GPé B’ASED H_&CTRO\II C ROAD PRI CI NG SYSTEM The present i nvq&& g)orlﬁﬂg ates to
an .el ectroni ¢ road pricing systemutilising the d obal t” g ‘System
(GPS) commi ssi ened by the Defence Departnent of the United tes of
Anerica. At ‘present, a variety of options are being pursue Valj ous
countries with regard to electronic roag pricing systenms for %tically
‘collecting toll charges fromroad users w thout the need for theéfspecific
construction of a toll plaza including toll booths, as required at present,
so that toll charges Gesh BABERS EEECFTHONDC OROAD CPRIGINGG¥ATEMr debited from
a credit provided on a snmart card or subsequently billed fromthe user. The
obj ect of the present invention is to provide an electronic road pricing
system utilising the 'Illfla)tmfem t ivnemiyi @y stelateg CBS) ant @hem’tm:iqwhi cle
novenents an a g t e Olp &Y.
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recei ving si gifd Uit 9@ te0b2l aRasitioni ng System (GPS) and provi ding
positional data in respect thereto; a controller for receiving said

positional data from said receiver and including neans for producing
billing informationat gaeesefitng a tvariduyedeferspbbéhs are being

pursued in various countries with regard to electronic

road pricing systems for automatically collecting toll
charges from road users without the need for the
specific construction of a toll plaza including toll
booths, as required at present, so that toll charges
can be assessed automatically and either debited from a
credit provided on a smart card or subsequently billed
from the user.

The object of the present invention is to
provide an electronic road pricing system utilising the
Global Positioning System (GPS) to monitor vehicle
movements and bill users accordingly without the need
for erection of expensive and large toll plazas.

According to the present invention there is
provided an electronic road pricing system comprising:

a receiver for receiving signals from the
Global Positioning System (GPS) and providing positional
data in respect thereto;

a controller for receiving said positional data
from said receiver and including means for producing
billing information according to predetermined
parameters and said positional data;

wherein additional means are provided for
supplying correctional offsets, combining different
possible errors, to said GPS receiver to improve the
accuracy of said positional data provided by said



paranéters and said positional data; wherein additional neans are provided
for supplying correctional offsets, conmbining different possible errors,
to said GPS receiver to inprove the accuracy of said positional data

provi ded by said -2- receiver. Preferably, said controller outputs said
billing information directly to a card geader, which is preferably a smart
card reader, which may, for exanple, be charged with a predeterm ned credit
| evel so that said billing information nmay be utilised to deduct specified
anmount s fromceiveird credit | evel or alternatively indicate a debit
|l evel if said credit is fully consuned. Preferably said smart card

reader includes neans for indicating the level of credit avail able, or
al ternatively, the afs@ferablyebraifdneemteellsgyr it Wer Faide®dildyag. The

GPS syst em utjirfcyathtaent h%ﬁr&%q?t Itd/ ey | OPa k@ PFE&8Sr, AwhiEhWork oOf
ground stations and a constellation of 24 satellites positioned in an

altitude of PESF®FaRlYed sHagt iG3§% Feagsteh VB4 EPy MY hEGKs SXATREEN a way
that at |eastped chaehéd! @dthhaul greg@etefmbhad t 6raaytr aetictersat takk ti nes

enabl i ng trmaé?@g(agaagiggveinformation may be utilised to deduct
specified amounts from said credit level or
alternatively indicate a debit level if said credit is
fully consumed. Preferably said smart card reader
includes means for indicating the 1level of credit
available, or alternatively, the amount of debit
incurred up to a permitted level.

The GPS system utilised by the present invention
comprises a network of ground stations and a
constellation of 24 satellites positioned in an altitude
of 11,000 miles, orbiting the earth every 12 hours in
such a way that at least 4 satellites should be visible
to any receiver at all times enabling the system to give
a reasonably accurate indication of the terrestrial
location of the receiver at any particular time. Each

.satellite is equipped with an atomic clock which
assists with the generation of a complicated pre-defined
Pseudo-Random sequence which is unique +to each
satellite. Two separate forms of code are then
transmitted on two difference channels. The P-Channel
is heavily scrambled and encrypted and is primarily
intended for military use, while the C/A-Channel is
receivable by moderately complicated receivers, allowing
more generalised use of the system.

Given the sequence to be transmitted from the
satellites and by means of a clock synchronised with the
GPS clock, a receiver can generate the same code
sequence and by measuring the time difference between



a reasonabl y accurate indication of the terrestrial |ocation of the
receiver at any particular tinme. Each satellite is equipped with an atomc
cl’'ock which assists with the generation of a conplicated pre-defined

Pseudo- Random sequence which is wunique to each satellite. Two
separate fornms of code are then irpansmtted on two difference
channel s. The P-Channel is heavily scranbled and encrypted and is

primarily intended for mlitary use, while the C A-Channel is receivable by
noder at el y c&hpl arativdlr efeither samel codengronr diféerenti setelilttes, t he
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relative position to,the satellites. Since the signature and, thus the
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Unfortunately, the system is not free from
error, sources of the errors that can affect resolution
of the calculations are:

1) Signal Path Delays, e.g. Atmospheric and
Tonospheric conditions;

2) Orbital variations, primarily caused by
satellite deviations from their intended orbits; and

3) Selective availability, which 1is a random
decommissioning of satellites by the U.S. Department of
Defence to degrade its military reliability and thereby
prevent hostile military forces from utilising the GPS
service.

The combined effect of the abovementioned error
sources can cause positional accuracy to vary between 20
metres to 100 metres.

Since a coarse resolution of proximity
information does not enable a GPS based system to be a
strong contender for an application such as electronic
road pricing, it is necessary to provide a means for
improving the accuracy of said positional data primarily
on a local basis. By such a means, if the GPS receiver
is supplied with correctional off-sets, combining
different possible errors, highly accurate positional



error, sources of the errors that can affect resolution of the cal cul ati ons

are: 1) Signal Path Del ays, e.g. Atnospheric and |onospheric
conditions; 2) O bital vari ations, primarily caused by
satellite deviations fromtheir intended orbits; and 3) Sel ective

availability, which is a random decgnmi ssioning of satellites by the

U S. Departnent of Defence to degrade its mlitary reliability and thereby
prevent hostile mlitary forces fromutilising the GPS service. The

conmbi ned ef f ecal@flaticonhodewento ohetleteroresolintéencaanc deseepskilyi onal
accuracy to y§§ﬂ3£$gd@en 20 netres to 100 netres. Since a coarse

resol ution 0 proximty informati on does not enable a GPS based system
to be a strong contender for an application such as el ectronic road

pricing, it is necesspfy iRcReRt dendeBRR hANL1 MRERVIHE dsewWeadcy of
said positional data primarily on a |ocal basis. By ,such a neans, ,if the
GPS recei ver f%l?%ﬂ‘vﬁ?%?%c‘iqm FFRATY 10 ARAVIRGSdi Fif%r ent

possi bl e errogisichi-ghl y accurate positional -4- calculations down to 5
nmeter resolution can be readily
Fig. 1 illustrates an electronic road pricing
system according to the present invention;
Fig. 2 illustrates the in~car smart card reader
and receiver unit;
Fig. 3 illustrates an enforcement set-up; and
Fig. 4 illustrates the enforcement egquipment in
more detail.

As can be seen from Fig. 1, the system comprises
a fixed GPS receiver positioned in a known location and
which is utilised to enable the calculation of the
instantaneously combined error offsets per detected
satellite. This information is time multiplexed into a
local FM broadcast covering a predetermined area. In
each vehicle which is fitted with such a GPS electronic
road pricing system, a low-cost in-vehicle GPS receiver
is installed which is firstly capable of receiving the
coarse positional data, and secondly able to receive the
local FM broadcast containing said correctional
information from said fixed GPS receiver to enable the
in-vehicle GPS receiver to take into account the
correctional offsets and output highly accurate
positional data.

The in-vehicle GPS receiver is provided with a
Micro-strip antenna Structure capable of receiving low
power RF signal. The carrier frequency is 1.57528 Ghz
and the signal power is well below the background noise
level of -120 dBm. This makes it almost impossible to



achi eved. The present invention will now be described further with
reference to the acconpanying drawings, in which:- Fig. 1 illustrates an

el ectronic road pricing systemaccording to the present invention; Fig. 2
illustrates the in-car smart card reader and receiver unit; Fig. 3
illustrates an enforcenent set-up; and Eig. 4 illustrates the enforcenent
equi pnent in nore detail. As can be seen fromFig. 1, the system conprises
a fixed GPS receiver positioned in a known |ocation and which is utilised
to enabl e thejaml dhleat GBA ofigmeel i nst @heansmesivercogbimpedsesr wf ofRFset s per

det ect ed sat e]!'éééf\ieg@l d%{%c%rﬁté%%@rioi giigea%l;i&v% Iéi into a local FM

br oadcast covering a pre area. I'h each cle which is fitted
with such a GPS el ectronic road pricing system a |owcost in-vehicle GPS
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of fsets and output highly accurate positional data. The in-vehicle
GPS recei ver ’F%n%’bvisﬁg&eﬂgﬁ‘h generators, Each code generator 1is

capable of reproducing the unique code sequence of any
of the available 24 satellites. These code generators
are controlled by a search algorithm that identifies the
most likely cluster of codes that should be tried. If a
match is found, the DSP engine is signalled to lock to
that satellite and retrieve the information. Based on
the recovered information, the distance to each
detected satellite is calculated. A simple FM receiver
on a fixed frequency is also included which receives
burst correctional data from the local FM station. The
correctional offsets, plus distances to each satellite
will be used by the DSP engine to calculate the exact
co-ordinates of the receiver. Furthermore, to counter
the Doppler effect caused by relative movement of
satellites and the receiver, numerically controlled
oscillators are implemented that feed the code
generators and the signal matching modules.

The positional data from said GPS receiver is
output to an interface module and system controller
respectively capable of interpreting and reformatting
the receiver data running billing and system control
software. Data relating to billing zones and tariffs is
stored in a data bank. The data bank is essentially an
EEPROM that can be accessed and uploaded through a
protected port. The port can be accessed by specially
designed matching instruments that execute a
predetermined dialogue and exhibit specially encoded
passwords. These matching access devices are



Mcro-strip antenna Structure capabl e of receiving | ow power RF signal .
The carrier frequency is 1.57528 Ghz and the signal power is well below the
background noi se |l evel of -120 dBm This nakes it al nbst inpossible to

-5- jamthe GPS signal. The receiver conprises of RF receiver
circuitry, control and a DSP engine. Ang nput signal is first down
converted through several stages of nultiplication and filtering. It is

t hen conpared agai nst the outputs of a nunber of pseudo- random sequence
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on the recovered informtion the distance to each detected satellite
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Furthernore, &b thenhetess is recorded both in the EEPROM as well as
inside the Smart Card. Therefore, at any point in time,
two identical copies of the access history are held by
the system. Each update is also time stamped so that it
should go into effect at a particular time and date. It
is therefore possible to activate and enforce a new
tariff regardless of when the actual update has been
loaded into the system. If so desired, it is even
possible to update the 2zonal and tariff information
through the FM data channel.

Since the system has an accurate built-in time
measurement, the tariffs can be applied according to a
pre-scheduled timebase to enable different tariffs to be
applied during different times of the day, e.g. to
increase billing rates during peak travel periods and to
reduce billing rates during off-peak periods, whilst
also being able to adjust billing rates according to
location and type of road.

The positional information used by the billing
system operated by the controller with its billing
software is utilised to determine in which charge zone a
vehicle is currently travelling and, based upon tariffs
set for that particular zone and considering parameters
of time and day, it will determine whether or not a
debit command should be output, and if so, the amount of
any such debit which may be required. Such debit
command is suitably output to a smart card reader, as



t he Doppl er effect caused by relative novenent of satellites and the
receiver, nunerically controlled oscillators are inplenmented that feed
the code generators and the signal matching nmodul es. The positional data
fromsaid GPS receiver is output to an interface nodul e and system
controller respectively capable of interpreting and reformatting the
receiver data running billing and system control software. Data relating to
billing zones and tariffs is stored in a data bank. The data bank is
essential | y ash®EPRGM thougk asudle cowkd skl el igudatiuy angtheyh £oqme ot ect ed
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nunber ed. Everytime an access takes place, the serial nunber of the

mat chi ng i nstrunment plus the date and tine of the access is recorded both
in the EEPROM as wel ITl smart card reader 1is essentially an

electromechanical structure for read/write of magnetic
cards, whilst the billing mechanism, on the other hand
is a digital processor that decides based on the
position of the vehicle and the time and calendar
information what tariffs should be applied and how the
charges should be accumulated. It has the ability to
apply the tariffs not only on a per entry basis, but
also on the amount of time the vehicle spends in the
zone.

Furthermore, the system would allow negative
values to be accumulated in the smart card. The minimum
value beyond which the system should dis-allow entry
could also be determined and programmed into the system.

In a system as envisaged 1in the present
invention, the in-car unit would be provided in a sealed
housing incorporating anti-tamper devices and would
suitably be powered by the electrical system of the
vehicle and the functionality of the system indicated by
a visible tamper-proof light installed inside or outside
the vehicle.

The smart card bears the same serial number as
given on the housing of the in-car unit. It contains
three different files. VFirst, the stored value of the
card, and the last "N" transactions. Second, is the
last "N" time stamps and the serial numbers of the



inside the Smart Card. Therefore, at any point in time, two identical
copi es of the access history are held by the system Each update is al so
time stanped so that it should go into effect at a particular tinme and
date. It is therefore possible to activate and enforce a new tariff

regardl ess of when the actual update hag been | oaded into the system | f
so desired, it is even possible to update the zonal and tariff information
t hr ough the FM data channel . Since the system has an accurate built-in tine
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of the day, e.g. to 1ncrease ng rates during peak travel periods and
to reduce b|IFPﬁﬁr@%tégh%url¢@FoFﬂv el ojatiens, Rﬁ@lsB°%T§%P?E&?EF%bIe to
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smart card reagffaifS the coordinates of the occurred violations. In

all the abovementioned cases, N to be determined by the

enforcement authorities.

The system controller is programmed to run a
built-in self-test program on a continuous basis,
according to which various components of the system are
continuously interrogated and monitored for their
correct functionality. The output of this self test
program is collected and transmitted to a status
monitoring block. Based on the received information,
the status monitoring block decides what action should
be taken. These could range from logging status to
activating status 1lights. This also drives an LCD
screen on the unit on which the zonal information as
well as the value of the smart card are displayed.

A total of six LED's are provided. These are
defined as:

System Functional

Signal is being received

Violation is detected

Smart Card is charged

Chargeable Zone

Smart Card has insufficient value

The antenna compartment is also controlled by
status monitoring block. It essentially consists of



-7- shown, although such could be utilised for another formof billing, if
preferred. Wth a smart card, such could typically be charged with a
predet ermi ned anmount of credit prior to conmencenent of a journey and such
credit could then be debited appropriately each tinme the vehicle is
utilised within a chargeable road systeg _The smart card reader is
essentially an electronechanical structure for read/wite of nmagnetic
cards, whilst the billing mechanism on the other hand is a digital
processor thafodeciddefdrasdd compdmenpos. t | dhimdt t hésvehi nierandstrip ti ne
and cal endar | ti wh bffs ul d. PPEL char ges
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accunul ated in the smart card. nmi ni num val ye beyond whi ch t he system
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system In a syaheM SstEoyi $3e8d iMtdoditaoNt staEord Ollsihfe TArLar unit
woul d be provided in a seal ed housing incorporating anti-tanper devices and
woul d suitabl§e@e powered by the electrical systemof the

Fourthly, the antenna compartment will house a
double tone, visible status light. One tone signifies
Functional Status, and the opposite tone will indicate a
non-functional status. These lights are activated by
special codes that the unit transmits to them through a
connecting cable. The compartment is also constantly
interrogated by the unit for status codes.

The zonal information as well as tariffs are
down loaded into the system through a protected serial
bus with proper passwords. The activation of the
tariffs is time programmable. The status of the unit
can also be read through the same serial bus when
vehicle checks are done.

There is a self-test mechanism activated at all
times. In the following instances the Enforcement light
will be 1lit and the Date and Time of the incident as
well as coordinates of the vehicle will be logged inside
the unit. The same information is also written into the
smart card.

1. If the unit or the Enforcement Light are
tampered with.

2. If the stored value of the smart card falls
below the permitted negative value, and the vehicle
attempts to enter a 2zone for which charges are
applicable.



vehicle and the functionality of the systemindicated by a visible
tanper-proof light installed inside or outside the vehicle. The smart card
bears the sane serial number as given on the housing of the in-car unit.

It contains three different files. First, the stored value of the card,

and the last "N' transactions. Secor_l_,ol,1 ILs the last '"N' tinme stanps and
the serial nunbers of the mat chi ng boxes that have accessed and updated
the zonal and tariff information. And third is a log file that records

the last " N* giol ati o8 &he roTtemactisnabvered usoof & hpremspecified
Conpr ehens! v epst bl ®of fie A Codlpld (! 111 21gRaYCingLlrpgEpL) 0 Vi 01 ALl ons,

including attenpts to ta vari ous component’s e unit or
attenpts to gain entry into tariff zones while Smart Card is under-val ued.

Wenever possi bl e, tfﬁbféﬁbéf'esiﬁ@éaﬁﬁ%ﬂf@hféoﬁ@'Hﬁéﬁtffléfebgcqyrred
violations. In all the abovenenti oned cases, N.to be determ ned
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easily identify and track the vehicle by utlllslng the
unit serial number. When the vehicle in question is
saecured, the GPS box as well as the smart card could be
accessed and the log could be compared against received
information. This would give the police three different
sets of data all registering the incident.

The interrogation system is basically a network
of Integrated Camera and Interrogation Enclosures to be
installed wunderneath selected bridges and flyovers.
Referring to Fig. 3 it can be seen that it is necessary
to install one assembly per lane of traffic. These
camera boxes will be interconnected through dedicated
communication lines to a central office. Each camera
box will be capable of storing a limited number of
captured images for batch access. Equally, the central
office will be able to interrogate each camera box for
individual image retrieval based on date/time and/or ERP
Box Serial Number. As depicted in Fig. 4, each assembly
contains the following major components:

1. Two Sealed, Weather and Tamper Proof enclosures
2, Network Communication Port for remote access

3. High Resolution, Shock and Vibration Proof Camera
4, Integrated Flash and control electronics

5. Light Spot for Moving Vehicle Detection

6. Infra~-Red Transmitter for Vehicle Interrogation
7. Infra~Red Receiver for Vehicle Response reception

Although the enclosure is depicted in Fig. 4 as



programis collected and transnitted to a status nonitoring bl ock. Based
on the received information, the status nonitoring bl ock deci des what

action shoul d be taken. These could range fromlogging status to
activating status |ights. This also drives an LCD screen on the unit on
whi ch the zonal information as well as 4 e_value of the smart card are

di splayed. A total of six LED s are provided. These are defined as:

System Functional Signal is being received Violation is detected Smart Card
I s charged Changelbke AdneisSnactudbly dibeideduinftoi ewd yalrits, The dvd enna
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comuni cat i onWM%hh%t%ﬁ‘?tht Foa dopgki aind wef nﬁhﬁanJéZgOlng traffic,
which is called Back End Box (BEB). FEB contains a

Light Spot and Infra-Red Interrogation Mechanism. BEB
contains a Light Spot and the Camera/Flash assembly.
The communication and control and data processing sub-
systems will be housed appropriately in one of the
boxes.

A passing vehicle is detected while moving
underneath the projecting Light Spot of FEB. The
Interrogation circuitaries are then fired to shoot a 60
bit interrogation pattern to the vehicle. The vehicle
should respond within an appropriate amount of time.
Otherwise, it will be assumed that the vehicle's ERP box
is either disconnected or not installed. If the vehicle
responds, the 60 bit Response pattern is analysed for
the presence of any Error Code. If the vehicle does not
respond or the response contains error codes, then the
BEB is instructed to capture the vehicle's photograph.
The camera will be fired as soon as the vehicle crosses
BEB's Light Spot.

Intelligence will be built into the system to
tandem the two Light Spots in such a way that tail
gating vehicles or extremely fast or slow moving
vehicles will be differentiated and the appropriate
delays in photographic capture be adjusted. Provisions
will also be made to trigger the corresponding camera in
case the driver manages to change lanes between FEB and
BEB. The image is then compressed, indexed and stored
for subsequent retrieval either on a random basis or on
a batch mode transfer.



Red. Fourthly, the antenna conpartnent will house a double tone, visible
status light. One tone signifies Functional Status, and the opposite tone
wi Il indicate a non-functional status. These lights are activated by
special codes that the unit transmts to themthrough a connecting cable.
The conpartnent is also constantly integrogated by the unit for status
codes. The zonal information as well as tariffs are down | oaded into the
systemthrough a protected serial bus wth proper passwords. The
activation of the tariffs is time progranmabl e. The status, of the unit
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There is a seft- Tdbiffsi@i\tgh&fﬁ s&n @@hgvaifedviaéuﬂd dwaBstohs8 tOHehftoltemi ng
i nstances the Pforc

ht be lit d.th d_Ti f th
i nci dent as weFFeH82 o?fr"&Pﬁg‘? e’s“""tvg?ecttﬂé’%\leh?%?ge\’x}l Ieasgg]t"ﬁ%gééﬁ &g&?oﬁe thg
unit. The sanEnfrnéeRedt | commsndtabioni tlpanm ntthda heDBG&+FMcaamnd 1.RF | f
th it f t f th
stgregnbalugro?EPﬁ%a%RB??ﬁ QF@ ?n#%ﬂﬁ% % %égﬁéﬁe¥§€téﬁ%1 E&Qéﬂue ©

and the vehi cPE heedhpbxoadcasih f ei)licfﬁéf%ﬂa\lm@ﬁ éhﬁ@@é@twl@ appl i cabl e.

Since the system inherently incorporates a GPS
receiver as part of the electronic road pricing systen,
it is envisaged that such could be extended to include
traffic information, broadcast through the 1local FM
channel dedicated to the system, to enable the vehicle
driver to be aware of the traffic situation in his
vicinity and could possibly incorporate a visual
indication of toll arrangements, possibly by means of a
mapped display. Further sophistication could be added
by incorporating a CD-ROM Drive and a simple keyboard
arrangement to provide navigational information systems
with varying degrees of sophistication and a voice
synthesiser could be added to give directional
information to the driver from his departure point
through to a predetermined destination.

Further, since the system is a zonal system
rather than an entry based system the need for gating or
toll booth set-ups are avoided and so that
implementation is less expensive and more flexible than
existing toll booth entry based systems.

The present invention thus provides a relatively
low cost electronic road pricing system utilising the
GPS system with the assistance of local <correctional
off-sets to provide an adequate degree of accuracy for
the positional data from the GPS receiver to thereby
enable accurate billing of road use to be provided in
accordance with predetermined local zones and tariffs.



- 10 - 3. If the antenna is covered for a pre-specified period of tine

(resulting in signal interruption). Moreover, S|nce~eagh“unLL_L§‘Lg§~tlf|ed

by a uni que serial nunber, when the unit detects any, e. abovenentloned
conditions, the serial nunber of the unit plus dateU

=

I nt errogat ed Police could easily identijhy_and trac gq m‘F
utilising the unit serial nunber. When the vehicle in ques i oh i%s
secured, the GPS box as well as the smart card could be accessed and the
| og coul d be compared agai nst recei ve@LAIMSr mati on. This would give the

police three differenf, S%ﬁébég ﬁygz}dg QQii § e%kggeﬁheCdﬂggggﬂﬁ . The

i nterrogation SystemTs basica o rk 0 egrate Fer & and
| nt errogati on Encl osuaRs Jtrb'VE?élqufl@t areedivererfinzat Heseivingd HiIrAfs and

flyovers. Refgpghngnko gﬁ.'og)al?’ gasﬁ%neﬁgs Ps%@tteﬁat(dﬁs . saﬂzrac@.sé@ia/lﬁg)

install one assenbly per _lane of tra ese canera boxes w I~ be
interconnecteH°§th%@%1d%%ﬁ%xﬁQHFQ§ﬂﬁﬁﬁnt@§FPBH lines to a central office.

Each canmera box will &Jecsﬁmbipeloff@ﬁ Oféwnalﬂd nsd 11l ;swhexoﬁl chgtalr ed

for bagch Iy, t t 1 he_abl e, t
| nterrogal o ohENMCERITh BORe TT | ARy TN P carets | A9 TRGRICHS

date/time andbbilERP BoxnSermatiblinberaccasddegi ct db i n Predetlermbodd
assenbl y parameters and said positional data;

wherein additional means are provided for
supplying correctional offsets, combining different
possible errors, to said GPS receiver to improve the
accuracy of said positional data provided by said

receiver.

2. An electronic road pricing system as claimed in
claim 1 in which said controller outputs said billing
information directly to a billing device.

3. A system as claimed in claim 2 in which said
billing device comprises a card reader which is
chargeable with a predetermined credit level and which,
when said credit level is exceeded up to a maximum
amount, such debit is then deductable when a charge card
is next inserted.

4, A system as claimed in claim 2 or 3 in which the
billing device includes means for indicating the level
of credit available or alternatively, the amount of
debit incurred up to a permitted level.

5. A system as claimed in claim 4, including means
for disallowing entry into a billing zone when the
maximum amount of debit, up to said predetermined
permitted level, has been reached.
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is performed either on a per entry basis or upon the
amount of time a vehicle spends in a billing zone.

8. A system as claimed in any preceding claim
provided as an in-car or in-vehicle unit powered by the

electrical system of the vehicle and incorporates
anti-tamper devices to prevent unauthorised access to or
disabling of the unit.

9. A system as claimed in any preceding claim
wherein the charge card is a smart card having memory
capacity for storing various items of information
relating to the charge value and a list of transactions
relating to the use of the smart card; a log relating to
the history of use of the card indicating time and
locations of use; and a log file recording wviolations
and status information relating to the unit.

10. A system as claimed in any preceding claim
wherein the receiver incorporates display means for
showing the status of the unit and other relevant
information including; the systems functional state,
that a signal is being received; that a violation is
detected, that the unit is in credit; that the unit is
in debit; or that the device is within a chargeable
zone and possibly indicating the charge zone.

11. A system as claimed in any preceding claim
incorporating a first antenna for receiving GPS signals

bi t



shoul d respond within a opriate amount of time. Oherwise, it will be
assuned thar*fﬁff?éﬁigrgfngEP box is either disconnected or not installed.
F the vehi @,ﬁg‘“ﬁmﬂﬂ“ 60 bit Response pattern is anal ysed for the
presence of ‘HEIENE LI f the vehicle does not respond or the response
contai ns error cobdes, " hén the BEB is_dnRgtructed to capture the vehicle's
phot ograph. The canera will be fired as soon as the vehicle crosses BEB' s
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t he correspondnfereakien andcadn tIfD dprvay niftagesmmyniaakgen| afidd bet ween
FEB and BEB. jdferiogd€ior S iy RIsa%gednrradesqd and stored for
subsequent retrieval "either on a random’basis or on a batch node transfer.

- 12 - The antenna structure is also shown in Fig. 4. It consists of a ring

of visible duap,tone Ai ghbteqr sixteladhedi ualcidispesii dnclaaingl las LED
Array for Inf g.rall'l_:eRr?rqa ggxr{‘p%r” rggrgé ,O nwhfc':ﬂjsadéﬂeion%%(g %I\gusaeréd a |ﬂ:ouble

tone, visible status light, one tone of which signifies

a functional status, whilst a second tone indicates a
non-functional status.

13. A system as claimed in any preceding claim
incorporating a self-test mechanism which continuously
monitors the status of the in~vehicle receiver and if
violations are detected, an enforcement 1light is
illuminated and the date and time of an incident is
logged for later retrieval.

14, A system as claimed in claim 13 in which
violation conditions include: attempts to tamper with
the unit or the enforcement light; attempts to enter a
billing zone when credits are used up or debits are
incurred beyond a permitted 1level; or reception of
information is impaired due to interference with the
antenna.

15. A system as claimed in claim 13, wherein the
unit is identified by a unique serial number, and means
are provided for logging said unique serial number, the

date and the time, when any of said violation
conditions occurs, for retrieval and subsequent
verification.

16. A system as claimed in any preceding claim

including means for relaying traffic information to the
vehicle driver, and a direction display means.



antennas. The FMantenna is built-in for the reception of |ocal broadcast
of Di fferent‘r‘ai"‘GPS‘TﬁT’DT“Tl on. Since the systeminherently incorporates a
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to include traffic informati on, broadcast

t hr ough the'* ocaﬂ ' dedi cat ed Q the system to enabl e the vehicle
driver to be aware of the traffic situation in his vicinity and could

possi bly incorporate a visual indication of toll arrangenents, possibly by
means of a mapped displ ay. Further sophistication could be added by
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19 An interrogation system for use with the device
of any ©preceding c¢laim comprising a network of
integrated camera and interrogation enclosures
positioned within a charging zone and capable of storing
a limited number of captured images, for batch access,
for monitoring traffic movement and enabling
interrogation of individual in vehicle wunits, said
network of integrated camera and interrogation
enclosures being connected to a central control office.



enabl'e accurate billing of road use to be provided in accordance with
predeterm ned | ocal zones and tariffs. - 13 - CLAIMS 1. An

el ectronic road pricing system conprising: an in-vehicle receiver for
receiving signals fromthe gl obal positioning system (GPS) ' oA
positional data in respect thereto; a cqntroller for recei vﬂHs éﬁ;ﬁﬁ’ HAS EEEM
positional data from said receiver and including neans for{ pr odBEPIAGED
billing i nformati on accordi ng to predet ermi ned paraneters and sard
posi tional data; wherein additional EssTRATE provi ded for supplying
correctional offsets, cogpjni | i , to said GPS
receiver to inprove the gﬁ%%%&%ﬁ%ﬁ%ﬁfﬁh& ggéfgﬁprovi ded by said
recei ver. 2. An Bheelectronioarbad ipriicgngy syetemnsutibisingi nthieéai m 1
in which said o] : S L. Df kbd ' i | reshiyido a
billing devi Cg$8§%i hgghﬁ@%rﬁi@%a*%@@#@%ﬁ ) £ [eehlng
billing devi ckeespersegpabéar @fr Fageivingch Signelgr J&am he tlebal

predet er m nedpgiedibnifyekyaReniceB) Wi vl GirRdigod BViRInd1S gaegeded up

to a maxi nrum . . .
for the vehicle in respect thereto. A contreoller is

provided for receiving said positional data from said
receiver and utilising such to produce billing
information in relation to the duration and location of
a vehicle within a chargeable 2zone. The system
additionally incorporates means utilising 1local FM
transmitters to provide correctional offsets to improve
the accuracy of positional data received by said
receiver. The device preferably utilises a smart card
which is chargeable with credits in advance and from
which such may be deducted during use.

ﬂﬂ,,,,-/~”””/%”
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anmount, such debit is then deductable when a charge card is next inserted.
4, A systemas clainmed in claim2 or 3 in which the billing device

i ncl udes neans for indicating the |level of credit avail able or
alternatively, the amount of debit |nc 7 ed up to a permtted | evel. 5.

- A systemas clained in claim4, includihng neans for disallowng entry into

a billing zone when the maxi num anount of debit, up to said

predetermned permitted | evel, has been r eached. - 14 - 6. A system
as claimed in preceding claimin which variable tariffs a vail abl e
dependi ng upo time of day and | ocation of a vehicle in ch said
billing device ifs installed to enable variable billing rates to}lbe applied.
7. A systemas clainmed in claim6 in which billing is perférmed either
on a per entfy basls ¢r upon tt |l e t

billing zonej 8. A Saatt el

provi ded as gn ign- farjor Cardvelr

of the vehiclle g?d i n¢or Meeh! ey
di qab

ecedi ng clai
et¢ctrical system
pr eyent pygpaut hori sed

access to or ing_of the .
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Mech. Processor Controller

- Re 1.

D)

-

GPS and FM antennas

Smart Card Mdet Slot LED Array

— Q00 2
OQO B Enforcdment

Lights

o 2



9. A system as clainmed in any preceding claimwherein the charge
card is a smart card having nmenory capacity for storing various itens
of information relating to the charge value and a list of transactions
relating to the use of the smart card; a log relating to the history of use
of the card indicating tinme and | ocati ons of use; and a log file recording
viol ations and status information rel a#{% g to the unit. 10. A system
as claimed in any preceding claimwherein the receiver incorporates

di spl ay neans for showing the status of the unit and other rel evant

i nformation including; the systens functional state, that a signal is
being receivgd; -thatya violation is detected, that the unit is in credit;
that the unityis in deljit; or f\hat the dgvice is within a chargeabl e zone
and possibly 'ndlcatlng the charde zone. 11 A system as clainmed in any
precedi ng cl aiym i ncor po atlng a fArst antenfa for receiving GPS signals

- 15 - fromsagellites, second antenna for receiving FMsignals from

| ocal stations¥provi/ti ng\diffeégential S inyormati on and an LED array for
conmuni cation Wth i rrogat 9 spati usiyng infra-red. 12. A system
as clainmed in cRaim in Iud| y an\

Overhead Bridge,
Flyover,
Tunnel Entrance



ant#nna conpartment, which additionally houses a double tone, visible
status light, one tone of which signifies a functional status, whilst a
second tone indicates a non-functional status. 13. A system as
claimed in any preceding claimincorporating a self-test nechani sm which
continuously nonitors the status of t ?7$n-vehicle receiver and if
violations are detected, an enforcemnen ight is illumnated and the date
and tine of an incident, logged fo | ater retrieval. 14. A system
as claimed in c whi &h vi ol ati on conditions include:
auemnstotmmg“ £t he enforcenment light; attenpts to
enter a billing used up or debits are incurred beyond
a pernittedgy evi nformation is inpaired du
i nterferenc | A system as clained i

wherein the ¥ a unique serial nunber, are
provi ded f ok ¥ serial nunber, the date aiti ne,
when any @ ondi ti ons occurs, for and
subsequent gperifi ¥ : ” A system as clainmed in any  pfeceding
claiminclugng ngans P aying traffic information to the vehicle

driver, andg? diracti I g4pl ay neans.
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- 16 - A systemas clainmed in any precedi ng cl ai m whi ch
add»tlonally I ncorporates a CD-ROM drive and i nput device to enable the
systemto be utilised as a navigation unit. 18. A syst §$deaﬂned in
claim 17, in which a voice synthesiser is incorporated to provide
directional information to the vehicle driver froma first | GERDipnssp..
second | ocation. 19 An interrogati-ommBsystem for use with the de @e of
any preceding claimconprising a network of integrated canera and

I nterrogation encl osures positioned within a charging zone and capabl e of
storing a linited nunber of captured iARFBACE or batch access, for
monitoring traffic rmapsmmcmdxc FROIIP IBRIGINGt SYSDBHt i on of

| nterrogati on encl osurdl SLEGERRRIRdcR Rricing. AYPEE OhErbrifer| bhe
global positioning system (GPS) comprises an in vehicle
receiver capable of receiving signals from the global
positioning system (GPS) and providing positional data
for the vehicle in respect thereto. A controller is
provided for receiving said positional data from said
receiver and utilising such to produce billing
information in relation to the duration and location of
a vehicle within a chargeable =zone. The system

) additionally incorporates means utilising 1local FM
transmitters to provide correctional offsets to improve
the accuracy of positional data received by said
receiver. The device preferably utilises a smart card
which is chargeable with credits in advance and from
which such may be deducted during use.
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