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(54) Automatic toll pay system

(57)  Thereisdescribed an automatic toll pay system
(1) having an on-vehicle unit (2) installable on a vehicle
(3) to receive and memorize toll information; and at least
one ground unit (4) installable at a toll point and in turn
having a detecting device (13) for detecting passage of
one or more vehicles (3) through the toll point, and a
transmitting device (7) activated by the detecting device

(13), upon detection of one or more vehicles (3), to
transmit toll information to the on-vehicle unit (2); the
on-vehicle unit (2) having a receiving device (7a) for re-
ceiving the toll information transmitted by the ground
unit (4), and a transmitting device (7, 10) for transmitting
the toll information to a remote unit (5) which processes
it to collect the toll of the vehicle (3).
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Description

[0001] The present invention relates to an automatic
toll pay system.

[0002] More specifically, the present invention relates
to a vehicle automatic toll pay system for city roads and/
or highways, motorways, car-parks, city areas and re-
stricted traffic areas, or any vehicular traffic toll area in
general; to which application the following description
refers purely by way of example.

[0003] As is known, conventional highway or motor-
way vehicle toll pay systems comprise a number of en-
trance stations or booths where the vehicle entering the
highway toll section is identified, and a number of exit
stations or booths where the toll of the highway section
travelled by the vehicle is collected manually or auto-
matically.

[0004] To prevent traffic jams forming at motorway toll
stations or booths, legislation has been passed whereby
these will be completely eliminated over the next few
years, so that toll pay systems are required permitting
automatic so-called "free-flow" toll collection, i.e. in
which vehicles are not required to travel between an en-
trance and exit booth.

[0005] It is an object of the present invention to pro-
vide an automatic toll pay system employing no toll area
entrance/exit booths.

[0006] According to the present invention, there is
provide an automatic toll pay system as claimed in Claim
1.

[0007] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows, schematically, an automatic toll pay
system in accordance with the teachings of the
present invention;

Figure 2 shows a block diagram of an on-vehicle
unit forming part of the Figure 1 system;

Figure 3 shows a block diagram of a ground unit
forming part of the Figure 1 system;

Figure 4 shows a block diagram of a local data col-
lection device forming part of the Figure 1 system;
Figures 5 and 6 show flow charts of the operations
performed respectively by the ground and on-vehi-
cle units forming part of the automatic toll pay sys-
tem in Figure 1.

[0008] Number 1 in Figure 1 indicates as a whole an
automatic toll pay system comprising at least one on-
vehicle unit 2 installed on a vehicle 3 to receive and
memorize information by which to determine the toll of
vehicle 3 relative to a corresponding highway toll section
or toll area.

[0009] System 1 also comprises at least one ground
unit 4 installed at a given toll point of a toll area and/or
highway section, and which communicates toll informa-
tion to on-vehicle unit 2 of vehicle 3 as vehicle 3 travels
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past ground unit 4, i.e. through the toll point.

[0010] System 1 also comprises a remote data collec-
tion unit 5 which, as vehicle 3 comes to the end of the
toll sections, receives from each on-vehicle unit 2 the
toll information memorized in on-vehicle unit 2, and
processes the information to calculate the total toll pay-
able by the user of vehicle 3.

[0011] As explained in detail later on, in actual use,
as vehicle 3 travels along a highway toll section or enters
a toll area, on-vehicle unit 2 receives from each ground
unit 4, located along the highway section or at the en-
trance to the toll area, all the information required to cal-
culate the toll, memorizes it temporarily, and then down-
loads, i.e. transmits, it remotely to remote data collection
unit 5, which in turn processes it to calculate the total
toll payable by the user of vehicle 3.

[0012] With reference to Figure 2, each on-vehicle
unit 2 substantially comprises a user interface unit 6, a
short-range communication device 7, a memory device
8, a central processing unit 9, and an interface device
10.

[0013] User interface unit 6 generates an audio and/
or visual warning signal to inform the user of vehicle 3
that vehicle 3 is approaching a toll point of a toll area
and/or highway toll section. User interface unit 6 prefer-
ably also generates the warning signal to indicate other
specific conditions, such as a malfunction of on-vehicle
unit 2 caused, for example, by space run-out of memory
device 8, or any other malfunction of on-vehicle unit 2
preventing correct reception, storage, or transmission
of toll data or information. In the example shown, user
interface unit 6 may be defined by a display and/or a
number of LED's and/or one or more speakers for in-
forming the user of vehicle 3 of any of the above critical
conditions.

[0014] Short-range communication device 7 provides
for two-way communication between on-vehicle unit 2
and each ground unit 4 as vehicle 3 approaches the toll
point, i.e. drives past at a limited distance from ground
unit 4.

[0015] More specifically, short-range communication
device 7 may comprise a preferably radio-frequency re-
ceiving module 7a for receiving an identification request
signal transmitted by ground unit 4 and containing the
toll information of vehicle 3.

[0016] Short-range communication device 7 also
comprises a preferably radio-frequency transmitting
module 7b which, upon reception of the identification re-
quest signal, transmits to ground unit 4 a reply signal
containing information unequivocally identifying on-ve-
hicle unit 2 of relative vehicle 3. In the example shown,
the identification request signal comprises a code iden-
tifying ground unit 4 generating the signal; and toll infor-
mation.

[0017] The identification request signal may prefera-
bly, though not necessarily, also contain additional infor-
mation indicating the arrival time of vehicle 3 at the toll
point of the highway toll section or toll area, such as the
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date and time vehicle 3 drives through, and/or other
types of general information concerning road condi-
tions, traffic flow, accidents or detours, or information
such as advertising and/or motorway service announce-
ments.

[0018] Thereply signal contains a code identifying on-
vehicle unit 2; and a code identifying vehicle 3 and pref-
erably, though not necessary, corresponding to the li-
cence plate number.

[0019] With reference to Figure 2, memory device 8
memorizes the toll information and identification codes
transmitted by ground unit/s 4; and interface device 10
interfaces on-vehicle unit 2 with any telephone appara-
tus 11, such as a cellular telephone or any device incor-
porating a telephone communication module on vehicle
3, to establish telephone communication over apparatus
11 with remote data collection unit 5, and transmit the
toll information memorized in on-vehicle unit 2 to remote
data collection unit 5.

[0020] In other words, the toll data and information
memorized in on-vehicle unit 2 can be downloaded by
interfacing on-vehicle unit 2 with a telephone apparatus
11, such as a cellular telephone, which transmits the toll
data directly to remote data collection unit 5. The trans-
mission may obviously be made by conveniently coding
the toll information over the cellular telephone in one or
more SMS (Short Message System) messages, which
are then sent to a telephone module (not shown) of re-
mote data collection unit 5, or by automatically connect-
ing the cellular telephone to a predetermined (e.g. free-
phone) number associated with remote data collection
unit 5.

[0021] Interface device 10 may be defined by a com-
munication circuit for establishing communication, over
a wired or wireless transmission system, with the cellu-
lar telephone or any other type of telephone apparatus
11 on vehicle 3, to download and transmit the memo-
rized toll information to remote data collection unit 5 over
apparatus 11. In the example shown, information is
transmitted to the cellular telephone by the above circuit
in known manner by wireless communication technolo-
gy, in which data is received and transmitted by the di-
aloguing equipment by radio-frequency (RF) or infrared
(IR) communication, e.g. BLUETOOTH technology or
similar; or by wired technology using, for example, USB
communication ports or communication systems em-
ploying similar protocols.

[0022] With reference to Figure 2, the functions per-
formed by the above devices forming part of on-vehicle
unit 2 are coordinated and controlled by central process-
ing unit 9 defined, for example, by a microprocessor,
which is therefore able to control the operations per-
formed by user interface unit 6, short-range communi-
cation device 7, memory device 8, and interface device
10.

[0023] On-vehicle unit 2 may preferably, though not
necessarily, also comprise a locating module 23 of ve-
hicle 3, which may be defined by a navigation device for

10

15

20

25

30

35

40

45

50

55

determining at any instant the geographic position of ve-
hicle 3 equipped with on-vehicle unit 2 (a GPS or similar
navigation system). It should be pointed out that, by de-
termining the position and travelling direction of the ve-
hicle, locating module 23 provides for more accurately
tracing and determining passage of the vehicle at each
toll point.

[0024] On-vehicle unit 2 may also comprise a protec-
tive casing (not shown) housing the above devices and
appropriately installed inside the passenger compart-
ment of vehicle 3.

[0025] As stated, each ground unit 4 is installed at a
given toll point, which may be located at an entrance
and/or exit or in any other position, depending on the
type of highway toll section or toll area concerned.
[0026] For example, in the case of a "self-contained"
section of highway, such as a section of motorway, in
which the toll varies depending on the distance travelled
by vehicle 3, ground units 4 may be installed in place of
toll stations or booths at the entrances and exits to and
from the motorway. In which case, on-vehicle unit 2 of
vehicle 3 interacts with the ground units 4 encountered
on entering and exiting the highway section respective-
ly, from which it receives all the information required to
determine the distance actually travelled and on which
the toll is calculated. In the case of a toll area or "open"
highway toll section, on the other hand, in which the toll
is fixed regardless of the distance travelled, one toll point
equipped with one ground unit 4 is obviously sufficient.
[0027] With reference to Figure 3, each ground unit 4
substantially comprises a vehicle detecting device 13,
a memory device 14, a short-range communication de-
vice 15, a long-range communication device 16, a li-
cence plate recognition device 17, and a data process-
ing device 18.

[0028] Detecting device 13 detects the presence of
one or more vehicles 3 at the toll point where ground
unit 4 is installed, and may be defined by an optoelec-
tronic sensor or any other similar sensor capable of gen-
erating a presence signal indicating passage of one or
more vehicles 3 past the toll point.

[0029] Memory device 14 memorizes the identifica-
tion code of relative ground unit 4, and the toll informa-
tion relative to the highway section or area covered by
ground unit 4.

[0030] Memory device 14 preferably, though not nec-
essarily, also memorizes additional information, such as
traffic announcements, advertising, or similar messag-
es, which may be transmitted to ground unit 4 by remote
data collection unit 5.

[0031] When the reply signal is received, memory de-
vice 14 also memorizes the code of on-vehicle unit 2
and the licence plate number of the vehicle 3 detected
by detecting device 13.

[0032] With reference to Figure 3, short-range com-
munication device 15 provides for two-way communica-
tion with short-range communication device 7 of on-ve-
hicle unit 2 as vehicle 3 approaches the toll point. More
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specifically, short-range communication device 15 may
be defined by a preferably radio-frequency transmitting
module 15a for transmitting the identification request
signal to on-vehicle unit 2; and by a preferably radio-
frequency receiving module 15b for receiving from
transmitting module 7b of on-vehicle unit 2 the reply sig-
nal containing information unequivocally identifying on-
vehicle unit 2 and relative vehicle 3.

[0033] Licence plate recognition device 17 provides
for detecting in image format the licence plate of vehicle
3 driving past the toll point, in the event ground unit 4
fails to identify vehicle 3.

[0034] Such is the case when on-vehicle unit 2 fails
to transmit the reply signal to ground unit 4, which in turn
may depend on various factors: vehicle 3 has no on-
vehicle unit 2; space run-out of memory device 8 (full-
memory condition); or any other malfunction of on-vehi-
cle unit 2 of vehicle 3.

[0035] In the example shown, licence plate recogni-
tion device 17 may be defined by one or more image
acquisition devices, such as still cameras, video camer-
as or similar equipment set up appropriately at the toll
area or highway toll section to pick up, on command, an
image of the licence plate of vehicle 3 travelling through
the toll area or highway toll section.

[0036] Withreferenceto Figure 3, long-range commu-
nication device 16 provides for two-way communication
with remote data collection unit 5 to permit remote up-
dating of the information stored in each ground unit 4,
such as toll rates, or to communicate fresh information,
such as traffic announcements, advertising, etc.
[0037] Data processing device 18 may be defined by
a microprocessor for controlling and coordinating the
operations performed by the above devices forming part
of ground unit 4.

[0038] With reference to Figures 1 and 4, system 1
preferably, though not necessarily, also comprises one
or more local data collection devices 19, each of which
is appropriately installed along the highway toll section
or in the toll area to communicate short-range with re-
spective on-vehicle units 2 as vehicles 3 drive through,
and receive from on-vehicle units 2 the toll information
memorized in respective memory devices 8. On receiv-
ing the data downloaded by on-vehicle unit 2, each local
data collection device 19 transmits the information
"long-range" to remote data collection unit 5. In other
words, in use, each on-vehicle unit 2 downloads the
memorized toll data to a local data collection device 19,
which in turn sends it on to remote data collection unit 5.
[0039] More specifically, with reference to the Figure
4 example, each local data collection device 19 substan-
tially comprises a short-range communication block 20
enabling "short-range" communication between on-ve-
hicle unit 2 and local data collection device 19 to "down-
load" the toll data memorized in on-vehicle unit 2; a long-
range communication block 21 enabling "long-range"
communication between local data collection device 19
and remote data collection unit 5 to transmit the data
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downloaded by on-vehicle unit 2 to remote data collec-
tion unit 5; and a processing device 22 for controlling
data reception from on-vehicle unit 2 and data transmis-
sion to remote data collection unit 5.

[0040] In connection with the above, it should be
pointed out that, in an embodiment not shown, local data
collection device 19 may be integrated directly in ground
unit 4 to download the data memorized in on-vehicle unit
2 at the toll point.

[0041] Remote data collection unit 5 provides for col-
lecting the toll, i.e. collects the data transmitted remotely
by each on-vehicle unit 2, processes it to calculate the
toll sum, and identifies the on-vehicle unit 2 to determine
the user the calculated sum is to be debited to. Remote
data collection unit 5 may obviously be enabled to com-
municate the total toll sum of each user to a bank circuit
(not shown) which, in turn, carries out the transaction
automatically in known manner.

[0042] Operation of system 1, and in particular of
ground unit 4 and on-vehicle unit 2, as a vehicle 3 drives
through a toll point equipped with ground unit 4, will now
be described with reference to Figures 5 and 6 respec-
tively. For the sake of simplicity, reference is made to a
toll point of a highway toll section.

[0043] With reference to Figure 5, the ground unit 4
installed at the toll point at the entrance or exit to or from
a highway toll section remains on standby until detecting
device 13 detects the passage of one or more vehicles
3 through the toll point (block 100).

[0044] The standby condition ends (YES output of
block 100) when detecting device 13 detects the pres-
ence of a vehicle 3 and supplies data processing device
18 with a signal containing coded information relative to
the passage of vehicle 3 through the toll point.

[0045] On receiving the signal indicating detection of
vehicle 3, data processing device 18 of ground unit 4
commands transmission by transmitting module 15a of
short-range communication device 15 of the identifica-
tion request signal which, as stated, contains the code
identifying the ground unit 4 at the toll point, and the toll
information memorized in memory device 14 (block
110).

[0046] Following transmission of the identification re-
quest signal, ground unit 4 prepares to receive the reply
signals from on-vehicle units 2 of the detected vehicles
3 (block 120). Atthis point, ground unit 4 processes each
incoming reply signal to determine and memorize the
respective code identifying the on-vehicle unit 2, and the
code identifying vehicle 3 and preferably corresponding
to the licence plate number of vehicle 3.

[0047] At this point, ground unit 4 checks that each
vehicle 3 detected by detecting device 13, and which
has therefore actually passed through the toll point, has
completed its identification, i.e. has transmitted the rel-
ative reply signal. This may be done, for example, by
checking the number of vehicles 3 detected by detecting
device 13 matches the number of identification codes
transmitted by on-vehicle units 2 of vehicles 3 (block
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130). In the event of a negative response (NO output of
block 130), i.e. if the check shows one or more vehicles
3 have not sent a reply signal identifying vehicle 3,
ground unit 4 enables licence plate recognition device
17 (block 140) which acquires an image of the licence
plate of each vehicle 3 travelling through.

[0048] At this point, ground unit 4 proceeds to identify
the vehicles 3 not recognized due to non-reception of
the reply signal (block 150), by checking for a match be-
tween the licence plate numbers recognized by image
acquisition, and the licence plate numbers memorized
by decoding the reply signals. Ground unit 4 thus picks
out the licence plate numbers of the vehicles 3 not iden-
tified by receiving the reply signals, and, by means of
long-range communication device 16, transmits the li-
cence plate numbers of the unidentified vehicles 3 to
remote data collection unit 5, which identifies and debits
the tolls to the users of vehicles 3 in known manner.
[0049] Conversely, if each detected vehicle has been
identified (YES output of block 130), operation is termi-
nated, and ground unit 4 switches back to standby pend-
ing passage of another vehicle 3.

[0050] Figure 6 shows operation of on-vehicle unit 2
of vehicle 3 as the vehicle travels through the toll point
equipped with ground unit 4.

[0051] As vehicle 3 approaches ground unit 4, relative
on-vehicle unit 2 receives the identification request sig-
nal, and, by means of interface device 6 (block 400),
activates the visual and/or sound signal informing the
user that vehicle 3 is approaching the toll point (at the
entrance or exit to or from the highway toll section).
[0052] At this point, on-vehicle unit 2 checks relative
memory device 8 is in condition to receive the toll infor-
mation transmitted by ground unit 4 (block 410) - in the
example shown, checks whether the space in memory
device 8 has run out.

[0053] Ifit has, i.e. if memory device 8 cannot store
any more data (memory run out) (YES output of block
410), central processing unit 9 disables short-range
communication device 7 and interface device 10 to cut
off transmission of the reply signal (block 420), and
ground unit 4 proceeds to acquire an image of the li-
cence plate number of the vehicle.

[0054] Conversely, if it has not, i.e. memory device 8
is in condition to receive data (memory not run out) (NO
output of block 410), transmission of the reply signal by
transmitting module 7b is activated to identify both ve-
hicle 3 (preferably the licence plate number) and the rel-
ative on-vehicle unit 2 (identification code).

[0055] On-vehicle unit 2 then processes the identifi-
cation request signal to determine and memorize the toll
information in memory device 8 (block 430).

[0056] Once the toll information is memorized, on-ve-
hicle unit 2 of each vehicle 3 transmits - at predeter-
mined instants and/or when the space occupied in mem-
ory device 8 reaches a predetermined maximum thresh-
old corresponding, for example, to half the total availa-
ble space in the memory - all the memorized information
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to remote data collection unit 5, which proceeds to en-
able collection of the memorized toll/s.

[0057] More specifically, information can be transmit-
ted by on-vehicle unit 2 in two modes : a first by down-
loading the toll information via short-range communica-
tion device 7 to local data collection devices 19; and a
second by transmitting information over an on-vehicle
telephone apparatus 11, e.g. a cellular telephone.
[0058] In the example shown, the first transmission
mode (block 440) may be implemented as vehicle 3 ap-
proaches a local data collection device 19; in which
case, transmitting module 7b of on-vehicle unit 2 trans-
mits the toll information and the information identifying
on-vehicle unit 2 to short-range communication block 20
of local data collection device 19, upon which, process-
ing device 22 enables long-range communication de-
vice 21 to transmit the information to remote data col-
lection unit 5, which then processes the information to
calculate the toll owed by the user of vehicle 3.

[0059] In the second transmission mode (block 450),
the toll information and the information identifying on-
vehicle unit 2 and stored in memory device 8 is trans-
mitted over telephone apparatus 11 which, when con-
nected to interface device 10, receives the information
from on-vehicle unit 2 and transmits it telephonically to
remote data collection unit 5.

[0060] System 1 is particularly advantageous by per-
mitting fully automatic toll payment and, therefore, elim-
ination of the toll stations or booths at motorway entranc-
es and exits. The entire vehicle recognition and toll cal-
culation process, in fact, is performed directly by system
1, with no direct intervention whatsoever required of the
user of the vehicle travelling along the toll section. Pay-
ment by the user in coin or paper currency or by credit
card, typically required by current pay systems at the
end of the motorway, is completely eliminated, thus re-
sulting in smoother traffic flow at motorway entrances
and exits, with obvious advantages in terms of entrance/
exit hold-ups, road-user convenience, and reduced pol-
lution of toll points.

[0061] The system is also extremely straightforward,
by the ground unit being installable directly on the shoul-
der, with no fixed gantry structure required over the road,
and at the same time is extremely flexible, by enabling
transmission of the toll data stored in the on-vehicle unit
over a cellular telephone or by means of local data col-
lection devices.

[0062] Clearly, changes may be made to the system
as described and illustrated herein without, however,
departing from the scope of the present invention.

Claims

1. Anautomatic toll pay system (1), characterized by
comprising:

an on-vehicle unit (2) installable on a vehicle
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(3) to receive and memorize toll information;
and

at least one ground unit (4) installable at a toll
point and in turn comprising:

- vehicle detecting means (13) for detecting
passage of one or more vehicles (3)
through said toll point;

- transmitting means (15a) activated by said
detecting means (13), upon detection of
one or more vehicles (3), to transmit toll in-
formation to said on-vehicle unit (2);

said on-vehicle unit (2) comprising receiving
means (7a) for receiving said toll information
transmitted by said ground unit (4); and trans-
mitting means (7b, 10) for transmitting said toll
information to a remote unit (5) which process-
es it to collect the toll of said vehicle (3).

A system as claimed in Claim 1, characterized in
that said on-vehicle unit (2) comprises memory
means (8) for temporarily memorizing said toll infor-
mation.

A system as claimed in Claim 1 or 2, characterized
in that said transmitting means (7b, 10) of said on-
vehicle unit (2) comprise a communication module
(10) connectable to a telephone apparatus (11) to
transmit said toll information over the telephone ap-
paratus (11) to said remote unit (5).

A system as claimed in Claim 3, characterized in
that said telephone apparatus (11) is a cellular tel-
ephone.

A system as claimed in any one of the foregoing
Claims, characterized in that said transmitting
means (7b,10) of said on-vehicle unit (2) comprise
a transmitting device (7b) for transmitting to said
ground unit (4) a reply signal identifying the licence
plate of said vehicle (3) and said on-vehicle unit (2).

A system as claimed in Claim 5, characterized in
that said transmitting device (7b), on command,
transmits said toll information memorized in said
on-vehicle unit (2); and by comprising at least one
local data collection device (19) installed at a transit
point of said vehicle (3) to receive, as said vehicle
(3) drives through, said toll information transmitted
by said transmitting device (7b); said local data col-
lection device (19), on receiving said toll informa-
tion, enabling long-range transmission of said toll
information to said remote unit (5).

A system as claimed in any one of the foregoing
Claims, characterized in that said on-vehicle unit
(2) comprises a licence plate recognition device
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10.

11.

(17) for acquiring, on command, an image of the li-
cence plate of each said vehicle (3).

A system as claimed in Claim 7, characterized in
that said ground unit (4) comprises control means
(13) for enabling said licence plate recognition de-
vice (17) on determining non-transmission of said
reply signal by an on-vehicle unit (2) of a vehicle
detected by said detecting means (13).

A system as claimed in Claim 8, characterized in
that said ground unit (4) comprises communication
means (16) for transmitting to said remote unit (5)
the licence plates of the vehicles not identified by
said ground unit (4) by processing said reply signal.

A system as claimed in any one of the foregoing
Claims, characterized in that said on-vehicle unit
(2) comprises an interface device (6) for acoustical-
ly and/or visually informing the user of the vehicle
(3) that the vehicle (3) is approaching a toll point.

An on-vehicle unit (2) for an automatic toll pay sys-
tem (1) as claimed in any one of the foregoing
Claims.
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