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Description 

The  invention  relates  to  a  system  for  automatic  de- 
tection  of  moving  vehicles,  with  automatic  data  ex- 
change,  particularly  with  automatic  toll  charging,  com- 
prising: 

at  least  one  fixed  automatic  transceiver  station 
which  is  provided  with  local  processing  and  control 
means  for  the  transmission  and  reception  proce- 
dures  and  for  the  identification  of  the  users  and  the 
calculation  of  tolls  to  be  charged  to  each  identified 
user,  this  fixed  station  being  disposed  at  a  specific 
point  on  a  vehicular  through  road; 
an  on-board  transceiver  unit  for  each  vehicle,  this 
on-board  unit  being  provided  with  processing  and 
control  means  for  the  transmission  and  reception 
procedures,  and  with  means  for  identifying  the  user 
or  vehicle  and  means  for  recording  the  toll  charged; 
the  fixed  station  and  each  on-board  unit  being  ca- 
pable  of  two-way  communication  when  command- 
ed  by  the  fixed  station,  by  the  exchange  of  data,  re- 
lating  for  example  to  the  user  and  to  the  toll  charged, 
during  the  passage  of  the  on-board  unit  through  the 
area  of  the  through  road  covered  by  the  field  of  op- 
eration  (coverage  area)  of  at  least  one  aerial  of  the 
fixed  station. 

In  existing  systems  of  this  type,  the  vehicles  are 
channelled  into  a  transit  lane  within  the  area  of  the  fixed 
station,  and  are  made  to  pass  one  at  a  time  through  the 
coverage  area  of  the  aerial  of  the  fixed  station.  The  radio 
communication  takes  place  in  all  cases  between  the 
fixed  station  and  a  single  on-board  station  at  a  time.  This 
also  causes  a  degree  of  hindrance  to  the  free  circulation 
of  the  vehicles  in  transit.  Indeed,  the  delays  caused  by 
conventional  toll  payment  barriers  are  only  partially  re- 
duced,  so  that  it  is  not  possible  to  benefit  fully  from  the 
considerable  speed  of  the  radio  transactions. 

For  solving  the  problem  of  avoiding  confinement  to 
single  carriageway  transit  lanes  in  the  area  of  the  fixed 
stations,  different  systems  of  the  above  kind  has  been 
disclosed. 

According  to  a  first  solution  disclosed  in  the  docu- 
ment  EP  0  401  092,  a  fixed  station  for  a  multilane  road 
comprises  an  aerial  for  each  lane.  The  aerials  generate 
footprints  or  coverage  areas  whose  width  is  about  the 
width  of  each  associated  lane.  In  order  to  discriminate 
the  messages  transmitted  by  the  transponders  of  two 
different  vehicles  moving  through  the  same  coverage 
area,  a  sort  of  random  time  division  multiplexing  is  sug- 
gested.  The  fixed  station  repeats  consecutively  an  in- 
terrogating  cycle  of  predeterminate  lenght  in  time.  Each 
cycle  starts  with  an  interrogating  message  to  the  trans- 
ponder.  The  interrogating  message  is  followed  by  a  re- 
ceiving  subcycle  during  which  the  fixed  station  is  ready 
to  capture  messages  transmitted  by  the  transponders 
being  present  in  each  coverage  area.  This  receiving 

subcycle  is  divided  in  a  plurality  of  equal  subsequent  re- 
ceiving  intervals,  so  called  time  slots.  Each  transponder 
being  activated  to  transmission  by  the  interrogating 
message  send  by  the  fixed  station,  is  provided  with 

5  means  for  choosing  randomly  one  of  the  said  receiving 
time  slots  for  transmitting  its  message  to  the  fixed  sta- 
tion.  While  crossing  through  a  coverage  area  the  trans- 
ponder  repeats  several  time  the  message,  each  time 
choosing  randomly  a  new  time  slot  for  transmission. 

10  Thus  the  messages  of  two  or  more  transponder  of  re- 
spective  vehicles  crossing  the  same  coverage  area  at 
the  same  time  can  be  discriminated  being  the  probability 
of  a  transmission  of  all  the  messages  in  the  same  time 
slot  for  each  repetition  infinitesimally  small. 

is  Document  EP  0  41  6  692  discloses  a  different  solu- 
tion  of  the  multilane  problem  with  a  system  of  the  above 
described  kind.  In  this  solution  the  communication  from 
the  transponders  are  effected  by  the  transponders  suit- 
ably  modulating  their  reflections  of  beams  of  microwave 

20  energy  transmitted  by  the  station  from  the  aerials 
mounted  on  a  gantry  above  the  road,  these  aerials  irra- 
diating  respective  communication  areas.  In  order  to  pre- 
vent  communications  from  different  transponders  over- 
lapping  and  hence  interfering  with  each  other,  the  trans- 

25  ponders  are  enabled  for  their  communications  by  micro- 
wave  energy  from  further  aerials,  which  energy  has  a 
higher  frequency  to  enable  it  to  be  beamed  at  relatively 
small  respective  activation  areas,  the  sizes  of  which  are 
such  that  they  can  each  only  contain  one  vehicle  and 

30  hence  one  transponder  at  any  given  time.  The  further 
aerials  are  activated,  one  at  a  time,  successively  and 
cyclically,  so  that  the  transponders  are  necessarily  en- 
abled  in  succession,  the  activation  rate  being,  moreover, 
sufficent  to  ensure  that  all  transponders  passing  through 

35  the  relevant  strech  of  road  are  in  fact  enabled.  During 
each  interval  between  the  activation  of  each  further  aer- 
ial  and  the  next  the  station  transmits  a  command  from 
the  aerials  associated  with  the  further  aerial  which  has 
just  been  activated  ordering  any  transponder  which  has 

40  just  been  enabled  to  communicate  its  presence.  If  it  re- 
ceives  such  a  communication  the  station  transmits  an 
address  code  from  the  relevant  aerials  which  is  stored 
in  the  relevant  transponder  and  used  subsequently  to 
selectively  address  that  transponder  for  further  commu- 

45  nication. 
The  article  "New  automatic  vehicle  identification 

system  for  detection  of  traffic  without  lane  discipline"  by 
Manh  Anh  Do  and  Jin  Teong  Ong  (Electronics  &  Com- 
munication  engineering  Journal,  Vol.  3,  n°  3,  June  1  991  , 

so  London  GB,  page  99-107)  discloses  a  system  of  the 
above  described  kind  in  which  in  a  multilane  road  an 
aerials-arrangment  is  chosen  forming  two  bands  of 
adiacent  very  small  coverage  areas  which  are  markedly 
small  with  reference  to  the  dimensions  of  vehicles,  for 

55  example  of  about  one  meter.  This  system  however  is 
described  as  not  able  to  discriminate  two  colliding  mes- 
sages  transmitted  by  two  different  transponders  and  as 
inadeguate  for  detecting  vehicles,  such  as  motorbikes, 

2 
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or  the  like,  attempting  to  cross  the  station  in  the  shadow 
of  other  vehicles.  For  solving  the  above  cited  multilane 
problems  a  time  division  multiplexing  communication 
protocoll  is  suggested. 

In  the  above  disclosed  known  systems  in  order  to 
discriminate  between  colliding  messages  from  different 
transponders  it  is  necessary  to  use  transmission  proto- 
cols  which  entail  higher  construction  costs  for  the  fixed 
stations  and  especially  for  the  on-board  units.  In  order 
to  make  the  system  widely  accessible  and  reliable  in  op- 
eration,  however,  the  trend  is  to  make  the  on-board  units 
cheap  and  as  simple  as  possible. 

The  object  of  the  invention  is  to  provide  a  system  of 
the  type  described  initially,  which  enables  the  confine- 
ment  of  vehicles  passing  through  the  fixed  station  while 
keeping  the  costs  of  construction  and  installation  of  the 
fixed  stations  within  limits  and  keeping  the  purchase 
price  of  the  on-board-units  very  low;  it  will  also  permit 
relatively  high  transit  speeds,  while  ensuring  that  there 
is  a  very  low  probability  of  error  and  that  vehicles  pass- 
ing  illegally  through  the  station  are  identified. 

The  invention  achieves  the  objects  stated  above 
with  a  system  according  to  the  preamble  of  claim  1  dis- 
closed  in  EP-A-0  401  1  92  and  further  showing  the  com- 
bination  of  features  according  to  the  characterizing  part 
of  claim  1  . 

The  invention  also  relates  to  a  particular  method  of 
operation  of  the  said  system,  according  to  claim  17. 

To  further  avoid  interference  between  the  aerials  of 
each  group,  the  aerials  of  each  group  use  two  different 
reception/transmission  frequencies,  the  said  frequen- 
cies  being  distributed  alternately  within  each  group 
among  the  corresponding  aerials,  while  the  fixed  station 
and  the  on-board  unit  are  of  the  type  capable  of  trans- 
mitting  and  receiving  at  the  said  two  frequencies. 

Preferably  the  two  frequencies  are  distributed  alter- 
nately  among  the  aerials  of  the  two  groups  in  such  a 
way  that  the  coverage  area  for  the  aerial  of  one  of  the 
two  groups  operates  at  the  same  frequency  as  the  cov- 
erage  area  directly  adjacent  for  the  aerial  of  the  other 
group  of  aerials. 

According  to  an  improvement,  the  local  processing 
and  control  means  are  provided  with  means  of  analysing 
the  answer  signals  from  the  on-board  units  which  check 
the  formal  correctness  of  the  said  signals,  so  that,  in  the 
extremely  rare  eventuality  that  two  on-board  units  come 
into  conflict  within  a  single  coverage  area  of  one  aerial, 
only  one  aerial  is  enabled  to  communicate,  when  the 
interference  due  to  the  other  on-board  unit  is  at  such  a 
level  that  it  does  not  compromise  the  intelligibility  of  the 
answer  signal  from  the  first,  while  in  the  case  of  unintel- 
ligible  answer  signals  communication  is  blocked  for  both 
the  on-board  units. 

As  a  result  of  the  arrangements  described  above, 
the  system  and  method  according  to  the  invention  ena- 
ble  automatic  charging  to  be  carried  out  with  a  number 
of  vehicles  passing  in  parallel,  without  the  need  to  con- 
fine  the  vehicles  to  one  single-carriageway  lane.  The 

coverage  areas  may  be  made  with  suitable  dimensions 
so  that,  with  allowance  made  for  the  minimum  possible 
dimensions  for  the  vehicles  and  for  the  minimum  dis- 
tance  between  them,  only  one  on-board  unit  can  be  en- 

5  abled  to  communicate  at  one  time  within  the  coverage 
area  of  one  aerial  of  the  fixed  station.  In  this  case,  there 
is  a  very  high  probability  that  the  on-board  units  of  two 
vehicles  passing  through  the  fixed  station  side  by  side 
will  communicate  with  different  aerials  of  the  station. 

10  This  enables  the  inconvenient  procedures  of  parallel 
transmission  to  be  avoided,  thus  keeping  down  the 
costs  of  the  fixed  station  and  especially  those  of  the  on- 
board  units.  The  subsequent  improvements  make  it 
possible  to  reduce  to  a  minimum  the  possible  interfer- 

es  ence  between  the  communications  either  in  two  adja- 
cent  coverage  areas  or  in  the  case  where  two  on-board 
units  come  into  conflict  in  one  coverage  area. 

By  appropriately  setting  the  maximum  transit  speed 
in  such  a  way  as  to  ensure  complete  execution  of  the 

20  transmission  procedures  between  the  fixed  station  and 
the  on-board  units  in  a  half  -cycle  during  which  only  one 
group  of  aerials  is  active,  it  is  possible  to  reduce  consid- 
erably,  to  an  infinitesimal  value,  the  possibilities  of  errors 
in  communication. 

25  It  is  also  possible  to  determine  with  a  certain  degree 
of  approximation  the  position  of  the  vehicle  according  to 
the  coverage  area  in  which  the  communication  has  tak- 
en  place. 

According  to  an  improvement,  it  is  possible  to  as- 
30  sociate  a  video  system,  for  detecting  the  presence  of  a 

vehicle  at  the  station,  with  the  radio  communication  sys- 
tem.  The  video  detection  system  is  provided  with  means 
of  identifying  the  position  of  the  vehicle  and  with  means 
of  processing  and  correlating  the  position  found  by  this 

35  means  with  the  position  of  the  vehicle  found  by  the  radio 
communication. 

This  makes  it  possible  to  establish  whether  a  vehi- 
cle  without  an  on-board  unit  has  illegally  passed  through 
the  fixed  station  or  whether  the  communication  with  the 

40  corresponding  on-board  unit  has  not  taken  place  cor- 
rectly,  so  that  no  toll  has  been  charged. 

Preferably,  the  fixed  station  comprises  two  gates, 
each  of  which  is  associated  with  two  groups  of  trans- 
ceiver  aerials  of  the  type  described  above.  In  this  case, 

45  the  transaction  communications  are  made  in  two  suc- 
cessive  phases  corresponding  to  the  first  and  second 
gates.  In  this  way  it  is  possible  to  accommodate  higher 
maximum  transit  speeds,  while  further  limiting  the  length 
of  the  coverage  areas.  The  system  is  also  capable  of 

so  operating  correctly  even  when  the  vehicles  have  trans- 
verse  components  of  motion,  or  change  lanes,  at  the 
fixed  station. 

The  method  according  to  the  invention  enables  an 
on-board  unit  to  communicate  with  more  than  one  aerial. 

55  The  invention  also  relates  to  other  characteristics 
which  further  improve  the  system  and  the  method  de- 
scribed  above  and  which  form  the  subject  of  the  subsid- 
iary  claims. 

3 
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The  particular  characteristics  of  the  invention  and 
the  advantages  derived  therefrom  will  be  understood  in 
greater  detail  from  the  description  of  a  preferred  embod- 
iment,  illustrated  by  way  of  a  non-restrictive  example  in 
the  attached  drawings,  in  which 

Fig.  1  is  a  highly  schematic  perspective  view  of  the 
system  according  to  the  invention,  in  which  only  one 
gate  of  the  fixed  station  is  indicated. 

Fig.  2  is  a  side  elevation  of  a  fixed  station  according 
to  the  invention. 

Fig.  3  is  a  front  elevation  of  the  second  gate  of  the 
fixed  station  according  to  Fig.  2. 

Fig.  4  shows  a  transceiver  aerial  panel  of  the  fixed 
station  according  to  an  embodiment  of  modular  con- 
struction. 

Fig.  5  is  a  schematic  illustration  of  the  relative  dis- 
position  of  the  coverage  area  obtained  with  the  aerials 
of  the  fixed  station  according  to  the  preceding  figures. 

Fig.  6  is  a  block  diagram  of  the  electronic  circuit  of 
the  fixed  station  according  to  the  preceding  figures. 

Fig.  7  is  a  general  block  diagram  of  the  system  ac- 
cording  to  the  invention. 

Fig.  8  is  a  block  diagram  of  the  on-board  unit. 
Fig.  9  is  a  block  diagram  of  the  electronic  control 

circuit  associated  with  the  first  gate  of  the  system  ac- 
cording  to  the  preceding  figures. 

Fig.  10  is  a  block  diagram  of  the  control  circuit  as- 
sociated  with  the  second  gate  of  the  system  according 
to  the  preceding  figures. 

Fig.  11  is  a  block  diagram  of  the  electronic  control 
circuit  for  the  part  common  to  one  station  according  to 
the  preceding  figures. 

Figs.  1  2  to  1  5  show  some  examples  of  the  operation 
of  the  system  according  to  the  preceding  figures,  in  a 
condition  of  maximum  criticality. 

With  reference  to  Fig.  7,  a  system  according  to  the 
invention  comprises  at  least  one  fixed  transceiver  sta- 
tion  which  interacts  with  on-board  transceiver  units  3 
each  of  which  is  associated  with  one  vehicle.  The  fixed 
transceiver  station  comprises  local  processing  and  con- 
trol  means  for  the  transmission  and  reception  proce- 
dures  and  for  the  identification  of  users  and  the  calcu- 
lation  of  the  charges,  these  means  being  indicated  as  a 
whole  by  1  .  The  processing  and  control  means  1  com- 
municate  by  radio  with  the  on-board  transceiver  unit  3 
by  means  of  aerials  A.1-A.n.  These  means  also  com- 
municate  through  transmission  means  2  with  a  central 
control  unit  1  5,  for  example  a  central  processor.  The  on- 
board  unit  3  may  be  of  the  type  operating  in  connection 
with  a  card  4,  for  example  of  the  microprocessor  type  or 
the  type  known  as  a  smart  card,  which  is  used  to  supply 
the  user's  identification  codes  to  the  on-board  unit  3  to 
be  transmitted  to  the  fixed  station  for  the  calculation  of 
the  charge,  and  in  which  are  recorded  the  charges  cal- 
culated  by  the  fixed  station  and  transmitted  by  it  to  the 
on-board  unit  3.  The  card  4  may  store,  for  example,  a 
certain  prepaid  sum,  from  which  the  amounts  of  tolls 
charged  by  the  fixed  station  are  automatically  deducted. 

An  example  of  an  on-board  unit  3  is  illustrated  in 
Fig.  8.  The  said  unit  has  a  transceiver  aerial  5  to  which 
is  connected  an  automatic  activation  device  6.  The  aer- 
ial  6  is  connected  to  a  transmitter  7  and  to  a  receiver  8 

5  which  are  connected  in  turn  to  a  control  processor  10 
through  an  encoder/decoder  9.  The  control  processor 
1  0  instructs  a  reader  1  1  of  the  card  4  to  read  the  identi- 
fication  data  and  the  total  remaining  credit  recorded  in 
it,  and  to  record  charge  data,  or  to  deduct  the  sum 

10  charged  from  the  total  remaining  credit.  A  display  unit 
12  is  also  connected  to  the  control  processor  10.  The 
on-board  unit  3  is  supplied  by  a  sealed  battery  13  and 
by  a  replaceable  battery  1  4.  The  sealed  battery  1  3  pref- 
erably  supplies  the  activation  device  6,  the  encoder  9, 

is  the  receiver  8  and  the  transmitter  7,  while  the  replace- 
able  batteries  14  supply  the  control  unit  10,  the  display 
unit  12  and  the  read/write  unit  11  for  the  card  4. 

With  reference  to  Figs.  1  and  2,  the  fixed  transceiver 
station  is  disposed  at  a  specific  point  on  a  vehicular 

20  through  road,  for  example  a  road  with  a  number  of  car- 
riageways.  The  fixed  station  consists  of  two  gates,  a  first 
gate  P1  and  a  second  gate  P2,  only  the  first  gate  P1  of 
these  being  illustrated  in  Fig.  1  .  A  plurality  of  transceiver 
aerials  A.1  -  A.n,  which  are  distributed  along  an  axis 

25  transverse  with  respect  to  the  through  road  and  which 
are  directed  towards  the  road  surface  of  the  carriage- 
way,  are  supported  on  the  housing  spanning  the  gates 
P1  and  P2.  The  on-board  units  3  are  indicated  schemat- 
ically  in  Fig.  1  and  are  fixed,  for  example,  to  the  wind- 

so  screens  of  vehicles  in  transit,  or  to  the  handlebars  of 
motorcycles  or  similar. 

The  aerials  A.1  -  A.n  of  each  gate  P1  ,  P2  are  of  the 
parabolic  type  and  have  coverage  areas  C.1-C.n  with  a 
length  L1  and  width  L2  markedly  smaller  than  the  plan 

35  dimensions  of  the  vehicles.  In  particular,  the  aerials  A. 
1  -  A.n  are  constructed  so  that  they  generate  an  inter- 
section  of  elliptical  form,  between  the  lobe  of  the  aerial 
measured  at  -3  dB  (with  respect  to  the  maximum  radia- 
tion  point)  and  the  plane  parallel  to  the  road  surface 

40  passing  through  these  points,  this  intersection  constitut- 
ing  the  actual  coverage  area  C.1  -C.n,  while  any  second- 
ary  lobes  have  considerably  lower  signal  levels.  The  el- 
liptical  coverage  areas  C.1  -C.n  are  disposed  adjacent 
to  each  other  in  the  transverse  direction  with  respect  to 

45  the  through  road,  in  such  a  way  that  they  form  a  trans- 
verse  coverage  band  with  respect  to  the  through  road. 
According  to  Fig.  5,  the  centres  of  the  two  adjacent  cov- 
erage  areas  are  spaced  apart  by  an  amount  L3  smaller 
than  the  width  L2,  in  such  a  way  that  the  coverage  areas 

so  C.1  -C.n  are  superimposed  on  each  other  in  the  lateral 
peripheral  regions.  The  coverage  areas  C.1  -C.n  are  po- 
sitioned  immediately  in  front  of  the  corresponding  gates 
P1,  P2. 

The  horizontal  plane  I,  in  which  the  coverage  areas 
55  C.1  -C.n  of  the  aerials  A.1  -  A.n  have  their  significant  di- 

mensions,  as  described  above,  may  advantageously  be 
positioned  at  a  height  L4  above  the  road  surface  sub- 
stantially  corresponding  to  a  mean  of  the  levels  at  which 

4 
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the  on-board  units  3  in  the  various  vehicles  are  dis- 
posed,  for  example  at  a  height  L4  =  1  m. 

Each  gate  P1  ,  P2  also  has  aerials  AT  for  activating 
the  on-board  units  3.  The  activating  aerials  AT  are  de- 
signed  to  transmit  only  signals  for  activating  the  on- 
board  units  3,  with  which  they  control  the  activation  de- 
vice  6  of  the  on-board  units  and  which  generate  cover- 
age  areas  CT  which  are  also  elliptical,  which  have  larger 
dimensions  than  those  of  the  coverage  areas  C.1  -C.n 
and  which  form  an  activation  band  in  front  of  the  said 
coverage  areas  C.1  -C.n. 

Fig.  6  shows  a  more  detailed  block  diagram  of  the 
local  processing  and  control  means  1  .  The  said  means 
comprise  radio  frequency  transceiver  means  20  for 
each  gate  P1,  P2  to  which  are  connected  the  corre- 
sponding  aerials  A.1  -  A.n  and  the  activation  aerials  AT. 
The  transceiver  means  20  of  each  gate  P1  ,  P2  are  con- 
trolled  by  gate  control  units  21,21'  which  are  controlled 
in  turn  by  a  local  station  control  unit  22,  with  which  they 
communicate  through  a  two-way  network  23,  for  exam- 
ple  one  of  the  type  known  as  a  LAN.  The  local  station 
control  unit  22  communicates  in  turn  through  a  multi- 
plexer  24  and  transmission  means  2,  for  example  a  de- 
vice  known  as  a  modem,  or  similar,  with  the  central  proc- 
essor  15  (Fig.  7). 

One  embodiment  of  the  gate  control  units  21,  21' 
and  of  the  radio  frequency  transceiver  means  20  for  the 
gates  P1  and  P2  is  illustrated  in  greater  detail  in  Figures 
9  and  10.  In  this  case,  the  embodiments  illustrated  refer 
to  a  modular  construction  of  the  system.  With  particular 
reference  to  Fig.  4,  the  aerials  A.1  -  A.n  of  each  gate  are 
distributed  over  a  plurality  of  supporting  panels  25.  The 
supporting  panel  has  eight  aerials  A.1-A.8  divided  into 
two  sets,  S1  having  the  aerials  A.1  -A.  4  and  S2  having 
the  aerials  A.5-A.8.  The  two  sets  of  aerials  S1,  S2  are 
associated  with  an  activation  aerial  AT.  Fig.  5  shows  the 
relative  coverage  areas  C.1-C.8  of  the  aerials  A.1-A.8 
and  their  disposition  with  respect  to  each  other. 

Each  gate  control  unit  21,  21'  comprises  a  central 
control  processor  121,  121'  connected  to  storage  units 
221  ,  221  ',  a  control  system  321  ,  321  '  for  the  activation 
aerial  AT,  a  control  system  421  ,  421  '  for  the  transceiver 
means  20  and  an  interface  for  a  communications  net- 
work,  of  the  type  known  as  Ethernet  for  example,  521  , 
521  '  for  communication  with  the  local  station  control  unit 
22. 

The  modular  construction  of  the  aerial  support  pan- 
els  according  to  Fig.  4  corresponds  to  a  similar  modular 
construction  of  the  control  systems  321  ,  321  ',  421  ,  421  ' 
for  the  activation  aerials  AT  and  for  the  transceiver  aer- 
ials  A.1  -A.8  and  for  the  transceiver  systems  20.  These 
systems  321  ,  321  ',  421  ,  421  '  and  20  may  be  constructed 
with  an  extendable  structure  using  circuit  cards,  with  the 
provision,  for  example,  of  a  transceiver  system  20  for 
the  aerials  A.1-A.8  and  AT  of  each  panel  25,  and  with 
each  control  system  321  ,  321  '  for  the  aerials  AT  and  one 
control  system  421  ,  421  '  for  the  aerials  A.1  -A.  8  capable 
of  simultaneously  controlling  the  transceiver  systems  20 

of  a  certain  number  of  panels  25.  In  Figures  9  and  10, 
only  one  panel  25  of  aerials  A.1  -A.8  and  AT  with  the  cor- 
responding  transceiver  system  20  is  illustrated,  for  the 
sake  of  simplicity.  The  transceiver  system  20  consists 

5  of  a  transceiver  module  120  for  the  set  S1  of  aerials  A. 
1  -A.4  and  AT  of  the  panel  25  and  a  transceiver  module 
220  for  the  set  S2  comprising  the  aerials  A.5-A.8.  Each 
of  the  two  modules  1  20,  220  has  a  power  supply  29  and 
two  transceivers  26,  27.  The  transceivers  26  of  each 

10  transceiver  120,  220  operate  at  a  single  identical  fre- 
quency  f1  ,  while  the  transceivers  27  operate  at  an  iden- 
tical  frequency  f2  which  is  different  from  that  of  the  trans- 
ceivers  26.  The  transceivers  26  are  connected  to  aerials 
A.  1  ,  A.  2  and  A.5,  A.6,  while  the  transceivers  27  are  con- 

es  nected  to  aerials  A.  3,  A.4  and  A.7,  A.8.  The  transceiver 
module  120  associated  with  the  first  set  of  aerials  S1 
also  has  a  transmitter  28  which  operates  at  a  further  dif- 
ferent  frequency  f3  and  is  connected  to  the  activation 
aerial  AT. 

20  The  gate  control  units  21,21'  may  be  provided  with 
means  of  analysing  the  answer  signals  of  the  on-board 
units  3  captured  by  each  aerial  A.n,  in  order  to  check 
the  formal  correctness  of  the  answer  signals  from  the 
on-board  units  3,  permitting,  for  example,  communica- 

25  tion  with  only  one  on-board  unit  when  two  of  these  units 
come  into  conflict  in  the  coverage  area  of  a  single  aerial 
and  when,  in  this  case,  the  intelligibility  of  the  answer 
signal  from  one  of  the  said  two  on-board  units  is  not 
compromised  by  the  interference  due  to  the  answer  sig- 

30  nal  from  the  other  on-board  unit,  for  example  because 
of  a  marked  difference  in  the  level  of  the  said  two  sig- 
nals. 

The  receiver  8  and  the  transmitter  7  of  the  on-board 
units  3  are  of  the  type  capable  of  transmitting  and  re- 

35  ceiving  at  the  two  frequencies  f1  ,  f2. 
The  disposition  of  the  aerials  A.1-A.8  on  the  panel 

and  the  particular  activation  of  the  aerials  at  different  fre- 
quencies  f1  ,  f2  determines  the  particular  distribution  of 
the  coverage  areas  with  different  frequencies  as  shown 

40  in  Fig.  5. 
As  is  also  shown  in  Fig.  4,  the  aerials  A.1-A.8  are 

disposed  on  panels  with  a  length  of  twice  L5  and  a  width 
of  L6,  with  their  major  axes  orientated  perpendicular  to 
the  major  axes  of  the  coverage  areas  C.  1  -C.8.  The  par- 

45  abolic  aerials  have  elliptical  bases  and  have  a  major  axis 
of  length  L7  and  a  minor  axis  of  length  L8,  while  their 
centres  are  spaced  apart  by  a  distance  L9.  The  aerials 
A.1-A.8  are  disposed  in  two  parallel  rows  aligned  with 
the  major  axes,  the  aerials  A.1  ,  A.3,  A.5,  A.7  of  one  row 

so  being  staggered  in  the  longitudinal  direction  of  the  row 
with  respect  to  the  aerials  A.2,  A.4,  A.6,  A.8  of  the  other 
row.  The  activation  aerial  AT  has  a  circular  base  and  has 
a  diameter  of  L10. 

Fig.  1  1  shows  a  more  detailed  example  of  the  local 
55  station  control  unit  22.  This  has  a  central  control  proc- 

essor  122,  storage  units  222,  read/write  devices  322 
and  322'  for  a  removable  storage  medium  and  for  a  res- 
ident  storage  medium  respectively,  and  different  types 
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of  input/output  interface  422,  422',  422",  for  example  a 
parallel  interface,  a  serial  synchronous  interface  and  a 
serial  asynchronous  interface  to  which  may  be  connect- 
ed  various  auxiliary  devices  of  the  station,  indicated  in 
a  general  way  by  30,  such  as  signalling  devices,  auto- 
matically  controlled  barriers,  etc.,  and  through  which  the 
station  control  unit  22  communicates,  by  means  of  a 
multiplexer  24  and  transmission  means  2,  with  the  cen- 
tral  processor  15.  An  interface  522  for  a  communica- 
tions  network,  for  example  a  network  of  the  type  known 
as  Ethernet,  by  means  of  which  the  local  station  control 
unit  22  communicates  with  the  gate  control  units  21  ,  21  ', 
is  also  provided. 

With  reference  to  the  method  according  to  the  in- 
vention,  in  order  to  ensure  a  very  small  length  L1  and 
width  L2  of  the  coverage  areas  C.1  ,  C.n  combined  with 
a  relatively  high  transit  speed,  making  it  possible  to 
achieve  infinitesimal  probabilities  of  error  and  complete 
execution  of  the  charging  procedures,  the  communica- 
tion  between  the  fixed  transceiver  station  and  the  on- 
board  units  3  is  carried  out  in  two  successive  phases 
and  in  chronologically  separate  time  intervals,  corre- 
sponding  to  the  two  gates  P1,  P2.  The  dimensions  of 
the  coverage  areas  are  limited  according  to  the  mini- 
mum  time  required  for  transmission  and  reception,  while 
the  different  internal  procedures  take  place  in  the  time 
intervals  immediately  preceding  the  entry  of  the  on- 
board  units  3  into  the  coverage  areas  C.1,  C.n,  and  in 
those  between  the  two  communication  phases  corre- 
sponding  to  the  two  gates  P1,  P2.  In  a  plan  of  application 
the  following  dimensions  were  found  to  be  suitable:  with 
transaction  times  of  approximately  300  ms,  it  is  possible 
to  ensure  a  probability  of  error  of  the  order  of  10"8  with 
a  maximum  speed,  in  a  direction  parallel  to  the  major 
axis  of  the  coverage  areas  C.1  -C.n,  of  approximately 
120  km/hr  and  with  maximum  transverse  components 
of  approximately  18  km/hr,  while  the  coverage  areas  C. 
1  ,  C.n  have  lengths  L1  =  1  .5  m  and  widths  L2  =  0.5  m 
and  the  centres  of  the  individual  coverage  areas  C.1  ,  C. 
n  are  spaced  apart  by  L3  =  0.375  m,  the  minimum  dis- 
tance  L12  between  the  coverage  areas  C.1  -  C.n  of  the 
two  gates  P1  ,  P2  being  chosen  in  this  case  to  be  greater 
than  10  m,  and  in  particular,  for  the  reasons  stated  sub- 
sequently,  1  3.5  m,  which  corresponds  to  a  distance  L1  3 
of  15  m  between  the  two  gates.  In  this  case,  the  aerials 
A.1-A.n  will  have  a  major  axis  L7  =  0.517  m,  a  minor 
axis  L8  =  0.1725  m  and  a  centre  spacing  of  L9  =  0.375 
m.  The  aerials  are  disposed  with  an  inclination  of  9°  with 
respect  to  the  horizontal  plane  at  a  height  L1  5  of  approx- 
imately  6  m  above  the  carriageway  surface.  In  order  to 
obtain  coverage  areas  CT  of  the  activation  aerials  AT 
sufficiently  large  to  ensure  that  the  procedures  of  inter- 
nal  initialisation  of  the  on-board  units  3  are  performed 
before  entry  into  the  coverage  areas  C.1  -C.n  of  the 
transceiver  aerials  A.1  -A.n  it  is  preferable  to  use  an  aer- 
ial  AT  with  a  diameter  L10  =  0.1185  m. 

According  to  a  further  characteristic  of  the  method, 
the  aerials  A.1  -A.n  are  divided  into  two  groups  which 

are  activated  by  the  corresponding  control  system  421  , 
421  '  in  two  half  -cycles  of  which  one  immediately  follows 
the  other.  The  groups  of  aerials  comprise  aerials  A.2n- 
1  and  aerials  A.2n  respectively,  forming  two  transverse 

5  rows  with  coverage  areas  C.2n-1  and  C.2n  respectively, 
the  coverage  areas  C.2n-1  of  one  of  the  two  groups  be- 
ing  alternated  with  the  coverage  areas  C.2n  of  the  other 
group.  The  method  also  specifies  that  within  each  group 
of  aerials  the  transmission  frequencies  f  1  and  f2  are  dis- 

10  tributed  alternately  among  the  said  aerials  C.2n-1  and 
C.2n,  each  aerial  A.2n-1  which  produces  the  coverage 
area  C.2n-1  of  one  group  associated  with  the  frequency 
f1  being  directly  adjacent  to  the  aerial  A.2n  which  pro- 
duces  the  coverage  area  C.2n  associated  with  the  same 

is  frequency  f1.  According  to  the  plan  mentioned  above, 
the  aerials  of  each  group  A.2n-1  and  A.2n  are  activated 
for  a  time  interval  of  15  ms.  The  method  of  operation  of 
the  aerials  is  clearly  shown  in  Figs.  5  and  12  to  15,  in 
which  the  aerials  C.2n-1  and  C.2n  of  the  inactive  group 

20  are  shown  in  broken  lines.  The  whole  may  advanta- 
geously  be  designed  in  such  a  way  as  to  ensure  a  rep- 
etition  for  at  least  two  consecutive  times  of  the  transmis- 
sion  within  each  coverage  area  C.1  -C.n. 

As  a  result  of  the  above  arrangements,  each  cov- 
25  erage  area  is  able  to  contain  only  one  on-board  unit.  In 

this  way,  an  aerial  A.1  -A.n  communicates  with  only  one 
on-board  unit  at  a  time,  thus  making  it  possible  to  avoid 
both  a  multiple  channel  transmission  protocol,  with  a 
consequent  increase  in  costs,  and  confinement  to  a  sin- 

so  gle-carriageway  lane  at  the  station.  The  system  accord- 
ing  to  the  invention  also  enables  vehicles  to  pass 
through  the  coverage  areas  with  a  certain  transverse  ve- 
locity,  operating  correctly  even  in  the  case  of  overtaking 
and  lane  changing.  The  improvements  to  the  method 

35  advantageously  enable  the  transmission  interference 
between  the  aerials  associated  with  adjacent  coverage 
areas  to  be  significantly  limited,  thus  subsequently  lim- 
iting  the  transmission  errors  to  very  low  levels. 

According  to  a  further  improvement,  as  shown  in 
40  Fig.  7,  the  station  is  provided,  in  addition  to  the  radio 

communication  system,  with  a  video  device  37  to  detect 
the  presence  of  vehicles  in  transit  and  to  identify  their 
position  with  respect  to  one  gate,  in  particular  gate  P2. 
As  illustrated  in  Figs.  2  and  3,  the  gate  P2  of  the  fixed 

45  station  is  associated  with  a  plurality  of  television  camer- 
as  31  which  are  distributed  at  equal  intervals  along  an 
axis  transverse  with  respect  to  the  carriageway,  at  a 
height  greater  than  the  maximum  height  of  the  vehicles, 
and  are  aimed  at  the  through  road.  The  optical  axes  0 

so  of  the  television  cameras  31  are  spaced  apart  by  a  dis- 
tance  L1  6  to  provide  a  resolution  of  L17,  or  the  detection 
of  a  sufficient  minimum  separation  distance  L17  be- 
tween  two  vehicles  side  by  side.  In  the  cited  plan,  the 
distance  L16  is  equal  to  0.75  m  and  provides  a  resolu- 

55  tion  L17  of  0.25  m. 
With  reference  to  Fig.  6,  the  outputs  of  the  television 

cameras  31  are  connected  to  a  video  control  unit  32 
which  may  also  be  constructed  in  modular  and  expand- 

6 
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able  form,  as  described  for  the  gate  control  units  21  and 
the  transceiver  systems  20  of  the  aerials  A.1  -A.n.  The 
video  control  units  32  are  connected  to  an  image  proc- 
essor  33  which  communicates  through  a  LAN  network 
23  with  the  gate  control  units  21,21'  and  with  the  local 
station  control  unit  22.  In  this  case,  it  is  suitable  to  use 
television  cameras  31  of  the  type  known  as  the  linear 
scan  type.  The  framing  fields  of  the  television  cameras 
31  are  positioned  immediately  in  front  of  the  coverage 
areas  C.1  -C.n.  Given  the  construction  of  the  radio  com- 
munication  system  described  above  and  the  television 
cameras  31  ,  it  is  possible  to  detect  the  presence  of  a 
vehicle  in  the  coverage  area  C.1  -C.n  of  the  gate  2  and 
to  determine  its  position  twice,  particularly  in  the  trans- 
verse  direction  with  respect  to  the  through  road,  once 
by  means  of  the  aerial  A.1  -A.n  with  which  the  corre- 
sponding  on-board  unit  3  of  the  vehicle  communicates, 
and  once  by  means  of  the  television  cameras  31  .  This 
may  be  used  both  to  reduce  any  errors  of  communica- 
tion  in  the  system  and  to  detect  any  users  who  do  not 
have  an  on-board  unit  3  and  who  attempt  to  pass  ille- 
gally  through  the  station,  or  those  users  for  whom,  owing 
to  particular  conditions  and  the  infinitesimal  but  finite 
probability  of  error,  the  charging  transaction  has  not  tak- 
en  place  correctly.  The  invention  specifies  that  the  data 
relating  to  the  two  separate  determinations  of  position 
are  compared  with  each  other  in  the  station  control  unit 
22.  When  a  video  detection  does  not  correspond  to  a 
position  detection  obtained  by  transmission  through  the 
active  aerial  A.1  -A.n,  the  vehicle  in  transit  is  passing  il- 
legally  through  the  station.  When  the  said  data  coincide, 
but  the  radio  transaction  has  not  been  executed  correct- 
ly,  an  error  is  detected.  In  this  way,  therefore,  it  is  pos- 
sible  to  discriminate  between  the  users  passing  illegally 
through  the  fixed  station  and  those  for  whom  the  auto- 
matic  charging  has  not  been  carried  out  for  reasons  not 
associated  with  the  users. 

According  to  a  further  characteristic,  the  station  is 
associated  with  a  device  38  (Fig.  7)  for  video  recording 
of  the  vehicles  passing  illegally  through  the  station  and 
of  those  for  which  the  radio  transaction  has  not  been 
successful.  With  reference  to  Figs.  2  and  6,  a  plurality 
of  television  cameras  35  are  provided  on  the  first  gate 
P1  and  are  aimed  towards  the  second  gate  P2,  their 
framing  area  1  35  being  positioned  directly  in  front  of  the 
coverage  areas  C.1  -C.n,  so  that  they  photograph  the 
rear  parts  of  the  vehicles  which  carry  the  number  plate. 
It  should  be  noted  that  the  framing  area  1  35  of  the  tele- 
vision  cameras  35  contributes  to  the  determination  of 
the  distance  L1  3  between  the  two  gates.  The  recording 
television  cameras  35  are  controlled  by  an  image  re- 
cording  and  control  unit  indicated  by  36  in  Fig.  6,  which 
receives  the  data  from  the  control  unit  21'  of  the  gate 
P2,  from  the  station  control  unit  22  and  from  the  image 
processor  33  of  the  television  cameras  31  for  detecting 
the  presence  of  vehicles  and  their  position.  In  the  two 
cases  of  violation  and  error  described  previously,  the  im- 
age  recording  and  control  unit  36  stores  the  recorded 

images  of  the  number  plate  of  the  vehicle  and  transmits 
them,  through  the  multiplexer  24  and  the  transmission 
means  2,  to  the  central  processor  15,  while  the  contin- 
uously  recorded  images  of  the  vehicles  correctly  pass- 

5  ing  through  the  fixed  station  are  erased. 
With  reference  to  Fig.  10,  the  gate  control  unit  21' 

for  the  gate  P2  has  an  interface  621  for  communication 
with  the  said  video  recording  device  38. 

Examples  of  the  operation  in  different  conditions  of 
10  extreme  maximum  criticality  of  the  system  and  method 

according  to  the  invention  are  illustrated  schematically 
for  a  single  gate  in  Figs.  1  2  to  1  4,  in  which  are  indicated 
the  alternately  activated  coverage  areas  C.2n-1  and  C. 
2n  and  the  frequencies  associated  with  them,  while  d 

is  indicates  the  minimum  transverse  distances  between 
the  various  on-board  units  in  the  different  situations. 

Example  1 

20  There  is  a  single  on-board  unit  at  the  point  X1,  in 
the  central  area  of  the  coverage  area  C.3  which  is  active 
in  the  first  half-cycle  in  Fig.  12.  The  following  consider- 
ations  are  valid  for  a  certain  limited  region  around  the 
position  X1.  In  the  said  half-cycle,  transmission  within 

25  the  coverage  area  C.3  is  sufficiently  protected  from  in- 
terference  from  transmissions  at  the  frequency  f  1  in  the 
coverage  areas  C.1  and  C.5,  the  immediately  adjacent 
coverage  areas  C.2  and  C.4  being  inactive.  In  the  fol- 
lowing  half-cycle,  illustrated  in  Fig.  1  3,  in  which  the  cov- 

30  erage  area  C.3  is  inactive,  the  level  of  gain  at  the  fre- 
quency  f  1  in  the  coverage  area  C.2  and  at  the  frequency 
f2  in  the  coverage  area  C.4  at  point  X1  is  insufficient  to 
cause  transmission  between  the  station  and  the  on- 
board  unit.  The  correct  transaction  therefore  takes  place 

35  in  the  first  half-cycle  (Fig.  12),  in  the  coverage  area  C. 
3,  which  in  this  case  is  used  as  an  indicator  of  the  vehicle 
position.  There  is  no  possibility  of  uncertainty  due  to  an 
adjacent  vehicle,  since  the  minimum  distance  of  0.25  m 
between  the  vehicles  which  is  detectable  by  the  video 

40  device  37  means  that  this  response  could  only  have 
come  from  a  vehicle  occupying  the  area  indicated  in 
Figs.  12  and  13.  Although  an  additional  vehicle  might 
have  approached,  this  vehicle  would  have  caused  a 
communication  of  the  said  vehicle  within  the  coverage 

45  areas  C.2  and  C.3,  with  the  additional  vehicle  on  the  left, 
or  C.3  and  C.4  with  the  additional  vehicle  on  the  right. 

Example  2 

so  In  this  case,  the  on-board  unit  is  located  at  point  X2 
of  Figures  12  and  13,  in  the  area  of  superimposition  of 
two  adjacent  coverage  areas  C.4  and  C.5  or  in  the  vi- 
cinity  of  this  area. 

In  the  first  half  -cycle,  the  transmission  is  sufficiently 
55  protected  from  a  transmission  at  the  frequency  f2  in  the 

coverage  area  C.3  and  C.7,  enabling  the  on-board  unit 
to  communicate  with  the  fixed  station  at  the  frequency 
f1  in  the  coverage  area  C.5.  In  the  second  half-cycle 

50 

55 
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(Fig.  13),  the  transmission  is  sufficiently  protected 
against  a  transmission  at  the  frequency  f  1  in  the  cover- 
age  areas  C.2  and  C.6,  enabling  the  on-board  unit  to 
communicate  in  the  coverage  area  C.4  at  the  frequency 
f2.  If  the  transaction  had  taken  place  in  only  one  of  the 
two  half  -cycles,  the  on-board  unit  would  have  been  de- 
tected  in  the  coverage  area  C.4  or  C.5.  This  would  have 
caused  ambiguities  in  the  presence  of  an  additional  ve- 
hicle  detected  at  the  minimum  separation  distance  of 
0.25  m.  In  fact,  if  the  response  had  taken  place  in  cov- 
erage  area  C.4  only,  it  would  also  have  been  possible 
for  an  additional  vehicle  to  be  present  in  the  coverage 
area  C.4,  and  until  this  vehicle  had  also  successfully  ex- 
ecuted  the  transaction  (and  its  position  had  consequent- 
ly  been  detected),  it  would  not  be  clear  which  of  the  two 
vehicles  had  executed  the  transaction.  This  is  also  true 
of  the  coverage  area  C.5.  This  uncertainty  is  eliminated 
by  enabling  the  on-board  units  to  communicate  with 
more  than  one  aerial  A.1  -A.n,  since  only  the  vehicle  oc- 
cupying  the  position  X2  of  the  on-board  unit  can  have 
communicated  within  the  coverage  areas  C.4  and  C.5. 

The  scenarios  described  above  have  demonstrated 
that  the  uncertainty  as  to  the  position  is  eliminated  when 
the  on-board  units  can  communicate  with  all  the  aerials 
of  the  gate  P1,  P2  in  whose  coverage  areas  C.1  -C.n 
they  are.  This  uncertainty  as  to  position  detection  will 
not,  therefore,  be  considered  further  in  the  following  ex- 
amples,  except  when  the  multiple  transaction  is 
blocked. 

Example  3 

With  reference  to  Figs.  12  and  13,  two  on-board 
units  are  assumed  to  be  at  positions  X1  and  X2  respec- 
tively,  spaced  apart  by  a  distance  d  =  0.5  m. 

According  to  the  information  in  the  preceding  exam- 
ples,  in  the  first  half-cycle  the  on-board  unit  at  X1  com- 
municates  at  the  frequency  f2  in  the  coverage  area  C. 
3,  and  that  at  position  X2  communicates  at  the  frequen- 
cy  f1  in  the  coverage  area  C.5.  In  the  second  half-cycle, 
the  on-board  unit  at  X1  does  not  communicate  at  all, 
while  that  at  X2  can  communicate  at  the  frequency  f2  in 
the  coverage  area  C.4. 

Example  4 

In  Figures  12  and  13,  two  on-board  units  are  as- 
sumed  to  be  at  points  X2  and  X3,  with  d  =  0.5  m. 

In  the  first  half-cycle,  the  transmissions  are  gener- 
ally  insufficiently  protected  from  each  other  within  the 
coverage  area  C.5  at  the  frequency  f1,  and  there  will 
therefore  be  no  communication  with  either  of  the  two  on- 
board  units.  It  may  be  possible  to  have  communication 
with  one  of  the  two  on-board  units  when  the  answer  sig- 
nals  of  the  two  units  are  significantly  different,  so  that  it 
is  possible  for  either  the  on-board  unit  at  X2  or  that  at 
X3  to  communicate  successfully  in  the  coverage  area 
C.5.  In  the  second  half-cycle,  the  on-board  unit  at  X2 

will  communicate  successfully  in  the  coverage  area  C. 
4  at  the  frequency  f2,  while  that  at  X3  will  communicate 
in  the  coverage  area  C.6  at  the  frequency  f1  . 

In  the  worst  case,  communication  will  take  place  on- 
5  ly  in  the  second  half-cycle.  Since  the  vehicles  associat- 

ed  with  the  on-board  units  must  cover  the  positions  in- 
dicated,  it  is  clear  that  there  is  no  ambiguity  of  correla- 
tion  between  the  vehicle  and  the  on-board  unit. 

10  Example  5 

The  on-board  units  are  at  positions  X5  and  X6  in 
Figs.  14  and  15,  with  d  =  0.5  m. 

In  the  first  half-cycle  (Fig.  14)  the  on-board  unit  at 
is  X5  may  or  may  not  communicate  at  the  frequency  f2  in 

the  coverage  area  C.1,  while  the  on-board  unit  at  X6 
communicates  at  the  frequency  f1  in  the  coverage  area 
C.3.  In  the  second  half-cycle  (Fig.  15),  the  on-board  unit 
at  X5  communicates  at  the  frequency  f2  in  the  coverage 

20  area  C.2  and  that  at  X6  may  or  may  not  communicate 
at  the  frequency  f1  in  the  coverage  area  C.4.  The  two 
on-board  units  at  X5  and  X6  will  therefore  be  detected, 
the  first  in  the  coverage  areas  C.1  and  C.2  and  the  sec- 
ond  in  the  coverage  area  C.3. 

25 
Example  6 

The  on-board  units  are  disposed  at  X7  and  X5'  in 
Figs.  14  and  15,  with  d  =  0.5  m. 

30  In  the  first  half-cycle,  the  answer  signals  from  the 
two  on-board  units  are  generally  insufficiently  protected 
from  interference  with  one  another,  and  there  will  con- 
sequently  be  no  communication  at  the  frequency  f2.  In 
a  similar  way  to  that  described  in  Example  4,  one  of  the 

35  two  on-board  units  can  possibly  communicate  success- 
fully  in  the  coverage  area  C.5.  In  the  second  half  -cycle, 
the  unit  at  X7  communicates  at  the  frequency  f1  in  the 
coverage  area  C.4,  and  the  unit  at  X5'  communicates  at 
the  frequency  f2  in  the  coverage  area  C.6,  giving  a  result 

40  similar  to  that  in  Example  4. 

Example  7 

The  case  of  three  on-board  units  disposed  at  X1, 
45  X2,  and  X3,  each  at  a  distance  d  =  0.5  m  from  the  ad- 

jacent  unit,  in  Figs.  12  and  13  will  now  be  considered. 
In  the  first  half-cycle,  the  unit  at  X1  communicates 

at  the  frequency  f2  in  the  coverage  area  C.3,  while  in 
general  neither  of  the  two  units  at  X2  and  X3  communi- 

50  cates  at  the  frequency  f1  in  the  coverage  area  C.5,  or 
else  only  one  of  them  succeeds  in  communicating,  as 
described  previously  in  Example  4.  In  the  second  half- 
cycle,  there  is  no  communication  by  the  unit  at  X1  ,  while 
the  unit  at  X2  communicates  in  the  coverage  area  C.4 

55  and  that  at  X3  communicates  in  the  coverage  area  C.6, 
providing  unambiguous  identification  of  the  vehicles  to 
which  the  on-board  units  at  X1  ,  X2,  and  X3  belong. 

50 
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Example  8 

The  on-board  units  are  disposed  at  X5,  X6  and  X7 
in  Figs.  14  and  15  at  a  distance  d  =  0.5  m  from  each 
other. 

In  the  first  half-cycle,  the  unit  at  X5  may  or  may  not 
communicate  at  the  frequency  f2  in  the  coverage  area 
C.1.  The  unit  at  X6  communicates  at  the  frequency  f1 
in  the  coverage  area  C.3,  and  that  at  X7  communicates 
at  the  frequency  f2  in  the  coverage  area  C.5. 

In  the  second  half-cycle,  the  unit  at  X5  communi- 
cates  at  the  frequency  f2  in  the  coverage  area  C.2,  while 
for  the  units  at  X6  and  X7  communication  may  or  may 
not  take  place,  as  described  previously  in  Example  6. 

The  unit  at  X5  will  therefore  be  located  in  the  cov- 
erage  area  C.2,  or  possibly  to  the  left  of  this  area  if  com- 
munication  has  also  taken  place  in  the  coverage  area 
C.1.  In  the  worst  case,  the  unit  at  X6  will  be  located  in 
the  coverage  area  C.3,  and  that  at  X7  will  be  located  in 
the  coverage  area  C.5.  In  this  case  also,  there  is  no  re- 
maining  uncertainty  concerning  the  correlation  between 
a  vehicle  and  the  on-board  unit. 

Example  9 

The  on-board  units  are  disposed  at  X6,  X7  and  X5' 
in  Figs.  14  and  15. 
In  the  first  half  -cycle,  the  unit  at  X6  communicates  at  the 
frequency  f  1  in  the  coverage  area  C.2,  while  for  the  on- 
board  units  at  X7  and  at  X5'  in  C.3  communication  at 
the  frequency  f2  is  impossible  for  both  or  may  be  pos- 
sible  for  only  one  of  the  two,  as  described  in  Example 
6.  In  the  second  half  -cycle  the  unit  at  X5'  communicates 
at  the  frequency  f2  in  the  coverage  area  C.6,  while,  in  a 
similar  way  to  that  described  in  the  preceding  examples, 
neither  of  the  units  at  X6  and  X7  can  communicate  in 
the  coverage  area  C.5  at  the  frequency  f  1  ,  or  else  only 
one  of  them  may  be  able  to  communicate  successfully 
when  the  answer  signals  of  the  units  are  at  sufficiently 
different  levels. 

In  the  worst  case,  therefore,  the  unit  at  X6  will  com- 
municate  in  the  coverage  area  C.3,  the  unit  at  X5'  will 
communicate  in  the  coverage  area  C.6,  and  the  unit  at 
X7  will  not  be  able  to  communicate  at  all. 

With  the  aid  of  the  video  position  identification  and 
detection  system  37,  the  vehicle  associated  with  the  on- 
board  unit  at  X7  will  be  detected  and  identified  at  the 
gate  P2.  However,  when  chronological  recordings  in  the 
transaction  data  for  the  units  at  X6  and  X5'  are  used,  it 
is  possible  that  the  vehicle  associated  with  the  unit  at 
X7  will  be  granted  the  benefit  of  the  doubt,  and  that  the 
absence  of  a  transaction  will  be  considered  to  be  a  com- 
munication  error,  instead  of  a  violation. 

In  this  case,  it  must  be  emphasised  that  this  sce- 
nario  is  extremely  rare,  since  it  requires  in  practice  the 
chronological  coincidence  of  the  passage  of  three  on- 
board  units  in  alignment  with  each  other  and  spaced 
apart  by  0.5  m. 

It  is  also  possible  to  avoid  the  occurrence  of  such  a 
problem  by  reducing  the  lateral  dimensions  of  the  cov- 
erage  areas  C.1  -C.n.  This,  however,  entails  a  greater 
number  of  aerials  A.1  -A.n,  and  therefore,  in  view  of  the 

5  extremely  low  probability  of  the  recurrence  of  the  said 
situation  in  practice,  this  arrangement  is  not  entirely  jus- 
tified. 

Example  10 
10 

Example  1  0  refers  to  Figs.  1  2  and  1  3,  in  which  more 
than  four  vehicles  pass  simultaneously  through  the  cov- 
erage  areas  C.1-C.10,  the  corresponding  on-board 
units  being  disposed  at  points  X1  to  X3  and  XV,  X2', 

is  X3',  X3"  and  spaced  apart  by  0.5  m. 
This  situation  may  be  reduced  to  the  preceding  ex- 

amples,  since  it  may  be  broken  down  into  the  following 
sub-groups:  three  on-board  units  in  positions  X1  ,  X2  and 
X3,  two  units  in  positions  XV  and  X2',  and  two  units  in 

20  positions  X2'  and  X3';  one  unit  in  position  1  and  one  unit 
in  position  X2,  the  positions  XV,  X2',  X3'  and  X3"  being 
similar  to  positions  X1  ,  X2  and  X3,  but  in  different  cov- 
erage  areas. 

25  Example  11 

In  a  similar  way  to  Example  1  0,  the  situation  of  more 
than  four  on-board  units  disposed  in  positions  X5,  X6, 
X7,  X5',  X6',  X7'  and  X5"  may  be  broken  down  into  the 

30  scenarios  already  discussed  in  the  preceding  examples: 
three  units  in  positions  X5,  X6,  and  X7;  two  units  in  po- 
sitions  X8  and  X6';  two  units  in  positions  X7'  and  X5'; 
one  unit  in  position  X5  and  one  unit  in  position  X7,  the 
considerations  in  Example  10  being  valid. 

35  Naturally,  the  invention  is  not  limited  to  the  embod- 
iments  described  and  illustrated  herein,  but  may  be 
widely  varied  and  modified,  particularly  as  regards  con- 
struction;  for  example,  the  system  and  method  de- 
scribed  may  be  used  for  the  detection  of  the  transit  of 

40  objects  or  bodies  of  various  kinds,  each  being  associat- 
ed  with  an  on-board  unit,  for  example  for  the  identifica- 
tion  of  pieces,  parts,  or  similar  moving  along  conveyors; 
the  whole  without  departing  from  the  guiding  principle 
described  above  and  claimed  below. 

45 

Claims 

1  .  System  for  automatic  detection  of  moving  vehicles, 
so  with  automatic  data  exchange,  particularly  with  au- 

tomatic  toll  charging,  comprising: 

at  least  one  fixed  automatic  transceiver  station 
(P1  ,P2)  which  is  provided  with  local  processing 

55  and  control  means  (1  )  for  the  trasmission  and 
reception  procedures  and  for  the  identification 
of  the  users  and  calculation  of  tolls  to  be 
charged  to  each  identified  user,  this  fixed  sta- 

9 
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tion  (P1  ,P2)  being  disposed  at  a  specific  point 
on  a  vehicular  through  road; 
an  on-board  transceiver  unit  (3)  for  each  vehi- 
cle,  this  on-board  unit  (3)  being  provided  with 
processing  and  control  means  (10)  for  the  s 
transmission  and  reception  procedures,  and 
with  means  (4)  foor  identifying  the  user  or  ve- 
hicle  and  means  (4,11)  foor  recording  the  toll 
charged; 
the  fixed  station  (P1,P2)  and  each  on-board  10 
unit  (3)  being  capable  of  two-way  communica- 
tion  when  commanded  by  the  fixed  station 
(P1,P2),  by  the  exchange  of  data,  relating  for 
example  to  the  user  and  to  the  toll  charged,  dur- 
ing  the  passage  of  the  on  board  unit  (3)  through  15 
the  area  of  the  through  road  covered  by  the  field 
of  operation  (C.1  -C.n)  of  at  least  one  aerial  (A. 
1  -A.n)  of  the  fixed  station  (P1.P2); 
the  fixed  transceiver  station  (P1.P2)  having  a 
plurality  of  transceiver  aerials  (A.1  -A.n)  dis-  20 
posed  above  the  vehicular  through  road  and  di- 
rected  toward  it,  at  a  height  greater  than  the 
maximun  height  of  the  vehicles,  these  aerials 
(A.  1  -A.n)  being  distributed  transversely  with  re- 
spect  to  the  through  road  and  being  construct-  25 
ed  in  such  a  way  that  each  generates  a  limited 
coverage  area  (C.1  -C.n)  on  the  through  road 
beneath,  it  being  possible  to  communicate  only 
with  the  corresponding  aerial  (A.1  -A.n)  within 
each  of  the  said  coverage  areas  (c.1  -C.n),  the  30 
said  coverage  areas  (C.1  -C.n)  being  disposed 
side  by  side  in  the  transverse  direction  with  re- 
spect  to  the  through  road, 
the  processing  and  control  means  (1  )  being  ca- 
pable  of  processing  separately  the  reception  35 
and  trasmission  signals  of  each  aerial  (A.1  -A. 
n); 
the  local  processing  and  control  means  (1  )  be- 
ing  provided  with  second  control  means 
(21  ,421  ,21  ',421  ')  which  alternately  activate,  for  40 
a  half-cycle  of  an  overall  activation  period,  two 
groups  of  aerials  (A.2n-1,A.2n)  of  the  aerials 
(A.1  -A.n),  the  aerials  (A.2n-1,A.2n)  being  ass- 
sociated  with  two  rows  of  coverage  areas 
aligned  on  the  same  transceive  axis  of  the  road  45 
(C.2n-1,C.2n)  which  are  aligned  transversely 
with  respect  to  the  through  road,  the  coverage 
areas  (C.2n-1)  of  the  group  of  aerials  (A.2n-1) 
being  alternated  with  the  coverage  areas  (C. 
2n)  of  the  group  of  aerials  (A.2n),  so 

characterised  in  that: 
each  coverage  area  (C.  1  -C.n)  has  a  width  and  leng- 
ht  which  are  relatively  small  with  respect  to  the  plan 
dimension  of  the  vehicles  and  are  such  that  they  55 
contain  not  more  than  one  on-board  unit  (3)  at  a 
time  and  consequently  communicate  with  not  more 
than  one  on-board  unit  (3)  at  a  time; 

the  transceiver  station  (P1.P2)  and  the  on- 
board  units  (3)  are  provided  with  transceiver 
means  (20,  1  20,220,26,27;7,8)  capable  of  tras- 
mitting  and  receiving  at  two  different  frequen- 
cies,  the  said  two  frequencies  being  distributed 
alternately  between  the  aerials  (A.2n-1,A.2n) 
within  each  group  of  aerials  (A.2n-1,A.2n)  ; 
the  two  frequencies  are  distributed  among  the 
aerials  (A.2n-1  ,A.2n)  of  the  two  groups  in  such 
a  way  that  each  aerial  (A.2n-1)  of  one  group 
associated  with  one  frequency  is  adjacent  to  an 
aerial  (A.2n)  of  the  other  group  associated  with 
the  same  frequency; 
the  transceiver  station  (P1  ,P2)  is  provided  with 
transceiver  (26,27)  each  of  which  operates  at 
a  different  frequency  and  to  which  are  connect- 
ed  alternately  the  aerials  (A.2n-1  ,A.2n)  of  each 
of  the  two  groups. 

2.  System  according  to  claim  1  characterised  in  that 
the  coverage  areas  (C.1  -C.n)  are  of  elliptical  form 
and  are  orientated  with  their  major  axes  parallel  to 
the  longitudinal  axis  of  the  through  road,  while  their 
minor  axes  are  aligned  with  each  other  transversely 
with  respect  to  the  through  road,  the  centres  of  the 
two  adjacent  coverage  areas  (C.n,C.n+1)  spaced 
apart  by  an  amount  smaller  than  the  lenght  of  their 
minor  axis. 

3.  System  according  to  claims  1  or  2,  characterised  in 
that  the  local  processing  and  control  means  (1  )  are 
provided  with  means  (21  ,21  ',421  ,421  M  21  ,  1  21  ')  of 
analysing  the  answer  signals  from  the  on-board 
units  (3)  which  check  the  formal  correctness  of  said 
signals,  so  that,  in  the  extremly  rare  eventuality  that 
two  on-board  units  (3)  come  into  a  conflict  within  a 
single  coverage  area  (C.1  -C.n)  of  one  aerial  (A.1  -A. 
n),  it  is  possible  to  enable  one  of  the  two  on-board 
unit  (3)  to  communicate  when  the  interference  due 
to  the  second  on-board  unit  (3)  is  at  such  a  level 
that  it  does  not  compromise  the  intellegibility  of  the 
answer  signal  form  the  first  on-board  unit  (3),  while 
the  communication  is  blocked  for  both  the  on-board 
units  (3)  when  the  answer  signals  from  the  two  on- 
board  unit  (3)  are  indecipherable. 

4.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  each  station  has  two 
sets  of  aerials  (A.1  -A.n)  which  are  disposed  with  a 
space  between  them  in  the  direction  of  transit  and 
whose  coverage  areas  (C.1  -C.n)  form  two  bands  of 
coverage  areas  spaced  apart  in  the  direction  of 
transit,  while  the  radio  communication  between  on- 
board  unit  (3)  and  the  transceiver  station  take  place 
in  two  cronologically  separate  phases,  one  for  each 
band  of  coverage  areas  (C.1  -C.n),  the  dimensions 
(L1,L2)  of  the  said  coverage  areas  (C.1  -C.n)  and 
the  activation  times  being  adapted  to  the  minimun 
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times  necessary  for  the  esecution  of  the  radio  tras- 
mission  of  data  only  at  a  predetermined  maximun 
transit  speed,  the  internal  procedures  of  the  trans- 
ceiver  station  and  of  the  on-board  unit  (3)  being  ex- 
ecuted  in  the  time  interval  between  the  two  bands  s 
of  coverage  areas  (C.1  -C.n)  and  before  the  first 
band  of  coverage  areas  (C.  1  -C.n),  the  two  bands  of 
coverage  areas  (C.1  -C.n)  being  spaced  apart  (L12) 
at  least  in  accordance  with  the  times  required  for 
the  execution  of  the  said  internal  procedures.  10 

5.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  aerials  (A.1  -A.n) 
are  of  the  parabolic  type  with  an  elliptical  base,  and 
form  a  principal  lobe  (at  -3  db)  with  high  gain  corre-  15 
sponding  to  the  associated  coverage  area  (C.1-C. 
n)  and  secondary  lobes,  if  any,  at  a  very  low  level. 

6.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  the  primary  dimen-  20 
sions  of  the  coverage  areas  (C.1  -C.n)  are  made  to 
lie  in  a  horizontal  plane  (I)  at  a  level  (L4),  for  exam- 
ple  1  m,  estimated  to  be  the  mean  level  of  the  on- 
board  units  (3)  above  the  through  road. 

25 
7.  System  according  to  one  or  more  of  the  preceding 

claims,  characterised  in  that  for  a  maximun  speed 
of  120  km/hr  parallele  to  the  through  road  and  a 
maximun  speed  of  approximately  20  km/hr  trans- 
versely  with  respect  to  the  road,  and  a  maximun  30 
comunication  time  of  15  ms,  the  coverage  areas  of 
the  individual  bands  have  major  axes  (L1  )  of  1  .5  m, 
minor  axes  (L2)  of  0.5  m  and  a  centre  spacing  (L3) 
of  0.375  m,  while  the  two  bands  are  spaced  apart 
by  at  least  10  m.  35 

8.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  on-board  unit  (3) 
are  provided  with  an  activation  device  (6)  which  ac- 
tivates  the  units  immediately  before  the  entry  into  40 
the  bands  of  coverage  areas  (C.1  -C.n)  when  com- 
manded  by  the  transceiver  station  (P1  ,P2),  a  band 
of  coverage  areas  (CT)  produced  by  at  least  one 
activation  aerial  (AT)  associated  with  the  aerials  (A. 
1-A.n)  and  operating  at  a  different  frequency  from  45 
these  being  located  before  each  band  of  coverage 
areas  (C.1  -C.n),  while  the  local  processing  and  con- 
trol  means  (1)  are  provided  with  a  control  system 
(321  ,321  ')  and  with  transmitter  means  (28)  connect- 
ed  to  the  said  activation  aerials  (AT).  so 

9.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  local  processing 
and  control  means  (1)  are  provided  with  means 
(21,21')  capable  of  determining  the  position  of  on-  55 
board  unit  according  to  the  aerial  (A.1  -A.n)  with 
which  it  has  communicated. 

10.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  transceiver  station 
is  provided  with  optical  means  (37)  of  detecting  the 
presence  of  a  vehicle  and  of  identifying  the  position, 
connected  to  means  (22)  of  correlating  the  position 
detected  by  the  said  optical  means  (37)  with  that 
found  through  the  aerial  (A.1  -A.n)  with  which  the 
corresponding  on-board  unit  (3)  has  entered  into 
communication. 

1  1  .  System  according  to  claim  1  0,  characterised  in  that 
the  optical  means  (37)  comprise  a  plurality  of  tele- 
vision  cameras  (31),  preferably  of  the  linear  scan 
type,  which  are  connected  to  control  means  (32) 
and  image  processing  means  (33),  the  television 
cameras  (31)  being  disposed  in  alignment  which 
each  other  tranversely  with  respect  to  the  through 
road,  and  parallele  to  the  coverage  areas  (C.1  -C.n) 
of  the  aerials  (A.1  -A.n)  and  with  their  optical  axis  (0) 
spaced  far  enough  apart  to  obtain  a  maximum 
measurement  resolution  (L17)  less  than  the  minor 
axis  of  the  coverage  area  (C.1  -C.n),  preferably  by 
0.25  m,  while  the  framing  areas  of  the  television 
cameras  (31)  are  disposed  immediatly  before  the 
coverage  areas  (C.1-C.n)  of  the  aerials  (A.  1-A.n). 

12.  System  according  to  claim  11  ,  characterised  in  that 
the  television  cameras  (31  )  are  associated  with  the 
second  band  (P2)  of  coverage  areas  (C.1  -C.n). 

13.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  it  is  provided  with  op- 
tical/electronics  means  (38)  of  recording  images  of 
vehicles  passing  illegally  through  the  transceiver 
station  (P1.P2),  or  without  the  execution  of  a  correct 
data  exchange  with  the  on-board  units  (3)  of  the  ve- 
hicles. 

14.  System  according  to  claim  1  3,  characterised  in  that 
the  optical/electronics  means  (38)  of  recording  im- 
ages  of  vehicles  in  transit  comprise  one  or  more  tel- 
evision  cameras  (35)  which  are  aimed  in  the  direc- 
tion  of  transit  of  the  vehicles  towards  the  bands  (P2) 
of  coverage  areas  (C.  1  -C.n)  and  whose  framing  ar- 
ea  (135)  is  made  to  lie  before  the  coverage  areas 
(C.1  -C.n),  the  said  television  cameras  (35)  being 
connected  to  a  unit  (36)  for  control  and  recording  of 
the  images  captured,  commanded  by  the  means 
(1,21  ',22,  33)  correlating  the  positions  determined 
by  the  optical  means  (37)  of  detection  of  the  pres- 
ence  and  identification  of  the  position  of  the  vehi- 
cles,  and  by  means  of  the  aerial  (C.1  -C.n)  provided 
at  the  said  position,  according  to  the  detection  or 
nondetection  of  the  answer  signals  from  an  on- 
board  unit  (3)  by  means  of  the  said  aerials  (C.1-C. 
n). 

15.  System  according  to  one  or  more  of  the  preceding 
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claims,  characterised  in  that  the  transciever  station 
(P1,P2)  is  of  modular  construction,  the  aerials  (A. 
1-A.n)  and  the  activation  aerials  (AT)  being  distrib- 
uted  over  a  plurality  of  panels  (25)  each  having  an 
identical  numbers  of  aerials  (A.1-A.8),  while  the  lo-  s 
cal  processing  and  control  means  (1  )  are  of  the  ex- 
pandable  card-based  type  and  have  a  control  unit 
(21,21')  designed  to  control  a  specific  expandable 
number  of  aerial  panels  (25),  each  aerial  panels 
(25)  being  associated  with  its  own  transceiver  sys-  10 
tern  (20,120,220,26,27,28). 

16.  System  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  local  processing 
and  control  means  (1)  have  a  station  control  unit  15 
(22)  provided  with  means  (24,2)  of  communication 
with  a  central  processor  (15)  and  with  means  of 
communication  with  the  means  (21,  21  ',20)  of  con- 
trol  of  the  aerials  (A.  1-A.n),  with  the  optical  means 
(37)  of  detecting  the  presence  and  identifying  the  20 
position  of  vehicles,  and  with  the  optical/electronic 
means  (38)  of  recording  images,  as  well  as  with  sig- 
nalling  units  and  other  auxiliary  station  devices  (30), 
such  as  barriers,  the  two  groups,  in  such  a  way  that 
the  coverage  area  (C.2n-1  )  relative  to  the  aerial  (A.  25 
2n-1  )  of  one  of  the  two  groups  operates  at  the  same 
frequency  as  the  immediately  adjacent  coverage 
area  (C.2n)  relative  to  the  aerial  (A.2n)  of  the  other 
group  of  aerials. 

30 
17.  A  method  for  automatic  detection  of  moving  vehi- 

cles,  with  automatic  data  exchange  in  a  system  for 
automatic  detection  of  moving  vehicles  with  auto- 
matic  data  exchange  between  a  fixed  transceiver 
station  (P1,P2)  and  an  on-board  unit  (3)  for  each  35 
vehicle  according  to  one  or  more  of  the  preceding 
claims,  in  which: 

subdivision  into  individual  coverage  areas  (C. 
1-C.n)  of  an  individual  (A.1  -A.n)  of  a  band  of  40 
coverage  areas,  for  comunication  with  on- 
board  unit  (3)  is  specified, 
the  communication  between  each  aerial  (A. 
1-A.n)  and  the  on-board  unit  (3)  in  the  aeri- 
als'coverage  area  (C.1  -C.n)  is  processed  sep-  45 
arately  from  that  taking  place  between  others 
on-board  unit  (3)  and  other  aerials  (A.1  -A.n); 
the  aerials  (A.  1  -A.  n)  are  divided  into  two  groups 
(A.2n-1  ,A.2n),  each  of  which  groups  form  two 
rows  aligned  on  the  same  transverse  axis  of  the  so 
road  of  coverage  areas  (C.2n-1  ,C.2n),  the  cov- 
erage  areas  (C.2n-1  )  of  one  of  the  two  groups 
(A.2n-1  )  being  alternate  with  those  (C.2n)  of  the 
other  groups  (A.2n),  while  the  aerials  (A.2n-1) 
of  one  group  are  activated  for  radio  communi-  55 
cation  alternately  with  those  (A.2n)  of  the  other 
group,  in  each  case  for  one  half-cycle  of  the 
overall  activation  period; 

characterised  in  that: 
each  coverage  area  (C.1  -C.n)  has  dimensions 
markedly  smaller  than  those  of  the  vehicles  and 
such  that  they  contain  statistically  only  one  on- 
board  unit  (3)  ; 

the  aerials  (A.2n-1  ,A.2n)  of  each  group  use  two 
different  reception/trasmission  frequencies,  the 
said  frequencies  being  distributed,  within  each 
groups,  alternately  among  the  corresponding 
aerials  (A.2n-1  ,A.2n),  while  the  fixed  station 
and  the  on-board  units  (3)  are  of  the  type  ca- 
pable  of  transmitting  and  receiving  at  the  said 
two  frequencies. 
the  two  frequencies  are  distributed  alternately 
among  the  aerials  (A.2n-1  ,A.2n)  of  the  two 
groups,  in  such  a  way  that  the  coverage  area 
(C.2n-1  )  relative  to  the  aerial  (A.2n-1  )  of  one  of 
the  two  groups  operates  at  the  same  frequency 
as  the  immediately  adjacent  coverage  area  (C. 
2n)  relative  to  the  aerial  (A.2n)  of  the  other 
group  of  aerials. 

1  8.  Method  according  to  claim  1  7,  characterised  in  that 
if  two  on-board  units  (3)  are  present  in  a  single  con- 
verage  area  (C.  1-C.n)  of  one  aerial  (A.  1-A.n),  the 
answer  signals  from  the  on-board  units  (3),  namely 
the  one  whose  answer  signal  is  correctly  intellegible 
and  at  a  higher  level,  being  enabled  to  communi- 
cate,  when  the  two  signals  are  sufficently  different 
from  each  other. 

19.  Method  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  data  transmission 
is  executed  in  two  phases,  each  of  which  takes 
place  in  one  band  (P1,P2)  of  coverage  areas  (C. 
1,C2)  of  at  least  two  successive  band  (P1,P2)  of 
coverage  areas  (C.  1  -C.n)  spaced  apart  in  the  direc- 
tion  of  transit,  while  the  distance  (L1  2)  between  the 
two  bands  is  determined  according  to  the  time  re- 
quired  for  the  execution  of  the  internal  procedures 
of  the  transceiver  station  and  of  the  on-board  units 
(3)  and  according  to  the  maximum  transit  speed. 

20.  Method  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  on-board  units  (3) 
are  activated  by  the  transceiver  station  before  the 
first  band  (P1)  of  coverage  areas  (C.1  -C.n). 

21.  Method  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  presence  and  po- 
sition  of  the  vehicle  passing  through  the  transceiver 
station  are  detected,  while  the  presence  of  answer 
signals  at  the  output  of  the  aerials  (A.1  -A.n)  for  the 
said  detected  position  of  the  vehicle  is  analysed,  the 
image  of  the  said  vehicle,  particularly  of  the  number 
plate  area,  being  recorded  when  no  answer  signal 
is  detected  at  the  output  of  the  aforesaid  aerials  (A. 
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1  -A.n)  or  when  the  communication  is  affected  by  er- 
rors. 

22.  Method  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  the  activation  time  of  s 
the  aerials  (A.1  -A.n)  are  calculated  in  such  a  way 
as  to  ensure  at  least  the  exchange  of  data  on  two 
consecutive  occasions  within  the  coverage  area  (C. 
1-C.n)  of  the  same  aerials  (A.1  -A.n). 

10 
23.  Method  according  to  one  or  more  of  the  processing 

claims,  characterised  in  that  the  on-board  unit  (3) 
can  communicate  with  all  the  aerials  (A.  1  -A.n)  of  the 
two  bands  (P1,P2)  of  coverage  areas  (C.1  -C.n)  in 
whose  coverage  areas  (C.1  -C.n)  they  are  found  15 
during  their  passage  through  the  fixed  transceiver 
station. 

24.  Method  according  to  one  or  more  of  the  preceding 
claims,  characterised  in  that  it  is  used  for  the  auto-  20 
matic  detection,  with  data  exchange,  or  packages, 
goods,  or  other  moving  bodies  on  conveying 
means,  for  example  for  monitoring  and  despaching 
to  various  stations  by  conveyor  and  movement  lines 
in  installation  of  the  industrial  type  such  as  those  for  25 
the  processing  or  handling  of  goods,  each  on-board 
unit  (3)  being  associated  with  each  package,  piece 
or  body  which  is  moved. 

25.  Method  according  to  one  or  more  of  the  preceding  30 
claims,  characterised  in  that  it  is  used  for  automatic 
detection,  with  data  exchange,  for  example  for  the 
monitoring  and  despaching  of  goods,  packages, 
pieces,  or  other  types  of  bodies  moved  on  conveyer 
lines,  in  goods  movement  or  processing  installation.  35 

Patentanspriiche 

1.  System  zum  automatischen  Erfassen  von  sich  be-  40 
wegenden  Fahrzeugen,  mit  automatischem  Daten- 
austausch,  insbesondere  mit  automatischer  Ent- 
richtung  von  StraBenbenutzungsgebuhren,  enthal- 
tend: 

45 
mindestens  eine  teste  automatische  Sender-/ 
Empfangerstation  (P1  ,  P2),  die  mit  lokalen  Ver- 
arbeitungs-  und  Steuerungsmitteln  (1)  fur  die 
Ubertragungs-  und  Empfangsprozeduren  und 
fur  die  Identifikation  der  Benutzer  und  die  Be-  so 
rechnung  von  zu  entrichtenden  StraBenbenut- 
zungsgebuhren  fur  jeden  identifizierten  Benut- 
zer  versehen  ist,  diese  teste  Station  (P1,  P2) 
an  einem  spezifischen  Punkt  an  einer  Vorfahrt- 
straBe  fur  Fahrzeuge  eingerichtet  ist;  55 

eine  an-Bord-Empfanger-/Sendereinheit  (3)  fur 
jedes  Fahrzeug,  wobei  diese  an-Bord-Einheit 

(3)  mit  Verarbeitungs-  und  Steuerungsmitteln 
(10)  fur  die  Ubertragungs-  und  Empfangspro- 
zeduren,  und  mit  Mitteln  (4)  zur  Identifizierung 
des  Benutzers  oder  Fahrzeuges  und  Mitteln  (4, 
1  1  )  fur  die  Aufzeichnung  der  entrichteten  Stra- 
Benbenutzungsgebuhren  versehen  ist; 

die  teste  Station  (P1,  P2)  und  jede  an-Bord- 
Einheit  (3)  zu  einer  Zwei-Wege-Kommunikati- 
on  geeignet  ist,  wenn  sie  durch  die  teste  Station 
(P1,  P2)  dazu  aufgefordert  wird,  zu  dem  Aus- 
tausch  von  Daten,  die  beispielsweise  zu  dem 
Benutzer  und  zu  den  entrichteten  StraBenbe- 
nutzungsgebuhren  gehoren,  wahrend  der 
Durchfahrt  der  an-Bord-Einheit  (3)  durch  den 
Bereich  der  VorfahrtstraBe,  der  durch  den  Ar- 
beitsbereich  (C.1  -  C.n)  von  mindestens  einer 
Antenne  (A.1  -  A.n)  derfesten  Station  (P1,  P2) 
abgedeckt  ist; 

die  teste  SenderVEmpfangerstation  (P1  ,  P2) 
aufweisend  eine  Vielzahl  von  SenderVEmpfan- 
gerantennen  (A.1  -  A.n),  angeordnet  iiber  der 
VorfahrtstraBe  fur  den  Verkehr  und  zu  ihr  hin 
gerichtet,  in  einer  Hohe  groBer  als  der  maxima- 
len  Hohe  der  Fahrzeuge,  diese  Antennen  (A.1 
-A.n)  in  Bezugauf  die  VorfahrtstraBequer  dazu 
verteilt  angeordnet  und  in  einer  solchen  Weise 
konstruiert,  dal3  jede  einen  begrenzten  Erfas- 
sungsbereich  (C.1  -  C.n)  auf  der  VorfahrtstraBe 
nebenan  generiert,  dazu  geeignet,  nur  mit  der 
zugehorigen  Antenne  (A.1  -  A.n)  innerhalb  je- 
des  der  besagten  Erfassungsbereiche  (C.1  -C. 
n)  zu  kommunizieren,  die  besagten  Erfas- 
sungsbereiche  (C.1  -  C.n)  Seite  an  Seite  in  der 
Querrichtung  bezogen  auf  die  VorfahrtstraBe 
angeordnet; 

die  Verarbeitungs-  und  Steuerungsmittel  (1) 
geeignet  zur  getrennten  Verarbeitung  der  emp- 
fangenen  und  ubertragenen  Signale  von  jeder 
Antenne  (A.  1-A.n); 

die  lokalen  Verarbeitungs-  und  Steuerungsmit- 
tel  (1)  mit  zweiten  Steuerungsmitteln  (21,  421, 
21',  421')  ausgestattet  sind,  die  wechselweise 
fur  einen  Halbzyklus  einer  gesamten  Aktivie- 
rungsperiode  zwei  Gruppen  von  Antennen  (A. 
2n  -  1  ,  A.2n)  der  Antennen  (A.1  -  A.n)  aktivie- 
ren,  die  Antennen  (A.2n  -  1  ,  A.2n)  mit  zwei  Rei- 
hen  von  an  der  gleichen  EmpfangerVSender- 
Achse  der  StraBe  ausgerichteten  Erfassungs- 
bereichen  (C.2n  -  1  ,  C.2n)  verbunden  sind,  die 
in  Bezug  auf  die  VorfahrtstraBe  quer  dazu  aus- 
gerichtet  sind,  die  Erfassungsbereiche  (C.2n  - 
1  )  der  Gruppe  der  Antennen  (A.2n  -  1  )  abwech- 
selnd  mit  den  Erfassungsbereichen  (C.2n)  der 
Gruppe  von  Antennen  (A.2n)  angeordnet  sind, 

30 

35 

13 
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dadurch  gekennzeichnet,  daft 

jeder  Erfassungsbereich  (C.1  -  C.2)  eine  Breite 
und  Lange  hat,  die  relativ  klein  in  Bezug  auf  die 
ebenen  Abmessungen  der  Fahrzeuge  sind,  s 
und  die  derart  sind,  da(3  sie  nicht  mehr  als  eine 
an-Bord-Einheit  (3)  zu  einer  Zeit  enthalten  und 
daher  mit  nicht  mehr  als  einer  an-Bord-Einheit 
(3)  zu  einer  Zeit  kommunizieren; 

10 
die  SenderVEmpfangerstation  (P1  ,  P2)  und  die 
an-Bord-Einheiten  (3)  mit  SenderVEmpfanger- 
mitteln  (20,  120,  220,  26,  27;  7,  8)  ausgerustet 
sind,  die  auf  zwei  verschiedenen  Frequenzen 
zum  Senden  und  Empfangen  in  der  Lage  sind,  15 
die  besagten  zwei  Frequenzen  wechselweise 
zwischen  den  Antennen  (A.2n  -  1,  A.2n)  inner- 
halb  jeder  Gruppe  von  Antennen  (A.2n  -  1,  A. 
2n)  verteilt  sind; 

20 
die  beiden  Frequenzen  sind  unter  den  Anten- 
nen  (A.2n  -  1  ,  A.2n)  der  zwei  Gruppen  in  solch 
einer  Weise  verteilt,  dal3  jede  Antenne  (A.2n  -1) 
von  einer  Gruppe  verbunden  mit  einer  Fre- 
quenz  benachbart  zu  einer  Antenne  (A.2n)  der  25 
anderen  Gruppe  verbunden  mit  der  gleichen 
Frequenz  ist; 

die  SenderVEmpfangerstation  (P1,  P2)  mit 
Sendern/Empfangern  (26,  27)  versehen  ist,  30 
von  denen  jede  bei  einer  unterschiedlichen 
Frequenz  arbeitet  und  mit  denen  abwechselnd 
die  Antennen  (A.2n  -  1  ,  A.2n)  von  jeder  der  bei- 
den  Gruppen  verbunden  sind. 

35 
2.  System  entsprechend  Anspruch  1,  dadurch  ge- 

kennzeichnet,  daR  die  Erfassungsbereiche  (C.1  - 
C.n)  von  elliptischer  Form  sind  und  mit  ihrer  Haupt- 
achse  parallel  zu  der  Langsachse  der  Vorfahrtstra- 
I3e  orientiert  sind,  wahrend  ihre  Nebenachsen  mit-  40 
einander  ausgerichtet  quer  in  Bezug  auf  die  Vor- 
fahrtstraBe  sind,  die  Mittelpunkte  von  zwei  benach- 
barten  Erfassungsbereichen  (C.n,  C.n  +  1)  vonein- 
ander  beabstandet  urn  einen  Betrag  kleiner  als  die 
Lange  ihrer  Nebenachsen.  45 

3.  System  entsprechend  Anspruch  1  oder  2,  dadurch 
gekennzeichnet,  daR  die  lokalen  Verarbeitungs- 
und  Steuerungsmittel  (1)  mit  Mitteln  (21,  21',  421, 
421  ',  121,  121')  zum  Analysieren  der  Antwortsigna-  so 
le  von  den  an-Bord-Einheiten  (3)  versehen  sind,  die 
die  formelle  Korrektheit  der  besagten  Signale  pru- 
fen,  so  dal3  in  der  extrem  seltenen  Eventualitat,  dal3 
zwei  an-Bord-Einheiten  (3)  in  Konflikt  innerhalb  ei- 
nes  einzelnen  Erfassungsbereiches  (C.1  -  C.n)  von  55 
einer  Antenne  (A.1  -  A.n)  kommen,  es  moglich  ist, 
eine  der  zwei  an-Bord-Einheiten  (3)  zur  Kommuni- 
kation  zu  veranlassen,  wenn  die  Interferenz  auf- 

grund  der  zweiten  an-Bord-Einheit  (3)  auf  einem 
solchen  Niveau  ist,  dal3  die  Verstandlichkeit  des 
Antwortsignales  von  der  ersten  an-Bord-Einheit  (3) 
nicht  beeintrachtigt  ist,  wahrend  die  Kommunikati- 
on  fur  beide  an-Bord-Einheiten  (3)  blockiert  wird, 
wenn  die  Antwortsignale  von  den  beiden  an-Bord- 
Einheiten  (3)  unentzifferbar  sind. 

4.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  jede  Station  zwei  Gruppen  von  Antennen 
(A.1  -  A.n)  aufweist,  die  mit  einem  Abstand  zwi- 
schen  ihnen  in  der  Richtung  der  Durchfahrt  ange- 
ordnet  sind  und  deren  Erfassungsbereiche  (C.1  -  C. 
n)  zwei  Streifen  von  in  Richtung  der  Durchfahrt  be- 
abstandeten  Erfassungsbereichen  bilden,  wahrend 
die  Kommunikation  mittels  Funkwellen  zwischen 
der  an-Bord-Einheit  (3)  und  der  SenderVEmpfan- 
gerstation  in  zwei  chronologisch  getrennten  Pha- 
sen  stattfindet,  eine  fur  jedes  Band  von  Erfassungs- 
bereichen  (C.1  -  C.n),  die  Abmessungen  (L1,  L2) 
der  besagten  Erfassungsbereiche  (C.1  -  C.n)  und 
die  Aktivierungszeiten  angepaBt  an  die  minimalen 
Zeiten  ist,  die  notwendig  fur  Ausfuhrung  der  Uber- 
tragung  lediglich  von  Daten  mittels  Funkwellen  ist, 
bei  einer  vorher  bestimmten  maximalen  Durchfahrt- 
geschwindigkeit,  die  internen  Prozeduren  der  Sen- 
derVEmpfangerstation  und  der  an-Bord-Einheit  (3) 
in  dem  Zeitinvervall  zwischen  den  beiden  Bandern 
der  Erfassungsbereiche  (C.1  -  C.n)  ausgefuhrt  wer- 
den  und  vor  dem  ersten  Band  von  Erfassungsbe- 
reichen  (C.1  -  C.n),  die  beiden  Bander  von  Erfas- 
sungsbereichen  (C.1  -  C.n)  zumindestens  vonein- 
ander  beabstandet  (L12)  in  Ubereinstimmung  mit 
den  Zeiten,  die  zur  Ausfuhrung  der  besagten  inter- 
nen  Prozeduren  benotigt  wird. 

5.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  Antennen  (A.1  -  A.n)  von  dem  parabo- 
lischen  Typ  mit  einer  elliptischen  Grundflache  sind, 
und  eine  erste  Strahlungskeule  (bei  -  3  db)  mit  ho- 
her  Verstarkung  entsprechend  dem  verbundenen 
Erfassungsbereich  (C.1  -  C.n)  und  zweite  Strah- 
lungskeulen,  falls  uberhaupt,  in  einer  sehr  geringen 
Intensitat,  bilden. 

6.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  ersten  Abmessungen  der  Erfassungs- 
bereiche  (C.1  -  C.n)  gemacht  sind,  urn  in  einer  ho- 
rizontalen  Ebene  (1  )  bei  einer  Hohe  (L4)  zu  liegen, 
zum  Beispiel  1  m,  geschatzt  als  die  mittlere  Hohe 
der  an-Bord-Einheiten  (3)  oberhalb  der  Vorfahrt- 
straBe. 

7.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 

14 
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net,  daR  fur  eine  maximale  Geschwindigkeit  von 
1  20  km/h  parallel  zu  der  VorfahrtstraBe  und  fur  eine 
maximale  Geschwindigkeit  von  naherungsweise20 
km/h  quer  im  Verhaltnis  zu  der  StraBe  und  fur  eine 
maximale  Kommunikationszeit  von  15msdieErfas-  s 
sungsbereiche  der  individuellen  Streifen  Hauptach- 
sen  (L1)  von  1,5  m,  Nebenachsen  (L2)  von  0,5  m 
und  einen  Abstand  der  Mittelpunkte  (L3)  von  0,375 
m  haben,  wahrend  die  beiden  Bander  voneinander 
urn  mindestens  10  m  getrennt  angeordnet  sind.  10 

8.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  an-Bord-Einheiten  (3)  mit  einer  Akti- 
vierungseinheit  (6)  ausgestattet  sind,  die  die  Ein-  15 
heiten  unmittelbar  vordem  Eintritt  in  die  Streifen  der 
Erfassungsbereiche  (C.  1  -  C.n)  aktivieren,  wenn  sie 
durch  die  SenderVEmpfangerstation  (P1  ,  P2)  dazu 
veranlaBt  werden,  einem  Streifen  von  Erkennungs- 
bereichen  (CT),  produziert  durch  mindestens  eine  20 
mit  den  Antennen  (A.1  -  A.n)  verbundene  Aktivie- 
rungsantenne  (AT)  und  arbeitend  bei  einer  ver- 
schiedenen  Frequenz  von  dieser,  angeordnet  vor 
jedem  Streifen  von  Erfassungsbereichen  (C.1  -  C. 
n),  wahrend  die  lokalen  Verarbeitungs-  und  Steue-  25 
rungsmittel  (1)  mit  einem  Steuerungssystem  (321, 
321')  ausgestattet  sind  und  mit  Ubertragungsmit- 
teln  (28),  die  mit  besagter  Aktivierungsantenne  (AT) 
verbunden  sind. 

30 
9.  System  entsprechend  einem  oder  mehreren  der 

vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  lokalen  Verarbeitungs-  und  Steue- 
rungsmittel  (1  )  mit  Mitteln  (21,21')  ausgerustet  sind, 
die  zur  Bestimmung  der  Position  der  an-Bord-Ein-  35 
heit  entsprechend  der  Antenne  (A.1  -  A.n)  in  der  La- 
ge  ist,  mit  der  diese  kommuniziert  hat. 

10.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich-  40 
net,  daR  die  SenderVEmpfangerstation  mit  opti- 
schen  Mitteln  (37)  zur  Erkennung  der  Anwesenheit 
eines  Fahrzeuges  und  zur  Identifizierung  der  Posi- 
tion  ausgestattet  ist,  verbunden  mit  Mitteln  (22)  zur 
Korrelation  der  durch  die  besagten  optischen  Mittel  45 
(37)  aufgefundenen  Position  mit  der  durch  die  An- 
tennen  (A.1  -  A.n)  gefundenen  Position,  mit  der  die 
korrespondierende  an-Bord-Einheit  (3)  in  Kommu- 
nikation  getreten  ist. 

50 
11.  System  entsprechend  Anspruch  10,  dadurch  ge- 

kennzeichnet,  daR  die  optischen  Mittel  (37)  eine 
Vielzahl  von  Femsehkameras  (31)  enthalten,  vor- 
zugsweise  von  einem  Linear-Scan-Typ,  die  mit 
Steuerungsmitteln  (32)  und  Bildverarbeitungsmit-  55 
teln  (33)  verbunden  sind,  die  Femsehkameras  (31) 
jeweils  zueinander  ausgerichtet  quer  in  Bezug  auf 
die  VorfahrtstraBe  angeordnet  sind,  und  parallel  zu 

den  Erfassungsbereichen  (C.1  -  C.n)  der  Antennen 
(A.1  -  A.n)  und  mit  ihren  optischen  Achsen  (0)  weit 
genug  voneinander  entfernt,  urn  eine  maximale 
MeBauflosung  (L17)  kleiner  als  die  Nebenachse 
des  Erfassungsbereiches  (C.1  -  C.n)  zu  erhalten, 
vorzugsweise  von  0,25  m,  wahrend  die  Bildfangbe- 
reiche  der  Femsehkameras  (31)  unmittelbar  vor 
den  Erfassungsbereichen  (C.1  -  C.n)  der  Antennen 
(A.1  -  A.n)  angeordnet  sind. 

12.  System  entsprechend  Anspruch  11,  dadurch  ge- 
kennzeichnet,  daR  die  Femsehkameras  (31)  mit 
dem  zweiten  Streifen  (P2)  der  Erfassungsbereiche 
(C.1  -  C.n)  verbunden  ist. 

13.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  es  mit  optischen/elektronischen  Mitteln 
(38)  zum  Aufnehmen  von  Bildern  von  Fahrzeugen 
ausgestattet  ist,  die  illegal  durch  die  SenderVEmp- 
fangerstation  (P1,  P2)  passieren,  oder  ohne  die 
Ausfuhrung  eines  korrekten  Datenaustausches  mit 
den  an-Bord-Einheiten  (3)  der  Fahrzeuge. 

14.  System  entsprechend  Anspruch  13,  dadurch  ge- 
kennzeichnet,  daR  die  optischen/elektronischen 
Mittel  (38)  zum  Aufnehmen  von  Bildern  der  Fahr- 
zeuge  bei  der  Durchfahrt  eine  oder  mehrere  Fem- 
sehkameras  (35)  enthalten,  die  in  Richtung  auf  die 
Durchfahrt  der  Fahrzeuge  auf  die  Streifen  (P2)  der 
Erfassungsbereiche  (C.1  -  C.n)  gerichtet  sind  und 
deren  Bildfangbereich  (135)  dazu  gemacht  ist,  urn 
vor  den  Erfassungsbereichen  (C.1  -  C.n)  zu  liegen, 
die  besagten  Femsehkameras  (35)  mit  einer  Einheit 
(36)  zur  Steuerung  und  zur  Aufnahme  von  einge- 
fangenen  Bildern  verbunden  ist,  gesteuert  durch 
die  Mittel  (1,  21',  22,  33)  zur  Korrelation  der  Posi- 
tioned  bestimmt  mittels  der  optischen  Mittel  (37) 
zur  Erkennung  der  Anwesenheit  und  Identifikation 
der  Position  von  Fahrzeugen,  und  mittels  der  An- 
tenne  (C.1  -  C.n),  vorgesehen  an  besagter  Position, 
entsprechend  der  Erkennung  oder  Nichterkennung 
der  Antwortsignale  von  einer  an-Bord-Einheit  (3) 
mittels  der  besagten  Antennen  (C.1  -  C.n). 

15.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  SenderVEmpfangerstation  (P1,  P2) 
von  einer  modularen  Konstruktion  ist,  die  Antennen 
(A.1  -  A.n)  und  die  Aktivierungsantennen  (AT)  iiber 
eine  Vielzahl  von  Paneelen  (25)  verteilt  sind,  jede 
eine  identische  Anzahl  von  Antennen  (A.1  -  A.8) 
aufweisend,  wahrend  die  lokalen  Verarbeitungs- 
und  Steuerungsmittel  (1)  von  einem  erweiterbaren 
kartenbasierten  Typ  sind  und  eine  Steuerungsein- 
heit  (21  ,  21  ')  haben,  die  zur  Steuerung  einer  spezi- 
fischen  erweiterbaren  Anzahl  von  Antennenpanee- 
len  (25)  ausgelegt  ist,  jedes  Antennenpaneel  (25) 

15 
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mit  seinem  eigenen  Sender/Empfangersystem  (20, 
120,  220,  26,  27,  28)  verbunden  ist. 

16.  System  entsprechend  einem  oder  mehreren  der 
vorstehenden  Anspruche,  dadurch  gekennzeich-  s 
net,  daR  die  lokalen  Verarbeitungs-  und  Steue- 
rungsmittel  (1)  eine  Stations-Steuerungseinheit 
(22)  haben,  die  mit  Mitteln  (24,  2)  zur  Kommunika- 
tion  mit  einem  zentralen  Prozessor  (15)  und  mit  Mit- 
teln  zur  Kommunikation  mit  den  Mitteln  (21  ,  21  ',  20)  10 
zur  Steuerung  der  Antennen  (A.1  -  A.n)  ausgestat- 
tet  sind,  mit  den  optischen  Mitteln  (37)  zur  Erken- 
nung  der  Anwesenheit  und  Identifikation  der  Posi- 
tion  von  Fahrzeugen,  und  mit  optischen/elektroni- 
schen  Mitteln  (38)  zum  Aufnehmen  von  Bildern,  15 
ebenso  wie  mit  Signalisierungseinheiten  oder  an- 
deren  Hilfsstationseinheiten  (30),  wie  Barrie-ren, 
die  beiden  Gruppen  in  einer  solchen  Weise,  dal3  die 
Erfassungsbereiche  (C.2n  -  1  )  relativ  zu  der  Anten- 
ne  (A.2n  -  1  )  von  einer  der  beiden  Gruppen  mit  der  20 
gleichen  Frequenz  wie  der  unmittelbar  benachbarte 
Erfassungsbereich  (C.2n)  relativ  zu  der  Antenne  (A. 
2n)  der  anderen  Gruppe  von  Antennen  arbeitet. 

17.  Verfahren  zum  automatischen  Erkennen  von  sich  25 
bewegenden  Fahrzeugen,  mit  automatischem  Da- 
tenaustausch  in  einem  System  zum  automatischen 
Erkennen  von  sich  bewegenden  Fahrzeugen  mit 
automatischem  Datenaustausch  zwischen  einer  fe- 
sten  SenderVEmpfangerstation  (P1,  P2)  und  einer  30 
an-Bord-Einheit  (3)  fur  jedes  Fahrzeug  entspre- 
chend  einem  oder  mehreren  der  vorstehenden  An- 
spruche,  bei  dem: 

eine  Unterteilung  in  individuelle  Erfassungsbe-  35 
reiche  (C.1  -  C.n)  einer  Antenne  (A.1  -  A.n)  ei- 
nes  Streifens  von  Erfassungsbereichen,  zur 
Kommunikation  mit  an-Bord-Einheiten  (3)  an- 
gegeben  ist; 

40 
die  Kommunikation  zwischen  jeder  Antenne  (A. 
1  -  A.n)  und  der  an-Bord-Einheit  (3)  in  dem  Er- 
fassungsbereich  (C.1  -  C.n)  der  Antenne  ge- 
trennt  von  derjenigen  zwischen  anderen  an- 
Bord-Einheiten  (3)  und  anderen  Antennen  (A.1  45 
-  A.n)  ausgefuhrt  wird 

die  Antennen  (A.1  -  A.n)  in  zwei  Gruppen  (A.2n 
-  1  ,  A.2n)  getrennt  sind,  jede  von  diesen  Grup- 
pen  zwei  Reihen  von  Erfassungsbereichen  (C.  so 
2n  -  1,  C.2n)  entlang  der  gleichen  Querachse 
zu  der  StraBe  bildet,  die  Erfassungsbereiche 
(C.2n  -  1)  von  einer  der  zwei  Gruppen  (A.2n  - 
1  )  sich  abwechseln  mit  jenen  (C.2n)  der  ande- 
ren  Gruppe  (A.2n),  wahrend  die  Antennen  (A.  55 
2n  -  1)  der  einen  Gruppe  fur  die  Kommunikation 
mittels  Funksignalen  abwechselnd  mit  denjeni- 
gen  (A.2n)  der  anderen  Gruppe  aktiviert  sind, 

in  jedem  Fall  fur  einen  Halbzyklus  der  gesam- 
ten  Aktivierungsperiode, 

dadurch  gekennzeichnet,  daR 

jeder  Erfassungsbereich  (C.1  -  C.n)  Abmes- 
sungen  deutlich  geringer  als  diejenigen  der 
Fahrzeuge  und  derart  aufweist,  dal3  sie  stati- 
stisch  nur  eine  an-Bord-Einheit  (3)  enthalten; 

die  Antennen  (A.2n  -  1  ,  A.2n)  von  jeder  Gruppe 
zwei  verschiedene  EmpfangsVUbertragungs- 
frequenzen  benutzen,  die  besagten  Frequen- 
zen  innerhalb  jeder  Gruppe  abwechselnd  unter 
den  entsprechenden  Antennen  (A.2n  -  1  ,  A.2n) 
verteilt  sind,  wahrend  die  teste  Station  und  die 
an-Bord-Einheiten  (3)  von  einem  Typ  sind,  der 
zur  Ubertragung  und  zum  Empfangen  von  be- 
sagten  zwei  Frequenzen  in  der  Lage  ist; 

die  beiden  Frequenzen  sind  abwechselnd  zwi- 
schen  den  Antennen  (A.2n  -  1,  A.2n)  der  zwei 
Gruppen  verteilt  sind,  in  solch  einer  Weise,  dal3 
der  Erfassungsbereich  (C.2n  -  1  )  relativ  zu  der 
Antenne  (A.2n  -  1  )  von  einer  der  zwei  Gruppen 
mit  der  selben  Frequenz  wie  der  unmittelbar 
benachbarte  Erfassungsbereich  (C.2n)  relativ 
zu  der  Antenne  (A.2n)  der  anderen  Gruppe  von 
Antennen  arbeitet. 

18.  Verfahren  gemaB  Anspruch  17,  dadurch  gekenn- 
zeichnet,  daR  wenn  zwei  an-Bord-Einheiten  (3)  in 
einem  einzelnen  Erfassungsbereich  (C.1  -  C.n)  ei- 
ner  der  Antennen  (A.1  -  A.2)  vorhanden  sind,  die 
Antwortsignale  von  der  an-Bord-Einheit  (3),  na- 
mentlich  derjenigen,  deren  Antwortsignal  korrekt 
verstandlich  und  bei  einem  hoheren  Niveau  ist,  zur 
Kommunikation  genutzt  wird,  wenn  die  beiden  Si- 
gnale  ausreichend  voneinander  verschieden  sind. 

19.  Verfahren  gemaB  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet, 
daR  die  Datenubertragung  in  zwei  Phasen  ausge- 
fuhrt  wird,  von  der  jede  in  einem  Streifen  (P1,  P2) 
von  Erfassungsbereichen  (C.1,  C.2)  von  minde- 
stens  zwei  aufeinanderfolgenden  Streifen  (P1,  P2) 
von  Erfassungsbereichen  (C.1  -  C.n)  getrennt  von- 
einander  in  Richtung  der  Durchfahrt  angeordnet 
stattfindet,  wahrend  die  Distanz  (L1  2)  zwischen  den 
beiden  Streifen  entsprechend  zu  der  benotigten 
Zeit  fur  die  Durchfuhrung  der  internen  Prozeduren 
der  SenderVEmpfangerstation  und  der  an-Bord- 
Einheiten  (3)  und  entsprechend  zu  der  maximalen 
Durchfahrtgeschwindigkeit  festgelegt  ist. 

20.  Verfahren  gemaB  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet, 
daR  die  an-Bord-Einheiten  (3)  durch  die  Sender/ 
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Empfangerstation  vor  dem  ersten  Streifen  (P1)  der 
Erfassungsbereiche  (C.1  -  C.n)  aktiviert  werden. 

21  .  Verfahren  gema(3  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet,  s 
daR  die  Anwesenheit  und  Position  des  durch  die 
SenderVEmpfangerstation  durchfahrenden  Fahr- 
zeuges  erkannt  werden,  wahrend  die  Anwesenheit 
von  Antwortsignalen  an  dem  Ausgang  der  Anten- 
nen  (A.1  -  A.n)  fur  die  besagte  erkannte  Position  10 
des  Fahrzeuges  analysiert  wird,  das  Bild  des  be- 
sagten  Fahrzeuges,  insbesondere  der  Bereich  des 
Nummernschildes,  aufgezeichnet  wird,  wenn  kein 
Antwortsignal  an  dem  Ausgang  der  vorher  genann- 
ten  Antennen  (A.1  -  A.n)  erfaBt  wird  oder  wenn  die  15 
Kommunikation  durch  Fehler  beeinfluBt  wird. 

22.  Verfahren  gema(3  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet, 
daR  die  Aktivierungszeit  der  Antennen  (A.1  -  A.n)  20 
in  einer  solchen  Weise  ausgerechnet  wird,  da(3  zu- 
mindestens  der  Austausch  von  Daten  bei  zwei  auf- 
einanderfolgenden  Ereignissen  innerhalb  des  Er- 
fassungsbereiches  (C.1  -  C.n)  derselben  Antennen 
(A.1  -  A.n)  sichergestellt  ist.  25 

23.  Verfahren  gema(3  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet, 
daR  die  an-Bord-Einheit  (3)  mit  alien  Antennen  (A. 
1  -  A.n)  der  zwei  Streifen  (P1  ,  P2)  von  Erfassungs-  30 
bereichen  (C.1  -  C.n)  kommunizieren  kann,  inderen 
Erfassungsbereich  (C.1  bis  C.2)  sie  wahrend  der 
Durchfahrt  durch  die  teste  SenderVEmpfangerstat- 
ion  gefunden  werden  konnen. 

35 
24.  Verfahren  gemaB  einem  oder  mehreren  der  vorste- 

henden  Anspruche,  dadurch  gekennzeichnet, 
daR  es  zur  automatischen  Erkennung  mit  Daten- 
austausch  fur  Fahrzeuge  oder  Pakete,  Guter  oder 
andere  auf  Fordermitteln  sich  bewegende  Korper  40 
genutzt  wird,  z.  B.  zur  Uberwachung  und  Abferti- 
gung  zu  verschiedenen  Station  durch  Fordermittel 
oder  Bewegungslinien  in  Installationen  eines  indu- 
striellen  Typs  wie  diejenigen  zur  Verarbeitung  und 
zum  Handling  von  Gutern,  jede  an-Bord-Einheit  (3)  45 
dabei  verbunden  ist  mit  jedem  Paket,  Stuck  oder 
Korper,  der  bewegt  wird. 

25.  Verfahren  gemaB  einem  oder  mehreren  der  vorste- 
henden  Anspruche,  dadurch  gekennzeichnet,  so 
daR  es  zur  automatischen  Erfassung  mit  Datenaus- 
tausch  z.  B.  fur  die  Uberwachung  und  die  Abferti- 
gung  von  Gutem,  Paketen,  Stucken  oder  anderen 
Typen  von  Korpern  eingesetzt  wird,  die  auf  Forder- 
linien,  in  der  Guterbewegung  oder  -Verarbeitung  55 
der  Installationen  genutzt  wird. 

Revendications 

1.  Systeme  pour  la  detection  automatique  de  vehicu- 
les  en  mouvement,  avec  echange  automatique  de 
donnees,  et  en  particulier  avec  imputation  automa- 
tique  de  taxes,  comprenant  : 

au  moins  une  station  emettrice-receptrice  auto- 
matique  fixe  (P1  ,  P2)  qui  est  munie  de  moyens 
locaux  de  traitement  et  de  commande  (1  )  pour 
des  procedures  d'emission  et  de  reception  et 
pour  I'identification  des  utilisateurs  et  le  calcul 
de  taxes  a  imputer  a  chaque  utilisateur  identi- 
fie,  cette  station  fixe  (P1  ,  P2)  se  trouvant  en  un 
point  specifique  sur  une  autoroute; 
une  unite  emettrice-receptrice  embarquee  (3) 
pour  chaque  vehicule,  cette  unite  embarquee 
(3)  etant  munie  de  moyens  de  traitement  et  de 
commande  (10)  pour  les  procedures  d'emis- 
sion  et  de  reception,  et  de  moyens  (4)  pour 
identifier  I'utilisateur  ou  le  vehicule,  et  de 
moyens  (4,  11)  pour  enregistrer  la  taxe  impu- 
tee; 
la  station  fixe  (P1  ,  P2)  et  chaque  unite  embar- 
quee  (3)  etant  capables  d'effectuer  une  com- 
munication  bidirectionnelle,  a  la  demande  de  la 
station  fixe  (P1  ,  P2),  par  I'echange  de  donnees, 
concernant  par  exemple  I'utilisateur  et  la  taxe 
imputee,  pendant  le  passage  de  I'unite  embar- 
quee  (3)  atravers  la  zone  de  I'autoroute  qui  est 
couverte  par  le  champ  d'action  (C.1  -  C.n)  d'au 
moins  une  antenne  (A.1  -  A.n)  de  la  station  fixe 
(P1,  P2); 
la  station  emettrice-receptrice  fixe  (P1,  P2) 
ayant  un  ensemble  d'antennes  emettrices-re- 
ceptrices  (A.1  -  A.n)  disposees  au-dessus  de 
I'autoroute  et  dirigees  vers  elle,  a  une  hauteur 
superieure  a  la  hauteur  maximale  des  vehicu- 
les,  ces  antennes  (A.1  -  A.n)  etant  reparties 
transversalement  par  rapport  a  I'autoroute  et 
etant  realisees  d'une  maniere  telle  que  chacu- 
ne  d'elles  genere  une  zone  de  couverture  limi- 
tee  (C.1  -  C.n)  sur  I'autoroute,  au-dessous  d'el- 
le,  la  communication  n'etant  possible  qu'avec 
I'antenne  correspondante  (A.1  -  A.n)  a  I'inte- 
rieur  de  chacune  des  zones  de  couverture  (C. 
1  -  C.n),  ces  zones  de  couverture  (C.1  -  C.n) 
etant  disposees  cote  a  cote  dans  la  direction 
transversale  par  rapport  a  I'autoroute; 
les  moyens  de  traitement  et  de  commande  (1  ) 
etant  capables  de  traiter  separement  les  si- 
gnaux  de  reception  et  d'emission  de  chaque 
antenne  (A.1  -  A.n); 
les  moyens  locaux  de  traitement  et  de  com- 
mande  (1  )  comportant  des  seconds  moyens  de 
commande  (21,  421,  21',  421')  qui  activent  en 
alternance,  pendant  un  demi-cycle  d'une  perio- 
de  d'activation  globale,  deux  groupes  d'anten- 
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nes  (A.2n-1  ,  A.2n)  parmi  les  antennes  (A.  1  -  A. 
n),  les  antennes  (A.2n-1  ,  A.2n)  etant  associees 
a  deux  rangees  de  zones  de  couverture  ali- 
gnees  sur  le  meme  axe  d'emission-reception 
de  I'autoroute  (C.2n-1  ,  C.2n),  qui  sont  alignees  s 
transversalement  par  rapport  a  I'autoroute,  les 
zones  de  couverture  (C.2n-1  )  d'un  groupe  d'an- 
tennes  (A.2n-1)  etant  disposees  en  alternance 
avec  les  zones  de  couverture  (C.2n)  de  I'autre 
groupe  d'antennes  (A.2n);  caracterise  en  ce  10 
que  : 
chaque  zone  de  couverture  (C.1  -  C.n)  a  une 
largeur  et  une  longueur  qui  sont  relativement 
faibles  par  rapport  aux  dimensions  en  plan  des 
vehicules,  et  qui  sont  telles  que  chaque  zone  15 
de  couverture  ne  contienne  pas  plus  d'une  uni- 
te  embarquee  (3)  a  la  fois  et,  par  consequent, 
ne  communique  pas  avec  plus  d'une  unite  em- 
barquee  (3)  a  la  fois; 
la  station  emettrice-receptrice  (P1,  P2)  et  les  20 
unites  embarquees  (3)  comportent  des  moyens 
emetteurs-recepteurs  (20,  120,  220,  26,  27;  7, 
8)  capables  d'emettre  et  de  recevoir  a  deux  fre- 
quences  differentes,  ces  deux  frequences 
etant  reparties  de  facon  alternee  entre  les  an-  25 
tennes  (A.2n-1,  A.2n)  dans  chaque  groupe 
d'antennes  (A.2n-1,  A.2n); 
les  deux  frequences  sont  reparties  parmi  les 
antennes  (A.2n-1,  A.2n)  des  deux  groupes 
d'une  maniere  telle  que  chaque  antenne  (A.2n-  30 
1  )  d'un  groupe  associe  a  une  frequence  soit  ad- 
jacente  a  une  antenne  (A.2n)  de  I'autre  groupe 
associee  a  la  meme  frequence; 
la  station  emettrice-receptrice  (P1,  P2)  com- 
porte  deux  emetteurs-recepteurs  (26,  27),  cha-  35 
cun  d'eux  fonctionnant  a  une  frequence  diffe- 
rente,  et  les  antennes  (A.2n-1  ,  A.2n)  de  chacun 
des  deux  groupes  etant  connectees  de  manie- 
re  alternee  a  chacun  des  emetteurs-recep- 
teurs.  40 

2.  Systeme  selon  la  revendication  1  ,  caracterise  en  ce 
que  les  zones  de  couverture  (C.1  -  C.n)  sont  de  for- 
me  elliptique  et  sont  orientees  avec  leurs  grands 
axes  paralleles  a  I'axe  longitudinal  de  I'autoroute,  45 
tandis  que  leurs  petits  axes  sont  mutuellement  ali- 
gnes,  transversalement  par  rapport  a  I'autoroute, 
les  centres  des  deux  zones  de  couverture  adjacen- 
tes  (C.n,  C.n+1  )  etant  mutuellement  espaces  d'une 
distance  inferieure  a  la  longueur  de  leur  petit  axe.  so 

3.  Systeme  selon  les  revendications  1  ou  2,  caracte- 
rise  en  ce  que  les  moyens  locaux  de  traitement  et 
de  commande  (1  )  comportent  des  moyens  (21  ,  21  ', 
421  ,  421  ',  121,  121')  pour  analyser  les  signaux  de  55 
reponse  provenant  des  unites  embarquees  (3), 
avec  un  controle  du  caractere  correct  de  ces  si- 
gnaux,  du  point  de  vue  formel,  de  facon  que,  dans 

I'eventualite  extremement  rare  ou  deux  unites  em- 
barquees  (3)  entrent  en  conflit  a  I'interieur  d'une 
seule  zone  de  couverture  (C.1  -  C.n)  d'une  antenne 
(A.1  -  A.n),  il  soit  possible  de  permettre  a  I'une  des 
deux  unites  embarquees  (3)  de  communiquer  lors- 
que  le  brouillage  qui  est  du  a  la  seconde  unite  em- 
barquee  (3)  est  a  un  niveau  tel  qu'il  ne  compromet 
pas  I'intelligibilite  du  signal  de  reponse  provenant 
de  la  premiere  unite  embarquee  (3),  tandis  que  la 
communication  est  bloquee  pour  les  deux  unites 
embarquees  (3)  lorsque  les  signaux  de  reponse  qui 
proviennent  des  deux  unites  embarquees  (3)  sont 
indechiffrables. 

4.  Systeme  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  chaque  station 
comprend  deux  jeux  d'antennes  (A.1  -  A.n)  qui  sont 
disposes  avec  un  espace  entre  eux  dans  la  direc- 
tion  de  transit,  et  dont  les  zones  de  couverture  (C. 
1  -  C.n)  torment  deux  bandes  de  zones  de  couver- 
ture  mutuellement  espacees  dans  la  direction  de 
transit,  tandis  que  la  radiocommunication  entre  une 
unite  embarquee  (3)  et  la  station  emettrice-recep- 
trice  a  lieu  en  deux  phases  separees  au  point  de 
vue  chronologique,  a  savoir  une  pour  chaque  ban- 
de  de  zones  de  couverture  (C.1  -  C.n),  les  dimen- 
sions  (L1  ,  L2)  des  zones  de  couverture  (C.1  -  C.n) 
et  les  intervalles  de  temps  d'activation  etant  adap- 
tes  aux  durees  minimales  necessaires  pour  I'exe- 
cution  de  la  transmission  par  radio  de  donnees  seu- 
lement,  a  une  vitesse  de  transit  maximale  predeter- 
mine,  les  procedures  internes  de  la  station  emet- 
trice;  receptrice  et  de  I'unite  embarquee  (3)  etant 
executees  dans  I'intervalle  de  temps  entre  les  deux 
bandes  de  zones  de  couverture  (C.1  -  C.n)  et  avant 
la  premiere  bande  de  zones  de  couverture  (C.1  -  C. 
n),  les  deux  bandes  de  zones  de  couverture  (C.1  - 
C.n)  etant  mutuellement  espacees  (L12),  au  moins 
conformement  aux  durees  necessaires  pour  I'exe- 
cution  des  procedures  internes. 

5.  Systeme  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  antennes 
(A.1  -  A.n)  sont  de  type  parabolique  avec  une  base 
elliptique,  et  elles  torment  un  lobe  principal  (a  -3  dB) 
avec  un  gain  eleve  correspondant  a  la  zone  de  cou- 
verture  associee  (C.1  -  C.n)  et  des  lobes  secondai- 
res,  eventuellement,  a  un  niveau  tres  faible. 

6.  Systeme  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  dimensions 
principals  des  zones  de  couverture  (C.1  -  C.n) 
s'etendent  dans  un  plan  horizontal  (I)  a  un  niveau 
(L4),  par  exemple  1  m,  qui  est  estime  etre  le  niveau 
moyen  des  unites  embarquees  (3),  au-dessus  de 
I'autoroute. 

7.  Systeme  selon  une  ou  plusieurs  des  revendications 
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precedentes,  caracterise  en  ce  que  pour  une  Vites- 
se  maximale  de  120  km/h  parallelement  a  I'axe  de 
I'autoroute,  et  une  vitesse  maximale  d'environ  20 
km/h  dans  une  direction  transversale  par  rapport  a 
la  route,  et  une  duree  maximale  de  communication  s 
de  15  ms,  les  zones  de  couverture  des  bandes  in- 
dividuelles  ont  des  grands  axes  (L1  )  de  1  ,5  m,  des 
petits  axes  (L2)  de  0,5  m  et  un  ecartement  entre 
centres  (L3)  de  0,375  m,  tandis  que  les  deux  ban- 
des  sont  mutuellement  espacees  d'au  moins  10  m.  10 

8.  Systeme  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  unites  em- 
barquees  (3)  comportent  un  dispositif  d'activation 
(6)  qui  active  les  unites  immediatement  avant  Ten-  15 
tree  dans  les  bandes  de  zones  de  couverture  (C.1 
-  C.n)  sous  I'effet  d'un  ordre  donne  par  la  station 
emettrice-receptrice  (P1  ,  P2),  une  bande  de  zones 
de  couverture  (CT)  qui  est  produite  par  au  moins 
une  antenne  d'activation  (AT)  associee  aux  anten-  20 
nes  (A.1  -  A.n)  et  fonctionnant  a  une  frequence  dif- 
ferente  de  celles-ci,  etant  placee  avant  chaque  ban- 
de  de  zones  de  couverture  (C.1  -  C.n),  tandis  que 
les  moyens  locaux  de  traitement  et  de  commande 
(1)  comportent  un  systeme  de  commande  (321,  25 
321')  et  des  moyens  emetteurs  (28)  qui  sont  con- 
nected  aux  antennes  d'activation  (AT). 

9.  Systeme  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  moyens  lo-  30 
caux  de  traitement  et  de  commande  (1  )  comportent 
des  moyens  (21  ,  21  ')  capables  de  determiner  la  po- 
sition  de  I'unite  embarquee,  conformement  a  I'an- 
tenne  (A.1  -  A.n)  avec  laquelle  elle  a  communique. 

35 
10.  Systeme  selon  une  ou  plusieurs  des  revendications 

precedentes,  caracterise  en  ce  que  la  station  emet- 
trice-receptrice  est  equipee  de  moyens  optiques 
(37)  pour  detecter  la  presence  d'un  vehicule  et  pour 
identifier  la  position,  connectes  a  des  moyens  (22)  40 
destines  a  correler  la  position  detectee  par  les 
moyens  optiques  (37)  avec  celle  qui  est  trouvee  au 
moyen  de  I'antenne  (A.1  -  A.n)  avec  laquelle  I'unite 
embarquee  (3)  correspondante  est  entree  en  com- 
munication.  45 

11.  Systeme  selon  la  revendication  10,  caracterise  en 
ce  que  les  moyens  optiques  (37)  comprennent  un 
ensemble  de  cameras  de  television  (31),  de  prefe- 
rence  du  type  a  balayage  lineaire,  qui  sont  connec-  so 
tees  a  des  moyens  de  commande  (32)  et  des 
moyens  de  traitement  d'image  (33),  les  cameras  de 
television  (31)  etant  disposees  en  alignement  mu- 
tuel,  dans  une  orientation  transversale  par  rapport 
a  I'autoroute,  et  parallelement  aux  zones  de  cou-  55 
verture  (C.1  -  C.n)  des  antennes  (A.1  -  A.n),  et  avec 
leurs  axes  optiques  (0)  suffisamment  espaces  les 
uns  des  autres  pour  obtenir  une  resolution  de  me- 

sure  maximale  (L17)  inferieure  au  petit  axe  de  la 
zone  de  couverture  (C.1  -  C.n),  cet  espacement 
etant  de  preference  de  0,25  m,  tandis  que  les 
champs  de  cadrage  des  cameras  de  television  (31  ) 
sont  disposes  immediatement  avant  les  zones  de 
couverture  (C.1  -  C.n)  des  antennes  (A.1  -  A.n). 

12.  Systeme  selon  la  revendication  11,  caracterise  en 
ce  que  les  cameras  de  television  (31)  sont  asso- 
ciees  a  la  seconde  bande  (P2)  de  zones  de  couver- 
ture  (C.1  -  C.n). 

13.  Systeme  selon  uneou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  qu'il  comprend  des 
moyens  optiques/  electroniques  (38)  pour  enregis- 
trer  des  images  de  vehicules  qui  traversent  illega- 
lement  la  station  emettrice-receptrice  (P1,  P2),  ou 
sans  I'execution  d'un  echange  de  donnees  correct 
avec  les  unites  embarquees  (3)  des  vehicules. 

14.  Systeme  selon  la  revendication  13,  caracterise  en 
ce  que  les  moyens  optiques/electroniques  (38) 
pour  enregistrer  des  images  de  vehicules  en  transit 
comprennent  une  ou  plusieurs  cameras  de  televi- 
sion  (35)  qui  sont  pointees  dans  la  direction  de  tran- 
sit  des  vehicules,  vers  les  bandes  (P2)  de  zones  de 
couverture  (C.1  -  C.n),  et  dont  le  champ  de  cadrage 
(1  35)  est  etabli  de  facon  a  s'etendre  avant  les  zones 
de  couverture  (C.1  -  C.n),  ces  cameras  de  television 
(35)  etant  connectees  a  une  unite  (36)  qui  est  des- 
tinee  a  la  commande  et  a  I'enregistrement  des  ima- 
ges  captees,  qui  est  commandee  par  les  moyens 
(1,  21',  22,  33)  correlant  les  positions  determinees 
par  les  moyens  optiques  (37)  de  detection  de  la  pre- 
sence  et  d'identification  de  la  position  des  vehicu- 
les,  et  au  moyen  de  I'antenne  (A.1  -  A.n)  setrouvant 
a  la  position  consideree,  conformement  a  la  detec- 
tion  ou  a  I'absence  de  detection  des  signaux  de  re- 
ponse  provenant  d'une  unite  embarquee  (3),  au 
moyen  de  ces  antennes  (A.1  -  A.n). 

15.  Systeme  selon  uneou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  la  station  emet- 
trice-receptrice  (P1  ,  P2)  est  de  structure  modulaire, 
les  antennes  (A.1  -  A.n)  et  les  antennes  d'activation 
(AT)  etant  reparties  sur  un  ensemble  de  panneaux 
(25)  ayant  chacun  un  nombre  identique  d'antennes 
(A.1  -  A.8),  tandis  que  les  moyens  locaux  de  traite- 
ment  et  de  commande  (1)  sont  du  type  extensible, 
base  sur  des  cartes,  et  ils  ont  une  unite  de  comman- 
de  (21,  21')  qui  est  concue  pour  commander  un 
nombre  extensible  specifique  de  panneaux  d'an- 
tennes  (25),  chaque  panneau  d'antennes  (25)  etant 
associe  a  son  propre  systeme  emetteur-recepteur 
(20,  120,  220,  26,  27,  28). 

16.  Systeme  selon  uneou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  moyens  lo- 
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cauxde  traitement  et  de  commande  (1)  ont  une  uni- 
te  de  commande  de  station  (22)  equipee  de  moyens 
de  communication  (24,  2)  avec  un  processeur  cen- 
tral  (15),  et  de  moyens  de  communication  avec  les 
moyens  de  commande  (21,  21',  20)  des  antennes  s 
(A.1  -  A.n),  avec  les  moyens  optiques  (37)  destines 
a  detecter  la  presence  et  a  identifier  la  position  de 
vehicules,  et  avec  les  moyens  optiques/electroni- 
ques  (38)  pour  I'enregistrement  d'images,  ainsi 
qu'avec  des  unites  de  signalisation  et  d'autres  dis-  10 
positifs  auxiliaires  (30)  de  station,  tels  que  des  bar- 
rieres,  pour  les  deux  groupes,  de  maniere  que  la 
zone  de  couverture  (C.2n-1  )  relative  a  I'antenne  (A. 
2n-1  )  de  I'un  des  deux  groupes  fonctionne  a  la  me- 
me  frequence  que  la  zone  de  couverture  immedia-  15 
tement  adjacente  (C.2n)  relative  a  I'antenne  (A.2n) 
de  I'autre  groupe  d'antennes. 

17.  Un  procede  de  detection  automatique  de  vehicules 
en  mouvement,  avec  echange  automatique  de  don-  20 
nees,  dans  un  systeme  pour  la  detection  automati- 
que  de  vehicules  en  mouvement,  avec  echange 
automatique  de  donnees,  entre  une  station  emettri- 
ce-receptrice  fixe  (P1  ,  P2)  et  une  unite  embarquee 
(3)  pour  chaque  vehicule,  conforme  a  une  ou  plu-  25 
sieurs  des  revendications  precedentes,  dans 
lequel  : 

on  specifie  une  subdivision  d'une  bande  de  zo- 
nes  de  couverture  en  zones  de  couverture  in-  30 
dividuelles  (C.1  -  C.n)  d'antennes  (A.1  -  A.n), 
pour  la  communication  avec  une  unite  embar- 
quee  (3); 
la  communication  entre  chaque  antenne  (A.1  - 
A.n)  et  I'unite  embarquee  (3)  dans  la  zone  de  35 
couverture  des  antennes  (C.1  -  C.n)  est  traitee 
separement  de  celle  qui  a  lieu  entre  d'autres 
unites  embarquees  (3)  et  d'autres  antennes  (A. 
1  -  A.n); 
les  antennes  (A.1  -  A.n)  sont  divisees  en  deux  40 
groupes  (A.2n-1  ,  A.2n),  chacun  de  ces  groupes 
formant  deux  rangees  de  zones  de  couverture 
(C.2n-1  ,  C.2n),  aligneessur  le  meme  axe  trans- 
versal  de  la  route,  les  zones  de  couverture  (C. 
2n-1)  de  I'un  des  deux  groupes  (A.2n-1)  etant  45 
disposees  en  alternance  avec  celles  (C.2n)  de 
I'autre  groupe  (A.2n),  tandis  que  les  antennes 
(A.2n-1)  d'un  groupe  sont  activees  pour  la  ra- 
diocommunication  en  alternance  avec  celles 
(A.2n)  de  I'autre  groupe,  dans  chaque  cas  pen-  so 
dant  un  demi-cycle  de  la  periode  d'activation 
globale;  caracterise  en  ce  que  : 
chaque  zone  de  couverture  (C.1  -  C.n)  a  des 
dimensions  notablement  inferieures  a  celles 
des  vehicules,  et  telles  que  chaque  zone  de  55 
couverture  contienne,  statistiquement,  une 
seule  unite  embarquee  (3); 
les  antennes  (A.2n-1  ,  A.2n)  de  chaque  groupe 

utilisent  deux  frequences  de  reception/emis- 
sion  differentes,  ces  frequences  etant  repar- 
ties,  dans  chaque  groupe,  de  facon  alternee 
entre  les  antennes  correspondantes  (A.2n-1, 
A.2n),  tandis  que  la  station  fixe  et  les  unites  em- 
barquees  (3)  sont  du  type  capable  d'emettre  et 
de  recevoir  a  ces  deux  frequences; 
les  deux  frequences  sont  reparties  de  facon  al- 
ternee  entre  les  antennes  (A.2n-1,  A.2n)  des 
deux  groupes,  d'une  maniere  telle  que  la  zone 
de  couverture  (C.2n-1)  relative  a  I'antenne  (A. 
2n-1  )  de  I'un  des  deux  groupes  fonctionne  a  la 
meme  frequence  que  la  zone  de  couverture  im- 
mediatement  adjacente  (C.2n)  relative  a  I'an- 
tenne  (A.2n)  de  I'autre  groupe  d'antennes. 

18.  Procede  selon  la  revendication  17,  caracterise  en 
ce  que  si  deux  unites  embarquees  (3)  sont  presen- 
tes  dans  une  seule  zone  de  couverture  (C.1  -  C.n) 
d'une  antenne  (A.1  -  A.n),  I'une  des  unites  embar- 
quees  (3),  c'est-a-dire  celle  dont  le  signal  de  repon- 
se  est  correctement  intelligible  et  est  a  un  niveau 
superieur,  est  autorisee  a  communiquer,  lorsque  les 
deux  signaux  sont  suffisamment  differents  I'un  de 
I'autre. 

19.  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  la  transmission 
de  donnees  est  executee  en  deux  phases,  chacune 
d'elles  ayant  lieu  dans  une  bande  (P1  ,  P2)  de  zones 
de  couverture  (C.  1  ,  C.2)  parmi  au  moins  deux  ban- 
des  successives  (P1,  P2)  de  zones  de  couverture 
(C.1  -  C.n)  mutuellement  espacees  dans  la  direc- 
tion  de  transit,  tandis  que  la  distance  (L1  2)  entre  les 
deux  bandes  est  determinee  conformement  a  la  du- 
ree  necessaire  pour  I'execution  des  procedures  in- 
ternes  de  la  station  emettrice-receptrice  et  des  uni- 
tes  embarquees  (3),  et  conformement  a  la  vitesse 
de  transit  maximale. 

20.  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  unites  em- 
barquees  (3)  sont  activees  par  la  station  emettrice- 
receptrice  avant  la  premiere  bande  (P1)  de  zones 
de  couverture  (C.1  -  C.n). 

21  .  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  la  presence  et 
la  position  du  vehicule  qui  traverse  la  station  emet- 
trice-receptrice  sont  detectees,  tandis  que  la  pre- 
sence  de  signaux  de  reponse  a  la  sortie  des  anten- 
nes  (A.  1  -  A.n)  pour  la  position  detectee  du  vehicule 
est  analysee,  I'image  de  ce  vehicule,  en  particulier 
I'image  de  la  region  de  la  plaque  d'immatriculation, 
etant  enregistree  lorsque  aucun  signal  de  reponse 
n'est  detecte  a  la  sortie  des  antennes  precitees  (A. 
1  -  A.n),  ou  lorsque  la  communication  est  affectee 
par  des  erreurs. 
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22.  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  la  duree  d'acti- 
vation  des  antennes  (A.1  -  An)  est  calculee  de  ma- 
niere  a  garantir  au  moins  I'echange  de  donnees  a 
deux  occasions  consecutives  a  I'interieur  de  la  zone  s 
de  couverture  (C.1  -  C.n)  des  memes  antennes  (A. 
1  -  A.n). 

23.  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  que  les  unites  em-  10 
barquees  (3)  peuvent  communiquer  avec  toutes  les 
antennes  (A.1  -  A.n)  des  deux  bandes  (P1  ,  P2)  de 
zones  de  couverture  (C.1  -  C.n),  dans  les  zones  de 
couverture  (C.1  -  C.n)  dans  lesquelles  ellesse  trou- 
vent  au  cours  de  leur  passage  a  travers  la  station  15 
emettrice-receptrice  fixe. 

24.  Procede  selon  une  ou  plusieurs  des  revendications 
precedentes,  caracterise  en  ce  qu'il  est  utilise  pour 
la  detection  automatique,  avec  echange  de  don-  20 
nees,  de  paquets,  de  marchandises  ou  d'autres 
corps  mobiles  sur  des  moyens  convoyeurs,  par 
exemple  pour  le  controle  et  la  distribution  a  diverses 
stations  par  des  lignes  de  convoyeur  et  de  depla- 
cement  dans  des  installations  de  type  industriel,  25 
comme  celles  prevues  pour  le  traitement  ou  la  ma- 
nipulation  de  marchandises,  chaque  unite  embar- 
quee  (3)  etant  associee  a  chaque  paquet,  piece  ou 
corps  qui  est  transports 

30 
25.  Procede  selon  une  ou  plusieurs  des  revendications 

precedentes,  caracterise  en  ce  qu'il  est  utilise  pour 
la  detection  automatique,  avec  echange  de  don- 
nees,  par  exemple  pour  controler  et  distribuer  des 
marchandises,  des  paquets,  des  pieces  ou  d'autres  35 
types  de  corps  transportes  sur  des  lignes  de  con- 
voyeur,  dans  une  installation  de  traitement  ou  de 
transport  de  marchandises. 
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