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(57) ABSTRACT

Mobile devices are each associated with a respective toll
account and are also configured to periodically report their
location and related information while traveling in a vehicle,
which is used to determine any applicable toll fees. In order
to avoid assessing the toll fee to each account, a server of a
tolling service first identifies mobile devices that are trav-
eling together based on the location information, and then
determines which of the mobile devices, if any, has indicated
that it is connected to the vehicle audio system. The account
associated with the mobile device connected to the vehicle
audio system will be assessed the full toll fee, and the
accounts associated with the other mobile devices will not
be charged. If there is no indication of being connected to the
vehicle audio system, then the location information is used
to correlate the mobile devices with a license plate image
taken at a tolling location, and the account associated with
the license plate number will be assessed the toll fee.

11 Claims, 8 Drawing Sheets
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1
METHOD AND SYSTEM FOR DETECTING
MULTIPLE USERS TRAVELING TOGETHER
AND CHARGING A SINGLE TOLL AMONG
THE USERS AUTOMATICALLY

CROSS REFERENCE

This application claims priority to U.S. provisional appli-
cation No. 63/307,682 filed Feb. 8, 2022, the entirety of this
is hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to vehicular toll-
ing applications, and, more particularly, relates to the use of
tolling applications on personal computing and communi-
cation devices in which multiple people in a vehicle have
such devices with tolling applications running on them, and
identifying that at least one of the users’ toll accounts should
be charged and the other user’s toll account are not to be
charged.

BACKGROUND OF THE INVENTION

Vehicular tolling is in widespread use and in a variety of
forms. There are roadways that are exclusively toll roads,
and there are roadways where one or several lanes are toll
only, and other lanes are non-toll. Tolling has evolved from
manned toll stations where drivers would have to stop and
physically pay their toll, to more automated tolling methods
such as toll by plate and mobile device application-based
tolling. Presently there is substantial interest in using the
resources and near ubiquitous presence mobile devices for
tolling in which a tolling application is installed on the
mobile device, and the application, when executed by the
mobile device, uses resources of the mobile device such as
communication and location services to determine when the
user of the mobile device should pay a toll. That is, the
mobile device tracks its location, and upon passing a tolling
point, it can communicate with a tolling service (e.g. the
entity who provided the application) to conduct a toll
payment to the toll agency responsible for the toll road.

It is not uncommon for several people to be in a vehicle
when traveling on a toll road, each of whom can have their
own mobile device with a tolling application installed
therein. Upon passing a tolling point, a passenger’s toll
account may be charged inadvertently because the passen-
ger’s mobile device does not know that it is not responsible
for paying tolls. Of course, the tolling application can have
a user setting to set the tolling application into a passenger
mode, and ignore tolling operation, but users may forget to
do this, or simply would prefer if the tolling application were
able to determine this automatically.

Therefore, a need exists to overcome the problems with
the prior art as discussed above.

SUMMARY

In accordance with some embodiments of the inventive
disclosure, there is provided a method that includes receiv-
ing at a server a plurality of location reports from a plurality
of mobile devices and evaluating each one of the plurality of
location reports to determine whether there is another loca-
tion report from a different mobile device that correlates to
the one of the plurality of location reports being evaluated.
The method further includes, upon identifying one or more
correlated location reports, determining whether the mobile
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2

devices that produced the correlated location reports have
read a common media access control address, and when it is
determined that the mobile devices have each read the
common media access control address, assessing a single
toll fee to an account associated with one of the mobile
devices and not assessing a toll fee to the different mobile
device.

In accordance with a further feature, the method further
includes, when it is determined that the mobile devices have
not each read the common media access control address,
assessing a full toll charge to toll accounts associated with
each of the mobile devices.

In accordance with a further feature, determining whether
the mobile devices that produced the correlated location
reports have read the common media access control address
comprises each of the mobile devices determining that they
are in a vehicle based on reaching a threshold speed and
reading a MAC address of a vehicle audio system of the
vehicle.

In accordance with a further feature, the method further
includes, when it is determined that the mobile devices have
each read the common media access control address, the full
toll charge is split among these users.

In accordance with a further feature, the method further
includes, when it is determined that the mobile devices is
paired with the vehicle audio system, an account associate
with the mobile device that is paired is charged the full toll.

In accordance with some embodiments of the inventive
disclosure, there is provided a method that includes receiv-
ing at a server a plurality of location reports from a plurality
of mobile devices and evaluating each one of the plurality of
location reports to determine whether there is another loca-
tion report from a different mobile device that correlates to
the one of the plurality of location reports being evaluated.
The method further includes, upon identifying one or more
correlated location reports, determining whether the mobile
devices that produced the correlated location reports have
read a common media access control address, and, when it
is determined that the mobile devices have each read the
common media access control address, applying a business
rule to apportion a single toll fee among the mobile devices
that have read the common media access control address.

In accordance with a further feature, the business rule
results in the entire single toll fee to be assessed to a mobile
device that is connected to the media access control address.

In accordance with a further feature, the business rule
results in the single toll fee being divided among the mobile
devices.

In accordance with some embodiments of the inventive
disclosure, there is provided a method for identifying a
plurality of mobile devices traveling together in a vehicle
that includes receiving, at a server, a plurality of location
reports from a plurality of mobile devices, wherein the
location reports include location fix information taken when
approaching and passing through a tolling location. The
method further includes the server selecting a first location
report from one mobile device of the plurality of mobile
devices that indicates the one mobile device passed through
the tolling location, and the server defining speed and
distance boundaries based on location information in the
first location report. The method further includes the server
searching the plurality of location reports to identify other
ones of the location reports that are within the speed and
distance boundaries. The method further includes the server
performing a statistical process on the other ones of the
location reports to identity at least one other location report
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from at least one other mobile device that has a minimum
likelihood of being in the same vehicle as the one mobile
device.

In accordance with a further feature, the method further
includes, determining which among the one mobile device
and the at least one other mobile device to assess a toll fee.

In accordance with a further feature, performing a statis-
tical process comprises determining a mean distance and a
standard deviation in distance among the other ones of the
location reports and the first location report, and excluding
those of the other ones of the location reports that are more
than the standard deviation away from the location of the
first location report.

In accordance with a further feature, each of the plurality
of location reports includes a sequence of locations.

In accordance with a further feature, the sequence of
location reports are produced only within a defined distance
from the tolling location.

Although the invention is illustrated and described herein
as embodied herein, it is, nevertheless, not intended to be
limited to the details shown because various modifications
and structural changes may be made therein without depart-
ing from the spirit of the invention and within the scope and
range of equivalents of the claims. Additionally, well-known
elements of exemplary embodiments of the invention will
not be described in detail or will be omitted so as not to
obscure the relevant details of the invention.

Other features that are considered as characteristic for the
invention are set forth in the appended claims. As required,
detailed embodiments of the present invention are disclosed
herein; however, it is to be understood that the disclosed
embodiments are merely exemplary of the invention, which
can be embodied in various forms. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a basis for the claims
and as a representative basis for teaching one of ordinary
skill in the art to variously employ the present invention in
virtually any appropriately detailed structure. Further, the
terms and phrases used herein are not intended to be
limiting; but rather, to provide an understandable description
of the invention. While the specification concludes with
claims defining the features of the invention that are
regarded as novel, it is believed that the invention will be
better understood from a consideration of the following
description in conjunction with the drawing figures, in
which like reference numerals are carried forward. The
figures of the drawings are not drawn to scale.

Before the present invention is disclosed and described, it
is to be understood that the terminology used herein is for
the purpose of describing particular embodiments only and
is not intended to be limiting. The terms “a” or “an,” as used
herein, are defined as one or more than one. The term
“plurality,” as used herein, is defined as two or more than
two. The term “another,” as used herein, is defined as at least
a second or more. The terms “including” and/or “having,” as
used herein, are defined as comprising (i.e., open language).
The term “coupled,” as used herein, is defined as connected,
although not necessarily directly, and not necessarily
mechanically. The term “providing” is defined herein in its
broadest sense, e.g., bringing/coming into physical exis-
tence, making available, and/or supplying to someone or
something, in whole or in multiple parts at once or over a
period of time.

“In the description of the embodiments of the present
invention, unless otherwise specified, azimuth or positional
relationships indicated by terms such as “up”, “down”,
“left”, “right”, “inside”, “outside”, “front”, “back”, “head”,
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“tail” and so on, are azimuth or positional relationships
based on the drawings, which are only to facilitate descrip-
tion of the embodiments of the present invention and sim-
plitfy the description, but not to indicate or imply that the
devices or components must have a specific azimuth, or be
constructed or operated in the specific azimuth, which thus
cannot be understood as a limitation to the embodiments of
the present invention. Furthermore, terms such as “first”,
“second”, “third” and so on are only used for descriptive
purposes, and cannot be construed as indicating or implying
relative importance.

In the description of the embodiments of the present
invention, it should be noted that, unless otherwise clearly
defined and limited, terms such as “installed”, “coupled”,
“connected” should be broadly interpreted, for example, it
may be fixedly connected, or may be detachably connected,
or integrally connected; it may be mechanically connected,
or may be electrically connected; it may be directly con-
nected, or may be indirectly connected via an intermediate
medium. As used herein, the terms “about” or “approxi-
mately” apply to all numeric values, whether or not explic-
itly indicated. These terms generally refer to a range of
numbers that one of skill in the art would consider equiva-
lent to the recited values (i.e., having the same function or
result). In many instances these terms may include numbers
that are rounded to the nearest significant figure. To the
extent that the inventive disclosure relies on or uses software
or computer implemented embodiments, the terms “pro-
gram,” “software application,” and the like as used herein,
are defined as a sequence of instructions designed for
execution on a computer system. A “program,” “computer
program,” or “software application” may include a subrou-
tine, a function, a procedure, an object method, an object
implementation, an executable application, an applet, a
servlet, a source code, an object code, a shared library/
dynamic load library and/or other sequence of instructions
designed for execution on a computer system. Those skilled
in the art can understand the specific meanings of the
above-mentioned terms in the embodiments of the present
invention according to the specific circumstances.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and explain various principles and advantages all in accor-
dance with the present invention.

FIG. 1 shows a diagram of a vehicle including multiple
mobile devices, each of which are running a tolling appli-
cation program, and collect information from each other in
order to prevent toll charges being applied to toll accounts
associated with most of the mobile device, in accordance
with some embodiments.

FIG. 2 shows system diagram of a tolling system in which
mobile devices are collocated in a vehicle, and the system is
able to determine which of the mobile devices are not
presently operating as a tolling transactor in order to avoid
charging excess toll, in accordance with some embodiments.

FIG. 3 is a data diagram that shows data sent to a backend
server which uses the data to identify mobile devices asso-
ciated with tolling accounts that are not to be charged a toll,
in accordance with some embodiments.

FIG. 4 is a flow chart diagram of a correlation method
used by a toll service backend data center to identify
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multiple mobile devices traveling in the same vehicle to
avoid excess tolling charges, in accordance with some
embodiments.

FIG. 5A is a flow chart diagram of a method for identi-
fying locally available PAN devices to assist with the
correlation method of FIG. 4, in accordance with some
embodiments.

FIG. 5B is a flow chart diagram of a method for identi-
fying which of several mobile devices traveling together in
the same vehicle belong to the owner/operator of the vehicle
so that the toll fee is assessed to an account associated with
the owner/operator of the vehicle, and no toll is assessed to
the accounts associated with the other mobile devices in the
vehicle, in accordance with some embodiments.

FIG. 6 is a flow chart diagram of a method for identifying
when a trip begins and ends, in accordance with some
embodiments.

FIG. 7 shows a geofenced diagram around a tolling
location over several lanes of a toll roadway where the
location sampling rate is adjusted to allow identification of
co-located mobile devices without the need to look at PAN
connections, in accordance with some embodiments.

DETAILED DESCRIPTION

While the specification concludes with claims defining the
features of the invention that are regarded as novel, it is
believed that the invention will be better understood from a
consideration of the following description in conjunction
with the drawing figures, in which like reference numerals
are carried forward. It is to be understood that the disclosed
embodiments are merely exemplary of the invention, which
can be embodied in various forms.

FIG. 1 shows a diagram of a vehicle 102 including
multiple mobile devices 104, 106, 108, each of which are
running a tolling application program, and collect informa-
tion from each other in order to prevent toll charges being
applied to toll accounts associated with most of the mobile
devices, in accordance with some embodiments. As used
here, the term “mobile device” refers to a computing device
that is capable of accessing cellular data networks, and
through those networks, the Internet and other computing
resources that are connected to the Internet, including a
tolling service data center. The term “tolling service” refers
to a third party that pays toll charges on behalf of users of
the tolling service to a toll agency that operates toll roads
and collects tolls from drivers who use the toll roads. Thus,
a tolling service is not a toll agency. The mobile devices 104,
106, 108 each have a tolling application program installed
that can run as a background application. The tolling appli-
cation program causes the mobile device to communicate
with a tolling service data center to report location data and
other data so that toll charges can be assessed to the one
account associated with the user of the mobile device and the
vehicle. In general a data center is a collection of computing
resources including one or more servers, databases, and
other data storage equipment that are interconnected and
accessible via the Internet to process data sent to the data
center and then take appropriate actions. When a mobile
device passes a geofenced region defined as a tolling loca-
tion (e.g. a physical toll gantry/plaza or a virtually defined
tolling location), ordinarily the user’s account would be
debited the toll charge, and the toll charge would then be
paid by the tolling service to the tolling agency. Since the
tolling application can run in the background to automate the
process of detecting when the mobile device is, for example,
approaching and passing a tolling location, and reporting
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location to the tolling service data center, a user may forget
to turn the tolling application off when traveling as a
passenger in another person’s vehicle on a toll road. In some
circumstances this could result in both parties being charged
tolls.

To prevent duplicative toll charges, the mobile devices
104, 106, 108 each have a personal area networking (PAN)
transceiver that is capable of detecting beacon signals of
other PAN transceivers. One example of a PAN communi-
cations protocol is that known by the tradename BLU-
ETOOTH. The PAN communications protocol allows
devices to link together for various purposes. For example,
mobile device 104, which can belong to the owner/driver of
the vehicle 102, can form a connection to the vehicle audio
system 110 in a process known as pairing. When devices are
paired, they will generally automatically link when in physi-
cal proximity of each other. In addition, PAN transceivers
can detect each other without establishing any link because
PAN transceivers routinely transmit a beacon so that they are
discoverable in order to allow other devices to respond to
them directly. In order to do this, there is certain information
in the transmitted beacon that allows another device to
address their communication to that other device. This
information can include the media access control (MAC)
address of the PAN transceiver. Every PAN transceiver is
assigned a unique MAC address that is typically hard-coded
into the transceiver. Each of the mobile devices 104, 106,
108 can report the presence of other mobile devices having
a PAN transceiver by reporting the MAC addresses of the
other detected devices, including the vehicle audio system
110 to the tolling service data center. However, to prevent
the mobile devices from constantly reporting the MAC
addresses of other mobile devices nearby, the application
program is configured to only look at other device MAC
addresses when the mobile device is moving above a thresh-
old speed, such as, for example, fifteen miles per hour. That
is, the tolling application program, running in the back-
ground, periodically request a location fix from the mobile
device’s satellite location receiver. A location fix indicates
geolocation coordinates on the face of the Earth; latitude,
longitude, and altitude, as well as time. Successive location
fixes can be used to determine a present speed by determin-
ing a distance between the location fixes and the time it takes
to travel that distance. Accordingly, when the vehicle 102
starts moving, and accelerates past the threshold speed, each
of the mobile devices 104, 106, 108 will report to the data
center, and indicate the MAC addresses of other devices
nearby. Mobile device 104 can also indicate that is it
connected to the vehicle audio system 110, which will
indicate that it belongs to the owner/driver of the vehicle
102, and will be solely responsible for toll charges absent
some indication of toll splitting/sharing. Thus, other mobile
devices that indicate a similar trip point of origin (when they
started exceeding the speed threshold) and which report the
same neighboring MAC addresses, can then be excluded
from being charged for tolls.

Alternatively, in some embodiments, mobile devices 106,
108 do not detect any other PAN transceivers, and only the
driver’s mobile device 104 connects to the vehicle audio
system 110. Mobile devices 106, 108 do not report any MAC
address or indication of having connected to any other PAN
transceiver, but the driver’s mobile device 104 does report
an indication of having connected to the vehicle audio
system, which can be simply a field in a data message sent
to the tolling service data center, or the actual MAC address
of the vehicle’s audio system PAN transceiver. In some
embodiments none of the mobile devices 104, 106, 108
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report or indicate any connection to a PAN transceiver, in
which case the tolling service data center still determines
that the three mobile devices 104, 106, 108 were in the same
vehicle together, and reports this information to the toll
agency. The toll agency then correlates the information,
especially the time of crossing the tolling location, and the
lane the mobile devices 104, 106, 108 were in at the time of
crossing (based on lane geofence definitions), and the tolling
agency can then compare this information with license plate
photos, which also include lane and crossing time data. The
license plate of the vehicle can be associated with a tolling
account.

FIG. 2 shows system diagram of a tolling system in which
mobile devices are collocated in a vehicle, and the tolling
service data center is able to determine which of the mobile
devices are not presently operating as a tolling transactor in
order to avoid charging duplicate toll fees, in accordance
with some embodiments. A tolling location 202 is defined
over a roadway including lanes 204, 206. The tolling loca-
tion can include physical equipment for toll transactions
such as a gantry that includes a toll reader and a camera over
each lane 204, 206. A toll reader transmits a signal when a
vehicle is passing by, and a toll transponder in the vehicle
can receive the toll reader signal and respond with an
identifier that is associated with a toll account that is then
debited. The camera is used to take a photograph of the
license plate of the passing vehicle in case there is no toll
transponder response as the vehicle passes the tolling loca-
tion 202, or in case the tolling service data center cannot
determine which of the plurality of mobile devices in a
vehicle corresponds to the account to be charged. In which
case the tolling agency determines the license plate of the
vehicle based on position and crossing time information
from photographs of license plated take at the tolling loca-
tion as vehicles pass by the tolling location. The image of the
license plate can be processed to recognize the license plate
number, and origin (e.g. state/country). Once the license
plate number is determined, then it can be cross referenced
with toll accounts to determine if it is registered with any toll
account, and if so, the toll account is then debited. If not,
then a ‘toll by plate’ invoice is sent to the address of the
owner of the vehicle.

In the present example there are two vehicles 208, 210.
Vehicle 208 is in lane 204 and vehicle 210 is in lane 206, and
both are traveling toward the tolling location 202. The two
vehicles may arrive and pass the tolling location 202 at
slightly different times, or at about the same time. For the
sake of example, vehicle 210 can have multiple people in it
who each have a mobile device that is running a tolling
application program. Vehicle 208 will have at least a driver
occupant who likewise has a mobile device that is running
the tolling application program. The mobile devices can
communicate with a cellular infrastructure network, that
includes a base station 212, and that is further connected to
the Internet 214. A tolling service data center 216 is also
connected to the Internet 214, allowing the mobile devices
in the vehicles 208, 210 to access the tolling service data
center 216.

Once the vehicles reach the threshold speed (e.g. 15 mph),
each of the mobile devices can report to the tolling service
data center their location, time, and the nearby MAC
addresses that can be detected, as well as their own MAC
address if that information was not previously made a matter
of record in the account information of the account associ-
ated with the mobile device. Alternatively, only the driver’s
mobile device reports a MAC address to indicate that the
account associated with it is to be charged the full toll.
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Because the range of PAN transceivers is relatively short, the
mobile devices are not likely to detect other devices outside
of the vehicle. As such, it is very likely that the other PAN
transceivers detected once the minimum speed threshold is
passed are also located in the vehicle. In other embodiments
none of the mobile devices report any MAC address or
related information.

The tolling location 202, as well as portions of the lanes
204, 206 before and after the tolling location 202, can be
defined by geofence definitions that are provided to the
mobile devices by the tolling service data center, or as part
of a tolling map used by each of the mobile devices. Once
the mobile devices determine that they are approaching the
tolling location 202, they can start collecting location infor-
mation more frequently. For example, when the mobile
devices determine that they are in a geofenced region
defined on the lane prior to the tolling location they start
collecting location, heading, speed, time, lane, and other
information. This information is transmitted to the tolling
service data center 216 which attempts to correlate the
information with similar information reported by other
mobile devices. If there are two or more mobile devices that
appear to have arrived at the tolling location 202 at about the
same time, going the same direction, and traveling at about
the same speed and in the same lane or an adjacent lane
(GPS error can make a device seem to be in an adjacent
lane), then it may be that those devices are traveling together
in the same vehicle. If there is an indication that the toll fees
will be split or shared, then the toll fee is appropriately
apportioned among the corresponding toll accounts. How-
ever, if there is no indication of toll sharing, then the tolling
service data center 216 can determine, based on the MAC
addresses of other devices detected by each mobile device,
or the driver’s mobile device alone reporting a MAC address
(of the vehicle audio system), that the mobile devices are
traveling in the same vehicle, and only one toll account is to
be assessed the full toll fee. Generally this will be the
account associated with the mobile device that is paired with
the vehicle audio system, although a more express indication
can be provided to the toll service data center (e.g. an option
in the toll application program is selected indicating that the
account of the user/owner of the mobile device will pay the
full toll fees)can.

FIG. 3 is a data diagram that shows data sent to a backend
server which uses the data to identify mobile devices asso-
ciated with tolling accounts that are not to be charged a toll,
in accordance with some embodiments. For this example,
there are mobile devices X, Y, Z, and A that are traveling on
a toll road. Mobile devices X, Y, and Z can be, for example,
in vehicle 210, and mobile device A can be traveling in
vehicle 208. When vehicle 210 reaches the minimum speed
threshold, then each of mobile devices, X, Y, and Z, can
report initial information to the tolling service data center.
Thus, mobile device X reports information 302, mobile
device Y reports information 304, and mobile device Z
reports information 306. Likewise, mobile device A reports
information 308 when it first exceeds the minimum speed
threshold. The initial information 302, 304, 306, 308 can
include a location, the time at which the location fix was
taken, speed, heading, and detected MAC addresses (X, Y,
and 7Z) of other PAN transceivers that can be detected, as
well as the PAN MAC address of the vehicle, V. Accord-
ingly, initial information 302, 304, and 306 will all have a
similar location, time, and common MAC addresses. Infor-
mation 308 likely does not have a similar start location or
time as that of 302, 304, 306, and only lists its own vehicle
MAC address, AV.
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However, assume vehicle 208 and vehicle 210 arrive at
tolling location 202 at about the same time, but in adjacent
lanes. Each of the mobile devices X, Y, Z, and A report
information 310, 312, 314, and 316, respectively, to the
tolling service data center. The tolling service data center
216 attempts to correlate information being reported as a
result of passing by tolling locations. In this case all of the
information reports 310, 312, 314, and 316 will have similar
location, heading, and time correlations as indicated by
bracket 318. They may further have similar speeds reported.
However, the tolling service data center can check the initial
reports 302, 304, 306, 308 and see that it is very likely that
mobile devices X, Y, and Z are traveling in one vehicle, and
mobile device A is traveling in another vehicle, based on
their detected MAC address lists, as indicated by bracket
320. Accordingly, the account corresponding to mobile
device A is charged a toll fee, and one of the accounts
associated with mobile devices X, Y, or Z is charged a toll
fee and the other two are not, thereby avoiding duplicative
toll fees being assessed.

In another embodiment, rather than the mobile devices
detecting each other, they can all detect the MAC address of
the vehicle audio system (e.g. 110). The mobile devices
having similar speed, location, and crossing times at a
tolling location that also have identified a common MAC
address (that of the vehicle audio system, for example) can
be grouped together as traveling in the same vehicle. One of
those mobile devices can further indicate that it is paired
with the vehicle audio system, indicating it is the owner/
driver’s mobile device, and the account associated with that
mobile device is the one that gets assessed the toll fee,
assuming no toll sharing/splitting is being used. If the
mobile devices report all of the MAC addresses detected in
the vehicle, then they will still have reported common MAC
addresses.

In some embodiments, only the mobile device of the
driver of vehicle 210 can report a MAC address or equiva-
lent indication that it is connected to the vehicle audio
system. In which case, after correlating the mobile devices
X, Y, and Z as being in the same vehicle, the toll fee is then
assessed to the account associated with the driver’s mobile
device based on the driver’s mobile device having indicated
that is connected to the vehicle audio system. In still other
embodiments, none of the mobile devices X, Y, Z report or
indicate connection to the vehicle audio system, in which
case the tolling service must provide the tolling agency with
the information of the three mobile devices X, Y, and Z
being in the same vehicle, along with crossing time and lane
information, so that a license plate recognition process can
identify the vehicle and assess the toll fee to the account of
the owner of the vehicle.

FIG. 4 is a flow chart diagram of a correlation method 400
used by a toll service backend data center to identify
multiple mobile devices traveling in the same vehicle to
avoid assessing duplicative tolling charges, in accordance
with some embodiments. At the start 402 of the method 400
the backend servers of the tolling service data center are
receiving streams of location reports from many different
mobile devices, each of which is running the tolling appli-
cation. The tolling application causes the mobile device to
periodically determine its location (both geo-coordinates
and a geofence definition), time, heading, and speed, and to
report that information to the backend data center, among
other things relevant to the method 400. The location data
includes location coordinates that are produced by the
mobile device’s satellite location receiver (e.g. GPS), as well
as location metadata such as a user 1D, date and time, car
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speed, bearing, GPS radius of accuracy, phone OS type, and
GPS coordinates sequence number. The backend server
processes each location report of a given mobile device and
its metadata to identify matches with other mobile devices.
That is, location reports that have the same location at the
same time with the same speed and bearing. The matching
process can be facilitated by indexing location reports in a
database by time and date, location, speed, and bearing, for
example. Location reports sufficiently close can be further
processed when there is a sufficient match (e.g. 90% or
more) by looking at the local PAN network entities available
to each of the mobile devices that appear to be matching.
Mobile devices that are collocated can advertise to each
other using their personal area network transceiver (PAN)
such as BLUETOOTH. Likewise, most vehicles made now
include a PAN transceiver to allow mobile devices to
connect to the vehicle audio system for hands-free telephone
operation, if not also to play audio content over the vehicle
audio system. PAN transceivers, like any networking trans-
ceiver, is assigned a media access control (MAC) address.
The mobile devices in the vehicle can collect the MAC
addresses of devices in the vehicle and the vehicle audio
system and report these to the backend data center as well.
If there are matches, then the backend knows they are in the
same vehicle, and only one toll charge should be assessed.
That is, the method 400 allows the backend data center to
identify mobile devices that appear to be in the same vehicle,
and then to verify that by comparing whether they can detect
the same very short-range networking device(s). If the match
cannot be made, or if they cannot be verified based on
knowing common MAC address(es), then each device may
assessed a toll. Alternatively, only the driver’s mobile device
will report an indication that it is connected to the vehicle
audio system through a PAN link, and that indication will
cause the tolling service data center to charge a toll to an
account associated with the mobile device. In some embodi-
ment no indication of connecting to or detecting any PAN
transceiver is provided, and the tolling service data center
determines, based on statistical analysis, which mobile
devices that have reported their location are located together
in a vehicle.

At step 404 the backend server selects a given transaction,
meaning a mobile device has indicated that it has passed
through a tolling location, which may result in a toll fee
being assessed against a tolling account associated with the
mobile device. In step 406 the server determines if the
transaction has already been correlated with another mobile
device. If the transaction has already been correlated with
another, then the next transaction is selected, and the method
returns to step 404. If the transaction has not been correlated
with that of another mobile device, then the method pro-
ceeds to step 408 where the server evaluates a chain of
location reports from the mobile device, including location
and related metadata based on a predetermined amount of
time prior and after the toll point. In step 410 the server
determines boundaries for speed and distance, which act as
filters to improve correlation, for comparison with the trans-
action being evaluated. That is, in addition to location and
time being similar, the server will also look for other
transactions that have a similar speed and are within a
certain distance from the mobile device that produced the
transaction being evaluated. In step 412 these parameters are
used to find all other transactions (i.e. data from other mobile
devices) that match the presently evaluated transaction
within those bounds. In step 414 the presently evaluated
transaction location chain is compared to those that were
found to match, and for each one in step 416 a certainty of
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match is determined. That is, the more closely the location,
speed, and distance match, the more likely the mobile device
of the presently evaluated transaction was in the same
vehicle as the mobile device that produced the matching
transaction. A statistical likelihood can be calculated, and in
step 418, those that are at least 90% likely to have been
produced by mobile devices in the same vehicle are con-
sidered matches in step 420. If there are no matches that pass
this evaluation, then a toll fee is assessed to the account
associated with the mobile device that produced the pres-
ently evaluated transaction. In step 422 the server can
compare the PAN connection list of each of the mobile
devices that have matched in steps 418, 420, if such lists are
reported. In steps 424 and 426 the transactions that also
indicate a matching MAC address (e.g. in initial data
reported) can be determined. Among these matching trans-
action, only one will be assessed the toll fee. That is, of all
the matching transactions (location, speed, time, distance,
and MAC addresses) only the account associated one of the
mobile devices that produced the matching transactions is
assessed the toll fee. That can be, for example, a mobile
device that indicates that it was paired with the vehicle audio
system. Then the method ends 428. If in step 424 there are
no MAC address matches, then all of the transactions,
despite matching otherwise, are considered to have been in
different vehicles, a toll fee is assessed to the associated
accounts for all of them, and the method returns to the start
402.

Alternatively, steps 422, 424 can be one step in which the
server determines which, if any, of the mobile devices have
reported or indicated connection to a PAN transceiver, such
as by indicating a MAC address of the vehicle audio system.
The mobile device indicating connection to the vehicle
audio system is considered to be the owner/operator of the
vehicle, and the toll fee is charged to the account associated
with the driver’s mobile device. In some embodiment, none
of'the mobile devices indicate being connected to the vehicle
audio system, and the tolling service must provide the
information to the tolling agency for cross referencing with
license plate images to identity the owner/operator of the
vehicle, and the toll account used by the owner/operator of
the vehicle.

FIG. 5A is a flow chart diagram of a method 500 for
identifying locally available PAN devices to assist with the
correlation method 400 of FIG. 4, in accordance with some
embodiments. Method 500 ensures that the identification of
PAN MAC addresses is done only upon starting a trip or
ride. The mobile devices can be programed by the tolling
application to only look for PAN devices once the location
information indicates the mobile device is moving at some
threshold speed (e.g. 15 miles per hour). If a given device
not connected to BlueTooth, it is not connected with the
vehicle audio system, which means it is presumed to not be
the vehicle owner’s mobile device, which would be con-
nected with vehicle audio system. In which case the mobile
device simply maintains the list of MAC addresses until the
end of the trip. If the mobile device is connected to the
vehicle audio system, then it may be possible to split the toll
between the owner and any other vehicle occupants. For
example, multiple mobile devices, each owned by different
members of a family who share the vehicle, may be paired
with the vehicle audio system, while only one is connected.
As used here, the term “paired” means that the mobile
device and the vehicle audio system have been set up to be
able to connect to each other through a pairing process, as
is well known.
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In step 502 there are several mobile devices, each running
an instantiation of the tolling application program or an
equivalent, co-located together in a vehicle. In step 504 each
of the mobile devices separately measure their own speed,
and when the speed is above a given threshold, the method
proceeds to step 506. In step 506 the mobile device deter-
mines if it is connected to a PAN transceiver, such as the
vehicle audio system. If not, then in step 508 the mobile
device searches for all other PAN MAC addresses that can
be detected, which will include those of other mobile
devices in the vehicle. In step 510 if the mobile device is
connected to a PAN transceiver in step 506, then the method
evaluates whether the MAC address is the owner’s MAC
address. If not, then in step 512 the toll may be split among
the users in the vehicle. Meaning the toll fee is apportioned
to several toll accounts associated with the mobile devices in
the vehicle. However, in step 514, if it is the owner’s Mac
address, then in step 516 the driver is identified as the entity
to pay the toll fee.

FIG. 5B is a flow chart diagram of a method for identi-
fying which of several mobile devices traveling together in
the same vehicle belong to the owner/operator of the vehicle
so that the toll fee is assessed to an account associated with
the owner/operator of the vehicle, and no toll is assessed to
the accounts associated with the other mobile devices in the
vehicle, in accordance with some embodiments. At the start
550 there are several mobile devices located together in a
vehicle, and each of the mobile devices are associated with
a respective toll account and are each running a tolling
application program. In step 552 each of the mobile devices
determine that they are moving faster than the threshold
speed, and in step 554 the application program on each
mobile device is configured to determine if the mobile
device is connected to the vehicle audio system’s PAN
transceiver. If the mobile device is connected to the vehicle
audio system, then in step 556 this information is provided
to the tolling service data center, either upon start of the trip,
or with location reports, or both, and accordingly the tolling
service data center will then charge the full toll to the
account associated with the mobile device. In step 560,
when a mobile device is not connected to the vehicle audio
system, the tolling service data center will not assess any toll
to the account associated with the mobile device, and the
method ends 558.

FIG. 6 is a flow chart diagram of a method 600 for
identifying when a trip begins and ends. The method starts
by determining that the mobile device, based on location
change over time, is moving at a threshold speed that is
generally faster than walking, such as 15 mph, for example.
The method runs a timer that counts up to a predetermined
time, or down from a predetermined time value. At the start
the timer is exhausted, or at its final value. Once the mobile
device determines it is moving at or above the threshold
speed, the timer is reset. Thereafter, if the speed drops below
the threshold speed, the timer begins counting. Once the
timer reaches its end value, then the trip is considered over.
Each time a trip is undertaken the mobile device can begin
the method 200 and communicate with the backend.

At the start 602 the mobile device is turned on and
running the tolling application program, periodically obtain-
ing location fixes. In step 604 the mobile device, as con-
trolled by the tolling application program, compares succes-
sive location fixes to determine if the mobile device is
moving faster than the threshold speed. If yes, then in step
606 a trip is considered under way, and the timer is reset.
Initially the timer can be in an expired state and the method
stays in step 604 until the speed exceeds the threshold the



US 11,907,929 B2

13

first time. Thereafter, while the speed remains above the
threshold the method returns to step 604 until the speed
drops below the threshold, where the timer is then started in
step 608, and checked in step 610. If the timer expires, then
it means the vehicle has been below the threshold speed for
a substantial period of time, and the present trip is consid-
ered to be over, meaning the mobile device is not looking for
geofenced regions indicating that it is approaching a tolling
location. If in step 610 the timer is not (yet) expired, then in
step 614 the speed of the mobile device is again re-evalu-
ated, and if'it is still below the threshold it returns to step 608
where the timer simply continues. However, if the speed
rises above the threshold, then the method moves to step 606
where the timer is reset. The timer is intended to allow the
vehicle time to stop for ordinary traffic, such as at traffic
lights, without ending the present trip and having to perform
parts of method 500 over again.

FIG. 7 shows a geofenced diagram around a tolling
location 702 over several lanes 704a-d of a toll roadway
where the location sampling rate is adjusted to allow iden-
tification of co-located mobile devices without the need to
look at PAN connections, in accordance with some embodi-
ments. A first geofenced region 710 is defined within a
relatively short distance of the tolling location 702, before
and subsequent to the tolling location 702. The distance can
be, for example, on the order of 200 meters. When mobile
devices are in this region, they take location fixes at a high
rate, such as, for example, every 5 meters. This location data
is reported to the tolling service data center. Outside of
region 710 is another region 708 that extends out from
region 710 to, for example, about half a mile or 800 meters.
In this region 708 the mobile device is sampling location at
a rate of about every 20 meters. Beyond region 708, in
regions 706, which can extend out one and a half to two
miles, the mobile device samples location at about once
every 200 meters, and location information is not reported to
the tolling service data center.

The location information reported while the mobile
device is in regions 708 and 710 allows statistical correla-
tions of mobile devices to be made to obviate the need to
determine if the mobile devices see the same PAN MAC
addresses. The high location granularity allows clusters of
mobile devices to be identified that must be in the same
vehicle based on being in the same lane, traveling at the
same speed, being at about the same locations at the same
times. Crossing time and speed can be used to group mobile
devices, and then a mean distance among the mobile devices
can be determined. Those who fall outside of a standard
deviation of distance can be regarded as outside of the
vehicle of those that all fall within standard deviation. That
is, those mobile devices in the same vehicle will be closer
together, and thus their location reports will indicate that
they are closer together. Although different mobile devices
can reports and different times, their speed, and time infor-
mation can be used to interpolate location at other times
between the reported location fix information. Since the
locations are reported over two hundred meters at five meter
intervals, for example, there are approximately forty loca-
tion fixes that be compared. in the region before passing
through the tolling location as well as after the tolling
location. Once a cluster of two or more mobile devices are
found, if none of the mobile devices has reporting or
indicated being connected to the vehicle audio system, then
the information is transmitted to the tolling agency to further
correlate the mobile devices with a license plate image in
order to determine the account that is to be charged the toll
fee.
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Furthermore, mobile devices that are associated with the
same toll account can be identified which can indicate that
only one of the mobile devices associated with the tolling
account, if any, will be charged the toll fee. For example, in
vehicle occupied by a family, there can be two mobile
devices associated with one toll account. In that case only
one toll fee may be charged. However, consider the case
where two family members who share an account are riding
with a third party who has a separate toll account. In that
case the methods described herein allow the tolling service
to determine which of the parties is to be charged the toll fee,
but the mobile devices using a shared account can be
considered as one for the purposes of evaluating which party
will be assessed the toll fee.
What is claimed is:
1. A method, comprising:
receiving at a server a plurality of location reports from a
plurality of mobile devices, each location report includ-
ing a location and a time at which a location fix was
performed to obtain the location, wherein each mobile
device of the plurality of mobile devices generates the
location reports by monitoring a speed of the mobile
device based on location fixes provided by a satellite
positioning receiver of the mobile device over time,
and when the speed of the mobile device is above a
threshold speed, obtaining the location and time from
the satellite positioning receiver of the mobile device
for the location report, and a personal area network
transceiver (PAN) media access control (MAC) address
of another device read by the mobile device at the time
of generating the location report using a PAN trans-
ceiver of the mobile device;
evaluating, by the server, each one of the plurality of
location reports to determine whether there is another
location report from a different mobile device that
correlates in location, time, and MAC address to the
one of the plurality of location reports being evaluated;

identifying, by the server, another location report from the
different mobile device that correlates with the one of
the plurality of location reports being evaluated in time,
location, and MAC address, and in response the server
determining that the different mobile device has read a
common MAC address of the one of the plurality of
location reports being evaluated; and

in response to identifying the another location report, the

server assessing a single toll fee to an account associ-
ated with one of the mobile devices and not assessing
a toll fee to an account associated with the another
mobile device.

2. The method of claim 1, wherein determining whether
the mobile devices that produced the correlated location
reports have read the common media access control address
comprises:

each of the mobile devices determining that they are in a

vehicle based on reaching a threshold speed and read-
ing a MAC address of a vehicle audio system of the
vehicle.

3. The method of claim 1, further comprising, when it is
determined that the mobile devices is paired with the vehicle
audio system, an account associated with the mobile device
that is paired with the vehicle audio system is charged the
full toll.

4. A method, comprising:

receiving at a server a plurality of location reports from a

plurality of mobile devices, each of the location reports
including a location and a time at which a location fix
was performed to obtain the location, wherein each
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mobile device of the plurality of mobile devices gen-
erates the location reports by monitoring a speed of the
mobile device based on location fixes provided by a
satellite positioning receiver of the mobile device over
time, and when the speed of the mobile device is above
a threshold speed, obtaining the location and time from
the satellite positioning receiver of the mobile device
for the location report, and a media access control
(MAC) address of a personal area network (PAN)
transceiver of a vehicle read by the mobile device at the
time of generating the location report using a PAN
transceiver of the mobile device, and an indication
whether the mobile device is actively connected to the
PAN transceiver of the vehicle;

the server evaluating each one of the plurality of location
reports to determine whether there is another location
report from a different mobile device that correlates to
the one of the plurality of location reports being evalu-
ated based on the location and the time indicated in the
location reports;
upon the server identifying one or more correlated loca-
tion reports, the server determining whether the mobile
devices that produced the correlated location reports
have each read a the vehicle PAN MAC address; and

when it is determined that the mobile devices have each
read the the vehicle PAN MAC address, the server
applying a business rule to apportion a single toll fee
among the mobile devices that have read the common
media access control address.

5. The method of claim 4, wherein the business rule
results in the entire single toll fee to be assessed to a mobile
device that is connected to the personal area network trans-
ceiver of the vehicle.

6. The method of claim 4, wherein the business rule
results in the single toll fee being divided among the mobile
devices.

7. A method for identifying a plurality of mobile devices
traveling together in a vehicle, comprising:

receiving, at a server, a plurality of location reports from

a plurality of mobile devices, wherein the location
reports are produced by each mobile device by moni-
toring a speed of the mobile device based on location
fixes produced by a satellite positioning receiver of the
mobile device over time, and when the speed is above
the a speed threshold, generating location reports to
include location fix information produced by the sat-
ellite positioning receiver, taken when approaching and
passing through a tolling location in order to complete
a toll transaction, the location fix information including
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a location and a time at which the location fix was
performed, and a media access control (MAC) address
of a personal area network (PAN) transceiver of the
vehicle read by the mobile device using a PAN trans-
ceiver of the mobile device, and an indication whether
the mobile device is actively connected to the PAN
transceiver of the vehicle;

the server selecting a first location report from one mobile

device of the plurality of mobile devices that indicates
the one mobile device passed through the tolling loca-
tion;
the server defining speed and distance boundaries based
on location information in the first location report;

the server searching the plurality of location reports to
identify other ones of the location reports that are
within the speed and distance boundaries and having a
similar crossing time and lane location when crossing
the tolling location based on a defined lane geofence;

the server performing a statistical process on the speed,
location, crossing time, and lane of the other ones of the
location reports to identify at least one other location
report from at least one other mobile device that has a
minimum likelihood of being in the same vehicle as the
one mobile device; and

wherein at least one of the first location report or the at

least one other location reporting indicating that the
respective mobile device is actively connected to the
PAN transceiver of the vehicle, the server automatically
assessing a toll fee to at least a toll account associated
with the respective mobile device indicating that it is
connected to the PAN transceiver of the vehicle.

8. The method of claim 7, wherein the entire toll fee is
assessed to the toll account associated with the respective
mobile device indicating that it is connected to the PAN of
the vehicle.

9. The method of claim 7, wherein performing a statistical
process comprises determining a mean distance and a stan-
dard deviation in distance among the other ones of the
location reports and the first location report, and excluding
those of the other ones of the location reports that are more
than the standard deviation away from the location of the
first location report.

10. The method of claim 9, wherein each of the plurality
of location reports includes a sequence of locations.

11. The method of claim 10, wherein the sequence of
location reports are produced only within a defined distance
from the tolling location.
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