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(57) Abstract: A vehicle includes one or more laser scanners
and an on-board vehicle computer system communicatively
coupled to the laser scanners. The computer system uses in-
formation (e.g., coordinate points) obtained from the laser
scanners to calculate a trailer angle (e.g., a cab-trailer angle)
for the vehicle. The computer system may include a shape de-
tection module that detects a trailer based on the information
obtained from the laser scanners and an angle detection mod-
ule that calculates an angle of the detected trailer relative to a
laser scanner, calculates the orientation of the detected trailer
based on that angle and dimensions (e.g., width and length) of
the trailer, and calculates a cab-trailer angle based on the ori-
entation of the trailer. The computer system may include an
autonomous operation module configured to use the cab-trail-
er angle in an autonomous or computer-guided vehicle man-
euver, such as a parking maneuver or backing maneuver.
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USE OF LASER SCANNER FOR AUTONOMOUS TRUCK OPERATION

BACKGROUND

Vehicles with articulation points pose difficult challenges for operators. As an
example, in a semi-trailer truck configuration with an articulation point between a tractor
and a trailer, the operator must carefully monitor the angle between the tractor and the
trailer when backing up, in order to successfully achieve the desired position and
orientation of the vehicle and avoid jackknifing. Similar challenges may face operators
of articulated buses, light-duty trucks with trailers (e.g., boat/vehicle trailers, cargo
trailers, etc.), or the like. Traditionally, operators must develop the necessary skills for
operating such vehicles over long periods of training, and must monitor the angle of the
trailer via rear-view mirrors during operation. For operators of any skill level, and
especially lower skill levels, a greater level of precision and reduced reliance on visual
monitoring is desirable.

With recent advances in technology, autonomous vehicles (such as so-called
"driverless cars") are becoming more viable. However, articulation points pose special
challenges for autonomous vehicles, as well.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended to identify key features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter.

In one aspect, a vehicle comprises one or more laser scanners and an on-board
vehicle computer system communicatively coupled to the laser scanners. The computer
system is configured to use information (e.g., coordinate points) obtained from the laser
scanners to calculate a cab-trailer angle for the vehicle. The computer system may
include a shape detection module configured to detect a trailer based at least in part on the
information obtained from the laser scanners. The computer system may include an angle
detection module. The angle detection module may be configured to calculate an angle
of the detected trailer relative to the laser scanner, calculate the orientation of the detected
trailer based on that angle and dimensions (e.g., width and length) of the trailer, and
calculate the cab-trailer angle based at least in part on the orientation of the trailer. The

computer system may include an autonomous operation module configured to use the
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cab-trailer angle in an autonomous or computer-guided vehicle maneuver, such as a
parking maneuver or backing maneuver. The laser scanners may be mounted on the side
or rear of the vehicle.

In another aspect, a vehicle comprises a tractor unit, a plurality of laser scanners
(e.g., at least two side-mounted scanners) mounted to the tractor unit, and an on-board
vehicle computer system communicatively coupled to the laser scanners. The computer
system is configured to use coordinate point information obtained from at least one of the
laser scanners to calculate a cab-trailer angle for the vehicle in a single-trailer or
multi-trailer configuration or a trailer-trailer angle for the vehicle in a multi-trailer
configuration. The computer system may include an autonomous operation module
configured to use the cab-trailer angle or the trailer-trailer angle to perform an
autonomous or computer-guided vehicle maneuver. The computer system may include a
shape detection module configured to detect one or more trailers based at least in part on
the information obtained from the at least one laser scanner. The computer system may
include an angle detection module configured to calculate the cab-trailer angle or the
trailer-trailer angle based at least in part on an orientation of the detected trailer.

In another aspect, a computer-readable storage medium includes instructions
configured to cause a vehicle computer system to detect a trailer based at least in part on
information obtained from a laser scanner mounted on a vehicle, calculate an orientation
of the detected trailer, and calculate a trailer angle for the vehicle based at least in part on
the orientation of the detected trailer. The instructions may be further configured to cause
the vehicle computer system to cause the vehicle to perform an autonomous vehicle

maneuver based at least in part on the trailer angle.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing aspects and many of the attendant advantages will become more
readily appreciated as the same become better understood by reference to the following
detailed description, when taken in conjunction with the accompanying drawings,
wherein:
FIGURE 1 is a schematic diagram of an illustrative on-board vehicle computer

system with a LIDAR system in accordance with the present disclosure;
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FIGURES 2 and 3 are schematic diagrams of an illustrative autonomous or
computer-guided truck maneuver that can be performed by a truck with a LIDAR system
in accordance with the present disclosure;

FIGURES 4-6 are top views of illustrative vehicles with laser scanners in
accordance with the present disclosure; and

FIGURE 7 is a flow chart of an illustrative method that may be implemented by a

computer system such as the on-board vehicle computer system of FIGURE 1.

DETAILED DESCRIPTION

The detailed description set forth below in connection with the appended
drawings is an illustrative and non-limiting description of various embodiments of the
disclosed subject matter. The following description proceeds with reference to examples
of computer systems and methods suitable for use in vehicles, such as Class 8 trucks.
Although illustrative embodiments of the present disclosure will be described hereinafter
with reference to trucks, it will be appreciated that aspects of the present disclosure have
wide application, and therefore, may be suitable for use with many types of vehicles, such
as passenger vehicles, buses, commercial vehicles, light and medium duty vehicles, etc.

Examples described herein provide enhanced vehicle operation and object
detection capabilities with light-based remote-sensing technology. As used herein, the
term LiDAR (also known as light radar or light detection and ranging) is used to refer
generally to light-based remote sensing technology. Laser scanners are devices that use
LiDAR technology for remote sensing. The laser scanners described herein may employ
any suitable known or future-developed LiDAR technology to perform functions
described herein.

It should be understood that various embodiments of the present disclosure
include logic and operations performed by electronic components. These electronic
components, which may be grouped in a single location or distributed over a wide area,
generally include processors, memory, storage devices, display devices, input devices,
sensors, etc. It will be appreciated by one skilled in the art that the logic described herein
may be implemented in a variety of hardware, software, and combination
hardware/software configurations, including but not limited to, analog circuitry, digital
circuitry, processing units, and the like. In circumstances where the components are

distributed, the components are accessible to each other via communication links.
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A controller area network (CAN) bus can be used to communicate vehicle operating
conditions as specified by the Society of Automotive Engineers (SAE) J1939 standard.

FIGURE 1 illustrates one embodiment of a vehicle computer system 100
according to various aspects of the present disclosure. The system 100 includes at least
one electronic control unit (ECU) 106. ECUs are embedded devices that control
electronic systems or subsystems in vehicles. Although only one ECU is shown in
FIGURE 1 for ease of illustration, vehicle computer systems may include many ECUs,
some of which may be dedicated to controlling specific vehicle systems or subsystems.
ECUs can be implemented in a variety of hardware, software, and combination
hardware/software configurations, for carrying out aspects of the present disclosure.
A typical ECU includes a processor (e.g., a microcontroller), memory, and one or more
communication links. The memory may include an electronically erasable,
programmable, read-only memory ("EEPROM") or other non-volatile memory (e.g., flash
memory) and/or random access memory ("RAM"). The memory may include program
instructions in the form of modules, applications, and/or the like that are executable by
the processor. In particular, the memory may include program instructions that
implement functionality of the system 100.

The ECU 106 communicates with an operator interface 112 comprising an
operator display 102. The operator display 102 may include any type of display (e.g., an
LCD display) used in a vehicle to convey information (e.g., trailer angle information,
blindspot object detection information, or other vehicle information) to the operator. The
operator display 102 may include special purpose lighted displays, needle gauges, and/or
the like. In some configurations, such as a touchscreen configuration, the operator
display 102 may have input capabilities in addition to output capabilities. The operator
interface 112 also may include other input devices including buttons, toggles, keyboards,
mechanical levers, and any other devices that allow an operator to provide input to the
system 100. The operator interface 112 also may include other output devices such as
speakers or haptic feedback devices to provide information to the operator.

The ECU 106 is communicatively coupled to a LiDAR system 110. In the
example shown in FIGURE 1, the LiDAR system 110 obtains information from one or
more laser scanners 140 to facilitate calculation of a trailer angle, as described in further
detail below. For a truck, a trailer angle can be calculated, for example, between a trailer

and a tractor unit or between a first trailer and a second trailer in a multi-trailer
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configuration. In the example shown in FIGURE 1, the LiDAR system 110 includes a
shape detection module 150 that implements a shape detection algorithm. The shape
detection module 150 allows the LiDAR system 110 to detect a trailer, and may provide
the ability to detect other objects, as well. The LiDAR system also includes an angle
estimation module 160 that implements an angle estimation algorithm. The shape
detection module 150 can generate output in the form of coordinate points
(e.g., coordinate points associated with a trailer or other object). The LiDAR system 110
may use the shape detection module 150 to distinguish coordinate points associated with
a trailer from coordinate points associated with some other object, such as another vehicle
or an obstacle to be avoided. The LiDAR system 110 can take output from the shape
detection module 150 and provide it as input to the angle estimation module 160. The
angle estimation module 160 allows the LiDAR system to calculate cab-trailer angles
(e.g., angles between tractor units and trailers of a truck), trailer-trailer angles
(e.g., angles between connected trailers in a multi-trailer configuration), or the like.
Mlustrative techniques for calculating trailer angles are described in further detail below.

The LiDAR system 110 can be used in combination with other modules or
subsystems to provide enhanced functionality for the vehicle. In the example shown in
FIGURE 1, the LiDAR system is communicatively coupled to an autonomous operation
module 120 via the ECU 106. The autonomous operation module 120 provides
functionality for autonomous or computer-guided truck operations. In autonomous
operations, such as a fully-automated backing or parking maneuver, no operator action
may be required to complete the operation. In computer-guided operations, the operator
may receive guidance (e.g., via display 102) as to how the operation (such as a backing
maneuver) may be completed, such as guidance directed to how to steer the tractor unit of
a truck in a particular way to complete the operation.

In the example shown in FIGURE 1, the autonomous operation module receives
input from the LiDAR system 110. Input received by the autonomous operation
module 120 may include, for example, shape detection information, trailer angles, trailer
dimensions, or the like. For example, the autonomous operation module 120 may use
trailer dimensions and a calculated trailer angle to make a prediction for the location of
the extents and path of a trailer during a maneuver. Such predictions can be used, for
example, in safety algorithms or route-planning algorithms to prevent the vehicle or

trailer from coming into contact with objects (such as buildings, walls, gates, road signs,
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or the like) or entering hazardous areas, such as a severely sloped area. If wheel locations
or trailer axle locations are provided for a specific trailer, such predictions also could be
used to track the expected path of specific wheels to avoid driving the wheels into
hazardous areas. For backing maneuvers, the estimated location of the back of the trailer
could be used in an algorithm configured to place the trailer in a desired location (e.g., at
a loading dock) while avoiding obstacles (such as other parked trailers), hazardous
areas, etc.

The LiDAR system 110 also can be used for other purposes. For example, the
front surface of a trailer can be recognized to allow a tractor unit to center the fifth wheel
on the kingpin to allow autonomous mating to the trailer. As another example, trailer
angle calculations can be used in a jackknife prevention system to provide a warning or
actively intervene (e.g., by braking) if a jackknife is imminent by using the trailer angle to
determine if the trailer body will come into contact with the tractor cab.

In the example shown in FIGURE 1, the LiDAR system is communicatively
coupled to one or more vehicle control modules 116 via the ECU 106. The modules 116
may include an ABS/stability control module, a blindspot detection or another object
detection module, or other vehicle control modules. The LiDAR system may provide
additional functionality when combined with such modules in the system 100. For
example, the LIDAR system may provide trailer angle information that an ABS/stability
control module can use to determine if a trailer is sliding out of parallel with the truck.
The ABS/stability control module can then take action (such as braking or reducing
engine power) to mitigate the risk of such an event.

The ECU 106 also may be communicatively coupled to one or more other sensors,
modules, or subsystems (not shown) that may provide other control capabilities or
information concerning the status of the vehicle. For example, a GPS module or other
vehicle positioning module can be used in combination with the LiDAR system 110 to
facilitate route-planning for autonomous or computer-guided vehicle operation.

The illustrated ECU 106 is also communicatively coupled to a vehicle data
store 104, which may be used to store laser scanner data or other vehicle data. Although
the vehicle data store 104 is depicted a single data store separate from other components
of the system 100 for ease of illustration, vehicle data may be distributed among various
data stores within the system, including in memory in the ECUs 106 or in other locations.

Any suitable computer-readable storage medium, such as an EEPROM, flash memory,
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hard disk, or the like may be used. Data stored in the vehicle data store may include, for
example, vehicle data that can be sensed and stored during vehicle operation, as well as
system settings, which may be default settings or customizable settings that can be set by
the vehicle manufacturer, the owner, the operator, or any other suitable entity.

Components described herein may be communicatively coupled by any suitable
means. In one embodiment, components may be connected by an internal
communications network such as a vehicle bus that uses a controller area network (CAN)
protocol, a local interconnect network (LIN) protocol, and/or the like. Those of ordinary
skill in the art will recognize that the vehicle bus may be implemented using any number
of different communication protocols such as, but not limited to, Society of Automotive
Engineers ("SAE")J1587, SAE J1922, SAEJ1939, SAEJ1708, and combinations
thereof. In other embodiments, components may be connected by other networking
protocols, such as Ethernet, Bluetooth, TCP/IP, and/or the like. In still other
embodiments, components may be directly connected to each other without the use of a
vehicle bus, such as by direct wired connections between the components. Embodiments
of the present disclosure may be implemented using other types of currently existing or
yet-to-be-developed in-vehicle communication systems without departing from the scope
of the claimed subject matter.

Although the system 100 is depicted as an on-board vehicle computer system to
illustrate one category of usage scenarios, other configurations are possible. A suitably
equipped vehicle may communicate with other computer systems, e.g., via a WiFi or
cellular network. Such systems may provide remote data processing and storage services,
remote diagnostics services, or other services that can be used in combination with the
systems and techniques described herein.  For example, the system 100 may
communicate with a remote geolocation or positioning system to facilitate autonomous or
computer-guided vehicle operation. As another example, the system 100 may transmit
status information (e.g., for the LiDAR system 110) to a remote diagnostics system to
allow the remote diagnostics system to determine whether components of the system 100
(e.g., LIDAR system 110) or other vehicle systems are operating correctly.

Many alternatives to the vehicles and systems described herein are possible.
Although illustrative details of vehicle computer systems are described with reference to
FIGURE 1, it should be understood that alternative systems and methods can be

implemented and used in accordance with the present disclosure. For example, although
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the LiDAR system 110 is depicted in FIGURE 1 as including a shape detection module
and an angle estimation module, this is not required. Shape detection and angle
estimation can be performed within the LiDAR system 110 or somewhere else, such as in
the autonomous operation module 120. In such a configuration, the LiDAR system 110
may provide coordinate point information to the autonomous operation module 120, a
blindspot object detection module (not shown), or some other module to perform any
necessary calculations.

Further, it should be understood that, in practice, a fully-functional vehicle
computer system may have additional components (e.g., sensors, control modules, output
devices, input devices, and the like) that are not shown in FIGURE 1 for ease of
illustration.

Detailed examples are now described with reference to FIGURES 2-7. However,
it should be understood that alternative systems and methods can be implemented and
used in accordance with the present disclosure.

As mentioned above, a LiDAR system can be used to facilitate autonomous or
computer-guided truck operation. FIGURES 2 and 3 are schematic diagrams of an
illustrative autonomous or computer-guided truck maneuver that can be performed by a
truck with a LiDAR system in accordance with the present disclosure. As shown, a
tractor unit 210 with a connected trailer 212 performs a backing maneuver 200 along a
path 204 in which the cab-trailer angle between the tractor unit 210 and the trailer 212
changes during the maneuver. In the examples shown in FIGURES 2 and 3, the cab-
trailer angles B and C are illustrated relative to a center line 216 of the tractor unit 210
and a center line 218 of the trailer 212.

The tractor unit 210 may have one or more LiDAR devices (e.g., 2D or 3D laser
scanners) in a LIDAR system that can be used to detect the cab-trailer angle during the
backing maneuver 200 or some other maneuver. In at least one embodiment, 2D laser
scanners are used, and laser light from the scanners is emitted in a plane to provide two-
dimensional positioning information. Alternatively, 3D laser scanners can be used to
provide three-dimensional positioning information. 3D laser scanners may be beneficial
in scenarios such as detecting flatbed trailers or other lower profile trailers, or for driving
over uneven ground. Or, 2D and 3D laser scanners can be used in combination.

Laser scanners can be mounted in a variety of locations. In the example shown in

FIGURE 2, the tractor unit 210 has a side-mounted scanner 140A mounted on each side
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of the cab (e.g., on left and right rear-view mirrors or some other location). In the
example shown in FIGURE 3, the tractor unit 210 has a rear-mounted scanner 140B
mounted on the rear of the cab (e.g., at a height that provides unobstructed scanning of
the front of the trailer 212). In the example shown in FIGURE 4, the tractor unit 210 has
a side-mounted scanner 140A mounted on each side of the cab and a rear-mounted
scanner 140B mounted on the rear of the cab. Other locations are also possible. For
example, scanners may be mounted higher or lower on the tractor unit. Referring to
FIGURE 3, a scanner may be mounted on the rear portion of the roof of the cab for an
alternative scanning vantage point. A roof-mounted scanner may be positioned, as an
example, in the approximate X/Y location represented by rear-mounted scanner 140B,
but at a higher position on the rear of the cab.

In practice, the specific locations chosen for scanners may depend on the specific
objects to be detected (e.g., flatbed trailer, box trailer, tank trailer, etc.), the type of
scanner used, or other factors. If angles for multiple trailers are to be detected, such as
angles E and F in the examples shown in FIGURE 5, side-mounted scanners 140A may
be preferred over a single rear-mounted scanner. However, as shown in FIGURE 6, it is
also possible to mount a rear-mounted scanner 140B on both the tractor unit 210 and the
first trailer 212A in a multi-trailer configuration to provide angle detection functionality
that can cover both the first trailer 212A and a second trailer 212B.

Referring again to the example shown in FIGURE 2, at position 202A of the
maneuver 200, the cab-trailer angle B is detected based on information received from one
or both of the side-mounted scanners 140A. As the truck proceeds in the backing
maneuver to position 202B, the cab-trailer angle gradually changes to angle C. The cab-
trailer angle continues to change as the truck proceeds in the backing maneuver to
position 202C, where the tractor unit 210 and trailer 212 are in alignment at the desired
location (e.g., a loading dock, parking space, or the like). Depending on the physical
characteristics of the tractor unit 210 and the trailer 212, the orientation or positioning of
the side-mounted scanners 140A, or other factors, cab-trailer angle may be detected by
either or both of the side-mounted scanners 140A individually, or by both side-mounted
scanners 140A working in combination, which may provide additional coordinate points
and more accurate results. Referring again to the example shown in FIGURE 3, changes
in the cab-trailer angle during the backing maneuver can be detected based on

information received from the rear-mounted scanner 140B. The configuration shown in
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FIGURE 4, which includes both side-mounted scanners 140A and a rear-mounted
scanner 140B, may be well suited for detecting trailer angles in both single-trailer and
multi-trailer configurations.

In the examples shown in FIGURES 2, 4, and 5, the side-mounted scanners 140A
emit laser light in a range represented by angle A. In the examples shown in
FIGURES 3, 4, and 6, the rear-mounted scanner 140B emits laser light in a range
represented by angle D, which may be the same as or different than the angle A shown in
FIGURE 2, 4, and 5. In practice, the angles A and D may be wider or narrower
depending on the type of scanner used, how the respective scanners are positioned or
configured, or other factors.

In the examples shown in FIGURES 2-6, the laser scanners 140A, 140B perform
scans and produce output in the form of coordinate values (e.g., x- and y-coordinates for
2D laser scanners, and x-, y-, and z-coordinates for 3D laser scanners). The scans may
involve steering a laser beam (e.g., with moveable mirrors) in a predetermined scanning
motion (e.g., in the ranges represented by angles A and D). The scans are typically
performed multiple times per second, and each scan may produce many coordinate points
(e.g., hundreds of coordinate points per scan). Referring to the examples shown in
FIGURES 2-6, the points may be located at the front and/or sides of the trailer, depending
on the location of the scanners being used. Other scanner locations (e.g., the roof of the
cab) may be better suited for identifying points located in other areas, such as the top of
the trailer.

The particular scanning technique that is used, the scan frequency, and the number
of coordinate points per scan may vary depending on factors such as on the particular
scanners used, the configuration of the particular scanners used. For example, 2D laser
scanners may produce coordinate points along a single scan line. On the other hand, the
number of coordinate points may be multiplied for 3D laser scanners that produce
coordinate points along multiple scan lines.

In at least one embodiment, the LiDAR system uses a shape detection algorithm
to distinguish coordinate points associated with the trailer 212 from coordinate points
associated with some other object, such as a feature of the tractor unit 210 or another
vehicle. The shape detection algorithm can generate output in the form of coordinate
points associated with the trailer 212, and the LiDAR system can take this output and

provide it as input to an angle estimation algorithm.
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The dimensions of the trailer can be provided as input to the truck's LiDAR
system (e.g., when the tractor unit is connected to the trailer, during installation of laser
scanners, or at some other time). For example, a truck operator may be prompted to enter
the dimensions for a trailer. Alternatively, the trailer dimensions could be provided to or
obtained by the LiDAR system automatically (e.g., by looking up dimensions for a trailer
identified by type or ID number in a database), which may help to avoid problems caused
by manual data entry errors.

The locations of the laser scanners can be provided as input to the truck's LIDAR
system (e.g., during an initial configuration of the LiDAR system, during installation of
laser scanners, or at some other time). Providing the locations of the laser scanners
allows the LiDAR system to know where the coordinate origins of the respective laser
scanners are, relative to the truck (e.g., relative to a center point or center line the truck).
In the examples shown in FIGURES 3 and 4, the rear-mounted scanner 140B is shown as
being positioned along the center line 216 of the tractor unit 210, which may allow for
simpler calculations. However, other positions of laser scanners can be easily
accommodated (e.g., with offset values that represent a distance between the laser
scanner and the center line).

In at least one embodiment, the angle estimation algorithm performs the following
steps to calculate a cab-trailer angle (e.g., the cab-trailer angles B and C shown in
FIGURES 2 and 3):

1. Calculate the angle of the trailer relative to the respective laser scanner, e.g., by
calculating a best-fit line through the respective coordinate points;

2. Calculate the orientation of the trailer 212 based on the best-fit line and the
trailer dimensions (e.g., width and length); and

3. Calculate the cab-trailer angle as the angle between the calculated trailer
orientation and the center line 216 of the tractor unit 210.

The trailer orientation may be represented for the purposes of this calculation by a
line, such as the center line 218 shown in FIGURES 2 and 3.

Similar calculations can be performed for vehicles with multiple trailers. For
example, with reference to FIGURE 5, the respective orientations of trailers 212A
and 212B may be represented by the center lines 218A and 218B in calculations of the
cab-trailer angle E and the trailer-trailer angle F, respectively. An angle between the

tractor unit 210 and the trailer 212B could also be calculated, e.g., by extending the center
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lines 216 and 218B and calculating the angle between them, or by performing a
calculation based on previously calculated angles E and F.

FIGURE 7 i1s a flow diagram of an illustrative method 700 that may be
implemented by the vehicle computer system 100 described above, or by some other
vehicle computer system to calculate a trailer angle in accordance with the present
disclosure. At step 710, the system detects a trailer based on information obtained from
one or more laser scanners (e.g., side-mounted laser scanners, a rear-mounted laser
scanner, etc.) mounted on a vehicle. At step 720, the system calculates the orientation of
the detected trailer. For example, an angle detection module calculates the angle of the
trailer relative to the respective laser scanner and calculates the orientation of the trailer
based on the trailer dimensions (e.g., width and length) and the angle of the trailer relative
to the respective laser scanner. At step 730, the system calculates a trailer angle
(e.g., a cab-trailer angle) for the vehicle based on the orientation of the detected trailer.
For example, the system may calculate the cab-trailer angle as the angle between a line
representing the calculated trailer orientation and the center line of a tractor unit.

Many alternatives to the described methods and algorithms are possible. For
example, described processing stages can be separated into additional stages or combined
into fewer stages. Described processing stages also can be omitted or supplemented with
other processing stages. Furthermore, processing stages that are described as occurring in
a particular order can instead occur in a different order and/or in a parallel fashion, with
multiple components or software processes concurrently handling one or more of the
illustrated processing stages. Processing stages that are indicated as being performed by a
particular device or module may instead be performed by one or more other devices or
modules. For example, in a cloud computing or remote computing arrangement, some
processing may be performed locally (e.g., by an on-board vehicle computer system)
while other processing may be performed remotely (e.g., by a remote server or other
computing device that communicates wirelessly with the on-board vehicle computing
system).

Although some of the details described herein are described in the context of
particular types of vehicles, such as Class 8 trucks, it should be understood that aspects of
the systems and related techniques described herein are applicable to other types of
vehicles and vehicle configurations. Systems and techniques described herein may apply

to, for example, a light-duty truck towing a boat trailer to facilitate autonomous or
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computer-guided operation of such a vehicle, e.g., by calculating an angle between the
truck and the boat trailer during general operation or when backing a boat trailer to a boat
ramp.

The principles, representative embodiments, and modes of operation of the
present disclosure have been described in the foregoing description. However, aspects of
the present disclosure which are intended to be protected are not to be construed as
limited to the particular embodiments disclosed. Further, the embodiments described
herein are to be regarded as illustrative rather than restrictive. It will be appreciated that
variations and changes may be made by others, and equivalents employed, without
departing from the spirit of the present disclosure. Accordingly, it is expressly intended
that all such variations, changes, and equivalents fall within the spirit and scope of the

claimed subject matter.
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CLAIMS
The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A vehicle comprising:

a laser scanner; and

an on-board vehicle computer system communicatively coupled to the laser
scanner, wherein the on-board vehicle computer system is configured to use information

obtained from the laser scanner to calculate a cab-trailer angle for the vehicle.

2. The vehicle of Claim 1, wherein the on-board vehicle computer system
comprises a shape detection module configured to detect a trailer based at least in part on

the information obtained from the laser scanner.

3. The vehicle of Claim 2, wherein the on-board vehicle computer system
further comprises an angle detection module configured to calculate the cab-trailer angle

based at least in part on an orientation of the detected trailer.

4. The vehicle of Claim 1, wherein the information obtained from the laser

scanner comprises a plurality of coordinate points.

5. The vehicle of Claim 1, wherein the laser scanner comprises a

side-mounted scanner.

6. The vehicle of Claim 1, wherein the laser scanner comprises a

rear-mounted or roof-mounted scanner.

7. The vehicle of Claim 1 further comprising one or more additional laser
scanners.
8. The vehicle of Claim 1, wherein the on-board vehicle computer system

comprises an autonomous operation module configured to use the cab-trailer angle to

perform an autonomous or computer-guided vehicle maneuver.
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9. The vehicle of Claim 8, wherein the autonomous or computer-guided

vehicle maneuver comprises a parking maneuver.

10. The vehicle of Claim 8, wherein the autonomous or computer-guided

vehicle maneuver comprises a backing maneuver.

11. The vehicle of Claim 1, wherein the on-board vehicle computer system is
further configured to use the information obtained from the laser scanner to calculate a

trailer-trailer angle.

12. The vehicle of Claim 1, wherein the on-board vehicle computer system

comprises:

a shape detection module configured to detect a trailer based at least in part on the
information obtained from the laser scanner; and

an angle detection module configured to:

calculate an angle of the detected trailer relative to the laser scanner;

calculate the orientation of the detected trailer based on the angle of the
detected trailer relative to the laser scanner and dimensions of the trailer; and

calculate the cab-trailer angle based at least in part on the orientation of

the detected trailer.

13. A vehicle comprising:

a tractor unit;

a plurality of laser scanners mounted to the tractor unit; and

an on-board vehicle computer system communicatively coupled to the laser
scanners, wherein the on-board vehicle computer system is configured to use coordinate
point information obtained from at least one of the laser scanners to calculate a cab-trailer
angle for the vehicle in a single-trailer or multi-trailer configuration or a trailer-trailer

angle for the vehicle in a multi-trailer configuration.

14. The vehicle of Claim 13, wherein the information obtained from the at

least one laser scanner comprises a plurality of coordinate points.

-15-



WO 2016/205559 PCT/US2016/037927

15. The vehicle of Claim 13, wherein the laser scanners comprise at least two

side-mounted scanners.

16. The vehicle of Claim 15, wherein the laser scanners further comprise a

rear-mounted scanner.

17. The vehicle of Claim 13, wherein the on-board vehicle computer system
comprises an autonomous operation module configured to use the cab-trailer angle or the

trailer-trailer angle to perform an autonomous or computer-guided vehicle maneuver.

18. The vehicle of Claim 13, wherein the on-board vehicle computer system

comprises:

a shape detection module configured to detect one or more trailers based at least
in part on the information obtained from the at least one laser scanner; and

an angle detection module configured to calculate the cab-trailer angle or the

trailer-trailer angle based at least in part on an orientation of the detected trailer.

19. A computer-readable storage medium having stored thereon instructions

configured to cause a vehicle computer system to:
detect a trailer based at least in part on information obtained from a laser scanner

mounted on a vehicle;

calculate an orientation of the detected trailer; and
calculate a trailer angle for the vehicle based at least in part on the orientation of

the detected trailer.

20.  The computer-readable storage medium of Claim 19, wherein the
instructions are further configured to cause the vehicle computer system to cause the
vehicle to perform an autonomous vehicle maneuver based at least in part on the trailer

angle.
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