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(57) ABSTRACT

A gumdance and vehicle control system for automatically
steering a vehicle, such as an agricultural vehicle or a tractor,
through a field. The system includes a GNSS receiver and
antenna for determining the vehicle’s instantaneous posi-
tion, a guidance CPU, and an automatic steering subsystem
integrated with the vehicle’s electrical power system. The
automatic steering subsystem can be interfaced with the
steering column of the vehicle, and mechanically activates
the steering column, thereby steering the vehicle according
to 1nstructions recerved from the CPU based upon the
vehicle’s position and a predetermined path. An interrupt
clement, such as a wheel movement sensor or a slip gear,
may be interfaced with the automatic steering subsystem to
allow for manual steering override of the automatic steering

control.

11 Claims, 4 Drawing Sheets
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SYSTEM AND METHOD FOR
INTEGRATING AUTOMATIC ELECTRICAL
STEERING WITH GNSS GUIDANCE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a reissue application of U.S. patent
application Ser. No. 13/944,767, filed Jul. 17, 2013, now

issued U.S. Pat. No. 8,781,685, issued Jul. 15, 2014 which
claims priority in U.S. Provisional Patent Application Ser.

No. 61/672,621, filed Jul. 17, 2012, which [is] are all
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to automated
equipment control using inputs based on global navigation
satellite system (GNSS) navigation, and in particular to
using an automatic steering system to guide between crop
rows and against furrow row edges 1n agricultural applica-
tions.

2. Description of the Related Art

Current automated agricultural vehicle guidance and
equipment control systems with GNSS-based technology
and automatic steering can guide equipment through fields
and control their operation with little or no direct human
interaction. GNSS-based guidance systems are adapted for
displaying directional guidance information to assist opera-
tors with manually steering the vehicles. For example, the
OUTBACK S™ steering guidance system, which 1s avail-
able from Aglunction LTC (www.agjunction.com) and 1s
covered by U.S. Pat. No. 6,539,303 and No. 6,711,501,
which are incorporated herein by reference, includes an
on-board computer capable of storing various straight-line
and curved (“‘contour”) patterns. An advantage of this sys-
tem 1s 1ts ability to retain field-specific cultivating, planting,
spraying, {fertilizing, harvesting and other patterns 1n
memory. This feature enables operators to accurately retrace
such patterns. Another advantage relates to the ability to
interrupt operations for subsequent resumption by referring
to system-generated logs of previously treated areas.

Another type of GNSS vehicle guidance equipment auto-
matically steers the vehicle along all or part of 1ts travel path
and can also control an agricultural procedure or operation,
such as spraying, planting, tilling, harvesting, etc. Examples
of such equipment are shown 1 U.S. Pat. No. 7,142,956,
which 1s incorporated herein by reference. U.S. Pat. No.
7,437,230 shows satellite-based vehicle guidance control 1n
straight and contour modes, and 1s also 1ncorporated herein
by reference. U.S. Pat. No. 7,162,348 1s incorporated herein
by reference and discloses an articulated equipment position
control system and method whereby a working component,
such as an implement, can be guided independently of a
motive component, such as a tractor. The implement can
optionally be equipped with its own GNSS antenna and/or
receiver for interacting with a tractor-mounted GNSS sys-
tem.
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2

Ideally crops would be planted in perfectly straight,
evenly-spaced rows. Guidance through such fields would
consist of following relatively simple straight-line patterns.
Such guidance modes are commonly referred to as straight
line or “A-B” 1n reference to the equipment traveling 1n a
straight line between point A and point B 1n a repeating
pattern 1n order to cover an entire field, which 1s typically flat
and rectangular and therefore etfliciently divided into mul-
tiple, parallel swaths. However, field conditions 1n many
areas are not suitable for A-B guidance. For example, hilly
terrain sometimes requires the formation of constant-eleva-
tion terraces.

Guidance systems accommodate such irregular conditions
by operating in “contour following” modes consisting of
curvilinear tracks defined by multiple GNSS points along
which the equipment 1s guided. Inmitial planting passes made
with manual and visually-guided navigation, which may or
may not be supplemented with GNSS navigational aids, can
cause crop rows to deviate from straight lines. Accommo-
dating such irregular crop rows in subsequent operations
(e.g., spraying and harvesting) may require the equipment to
deviate from straight-line passes.

Notwithstanding recent advances 1n GNSS-based guid-
ance accuracy, the natural irregularities of row crop culti-
vation tend to compromise the eflectiveness of navigation
based solely on location-finding front satellite signals.
Moreover, satellite signals are occasionally lost due to
interference from atmospheric conditions, weather and elec-
tromagnetic fields (EMF). There are various levels of dii-
ferential accuracy available for GNSS. The use of these can
cause oflsets and dnits, especially over the crop growth
season from field preparation to harvesting. One option to
compensate for such lapses in GNSS reception, inertial
navigation systems (INS) with gyroscopes has been utilized
for relatively short-term, supplemental guidance input.

An alternative concept includes automatic steering con-
trol upon collision detection by electrically or hydraulically
controlling the physical steering control of the vehicle.
Many systems accommodate operators overriding the auto-
mated functions. For example, an operator may respond to
observed, actual field conditions 1n order to maintain the
equipment on course. Custom applicators, who use their
equipment on multiple farms, need guidance equipment
capable of universal operation for optimizing their produc-
tivity while minimizing crop damage and avoiding vehicle
collision on ground that 1s uneven or otherwise diflicult to
traverse. Such equipment should be usable by operators with
minimal training operating at optimal speeds and should
have the capacity for storing and recalling field data for
reuse, for example front season-to-season. Higher equip-
ment speeds also tend to create auto-steering discrepancies,
which can lead to crop damage from equipment overruns.

Having an automatic steering system which detects user
input and automatically disengages the steering system
would lead to a synthesis between machine and man, result-
ing 1in the best of both worlds. Existing hydraulic steering
systems make 1t dithicult to override automatic control when
manual control 1s desired. Such a system can be i1mple-
mented simply and cheaply into existing machines, as
opposed to the more intricate and expensive hydraulic
steering systems currently being used.

All-terrain vehicles (ATVs) often utilize electrical steer-
ing assist consisting of a worm drive connected to an
clectrical steering motor for steering over and around
obstacles and for power assist, e.g., at low speeds. Such a
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drive can also be used to provide automatic steering in an
agricultural vehicle, with manual over-ride through the use
of a built-in ship gear.

Heretofore there has not been available an automatic
steering system for an agricultural vehicle with the advan-
tages and features of the present imnvention.

SUMMARY OF THE INVENTION

In the practice of the present invention, a system and
method are provided for automatically controlling vehicles
and equipment using GNSS and an electrical auto-steering
system connected directly to the steering column. For
example, agricultural equipment comprising a tractor and an
implement can be equipped with a vector position and
heading sensor subsystem including a GNSS receiver and
antennas and an inertial (gyroscopic) subsystem with X, Y
and 7 axis sensors for sensing equipment attitude changes
through six degrees of freedom. The GNSS and INS/gyro-
scopic mput subsystems can be housed 1n a common enclo-
sure for mounting on the tractor roof. A micCroprocessor-
based controller processes the inputs and automatically
controls the vehicle steering system 1n response thereto.

Using GNSS with auto-steering systems can provide
turther advantages. This mvention allows manual or trans-
parent switching between these modes, and also provides for
a safety mechanism whereby the user’s manual movement
of the steering will automatically stop the automatic steering
subsystem. Calibration of the recent line curvatures and
oflsets from previously logged GNSS tracks can be used to
switch between modes while minimizing any crop damage
should visual edge detection be lost. The edges can be
defined by furrows, physical plants visible against soil or
touching plants from adjacent rows. The main aspect of this
invention applies an electrical automatic steering subsystem
to an agricultural vehicle guided by GNSS.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1sometric view of a tractor with a block
diagram of a vehicle control system with GNSS and auto-
matic steering subsystems and embodying an aspect of the
present mvention.

FI1G. 2 1s a block diagram of a vehicle control system with
GNSS and automatic steering subsystems and embodying an
aspect of the present invention.

FIG. 3 1s a plan view of an automatic steering subsystem
embodying an element of an aspect of the present invention.

FI1G. 4 1s a flowchart demonstrating a method of practic-
ing an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

I. Introduction and Environment

As required, detailed embodiments of the present inven-
tion are disclosed herein; however, 1t 1s to be understood that
the disclosed embodiments are merely exemplary of the
invention, which may be embodied 1n various forms. There-
fore, specific structural and functional details disclosed
herein are not to be mterpreted as limiting, but merely as a
basis for the claims and as a representative basis for teaching,
one skilled i the art to variously employ the present
invention in virtually any appropriately detailed structure.

Certain terminology will be used in the following descrip-
tion for convenience in reference only and will not be
limiting. For example, up, down, front, back, right and leit

10

15

20

25

30

35

40

45

50

55

60

65

4

refer to the imvention as oriented in the view being referred
to. The words “inwardly” and “outwardly” refer to direc-
tions toward and away from, respectively, the geometric
center of the embodiment being described and designated
parts thereol Global navigation satellite systems (GNSS) are
broadly defined to include GPS (U.S.), Galileo (European
Union, proposed), GLONASS (Russia), Beidou (China),
Compass (China, proposed), IRNSS (India, proposed),
QZSS (Japan, proposed) and other current and future posi-
tioning technology using signals from satellites, with or
without augmentation from terrestrial sources, Inertial navi-
gation systems (INS) include gyroscopic (gyro) sensors,
accelerometers and similar technologies for providing out-
put corresponding to the inertia of moving components 1n all
axes, 1.e. through six degrees of freedom (positive and
negative directions along transverse X, longitudinal Y and
vertical Z axes). Yaw, pitch and roll refer to moving com-
ponent rotation about the 7, X and Y axes respectively. Said
terminology will include the words specifically mentioned,
derivatives thereof and words of similar meaning.

II. Preferred Embodiment System 2

Referring to the drawings 1n more detail and as shown 1n
FIG. 1, the reference numeral 2 generally designates a
GNSS guidance system implementing an electrical direct-
drive steering assistance mechanism 3, embodying an aspect
of the present invention. Without limitation on the generality
of useful applications of the guidance system 2, a GNSS
receiver 4 and a guidance processor 6 are connected to a
GNSS antenna 12 and installed into a vehicle 10, such as an
agricultural vehicle or tractor. An auto-steering system 8 1s
clectrically connected to the guidance processor 6, and 1s
mechanically mterfaced with the vehicle 10 via the steering
assistance mechanisms 3. A remote base station 14 1s placed
in proximity to the working field which provides for difler-
ential GNSS guidance.

FIG. 2 displays additional detail for the guidance system
2. The GNSS receiver 4 1s further comprised of an RF
convertor (1.e., downconvertor) 16, a tracking device 18, and
a rover RTK recerver element 20. The receiver electrically
communicates with, and provides GNSS positioning data to,
the guidance processor 6. This processor includes a graphi-
cal user interface (GUI) 26, a microprocessor 24, and a
media element 22, such as a memory storage drive. The
processor electrically communicates with, and provides con-
trol data to the auto-steering system 8. The auto-steering
subsystem 1ncludes a wheel movement detection switch 28
and an encoder 30 for interpreting guidance and steering
commands from the CPU 6.

The auto-steering system 8 primarily interfaces mechani-
cally with the vehicle’s steering column 34, which 1s
mechanically attached to the physical steering wheel 32. A
control line 42 transmits guidance data from the CPU 6 to
the auto-steering system 8. An electrical subsystem 44,
which powers the electrical needs of the vehicle 10, inter-
faces directly with the auto-steering system 8 through a
power cable 46. The auto-steering subsystem can be
mounted to the steering column 34 near the floor of the
vehicle, and 1n proximity to the vehicle’s control pedals 36.
Alternatively, the auto-steering system 8 can be mounted at
other locations along the steering column 34.

The auto-steering system 8 1s shown 1n further detail in
FIG. 3. A mounting rod 38 mounts the auto-steer system
directly to the steering column 34. The main body 40 of the
auto-steering system 8 1s housed along the mounting rod,
and includes the wheel move detection switch 28 or other
means for detecting when the user desires to end the
auto-steering commands.
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The auto-steering system 8 physically drives and steers
the vehicle 10 by actively turning the steering wheel 32 via
the steering column 34. A motor 45 powered by the vehicle’s
clectrical subsystem 44 powers a worm drive 50 which
powers the worm gear 48 atlixed to the auto-steering system
8. These components are preferably enclosed in an enclosure
51.

FIG. 4 demonstrates how a user would actively operate a
vehicle with the preferred embodiment system presented
above. The method of operating the system starts at 32. The
GNSS receiver 4 acquires a GNSS signal at 534 and deter-
mines the vehicle’s geographic position from this data. The
GNSS receiver communicates this data to the CPU 6, which
determines where the vehicle should be, according to pre-
determined or actively-provided instructions for working the
agricultural vehicle 10.

The user determines whether to engage the automatic
steering feature at 356. If the user opts not to engage
auto-steer, the user may maintain manual steering at 66. This
allows the user to initially place the vehicle 1n a starting
position.

If the user elects to activate auto-steering at 36, the
auto-steering system engages at 38. The auto-steer features
are similar to an electrical steering assist system commonly
used with all-terrain-vehicles (ATVs). In an ATV, the elec-
trical steering assist system engages when the system detects
that the user 1s struggling because the wheels have encoun-
tered an obstacle or due to low ATV speeds. The electrical
steering assist provides power to the steering column and
actively aids the user in turning the wheels. In the present
invention, this feature 1s reversed: when the auto-steering
system 1s engaged, it automatically guides the vehicle along
the path at 60 as instructed by the CPU until either the job
1s completed at 62, or until the operator manually grips the
steering wheel and turns 1t at 64.

The operator’s turning of the steering wheel at 64 cuts ol
the electrical auto-steer system, defaulting to manual steer
control at 66. This 1s either caused by an automatic switch
28 which shuts off the auto-steer, or by use of a slip-gear
which bypasses the worm drive’s ability to control the
steering column. The user may re-engage auto-steer at 56 at
any time thereafter, either by activating a switch or by
merely releasing the steering wheel.

If the job 1s complete at 62, the user disengages auto-steer
at 68 1n the same manner as above—either by thpping a
switch or by manually gripping and turming the steering
wheel, thereby over-riding auto-steer.

Once the job 1s completed and auto-steer 1s disengaged at
68, the job data may be downloaded to a portable device or
an ofil-site computer at 70. This data can be used to improve
field working procedures in the future. The data will deter-
mine 1f there was ever a time where the user manually took
control of the vehicle, and will record the path taken by the
user while auto-steer was disengaged. The next time this
particular field 1s worked, the user will have the option to
force the auto-steer system to follow the new path previ-
ously manually driven by the operator. The recorded results
are displayed at 72 and the operation ends at 74.

It 1s to be understood that the invention can be embodied
in various forms, and 1s not to be limited to the examples
discussed above.

Having thus described the disclosed subject matter, what
1s claimed as new and desired to be secured by Letters Patent
1S:

1. A guidance system for a vehicle including steerable
wheels and a steering mechanism connected to the steerable
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wheels, the steering mechanism including a steeving column
mounting a steering wheel, which guidance system includes:

[a GNSS-based guidance subsystem including a GNSS
receiver, a guidance processor including] a guidance
CPU connected to [the] a GNSS-based guidance sub-
system and a GNSS receiver thereof, an output from
said guidance [processor] CPU for providing a steering
signal output, a graphical user iterface (GUI) con-
nected to the guidance [processor] CPU, and a memory
storage device connected to the [processor] guidance
CPU,

an automatic steering subsystem including a drive con-
nected to the steering mechanism and an encoder
connected to the steering mechanism and the guidance
[processor] CPU:

said drive including a motor connected to [said] ar
clectrical subsystem; and

[an electrical subsystem connected to said automatic
steering subsystem] a slip gear mechanically inter-
faced with said steeving mechanism adapted to discon-
nect said drive from said steerving mechanism.

2. The system of claim 1, further comprising:

[the vehicle steering mechanism including a steering
column mounting a steering wheel; and}

a worm drive imterfacing with said automatic steering
subsystem and said steering column, wherein the slip
gear is adapted to bypass said worm drive.

3. The system of claim 2, wherein said automatic steering,

subsystem 1s mounted 1n proximity to said steering column.

4. The system of claim 2, further comprising a mounting

rod mounting said automatic steering subsystem to said
steering column.

5. The system of claim 2, further comprising:

a wheel movement detection switch integrated into said
automatic steering system; and

said wheel movement detection switch adapted to inter-
rupt said automatic steering subsystem when said steer-
ing wheel 1s manually turned.

[6. The system of claim 2, further comprising:

a slip gear adapted to bypass said worm drive, said slip
gear mechanically interfaced with said steering col-
umn. |

7. A system for controlling an agricultural vehicle includ-

ing a steering column connected to steerable wheels and
mounting a steering wheel, which guidance system includes:

a GNSS guidance subsystem including [an RF converter,]
a GNSS receiver],] and a GNSS antenna;

an automatic steering subsystem including a worm drive
having a worm gear, [and an encoder:] said automatic
steeving subsystem mechanically interfaced with said
steering column via said worm drvive and

[an electrical subsystem adapted for powering a plurality
of electrical components of the vehicle, said electrical
subsystem interfaced with said automatic steering sub-
system via a power cable;]

said worm drive powered by a motor connected to [said]
an electrical subsystem;

a guidance CPU electronically connected to said GNSS
guidance subsystem|,] and said automatic steering sub-
system, a graphical user interface (GUI), and a memory
storage device; and

[said automatic steering subsystem mechanically inter-
faced with said steering column via said worm drive;

a mounting rod mounting said automatic steering subsys-
tem to said steering column;

a wheel movement detection switch integrated into said
automatic steering system; and
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said wheel movement detection switch adapted to inter-
rupt said automatic steering subsystem when said steer-
ing wheel is manually turned] a slip gear mechanically
interfaced with said steering column and adapted to
bypass said worm drive.

8. A method of controlling a vehicle having a steering

column attached to a steering wheel, the method comprising
the steps:
providing a GNSS guidance subsystem including an RF
converter, a GNSS receiver and a GNSS antenna;
providing an automatic steering subsystem including a
worm drive having a worm gear, and an encoder;
connecting said GNSS guidance subsystem and said auto-
matic steering subsystem to an electrical subsystem

integrated into the vehicle, said electrical subsystem
powering a plurality of electrical components con-
nected to said vehicle;

interfacing said worm drive with the steering column of
the vehicle;

providing a guidance CPU celectronically connected to
said GNSS gwdance subsystem and said automatic
steering subsystem;

locating said vehicle location with said GNSS guidance
subsystem;

sending guidance instructions to said automatic steering
subsystem with said guidance CPU; [and]

steering the wvehicle along a predetermined path by
mechanically operating said steering column with said
automatic steering subsystem, thereby guiding the
vehicle;

providing a slip gear interfaced with said steering col-
Umn,

activating said slip gear, thereby deactivating said auto-
matic steerving subsystem;

deactivating said slip gear; and

reactivating said automatic steering subsystem.

[9. The method according to claim 8, further comprising

the steps:
providing a slip gear intertaced with said steering column;

8

activating said slip gear, thereby deactivating said auto-
matic steering subsystem:;

deactivating said slip gear; and

reactivating said automatic steering subsystem. ]

5 10. The method according to claim 8, further comprising
the steps:

providing a wheel movement detection switch integrated

into said automatic steering system;

detecting manual interference of said steering wheel with
sald wheel movement detection switch; and

activating said automatic steering subsystem.

11. A system for controlling a vehicle including a steeving
column mounting a steeving wheel, comprising:

a guidance central processing unit (CPU) to:

receive signals from a global navigation satellite system

(GNSS);

identify a location of the vehicle based on the signals

received from the GNSS;

send guidance instructions to an automatic steering sub-

system to steer the vehicle along a predetermined path
based on the identified location of the vehicle;

detect manual interference of the automatic steering of the

vehicle by the automatic steeving subsystem;
deactivate the automatic steeving subsystem based on the
detected manual interference; and

activate a slip gear interfaced with the steerving column to

deactivate the automatic steeving subsystem.

12. The system of claim 11, further comprising the guid-
ance CPU to cause the automatic steeving subsystem to steer
the vehicle by controlling movement of the steeving column
V- for the steering wheel.

13. The system of claim 11, further comprising the guid-
ance CPU to:

receive a signal from a steerving wheel movement detec-

tion switch to detect the manual interference of the
automatic steering of the vehicle; and

deactivate the automatic steeving subsystem in response

to the signal from the steering wheel movement detec-
tion switch.
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