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"System and method for automatic detection of moving

vehicles®

|

The invention relates to a system for automatic

detection of moving vehicles, with automatic data

exchange, particular-ly with automatic toll charging,

- comprising:

at least one fixed automatic transceiver station
which is provided with local processing and control

. means for the transmission and reception procedures

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 of identifying the user
or vehicle and means of recording the toll charged;
the fixed station and each on-board unit being
capable of two-way communication when commanded by
the fixed station, by the exchange of data, relating
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

operation (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
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delays caused by conventional toll payment barriers are

only partially reduced, so that it is not possible to
benefit fully from the considerable speed of the radio
10 transactions. '

To avoid the confinement to single-carriageway
transit lanes in the area of the fixed stations, the
provision of a fixed transceiver station capable of
operating on a number of channels simultaneously might be

15 suggested. In this case, however, it is necessary to use
transmission protocols which entail higﬁer construction
costs for the fixed stations and especially for the on-
board units. In order to make the system widely access-
ible and reliable in operation, however, the trend is to

20 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
confinement of vehicles passing through the fixed station
while keeping the costs of construction and installation

25 of the fixed stations within 1limits and keeping the
purchase price of the on-board units very low; it will
also permii: relatively high transit speeds, while ensur-
ing that there is a very low probability of error and
that vehicles passing illegally through the station are

30 identified.

The invention achieves the objects stated above with
a system of the type described initially, in which the
fixed transceiver station has a plurality of transceiver
aerials disposed above the vehicular .'through road and

35 directed towards it, at a height greater than the maximum
height of the vehicles, these aerials being distributed
'trahsversely with respect to the through road and being
constructed in such a way that each genérates a limited
coverage area on the through road beneath, the said

-
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while each coverage area has a width and length which are

relatively small with respect to the plan dimensions of
5 the vehicles and are such that they contain not more than
one on-board unit at a time and consequently communicate
with not more than one on-board unit at a time, the
processing and control means being capable of processing
separately the reception and transmission signals of each

10 aerial.

The invention also relates to a particular method of
operation of the said system, according to which the
aerials are divided into two groups, each of which groups
forms two sequences of coverage areas, the coverage areas

15 of one of the two groups being alternated with those of -
the other group, while the aerials of one group are
activated for radio communication alternately with those
of the other group, for a half-cycle of the total activa-
tion time in each case.

20 To avoid interference between the aerials of each
group, the aerials of.each group use two different
reception/transmission frequencies, the said frequencies
being distributed alternately within each group among the
corresponding aerials, while the fixed station and the

25 on-board unit are of the type capable of transmitting and
receiving at the said two frequencies.

The two frequencies are distributed alternately
among the aerials of the two groups in such a way that
the coverage area for the aerial of one of the two groups

30 operates at the same frequency as the coverage 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

35 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 commnnicéte, when
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different vehi Cle?&.cles passing in parallel, without the need to confine
10 the vehicles to one single-carriageway lane. The coverage

' éreas may be made with suitable dimensions so that, with

allowance made for the minimum possible dimensions for
the vehicles and'for the minimum distance between thenm,
only one on-board unit can be enabled to communicate at

15 one time within the coverage area of one aerial of the
fixed station. In this case, there is a very high prob-
ability that the on-board units of two vehicles passing
through the fixed station side by side will communicate
with different aerials of the station. This enables the

20 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 subse-
quent improvements make it possible to reduce to a
minimum the possible interference between the communica-

25 tions either in two adjacent 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

30 transmission procedures between the fixed station and the
on~-board units in a half-cycle during which oniy one
group of aerials is active, it is possible to reduce
considerably, to an infinitesimal value, the possibil-
-ities of errors in communication. _

35 It is also possible to determine with a certain
degree of approximation the position of the wvehicle
accerding to the coverage area in which the communication
has taken place. ' ' _

According to an improvement, it is possible. . to
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This makes it possible to establish whether a
vehicle without an on-board unit has illegally passed

10 through the fixed station or whether the communication
with the corresponding on-board unit has not taken place
correctly, so that no toll has been charged.

Preferably, the fixed station comprises two gates,
each of which is associated with two groups of trans-

15 ceiver aerials of the type described above. In this case,
the transaction communications are made in two successive
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

20 coverage areas. The system is also capable of operating
correctly even when the vehicles have transverse compo-
nents of motion, or change lanés, at the fixed station.

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

25 The invention also relates to other characteristics
which further improve the system and the method described
above and which form the subject of the subsidiary
claims. '

The particular characteristics of the invention and

30 the advantages derived therefrom will be understood in
greater detail from the descripti.dn of a preferred
embodiment, illustrated by way of a non-restrictive
example in the attached drawings, in which

Fig. 1 is a highly schematic perspective view of the

35 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
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5 Fig. 5 is a schematic illustration of the relative
disposition 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

10 of the fixed station according to the preceding figures.

Fig. 7 is a general block diagram of the system
according to the invention.

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

Fig. 9 is a block diagram of the electronic control

15 circuit associated with the first gate of the system
according to the preceding figures.

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

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

Figs. 12 to 15 show'some examples of the operation
of the system according to the preceding figures; in a

25 condition of maximum criticality.

With reference to Fig. 7, a system according to the
invention comprises at least one fixed transceiver
station which interacts with on-board transceiver units
3 each of which is associated with one vehicle. The fixed

30 transceiver station: comprises local processing and
control means for the transmission and reception
procedures and for the identification of users and the
calculation of the charges, these means being indicated
as a whole by 1. The processing and control means 1

35 communicate by radio with the on-board transceiver unit
3 by means of aerials A.l-A.n. These means also
communicate through transmission means 2 with a central
control unit 15, for example a central prbcessoi. The on-
board unit 3 may be of the type operating in connection
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transm tsig@ command An erdrpleaasf adrs 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 aerial

6 is connected to a transmitter 7 and to a receiver 8

which are connected in turn to a control processor 10

15 through an encoder/decoder 9. The control processor 10

instructs a reader 11-of the card 4 to read the identifi-

cation data and the total remaining credit recorded in

it, and to record charge data, or to deduct the sum

charged from the total remaining credit. A display unit

20 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 14. The sealed battery 13 preferably

supplies the activation device 6, the encoder 9, the

receiver 8 and the transmitter 7, while the replaceable

25 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 trans-

ceiver station is disposed at a specific point on a

vehicular through road, for example a road with a number

30 of carriageways. The fixed station consists of two gates,

a first gate P1 and a second gate P2, only the first gate

Pl of these being illustrated in Fig. 1. A plurality of

transceiver aerials A.l1 - A.n, which are distributed

along an axis transverse with respect to the through road

35 and which are directed towards the road surface of the

carriageway, are supported on the housing spanning the

gates Pl and P2. The on-board units 3 are indicated

schematically in Fig. 1 and are fixed, for ex'ample ¢ to

the windscreens of vehicles in transit, or to the
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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

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

10 surface passing through these points, this intersection
constituting the actual coverage ai'ea C.1-C.n, while any
secondary lobes have considerably lower signal levels.
The elliptical coverage areas C.1-C.n are disposed
adjacent to each other in the transverse direction with

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

- 20 coverage areas C.l1-C.n are superimposed on each other in
the lateral peripheral regions. The coverage areas C.1l-
C.n are positioned immediately in front of the
corresponding gates Pl, P2.

. The horizontal plane I, in which the coverage areas

25 C.1-C.n of the aerials A.1l - A.n have their significant
dimensions, as described above, may advantageously be
positioned at a height L4 above the road surface substan-
‘tially corresponding to a mean of the levels at which the
on-board units 3 in the various vehicles are disposed,

30 for example at a height L4 = 1 m.

Each gate Pl, P2 also has aerials AT for activating
the on-board units 3. The activating aerials AT are
designed to transmit only signals for activating the on- -
board units - 3, with which they control the activation

35 device 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.
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system 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 example one

10 of the type known as a LAN. The local station control
unit 22 communicates in turn through a multiplexer 24 and
transmission means 2, for example a device knowh as a
modem, or similar, with the central proc.e'ssor 15 (Fig.
7). "

15 One embodiment of the gate control units 21, 21’ and
of the radio frequenc.y transceiver means 20 for the gates
Pl 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

20 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.l1-A.4 and S2
having the aerials A.5-A.8. The two sets of aerials S1,

25 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

30 221, 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 network,
of the type known as Ethernet for example, 521, 521’ for
communication with the local station control unit 22.

35 The modular construction of the aerial support
panels 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 aerials A.1-A.8 and for the transceiver
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the on-board uni esrlcaflesapA@n A& 81'1gplcontrol system 421, 421’ for the
aerials A.1-A.8 capable of simultaneously controlling the

transceiver éystems 20 of a certain number of panels 25.
In Figures 9 and 10, only one panel 25 of aerials A.1-A.8
10 and AT with the corresponding transceiver system 20 is
illus‘tratéd, for the sake of simplicity. The transceiver
system 20 consists 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
15 . .aerials A.5-A.8. Eacl_1 of the two modules 120, 220 has a
power supply 29 and two transceivers 26, 27. The trans-
ceivers 26 of each transceiver 120, 220 operaté at a
single identical'frequ'ency f1, while the transceivers 27
operate at an identical frequency £f2 which is different
20 from that of the transceivers 26. The transceivers 26 are
connected to aerials A.1, A.2 and A.5, A.6, while the
transceivers 27 are connected 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
25 operates at a further different frequency £f3 and is
connected to the activation aerial AT.

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

30 the formal correctness of the answer signals from the on-
board units 3, permitting, for exaniple r communication
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

35 signal from one of the said two on-board units is not
compromised by the interference due to the answer signal
from the other on-board unit, for example because of a
marked difference in the level of the said two signals..

The receiver 8 and the transmitter 7 of the on-board
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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
10 of L6, with their major axes orientated perpendicular to
the major axes of the coverage areas C.1-C.8. The para-
bolic 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
15 A.1-A.8 are disposed in two parallel rows aligned with
' the major axes, the aerials A.l, A.3, A.5, A.7 of one row
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
20 and has a diameter of L10.

Fig. 11 shows a more detailed example of the local
station control unit 22. This has a central control
processor 122, storage units 222, read/write devices 322
and 322’ for a removable storage medium and for a resi-

25 dent storage medium respectively, and different types 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 connected
various auxiliary devices of the station, indicated in a

30 general way by 30, such as signalling devices, automati-
cally controlled barriers, etc., and throdgh which the
station control unit 22 communicates, by means of a
multiplexer 24 and transmission means 2, with the central
processor 15. An interface 522 for a communications

35 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 1:_he
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different into the coverage areas C.1l, C.n, and in those between
15 the two communication phases corresponding to the two

gates Pl, 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°® with a maximum

20 speed, in a direction parallel to the major axis of the

coverage areas C.l1-C.n, of approximately 120 km/hr and

with maximum transverse components of approximately 18
km/hr, while the coverage areas C.l1l, C.n have lengths L1

. = 1.5 m and widths L2 = 0.5 m and the centres of the
25 individual coverage areas C.1l, C.n are spaced apart by L3
= 0.375 m, the minimum distance L12 between the coverage

areas C.1 - C.n of the two gates Pl, P2 being chosen in
this case to be greater than 10 m, and in particular, for

the reasons stat'et_i subsequently, 13.5 m, which corre-

30 sponds to a distance L13 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 1.9 = 0.375 m. The aerials are disposed with an
inclination of 9° with respect to the horizontal plane at

35 a height L15 of approximately 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 internal initialisation of the on-board
units 3 are performed before entry into the coverage



6 . T reception/transm ssion frequencies, t he smisdheetHasBeenRe laced

frequenC| es being distributed, wthin each groups,
anong the correspondi ng aeri al s (A 2n-1, A 2n), Whl
station and the on-board 5 units (3)13re of the type capa

transmtting areas c2RdclRCHEYivHb %réﬂ@céﬂrgft E’Briéfguﬁnﬁ isn At is

the two frequencjes are distributed alternate
aerials (A 2n- Prefergble tRe 4R FRo@REial AT with a diameter L10 =
0.1185 m.

According to a further characteristic of the method,
5 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, formirig two transverse rows
10 with coverage areas C.2n-1 and C.2n respectively, the
coverage areas C.2n-1 of one of the two groups being
alternated with the coverage areas C.2n of the other
group. The method also specifies that within each group
of aerials the transmission frequencies fl and f2 are '
15 distributed alternétely 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 fl
being directly adjacent to the aerial A.2n which produces
the coverage area C.2n associated with the same frequency
20 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 are shown
25 in broken lines. The whole may advantageously be designed
in such a way as to ensure a repetition for at least two
consecutive times of the transmission within each cover-
age area C.1-C.n.
As a result of the above arrangements, each coverage
30 area is able to contain only one on-board unit. In this
way, an aerial A.l-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
35 single-carriageway lane at the station. The system
according to the invention also enables vehicles to pass
through the coverage areas with a certain transverse
velocity, operating correctly even in tlie case of over-
taking and lane changing. The improvements to the method
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aerial (A .2n-1) of one of the two groups operates

frequency as the i medi at el y adj acent coverage ar I
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provided wi th neans,of analysin t he answer signal s foromthe qn-bqard
units which Chegﬁsu:lon WlLM-re ect to one gate, I Part:Lcu arxr gate %3.

10 As illustrated in Figs. 2 and 3, the gate P2 of the fixed

.station is associated with a plurality of television

cameras 31 which are distributed at equal intervals along

an axis transverse with respect to the céxriageway, at a

height greater than the maximum height of the vehicles,

15 and are aimed at the through road. The optical axes 0 of

the television cameras 31 are spaced apart by a distance

L16 to provide a resolution of L17, or the detection of

a sufficient minimum separation distance L17 between two

vehicles side by side. In the. cited plan, the distance

20 L16 is equal to 0.75 m and providés a resolution L17 of
0.25 m. ‘

With reference to Fig. 6, the outputs of the televi-

sion cameras 31 are connected to a video control unit 32

which may also be constructed in modular and expandable

25 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 processor 33

which coomunicates through a LAN network 23 with the gate

control units 21, 21‘ and with the local station control

30 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 posi-

tioned immediately in front of the coverage' areas c.1-

C.n. Given the construction of the radio communication

35 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 transverse’direction

with respect to the through road, once'by.means of the



30. the. formal correctness of the said signals, so that,- i n ThisSheetHasBeen Re laced
extrenely rare eventuality that two on-board units cone |

within a single coverage area of one aerial, only one aer

to comuni cate, when 15

interference duget@allhg. QT-lileh WitRGM foh Nt e Ic&aﬁtesponoﬁq@onaboheuehmthat
it does not Son‘%r se inte]l I'g?lbl [ i t of thg“answer g
fromthe first, é’th'?'ct QAW C e e?‘F PR BHSHBANE| BﬁaF €5

comuni cati on i televdkddnf @anexas t3ik. othlhsamadyubet 1sed both to reduce
any errors of communication in the system and to detect
5 any users who do not have an on-board unit 3 and who
attempt to pass illegally 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 taken place correctly. The
10 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.l-
15 A.n, the vehicle in transit is passing illegally through
the station. When the said data coincide, but the radio
transaction has not been executed correctly, an error is
detected. In this way, therefore, it is possible to dis-
criminate between the users passing illegally through the
20 fixed station and those for whom the automatic 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 record-
25 ing of the vehicles passing illegally through the station
and of those for which the radio transaction has not been
successful. With reference to Figé. 2 and 6, a plurality
of television cameras 35 are provided on the first gate
Pl and are aimed towards the second gate P2, their
30 framing area 135 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 135 of the
television cameras 35 contributes to the determination of

35 the distance L13 between the two gates. The recording -
television cameras 35 are controlled by an - image
recording 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



As a result of the arrangenents described above, the Sys i laced
according to the invention enable automatic charging to b I
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coverage areas or in the caseé where two on-board units cone into
conflict i1 on&rased.

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

15 extreme maximum criticality of the system and method
according to the inﬁehtion are illustrated schematically
for a single gate in Figs. 12 to 14, in which are indi-
cated the alternately activated coverage areas C.2n-1 and
C.2n and the frequencies associated with them, while d

20 .indicates the minimum transverse distances between the
various on-board units in the different situations.
Example 1

There is a single on~board unit at the point X1, in
the central area of the coverage area C.3 which is active

25 in the first half-cycle in Fig. 12. The following con-
siderations are valid for a certain limited region around
the position X1. In the said half-cycle, transmission
within the coverage area C.3 is sufficiently protected
from interference from transmissions at the frequency f1l

30 in the coverage areas C.l1 and C.5, the immediately
adjacent coverage areas C.2 and C.4 being inactive. In
the following half-cycle, illustrated in Fig. 13, in
which the coverage area C.3 is inactive, the level of
gain at the frequency f1 in the coverage area C.2 and at -

35 the frequency £2 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 in the first ‘half-cycle (Fig. 12), in the
coverage area C.3, which in this case is. used as an



cover age area. By appropriately setting the naxT
in such a way as to ensure conpl ete execution of the 30 ,
procedures between the fixed station and the on- board

hal f --cycl e during which only one group7of aerials is active, it is
possible to redimkicatoroa»ﬁstthter\aéiucle p@slt idn niThsrerals yd possilbd 1-
possi bi | - ' I gat t

possi bl e to det er#n ne V\Ilgél:égé%é# “ A&% {é%eg}%%(]ién‘atél?ﬁ ﬁﬁxe

position of t hé“w"ﬂ“éq‘edls‘:an%c‘b? o(?'n:@g5t‘6 Q?fé"%‘/é?%é’%’é’al‘?% WhHich ighe
communi cati on detethﬁ&bl@k&fy pltire. video devibeCOBUi NfedNs archd®r aigENt ,

It 1s pOSS|§) le 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 areas C.2 and C.3, with the addi-
10 tional vehicle on the left, or C.3 and C.4 with the

additional vehicle on the right.

Example 2

In this case, the on-board unit is located at point
X2 of Piqures 12 and 13, in the area of superimposition

15 of two adjacent coverage areas C.4 and C.5 or in the
vicinity of this area.

In the first half-cycle, the transmission is suffi-
ciently protected from a transmission at the frequency £2
in the coverage area C.3 and C.7, enabling the on-board

20 unit to communicate with the fixed station at the fre-
quency f1 in the coverage area C.5. In the second half-
cycle (Fig. 13), the transmission is sufficiently pro-
tected against a transmission at the frequency £1 in the
coverage areas C.2 and C.6, enabling the on-board unit to

25 communicate in the coverage area C.4 at the frequency £2.
If the transaction had taken place in only one of the two
half-cycles, the on-board unit would have been detected
in the coverage area C.4 or C.5. This would have caused
ambiguities in the presence of an additional vehicle

30 detected at the minimum separation distance of 0.25 m. In
fact, if the ;espoﬁse had taken place in coverage area
C.4 only, it would also have been possible for an addi-
tional vehicle to be present in the coverage area C.4,

_ and until this vehicle had also successfully executed the

35 transaction (and its position had consequently 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
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are. This uncertainty as to position detection will not,
therefore, be considered further in the following
examples, 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 respect-
ively, spaced apart by a distance d = 0.5 m.

According to the information in the preceding
examples, in the first half-cycle the on-board unit at X1
communicates at the frequency £f2 in the coverage area
C.3, and that at position X2 communicates at the fre-
quency 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 £2
in the coverage area C.4.

Examgle 4

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

In the first half-cycle, the transmissions 'are
generally 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
signals 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 f£2, while that at X3 will communicate in
the coverage area C.6 at the frequency fl. | .

gatBh39ES PPI {RSRABRI Gt dvbidle f hFshsad 1SRCGNT PRESS.
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of the fixed station 1s 1 ndicated Is a side elevation of

a fixed statiofigs. McandiMy twthe ¢me‘ht$d¥r Fig. 3is a
front elevation of tfe wReEIGHata1f-cycle (Fig. 14) the on-board unit

10 at X5 may or may not communicate at the frequency £f2 in
the coverage area C.1l, 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

15 coverage area C.2 and that at X6 niay or may not communi-

' cate 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.1l and C.2 and
the second in the coverage area C.3.

20 Example 6

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

In the first half-cycle, the answer signals from the
two on-board units are generally insufficiently protected

25 from interference with one another, and there will
consequently be no communication at the frequency f£2. In
a similar way to that described in Example 4, one of the
two on-board units can possibly communicate successfully
in the coverage area C.5. In the second half-cycle, the

30 unit at X7 communicates at the frequency f1 in the
coverage area C.4, and the unit at X5’ communicates at
the frequency f£f2 in the coverage area C.6, giving a
result similar to that in_ Example 4.

Example 7 _

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



9 - ‘the fixed station according to Fig. 2. _ Fig. 4 ' s Been Replaced
transcei ver aerial panel of the fixed station according to lel, "
enbodi ment of nodul ar construc- tion. 5 Fig. 5is a |

illustration of the relative di sposi ti @ of the coverage area obtained
with the ae9PPEabi DEREREr (B S itofP deRbrsli ag K3 @mel pfbocommigni-
figures. catés Jat6the FrélgRelcyl aEr aih 0Othé heofkeaheOireaid Bl tod0

of the fixed staflon 5P 8h89 &F thenP’ 868EL0%: M SSimunicating, as
described previousiy in Example 4. In the second half-
5 cycle, there is no communication by the unit at X1, while
the unit at X2 communicates in the coverage area C.4 and
that at X3 communicates in the coverage area C.6, provid-
ing unambiguous identification of the wvehicles to which
the on-board units at X1, X2, and X3 belong.
10 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

15 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 £2 in the coverage area C.5.

In the second half-cycle, the unit at X5 communi-

cates at the frequency f£2 in the coverage area C.2, while
20 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
coverage area C.2, or possibly to the left of this area
if communication has also taken place in the coverage

25 area C.l. 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 remaining uncertainty concerning the correla-
tion between a vehicle and the on-board unit.

30 Example 9

' The on-board units are disposed at X6, X7 and X5’ in
Figs. 14 and 15. |
In the first half-cyble, the unit at X6 communicates at
the frequency f1 in the coverage area C.2, while for the

35 on-board units at X7 and at X5’ in C.3 communication at
the frequency £2 is impbssible for both or may be poss-
ible for only one of the two, as described in Example 6.
In the second half-cycle the unit at X5’ communicates at
the frequency f£2 in the coverage area C.6, while, in a



I nventi on. Fig. 8 is a block diagram of the on-boa
Fig: 9 is a block diagramof the electronic control 15 circ
with-the first gate of the system accozding to the precedi ng gur
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will communicate in the coverage area C.6, and the unit
10 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

15 the transaction data for the units at X6 and X5’ are
used, it is possible ﬁhat 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

Fig. 7. s a general block diagramof the system accordlwﬁi@tﬂh@eenkeﬁ]aced
ARl

be a communication error, instead of a violation.

20 In this case, it must be emphasised that this
scenario 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. :

25 It is also possible to avoid the occurrence of such
a problem by reducing the lateral dimensions of the
coverage areas C.l1-C.n. This, however, entails a greater
number of aerials A.l-A.n, and therefore, in view of the
extremely low probability of the recurrence of the said

30 situation in practice, this arrangement is not entirely
justified. | |
Example 10

Example 10 refers to Figs. 12 and 13, in which more
than four vehicles pass simultaneously through the

35 coverage areas C.1-C.10, the corresponding on-board units
being disposed at points X1 to X3 and X1‘’, X2, X3’, X3"
and spaced apart by 0.5 m.

This situation may be reduced to the preceding
examples, since it may be broken down into the following
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Example 11

In a similar way to Example 10, the situation of
more than four on-board units disposed in positions X5,

10 X6, X7, X5’, X6’, X7’ and X5" may be broken down into the
scenarios already discussed in the preceding examplesé
three units in positions X5, X6, and X7; two units in
positions X8 and X6’; two units in positions X7’ and X5';
one unit in pésition X5 and one unit in position X7, the

15 considerations in Example 10 being valid.

Naturally, the invention is not limited to the
embodiments described and illustrated herein, but may be
widely varied and modified, particularly as regards
construction; for example, the system and method

20 described may be used for the detection of the transit of
objects or bodies of various kinds, each being associated
with an on-board unit, for example for the identification
of pieces, parts, or similar moving along conveyors; the
whole without departing from the guiding principle

25 described above and claimed below.
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30

35

disposed at a specific point on a vehicular through
road; _

- an on-board transceiver unit (3) for each vehicle,
this on-board wunit (3) being provided with
processing and control means (10) for the
transmission and reception procedures, and with
means (4) of identifying the user or vehicle and
means (4, 11) of recording the toll charged;

- the fixed station (P1l, P2) and each on-board unit
(3) being capable of two-way communication when
commanded by the fixed station (Pl1, P2), by the
exchange of data, relating for example to the user
and to the toll charged, during the passage of the
on-board unit (3) through the area of the through
road covered by the field of operation (C.1-C.n)
(coverage area) of at least one aerial (A.l1-A.n) of
the fixed station (P1, P2),

characterised in that

the fixed transceiver station (P1, P2) has a plurality of

transceiver aerials (A.l-A.n) disposed above the vehi-

cular through road and directed towards it, at a height
greater than the maximum height of the vehicles, these
aerials (A.l-A.n) being distributed transversely with
respect to the through road and being constructed 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

and

cal cul ated by Phe—#k*ed—sfatron—and
rd unit 23 The cad

i oesasns e PR
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fixed, for exanple, to t he wi pdscreens of vehlcles I'n transit, or to
t he onsequently communlcate with not more than one on-board

unit (3) at a time, the processing and control means (1)
being capable of processing separately the reception and

10 transmission signals of each aerial (A.1-A.n).

2. System according to Claim 1, characterised in that
it comprises the local processing and control means (1)
are provided [sic] with control means (21, 421, 21°,
421’) which alternately activate, for a half-cycle of an

15 overall activation period, two groups of aerials (A.2n-1,
A.2n) of the aerials (A.l-A.n), the aerials (A.2n-1,
A.2n) being associated with two rows of coverage areas
(C.2n-1, C.2n) -which are aligned transversely with
respect to the through road, the coverage areas (C.2n-1)

20 of the group of aerials (A.2n-1) being alternated with
the coverage areas (C.2n) of the group of aerials (A.2n).
3. System according to Claim 1 or 2, characterised in
that the transceiver station (P1, P2) and the on-~board
units (3) are provided with transceiver means (20, 120,

25 220, 26, 27; 7, 8) capable of transmitting and receiving
at two different frequencies, the said two frequencies
"being distributed alternately bétween the aerials (A.2n-
1, A.2n) within each group of aerials (A.2n-1, A.2n).

4. System according to Claim 3, characterised in that

30 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 fre-
quency is adjacent to an aerial (A.2n) of the other group
associated with the same frequency.

35 5. . System according to Claim 3 or 4, characterised in
that the transceiver station (P1, P2) is. provided with
transceivers (26, 27) each of which operates at a differ-
ent frequency and to which are connected alternately the
aerials (A.2n-1, A.2n) of each of the two groups.
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the centres of the two adjacent coverage areas (C.n,
C.n+l1l) spaced apart by an amount smaller than the length
of their minor axis.

10 7. System according to one ore more of the preceding
claims, characterised in that the local processing and
control means (1) are provided with means (21, 21, 421,
421’, 121, 121’) of analysing the answer signals from the
on-board units (3) which check the formal correctness of

15 the said signals, 80 that, in the extremely rare
eventuality that two on-board units come into 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 units (3) to communicate when the interference due

20 to the second on-board unit (3) is at such a level that
-it does not compromise the intelligibility of the answer
signal from 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 units (3)

25 are indecipherable. l
8. System according to one ore more of the preceding
claims, characterised in that each station has two sets
of aerials (A.l1-A.n) which are disposed with a space
between them in the direction of transit and whose

30 coverage areas (C.1-C.n) form two bands of coverage areas
spaced apart in the direction of transit, while the radio
communications between the on-board unit (3) and the
transceiver station take place in two chronologically
separate phases, one for each band of coverage areas

35 (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 minimum times necessary for the execution of the
radio transmission of data only, at a predetermined -
maximum transit speed, the. “internal procedures of the
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units and mhlch enerate cover-
P the parabolic type with an elllptlcal base, and form

a principal lobe (at -3 dB) with high gain corresponding
to the associated coverage area (C.1-C.n) and secondary
lobes, if any, at a very low level.

10. System according to one ore more of the preceding

15 claims, characterised in that the primary dimensions of
the coverage areas (C.1-C.n) are made to lie in a hori-
zontal plane (I) at a level (L4), for example 1 m,
estimated to be the mean level of the on-board units (3)
above the through road surface.

20 11. System according to one ore more of the preceding
claims, characterised in that for a maximum speed of 120
km/hxr parallel to the through road and a maximum speed of
approximately 20 km/hr transversely with respect to the
road, and a maximum communication time of 15 ms, the

25 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. ,
12. System according to one ore more of the preceding

30 claims, characterised in that the on-~-board units (3) are
provided with an activation device (6) which activates
the units immediately before the'entry into the bands of
coverage areas (C.1-C.n) when commanded by the trans-
ceiver station (P1, P2), a band of coverage areas (CT)

35 produced by at least one activation aerial (AT) associ-
ated with the aerials (A.1-=A.n) and operating at a

. different frequency from these being located before each
band of coverage areas (C.1-C.n), while the local pro-
cessing and control means (1) are provided with a control
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claims, characterised in that the local processing and
5 control means (1) are provided with means (21, 21°)
capable of determining the position of the on-board unit
according to the aerial (A.l1-A.n) with which it has
communicated.
14. System according to one ore more of the preceding
10 claims, characterised in that the transceiver station is
provided with optical means (37) of detecting the pres-
ence 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
15 through the aerial (A.1-A.n) with which the corresponding
on-board unit (3) has entered into communication.
15. System according to Claim 14, characterised in that
the optical means (37) comprise a plurality of television
cameras (31), preferably of the linear scan type, which
20 are connected to control méa_ns (32) and inage processing
means (33), the television cameras (31) being disposed in
alignment with each other ti:ansversely with respect to
the through road, and parallel to the coverage areas
(C.1-C.n) of the aerials (A.1-A.n) and with their optical
25 axes (0) spaced far enough apart to obtain a maximum
measurement resolution (Ll7) 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 immediately before the coverage areas (C 1-C.n)
30 of the aerials (A.l1-A.n).
16. System according to Claim 15, characterised in that
the television cameras (31) are associated with the
second band (P2) of coverage areas (C.1-C.n).
17. System according to one ore more of the preceding
35 claims, characterised in that it is provided with
optical/electronic means (38) of recording images of
vehicles passing illegally th;fough the transceiver
station (Pl1, P2), or without the execution of .a correct
data exchange with the on-board units (3) of the
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nd 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
presence and identification of the position of the
vehicles, and by means of the aerial (C.1-C.n) provided
at the said position, according to the detection or non-
detection of the answer signals from an on-board unit (3)
by means of the said aerials (C.1-C.n).

19. System according to one ore more of the preceding
claims, characterised in that the transceiver station
(P1, P2) is of modular construction, the aerials (A.l-
A.n) and the activation aerials (AT) being distributed
over a plurality of panels (25) each having an identical
number of aerials (A.1-A.8), while the local processing
and control means (1) are of the expandable card-based
type and have a control unit (21, 21°’) designed to
control a specific expandable number of aerial panels
(25), each aerial panel (25) being associated with its
own transceiver systems (20, 120, 220, 26, 27, 28).

-+ 20. System according to one ore more of the preceding

30

35

claims, characterised in that the local processing and
control means (1) have a station c¢ontrol unit (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 control of the aerials
(A.1-A.n), with the optical means (37) of detectin'g' the
presence and identifying the position of vehicles, and
with the optical/electronic means (38) of recording
images, as well as with signalling units and other
auxiliary' station devices (30), such as barriers,
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aerials A 1-A 8 and e transcel ver
board unit (3) for each vehicle according to one or more
of the preceding.claims 1 to 20, characterised in that it
specifies subdivision into individual coverage areas
(C.1-C.n) of individual aerials (A.1-A.n) of a band of
10 coverage areas, for communication with on-board units
(3), each coverage area (C.1-C.n) having dimensions
markedly smaller than those of the vehicles and such that
they contain statistically only one on-~-board unit (3),
while the conmunication between each aerial (A.1-A.n) and
15 the on-board unit (3) in the aerial’s coverage area (C.1-
C.n) is processed separately from that taking place
between other on-board units (3) and other aerials (A.1l-
A.n). _ '
22. A method according to claim 21, characterised in
20 that the aerials (A.l-A.n) are divided into two groups
(A.2n~-1, A.2n), each of which groups forms two rows of
coverage areas (C.2n-1, C.2n), the coverage areas (C.2n-
1) of one of the two groups (A.2n-1) being alternated
with those (C.2n) of the other group (A.2n), while the
25 aerials (A.2n-1) of one group are activated for radio
communication altérnately with those (A.2n) of the other
group, in each case for one half-cycle of the overall
activation period.
23. A method accordlng to claim 21 or 22, characterised
30 in that the aerials (A.2n-1, A.2n) of each group use two
different receptibn/transmission frequencies, the said
frequencies being distributed, within each group, alter-
nately among the corresponding aerials (A.2n-1, A.2n),
while the fixed station and the on-board units (3) are of
35 the type capable of transmitting and receiving at the
said two frequencies. :
24. A method according to one or more of claims 21 to
23, characterised in that the two frequencies are dis-
tributed alternately among the aerials (A,2n-1,.A,2n) of
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of one aerial (A.l-A.n), the answer signals from the on-
10 board units (3) are analysed in relation to their formal
correctness, only one on-board unit (3), namely the one
whose answer signal is correctly intelligible and at a
higher level, being enabled to commum.cate, when the two
signals are sufficiently different from each other.
15 26. A method according to one or more of claims 21 to
25, 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.1l, C.2) of at least
_ two successive bands (P1, P2) of coverage areas (C.1i-C.n)
20 spaced apart in the direction of transit, while the
distance (L12) between the two bands is determined
according to the time required for the execution of the
internal procedures of the 'transceiver station and of the
on-board units (3) and according to the maximum transit
25 speed. .
27. A method according to one or more of the preceding
claims 21 to 26, characterised in that the on-board units
(3) are activated by the transceiver station before the
first band (Pl) of coverage areas (C.1-C.n).
30 28. A method according to one or more of claims 21 to
27, characterised in that the presence and position 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
35 position of the vehicle is analysed, the image of the
said wvehicle, particularly of the number plate area,
being recorded when no answer signal is detected at the
output of the aforesaid aerials (A.l-A.n) or when the
communication is affected by errors.
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Al CEERES [B1lNB2) o8 cQeliGes Ardas S Sy in whose
coverage areas (C.1-C.n) they are found during their
passage through the fixed transceiver station.

31. System according to one ore more of claims 1 to 20,
characterised in that it is used for ‘the automatic
detection, with data exchange, of packages, goods, or
other moving bodies on conveying means, for example for
monitoring and despatching to various stations by con-
veyor and movement lines in installations of the indus-
trial type such as those for the processing or handling
of goods, each on-board unit (3) being associated with
each package, piece or body which is moved.

32. A method according to one or more of claims 21 to 30
and according to claim 31, characterised in that it is
used for automatic detection, with data exchange, for
example for the monitoring and despatching of goods,
packages, pieces, or other types of bodies moved on
conveyer lines, in goods movement or processing installa-
tions.



The receiver 8 and the transmtter 7 of the on-board 14

unTtsS 3 are of the type capable of transnitting and receiving at the
two+frequencies f1, f2. : The disposition of the aerials A 1-A 8 on
t he panel and the particular activatjpn of the aerials at different
5 frequencies f1, f2 determ nes the particular distribution of the
coverage areas with different frequencies as shown in Fig. 5.
As is al so shovglysferdri 4nd dnethisd AEGT bt omat R Betfection of moving
vehicles
This Sheet Has Been Replaced
mswace | flll

A system for the automatic detection of moving
vehicles, with data exchange, particularly with automatic
toll chargiﬂg, comprising a fixed receiving and
transmitting station capable of communicating with a
plurality of on-board transceiver units (3) each of which
is associated with one vehicle. To avoid confinement to
a single-carriageway transit lane of vehicles passing the
transceiver station, the invention specifies that the
transceiver station -is provided with a plurality of
aerials (A.l—A.n), each of which forms a coverage area
(C.1-C.n) of dimensions considerably smaller than the
dimensions of the vehicles, so that only one vehicle can
pass through each coverage area at one time and
consequently only one on-board unit (3) can communicate
with each aerial (A.l1-A.n) at one time, while the signals
received by each aerial (A.l-A.n) are processed separa-
tely from each other. The invention also specifies a
particular method of application.



di sposed on panels with a length of twice L5 and a wi dth '1%is@ﬁeei+§asB¥9!ntR'8ﬁaced
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circular base 20 av(gd,r agj hneter of L10. Af7gL 111 ws a
nmore detail ed exarrpl/e;lo he 1'8gal station control u;{i;y 122]4Thi s has

a central control / if )
devi ces 322 Aand 33
25 dent storage pedflumir

ssSPR22, storage units 222, /r¢ad‘/w'i te
r p renmvabl e storage nmedi um arjd Tﬁ aresi-
pect| vel yx\a\nd di fferent typ(;‘s ofi |\

i nput / out put int e’rfaﬂe 422, 422|, 422‘\ Yor exanple a ,',’ patgflel
interface, a serd al isyncihifonousi | Z_gg{fa(sg and a geri dl aé\y nchronous
interface to \M){ch y‘ray be conneﬁ syvarious auxisl i ar,y dewviftes of the
station, indicated fn a | AN l !
. N / ]
/ h \ W, 135 | ‘ I
/ t' ; \\x r~ ] 1 ls
/ . - " 7 . .
i [ L : D NAN [ ~ L4

T

~C1-Cm

/%

) oy
CT L/2 cT l‘ )\




30 general way by 30, such as signalling devices automati - caIIy

controlled barriers, etc., and through which t Tmsﬁsmahsbwmﬂ

unit 22 comruni cates, by neans of a nultlplexe SS|on
means 2, with the central processor_15. An |nt

conmuni cati ons 35 network, for exanple / et wor k of e type knomn as
Et hernet,, by neans of which the | oc st ati ongtontr ol uni

comuni cates with {he gate control umits 21 29‘ is al so JrOVIded.
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15 invention, in order to ensure a very small |ength-Ll1 and——w-eth—
L2 of the coverage areas C. 1, C n conbined with a relatively high ,
transit speed, making it possible to achi eve infini t eBisBhet Has Been Re laced
probabilities of error and conplete 5 exezxpdion of the ch lmil
procedures, the comunication bet ween the fixed transc [
the on-board units 3 is carried out in two successive phases and in
chronol ogically separate time intervals, corresponding to the two gates
P1, P2. The dinensions of the coverage 10 areas are limted according to
the mninumtinme required for transm ssion and reception, while the
di fferent internal prqcedures take place in the tine intervals
i mredi ately preceding the-(%’ntry of the on-board units 3 into the
coverage areas C. 1, C.n, in ose hetween 15 the two comunication
phases corresponding to ga P1, P2. In a plan of application
the foll ow ng di mengi o founfi\to. be suitable: with transaction
times of approximately SEO isp ble to ensure a probability
of error of the order of; WiPh a waxi num :
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20 speed, in a direction parallel to the major axis of the cove

areas C 1-Cn, of approxinmately 120 km hr and W t h #raxium t r ansver se
conmponent s of approximately 18 kmi hr, while the covera P%Q%e&kl laced
C. n.have lengths L1 = 1.5 mand mﬁdths L2 = 0.5 m and®

the 25 individual coverage areas C. 1, C4d9are spaced apar m
0.375 m the mninumdistance L12 between the coverage

of the two gates Pl, P2 being chosen in this case to be greater t han
10 m and in particular, for the reasons stated subsequently, 13.5 m
which corre- 30 sponds to a dista éwe L13 of 15 m between the two gates

In this case, the aerials A l-An have ,a maj or axis L7 0.517 m
a mnor axis L8 = 0.1725 m and 47 < spacing of L9 = 0.375 m The
aerials are dis U§UG wHth—an i ncl Frat+oh of 9[err]-with respect to the
hori zontal plang at 35 a hei ght—L15-of apprpxi mately 6 m above the

carfi ageway surface. In order to obtain|coverage areas CT of the
activation aerigls AT sufficiently large tojensure that t he procedures
of internal initjialisation of theé??fboard j?nits 3 are perforned
before entry intjo the coverage ~
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16 areas C.1-C.n of the transceiver aerials A 1- ATh |t 1S
preferable to use an aerial AT with a dianeter L10 = ‘s Re laced :
According to a further characteristic of the rrethod, 5 H L 1- A n

are divided into two groups which are activated by | ng
control system 421, 421’ in two hal f-cy£9es of which one |rrrred| ately
follows the other. The groups of aerials conprise aerials A 2n-1 and

aerials A 2n respectively, formng two transver e/{ovvs 10 wth coverage
areas C. 2n-1 and C. 2n respect37ely t he )
f
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coverage areas C.2n-1 of one of the two groups belng alternated with

the coverage areas C.2n of the other oup. The ﬁPb$B@nR ¢df | es
that within each group of aerials the transn155| 1 and
f2 are 15 distributed alternately anong the said aeri
C. 2n, each aerial A 2n-1 which produces t#fg9coverage area ' : 1 of
one group associ a MLLh_Lhe_LLequency_ii_ heing directly adj [cent to
the aerial A 2n : e covera ea—C2nassoci atied with
the sane freq m [B.t h¢ p n §ient® oRRd jabove, |t he
aerials of e ) 2n ar ackivadteth for a tlH@
i nterval of 15 ns atlon 2 : isiclearly
shown in Figs. 5 [ dlls IC.n-1 and C 2n of
t he inactive grou ﬁ%ﬁ li{n | el may
advant ageousl y be; +a jqurie repetfition for
at least two l t he it rlanisp i thin eaqh cover -
age area C. 1-C. n. t of th% abpveTlarrlangenent s {each
coverage 30 arealji bnl y 0 gatd Unity In tFls
way, an aeri al A.L— th odly ojne| prr= i
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board unit at a tine, thus naking it possible to avoid both a rrultllple
channel transm ssion protocol, with a consequent i nCThisheet wmeﬁlaced

and confinement to a 35 si ngl e-carriageway |ane at the lmmm um

syst.em according to the invention al so enabl es vehi'cl

through the cpverage areas with a certain {{&nsverse ocl t

operating cor&Q%y—even—l—n—t—he—e&se—ef——eveH— —t—&kr—ﬁg—aﬁd—J—-&ﬁe-
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advant ageously enabl e the transm ssion interference

associated with adjacent coverage
t hus subsequently

5
station is

provi ded,

limting the transm ssion errors to

with a video device 37 to detect
and to identify their

gate P2.

respect to
of the veh
of th
to provide
m ni num se

the cited pl an,

resol ution

position with respect to one gate,

the—car+tageway, at a

cles, 15 pnd are aine
tel evi sio

a resqlution of {L17,
rattqn drstancel L17 b

L17 o

10 As illustrated in Figs.
station is associated with a plurality of television
are distributed at equal

ar eas
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Wth ':r?-e'f.er'énce to Fig. 6, the outputs of the televi- b ﬁgs@genmaﬂaﬁ}as 31

are connected to a video control unit 32 whi ch e ee. ISt ruct ed
in mpddl ar and expandable 25 form as described for m& ol units
21 and the S oh.

transcei ver systens 20 of g/ge aeri al -vi deo
control units 32 are connecfed to an i nage processor 33 whi ch
comuni cates through a LAN aetwork 23 with the gate cont&Ql "units 21,
21' and with the Io'_c_a_l___s_t_atinr&\)cont | 30 wunit 22. e, it is
suitable to uge- p&levi si oﬁ‘_\’\ ca as 31 of the ity RS yhe Linear
Scan type. Thet~\.3Twxaning/fi? rthe tel eVis{ o8¢ _ Nar e t&i -
tioned i mmdi@? """"" frontNobothe erage ar , M t he
construction of ™ e oniung cation 35 sy
tel evi si on caﬁ&t@g > ~ #s_possible to
vehicle in thg, > € .1-C.n of t

Its arly in the




18 v+ oaerial ,Arhis%hétﬂas\ﬂe&nmephdetthEt he corresponding on- (REFIAGEMENT SHEETS

of the yehicle co onge by neans of the tel evision
caneras 31. This %E 4l h tl
conmmuni cation in t g to

reduce any errprg ofg 1995
etect? 5 any users ph o} r?gtc have fan

on-board unit 3 and who attenpt to pass iIIe'gaI!y t hr Sugh—ttre- '
station, or t893fem and HEhHA For'AuFomAWikd del eR2i0NC WipnovaRd tions and

t he | nf CRREESEEE but—fTnrte probapli ity of error,” the chargi ng
transacti on has—mot—taken place correctly. The 10 invention specifies

that the data relating to the two separate determ nations of position
are conpared with each other in the station control unit 22. Wen a
video . ABSTRACT

A system for the automatic detection of moving
vehicles, with data exchange, particularly with automatic
toll cha’rgirig, comprising -a fixed receiving and
transmitting station capable of communicating with a
plurality of on-board transceiver units (3) each of which
is associated with one vehicle. To avoid confinement. to
‘a single-carriageway. transit 1ané of vehicles passing the
transceiver station, the invention specifies that the
transceiver station -is provided with a plurality of
aerials (A.l-A.n), each of which forms a coverage area
(C.1-C.n) of dimensions considerably smaller than the
dimensions of the vehicles, so that only one vehicle can
pass through each cove:bage .area at one time and
consequently only one on-board unit (3) can communicate

.. with each aerial (A.1-A.n) at one time, while the signals
received by each aerial (A.l-I&.n) are processed separa-~
tely from each other. The invention also specifies a
particular. method of application.

Figure 1



detectlon does not correspond to a position detetti OREpPLACEMERTRIRENDLY sG
t'ransmi ssion thr ougﬁ?r{shg A6 raplacemsent:ghest 1- 15 ﬁ(ﬂ?aecﬁﬂfonv‘e&%;& .10 paged 28
transit is passing illegally through t he >tgﬂ@ﬁmhr 5 § B34 aé 3z
coi nci de, but the radlo ula transacti on has npt ,%%%CL éﬁré %ﬁ-yii'
an error is 3% I'n this way, therefp g#ré F’%ﬁ}%b@ é ''''
crim nate between the users passing illegally thf oud% ﬁ 55p&¥ """
station and those for whomthe automatic charginfp has not bﬁf-q 97
carried out for reasons not associated with DARE QF-RECEIPT

According to a further characteristic, the station

wth a device 38 (Fig. 7) for video record- 25
passing illegally through the station
radi o transacti on has not been

and 6, a plérality
first gate

successful .

i's associ at ed

I ng of the vehicles

and of those for which the

Wth reference to Figs. 2

fram ng area 135 bei ng positioned di o€cMbying Vebihcles t

areas C.1-C. n, so that they photograph the
vehi cl es which carry the nunber plate.

rear parts of

of television caneras 35 are provided on the
P1 andSgstemi and MethodsFohcAgtomatigabet&tiomei r 30

he coverage
t he

framng area 135 of the

10

15

20

25

30

35

The invention relates to a system for automatic

detection . of moving vehicles, with automatic data

exchange, particularly with automatic toll charging,
comprisings:

at 1east one fixed automatic transceiver station
which is provided with local procegsing and control

. means for the transmission and reception procedures

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 trangmission 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
capablé of two-way communication when commanded by
the fixed station, by the exchange of data, relating
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
operation (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

It should be noted that the



5

tel evision caneras 35 contributes to the determ nation of 35 the

di stance L13_het. dniéntgeets. The recording : tel evi si on caneras
35 are cont I‘B‘i"ﬁé%\l;%g%réﬂ&f mage recordi ng and control unit indicated
by 36 in Fig. 6, whi ch receives the data fromthe control unit 21
of the Datét e,;ﬂ:&iqmomthe station gontrol unit 22 and fromthe

19 | mge proces'sor 33 of the televi$ion caneras 31 for detecting
the presence of vehicles and their position. In the two cases of
violation —and gi:r:gcrl stgaeé ort{,b SQd 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 reduced, so that it is not possible to
benefit fully from the considerable speed of the radio

10 transactions.

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

15 According to a first solution disclosed in the document
EP O 401 092, a fixed station for a multilane road comprises
an aerial for each lane. The aerials genefate f_‘ootprints or
coverage areas whose ~width is about the width of each
associated 1lane. In prder to discriminate the messages

20 transmitted by the transponders of two different vehicles
moving through the same coverage area, a sort of random time
division multiplexing is suggested. The fixed station
repea;ts consecutively an interrogating cycle of
predeterminate lenght in time. Each cycle starts with an

25 interrogating message to the transponder. The interrogating
message is followed by a receiving subcycle during which the
fixed station is ready to capturé niess_ages- transmitted by
the transponders being present in each coverage area. This
receiving subcycle is divided in a plurality of equal

30 subséquent .receiving intervals, so called time slots. Each
transponder being activated- to transmission by the
interrogating message send by the -fixed station, is provided
with means for choosing randomly one of the said receiving
time slots for transmitting its message to the fixed

36 station. While crossing through a coverage area the



*

previously, the |nage eI éﬂi gednd control unit 36 5 stores the recorded
| mages of t HEvs g e %ﬁ of the vehicle and transmts them through
the nultipl exer 24 and the transm ssion neans 2, to the central
processor &?, pﬂﬂie?the continuously recorded i mages of the

vehi cl es corPg Iy sing through the fixed station are 10 erased.

Wth reference to Fig. 10, the gate contBol unit 21' for the gate P2
has an interface 621 for communication. ~ .with the said video recording
devi ce 38. Exanpl es of the operation in different conditions of 15
extreme maximumcriticality of the system and net hod according to the

I nvention are illustrated schematically for a single gate in Figs. 12

to 14, in which gpenspticer repeatsd deh@ralt ¢ingt th¥ Melssigd Cdesdly CLHEE
areas C.2n-1 and C.2n and the freggenC|es associated with them while d

20 indicates t hEhAPHING TRRICMYY 8 Bev bideaftet foxy keansnigsion. Thus; the

on-board units i mekBagel fdferaml o widdki BREnsponde EX8fbepbctive vehiclégre is
a single on-board unl%H?t t he |nt X1, in %he central area of the
coverage area C STRRT ?Penﬁ coverage area the same time can be

5 discriminated be:’mg the probability of a transmission of all

. the messages in the same time slot for each repetition
infinitesimally smali.

Document EP O 416 692 discloses a different solution. of

the multilane problem with a system of the above described

10 kind. In this solution the communication from the

transponders are effected by the transponders suitably

modulating their reflections of Dbeams of microwave energy

tra_nsmltted by the station from the aerials mounted on a

gantry above the road, theee aerials irradiating respective

15 communication areas. In erder_ to prevent communications from

different transponders overlapping and hence interfering

with each other, the transponders are enabled for their

communications by microwave energy from further aerials,

which energy has a higher frequency to enable it to be

20 beamed at relatively small respective activation areas, the

sizes of which are such that they can each only contain one

vehicle and 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

25 enabled iri succession, the activation rate being'. moreover,

sufficent to ensure that all transponders passing through

the relevant strech of road are in ‘fact enabled. During each

interval between the activation of each further aerial and

the next the station transmits a command from the aerials

30 associated with the .further aerial which has just been



25 in the first half-cycle.in Fig. 12. The follow ng con-

Si derations aretyiglis thé eaplacementaiheet i mited regi on around t he position
X1l. In the said half-cycle, transm ssion wi thin the coverage area C. 3
Is sufficiently protecte frominterference fromtransm ssions at the
frequency f1 30Dame tH’e}‘* %Yerage areas C. 1 and C. 5, the inmediately

adj acent coverage areas C. 2 and C 4 being inactive. In the foll ew ng
hal f-cycle, illustrated in Fig. 13, in 4 whi ch the coverage area C. 3 is
i nactive, the |level of gain at the frequency f1 in the coverage area
C.2 and at 35 the frequency f2 in the coverage area C. 4 - at point X1 is
insufficient to cause transm ssion between the station and the
on-board unit. The correct transaction therefore takes place in the

first half- Cyclscma&edl%méﬁngheany trdrdpShadf ¥hean Chas WUsth béed hi's
case i s used as

enabled to communicate - its presence. If it receives such a
communication the station transmits an address code from the
relevant aerials which is stored in the relevant transponder

5 and used subsequently to selectively address that

transponder for further communlca,tlon.

The article "New automatic vehicle identification system
for detection of traffic without lane discipline" 'i)y Manh
Anh Do and Jin Teong Ong (Electronics & Communication

10 engineering Journal, Vol. 3, n° 3, June 1991, London GB,
page 98-107) diécloses 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

15 vehicles, for example of about one meter. This system
however is described as not able to discriminate two
colliding messages transmitted by two different transponders
and as inadeguate for detecting vehicles, such as
motorbikes, or.the like, attempting to cross the station in

.20 the shadow of other vehicles. For sdlving 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

25 transponders 11: is necessary to use transmission protocqls
which entail h:.gher construction costs for the fixed statJ.onS
and especially for the on- board units. In order to make the
system widely accessible and keliable in operation, however,

the trend is to make the on-board units cheap and as simple



20 i ndi cator of the vehicle position. There is no possibil -

ity of uncertai ntYhidisthereplacemerdaheet chi cl e, since the m ni num

di stance of 0.25 m between the vehicles which is detect abl e by the
vi deo device 37 B3RS tﬂﬁ hi s 5 response could only have conme froma
vehi cl e occupyi ng ' !j‘ area indicated in Figs. 12 and 13. Al though an
addi tional vehicle m ght have approached, this vehicle woul d . have

caused a comuni cation of the said vehicle 5 - wthin the coverage areas
C.2 and C. 3, with the addi- 10 tional vehicle on the left, or C. 3 and
C 4 wth the additional vehicle on the right. Exampl e 2

In this case, $ § oard unit is located at point X2 of Figures 12
and 13, in the 3 B s%? superi nmposition 15 of two adjacent coverage areas

C.4 and C. 5 or in th%¥he objectof the invention is to provide a system of the type described initially,
which enables the confinement of vehicles passing through the fixed station while
keeping the costs of construction and installation of the fixed stations within limits and

5 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 passing illegally through the station are identified. |

The invention achieves the objects stated above with a system according to
the preamble of claim 1 disclosed in EP-A-0 401 192 and further showing the

10 combination 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 a method for automatic detection of moving vehicles, with
automatic data exchange in a system for automatic detection of moving vehicles with
automatic data exchange between a fixed transceiver station (P1, P2) and an on-

16 board unit (3) for each 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 coverage areas, for communication with on-board unit (3) is
specified.

20 - the communication between each aerial (A.1-A.n) and the on-board unit (3) in
the aerials’ t:overage area (C.1-C.n) is processéd separately 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 road of.

25 coverage areas (C.2n-1, C.2n), the coverage 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 communication
alternately with those (A.2n) of the other group, in each case for one half-cycle
of the overall activation period; characterised in that:

30 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, A2n) of each group use two different



V|C|n|ty of this area. | In the first half-cycle, the
transm ssion i s Thisfigthe replacemémtngtest protected froma transm ssion at the

frequency f2 in the coverage area C.3 and C. 7, enabling the on-board
20 unit to co nlcaaﬁ the fixed station at the fre- quency f1 -
I n the coverage Bﬂh I'n the second hal f - cycle (Fig. 13), the
transm ssion is sufficiently pro- tected against a transm ssion at

the frequency f1 in the coverage arggas C. 2 and C. 6, enabling the
on-board unit to 25 comunicate in the coverage area C. 4 at the

frequency f2. If the transaction had taken place in only one of the

;[\rll\ot he cove?glgfe g%a%%pt}%%/%ﬁgaﬁ%#g&mloﬁ??%%@%ah%%n dert%Ct ed said

anbiguities in thefpequannieﬂ beingddiistadbutsd clwith3n edetecgedups, t he

M ni mum separ at i on qi aanﬁ"i_é (r?hzé Q:qrresqoﬂcfﬁ'ﬁ% é% Qﬁa\r/?pﬁ)ﬂs? had

taken place in coverage are béen
possi ble for an ad& 2n) , Whlﬂeonhhevmm@ tekaisiqn eamdt thet hencboeardge

.ggeatEEﬁegctlon (an& |tsk fgé?FVgﬂfCL eh ﬂ?ﬂaueﬂéﬁsfgsg%ﬂéﬂhﬁgﬁfe&gﬂgthe
detected), it mnulen@n13ﬂ§kyxﬁg @hlbheosa@ﬁetWWOfrequenCleS
- 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)
10 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.:

To further avoid interference between the aerials of

15 each group, the aerials of each group use two different
reception/transmission frequencies, the said frequencies
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 transmitting and

20 receiving at the said two frequencies.

Preferably the two frequencies are distributed
.alternately among the aerials of the two groups in such
a way that the coverage area for the aerial of one of

. other two groups operates at the same frequency as the

25 coverage 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

30 the formal correctness of the said gignals, 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
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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 unintelligible 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 enable
automatic charging to be carried out with a number of
vehicles passing in parallel, without the need to confine
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 wvehicles and for the minimum distance between them,
only one on-board unit can be enabled to communicate at
one time within the coverage area of one aerial of the
fixed station. In this case, there is a very high prob-
ability that the on-board units of two vehicles passing
through the fixed station side by side will communicate
with different aerials of the station. 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 subse-
quent improvements make it possible to reduce to a
minimum the possible interference between the communica-
tions either in two adjacent 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
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
considerably, to an.infinitesimal value, the possibil-
ities of errors in communication.

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 taken place.

According to an improvement, it is possible to

nit can have communi - cated within the-
. Theg scenari os descri bed above have
the uncertainty as to the position is elimnated when

el i mnat ed by enabling the

t he



tl‘he gate P1, P2 i osg coverage areas C. 1-C. n they are. This _
uncertainty as to f'tﬁ\?nm&&cégﬁ"bﬁmﬂ | not, therefore, be considered
further in the follow ng 1$ exanpl es, except when the nmultiple

transaction is palopKe#q?  Exanple 3 Wth reference to Figs.
12 and 13, two on-board units are tassuned to be at positions X1 and X2
respect. 15 - ively, spaced apart by a disgance d = 0.5 m . .
According to the information in the preceding exanples, in the first
hal f-cycle the onA588FdeHRI 2 HdeR) sYstepRonfioh datenting the pregeureyof? in
the coverage area®d veh§cle ahdthéastatigmsiwitin thid amdtoniconmanidatide I e-
on-board uni t at “‘*““V"“ﬁg{ e dtooioh, BPAE AR BroTided with GRS, €
on-board unit a - ,

comuni cat e at th% rg'ggﬁgn ix}(\g(z)m%&ﬁ?’thétqr%e"go%er gg?é'lgﬁgaaex t“ meapg anpl e
4 25 I ¥ g R Presesgirg and; GErERlating the pesition foundiby thiso be
at points X2 and xeang with theOpésition of the véhidlec fbundtbyalble g3aie, t he
transm ssi ons ar e communication.

This makes it possible to establish whether a

vehicle without an on-board unit has illegally passed

10 through the fixed station or whether the communication

with the corresponding on-board unit has not taken place
correctly, so that no toll has been charged.

Preferably, the fixed station comprises two gates,

each of which is associated with two groups of trans-

15 ceiver aerials of the type described above. In this case,

the transaction coomunications are made in two successive

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

20 coverage areas. The system is also capable of operating
correctly even when the vehicles have transverse compo-
nents 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.

25

The invention also relates to other characteristics
which further improve the system and the method described
above and which form the subject of the subsidiary
claims. .

The particular characteristics of the invention and
30 the advantages derived therefrom will be understood in

greater detail from the description of a preferred
embodiment, 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

35



general |y i nsufyivs iscthiel replacement ebedtr om each ot her within the coverage

area C. 5 at the frequency f1, and there will 30 therefore be no

comuni cation with eith the two on- board units. It nay be
possible to ha@@bmﬁ'ﬁmgtlo with one of the two on-board units when
t he answer signals of the. two unitsgare significantly different, so
that it is possible for either the on-board unit at X2 or 35. that at X3 to
comuni cate successfully in the coverage area C.5. In the second

hal f-cycl e, the onthGafdxediatation accypdimg |t FigunReate successfully in
the coverage area C. 4 Fig.at shbesfs agmmpepiter adiiat pivesl oF ofke Wikbd
communicate in  gdaRfoRONEEGRAMRY ¥ and eliboliiiferdt YGRS construc-

tion.

Fig. 5 is a schematic illustration of the relative
disposition 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
10 of the fixed station according to the preceding figures.

Fig. 7 is a general block diagram of the system
according to the invention.

' Fig. 8 is a block diagram of the on-board unit.

Fig. 9 is a block diagram of the electronic control

15 circuit associated with the first gate of the system
according to the preceding figures.

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

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

Figs. 12 to 15 show some examples of the operation
of the system according to the preceding figures, in a

25 condition of maximum criticality.

With reference to Fig. 7, a4 system according to the
invention comprises at least one fixed transceiver
station which interacts with on-board transceiver units
3 each of which is associated with one vehicle. The fixed

30 tran_sceiver station comprises local processing and
control means for the transmission and reception
procedures and for the identification of users and the
calculation of the charges, these means being indicated

as a whole by 1. The processing and control means 1
35 communicate by radio with the on-board transceiver unit
3 by means of aerials A.l-A.n. These means also
communicate through transmission means 2 with a central
control unit 15, for example a central processor. The on-
board unit 3 may be of the type operating in connection



22 In the worst case, communication will take place only in
*t he second hghfs-ig\thé eeplatensent; ehi cl es associ - ated with the
on-board units nust cover the positions indicated, it is clear that

there is no anbi gui correlation between the vehicle and the
on- board uni Rate: ,5513%75

The on-board units are at positions
X5 and X6 in Figs. 14 and 15, with!f = 0.5 m In the first

hal f-cycle (Fig. 14) the on-board unit 10 at X5 may or may not communicate
at the frequency f«dithna cardhh dorcezguple oxf Che, mmm“n-bypeobmnit

at X6 conmuni Qﬂd‘ee rﬁll&?%ﬁdézftlchﬂdt WQ@%ear €8 sup I'n
t he second hal f - c

co | cat es
at the frequency f C(i)%g"re'ag%‘gr ea a&% %ﬂ%é?d%‘mgg
not communi - &f“’f‘ﬁ%"’?‘? drhe, flxed, st ﬁ'é %v@%d’é‘ear"é&"elﬂ‘.‘-i%e
two on-board udi tsofatth(s mrgea vand ihewbieheabe recoddedcthe, chhegés r st

in the coverage ar@Atulateddy &he #Fitted 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.

10 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 aerial

6 is connected to a transmitter 7 and to a receiver 8

which are connected in turn to a control processor 10

15 through an encoder/decoder 9. The control processor 10

instructs a reader 11 of the card 4 to read the identifi-

cation data and the total remaining credit recorded in

it, and to record charge data, or to deduct the sum

charged from the total remaining credit. A display unit

20 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 14. The sealed battery 13 preferably

supplies the activation device 6,' the encoder 9, the

receiver 8§ and the transmitter 7, while the replaceable

25 Dbatteries 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 trans-

ceiver station is disposed at a specific point on a

vehicular through road, for example a road with a number

30 of carriageways. The fixed station consists of two gates,

a first gate P1 and a second gate P2, only the first gate

Pl of these being illustrated in Fig. 1. A plurality of

transceiver aeriale A.l1 - A.n, which are distributed

along an axis transverse with respect to the through road

35 and which are directed towards the road surface of the

carriageway, are supported on the housing spanning the

gates Pl and P2. The on-board units 3 are indicated

schematically in Fig. 1 and are fixed, for example, to

the windscreens of vehicles in transit, or to the



the second in the coverage area C.3. 20 Exanple 6 - The on-board
units are disposed at X7 and X5' in - Figs. 14 and 15, with d = 0.5 m
In the first Has iscthel replacEmeahsO®M signals fromthe two on- board
units are generally insufficiently protected 25 frominterference with one-

anot her, and there vml,%qu_ consequently be no conmmunication at the
frequency f2. Dafe: simlar way to that described i.n Exanple 4, one of
t he two on-board units can possibly conmuni cate successfully in

the coverage areg C5..1n t second hal f-cycl the 30 unit at X7
communi cat es at ???é‘dﬁ'fgaﬁ%rf%"ﬂ%"f'ﬁyf g5 Or SIMVBFage area C. 4, and the
unit at X5' communi ca®he aprials A; he- ih-ag0éreack mate Phe PR2osve Afe theea C. 6,

giving a r egparabslitc| eypé Oahlahave boeepage Jarcas CAENAl @ith 35
The case of threerRozhdandl Widths RS Ghrikbdly efidller thadEnsS: \%gglch at a
di stance d = 9 SMerngTot heo d*égcent u t |rr€iE| 95 1g}éan JI; w1l now
be consi der ed: n°th ?lyglfi‘f‘lleﬁ'?-cr%ftl%a Bi8he (NG derials
comuni cat es A.dgt -t Renf rARRcRRYSETUGHRd Heo c §hatadheyr @eversteyen ¢ in
intersection of elliptical form, between the lobe of the
aerial measured at -3 dB (with respect to the maximum
radiation point) and the plane parallel to the road
10 surface passing through these points, this intersection
constituting the actual coverage area C.1-C.n, while any
secondary lobes have considerably lower signal levels.
The elliptical coverage areas C.1-C.n are disposed
adjacent to each other in the transverse direction with
1S respect to the through road, in such a way that they form
a transverse coverage band with respect to the through
road. According to Fig. 5, the centres of the two
adjacent coverage areas are spaced apart by an amount L3
smaller than the width L2, in such a way ‘that - the
20 coverage areas C.1-C.n are superimposed on each other in
' the lateral peripheral regions. The coverage areas C.l-
C.n are positioned immediately in front of the
corresponding gates Pl, P2. i
The horizontal plane I, in which the coverage areas
25 C.1-C.n of the aerials A.l1 - A.n have their significant
dimensions, as described abo¥e, may advantageously be
positioned at a height I.4 above the road surface substan-
tially corresponding to a mean of the levels at which the
, on-board units 3 in the various vehicles are disposed,
30 for example at a height L4 = 1 n. _ '
Each gate P1, P2 also has aerials AT for activating
- the on-board units 3. The activating aerials AT are
designed to transmit only signals for activatiing the on-
board units 3, with which they control the activation
35 device 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 froat of the said
coverage areas C.l-C.n.




23 general neither of the two units at X2 and X3 conmuni - cates
‘at the frequency f1 in the coverage area C. 5, or el se only one of them
succeeds in nj cat i 3. described previously in Exanple 4. In the
second hal fc‘g'@tlsy ergp[ﬁ%gp%ﬁgh%eg comuni cation by the unit at X1, while

the unit at X2 conmmuni ¢ates in the coverage area C. 4 and that at X3
conmmuni cat es pgret he ﬁp‘lﬂ‘age area C. 6, yprovid- I ng unanbi guous
identification of the vehicles to which- the on-board units at X1, X2,

and X3 bel ong.
9 Fig. 6 shows a more detailed block diagram of - the

local processing and control means l. The said means
comprise radio frequency transceiver means 20- for each
gate P1, P2 to which are connected the corresponding

5 aerials A.1 - A.n and the activation aerials AT. The
transceiver means 20 of each gate Pl, P2 are controlled

- 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 example one

10 of the type known as a LAN. The local station control
unit 22 communicates in turn through a multiplexer 24 and
transmission means 2, for example a device known as a
modem, or similar, with the central processor 15 (Fig.
7). '

15 One embodiment of the gate control units 21, 21°¢ and
of the radio frequency transceiver means 20 for the gates
Pl 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

20 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.l1-A.8 divided
into two sets, S1 having the aerials A.1-A.4 and S2
having the aerials A.S5-A.8. The two sets of aerials 81,

25 82 are assoclated with an activation aerial AT. Fig. S
shows the relative coverage areas C.1-C.8 of the aerials
A.l1-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

30 221, 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 network,
of the type known as Ethernet for example, $21, 521’ for
communication with the local station control unit 22.

35 The modular construction of the aerial support
panels 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 aerials A.l1-A.8 and for the transceiver



.

10 Exanple 8 - The on-board units are disposed at XS, X6 and X7 in
"Figs. 14 and 15 at a distance d = 0.5 mfrom each other. In the

first half-cycle, the unit at X5 may or nmay not communi cate at the

frequency f27ings fsheaopacementsheetls C. 1. The unit at X6 communicates at .
the frequency fl in t he coverage area C 3, and that at X7 communi cates

at the frequenfc} qu in the coverag®area C. 5. In the second
hal f-cycl e, tDaeunil ‘Ijﬂt X5 comuni - cates at the frequency f2 in the

coverage area C. 2, while 20 for the units at X6 and X7 communi cati on nay
or may not t AX8teRm 29, Thesp Systeus IlavidBdSs) 21, #R4hpind B0 may
The unit at X5 w bk ddmytruetad Withant extdndable structe@eaisaGy eifduis 2, Or

ossibly to the | gft{yof ' | f | i O gl_.gh? n
BI ace in the cove_rsa e ‘Zg;j'mélgsggé . 1. j[sj'di‘ﬁeeﬁors{ @a%é,gfg uni 8%1{"?% wil |
be | ocated i ﬁY{gﬁ%‘“ C%Q/e’r?fgéjg @5’"’3‘" § Rafigh§ And, AT PL, earh jpanel
| ocated in thé® cogbradiidareitiC. each ncontrot asystemo 321, 32ilierfor sthe

remai ni ng uncert an@kyaL®NAL’ Andg ot EGMtIVIA-system (420) heimeerp@ i cl e

and the on-board ygi-ja1 SR, 15X Widpable 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

10 and AT with the corresponding transceiver system 20 is

illustrated, for the sake of simplicity. The transceiver

system 20 consists 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

15 aerials A.5-A.8. Each of the two modules 120, 220 has a

‘power supply 29 and two transceivers 26, 27. The trans-

ceivers 26 of each transceiver 120, 220 operate at a

single identical frequency £f1, while the transceivers 27

operate at an identical frequendy £2 which is diffe'r:en_t

20 from that of the transceivers 26. The transceivers 26 are

connected to aerials A.1l, A.2 and A.5, A.6, while the

transceivers 27 are connected to aerials A.3, A.4 and

A.7, A.8. The transceiver module 120 associated with the

- £irst set of aerials S1 also has a transmitter 28 which

25 operates at a further di.fferegi: frequency £3 and is
connected to the activation aerial AT.

' The gate control units 21, 21‘ may be provided with
means of analysing the answer signals of the on-board
t_iml.te 3 captured by each aerial A.n, in order to check

30 the formal correctness of the answer signals from the on-
board unites 3, permitting, for example, communication
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

35 signal from one of the said two on-board units is not
compromised by the interference due to the answer signal
from the other on~-board unit, for example because of a
marked difference in the level of the said two signals.

The receiver 8 and the transmitter 7 of the on-board




The on-board units are disposed at X6, X7 and X5' in Figs. 14 and 15.
‘I'n the first half-cycle, the unit at X6 conmmuni cates at the frequency

fl in the coverage area C.2, while for the 35 on-board units at X7 and at
X5 in C 3 chhisristheateplacement sheet he frequency f2 is i npossible for both or

may be poss- i ble for only one of the two, as described in Exanple 6.

In the seco hal f the unit at . conmuni cates at t he frequency
f2 in the c %*agé*i¥£g06 whi | e, |?1<§%1 24

units 3 are of the type capable of transmitting and
receiving 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

5 frequencies £f1, £2 determines the particular distribution
of the coverage areas with different frequencies as shown
in Fig. S.

As is also shown in Fig. 4, the aerials A.l1-A.8 are

disposed on panels with a length of twice L5 and a width
10 of L6, with their major axes orientated perpendicular to
the major axes of the coverage areas C.1-C.8. The para-
bolic aerials have elliptical bases and have a major axis
of length L7 and a minor axis of length I8, while their
. centres are spaced apart by a distance L9. The aeriix_ls
15 A.l-A.8 are disposed in two parallel rows aligned with
the major axes, the aerials A.l1l, A.3, A.S5, A.7 of one row
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

20 and has a diameter of LlO.

Fig. 11 shows a more detailed example of the local
station control unit 22. This has a central control
processor 122, storage units 222, read/write devices 322
and 322/ for a removable storage medium and for a resi-

25 dent storage medium respectively, and different types 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 connected
various auxiliary devices of the station, indicated in a

30 general way by 30, such as signalling devices, automati-
cally controlled barriers, etc., and through which the
station control unit 22 communicates, by means of a
multiplexer 24 and transmission means 2, with the central
processor 15. An interface 522 for a communications

35 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, 214,
is also provided.

With reference to the method according to the



simlar way to that described in the precedi ng exanpl es, nei t her of the
units at X6 and X7 can conmunicate in the coverage area C. 5 at the
frequency f1, or else only one of them may be able to conmuni cate
successfully when the 5 answer. si gnal s of the units are at sufficiently

di fferent Thisiscthe replacement sheelt he \worst case, therefore, the unit at X6
w | | commnl cate in the coverage ar C. 3, the unit at X5 w | |

conmuni cat e the ﬁg\ﬁr@ge area C. 6, and the unit 10 at X7 will not be
able to co et e Wththe aid of the video position

LT, s Bl S i D

However, when chrstihogRcaf F’&mq?gseu fireas Gy (G-BnsaEbingd Por t he
units at X6 and )ﬁélami&ely highd transit ppeedpl| makliay tilte poskible to

associ ated with tiéﬂxieve i‘lﬁfini%hsﬁa!"'ﬂﬂobgﬁiﬂi@ﬂ@@ft Qﬁr&%ﬁﬁ'éoﬂl&@e
doubt, and that absgn of a tj_rn ns 0. th%e conﬁll‘_{ier dto
be a comuni cati ¢it errg'? Phs U9y B?Sfe% 0 COMPRY TR Wase,
it nust be enphadietateenhthe; ﬁ,iged transcei.ver station and the on-board
_ units 3 is carried out in two successive phases and in
chronologically separate time intervals, corresponding to
the two gates Pl, P2. The dimensions of the coverage
10 areas are limited according to the minimum time required
for transmission and reception, while the different
internal procedures take place in the time intexrvals
immediately preceding the entry of the on-board units 3
into the coverage areas C.1, C.n, and in those between
15 the two communication phases corresponding to the two
gates Pl, P2. In a plan of &pplication 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~ with a maximum
20 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
¥m/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
25 individual coverage areas C.l1l, C.n are spaced apart by L3
= 0.375 m, the minimum distance L12 between the coverage
areas C.1 - C.n of the two gates Pl, Pz_bei.ng chosen in
this case to be greater than 10 m, and in particular, for
the reasons stated subsequently, 13.5 m, which corre-
30 sponds to a distance L13 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
'35 a height L15 of approximately 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 internal initialisation of thé on~board
units 3 are performed before entry into the coverage




scenario is extrenely rare, since it requires in practice t he
schr onol ogi cal coincidence of the passage of three on- board units in

al i gnnent vvit gmentowsatd apart by 0.5 m 25 It is
al so possi bl e e occurrence of such a probl em by reducing

the lateral di rren5|on f the ?rage areas C. 1-C.n. This, however,
entails a gregige: 7 Eﬁﬁber of aerlé A.1-A n, and therefore, in view of
t he extrenely Iow robability of the recurrence of the said 30
situation in practice, this arrangenent is not entirely justified

Exanpl e 10 areagx@nbiC 1l ®F dihe trtanseejver 1gexnials A. J-A.nhitth Ls0r e
than four vehicl eprepafsbyd Nt (@66 0LA! ReklaPUAR WHEh 35 dieadBesdpRi1gr eas C.

1-C 10, the corregp on-board units bei.ng di sposed at points X1
to X3 and X1', XZ'% Q§€$ WXB"

and s aced art S
situation my be reduc%‘b"?’b’uf‘ﬁetﬁr%cfé'd"‘ﬁﬁ ?%Fée °sthEé“ﬁ"t“°#ay be
broken down irfto the &efiads Agl-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 rows
10 with coverage areas C.2n-1 and C.2n respectively, the
coverage areas C.2n-1 of one of the two groups being
alternated with the coverage areas C.2n of the other
group. The method also specifies that within each group
of aerials the transmission frequencies f1 and £2 are
15 distributed 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 £l
being directly adjacent to the aerial A.2n vwhich produces
the coverage area C.2n associated with the same frequency
20 £1. 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. § and 12 to 15, in which the
aerials C.2n-1.and C.2n of the inactive group are shown
in broken lines. The whole may advantageously be designed
in such a way as to ensure a repetition for at least two
consecutive times of the transmission within each cover-
age area C.1-C.n.
As a result of the above arrangemente, each coverage
30 area is able to contain only one on-hoard unit. In this -
way, an aerial A.l-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
35 single-carriageway lane at the station. The system
according to the invention also enables vehicles to pass
through the coverage areas with a certain transverse
velocity, operating correctly even in tle case of over-
taking and lane changing. The improvements to the method

25



25 sub-groups: three on-board units in positions X1, X2 and

X3, two units in positions X1' and X2', and two units in

X2' and X3';

exanpl es:

10

1S

20

25

30

35

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

According to a further improvement, as shown in Fig.
7, the station is provided, in addition to the radio
communication system, with a wvideo 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 Fige. 2 and 3, the gate P2 of the fixed
station is associated with a plurality of television
cameras 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 wvehicles,
and are aimed at the through road. The optical axes 0 of
the television cameras 31 are spaced apart by a distance
L16 to provide a resolution of Ll17, or the detection of
a sufficient minimum separation distance L17 between two
vehicles side by side. In the cited plan, the distance
L16 is equal to 0.75 m and provides a resolution Ll7 of
0.25 m. _

With reference to Fig. 6, the outputs of the televi-
sion cameras 31 are connected to a video control unit 32
which may also be constructed in modular and expandable
form, as described for the gate control units 21 and the
transceiver systems 20 of the aerials A.l-A.n. The video
control units 32 are connected to an image processor 33

which commnicates 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 posi-
tioned immediately in front of the coverage areas C.l-
C.n. Given the construction of the radio communication
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 transverse direction
with respect to the through road, once by means of the

ngjﬁ.%%, t he situatiog7of " nore than four on-board
% } ns X5, 10 X67'X7, X5', X6', X7' and X5" nay be

~scenarios already discussed in the preceding

posi tions
one unit in position 1 and one unit in position X2,

osi tions XlypieXa' ; g 3 5 being simlar to positions X1, X2 and
23, but in Thm&%&p??g?%§§ﬂ8§6§rgﬁe ar eas. Exampl e 11
simlar way to Exa
units di spos8ate:n
br oken down into the

t he

dn a



three units in positions X5 X6, and X7; two units in

positions X8
and X6'; two units in positions X7' and X5'; one unit in position X5
and one unit in position X7, the 15 considerations in Exanple 10 being

val i d. Naturally, the invention is not limted to the
enmbodi ment Fhieiscthereplagament 8RRl at ed herein, but nay be wi del y

varied and nodified, particularly as regards construction; for

exanpl e, tthgys&}ql)qﬁd met pod 20 de38ribed may be used for the detection
of the tramsit: o objects or bodies of various kinds, each being:-

afssopi ated aexfalad. e bparithiwhich fthe earredporidingtdre-bodedt whi€at i on
o] | eces, parts, L HA i nv I &

T bt v, e e e S P

cl ai med bel ow.

: any errors of communication in the system and to detect
any users who do not have an on-board unit 3 and who
attempt to pass illegally 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 taken place correctly. The
10 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 wvideo
detection does not correspond to a position detection
obtained by transmission through the active aerial A.1-
15 A.n, the wvehicle in transit is passing illegally through
the station. When the said data coincide, but the radio
transaction has not been executed correctly, an error is
detected. In this way, therefore, it is possible to dis-
criminate between the users passing illegally through the
20 fixed station and those for whom the automatic charging

has not been carried out for reasons not associated with
the users.

5

According to a further characteristic, the station

is associated with a device 38 (Fig. 7) for video record-

25 ing 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

30 framing area 135 being positioned diréctly in front of
the coverage areas C.1-C.n, so that they photograph the
rear parts of the wvehicles which carry the number plate.
It should be noted that the framing area 135 of the
television cameras 35 contributes to the determination of

35

the distance L13 between the two gates. The recording
television cameras 35 are controlled by an image
recording 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



26 _ CLAI M5 1. Systemfor automatic

det ecti on of noving vehicles, wi th automati c data exchange,

particularly wth, autona chargi ng, conprising: 5 - at | east
one fixed autlmﬁlsa‘ ’éﬂté‘EéF\?B? ;'%attlon (P1, P2) which is provided .
wi th | ocal processing contrgl means (1) for the transm ssion
and reception pate: H-‘*p‘f%cedures and f&P the identification of the users
and cal culation of toll's to be charged to each 10 identified user,

this fixed statio

vehi cul ar through?'mggé go%"ggg £933 of the Oﬁgg%‘gldrs fon, a“?&% flr:ﬁup int on a

for each vehi cl e, detecting the presence of vehicles and their position. In( 3)
the two cases of violation and error -described
previously, the image recording and control unit 36

5 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 continuously recorded images of the
vehicles correctly passi.ng through the fixed stati.on are

10 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 xrecording device 38.

Examples of the operation in different conditions of

15 extreme maximum criticality of the system and method
according to the invention are illustrated schematically
for a single gate in Figs. 12 to 14, in which are indi-
cated the alternately activated coverage areas C.2n~-1 and
C.2n and the frequencies associated with them, while d

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

Example 1

There is a single on-board unit at the point X1, in
the central area of the coverage area C.3 which is active

25 in the first half-cycle in Fig. 12. The following con-
siderations are valid for a cértain limited region around
the posi.tion X1l. In the said half-cycle, transmission
within the coverage axea C.3 is sufficliently protected
from interference from transmiseions at the frequency f1i

30 in the coverage areas C.1 and C.5, the immediately
adjacent coverage areas C.2 and C.4 being inactive. In
the following half-cycle, illustrated in Fig. 13, in
which the coverage area C.3 is inactive, the level of
gain at the frequency £f1 in the coverage area C.2 and at

35 . 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 in the first half-cycle (Fig. 129, in the
coverage area C.3, which in this case is used as an



this on-board wunit (3) being provided wth 15

processing and
‘control neans (10) for the

transm ssion and reception

procedures,_ and w.t mant ghé®ans (4) for identifying the user or vehicle
and Th‘srr@a‘wg ngl’aci%en} or recording the toll charged; - t he
fixed station (P1, ,P2) _and each on- boa%ﬂﬁunit 20 (3) being capabl e of
t wo- way cormta'gcat-ﬁ"(bﬁ Yhen co nded by the fixed station (P1,
P2), by the

exchange of data, relating for exanple to the user
and to the toll cindietoxdofi tie tvehiedes pgeieion@There is no PosBOBLI- UNi t

(3) through the afead &f Wnd@rth e & Dk & figld of
operation (C 1-C nefl f a fl‘ﬁ%%f Sggageri ‘ﬁo f‘ -a@s};ﬁehﬁﬁéf I xed
station Ly, distance of % %3&@3@ (#%, P2)
havi ng a etestahle, by tthenhsvéfeer dewicg s37 Ameansn)thatspsbéd 30
above the ve&hi cuésponddiranigid onlyd hawed cofler €2bmda vehicle doetpiyingi t, at
a height greater thanadas "fdidded in Fight' 43! &la 08, Vakbem H°SC
aerials (A 1-An) additional vehicle might have approached, this vehicle
would have caused a communication of the said wvehicle
within the coverage areas C.2 and C.3, with the addi-
10 tional wvehicle on the left, or c_.3 and C.4 with the

additional vehicle on the right.
xample 2

In this case, the on-~board unit is located at point

X2 of Figures 12 and 13, in the area of superimposition
15 of two adjacent coverage areas C.4 and C.5 or in the
vicinity of this area.

In the first half-cycle, the transmission is suffi-
ciently ptot:e_ctéd from a transmission at the frequency f£2
in the coverage area C.3 and C.7, enabling the on-board

20 unit to communicate with the fixed station at the fre-
quency £1 in the coverage area C.5. In the second half-
cycle (Fig. 13), the transmission is sufficiently pro-
tected against a transmission at the frequency £1 in the
coverage areas C.2 and C.6, enabling the on-board unit to
communicate in the coverage area C.4 at the frequency f£2.
If the transaction had i:aken-pl.'ace in only one of the two
half-cycles, the on-board unit would have been detected
in the coverage area C.4 or C.5. This would have caused
ambiguities in the presence of an additional vwehicle
detected at the minimum separation distance of 0.25 m. In
fact, if the response had taken place in coverage area
C.4 only, it would also have been possible for an addi-
tional vehicle to be present in the coverage area C.4,
and until this vehicle had also successfully executed the
transaction (and its position had consequently 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

25

30

35



27 being distributed transversely with respect to the
through road and being constructed in such a way t hat each

generates a limted coverage area (C 1- C.n) on the through road
beneath, it be ldaﬁ,’gs‘leb\ateﬂ@m $heet t 0 communicate only with the
correspondl ng aer| a (A 1-A.n) within each of the said coverage

ar eas C{+ c’ he said coverage areas (C.1-C.n) being
di sposed si de b;tw.l dk he transverse direction with respect to

EggaLP;OUQh road, tljfgu one a&Pfalpr igi§n, gsﬁx%% 81?fy rt?:'e VER1E e( &cggfrﬂ%
the position X2 of the on-board unit can have communi-
cated within the coverage areas C.4 and C.5. - .

The scenarios described above have demonstrated that

5 = the uncertainty as to the position is eliminated when the
on-board units can conmunicate with all the aerials of
the gate Pl, P2 in whose coverage areas C.l1l-C.n they
are. This uncertainty as to position detection will not,
therefore, be considered further in the following

10 examples, 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 respect~
15 ively, spaced apart by a distance d = 0.5 m.

According to the information in the preceding
examples, in the first half-cycle the on-board unit at X1
communicates at the frequency £2 in the coverage area
C.3, and that at position X2 communicates at the fre-

20 quency f1l in the coverage area C.5. In the second half-
cycle, the on-board unit at X1 does not conmunicate at
all, while that at X2 can communicate at the frequency £2
in the coverage area C.4. '

Example 4 -

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

In the first half-cycle, the transmissions are
generally insufficiently protected from each other within
the coverage area C.5 at the frequency f1, and there will

30 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
signals of the two units are significantly different, so
that it is possible for either the on-board unit at X2 or

35. that at X3 to communicate successfully in the coverage
area C.5. In the second half-cycle, the on-board unit at
X2 will coomunicate successfully in the coverage area C.4
at the frequency £2, while that at X3 will communicate in
the coverage area C.6 at the frequency £1l.



of processing separately the reception and

transm ssion
signals of each aerial (A 1-A n); - t he | ocal

processi ng and contr ol

nmeans (1) being . [ 'd&@. ith second control neans (21, 421, 21',
15 421" )Tgsﬁi‘tﬁh%ﬁ‘t‘—!?‘ﬁeﬁ%#ty ac}N: vate, for a half-cycle of an
overal |l activation period, two groups of aerials (A 2n-1, A 2n)
of the aerial SP(‘[@b:l-,ﬁ'@qu—t he | %rials (A 2n-1, A 2n) being
associated wt Wo rows of coverage areas aligned on the sane 20

transceive axis of the.ro ( 21,..C.2n) ' al i ghed
transversely with respétét 3] %?egﬁtthrcd‘ggﬁ commhcg{’%%’b,wflr}e %Werg‘gaé:ear eas
(C.2n-1) of the grAfly &p the second hakfqcycia. §ince gbewehiiclesnaseqrin t h

t he coverage ated awitdhs thé Ddn-boartdhandteumust zevesl shé Apdsitidiis

characterised in tfigifcataal) QeVaadcueacdt leferd is no ambiGisted Wt h
and | ength whigh are

di mensi on of the V&l %rgﬁe“llgg bxeigtée@alﬁ eayghjs'ﬁ%%%‘gf ﬁgé'%%%ﬁddf h?'ﬁgt agore
t han one on- Exampleo 64 unit (3) at a tine and consequently 30
comuni cate with not nethe idnaboard uanibsaadeuntt pps8itions X5 amd X6 tiweE;
' Figs. 14 and 15, with d = 0.5 m.
In the first half-cycle (Fig. 14) the on-board unit
10 at X5 may or may not communicate at the frequency £2 in
the coverage area C.1l, 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 f£f2 in the _
1S coverage area C.2 and that at X6 may or may not communi-
cate at the frequency f1l 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.1l and C.2 and
the second in the coverage area C.3.
20 Example 6
_ The on-board units are disposed at X7 and X5’ in
Figs. 14 and 15, with d = 0.5 m. )
- In the first half-cycle, the answer signals from the
two on-board units are generally insufficiently protected .
25 from interference with one another, and there will
consequently be no communication at the frequency £2. In
a similar way to that described in Example 4, one of the
two _on-board urits can possibly communicate successfully
in the coverage area C.S. In the second half-cycle, the
30 unit at X7 communicates at the frequency fl in the
coverage area C.4, and the unit at X5’ communicates at
the frequency £2 in the coverage area C.6, giving a
result similar to that in Example 4.
"Example 7 :

The case of three on~board units disposed at X1, X2,
and X3, each at a distance d = 0.5 m from the adjacent
unit, in Pigs. 12 and 13 will now be considered.

In the first half~cycle, the unit at X1 communicates
at the frequency £2 in the coverage area C.3, while in

35



5

the transce

Date:

10

15

20

25

30

ver station (P11, P2) and the on-board units (3)

‘are provided with transceiver neans. (20, 28
220, 26, 27, 7, 8) capable of transmtting and
di fferent frenisciaghe veptabement sheeto
alternately between

general neither of the two units at X2 and X3 communi-
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 and
that at X3 coomunicates in the coverage area C.6, provid-
ing unambiguous identification of the vehicles to which
the on-board units at X1, X2, and X3 belong.

Example 8 .

The on~board units are disposed at XS5, 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 £2 in the coverage area
C.1l. The unit at X6 communicates at the frequency f1 in
the coverage area C.3, and that at X7 communicates at the
frequency £2 in the coverage area C.5.

In the second half-cycle, the unit at X5 communi-
cates at the frequency £2 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
coverage area C.2, or possibly to the left of this area
if communication 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 remaining uncertainty concerning the correla-
tion 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.

35

In the first half-cycle, the unit at X6 commufiicates at
the frequency £1 in the coverage area C.2, while for the
on-boaxrd units at X7 and at X5° in C.3 communication at
the frequency £2 is impossible for both or may be poss-
ible for only one of the two, as described in Example 6.
In the second half-cycle the unit at X5‘‘communicates at
the frequency £2 in the coverage area C.6, vhile, in a

receiving at two
frequencies being distributed -
the aerial sp4A 2n-1, A 2n) within each group of

aerials (A)Lf:,[ﬂﬁ:,, A 2n);

120,



- the two frequencies are distributed anong the : aerials
(A 2n-1, A 2n) of the two groups in such a way that each aerial
(A.2n-1) of one group associ ated with one frequency is adjacent
to an'10 P& iigkhd foptavementishesbt her group associated with the

sanme frequency; - the transceiver_station (P1, P2) is provided with

transcei ver (26, 27) ﬂaq f whi ch oper%ﬂ es at a di fferent
frequency and Pateihi ¢ re connect ed 15 alternately the aerials
(A 2n-1, A 2n) of

eac Syst em
according to cl ai n‘?%ﬁﬁ HBY PP SRS ﬁePﬁW?bgd 1‘?@°c§€%?%‘b’é‘gaF§8§P{~@vl C. n)
are of elliptical #eftheme@f the unitsy jsgnKGt and X1 icanhecormunfcateainsthe

parallel to the 20co+étl‘uyet uﬁl-eaab SXat tHe ifiRguhey 01| v .elsdi bAlyhehé

m nor axes are, ﬁ@ t I espect to
t he through road, tﬁe centrgs O];ﬂy‘{, 8} Bk a aege8§1 e verﬂe aréaggfc n,
C.n+1) spaced dpar?PFYE%Figna ﬁ'?‘ s‘f‘&‘?“F%P“Fhé iF ARERY SMEEREERT i nor

axi s. levels.

In the worst case, therefore, the unit at X6 will
conmunicate in the coverage area C.3, the unit at X5’
will communicate in the coverage area C.6, and the unit

10 at X7 will not be able to conmunicate 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

'15  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 communication error, instead of a violation.

20 In this case, it must be emphasised that this
scenario is extremely rare, since it requires in practice
the chronological coincidence of the passage of three on-
board units in aiignment with each other and spaced apai:t
by 0.5 m.

25 It is also possible to avoid the occurrence of such

' a problem by reducing the ldteral dimensions of the
coverage areas C.1-C.n. This, however, entails a greater
number of aerials A.l-A.n, and therefore, in view of the
extremely low probability of the recurrence of the said

30 situation in practice, this a.rrangement is not entirely
Justified.
E e 10 . ,
Example 10 refers to Figs. 12 and 13, in which more
than four vehicles pass simultaneously through the
35

coverage areas C.1-C.10, the corresponding on~-board units
- being disposed at points X1 to X3 and X1’, X2‘, X3’, X3"
and spaced apart by 0.5 m. |
This situation may be reduced to the preceding
examples, since it may be broken down into the following



25 3. System according to clainms 1 or 2, characterised in t hat

Focal processing and control neans (1) are provided wth neans (21,

21', 421, 421', 121, 121') of . anal ysing the answer signals fromt

on- boar d uniﬁl@ 'Eé%e ’9‘;‘39\#‘8?? 98Kk the formal correctness of said signals,

so 30 that, in the extrenely rare eventuality that two on-board
4

(3) cone inpatg con,fql

10

15

20

25

@Fwi thin a singl 2%overage.

sub-groups: three on-board units in positions X1, X2 and

X3, two units in positions X1’ and X2‘, and two units in

positions X2’ and X3’; one unit in position 1 and one
unit in position X2, the positions X1°¢, X2°‘, X3° and %3+
being similar to positions Xi, X2 and X3, but in
different coverage areas.

Example 11

In a similar way to Example 10, the situation of
more than four on-board units disposed "in positions XS,
X6, X7, X5°, X6*, X7° and X5* may be broken down into the
scenarios already discussed in the preceding examples:
three units in positions XS5, X6, and X7; two units in
positions X8 and X6‘; two units in positions X7° and X573
one unit in position X5 and one unit in position X7, the
considerations in Example 10 being valid.

Naturally, the invention is not limited to the
embodiments described and illustrated herein, but may be
widely varied and modified, particularly as regards
construction; for example, the system and method
described may be used for the detection of the transit of
objects or bodies of various kinds, each being associated
with an on-board unit, for example for the identification
of pieces, parts, or similar moving along conveyors; the

whole without departing from the guiding principle
described above and claimed below.

t he
he

units



area (C.1-C.n) of one aerial (A.1-An), it is possible to enabl e one of
the two on-board unit (3) to communi cate when the interference due to

t he second on-board unit (3) is at such a level that it does not
conprom se the 5 intellegibility of the answer signal formthe first on-

board unit (3N wnication is bl ocked for both the
on- board unitihfggthﬁéhagﬁéagﬁEaEngignals from the two on-board unit

(3) are indecipherable 4. Systen1ag@ording to one of nore of the
precedi ng 10 Data&i np} racterised in that each station has two sets

of aerials (A 1-An) ich are disposed with a space bet ween themimn
the direction of transit and whose coveraae ar eas (Cﬂmm"mf

bands of coverage areas . spaced apar e direction rmm,mm
the radio 15 comunication between on-board wunit (3) * tthe s
transcei ver station take plLace in twg chrgnolochall ) separate hases,
one for each Band SYSLER rgeg automatic detection of moving vehicles,

with automatic data exchange, particularly with automatic
toll charging, comprising:

5 - at least one fixed automatic transceiver station
(P1, P2) which is provided with local processing and
control means (1) for the transmission and reception
procedures and for the identification of the users
and calculation of tolls to be charged to each

10 identified user, this fixed station (P1, P2) being
disposed at a specific point on a vehicular through
road;

- an on-board transceiver unit (3) for eéch vehicle,
this on-board unit (3) being provided with
16 processing and control means (10) for the
transmission and reception procedures, and with
means (4) for identifying the user or vehicle and
means (4, 11) for recording the toll charged;
- the fixed station (P1, P2) and each on-board unit
20 (3) being capable of two-way communication when
commanded by the fixed station (P1, P2), by the
exchange of data, relating for example to the user
and to the toll charged, during the passage of the
on-board unit (3) through the area of the through

25 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) disposed
© 30 above the vehicular through road and directed
towards it, at a height greater than the maximum

height of the vehicles, these aerials (A.1-A.n)



(C.1-Cn), the dinmensions (L1, L2) of the said coverage ~areas (C 1-Cn)
and the activation tines being adapted to 20 the mninumtines necessary

for the execution of the  radio %ransnissipn of. d?ta onlé, at af ]
pr edet er m ne i§9é Pepracemeritishe®beed, the internal procedures o the-
transcei ver SFQ?IOH and of the on-board unit (3) being executed in the

time interval betmg 34 two bands of 25 coverage areas (€ t+=CHhj—and—
before the fi Pateiba coverage areaspyC. 1-C n), the
cover age areas (C.1-C.n) being spaced apart (L12) at iimmm"jglf‘)"m"l“l
accor dance with the tines required for the execution of Sat d
preceding. ol & mebeifie: St BT FRARsVRESRLN SEH AraRERF &co the
through road and being constructed in such a way
that each generates a limited coverage area (C.1-
C.n) on the through road beneath, it being possible

5 to communicate only with the corresponding aerial
(A.1-A.n) within each of the said coverage areas
(C.1-C.n), the said coverage areas (C.1-C.n) being
disposed side by side in the transverse direction
with respect to the through road, _

10 - the processing and control means (1) being capable
of processing separately the  reception and
transmission signals of each aerial (A.1-A.n);

- the local processing and control means (1) being
provided with second control means (21, 421, 217,

15 421’) which alternately activate, for 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 associated with two

rows of coverage areas aligned on the same

20 transceive axis of the road (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),

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

30 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,



30 of the parabolic type with an elliptical base, and form a
principal Iobe (at - 3db) with high gain correspondi ng to the

associ ated coverage area (C. 1-C. n) and secondary | obes, if any, at a-
very |l ow | evel. 5 6. System according to one or nore of the preceding

clainms, characterised int grary di nensi ons of the coverage
areas (C 1-C n) Ehie it qp?p ?sﬂéé hori zontal plane (1) at a | evel
(L4), for exanmple 1 m

anits (3) 10 abaxg.mma%ﬁéh”?éiﬁ o Pahe e 'evellllilllhlllﬁlllmlﬂclﬁlﬂ

120, 220, 26, 27, 7, 8) capable of transmlttlng ‘and

receiving at two different frequencies, the said two

frequencies being distributed alternately between

the aerials (A.2n-1, A.2n) within each group of
5 aerials (A.2n-1, A.2n);

- the two freqdencies 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

10 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 connected

16 alternately the aerials (&.2n-1, A.2n) of each of
the two groups.

2. System according to ciaim 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
20 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+l) ' spaced apart by an
amount smaller than the length of their minor axis.

25 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, | 121, 121’) of
analysing the answer signals from the on-board units (3)
which check the formal correctness of said signals, so

30 that, in the extremely rare eventuality that two on-board
units (3) come into a conflict within a single coverage



7. System according to one or nore of the preceding cl ai.ns,

tharacterised in that for a maxi num speed of 120 kn/ hr parallel to the
t hrough road and a naxi num speed of approxi mately 20 knf hr transversely

with respect to the 15 road,” and a maxi num communi cation tinme of 15 ns,

t he coverm'i@f&a&ﬂﬁcwﬁ]ﬂgﬁw dual bands have nmmjor axes (L1) of

1.5 m mnor axes (L2)

a centre spacing (L3) of 0.375 m

Sst em accor PB TRBE oP rore o the profal ng - o of NI ELAEL VR

in that the on-board unit (3) are provi ded with an act'ivatibn eV cé
(6) which activates the units i nmmedi ate%before the entry into the
bands of co¥erad€ . lmbay) qfconecagriah Idmmhdet 1y possiblbe to

transceiver stahig d Fdne PAE tﬁfb%wooéncsss&ag%ugwaﬁ) ﬁ(ggrmm@g

at | east one act I'vation aeri al assocl at the aerrals

(A 1-A n) and Ybenatheyimxterference due to the second on-board unit (3)
is at such a level that it does not compromise the

5  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 of more of the preceding
10 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 are.as
spaced apart in the direction of tranmsit, while the radio
15 communication between on-board wunit (3) and the
transceiver station take place in two chronologically
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 abtivation times being adapted to
20 the minimum times necessary for the execution of the
radio transmission of data only, at a predetermined
maximum transit speed, the internal procedures of the
transceiver station and of the on-board unmit (3) being
‘executed in the time interval between the two bands of
25 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.

30 5. System according to one or more of the preceding
claims, characterised in that the aerials (A.1-A.n) are

by



different frequency fromthese being |ocated before each band of
coverage areas. (C. 1-C. n), while the local 30 processing and control neans
(1) are provided with a _ 31

control system (321, 321') and with transmtter neans (28) connected to

the said activatTiag igeheé rdpiatement sheet 9. System according to one or nore
of the preceding '

pate: 1] o ‘A )

of the parabolic type with an elliptical base, and form
a principal lobe (at - 3db) with high gain corresponding
to the associated coverage area (C.1-C.n) and secondary
lobes, if any, at a very low level.

5 6. System according to one or more of the preceding
claims, characterised in that the primary dimensions of
the coverage areas (C.1-C.n) are made to lie in a
horizontal plane (I) at a level (I4), for example 1 m,
estimated to be the mean level of the on-board units (3)
10 above the through road.

7. System according to one or more of the preceding
claims, characterised in that for a maximum speed of 120
kn/hr parallel to the through road and a maximum speed of
approximately 20 km/hr transversely with respect to the

16 road, and a maximum communication 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.

20 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 activates
the units immediately before the entry into the bands of.
coverage areas (C.1-C.n) when commanded by the

25 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 these being located before each
band of coverage areas (C.1-C.n), while the 1local

30 processing and control means (1) are provided with a



clainms, characterised in that the |ocal processing and 5 control neans

(1) are provided with neans (21, 21') capabl e of determ ning the
position of on-board unit according to the aerial (A 1-A.n) with which
it has comuni cat ed. 10. System according to one or nore of the

preceding 10 clains, characterised in that the transceiver stationis

provided w th ofwea I . etecting the presence of a vehicle
and of identifying the po@ﬁfgﬁ'an% qconnec ed to neans ulml IIIMI "l
correlating the posit - detected by t sai d optlcal

that found 15 tﬂatiiug‘thl;Jlﬁ?‘aerl al (A 1-A n) with which the correspondl ng
on-board unit (3) has tered into comuni cati on. 11. System
according to clepominol @&vatenmelB2dd i321hht and whehopriagwmitgzers naans
comprise a plurgigf YoBhnbEted tcdthe sfiMidti{atio pas&%a?gzm the

| i near scan type, which are connected to contr means i mage
processi ng

9. System according to one or more of the preceding
claims, characterised in that the local processing and

5 control means (1) are provided with means (21, 21')
capable of determining the position of on-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
10 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
15 through the aerial (A.1-A.n) with which the corresponding
on-board unit (3) has entered into communication.

11. System according to claim 10, characterised in that
the optical means (37) comprise a plurality of television
cameras (31), preferably of the linear scan type, which
20 are connected to control means (32) and image processing
" means (33), the television cameras (31) being disposed in
alignment which each other transversely with respect to
the through road, and parallel to the coverage areas
(C.1-C.n) of the aerials (A.1-A.n) and with their optical
25 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 ffaming areas of the television cameras (31) are
disposed immediately before the coverage areas (C.1-C.n)

30 of the aerials (A.1-A.n).



means (33), the television caneras (31) being disposed in al i gnnent
whi ch each other transversely with respect to t he through road, and
parallel to the coverage areas (C.1-C.n) of the aerials (A 1-A.n) and
with their optical 25 axis (0) spaced far enough apart to obtain a

maxi mum measur enent resol ution (L17) | ess than the m#paer—axis of

SRt G T

t he coverage ar (C 30 of the aerials (A 1-A n).
32 Biel [T

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
5 claims, characterised in that it is provided with

optical/electronice means (38) of recording images of

vehicles passing illegally through the transceiver

station (Pl, P2), or without the execution of a correct

data exchange with the on-board units (3) of the
10 vehicles.

14. System according to claim 13, characterised in that
the optical/electronics means (38) of recording images of
vehicles in transit comprise one or more television
cameras (35) which are aimed in the direction of transit

15 of the vehicles towards the bands (P2) of coverage areas
(C.1-C.n) and whose framing area (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

20 means (1, 21‘, 22, 33) correlating the positions
determined by the optical means (37) of detection of the
presence and identification of the position of the
vehicles, and by means of the aerial (C.1-C.n) provided
at the said position, according to the detection or

25 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

claims, characterised in that the transceiver station

(P1, P2) is of modular construction, the aerials (A.l—-
30 A.n) and the activation aerials (AT) being distributed



12. System according to claim11l, characterised in that the television
canmeras (31) are associated with the second band (P2) of coverage areas
(C.1-Cn). 13. System according to one or nore of the preceding 5
clainms, characterised in that it 1is provided wth

optical/electronics nmeans (38) of recording i mages of —~— vehictes—passing |
i |1 egal ly thro(ts isthetreplasempobshedt s ation (P1, P2), '
execution of a correct data exchange Wé&h the on- boaﬁmm"m Hwﬁ" ’"Lhe

t i at .

10 vehicles. to: '1@ ﬁst em accordi ng claim 13, charactenis
t he optical/el SAPH 2 ans (38) of recording inmges of vehicles in
transit conprise one or nore television cameras (35) which are ained in

the direction ovelr andlured ity af@anads| @5k wachihaviandpansideyical
~coverage areaspymbers of aerials (A.1-A.8), while the local processing

and control means (1) are of the expandable card-based
type and have a control unit (21, 21’) designed to

5 control a specific. expandable number of aerial panels
(25), each aerial panels (25) being associated with its
own transceiver system (20, 120, 220, 26, 27, 28).

16. System according to one or more of the preceding
claims, characterised in that the local processing and
10 control means (1) have a station control unit (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 control of the aerials
(A.1-A.n), with the optical means (37) of detecting the
15 presence and identifying the position of vehicles, and
' with the optical/electronic means (38) of recording
images, as well as with signalling units and other
auxiliary station devices (30), such as barriers, the two
groups, in such a way that the coverage area (C.2n-1)
20 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.

17. A method for automatic detection of moving vehicles,
25 with automatic data exchangé in a system for ‘automatic
detection of moving vehicles with automatic data exchange
between a fixed transceiver station (P1, P2) and an on- -
board unit (3) for each vehicle according to one or more
of the preceding claims, in which:
30 - subdivision into individual coverage areas (C.1-C.n)
of an individual (A.1-A.n) of a band of coverage



(C.1-C.n) and whose fram ng area (135) is nade to lie before the
coverage areas (C. 1-C n), the said television caneras (35) being
connected to a unit (36) for control and recordi.ng of the imges
captured, conmanded by the 20 nmeans (1, 21', 22, 33) correlating the
posi tions determ ned by the optical neans (37) of detectionof the — —

presence and i (e isftheasplacemprit #heelosi tion of the Veg““@ﬂ“ﬂmgﬂﬂgwﬂ

means of the aerlal (C.1-C. n) provided 3@t the said po:

to the detecti ?,a q}?ndet ection of the answer signal

uni t (3) b ans he said aerials (C 1-Cn). 15. System
according to one or nore o the recedi ng clainms, characterised in that
the transceiver sta@ToM- E"FPTO EPlcé'thW}éro%&?@?'?@chﬁ (Bleis
aerials (A 1- 30 /Aspecipile@ihe activation aerials (AT) being distributed

T - the communication between each aerial (A.l1-A.n) and’

the on-board unit (3) in the aerials’ coverage area

5 (C.1-C.n) is processed separately 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

10 aligned on the same transverse axis of the road of
coverage areas (C.2n-1, C.2n), the covérage 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

15 activated for radio communication 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

20 smaller than those of the wvehicles and such that
they contain statistically one on-board unit (3);

- the aerials (A.2n-1, A.2n) of each group use two
different reception/transr_ttission frequencies, the
said frequencies being distributed, within each

25 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 capable of
transmitting and «receiving at the said two
frequencies.

30 - 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



33 over a plurality of panels (25) each having an identical

nunbers of aerials (A 1-A.8), while the |ocal processing and control
means (1) are of the expandabl e card-based type and have a control unit
(21, 21') designed to 5 control a specific expandabl e nunber of aerlal
panel s (25),_each aerial panels (25) bei ng associ ated wittrits
transcei ver systBWs(gthe eniacement sheet 27 0g) 16. lmﬂ' enm immlm rn
to one or nore of the preceding 35 , , , l

| Date: 14497 -

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.

18. Method according to claim 17, characterised in that
5 if two on-board units (3) are present in a single
coverage 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 levél, being enabled to communicate, when the
10 two signals are sufficiently different from each other.

19. Method according to one or more of the preceding
claims, characterised in that the data transmission is
execﬁted in two phases, each of which takes place in one
band (P1, P2) of coverage areas (C.1, C.2) of at least

15 two succéssive band (P1, P2) of coverage areas (C.1-C.n)
spaced apart in the direction of transit, while the
distance (L12) between the two bands is determined
according to the time required for the execution of the
internal procedures of the transceiver station and of the

20 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
25 band (Pl1) of coverage areas (C.1-C.n).

21. Method according to one or more of the preceding
claims, characterised in that the presence and positibn
- of the vehicle passing through the transceiver station
afe'detected, while the presence of answer signals at the



clainms, characterised in that the |ocal processing and 10 control neans

‘(1) have a station control unit (22) provided with neans (24, 2) of
comuni cation with a central processor (15) and with neans of
conmuni cati on with the neans (21, 21', 20) of control of the aerials

(A 1-An), wt 7) of detecting the 15 presence and
I denti fyi ng thﬁiﬂ%@%tﬁ)ﬁpﬁ%ﬂ@%ﬁ% and with the optical /eI ectronic
neans (38) of recordi i mges, as We%é as with si gj MU mlzﬂrﬂﬂ
ot her auxﬂ:umr»y)%l;[I ##on devi ces (30), “8uch as barri

groups, in such a way that the coverage area (C 2n-1) 20 relative to the,
aerial (A 2n-1) of one of the two groups operates at the sane frequency

as the i medi gu&ppt of dhecaeriabsellgd-arad (foribhe saidvdetecthd aerial
(A.2n) of thepeldiern &H oY %@%éﬁiéle is andlyfefP! RYUL f Phagll YAt Lhe

det ecti on of ITDVI ng vehicles, 25 wth automat|¥ daf a exchan g In a system
for automaticsaid q¥ebicilen oParbirHdardni cPEs the h ket Pdagst aatrahange

betveen a fixedinpneceb¥@edSkhbhohd Bhewed 81@§ndl 98 detected at the
5 output of the aforesaid aerials (A.1-A.n) or when the
communication is affected by errors.

22. Method according to one or more of the preceding
claims, characterised in that the activation time of the
aerials (A.1-A.n) are calculated in such a way as to

10 ensure at least the exchange of data on two consecutive
occasions within the coverage area (C.1-C.n) of the same
aerials (A.l1-A.n).

23. Method according to one or more of the preceding
claims, characterised in that the on-board unit (3) can

15 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 during their
passage through the fixed transceiver station.

24. Method according to one or more of the preceding

20 claims, characterised in that it is wused for the
automatic detection, with data exchange, or packages,.
goods, or other moving bodies on conveying means, for
example for monitoring and despatching to various
stations by conveyor and movement lines in installation

25 of the industrial type such as those for 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



board unit (3) for each vehicle according to one or nore of the

preceding clains, in which: 30 - subdi vi sion into individual coverage
areas (C. 1-C. n) of an individual (A 1-A n) of a band of coverage
areas, for conmunication with on-board unit (3) is speci fi ed.
- the connuniqﬁ;;z:ﬂifthen each aerial (A 1-A.n) and _ _
repiacemerit sheet _
| " w O Y

Date: HH @
claims, characterised in that it is used for automatic
detection, with data exchange, for example for the
monitoring and despatching of goods, packages, pieces, or
other types of bodies moved on conveyor lines, in goods

5 movement or processing installation.



the on-board unit (3) in the aerials' coverage area 5 (C.1-Cn) is
processed separately fromthat taking pl ace between ot hers
on-board unit (3) and ot her aerials (A 1-A n); - the aerials
(A.1-A.n) are divided into two groups (A . 2n-1, A 2n), each of

whi ch groups formtwo rows 10 al i gned on tims R %mmgh&&i s of
the road of coverage areas (C 2n-1, C. 2n), the coverage areas
(C.2n-1) of one of the two groups (A 38 1) bein _ alternate with
those (C.2n) of the other groups (A. Zn%?ﬁtﬂhim{a‘* 9% aerials

(A 2n-1) of one group are 15 activated for radi o communication
alternately

' h A 2 f Ih h f
alternate Cycgu PG Aol e 408 °£Q8£18£°89 mbPifigch case for

t hat : &,lﬁ—scover age area (C 1-C.n) has di mensions markedly 20
smal | er than those of the vehicles and such that t hey contain
statistically one on-board unit (3); - the aerials: (A 2n-1, A 2n) of

each group use two di f f er entaggpraton/ transm ssi on frequencies,
t he said frequencies being distributed, wthin each

A system for the automatic detection of moving
vehicles, with data exchange, particularly with automatic
toll charging, comprising a fixed receiving and
transmitting station capable of communicating with a
plurality of on-board transceiver units (3) each of which
is associated with one vehicle. To avoid confinement to
a single-carriageway transit 1ane of vehicles passing the
transceiver station, the invention specifies that the
transceiver station -is provided with a plurality of
aerials (A.l1-A.n), each of which forms a coverage area
(C.1-C.n) of dimensions considerably smaller than the
dimensions of the vehicles, so that only one vehicle can
pass through each coverage area at one time and
consequently only one on-board unit (3) can communicate
with each aerial (A.l1-A.n) at one time, while the signals
received by each aerial (A.l1-A.n) are processed separa-
tely from each other. The invention also specifies a
particular method of application.

Figure 1



25 gr oups,

alternately anong the correspondi ng aerials
(A 2n-1, A 2n),

while the fixed station and the on-
(3) are of the type capabl e of
said two

_ board units
transm ttdng. i aWiant shbet! Ne
frequencies. 30 - the two .¢ﬁgﬁﬁgﬁyﬁﬁgﬁbgk@g
distributed alternately - among the aerials (A 2n-1, A 2n) of the
two groups, in such a way that the coverpge: amd#| 9. 2n-1)
relative to the aerial (A 2n-1) of one P the two
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groups operates at the same frequency as the This is theerbpidosiment dheeent

. coverage area (C.2n) relative to the aerial (A 2n) of the other
group of aerials. 18. Method according to clﬁi m 1Z acterised in
that 5 if two on-board units (3) are present PH®3 ”‘u cover age

~area (C. 1-C.n) of one aerial (A 1-An), the answer signals fromthe
on-board units (3), nanely the one whose answer signal is correctly

intellegible and at a higher |evepsobeing enabled to comuni cate, when
the 10 two signals are sufficiently different fromeach other. 19.

Met hod according to one or nore of ‘the precedi ng clains, characterised
in that the data transmssion is executed in two phases, each of which
t akes place in one band (Pl1, P2) of coverage areas (C. 1, C 2) of at
| east 15 two successive band (P1, iElZ) of c%&r age areas (C. 1-C. n)
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spaced apart in the direction of transit, while the Tﬁkq%iﬁégﬁﬁqéﬁﬁéé t
e li shee

bet ween the two bands is determ ned according to t

t he execution of the i nternal procedures of the transceiver station and
of the 20 on-board units (3) and according to the neDaber gt agit

speed. 20. Method according to one or nere of the preécéding

clains, characterised in that the on-board units (3) are - activated by
the transceiver station before the firsts band (P1) of coverage areas
(C.1-Cn). 21. Method according to ohe or nore of the preceding
clainms, characterised in that the presence and position of the vehicle
passi ng through the transceiver station are detected, while the

presence of answer signals at the
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36 output of the aerials (A 1-A n) for the sai drgigtieghe eoplacemerdishegh

of the vehicle is analysed, the imge of the said vehicle, particularly
of the number plate area, bei ng recorded when no_answer, gignal is
detected at the 5 output of the aforesaid aerials (AP h')" AFahen t he
communi cation is affected by errors. 22. Method according to one or
nore of the preceding clains, characterised in that the activation tine
of the aerials (A 1-A.n) are cal cu“@ed in such a way as to
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10 ensure at |east the exchange. of data on two consedis iscthe Teplacemernt saeet
within the coverage area (C. 1-C. n) of the sane aerials (A 1-A n).
23. Method according to one or nore of the preceding cl

cani SE W en an

characterised in that the on-board unit (3) can 15 hi ca

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 during their
passage through the fixed transcei.ver st épn. : 24. Met hod accordi ng
to one or nore of the preceding 20 «claine,” characterised in that it

is wused for the automatic detection, with data exchange, or
packages, goods, or other noving bodi es on conveying neans, for

exanpl e f.or nonitoring and de;g?tching to varjAaopisA.m stations by zonveyor
and novenent lines in installaffon 25 of the indystrial type sucY{f as those
for the processing

or[ handli ng goods,| each ‘on- bc unidl (8) bei ng
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associ ated with each package, piece or body which is This l;g)u@jgeplacemeﬂlgheet
Met hod according to one or nore of the preceding 37

clainms, characterised in that it is used for autonmatic det(a_ q—_’gn W th
dat a exchange, for exanple for the Date: ’ (1
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moni toring and despatching of goods, packages, pieces, B0is is tha neplacement shoet
bodi es noved on conveyor lines, in goods 5 novenent or processing
i nstal | ati on. Date: 14,4)97‘
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This is the replacement sheet
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