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TRAILER HITCH ALIGNMENT SYSTEMS AND METHODS

RELATED APPLICATION
This application claims the benefit of and priority to U.S.
Provisional Patent Application No. 61/435,889 filed January 25, 2011, the
disclosure of which is incorporated herein by reference as if set forth in its

entirety.

FIELD OF THE INVENTION
The present invention relates generally to towing and, more

particularly, to trailer hitches utilized in towing.

BACKGROUND

Trailer hitches for coupling a towing vehicle to a trailer or towed
vehicle are well known. Standard trailer hitches attached to towing vehicles
commonly include a ball mounted on a tow bar for connection with a socket on
the tongue of a trailer. Coupling of the ball and socket requires the driver of the
vehicle to rearwardly maneuver the vehicle until the ball of the trailer hitch is
vertically aligned with the socket of the trailer tongue. Without assistance, the
driver typically has difficulty maneuvering the ball into position for engagement
with the socket since the ball and socket are outside the driver's field of vision.
Even with assistance, alignment of the trailer hitch components may be a
frustrating and time consuming task.

Various types of telescoping and pivoting trailer hitches, referred to
as articulating trailer hitches, have been proposed to allow coupling between
misalignhed vehicles. Even these types of trailer hitches can be difficult to align

with a stationary trailer because the trailer hitch on the towing vehicle and the
1
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trailer tongue coupler typically are out of sight of the driver of the towing vehicle.

The most conventional remedy to the alignment problem is to have
a second person instructing a driver how to maneuver the towing vehicle.
However, another person may not always be available to assist a driver of a
towing vehicle. In addition, there is no standard "language" that easily
communicates directional information to the driver of a towing vehicle.

A variety of alignment devices have been proposed, including
devices mounted on both a trailer and on a trailer hitch that elevate an indicator
of position of the trailer hitch and trailer tongue into the driver’s field of view.
Unfortunately, these devices can be inaccurate, prone to falling off, and typically
must be removed prior to towing.

Camera systems have been deployed to display to the driver the
area behind a towing vehicle. Unfortunately, cameras may be obscured by
inclement weather, mud, and other obstructions. In addition, the displays
provided by conventional camera systems may not provide a view that is intuitive
as a guide to a driver as to which way to steer the towing vehicle to effect

alignment. Moreover, these camera systems can be expensive.

SUMMARY

It should be appreciated that this Summary is provided to introduce
a selection of concepts in a simplified form, the concepts being further described
below in the Detailed Description. This Summary is not intended to identify key
features or essential features of this disclosure, nor is it intended to limit the
scope of the invention.

In view of the above, systems and methods for aligning a towing
vehicle trailer hitch with the tongue of a trailer are provided that enable a driver
to know when the towing vehicle trailer hitch is close enough to the trailer tongue
such that the two can be coupled. A trailer hitch includes a tow bar having a free
end configured to be coupled to a trailer tongue. An alignment system, according
to some embodiments of the present invention, includes at least one energy
emitter secured to the vehicle that emits energy in the direction of the trailer
tongue, and at least two sensors secured to the vehicle in spaced-apart
relationship. The energy emitter(s) and sensors may be secured to the trailer

hitch in some embodiments of the present invention.
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Each sensor is configured to generate signals in response to
detecting a reflection of the emitted energy from the trailer tongue. The energy
emitter may be, for example, an optical emitter, an infrared emitter, an acoustic
emitter, or an ultrasound emitter, and the sensors may be optical sensors,
infrared sensors, acoustic sensors, or ultrasound sensors, respectively. In some
embodiments of the present invention, a separate energy emitter is not utilized.
Instead, a pair of transducers (e.g., optical or acoustic transducers) are utilized,
each of which emits energy in the direction of the trailer tongue and generates
signals in response to detecting a reflection of the energy from the trailer tongue.
In some embodiments of the present invention, three or more transducers may
be utilized.

A processor is in communication with the sensors and processes
the signals geﬁerated by the sensors to provide directional data representative of
a location of the trailer tongue relative to a target zone that represents a location
of the tow bar free end and, more specifically, a coupling apparatus located at
the tow bar free end. The processor displays a representation of a location of the
trailer tongue relative to the target zone within a user interface. The processor
also may display directional information for the towing vehicle driver within the
user interface for moving the vehicle such that the trailer tongue can become
positioned within the target zone. The user interface may play audio directional
information for moving the vehicle such that the trailer tongue can become
positioned within the target zone, according to some embodiments of the present
invention.

In some embodiments of the present invention, the user interface is
located within the towing vehicle. For example, the user interface may be
displayed as a "heads-up" display on a windshield of the vehicle or via a
navigation system display associated with the vehicle. In some embodiments of
the present invention, the user interface may be displayed via the display of a
handheld device, such as a laptop computer, tablet computer, mobile phone,
personal digital assistant, game system, and the like. In some embodiments of
the present invention, the processor is a hand held device processor.

In some embodiments of the present invention, the towing vehicle
includes an automated parking/steering system that receives the directional data

from the processor. The automated parking/steering system utilizes the
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directional data to automatically move the vehicle relative to the trailer tongue to
position the trailer tongue within the target zone.

In some embodiments of the present invention, the trailer hitch is
an articulating trailer hitch with a movable tow bar that is extendable and
pivotable relative to the vehicle. The target zone represents an area within which
the free end of the tow bar can be positioned.

According to some embodiments of the present invention, a
method of aligning a trailer hitch mounted to a vehicle with a trailer tongue
includes emitting energy in the direction of the trailer tongue, generating signals
in response to detecting a reflection of the energy from the trailer tongue at first
and second sensors (e.g., optical sensors, infrared sensors, acoustic sensors,
ultrasound sensors, etc.) secured to the vehicle in spaced-apart relationship, and
processing the signals generated by the first and second sensors to provide
directional data representative of a location of the trailer tongue relative to a
target zone that represents a location of the tow bar free end. A representation of
a location of the trailer tongue relative to the target zone is also displayed within
a user interface located within the vehicle (e.g., a heads-up display on the
windshield, displayed via navigation system display, etc.), or via the display of a
handheld or other portable device. Directional information may also be displayed
within the user interface for moving the vehicle such that the trailer tongue can
become positioned within the target zone. Audio directional information may also
be provided in some embodiments of the present invention.

In some embodiments of the present invention, the trailer hitch
includes a movable tow bar that is extendable and pivotable relative to the
vehicle. The target zone represents an area within which the free end of the tow
bar having a coupler can be positioned.

According to some embodiments of the present invention, an
alignment system may include energy emitters and sensors mounted to a towed
vehicleftrailer. For example, an energy emitter may be secured to a trailer that
emits energy in the direction of a towing vehicle, and at least two sensors may
be secured to the trailer in spaced-apart relationship. Each sensor is configured
to generate signals in response to detecting a reflection of the energy from the
vehicle. A processor is in communication with the sensors and is configured to

process the signals generated by the sensors to provide directional data
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representative of a location of a coupler/trailer tongue of the towed vehicle
relative to a target zone that represents a location of a tow bar free end
extending from the towing vehicle. As another example, a pair of transducers
may be secured to a trailer/towed vehicle in adjacent, spaced-apart relationship,
wherein each transducer emits energy in the direction of a towing vehicle and
generates signals in response to detecting a reflection of the energy from the
towing vehicle. A processor is in communication with the transducers that
processes the signals generated by the transducers to provide directional data
representative of a location of a coupler/trailer tongue of the towed vehicle
relative to a target zone that represents a location of a tow bar free end
extending from the towing vehicle.

Trailer hitch alignment systems, according to embodiments of the
present invention, are durable, can be used in all types of weather, and have
very high accuracy, thereby increasing the speed and safety with which a trailer
or towed vehicle can be connected to a trailer hitch. Moreover, trailer hitch
alignment systems, according to embodiments of the present invention can be
attached to a trailer hitch without requiring modification to a vehicle to which the
trailer hitch is attached.

Trailer hitch alignment systems, according to embodiments of the
present invention, can be utilized with any type of trailer hitch including, but not
limited to fixed trailer hitches and trailer hitches with movable tow bars.
Moreover, trailer hitch alignment systems, according to embodiments of the
present invention, can be utilized with fifth-wheel hitch systems, gooseneck hitch
systems and other hitch systems utilized, for example, in agriculture, mining, rail,
forestry, etc.

It is noted that aspects of the invention described with respect to
one embodiment may be incorporated in a different embodiment although not
specifically described relative thereto. That is, all embodiments and/or features
of any embodiment can be combined in any way and/or combination. Appblicant
reserves the right to change any originally filed claim or file any new claim
accordingly, including the right to be able to amend any originally filed claim to
depend from and/or incorporate any feature of any other claim although not
originally claimed in that manner. These and other objects and/or aspects of the

present invention are explained in detail below.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which form a part of the specification,
illustrate some exemplary embodiments. The drawings and description together
serve to fully explain the exemplary embodiments.

Figs. 1A-1C are top perspective views of an exemplary articulating
trailer hitch apparatus that may be utilized with embodiments of the present
invention.

Figs. 2A-2C are partial cut-away plan views of the trailer hitch of
Figs. 1A-1C illustrating the articulating movement of the tow bar free end relative
to the trailer hitch housing.

Fig. 3 is a schematic illustration of a towing vehicle and a trailer
tongue with a coupling apparatus, and that also shows a target zone within
which the trailer tongue coupling apparatus is to be positioned in order to be
attached to a movable tow bar of a trailer hitch, such as illustrated in Figs. 2A-
2C, attached to the towing vehicle.

Fig. 4 is a top perspective view of another exemplary articulating
trailer hitch apparatus that may be utilized with embodiments of the present
invention.

Fig. 5 illustrates an alignment system attached to the towing
vehicle of Fig. 3, according to some embodiments of the present invention, that
is configured to assist in moving the towing vehicle such that the trailer tongue
coupling apparatus can be positioned within the target zone.

Fig. 6 illustrates the alignment system of Fig. 5 in operation and
with the coupling apparatus not yet within the target zone.

Fig. 7 illustrates the alignment system of Fig. 5 in operation and
with the coupling apparatus successfully positioned within the target zone.

Fig. 8 illustrates an alignment system attached to the towing
vehicle of Fig. 3, according to other embodiments of the present invention, and
that is configured to assist in moving the towing vehicle such that a trailer tongue
coupling apparatus can be positioned within the target zone of an articulating
trailer hitch.

Fig. 9A is a top perspective view of an exemplary trailer hitch with a

fixed tow bar that may be utilized with embodiments of the present invention.
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Fig. 9B is a schematic illustration of a towing vehicle and a trailer
tongue with a coupling apparatus, and that also shows a target zone within
which a trailer tongue coupling apparatus is to be positioned in order to be

attached to a fixed tow bar of a trailer hitch attached to the towing vehicle.

DETAILED DESCRIPTION

The present invention will now be described more fully hereinafter
with reference to the accompanying figures, in which embodiments of the
invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set
forth herein. Like numbers refer to like elements throughout. In the figures,
certain components or features may be exaggerated for ciarity, and broken lines
may illustrate optional features or elements unless specified otherwise. In
addition, the sequence of operations (or steps) is not limited to the order
presented in the figures and/or claims unless specifically indicated otherwise.
Features described with respect to one figure or embodiment can be associated
with another embodiment or figure although not specifically described or shown
as such.

It will be understood that when a feature or element is referred to
as being "on" another feature or element, it can be directly on the other feature
or element or intervening features and/or elements may also be present. In
contrast, when a feature or element is referred to as being "directly on" another
feature or element, there are no intervening features or elements present. It will
also be understood that, when a feature or element is referred to as being
"connected", "attached" or "coupled" to another feature or element, it can be
directly connected, attached or coupled to the other feature or element or
intervening features or elements may be present. Furthermore, "connected" or
"coupled" as used herein may include wirelessly connected or coupled. In
contrast, when a feature or element is referred to as being "directly connected",
"directly attached" or "directly coupled"” to another feature or element, there are
no intervening features or elements present. Although described or shown with
respect to one embodiment, the features and elements so described or shown
can apply to other embodiments.

The terminology used herein is for the purpose of describing
7
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particular embodiments only and is not intended to be limiting of the invention.
As used herein, the singular forms "a", "an" and "the" are intended to include the
plural forms as well, unless the context clearly indicates otherwise. It will be
further understood that the terms "comprises" and/or "comprising," when used in
this specification, specify the presence of stated features, steps, operations,
elements, and/or components, but do not preclude the presence or addition of
one or more other features, steps, operations, elements, components, and/or
groups thereof. As used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items and may be
abbreviated as "/".

Spatially relative terms, such as "under”, "below", "lower", "over",
"upper" and the like, may be used herein for ease of description to describe one
element or feature's relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative terms are intended
to encompass different orientations of the device in use or operation in addition
to the orientation depicted in the figures. For example, if a device in the figures is
inverted, elements described as "under" or "beneath" other elements or features
would then be oriented "over" the other elements or features. Thus, the
exemplary term "under" can encompass both an orientation of over and under.
The device may be otherwise oriented (rotated 90 degrees or at other
orientations) and the spatially relative descriptors used herein interpreted
accordingly. Similarly, the terms "upwardly", "downwardly", "vertical", "horizontal"
and the like are used herein for the purpose of explanation only unless
specifically indicated otherwise.

It will be understood that although the terms first and second are
used herein to describe various features or elements, these features or elements
should not be limited by these terms. These terms are only used to distinguish
one feature or element from another feature or element. Thus, a first feature or
element discussed below could be termed a second feature or element, and
similarly, a second feature or element discussed below could be termed a first
feature or element without departing from the teachings of the present invention.

Unless otherwise defined, all terms (including technical and
scientific terms) used herein have the same meaning as commonly understood

by one of ordinary skill in the art to which this invention belongs. It will be further
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understood that terms, such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that is consistent with their meaning
in the context of the specification and relevant art and should not be interpreted
in an idealized or overly formal sense unless expressly so defined herein. Well-
known functions or constructions may not be described in detail for brevity
and/or clarity.

The term "vehicle" includes all types of vehicles including, but not
limited to, automobiles, trucks, military vehicles, airplanes, trains, etc., and also
includes towed vehicles and towing vehicles.

The terms "trailer" and "towed vehicle", as used herein, are
interchangeable and refer to any type of vehicle to be towed by a towing vehicle.

The term "target zone", as used herein, is a representation of a
location of a tow bar free end and, more specifically, a location of a coupling
apparatus secured to a tow bar free end. For movable tow bars associated with
articulating trailer hitches, the target zone is a representation of an area within
which the free end of the tow bar (and coupling apparatus secured thereto) can
be positioned. For non-movable tow bars of fixed trailer hitches, the target zone
is a representation of the location of the tow bar free end (and coupling
apparatus secured thereto). _

The term “real-time” is used to describe a process of sensing,
processing, and displaying information in a time frame of milliseconds or
microseconds. For example, user interfaces and processors according to some
embodiments of the present invention are capable of updating and displaying the
representation of a location of a trailer tongue and/or coupling apparatus relative
to a target zone at the same rate or substantially the same rate as data is
received from the various sensors, transducers, etc., as described herein.

Alignment systems, according to embodiments of the present
invention, can be utilized with any type of hitches including Class |, Ii, Ill, IV and
V hitches. Embodiments of the present invention can be utilized with hitches that
are fixed and hitches having movable components, such as articulating tow bars.
Moreover, embodiments of the present invention can be utilized with fifth-wheel
hitches and gooseneck hitches. As would be understood by those skilled in the
art of the present invention, a fifth-wheel hitch is conventionally mounted in the

bed of a pickup truck so as to be located generally over the rear axle of the truck,
9



10

16

20

25

30

WO 2012/102984 PCT/US2012/022160

and has a shape similar to that of a horseshoe. A trailer connects to the fifth
wheel hitch via a downward-facing pin, called a king pin, along with a plate that
rests on top of the fifth wheel hitch plate. The king pin locks into position so it is
secure within the hitch but can pivot to accommodate turns. A gooseneck hitch
utilizes a hitch ball that also is conventionally mounted in the bed of a pickup
truck so as to be located generally over the rear axle of the truck. A trailer
connects to the hitch ball via a downwardly extending goose neck with a coupler
configured to engage the hitch ball.

Referring now to Figs. 1A-1C, an exemplary articulating trailer hitch
apparatus 10 that may be utilized with embodiments of the present invention is
illustrated. The illustrated trailer hitch 10 includes a housing 12 and a tow bar 14
movably disposed within the housing 12. The tow bar free end 14a has a tow ball
16 secured thereto. However, as would be understood by one skilled in the art of
trailer hitches, various other types of coupling apparatus may be secured to the
tow bar free end 14a, such as a pintle hook, a cushioned pintle hook, a swivel
pintle hook, a lunette ring, a clevis pin attachment, etc., depending on the type of
trailer tongue being secured to the tow bar 14. In Fig. 1A, the tow bar free end
14a and trailer tongue 20 are misaligned. In Fig. 1B, the tow bar 14 is articulated
towards the trailer tongue 20 to overcome the misalignment. In Fig. 1C, the tow
ball 16 and the coupling apparatus on the trailer tongue are properly aligned
such that the trailer tongue 20 can be secured to the tow bar 14.

The tow bar 14 of the articulating hitch of Figs. 1A-1C is movable
between retracted and extended positions and is pivotable relative to the
housing 12 when in extended positions. As illustrated in Figs. 2A-2C, the
configuration of the tow bar 14 and the housing 12 limit the extent to which the
tow bar 14 can pivot and extend relative to the housing 12. Figs. 2A-2C illustrate
the articulation of the tow bar 14 of the trailer hitch 10 of Figs. 1A-1C. The extent
to which the tow bar 14 of the illustrated trailer hitch 10 can pivot relative to the
housing 12 progressively increases as the hitch assembly is progressively
extended. This degree of articulation of the tow bar 14 defines a target zone 30,
illustrated in Fig. 3. The pointed end 30a of the target zone 30 represents the
locked position of the articulating hitch (i.e., when the tow bar is in a fully
retracted position). The shaded portion of the target zone 30 represents the

range of motion where the articulating tow bar of the trailer hitch can be
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connected to the tongue of a trailer or towed vehicle. In other words, the target
zone 30 is the area within which, if the free end of the trailer tongue 20 (i.e., the
coupling apparatus 22) is positioned, the trailer tongue can be secured to the
articulating tow bar 14 of a trailer hitch.

The articulating trailer hitch 10 of Figs. 1A-1C is provided for
illustration only. Embodiments of the present invention are not limited to the
illustrated shape/configuration of target zone 30. Various shapes and
configurations of target zones are possible depending on the configuration of the
type of trailer hitch utilized. Moreover, alignment systems, according to
embodiments of the present invention, can be utilized with any type of
articulating trailer hitch and with any configuration of target zone that the
articulation of a tow bar can define, without limitation. For example, Fig. 4
illustrates another articulating trailer hitch apparatus 10 that can be utilized with

alignment systems according to embodiments of the present invention. The

. trailer hitch apparatus 10 includes a housing 12 and a tow bar 14 movably

disposed within the housing 12. The illustrated housing 12 includes spaced-apart
first and second sections 12a, 12b that define a longitudinally extending
forwardly opening cavity 13 within which the tow bar 14 is movably disposed.
The illustrated tow bar 14 is a tubular member having a free end portion 14a.
The tow bar free end portion 14a includes an opening 15 that is configured to
receive a coupling apparatus, such as a tow ball, pintle clip, lunette ring, etc. In
some embodiments, the tow bar free end portion 14a may include a coupling
apparatus integrally formed therewith.

The illustrated tow bar 14 in Fig. 4 is movable between retracted

and extended positions and is pivotable relative to the housing 12 when in

-extended positions. The configuration of the tow bar 14 and the housing 12 of

the trailer hitch 10 of Fig. 4 limit the extent to which the tow bar 14 can pivot and
extend relative to the housing 12. As such, the extent of articulation of the tow
bar 14 of the trailer hitch 10 of Fig. 4 defines a target zone similar to the target
zone 30 illustrated in Fig. 3.

Alignment systems, according to embodiments of the present
invention, are not limited to use with articulating trailer hitches with movable tow
bars. Alignment systems, according to embodiments of the present invention,

may be utilized with trailer hitches having fixed tow bars (i.e., tow bars that are
1
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not movable), also. An exemplary trailer hitch 10 with a fixed tow bar 14 is
illustrated in Fig. 9A. A tow ball 16 is attached to the free end 14a of the fixed
tow bar 14 and is configured to be coupled to a tongue of a trailer. However, as
would be understood by one skilled in the art of trailer hitches, various other
types of coupling apparatus may be secured to the tow bar free end 14a, such
as a pintle hook, a cushioned pintle hook, a swivel pintle hook, a lunette ring, a
clevis pin attachment, etc., depending on the type of trailer tongue being secured
to the tow bar 14.

Fig. OB illustrates a target zone 30 for a trailer hitch having a fixed
tow bar, such as the trailer hitch 10 illustrated in Fig. 9A. The illustrated target
zone represents a location of the fixed tow bar free end and is smaller in size
than the target zone for a movable tow bar (e.g., the target zone 30 of Fig. 3).

Referring now to Figs. 5-8, an alignment system 40 for a trailer
hitch (e.g., 10, Figs. 1A-1C, Fig. 4, Fig. 9A) mounted to a towing vehicle V,
according to some embodiments of the present invention, is illustrated. Only a
rear portion of the towing vehicle V is illustrated schematically. in addition, only a
tongue 20 of a trailer to be towed by the towing vehicle V is illustrated
schematically, for clarity. Trailer tongues having various configurations are
known and can be used with embodiments of the present invention. In Figs. 5-8,
a lunette ring 22 is mounted to the free end of the illustrated trailer tongue 20.
Lunette rings are commonly used in heavy-duty trailers in both commercial and
military applications. However, other types of coupling apparatus may be used in
lieu of a lunette ring, such as a standard ball coupler or a clevis pin, fifth wheel,
etc., as would be understood by those skilled in the art.

As described above, the tow bar of an articulating trailer hitch
defines a target zone (30, Fig. 3) according to the extent that the tow bar can be
extended and pivoted relative to the trailer hitch housing. Also, a trailer hitch
having a fixed tow bar defines a target zone (30, Fig. 9B) that is smaller than that
of a movable tow bar of an articulating trailer hitch. The illustrated alignment
system 40 includes an energy emitter 42 secured to the towing vehicle V that
emits energy in the direction of the trailer tongue 20, and at least two sensors
44a, 44b secured to the vehicle in spaced-apart relationship. Each sensor 44a,
44b is configured to generate signals in response to detecting a reflection of the

energy from the trailer tongue 20. In some embodiments of the present.
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invention, two or more energy emitters 42 may be utilized. Embodiments of the
present invention are not limited to a single energy emitter 42.

In some embodiments of the present invention, a reflector 24 (or a
plurality of reflectors) may be mounted to the trailer tongue 20, although this is
not required. The reflector 24 may be temporarily mounted on the trailer tongue
20 or may be permanently mounted thereto. The reflector 24 may have any
shape and size and is not limited to any particular shape or size. Energy emitted
by the energy emitter 42 is directed towards the reflector 24 which reflects the
energy back towards the sensors 44a, 44b. However, the trailer tongue 20
and/or a coupling apparatus 22 attached to the trailer tongue 20 may be
sufficiently reflective that a separate reflector is not needed.

In some embodiments, a height adjustment member (e.g., an
elongated channel) can be attached to the free end of a trailer tongue to facilitate
vertical positioning of a coupling apparatus thereto. Such a height adjustment
member may serve as a target that reflects energy emitted by the energy emitter
42. Fig. 5 illustrates a height adjustment member 26 that can serve as a
reflective target.

The alignment system 40 also includes a processor 46 in
communication with the sensors 44a, 44b that processes the signals generated
by the sensors 44a, 44b to provide directional data representative of a location of
the trailer tongue 20 relative to a target zone 30. A user interface 48 is in
communication with the processor 46 and is configured to display a
representation of a location of the trailer tongue 20 and/or coupling apparatus 22
relative to the target zone 30. The user interface 48 and processor 46 may
communicate wirelessly and/or via circuitry.

In some embodiments of the present invention, the user interface
48 is located within the towing vehicle V and is readily viewed by a driver of the
towing vehicle. For example, the user interface 48 may be part of a heads-up
display system that is displayed, for example, on a windshield of the towing -
vehicle. In some embodiments, the user interface 48 may be displayed via an
existing display system associated with the towing vehicle V, such as a
navigation system. In other embodiments of the present invention, a handheld
device, such as a smart phone, laptop computer, tablet computer, personal

digital assistant, game system (e.g., a Sony Playstation Portable device, a
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Nintendo 3DS device, and the like), etc., may be utilized to display the user -
interface 48.

The user interface 48 is configured to display the representation of
a location of the trailer tongue 20 and/or coupling apparatus 22 relative to the
target zone 30 in real time. In addition, the user interface 48 may display
directional information for moving the vehicle V and trailer tongue 20 relative to
each other such that the trailer tongue 20 and/or coupling apparatus 22 can
become located within the target zone 30. In some embodiments of the present
invention, the user interface 48 can play audio directional information for moving
the vehicle V and trailer tongue 20 relative to each other such that the trailer
tongue 20 and/or coupling apparatus 22 can become located within the target
zone 30. Audio directional information can include voice recordings, synthésized
voice, tones, pulses, beeps, and/or buzzers, among others.

In some embodiments of the present invention, the energy emitter
42, sensors 44a, 44b and processor 46 may be housed within a device attached
to the vehicle. Such a device may be attached to the vehicle or may be attached
to the trailer hitch, for example, the housing of a trailer hitch. In other
embodiments, energy emitter 42, sensors 44a, 44b and processor 46 may be
individual components separately mounted to the vehicle. According to some
embodiments of the present invention, the sensors 44a, 44b and the at least one
energy emitter 42 can be positioned on different parts of a towing vehicle and
trailer/towed vehicle. For example, the emitter 42 can be located on the towing
vehicle and the sensors 44a, 44b can be located on the trailer, or vice-versa. In
addition, the sensors 44a, 44b and emitter 42 can be located on a trailer or
towed vehicle.

In some embodiments, the operation of the energy emitter 42 and
sensors 44a, 44b is under the control of the processor 46; however, a separate
controller may be utilized. In some embodiments of the present invention, the
energy emitter 42 and sensors 44a, 44b may communicate with the processor
wirelessly and/or via circuitry. In some embodiments of the present invention, the
energy emitter 42 and sensors 44a, 44b may communicate with the processor
via a combination of wireless communication and circuitry.

Power to the energy emitter 42, sensors 44a, 44b and processor

46 may be obtained from the towing vehicle electrical system. In some
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embodiments, however, one or more independent power sources (e.g.,
batteries) may be provided for the energy emitter(s) 42, sensors 44a, 44b,
processor 46 and/or user interface 48.

In other embodiments of the present invention, a handheld device,
such as a smart phone, may serve the function of the processor 46. The
handheld device processes the signals generated by the sensors 44a, 44b to
provide directional data representative of a location of the trailer tongue 20
relative to a target zone 30. The display of the handheld device may be utilized
as the user interface 48 that displays a representation of a location of the trailer
tongue 20 and/or coupling apparatus 22 relative to the target zone 30.

The energy emitter 42 may be virtually any type of device
configured to emit energy (i.e., electromagnetic radiation) that can be reflected
off of a trailer tongue 20 and be detected by a sensor 44a, 44b. For example, in
some embodiments of the present invention, the energy emitter 42 is an optical
emitter, such as a light source, and the sensors 44a, 44b are optical sensors
configured to detect light reflected off of the trailer tongue. Light may be
collimated light (e.g., laser light) or may be non-collimated light. In some
embodiments of the present invention, the energy emitter 42 is an infrared
emitter and the sensors 44a, 44b are infrared sensors configured to detect
infrared light reflected off of the trailer tongue. In some embodiments of the
present invention, the energy emitter 42 is an acoustic emitter, such as a
speaker, and the sensors 44a, 44b are acoustic sensors, such as microphones,
configured to detect sound reflected off of the trailer tongue. In some
embodiments of the present invention, the energy emitter 42 is an ultrasound
emitter and the sensors 44a, 44b are ultrasound sensors.

The energy emitter 42 and/or the sensors 44a, 44b may be
shielded such that energy emitted by the energy emitter 42 does not directly
impinge on the sensors. In other embodiments of the present invention, the
energy emitter 42 may be configured to emit a focused beam of energy such that
shielding is not required. In some embodiments of the present invention, the
sensors 44a, 44b may be shielded from external energy sources (e.g., light,
sound, etc. from other sources).

Operation of the illustrated alignment system 40 is described with

reference to Figs. 6 and 7. In Fig. 6, energy 50 is emitted from the energy emitter
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42 in the direction of the trailer tongue 20 and is reflected off the height
adjustment member 26 (or other portion of the trailer tongue 20 or reflector). The
energy is reflected towards the first sensor 44a along path 52 and towards the
second sensor 44b along path 54. If the trailer tongue 20 and the trailer hitch are
in direct alignment (i.e., both centered on centerline C, the time of flight for path
52 and path 54 will be the same. In other words, the time required for energy
emitted from the emitter 42 to reach the trailer tongue reflective portion 26 and
reflect back to the first sensor 44a equals the time required for energy emitted
from the emitter 42 to reach the trailer tongue 26 and reflect back to the second
sensor 44b. Any lateral displacement of the center lines of the trailer hitch and
trailer tongue 20 (i.e., both are not centered on centerline C.) will result in
different times of flight for path 52 and path 54. This time difference can be used
to calculate the relative angular displacement 8 of the trailer hitch and the trailer
tongue 20. The linear distance (measured radially) can be calculated from the
average of the two times of flight (i.e., the time of flight for path 562 and the time
of flight for path 54), yielding a point in space that can be compared to the target
zone 30.

The user interface 48 will indicate whether the towing vehicle V
needs to move left or right to approach the trailer tongue 20 such that the trailer
tongue coupling apparatus 22 is positioned within the target zone 30. As the
trailer tongue coupling apparatus 22 moves into the target zone 30 (Fig. 7), the
actual times of flight on path 52 and path 54 will become short enough that the
processor 48 determines that the trailer tongue coupling apparatus 22 is in the
target zone 30. The user interface 48 will indicate that the trailer tongue coupling
apparatus 22 is in the target zone 30 and that the driver can stop the towing
vehicle V and connect the trailer to the trailer hitch.

An alignment system 40/, acc/ording to other embodiments of the
present invention, is illustrated in Fig. 8. In lieu of a separate energy emitter, a
pair of transducers 60 may be utilized. Each transducer 60 is configured to emit
energy in the direction of a trailer tongue 20 and generate signals in response to
detecting a reflection of the energy from the trailer tongue 20. Various types of
transducers may be utilized including, but not limited to, optical transducers,
acoustic transducers, and ultrasound transducers. The processor 46 processes

the signals generated by the transducers 60 to provide directional data
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representative of a location of the trailer tongue 20 and/or coupling apparatus 22
relative to a target zone 30. The alignment system 40' operates in a similar
manner as alignment system 40 described above.

According to some embodiments of the present invention, the
alignment systems 40, 40' described above can be utilized in conjunction with an
automated parking/steering system for a towing vehicle. For example, the
automated parking/steering system receives directional data from the processor
46 and automatically steers the towing vehicle V relative to the trailer tongue 20
to position the trailer tongue 20 within the target zone. Exemplary automated
parking systems include the Advanced Parking Guidance System (APGS)
available from Toyota Motor Sales, U.S.A., Inc. (Torrance, CA).

The foregoing is illustrative of the present invention and is not to be
construed as limiting thereof. Although a few exemplary embodiments of this
invention have been described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodiments without
materially departing from the teachings and advantages of this invention.
Accordingly, all such modifications are intended to be included within the scope
of this invention as defined in the claims. The invention is defined by the

following claims, with equivalents of the claims to be included therein.
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THAT WHICH IS CLAIMED IS:

1. An alignment system for a trailer hitch mounted to a vehicle,
wherein the trailer hitch includes a tow bar having a free end cbnfigured to be
coupled to a tongue of a trailer, the alignment system comprising:

an energy emitter secured to the vehicle that emits energy in the
direction of the trailer tongue;

at least two sensors secured to the vehicle in spaced-apart
relationship, each sensor configured to generate signals in response to detecting
a reflection of the energy from the trailer tongue; and

a processor in communication with the sensors that processes the
signals generated by the sensors to provide directional data representative of a
location of the trailer tongue relative to a target zone that represents a location of

the tow bar free end.

2. The alignment system of Claim 1, wherein the trailer hitch
includes a movable tow bar that is extendable and pivotable relative to the
vehicle, and wherein the target zone represents an area within which the free

end of the tow bar can be positioned.

3. . The alignment system of Claim 1, further comprising a user
interface in communication with the processor that displays a representation of a

location of the trailer tongue relative to the target zone.

4, The alignment system of Claim 3, wherein the user interface

is located within the vehicle.

5. The alignment system of Claim 4, wherein the user interface

is displayed on a windshield of the vehicle.

6. The alignment system of Claim 4, wherein the user interface

is displayed via a navigation system display associated with the vehicle.

7. The alignment system of Claim 3, wherein the user interface
18
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displays a representation of a location of the trailer tongue relative to the target

zone in real time.

8. The alignment system of Claim 3, wherein the user interface
displays directional information for moving the vehicle such that the trailer tongue

can become positioned within the target zone.

9. The alignment system of Claim 3, wherein the user interface
plays audio directional information for moving the vehicle such that the trailer

tongue can become positioned within the target zone.

10.  The alignment system of Claim 1, further comprising a hand
held device in communication with the processor, wherein the hand held device
comprises a user interface that displays a representation of a location of the

trailer tongue relative to the target zone.

11.  The alignment system of Claim 1, wherein the processor is a

hand held device processor.

12.  The alignment system of Claim 1, further comprising a
reflector attached to the trailer tongue that is configured to reflect energy emitted

by the emitter.

13.  The alignment system of Claim 1, wherein the energy

emitter is an optical emitter, and wherein the sensors are optical sensors.

14.  The alignment system of Claim 13, wherein the optical

sensors are shielded from direct light from the light source.

15.  The alignment system of Claim 1, wherein the energy

emitter is an infrared emitter, and wherein the sensors are infrared sensors.

16.  The alignment system of Claim 15, wherein the infrared

sensors are shielded from direct infrared light from the infrared emitter.
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17.  The alignment system of Claim 1, wherein the energy

emitter is an acoustic emitter, and wherein the sensors are acoustic sensors.

18.  The alignment system of Claim 17, wherein the acoustic

sensors are shielded from direct acoustic energy from the acoustic emitter.

19.  The alignment system of Claim 1, wherein the energy
emitter is an ultrasound emitter, and wherein the sensors are ultrasound

sensors.

20.  The alignment system of Claim 19, wherein the ultrasound

sensors are shielded from direct ultrasound energy from the ultrasound emitter.

21.  The alignment system of Claim 1, wherein the vehicle
comprises an automated parking/steering system that receives the directional
data from the processor and wherein the automated parking/steering system is
configured to automatically move the vehicle relative to the trailer tongue to

position the trailer tongue within the target zone.

22.  The alignment system of Claim 1, wherein the trailer hitch
comprises a housing having spaced-apart first and second sections that define a

cavity, and wherein the tow bar is movably disposed within the housing cavity.

23.  The alignment system of Claim 22, wherein the energy

emitter and sensors are attached to the housing.

24,  An alignment system for a trailer hitch mounted to a vehicle,
wherein the trailer hitch includes a tow bar having a free end configured to be
coupled to a tongue of a trailer, the alignment system comprising:

a pair of transducers secured to the vehicle in adjacent, spaced-
apart relationship, wherein each transducer emits energy in the direction of the
trailer tongue and generates signals in response to detecting a reflection of the

energy from the trailer tongue; and
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a processor in communication with the transducers that processes
the signals generated by the transducers to provide directional data
representative of a location of the trailer tongue relative to a target zone that

represents a location of the tow bar free end.

25.  The alignment system of Claim 24, wherein the trailer hitch
includes a movable tow bar that is extendable and pivotable relative to the
vehicle, and wherein the target zone represents an area within which the free

end of the tow bar can be positioned.

26.  The alignment system of Claim 24, wherein the transducers

are optical transducers.

27.  The alignment system of Claim 24, wherein the transducers

are acoustic transducers.

28. A method of aligning a trailer hitch mounted to a vehicle with
a trailer tongue, wherein the trailer hitch includes a tow bar having a free end
configured to be coupled to the trailer tongue, the method comprising:

emitting energy in the direction of the trailer tongue;

generating signals in response to detecting a reflection of the
energy from the trailer tongue at first and second sensors secured to the vehicle
in spaced-apart relationship; and

processing the signals generated by the first and second sensors
to provide directional data representative of a location of the trailer tongue

relative to a target zone that represents a location of the tow bar free end.

29. The method of Claim 28, wherein the trailer hitch includes a
movable tow bar that is extendable and pivotable relative to the vehicle, and
wherein the target zone represents an area within which the free end of the tow

bar can be positioned.

30. The method of Claim 28, further comprising displaying a

representation of a location of the trailer tongue relative to the target zone within
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a user interface.

31.  The method of Claim 30, wherein the representation of a

location of the trailer tongue relative to the target zone is displayed in real time.

32.  The method of Claim 30, further comprising displaying
directional information within the user interface for moving the vehicle such that

the trailer tongue can become positioned within the target zone.

33.  The method of Claim 30, further comprising playing audio
directional information for moving the vehicle such that the trailer tongue can

become positioned within the target zone.

34.  The method of Claim 28, wherein the energy emitted is light
and the first and second sensors are optical sensors, wherein the energy emitted
is infrared light and the first and second sensors are infrared sensors, or wherein
the energy emitted is sound and the first and second sensors are acoustic

Sensors.

35.  An alignment system for a trailer hitch mounted to a vehicle,
wherein the trailer hitch includes a tow bar having a free end configured to be
coupled to a tongue of a trailer, the alignment system comprising:

an energy emitter secured to the trailer that emits energy in the
direction of the vehicle;

at least two sensors secured to the trailer in spaced-apart
relationship, each sensor configured to generate signals in response to detecting
a reflection of the energy from the vehicle; and

a processor in communication with the sensors that processes the
signals generated by the sensors to provide directional data representative of a
location of the trailer tongue relative to a target zone that represents a location of

the tow bar free end.

36.  An alignment system for a trailer hitch mounted to a vehicle,

wherein the trailer hitch includes a tow bar having a free end configured to be
22
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coupled to a tongue of a trailer, the alignment system comprising:

a pair of transducers secured to the trailer in adjacent, spaced-
apart relationship, wherein each transducer emits energy in the direction of the
vehicle and generates signals in response to detecting a reflection of the energy
from the vehicle; and

a processor in communication with the transducers that processes
the signals generated by the transducers to provide directional data
representative of a location of the trailer tongue relative to a target zone that

represents a location of the tow bar free end.

37. A method of aligning a trailer hitch mounted to a vehicle with
a coupler of a towed vehicle, wherein the trailer hitch includes a tow bar having a
free end configured to be coupled to the coupler, the method comprising:

emitting energy in the direction of the vehicle;

generating signals in response to detecting a reflection of the
energy from the vehicle at first and second sensors secured to the towed vehicle
in spaced-apart relationship; and ,

processing the signals generated by the first and second sensors
to provide directional data representative of a location of the coupler relative to a

target zone that represents a location of the tow bar free end.
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