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SYSTEMAND METHOD FOR GPS ALIGNMENT USING REAL-TIME KINETICS

(0017 RELATED APPLICATIONS

[002] The present application claims priority to U.S. Provisional Application No.

62/623,587 filed Jan. 30, 2018,

(0031 BACKGROUND AND FIELD OF THE PRESENT INVENTION

[004] Field of the Present invention

[005] The present invention relates generally to a system and method for alignment control
of irrigation spans and, more particularly, to a system and method for GPS alignment of

irrigation spans using real-time kinetics sent via power line carrier.

[006] Backeround of the lnvention

[007] Modern center pivot and linear irrigation systems generally include interconnected
spans {(e.g., irrigation spans) supported by one or more tower structures to support the
conduits (e.g., water pipe sections). In turn, the conduits are further attached to
sprinkler/nozzle systems which spray water {or other applicants) in a desirved pattern. In these
modern irrigation systems, a significant number of powered elements are used to control
various aspects of irrigation. These often include remote, independent power for a variety of

sensors, sprayers, drive control systems, motors and transducers,

[008] In operation, control and powering of each of these powered elements is
accomplished via systems of electro-mechanical devices including relays, switches and other
devices with moving parts. Given thetr size and complexity, modern irrigation machines are
prone to repeated mechanical and electrical breakdowns. One important source of
mechanical breakdowns is misalignment of drive towers. With the large spacing between
each drive tower of an irrigation span, significant stress and shearing force can be created
with even a minimal amount misalignment. The primary method of controliing alignment 1o
conventional irrigation systems relies upon electromagnetic switches which are used to
control the operations of individual drive motors. These systems have large response times
and fack the ability to fine-tune alignment changes. Further, these types of systems rely on
mechanical linkages between individual spans. As such they are susceptible to changes in
span orientation (span roll) due to wind, terrain or the like. Further these systems utilize a
fairly wide alignment error band before a motor is started or stopped, typically on the order of

+1.5 degrees misalignment, thus causing the high structural stresses discussed above.
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[009] A new alternative method for alignment control relies upon individual GPS receivers
which inform each individual drive tower regarding location and alignment. These systems
are prone to slow response times due to the transmission lags. Further, GPS based systems
without some type of correction (such as RTK, WAAS, D-GPS, or the like) all suffer from a
significant margin of error which is generally too large to be useful when fine tuning the

alignment of irrigation spans.

[0010] To overcome the limitations of the prior art, a reliable and effective system 1s needed

to control and align irrigation spans and drive towers.

[0011] Summary of the Present Invention

[0012] To address the shortcomings presented in the prior art, the present invention provides
a system for providing power and alignment control within an irrigation system having at
feast two spans and a drive system for moving the spans. According to a first preferred
embodiment, the present invention includes a method for maintaining the alignment of an
irrigation system having a plurality of connected spans and a plurality of drive towers for
moving the connected span around a center pivot. Alternatively, a linear cart could be

substituted for the center pivot.

[0013] According to a further preferred embodiment, the method of present invention
includes the steps oft receiving a first set of GPS location data and second set of RTK error
data; comparing the first set of GPS location data with the second set of RTK error data;
calculating RTK error correction data; transmitting RTK error correction data to the
intermediate drive towers and the last drive tower; calculating the location of the last drive
tower using GPS data and RTK error correction data; calculating a straight, center line
between the center pivot and the last drive unit; calculating the relative distances between
each intermediate drive tower and the calculated center line using a linear regression
algorithm; and controlling the average speed over time of each intermediate drive tower to

reduce distance between their current locations the calculated center line.

[0014] The accompanying drawings, which are incorporated in and constitute part of the
specification, tllustrate various emabodirents of the present invention and together with the

description, serve to explain the principles of the present invention.

[0015] Brief Description of the Drawings

[0016] FIG. 1 shows an exemplary irrigation system for use with the present invention.
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(00171 FIG. 2 shows a block diagram illustrating the exemplary processing architecture of a

control device in according with a first preferred embodiment of the present invention.

[0018] FIG. 3 shows a block diagrars in accordance with further preferred embeodiment of the
present invention.

[0019] FIG. 4 shows a block diagram in accordance with further preferred embodiment of the

present invention.

[0020] FIGS. 5A, 5B, and 5C illustrate a first alignment method in accordance with a further

preferred embodiment of the present invention.

{00211 FIG. 6 shows a flow chart iHustrating the first alignment method shown in FIGS. 54,
5B and 5C.

[0022] FIG. 7 provides a flow chart illustrating a second alignment method in accordance

with further preferred embodiment of the present invention.

100231 FIGS. 8A, 8B, and 8C illustrate the second alignment method tllustrated in FIG. 7.

[0024] Description of the Preferred Embodiments

[0025] For the purposes of promoting an understanding of the principles of the present
invention, reference will now be made to the embodiments illustrated in the drawings and
specific language will be used to describe the same. It will nevertheless be understood that
no limitation of the scope of the present invention is hereby intended and such alterations and
further modifications in the illustrated devices are contemplated as would normally occur to

one skitled in the art.

[0026] In accordance with preferred embodiments of the present invention, it should be
understood that the term “drive unit” may preferably include a number of sub-components
including: a motor, a controller, a communication device {such as a PLC or the like) and an
alignment device. Further, while the invention s discussed below with respect to three
exemplary towers, the number of towers used may be expanded or reduced (1.¢. 2-100
towers) as needed without departing from the spirit of the present tnvention. Further, the
term “motor” as used herein may refer to any suitable motor for providing torque to a drive
wheel. Accordingly, the term “motor” as used herein may preferably include motors such
switch reluctance motors, induction motors and the like.

22 Ll 22 Ll

100271 The terms “program,” “computer program,” “software application,” “module,”

firmware” and the like as used herein, are defined as a sequence of instructions designed for
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execution on a computer system. The term “solid state” should be understood to refer to a
range of solid state electronic devices which preferably include circuits or devices built from
solid matertals and in which the electrons, or other charge carriers, are confined entirely
within the solid material. Exemplary solid-state components/materials may include
crystalline, polycrystalline and amorphous solids, electrical conductors and semiconductors.

Common solid-state devices may include transistors, microprocessor chips, and RAM.

100281 A program, computer program, module or software application may include a
subroutine, a function, a procedure, an object implementation, an executable application, an
applet, a servlet, a source code, an object code, a shared library, a dynamic load library and/or
other sequence of instructions designed for execution on a computer system. A data storage
means, as defined herein, includes many different types of computer readable media that
allow a computer to read data therefrom and that maintain the data stored for the computer to
be able to read the data again. Such data storage means can inclhude, for example, non-
volatile memory, such as ROM, Flash memory, battery backed-up RAM, Disk drive memory,
CD-ROM, DVD, and other permanent storage media. However, even volatile storage such a
RAM, bufters, cache memory, and network circuits are contemplated to serve as such data

storage means according to different embodiments of the present invention,

[0029] Aspects of the systems and methods described herein may be implemented as
functionality programmed into any of a variety of circuitry, including programmable logic
devices (PLDs), such as field programmable gate arrays (FPGAs), programmable array logic
(PAL) devices, electrically programmable logic and memory devices and standard cell-based
devices, as well as application specific integrated circuits {ASICs). Some other possibilities
for implementing aspects of the systems and methods includes: microcontrollers with
memory, embedded microprocessors, firmware, software, etc. Furthermore, aspects of the
systems and methods may be embaodied in microprocessors having sottware-based circuit
emulation, discrete logic (sequential and combinatorial), custom devices, fuzzy (neutral
network) logic, quantum devices, and hybrids of any of the above device types. Of course,
the underlying device technologies may be provided in a variety of component types, e.g.,
metal-oxide semiconductor field-effect transistor (MOSFET) technologies like
complementary metal-oxide semiconductor (CMOS), bipolar technologies hike emitter —
coupled logic (ECL), polymer technologies {(e.g., silicon-conjugated polymer and metal-
conjugated polymer-metal structure), bidirectional triode thyristors (TRIAC), mixed analog

and digital, and the like.



CA 03087728 2020-07-03

WO 2019/152234 PCT/US2019/014647

[0030] FIG. 1 tllustrates an exemplary self-propelled irrigation system 100 which may be
used with example immplementations of the present invention. As should be understood, the
irrigation system 100 disclosed in FIG. 1 is an exemplary trrigation system onto which the
features of the present invention may be integrated. Accordingly, FIG. 1 1s intended to be
iltustrative and any of a variety of systems (i.e. fixed systems as well as linear and center
pivot self-propelled irrigation systems; stationary systems; corner systems) may be used with

the present invention without limitation.

[0031] With reference now to FIG. 1, spans 102, 104, 106 are shown supported by drive
towers 108, 109, 110. Further, each drive tower 108, 109, 110 is shown with respective
motors 117, 119, 120 which provide torque to the drive wheels 115, 116, 118, As further
shown in FIG. 1, the irrigation machine 100 may preferably further include an
extension/overhang 121 which may include an end guo (not shown). As turther shown, a
position sensor 123 may be provided to provide positional and angular orientation data for the
system of the present invention as discussed further below. As further shown, a control panel
112 is shown for enclosing elements of an exemplary control device 150 as discussed further
below. It should be further understood that FIG. 1 provides an iHlustration of an 1rrigation
machine 100 without many added powered elements and sensors. However, any of a variety

of different sensing systems may be added without limitation.

[0032] With reference now to FIG. 2, an exemplary control device 138 which represents
functionality to control one or more operational aspects of the irrigation system 100 will now
be discussed. As shown, an exemplary control device 138 preferably includes a processor
140, a memory 142, a positioning module 151, a data storage module 150 and a network
interface 144. The processor 140 provides processing functionality for the control device 138
and may include any nuraber of processors, micro-controliers, or other processing systems.
The processor 140 may execute one or more software programs that implement techniques
described herein. The mernory 142 s an example of tangible computer-readable media that
provides storage functionality to store various data associated with the operation of the
control device 138, such as the software program and code segments mentioned above, or
other data to instruct the processor 140 and other elements of the control device 138 to
perform the steps described herein. The memory 142 may include, for example, removable
and non- removable memory elements such as RAM, ROM, Flash (e.g., SD Card, mini-SD
card, micro-8SD Card), magnetic, optical, USB memory devices, and so forth. The network

interface 144 provides functionality to enable the control device 138 to communicate with
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one or more networks 149 through a variety of components such as wireless access points,
transceivers and so forth, and any associated software employed by these coraponents (e g,
drivers, configuration software, and so on). As shown, a preferred system of the present
invention may include a satellite transceiver 159 or the like for receiving direct satellite

communications,

[0033] In implementations, exemplary control device 138 preferably further includes a power
control system 146 and a power-line BUS 147 which may include conductive transmission
lines, circuits and the like for controlling and routing electric power, controlling its quality,
and controlling the devices attached to a power-line carrier system as discussed further
below. Further, the system of the present invention preferably may further include an
irrigation position-determining module 148 (alternatively referred to herein as the “Base
Station Module” or “BSM”) which may further include a global positioning system (GPS)
receiver 157 or the like to calculate a focation of the irrigation system 100, In accordance
with a further preferred embodiment of the present invention, the trrigation position
determining module 148/BSM preferably further includes a real-time kinematics (RTK) Error
Calculation Module 155 as discussed further below. According to preferred embodiments,
the processing of RTK signals as discussed herein may preferably be conducted using a

single frequency or dual frequencies without limitation.

[0034] As further shown, control device 138 may be coupled to a guidance device or similar
system 152 of the irrigation system 100 {e.g., steering assembly or steering mechanism) to
control movement of the irrigation system 100, As shown, the control device 138 may
further include a positional-terrain compensation module 151 to assist in controlling the
movement and locational awareness of the system. Further, the control device 138 may
preferably further include multiple inputs and outputs to receive data from sensors 154 and

monitoring devices as discussed further below.

100357 According to a preferred embodiment, the Base Station Module 411 (shown in FIG,
4y preferably functions to perform RTK error calculations to enhance the precision of

=y
7
i

position data derived from the GPS system 157, Although the present invention s discussed
with respect to GPS, the present invention also applies to data received from other
positioning systems such as LORAN, GLONASS, Galileo, BeiDou and the like, as well as
any combination of those like systems. As discussed further below with respect to FIGS. 5-8,
the present RTK error calculations performed by the Base Station Module 411 are preferably

provided to one or more drive towers to provide real-time corrections to individually received

6
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GPS location data. Additionally, RTK can utilize a single frequency (commonly known as
the L1 band) for corrections, or can utilize dual frequencies (commonly known as the L1 and
1.2 bands}. Further like correction technologies (such as WAAS, or Differential GPS) that
enhance positional accuracy may be used. Preferably, any such systems would be compatible
with the like positioning systems discussed above and provide positional accuracy better than

1 meter.

100361 With reference now to FIG. 3, an exemplary system 300 incorporating aspects of the
present invention shall now be further discussed. As further shown, an exemplary irrigation
system 300 may include transducers 327, 328, 330 which are provided to control and regulate

2

water pressure to sprinklers including the end gun 321 and other sprinkler heads 326

00371 Further the system may preferably include solid state tower boxes 312, 314, 316
{(including the solid-state motor controllers, non-contact alignment devices and other
components as discussed above) which are preferably interconnected to respective drive unit
motors 307, 309, 311, As further shown, the respective drive unit motors 307, 309, 311
preferably provide torgue and braking to respective sets of drive wheels 302, 304, 306, As
discussed above, the system of the present invention may include any suitable motor for
providing torque to a drive wheel. According to a preferred embodiment, the system of the
present invention may preferably include motors such switch reluctance motors, induction

motors and the like.

[0038] The system 300 of the present invention may also include a control box 305 and/or a
pivot control box 308 which may together house control panels and hardware for
implementing aspects of the present invention. For example, the control box 305 may house
a control panel {such as control panel 403 shown in FIG. 4), elements of the controller device
138 and further hardware and software for executing aspects of the present invention.
Likewise, the pivot control box 308 may house a pivot/control panel (such as pivot/control
panel 402 shown in FIG. 4), elements of the controller device 138, and hardware and
software tor executing additional aspects of the present invention. The system of the present
invention may also include GPS receivers 320a-d for receiving positional data and indirect
crop sensors 318, 322 which preferably may include optional motsture sensors to determuine
the moisture levels in a given area of scil. Additionally, the sensors 318, 322 may further
include optics to allow for the detection of crop type, stage of grown, health, presence of
disease, rate of growth and the like. Still further, the system may include ground sensors.

Still further, the detection system may further receive data from a connected or remote
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weather station or the like which is able to measure weather features such as humidity, wind
speed, wind direction, pressure, precipitation, temperature and the like. Still further, the
system may preferably further include a wired or wireless transceiver/router 324, 325 for
receiving and transmitting signals between system elements and for receipt of RF/satellite
signals. Further, the preferred system of the present invention may alternatively further

include additional elements mounted to the span 310 such as additional sensors and the like.

[0039] With reference now to FIG. 4, turther aspects of the present invention shall now be
further discussed. As shown in FIG. 4, the power/control system of the present invention 400
may preferably include a control/pivot panel 402 which preferably provides control signals
and power 1o a series of intermediate solid-state tower boxes 404, 406 and a last regular drive
unit tower box 408. As shown, each solid-state tower box 404, 406, 408 preferably further
includes a GPS sensor/input 405, 407, 409. It should be understood that solid-state tower
boxes are provided as an example and the present invention is not intended to be limited to
the use of solid-state tower boxes. For example, electro-mechanical tower boxes may be used
in place of the solid-state tower boxes without departing from the scope of the present

invention.

{00407 As shown, the exemplary control/ pivot panel 402 may include an optional pivot
controller 410 and/or a power-line carrier (PLC) 414, The PLC 414 may control and direct
power to downstream intermediate solid-state tower boxes 404, 406 and a last regular drive
unit tower box 408 via a power-line BUS 416. The pivot controller 410 may be connected to
the power-line carrier 414 via a serial communication connection 412 (1.e. RS8-232) or the
like. According to preferred embodiments, the power-line BUS 416 of the present invention
may provide and direct power at any of a variety of different voltages and amps. For
exarple, the power-line BUS 416 of the present invention may provide power over a range
of voltages (such as between 0-1000 volts) and over a range of currents {(such as .1 to 100
amps) as desired without imitation. According to a further preferred embodiment, the power
may be provided at 120-480 volts with a current anywhere between 5-50 amps. For instance,
the power-line BUS 416 may provide 120 volts AC at 5 amps. According to a further
preferred embodiment, the power-line BUS 416 may preferably provide power at 480 volts
AC at 30 amps. According to a further preferred embodiment, the power-line carrier of

present invention may preferably operate as a one or two-way system.

[0041] With reference again to FI(. 4, an exemplary control panel 403 may include a Base

Station Module (BSM) 411 and a PLC 413, The BSM 411 may receive GPS data from a GPS
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receiver 415 (or another geolocation device). The BSM 411 may further include an RTK
Error Calculation Module 155 or other function to allow the BSM 411 to receive RTK error
data and produce RTK error correction data. As discussed further below, the BSM 411
preferably calculates and provides the RTK error correction data through the power-line
carrier 413 to the downstream solid-state tower boxes 404, 406, 408 via a power-line BUS

416,

100421 As further shown in FIG. 4, the RTK error correction data (along with power and
control signals provided by the power-line box 416} are preferably first recetved by
intermediate solid-state tower box 404 which preferably receives, processes and thereafter
directs the received power to a center drive motor 418, Further, the RTK error correction
data is preferably processed by the intermediate solid-state tower box 404 and used to
correct/adjust the GPS location data received from the GPS module 405, Likewise, the
power and control signals provided by the power-line box 416 are received by the
intermediate solid-state tower box 406 which preferably receives, processes and thereafter
directs the received power to center drive motor 420, Although not shown, any number of
additional intermediate solid-state our boxes may further be incorporated as needed
depending on the size of the urrigation system. Regardless of the number of intermediate
solid-state tower boxes, the RTK error correction data and the power from the power-line bus
416 1s preferably finally received at a last regular drive unit solid-state tower box 408 which
preferably likewise receives and processes the received RTK error correction data as well as

directs the received power to a center drive motor 422

[0043] As further shown in FI(. 4, according to an alternative preferred embodiment, the
system of the present may alternatively utilize a separate 120V 1-phase or similar power
circutt 417 for allowing PLC communications between the main pivot controiler 410 and/or
the BSM 411 and the solid-state tower boxes 404, 406,408, According to further preferred
embodiments, the power circuit 417 may be an alternative to PLC communications using the
power ling BUS 416 or in addition to power-line communications. According to alternative
preferred embodiments, wireless signals may further be used to transmit RTK error
correction data.  According to alternative preferred embodiments, electromechanical tower
boxes, VFD motor controllers, or the like may be used in place of the solid state tower boxes.
Preferably, any such tower boxes contain a PLC module with the ability to receive GPS

signals from the local receiver.
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[0044] With reference now to FIGS. SA-C and 6, a preferred method in accordance with
preferred embodiments of the present invention shall now be discussed. With reference to
FIGS. 5 and 6, at a preferred first step 602, the base tower/pivot point 401 of the present
invention preferably receives a first set of GPS location data and RTK error data. According
to a preferred embodiment, the GPS and RTK error data may be received directly by
respective GPS and RTK satellite receivers. Alternatively, this data may be input from

memory or received from an outside network.

[0045] At a next step 604, the Base Station Module (BSMj 411 {(shown in FIG. 3) preferably
compares the GPS location data with the RTK error data. At a next step 605, the BSM 411
preferably calculates RTK error correction data. At a next step 607, the RTK error correction
data is preferably transmitted via PLC to each downstream drive tower controller 404, 406,

and 408,

[0046] At next step 608, the location of the last drive tower 408 is calculated using GPS data
and RTK error correction data. At a next step 610, the system preferably calculates a
straight, center line 421 between the base/pivot location 401 and the last drive unit 408 (as
shown in FIG. 5B). At a next step 612, the intermediate drive towers 404 and 406 preferably
calculate the relative distances between their current calculated locations and the calculated
center line 421. According to preferred embodiments, these calculations are preferably made

using a linear regression algorithm or the like.

[0047] At anext step 614, the controllers for each intermediate drive tower 404, 406
preferably control their drive wheels to reduce distance between their current locations the
calculated center line 421, For example, as shown in FIG. 5C, a first intermediate tower 404
is preferably controlied to reduce its speed so that the distance between itself and the center
line 421 1s reduced as the irrigation machine moves in a given direction 420, This may
preferably be accomplished by adjusting the duty cycle of a start-stop motor, by reducing the
RPM of a constant-move {variable speed) motor such as a switch reluctance motor or an
induction motor driven by a variable frequency drive or by ke methods. Similarly, a second
intermediate tower 406 may preferably be controlled to increase its speed to reduce the
distance between itself and the center line 421, Preferably, the calculations and adjustments
by the drive towers 404, 406 in accordance with the present invention may be continually
performed in real time to maintain alignment. Additionally, the BSM at the base 401
preferably continually sends out real-time kinematics (RTK) signals to all of the downstream

towers to allow each tower controlier to correct GPS errors in real-time.

1
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00481 According to an alternative preferred embodiment, the speed of a drive wheel may be
controtled by adjusting or changing the programmed average speed of the drive wheel. In
this way, a selected drive wheel may be programmed to stay in alignment longer even though
the speed of the wheel may differ from other drive wheels. For example, this may be
accomplished by waiting until a given drive wheel is 10 ¢m behind and then
adjusting/increasing the average speed of the drive wheel until it is 10 cm ahead. The present
invention may thus continually update the programmed average speed of each tower as
necessary and may continually cycle between location detection and updating of programmed

average speeds of each tower to minimize the misalignment of towers.

[0049] According to further preferred embodiments, the alignment algorithm of the present
invention may operate when the machine is still or during the operation and running of the
irrigation system. Further, the algorithm and system of the present invention may be used to
initially align the towers every time the machine is started {(i.e., at the beginning of the
machine movement) rather than real-time, during the machine movement). Accordingtoa
further preferred embodiment, the algorithm of the present invention may preferably include
a margin error so that only towers located more than a set distance (i.e. two inches) from the
centerline are instructed to reduce detected alignment errors.  According to a further
preferred embodiment, the order of alignment may be determined 1n the order of the
outermost tower to the innermost tower. Further, the instructions tor realigning the towers

may be prioritized from the outermost tower to the innermost tower.

[0050] With reference now to FIGS. 7 and 8A-C, an alternative “three-tower” algorithm for
use with the present invention shall now be discussed. According to an exemplary alternative
algorithm, alignment may be calculated and adjusted for using selected groups of towers. In
this way, the largest alignment errors within the groups of towers may be identified and
focally adjusted for. According to a further preferred embodiment, groups of three towers
are used and the position of each center tower may preferably be first determined and then the

positions of the two adjacent towers are determined.

[0051] With reference to FIGS. 7 and 8, at a preferred first step 702, the base tower/pivot
point 801 of the present invention preferably receives a first set of GPS location data and
RTK error data. According to a preferred embodiment, the GPS and RTK error data may be
received directly by respective GPS and RTK satellite receivers. Alternatively, this data may

be input from memory or received from an outside network.

il
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[0052] At a next step 704, the base tower/pivot point 801 may preferably compare the GPS
focation data with the RTK error data. At a next step 706, the BSM preferably calculates
RTK error correction data. At a next step 708, the RTK error correction data is preferably

transmitted to each downstream drive tower controlier 804, 806, and 808.

[00S3] At next step 710, each drive tower may calculate iis position using GPS data and RTK
error correction data. At a next step 712, each pair of adjacent towers 803, 807 may
preferably calculate a straight, center line 810 between themselves (as shown in FIG. 8B). At
a next step 714, the center drive tower 305 may preferably calculate the relative distance

between its current calculated location and the calculated center line §10.

[0054] At aunext step 716, the controller for the intermediate drive tower 805 preferably
controls the drive wheels to reduce distance between their current focations the calculated
center line 810, For example, as shown in FIG. 8C, the intermediate tower 805 is preferably
controtied to increase its speed so that the distance between itself and the center line 810 1s

reduced while the irnigation machine travels in a given direction 812.

[0055] Preferably, multiple groups of towers may be simultaneously monitored and aligned.
For example, the system may preferably analyze and align multiple three tower groups at the
same time. Further, the “three-tower alignment” may preferably be run at every tower along
the machine, beginning with the tower closest to the end tower and proceeding inward. The
alignment could also be run simultaneously amongst all the towers. Additionally, the
controller at the base 801 15 preferably continually sending out real-time kinematics (RTK)

signals to all of the downstream towers to allow each tower controller to correct GPS errors.

[0056] According to a further preferred embodiment, all the towers may be continuously
aligned until all the “delta” lengths are within a certain threshold for alignment. During the
alignment process, the end tower may preferably be moving to minimize stress on the span.
According to turther aspects of the present invention, it should be understood that the use of
groups of three towers as discussed above is provided as a preferred example only.

Alternatively, any other number of towers may be used as a group as well.

[0057] According to alternative embodiments, the present invention may utilize analog
sensors on each tower. For example, a LORAN device could be located on each tower and
the systern may then, for example, utilize the three-tower alignment algonthm in conjunction
with the triangulation data from the LORAN devices. Further, LORAN could also be utilized

as a backup to the GPS sensors, in case the GPS sensors failed or became unavailable.
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[0058] According to a further preferred embodiment, the GPS sensor of the present invention
may preferably be placed as low to the ground as possible. Further, where a GPS sensor
needs to be placed higher on a tower, any resulting terrain-caused tracking error may
preferably be corrected or compensated for by utilizing an altimeter and/or gyroscope sensor
data (such as in module 151 shown in FIG. 2) for the GPS sensor at the tower. In this case,
the GPS coordinates reported by the sensor may be adjusted based on the amount of tilt in the
tower {due to terrain slopes) as measured by a co-mounted altimeter and/or gyroscope sensor.
Alternatively, if the GPS sensor 1s mounted closer to the pipe on the tower, then there is no

need to compensate for terrain-induced tilt.

00591 While the above descriptions regarding the present invention contain much
specificity, these should not be construed as limitations on the scope, but rather as examples.
Many other variations are possible. For example, the processing elements of the present
invention by the present invention may operate on a number of different frequencies,
voltages, araps and BUS configurations. Further, the communications provided with the
present invention may be designed to be duplex or simplex in nature. Further, the systems of
the present invention may be used with any arrangement of drive towers including both linear
and center pivot systems. Further, as needs require, the processes for transmitting data to and
from the present invention may be designed to be push or pull in nature. Still, further, each
feature of the present invention ruay be made to be remotely activated and accessed from
distant monitoring stations. Accordingly, data may preferably be uploaded to and

dowuloaded from the present invention as needed.

[0060] Accordingly, the scope of the present invention should be determined not by the

embodiments illustrated, but by the appended claims and their legal equivalents.
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What is claimed is:

1. A method for maintaining the alignment of an irrigation system having a plurality of
connected spans supported by a first intermediate drive tower, a second ntermediate drive

Y

tower and a last regular drive unit (LRDU} tower each having at feast one drive wheel for
moving the connected span around a center pivot, wherein the method comprises:
receiving a first set of GPS location data and second set of RTK error data;

comparing the first set of GPS location data to a known geolocation;

calculating RTK error correction data within a Base Station Module (BSM);

transmitting RTK error correction data to the first intermediate drive tower, the second

intermediate drive tower and the LRDU tower;

calculating the location of the LRDBU tower using GPS data and RTK error correction data;
calculating a straight, center line between the center pivot and the LRDU tower;
calculating the relative distances between the first intermediate drive tower, the second
intermediate drive tower and the calculated center line; and

controliing the speeds of the first intermediate drive tower and the second intermediate drive

tower to reduce the distances between their current locations and the calculated center line,

2. The method of claim 1, wherein the relative distances are calculated using a linear

regression algorithm.

3. The method of claim 2, wherein the BSM is connected to a first power-line carrier circuit
which controls and directs power to the first intermediate drive tower, the second
intermediate drive tower and the LRDU tower.

4. The method of claim 3, wherein the BSM directs power and control signals through the
first power-line carrier circuit via a power-line BUS.

5. The method of claim 4, wherein the BSM transmits RTK error correction data through the
power-line carrier circuit.

6. The method of claim 5, wherein the first intermediate drive tower modifies the GPS
focation data using RTK error correction data.

7. The method of claim 6, wherein the method further comprises the step of! transmitting

PLC communications between the BSM and the first intermediate drive tower, the second
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intermediate drive tower and the last regular drive unit (LRDU) tower using a second power-

line carrier circuit,

8. The method of claim 7, wherein the first set of GPS location data and the second set of

RTK error daia are received from satellite receivers.

9. The method of claim 7, wherein the first set of GPS location data and second set of RTK

error data are input from memory.

vl

10. The method of claim 7, wherein the method further comprises the step of calculating a
first corrected location of the first intermediate drive tower using GPS data and RTK error

correction data.

11, The method of claim 10, wherein the method further comprises the step of calculating the

distance between the first corrected location and the calculated center line.

12. The method of claim 11, wherein the method further comprises the step of controlling a
first drive wheel of the first intermediate drive tower to reduce the distance between the first
corrected location and the calculated center line.

13, The method of claim 12, wherein the method further comprises the step of calculating a
second corrected location of the second intermediate drive tower using GPS data and RTK
error correction data.

14. The method of claim 13, wherein the method further comprises the step of calculating the

distance between the second corrected location and the calculated center fine.

1S. The method of claim 14, wherein the method further comprises the step of controlling a
second drive wheel of the second intermediate drive tower to reduce the distance between the

second corrected location and the calculated center line.

16. The method of claim 15, wherein the distance between the first corrected location and the

calculated center is adjusted by changing the duty cycle of a start-stop motor.

17. The method of claim 15, wherein the distance between the second corrected location and

the calculated center is adjusted by changing the RPM of a constant~move motor.

18. The method of claim 15, wherein the distance between the first corrected location and the

calculated center is adjusted by changing the programmed average speed of a drive motor.

19. The method of claim 15, wherein the speed of the first drive tower is adjusted when the

first drive tower is outside of a set distance from the calculated centerline.

]
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20. The method of claim 19, wherein the distances between each drive tower and the
calculated center line are adjusted in order of the outermost tower from the BSM to the

innermost tower,
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