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FIG. 3A

A row steering system of an agricultural machine is provided. The row steering system includes a first sensor assembly configured
to detect a first orientation of the agricultural machine relative to a path reference in a field using a first sensor configured to
measure a first characteristic. The system also includes a second sensor assembly configured to detect a second orientation of the
agricultural machine using a second sensor configured to measure a second characteristic. The system further includes a control
module including a first evaluation module to obtain a first confidence in the detected first orientation, a second evaluation module
to obtain a second confidence in the detected second orientation, and a selector module to selectively provide one or more of the
detected first orientation or the detected second orientation to a machine controller of the agricultural machine based on the first

and second confidences.
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Abstract:

A row steering system of an agricultural machine is provided. The row steering system includes a
first sensor assembly configured to detect a first orientation of the agricultural machine relative to a
path reference in a field using a first sensor configured to measure a first characteristic. The system
also includes a second sensor assembly configured to detect a second orientation of the agricultural
machine using a second sensor configured to measure a second characteristic. The system further
includes a control module including a first evaluation module to obtain a first confidence in the
detected first orientation, a second evaluation module to obtain a second confidence in the detected
second orientation, and a selector module to selectively provide one or more of the detected first
orientation or the detected second orientation to a machine controller of the agricultural machine
based on the first and second confidences.
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SENSOR FUSION IN AGRICULTURAL VEBICLE STEERING

CLAIM OF PRIORITY
{66013 This application claims the benefit under 35 ULS.C. §1i9¢e) of
U.5. Provisional Patent Application No. 63/124,374, Gled December 11, 2020,

which is hereby incorporated herein by reference in its entirety.

FIELD OF THE DISCLOSURE
{2] This document pertains generally, but not by way of limitation, to
agricultural machines, and more particalarly, controlling an agricultaral machine

based on two or more sensor systems.

BACKGROUND
{6603] Contemporary agricultural operations include the use of
agricultural moachines {(e.g.. tractors, harvesters, sprayers, seeders, tillers,
combines, etc.) to process fields by planting, harvesting, or tending to a crop.
Agricullural machines include, i1 various examples, sensors that monitor one or
more functions of the agricultural machine in a ficld, and provide information to
machine controlers {or aulomating, or assisting operators in, the execution of
the functions. The sensors provide the machine controliers with information on
operation progress, machine status, location and speed of the machine in a field
{e.g., by way of GPS antennas), orientation of the machine relative to a path,
such as a guidance line. In some examples, a machine controlier uses input
information from a sensor to conduct auvtomated driving in a field according to

predetermined paths, trajectories or guidance lines (hereinafter, “guidance

path’’y.
OVERVIEW OF THE DISCLOSURE
§8604] In some sitoations, a machine controller guides an agricaltural

machine along a guidance path through a field having one or more crop rows. [n

an example, the guidance path includes a predetermined path or trajectory
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specified according 1o an absolute position of the agricultural machine in the
field. In another example, the guidance path inchides a path or trajectory
specitied relative to one or more crop rows in the field. The crop rows generally
follow the contour of a guidance path (e.g., a guidance path specified according
to an absolute position of the agricultural machine) and are, in some examples,
considered equivalent to the guidance path. For ease of discussion, guidance
path, guidance line or one or more ¢rop rows used to guide an agricultural
machine are collectively referred to herein as a path reference.

{80637 Some agricultiiral machines inchude sensors configured to
ascertain information about the agricaltural mwachine as the machine traverses a
tield according o a path reference. This information, in various examples,
includes guidance parameters that are provided o a machine controller, such as a
steering control system or a row sleering system, to identify and, in some
sttuations, correct deviations from the path reference. Tn an example, the
guidance parameters include a track-angle error {TKE) that corresponds to an
angle between the forward direction of the agricultural machine and, for
example, the path reference (e.g., one or more crop rows) such that the TKE is
(° when the agricultural machine is following the path reference and the TKE is
907 when the agricultural machine is moving perpendicular to the path reference.
Accordingly, TKE (also referred to herein as heading error) is the difference
between the agricultural machine’s current heading and the path’s heading. In
another example, the guidance parameters include a cross-track distance ((TK)
that corresponds to a lateral distance between the current position of the
agriculivral machine and the path reference. In yet another example, the
guidance parameters include a curvature of the path reference and a delermined
deviation of the agricultural machine relative to the curvature of the path
reference.

{6086] In some situations, information a sensor provides (0 a machine
controller s wiweliable, for instance because of envirowrnental or technical
interference with the ability of the sensor to detect, or generate information that

is indicative of, an environment characteristic (hereinafter, “characteristic™). A
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machine controlier then uses this unreliable information to generate
corresponding inaccurate or unreliable guidance parameters used by the machine
controller to guide the agricultural machine along a path that actually deviates
from the path reference. These deviations waste time, resources {e.g.. seed,
water, agricultoral products inclading sprayed or granular produocts or the like}
and in some examples damage crops, for instance by overrunning crops with
agricultural machine ground engaging elements. In an example, information
sbtained from a vision sensor, such as a camera or other image sensor coupled to
an agricultural machine at an elevated location or position relative to one or
more crop rows, is used 1o detect, or differentiate between, crop rows and
furrows {(where ground engaging clements should travel). The vision sensor is
best able to idenfly and differentiate the crop rows and [urrows if the crops are
refatively short or if there is a relatively significant visual difference between the
crop rows and furrows {(e.g., the color of the furrows and crop rows readily
contrast, an area covered by a crop row or {oliage of a crop is small relative (o
the area covered by furrows or the Tike). The accuracy or reliability of this
information is reduced by a defect in the sensor or an obstruction, such as tall or
canopied crops, in the field of view of the sensor that obscures the crop rows and
associated furrows and accordingly frustrates identification of the crop rows.
{86671 In another example, information obtained from a non-contact
sensor, such as a radar sensor, that is configured to laterally transmit
electromagnetic energy across crop rows, is used to detect or identity crop rows.
Even with a radar sensor {as well as ultrasound, light detection and ranging
(LIDAR) or the like) the accuracy or reliability of the sensor information is
reduced by a defect in the sensor that inhibits operation of the sensor, or by the
presence of tall or densely packed weeds that obscure crops. In some situations,
the defects in the reliability or accuracy of a radar sensor are sufficiently severe
1o frustrate identification of crop rows and inhibit avtrpated operation of an
agricultural machine. In other situations, short crops can be hard to detect with a

radar sensor, and may be more readily detected using a vision-type sensor.

3]
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{gaa8] {nventors of the present disclosure have recognized that a
problem to be solved includes using the measurements of two or more sensors
that are each configured o measure different characteristics to improve the
reliability or accuracy (hereinafter, “quality™} of parameters for control of an
agricultural machine and thereby enbance the control of the agricultural
machine, for instance to avoid collisions and overrunning of crops, ensure
placement of ground engaging elements within furrows between crop rows or
the like. In an example, the present disclosure includes techniques (e.g.,
aystems, devices, and methods) for antomatically combining a set of one or more
shared parameters that are derived from characteristic measurernents obtained by
two or more sensors {€.g., two or more of the same type of sensors, or two or
more different types of sensors), where each sensor is confligured to measure a
different characteristic {e.g., one or more different views of objects, such as
crops, rows or the like from different locations; views of obiects with different
sensor types; combinations of the same or the like). The one or more shared
parameters inchides guidance parameters, such as TKE and XTK, that are
generated frora each sensor with the respective characteristic measurements
made by the respective sensors.

{GG09] A machine controdler, in various exarmples, obtains measurements
of a specified characteristic from each sensor. Tn an example, the machine
controller obtains image data that is indicative of crop rows from a first sensor,
such as visual sensor. In another example, the machine coniroller obtains timing
and signal intensity data from a second sensor, such as radar senor. In some
examples, the first sensor is coupled to the agricultural machine at an elevated
location or position relative to the crop rows, such as at a position above a
canopy of crops in one or more crop rows, while the second sensor is coupled o
the agricultural machine at a lateral location relative to the crop rows, such as at
4 position below a canopy of crops in the crop Tows,

{8816 The machine controller obtains, for cach sensor, a version of the
shared parameters using a specified technique for converting the respective

characteristic measurementis to the shared paramesters. The resulting shared

A
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parameters are accordingly comparable, and in soms examples used in
combination even though originating from different sensors (e.g., different
sensor types, locations or views, combinations of the same or the like). Inan
example, the machine controller obtainsg a first version of a set of shared
guidance parameters {e.g., TKE and XTK) based on image data obtained from
the first sensor using a line fitting technique described in U.S. Pat. Pub. No. US
2020-0020103 A1, which is titled "Detecting Crop Related Row From Image”,
filed July 11, 2019 and 13 incorporated herein in its entivety. In another example,
the machine controller obtains a sgcond version of a set of shared gindance
parameters based on timing and signal intensity data obtained from the second
sensor using on the triangulation technigue described in described in U5, Pat
Ap. No. 16/982.493, which is tlled “Comparative Agricultural Obstacle Monitor
And Guidance System And Method For Same”, and which was {iled on
September 18, 2020 and is incorporated herein in its entirety.

{6811] in one example, the machine controlier obtains a conflidence
value (hereinafier, “confidence”) for each version of a shared parameter. Inan
exaraple, the confidence value associated with a shared parameter obtained using
measurement information provided by a first or second sensor inchudes a
numeric indication of a reliability or accuracy of the shared parameter or a
nameric indication of a reliability or accuracy of measurement information used
to obtain the version of the shared parameter. Generally, the contfidence
obtained for a version of a shared parameter decreases with a decreasing ability
of a sensor to reliably or accurately obtain measurement information used o
generate the version of the shared parameter. The confidence obtained for a
version of shared parameter can increase or decrease based on contfidence values
obtained for another version of the shared parameter or from a confidence
associated with the sensor used to obtain the other version of the shared
purameter. For exarople, a bigh confidence of a shared parameter obtained from
a first sensor type, in some exarmples, is processed by the machine controlier to

enhance the otherwise lower confidence of the version of the shared parameter
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from a second sensor type. A separate confidence value is provided for the
shared parameters associated with the respective sensors.

84121 A machine controller, in various examples, selectively uses one
or more versions of a shared parameter for controlling an agricultural machine.
In an example, the machine controller compares the confidence vahues
associaied with each version of a shared parameter and uses the version of
shared parameter having the largest confidence value, or a confidence value that
exceeds a threshold value, to control the agricultural machine. As an example, a
machine controller that initially uses guidance parameters (e.g., a shared
parameter) obtained from g vision sensor switches 1o using guidance parameters
obtained from a radar sensor when a confidence associated with the vision

g., below 50 percent or the like, indicating the canopy of a crop

-

sensor is low (e
covers the furrows associated with the row or when the vision sensor cannot
detect or identify the beginning or end of a row) relative to a confidence
associaied with a radar sensor {e.g., greater than the vision sensor). In another
example, a machine controller that initially uses gindance parameters obtained
from a radar sensor switches to using guidance parameters obtained from a
vision sensor when a confidence associated with the radar sensor is low (e.g.,
e.g., below 54, 40, 3G percent or the like, in situations where crops small and
difficult to detect in the field view of the radar sensor or becaose dense weeds
biock the field of view of the radar sensor but do not hinder an image based
sensor) relative to a confidence assoctiated with a vision sensor.

{6813 A machine controller, in other examples, combines two oF more
versions of the shared parameters to obtain composite paramneters for controlling
the agriculteral machine. In an example, the composite parameters include
linear combinations of, or other suitable fogical or mathematical constructs
comprising, two or more versions of the shared parameter generated from
measurements captured by two or moore or more sensors. The coelficients of the
huoear combination, in various examples, include one or mwore gans for adjusting
or specitying influence of each version of the shared parameter relative to other

versions of the shared parameter. In an example, the coelficients or gains
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associated with each version of the shared parameter in the linear combination is
selected based on the conflidence associated with each version of the shared
parameter. In another example, the coefficients or gains associated with each
version of the shared parameter in the linear combination include weights
determined using the confidence associated with each version of the shared
parameter. Such weights, in various examples, are the normalized confidences
associaied with each version of the shared parameters. Tn certain examples,
coctticients or gains associated with a first version of a shared parameter (e.g..
from a first sensor) are determined using feedback or other information obtained
from a sensor that provides measurement information used o determine a
second version of the shared parameter (e.g., from a second sensor). Inan
example, the machine controller determines that measuremenis obtained from a
vision sensor indicate that crops in crop rows proximate to an agricultoral
machine having grown in 2 manner that makes identification of the crop row
difficult {e.g., the sensed characteristic has a relatively low conflidence ag
compared to previously observed or measured crops having a higher
confidence). Responsive to the determination, the machine controller reduces
the coelticient or gain associated with a version of a shared parameter obtained
using measurement information provided by a radar sensor. In another example,
the machine controller determines that measurements obtained from a radar
sensor are indicative of crop row curvature that exceeds a specified threshold for
another sensor {e.g., a threshold specified for a vision sensor). In this example,
because the specified threshold is exceeded (for the vision sensor) based on
analysis done with the radar sensor the machine controller decreases the
coetficient or gain associated with the shared parameter obtained using
characteristic measurements provided by the vision sensor.

{6G14] A machine controller, in various examples, use 2 selected shared
parameler oF a composile parameter (another example of a shuared parameler) o
control one or more operations of an agricultural machine. In an exaraple, the

selected shared parameters (or the composite parameters) include guidance
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parameters, such as TRKE and XTK, and are used 1o guide the agriculmural
machine along a path reference.

{15 In another example, the selected shared parameters or the
composite parameters are used o automatically {e.g., without manual user
operation or measarement) determine cahibration parameters, such as crop row
spacing. For example, the selected shared parameters automatically determine
calibration parameters under different conditions that otherwise frustrate
determination of the calibration parameters, such as early in a planting scason
when crops are otherwise short and difficolt to detect with a radar sensor or late
in a season wheo a crop canopy obscures crop row boundaries otherwise
observed with vision sensors. Instead, the present machine controller and the
associated system uses two oF more sensors {e.g., a vision sensor and a radar
sensor, or sensors in different positions, orientations or the like) that are
configured 1o measure different characteristics, for example color {vision) and
stalk profiles (radar).

LEH LY In other examples, the selected shared parameters or the
composite parameters are used to control an agricultural machine to umnprove
operation of the machine such as the processing of crop rows in a scenario
including fickl or environmendal conditions that imil operation {e.g., fog that
decreases confidence in vision sensors or gaps along rows that decrease
confidence in radar sensors) of one or more of the sensors while having a limited
negative (confidence decreasing) effect on other sensors.

{6817] An agricultural machine, in various examples, inchude a row
steering system having a first sensor assembly that is configured to detect a first
orientation of the agricultural machine {e.g., a guidance parameter including
TKE and XTK) relative to a guidance line or one or more crop rows using a first
sensor {e.g., a vision sensor) configured to measure a first characteristic (e.g., to
detect or identily crop rows or spacing between crop rows using images of the
areas of a {ield having the crop rows). The row steering system also includes a
second sensor assembly that is configured to detect a second orientation of the

agricultural machine {e.g., a guidance parameter including TKE and XTK)

8
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relative to the guidance line or the one of more Crop rows using a second sensor
{e.g., a radar sensor) configured o measure a second characterisic (e.g., o
detect or identify crop rows or spacing between crop rows using eleciromagnetic
signals, such as radar signals). The row steering system further includes a
control module. The control module having a first evaluation module that is
configored 1o obtain a first confidence in the detected first orientation and a
second evaluation moduale to obtain a second confidence in the detected second
orientation. The control module further includes a sclector module to selectively
provide one or more of the detected first orientation or the detected second
orientation to a machine controlier of the agricultural machine based on the first
confidence and the second confidence. If the first and second sensors are the
same type of sensor, sensor values can be combined or selecied for control using
respective confidence levels.

{6618] A system for steering an agricultural machine relative to a
guidance line or one or more crop rows include a sensor modude having a first
sensor that is configured to obtain a first orientation of the agricultural machine
relative to the guidance line or the one or more crop rows and a second sensor
that is configured wo obtain a second orientation of the agricultural machine
relative the guidance hine or the one or more crop rows. The system {urther
includes an evaluation modude that is configured to obtain a first confidence in
the first orientation based on the first sensor and a second confidence in the
second orientation based on the second sensor. The system further includes a
weighting module having one or more modules for assigning a weight to the first
orientation and a weight 1o the second orientation based on the first and second
confidences. The weighting module further includes a combiner module for
gencrating a composite or combined orientation of the agricultural machine
using the weighted first and second orientations. The system further includes an
interface conligured to communicate the composite or combined orientation w
the rmachine controlier.

{00319] A method for controlling {e.g., steering) an agricultural machine

according to a guidance path (g.g., a guidance line or one of MOre crop rows)
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includes obtaining a first orientation of the agriculural machine relative 1o the
guidance path with a first sensor that is configured to rpeasure a first
characteristic and obtaining a second orientation of the agricultural machine
relative to the guidance path with a second sensor that 1s configured to measure a
second characterisue. The method also inclodes obtaining a first confidence of
the first orientation and a second confidence of the second orientation. The
method additionally inchides generating a combined or composite orientation
based on a weighted combination of the first orientation and the second
orientation, wherein the first orientation is weighted by the first confidence and
the second orientation is weighted by the second confidence. In an example
eenerating the combined or composite orientation include comparing the first
and second conflidences and assigning weights based on the comparison. The
method farther includes providing the combined orientation to a machine
controller for steering the agricultural machine.

{8626] Each of the described examples or technigues (e.g., systems,
methods, and devices) described herein enables improved automated operation
of agricultural machines by enabling the rmachines to avtomatically combine, or
selectively swiich between the use of, shared parameters that are generated by
sensors that are confligured to measure different characieristics. The
trnprovements enable a machine controller to automatically contreol the
agricultural machine hased on confidence in the quality of information obtained

from two or more sensors used to guide or inform the operation of the machine.

BRITF DESCRIPTION OF THE DRAWINGS
{6621] Vartous embodiments are 1Hustrated by way of example in the
figures of the accompanying drawings. Such embodiments are demonstrative
and not intended to be exhaustive or exclusive embodiments of the present
subject matter.
{6622 FIG. 1 illustrates an example of a machine that is configured to
implement the technigues described herein, according to various embodiments of

the present subject matter.

10
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{6a23] FIG. 2 iBustrates an example of an agricultaral machine including
two or more sensors that are configured to measure or detect characteristics and
provide measurements of such characteristics to a machine controller for
determining one or more gmdance parameters, according to various
embodiments of the present subject matter.

[8824] FIG. 3A and 3B illustrate examples of determining cross track
error and heading error, according to various enmthadiments of the present subject
matter.

{257 FIG. 4 iHustrates an example of determining confidence in crop
row detection using characteristic measurernents of a field geverated by a vision
sensor, according to various embodiments of the present subject matter.

{8826] FIGS. 5A-3B iustrate a homography tansformation for
converting from an image space (o a world space, according to various
embodiments of the present subject matter.

{88271 FIGS. 6A-6C tHustrate an example of determining confidence in
crop row detection using characteristic measurements of a field generated by a
radar sensor, according to various embodiments of the present subject matier.
{6G28] FIG. 7 ithustrates example of determining the heading of a
machine raversing a sloped hull using characteristic measurements oblained
from two or more sensors, according to varioas embodiments of the present
subiect matter.

{6029] FIG. 8 illustrates an example of an agricultural machine having
sensors that are alternatively or cooperatively usable to obtain guidance
parameters for automated control of the machine, according to various
embodiments of the present subject matier.

{6638] FIG. 9 illustrates a block diagram of an example machine upon
which any one or more of the techniques discussed herein can be performed,
asccording 0 various embodiments of the presend subject matler.

{60631] FIG. 10A llostrates a row steering system of an agricultural

machine, according to various embodiments of the present subject matier.
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{aa32] FIG. 10B illustrates a system for steering an agricultural machine
relative to guidance path, according o vanous embodiments of the present
subject matter.

{6633] FIG. 10C illustrates a method for controlling an agricultural
machine according to guidance path, according to various embodiments of the

present subject matter.

DETAILED DESCRIPTION
{88341 The following detailed description of the present sobject matfer
refers to subject matter in the accompanying drawings which show, by way of
tllustration, specific aspects and embodiments in which the present subject
to enable those skilled in the art to practice the present subject matter.
References to “an”, “one”, or “vartous™ embodiments in this disclosure are not
necessarily (o the same embodiment, and such references contemplate more than
one embodiment. The following detailed description is demonstrative and not to
be taken in a linuting sense. The scope of the present sabject matter is defined
by the appended claims, along with the full scope of legal equivalents o which
such claims are entitled.
{8835] FIG. 1 illustrates an example of a machine 100 that 18 configured
to iraplement the techniques described herein. The machine 104 inclades, in
vartous examples, any agricultural machine that is provided to perform a task
such as processing a field by applying a product, such as a mixture of
agriculiural products, o the field or other land region. In an example, the
machine 100 15 an agricultural sprayer that 15 configured to distrnibute agricultural
producis to crops. In some examples, the machine 100 includes a machine
controller 105, one or more sensors 110, and an implement 115. The machine
controller 105 includes, in various examples, one or more hardware circuits or
software applications that are configured to control the operation of the machine
104, such as by generating a guidance vector and automatically steering the

machine according to the guidance vector and input received from one or more
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of the sensors 110, The sensors 110 include, in various examples, any of the
posttion, orientation, behavioral, or other sensors described herein. The
implement 115 includes, in various examples, any machine actuatable or
controllable unplement, such as a boom of a sprayer, harvester head, planter row
section {or aections), cultivator or the like, for conducting agricultural operations
in a field inclading applying a prodact in a field.

{6836] FIG. 2 illustrates an example of an agricultaral machine 200
including two or more sensors that are configured 0 measure or detect
characteristics and provide measorements of such characteristics to a machine
controller for determining one or more guidance parameters, such as TKE and
XTK. The provided row steering system uses multiple sensors (radar, camera
based, LIDAR, ultrasound, mechanical elements or the like) and either chooses a
sensor that is trusted {e.g., with a sufficient confidence) or blends the values
together into a combined sensor reading to pass along o a navigation controller.
A machine controller uses measurements oblained {rom each sensor (o calculate
a confidence value between 0 and 100 corresponding to the reliabihity or
accaracy of measured characteristics and conveys the confidence valoes to the
system. In some examples, there are situations a radar sensor will have a high
solution gquality (and associated relatively high confidence value) and the
camera-based sensor will have a Tow solution goality (and associated relatively
low confidence value). The algorithm compares these two measurements and
chooses the sensor with a higher confidence, in an embodiment. One
permutation of low and high confidence measurements is encountered when
operating in canopied corn. The camera system detects a “sea of green” and has
difficulty differentiating rows the vehicle should steer along. In the canopied
corn scenario, the radar sensor readily identifies and differentiates rows (because
it is mounted below the canopy and laterally directed at the crop and associated
stalks) thus its confidence is high. The machine controller then chooses (o use
the radar sensor in this scenario because of the relatively higher contidence.
{00377 The agricultural machine 200 includes one or more vision sensor

assemblies 202 including, for example, a digital video camera or LIDAR device.
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The one or more vision sensor assemblies 202 are, in one example, mounied at
an elevaied position relative o the field, crop canopy, or ground engagement
units on the machine and are configured to capture images of a field 220
including crop rows and intervening furrows. The images are analyzed by the
machine controller to determine one or more of cross track error or heading
error. The agricultural machine 200 further includes one or more sensor
assemblies 204 including, for example, a GPS antenna, real time kinematics
{(RTK) system or receiver/transmitter or other sensor device that may sense
characteristics associated with one or more of cross track error, heading error or
the like.

{0G38] in various embodiments, the agricultural machine 200 includes
one or more ground engagement units 205 {e.g., wheels, axles or tracks),
including one or more ground engagement unit mounted sensor assemblies 206
configured to provide measurements useful for determining XTK or TKE. These
ground engagement unit mounted sensor assemblies 206 can be mounted (o
point inward ander the machine {e.g., Lo point to an opposing wheel or ground
engagement element), or mounted to point outward away from the machine. A
machine 200 can have two or more of these sensors (e.g., a diflerent sensor can
be coupled to each ground engagement unit of the machine). In some inslances,
the sensors are coupled to the machine at a sensor hetght 208 below the canopy
of crops and are configured to measure across one oF ore Crop rows. A
machine controller can use measurements generated one or more of these
sensors, or other sensors mounted on the machine, to determine XTK or TKE.
The machine controller selects a sensor based on, for exarple, a confidence in
the measurements provided by the sensor or a confidence in a row determmination
based on data provided by the sensor.

{6639 For each type of sensor (e.g., vision, radar, GPS sensor), the
machine controler uses a different method of calculatng the XTEK, TKE errors
from the sensed characteristics (e.g., a sensor solution}. In various
embodiments, the sensor solution for a particalar sensor {e.g., radar, GPS,

image-based sensor) provides the following information: for cross track error,
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the perpendicular distance from the target row or guidance line; for heading
error, the angle error relative to the target heading ¢for straight rows or where the
line heading is {0 degrees); and curvature offset. When using radar sensors, these
can be measured directly and used to determine cross track error, heading error
and curvature error. In some embodiments, vision and radar sensors can provide
cross track error, heading error and curvature error relative to a row. These
corresponding measurements of error values can be compared across available
sensors and used to compare respective sensor confidences and select a best
solution based on the comparison.

{8846 FIG. 3A and 3B illusirate examples of determining cross track
error and heading error. In FIG. 3A, an agricultural machine 300 includes a
condrolier used to determine heading error as an angle 334 of the difference
between machine orientation 332 (machine heading and position) and path
guidance 330 of the machine 300. The controller uses data received from one or
more sensor assemblies 302, such as radar sensor assemnbly 303 and vision or
GPS sensor 304 to determine the angle 334. The one or more sensor assemblies
3072 include one or more sensors such as radar, LIDAR, ultrasound, vision,
tactile, or any other suitable sensor, such as electromagnetic, acoustic or
mechanical sensor, including satellite navigation receivers/transmitiers such as
GPS devices. The sensor assemblies 302 can include circuits, hoasing, coupling
and interfacing devices and wires, and sensors, in various examples. in FIG. 3B,
an agricultural machine 300 includes a controlier used to determine cross track
error {(XTK} as a (lateral} machine position 336 relative to the path guidance 330
of the machine 300, in various embodiments.

{6041] FIG. 4 ilustrates an example of determining confidence in crop
row detection using characteristic measurements {e.g., images) of a ficld
generated by a vision sensor. In various embodiments, the present subject
mater provides a quality and confidence determuination method, such as for
determining/caleulating the contfidence in row detection using an iraage 450
obtained from a vision sensor. The image 450 shows crop rows 460 and

intervening furrows in a field to be traversed by an agriculiural machine, such as
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the machine 200 in FIG. 2. In an example, the image 450 is split into one or
more horizontal strips 452, {n one embodiment, the nurmmber of horizontal strips
is a phlurality, sach as 90 component strips. Other mumbers of horizontal strips
can be used without departing from the scope of the present subject matter. For
each horizontal strip the present subject matter calculates a position 464 of the
row, as tllustrated in the diagram, and a signal evergy 470, as illustrated by the
dots on the left edge of the diagram, wherein dots farther from the left edge
indicate higher signal energy.

{63421 In various embodiments, a signal energy 470 associated with a
caleulated row position is determined based on, for example, how clearly & erop
or other row indicator can be differentiated from a soil or other furrow indicator
{e.g., &ifferentiation between brow and green pixels in tmage). In varous
ernbodirments, o make a confidence determination, the controller (such as
machine controller 108 in FIG. 1) looks for brown/green differentiation and
consistency with a line. The present subject matter determines a higher
confidence for both, and lower confidence for one or zero of these
determunations, in various ermbodiments. A hine 1s it to the identitied row, a
transformarion is taken from the image o world space (%, v coordinaies and
determination of XTE and Heading Error) and then XTE and Heading Error are
determined from a vehicle line (direction vehicle i< heading from the rear axle)
relative to the identified line (e.g., the crop row), in various embodiments.
{6043] The present subject matter combines the signal energies (e.2.,
energics associated with an estimated row) by summing or aggregating using
any suitable mathematical or statistical technique to create a signal quality (e.g.,
an aggregate indicator of the quality/strength of row points estimate). The
present subject matter then fits a line 462, 466 to the dots showing the calculated
crop row position 464 and calculates a line-fit quality {e.g., using linear
regression or other suitable mathematical or statistical curve or line ffuing
techruque). The signal quality and line-fit quality are then combined o get an
overall quality {e.g., a gquality of confidence in the vision sensor based row

determination). The guality of confidence is a value that the confidence level is
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drawn from, in various embodiments. In one embodiment, the combined overall
guality (or confidence level) is in the range of 0 to 106. Other ranges can be
used without departing from the scope of the present subject matter.

{8644] FIGS. 5A-3B illustrate a homography transformation for
converting from an image space 502 to a world space 512, FIG. 5B is an
example showing distortion correction applied. The bomography transformation
uses camera distortion correction, in various embodiments. Without the
distortion correction, the transformation shown in FIG. 5A includes taking a
posttion (X,y) in an acquired crop row image, augmenting it to (v, 1) and
multiplying by a 3x3 matrix that is determined based on the beight and puich of
the camera, in an cimbodiment. This calculation provides a new location (X, Y,
73y thatl, when divided by Z, results with Gu, v, 1) where u=X/2 and v=Y/Z, such
that v and v arg then the coordinates of the same point projected onto a different
plane. in one ernbodiment, the present subject matter projects from the timage
plane to the ground plape as illustrated i FIG. 5B,

{457 FIGS. 6A-6C iHustrate an example of determining confidence in
crop row detection using characteristic measurements of a field generated by a
radar sensor in contrast to the vision sensor example shown in FIGS. SA-5B and
described herein.  In various embodiments, each object or row detected by the
radar sensor has a signal strength. Additionally, in various systems there are one
or more radar sensors that each contribute to a cross track error measurement.
The signal strength for each of the one or more sensors is a value between O and
100 (or a corresponding range), in various embodiments. In some embodiments,
mualtiple signal strength readings are evaluated and processed inchiding, buat not
hmited (o, summiang, averaging, identification of munumum or maximum signal
strength or the like. The processed signal strength is then combined to obtain an
overall signal strength (e.g., contbined sensor solution confidence), which can be
wined for performance based on the number of sensors used. For example, if
only one sensor is to be used, then a maxupnum sigoal strength can be applied,
but if multiple sensors are tO be used then a minimum signal strength can be

applied. The depicted embodiment uses cross track error measurement from the
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center of a wheel of an agricultural maching to a center of a Crop row furrow,
and a cross track error variance can be determined. The cross track error
variance can include a range of values of XTK, {for example a curve or plot such
as a bell curve with a peak representing the XTK and a width atfecting
confidence. The cross track error variance is then used to determine a vartance
confidence penalty. The variance confidence penalty is in one example
subtracted from the combined sensor solution confidence to provide a raw
confidence measurement, which is optionally run through a low pass filter to
obtain a final solution quahty for the sensor, in various embodiments.

{8846] FIG. 7 ilustrates example 750 of determining the heading (e.g.,
and the associated TKE) of an agricultural machine traversing a sloped hill using
characterisiic measurements obtained from two or more sensors, In contrast,
previous example discussed herein included the agricultural machine condocting
operations on a relatively level field. In the depicied embodiment, an
agricultural machine 700 is shown traversing a sloped hill, and the machine 700
mcludes a first axle 710 and a second axle 712, where one or more of the axles
includes a sensor assernbly 702, Additional nombers of axles can be used
without departing from the scope of the present subject matter. The sensor
assembly 702 includes one or more sensors, such as radar, LIDAR, ultrasound
sensor, vision sensor, tactile sensor, electromagnetic sensor, aCOUsic sensor,
mechanical sensor, or other suitable sensor such as a satellite navigation
receiver/transmitter of a GPS device, RTK system or contbined GPS and RTK
system.  The present subject matter provides for using one Or moOre SeNsoOrs
{such as radar and/or bmage sensors} to correct for sidehill drift, such as when
the {ront wheels may appear (0 be accurately positioned between crop rows
while the rear wheels drift/slid over adjacent crop rows and in some examples
even drive over adjacent crop rows into proximate furrows, This causes damage
1o crops and deviation of agriculiural implerents relative (o crops and crop rows
that may negatively atfect accurate application of an agricultural product or
conducting of an agricuitural operation. In this embodiment, the machine is

pointed uphill in order to counter the force of gravity pulling downhill, for
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instance on the second axle 712, A GPS sensor can be used to calculate a
heading of the machine based on the change in position of the machine over
some previous set of waypoints 730 indicated as (w_0, w_-1, .. w_-7). Froma
the machine is actually pointed because instantaneous or near Ume steering
adjustments are not reflected with historical position changes.

{68471 In one embadiment, using a vision sensor, or radar with an
additional sensor in the rear, the preseat sabject matter can determine the actual
heading of the agricultural machine. For example, one or more sensors can
detect the slope of the hill and the machine controller can use this measurement
to determine, for example, that actual confidence in the GPS should be low (and
the GPS confidence value is accordingly decreased) and use data from the vision
or radar sensor along with the additional sensor to determine the actual heading
of the vehicle. In FIG. 7, using only GPS with the GPS antenna mounted at the
fromt axle of the vehicle, the machine controller may incorrecty calculate that
the rear axle is in the same row of crops as the front axle, when it 1s actually
significantly dowsnhill of the front axle. In an extreme case {depending on the
position of the GPS antenna and the severity of the hill), this would mean that
one or hoth sets of wheels could be running over crops when the sysiem is not
aware of the positional error.

{6648] When the anfenna posifion of the GPS is not over top of the real
axle, it is common to project the antenna position backwards along the GPS
heading. However, when on a sloped hill the GPS heading does not match the
vehicle orientation because the vehicle needs o point up the slope of the bl in
order to keep the GPS antenna online, as shown in the waypoints 730 extending
along the crop rows, or zero degrees and the vehicle orientation is clearly at an
angle. Thus, when the antenna position is projected backwards it is incorrectly
projecied up the bill relative (o the second axle 720 actual position and off of the
sprayer thereby continued positioning of the rear wheels to drift oft line and run

over Crops.
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{6649] The present subject matter uses one or More sensors, such as
radar, to compensate for this error. A sensor (e.g., a radar sensor} is placed
proximate to the rear ground engaging elements {e.g., proximate to rear tires, the
second axle 712} to measure the X offset position 720 of the ground engaging
elementa relative to the row. Radar can be used to measure the wheel angle
relative to the row, relate that to the agricultural machine, and determine the true
vehicle orientation, in various embodiments. This allows the machine projection
to be corrected {e.g., the radar on the rear wheel in addition to the front), in
varions embodiments.  According to various embodiments, the present subject
matter uses a velocity vector (V) as determined using a GPS antenna mourged at
a front axle of the vehicle optionally corresponding to the waypoints 730. The
present subject matler also uses a heading vector (H) corresponding to the actual
vehicle beading/onentation {(e.g., deterruined with the sensors as discussed
herein). The present subject matier further uses a crab vector (C) that represenis
the agricoliural machine moving at an angle that is perpendicular to the velocity
vector (V) or at an angle between being perpendicular to the velocity vector (V)
and the velocity vector (V). Thus, the crab vector may be at or between O and 90
degrees from the velocity vector (V).

{6654G] FIG. 8§ illustrates an example of an agriculiural machine 860
having sensors 802, 804, 812, 314, 816 that are alternatively or cooperatively
usable to obtain guidance parameters for automated control of the machine.
According to various embodiments, the present subject matter provides for
switching between sensors in various conditions. Sensor solution or
measurement guality can be affected by the conditions in the surrounding
environment {.g., obstructions 830 in the environment) that reduce the
confidence in measurements generated by one sensor {g.g., sensor A, 802) more
than the confidence in measurement obtained by another sensor (e.g., sensor B,
R034). A machine conirolier can use deternuned or obtained confidence in each
sensor to select a measurement generated by the less obstruction Gugher
confidence) sensor for calculating cross track error or cross heading error, in

various embodiments of the present subject matter. Sensors A and B are in one

20

CA 03201409 2023-6-6



WO 2022/125999 PCT/US2021/062969

example the same types of sensors {e.g., both vision sensors, both radar sensors,
or the same type of other sensor, such as alirasound, LIDAR or the like). In
another example, the sensors A and B are different types of sensors {e.g., sensor
A 1s a vision sensor and sensor B is a radar sensor, or other different types of
sensors). The sensors can be coupled to the machine at the same or different
Jocations or elevations, in vartous embodiments. As discussed herein, if the
image-based sensor selution confidence is low (e.g., with sensor A, 802), the
present subject matter can switch to using the radar sensor measurements {e.g.,
with sensor B, 8043, in an embodiment. In one instance, when bad crop row
measurements lead to low confidence, a radar sensor has high confidence and
the control module selects the radar sensor. In another instance, when crops are
short and hard to detect with radar, this feads to low radar confidence and if the
image sensor has high confidence and the conirol module selects the image
SEensorT.

{86511 For example, when canopy covers the furrow, an image-based
sensor cannot determine where the rows start and stop and the confidence value
for the image-based sensor measurements is relatively low. In ancther exampie,
when radar-based sensor solution confidence is low, the present sebject matter
can switch (o using an image-based sensor sofution, such as when crops are (oo
short and below the radar sensor’s field of view or when dense weeds are tall
enough to block the radar sensor’s field of view but not tall enough to hinder an
image-based sensor. In an example, a machine controller looks at whichever
confidence value is greater, such as by using a moving average of contidence
values and switching from one sensor to apother when the average confidence of
one sensor is better than that of another sensor by a predetermined amount.
{66521 in various embodiments, the present subject matier provides for
multi-sensor fusion, e.g., using a combination of weighted sensor solutions from
Lwar or ore sensors based on conflidence. The combined weighted sensor
solutions are then provided to the controller (e.g., the contrel module) for
guidance of the agriculural machine in a similar manner to control of the

machine with a selected sensor solution. In one example, the present subject
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matter provides for sensor fusion between ong or more of vision sensors, radar
sensors and OFS sensors. For example, a multi-vanable filter can used to blend
the outputs from each sensor into a single sohitiom (e.g., blend errors of each

sensor together based on weights):

{86531 Solation = (Gr) BrrorRadar + {GpErrorGps + (GviHErrorVision
[8654] Where | = Gr+ Gp + Gv
{B8G55] In an example, the coefficients Gr, Gp and Gv are determined

{e.g., set, modulated or the like) by the present system in order to weight the
filter. In example, the coefficients correspond o the confidence values of the
respective roeasurements. For instance, the weights can be based on
measurement confidence or a specified mode selected by the user. For example,
in a permutation with the image-based sensor having a lower confidence the
present subject matter will apply a corresponding lower weight (Gv) when
combining the value with one or more other sensor measuremenss (e.g., from a
different vision sensor, radar sensor, GPS sensor or the like). In another
permutation if the radar sensor measurement has a relatively high confidence, a
corresponding higher weight (Gr) is apphied as part of the combined weighted
sensor solution.

{8656] Accordingly, Gr, Gp and Gv correspond to the conlidence of each
of the component sensor measprements. The determined ervor {e.g., one or more
of TKE, XTE or the like) is then:

{00571 ErrorSolution = (Cr¥Ee+ Cg¥Hg + Cv*Ev) / {Cr+ Cg + Cv)
[B858] The coefficients {weights) are, in one example, based on feedback
from each sensor such as the confidence value of the associated sensor
measurements. In this example, the feedback of a first sensor {e.g.,
identification of one or mwore characieristics) modulates a confidence and
associated weight of another second sensor. Thus, the present subject matterin a
circurnstance with the image-based sensor detecting mature crops with {uller
canopies {and corresponding lower contidence) the radar measurement 15
assigned a greater contidence by the control module and corresponding greater

weight (Cr). In an example, the greater weight is determined based on a
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confidence value of the radar sensor measurement and a gain that increases or
decreases because of the analysis of dense {oliage in the image-based sensor
measurement. In a similar manner, where the system determines that a detected
row curvature {e.g., measured with the radar sensor} is outside of the vision
sensors specification for instance through analysis at the control module, the
systemn decreases the weight {(Cv) of the vision measurement sensor by a gain
associaied with a row curvature value outside of the vision sensor specification.
{88591 {n various additional embodiments, the present subject matter
provides for multi-sensor fusion, e.g., using weighted sensor solufions from two
or more sensors based on confidence. Tn one example, the present subject matter
provides for sensor fusion between vision sensors, radar sensors and GPS
sensors. For example, when an image-based sensor 15 used 1o detect a gap exists
in the row {such as a washout area, or previously damaged crop), the control
module can improve sensor function by addisionally using the radar sensor data.
The radar sensor data can be combined with the image-based sensor data (o
improve identification of gaps {e.g.. the radar sensor/controller is updated based
on the vision identified gap/bad data zone, to ignore that data instead of
reporting that there is no row). In various embodiments, a depth value can be
overfayed (when using stereo cameras) with the radar sensor distance for added
robustness for detecting rows. Thus, the control module can be used to asseas
crop damage (from wind, previously driven over rows, drowned out) or crop
emergence. In one example, the control module creates a normalized row list
between a vision system and a radar system, and each system provides a location
and confidence associated with a row. The control module scans for low
confidence for a row shared between the (wo sysiems (O assist 10 488€85iNg Crop
damage, in one example,

{8860] FIG. 10A illustrates a row steering system 1000 of an agricultural
machine, according (o various embodiments of the present subject matter
including sensing one or more characteristics, assessing confidence of
component measurements, and conducting one or more of selection or

combining of the sensor measurements for use with a control system of the
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agriculural machine {e.g., for one or more of automated or partially automated
driving or implement operation). The row steering system 1000 inchudes a first
sensor assembly 1002 configured to detect a first orientation of the agricultural
machine relative to a path reference {(e.g., one or both of TKE. XTE or the like)
in a field using a first sensor configured to measure a first characteristic such as
velocity, direction, or the like. The system 1000 further includes a second sensor
assembly 1004 {of the same or different type as the first sensor assembly 1002)
configured to detect a second orientation of the agricultural machine relative to
the crop rows in the field using a second sensor configured to measure a second
characteristic. In an exarople, the first and second characteristics are different
{c.g., radar signature, color differentiation or the like). In another exanple, the
first andd second characteristics are the same. The system also includes a control
module 1010 having a first evaluation module 1312 1o obtain a first confidence
in the detected first orientation, and a second evaluation module 1014 1o obtain a
second confidence in the detected second orientation. Optionally, the frst and
second evaluation modules 1312, 1014 are consolidated as a single or composite
evaluation module. The control module further includes a selector module 1016
t0 select measurements from one of the first or second sensor assemblies 1002,
1004 based on the evaluation of confidences, for instance the measurements of
the first sensor assembly 1002 are selected if the associated first confidence 18
higher, and the converse is true if the confidence of the second sensor assernbly
1004 measurements are higher. The control module then uses the selected sensor
assembly and its associated measurement (or measurements until variations in
confidences change the selection) for operation of the agricultural machine (e.g.,
for determination of TKE, XTE and associated driving, iraplement operation or
the like). In some examples, measurements or quantities derived from
measurements {e.g., TEE, XTE, or the like) are used to determine confidence
and selection.

{0061 In another example, the systerm 1004 is conligured to combine
one or more of the measurements or derived values generated from

measurements of the first or second sensor assemblies 1002, 1004, In various
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embodiments the selector module 1016 inclades a weighting module 1017
configured to weight first and second measurements from the sensor assembhies
1002, 1004 or derived values based on the respective measurements {e.g., TKE,
XTE or the hke). The weights are, in one example, based on one or more of the
reapective first or second confidences. An orientation combiner 1018 optionally
determines a combined measurement or orientation (based on the respective
measurements) from the weighted first and second measurementis (or
orientations}. In a similar manner to providing a measurement from one of the
sensor assemnblies 1002, 1004 or orientation based on measarement to the
machine controller 1020, the selector module 1016 is configured, in this
example, to provide the combined measureinent or orientation to the machine
controller 1020.

{88621 In various embodiments, the selector module 1016 includes a
comparator 1019 configured to compare the first confidence o the second
confidence, and the selector module 1016 is configured wo selectively provide the
first grientation to the machine controller responsive to the first confidence being
larger than the second confidence or provide the second orientation to the
machine controller responsive to the second confidence being larger than the
first confidence. In another example, with the first and second conlidences
within a specified range, the systemn 1004 is configured (o select one of the firat
or second sensor assemblies 1002, 1004 for use (e.g., to determine TKE and
XTE for guidance) based on a system priority set by the operator, system or the
like.

{84063 FIG. 10B iHustrates a systern 1150 for steering an agricultural
machine relative 1o guidance path, according to various embodiments of the
present subject matter including sensing one or more characteristics, assessing
confidence of component measurements, and conducting one or more of
selection or combining of the sensor rmessurements for use with a control system
of the agricultural machine (e.g., for one or more of automated or partially
automated driving or implement operation). The system 1130 includes a sensor

module 1100 including a first sensor assembly 1102 configured to obtain a first
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orientation of the agricultural machine relative to the guidance path (e.g.. ong or
both of TKE, XTE or the like) based on a first measured characteristic such as
velocity, direction, or the ke, The system 1150 {urther includes a second sensor
assembly 1104 (of the same or different type as the first sensor assembly 1002)
contfigured to obtain a second orientation of the agricultural machine relative to
the guidance path based on a second measured characteristic. Tn an example, the
first and second characieristics are different (e.g., radar signature, color
differentiation or the like). In another example, the first and second
characteristics are the same. The systern also includes an evaluation module
1110 configured o obtain a first confidence in the fitst orientation based on the
first sensor assembly 1102 and a second confidence in the second orientation
based on the second sensor assembly 1104, The system further includes a
combining moduale 112 configured o generate a combined orientation of the
agricultural machine based on a weighted combination of the first orientation
and the second orientation, the combining module having a weighting module
1114 configured to assign first and second weights to respective first and second
orientations based on one or more of the respective first or second confidences,
and a combiner module 1118 to generate the combined orientation using the
weighied first and second orientations. An interface 1122 configured to
commuricate the combined orientation to a machine controller 1120, In some
examples, measurements or guantities derived from measurements (e.g., TKE,
XTE, or the like) are used to determine confidence and combination.

{8664] In another example, the systemn 1150 is configured to combine
one or more of the measurements or derived values generated from
measurements of the first or second sensor asserablies 1102, 1104, In various
examples, the weighting module 1114 includes a position combiner 1115
configured to generate a composite position from the first and second positions
hased on weighted {irst and second measurements froro the sensor assemblies
1102, 1104 or derived values based on the respective measurements {e.g., TKE,
XTE or the like). The weights are, in one example, based on one or more of the

respective first or second confidences. An angle combiner 1116 optionally
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generates a composite angle from the first and second angles based on the
weighted first and second orieptations. In a simnilar manner, an associalion
module 1117 i configured to generate a composite orientation including the
combined position and the combined angle using the measurements from one or
more of the sensor assemblies 1102, 1104,

[8865] FIG. 10C iHusirates 2 method for controlling an agricultural
machine according to guidance path, according to various embodiments of the
present subject matter. The method includes obtaining a first orientation of the
agricultural machine relative to the guidance path with a first sensor, at step
1202, At step 1204, the method includes obtaining a second orientation of the
agriculiural machine relative to the guidance path with a second sensor. The
method also includes obtaining a first condidence of the first orientation and a
second confidence of the second orientation, at step 1206, Atstep 1208, the
method further includes generating a combined orientation of the agricultural
machine by, {or example. comparing the {irst confidence with the second
confidence, assigning a first and second weights to the respective first and
second orientations based on the comparison, and generating the combined
orientation using the weighted first and second orientations. The method
includes providing the combined onenlation (o a machine controller for steering
the agricultural machine, at step 12140,

{0666] in various examples, the method further includes configuring the
first sensor to couple to the agricultural machine at an elevated location relative
to the path reference for detecting the first orientation from the elevated location
directed toward the path reference; and configuring the second sensor to couple
to the agricultural machine at a lateral location relative to the path reference for
detecting the second orientation from the lateral location directed across the path
reference. In some examples, obtaining the first confidence comprises
decreasing the {irst confidence relative o the second confidence responsive 10 4
detected increase 1n a height of crops 1n the guidance path. In some examples,
obiaining the first confidence comyprises decreasing the first confidence relative

to the second contidence responsive 1o a detected increase in a size of density of
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a canopy of crops in the path reference. In various examples, obtaining the first
confidence comprises increasing the first confidence relative to the second
confidence responsive to a detected curvatare in the path reference.

{86671 FIG. 9 iltustrates a block diagram of an example machine 900
apon which any one or more of the techmques {e.g., methodologies) discussed
herein can perform. Examples, as described berein, can inchude, or can operate
by, logic or a number of components, or mechanisms in the machine 200.
Circuitry {e.g.. processing circuitry) is a collection of circuits implemented in
tangible entities of the machine 900 that inclade hardware {(e.g., simple circuits,
gates, logic, etc.). Circuitry merobership can be flexible over time. Circuitries
include members that can, alone or in combination, perform specified operations
when operating. In an example, hardware of the circuttry can be immutably
designed to carry out a specific operation {e.g., hardwired). In an example, the
hardware of the circuitry can include variably connected physical components
(eng., execution units, ranpsistors, simple circuity, ete)) including & machine
readable medium physically modified {e.g., magnetically, electrically, moveable
placerment of invariant ruassed particles, ete.) o encode instructions of the
specific operation. In connecting the physical coraponents, the underlying
electrical properties of a hardware constituent are changed, for example, from an
insulator to a conductor or vice versa. The instructions enable embedded
hardware {e.g., the execution units or a loading mechanism) to create members
of the circuitry in hardware via the variable connections to carry out portions of
the specific operation when in operation. Accordingly, in an example, the
machine-readable mediom elements are part of the circuitry or are
communicatively coupled to the other components of the circuitry when the
device is operating. In an example, any of the phvsical components can he used
in more than one member of more than one circuitry. For example, under
operation, execulion unils can be used ina lrst circuit of a Grst circuityy at one
point in tune and reused by a second circuit in the first cireuiiry, or by a thurd
circyit in a second circuitry at a different time. Addutional examples of these

components with respect to the machine 900 follow.
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{68] In alternative embodiments, the machine 900 can operate as a
standalone device or can be connected (e.g., networked) o other machines. Ina
networked deployment, the machine 900 can operate in the capacity of a server
machine, a client machine, or both in server-client network environments. In an
example, the machine 800 can act as a peer machine in peer-to-peer (P2P) (or
other distributed) network enviromment. The machine 900 can be a personal
computer (PC), a tablet PC, a set-top box (STB), a personal digital assistang
{(PDA), a mobile telephone, a web appliance, a network router, switch or bridge,
or any machine capable of executing instructions {sequential or otherwise) that
specify actions 1o be taken by that machine. Further, while only a single machine
is iHustrated, the teror “machine” shall also be taken to include any collection of
machines that individually or jointly execute a sel (or multiple sets) of
msiructions o perform any one or wore of the methodologies discussed herein
{e.g., authenticating transmissions from machines in a job group, generating
coverage maps and reports, relaying coverage dala, capturing and conditioning
sensor information, such as generated by the sensors 153 or 175, and generating
guidance inforrmation to avoid double coverage of field being processed), such as
cloud computing, software as a service {(5aal), other computer cluster
configurations.

{86691 The machine {e.g., computer system) 860 can inchide a hardware
processor 902 (e.g., control module, a central processing unit (CPLU), a graphics
processing unit (GPU), a hardware processor core, or any combination thereof),
a main memory 904, a static memory (e.g., memory or storage for firmware,
microcode, a basic-input-output (BIOS), unified extensible firmware interface
{(UEFD), ete.) 906, and mass storage 908 (e.g., hard drive, tape drive, flash
storage, or other block devices) some or all of which can communicate with each
other via an interlink (e.g., bus} 930. The machine 900 can further include a
display unit 910, ap alphanumeric input device 912 (e.g., a keyboard), and a user
interface (U navigation device 914 {(e.g., a mouse). In an example, the display
unit 910, input device 912 and Ul navigation device 914 can be a touch screen

display. The machine 900 can additionally include a storage device {e.g., drive
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unit) 908, a network interface device 924, and one or more sensors 916, such as
sensor asserpblies as defined herein, a global positoning systern (GP3) sensor,
radar, LIDAR, vision-based, compass, accelerometer, or other sensor. The
machine 900 can include an output controller 928, such as machine controller, a
serial (e.g., umversal serial bus (USE), parallel, or other wired or wireless {e.g.,
infrared (IR}, near field comynunication (NF), ete.) connection o conmmuinicate
or control one or more peripheral devices {e.g., an agricultural machine, a
printer, card reader, ete. ).

§761 Registers of the processor 802, the main memory 904, the static
mernory 906, or the mass storage 908 can be, or include, a machine veadable
medium 922 on which is stored one or more sets of data structures or

instructions 924 (e.g.. software) embodying or utilived by any one or more of the

technigues or functions described herein. The instractions 924 can also reside,
completely or at least partially, within any of registers of the processor 902, the
main memaory 904, the static memory 900, or the mass storage 908 during
execution thereot by the machine 940. In an exarmple, one or any combination of
the hardware processor 902, the main memory 904, the static memory 906, or
the mass storage 908 can constitute the mwachine readable media 922, While the
machine readable medium 9272 is tllusirated as a single mediom, the term
"machine readable medium” can include a single mediam or multiple media
{e.g., a centralized or distributed database, and/or associated caches and servers)
configured to store the one or more instructions 924,

{68711 The term “machine readable medium” can include any medium
that is capable of storing, encoding, or carrving instructions for execution by the
machine 900 and that cause the machine 9404 to perform any one or more of the
technigues of the present disclosure, or that is capable of storing, encoding or
carrying data structures used by or associated with such instructions. Non-
hoiting machine-readable medium examples can include solid-staie memories,
optical media, magnetic ruedia, and signals {e.g., radio frequency signals, other
photon-based signals, sound signals, etc.}. In an examiple, a non-transifory

machine-readable medium comprises a machine-readable medium with a
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plurality of particles having invariant (e.g., rest) mass, and thus are compositions
of matter. Accordingly, non-transitory machine-readable media are machine
readable media that do not include ransitory propagating signals. Specific
examples of non-transitory machine-readable media can include: non-volatile
memory, such as seimiconductor memory devices {e.g., Electrically
Programmable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash memory devices;
magnetic disks, such as internal hard disks and removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks.

{6872] The instructions 924 can be further transmuitied or recetved over a
communications network 926 using a transmission medium via the network
interface device 920 utlizing any one o a mumber of transfer protocols {e.g.,
frame relay, internet protocol (IP), ransmission control protocol (TCP), aser
datagram protocol (UDP), hypertext transfer protocol (HTTP), ete.). Example
communication networks can include a local area network (LAN), a wide area
network (WAN), a packet data network {e.g., the Internet), mobile telephone
networks (e.g., cellular networks), Plain Qld Telephone (POTS) networks, and
wireless data networks (e.g., Institute of Electrical and Electronics Engineers
{(IEEE) 802 .11 family of standards known as Wi-Fi®, [EEE 802.16 [amily of
standards known as WiMAX®), TEEE 802.15.4 family of standards, peer-to-peer
(P2P) networks, among others. In an example, the network interface device 920
can include one or more physical jacks {e.g., Bthernet, coaxial, or phone jacks}
Of one or more aniennas o connect to the communications network 926. Inan
exarnple, the network interface device 920 can include a plorality of antennas o
wirelessly communicate using at least one of single-input multple-output
(SIMQO), multiple-input multiple-output (MIMO), or multiple-input single-output
{MISQO) technigues. The term “transmission medivm” shall be taken to include
any intangible medium that is capable of storing, encoding or carrying
instructions for execution by the machine 900, and includes digital or analog
commuunications signals or other intangible medium to facilitate communication

of such software. A transmission medium is a machine readable medium.
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Various Aspecis and Examples
{6673] Example 1 18 a row steering system of an agricultural machine,
the row steering system comprising: a first sensor assembly configured to detect
a first orientation of the agricultural machine relative to a path reference ina
field using a first sensor configured to measure a {irst characteristic; a second
sensor assembly configured to detect a second orientation of the agricultura
machine relative to the crop rows in the ficld using a second sensor configured o
measure a second characteristic different than the first charactenstic; and a
control mmoduale including: a first evaluation module 1o obtain a first confidence
inn the detected fust orientation; a second evaluation module to obtain a second
condidence in the detecled second ortentauon; and a selector module (o
selectively provide one or more of the detected first orientation or the detected
second orientation to a machine controller of the agriculrural machine based on
the {irst and second confidences.
jaa74] In Example 2, the subject matter of Example 1 inchides, wherein
the first sensor 1s an optical sensor and the second sensor 1s a radar sensor.
{6475] In Example 3, the subject matier of Examples 1-2 includes,
wherein the {irst and second sensors are cach optical sensors.
{8676] In Example 4, the subject matter of Examples 1-3 inclodes,
wherein the first and second sensors are radar sensors.
{6077] In Example 5, the subject maiter of Examples 14 inchades,
wherein the first sensor or the second sensor comprises at least one of an optical
sensor, radar sensor, a global positioning sensor, an acoustic sensor, a LIDAR
SensSor, oF 4 factie sensor.
{6678 in Example 6, the subject matter of Examples -3 includes,
wherein the first sensor assembly is configured to couple to the agricultural
machine at sn elevated location relative (o the path reference, and the first sensor
is condigured to detect the first orientation from the elevated location directed

toward the path reference.
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{8679] {n Example 7, the subject matter of Example 6 includes, wherein
the second sensor assembly is configured o couple to the agricuitaral machine at
a lateral location relative to the path reference, and the second sensor 18
contigured to detect the second orientation from the lateral location directed
across the path reference.

[6888] In Example 8, the subject matter of Examples 1-7 inclades,
wherein the first and second orientation comprise: a translational difference
between a location of the agricultural machine and the path reference; and an
angular difference between an angular orientation of the agricultoral machine
and the path reference.

{86881] in Example @, the subject matter of Examples 18 includes,
wherein the selector module tneludes: a weighting module configured to weight
the first and second orientations based on one or more of the respective first or
second confidences; an orientation combiner configured to determine a
combined orientation including the weighted first and second orientations; and
wherein the selector module configured to selectively provide one or more of the
detected first orientation or the detected second orientation o the machine
coniroller is configured o provide the combined orientation to the machine
controller,

{8882] In Example 18, the subject matter of Examples 1-9 inclades,
wherein the selector module includes: a comparator configured to compare the
first confidence to the second confidence; a selector module configured to
selectively provide the first orientation to the machine controller responsive to
the first confidence being larger than the second confidence or provide the
second orentation to the machine confrolier responsive 1o the second conlidence
being larger than the first confidence.

{8883] In Example 11, the subject matter of Examples 1-10 includes,
wherein the path reference includes at least one of a guidance path, a guidance
line, or one or more Crop rows.

{0084 Example 12 is a system {or steering an agricultural machine

relative to gmdance path, the system comprising: 3 sensor module including: a
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first sensor assembly configured to obtain a first orientation of the agricultural
machine relative o the guidance path based on a first measored characteristic;
and a second sensor assembly configured to obtain a second orientation of the
agricultural machine relative to the guidance path based on a second measured
characteristic; an evaluation module configured to obtain a first confidence in
the first orientation based on the first sensor assembly and a second confidence
in the second orientation based on the second sensor assembly; and a combining
module configured to gencrate a combined orientation of the agricultural
machine based on a weighted cornbination of the first orientation and the second
orientation, the combining module having: a weighting module configured to
assign first and second weights to respective first and second orientations based
on one or more of the respective first or second confidences; and a combiner
module o generate the combined orientation using the weighted first and second
orientations; and an interface configured o communicate the contbined
orientation Lo a machine controlier.

[8S] In Example 13, the sabject matter of Example 12 includes,
wherein: the first orientation of the agnicultural machine includes a first position
of the agricultural machine relative to the guidance path and a first angle
between the agricultural machine and the guidance path as observed with the
first sensor assembly; and the second orientation of the agricultural machine
includes a second position of the agricultural machine relative to the guidance
path and second first angle between the agricultural machine and the guidance
path as observed with the second sensor assembly.

{6486] In Example 14, the subject matter of Example 13 includes,
wherein the weighting module includes: a position combiner configured (o
generate a composite position from the first and second positions based on the
weighted first and second ortentations; an angle combiner configured to generate
# composite angle from the first and second angles based on the weighted first
and second orendations; and an association moedule configured to generate a

composite orientation including the combined position and the combined angle.
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{86871 {n Example 15, the subject matter of Example 14 includes,
wherein the weighted first orientation and the weighted second orientation
include first and second gains, respectively, and the first and second gains are
normalized to sumto 1.

{OGRR] In Examaple 16, the subject matter of Example 15 includes,
wherein the weighted first orientation and the weighted second orientation are
hased on the first confidence and the second confidence, respectively.

{H889] In Example 17, the subject matter of Examples 14-16 inchudes,
wherein the weighting module is configured to set the first gain to zero () and
the second gain to one {1) responsive to first confidence falling below a
specified tdueshold value.

{88981 In Example 18, the subject matter of Examples 14-17 includes,
wherein the weighting module is configured 1o set the first gain to zero (0} and
the second gain 1o one (1) responsive to the second confidence exceeding the
first confidence by a threshold valoe.

{88917 In Example 19, the sabject matter of Examples 14-18 includes, a
weight modulator in conmumunication with the weighting module, the weight
modulator is configured to adjust the first weight of the first orientation
according (o the second measured characteristic of the second sensor assenibly.
{8892] In Example 20, the subject matter of Example 19 includes,
wherein the weighting module is configured to decrease the first weight of the
first orientation according to the second measured characteristic of the second
sensor assembly indicating a decreased capability of the first sensor assembly o
measure the first measured characteristic.

{6093] Example 21 1s 2 method for controlling an agricultural machine
according to guidance path, the method comprising: obtaining a first orientation
of the agricultural machine relative to the guidance path with a first sensor;
oblaining o second orientation of the agriculiural machine relative o the
guidance path with a second sensor; obtaining a first confidence of the first
oricntation and a second confidence of the second orientation; and generating a

combined orientation of the agricultural machine by: comparing the first
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confidence with the second confidence; assigning a first and second weights to
the respective first and second orientations based on the comparison; and
generating the combined orientation using the weighted first and second
orientations; and providing the combined orientation to a machine controller for
steering the agriculiural machine.

[86894] In Example 22, the subject matter of Example 21 includes,
configuring the first sensor to couple o the agricultural machine at an elevated
location relative to the path reference for detecting the first orientation from the
elevated location directed toward the path reference; and configuring the second
sensor o couple to the agricultural machine at a latersl location relative wo the
path reference for detecting the second orientation from the lateral location
directed across the path reference.

[0695] In Example 23, the subject maiter of Example 22 includes,
wherein obtaining the first confidence comprises decreasing the first confidence
redative Lo the second confidence responsive to a detected increase in a height of
crops in the guidance path.

{4096] {n Example 24, the subject matier of Examples 22-23 includes,
wherein obtaining the {irst confidence comprises decreasing the first confidence
relative (o the second conlidence responsive 1o a detected increase in a size of
density of a canopy of crops in the path reference.

{6697] in Example 25, the subject maiter of Examples 22-24 includes,
wherein obtaining the first confidence comprises increasing the first confidence
relative to the second confidence responsive 1o a detected curvature in the path
reference.

{6B095K] Example 26 1s at least one machine-readable medium including
instructions that, when executed by processing circuitry, cause the processing
circuilry to perform eperations to implement of any of Examples 125,

{6699] Example 27 is an apparatus comprising means 1o implement of

any of BExamples 1-25.

LE LY Example 28 is a system o implement of any of Examples 1-25.
{@a161] Example 29 1s a method to implement of any of Examples 1-25.
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jea102] Aspects or examples of the present disclosure discuss incremental
control or incremental updating. As used herein, the term incremental control or
incremental updating can include updating by a fixed value, such as by
incrementing the value of a counter. The term incremental control or
incremental updating can also include updating by a value at least once in a
cycle over a set or sequence of one or more cycles. The term incremental control
or incremental updating can also include apdating the value of a counter at a
frequency of less than once a ¢ycle over a set or sequence of one or more cycles,
such that more than one cycle elapses between updates.

[86163] Aspecis or examples of the present disclosure discuss a weighted
eate driver, a weighted delay circuit, or other weighted components. As used
herein, the term weighted includes using a numeric value or any other signal thai
can take on one or more values, o determine or adjust the operation of a circuit,
such as a gate driver or delay circuit. The term weighted can include any form
of encoding information in the numeric value or other signal, such as binary and
unary encoding. The term weighted 1s not imited to any particalar encoding
technigue.

{60104] Each of the non-limiting aspects or examples described herein
may stand on its own or may be combined in various permutations or
combinations with one or more of the other examples.

{68185] The sbove detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific ecmbodiments in which the
invention may be practiced. These embodiments are also referred to herein as
“exampies.” Such examples may include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplaie examples using any combination or permutation of
those eleraents shown or described {or one or more aspects thereot), either with
respect to a particular examiple (or one or more aspects thereot), or with respect

to other examples {or one or more aspects thereol} shown or described herein.
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{1061 In the event of inconsistent usages between this document and
any documenis so incorporated by reference, the gsage in this document
controls.

{00147 ] In this document, the terms “27 or “an” are used, as i1s common in
patent documents, to inclade one or more than one, independent of any other
instances or usages of “at least one” or “one or more.” In this document, the term
“or” is used o refer to a nonexchusive or, such that “A or B” mcludes “A but not
B.,” “B but not A,” and “A and B.” unless otherwise indicated. In this document,
the terms “including” and “in which”™ are used as the plain-Hnglish equivalents

¢

of the respective terms “comprising” and “wherein.” Also, in the following

claims, the termas “including” and “‘comprising” are open-ended, that is, a
systemn, device, article, compeosition, {ormulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the

RS

terms “first,” “secomd,” and “third,” ete. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

{60108] Method examples described herein may be machine or computer-
tmplemented at least in part. Some examples may include a computer-readable
medium or machine-readable medium encoded with instructions operable o
comfigare an electronic device to perform methods as deseribed in the above
examples. An implementation of such methods may include code, such as
microcode, assembly language code, a higher-level language code, or the like.
Such code may include computer readable instructions for performing various
methods. The code may form portions of computer program products. Further,
in an example, the code may be tangibly stored on one or more volatile, non-
transitory, or non-volatile tangible computer-readable media, such as during
execution or at other times. Examples of these tangible computer-readable media
may include, but ave not Himited to, hard disks, removable magoetic disks,
removable optical disks (e.g., compact discs and digital video discs), magnetic
cassettes, memory cards or sticks, random access meniories {RAMSs), read only

memories {(ROMs), and the like.
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§HG109] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments may
be used, such as by one of ordinary skill in the art upon reviewing the above
deacription. The Abstract is provided to comply with 37 C.F.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the technical disclosure. It is
submitied with the understanding that it will not be used o interpret or limit the
scope of meaning of the claims. Also, in the above Detailed Description, various
features may be grooped together to streamline the disclosure. This should not
be interpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, inventive subject matter may lie in fess than all features of a
particular disclosed embodiment. Thus, the following clatms are hereby
incorporated into the Detatled Description as examples or eynbodiments, with
each claim standing on 168 own as a separate emmbodiment, and it is contemplated
that such embodiments may be combined with each other in various
combinations or permutations. The scope of the inventive subject matter should
be determined with reference to the appended claims, along with the tull scope

of equivalents to which such clairas are entitled.
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THE CEAIMED INVENTION I5:

1. A row steering sysiem of an agriculiural machine, the row steering
system comprising:

a first sensor assembly configured Lo detect a [irst orientation of the
agricultural machine relative to a path reference in a field using a first sensor
contigared to measore a first charactenistic;

a second sensor assernbly configured to detect a second orientation of the
agricultural machine relative to the crop rows in the field using a second sensor
configurad to measure a second characteristic different than the first
characteristic; and

a control module including:

a first evaluation module to obtain g first confidence in the
Jetected {irst ortentation;
a second evaluation module to obtain a second confidence in the

detected second orientation; and

a selector modile to selectively provide one or more of the
detected first ortentation or the detected second orientation tn a machine
controller of the agricultural machine based on the first and second

confidences.

2. The row steering system of claim 1, wherein the first sensor is an

optical sensor and the second sensor is a radar sensor,

3. The row steering system of claim 1, wherein the first and second

sensors are each optical sensors.

4. The row steering system of claim 1, wherein the first and second

sensors are radar sensors.
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5. The row steering system of claim 1, wherein the first sensor or the
second sensor comprises at least one of an optical sensor, radar sensor, a glohal

positioning sensor, an acoustic sensor, a LIDAR sensor, or a tactile sensor.

o. The row steering system of claim 1, wherein the first sensor assembly
is configured to couple to the agricultural roachine at an elevated Jocation
relative to the path reference, and the first sensor is configured to detect the first

orientation from the elevated location directed toward the path reference.

7. The row steering system of claim 6, wherein the second sensor
assembly is configured to couple to the agricultural machine at a lateral location
relative to the path reference, and the second sensor is configured to detect the

second orientation from the lateral location directed across the path reflerence.

3. The row steering system of claim I, wherein the first and second

orientation coOMmprise:

a transiational difference between a location of the agricultural machine

and the path reference; and

an angular difference between an angular onentation of the agriculiural

machine and the path reference.

a, The row steering system of claim 1, wherein the selector module

includes:

a weighting module configured to weight the first and second

orientations based on one or more of the respective first or second contidences;

an orientation combiner configured to determine a combined orientation

including the weighted first and second orientations; and
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wherein the selector module configured o selectively provide one or
more of the detected {irst orientation or the detected second onentauon to the
machine controller is configured to provide the combined orientation (o the

machine controller.

16, The row steering system of claim 1, wherein the selector moduile

includes:

a comparator configured to compare the first confidence to the second

confidence;

a selector module configured to selectively provide the first orientation to
the machine controller responsive to the {irst confidence being larger than the
second confidence or provide the second orientation to the machine controller

responsive to the second confidence being larger than the first confidence.

it. The row sieering system ot claim 1, wherein the path reference
includes at least one of a guidance path, a guidance line, or one of Moie crop

FOWS,

12. A system for steering an agricultural machine relative to guidance path,
the system comprising:
a sensor module including:
a first sensor assermnbly conligured (o obtain a {irst orientation of
the agricultural machine relative to the guidance path based on a first

measured characteristic; and

a second sensor assembly configured o obfain a second
orientation of the agricultural machine relative to the guidance path based

on a second measured characteristic:

I
[~
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an evaluation module configured to obtain a first confidence in the first
orientaiion based on the first sensor assembly and a second confidence in the

second orentation based on the second sensor assembly; and

a combining module conligured (o generate a combined orientation of the
agricultural machine based on a weighted combination of the {irst orientation

and the second orientation, the combining module having:

a weighting module configured to assign first and second weights
to respective first and second ortentations hased on one or more of the
respective first or second confidences; and

a combiner module to generate the combined orientation using

the weighted first and second orientations; and

an interface configured to communicate the combined orientation to a

machine controler.

The system of claim 12, wherein:
13 The system of claim 12, wherein

the first orientation of the agricultural machine includes a first position of
the agriculiural machine relative to the guidance path and a first angle between
the agricultural machine and the guidance path as observed with the first sensor

assembly; and

the second orientation of the agricultural machine includes a second
position of the agricultural machine relative 1o the guidance path and second first
angle between the agricultural machine and the guidance path as observed with

the second sensor assembly.

14. The system of clatm 13, wherein the weighting module includes:

a position corabiner configured to generate a coraposite position from the

first and second positions based on the weighted first and second orientations;
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an angle combiner configured to generate a composite angle from the

first and second angles based on the weighted first and second orientations; and

an association module configured 1o generate a composite orieniation

including the combined position and the combined angle.

15, The system of claim 14, wherein the weighted first orientation and the
weighted second onentation include first and second gains, respectively, and the

first and second gains are normalized o som to 1.

16. The system of claim 15, wherein the weighted first orientation and the
weighted second orientation are based on the first confidence and the second

confidence, respectively.

i7. The system of claim 14, wherein the weighting module is configured to
set the first gain to zero {(0) and the second gain to one (1) responsive to first

confidence falling below a specified threshold value.

18. The system of claim 14, wherein the weighting module is configured fo
set the first gain to zero () and the second gain to one (1) responsive to the

second confidence exceeding the first confidence by a threshold value.

19, The system of claim 14, further comprising:

a weight modulator in comumunication with the weighting module, the
weight modulator is configured to adjust the first weight of the first orientation

according to the second measured characteristic of the second sensor assembly.

20. The system of claim 19, wherein the weighting module is configured to
decrease the first weight of the flirst orientation according 10 the second
omeasured characteristic of the second sensor assembly indicating a decreased
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capability of the {irst sensor assembly tw measure the first measured

characteristic.

21 A method for controlling an agriculiural machine according to

guidance path, the method comprising:

obtaining a first orientation of the agricultural machine relative to the

guidance path with a first sensor;

obtaining a second orientation of the agricultural machine relative to the

guidance path with a second sensor;

obtaining a first confidence of the first orientation and a second

confidence of the second orientation; and
generating a combined orientation of the agricultural machine hy:
comyparing the first confidence with the second confidence;
assigning a first and second weights to the respective first and
second orientations based on the comparison; and
generating the combined orientation using the weighted first and
second ortentations; and

providing the combined orientation o a machine controller for steering

the agricultural machine.

22. The method of claim 21, further comprising:

configuring the first sensor to couple o the agricultural machine at an elevated
location relative to the path reference for detecting the first orientation from the
elevated location directed toward the path reference; and

configuring the second sensor to couple to the agricultural machine at a lateral
location relative 1o the path reference for detecting the second orientation from

the lateral location divected across the path reference.
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23. The method of claim 22, wherein obtaining the {irst confidence
comprises decreasing the first confidence relative to the second conlidence

responsive to a detected increase in a height of crops in the guidance path.

24, The method of claim 22, wherein obtaining the first confidence
comprises decreasing the first confidence relative to the second confidence
responsive to a detected increase in a size of density of a canopy of crops in the

path reference.

25. The method of claim 22, wherein obtaining the first confidence
comprises increasing the first confidence relative to the second confidence

responsive to a detected curvature in the path reference.
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