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include tracking a current position of a mobile station Within
a Vehicle, and collecting a toll based on the current position
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of the mobile station.
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USING CELL PHONES AND WIRELESS
CELLULAR SYSTEMS WITH LOCATION
CAPABILITY FOR TOLL PAYING AND
COLLECTION
BACKGROUND OF THE INVENTION

stored locations of toll collection Zones, and a toll may be

collected if the comparing step indicates that the mobile
station has traveled through a toll collection Zone.

[0010] In example embodiments of the present invention,
the tracking step may be initiated based on a message sent

also known as “toll-roads”. When using tollbooths, cars are

by the mobile station and/or the location of the mobile
station respective to a base station. In example embodiments
of the present invention, the current location of the mobile
station may be updated periodically. The message may be

required to stop to make a payment, which subsequently
slows down tra?ic and often leads to traf?c jams, for
example, on more heavily traveled roadways.

ments of the present invention, the initiating step may be
performed at the mobile station and/or the base station.

[0001]

Conventionally, tollbooths are used to collect tolls

on certain roadways, for example, highways, freeways, etc.,

one of a phone call or a text message. In example embodi

[0002] Recently, automated toll collecting systems, which

[0011] In example embodiments of the present invention,

use radio frequency (RF) tags have been introduced. In
automated toll collecting systems, the RF tags may be used
in transactions involving motor vehicles. When an RF tag is
employed for toll collection, a vehicle may pass through a

the vehicle may be associated with the mobile station such
that, when other mobile stations are present in the vehicle,

toll lane with out coming to a complete stop to make a

only the associated mobile station may be tracked by the
tracking step. The vehicle may be associated with the mobile
station by associating a vehicle identi?cation number for the

payment.

vehicle with a mobile identi?cation for the mobile station.

An RF tag is a passive device that is prepro

[0012] In example embodiments of the present invention,

grammed with speci?c information. For vehicle applica
tions, the RF tag is typically programmed with an account

the mobile identi?cation may be at least one of the mobile
phone number associated with the mobile station and an

number for an authorized traveler, user, etc. The account
number in turn may be associated with the traveler’s

In example embodiments of the present invention, the

address, phone number, vehicle model, license plate number,

mobile station may be associated with the vehicle using at

credit card account, etc.

least one of a mobile identi?cation for the mobile station and
a vehicle identi?cation number for the vehicle.

[0003]

[0004] A?iliating the RF tag with a customer’s credit card
account provides a billing authority or toll collection agency
a way of billing the traveler for accrued toll charges. In
addition, using the credit card account ensures that the

billing authority is immediately paid each time the traveler

electronic serial number associated with the mobile station.

[0013] In example embodiments of the present invention,
the location of the mobile phone may be tracked using a
global positioning system, and/ or the location of the mobile
station may be tracked using a network, which may support

incurs a toll charge using the RF tag.

an emergency location service.

[0005] These systems require the use of tollbooths for
charging pre-paid debit cards and require users to purchase
RFID devices in order to utiliZe the automated toll collecting
systems. As such, these automated toll collection systems
may incur substantial implementation and/or utiliZation
costs (e.g., tollbooth installation and/or purchase of RFID

[0014] In example embodiments of the present invention,

devices, respectively).

the mobile station may be tracked using at least one of a

network-based, a handset-based, and a hybrid approach.

[0015] In example embodiments of the present invention,
the mobile station may be tracked using an assisted global

positioning system technique.

SUMMARY OF THE INVENTION

[0016] Example embodiments of the present invention
may be used with currently existing automated toll collec

[0006] Example embodiments of the present invention

tion systems, infrastructure, and/or eliminate the use of toll
booths.

provide an automated toll collection system and method,

BRIEF DESCRIPTION OF THE DRAWINGS

which provide a cost effective and/or efficient way to imple

ment automatic toll paying and/or collection systems.

[0007] For example, example embodiments of the present
invention may use cellular phones and wireless cellular

systems, which have location capability, for toll paying
and/or toll collection.

[0008] Amethod for toll collection via a wireless network,
according to an example embodiment of the present inven
tion, may include tracking a current position of a mobile
station within a vehicle, and collecting a toll based on the

[0017] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings, wherein like elements are

represented by like reference numerals, which are given by
way of illustration only and thus are not limiting of the
present invention and wherein:

[0018] FIG. 1 illustrates a toll collection system, accord
ing to an example embodiment of the present invention,
which may at least partially utiliZe an existing wireless

current position of the mobile station.

communications network; and

[0009] In example embodiments of the present invention,

[0019] FIG. 2 illustrates a method for toll collection,
according to an example embodiment of the present inven

the collecting may include determining whether to make a
toll collection based on the current position of the mobile
station, and collecting a toll based on the determining step.
In example embodiments of the present invention, the cur
rent position of the mobile station may be compared with

tion;
[0020]

FIG. 3 illustrates a method for tracking a current

position of a mobile station, according to an example
embodiment of the present invention; and
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[0021] FIG. 4 illustrates a method for determining
Whether to collect a toll, according to another example
embodiment of the present invention.

station, an electronic serial number (ESN) of a particular
vehicle-born mobile station, a vehicle identi?cation number
(VIN) associated With the mobile station, and a current

position of the associated mobile station (e.g., provided by
DETAILED DESCRIPTION OF THE
EMBODIMENTS

the MPC 140). The transaction information may include
information for charging (or collecting) a toll to a traveler’s

[0022] FIG. 1 illustrates a toll collection system according
to an example embodiment of the present invention. As

account. The traveler’ s account may be previously created in
any conventional manner, Which is Well knoWn in the art.
Toll collection information may include locations of base

illustrated in FIG. 1, a mobile station (MS) 100 may be a

stations to be used in toll collection, and positions of toll

cellular phone or mobile unit, Which may be representative

collection Zones Within each coverage area of each base

of vehicle-born mobile units. Vehicle-born mobile units may

station stored at the TCA 160. For example, the TCA 160
may include location information for each base station With

be hard-Wired into vehicles or carried by a driver or pas
senger, etc. The MS 100 may include at least a partial GPS

receiver and may be capable of performing netWork-based

(e.g., Time Difference of Arrival), handset-based (e.g.,
Advanced Forward Link Trilateration), and hybrid (e.g.,
Assisted GPS (A-GPS)) approaches for mobile station loca
tion. These approaches may be similar to those used in

emergency location services, for example, E911. Although
only one MS 100 is shoWn in FIG. 1, it Will be understood
that there may be any number of mobile stations in the
Wireless communications netWork illustrated in FIG. 1.

[0023] In example embodiments of the present invention,
the MS 100 may be in communication With position deter
mining equipment (PDE) 130 via one or more base stations
(BS) 110 and a mobile sWitching center (MSC) 150. Here
inafter, the MSC 150 and the BS 110 Will be collectively

a coverage area including a toll-road. Toll collection infor

mation may also include payment amount information for
each toll collection Zone Within each coverage area (or cell).
[0028] A method for establishing a current position of a
mobile station, according to an example embodiment of the
present invention, Will noW be described With regard to FIG.

2. Although any suitable locating technique may be used,
example embodiments of the present invention Will be
described With regard to an assisted-GPS system. Further,
this example embodiment Will be described With reference
to FIG. 1, hoWever, it Will be understood that example
embodiments of the present invention may be implemented
in any suitable netWork.

satellites 120. In operation, the PDE 130 may track a current
position of the MS 100. A method for tracking a current

[0029] As illustrated in FIG. 2, at S200, the PDE 130 may
estimate a current position of the MS 100. For example,
initially the PDE 130 may solicit a cell and/ or sector position
of the mobile station 100 from the MSC 150. That is, the
MSC 150 may indicate to the PDE 130 the position of the
MS 100 Within a base station’s coverage area (or cell).
Concurrently, the PDE 130 may monitor GPS signals from
GPS satellites 120. UtiliZing both the GPS signals from GPS

position of the MS 100, according to an example embodi
ment of the present invention, Will be described in detail
With regard to FIG. 2.

satellites 120 and the cell or sector position obtained from
the MSC 150, the PDE 130 may estimate a current position
of the MS 100.

referred to as a core network.

[0024]

The PDE 130 may include a reference global

positioning system (GPS) receiver, and may be capable of
transmitting and receiving GPS signals to and from GPS

[0025] As stated above, the MS 100 may be a vehicle-born
mobile unit, Which may include at least a partial GPS
receiver and may be capable of performing an assisted-GPS

locating technique.

[0030] Returning to FIG. 2, at step S202, using the
estimated current position of the MS 100, the PDE 130 may
compute GPS assistance information for assisting the MS
100 in acquiring GPS signals from the GPS satellites 120.
That is, for example, the GPS assistance information may

Returning to FIG. 1, the PDE 130 may also be in

include predicted GPS signals, Which may be received by

radio communication With a mobile positioning center
(MPC) 140. The MPC 140 may be a server computer, Which

manages position information received from the PDE 130

the MS 100 at any given time.
[0031] For example, the PDE 130 may predict one or more
pseudo range phase sequences, Which the MS 100 may use

[0026]

for one or more mobile stations Within a Wireless netWork.

to de-spread GPS signals received from one or more of the

For example, With regard to FIG. 1, the MPC 140 may store
a current latitude and longitude of the MS 100, Which may
be determined by the PDE 130.

GPS satellites 120, Within 15 chips. The PDE 130 may then
transmit the computed GPS assistance information to the

[0027]

[0032]

The MPC 140 may be in communication With a toll

collection application (TCA) 160. The TCA 160 may be
similar to conventional automated toll collection systems
and may utiliZe existing conventional automated toll collec
tion systems infrastructure. In example embodiments of the
present invention, the TCA 160 may be a processing system

MS 100 via the core netWork.

Returning to FIG. 2, the MS 100 may receive the

GPS assistance information transmitted from the PDE 130
and use the received GPS assistance information to select
one or more GPS satellites 120 to use in tracking its current

location, at step S204. For example, the MS 100 may utiliZe
one or more predicted pseudo range sequences to narroW the

run on a computer, Which may include at least a database and

search WindoW for locating the actual pseudo range phases

softWare instructions for processing toll transactions (e.g.,
toll payments and/ or collections). The database may include,
for example, traveler information, transaction information,

of GPS signals from one or more GPS satellites 120. This

may enable the MS 100 to more efficiently acquire the actual
pseudo range phases of GPS signals received from one or

and toll collection information. Traveler information may

more GPS satellites 120.

include, for example, personal traveler information (e.g.,

[0033] Returning again to FIG. 2, after determining actual

name, address, etc.) for the oWner of a particular mobile

pseudo range phase(s) of GPS signals from one or more GPS
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satellites 120, the MS 100 may compute one or more

selected satellite indicators. Namely, for example, the MS
100 may compute pseudo range phases for GPS signals
received from one or more selected GPS satellites 120, at

S206.

[0034] At S208, the MS 100 may send the selected satel
lite indicators to the PDE 130, and the PDE 130 may track
a current position of the MS 100 using the selected GPS
satellites 120. Namely, for example, the MS 100 may
transmit the computed pseudo range phases to the PDE 130

to the traveler’s account based on the transaction informa
tion associated With the MS 100. Similar to conventional
automated toll collection systems, the traveler’s account
may be linked to, for example, credit or debit-card, and the
determined toll charge may be charged to a traveler’s credit
card account or deducted from a traveler’s bank account,

respectively. In example embodiments of the present inven
tion, the toll charges may be a ?at or variable toll charge.

[0041] Referring again to FIG. 3, at S310, the TCA 160

via the core netWork and the PDE 130 may track the current
location of the MS 100 using the one or more GPS satellites

may determine if a deactivation signal has been received. If
a deactivation signal has not been received, the tracking
function may still be active, and the method may return to

120 selected by the MS 100.

step S304 and repeat.

[0035] FIG. 3 illustrates a method for toll collection,
according to an example embodiment of the present inven
tion. This example embodiment Will also be described With
reference to FIG. 1, hoWever, it Will be understood that
example embodiments of the present invention may be
implemented in any suitable network.

[0042] Returning to step S310, if a deactivation signal has
been received, the tracking function is deactivated, and the
procedure may terminate. In example embodiments of the
present invention, the deactivation signal may be, for
example, a second call (e.g., voice, data, text, etc.) to the

[0036]

As illustrated in FIG. 3, at S300, the TCA 160 may

[0043] Returning to step S306, if the TCA determines the

receive a tracking function initiation command from at least
one of the core netWork (e.g., the base stations 110 or the
MSC 150) and the MS 100, and the TCA 160 may activate

toll collection is unnecessary (e.g., the MS 100 is not
currently and/or has not previously passed through one or
more toll collection Zones), the process may proceed to step
S310, and the TCA 160 may determine if a deactivation
signal has been received. The process may then proceed as
described above.

its tracking function. For example, the MS 100 may place a
call or send a message (e.g., voice, data, text message, etc.)
to the TCA 160 to activate a tracking function in the TCA
160.

[0037] After receiving the initiation message from, for
example, the MS 100, the TCA 160 may transmit an
initiation command to the PDE 130, via the MPC 140, to

begin tracking the current position of the MS 100, at S302.
As described above, the MPC 140 may serve as an interface

betWeen the TCA 160 and the PDE 130, for example, by

storing position information for the MS 100, determined by
the PDE 130.

[0038] In response to the initiation command from the
TCA 160, the PDE 130 may track the current position of the
MS 100, for example, using the method as described above
With regard to FIG. 2, and periodically store the current
position of the MS 100 at a database in the MPC 140, at
S304. For example, the PDE 130 may continuously track the

current position of the MS 100, and may periodically update
the current position of the MS 100 stored in the database at

the MPS 140, every ?ve minutes, ten minutes, thirty min
utes, etc.

[0039] At step S306, each time the current position is
updated, the TCA 160 may determine Whether toll collection
is necessary, at step S306. Namely, for example, the TCA
160 may compare the current position of the MS 100 stored
in the MPC 140, With toll collection Zone position informa
tion, in order to determine Whether the MS 100 is passing
through, or has passed through a particular toll collection

TCA 160.

[0044] FIG. 4 illustrates a method for determining
Whether to collect a toll, according to an example embodi
ment of the present invention. As illustrated in FIG. 4, at
step S400, the TCA 160 may determine Whether the MS 100
is currently passing through a toll collection Zone. For
example, the TCA 160 may compare the current position of
the MS 100 to a position of each toll collection Zone Within

the cell, Which the MS 100 is currently located. As discussed
above, the position of the MS 100 may be stored at the MPC
140, While the position of the toll collection Zones may be
stored at the TCA 160.

[0045] If the MS 100 is currently passing through (e.g.,
currently located in) a toll collection Zone, a toll collection
may be made at step S402 unless a toll has already been
previously collected upon entry into the toll collection Zone.
In this case, another toll may not be collected for a respective
toll collection Zone until the MS 100 has exited and re
entered the toll collection Zone.

[0046] Returning to step S400, if the MS 100 is not
currently passing through a toll collection Zone, the TCA
160 may determine Whether the MS 100 has previously
passed through a toll collection Zone at step S404. For

example, the TCA 160 may examine the path of the MS 100
betWeen the previous position of the MS 100 (e.g., the
position of the MS 100 immediately preceding the current
location) and the current position of the MS 100 to deter

Zone. A method for determining Whether a mobile station is

mine if a toll collection Zone exists. If a toll collection Zone

passing through or has passed through a toll collection Zone
Will be described in more detail beloW With regard to FIG.
4.

does exist in the path betWeen the previous position of the

[0040] Returning to FIG. 3, if the TCA 160 determines
that the MS 100 is traveling through, or has traveled through
a toll collection Zone, the TCA 160 may collect an appro

MS 100 and the current position of the MS 100, a toll
collection may be made, as described above, at step S402.
Returning to step S404, if a toll collection Zone does not

exist betWeen the previous position and the current position
of the MS 100, the procedure may terminate.

priate toll at step S308. For example, the TCA 160 may

[0047] In the example embodiment of the present inven

determine the appropriate toll (or fee) and apply the charge

tion, as illustrated in FIG. 4, if no previous position of the
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MS 100 exists (e.g., if one position of the MS 100 is stored
at the MPC 140), the TCA 160 may perform steps S400 and

S402 (if necessary), and may omit step S404.

[0048] In example embodiments of the present invention,
While the tracking function is active, the PDE 130 may send
updated position information for the mobile station 100 to
the MPC 140. The PDE 130 may send updated position
information to the MPC 140 periodically in preset time
intervals, Which may be, for example, one minute, ?ve
minutes, ten minutes, etc.

may be programmed into the MS 100, or the carrying
vehicle may transmit the VIN to the MS 100 via, for

example, any conventional Wireless communication proto
col.

[0054] Example embodiments of the present invention
provide methods for using the location information about a
vehicle born mobile station to determine Whether the
vehicle-bom mobile station is passing, or has passed through
a toll collection Zone. The determination may be made

available to the appropriate billing authority or agency (e. g.,
a toll collection application or agency) and, if appropriate, a

[0049] In another example embodiment of the present
invention, the TCA 160 may automatically activate its
tracking function upon activation of the MS 100 (e.g., When
the MS 100 is turned on). For example, upon activation of

toll or tolls may be collected.

the MS 100, the MS 100 may automatically send an initia
tion message to the TCA 160.

infrastructure as a backbone. That is, for example, users may
have accounts similar to the “EZ Pass” system, Which may
be linked to a credit or debit card, and tolls may be paid in

[0055] Example embodiments of the present invention
may be implemented using any existing toll collection

[0050] In this example embodiment, toll collection may be

a manner similar or substantially similar to conventional

performed in a manner smiliar to that as described above,

payment systems and/or methods. Alternatively, example

hoWever, a technique for distinguishing a toll paying mobile
station from other mobile stations, Which may be present in

embodiments of the present invention as described herein
may alleviate the need for tollbooths, Which may decrease

the same vehicle may be needed. Accordingly, upon initia

tra?ic disturbances associated With existing toll booths,

tion of the tracking function, for example, by the MS 100,

and/or reduce implementation and/or usage costs associated
With automated toll collection systems.

a Vehicle Identi?cation Number (VIN) along With a mobile

ID (e.g., ESN) may be transmitted by the MS 100 to TCA
160 for authentication. The VIN may be programmed into
the MS 100, or the carrying vehicle may transmit the VIN to

the MS 100 via, for example, any conventional Wireless

communication protocol.
[0051]

In example embodiments, a mobile station 100

[0056] Example embodiments of the present invention
have been described With regard to assisted GPS mobile
station location. HoWever, it Will be understood that the
location of the MS 100 may be determined using any

netWork-based approach including Time Di?ference of
Arrival (TDOA), Angle of Arrival (AOA), or Multipath

may have a button dedicated to the activation and deacti

Analysis (MPA); any handset-based approach including

vation of the tracking function at the TCA 160. For example,
it has been contemplated that all, or substantially all,
vehicles be equipped With a telematics control unit (TCU).
Accordingly, it Will be understood that example embodi
ments of the present invention may be implemented in the

Advanced Forward Link Trilateration (TFLA); and/or any
hybrid approach including Assisted GPS or enhanced
observed time difference (ETOD). Example embodiments of

same, or substantially the same, manner, or be added as an

additional function to already existing telematics control

units (TCUs).
[0052] In example embodiments of the present invention,
the core netWork may send an initiation message to the TCA

160 initiating the tracking function at the TCA 160. For
example, a base station having a coverage area including at
least one toll collection Zone may send an initiation message

to the TCA 160 When the base station receives signals from
the respective mobile station. Similarly, the core netWork
may send a deactivation message to the TCA 160 deacti

vating the tracking function at the TCA 160. For example, a
base station having a coverage area including at least one toll
collection Zone may send a deactivation message to the TCA

160 When the base station no longer receives signals from

the present invention may utiliZe one or multiple of the
above approaches and/or methods in determining a current
location of the MS 100.

[0057] In example embodiments of the present invention,
the TCA 160 Was described as monitoring position infor
mation stored at the MPC 140. HoWever, the TCA 160 and
the MPC 140 may be co-located and transmission of the data
stored at the MPC 140 may not be required. Alternatively,
hoWever, it Will be understood that the MPC 140 may also
transmit current position information for the MS 100 to the
TCA 160.

[0058] The invention being thus described, it Will be
obvious that the same may be varied in many Ways. Such
variations are not to be regarded as a departure from the
invention, and all such modi?cations are intended to be
included Within the scope of the invention.

the respective mobile station. That is, for example, When the
mobile station leaves a respective base stations coverage
area.

[0053] In this example embodiment, similar to that as
discussed above, the toll paying mobile station needs to be
distinguished from the mobile stations in the same vehicle in
order to suppress redundant charges to multiple accounts.

Accordingly, upon initiation of the tracking function, for
example, by the MS 100, a Vehicle Identi?cation Number
(VIN) along With a mobile ID (e.g., ESN) may be transmit
ted by the MS 100 to TCA 160 for authentication. The VIN

We claim:
1. A method for toll collection via a Wireless netWork, the

method comprising:
tracking a current position of a mobile station Within a

vehicle;
collecting a toll based on the current position of the
mobile station.

2. The method of claim 1, Wherein the collecting step

further comprises:
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determining Whether to make a toll collection based on

the current position of the mobile station; and
collecting a toll based on the determining step.

3. The method of claim 2, Wherein the determining step

further comprises:
comparing the current position of the mobile station With
stored locations of toll collection Zones; and
determining Whether to make a toll collection if the

comparing step indicates that the mobile station has
traveled through a toll collection Zone.

stations are present in the vehicle, only the associated mobile

station is tracked by the tracking step.
11. The method of claim 10, Wherein the vehicle is
associated With the mobile station by associating a vehicle
identi?cation number for the vehicle With a mobile identi
?cation for the mobile station.
12. The method of claim 10, Wherein the mobile identi
?cation is at least one of the mobile phone number associ
ated With the mobile station and an electronic serial number
associated With the mobile station.

4. The method of claim 1, further comprising:

13. The method of claim 1, further comprising:

initiating the tracking step based on a message sent by the
mobile station.
5. The method of claim 1, Wherein the tracking step

associating the mobile station With the vehicle using at

further comprises:
updating the current location of the mobile station peri

odically.
6. The method of claim 4, Wherein the message is one of
a phone call or a text message.

7. The method of claim 1, further comprising:
initiating the tracking step based on the location of the
mobile station respective to a base station.

8. The method of claim 7, Wherein the initiating step is
performed at the base station.
9. The method of claim 7, Wherein the initiating step is
performed at the mobile station.
10. The method of claim 1, Wherein the vehicle is asso
ciated With the mobile station such that, When other mobile

least one of a mobile identi?cation for the mobile
station and a vehicle identi?cation number for the

vehicle.
14. The method of claim 1, Wherein the tracking uses a

global positioning system.
15. The method of claim 1, Wherein the location of the
mobile station is tracked using a netWork, Which supports an
emergency location service.
16. The method of claim 1, the mobile station is tracked
using at least one of a netWork-based, a handset-based, and

a hybrid approach.
17. The method of claim 1, Wherein the mobile station is

tracked using an assisted global positioning system tech

nique.

