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DETERMINING AN AMOUNT FOR A TOLL BASED ON LOCATION DATA
POINTS PROVIDED BY A COMPUTING DEVICE

BACKGROUND OF THE INVENTION

[0001] On-demand transport services exist that can arrange transport for users.
In some cases, the service provider, such as a driver for a transport or delivery

service, must travel along a route that requires the service provider to pay a toll.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] FIG. 1 illustrates an example tolling system for determining an amount

for a toll for a transport service.

[0003] FIG. 2 illustrates an example method for determining an amount for a

toll for a transport service.

[0004] FIG. 3 is an example diagram illustrating how a tolling system identifies

a tunnel using location data points.

[0005] FIGS. 4A and 4B are example diagrams that illustrate how a tolling

system determines an amount for a toll.

[0006] FIG. 5is a block diagram that illustrates a computing device upon which

examples described herein may be implemented.

DETAILED DESCRIPTION

[0007] Embodiments described herein provide for a system that can determine
when a service provider has driven through a tunnel or along a roadway in which a
toll is to be assessed, based on location data received from a computing device
associated with the service provider. The system can then identify which tunnel (as
well as which direction) the service provider has driven through in order to properly
assess the correct amount for the toll. In one example, the system can
communicate with or be part of a transport service system that arranges for
transport between a requester and a service provider, so that the system can
provide the amount for the toll to the transport service system for purposes of

calculating the total fare.

[0008] In one implementation, the system can receive (e.g., periodically)

location data points (e.g., global positioning system (GPS) data) from one or more
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computing devices over a network. The one or more computing devices can
correspond to transit devices, or devices that are associated with a service provider
and/or a respective vehicle. The location data points can provide an indication of
the route of travel of the vehicle during performance of the transport or delivery
service. Based on a set of location data points, the system can determine whether
the vehicle has potentially traveled along a roadway in which a toll is to be

assessed.

[0009] In some situations, during performance of the transport service, a
vehicle may travel along a roadway in an area where a computing device loses
service (e.g., no cellular service) or provides inaccurate GPS data. For example, the
vehicle may travel in a rural area where cellular service is weak, or may travel
underground or underwater through a tunnel. Despite not receiving location data
(or receiving inaccurate location data) for a period of time, the system can
determine, based on location data that has been received, whether the vehicle has
potentially traveled along a roadway or through a tunnel in which a toll is to be
assessed. In response to determining that the vehicle has potentially driven along a
roadway or through a tunnel in which a toll is to be assessed, the system can

identify the most probable roadway or tunnel that the vehicle has driven on.

[0010] According to examples, the system can perform a lookup, e.g., in a
transit system database, for one or more roadways in which a toll is to be assessed
that are within a predetermined distance of one or more location data points
received from the transit device. When there are two or more candidate roadways
or tunnels in an area (e.g., such as in an urban region), the system determine
which roadway was most likely traveled by the vehicle. In one implementation, the
system can also extrapolate additional data points, e.g., when there is a loss of
location data points, to determine the most likely or probable roadway or tunnel

the vehicle traveled through during performance of the transport service.

[0011] Based on the identified roadway or tunnel, the system can determine an
amount for the toll. In one example, the system can look up the identified roadway
or tunnel in a database, such as a toll database that includes entries of roadways in
which a toll is to be assessed with their corresponding amounts (e.g., five dollars,
or an amount per mile driven). The system can provide the amount to the transport
service system so that the amount can be charged as part of the fare to the

customer who received the transport service.
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[0012] As described herein, a “user,” a “requester,” or a “customer” is invariably
used to refer to individuals that are requesting or ordering a service. Also as
described herein, a “provider,” a “service provider,” a “supplier,” or a “vendor” is
invariably used to refer to individuals or entities that can provide the service. In
addition, as described herein, a “customer device” or “transit device” refers to
computing devices, such as desktop computers, cellular or smartphones, laptop
computers, tablet devices, television (IP Television), taxi meters, etc., that can
provide network connectivity and processing resources for enabling a customer or
service provider to communicate with a system (and/or the transport service

system) over one or more networks (e.g., a cellular network).

[0013] Examples described herein provide that methods, techniques, and
actions performed by a computing device are performed programmatically, or as a
computer-implemented method. Programmatically, as used herein, means through
the use of code or computer-executable instructions. These instructions can be
stored in one or more memory resources of a computing device or a wireless

access point. A programmatically performed step may or may not be automatic.

[0014] One or more examples described herein can be implemented using
programmatic modules or components. A programmatic module or component can
include a program, a sub-routine, a portion of a program, or a software component
or a hardware component capable of performing one or more stated tasks or
functions. As used herein, a module or component can exist on a hardware
component independently of other modules or components. Alternatively, a module
or component can be a shared element or process of other modules, programs or

machines.

[0015] Some examples described herein can generally require the use of
computing devices, including processing and memory resources. For example, one
or more examples described herein may be implemented, in whole or in part, on
computing devices, such as mobile computing devices, access points, desktop
computers, cellular or smart phones, laptop computers, servers, or routers.
Memory, processing, and network resources may all be used in connection with the
establishment, use, or performance of any example described herein (including

with the performance of any method or with the implementation of any system).
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[0016] Furthermore, one or more examples described herein may be
implemented through the use of instructions that are executable by one or more
processors. These instructions may be carried on a computer-readable medium.
Machines shown or described with figures below provide examples of processing
resources and computer-readable mediums on which instructions for implementing
examples described herein can be carried and/or executed. In particular, the
numerous machines or devices shown with examples herein include processor(s)
and various forms of memory for holding data and instructions. Examples of
computer-readable mediums include permanent memory storage devices, such as
hard drives on personal computers or servers. Other examples of computer storage
mediums include portable storage units, such as CD or DVD units, flash memory
(such as carried on smart phones, multifunctional devices or tablets), and magnetic
memory. Computers, terminals, network enabled devices (e.g., mobile devices,
PCs, televisions) are all examples of machines and devices that utilize processors,
memory, and instructions stored on computer-readable mediums. Additionally,
some examples may be implemented in the form of computer-programs, or a

computer usable carrier medium capable of carrying such a program.
[0017] SYSTEM DESCRIPTION

[0018] FIG. 1 illustrates an example tolling system for determining an amount
for a toll for a transport service. A tolling system, such as system 100 as described
in FIG. 1, can be implemented in a variety of computing environments. System 100
(and one or more of its components) can be implemented using memory and
processing resources of one or more computing devices. For example, system 100
can be implemented through a combination of servers or other network-enabled
computing devices. In other variations, system 100 can be implemented on other
computing platforms, including stand-alone systems. As an alternative or addition,
some or all of the components of system 100 can be implemented on client

devices, such as through applications that operate on user terminals.

[0019] In some examples, system 100 can communicate over one or more
networks, via one or more network interfaces (e.g., wirelessly or using a wireline),
to communicate with one or more transit devices 160. A transit device 160 can
correspond to a mobile computing device that can, during performance of the
transport service, provide location data to system 100. In variations, the transit

device 160 can correspond to a mobile computing device that is operated by a
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service provider and/or associated with a vehicle of the service provider providing a
transport service, or a mobile computing device that is operated by a customer,
such as a passenger who is riding in the vehicle as the transport service is being
performed. The one or more networks can include the Internet, wireless local area
networks (WLANS), cellular networks, or other networks for enabling

communication between devices.

[0020] System 100 can operate with or as part of another system, such as a
transport service system or delivery service system, which arranges transport or
delivery between a requester and a service provider. As an example, a customer
communicate with the service system over a network using a customer device in
order to request a service, such as a transportation or delivery service (e.g., food
delivery, messenger service, food truck service, or product shipping) or a mobile
entertainment service (e.g., mariachi band, string quartet). The service system can
then arrange for the service to be performed by a service provider, such as a

driver, a food provider, a band, etc.

[0021] In one example, system 100 can include a roadway detection 110, a toll
amount determination 120, a transit device interface 130, and one or more
databases 140, 150, such as a transit model database and a toll database,
respectively. The components of system 100 combine to determine that a vehicle,
during performance of a transport or delivery service, has driven along a roadway
in which a toll is to be assessed, and to determine the appropriate amount for the
toll. The determined toll amount can be provided to the respective service system.
In some variations, the components that are described in system 100 can be each
provided as individual components or modules, or as part of other components.
Logic can be implemented with various applications (e.g., software) and/or with
hardware of one or more computing devices that implements system 100. In some
implementations, the components of system 100 can be implemented on network
side resources, such as on one or more servers. System 100 can also be
implemented, at least in part, through other computer systems in alternative

architectures (e.g., peer-to-peer networks, etc.).

[0022] As an alternative or addition, some or all of the components of system
100 can be implemented on client machines or devices, such as through

applications that operate on the transit devices 160. For example, an application
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operating on a transit device 160 can execute to perform one or more of the

processes implemented by one or more components of system 100.

[0023] System 100 can include a transit device interface 130 that can manage
communications between system 100 and a plurality of transit devices 160. As
discussed, a transit device 160 can correspond to a mobile computing device that is
operated by a service provider or driver. In one implementation, a driver that is
operating a transit device 160 can download an application that can be used to
interface with the network service. Such an application can include or use an
application programming interface (API), such as an externally facing API, to
communicate device data 161 to the transit device interface 130. When a transport
service has been arranged between a driver and a customer, for example, the
driver can provide an input via the application to notify system 100 that the
transport service has begun, and device data 161 corresponding to the
performance of the transport service can be provided to the transit device interface

130 (e.g., periodically).

[0024] In some examples, the device data 161 can include location information,
such as a plurality of location data points (e.g., latitudes and longitudes), that
correspond to a route of travel of the driver’s vehicle during performance of the
transport service. As the vehicle progresses from a first location (e.g., a start
location or pick-up location) to a second location (E.g., an end location, a
destination location, or drop-off location), location or position information
corresponding to its position can be provided as device data 161 to the transit
device interface 130. For example, the transit device 160 can include a global
positioning system (GPS) component for providing GPS data of its position at
different instances in time. In one example, each location data point can include at
least one of a latitude, a longitude, a time stamp, an error value, or a bearing. The
error value can vary for each location data point depending on the quality of GPS

signals and/or on the amount of signal interference near the transit device 160.

[0025] For example, once performance for a transport or delivery service
begins, the transit device 160 can begin to provide a plurality of location data
points to the transit device interface 130 periodically (e.g., every five or ten
seconds). Using the plurality of location data points, system 100 (as well as the
transport service or delivery service system) can determine detailed information

about the current performance of the service (or past performance once the service

6
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has been completed). The plurality of location data points can provide information
about the bearing of the vehicle (e.g., the vehicle is moving south from time, t=T1,
to time, t=T2), the route that has been taken, as well as the speed in which the

vehicle has traveled.

[0026] According to some examples, the device data 161 can also include
information about the driver and the driver’s vehicle. For example, for a particular
service provider, the device data 161 can include an identifier of the service
provider, the vehicle type driven by the service provider (e.g., town car, taxi cab,
SUV, electric vehicle, shuttle, etc.), the vehicle capabilities or capacities, route
information selected by the service provider, etc. In some example, the identifier of
the service provider can be used by one or more components of system 100 to
associate previously stored data (e.g., historical data) with the particular service
provider in order to access additional information for that service provider. In
addition, a vehicle type can be used by system 100 to determine the appropriate
toll amount when the vehicle drives along a roadway in which a toll is to be

assessed.

[0027] The transit device interface 130 can provide location data points 131 that
is received from one or more transit devices 160 to the roadway detection 110. The
roadway detection 110 can use the location data points 131 to determine whether a
vehicle that is providing a transport service has potentially driven along a roadway
in which a toll is to be assessed. Depending on implementation, a roadway in which
a toll is to be assessed can include bridges, tunnels, turnpikes, etc., in which a
driver of a vehicle can drive through in return for paying a sum of money (e.g., a
toll amount). The roadway detection 110 can make a determination that the vehicle
has potentially driven along a roadway in which a toll is to be assessed based on a
set of location data points received from a transit device corresponding to or

associated with the vehicle.

[0028] The roadway detection 110 can communicate with one or more
databases, such as a transit model database 140, that stores one or more transit
models or spatial databases. In some cases, the transit model database 140 can
include a vehicle system spatial database, which is a queryable map database that
identifies different points (e.g., having a latitude and a longitude, and/or an
altitude) along paths of transit, such as roadways. The vehicle system spatial

database can include information of how the points connect with other points (e.g.,
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to indicate how roads intersect with one another, etc.). Some vehicle system
spatial databases can also include points identifying locations of interests or

landmarks.

[0029] The transit model database 140 can include points corresponding to
locations on roadways, highways, freeways, etc., and other information related to
roadways, such as intersections, one way streets, how the different roads and
streets connect to each other, etc., as well as roadways, bridges, and tunnels in
which a toll is to be assessed. In some examples, the transit model database 140
can identify a set of location data points that correspond to roadways (e.g.,
turnpikes, bridges, tunnels, etc.) in which a toll is to be assessed. Each of these

roadways can be associated with a roadway identifier.

[0030] The roadway detection 110 can use map data 141 from the transit
system spatial database 140 in order to determine whether the vehicle providing
the transport service or delivery service has potentially driven along a roadway in
which a toll is to be assessed. For example, the roadway detection 110 can search
the transit system spatial database 140 for roadways in which a toll is to be
assessed using one or more location data points 131 received from the transit
device 160. The roadway detection 110 can receive a plurality of location data
points 131 that identifies the route the vehicle has traveled during performance of
the transport service, and determine whether there are any roadways in which a
toll is to be assessed that are within a predetermined distance of the location data
points. This predetermined distance can be adjusted or configured by an
administrator of system 100 depending on some examples. If there are no such
roadways within the predetermined distance or in a defined area of the plurality of
location data points, the roadway detection 110 can communicate to the transport
service system, for example, that no toll is to be assessed as part of the fare for
the transport service. In this manner, no additional computation or processes need
to be performed by system 100 to determine a toll amount. On the other hand, if
one or more potential roadways are determined to be within a predetermined
distance or a defined area of the plurality of location data points, the roadway
detection 110 can then determine which roadway was most likely driven along by

the vehicle.

[0031] In some examples, the roadway detection 110 can also determine

whether the vehicle has potentially driven along a roadway in which a toll is to be

8
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assessed based on the loss of one or more location data points from the transit
device 160. The transit device 160 can move to or be in an area where wireless
signal capabilities (e.g., such as cellular signals and/or GPS signals) and/or network
connectivity can be reduced or lost. This can be a result of signal interference, lack
of cellular service, or other reasons. In such cases, one or more location data
points of device data 161 (e.g., location data points for a duration of time) may not
be properly transmitted by the transit device 160, if at all, to the transit device
interface 130. Loss of location data points of device data 161 can sometimes
indicate that the vehicle has driven through, for example, a tunnel or underground
roadway in which wireless signal capabilities of a transit device 160 is diminished or
lost. The roadway detection 110 can determine if and when there is a loss of
location data points during the performance of the transport service, and using
map data 141, can determine whether the vehicle has driven through a tunnel in

which a toll is to be assessed.

[0032] If the roadway detection 110 determines that the vehicle has potentially
driven along a roadway in which a toll is to be assessed, the roadway detection 110
then identifies which roadway was traveled. For example, given the set of location
data points 131 received, the roadway detection 110 determines the most probable
route taken by the vehicle. Typically, the location data points 131 of the transit
device 160 can provide an accurate indication of the route traveled by the vehicle
during performance of the transport service. The roadway detection 110 can use
the location data points to determine whether they correspond to any particular
roadways identified in the transit model database 140 as being a roadway in which

a toll is to be assessed.

[0033] For example, in some situations where there is only one potential
roadway within a predefined distance of one or more location data points (or within
a particular region), the roadway detection 110 can compare one or more location
data points of the set of received location data points 131 with one or more location
points corresponding to the potential roadway (e.g., determined from the map data
141). If one or more location data points (or set of location data points) of the
transit device 160 substantially matches the location data point(s) of the potential
roadway (e.g., a location point of the transit device is within a predefined distance
of a location point of the potential roadway), then the roadway detection 110

identifies that roadway as being the roadway driven along by the vehicle. On the
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other hand, if there is no substantial match, the roadway detection 110 can
determine that the vehicle did not drive along the potential roadway in which a toll
is to be assessed, and can communicate to the transport service system that no toll

is to be assessed as part of the fare for the transport service.

[0034] In other situations, there can be multiple roadways in a given area in
which a toll is to be assessed. For example, in metropolitan areas or large cities
(e.g., such as Boston, Massachusetts), there can be two or more tunnels in a given
geographic region that have tunnel entrances/exits close to each other. The
roadway detection 110 identifies which tunnel, from the two or more potential
tunnels, was most likely taken by the vehicle during performance of the transport
service. In either case, the roadway detection 110 uses one or more location data
points 131 received from the transit device 160 in order to identify the roadway in

which the toll is to be assessed that was traveled by the vehicle.

[0035] According to some examples, the roadway detection 110 can receive
inaccurate location data point(s) and/or does not receive location data points
provided by transit device 160 for a duration of time (e.g., GPS points are not
received by the roadway detection 110 for a duration of one minute). For example,
when the vehicle is driven along a street towards an underground tunnel, the
location data points 131 provided by the transit device 160 can become less
accurate (e.g., have a higher error value) as a result of the vehicle starting to
travel underground. In addition, once the vehicle is driving through the tunnel,
location data points may not be provided to the roadway detection 110 (e.g., due
to a loss of signal). In such cases, the roadway detection 110 can use a set of
location data points each having a high confidence ranking (e.g., each having an
error amount that is less than a predefined error threshold) and the map data 141,
and extrapolate additional location data points to determine the most probable

route taken by the vehicle.

[0036] In one example, the roadway detection 110 can first discard or remove
one or more location data points (that have been received from the transit device
160) having a low confidence ranking. A location data point can have a low
confidence ranking if the error amount of that location data point (e.g., the error
amount of the particular GPS reading) is greater than or equal to a predefined error
threshold amount. Such location data points are determined to be inaccurate so

that they are not relied upon for identifying the tunnel in which the vehicle has
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driven through. Using the remaining set of location data points and the map data
141 that identifies roadways, streets, freeways, etc., the roadway detection 110

can extrapolate additional location data points to fill in the gap(s) of lost location
data points (e.g., include location data points with already received location data

points).

[0037] For example, the roadway detection 110 can use a routing engine, a
physics engine, and/or a hidden Markov model solver (or other models) to select,
from all (or many of) the possible paths of travel, a path of travel as being the
most likely path of travel for the vehicle between a first location data point and a
second location data point, where location data points are missing in between.
Using information corresponding to the remaining set of location data points (after
removing or deleting location data points of low confidence) and using the map
data 141 (e.g., map data of streets, roadways, tunnels in a proximate geographic
region of the vehicle), a routing engine and/or the physics engine, for example, can
use the time stamps of the location data points, the bearing information, etc., to
generate one or more additional data points to fill in between the first location data
point and the second location data point. In this manner, the roadway detection
110 can have a more comprehensive set of data that better indicates the most
probable route taken by the vehicle even with receipt of inaccurate location data
points and/or loss of location data. The roadway detection 110 can then use the
location data points 131 received from the transit device 160 and extrapolated data

in order to identify the tunnel in which the toll is to be assessed.

[0038] In some implementations, the roadway detection 110 can also use
historical data and/or extrapolated data of a service provider’s previously driven
routes to identify the roadway in which the toll is to be assessed. Historical data
and/or extrapolated data of a service provider’s previously driven routes can be
stored in one or more data stores that are accessible by system 100. In many
cases, a particular service provider can perform a service numerous times by taking
the same routes from a starting region to a destination region. For example, a
driver can take the same tunnel that charges a toll instead of taking another route
or another tunnel in a given geographic region. The information corresponding to
the driver’s previous routes can be stored in a database and associated with the
particular driver, and accessed by the roadway detection 110. In one example, the

roadway detection 110 can receive, as part of the location data points 131, the

11
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identification of the driver and/or the transit device of the driver, and perform a
look up of the driver’s previously driven routes from the driver database. In this
manner, the roadway detection 110 can use such information to better determine
the most likely route or tunnel taken by the driver in situations where data
extrapolation is necessary (e.g., when there is a loss of accurate location data
points for a duration of time). For example, the driver “John” is driving and has
taken Tunnel A around this time of day the last five or ten times. This type of
information can be indicative that John, in a similar situation, will also more likely

take Tunnel A instead of another tunnel.

[0039] Once the roadway is identified by the roadway detection 110, a roadway
identifier (ID) 111 corresponding to the identified roadway can be provided to the
toll amount determination 120. In some examples, the transit model database 140
can identify roadways in which a toll is to be assessed (e.g., associate a set of
location data points that correspond to such roadways with a roadway identifier).
The toll amount determination 120 can use the roadway ID 111 to perform a
search or lookup in a toll database 150 to determine the appropriate amount for
the toll 151 for the identified roadway. The toll database 150 can include entries of
roadway IDs and their corresponding amounts for the toll. In one implementation,
one roadway ID can have two or more corresponding toll amounts (e.g., a first toll
amount for travel in one direction, a second toll amount for travel in another
direction). In some cases, a first toll amount can be zero (e.g., if a tunnel or bridge
has a toll for only one direction of travel), while a second toll amount is greater
than zero (e.g., five dollars). After retrieving the toll amount 151, the toll amount
determination 120 can provide the toll amount 151 to a transport service system,

e.g., to include as part of the fare for the transport service.

[0040] According to examples, the roadway detection 110 can also provide
location data 113 to the toll amount determination 120. The location data 113 can
include one or more location data points of the transit device 160 and/or a
direction/bearing of the transit device when the vehicle drove along the roadway in
which a toll is to be assessed (e.g., from east to west). Because some roadways
assess a toll amount for one direction and not another, or different amounts for
different directions, the toll amount determination 120 can use the location data
113 to determine the toll amount for an identified roadway based on the direction

of travel of the vehicle. In this manner, the toll amount determination 120 can
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precisely determine the appropriate amount for the toll to include as part of the

fare for the transport service.

[0041] In one example, the toll determination 120 can also receive information
about the type of vehicle that is driven by the service provider. In some situations,
a toll amount can vary depending on the type of vehicle that is driven along or
through the roadway. For example, a tunnel can charge more for an SUV using the
tunnel as compared to a sedan or an electric vehicle. Based on the type of vehicle,
the toll determination 120 can determine the appropriate toll amount 151 for the

tunnel or bridge.

[0042] The toll amount determination 120 provides the toll amount 151 to a
transport service system to include as part of the fare for the transport service. The
transport service system can include the fare when charging the customer for the
provided transport service. In some examples, the transport service system can
also provide the toll amount 151 to the customer and/or service provider’s device
over the network (e.g., as a message or through an application that operates on
the respective device). As some city and/or state regulations mandate that toll
amounts can only be charged to a customer if the amount is accurate (e.g., for a
transport service), system 100 provides a method to precisely determine the
correct amount for a toll for a transport or delivery service system so that the

service provider can receive fair compensation for performing the service.

[0043] System 100 can determine the appropriate amount for a toll during
performance of the transport or delivery service (e.g., as location data points are
received). As an addition or an alternative, system 100 can determine the
appropriate amount for the toll after the transport service has been completed. For
example, one or more components of system 100 can perform processes or
methods described during performance of the transport service (e.g., in real time
or close to real time) and/or after receiving an indication from a transit device 160
that performance has been completed (e.g., within five minutes of completion).
Because a customer does not necessarily have to be charged immediately upon
completion of the service, system 100 can determine the amount for a toll (if

necessary) in response to completion of the service.

[0044] In addition, some implementations provide that the databases described

with system 100 can be maintained, controlled, and updated by an administrator or
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user of system 100 (and/or the transport or delivery service system). In some
instances, changes to data may be necessary, e.g., if a toll amount changes, or if
new roadways in which a toll is to be assessed is created. System 100 may also
include a plurality of vehicle system spatial databases 140 and/or a plurality of toll
databases 150 for different geographic areas or areas, such as different cities,
states, countries, etc. For example, the toll databases 150 can have entries for
roadways and corresponding toll amounts based on the countries the roadways

reside in, so that the toll amounts are provided with appropriate currencies.
[0045] METHODOLOGY

[0046] FIG. 2 illustrates an example method for determining an amount for a
toll for a transport service. A method such as described by FIG. 2 can be
implemented using, for example, a system and components such as described with
FIG. 1. Accordingly, references made to elements of FIG. 1 are for purposes of
illustrating a suitable element or component for performing a step or sub-step
being described. For illustrative purposes, FIG. 2 is described with respect to a
vehicle for a transport service that has driven through a tunnel in which a toll is to

be assessed.

[0047] A tolling system, such as system 100 of FIG. 1, receives a plurality of
location data points (e.g., GPS points) from a transit device that is associated with
a vehicle that provides a transport service (210). The transit device can be a
computing device of a service provider and can be associated with the service
provider’s vehicle. Once performance of the transport service is initiated, the transit
device can transmit location data points corresponding to the route of travel to

system 100 over one or more networks (e.g., periodically).

[0048] The roadway detection 110 can make a determination whether the
vehicle has potentially traveled along a roadway (or tunnel) in which a toll is to be
assessed (220). The roadway detection 110 can make this determination based, at
least in part, on a set (e.g., one or more) of location data points of the received
plurality of location data points. The roadway detection 110 can use map data from
a vehicle system spatial database to determine whether the vehicle is driving in a
region where there are such roadways or tunnels. If there is no potential tunnel
(having a toll) in the vicinity (e.g., within a predetermined distance from one or

more location data points of the transit device), the roadway detection 110
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determines that the vehicle did not drive along a potential roadway or tunnel in
which a toll is to be assessed (230). For example, the transport service may have
been provided within a small area (e.g., only ten blocks from a start location to a
destination location) or in a town where no tunnels (or other roadways) in which a
toll is to be assessed exist. In such cases, system 100 can converse resources and

not perform additional processing to determine an amount for a toll.

[0049] However, if a tunnel is determined to be within a predetermined region
based on the map data and the set of location data points of the transit device
(e.g., there is a likelihood that the vehicle may have driven through a tunnel), the
roadway detection 110 can determine that the vehicle has potentially driven
through a tunnel in which a toll is to be assessed. The roadway detection 110 can
identify the tunnel that the vehicle has driven through by using the map data
and/or processing the location data points received from the transit device (240).
The roadway detection 110 can use or reference a map database to identify a set of
location data points that correspond to roadways (e.g., turnpikes, bridges, tunnels,

etc.) in which a toll is to be assessed.

[0050] In many cases, when a vehicle drives through an underground tunnel,
the transit device can lose service, such as a cellular service. As a result, one or
more location data points may not be received by the roadway detection 110. In
addition, there may be location data points that are inaccurate and have a high
error amount (e.g., in situations where the vehicle approaches the tunnel and
begins to go underground, or as the vehicle is exiting the tunnel). The roadway
detection 110 can remove or discard one or more location data points having a low
confidence ranking (e.g., have a high error amount greater than a user-
configurable threshold error amount), and perform additional processing to

determine the most probable route taken by the vehicle.

[0051] In one example, the roadway detection 110 can extrapolate additional
location data points to add to the received location data points to generate a more
complete representation of the route of travel by the vehicle (242). Using the
extrapolated location data points and the received location data points (and
excluding the location data points removed or discarded), the roadway detection
110 can identify the tunnel traveled through by the vehicle. For example, FIG. 3 is
an example diagram illustrating how a tolling system identifies a tunnel using

location data points.
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[0052] The diagram 300 illustrates a first tunnel 310 and a second tunnel 320
spanning underground between two geographic regions. In one example, the
diagram 300 can be illustrative of a metropolitan area where multiple tunnels can
exist in a particular area. As the vehicle travels during performance of the transport
service, e.g., along a street or highway, etc., location data points can be provided
to system 100. The transit device corresponding to the vehicle provides a first
location data point, GPS1, at time t=t1, and then a second location data points,
GPS2, at a later time after the first time, t=t2 (ten seconds after t1). After
receiving GPS2, system 100 does not receive a location data point, GPS3, until time
t=t3, (sixty seconds after t1). This can be a result of the transit device being
underground so that no wireless or network connectivity was possible to transmit
location data to system 100. The transit device then provides GPS4, and GPS5 at
times t=t4 (seventy seconds after t1) and t=t5 (eighty seconds after t1),

respectively.

[0053] The roadway detection 110 can determine whether one or more location
points have a low confidence ranking based on their error amounts. In this case,
each of the received five location points have a high confidence ranking (e.g., is
above a threshold error amount), so no points are discarded or removed. However,
because there are two tunnels within the given region, the first tunnel 310 and the
second tunnel 320, the roadway detection 110 can extrapolate additional data
points to identify which tunnel the vehicle drove through. Based on the set of
received location data points and map data (which include location information of
the tunnels 310, 320 in the region), the roadway detection 110 can use a routing
engine, a physics engine, and/or a hidden Markov model solver to extrapolate the
most likely path of travel to fill in the gaps between the location data points. In the
example described, five additional location data points are determined (EXT1
through EXT5) and included with the representation. The roadway determination
110 can then identify that the vehicle most likely drove through the second tunnel

320 during performance of the transport service.

[0054] Once the roadway or tunnel is identified, system 100 determines an
amount for the toll (250). The toll amount determination 120 can use an ID of the
identified tunnel to lookup the appropriate amount for the toll from a toll database.
In addition, in some examples, the toll amount determination 120 can also use

location data corresponding to a route of travel of the vehicle to determine the
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amount for the toll (e.g., in some cases, different toll amounts can be assigned
based on the direction of travel through a tunnel). This location data can be used
with the stored data in the toll database to determine the amount based on the
bearing or direction of travel of the vehicle. For example, FIGS. 4A and 4B are
example diagrams that illustrate how the toll amount determination 120 can

determine an amount for a toll.

[0055] The toll amount determination 120 can determine an amount for a toll
based on the direction that the vehicle traveled. In FIG. 4A, diagram 400 illustrates
how a toll amount is associated with a roadway or tunnel in a toll database, such as
the toll database 150 of FIG. 1. For example, for a tunnel or bridge in which a toll is
assessed in only one direction, two polygons are shown, polygon A and polygon B.
There is a toll for such a roadway only when the vehicle travels in the direction
from A to B (not from B to A). The location data L1 at time t=t1, L2 at time t=t2,
and L3 at time t=t3, can indicate that the vehicle moved from L1 to L2 to L3
through the tunnel. Because the location data indicates that the vehicle crossed the
polygons A and then B, in that order, the toll amount determination 120 can
determine the toll for that tunnel. In this manner, even if the tunnel ID matches a
tunnel in the toll database 150, there may be no toll amount (e.g., if the vehicle

drove from polygon B to polygon A instead).

[0056] If a roadway assesses the same toll amount in either direction, the toll
database 150 can indicate a single toll amount associated with a single polygon, for
example, instead of two polygons. Whenever the location data indicates that the
vehicle drove through the polygon (e.g., a location data point along the roadway or
tunnel), the amount can be determined. Similarly, in FIG. 4B, diagram 450 is
another example that illustrates how a first toll amount can be associated with a
first direction of travel through a tunnel (polygon A to polygon B), and a second toll
amount can be associated with a second or opposing direction of travel through the

tunnel (polygon C to polygon D).
[0057] HARDWARE DIAGRAM

[0058] FIG. 5 is a block diagram that illustrates a computing system upon which
examples described herein may be implemented. For example, in the context of
FIG. 1, system 100 may be implemented using a computer system (or a

combination of computer systems) such as described by FIG. 5.
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[0059] In one implementation, computer system 500 includes processor 510,
main memory 520, ROM 530, storage device 540, and communication interface
550. Computer system 500 includes at least one processor 510 for processing
information. Computer system 500 also includes a main memory 520, such as a
random access memory (RAM) or other dynamic storage device, for storing
information and instructions to be executed by the processor 510. Main memory
520 also may be used for storing temporary variables or other intermediate
information during execution of instructions to be executed by processor 510.
Computer system 500 may also include a read only memory (ROM) 530 or other
static storage device for storing static information and instructions for processor
510. A storage device 540, such as a magnetic disk or optical disk, is provided for

storing information and instructions.

[0060] The communication interface 550 may enable the computer system 500
to communicate with one or more networks 580 through use of the network link
(wireless or wireline). Using the network link, computer system 500 can
communicate with other computer systems (e.g., such as one or more computer
systems that operate and provide a transport service system) and one or more
customer devices, such as a mobile computing device. For example, the computer
system 500 can receive location data 552 from a customer device and/or a service
provider device to determine whether the vehicle has driven through a tunnel or
along a roadway in which a toll is to be assessed as part of the transport service. In
addition, the computer system 500 can provide, over the one or more networks
580, a determined toll amount 554 to the transport service system and/or to a
mobile computing device of a customer and/or a service provider (such as
described with FIGS. 1 and 2).

[0061] Computer system 500 can include a display device 560, such as a
cathode ray tube (CRT), a LCD monitor, or a television set, for example, for
displaying graphics and information to a user. An input mechanism 570, such as a
keyboard that includes alphanumeric keys and other keys, can be coupled to
computer system 500 for communicating information and command selections to
processor 510. Other non-limiting, illustrative examples of input mechanisms 570
include a mouse, a trackball, touch-sensitive screen, or cursor direction keys for
communicating direction information and command selections to processor 510 and

for controlling cursor movement on display 560. While only one input mechanism
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570 is depicted in FIG. 5, different variations may include any number of input

mechanisms 570 coupled to computer system 500.

[0062] Examples described herein are related to the use of computer system
500 for implementing the techniques described herein. According to one example,
those techniques are performed by computer system 500 in response to processor
510 executing one or more sequences of one or more instructions contained in
main memory 520. Such instructions may be read into main memory 520 from
another machine-readable medium, such as storage device 540. Execution of the
sequences of instructions contained in main memory 520 causes processor 510 to
perform the process steps described herein. For example, processor 510 can
execute instructions to receive location data 552 during performance of a transport
service, determine that the service provider has potentially driven through a tunnel
in which a toll is to be assessed, and identify the tunnel. In alternative examples,
hard-wired circuitry may be used in place of or in combination with software
instructions to implement examples described herein. Thus, examples described are

not limited to any specific combination of hardware circuitry and software.

[0063] It is contemplated for examples described herein to extend to individual
elements and concepts described herein, independently of other concepts, ideas or
system, as well as for examples to include combinations of elements recited
anywhere in this application. Although examples are described in detail herein with
reference to the accompanying drawings, it is to be understood that the examples
are not limited to those precise descriptions and illustrations. Accordingly, it is
contemplated that a particular feature described either individually or as part of an
example can be combined with other individually described features, or parts of
other examples, even if the other features and examples make no mentioned of the

particular feature.
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CLAIMS

What is being claimed is:

1. A method for calculating a fare for a transport service, the method being
performed by one or more processors and comprising:

receiving a plurality of location data points from a computing device
associated with a vehicle providing the transport service, the plurality of location
data points corresponding to a route of travel during performance of the transport
service;

determining that the vehicle has driven along a roadway in which a toll is to
be assessed as part of the fare, based on a set of location data points of the
plurality of location data points;

determining an amount for the toll for the roadway.

2. The method of Claim 1, wherein determining that the vehicle has driven
along a roadway in which a toll is to be assessed includes:

making a determination that the vehicle has potentially driven along one or
more roadways in which a toll is to be assessed; and

identifying the roadway in which the toll is to be assessed.

3. The method of Claim 2, wherein making a determination includes looking up
a transit system database for one or more roadways in which a toll is to be
assessed that are within a predetermined distance of one or more location data

points of the set of location data points.

4, The method of Claim 2, wherein making a determination includes removing
one or more location data points from the received plurality of location data points
that have been identified as having a low confidence ranking, the low confidence

ranking being based on an error of a location data point.
5. The method of Claim 4, wherein identifying the roadway in which the toll is to

be assessed includes (i) extrapolating one or more additional location data points

based on one or more location data points of the set of location data points, and (ii)
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looking up a transit system database for a roadway in which a toll is to be assessed

that best matches the one or more additional location data points.

6. The method of Claim 1, wherein the roadway in which a toll is to be assessed

includes at least one of a bridge, a turnpike, or a tunnel.

7. The method of Claim 1, wherein determining an amount for the toll includes
looking up the roadway in a roadway toll database that includes entries of

roadways in which a toll is to be assessed and their corresponding amounts.

8. The method of Claim 1, further comprising providing the amount for the toll
for the roadway to a transport service system to enable the transport service
system to charge the fare for the transport service, which includes the amount for

the toll.

9. A system comprising:
one or more network resources to communicate with devices over a network;
one or more memory resources; and
one or more processors coupled to the one or more memory resources and
the one or more network resources, the one or more processors to:
receive, over the network, a plurality of location data points from a
computing device associated with a vehicle providing a transport service, the
plurality of location data points corresponding to a route of travel during
performance of the transport service;
determine that the vehicle has driven along a roadway in which a toll is
to be assessed as part of a fare, based on a set of location data points of the
plurality of location data points; and

determine an amount for the toll for the roadway.

10. The system of Claim 9, wherein the one or more processors determine that
the vehicle has driven along a roadway in which a toll is to be assessed by (i)
making a determination that the vehicle has potentially driven along one or more
roadways in which a toll is to be assessed, and (ii) identifying the roadway in which

the toll is to be assessed.
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11. The system of Claim 10, wherein the one or more processors make the
determination by looking up a transit system database for one or more roadways in
which a toll is to be assessed that are within a predetermined distance of one or

more location data points of the set of location data points.

12. The system of Claim 10, wherein the one or more processors make the
determination by removing one or more location data points from the received
plurality of location data points that have been identified as having a low
confidence ranking, the low confidence ranking being based on an error of a
location data point; and

wherein the one or more processors identify the roadway in which the toll is
to be assessed by (i) extrapolating one or more additional location data points
based on one or more location data points of the set of location data points, and (ii)
looking up a transit system database for a roadway in which a toll is to be assessed

that best matches the one or more additional location data points.

13. The system of Claim 9, wherein the roadway in which a toll is to be assessed

includes at least one of a bridge, a turnpike, or a tunnel.

14. The system of Claim 9, wherein the one or more processors determine an
amount for the toll by looking up the roadway in a roadway toll database that
includes entries of roadways in which a toll is to be assessed and their

corresponding amounts.

15. The system of Claim 9, wherein the one or more processors provide the
amount for the toll for the roadway to a transport service system to enable the
transport service system to charge a fare for the transport service, which includes

the amount for the toll.

16. A non-transitory computer-readable medium storing instructions that, when
executed by one or more processors, cause the one or more processors to:
receive, over a network, a plurality of location data points from a computing

device associated with a vehicle providing a transport service, the plurality of
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location data points corresponding to a route of travel during performance of the
transport service;

determine that the vehicle has driven along a roadway in which a toll is to be
assessed as part of a fare, based on a set of location data points of the plurality of
location data points; and

determine an amount for the toll for the identified roadway.

17. The non-transitory computer-readable medium of Claim 16, wherein the
instructions cause the one or more processors to determine that the vehicle has
driven along a roadway in which a toll is to be assessed by (i) making a
determination that the vehicle has potentially driven along one or more roadways
in which a toll is to be assessed, and (ii) identifying the roadway in which the toll is
to be assessed;

wherein the instructions cause the one or more processors to make the
determination by looking up a transit system database for one or more roadways in
which a toll is to be assessed that are within a predetermined distance of one or

more location data points of the set of location data points.

18. The non-transitory computer-readable medium of Claim 17, wherein the
instructions cause the one or more processors to make the determination by
removing one or more location data points from the received plurality of location
data points that have been identified as having a low confidence ranking, the low
confidence ranking being based on an error of a location data point; and

wherein the instructions cause the one or more processors to identify the
roadway in which the toll is to be assessed by (i) extrapolating one or more
additional location data points based on one or more location data points of the set
of location data points, and (ii) looking up a transit system database for a roadway
in which a toll is to be assessed that best matches the one or more additional

location data points.
19. The non-transitory computer-readable medium of Claim 16, wherein the

roadway in which a toll is to be assessed includes at least one of a bridge, a

turnpike, or a tunnel.
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20. The non-transitory computer-readable medium of Claim 16, wherein the
instructions cause the one or more processors to determine an amount for the toll
by looking up the roadway in a roadway toll database that includes entries of

roadways in which a toll is to be assessed and their corresponding amounts.
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