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the frame member; a row unit coupled to the toolbar; and an actuator coupled between the frame member and the toolbar, the actuator

configured to rotate the toolbar based on a sensed position of the toolbar.
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IMPLEMENT CONTOURING TOOLBAR

TECHNICAL FIELD
[0001] The present disclosure is generally related to implements, and, more particularly,

agricultural implements.

BACKGROUND

[0002] Implements, such as agricultural ~implements, are used to enable the
engagement of tool attachments, including row units, with the soil for seeding, fertilizing,
soil agitation, etc. As implementslcontinue to get wider, they tend to have longer, rigid
sections that do not handle uneven fields well. For instance, the field may comprise
gullies and/or terraces that compromise the ability of the row units to properly operate in
the field. As an example, when a planter encounters a terrace, frame wheels of the
implement lift the row units up and out of the ground. Conversely, as the wheels go
down the back of the terrace, the entire weight of the frame rests on the row units. In
either case, possible detrimental results include insufficient crop yield due to seeds

being planted too shallow or too deep.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Many aspects of a contouring toolbar system of the present disclosure can be
better understood with reference to the following drawings. The components in the
drawings are not necessarily to scale, emphasis instead being placed upon clearly
illustrating the principles of a contouring toolbar system. Moreover, in the drawings, like

reference numerals designate corresponding parts throughout the several views.
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[0004] FIG. 1 is a schematic diagram that illustrates an example environment in which
an embodiment of an example contouring toolbar system may be used.

[0005] FIG. 2 is a schematic diagram that illustrates, in side elevation view, an
embodiment of an example contouring toolbar system with the toolbar in a flat or zero
angle position.

[0006] FIG. 3 is a schematic diagram that illustrates, in fragmentary, side elevation
view, an embodiment of an example contouring toolbar system with an implement
comprising a toolbar in various angular positions.

[0007] FIGS. 4A-4B are schematic diagrams that illustrate, in fragmentary side
elevation view, example field contours that trigger activation of the actuators of an
embodiment of an example contouring toolbar system.

[0008] FIG. 5A is a block diagram that illustrates an example control system for an
embodiment of an example contouring toolbar system.

[0009] FIG. 5B is a block diagram that illustrates an example controller for the control
system of FIG. 5A.

[0010] FIG. 6 is a flow diagram that illustrates an embodiment of an example contouring

toolbar method.

DESCRIPTION OF EXAMPLE EMBODIMENTS
Overview
[0011] In one embodiment, a frame member; a toolbar coupled to the frame member,
the toolbar parallel to, and rearward of, the frame member; a row unit coupled to the
toolbar; and an actuator coupled between the frame member and the toolbar, the
actuator configured to rotate the toolbar based on a sensed position of the toolbar.

Detailed Description
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[0012] Certain embodiments of a contouring toolbar system and method are disclosed
that enable an implement with row units to navigate across uneven fields while
controlling a relationship of a row unit toolbar to the ground independently of the
implement, frame-mounted wheels. In one embodiment, a contouring toolbar system
comprises an actuator coupled between a frame member and a toolbar, the actuator
retracted or extended based on the position of the toolbar as sensed by one or more
sensors, which in turn maintains the coupled row units properly engaged with (e.g.,
seeding) the soil despite the contoured surfaces of the field. In some embodiments, the
contouring toolbar system uses the sensed position of the toolbar to enable in-field
planting operations, including lifting and turning at the end of the field.

[0013] Digressing briefly, most implement designs (e.g., planters) comprise a row unit
toolbar that remains rigid as the implement moves over contoured field surfaces. When
the implement is towed over a terrace, for instance, the row unit may be lifted off of the
ground due to the rigid structures involved, resulting in a shallow or surface-level seed
depth. In other instances, such as when the row unit is approaching a valley or gulley .
where the towing vehicle ié ata higher elevation, the row unit may receive the entire
weight load of the frame, resulting in a seed depth that is excessive and possibly
causing damage to the row unit. In contrast, certain embodiments of a contouring
toolbar system actively control the rotation of the row unit toolbar, adapting the rotation
to follow the contoured field surfaces and hence always attempting to keep the row units
engaged with the ground (e.qg., by attempting to control the toolbar to be at a level
position relative to the ground, or stéted otherwise, maintain a relatively consistent
elevation of the toolbar relative to ground).

[0014] Having summarized various features of certain embodiments of a contouring

toolbar system of the present disclosure, reference will now be made in detail to the
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detailed description of a contouring toolbar system as illustrated in the drawings. While
the disclosure is described in connection with these drawings, there is no intent to limit it
to the embodiment or embodiments disclosed herein. Further, although the description
identifies or describes specifics of one or more embodiments, such specifics are not
necessarily part of every embodiment, nor are all various stated advantages associated
with a single embodiment. On the contrary, the intent is to cover all alternatives,
modifications and equivalents included within the spirit and scope of a contouring toolbar
system as defined by the appended claims. Further, it should be appreciated in the
context of the present disclosure that the claims are not necessarily limited to the
particular embodiments set out in the description.

[0015] Note that references hereinafter made to certain directions, such as, for
example, "front", "rear”, "left" and "right", are made as viewed from the rear of the
implement looking forwardly.

[0016] Attention is now directed to FIG. 1, which is a schefnatic diagram that illustrates
an example environment 10 in which an embodiment of a contouring toolbar system
may be used. It should be appreciated by one having ordinary skill in the art, in the
context of the present disclosure, that the environment 10 depicted in FIG. 1 is merely
illustrative of one example environment, and that in some embodiments, other
environments may be used. The example environment 10 includes a towing vehicle 12,
in this example a tractor, towing an imptement 14. The tractor 12 and implement 14 are
depicted in fragmentary view. In some embodiments, other types of towing vehicles,
including a self-propelled vehicle with an integrated implement (in lieu of a towed
implement) or towing vehicles of other axle arrangements or other chassis
configurations may be used, and hence are contemplated to be within the scope of the

disclosure. The tractor 12 is coupled to the implement 14 using any known hitch and/or
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tongue assembly 16. The implement 14 may support equipment 18, which may include
one or more product containers, control components, pumps, reservoirs, among other
equipment used to dispense product and control functioning of the implement and/or its
attachments. The implement 14 comprises a chassis thét includes parallel frame
members 20, 22 in fore and aft arrangement, respectively, when deployed (e.g., when
the implement 14 is towed in the forward direction). in the depicted example, the
impIefnent 14 is extended in a transverse direction relative to the direction of field
traversal. The implement 14 is segmented into wing sections 24 (e.g., 24A, 24B) and a
center section 26 that supports the equipment 18 and trails directly behind the tractor
12. In some embodiments, the implement 14 may be towed in an orientation where the
center section 26 is physically offset from the center of the tractor 12. Although not
detailed in FIG. 1, the wing sections 24 are respectively coupled to the center section 26
in pivotal manner, enabling a folding in a plane occupied by the tractor 12 and
implement 14 for narrow-profile transport. In some embodiments, the folding of the
wings 24 may be achieved outside of the plane of the tractor 12 and implement 14 (e.g.,
folded upward above the plane and rearward). Coupled to the frame members 20 of the
wing sections 24A, 24B and center section 26 are respective wheels 28 (e.g., 28A to
frame member 20 of wing section 24A, 28B-28C to frame member 20 of center section
26, and 28D to frame member 20 of wing section 24B). Some embodiments of a
contouring toolbar system may use additional wheels (e.g., in tandem, as duals, or
otherwise) in the same or different positions, or arrange the wheels in different locations
than shown. For instance, in some embodiments, the wheels 28 may not be disposed
between the frame members 20, 22. However, in the depicted example, the wheels 28
are disposed between the frame members 20, 22. Each frame member 20, 22

comprises bracket arms 42 (not designated in FIG. 1, but shown in FIG. 2) and 30 (e.g.,
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30A-30F), respectively, that pivotably couple (e.g., via hinged joint to bracket arms of
the frame member 20) the frame members 22 to the frame members 20.

[0017] Attached at the bracket arms 30A, 30B, 30E, 30F of the wing sections 24A, 24B
are actuators 32 (e.g., 32A, 32B, 32E, and 32F), and attached to bracket arms 30C,

- 30D of the center section 26 are actuators 32 (e.g., 32C, 32D). Note that the location
and/or quantity of bracket arms 30 and/or actuators 32 depicted in FIG. 1 is for
illustration of one embodiment, and that in some embodiments, different and/or
additional quantities and/or locations may be used. The actuators 32 may be
configured as single rod hydraulic actuators (e.g., a linear-acting, piston and rod
assembly, though in some embodiments, rotary actuation may be used). In some
embodiments, the actuators 32 may be configured as either pneumatic, electric,
magnetic, or electromagnetic actuators. The actuators 32 are configured to rotate the
frame members 22 (e.g., the toolbar) of the wing and center sections 24, 26 to/from any
position along a range of positions throughout an approximately one hundred ten (110)
degree range, though in some embodiments, the range may be more or less. For
instance, for field work and transport operations, the actuators 32 may rotate the frame
members 22 relative to the frame members 20 to angular positions of zero (0) degrees
(e.g., working a level or even surface of the field), approximately 20-40 degrees (e.g.,
raising the frame member 22 to clear a minimum recommended headlands elevation or
a maximum recommended headlands rotation, respectively), and approximately 90
degrees (e.g., for narrow transport). Note that the angular position is construed relative
to a horizontal plane of the frame members 20. The actuators 32 are also configured to
rotate the frame members 22 of the wing and center sections 24, 26 to angular positions
below the center or zero degree position. For instance, in one embodiment, the

actuators 32 may be extended (e.g., the rods extended) to an angular position of
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approximately 10 degrees below the zero degree reference (below level), such as to
accommodate hills traversals, or even greater angles (as suggested by the 25 degree
angle in FIG. 3, described below. In other words, the angular span of positions to which
the frame member 22 may be rotated relative to the frame member 20 comprises an
obtuse angle (e.g., over 90 degrees).

[0018] Removeably attached to the frame members 22 and arranged rearward to the
frame members 22 are soil working tools 33, including row units that seed, fertilize,
and/or agitate the soil. Though shown complete‘ly rearward of the frame members 22, in
some embodiments, the row units 33 may be alternately staggered, with the row units
33 position completely rearward and slightly forward and rearward of the frame member
22. Other configurations may be used, as should be appreciated by one 'having ordinary
skill in the art.

[0019] The tractor 12 also comprises a céntroller 34 that causes actuation of the
actuators 32 based on operator input, software and/or device input, and/or sensor
signals as explained further below. For instance, where the actuators 32 are configured
as hydraulic cylinders, hydraulic fluid control may be achieved via a control component
36 that comprises one or more manifolds, each comprising one or more control valves
that control a state of the hydraulic cylinders 32 (e.g., control the change in pressu‘re
and/or change in flow rate of hydraulic fluid through the cylinders). Actuation of the
control component 36 may be achieved wirelessly or via wired connection (e.g., Isobus)
according to commands from the controller 34.

[0020] Note that the contouring toolbar system may include the components described
for the entire environment 10 in some embodiments, or a subset of the described

components in some embodiments.
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[0021] Having generally described an example environment 10 in which an embodiment
of a contouring toolbar system may be used, attention is directed to FIG. 2, which
illustrates an example implement 14 with a level or zero angle position of the frame
member 22 relative to the frame member 20. In the depicted example, the wing
sections 24 are folded forward relative to the center section 26. Only one row unit 33A
is depicted as attached to the frame member 22, with the understanding that additional
row units would typically be attached along the frame members 22. Referring to wing
section 24A in particular with primary focus on the components associated with the
actuator 32A, with the understanding that a similar description applies to the rotational
components of the rest of the wing section 24A, the wing section 24B, and the center
section 26 but omitted here for brevity, the frame member 22 comprises a toolbar 38.
The toolbar 38 may be rectangular in shape, and comprises in one embodiment on the
rearward side, too! brackets 40 that are uniformly spaced along the toolbar 38. The tool
brackets 40 are secured to the toolbar 38 according to any known securement
mechanism, including weld, bolts, etc. The tool brackets 40 facilitate attachment of
respective soil working tools, éuch as row units 33A. On the opposing side of the
toolbar 38 are the bracket arms 30, which extend forwardly from the toolbar 38. The
bracket arms 30 couple via a hinged joint to rearward extending bracket arms 42
extending from the frame member 20.

[0022] Enabling rotation of the frame members 20, 22 are the plural actuators 32 (e.g.,
32A). In one embodiment, the actuator 32A (as with the other actuators 32) is attached
to an upper portion of the frame member 20 (e.g., at or proximal to the upper portion of
the bracket arm 42) and the bracket arm 30 opposite the tooibar 38. Other locations
may be used as long as the rotation of the toolbar 38 is achieved relative to the frame

member 20. In FIG. 2, the actuators 32 have rotated the toolbar 38 to a zero (0) degree
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angle relative to the horizontal plane of a transverse component of the frame member
20. In this orientation, row units 33A may be operational and engaged with the soil.
[0023] Referring now to FIG. 3, shown is an embodiment of an example contouring
toolbar system with an implement 14A comprising a toolbar 38A in various angular
positions. The implement 14A shown in FIG. 3 may be similarly structured and
configured as implement 14 shown in FIGS. 1-2. The implement 14A is depicted
diagrammatically with the frame member 20A comprising a bracket arm 42A, the
bracket arm 42A pivotably coupled to the toolbar 38A (e.g., via a hinged connection at
the bracket arm 30 (FIG. é) and the bracket arm 42). The actuator 32A-1 provides for
retracting and extending movements that cause the toolbar 38A to rotate relative to the
frame member 20A. The toolbar 38A is coupled to the row unit 33B via\a linkage 44.
The linkage 44 is comprised of a parallelogram structure, as is known, and permits
limited parallelogram motion between the toolbar 38A and the row unit 33B. The wheel
28A-1 is coupled to the frame member 20 in known manner, similar to that shown in
FIG. 2, though as described above, some embodiments may use different chassis
configurations and hence are contemplated to be within the scope of the disclosure.
The implement 14A is shown resting on a field 46, the field 46 shown as a level surface
and also angled to represent where the actuator 32A-1 needs to drop (extend) the
toolbar 38A to follow the varying contours of the field surface. One of the points FIG. 3
is illustrating is that an embodiment of a contouring toolbar system is persistently
attempting to control the “X” dimension to keep the row unit 33B engaged with the
ground (e.g., to enable proper seeding, agitation, etc.). The “X” dimension is referenced
relative to a location proximal to the row unit connection to the toolbar 38A (e.g., via the
parallelogram linkage connection) relative to the ground, and hence corresponds to the

toolbar position relative to the ground.
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[0024] The toolbar 38A (38A in zero-angle position) is shown in multiple angular
positions, including toolbar 38A-1, toolbar 38A-2, and toolbar 38A-3. At toolbar 38A-1,
the actuator 32A-1 has raised (e.qg., via full retraction of the corresponding rod) the
toolbar 38A-1 to approximately 90 degrees (e.g., relative to a level surface or a
longitudinal axis of the frame member 20A) for narrow transport.

[0025] At toolbar 38A-2, the actuator 32A-1 has raised the toolbar 38A-2 to
approximately 10 degrees relative to a level surface or a longitudinal axis of the frame
member 20A. Such actuation may occur, for instance, if the row unit 33B was traversing
the backside of a terrace to attempt to control the X dimension relative to the ground
surface to keep the row unit 33B engaged (which also may prevent excessive loads on
the row unit 33B). Also, for field operations, an intermediate position of the toolbar 38A
proximal to that depicted in FIG. 3 for toolbar 38A-2 may be sensed for permitting
headland turning. For instance, the toolbar 38A may be raised to approximately 20-30
degrees, the rotation sensed to enable the controller 34 to stop at that operational
position.

[0026] At toolbar 38A-3, the actuator 32A-1 has lowered the toolbar 38A-3 below zero
degrees (e.g., approximately 10 degrees below the zero angular position). Such an
actuation may occur if the row unit 33B was traveling on the upside of a hill as in the
depicted example (the row unit 33B not actually shown traversing the slope of 25
degrees for ease of illustration). In other words, the actuation serves to attempt to
maintain the X dimension of the toolbar 38A (e.g., and similarly, the row unit 33B), which
in turn also avoids lifting the row unit 33B off of the surface of the field 46. As set forth
above, additional actuation may be performed for even greater changes in traversed
field contour (e.g., 25 degrees) in order to control the “X” dimension. As illustrated in

FIG. 3, the toolbar position is adjusted to attempt to maintain a level operating position
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relative to the contour of the surface and to enable proper engagement of the row unit
33B with the field 46.
[0027] In one embodiment, the control of the actuation is based on one or more sensors
that sense the position of the toolbar 38A. The sensors may be disposed for each row
unit 33B of a planter, or one or more sensors may be used for all of the row units 33B.
In general, to enable the toolbar 38A (and hence toolbar 38A) to follow the contour of
the field, sensor information is received about the (relative) position of the toolbar 38A
(and by extension, the relative position of the row unit 33B) relative to the ground. A row
unit sensor, such as sensor 50, is used for the contouring operation. In one
embodiment, at least one row unit sensor 50 is used, though in some embodiments,
there may be a row unit sensor 50 per every row unit 33B. Further, toolbar rotation for
field operations may also rely on sensor information. For instance, at the end of a
“pass”, the row units 33B are lifted to a headland position, the towing vehicle turns
around, and the row units 33B are lowered again to engage the field for the next pass.
This operation is referred to as headland turning, which involves transitioning from a
contouring or field operation position of the toolbar 38A (and hence row units 33B) to a
pre-configured (or in some embodiments, operator-configured) intermediate angle of the
toolbar 38A. Headland turning benefits from the use of sensor information about the
toolbar position relative to the frame 20A. In one embodiment, one or more sensors,
including sensor 48, may be used to provide this information. There may be a single
sensor 48 corresponding to plural row units, or multiple sensors 48 (e.g., per row unit
33B). The sensor 48 may also be used for enabling transport, such as triggering an
electronic stop (from signaling of the controller 34) when the toolbar 38A has reached

the transport position (e.g., approximately 90 degrees).
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[0028] The sensor 48 may be positioned proximal to the pivot point of the bracket arm
42 of the frame member 20 and where the toolbar 38A couples to the bracket arm 42.

In this position, the sensor 48 senses the angular position and/or change in angular
position between the toolbar 38A and the frame member 20. The sensor 50 may be
located at the pivot point between the linkage 44 and the toolbar 38A, and used to
sense the position of the toolbar 38A (and hence the position of the row unit 33B)
relative to the ground. That is, the contouring toolbar system attempts to follow the
contour of the field 46 (controlling the “X” dimension) as pivoting areas begin to move in
response to the changes in field surfaces. In short, the contouring toolbar system
attempts to keep the “X” dimension or the toolbar 38A relatively constant relative to the
ground and also control the trave! of the toolbar 38A in a manner that keeps the row unit
33B engaged with the ground.

[0029] In one embodiment, the sensors 48 and 50 may each be configured as a rotary
encoder that provides an angie value for every programmed amount of sensed rotation.
For instance, the rotary encoder may be optically-based, and for every detected rotation
or click (e.g., assuming a single rotation or “click’ per single degree, though other
resolutions may be used), the controller 34 (FIG. 1) can track based on a signal from the
sensors 48, 50 at what angle the toolbar 38A has rotated relative to the frame 20A (from
sensor 48) and the ground (from sensor 50).

[0030] For contouring control, the controller 34 may be programmed to trigger actuation
of the actuator 32A-1 based on a sensed (e.g., from sensor 50) defined threshold
degree value away from a zero degree reference, providing a buffer to excessive
actuations. In some embodiments, the rate of rotation may also trigger the controller 34
to communicate the speed of actuation. For instance, at a single click of the sénsor 50,

the controller 34 may communicate an actuation speed of a defined percentage (e.g.,
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1%) or value, and a 5 degree rotation may trigger communication of a faster speed
(e.g., 50%) to serve in an anticipatory manner to avoid wide or rapid stroke of the
actuator 32A-1.

[0031] In some embodiments, the sensors 48 and/or 50 may be configured as non-
contact type, electromagnetic sensors, including ultrasonic, radar, or lidar type sensors,
or as a combination of angular position and non-contact types. For instance, the
electromagnetic sensors may detect the position of the ground (e.g., via transmittal to
and reflection from the ground) relative to the toolbar 38A and communicate a signal to
the controller 34 to cause adjustment of the toolbar 38A to control (e.g., maintain) the
toolbar-to-ground dimension X substantially constant. the that in some embodiments,
the electromagnetic sensors may be located in other locations, including at the row unit
33B. the electromagnetic sensors may be configured to deteét an absolute elevation of
the toolbar 38A relative to ground or a change in elevation relative to ground.

[0032] Attention is now directed to FIGS. 4A-4B, which illustrate, diagrammatically,
example operations of an embodiment of a contouring toolbar system. Shown is a |
tractor 52 coupled to a planter frame 54. The planter frame 54 is pivotably coupled to a
toolbar 56 via bracket arms 58, 60. Coupled between bracket arms 58, 60 is actuator
62. The toolbar 56 is further coupled to the row unit 64 via linkage 66. Note that the |
planter frame 54 may be similar to the frame member 20 (FIG. 1), and the bracket arms
58, 60 may be similar to bracket arms 42 and 30 (FIGS. 1-2). Also, the toolbar 56 may
be similar to toolbar 38 (FIG. 3), and the row unit 64 and linkage 66 may be similar to
the row unit 33 (FIGS. 1-2) and linkage 44 (FIG. 3), respectively. Referring to FIG. 4A,
the planter frame 54 is shown commencing a downward slope of a hill 68. An angle
sensor 70 positioned proximal to the toolbar 56 and row unit 64 and senses a change in

position of the toolbar 56 (and hence row unit 64) relative to the ground and signals to
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the controller 34. The controller 34, in turn, processes the received signal and signals to
a control component 72 to change a state of the actuator 62 (e.g., change in pressure
and/or fluid flow in the case of a hydraulic actuator) according to the determined angular
change, resulting in the rod of the actuator 62 extending to rotate the toolbar 56
downward to adjust to the change in contour. Note that in conventional systems, the
row unit may be lifted off of the ground due to the rigid structures involved, resuiting in
insufficient planting depth.

[0033] Referring to FIG. 4B, the planter frame 54 is traversing up a slope while the row
unit 64 is heading down to a valley 69 or gulley. The sensor 70 senses the change in
angular position of the toolbar 56 (and row unit 64) relative to the ground and signals to
the controlier 34. The controller 34 in turn signals to the control component 72
according to the determined angular change, resulting in the rod of the actuator 62
being retracted to cause the toolbar 56 to rotate up to adjust to the change in contour.
In a conventional system, the row unit may lose engagement with the field, resulting in
the deposit of seed at too much depth, affecting yield negatively. Also, the row unitin a
conventional system may be exposed to excessive forces (e.g., possibly causing the
row unit to damage or break off).

[0034] Reference is now made to FIG. 5A, which illustrates an embodiment of an
example control system 74 used for controlling operations of the toolbar rotations for an
embodiment of a contouring toolbar system. It should be appreciated within the context
of the present disclosure that some embodiments may include additional components or
fewer or different components, and that the example depicted in FIG. 5A is merely
illustrative of one embodiment among others. The control system 74 may be located
entirely on the implement (e.g., implement 14, FIG. 1), distributed among the towing

vehicle (e.g., tractor 12, FIG. 1) and the implement, or among additional devices (e.g.,
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remote control). Further, though depicted using a single controller 34, in some
embodiments, the control system 74 may be comprised of plural controllers similarly
configured to controller 34. In the depicted embodiment, the controller 34 is coupled via
one or more networks, such as network 76 (e.g., a CAN network or other network, such
as a network in conformance to the 1ISO 11783 standard, also referred to as “lsobus”), to
control components: 78, one or more sensors 80, a user interface 82, a communications
interface (COMM INT) 84, and a global navigation satellite systems (GNSS) receiver 86.
The control components 78 may be configured similarly to control components 36 (FIG.
1) and 72 (FIG. 4A). The sensors 80 may be configured similarly to sensors 48, 50
(FIG. 3), and/or 70 (FIG. 4A). Note that control syétem operations are primarily
disclosed herein in the context of control via the single controller 34, with the
understanding that additional controllers may be involved in one or more of the
disclosed functionality in some embodiments.

[0035] The control components 78 may comprise a manifold comprising one or more or
a combination thereof of control valves, air valves, switches, relays, solenoids, motors,
etc., to cause actuation of the actuators (e.g., actuator 32, FIG. 2) that controf the
rotation of the toolbars (e.g., toolbar 38, FIG. 2). In the depicted example, the control
components 78 comprises one or more multi-position (e.g., 3-position) hydraulic control
valves with coupled solenoids, the solenoids receiving signaling from the controller 34
and causing movement of a spool or poppet(s) of the control valves. The control valves
in turn regulate the flow into and out of actuators that, in one embodiment, comprise
linear acting, rod and single piston-type hydraulic cylinders 88. The regulation of the
flow and/or pressure across the piston enables the retraction or extension of the rod as
needed. As suggested above, the control technology may be comprised of pneumatic,

electric, magnetic, or electromagnetic.
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[0036] The sensors 80 may be comprised of angle positioning sensors (e.g., rotary
encoders, including optical based or other electromagnetic frequencies), or non-contact
type sensors, including radar, acoustic, lidar, among others. In some embodiments, a
combination of these types of sensors may be used. The sensors 80 are used to
determine the position of the row unit toolbar, including via the determination of the
distance between the toolbar and the ground surface and/or the angular position of the
toolbar relative to the frame member (e.g., frame member 20, FIG. 1).

[0037] The user interface 82 may include one or more components, including one or
any combination of a keyboard, mouse, microphone, touch-type or non-touch-type
display device (e.g., display monitor or screen), joystick, steering wheel, FNR lever,
and/or other devices (e.g., switches, immersive head set, etc.) that enable input and/or
output by an operator. For instance, in some embodiments, the user interface 82 may
be used to present on a display screen implement control options (e.g., drop the toolbar
for engagement of the row units with the soil, raise the toolbar for headlands, raise the
toolbar for transport, etc.) for the operator to choose from, and/or the user interface 82
may provide feedback of when these actions are taken or about to be taken when
performed automatically (e.g., providing an operator the opportunity to reject or
acknowledge or merely observe). In some embodiments, the feedback may be in the
form of recommendations to the operator for taking certain actions. In one embodiment,
a visual of the implement may be presented on the screen, with the sensor data
communicated in the form of data and/or a visual of the movement of the toolbar relative
to the field contour. In some embodiments, the functions of manually rotating the
toolbar to various operational positions may be performed via actuation of a switch,

lever, handle, etc., or verbally commanded.
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(0038] The communications interface 84 may comprise a wireless network interface
module (e.g., including an RF and/or cellular modem) for wireless communication
among other devices of the towing vehicle/implement combination or with remote
devices (e.g., external from the implement and towing vehicle). The communications
interface 84 may work in conjunction with commﬁnication software (e.g., including
browser software) in the controller 34, or as part of another controller coupled to the
network 76 and dedicated as a gateway for wireless communications with other devices
or networks. The communications interface 84 may comprise MAC and PHY
components (e.qg., radio circuitry, including transceivers, antennas, etc.), as should be
appreciated by one having ordinary skill in the art.

[0039] The GNSS receiver (GNSS RX) 86 may be comprised of a GPS receiver, for
instance, to receive location coordinates of the towing vehicle and/or implement. The
GNSS receiver 86 may function in cooperation with field maps stored locally in the
controller 34 (or accessed from a remote server) to enable detection of headlands,
roads, field entrances, and/or locations for surface features (e.g., hills, gullies), etc. For
instance, the use of locations of surface features may be used in part to enable the
controller 34 to improve anticipation of the extent (e.g., speed) of actuation for rotating
the toolbar.

[0040] FIG. 5B further illustrates an example embodiment of the controller 34. One
having ordinary skill in the art should appreciate in the context of the present disclosure
that the example controller 34 is merely illustrative, and that some embodiments of
controllers may comprise fewer or additional components, and/or some of the
functionality associated with the various components depicted in FIG. 5B may be
combined, or further distributed among additional modules, in some embodiments. It

should be appreciated that, though described in the context of residing in a towing
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vehicle (e.g., the tractor 52 (FIG. 4A), in some embodiments, the controller 34, or all or a
portion of its corresponding functionality, may be implemented at the implement (e.g.,
implement 14, FIG. 1) or in a computing device or system located external to the tractor
and/or implement. Referring to FIG. 5B, with continued reference to FIG. 5A, the
controller 34 or electronic control unit (ECU) is depicted in this example as a computer,
but may be embodied as a programmable logic controller (PLC), field programmable
gate array (FPGA), application specific integrated circuit (ASIC), among other devices. It
should be appreciated that certain well-known components of computers are omitted
here to avoid obfuscating relevant features of the controlier 34. In one embodiment, the
controller 34 comprises one or more processors (also referred to herein as processor
units or processing units), such as processor 90, input/output (I/O) interface(s) 92, and
memory 94, all coupled to one or more data busses, such as data bus 96. The memory
94 may include any one or a combination of volatile memory élements (random-access
memory RAM, such as DRAM, and SRAM, etc.) and nonvolatile memory elements (e.g.,
ROM, Flash, hard drive, EPROM, EEPROM, CDROM, etc.). The memory 94 may store
a native operating system, one or more native applications, emulation systems, or
emulated applications for any of a variety ofi operating systems and/or emulated
hardware platforms, emulated operating systems, etc.

[0041] In the embodiment depicted in FIG. 5B, the memory 94 comprises an operating
system 98 and contouring toolbar control software (SW) 100. It should be appreciated
that in some embodiments, additional or fewer software modules (e.g., combined
functionality) may be deployed in the memory 94 or additional memory. For instance,
the memory 94 may also include browser software and/or communications software. In

some embodiments, a separate storage device may be coupled to the data bus 96, such
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as a persistent memory (e.g., optical, magnetic, and/or semiconductor memory and
associated drives).

[0042] The contouring_ toolbar control software (SW) 100 receives input from the user
interface 82 (via the I/O interfaces 92 and network 76) and sensor input from the
sensors 80 (via the /O interfaces 92 and network 76). In some embodiments, the
contouring toolbar control software (SW) 100 may receive additional input, including
location coordinates from the GNSS receiver, such as to identify certain surface
features, headlands, and/or roads to trigger certain toolbar rotations. As suggested
above, the sensor input is converted to an actuation signal (including a magnitude and
optionally a rate), which is used to cause a suitable stroke to meet the required
compensatory motion by the actuator (e.g., cylinders 88) to adjust the toolbar rotation.

In some embodiments, operator input at the user interface 82 is also communicated and
translated to an actuation signal to maneuver the toolbar to an appropriate position (e.g.,
to raise the toolbar at a headland, for narrow transport, etc.). The contouring toolbar
control software (SW) 100 also provides user interface functionality to provide feedback
of certain toolbar rotations, with or without the ability for the operator to intervene as
explained previously.

[0043] Execution of the contouring toolbar control software (SW) 100 may be
implemented by the processor 90 under the management and/or control of the operating
system 98. The processor 90 may be embodied as a custom-made or commercially
available processor, a central processing unit (CPU) or an auxiliary processor among
several processors, a semiconductor based microprocessor (in the form of a microchip),
a macroprocessor, one or more application specific integrated circuits (ASICs), a

plurality of suitably configured digital logic gates, and/or other well-known electrical
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configurations comprising discrete elements both individually and in various
combinations to coordinate the overall operation of the controller 34.

[0044] The I/O interfaces 92 provide one or more interfaces to the network 76 and other
networks. In other words, the |/O interfaces 92 may comprise any number of interfaces
for the input and output of signals (e.g., analog or digital data) for conveyance of
information (e.g., data) over the network 76. The input may comprise input by an
operator (local or remote) through the user interfaces 82 and input from signals carrying
information from one or more of the components of the control system 74, as explained
above.

[0045] When certain embodiments of the controller 34 are implemented at least in part
with software (including firmware), as depicted in FIG. 5B, it should_be noted that the
software can be stored on a variety of non-transitory computer-readable medium for use
by, or in connection with, a variety of computer-related systems or methods. In the
context of this document, a computer-readable medium may comprise an electronic,
magnetic, optical, or other physical device or apparatus that may contain or store a
computer program (e.g., executable code or instructions) for use by or in connection
with a computer-related system or method. The software may be embedded in a variety
of computer-readable mediums for use by, or in connection with, an instruction
execution system, apparatus, or device, such as a computer-based system, processor-
containing system, or other system that can fetch the instructions from the instruction
execution system, apparatus, or device and execute the instructions.

[0046] When certain embodiment of the controller 34 are implemented at least in part
with hardware, such functionality may be implemented with any or a combination of the
following technologies, which are all well-known in the art: a discrete logic circuit(s)

having logic gates for implementing logic functions upon data signals, an application
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specific integrated circuit (ASIC) having appropriate combinational logic gates, a
programmable gate array(s) (PGA), a field programmable gate array (FPGA), etc.
[0047] Having described some example embodiments of a contouring toolbar system, it
should be appreciated in view of the present disclosure that one embodiment of a

computer-implemented method for an implement that comprises a toolbar that has row
units secured thereto, the method for adjusting a rotation of the toolbar based on a
contour of a field on which the implement traverses, the method denoted as method 102
and illustrated in FIG. 6, comprises, at a controller (e.g., controller 34, FIG. 5B):
receiving an indication of a first angle change of the toolbar relative to ground (104);
causing an actuator that pivotably couples the toolbar to the frame member to retract
based on the indication of the first angle change (106); receiving an indication of a
second angle change of the toolbar relative to the ground (108); and causing the
actuator to extend based on the indication of the second angle change (110).

[0048] Any process descriptions or blocks in flow diagrams should be understood as
representing modules, segments, or portions of code which include one or more
executable instructions for implementing specific logical functions or steps in the
process, and alternate implementations are included within the scope of the
embodiments in which functions may be executed out of order from that shown or
discussed, including substantially concurrently or in reverse order, depending on the
functionality involved, as would be understood by those reasonably skilled in the art of
the present disclosure. |

[0049] It should be emphasized that the above-described embodiments of a contouring
toolbar system are merely possible examples of implementations, merely set forth for a
clear understanding of the principles of the contouring toolbar system. Many variations

and modifications may be made to the above-described embodiment(s) of the
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contouring toolbar system without departing substantially from the spirit and principles of
the disclosure. All such modifications and variations are intended to be included herein

within the scope of the disclosure and protected by the following claims.
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CLAIMS
We claim:

1. A system, comprising:

an elongate frame member;

an elongate toolbar coupled to the frame member via a hinged joint, the toolbar oriented
parallel to the frame member;

a plurality of row units coupled to the toolbar;

a first sensor configured to sense a position of the toolbar relative to ground;

a second sensor configured to sense an angle of the toolbar relative to the frame
member; and

an actuator coupled between the frame member and the toolbar, the actuator configured
to rotate the toolbar relative to the frame member based on the sensed position
of the toolbar, wherein the toolbar remains parallel to the frame member

throughout the rotation of the toolbar.

2. The system of claim 1, further comprising a controller configured to
receive first and second signals from the first and second sensors and cause actuation

of the actuator based on the first and second signals.
3. The system of claim 2, further comprising a control component that

actuates the actuator, wherein the controller is configured to cause actuation by sending

an actuation signal to the control component.

Date regue/Date Received 2024-01-19
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4. The system of claim 3, wherein the control component comprises at least
one component selected from the group consisting of a control valve, an air valve, an
electronic control component, a magnetic control component, and an electromagnetic

control component.

5. The system of claim 2, wherein the controller is further configured to

cause adjustment of a rate of rotation based on the first signals from the first sensor.

6. The system of claim 1, further comprising a controller, the controller
configured to receive a signal from the first sensor and cause actuation of the actuator

based on the signal.

7. The system of claim 6, further comprising a control component that
actuates the actuator, wherein the controller is configured to cause actuation by sending

an actuation signal to the control component.

8. The system of claim 7, wherein the control component comprises at least
one component selected from the group consisting of a control valve, an air valve, an

electronic control component, a magnetic control component, and an electromagnetic

control component.

9. The system of claim 6, wherein the controller is further configured to

cause adjustment of a rate of rotation based on the signal from the first sensor.

Date regue/Date Received 2024-01-19
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10. The system of claim 1, wherein the sensed position is relative to a field
surface, further comprising one or more electromagnetic sensors configured to sense
an absolute elevation or change in elevation between the field surface and the toolbar
or a combination of both the frame member and the toolbar, wherein the one or more
electromagnetic sensors are coupled to at least one member selected from the group

consisting of the frame member and the toolbar.

"11.  The system of claim 10, further comprising a controller configured to
receive one or more signals from the one or more electromagnetic sensors and cause

actuation of the actuator based on the one or more signals.

12.  The system of claim 11, further comprising a control component that
actuates the actuator, wherein the controller is configured to cause actuation by sending

an actuation signal to the control component.

13.  The system of claim 12, wherein the control component comprises at least
one component selected from the group consisting of a control valve, an air valve, an

electronic control component, a magnetic control component, and an electromagnetic

control component.
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14.  The system of claim 11, wherein the controller is further configured to
cause adjustment of a rate of rotation based on the one or more signals from the one or

more electromagnetic sensors.

15.  The system of claim 10, wherein the one or more electromagnetic sensors
comprise at least one sensor selected from the group consisting of ultrasonic sensors,

lidar sensors, and radar sensors.

16.  The system of claim 1, wherein the actuator is configured to rotate the

toolbar throughout an obtuse angle range relative to the frame member.

17.  Acontrol system for an implement comprising a frame member and a
toolbar coupled to the frame member parallel to the frame member via a hinged joint
such that the toolbar remains parallel to the frame member throughout the rotation of
the toolbar about the hinged joint, wherein‘a plurality of row units are secured to the
toolbar, the control system comprising:

: | controiler;
a first sensor configured to sense a position of the toolbar relative to ground;
a second sensor configured to sense an angle of the toolbar relative to the ffame
member; and
an actuator coupled between the frame member and the toolbar, wherein the controller

is configured to receive at least one signal from the at least one sensor indicating

Date regue/Date Received 2024-01-19
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the position of the toolbar relative to the ground and cause the actuator to rotate

the toolbar based on the sensed position of the toolbar.

18.  The system of claim 1, further comprising at least one wheel coupled to
the frame member and at least partially supporting the frame member relative to the

ground.

Date regue/Date Received 2024-01-19
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