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SYSTEMS FOR ROUTING AND CONTROLLING VEHICLES FOR FREIGHT

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Patent Application No. 15/412,559,
filed January 23, 2017; and the aforementioned application is hereby incorporated by

reference in its entirety.

BACKGROUND

Field

[0002] The present application relates to systems and methods for transportation for the
shipment of freight and computerized vehicle controls and navigation.

Description of the Related Art

[0003] The traditional freight industry can be divided into shippers and carriers.

Shippers want freight to be shipped and typically request that the shipment be made by
contacting a carrier capable of carrying the shipment from a pickup location to a delivery
location. Alternatively, shippers may contact a broker who can act as a middle-man
between the shippers and carriers.

[0004] Brokers traditionally contact a variety of carriers to execute a shipment request.
The carriers can be individual truck owners, or an entity that controls a fleet of vehicles.
Operators of large fleets can often act like a broker, receiving requests from shippers and
assigning those shipments to particular trucks in their fleet. However, a truck’s
availability can be difficult to predict due to variables including driver willingness,
weather and traffic conditions, driving speed, driver fatigue, mechanical failures,
regulatory requirements, refueling time (including recharging time for electric vehicles),
delays at pickup and/or delivery, and other factors.

[0005] The various systems and methods described herein are usually described in the
context of the trucking/freight industry. However, similar principles can be applied in
other areas, and the breadth of this disclosure should not be limited to freight trucking.

SUMMARY
[0006] In one embodiment, a computer-implemented method for coordinating less-than-
truckload shipments can be provided. Data corresponding to a new less-than-truckload

shipment request can be received from a first computing device. The data can include a
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pickup location, a delivery location, a pickup time, and a delivery time. One or more
trucks that are assigned to a current less-than-truckload shipment and are capable of
executing the new less-than-truckload shipment while also completing the respective
current less-than-truckload shipment can be identified from accessing a database. A
message corresponding to an invitation for executing the new less-than-truckload
shipment can be transmitted to one or more operator computing devices of the identified
one or more trucks capable.

[0007] In another embodiment, a computer-implemented method of arranging
shipments of freight by a carrier, can be provided, the method being performed by a
computing system. A set of data each corresponding to a shipment request and each
comprising a pickup location, a delivery location, a pickup time, and a delivery time for
the respective shipment request can be received from a plurality of computing devices
over one or more networks. A plurality of trucks available for executing the shipment
requests, each truck being associated with data indicating availability for a specified
duration of time and being associated with a starting location can be identified by
accessing a database. The shipment requests can be assigned to the plurality of trucks
such that each shipment is to be executed by a respective truck, and each truck returns to
the respective starting location at the end of the specified duration of time. A set of
control signals can be provided, over the one or more networks, to a carrier device
associated with one or more of the plurality of trucks to control autonomous driving of the
one or more of trucks to execute the respective assigned shipment requests.

[0008] In another embodiment, a non-transitory computer-readable medium can store
instructions that, when executed by one or more processors of a computing system, cause
the computing system to perform certain tasks. The computing system can be caused to
receive, from a plurality of computing devices over one or more networks, a set of data
each corresponding to a shipment request and each comprising a pickup location, a
delivery location, a pickup time, and a delivery time for the respective shipment request.
The computing system can be further caused to identify, by accessing a database, a
plurality of trucks available for executing the shipment requests, each truck being
associated with data indicating availability for a specified duration of time and being
associated with a starting location. The computing system can be further caused to assign
the shipment requests to the plurality of trucks such that each shipment is to be executed
by a respective truck, and each truck returns to the respective starting location at the end



WO 2018/136179 PCT/US2017/066765

of the specified duration of time. The computing system can be further caused to provide,
over the one or more networks, a set of control signals to a carrier device associated with
one or more of the plurality of trucks to control autonomous driving of the one or more of

trucks to execute the respective assigned shipment requests.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other features, aspects, and advantages of the systems and methods
disclosed herein are described below with reference to the drawings of preferred
embodiments, which are intended to illustrate and not to limit the inventions.
Additionally, from figure to figure, the same reference numerals have been used to
designate the same components of the illustrated embodiments. The following is a brief
description of each of the drawings.

[0010] Figure 1 is a block diagram illustrating components of an example system for
coordinating the shipment of freight.

[0011] Figure 2 depicts an example method for coordinating a shipment of freight.
[0012] Figure 3 depicts an example method for processing data for a request of a
shipment.

[0013] Figure 4 depicts an example method for modifying a shipment.

[0014] Figure S is a block diagram illustrating components of an example carrier
device.

[0015] Figure 6 depicts an example method for terminating autonomous driving.
[0016] Figure 7 depicts an example method for assigning a shipment to a carrier.
[0017] Figure 8 depicts an example diagram illustrating transporting shipments using a
relay system.

[0018] Figure 9 depicts an example diagram illustrating transporting a shipment using a
relay system.

[0019] Figure 10 depicts an example diagram illustrating assigning a shipment to one or
more carriers.

[0020] Figure 11 depicts an example illustration of a route of travel for a shipment, and
a minimum distance the shipment must travel by a given time.

[0021] Figure 12 depicts an example method for assigning a shipment to one or more

carriers.
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DETAILED DESCRIPTION

[0022] Improving predictions of delivery times and the availability to fulfill a shipment
request for a specific time, place, size, weight, and other factors can drastically improve
efficiency in the freight industry. Currently, large proportions (20%-30%) of trucking
miles are “deadhead,” meaning without cargo, because a shipment for the return trip could
not be coordinated. Strict delivery times at depots require drivers to frequently waste
hours waiting for their designated time to unload. Regulations on on-duty/off-duty time
may require a driver to stop the vehicle and take an extended break just short of his
destination. With improved predictability and control over the freight industry, many of
these inefficiencies for carriers can be alleviated.

[0023] Shippers can also benefit from improvements in predictability. Just-in-time
inventory management relies on predictable pickups and deliveries that are often missed
due to unpredictable drive-time changes. Costs of shipping, in both fees and time spent
contacting brokers and carriers, are significant. In the field of logistics predictability is
critical.

[0024] Embodiments described herein relate to receiving and processing data to
facilitate the shipment of freight. Freight can include a variety of things, including
containers containing products, such as goods, bulk goods, refrigerated goods, goods
carried in open containers, liquid goods carried in tanks, or other types of freight.
However, it should be understood that similar systems and methods may be applied to the
movement of other types of things not normally considered freight, such as live people or
other things.

[0025] Further, embodiments described herein relate to receiving and processing data to
facilitate the shipment of freight or other things using trucks. However, similar systems
and methods could also be applied to other vehicles that move freight (or other things)
such as airplanes, trains, ships, or other automobiles such as buses, vans, sedans, or other
passenger vehicles.

[0026] Figure 1 is a block diagram illustrating components of an example system for
coordinating the shipment of freight. As shown, the system 1 for coordinating the
shipment of freight (e.g., shipment system 1) can communicate with shipper devices 10,
dispatcher devices 20, and carrier/driver devices 30 through a device interface 100. The
shipment system 1 can be implemented on a set of computing systems, such as one or

more servers, using stored instructions executable by one or more processors of the set of
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computing systems. The device interface 100 can be a device or programmatic component
configured for communication with other devices, such as an application programming
interface (API) and/or devices for electronic communication including a router or server.
Although only one device interface 100 is shown in the example of Figure 1, in other
examples, the shipment system 1 can include multiple device interfaces, such as a
separate device interface 100 for communication with each of the shipper devices 10,
dispatcher devices 20, and carrier/driver devices 30. As an addition or an alternative, the
shipment system 1 can also include other components or have different components, as
discussed further herein.

[0027] The shipper devices 10, dispatcher devices 20, and carrier/driver devices 30 can
be a variety of different types of devices that facilitate communication between the users
or operators of those devices, such as shippers, dispatchers, and carriers (such as drivers),
respectively, with the shipment system 1. For example, the devices can include desktop
computers, laptop computers, tablets, smartphones, terminals, processors, or other devices
capable of communications, such as electronic communications with the device interface
100 over one or more networks, and performing independent computing tasks as
described herein. Each can also include unique user interfaces embodied in software
and/or hardware (such as a touchscreen, keyboard, microphone, display, and speaker) that
facilitate user interaction with the shipment system 1 through the devices 10, 20, 30. With
the user interfaces and other communications features, the devices 10, 20, 30 can output
or transmit various types of information described herein to a user and/or to other devices,
such as to the shipment system 1. Further, the devices 10, 20, 30 can receive data or
information transmitted by the shipment system 1 (for example, through electronic
transmission) or data inputted by a user through the user interfaces via an input
mechanism. Through the shipment system 1 and the devices 10, 20, 30, communications
can be made electronically, automatically, and immediately, such that shipments can be
arranged, modified, and facilitated electronically, automatically, and immediately using
software and techniques described herein.

[0028] The shipper devices 10 can be used by shippers to interact with the shipment
system 1 and coordinate shipments for the shipper. As an example, a shipper device 10
can transmit, to the shipment system 1, data corresponding to a request for shipment (e.g.,
referred to herein as a shipment request), which can include information related to a

shipment, such as a pickup location, a delivery location, and other characteristics or
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parameters, such as described with respect to Figure 2. The shipment system 1 can receive
the shipment request and communicate with dispatcher devices 20 and carrier/driver
devices 30 to facilitate the execution of the shipper’s shipment request. Figure 2 illustrates
this process, with time proceeding from the top of the figure toward the bottom. As
shown, the shipment request is first transmitted from the shipper device 10 to the
shipment system 1. The shipment system 1 can perform a matching process to determine
which dispatcher or carrier should provide the shipment service based on a set of data.
The shipment system 1 can transmit data corresponding to a shipment invitation to the
matched dispatcher or carrier/driver devices 20, 30. Accordingly, in examples herein, the
shipment system 1 can communicate with the shipper devices 10 to coordinate shipments
by one or more carriers associated with the shipment system 1. Further, in some
embodiments, the shipper devices 10 can include a transportation management system
configured to communicate with carriers, such as Freight Management Solutions from
McLeod Software or software provided by Mercury Gate.

[0029] The dispatcher devices 20 can be used by dispatchers to interact with the
shipment system 1 and coordinate shipments by one or more carriers associated with the
dispatcher. A dispatcher can be an entity that controls one or more carriers, such as an
operator of a multi-truck fleet, although other types of dispatchers are also possible. The
dispatcher may then determine if and when a particular carrier will execute a shipment
request received from the shipment system 1. As an example, a dispatcher device 20 may
receive, from the shipment system 1, information related to a shipment invitation. The
dispatcher device 20 can transmit data indicating a willingness to execute or perform the
shipment invitation, such as by transmitting an acceptance data packet to the shipment
system 1.

[0030] The carrier/driver devices 30 can be used by carriers to interact with the
shipment system 1 (and/or dispatcher devices 20) and coordinate shipments by the carrier.
A carrier can refer to entities that physically execute a shipment (e.g., provide transport to
move freight from one location to another). For example, a carrier can refer to a driver of
a truck or an owner of the truck. Further, in the context of an autonomous vehicle, in one
example, the carrier device 30 can be an integral part of the truck, embedded within the
truck’s computing system and operating system or as a component of the truck’s
computing system. In examples herein, the carrier/driver device 30 can correspond to a

plurality of devices (e.g., a truck driver device, a truck owner device, an autonomous-
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truck-operating device, and/or other devices), which can be collectively referred to as
“carrier” devices in the rest of this application. The carrier device 30 can optionally
perform functions similar to the dispatcher devices 20, but for a single truck or driver.
The carrier device 30 can also perform additional functions, such as reporting the current
status of the truck (including its current location and condition using resources of the
carrier device 30 or through communication with other devices coupled to the truck),
receiving data corresponding to future shipments to be executed by the truck or driver,
and/or controlling or driving the truck to execute the shipments. Additionally, in the
context of a human on-board the truck (a driver or passenger), the carrier device 30 (such
as a driver device) can also be used to allow the human to control various aspects of the
truck, communicate with the shipment system 1, provide information to the human,
and/or provide other features, through user interfaces on the carrier device 30 (e.g., viaa
dedicated application that communicates with shipment system 1 and/or a dispatcher
device 20).

[0031] As illustrated in Figure 2, the carrier/dispatcher device 20, 30 transmits data
corresponding to an acceptance of the shipment invitation to the shipment system 1,
which can provide data confirming that the shipment request has been processed and
matched to the shipper device 10. Various communications can be provided between the
devices 10, 20, 30 and the shipment system 1 to coordinate the shipment. However, in
some embodiments, the carrier/dispatcher device 20, 30 can communicate with the
shipper device 10, both to accept/confirm the shipment, and to coordinate the shipment.
Even if this communication is enabled, the devices 10, 20, 30 can still communicate with
the shipment system 1 to further facilitate execution of the shipment, payment for the
shipment, quality control functions, or other functions.

[0032] Referring back to Figure 1, through the device interface 100, the shipment
system 1 can communicate with the shipper devices 10, dispatcher devices 20, and carrier
devices 30 to coordinate shipments (for example, using the process shown in Figure 2).
Data received from the shipper devices 10, such as shipment requests, shipper
preferences, or shipper contact and billing information, can be stored in a shipment
database 110. Further, information received from dispatcher devices 20 and carrier
devices 30 regarding carriers that may be available to execute shipments, their
capabilities, or their availability/willingness to carry a shipment, can be stored in a carrier

database 120. A matching engine 130 can receive information from the shipment database
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110 (and/or the shipper device 10) and the carrier database 120 (and/or the carrier device
30) and identify one or more carriers that may be suitable for executing individual
shipment requests. The suitability of a carrier to execute a particular shipment can depend
on factors related to routes that could be taken to execute the shipment. Thus, a route
information database 140 (and/or map database) can provide information to the matching
engine 130 to facilitate the determination of suitable carriers. If a specific carrier is
considered to be suitable for executing a shipment (e.g., based on a carrier state of
availability or not, location of the carrier and/or truck, pickup and/or destination locations,
etc.), information related to the shipment can be sent to an associated carrier device 30 or
dispatcher device 20, as shown in Figure 2 for example, as part of a shipment invitation. If
the shipment is accepted, a message from the dispatcher or driver devices 20, 30 can be
sent back to the shipment system 1, which can then confirm the shipment to the shipper
device 10.

[0033] Variations to the system depicted in Figure 1 are also possible. For example, in
some embodiments, matching potential carriers with shipment requests can be executed
on a dispatcher device 20 or a carrier device 30 instead of or in addition to the matching
engine 130. In such an example, the dispatcher/carrier devices 20, 30 can receive all
shipment requests, and suitable shipments can be filtered by a user, a comparable
dispatcher/carrier matching engine, or some combination of the two. Similarly, shipment
requests that are transmitted to a particular dispatcher/carrier device 20, 30 can be filtered
by a matching engine 130 within the shipment system 1, and can then be further filtered
by additional matching engines corresponding to the devices 20, 30. Further, the shipper
devices 10 can indicate preferences for certain carriers (for example, carriers that are
considered more reliable or familiar with a shipper’s particular requirements). Similarly,
data related to the shipments, carriers, road information, and other data can be stored on
devices other than the shipment system 1 such as on a separate device attached to the
shipment system through a data network.

[0034] Specific aspects of various portions of the systems and methods described above
and illustrated in Figures 1 and 2 will now be described in further detail. Although these
may occasionally be described in the context of the specific arrangements depicted in
Figures 1 and 2, as described above, variations on the arrangements in Figures 1 and 2 can

also be used.
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SHIPPER DEVICES AND INTERFACES

[0035] As illustrated in Figures 1 and 2, the shipment system 1 can communicate with
the shipper devices 10 to facilitate the shipment of freight. According to one example, a
shipper device 10 can store and operate a designated application that communicates with
the shipment system 1. Such a designated application can enable a shipper to receive or
view information associated with the shipment system 1 and request a shipment by
providing or configuring a set of shipment parameters via graphical user interfaces. As an
addition or an alternative, the shipper device 10 can access a portal, such as via a browser
application, that communicates with the shipment system 1. The shipment request can
include information such as a date and a time (or window of time) and location to pickup
and/or deliver the freight. Additionally, the shipment request can include more detailed
information such as an identifier (ID) of the shipper or shipper device 10, the content of
the freight, the weight and size of the freight, an estimated value of the freight, a required
insurance for the freight, equipment required to guarantee the safety of the freight such as
stabilizing straps, and other characteristics. Further, the shipment request can include
other requirements for the shipment such as the need for a refrigerated container, auto
transport, livestock car, dry bulk container, liquid tanker, and lowboy trailer. Further, the
shipment request can indicate other unique characteristics of the shipment such as being
an oversize load, the presence of hazardous materials, or special security concerns. Other
information can also be provided, and all of this information can be used to determine
particular trucks that may be appropriate to execute the shipment.

[0036] Further, the shipment request can indicate if a trailer should be provided by the
carrier, or if it will be provided by the shipper. If the shipper provides or already has an
appropriate trailer, this can also be indicated and the carrier truck can arrive without a
trailer, or with a replacement trailer to leave with the shipper.

[0037] Although Figure 2 illustrates one way in which a shipment system 1 can
facilitate a shipment, other techniques are also possible. For example, in response to
receiving a shipment request, the shipment system 1 can immediately determine a price to
complete the shipment and transmit data corresponding to the price to the shipper device
10. In such an example, the shipment system 1 might not have a particular carrier that has
agreed to execute the shipment, but could determine that sufficient carriers are available

to ensure with reasonable probability that one of them would be willing to execute the
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shipment (e.g., such as by computing a likelihood score or probability that a carrier would
execute the shipment).

[0038] According to an example, the matching engine 120 can determine that there are
sufficient carriers available to ensure that one of them would be willing to execute the
shipment by comparing the characteristics of the shipment request with known
characteristics of a set of carriers (stored, for example, in the carrier database 120) to
identify carriers capable of executing the shipment. The carrier characteristics can include
permanent and semi-permanent characteristics of the carrier such as a type of truck or
trailer, equipment available, fuel efficiency/speed profiles (for example, indicating the
miles per gallon under various driving speeds and conditions), and mechanical status of
various components on the truck/trailer. The carrier characteristics can also include non-
permanent characteristics such as availability at various times and costs to use the truck
and/or driver, and locations (current or scheduled future locations) of the trucks and/or
drivers.

[0039] The availability of the truck and/or the driver can be determined from self-
reported information, such as a driver indicating, via inputs provided on the carrier device
30 or other device, a period(s) of time that he or she is willing to drive and/or a truck
owner indicating a period(s) of time the truck is to be available. The availability of the
truck and/or the driver can also be determined from information detected automatically
through the shipment system 1, such as a current location of the truck (for example, while
executing a previously-planned shipment), an expected future location of the truck (based
on non-autonomous human-driving or autonomous-driving, in addition to other factors),
alternative possible future locations of the truck (such as if the truck’s speed is increased
to complete a previous shipment soon enough to execute the newly requested shipment),
driver on-duty/off-duty time limits (based on regulations), and other factors. Such
information can be provided to the shipment system 1 by the carrier/driver devices 30, for
example.

[0040] The costs to use the truck and/or retain the services of the driver can also be
determined from self-reported information, such as a requested fee for the driver’s time
and/or a requested fee for use of the truck, which can optionally be reported through the
dispatcher devices 20 and/or the carrier/driver devices 30. Additional costs can relate to
estimated costs for fuel (determined, for example, from an estimated fuel efficiency of the

vehicle, and the route), estimated costs for wear-and-tear on the truck during the trip,

10
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estimated costs for food along the route, and estimated costs for insurance of the freight
and truck. When these costs cannot be determined directly, they can be estimated using
historical data, such as performance of given trucks on similar routes and fees previously
accepted as sufficient for drivers’ and trucks’ time.

[0041] Figure 3 illustrates a process for facilitating shipments by immediately accepting
a shipment request at a particular price, without knowing with certainty that a particular
carrier will be able to execute the shipment, according to an embodiment. As illustrated in
the example of Figure 3, the shipment system 1 can receive a shipment request 301, and
determine whether the shipment should be executed as requested, or determine whether a
modification should be made to the shipment request. The shipment system 1 can make
this determination based on the data or parameters in the shipment request and/or
information about the characteristics of the carriers, trucks, and/or drivers. According to
one example, a modification to the shipment request can reduce the cost to the requesting
shipper. For example, a shipper may initially request that a shipment be executed at a time
of low availability for carriers. Minor modifications, such as shifting a pickup time from
the morning to the afternoon or to a different day (e.g., from Sunday to Monday) may
reduce the cost of executing the shipment as a result of the increased number of potential
carriers. Further, in another example, a shipment request can specify or include pickup
times and/or delivery times that do not match or overlap with an expected time to drive
between the pickup location and/or delivery location, such that the carrier needs to drive
at inefficient speeds or waste time waiting to drop-off the shipment. The shipment system
1 can use estimated driving times (for example, based on autonomous driving or non-
autonomous human driving), such as based on computed route(s), traffic conditions on
such route(s), historical travel time along such route(s), etc., and the expected availability
of various carriers to determine modifications that can decrease the cost of executing a
shipment, for example using the matching engine 130. If the shipment system 1
determines that modifications do not need to be made to the shipment request, the
shipment system 1 can process the shipment request as requested.

[0042] As illustrated in Figure 3, for either of the original shipment request or the
modified shipment request, the shipment system 1 can determine carriers available to
execute the shipment 302, 305. This can be based on factors discussed herein, including,
for example, carriers available at the times required and having the appropriate equipment

or characteristics. The shipment system 1 can then estimate the cost based on the various

11



WO 2018/136179 PCT/US2017/066765

costs discussed herein 303, 306. The shipment system 1 can offer to execute the shipment
at a quoted price 304, 307. The quoted price can be the same as the estimated cost, or can
be another price that may be adjusted for various factors, such as the risk to the shipment
system’s 1 operator that the estimated cost is incorrect, fees related to operating the
shipment system 1, or other factors. By providing a quoted price immediately, the
shipment system 1 can allow shippers to more quickly schedule their shipments. Further,
by also suggesting a modified shipment at a lower quoted price immediately, the shipment
system 1 can optimize the shipments based on both the carriers’ and the shippers’
preferences.

[0043] Similar methods can also be used to accept a price requested by the shipper. For
example, if a shipper requests a shipment be executed at a specified price or price range,
the shipment system 1 can automatically determine if the proposed price is sufficient and
accept the offer by identifying carriers capable or likely to be capable of executing the
shipment, using the matching engine 130 in ways similar to those discussed herein.
[0044] Once the shipment system 1 and the shipper have agreed to execute the
shipment, the shipment system 1 can communicate with dispatchers and/or carriers to
execute the shipment. Methods to perform this can be similar to that as illustrated in
Figure 2. Further details for determining an appropriate carrier are described further
below.

[0045] Similar methods can also be used to coordinate or modify a shipment while it is
being executed. For example, a shipper may decide that they would prefer that a shipment
be delivered to a different location or at a different time, after the shipment has already
commenced (e.g., after the shipment has been agreed upon, after the shipment has been
picked up by the truck, etc.). Alternatively or additionally, due to various factors
(unexpected traffic or weather conditions, mechanical failures, or other issues) the
shipment could be expected to arrive at a time later than initially expected. If the delivery
time is delayed, the shipment system 1 can optionally offer the shipper an ability to adjust
the shipment such that it still arrives at the original delivery time for an adjusted price (for
example, if the delay is not the fault of the shipment system 1).

[0046] As illustrated in an example of Figure 4, the shipment system 1 can receive a
request to modify a shipment while it is being executed 401. Alternatively, the shipment
system 1 could anticipate that a shipper would like to modify a shipment (for example, if

the delivery time is delayed, as discussed above). The shipment system 1 can then
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determine if the current carrier or other carriers can execute the modified shipment 402,
404, and estimate the cost for those carriers 403, 405. Costs could be related to changed
fuel efficiency and driver/truck time, in addition to different trucks/drivers and other
differences. The estimated costs can be compared 406, such that an optimal plan for
shipment is determined (including, for example, pickup/delivery times, routes, driving
speeds, refueling locations, etc.), and an adjusted price for the shipment can be offered to
the shipper 407.

[0047] In similar embodiments, if the shipment system 1 determines that the shipper
should not have to pay for modifications (such as if the shipment is delayed due to a
problem with a carrier or with the shipment system itself) then a similar method can be
used to adjust the shipment plan. For example, the method in Figure 4 can be used, and
the shipment can be adjusted, without the need to offer an adjusted price or receive a
request to modify the shipment.

DISPATCHER/CARRIER DEVICES AND INTERFACES

[0048] Figure S depicts a block diagram of components of an example carrier device 30,
in the context of a carrier device that is integral with the vehicle or in communication with
vehicle components. As an alternative, the carrier device 30 can receive data from another
device coupled to the vehicle, such as a computing system of the vehicle or an electronic
logging device (ELD), for example. As illustrated in the example of Figure 5, the carrier
device 30 can include a data processing module 502 that can receive data from a set of
sensors 520 or other vehicle components associated with the vehicle, as discussed herein.
The data processing module 502 can also optionally include or communicate with a
memory component storing semi-permanent or permanent characteristics of the vehicle.
According to one example, the data from the data processing module 502 can be used by
an autonomous driving system 504 to control the vehicle using vehicle actuators 530. In
other embodiments, the carrier device 30 can lack an autonomous driving system, such as
when the vehicle is non-autonomous or uses other components to provide autonomous
functionality. The data processing module 502 can also provide data to user interfaces and
communication devices 506 associated with the carrier device 30, which can convey this
information to a user of the device or external devices such as the shipment system 1 (and
the device interface 100) over a mobile network using a transceiver, for example. The
data processing module 502 can also provide data to a shipment selection and execution

module 508, which can facilitate the acceptance or rejection of shipment invitations
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and/or perform high-level driving control (for example, through the autonomous driving
system 504), such as determining when to refuel and/or what routes to travel. The
decisions to accept/reject shipment invitations and determine/adjust routes can be
influenced by a carrier preferences database 510, which can store carrier preferences such
as a desired payment to execute a shipment, preferred truck stops, and other features.
These preferences can be populated from inputs received through the user interface 506.
[0049] Variations are also possible. For example, in some embodiments, the carrier
device 30 can be divided into multiple devices that can each include some or all of the
components depicted in Figure 5. These devices can then communicate with each other to
provide comparable functionality over wired or wireless connections. Similarly, the
dispatcher devices 20 can have similar characteristics, but be remote from the vehicle and
thus not include or communicate with the sensors 520, the autonomous driving system
504, or the vehicle actuators 530.

[0050] As shown in Figures 1 and 2, the shipment system 1 can communicate with the
carrier/dispatcher devices 20, 30 to facilitate the shipment of freight. As discussed with
respect to Figure 2, at an initial stage, the carrier/dispatcher devices 20, 30 can be used to
agree or refuse to execute a shipment invitation. For example, in some embodiments, an
application or other software installed on the carrier/dispatcher devices 20, 30 can receive
a message (for example, through the communication devices 506) describing the shipment
request and asking for an agreement to execute the request, and similarly to transmit a
message back accepting or refusing the invitation.

[0051] Similarly, in some examples, the carrier/dispatcher devices 20, 30 can be used to
indicate certain situations (e.g., when one or more particular parameters or conditions are
satisfied) in which it will automatically accept a shipment invitation. Parameters defining
acceptable shipment invitations can be stored in the carrier preferences database 510 and
can include a timeframe during which a truck/driver can be on-the-road, a time when the
truck/driver will reach an end location (such as when the truck/driver desires to return
home or otherwise go off-duty), times when the driver may wish to sleep/rest (such as
during autonomous driving of the truck), a desired price for executing the shipment (such
as a price for the driver’s time and for use of the truck or other equipment), and/or other
factors that can determine availability. This information can be inputted by a carrier or
dispatcher through the user interfaces 506 associated with the carrier/dispatcher devices

20, 30, and either transmitted to the matching engine 130 in the shipment system 1 or
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used by the shipment selection and execution module 508 to determine matching
shipments. The shipment request can then be automatically assigned to a carrier with
matching parameters, without requiring an explicit acceptance, such that the carrier can
essentially be commanded to execute the shipment by the shipment system 1. This system
can be particularly helpful for arranging shipments quickly with carriers already on-the-
road executing preceding shipments, such that they have a subsequent shipment already
assigned to them beginning as soon as possible after they deliver the preceding shipment.
[0052] Further variations are also possible. For example, the carrier/dispatcher devices
20, 30 could indicate certain necessary parameters, but also provide an option for the
carrier or dispatcher to refuse shipments having criteria that meet those parameters. Thus,
the shipments offered to them can be filtered (either in the shipment system 1 or on the
devices 20, 30), facilitating review and acceptance of appropriate shipments. As an
addition or an alternative, shipments meeting the parameters could be automatically
accepted, but the carrier/dispatcher devices 20, 30 could also receive the option to accept
other shipments that do not meet the parameters. Thus, for example, a driver can indicate
their requirements during normal working times, but also maintain the possibility to work
at unusual times for a higher fee.

[0053] In some examples, the carrier/driver devices 20, 30 can interact with
components on the truck (or other vehicles) or communicate with a computing system of
the truck that interacts with the components. For example, the truck can generate and
store data (for example, stored in the data processing module 502 or other memory
resource), such as its make, model, and year, and other static data, and can include a
variety of sensors 520 generating data about the vehicle, such as data related to
components on the vehicle (brakes, lights, battery, and other components) and their status,
fluid levels (fuel, oil, transmission fluid, brake fluid, and others), and/or other
characteristics of the vehicle. The sensors 520 can also detect characteristics related to the
truck’s environment, such as the temperature, time of day, weather conditions (rain, snow,
amount of sunlight, fog), its location (for example, using the Global Positioning System,
“GPS,” receiver of the driver device 30 or the GPS receiver of the computing system of
the truck), its orientation (for example, using a compass or position information or
velocity determined from GPS data), and/or nearby objects (such as other automobiles,
pedestrians, bicyclists, and stationary objects, using LIDAR sensors, cameras, and other

sensors). The sensors 520 can also detect characteristics of the motion of the truck such as
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its velocity, the orientation of the wheels, the activation of the brakes, engine revolutions,
and the gear in use. Even further, the sensors 520 can detect a status of one or more
humans inside the truck such as to detect if a person is in the driver’s seat or the passenger
seat, if a person’s hands are on the wheel or feet are near the pedals, or if a person is in the
sleeper berth.

[0054] According to some examples, the truck (and its sensors 520) can communicate
with the carrier/dispatcher devices 20, 30 (and their data processing modules 502), either
directly or indirectly. For example, the sensors 520 could communicate directly with a
carrier device 30 that is integrated with the truck over a wired or wireless connection.
Wired or wireless connections can also be used with other carrier devices 30 such as
mobile phones, tablets, and laptops or remotely-located computing devices. Indirect
communications can also be used to communicate with carrier/dispatcher devices 20, 30.
For example, a remotely-located dispatcher device 20 may receive data through a carrier
device 30 located on the vehicle. Thus, a dispatcher device 20 may be located at a
stationary office building and communicate over a network with a carrier device 30
located on a truck. A driver device located inside the truck can also communicate with a
carrier device integrated with the truck in a similar manner. The sensors 520 can also be
part of the carrier device 30, such as a GPS sensor on a mobile phone driver device.
[0055] Data from the sensors 520 can be used by the matching engine 130 and/or the
shipment selection and execution module 508 to determine the availability of a
truck/driver to execute a shipment. For example, the sensors 520 can indicate if a location
of the truck/driver is within range to arrive at the requested pickup location at the
requested pickup time, or at the requested delivery location at the requested delivery time.
In one example, referring to Figure 1, the data from the sensors 520 can be provided to the
shipping system 1 for storage in the carrier database 120 (e.g., periodically or in response
to triggered events, such as user input or state change, or based on a schedule).

[0056] Similarly, the data can be used to determine if the truck/driver is likely to
complete a prior shipment at a specified or predetermined time before a subsequent
shipment so that the truck/driver is able to execute a subsequent shipment (e.g., the
specified or predetermined time can be based on a time to travel from a delivery location
of the prior shipment to the pickup location of the subsequent shipment, a time to load
and/or unload, and/or a time to refuel, etc.). In addition to determining when the prior

shipment will be completed, the data can indicate if the truck will need to take time to
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refuel or receive maintenance, if the driver will need to take time off-duty, or if other
delays might be necessary between shipments or during a subsequent shipment.

[0057] Data from the carrier devices 30 can also be used to estimate detention time. For
example, GPS sensors of the driver device or a vehicle can indicate when the vehicle is at
the pickup location or delivery location. The shipper can optionally be charged for the
amount of time the vehicle is held at the pickup location or delivery location for loading
and unloading. For example, the shipper can be charged for the total time, or be charged a
fee for time over a predetermined amount of time. The amount of time the vehicle is
detained at the pickup and delivery locations can be determined by monitoring the
location of the vehicle using GPS sensors and/or based on the timestamps of the GPS
data. Alternatively, sensors can also detect other characteristics of the vehicle, such as
engine activity, to determine how long the vehicle is detained.

[0058] The dispatcher/carrier devices 20, 30 can also provide additional data to users
(such as a driver or owner of the truck), through the user interfaces 506, that can be used
to help determine if a shipment request should be accepted. For example, a suggested
route can be provided with the shipment request so that the user of the device can see
where the truck is likely to travel while executing the shipment. If certain roads are known
to have poor characteristics (for example, road surface quality, autonomous driving
availability, fuel prices, and food options), then the route/shipment can be rejected. In one
example, the system can also indicate alternative route options to complete the shipment
that could be more attractive to the user. For example, the system may indicate one, two,
three, or more than three routes in order of expected attractiveness to the user based on
criteria, such as driving time, autonomous driving time, distance traveled, expected fuel
costs, expected vehicle wear-and-tear, and food options. Depending on implementation,
such suggestions can be influenced by the carrier preferences database 510, and generated
by the shipment selection and execution module 508, or they can be provided by the
shipment system 1 using similar techniques with the matching engine 130 and the carrier
database 120.

[0059] Still further, these components could provide a more complete plan for
executing the shipment, such as with a suggested itinerary for the route including
expected times and locations for events such as eating, refueling, going on-duty, going
off-duty, and using autonomous driving. Thus, the itinerary can indicate times when the

driver will be able to eat, rest, or sleep. Further, the itinerary can estimate fuel costs based
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on known fuel prices at a location where refueling is planned, and food costs based on
known prices at restaurants where eating is planned. Such costs can also be estimated
with just a route, but using a more-detailed itinerary (with expected times) can provide a
more accurate estimate. Various options for the itineraries can be provided in a similar
manner to the routes.

[0060] Further, using responses from the carrier, route/itinerary preferences of the
carrier can be determined and used to suggest more appropriate routes/itineraries in the
future. For example, if a carrier prefers to eat at certain types of restaurants (based on food
style, food brand, price level, or other criteria) then the suggested routes and itineraries
can be determined to be more preferable, even if the costs of the trip (in fuel, wear-and-
tear, and food prices) or the time of the trip may be higher. Such preferences can be stored
in the carrier preferences database 510, or similarly stored in the carrier database 120, to
provide route/itineraries optimized for costs and carrier preferences in the future.

[0061] One method of comparing the different route/itinerary options can include
initially determining an expected cost of the trip, and then adjusting that cost based on
carrier-preferences for non-monetary characteristics. For example, if a carrier chooses a
route that is a certain amount more costly than another route but includes a particular type
of restaurant, then future routes including that type of restaurant can be judged as less-
costly. Other techniques, such as machine-learning techniques, can also be used to learn a
carrier’s preferences for various characteristics of the routes and itineraries.

[0062] Notably, the systems described above for determining if a driver/truck is
available to execute a shipment and facilitating a carrier’s decision to accept a shipment
can be used in more complex situations. For example, the systems can also be used to
arrange subsequent shipments that occur immediately after a proceeding shipment. The
shipment system 1 can use expected driving times (based on human driving or
autonomous driving) to determine if a subsequent shipment can be executed by the
vehicle, reducing down-time or deadhead driving.

[0063] Additionally, when one or more shipments are available, the shipment system 1
can present a set of shipments to a carrier/dispatcher as a shipment group. The shipment
group can be strung together with each component shipment in the group occurring
immediately after the preceding shipment. Thus, downtime between each shipment can be
reduced to a minimal amount of time that is still sufficient to allow for variations in

driving times, loading/unloading times, refueling, eating, and other issues. The shipment
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groups can further be arranged such that a truck and driver return home during the last
delivery of the shipment group, yielding minimal deadhead driving. In some
embodiments, two, three, four, or more than four shipments can be combined in this
manner and provided to the carrier at the same time.

[0064] The shipment groups can also include relay systems, in which a first carrier
brings the shipment a first portion of a shipment’s distance, and then a second carrier
picks-up the shipment and brings it a second portion of the shipment’s distance. This
process can repeat as many times as desired to execute the shipment. The relay system can
facilitate reduction of shipment times by allowing the shipment to keep moving without
stopping to refuel, eat, or take off-duty-time. Further, if the relay system runs in both
directions along a specific route, then deadhead driving can be avoided. Still further, the
relay system can facilitate allowing a carrier to return to their starting point at an end of
the day without deadhead driving. In some relay systems, a truck might not travel more
than a predefined distance and/or time, such as 150 miles from its starting point, while the
carried shipment travels further.

[0065] Notably, in the context of a shipment group, a carrier may be willing to accept a
shipment at a lower price, knowing that multiple shipments can be combined without
deadhead driving or downtime. Thus, the shipment system 1 can allow a carrier to
indicate their desired earnings to be lower on a per-mile or per-hour basis (time and/or
distance basis) if subsequent shipments can also be scheduled. Alternatively, the carrier
can indicate a desired earnings per-day to account for potential downtime or deadhead
driving.

[0066] In some examples, such as in the event that acceptable shipments (as determined
by the carrier) are not available for the carrier or driver, the carrier devices 30 can also
indicate to a user a cost to return home. For example, if the carrier is a certain distance
away from home the device can indicate the fuel costs to return home and an expected
time of arrival. Further, the shipment system 1 can use historical data to provide the
carrier with an indication of the likelihood that a new shipment will become available
within a specified duration of time. Thus, the carrier can make an educated decision on
whether to return home or wait in their current location for a shipment.

[0067] The carrier devices 30 can also provide functionality specific to use while
driving. For example, in the context of an autonomous vehicle, the device 30 can indicate

when autonomous driving needs to be terminated. Autonomous driving may need to be
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terminated in the case of unsafe conditions (for example, weather conditions, road
conditions, and traffic conditions), regulations against autonomous driving, the need to
stop to refuel or deliver a shipment, a mechanical failure, on command from a police
vehicle, or other situations. These can be determined by the shipment selection and
execution module 508, such as by using data from the sensors 520 described herein and
other data such as data related to weather, road conditions, and regulations that can be
received from other data sources, such as a data network through the communication
devices 506.

[0068] Figure 6 depicts a method for indicating when autonomous driving needs to be
terminated and terminating autonomous driving, according to an embodiment. As
illustrated in Figure 6, once an imminent need to terminate autonomous driving is
determined 601, the computing system of the vehicle (and/or the carrier/driver device) can
provide an alert to an operator of the vehicle 602. The operator can be a human inside the
vehicle (e.g., the carrier/driver). According to one example, the alert can be provided in
advance, such as, for example, at least five minutes or one minute before autonomous
driving needs to be terminated. The alert can also be provided immediately, such as when
the need to terminate autonomous driving was unexpected or unplanned (e.g., as a result
of an occurrence in the environment or external to the vehicle).

[0069] The alert can be provided as a visual signal, an audio signal, a haptic signal,
and/or another signal. For example, the alert can be provided using a light on the
dashboard of the vehicle, by activating lights in the sleeper berth, or by providing an alert
on a screen integral with the truck or on a separate carrier device. The alert can also be
provided using speakers integral with the truck or on a separate carrier device. Haptic
signals can also be provided through vibrating features in the seats or the sleeper berth of
the vehicle or on a separate carrier device such as a user’s mobile phone, smartwatch, or
other wearable devices. Other signals can be provided using the motion of the vehicle
itself, such as by providing a small but sudden swerve, brake, or acceleration of the
vehicle that can be felt by a human but is unlikely to interfere with nearby traffic or affect
safety. In the context of a fully-autonomous vehicle, such alerts may be necessary to
awaken an operator who has fallen asleep. Thus, the strength of the alerts can optionally
strengthen as the need to terminate autonomous driving becomes more imminent.

[0070] The operator can confirm receipt of the signal and the operator’s preparedness to

drive the vehicle 603 in a variety of ways. The operator can press a button or user
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interface feature on a display of the computing system of the vehicle or speak into a
microphone of the computing system, for example, to confirm his or her preparedness to
take control over driving. The shipment selection and execution module 508 can also use
one or more sensors to confirm that the operator is in the driver’s seat, has hands on the
wheel, and/or has a foot on a pedal. Once the preparedness is confirmed, the shipment
selection and execution module 508 can terminate the autonomous driving mode and the
operator can begin driving the vehicle 604.

[0071] If it is determined that the operator is not prepared to drive 605 (for example, if
no response to the alert is provided or based on the unprepared position of the operator
determined from sensor data) then the vehicle can autonomously determine a safe
stopping location, proceed to the safe stopping location 606, and terminate autonomous
driving 607 once the vehicle is at the safe stopping location. For example, if a road
shoulder is available, the vehicle can determine, based on sensor data, the road shoulder
characteristics (e.g., that the road shoulder is within a predefined distance from the
vehicle’s current location and/or is wide enough for the vehicle to stop at such that it
would not impede the roadway, etc.), determine that the road shoulder is a safe stopping
location, and control the vehicle to proceed to the road shoulder and stop. Other stopping
locations may also be appropriate. If no known and safe stopping location is nearby, the
autonomous driving system 504 or the shipment selection and execution module 508 can
access map data indicating nearby stopping locations (stored locally or accessed through
the communication devices 506), and reroute to those locations. The carrier device 30 can
also optionally take other safety precautions such as activating hazard lights and initiating
contact with local authorities (police and medical) over a cellular or data network. In
some embodiments, during unsafe conditions such as when the operator on-board is
unavailable and it is determined that it would be inappropriate to use the autonomous
driving capability to bring the vehicle to a stop, the vehicle can be controlled remotely to
proceed to an appropriate location through the communication devices 506. Further, the
autonomous driving system 504 can optionally avoid the need to end autonomous driving
by rerouting the vehicle to an area where autonomous driving does not need to be
terminated.

[0072] The carrier devices 30 can also facilitate recording the activities of a human
operator of a truck during a shipment, including shipment-related activities before or after

picking up and/or delivering the shipment, such as preparing for and driving to/from the
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pickup/delivery locations. Recording the activities of the human operator can be used for
determining wages dependent on working hours, indicate an operator’s fitness to operate
the vehicle (for example, indicating if the operator is likely tired due to excessive hours
on-duty), and show compliance with on-duty time limits under various regulations. The
system can use inputs from the operator through the user interfaces 506 on the carrier
device 30 to indicate and store data about the time it takes to perform various individual
tasks, such as filling-out paperwork, loading/unloading freight, refueling the vehicle,
undergoing weigh-station inspections, driving, or monitoring autonomous driving. These
activities can also at least partially be measured by the carrier device 30 in the examples
in which the device is used to facilitate these functions or includes other sensors 520 that
can indicate an activity of the operator.

[0073] Additionally, the shipment system 1 and/or the carrier device 30 can use data
collected from the vehicle’s sensors 520 to independently indicate certain activities of the
operator. For example, in the context of an autonomous vehicle, the device 30 can record
the amount of time that the autonomous vehicle drives itself (fully-autonomous).
Similarly, the device 30 can record the amount of time that the autonomous vehicle is
driven in a semi-autonomous mode, such as with the operator actively monitoring the
vehicle or when the operator is providing some other reduced influence on the driving of
the vehicle. Further, the device 30 can record the amount of time that the operator drives
the vehicle in a non-autonomous mode. For example, the device 30 can store timestamps
when certain events occur, e.g., when the mode changes from non-autonomous mode to
autonomous mode, and vice versa, along with the location information when such events
occur, and determine a duration of time when the vehicle operates in a particular mode.
[0074] The device 30 can also record times where the driver is off-duty (e.g., when the
driver is not capable of driving or has indicated a state of unavailability). For example,
one or more sensors 520 on the truck can detect when the operator is in a sleeper berth of
the truck, and determine that the driver is off-duty. In another example, motion sensors
and/or pressure sensors can be used to determine the operator’s specific location and
movement within the truck, such that a period of sleep can be indicated and recorded. In
such an example, if an operator is determined to have received insufficient off-duty time
or sleep, this can be indicated to the operator and the device 30 can be configured to
prevent non-autonomous driving of the vehicle until sufficient off-duty time has been

taken or another operator is available.
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[0075] In one example, the recorded data, such as the times of on-duty and/or off-duty,
can be transmitted by the device 30 or other elements in the system to third parties, such
as regulatory or law enforcement personnel systems to confirm that certain requirements
for time spent on-duty have not been violated. The transmission can be performed
automatically, upon request, upon reaching a checkpoint such as a weigh station, and/or at
other times. Additionally or alternatively, as discussed further herein, the shipment system
1 can use these times to determine what arrival times are possible while staying in
compliance with one or more rules, such as limits on an operator’s amount of time spent
on-duty, and adjust various driving plans accordingly.

[0076] For example, the device 30 can determine that an operator has been driving or
otherwise on-duty for an amount of time nearing a limit and will need to stop for a break
prior to reaching a delivery location or other destination. The device 30 can indicate the
time until the limit is reached and suggest places to stop such as a preferred restaurant,
hotel, rest stop, or other stopping location. The device 30 can also transmit information
about the amount of time the operator has been driving and/or the time when the operator
will be off-duty to the shipment system 1 and/or other systems or devices, such as the
dispatcher device 20.

MATCHING ENGINE

[0077] As depicted in the example of Figure 1, the shipment system 1 can include a
matching engine 130 that can determine carriers (trucks and/or drivers) suitable to execute
a shipment request. Figure 2 depicts an example method for determining a carrier to
execute a shipment request. In another example, the shipment system 1 may also
determine who receives the option to accept the shipment request first. Alternatively, the
shipment system 1 can provide the option to multiple carriers and then determine a
preferred carrier from those that accept. For example, the carriers may provide a price to
execute the shipment with their acceptance, and the system 1 can assign the shipment to
the lowest priced carrier/dispatcher.

[0078] An example method for assigning a shipment request using the matching engine
130 is depicted in Figure 7. As illustrated in Figure 7, the shipment system 1 can receive,
over one or more networks, a shipment request from a shipper device 701. The shipment
request can include data about the shipment, including an identifier of the shipper and/or
shipper device 10, the freight or shipment information (e.g., type, size, weight, etc.),

location information for the shipment, shipment pickup and/or destination date and/or
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time information, required equipment or truck size data, the entity or person to ship the
shipment to, and/or other data. The matching engine 130 can access the carrier database
120 to identify one or more carriers capable of executing the shipment request based on
carrier information and data from the shipment request. For example, the matching engine
130 can filter for carriers having suitable equipment to execute the shipment request 702.
The matching engine 130 can also filter for carriers able to arrive at the pickup location
for the shipment request at the shipment time 703 (based, for example, on the carrier’s
current position and shipments currently being executed). While the example of Figure 7
depicts two steps 702, 703 for filtering carriers, in other examples, the steps can be
performed concurrently or can be performed in different order (e.g., filter based on
location and time before filtering based on equipment, etc.). Still further, depending on
implementation, the matching engine 130 can also filter for carriers based on other data,
such as price, carrier-specific restrictions, etc. The matching engine 130 can compare
costs between various carriers capable of executing the shipment 704, and assign the
shipment to the lowest cost carrier 705 (e.g., transmit a shipment invitation to the
respective device 30 of the selected carrier).

[0079] According to some examples, suitable carriers can be filtered-for based on their
current location, already-accepted shipments, identified suitable equipment, driver
availability, quality ratings reported from previous shippers, and other factors. These
features can be combined with those depicted in Figure 2. For example, the shipment
request can only be transmitted to carriers/dispatchers who are suitable to execute the
shipment based on the criteria, or all requests can be transmitted but only suitable
shipments can be displayed by the carrier/dispatcher devices 20, 30 to a user (for example,
by using a comparable matching engine on the carrier/dispatcher devices 20, 30). The
carrier(s) responding with a willingness to execute the shipment can then serve as an
additional filter, similar to those depicted in Figure 7.

[0080] As noted above, cost can be used as a factor to determine which carriers are
given priority for a shipment request (such as by receiving the offer first or being assigned
the shipment over other willing carriers). These can be based on the expected cost to
execute the shipment (including costs for an operator’s time, use of the truck, fuel, wear-
and-tear on the truck, insurance, and/or road tolls), which can be a combination of costs

that are specific to the truck, operator, and/or the route. However, others costs can be
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considered that involve the operator, truck, and shipment’s relationship to other shipments
in the system.

[0081] For example, the shipment system 1 can review other shipments scheduled and
assign them, together, to a carrier such that the truck can return to a desired off-duty
location (for example, near the home of the operator) at a desired off-duty time (for
example, at the end of a working day or the start of the weekend). Similarly, the shipment
system 1 can recognize that an operator desires a specific off-duty location/time and
preferentially assign a shipment to that operator such that they can go off-duty as desired.
The off-duty time preferences can be submitted to the shipment system 1 using the carrier
device 30, for example, via user input that specify carrier preferences. Carriers without a
desired off-duty time or with excess driving-time available prior to a desired off-duty time
can be assigned other shipments that do not necessarily bring them to a specific location.
[0082] Further, in some examples, the matching engine 130 can divide a shipment
request into separate components. For example, the matching engine 130 can arrange for a
shipment to be completed by multiple carriers using a relay system as depicted in Figure
8. As illustrated in Figure 8, truck 1 and truck 2 can each carry trailers 1 and 2,
respectively, and meet at an intermediate location, or a relay point, along the shipments’
routes. The shipment system 1 can determine the relay point based on data associated with
the shipment requests, location information from map data (e.g., point of interests,
common locations to stop, locations and their proximities to roadways, etc.) and/or data
associated with the trucks (e.g., their current locations, route the trucks are on or expected
to travel on, navigation or route information, estimated travel time and/or estimated time
of arrival to a particular location, etc.). Once the trucks meet at the relay point, the trailers
1, 2 holding the respective shipments can then be exchanged (e.g., the trailers can each be
untethered or unhooked from the trucks and switched). Thus, truck 1 can carry a shipment
in trailer 1 along a first portion of the route from the shipment’s pickup location towards
the shipment’s delivery location (a first sub-shipment) and truck 2 can carry the shipment
in trailer 1 along a second portion of the route from the shipment’s pickup location
towards the shipment’s delivery location (a second sub-shipment). Even further, as shown
in Figure 8, relay systems can operate simultaneously in both directions, with each truck
arriving and leaving with a different trailer at the relay point. After exchanging the
shipments, the respective trucks can each travel towards their respective origins, for

example.
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[0083] Another embodiment relay system is depicted in Figure 9. As illustrated in
Figure 9, a truck 2 with no trailer can be ready and waiting at the relay point.
Advantageously, the waiting truck 2 and its operator can perform any tasks that cannot be
done while driving before the shipment arrives, such as refueling, eating, maintenance,
and off-duty time. After the transfer, the truck 1 that initially carried the shipment can
perform similar tasks as necessary until another shipment arrives from either direction.
This subsequent shipment can optionally be planned in advance.

[0084] In some implementations, the relay system requires an increased amount of
coordination between multiple carriers. For example, the benefit of the relay system can
be diminished if a carrier with the shipment or the subsequent carrier of the shipment is
late to the relay point. Further, relays can be difficult to arrange between multiple carriers,
particularly if those carriers are not already operating in a single fleet. The shipment
arranging process, as described herein, can facilitate the scheduling of these relays to
prevent uncertainties and delays. Still further, sensors on the vehicles can provide data to
the shipment system 1 that can be processed to determine when a shipment is expected to
arrive (and whether it would be early or late, as compared to a previously estimated time
for relay). Each sub-shipment in the relay can be treated as an individual shipment, and
thus these early or late arrivals can be treated in ways similar to the modification of a
shipment, as discussed herein, which can be coordinated using the matching engine 130.
In some examples, in the context of autonomous trucks, the relay locations and times can
be adjusted in real-time based on the expected future location of the trucks under
autonomous driving. For example, a relay location might be adjusted in real-time to
optimize operator time, truck time, fuel efficiency, costs at a truck stop, and/or other
characteristics of the shipment process. In such an example, the automation of the driving
process can improve the predictability of arrival time, fuel costs, and/or wear-and-tear on
the vehicle. These features can also be provided with non-autonomous vehicles, in other
examples.

[0085] In some embodiments, the matching engine 130 can arrange a relay system by
dividing the shipment into two or more sub-shipments and offering them to various
carriers as separate independent shipments using techniques similar to those discussed
above. These shipments can then be confirmed once a carrier has been found for each sub-

shipment.
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[0086] Dividing the shipments into separate sub-portions can provide a variety of
benefits. For example, the sub-shipments can provide a carrier with consistent shipments
to carry without needing to travel far from a starting location or a pickup location that
might also serve as (or otherwise be sufficiently near) a home for the operator or truck.
Staying nearby reduces the concern for deadhead driving to return home, allows the truck
and operator to return home at the end of each day, facilitates maintenance operations
with familiar mechanics, and allows the truck to be tuned for consistent nearby road
conditions (different truck components are better for flat versus hilly conditions, high
traffic versus low traffic, temperature and weather, and other factors). In some
embodiments, the shipment system 1 can assign shipments such that one or more trucks
never travel beyond a specified or predefined distance from a home location, such as 150
miles. Still further, as an addition or an alternative, the distance from the home location
can also be limited by the distance a truck can reliably travel without needing to refuel
and/or by the distance a truck can reliably travel without needing a human operator to take
time off-duty (for example, due to driving regulations). Thus, the shipment trailer can
continue traveling via the relay system without needing to stop while the truck is refueled,
an operator is off-duty, or otherwise.

[0087] According to some examples, the relay system can facilitate modifying the
shipment system’s “bandwidth” (the number of shipments executed through the system)
without changing the number of carriers. For example, if it is determined that an excess of
carriers is available (e.g., the number of carriers exceeds a threshold ratio or threshold
number as compared to a number of shipments), then the shipment system 1 can
communicate with the carrier devices 30 to reduce driving speeds (and thus improve fuel
efficiency and reduce wear-and-tear) to the extent possible while still meeting delivery
time requirements. Similarly, if it is determined that an insufficient number of carriers are
available under current driving behavior, then the shipment system can communicate with
the carrier devices 30 to increase driving speeds to the extent possible (e.g., based on
preconfigured speed rules or parameters along different segments of the route), such that
an additional shipment can be executed in a set period of time. For example, in a relay
system, a single truck can execute four sub-shipments in a day at normal (average) speeds
and then can increase its speed to execute five sub-shipments if necessary. If every
requested full-shipment requires four sub-shipments, then a fleet of four trucks can

execute four full shipments at normal speeds, but five full shipments at higher speeds.

27



WO 2018/136179 PCT/US2017/066765

Because five trucks would also execute five full shipments at normal speeds, four trucks
at increased speeds can act like five trucks by making this speed adjustment. Thus, the
shipment system 1 can communicate with the trucks to increase their speeds (for example,
by modifying shipments, as discussed herein) to increase the bandwidth of the system as
necessary.

[0088] In some embodiments, the shipment system may 1 increase or decrease speeds
for a plurality of carriers by a specified percentage (e.g., at least 5%, 10%, 20%, or 30%,
etc.). However, in some instances, these adjustments may not be as effective outside the
context of relay systems due to the discrete nature of the shipments. A carrier assigned to
execute a shipment that would take one full day at normal speeds might be able to
increase its speed by 30% and thus be capable of executing 30% of another shipment.
Absent another truck being available to finish the remaining 70% of that shipment by the
requisite time, executing only 30% of the shipment is not valuable.

[0089] The matching engine 130 can determine how to distribute shipments amongst
the carriers, as single shipments, as groups of shipments for single carriers, and/or as a
group of sub-shipments to complete single requested shipments. As described, the
methods and processes provided (e.g., such as Figures 2, 3, or 7) can be used to assign
shipments. Similar methods can also be used by the matching engine 130 to determine
whether a shipment is to be separated into multiple sub-shipments.

[0090] The method depicted in Figure 10 describes an exemplary process performed by
the matching engine 130 to determine whether the shipment is to be separated into
multiple sub-shipments. As illustrated in Figure 10, the shipment system 1 can receive a
shipment request 1001 (e.g., such as described in Figure 7), and one or more carriers can
be identified based on the data associated with the shipment request and carrier
information. For example, the shipment system 1 can access a carrier database and filter
carriers from a pool of carriers based on the required equipment 1002. Still further,
according to one embodiment, instead of only searching for carriers available to both
pickup and deliver a shipment at the requested times, the shipment system 1 can identify
one or more carriers that can travel along any sub-portion of a route determined to be
suitable to execute the shipment, during times between the pickup time and the delivery
time 1003. Thus, a carrier not available for the entire duration of delivery of a shipment
can still be considered as an available carrier if it is determined to be available during a

sub-portion of the route at a location appropriate for a relay during that time period. For
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example, as illustrated in Figure 11, for a given route, the shipment system 1 can
determine a minimum distance the shipment must travel by a given time to still be able to
complete the shipment by the shipment delivery time, and then identify one or more
carriers available to perform a sub-shipment within the remaining distance and time
available. The shipment system 1 can use the estimated costs per unit distance, the
amount of the distance that can be carried by a single carrier, and/or the diversity of
carrier options along a portion of the shipment route to determine one or more sub-
shipments 1004. The shipment system 1 can assign the shipment or sub-shipment(s) to
one or more carriers 1005. In one embodiment, the shipment can be assigned to a carrier
based on cost (e.g., the lowest cost carrier can be assigned first). As an addition or an
alternative, if only one carrier is available in a specific portion of the route, or if all
carriers on that portion require substantially similar pickup and delivery times, then that
portion can be assigned first.

[0091] Additional sub-shipments and carriers can then be determined to complete the
requested shipment using the same method or similar process iteratively, such as
illustrated in an example of Figure 12. Referring to Figure 12, with each sub-shipment
assigned, the requirements for suitable carriers can be adjusted to coincide with the sub-
shipments already assigned 1206. The remaining carriers can then be further filtered to
meet the requirements of the already determined sub-shipments. This process can
continue until the entire shipment has been assigned. The matching engine 130 can also
use other methods, such as those described in Figure 2, 3, or 7, for example, to assign the
remaining portions of the shipment. Further, methods such as those described in Figure 7
can be used to compare the total cost of a relay system to carriers available to complete
the entire shipment alone.

[0092] According to an embodiment, the matching engine 130 can also use or
implement a relay system to arrange a shipment, or even initiate execution of a shipment,
prior to having trucks assigned to complete the entire shipment. As discussed herein, in
some embodiments, the shipment system 1 can accept a shipment request from a shipper
without having a carrier assigned to execute the shipment, based on an expectation that a
carrier will be available at a future time. For example, the shipment system 1 can
determine, based on historical data, a probability score that a carrier will be available at a
future time. Similar methods can also be used with a relay system, where each sub-

shipment can be treated as a future shipment that has been accepted by the shipment
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system 1. Further, if sufficient carriers are already engaged with the shipment system 1,
particularly in a relay(s), the shipment system 1 can determine the availability of a
carrier(s) to complete the shipment using either a carrier(s) that is currently available to
execute the shipment during the relevant time, or alternatively by increasing speeds of
vehicles operating with the shipment system 1 to increase bandwidth such that one or
more carriers that would otherwise not be available is now available to execute the new
shipment. Thus, relays can facilitate the acceptance of shipments without a particular
carrier assigned, knowing that additional bandwidth for that shipment can be created by
increasing the speed of multiple carriers in the system.

[0093] To facilitate the efficient assignment of shipments using the matching engine
130, it can be advantageous for carriers to commit to being available for a variety of
potential shipments over a specific time period. For example, as discussed above, a carrier
can agree to be available for a given date(s) and time period(s), conditional on criteria,
such as a minimum payment for the entire time or per unit time, return to a specific
location at a given time, and/or compensation for related expenses (such as food, fuel,
wear-and-tear, and tolls), and provide information about the truck capabilities. By
accessing stored data indicating that the carrier will agree to certain shipments allows the
matching engine 130 to immediately identify a carrier and assign a shipment to the carrier
when a shipment request is received and processed, and in some examples, also allows for
the shipment system 1 to immediately accept shipment requests from carriers without
needing to verify a carrier’s availability and capability. Still further, using data collected
from the sensors of a vehicle as discussed herein, the shipment system 1 can also predict
the future availability of a carrier that is not currently available, and assign shipments
accordingly. According to another example, the autonomous driving of carrier trucks can
enable the shipment system 1 to generate a more accurate estimate of the future
availability of the carrier, based on an expected driving time of the autonomous vehicle.
Road conditions can also be used to predict the future availability. Autonomous driving of
the vehicle can also allow the shipment system 1 to adjust the future availability of the
carrier by adjusting the speed of autonomous driving. For example, as discussed herein,
speeds can be adjusted to meet a modified shipment, increase relay system bandwidth, or

ensure that a delivery can be completed within a previously specified time.
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ROAD INFORMATION DATABASE

[0094] Information about the roads traveled by the carriers can be used to estimate
travel times, determine optimal routes, and determine if autonomous driving is
appropriate. Data related to the roads can be collected from a variety of sources. As
discussed herein, in some embodiments, a vehicle can include a set of sensors 520 that
can measure characteristics of a road and the surrounding vehicle’s environment, such as
weather conditions, traffic conditions and road hazards, construction zones, and other
characteristics. The vehicle sensors 520 (including sensors on the separable carrier
devices 30) can also detect the road conditions. For example, accelerometers (e.g.,
vertically-oriented accelerometers) on the vehicle can detect potholes, bumps, or other
non-smooth road conditions. The vehicle speedometer can determine the speed at which
the vehicle moves, which can be used by the device and/or the shipment system 1 to
determine traffic conditions along a segment of a road. Engine temperature sensors can
also provide an indication of environmental temperatures or whether the vehicle requires
some time to break.

[0095] Road information can also be collected from other sources, such as from third
party systems. This data can be collected over one or more networks, such as the internet,
and/or from data collected by mapping services. The data can include weather conditions,
traffic conditions, construction zones, and other transitory characteristics. The data can
also include non-transitory characteristics, such as speed limits, local autonomous driving
regulations, locations of traffic signals and road signage, weigh stations and their hours of
operation, bridge clearance heights, fueling stations and associated prices, restaurants, and
local GPS stations (such as Differential GPS stations). The non-transitory characteristics
can also include detailed geometric characteristics of the roads, such as the locations of
lane markers dividing lanes, the width of road shoulders and medians, the slope of a road
at any given point, and other factors. These geometric characteristics can be determined at
high precision.

[0096] Road information can also be processed and interpreted in a manner particularly
relevant for autonomous driving. For example, particular routes might be evaluated to
determine to what extent the vehicle can be driven safely autonomously (e.g., without
human operation). Relevant characteristics such as the quality of mapping data, lane-
marker visibility, expected numbers of pedestrians, school or construction zones,

proximity to local GPS stations or availability of GPS data (for example, in canyons or
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near tall buildings), and lane width can be used to determine if autonomous driving is
acceptable. Even further, various routes or sections of roads can be tested by autonomous
vehicles to verify the suitability of autonomous driving in various conditions (for
example, in daytime, nighttime, rain, snow, or ice). All of this information can be
collected and stored in a road information database 140, such as depicted in Figure 1.
[0097] The road information database 140 can be used by the matching engine 130 to
facilitate the determination of appropriate and preferred routes for delivering freight from
a pickup location to a delivery location. For example, the shipment system 1 can identify
a set of different routes between the pickup and delivery locations, and then compare
them against a variety of criteria, such as driving time, expected fuel costs (fuel
consumption and refueling costs), expected availability of autonomous driving, expected
human operator costs, expected wear-and-tear on the vehicle, availability of relays,
availability of backup carriers (in case of mechanical failure), and/or other factors. Based
on the comparison, the shipment system 1 can score the different routes and transmit data
about the different routes (or data for a single determined route) to the carrier device. In
one example, the carrier device can use the data to present one or more routes on a user
interface, such as a map user interface, and the carrier can choose a route according to
their preference. Alternatively, the carrier device can present the highest scored route as
the default, and the carrier can alternatively select a different route based on preference.
Still further, in another example, shipment system 1 can use data from the road
information database 140 and the carrier’s preferences to adjust the routes presented to the
carrier.

LESS-THAN-TRUCKLOAD SHIPMENTS

[0098] According to some examples, the shipment system 1 can arrange less-than-
truckload shipments for shippers and carriers. Less-than-truckload shipments are
shipments that do not fill the entire capacity of the carrier’s bin or trailer (for example, not
filling the entire space in the trailer). In one example, a less-than-truckload shipment can
be processed in a similar manner to the shipments discussed above. However, in another
example, in view of the potential to carry more than one less-than-truckload shipment at a
time, the less-than-truckload shipments can be processed differently by the shipment
system 1.

[0099] For example, the shipment system 1 can receive data indicating the weight

and/or size (e.g., dimensions) of a less-than-truckload shipment requested by a shipper
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(e.g., along with other information in the shipment request). The shipment system 1 can
use this data, along with information about the available capacity of nearby carriers, to
determine which carriers are capable of executing the less-than-truckload shipment based
on capacity (in addition to other factors discussed herein). This can include carriers that
are already carrying or being assigned to execute a first or previous less-than-truckload
shipment that is small enough to allow for the second less-than-truckload shipment at the
same time, and/or that would travel towards a similar direction to both delivery locations
(e.g., the execution of the additional second less-than-truckload shipment would not cause
the carrier to detour more than a specified time and/or distance parameters). The shipment
system 1 can also verify that the pickup and/or delivery time requirements for each
shipment can be met by the same carrier, based on the expected driving times (to pick up
one or both less-than-truckload shipments at respective pickup locations and travel to the
respective destination locations) and/or the time needed to load/unload the freight at each
location. Further, as discussed herein, the vehicle’s speed can be adjusted to accommodate
the second less-than-truckload shipment if, under normal driving speeds, it would not be
able to meet the requirements of both shipments (based on estimated driving time and/or
load/unloading time computations). Although the example describes two less-than-
truckload shipments being assigned to a single carrier, in other examples, more than two
less-than-truckload shipments can be assigned to a single carrier.

[0100] In one or more examples, the pricing for the less-than-truckload shipment can be
adjusted relative to a full-truckload shipment based on the availability of simultaneous
less-than-truckload shipments. This availability can be a known availability, or an
expected availability of simultaneous less-than-truckload shipments. The shipment system
1 can respond to a less-than-truckload shipment request by transmitting data
corresponding to a computed price the shipment device. After the shipment has been
confirmed, the shipment system 1 can automatically reroute an assigned carrier, during its
previous less-than-truckload shipment, to also pickup the new less-than-truckload
shipment (for example, by signaling the carrier device 30, which can alert a human driver
or adjust an autonomous driving of the vehicle).

INSURANCE

[0101] According to some examples, the shipment system 1 can include components for
computing, storing, and accessing data associated with insurance costs and coverage (e.g.,

insurance identifiers, parameters, conditions, etc.) for the carriers and/or for the freight.
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The insurance for the carrier itself can include damages to the carrier (vehicle, operator,
etc.) and/or damages to third-parties. The insurance for the freight can cover damages to
the freight while executing the shipment request.

[0102] As discussed above, the vehicle and the carrier device 30 can receive data from a
set of sensors that provide a variety of information about the vehicle, which can then be
transmitted to the shipment system 1 over a network. The shipment system 1 can use the
data, which can provide the status of various components on the vehicle (such as a
braking system or engine system in poor condition or having failing components), to
determine whether there is any damage or injury to the carrier, operator, vehicle, third-
parties, or the freight or to determine a probability score of such damage or injury during
the execution of the shipment based on a set of rules (e.g., in the next estimated duration
of time while the freight is being transported). As an addition or an alternative, the
operator or driver of a vehicle can provide inputs on a user interface of the carrier device
30 to provide data about any such damage or injury. The shipment system 1 can also
determine the driving tendencies or behavior (e.g., such as sudden braking or turning,
sudden acceleration, etc.) of an operator of the vehicle during non-autonomous driving
that may make damages more or less likely (e.g., determine the probability score of
damage), based on extended historical data over multiple shipments driven. To the extent
autonomous driving behavior can be controlled by the operator of the vehicle, past
autonomous driving behavior can also be considered. Information from the road
information database 140, which can also be supplemented by the sensors on the vehicle,
can also be used to determine the likelihood or probability score of damages.

[0103] Further, when autonomous driving of the vehicle is expected, the likelihood of
damages can also be adjusted based on the expected driving behavior of the autonomous
vehicle. If the risk of damages and the value of the cargo are particularly high, the
shipment system 1 can adjust the driving behavior of the autonomous vehicle to reduce
the risk (e.g., reduce the probability score), for example by adjusting driving speeds,
following-distances, lane-merging, and/or other behavior. The shipment system 1 can also
compute an expected change in shipment time based on the change in autonomous driving
behavior (and/or other factors) such that expected insurance costs can be automatically
adjusted with changing pickup and delivery times, or changing routes/itineraries for the

shipment.
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[0104] Information can also be gathered from the vehicle from the most recent driving
characteristics. This can be used to detect potential mechanical problems with the vehicle
that have only recently developed.

[0105] In some embodiments, by using this information, the shipment system 1 can
generate and provide a cost of insurance for freight to a shipper automatically based on
the requested pickup times, delivery times, level of insurance, and/or other factors.
Further, the shipment system 1 can also suggest changes to the shipment request (e.g., to
the shipment device and/or to an administrative user of the shipment system 1 via user
interfaces) that would significantly decrease the cost of insurance, as it would other costs
described herein. Similarly, the shipment system 1 can automatically provide a cost of
insurance for the carrier, to the carrier, based on the route(s)/itinerary(ies) selected. In one
example, the cost of insurance for the carrier can also be passed-on to the shipper, and be
included in the proposed price for the shipment.

[0106] The costs of insurance for the carrier can also be presented in multiple ways. For
example, the shipment system 1 can provide insurance for one shipment at a time, with a
known route and itinerary, carrying known freight. The return trip can also be covered by
the insurance. Additionally or alternatively, the shipment system 1 can provide insurance
for an extended period of time, such as for a full month or year, using similar data as that
described above to estimate the risk of damages. As discussed further below, the shipment
system 1 can also prevent use of autonomous driving capability for driving of the vehicle
that has not been insured through the shipment system 1. These insurance costs can be
used by the shipment system 1 in a manner similar to other costs described herein, such
that they are also used by the matching engine 130 when assigning carriers to shipments.
AUTONOMOUS DRIVING ADJUSTMENTS DURING SHIPMENTS

[0107] As discussed above, shipments can be executed using autonomously driven
vehicles (or vehicles with at least some autonomous driving capabilities), which can be
coupled to or include a carrier device 30. In some instances, autonomous driving can
improve the safety and reliability of a moving vehicle. Even further, autonomous driving
can allow the vehicle’s driving behavior to be automatically updated to meet changing
conditions and objectives, based on information received by the carrier devices 30
through sensors 520 and/or through the shipment system 1. For example, the vehicle can
be driven autonomously by the autonomous driving system 504 at a speed that optimizes

fuel efficiency and reduces wear-and-tear on the vehicle while still arriving at the delivery
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location at the delivery time, according to locations, times, and/or road conditions
provided through the shipment system 1. Adjustments to the autonomous driving system
504 can be made automatically, in real-time, as new data is received or determined by the
carrier device 30 regarding both the vehicle’s current progress along the route and
changing conditions ahead (including changing traffic and weather conditions).

[0108] In addition to adjusting a driving speed, the carrier device 30 can also make
more adjustments to the behavior of the vehicle during autonomous driving. For example,
the shipment selection and execution module 508 can automatically reroute the vehicle if
different roads would be preferable based on changing traffic or weather conditions.
Similarly, as discussed above, the shipment selection and execution module 508 can
adjust a route automatically for other changes, such as a new less-than-truckload pickup, a
modification to the delivery time, or a need for an on-board operator to stop (for example,
to eat or use the restroom).

[0109] In further embodiments, such adjustments to driving speeds and routes can be
indicated to a human driving the vehicle. For example, the carrier device 30 can indicate
to the driver, via a user interface, a preferred speed or route to maintain, and/or further
indicate when the operator is deviating from that preferred driving behavior.
CONTROLLING USE OF AUTONOMOUS DRIVING CAPABILITIES

[0110] In some embodiments, the shipment system 1 and/or the carrier device 30 can
control when autonomous driving capabilities are used on a vehicle (e.g., switch between
non-autonomous and autonomous modes of driving).

[0111] As discussed above, carrier devices 30 can be in communication with
components of the shipment system 1, and further can be integral with or otherwise
communicate with components on an autonomous vehicle. Thus, components of the
shipment system 1 can be in communication, directly or indirectly, with software
components on the vehicle that control autonomous driving, such as the autonomous
driving system 504. The carrier device 30 can be configured to disable autonomous
driving capability if it detects one or more conditions from one or more sensors of the
vehicle, or if a signal is received from the shipment system 1 indicating that autonomous
driving should not be used at a specified time, in a specified place, or in some other
specified situation. Similarly, the carrier device 30 can be configured to require an
activation signal from the operator or driver, or from the shipment system 1 prior to

enabling autonomous driving capability. For example, the carrier device 30 can be
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configured to send a request to the shipment system 1 to enable autonomous driving, and
the system can respond with an enablement signal if autonomous driving is determined to
be safe at a current time and/or location in the current environment.

[0112] A variety of data can be used by the shipment system 1 and/or the carrier device
30 to determine if autonomous driving capability should be enabled. As discussed herein,
the appropriateness of autonomous driving can be dependent on data related to safety of
driving in general, characteristics specific to autonomous driving safety, regulations
related to autonomous driving, and/or other factors. To ensure the safety of driving, the
system can require certain information regarding the route that will be driven by the
vehicle prior to enabling autonomous driving. For example, the necessary information
regarding the route can be based on the shipment request data and/or the shipment
assigned through the shipment system 1. Still further, the autonomous driving of the
vehicle can be limited to driving based on a shipment arranged by the shipment system 1.
Driving related to a shipment arranged by the shipment system 1 can include executing
the shipment, and can also include driving to a pickup location and driving from a
delivery location to an off-duty location such as a home for the carrier. Information
related to the route that will be driven by the vehicle can also be determined in other
ways, such as when a user provides that information directly to the system, such as with a
carrier device 30. In further embodiments, the determination of enabling and/or disabling
autonomous driving can be made in real-time based on the current location and conditions
on the road traveled by the vehicle.

[0113] Other data can also be used when enabling or disabling autonomous driving of
the vehicle. For example, the system can use information related to the vehicle, such as
the components on the vehicle and the weight of the freight carried by the vehicle. The
autonomous vehicle computing system or carrier device 30 can use this information to
adjust the driving behavior. For example, a vehicle with weaker brakes or a heavier
weight of freight may need a longer stopping distance or may be adjusted to drive at
slower speeds. To verify the accuracy of this information, the vehicle can determine if
data from sensors (such as those described herein) is consistent with those components,
such as verifying the weight of the vehicle is consistent with expectations. The
acceleration of the vehicle resulting from a known throttle or braking output can be
dependent on characteristics of the vehicle and the weight of the freight. If the sensor data

differs from that which would be expected from the information received, the system can
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disable autonomous driving until it determines that the expected data and the measured
data is substantially matched. In one example, the autonomous driving capability can be
enabled only for use related to shipments arranged through the shipment system 1, to
ensure that sufficient data regarding the route, vehicle, and freight is available.

[0114] Further, in variations, autonomous driving of the vehicle can be restricted in
other situations. For example, the autonomous driving capability can be restricted if the
insurance cost or coverage for the vehicle and/or the freight being carried by the vehicle
has not been confirmed by the shipment system 1. In another example, the autonomous
driving capability can also be restricted until the shipment system 1 confirms that the
autonomous driving software has been updated (e.g., based on comparing prior version(s)
of software with the most up to date version). Still further, the autonomous driving
capability can also be restricted until the shipment system 1 confirms that the autonomous
driving software has access to current road and weather conditions data. Other data can
also be necessary for the enablement of autonomous driving.

[0115] In one embodiment, a computer-implemented method of arranging shipments of
freight by a carrier can be provided. At least one shipment request comprising a pickup
location, delivery location, pickup time, and delivery time can be received (for example,
by a shipment system 1). One or more trucks capable of executing the shipment request
can then be identified based on at least the trucks’ ability to execute the shipment request
while driving autonomously for at least a portion of the shipment. The shipment request
can be transmitted to one or more operators of the one or more trucks capable of
executing the shipment request. Each of these steps can be performed programmatically
by a computing system comprising one or more computing devices.

[0116] In an example of the embodiment, the trucks’ ability to execute a shipment
request can be based at least on the truck’s expected future location achieved through
autonomous driving of the truck related to the execution of a prior shipment request. This
can include a change in autonomous driving speed of the truck while executing or
returning from the previous shipment request.

[0117] In a further example of the embodiment, the trucks’ ability to execute a shipment
request is based at least on a driver’s availability. The driver’s availability can be
determined according to the number of hours the driver has recently spent in one or more

duty statuses including at least one of on-duty and off-duty, or other factors.
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[0118] In a further example, one or more recommended routes for executing the
shipment request can be transmitted, for example from the shipment system to a carrier
device. An estimated time of non-autonomous driving on one or more of the
recommended routes can also be transmitted. Portions of a route that require non-
autonomous driving can be determined based on at least one of lane marking visibility,
presence of a shoulder for pulling-over, nearby GPS stations, and local autonomous
driving regulations. It itineraries for one or more recommended routes can also be
transmitted, and the itineraries can comprise a location and time for stopping to perform
at least one of refueling, eating, or being not on-duty.

[0119] Even further, a plurality of suggested routes or itineraries can be transmitted and
a choice between the routes or itineraries can be requested. A choice can then be received,
and future suggested routes or itineraries can be adjusted based on the received choice.
[0120] In a further example, the autonomous driving of a truck can be activated to
execute the shipment request after receiving an acceptance of the request from the carrier.
[0121] In another embodiment, a computer implemented method for providing
insurance to an autonomous vehicle carrying freight can be performed programmatically
by a computing system comprising one or more computing devices. A potential driving
plan for the autonomous vehicle carrying freight can be received. The potential driving
plan can include a pickup time, a pickup location, a delivery time, and a delivery location.
At least one of a current status and historical data of one or more mechanical components
of the autonomous vehicle can also be received. A cost of insurance for damages related
to the autonomous driving of the autonomous vehicle carrying freight while executing at
least the driving plan can be transmitted.

[0122] In an example of the embodiment, an estimated value of freight to be carried by
the autonomous vehicle while executing the driving plan can also be received. Similarly, a
requested level of insurance for freight to be carried by the autonomous vehicle while
executing the driving plan can also be received.

[0123] In a further example, the damages can include damages to the freight.

[0124] In a further example, autonomous driving of the autonomous vehicle to execute
the driving plan can be prevented until the cost of insurance is accepted.

[0125] In a further example, a behavior of the autonomous vehicle while executing the
driving plan can be controlled to reduce a risk of damages while executing the driving
plan.
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[0126] In a further example, data produced during the most recent autonomous driving
of the autonomous vehicle can be received, and used to determine the cost of insurance.
This data can optionally be required prior to the step of transmitting a cost of insurance.
Extended historical data of the driving behavior of the autonomous vehicle or an operator
of the autonomous vehicle can also be received and used in a similar manner.

[0127] In a further example, the cost of insurance can include insurance for damages
related to autonomous driving of the autonomous vehicle over an extended period of time.
[0128] In another embodiment, computer implemented method for adjusting the driving
behavior of a vehicle carrying freight can be performed programmatically by a computing
system comprising one or more computing devices. A set of route requirements
comprising at least a delivery location and a delivery time for the freight can be received.
A set of route preference characteristics comprising at least one of current fuel price
estimates at a plurality of stations and restaurant locations can also be received. One or
more suggested routes for autonomous driving meeting the route requirements and
optimizing the route preference characteristics can be transmitted. The suggested routes
can include a driving path and at least one stop time and location prior to delivery.

[0129] In an example of the embodiment, the vehicle can be an autonomous vehicle,
and the suggested routes can include an autonomous driving path. A plurality of suggested
routes for autonomous driving meeting the route requirements and optimizing the route
preference characteristics can be transmitted. A selected route for autonomous driving
from the plurality of suggested routes can be received. Further, the autonomous driving of
a freight vehicle can be prevented until a route for autonomous driving is selected. The
freight vehicle can be autonomously driven according to the selected route for
autonomous driving.

[0130] In a further example, these methods can be performed while the freight is carried
by the autonomous vehicle while driving autonomously.

[0131] In further examples, the set of route preference characteristics further can
include truck stop locations and/or at least one of lane marking visibility, presence of a
shoulder for pulling-over, nearby GPS stations, and local autonomous driving regulations.
[0132] In a further example, it can be determined that the one or more suggested routes

can be completed by a driver of the vehicle without violating on-duty time limits.
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[0133] In a further example, optimizing the route preference characteristics can include
at least one of reducing expected fuel costs and expected maintenance costs resulting from
autonomous driving on the route.

[0134] In a further example, a speed of autonomous driving can be adjusted to reduce at
least one of expected fuel costs and expected maintenance costs resulting from
autonomous driving on the route while also maintaining an expected delivery time at the
delivery time.

[0135] In a further example, optimizing the route preference characteristics can include
optimizing one or more restaurant choices available to a driver at a stop.

[0136] In a further example, a selected route for autonomous driving including a stop at
a restaurant can be received. The set of route preference characteristics can then be
adjusted to favor similar restaurants.

[0137] In a further example, an expected cost difference to stop at a given restaurant
and meet the delivery time using autonomous driving can be transmitted.

[0138] In another embodiment, a method for alerting a driver of an autonomous vehicle
to prepare to drive can be provided. A vehicle carrying at least one human can be driven
autonomously. An imminent required termination of autonomous driving can be
determined, and the human can be alerted of the imminent required termination of
autonomous driving in advance of the required termination of autonomous driving.
[0139] In an example of the embodiment, the imminent required termination of
autonomous driving can be determined based on an imminent entry into an area with
regulations against the autonomous driving, an imminent arrival at a delivery location, an
imminent exhaustion of fuel or arrival at a refueling station, potentially unsafe road
conditions recognized by sensors on the autonomous vehicle, and/or data received from
an external source indicating potentially unsafe road conditions.

[0140] In a further example, the alert can be provided less than five minutes prior to the
required termination of autonomous driving, and/or more than one minute prior to the
required termination of autonomous driving. The alert can be provided using a device
worn by the human, with a brief and sudden change in motion of the autonomous vehicle
sufficient to be felt by the human but not sufficient to substantively effect the movement
of the vehicle relative to other nearby vehicles, or by other features.

[0141] In another embodiment, a computer-implemented method for arranging for the

shipment of freight can be performed programmatically by a computing system
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comprising one or more computing devices. The status of one or more trucks potentially
capable of completing a shipment request can be received. One or more shipment requests
comprising a pickup location, delivery location, pickup time, and delivery time can also
be received. An estimated cost for completing the one or more shipment requests based at
least on the status of the one or more trucks potentially capable of completing a shipment
request can then be determined. An immediate response can be sent to the one or more
shipment requests with a price for completing the shipment request.

[0142] In an example of the embodiment, a truck’s ability to reach the pickup location
by the pickup time based on autonomous driving of the truck can be determined.

[0143] In a further example, an immediate response can be sent to the one or more
shipment requests with a suggested modified shipment request including at least one of a
suggested alternative pickup time and a suggested alternative delivery time. The
suggested modified shipment request can include a reduced price for completing the
modified shipment request.

[0144] In a further example, the estimated cost can be determined based on a plurality
of trucks cooperatively completing the shipment request. The trucks can cooperatively
complete the shipment request using a relay system. If the shipment request were carried
by a single truck, the single truck may not be able to execute the shipment and return to
the pickup location on the same day under applicable regulations and available driving
speeds. However, in the relay system each truck (or at least one truck) can optionally be
provided with sufficient time to return to its pickup location or home location on the same
day.

[0145] Similarly, if the shipment request were carried by a single truck, the single truck
may not be able to execute the shipment request without stopping for rest under
applicable regulations and available driving speeds. In the relay system the shipment
request can optionally be executed without a truck stopping for rest while it is executing
the shipment request.

[0146] In a further example, the estimated cost can be determined based at least on an
expected fuel efficiency during autonomous driving and/or on an expected wear and tear
on a truck during autonomous driving.

[0147] In another embodiment, computer-implemented method for monitoring and
controlling the expected arrival time of a freight shipment by a shipper can be performed

programmatically by a computing system comprising one or more computing devices. A

42



WO 2018/136179 PCT/US2017/066765

current location of a vehicle carrying freight can be received, and an expected time of
arrival of the vehicle carrying freight at a delivery location can be determined based at
least on the current location. It can also be determined if the expected time of arrival is
different from a scheduled time of arrival. An alert can be provided to a recipient of the
freight if the expected time of arrival is different from the scheduled time.

[0148] In an example of the embodiment, the vehicle can be an autonomous vehicle,
and the expected time of arrival can be determined based at least on the expected
autonomous driving of the autonomous vehicle. A change in cost for changing the
expected arrival time to the scheduled arrival time can also optionally be determined by
adjusting a behavior of the autonomous vehicle, and an offer can be made to adjust the
behavior of the autonomous vehicle to change the expected arrival time to the scheduled
arrival time. Based on that, or other criteria, the behavior of the autonomous vehicle can
be adjusted to arrive at the scheduled arrival time.

[0149] In another embodiment, a computer-implemented method for monitoring and
controlling the expected arrival time of a freight shipment by a shipper can be provided. A
request to change a scheduled arrival time of a vehicle carrying freight to a new scheduled
arrival time can be received, and an expected change in cost for changing a behavior of
one or more vehicles for the shipment to arrive at the new scheduled arrival time can be
determined. An acceptance of the expected change in cost can be received, and the
behavior of the one or more vehicles can be adjusted to arrive at the new scheduled arrival
time.

[0150] In an example of the embodiment, at least one of the one or more vehicles can
be an autonomous vehicle, and the autonomous driving behavior of the at least one
autonomous vehicle can be adjusted. Similarly, the behavior of a plurality of vehicles
operating in a relay to carry the freight can be adjusted, such that the freight arrives at the
new scheduled arrival time.

[0151] In another embodiment, a method for increasing the capacity of a carrier fleet
can be provided. A fleet of autonomous freight vehicles can be operated at a speed profile
optimized for cost efficiency while moving freight. A set of freight shipments to be
carried by the fleet can be determined to require a carrying capacity greater than the
capacity of the fleet when operating at the optimized speed profile. The behavior of the

fleet of autonomous freight vehicles can be adjusted to operate at a speed profile higher
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than the optimized speed profile such that sufficient capacity is produced to meet the
required carrying capacity.

[0152] In an example of the embodiment, the fleet can operate with one or more relays.
[0153] In a further example, the cost efficiency can account for fuel efficiency and/or
wear and tear on the freight vehicles.

[0154] In a further example, a change in cost caused by an adjustment in driving
behavior needed to produce sufficient capacity to carry an additional shipment can be
determined, and a price to carry the additional shipment can optionally be offered based at
least on the determined change in cost.

[0155] In another embodiment, a method for optimizing the efficiency of autonomous
driving of a freight vehicle is provided. A fuel efficiency profile of a freight vehicle using
at least sensors on the freight vehicle can be determined, along with a current location of
the freight vehicle. Autonomous driving behavior of the freight vehicle can be adjusted to
arrive at a delivery location for freight carried by the freight vehicle by a predetermined
delivery time while optimizing fuel efficiency.

[0156] In an example of the embodiment, an estimated wear and tear profile of a freight
vehicle can also be determined, and an estimated wear and tear of the freight vehicle can
also be optimized when adjusting the autonomous driving behavior.

[0157] In a further example, data regarding at least one of traffic conditions and weather
conditions can be received, and the autonomous driving behavior can also be adjusted to
account for at least one of traffic conditions and weather conditions. At least one of traffic
conditions and weather conditions can optionally be detected by a sensor on the freight
vehicle and/or be received from outside the freight vehicle.

[0158] In a further example, an expected time when refueling will be required prior to
arriving at the delivery location can be determined, and the autonomous driving behavior
can be adjusted to account for time spent refueling. A location to refuel can also
optionally be determined. An expected time when refueling will be required can
optionally be determined using an expected autonomous driving behavior and an
associated fuel efficiency. The fuel efficiency profile can be determined using a weight of
freight carried by the freight vehicle, and the weight of the freight carried by the freight
vehicle can be determined using sensors measuring the dynamic response of various

portions of the freight vehicle during movement.
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[0159] In a further example, the autonomous driving behavior can also be adjusted to
account for a need to stop due to driver on-duty time limits.

[0160] In another embodiment, a method for limiting the autonomous driving of a
vehicle can be provided. A route for autonomous driving of a vehicle can be approved,
and autonomous driving of the vehicle can be prevented until the route is approved.
Further, autonomous driving of the vehicle can also optionally be prevented until the
route is approved even if autonomous driving on the route is already considered to be
safe.

[0161] In another embodiment, a method for limiting the autonomous driving of a
vehicle to routes approved for autonomous driving can be provided. The appropriateness
of a shipment plan under autonomous driving can be verified by comparing the shipment
plan with road conditions. The shipment plan can include at least a pickup location and a
delivery location. Autonomous driving of the vehicle to execute the shipment plan can be
prevented until the appropriateness of the shipment plan under autonomous driving has
been verified.

[0162] In an example of the embodiment, verification of the appropriateness of a
shipment plan under autonomous driving can require verification of the safety of the
shipment plan under autonomous driving. Verifying the safety of the shipment plan under
autonomous driving can optionally require verifying that a vehicle designated to execute
the shipment plan is capable of safely moving a weight of freight under the shipment plan.
The shipment plan can include a route and the vehicle designated to execute the shipment
plan can be verified to be capable of safely moving the weight by comparing the vehicle’s
capability, the weight, and one or more uphill and downhill sections on the route. The
safety of the shipment plan under autonomous driving can also depend on verification that
the components of a vehicle designated to execute the shipment plan are unlikely to fail
while executing the shipment plan.

[0163] In a further example, verifying the appropriateness of the shipment plan under
autonomous driving can use one or more features of a route particularly relevant to the
safety of autonomous driving. One or more features of the route particularly relevant to
the safety of autonomous driving can include lane marking visibility, the width of a

shoulder, and the availability of GPS stations.
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[0164] In a further example, verifying the safety of the shipment plan under
autonomous driving can include verifying that the height clearances along the route are
sufficiently high for a vehicle designated to execute the shipment plan to safely pass.
[0165] In a further example, the shipment plan can include a pickup time and a delivery
time and verifying the safety of the shipment plan under autonomous driving can include
verifying that a speed necessary to execute the shipment plan is within safe levels. The
safe levels can be different for different portions of the route and/or be adjusted according
to a weight of freight to be carried under the shipment plan.

[0166] In a further example, the route associated with the shipment plan can be tested
under autonomous driving and autonomous driving of the vehicle on the route can be
prevented prior to the testing.

[0167] In a further example, verifying the appropriateness of a shipment plan under
autonomous driving can include verifying that a combined weight of freight of the
shipment plan and a vehicle designated to execute the shipment plan is within a
predetermined limit.

[0168] In a further example, autonomous driving of the vehicle can be enabled after the
appropriateness of the shipment plan under autonomous driving has been verified.

[0169] In another embodiment, a method for ensuring that characteristics of a freight
vehicle are known to the autonomous driving software of the freight vehicle can be
provided. Autonomous driving of the freight vehicle can be restricted until at least a
stated weight of freight carried by the freight vehicle has been received.

[0170] In an example of the embodiment, a weight of freight to be carried by the freight
vehicle can be received. The received weight of freight to be carried by the freight vehicle
can be compared with data collected by sensors on the freight vehicle indicative of the
weight of freight carried by the freight vehicle. The data collected can reflect a dynamic
response of the vehicle during movement that is indicative of the weight of freight carried
by the freight vehicle. Autonomous driving of the freight vehicle can optionally be
terminated if the received weight of freight to be carried by the vehicle is different from
the weight of freight indicated by the data collected by the sensors.

[0171] In a further example, the received weight of freight to be carried by the freight
vehicle can be compared with data collected by weigh station sensors, and similar actions

can be taken in response.
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[0172] In another embodiment, a method for ensuring that autonomous driving software
data of an autonomous vehicle has been updated can be provided. Autonomous driving of
the autonomous vehicle can be restricted if the vehicle has not received an autonomous
driving software data update. The software data update can include a software update
and/or updated data relevant to autonomous driving including at least one of road
conditions and driving regulations.

[0173] In another embodiment, a method for ensuring that autonomous driving of a
freight vehicle is covered by insurance can be provided. Autonomous driving of the
freight vehicle can be restricted until verification of insurance of at least one of the freight
vehicle and freight carried by the freight vehicle has been received. In an example of the
embodiment, verification of insurance can be requested from a third party, and the
verification can be received.

[0174] In another embodiment, a computer-implemented method for reporting
autonomous driving activity can be performed programmatically by a computing system
comprising one or more computing devices. The time and duration of autonomous driving
of a vehicle, and the time and duration of non-fully-autonomous driving of a vehicle can
be recorded. Data regarding the times and durations of autonomous driving of the vehicle
and non-fully-autonomous driving of the vehicle can be transmitted to confirm that the
times and durations are in compliance with on-duty time limit requirements.

[0175] In an example of the embodiment a human operator can be notified when
nearing a limit based on the on-duty time limit requirements.

[0176] In a further example, a human operator of the vehicle can be notified that a
shipment plan being executed by the vehicle cannot be completed with the current human
operator under the on-duty time limit requirements without the current human operator
taking off-duty time.

[0177] In a further example, a suggested off-duty time location based on at least the
recorded times and durations, the on-duty time limit requirements, and a shipment plan
being executed by the vehicle can be indicated to a human operator.

[0178] In a further example, times a human operator of the vehicle is on-duty and the
vehicle is not being driven can be separately recorded.

[0179] In another embodiment, a computer-implemented method for recording the
activities of a human operator onboard a freight vehicle can be performed

programmatically by a computing system comprising one or more computing devices. A
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designated human operator of the freight vehicle can be identified and times the freight
vehicle is driven fully autonomously under the supervision of the designated human
operator can be recorded. The recorded times the freight vehicle is driven fully
autonomously can be transmitted to a third party.

[0180] In an example of the embodiment, times the freight vehicle is driven while the
designated human operator is in the driver’s seat can be separately recorded. Similarly,
times the freight vehicle is driven while the designated human operator is in the sleeper
berth can also be separately recorded. Similarly, times the freight vehicle is driven
autonomously while the designated human operator is in position to take control of the
vehicle can be separately recorded.

[0181] In a further example, the designated human operator can be notified when they
are nearing a limit based on on-duty time limit requirements, and/or if a shipment plan
being executed by the freight vehicle cannot be completed under the designated human
operator under on-duty time limit requirements without the designated human operator
taking off-duty time.

[0182] In a further example, a suggested off-duty time location based on at least the
recorded times, on-duty time limit requirements, and a shipment plan being executed by
the freight vehicle can be indicated to a human operator.

[0183] In a further example, the recorded times can be automatically transmitted from
the freight vehicle during driving of the freight vehicle, when the freight vehicle is
stopped at a weigh station.

[0184] In a further example, times the human operator is on-duty and the vehicle is not
being driven can be separately recorded.

[0185] In another embodiment, a method for detecting and reporting various
characteristics of a freight vehicle can be provided. A weight of freight carried by the
freight vehicle can be estimated using sensors measuring the dynamic response of various
portions of the freight vehicle during movement. The estimated weight can be transmitted
to a weigh station system configured to verify that the weight of a freight vehicle is within
predetermined limits.

[0186] In an example of the embodiment, times spent on duty by a human designated to
operate the freight vehicle can be detected (for example, with sensors on the vehicle or the

human’s device), and data representative of the times spent on duty by the human can be
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transmitted to a system configured to verify that the human’s time spent on duty is within
predetermined limits.

[0187] In a further example, a status of one or more mechanical components of the
freight vehicle can be evaluated using sensors measuring the dynamic response of various
portions of the freight vehicle during movement. Data representative of the status of the
one or more mechanical components of the freight vehicle can be transmitted to a system
configured to verify the mechanical safety of the freight vehicle.

[0188] In another embodiment, a method for detecting detention time of a freight
vehicle can be performed programmatically by a computing system comprising one or
more computing devices. A location of a freight vehicle can be measured to determine
that the freight vehicle is at one of a pickup location or a delivery location. An amount of
time that the freight vehicle remains at the pickup location or delivery location can be
determined. A movement of the freight vehicle away from the pickup location or delivery
location can be measured.

[0189] In an example of the embodiment, measurement of the location can be done with
a GPS sensor. Similarly, measurement of the movement can also be done with a GPS
Sensor.

[0190] In a further example, measurement of the movement can be done by measuring
the activity of the engine of the freight vehicle.

[0191] In a further example, a shipper can be automatically charged for the amount of
time that the freight vehicle remained at the pickup or delivery location. This can include
adding the charge to the price of a shipment associated with the pickup location and
delivery location.

[0192] Many other variations on the methods and systems described herein will be
apparent from this disclosure. For example, depending on the embodiment, certain acts,
events, or functions of any of the algorithms described herein can be performed in a
different sequence, can be added, merged, or left out altogether (e.g., not all described acts
or events are necessary for the practice of the algorithms). Moreover, in certain
embodiments, acts or events can be performed concurrently, e.g., through multi-threaded
processing, interrupt processing, or multiple processors or processor cores or on other
parallel architectures, rather than sequentially. In addition, different tasks or processes can

be performed by different machines and/or computing systems that can function together.
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[0193] The various algorithm steps described in connection with the embodiments
disclosed herein can be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall
system. The described functionality can be implemented in varying ways for each
particular application, but such implementation decisions should not be interpreted as
causing a departure from the scope of the disclosure.

[0194] The various illustrative steps, components, and computing systems (such as
devices, databases, interfaces, and engines) described in connection with the embodiments
disclosed herein can be implemented or performed by a machine, such as a general
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general
purpose processor can be a microprocessor, but in the alternative, the processor can be a
controller, microcontroller, or state machine, combinations of the same, or the like. A
processor can also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.
Although described herein primarily with respect to digital technology, a processor can
also include primarily analog components. A computing environment can include any
type of computer system, including, but not limited to, a computer system based on a
microprocessor, a mainframe computer, a digital signal processor, a portable computing
device, a personal organizer, a device controller, and a computational engine within an
appliance, to name a few.

[0195] The steps of a method, process, or algorithm, and database used in said steps,
described in connection with the embodiments disclosed herein can be embodied directly
in hardware, in a software module executed by a processor, or in a combination of the
two. A software module, engine, and associated databases can reside in memory resources
such as in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM

memory, registers, hard disk, a removable disk, a CD-ROM, or any other form of non-
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transitory computer-readable storage medium, media, or physical computer storage known
in the art. An exemplary storage medium can be coupled to the processor such that the
processor can read information from, and write information to, the storage medium. In the
alternative, the storage medium can be integral to the processor. The processor and the
storage medium can reside in an ASIC. The ASIC can reside in a user terminal. In the
alternative, the processor and the storage medium can reside as discrete components in a
user terminal.

EEN 13

[0196] Conditional language used herein, such as, among others, “can,” “might,”

N 19

“may,” “e.g.,” and the like, unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey that certain embodiments
include, while other embodiments do not include, certain features, elements and/or states.
Thus, such conditional language is not generally intended to imply that features, elements
and/or states are in any way required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or without author input or
prompting, whether these features, elements and/or states are included or are to be
performed in any particular embodiment. The terms “comprising,” “including,” “having,”
and the like are synonymous and are used inclusively, in an open-ended fashion, and do
not exclude additional elements, features, acts, operations, and so forth. Also, the term
“or” is used in its inclusive sense (and not in its exclusive sense) so that when used, for
example, to connect a list of elements, the term “or” means one, some, or all of the
elements in the list.

[0197] While the above detailed description has shown, described, and pointed out
novel features as applied to various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details of the devices or algorithms
illustrated can be made without departing from the spirit of the disclosure. As will be
recognized, certain embodiments of the inventions described herein can be embodied

within a form that does not provide all of the features and benefits set forth herein, as

some features can be used or practiced separately from others.
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Claims

1. A network computer system for arranging freight transport, the network
computer system comprising:

one or more processors,

a set of memory resources to store a set of instructions that when executed by
the one or more processors cause the one or more processors to:

communicate, over one or more networks, with a plurality of carrier
devices to determine carrier information, each carrier device of the plurality of
carrier devices being associated with a carrier, a freight vehicle of the carrier, and
corresponding carrier information, wherein the corresponding carrier information
includes equipment information that is specific to the freight vehicle of the carrier
associated with the carrier device;

receive, over the one or more networks from a shipper device, a first
shipment request, the first shipment request including shipment information, a
first pickup location, and a first delivery location;

assign the first shipment request to a first carrier based, at least in part, on
a first determination that the first carrier is capable of executing the first
shipment request, the first determination being based, at least in part, on the
shipment information and the equipment information of a corresponding freight
vehicle of the first carrier;

monitor sensor information generated from one or more sensors of the
freight vehicle of the first carrier and location information from a carrier device
associated with the first carrier, to determine that a shipment of the first
shipment request is loaded into the freight vehicle of the first carrier, and that
transport of the shipment has been initiated by the freight vehicle of the first
carrier;

determine an available capacity of the freight vehicle of the first carrier
once the shipment associated with the first shipment request is loaded into the
freight vehicle of the first carrier;

while the freight vehicle of the first carrier is transporting the shipment of
the first shipment request, make a second determination to assign a second
shipment request to the first carrier based on the determined available capacity
of the freight vehicle of the first carrier, the second shipment request including
shipment information, a second pickup location, and a second delivery location;
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based at least on the shipment information of the second shipment
request, determine a new route that is different from an expected route of the
first carrier; and

transmit, to the carrier device of the first carrier, a data set that identifies
one or more locations of the new route while the carrier fulfills at least the first
shipment request or the second shipment request.

2. The network computer system of claim 1, wherein the set of instructions
further cause the one or more processors to:

transmit a shipment invitation for the first shipment request to the carrier
device of the first carrier in response to the first determination that the first
carrier is capable of executing the first shipment request.

3. The network computer system of claim 1, wherein the shipment information of
the first shipment request includes at least one of a type of shipment, a size of the
shipment, or a weight of the shipment.

4. The network computer system of claim 1, wherein the instructions for
determining that the first carrier is capable of executing the first shipment
request further cause the one or more processors to:

based on the equipment information of a freight vehicle of each carrier of a
set of carriers and the shipment information, filter the set of carriers to identify
one or more carriers that have suitable equipment to execute the first shipment
request, the one or more carriers including the first carrier.

5. The network computer system of claim 1, wherein the set of instructions for
determining that the first carrier is capable of executing the first shipment
request further cause the one or more processors to:

based on status information of each carrier of a set of carriers, the
equipment information of a freight vehicle of each carrier and the shipment
information, filter the set of carriers to identify one or more carriers that (i) have
suitable equipment to execute the first shipment request and are (ii) available to
execute the first shipment request, the one or more carriers including the first
carrier.

6. The network computer system of claim 1, wherein the corresponding carrier
information further includes an amount of time the corresponding freight vehicle
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has been continuously operated by the first carrier, and wherein the instructions
for determining the first carrier is capable of executing the first shipment request
further cause the one or more processors to:

at a given instance, determine, the first carrier has operated the
corresponding freight vehicle within an on-duty time limit.

7. The network computer system of claim 1, wherein the corresponding carrier
information includes one or more preferences of the first carrier.

8. The network computer system of claim 7, wherein the one or more preferences
includes a predefined distance limit indicating a maximum distance the first
carrier is willing to travel from the first delivery location.

9. The network computer system of claim 7, wherein the first shipment request
includes a preferred shipper route, and wherein the set of instructions further
cause the one or more processors to:

transmit a shipment invitation for the first shipment request to the carrier
device of the first carrier; and

wherein the set of instructions for assigning of the first shipment request to
the first carrier is in response to receiving a confirmation from the carrier device
of the first carrier.

10. The network computer system of claim 7, wherein the first shipment request
includes a preferred shipper route.

11. The network computer system of claim 10, wherein the set of instructions
that when executed by the one or more processors cause the one or more
processors to assign the first shipment request to the first carrier is further based
on one or more service parameters including a cost associated with executing the
first shipment request while utilizing the preferred shipper route.

12. A method for arranging freight transport, the method being implemented by
one or more processors of a computing system and comprising:

communicating, over one or more networks, with a plurality of carrier
devices to determine carrier information, each carrier device of the plurality of
carrier devices being associated with a carrier, a freight vehicle of the carrier, and
corresponding carrier information, wherein the corresponding carrier information
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includes equipment information that is specific to the freight vehicle of the carrier
associated with the carrier device;

receiving, over the one or more networks from a shipper device, a first
shipment request, the first shipment request including shipment information, a
first pickup location, and a first delivery location;

assigning the first shipment request to a first carrier based, at least in part,
on a first determination that the first carrier is capable of executing the first
shipment request, the first determination being based, at least in part, on the
shipment information of the first shipment request and the equipment
information of a corresponding freight vehicle of the first carrier;

monitoring sensor information generated from one or more sensors of the
freight vehicle of the first carrier and location information from a carrier device of
the first carrier, to determine that a shipment of the first shipment request is
loaded into the freight vehicle of the first carrier, and that transport of the
shipment has been initiated by the freight vehicle of the first carrier;

determining an available capacity of the freight vehicle of the first carrier
once the shipment associated with the first shipment request is loaded into the
freight vehicle of the first carrier;

while the freight vehicle of the first carrier is transporting the shipment of
the first shipment request, making a second determination to assign a second
shipment request to the first carrier based on the determined available capacity
of the freight vehicle of the first carrier, the second shipment request including
shipment information, a second pickup location, and a second delivery location;

based at least on the shipment information of the second shipment
request, determining a new route that is different from an expected route of the
first carrier; and

transmitting, to the carrier device of the first carrier, a data set that
identifies one or more locations of the new route while the carrier fulfills at least
the first shipment request or the second shipment request.

13. The method of claim 12, further comprising:

transmitting a shipment invitation for the first shipment request to the
carrier device of the first carrier in response to the first determination that the
first carrier is capable of executing the first shipment request.
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14. The method of claim 12, wherein the shipment information of the first
shipment request includes at least one of a type of shipment, a size of the
shipment, or a weight of the shipment.

15. The method of claim 12, wherein the first determination that the first carrier
is capable of executing the first shipment request comprises:

based on equipment information of a freight vehicle of each carrier of a set
of carriers and the shipment information of the first shipment request, filtering
the set of carriers to identify one or more carriers that have suitable equipment
to execute the first shipment request, the one or more carriers including the first
carrier.

16. The method of claim 12, wherein the first determination that the first carrier
is capable of executing the first shipment request further comprises:

based on status information of each carrier of a set of carriers, the
equipment information of a freight vehicle of each carrier and the shipment
information, filtering the set of carriers to identify one or more carriers that (i)
have suitable equipment to execute the first shipment request and are (ii)
available to execute the first shipment request, the one or more carriers including
the first carrier.

17. The method of claim 12, wherein the corresponding carrier information
further includes an amount of time the corresponding freight vehicle has been
continuously operated by the first carrier, and wherein determining the first
carrier is capable of executing the first shipment request further comprises:

at a given instance, determining, the first carrier has operated the
corresponding freight vehicle within an on-duty time limit.

18. The method of claim 12, wherein the corresponding carrier information
includes one or more preferences of the first carrier.

19. The method of claim 18, wherein the one or more preferences of the first
carrier includes a predefined distance limit indicating a maximum distance the

first carrier is willing to travel from the first delivery location.

20. A non-transitory computer-readable medium storing instructions that, when
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executed by a processor of a freight transport arrangement service, causes the
freight transport arrangement service to:

communicate, over one or more networks, with a plurality of carrier
devices to determine carrier information, each carrier device of the plurality of
carrier devices being associated with a carrier, a freight vehicle of the carrier, and
corresponding carrier information, wherein the corresponding carrier information
includes equipment information that is specific to the freight vehicle associated
with the carrier device;

receive, over the one or more networks from a shipper device, a first
shipment request, the first shipment request including shipment information, a
first pickup location, and a first delivery location;

assign the first shipment request to a first carrier based, at least in part, on
a first determination that the first carrier is capable of executing the first
shipment request, the first determination being based, at least in part, on the
shipment information and the equipment information of a corresponding freight
vehicle of the first carrier;

monitor sensor information generated from one or more sensors of the
freight vehicle of the first carrier and location information from a carrier device
associated with the first carrier, to determine that a shipment of the first
shipment request is loaded into the freight vehicle of the first carrier, and that
transport of the shipment has been initiated by the freight vehicle of the first
carrier;

determine an available capacity of the freight vehicle of the first carrier
once the shipment associated with the first shipment request is loaded into the
freight vehicle of the first carrier;

while the freight vehicle of the first carrier is transporting the shipment of
the first shipment request, make a second determination to assign a second
shipment request to the first carrier based on the determined available capacity
of the freight vehicle of the first carrier, the second shipment request including
shipment information, a second pickup location, and a second delivery location;

based at least on the shipment information of the second shipment
request, determine a new route that is different from an expected route of the
first carrier; and
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transmit, to the carrier device of the first carrier, a data set that identifies
one or more locations of the new route while the carrier fulfills at least the first
shipment request or the second shipment request.
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