is  removable  from  the  onboard 
apparatus)  even  with  conventional  station  apparatuses 
for  automatic  toll  exaction  and  with  those  being  installed 
for  the  payment  of  fuels  and  refreshments. 

As  will  be  explained  in  greater  detail  hereinafter, 
once  the  card  is  inserted  in  the  onboard  apparatus,  it  is 
checked  upon  entering  the  highway  and  stores  the  char- 
acteristic  data  in  replacement  of  the  ticket  for  the  com- 
pletion  of  the  exit  transaction.  It  furthermore  stores  each 
individual  transaction  supporting  each  charge,  thus  con- 
stituting  a  memorandum  of  the  trips  made  for  the  user, 
contains  the  restrictions  of  use  (limit  differentiated  by 
service  and  in  time)  and  also  verifies  and  stores  the  oc- 
currence  of  the  enabling  on  the  part  of  the  system  to  the 
fruition  of  the  service  by  means  of  checks  on  a  blacklist 
or  "white  list",  according  to  the  preset  procedures. 

The  ground-based  apparatus,  as  already  men- 
tioned,  has  the  function  of  communicating  with  the  on- 
board  one  for  the  exchange  of  the  data  and  messages 
required  to  ensure  the  dynamic  exaction  of  the  toll  and 
the  transmission  of  general  information  on  road  condi- 
tions  and  traffic,  as  well  as  of  performing  the  necessary 
processing  of  the  data.  In  particular,  two  different  trans- 
mission  modes,  which  are  simultaneously  present  with 

automatic  passage  from  one  to  the  other,  are  provided 
according  to  the  content  of  the  messages.  The  first 
mode  is  aimed  at  a  single  user  for  the  dynamic  exaction 
of  the  toll  by  means  of  a  selective  linkup  (in  particular 

5  with  the  identification  and  classification  of  the  vehicle 
and  with  the  association  thereof  with  the  card  inserted 
in  the  onboard  apparatus).  This  entails  the  need  to  lo- 
cate  the  vehicle  and  to  maintain  a  one-to-one  corre- 
spondence  between  the  physical  parameters  detected 

10  by  means  of  the  ground-based  instruments  and  the  user 
identification  data  gathered  by  radio.  The  second  trans- 
mission  mode  is  aimed  at  many  users  (circular  trans- 
mission)  for  the  broadcasting  of  news  of  general  inter- 
est,  such  as  the  state  of  the  roads  or  the  availability  of 

is  services.  In  particular,  in  this  case,  the  ground-based 
apparatus  allows  to  send  information  on  road  condi- 
tions,  on  the  presence  of  road  yards,  traffic  blocks  and 
detours,  on  travel  times,  recommended  alternate  paths, 
availability  of  services  and  weather  conditions,  and  on 

20  the  presence  of  personal  messages  at  the  nearest  serv- 
ice  station.  This  system,  in  a  simpler  configuration,  al- 
lows  to  carry  this  information  along  the  highway  and 
possibly,  by  means  of  appropriate  installations,  even 
along  the  ordinary  road  system. 

25  Consequently,  each  individual  station  executed  ac- 
cording  to  the  present  automatic  exaction  system  has 
the  structure  shown  in  figure  3.  In  said  figure,  the  refer- 
ence  numerals  16  indicate  two  portions  of  highway 
which  can  be  followed  in  the  outgoing  direction  (typically 

30  they  represent  the  two  junction  roads  with  the  carriage- 
ways  or  lanes  of  the  highway),  17  indicates  the  portion 
after  the  toll  station  which  can  be  followed  in  the  ingoing 
direction  toward  the  actual  highway,  18  represents  a 
road  (e.g.  a  provincial  road)  which  is  linked  to  the  high- 

35  way  by  means  of  the  portions  16  and  17,  and  19  indi- 
cates  the  station.  The  station,  according  to  the  invention, 
comprises  a  plurality  of  areas  in  which  the  messages 
necessary  for  automatic  exaction  are  exchanged.  In  de- 
tail,  three  areas  are  provided  and  correspond  to  three 

40  logic  steps  which  are  repeated  both  in  entry  and  in  exit 
in  case  of  a  closed  highway  system: 

a)  a  first  approach  step,  during  which  the  ground- 
based  system  broadcasts  circular  signals  to  com- 

45  municate  the  availability  of  the  service  and  activate 
the  onboard  apparatus  which,  passing  from  a  listen- 
ing  state  to  an  active  one,  performs  all  the  auto-di- 
agnostics  checks  and  the  card  functionality  checks. 
The  positive  outcome  of  these  checks,  which  is  no- 

50  tified  to  the  user,  authorizes  said  user  to  continue 
toward  the  gate  enabled  for  the  tele-toll  service;  oth- 
erwise  an  alarm  indication  requests  him  to  move  to- 
ward  another  gate  with  manual  or  automatic  exac- 
tion.  This  step  is  performed  in  the  areas  indicated 

55  by  AREA  1  E  (for  entering  the  highway)  and  AREA 
1  U  (for  leaving  said  highway).  The  areas  1  E  and  1  U 
are  chosen  so  that  in  this  step  the  vehicle  is  normal- 
ly  not  routed,  and  the  radioelectric  coverage  is  ex- 

50 
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tended  enough  to  ensure  linkup  with  all  the  passing 
vehicles  which  are  potentially  interested  in  the  mes- 
sage.  In  this  region,  transmission  is  of  the  one-way 
type,  from  the  ground  to  the  vehicle. 
b)  a  second  presentation  step,  during  which  the  on- 
board  apparatus  communicates  the  user's  identifi- 
cation  data  while  the  ground-based  apparatuses 
determine  the  class  of  the  vehicle  for  the  application 
of  the  toll  fare.  In  this  step,  which  is  performed  in 
the  regions  indicated  by  AREA  2E  (for  entry)  and 
AREA  2U  (for  exit),  the  correspondence  between 
the  data  acquired  by  radio  and  those  measured  on 
the  ground  must  be  ensured:  the  link  is  of  the  two- 
way  type  and  the  traffic  is  already  routed. 
c)  a  third  validation  step,  during  which  the  ground- 
based  system  authorizes  transit,  on  the  basis  of  the 
checks  performed  on  the  data  acquired  in  the  pre- 
ceding  step,  and  transfers  the  related  identification 
data  to  the  vehicle.  In  case  of  failed  authorization, 
the  ground-based  apparatus  enables  the  acquisi- 
tion  and  storage  of  a  frame  which  contains  the  reg- 
istration  plate  of  the  vehicle  involved.  This  step  is 
performed  in  the  regions  indicated  by  AREA  3E  (for 
entry)  and  AREA  3U  (for  exit). 

The  station  illustrated  in  figure  3  is  part  of  a  closed 
system  (i.e.  in  which  toll  exaction  is  performed  by  cal- 
culating  the  distance  covered  and  the  tariff  class  and 
each  area  is  repeated  in  entry  and  in  exit);  however,  the 
same  scheme  is  used  for  open  systems  (i.e.  systems  in 
which  there  are  one  or  more  stations  in  which  the  pay- 
ment  of  the  toll  related  to  a  certain  highway  segment  is 
performed  as  a  function  of  the  segment  itself  and  of  the 
class  of  the  vehicle).  In  particular,  the  same  three  steps 
described  above,  which  correspond  to  the  three  areas 
of  approach,  presentation  and  validation,  are  identified 
in  this  case  as  well,  but  the  entire  transaction  is  per- 
formed  in  a  single  station,  as  will  be  explained  in  greater 
detail  hereinafter. 

Figure  4  schematically  illustrates  the  units  which 
compose  the  ground-based  apparatus.  In  particular,  the 
entry  buoy  (BOA  1  E)  arranged  at  the  AREA  1  E  and  the 
exit  buoy  (BOA  1  U)  located  at  the  AREA  IU  are  repre- 
sented.  Said  buoys  are  arranged  physically  remote  from 
the  related  station,  so  that  an  RS422  line  is  provided  for 
exchanging  data  with  the  station  computer.  One  or  two 
additional  buoys  (BOA  1S)  which  replicate  the  entry 
and/or  exit  buoy  proximate  to  the  station  are  possibly 
provided.  A  monitor  is  furthermore  connected  to  the 
computer  for  control  on  the  part  of  an  operator.  The 
ground-based  apparatus  furthermore  comprises  a  lane 
processing  unit,  indicated  by  20,  which  is  arranged  at 
each  lane  and  is  therefore  provided  at  least  twice,  for 
the  entry  lane  and  the  exit  lane.  Said  unit  20  comprises 
a  lane  computer,  a  CTV  unit  which  constitutes  a  classi- 
fication  and  unlocking  system,  a  logical  unit  for  the  con- 
trol  of  the  buoys  (BUOY  LOGIC  -  CONTROLLERS)  and 
a  unit  for  communication  between  the  lane  computer 

and  the  station  computer.  The  entry  or  exit  presentation 
and  validation  buoys  (BOA  2,  BOA  3),  according  to  the 
type  of  lane,  lane  sensors  which  are  arranged  proximate 
to  the  entry  and  exit  buoys  BOA  2  and  BOA  3  and  are 

5  typically  constituted  by  a  pair  of  contiguous  optical  bar- 
riers  and  by  a  presence  sensing  coil,  and  a  TV  camera 
with  the  respective  SART  computer  for  detecting  the 
registration  plates  are  connected  to  the  processing  unit 
20  as  will  be  explained  hereinafter. 

10  All  the  buoys  have  highly  directive  and  very  small 
antennas  which  operate  typically  between  5  and  11 
GHz. 

The  automatic  toll  exaction  system  according  to  the 
invention  operates  as  described  hereafter  with  refer- 

15  ence  to  the  block  diagrams  of  figures  5-8. 
In  particular,  figure  5  illustrates  the  block  diagram 

related  to  the  operations  performed  by  the  onboard  ap- 
paratus  during  the  approach  step  both  for  the  closed 
system  (and  related  to  both  entry  and  exit)  and  for  the 

20  open  system.  In  detail,  the  buoy  BOA  1  broadcasts  its 
own  activity  signal  in  a  continuous  cycle;  said  signal  con- 
tains  a  variable  text  to  be  recorded  on  the  onboard  ap- 
paratus.  The  onboard  apparatus,  which  was  previously 
in  the  listening  state,  is  activated  when  the  vehicle  en- 

25  ters  the  AREA  1  E  or  1  U  and  receives  the  buoy  activity 
signal.  Lack  of  reception  does  not  enable  for  transit  on 
the  dedicated  lanes.  Reception  of  the  activity  signal  in- 
stead  causes  the  beginning  of  the  self-test  sequence  of 
the  assembly  constituted  by  the  onboard  apparatus  and 

30  the  inserted  card.  The  correct  insertion  of  the  card  in  the 
reader  is  initially  checked,  with  a  possible  indication  in 
case  of  negative  outcome,  then  the  self-test  sequence 
continues  in  order  to  check  the  read/write  capability, 
possible  hindrances  to  the  use  of  the  card  and  the  non- 

35  corruption  of  the  recorded  data.  Then  the  outcome  of 
the  test  is  indicated  by  means  of  the  display  and/or  of 
an  acoustic  signal  and  possibly,  in  case  of  positive  out- 
come,  the  message  of  the  buoy  is  examined  and  indi- 
cated  to  the  user. 

40  Figure  6  illustrates  the  block  diagram  related  to  the 
operations  performed  by  the  ground-based  apparatus 
during  the  entry  presentation  step.  At  the  beginning  of 
this  step,  the  ground-based  apparatus  is  waiting  for  the 
sensing  of  the  passage  of  a  vehicle  on  the  part  of  the 

45  sensors  arranged  in  AREA  2.  As  soon  as  a  vehicle  is 
sensed,  the  buoy  broadcasts  a  cyclic  code  which  has 
the  function  of  a  query  for  the  vehicle.  The  onboard  ap- 
paratus  replies  by  providing  its  own  card  code  plus  the 
cyclic  code  assigned  thereto  and  furthermore  stores  on 

so  the  card  said  cyclic  code  and  a  marker  to  indicate  the 
locked  condition.  This  means  that  the  card  cannot  be 
removed  until  the  end  of  the  writing  of  said  card  during 
the  validation  step.  The  onboard  apparatus  furthermore 
stores  the  code  of  the  card  in  its  non-volatile  memory 

55  (memory  8  of  figure  2)  to  avoid  exchanges  of  the  card 
itself  between  the  entry  station  and  the  exit  station,  as 
will  be  explained  hereinafter.  The  units  which  control  the 
buoy,  which  after  the  broadcasting  of  the  cyclic  code  has 

4 
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set  itself  to  standby  for  the  data  supplied  from  the  vehi- 
cle,  upon  the  reception  of  said  data  perform  the  match- 
ing  between  the  cyclic  code  and  the  card  code  and  the 
transfer  of  these  data  to  the  lane  computer  SCR  If  the 
data  are  not  received,  this  fact  is  indicated  to  the  SCP 
and  the  dialogue  is  terminated.  Then  the  buoy  continues 
with  the  querying  of  the  following  user  by  means  of  the 
following  number  of  the  cyclic  code.  The  SCP,  after  the 
reception  of  the  data  from  the  buoy,  performs  the  formal 
checks  on  the  card,  checks  the  inclusion  of  the  received 
code  in  blacklists  and  in  allowance  ranges  and  further- 
more  classifies  the  vehicle. 

Figure  7  illustrates  the  block  diagram  of  the  entry 
validation  step  (and  of  the  exit  validation  step,  as  will 
become  apparent  hereinafter).  At  the  beginning  of  this 
step,  the  ground-based  apparatus  is  standing  by  for  the 
sensing  of  the  passage  of  a  vehicle  on  the  part  of  the 
sensors  arranged  in  AREA  3.  As  soon  as  a  vehicle  is 
sensed,  if  the  transit  is  not  a  violation  (for  example  due 
to  the  absence  of  the  onboard  apparatus  or  of  the  card, 
or  to  the  lack  of  enabling  of  the  latter  or  other  transit 
anomalies)  and  if  the  card  code  is  acceptable,  the  buoy 
sends  the  message  for  the  awaited  vehicle;  in  this  case 
said  message  contains  the  data  related  to  the  highway 
entry,  such  as  the  station  code,  the  date  and  time,  the 
detected  class,  the  inclusion  in  the  blacklist  and  the  in- 
clusion  in  the  allowance  ranges  as  well  as  the  cyclic 
code  to  which  the  data  refer.  These  data  can  thus  be 
stored  on  the  card.  Then  the  buoy  sets  itself  to  a  state 
of  standby  for  the  reception  of  a  return  confirmation  on 
the  part  of  the  vehicle.  The  confirmation  of  the  correct 
reception  and  correspondence  of  the  data  (cyclic  code 
equal  to  the  one  received  during  the  presentation  step) 
returning  from  the  onboard  apparatus  must  be  received 
by  the  lane  system  before  the  vehicle  leaves  the  lane 
control  sensors.  Otherwise,  the  lane  computer  activates 
the  registration  plate  identification  and  at  the  same  time 
transfers  the  value  of  a  counter,  which  is  provided  in 
BOA  3E  and  stores  the  progressive  number  of  transits, 
to  the  computer  which  is  responsible  for  the  acquisition 
of  the  photographs.  Registration  plate  detection  is  also 
activated  when  an  illegal  transit  is  sensed,  the  card  has 
an  unacceptable  code  or  there  is  an  unrecoverable  error 
in  ground-vehicle  data  exchange.  The  reception  of  con- 
firmation  or  the  acquisition  of  the  registration  plate  in 
case  of  illegal  transit  or  in  case  of  failed  confirmation 
cause  the  shutdown  of  the  operations  related  to  the  tran- 
sit. 

At  the  end  of  the  writing  of  the  data  on  the  card,  the 
onboard  apparatus  finally  erases  the  marker  on  the 
card,  which  can  therefore  be  removed  from  the  reader 
if  required. 

As  regards  the  exit  steps  of  a  closed  highway  sys- 
tem,  these  steps  are  again  divided  into  an  approach 
step,  which  is  equal  to  the  one  already  described  with 
reference  to  figure  5,  a  presentation  step,  which  is  now 
described  with  reference  to  figure  8,  and  a  validation 
step  which  is  similar  to  the  one  described  with  reference 

to  figure  7. 
The  exit  presentation  step  is  very  similarto  the  entry 

one.  Consequently,  at  the  beginning  of  this  step  the 
ground-based  apparatus  is  standing  by  for  the  sensing 

5  of  the  passage  of  a  vehicle  on  the  part  of  the  sensors 
arranged  in  AREA  2U.  As  soon  as  a  vehicle  is  sensed, 
the  buoy  broadcasts  the  cyclic  code.  The  onboard  ap- 
paratus  replies  by  providing  its  own  card  code  plus  the 
cyclic  code  assigned  thereto  as  well  as  the  other  data 

10  stored  at  highway  entry  and  furthermore  stores  on  the 
card  said  cyclic  code  and  a  marker  to  indicate  the  locked 
condition.  The  units  which  control  the  buoy,  which  after 
the  broadcasting  of  the  cyclic  code  has  set  itself  to 
standby  for  the  data  supplied  from  the  vehicle,  when 

is  said  data  are  received,  sends  them  to  the  lane  computer 
SCP.  In  the  absence  of  data  reception,  this  fact  is  indi- 
cated  to  the  SCP  and  the  dialogue  is  terminated.  Then 
the  buoy  continues  with  the  querying  of  the  following  us- 
er  by  means  of  the  following  number  of  the  cyclic  code. 

20  The  SCP  performs  the  formal  checks  on  the  card, 
checks  the  inclusion  of  the  received  code  in  blacklists 
and  in  allowance  ranges  as  well  as  the  correspondence 
of  the  data  with  the  entry  data  (in  particular  as  regards 
the  times,  the  entry  and  exit  stations  and  the  class  of  the 

25  vehicle)  and  furthermore  calculates  the  toll  as  a  function 
of  the  class  and  distance  covered. 

At  the  beginning  of  the  validation  step  (see  again 
figure  7),  the  ground-based  apparatus  is  in  stand  by  for 
the  sensing  of  the  passage  of  a  vehicle  at  the  sensors 

30  arranged  in  AREA  3.  As  soon  as  a  vehicle  is  sensed, 
the  buoy  sends  the  querying  message  for  the  awaited 
vehicle;  said  message  contains  the  exit  data  related  to 
the  payment  of  the  toll,  such  as  the  amount  of  the  toll, 
the  exit  station  code,  the  exit  lane  code,  the  exit  date 

35  and  time,  the  class  detected  in  exit,  inclusion  in  the 
blacklist  and  inclusion  in  the  allowance  ranges.  These 
data  are  sent  to  the  onboard  apparatus,  which  stores 
them,  and  then  sends  a  confirmation  toward  the  buoy. 
The  reception  of  this  confirmation  on  the  part  of  the 

40  ground-based  apparatus  terminates  the  transaction. 
Anomalies  in  communications  cause  the  activation  of 
the  registration  plate  detection  in  exit  as  well. 

Finally,  at  the  end  of  the  writing  of  the  data  on  the 
card,  the  onboard  apparatus  erases  the  marker  on  the 

45  card,  which  can  thus  be  removed  from  the  reader,  and 
erases  the  card  number  stored  in  the  memory  of  the  on- 
board  apparatus,  which  can  therefore  perform  the  sub- 
sequent  transactions  even  with  different  cards. 

In  the  case  of  open  systems,  the  structure  of  the  toll 
so  station  is  similar  to  the  one  shown  in  figure  3,  with  the 

difference  that  the  stations  do  not  have  entry  and  exit 
areas  but  only  exit  areas  1,  2,  3  for  the  vehicles  traveling 
in  both  directions,  and  the  logic  steps  of  each  transac- 
tion  substantially  correspond  to  those  described  for 

55  closed  systems  and  are  constituted  by  an  approach 
step,  similar  to  the  one  described  with  reference  to  figure 
5,  by  a  presentation  step,  identical  to  the  one  described 
with  reference  to  figure  6,  and  by  a  validation  step  which 

25 

30 

35 

40 

45 

50 

5 



9 EP  0  425  961  B1 10 

is  identical  to  the  one  for  exit  in  closed  systems  de- 
scribed  with  reference  to  figure  7.  The  main  differences 
are:  the  vehicle  encounters  the  exit  system  directly;  dur- 
ing  the  presentation  step,  the  entry  data  are  not  sent 
from  the  vehicle  to  the  ground;  the  toll  is  determined  only 
on  the  basis  of  the  class  of  the  vehicle. 

Conveniently,  according  to  the  invention,  all  the  di- 
alogues  between  the  onboard  apparatus  and  the 
ground-based  apparatus  provide  the  possibility  of  re- 
peating  the  messages  at  least  one  second  time  in  case 
of  error. 

As  can  be  seen  from  the  preceding  description,  the 
invention  fully  achieves  the  proposed  aim  and  objects. 
A  system  has  in  fact  been  provided  which  can  perform 
the  dynamic  exaction  of  the  toll  and  in  particular  is  ca- 
pable  of  automatically  acquiring  the  data  related  to  entry 
and  exit  for  the  definition  of  the  distance  covered,  of 
identifying  the  physical  characteristics  of  the  vehicle  and 
the  assignment  of  the  tariff  class,  of  recognizing  the  us- 
er,  checking  the  user's  inclusion  in  allowance  lists  and 
recording  the  transaction,  performing  the  charging,  di- 
rectly  or  by  means  of  contracted  organizations  or  on 
banking  circuits,  in  a  known  manner. 

The  system  is  compatible  with  both  manual  and  au- 
tomatic  currently  installed  exaction  systems,  operates 
with  both  open  and  closed  highways  and  is  capable  of 
providing  a  complete  service  by  virtue  of  the  possibility 
of  informing  the  user  of  the  presence  of  enabled  gates 
and  of  authorizing  him  to  transit. 

The  system  according  to  the  invention  is  further- 
more  extremely  reliable  by  virtue  of  the  detection  of  the 
class  both  in  exit  and  in  entry,  of  the  automatic  compar- 
ison  in  exit  and  of  the  automatic  recording  of  the  regis- 
tration  plate  for  every  operation  which  is  found  negative 
by  the  set  of  correspondence  checks  performed,  as  well 
as  of  the  validity  check  of  the  cards  both  in  entry  and  in 
exit. 

The  invention  thus  conceived  is  susceptible  to  nu- 
merous  modifications  and  variations  within  the  scope  of 
the  appended  claims. 

In  particular  details  may  be  replaced  with  other 
technically  equivalent  ones. 

Where  technical  features  mentioned  in  any  claim 
are  followed  by  reference  signs,  those  reference  signs 
have  been  included  for  the  sole  purpose  of  increasing 
the  intelligibility  of  the  claims  and  accordingly  such  ref- 
erence  signs  do  not  have  any  limiting  effect  on  the  scope 
of  each  element  identified  by  way  of  example  by  such 
reference  signs. 

Claims 

1.  Automatic  toll  exaction  system  for  urban  and  ex- 
traurban  highways,  for  bridge  and  tunnel  crossings 
and  for  accesses  to  urban  areas  and  car  parks, 
comprising:  an  onboard  apparatus  (5-10)  mounted 
onboard  a  motor  vehicle  (1)  for  the  reception  and 

transmission  of  messages,  the  handling  and  stor- 
age  of  payment  transaction  data,  the  interaction 
with  a  user  and  the  sending  of  messages  to  said 
user;  a  ground-based  apparatus  (3,4)  suitable  for 

5  ensuring  the  linkup  with  the  onboard  apparatus 
(5-10)  for  the  exchange  of  data  and  messages 
therewith,  for  sensing  physical  parameters  related 
to  the  vehicle,  for  processing  the  data  and  param- 
eters  supplied  by  said  onboard  apparatus  (5-10) 

10  and  sensed  by  said  ground-based  apparatus  (3,4), 
and  central  data  processing  means  for  performing 
the  charging  of  the  toll  to  a  user  of  the  system,  which 
user  is  identified  by  a  code  transmitted  by  said  on- 
board  apparatus  (5-10)  to  said  ground-based  appa- 

15  ratus  (2,3),  the  ground-based  apparatus  also  being 
suitable  for  transmitting  and  receiving  messages  in 
connection  with  said  central  data  processing 
means,  the  system  being  characterized  in  that  it  fur- 
ther  comprises  a  personal  removable  card  (2)  stor- 

20  ing  said  code  identifying  said  user  and  suitable, 
when  inserted  in  said  onboard  apparatus  (5-1  0),  for 
activating  it  and  for  storing  said  payment  transac- 
tion  data,  said  onboard  apparatus  (5-10)  comprises 
a  card  reader  (9)  for  reading  said  code  stored  in  said 

25  personal  removable  card  (2),  and  said  messages 
which  are  transmitted  and  received  by  the  ground- 
based  apparatus  in  connection  with  the  central  data 
processing  means  comprise  data  relating  to  formal 
checks  on  the  code  read  from  the  removable  card 

30  including  blacklist  inclusion  thereof  and/or  allow- 
ance  ranges  associated  thereto. 

2.  System  according  to  claim  1  ,  characterized  in  that 
said  onboard  apparatus  (5-10)  comprises  a  recep- 

35  tion  and  transmission  unit  (6)  connected  to  an  an- 
tenna  (5),  a  control  unit  (7)  provided  with  a  memory 
(8)  of  its  own,  a  reader  (9)  for  the  card,  a  display 
(1  0)  for  messages  which  are  generated  by  said  con- 
trol  unit  (7)  and/or  sent  by  said  ground-based  appa- 

40  ratus  (3,4),  and  acoustic  alarm  means  (10). 

3.  System  according  to  claim  1  ,  characterized  in  that 
said  personal  removable  card  (2)  has  a  microproc- 
essor  of  its  own  and  an  electrically  rewritable  mem- 

45  ory. 

4.  System  according  to  any  of  the  preceding  claims, 
characterized  in  that  said  card  (2)  has  magnetic 
tracks  and  the  reader  (9)  of  said  onboard  apparatus 

so  is  suitable  for  reading  said  magnetic  tracks  of  a  card 
inserted  therein. 

5.  System  according  to  any  of  the  preceding  claims, 
with  a  plurality  of  exaction  stations  (1  9),  character- 

's  ized  in  that  each  exaction  station  (1  9)  comprises  at 
least  one  first  approach  area  (AREA  1  E,AREA  1  U), 
a  second  presentation  area  (AREA  2E,AREA  2U) 
and  a  third  validation  area  (AREA  3E,AREA  3U). 

6 
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6.  System  according  to  claim  5,  characterized  in  that 
said  at  least  one  approach  area  (AREA  1  E,AREA 
1  U)  comprises  a  radioelectric  buoy  (BOA  1  E,  BOA 
1  U)  which  has  its  own  antenna  for  broadcasting  cir- 
cular  messages.  s 

7.  System  according  to  claim  5  or  claim  6,  character- 
ized  in  that  each  of  said  presentation  (AREA  2E, 
AREA  2U)  and  validation  areas  (AREA  3U,AREA 
3E)  comprises  its  own  radioelectric  buoy  (BOA  2,  10 
BOA  3)  provided  with  an  antenna  for  the  exchange 
of  data  and  messages  with  the  onboard  apparatus 
as  well  as  sensors  for  sensing  the  presence  and  the 
movements  of  a  vehicle  and  for  its  classification. 

15 
8.  System  according  to  claim  7,  characterized  in  that 

said  sensors  comprise  a  pair  of  contiguous  optical 
barriers  and  a  presence-sensing  coil. 

9.  System  according  to  any  of  claims  5  to  8,  charac-  20 
terized  in  that  said  validation  area  (AREA  3U,AREA 
3U)  comprises  a  TV  camera  for  the  acquisition  of 
the  registration  plate  of  the  vehicle. 

10.  System  according  to  claim  9  when  dependent  upon  25 
claims  6  and  7,  characterized  in  that  said  ground- 
based  apparatus  (3,4)  comprises  a  lane  computer 
(20)  which  is  associated  with  said  presentation  and 
validation  areas  and  is  connected  to  said  radioelec- 
tric  buoys  (BOA  2,  BOA  3)  of  the  presentation  and  30 
validation  areas,  to  said  sensors  and  to  said  TV 
camera,  said  lane  computer  (20)  being  connected 
by  means  of  a  local  network  to  a  central  station  com- 
puter  connected  to  said  radioelectric  buoy  (BOA  E, 
BOA  U)  of  the  approach  area.  35 

11.  System  according  to  claim  7,  characterized  in  that 
said  radioelectric  buoy  (BOA  2)  of  the  presentation 
area  (AREA  2E,AREA  2U)  comprises  a  counter  for 
generating  cyclic  codes  which  are  sent  by  means  40 
of  said  antenna  to  said  onboard  apparatus,  and  in 
that  said  radioelectric  buoy  (BOA  3)  of  the  validation 
area  (AREA  3E,AREA  3U)  comprises  a  counter  for 
generating  a  progressive  transit  number. 

45 
12.  Process  for  the  automatic  exaction  of  toll  for  urban 

and  extraurban  highways,  for  bridge  and  tunnel 
crossings  and  for  accesses  to  urban  areas  and  car 
parks,  in  a  system  according  to  any  of  the  preceding 
claims,  comprising  an  onboard  apparatus  (5-10)  so 
mounted  onboard  a  motor  vehicle,  a  ground-based 
apparatus  (3,4),  a  personal  removable  card  (2) 
readable  by  the  onboard  apparatus  (5-1  0)  and  stor- 
ing  a  code  identifying  a  user  of  the  system,  and  cen- 
tral  data  processing  means,  the  process  comprising  55 
a  step  of  approach  during  which  said  ground-based 
apparatus  transmits  a  signal  to  the  onboard  appa- 
ratus  to  activate  it,  a  step  of  presentation  during 

which  the  onboard  apparatus  transmits  the  code 
stored  in  said  card  to  the  ground-based  apparatus, 
the  ground-based  apparatus  senses  physical  pa- 
rameters  related  to  the  vehicle,  the  ground-based 
apparatus  transmits  said  code  of  the  card  to  the 
central  data  processing  means  and  the  central  data 
processing  means  performs  formal  checks  on  the 
code  of  the  card  including  blacklist  inclusion  thereof 
and/or  allowance  ranges  associated  thereto,  and  a 
step  of  validation  during  which  the  central  data 
processing  means  performs  the  charging  of  the  toll 
to  the  user  identified  by  said  code  of  the  card,  the 
ground-based  apparatus  authorises  the  vehicle  to 
transit  or  acquires  the  registration  plate  of  the  vehi- 
cle  and  the  ground-based  apparatus  transmits  pay- 
ment  transaction  data  to  the  onboard  apparatus 
which  stores  these  data  in  said  personal  removable 
card. 

13.  Process  according  to  claim  12,  characterized  in  that 
said  approach  step  comprises  the  transmission  of 
an  activity  signal  by  the  ground-based  apparatus, 
the  activation  of  the  onboard  apparatus  upon  the 
reception  of  said  activity  signal,  the  execution  of  au- 
to-diagnostics  checks  and  of  card  functionality 
checks  by  said  onboard  apparatus  and  the  indica- 
tion,  on  said  onboard  apparatus,  of  messages 
which  are  related  to  the  result  of  said  checks  and/ 
or  are  sent  by  the  ground-based  apparatus. 

1  4.  Process  according  to  claim  12  or  claim  1  3,  charac- 
terized  in  that  said  step  of  presentation  in  entry  in  a 
closed  system  or  in  an  open  system  comprises  the 
sensing  of  physical  parameters  related  to  the  motor 
vehicle  by  the  ground-based  apparatus,  the  broad- 
casting  of  a  cyclic  code  by  the  ground-based  appa- 
ratus,  the  storage  of  a  locking  marker  on  the  card, 
the  storage  of  said  code  of  the  card  and  of  the  cyclic 
code  in  the  onboard  apparatus,  the  transmission  of 
the  code  of  the  card  and  of  the  cyclic  code  to  the 
ground-based  apparatus  and  to  the  central  data 
processing  means,  the  execution  by  the  central  da- 
ta  processing  means  of  said  formal  checks  on  the 
card  and  the  classification  of  the  vehicle. 

15.  Process  according  to  claim  14,  characterized  in  that 
said  validation  step  in  entry  to  a  highway  system  of 
the  closed  type  comprises  the  sensing  of  the  vehicle 
by  the  ground-based  apparatus,  the  transmission 
to  the  ground-based  apparatus  of  the  cyclic  code 
stored  by  the  onboard  apparatus  during  the  entry 
presentation  step  and  of  said  code  of  the  card,  the 
execution  of  formal  checks  on  these  data,  the  trans- 
mission  by  the  ground-based  apparatus  of  entry  da- 
ta  related  to  the  highway  entry  to  the  onboard  ap- 
paratus,  the  transmission  to  the  ground-based  ap- 
paratus  of  the  confirmation  of  reception  on  the  part 
of  the  onboard  apparatus  and  possibly  the  acquisi- 

7 



13 EP  0  425  961  B1 14 

tion  of  the  registration  plate  in  case  of  detection  of 
anomalies  in  the  transit  or  in  the  transmissions  be- 
tween  the  ground-based  apparatus  and  the  on- 
board  apparatus. 

1  6.  Process  according  to  claim  1  5,  characterized  in  that 
said  presentation  step  in  exit  of  a  closed  highway 
system  comprises  the  sensing  of  a  motor  vehicle  by 
the  ground-based  apparatus,  the  broadcasting  of  a 
cyclic  code  by  the  ground-based  apparatus,  the 
storage  of  a  locking  marker  on  the  card,  the  trans- 
mission  by  the  onboard  apparatus  of  the  code  of  the 
card,  of  the  cyclic  code  and  of  the  previously  stored 
entry  data  to  the  ground-based  apparatus  and  to  the 
central  data  processing  means,  and  the  execution 
by  the  central  data  processing  means  of  formal 
checks  on  the  code  of  the  card  and  on  the  received 
data  and  the  calculation  of  the  toll. 

17.  Process  according  to  any  of  claims  14  to  16,  char- 
acterized  in  that  said  validation  step  in  exit  of  a  high- 
way  system  of  the  closed  type  or  in  a  highway  sys- 
tem  of  the  open  type  comprises  the  sensing  of  the 
vehicle  by  the  ground-based  apparatus,  the  trans- 
mission  of  the  cyclic  code  stored  by  the  onboard  ap- 
paratus  during  the  exit  presentation  step  and  of  the 
code  of  the  card  to  the  ground-based  apparatus,  the 
execution  of  formal  checks  on  these  data,  the  trans- 
mission  of  data  related  to  the  exit  from  the  highway 
and  to  the  payment  of  the  toll  to  the  onboard  appa- 
ratus,  the  transmission  of  confirmation  of  reception 
on  the  part  of  the  onboard  apparatus  and  possibly 
the  acquisition  of  the  registration  plate  of  the  vehicle 
in  case  of  the  detection  of  anomalies  in  the  transit 
or  in  the  transmissions  between  the  ground-based 
apparatus  and  the  onboard  apparatus. 

18.  Process  according  to  any  of  claims  12  to  17,  char- 
acterized  in  that  it  comprises  the  sending  of  mes- 
sages  concerning  traffic  and  road  conditions  from 
the  ground-based  apparatus  to  the  onboard  appa- 
ratus. 

Patentanspriiche 

1.  Automatisches  Zollabgabesystem  fur  stadtische 
und  auBerstadtische  Autobahnen,  fur  Brucken  und 
Tunnel  und  fur  Zugange  zu  stadtischen  Gebieten 
und  Parkplatzen,  umfassend: 

ein  Bordgerat  (5-10),  welches  an  Bord  eines 
Motorfahrzeuges  (1)  montiert  ist  zum  Empfang 
und  zur  Ubertragung  von  Meldungen,  zum  Ver- 
arbeiten  und  Speichern  von  Zahlungstransak- 
tionsdaten,  fur  die  Wechselwirkung  mit  einem 
Benutzer  und  das  Absenden  von  Meldungen 
an  den  Benutzer; 

ein  Bodengerat  (3,4),  das  geeignet  ist,  die  Ver- 
bindung  mit  dem  Bordgerat  (5-10)  zum  Aus- 
tausch  von  Daten  und  Meldungen  mit  diesem 
herzustellen,  physikalische  Parameter,  die  mit 

5  dem  Fahrzeug  zusammenhangen,  zu  ubertra- 
gen,  die  Daten  und  Parameter,  die  von  dem 
Bordgerat  (5-10)  ubertragen  und  von  dem  Bo- 
dengerat  (3,4)  erfaBt  werden,  zu  verarbeiten 
und 

10  eine  zentrale  Datenverarbeitungseinrichtung, 
urn  die  Belastung  des  Zolls  an  den  Benutzer 
des  Systems  durchzufuhren,  wobei  der  Benut- 
zer  durch  einen  Code  identifiziert  wird,  der  von 
dem  Bordgerat  (5-10)  an  das  Bodengerat  (3,4) 

is  ubertragen  wird,  wobei  das  Bodengerat  eben- 
falls  geeignet  ist,  Meldungen  in  Verbindung  mit 
der  zentralen  Datenverarbeitungseinrichtung 
zu  ubertragen  und  zu  empfangen,  wobei  das 
System  dadurch  gekennzeichnet  ist,  dal3 

20  es  ferner  eine  personliche,  entnehmbare  Karte 
(2)  aufweist,  die  den  Code  speichert,  der  den 
Benutzer  identifiziert,  und  die  geeignet  ist, 
wenn  sie  in  das  Bordgerat  (5-10)  eingefuhrt  ist, 
dieses  zu  aktivieren  und  die  Zahlungstransak- 

25  tionsdaten  zu  speichern,  wobei  das  Bordgerat 
(5-10)  einen  Kartenleser  (9)  aufweist,  urn  den 
in  der  personlichen,  entnehmbaren  Karte  (2) 
gespeicherten  Code  zu  lesen,  und  dal3  die  Mel- 
dungen,  die  von  dem  Bodengerat  (3,4)  in  Ver- 

so  bindung  mit  der  zentralen  Datenverarbeitungs- 
einrichtung  ubertragen  und  empfangen  wer- 
den,  Daten  umfassen, 
die  einer  formalen  Uberprufung  des  Codes,  der 
von  der  entnehmbaren  Karte  gelesen  worden 

35  ist,  einschlieBlich  des  Vorhandenseins  in  einer 
schwarzen  Liste  und/oder  von  ihr  zugeordne- 
ten  Zulassigkeitsbereichen  gehoren. 

2.  System  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
40  dal3  das  Bordgerat  (5-10)  eine  Empfanger-  und 

Sendereinheit  (6),  die  mit  einer  Antenne  (5)  verbun- 
den  ist,  eine  Steuereinheit  (7),  die  mit  einem  eige- 
nen  Speicher  (8)  versehen  ist,  einen  Leser  (9)  fur 
die  Karte,  eine  Anzeige  (1  0)  fur  Meldungen,  die  von 

45  der  Steuereinheit  (7)  erzeugt  und/oder  von  dem  Bo- 
dengerat  (3,4)  gesendet  werden  und  eine  akusti- 
sche  Alarmeinrichtung  (10)  umfaBt. 

3.  System  nach  Anspruch  1  ,  dadurch  gekennzeichnet, 
so  dal3  die  personliche,  entnehmbare  Karte  (2)  einen 

eigenen  Mikroprozessor  und  einen  elektronisch 
wieder  beschreibbaren  Speicher  umfaBt. 

4.  System  nach  einem  der  vorhergehenden  Anspru- 
55  che,  dadurch  gekennzeichnet,  dal3  die  Karte  (2) 

Magnetspuren  umfaBt,  und  dal3  der  Laser  (9)  des 
Bordgerates  geeignet  ist,  die  Magnetspuren  einer 
darin  eingefuhrten  Karte  zu  lesen. 
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5.  System  nach  einem  der  vorhergehenden  Ansprii- 
che  mit  einer  Vielzahl  von  Abgabestationen  (19), 
dadurch  gekennzeichnet,  da(3  jede  Zollabgabesta- 
tion  (19)  wenigstens  einen  ersten  Anfahrbereich 
AREA  1  E,  AREA  1  U)  einen  zweiten  Presentations-  s 
bereich  (AREA2E,  AREA2U)  und  einen  dritten  Giil- 
tigkeitserklarungsbereich  (AREA  3E,  AREA  3U) 
aufweist. 

6.  System  nach  Anspruch  5,  dadurch  gekennzeichnet,  10 
da(3  der  wenigstens  eine  Anfahrbereich  (AREA  1  E, 
AREA  1U)  eine  radioelektrische  Boje  (BOA  1E, 
BOA  1U)  aufweist,  die  ihre  eigene  Antenne  zur 
Ubertragung  von  Rundmeldungen  aufweist. 

15 
7.  System  nach  Anspruch  5  oder  Anspruch  6,  dadurch 

gekennzeichnet,  da(3  der  Prasentationsbereidh 
(AREA  2E,  AREA  2U)  und  der  Gultigkeitserkla- 
rungsbereich  (AREA  3U,  AREA  3E)  ihre  eigenen  ra- 
dioelektrischen  Bojen  (BOA  2,  BOA  3)  aufweisen,  20 
die  mit  einer  Antenne  versehen  sind,  urn  Daten  und 
Meldungen  mit  dem  Bordgerat  auszutauschen,  und 
Sensoren  aufweist,  urn  die  Anwesenheit  und  die 
Bewegungen  eines  Fahrzeuges  abzutasten  und  es 
zu  klassifizieren.  25 

8.  System  nach  Anspruch  7,  dadurch  gekennzeichnet, 
dal3  die  Sensoren  ein  Paar  von  benachbarten,  op- 
tischen  Barrieren  und  eine  die  Anwesenheit  abta- 
stende  Spule  aufweisen.  30 

9.  System  nach  einem  der  Anspruche  5  bis  8,  dadurch 
gekennzeichnet,  dal3  der  Gultigkeitserklarungsbe- 
reich  (AREA  2U,  AREA  3U)  eine  Fernsehkamera 
aufweist,  urn  das  Nummernschild  des  Fahrzeuges  35 
aufzunehmen. 

10.  System  nach  Anspruch  9,  wenn  dieserabhangig  ist 
von  den  Anspriichen  6  und  7,  dadurch  gekenn- 
zeichnet,  dal3  das  Bodengerat  (3,4)  einen  Bahn-  40 
computer  (20)  aufweist,  der  den  Presentations-  und 
Gultigkeitserklarungsbereichen  zugeordnet  ist  und 
mit  den  radioelekrischen  Bojen  (BOA  2,  BOA  3)  der 
Presentations-  und  Gultigkeitserklarungsbereiche, 
mit  den  Sensoren  und  der  Fernsehkamera  verbun-  45 
den  ist,  wobei  der  Bahncomputer  (20)  iiber  ein  lo- 
kales  Netzwerk  mit  einem  zentralen  Stationscom- 
puter  verbunden  ist,  der  mit  der  radioelektrischen 
Boje  (BOA  E,  BOA  U)  des  Anfahrbereiches  verbun- 
den  ist.  so 

11  .  System  nach  Anspruch  7,  dadurch  gekennzeichnet, 
dal3  die  radioelektrische  Boje  (BOA  2)  des  Prasen- 
tationsbereichs  (AREA  2E,  AREA  2U)  einen  Zahler 
zur  Erzeugung  von  zyklischen  Codes  umfaBt,  die  55 
iiber  die  Antenne  an  das  Bordgerat  gesendet  wer- 
den,  und  dal3  die  radioelektrische  Boje  (BOA  3)  des 
Gultigkeitserklarungsbereiches  (AREA  3E,  AREA 
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3U)  einen  Zahler  zur  Erzeugung  einer  progressiven 
Ubergangszahl  aufweist. 

12.  Verfahren  zur  automatischen  Zollabgabe  fur  stadti- 
sche  und  auBerstadtische  Autobahnen,  fur  Brucken 
und  Tunnel  und  fur  Zugange  zu  stadtischen  Gebie- 
ten  und  Parkplatzen  bei  einem  System  nach  einem 
der  vorhergehenden  Anspruche,  welche  ein  Bord- 
gerat  (5-10),  das  an  Bord  eines  Motorfahrzeuges 
montiert  ist,  ein  Bodengerat  (3,4),  eine  personliche, 
entnehmbare  Karte  (2),  die  von  dem  Bordgerat 
(5-10)  lesbar  ist  und  einen  Code  speichert,  der  den 
Benutzer  des  Systems  identifiziert,  und  einezentra- 
le  Datenverarbeitungseinrichtung  aufweist,  wobei 
das  Verfahren  aufweist:  einen  Schritt  des  Anfah- 
rens,  wahrenddessen  das  Bodengerat  ein  Signal  an 
das  Bordgerat  iibertragt,  urn  es  zu  aktivieren,  einen 
Schritt  der  Presentation,  wehrenddessen  das  Bord- 
gerat  den  in  der  Karte  gespeicherten  Code  an  das 
Bodengerat  iibertragt,  wobei  das  Bodengerat  phy- 
sikalische  Parameter,  die  mit  dem  Fahrzeug  zu- 
sammenhengen,  abtastet,  das  Bodengerat  den  Co- 
de  der  Karte  an  die  zentrale  Datenverarbeitungs- 
einrichtung  iibertragt,  und  die  zentrale  Datenverar- 
beitungseinrichtung  eine  formale  Uberprufung  des 
Codes  der  Karte  einschlieBlich  des  Vorhanden- 
seins  auf  einer  schwarzen  Liste  und/oder  dieser  zu- 
geordneten  Zuiessigkeitsbereiche  durchfiihrt  und 
einen  Schritt  der  Gultigke  itserklarung,  wehrend- 
dessen  die  zentrale  Datenverarbeitungseinrichtung 
die  Berechnung  des  Zolls  an  den  durch  den  Code 
der  Karte  identifizierten  Benutzer  durchfiihrt,  wobei 
das  Bodengerat  das  Fahrzeug  autorisiert,  durchzu- 
fahren,  oder  das  Nummernschild  des  Fahrzeuges 
erfaBt,  und  das  Bodengerat  die  Zahlungstransakti- 
onsdaten  an  das  Bordgerat  ubertragt,  welches  die- 
se  Daten  in  der  personlichen,  entnehmbaren  Karte 
speichert. 

13.  Verfahren  nach  Anspruch  12,  dadurch  gekenn- 
zeichnet,  dal3  der  Anfahrschritt  die  Ubertragung  ei- 
nes  Aktivitetssignals  von  dem  Bodengerat  umfaBt, 
wobei  das  Bordgerat  beim  Empfang  das  Aktivitets- 
signals  aktiviert  wird,  die  Autodiagnoseiiberpriif  ung 
und  Datenfunktionsiiberpriifung  von  dem  Bordge- 
rat  ausfiihrt  und  die  Anzeigen  an  dem  Bordgerat 
von  Meldungen,  die  mit  dem  Resultat  der  Uberprii- 
fungen  in  Zusammenhang  stehen  und/oder  von 
dem  Bodengerat  gesendet  werden. 

14.  Verfahren  nach  Anspruch  12  oder  Anspruch  13,  da- 
durch  gekennzeichnet,  dal3  der  Prasentations- 
schritt  beim  Eintritt  in  ein  geschlossenes  oder  offe- 
nes  System  das  Erfassen  von  physikalischen  Pa- 
rametern,  die  mit  dem  Motor  des  Fahrzeugszusam- 
menhengen,  durch  das  Bodengerat,  das  Ubertra- 
gen  eines  zyklischen  Codes  von  dem  Bodengerat, 
die  Speicherung  einer  Sperrmarkierung  auf  der 
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Karte,  das  Speichern  des  Codes  der  Karte  und  des 
zyklischen  Codes  in  dem  Bordgerat,  die  Ubertra- 
gung  des  Codes  der  Karte  und  des  zyklischen  Co- 
des  an  das  Bodengerat  und  die  zentrale  Datenver- 
arbeitungseinrichtung,  die  Durchfuhrung  derforma- 
len  Uberprufungen  der  Karte  durch  die  zentrale  Da- 
tenverarbeitungseinrichtung  und  die  Klassifikation 
des  Fahrzeuges  umfaBt. 

15.  Verfahren  nach  Anspruch  14,  dadurch  gekenn- 
zeichnet,  dal3  der  Gultigkeitserklarungsschritt  ein- 
tritt  in  ein  Autobahnsystem  des  geschlossenen 
Typs  die  Erfassung  des  Fahrzeuges  durch  das  Bo- 
dengerat,  die  Ubertragung  des  zyklischen  Codes, 
der  von  dem  Bordgerat  wahrend  dem  Eintreten  in 
den  Prasentationsschritt  gespeichert  wurde  und 
des  Codes  der  Karte  an  das  Bodengerat,  die  Durch- 
fuhrung  von  formalen  Uberprufungen  dieser  Daten, 
die  Ubertragung  der  Eintrittsdaten,  die  mit  der  Ein- 
fahrt  der  Autobahn  in  Zusammenhang  stehen,  an 
das  Bordgerat,  die  Ubertragung  der  Empfangsbe- 
statigung  seitens  des  Bordgerates  an  das  Boden- 
gerat  und  die  Moglichkeit  der  Erfassung  des  Num- 
mernschildes  im  Fall  der  Detektion  von  Unregelma- 
Bigkeiten  in  dem  Ubergang  oder  den  Ubertragenen 
zwischen  dem  Bodengerat  und  dem  Bordgerat  um- 
fal3t. 

16.  Verfahren  nach  Anspruch  15,  dadurch  gekenn- 
zeichnet,  dal3  der  Prasentationsschritt  in  einer  Aus- 
fahrt  eines  geschlossenen  Autobahnsystems  das 
Erfassen  eines  Motorfahrzeuges  durch  ein  Boden- 
gerat,  das  Ubertragen  eines  zyklischen  Codes  von 
dem  Bordgerat,  die  Speicherung  einer  Sperrmar- 
kierung  auf  der  Karte,  die  Ubertragung  des  Codes 
der  Karte  von  dem  Bordgerat,  dessen  zyklischen 
Codes  und  den  vorher  gespeicherten  Einfahrtsda- 
ten  an  das  Bodengerat  und  die  zentrale  Datenver- 
arbeitungseinrichtung  und  die  Durchfuhrung  von 
formalen  Uberprufungen  durch  die  zentrale  Daten- 
verarbeitungseinrichtung  in  Bezug  auf  den  Code 
der  Karte  und  die  empfangenen  Daten  und  die  Be- 
rechnung  des  Zolls  umfaBt. 

17.  Verfahren  nach  einem  der  Anspruche  14  bis  16,  da- 
durch  gekennzeichnet,  dal3  der  Gultigkeitserkla- 
rungsschritt  bei  der  Ausfahrt  eines  Autobahnsy- 
stems  des  geschlossenen  Typs  oder  eines  Auto- 
bahnsystems  des  offenen  Typs  die  Erfassung  des 
Kraftfahrzeuges  durch  das  Bodengerat,  die  Uber- 
tragung  des  zyklischen  Codes,  der  von  dem  Bord- 
gerat  wahrend  des  Ausfahrens-Prasentations- 
schrittes  gespeichert  worden  ist,  und  des  Codes  der 
Karte  an  das  Bodengerat,  die  Durchfurung  von  for- 
malen  Uberprufungen  auf  diese  Daten,  die  Ubertra- 
gung  der  Daten,  die  mit  der  Ausfahrt  der  Autobahn 
in  Verbindung  stehen,  und  die  Zahlung  des  Zolls  an 
das  Bordgerat,  die  Ubertragung  von  einer  Emp- 

fangsbestatigung  von  seiten  des  Bordgerates  und 
die  Moglichkeit  der  Aquisition  des  Nummernschil- 
des  des  Fahrzeuges  in  dem  Fall  umfaBt,  dal3  An- 
omalitaten  in  dem  Ubergang  oder  in  den  Ubertra- 

5  gungen  zwischen  dem  Bodengerat  und  dem  Bord- 
gerat  auftreten. 

18.  Verfahren  nach  einem  der  Anspruche  12  bis  17,  da- 
durch  gekennzeichnet,  dal3  es  die  Ubertragung  von 

10  Meldungen,  die  Verkehrs-  Und  StraBenbedingun- 
gen  betreffen,  von  dem  Bodengerat  zu  dem  Bord- 
gerat  umfaBt. 

is  Revendications 

1.  Systeme  automatique  de  paiement  de  la  taxe  de 
peage  pour  autoroutes  urbaines  et  interurbaines, 
pour  des  passages  de  ponts  et  de  tunnels  et  pour 

20  des  acces  a  des  zones  urbaines  et  a  des  parkings, 
comprenant:  un  dispositif  embarque  (5-10)  installe 
a  bord  d'un  vehicule  automobile  (1)  pour  la  recep- 
tion  et  remission  de  messages,  le  traitement  et  la 
memorisation  de  donnees  de  transaction  de  paie- 

25  ment,  I'interaction  avec  un  utilisateur  et  I'envoi  de 
messages  audit  utilisateur;  un  dispositif  (3,4)  instal- 
le  au  sol,  convenant  pour  garantir  la  liaison  avec  le 
dispositif  embarque  (5-10)  pour  I'echange  de  don- 
nees  et  de  messages  avec  ce  dernier,  pour  la  de- 

30  tection  de  parametres  physiques  associes  au  vehi- 
cule  pour  le  traitement  des  donnees  et  parametres 
delivres  par  ledit  dispositif  embarque  (5-10)  et  de- 
tectes  par  ledit  dispositif  (3,4)  installe  au  sol,  et  des 
moyens  centraux  de  traitement  de  donnees  pour 

35  imputer  la  taxe  de  peage  a  un  utilisateur  du  syste- 
me,  lequel  utilisateur  est  identifie  par  un  code  emis 
par  ledit  dispositif  embarque  (5-10)  au  dispositif 
(2,3)  installe  au  sol,  le  dispositif  installe  au  sol  etant 
egalement  approprie  pour  emettre  et  recevoir  des 

40  messages  en  liaison  avec  lesdits  moyens  centraux 
de  traitement  de  donnees,  le  systeme  etant  carac- 
terise  en  ce  qu'il  comporte  en  outre  une  carte  per- 
sonnels  amovible  (2)  memorisant  ledit  code  iden- 
tifiant  ledit  utilisateur  et  convenant,  lorsqu'elle  est 

45  inseree  dans  ledit  dispositif  embarque  (5-10),  pour 
activer  ce  dernier  et  pour  memoriser  lesdites  don- 
nees  de  transaction  de  paiement,  ledit  dispositif 
embarque  (5-10)  comprend  un  lecteurde  carte  (9) 
pour  lire  ledit  code  memorise  sur  ladite  carte  per- 

50  sonnelle  amovible  (2)  et  lesdits  messages,  qui  sont 
emis  et  recus  par  le  dispositif  installe  au  sol  en 
liaison  avec  les  moyens  centraux  de  traitement  de 
donnees,  comprennent  des  donnees  concernant 
des  controles  formels  du  code  lu  a  partir  de  la  carte 

55  amovible  y  compris  I'insertion  de  la  carte  dans  une 
liste  noire  et/ou  des  gammes  de  tolerance  qui  lui 
sont  associees. 
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2.  Systeme  selon  la  revendication  1  ,  caracterise  en  ce 
que  ledit  dispositif  embarque  (5-10)  comprend  une 
unite  de  reception  et  d'emission  (6)  connectee  a 
une  antenne  (5),  une  unite  de  commande  (7)  pour- 
vue  de  sa  propre  memoire  (8),  un  lecteur  (9)  pour  s 
la  carte,  un  dispositif  (10)  d'affichage  de  messages 
qui  sont  produits  par  ladite  unite  de  commande  (7) 
et/ou  envoyes  par  ledit  dispositif  (3,4)  installe  au 
sol,  et  des  moyens  d'alarme  acoustique  (10). 

10 
3.  Systeme  selon  la  revendication  1  ,  caracterise  en  ce 

que  ladite  carte  personnelle  amovible  (2)  comporte 
son  propre  microprocesseur  et  une  memoire  reen- 
registrable  electriquement. 

15 
4.  Systeme  selon  I'une  quelconque  des  revendica- 

tions  precedentes,  caracterise  en  ce  que  ladite  car- 
te  (2)  comporte  des  pistes  magnetiques  et  que  le 
lecteur  (9)  dudit  dispositif  embarque  convient  pour 
la  lecture  desdites  pistes  magnetiques  d'une  carte  20 
inseree  dans  ce  lecteur. 

5.  Systeme  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  comprenant  une  pluralite  de 
postes  de  transaction  (19),  caracterise  en  ce  que  25 
chaque  poste  de  transaction  (19)  comprend  au 
moins  une  premiere  zone  d'approche  (ZONE  1E, 
ZONE  1  U),  une  seconde  zone  de  presentation  (ZO- 
NE  2E,  ZONE  2U)  et  une  troisieme  zone  de  valida- 
tion  (ZONE  3E,  ZONE  3U).  30 

6.  Systeme  selon  la  revendication  5,  caracterise  en  ce 
que  ladite  ou  lesdites  zones  d'approche  (ZONE  1  E, 
ZONE  1U)  comprend  une  balise  radioelectrique 
(BOA  1  E,  BOA  1  U)  qui  comporte  sa  propre  antenne  35 
pour  diffuser  des  messages  circulaires. 

7.  Systeme  selon  la  revendication  5  ou  6,  caracterise 
en  ce  que  chacune  desdites  zones  de  presentation 
(ZONE  2E,  ZONE  2U)  et  desdites  zones  de  valida-  40 
tion  (ZONE  3U,  ZONE  3E)  comprend  sa  propre  ba- 
lise  radioelectrique  (BOA  2,  BOA  3)  pourvue  d'une 
antenne  pour  I'echange  de  donnees  et  de  messa- 
ges  avec  le  dispositif  embarque,  ainsi  que  des  cap- 
teurs  pour  la  detection  de  la  presence  et  des  depla-  45 
cements  d'un  vehicule  et  pour  sa  classification. 

8.  Systeme  selon  la  revendication  7,  caracterise  en  ce 
que  lesdits  capteurs  comprennent  un  couple  de 
barrieres  optiques  contigues  et  une  bobine  de  de-  so 
tection  de  presence. 

9.  Systeme  selon  I'une  quelconque  des  revendica- 
tions  5  a  8,  caracterise  en  ce  que  ladite  zone  de 
validation  (ZONE  3E,  ZONE  3U)  comprend  une  ca-  55 
mera  de  television  pour  I'acquisition  du  numero  mi- 
neralogique  du  vehicule. 

10.  Systeme  selon  la  revendication  9,  consideree  com- 
me  dependante  des  revendications  6  et  7,  caracte- 
rise  en  ce  que  ledit  dispositif  (3,4)  situe  au  sol  com- 
prend  un  ordinateur  de  voie  (20),  qui  est  associe 
auxdites  zones  de  presentation  et  de  validation  et 
est  connecte  auxdites  balises  radioelectriques 
(BOA  2,  BOA  3)  des  zones  de  presentation  et  de 
validation,  auxdits  capteurs  et  a  ladite  camera  de 
television,  ledit  ordinateur  de  voie  (20)  etant  con- 
necte  au  moyen  d'un  reseau  local  a  un  ordinateur 
du  poste  central,  connecte  a  ladite  balise  radioelec- 
trique  (BOA  E,  BOA  U)  de  la  zone  d'approche. 

1  1  .  Systeme  selon  la  revendication  7,  caracterise  en  ce 
que  ladite  balise  radioelectrique  (BOA  2)  de  la  zone 
de  presentation  (ZONE  2E,  ZONE  2U)  comprend 
un  compteur  pour  produire  des  codes  cycliques  qui 
sont  envoyes  au  moyen  de  ladite  antenne  audit  dis- 
positif  embarque,  et  en  ce  que  ladite  balise  radioe- 
lectrique  (BOA  3)  de  la  zone  de  validation  (ZONE 
3E,  ZONE  3U)  comprend  un  compteur  pour  produi- 
re  un  nombre  progressif  de  passages. 

12.  Procede  pour  la  transaction  automatique  de  paie- 
ment  a  un  peage  pour  des  autoroutes  urbaines  et 
inter-urbaines,  pour  des  passages  de  ponts  et  de 
tunnels  et  pour  des  acces  a  des  zones  urbaines  et 
a  des  parkings,  dans  un  systeme  selon  I'une  quel- 
conque  des  revendications  precedentes,  compre- 
nant  un  dispositif  embarque  (5-10)  monte  a  bord 
d'un  vehicule  automobile,  un  dispositif  (3,4)  installe 
au  sol,  une  carte  personnelle  amovible  (2)  pouvant 
etre  lue  par  le  dispositif  embarque  (5-10)  et  memo- 
risant  un  code 

identifiant  un  utilisateur  du  systeme,  et  des 
moyens  centraux  de  traitement  de  donnees,  le 
procede  comprenant  une  etape  d'aprpoche, 
pendant  laquelle 
ledit  dispositif  installe  au  sol  emet  un  signal  au 
dispositif  embarque  pour  I'activer,  une  etape  de 
presentation  pendant  laquelle  le  dispositif  em- 
barque  emet  le  code  memorise  dans  ladite  car- 
te  en  direction  du  dispositif  installe  au  sol,  le 
dispositif  installe  au  sol  detecte  des  parametres 
physiques  associes  au  vehicule,  le  dispositif 
installe  au  sol  envoie  ledit  code  de  la  carte  aux 
moyens  centraux  de  traitement  de  donnees  et 
les  moyens  centraux  de  traitement  de  donnees 
executent  des  controles  formels  du  code  de  la 
carte  y  compris  I'insertion  de  la  carte  dans  une 
liste  noire  et/ou  des  gammes  de  tolerances  qui 
lui  sont  associees,  et  une  etape  de  validation 
dans  laquelle  les  moyens  centraux  de  traite- 
ment  de  donnees  realisent  I'imputation  de  la 
taxe  de  peage  a  I'utilisateur  identifie  par  ledit 
code  de  la  carte,  le  dispositif  installe  au  sol 
autorise  le  vehicule  a  passer  ou  enregistre  le 

40 
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numero  mineralogique  du  vehicule  et  le  dispo- 
sitif  installe  au  sol  envoie  des  donnees  de  tran- 
saction  de  paiement  au  dispositif  embarque, 
qui  memorise  ces  donnees  dans  ladite  carte 
personnelle  amovible. 

13.  Procede  selon  la  revendication  12,  caracterise  en 
ce  que  ladite  etape  d'approche  comprend  la  trans- 
mission  d'un  signal  d'activite  par  le  dispositif  installe 
au  sol,  I'activation  du  dispositif  embarque  lors  de  la 
reception  dudit  signal  d'activite,  I'execution  de  con- 
troles  d'autodiagnostic  et  de  controles  de  fonction- 
nalite  de  la  carte  par  ledit  dispositif  embarque  et 
dedications,  dans  ledit  dispositif  embarque,  de 
messages  qui  sont  associes  aux  resultats  desdits 
controles  et/ou  sont  envoyes  par  le  dispositif  instal- 
le  au  sol. 

14.  Procede  selon  la  revendication  12  ou  13,  caracte- 
rise  en  ce  que  ladite  etape  de  presentation  a  I'entree 
dans  un  systeme  ferme  ou  dans  un  systeme  ouvert 
comprend  la  detection  de  parametres  physiques 
associes  au  vehicule  automobile  par  le  dispositif 
installe  au  sol,  la  diffusion  d'un  code 

cyclique  par  le  dispositif  installe  au  sol,  la  me- 
morisation  d'une  marque  de  blocage  sur  la  carte,  la 
memorisation  dudit  code  de  la  carte  et  du  code  cy- 
clique  dans  le  dispositif  embarque,  la  transmission 
du  code  de  la  carte  et  du  code  cyclique  au  dispositif 
installe  au  sol  et  aux  moyens  centraux  de  traitement 
de  donnees,  I'execution,  par  les  moyens  centraux 
de  traitement  de  donnees,  desdits  controles  for- 
mels  appliques  a  la  carte  et  la  classification  du  ve- 
hicule. 

15.  Procede  selon  la  revendication  14,  caracterise  en 
ce  que  ladite  etape  de  validation  a  I'entree  d'un  sys- 
teme  d'autoroute  du  type  ferme  comprend  la  detec- 
tion  du  vehicule  par  le  dispositif  installe  au  sol,  ren- 
voi,  au  dispositif  installe  au  sol,  du  code  cyclique 
memorise  par  le  dispositif  embarque,  pendant  I'eta- 
pe  de  presentation  d'entree  et  dudit  code  de  la  car- 
te,  I'application  de  controles  formels  a  ces  donnees, 
la  transmission,  par  le  dispositif  installe  au  sol,  de 
donnees  d'entree  associees  a  I'entree  de  I'autorou- 
te,  au  dispositif  embarque,  I'envoi,  au  dispositif  ins- 
talle  au  sol,  de  la  confirmation  de  la  reception  de  la 
partie  du  dispositif  embarque  et  eventuellement  de 
I'acquisition  du  numero  mineralogique  dans  le  cas 
de  la  detection  d'anomalies  lors  du  passage  ou 
dans  les  transmissions  entre  le  dispositif  installe  au 
sol  et  le  dispositif  embarque. 

16.  Procede  selon  la  revendication  15,  caracterise  en 
ce  que  ladite  etape  de  presentation  lors  de  la  sortie 
d'un  systeme  d'autoroute  ferme  comprend  la  detec- 
tion  d'un  vehicule  automobile  par  le  dispositif  instal- 
le  au  sol,  la  diffusion  d'un  code  cyclique  par  le  dis- 

positif  installe  au  sol,  la  memorisation  d'une  marque 
de  blocage  sur  la  carte,  remission,  par  le  dispositif 
installe  au  sol,  du  code  de  la  carte,  du  code  cyclique 
et  des  donnees  d'entree  memorisees  anterieure- 

5  ment  au  dispositif  installe  au  sol  et  aux  moyens  cen- 
traux  de  traitement  de  donnees,  et  I'execution,  par 
les  moyens  centraux  de  traitement  de  donnees,  de 
controles  formels  appliques  au  code  de  la  carte  et 
aux  donnees  recues  et  le  calcul  de  la  taxe  de  peage. 

10 
17.  Procede  selon  I'une  quelconque  des  revendications 

14  a  16,  caracterise  en  ce  que  ladite  etape  de  vali- 
dation  a  la  sortie  d'un  systeme  d'autoroute  du  type 
ferme  ou  dans  un  systeme  d'autoroute  du  type 

is  ouvert 
comprend  la  detection  du  vehicule  par  le  dis- 

positif  installe  au  sol,  remission  du  code  cyclique 
memorise  par  le  dispositif  embarque  pendant  I'eta- 
pe  de  presentation  de  sortie  et  du  code  de  la  carte 

20  au  dispositif  installe  au  sol,  I'execution  de  controles 
formels  de  ces  donnees,  remission  de  donnees  as- 
sociees  a  la  sortie  de  I'autoroute  et  au  paiement  de 
la  taxe  de  peage  au  dispositif  embarque,  la  trans- 
mission  de  la  confirmation  de  reception  dans  la  par- 

25  tie  du  dispositif  embarque  et  eventuellement  de  I'ac- 
quisition  du  numero  mineralogique  du  vehicule 
dans  le  cas  de  la  detection  d'anomalies  lors  du  pas- 
sage  ou  dans  les  transmissions  entre  le  dispositif 
installe  au  sol  et  le  dispositif  embarque. 

30 
18.  Procede  selon  I'une  quelconque  des  revendications 

1  2  a  1  7,  caracterise  en  ce  qu'il  comprend  I'envoi  de 
messages  concernant  le  trafic  et  les  conditions  de 
route  du  dispositif  installe  au  sol  au  dispositif  em- 

35  barque. 
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