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(57) Abstract: A control system and method is
provided for controlling the operational configuration
of a spout (18) of a harvester (10) being used to per-
form unload on the go operations with an associated
transport vehicle (20). The velocities of the harvester
(10) and transport vehicle (20) and the lateral and lon-
gitudinal distances (LAD.LOD) between the harvester
(10) and transport vehicle (20) are used to predict fu-
ture lateral and longitudinal distances between the har-
vester (10) and transport vehicle (20). A control signal
is issued to a harvester spout control system if either
of the predicted lateral distance or longitudinal dis-
tance is outside of an associated acceptable range. The
harvester spout control system then either shuts off the
spout (18) or changes the orientation of the spout (18)
in response to the control signal.
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Description

HARVESTER SPOUT CONTROL SYSTEM AND METHOD

Technical Field

[0001]

The present application relates generally to a control system and method
for a harvester spout. The present application relates more specifically to a
control system and method to control the operation or position of the

harvester spout during "unload on the go" operation of the harvester.

Background Art

[0002]

[0003]

[0004]

Harvesters or harvesting machines pick up crop material, treat the crop
material, e.g., remove any undesirable portions or residue, and discharge
the crop material. Harvesters can discharge the crop material, either
continuously as with a forage harvester or after intermediate storage as
with a combine harvester, to a transport or transfer vehicle. The transport
vehicle may be a tractor or truck pulling a cart, wagon, or trailer, or a truck
or other vehicle capable of transporting harvested crop material. The
harvested crop material is loaded into the transport vehicle via a crop
discharging or unloading device, such as a spout or discharge auger,
associated with the harvester.

During "unload on the go" operation of the harvester, the harvested crop
material is transferred from the harvester to the transport vehicle while
both vehicles are moving. The transport vehicle can travel next to and/or
behind the harvester during unload on the go operation. Unload on the go
operation is required for a forage harvester, since the forage harvester
constantly discharges the harvested crop material. While unload on the go
operation is not required for a combine harvester due to the combine
harvester's intermediate storage capability, unload on the go operation is
commonly used for a combine harvester to maximize the operating
efficiency of the combine harvester.

To effectively implement unload on the go operation, the operation of the
harvester and transport vehicle is coordinated to maintain the relative
distance between the harvester and transport vehicle within an acceptable
range. By maintaining the relative distance of the harvester and transport

vehicle within an acceptable range, the position and orientation of the
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harvester unload spout and the position of the transport vehicle,
specifically the portion of the transport vehicle receiving crop material,
relative to the harvester unload spout position are maintained within an
acceptable distance range to permit harvester unload on the go operation,
i.e., the discharged crop material can be provided into the transport vehicle
without loss to the ground. That is, discharged crop material is directed to
collect in the transport vehicle and is substantially prevented from being
misdirected to miss the transport vehicle and collecting on the ground
resulting in waste or loss of crop material. In order to maintain an
acceptable distance range between the harvester and the transport
vehicle, both the lateral (side to side) distance and longitudinal (fore and
aft) distance between the harvester and transport vehicle have to be
maintained within acceptable ranges.

Using a global positioning system (GPS) based auto-guidance system,
auto-steering of the harvester and transport vehicle can maintain a lateral
distance between the harvester and transport vehicle within an acceptable
range. With a wireless communication link between the harvester and
transport vehicle, each machine can communicate its corresponding
position provided by the GPS system to the other machine. A master
machine, such as a harvester, operates in a way to best perform the
harvesting operation, while the slave machine, such as a transport vehicle,
follows the GPS auto-guidance system's steering function to maintain an
acceptable lateral distance from the master machine. Similarly, using a
GPS based longitudinal distance control system, the longitudinal distance
of the two machines can be controlled to be within an acceptable range
during normal unload on the go operation.

However, the GPS based auto-guidance system may not be able to
maintain an acceptable distance range between the harvester and the
transport vehicle in the event of an unexpected field condition that results
in a sudden speed change or position change of one or both of the
harvester and transport vehicle. In other words, position synchronization
between the harvester and transport vehicle can be broken by unexpected

field conditions because the speed adjustment or position adjustment by
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the auto-guidance system may not occur quickly enough in order to
prevent harvested crop material from dropping onto the ground. Some
examples of unexpected field conditions that may occur during an unload
on the go operation include obstacles, unexpected animals, stones, a
furrow or washed out spot, a circle irrigation wheel rut, etc.

Therefore, what is needed is a system and method to prevent crop
material loss to the ground caused by sudden vehicle speed changes or
position changes during unload on the go operation.

There are many prior art examples that attempt to make full use of the
storage capacity of the crop container to be filled on the go. This is
sometimes done by monitoring the position and orientation of the filling
spout and varying this over time, and in some cases a feedback control is
provided which adjusts these variables whilst monitoring the distribution of
crop within the container. These mechanisms have their limitations, and
the applicants of the present invention seek to improve on these methods

to further improve efficiency and reduce wastage.

Summary of invention

[0009]

[0010]

[0011]

[0012]

The present application is directed to a GPS based control system and
method to prevent harvester crop material loss caused by sudden speed
changes or position changes of either or both of the harvester or the
transport vehicle during harvester unload on the go operations.

According to a first aspect of the present invention there is provided a
method of controlling operation of an unload spout of a moving harvester
used to supply crop material to an associated transport vehicle as set forth
in claim 1 of the appended claims.

According to a second aspect of the present invention, there is provided a
control system for a harvester spout as set forth in claim 11 of the
appended claims.

The second controller further predicts a distance deviation of the predicted
lateral distance from a normal lateral distance and a distance deviation of
the predicted longitudinal distance from a normal longitudinal distance.
The normal lateral and longitudinal distances can be the lateral and

longitudinal distances between the harvester and transport vehicle when
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the two vehicles are ideally aligned for unload on the go operation with the
harvester spout at a zero-adjustment configuration and crop material is
discharged to the centre area of the loading receptacle. The magnitudes of
the predicted lateral and longitudinal distance deviations can be used as a
basis of how much and/or how fast to adjust an operational configuration
of the harvester spout.

The second controller may transmit a second control signal to return the
operational configuration of the harvester spout to a prior operational
configuration in response to the predicted lateral and longitudinal
distances being within the corresponding predetermined lateral and
longitudinal distance ranges.

The transmitted control signal from the second controller may stop
operation of the harvester spout.

The control system may further comprise a third controller comprising a
microprocessor to execute a computer program to transmit a second
control signal to adjust an orientation of the harvester spout in response to
receiving the control signal and the predicted lateral and longitudinal
distance deviations from the second controller.

The transmitted second control signal from the third controller may rotate
the harvester spout.

The transmitted second control signal from the third controller may adjust
a rotational position of a boot connected to the harvester spout.

The transmitted second control signal from the third controller may adjust
a lateral position of a boot connected to the harvester spout.

The system may further comprise at least one sensor to measure a
position of the harvester spout.

The third controller may adjust orientation of the harvester spout with the
microprocessor executing the computer program in response to the
measured position of the harvester spout and the predicted lateral and
longitudinal distance deviations.

The first controller and the second controller may be implemented in a
control system for one of the harvester or transport vehicle.

The present application additionally relates to a method for controlling
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operation of an unload spout of a moving harvester used to supply crop
material to an associated transport vehicle. The method includes
determining a velocity of a harvester, determining a velocity of an
associated transport vehicle receiving crop material from the harvester,
determining a first longitudinal distance between the harvester and the
transport vehicle and determining a first lateral distance between the
harvester and the transport vehicle. The method also includes predicting a
second longitudinal distance between the harvester and the transport
vehicle and predicting a second lateral distance between the harvester
and the transport vehicle. The method further includes determining if the
second longitudinal distance is within a predetermined or acceptable
longitudinal distance range and determining if the second lateral distance
is within an acceptable or predetermined lateral distance range. The
method includes transmitting a control signal to a harvester spout control
system in response to at least one of the second longitudinal distance or
the second lateral distance not being within the corresponding range and
adjusting an operational configuration of the harvester spout in response
to the transmission of the control signal to the harvester spout control
system.

One advantage of the present application is the ability to automatically
adjust the harvester spout position and/or orientation to avoid crop
material loss during unexpected field conditions.

Another advantage of the present application is the ability to automatically
shut off the harvester spout to avoid crop material loss during unexpected

field conditions.

Brief description of drawings

[0025]

[0026]

[0027]

FIG. 1 shows a schematic top view of an embodiment of a combine and
transport vehicle during unload on the go operation,

FIG. 2 shows a rear view of an embodiment of a combine and transport
vehicle during unload on the go operation,

FIG. 3 shows schematically an embodiment of a control system for
harvester unload spout orientation control during unload on the go

operation,
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FIG. 4 shows schematically an embodiment of a control system for
harvester unload spout emergency shutoff control during unload on the go
operation,

FIG. 5 shows schematically an embodiment of a control system for
harvester unload spout orientation control and harvester unload spout
emergency shutoff control during unload on the go operation,

FIG. 6 shows a flow chart of an embodiment of a control process for the
control system of FIG. 3, and

FIG. 7 shows a flow chart of an embodiment of a control process for the
control system of FIG. 4.

Wherever possible, the same reference numbers will be used throughout

the drawings to refer to the same or like parts.

Description of embodiments

[0033]

FIGS. 1 and 2 show the relative positions of a harvester 10 and transport
vehicle 20 during an unload on the go operation. In one exemplary
embodiment, the harvester 10 and the transport vehicle 20 can be
controlled by a GPS based auto-guidance control system(s) in order to
maintain a desired lateral distance (LAD) and a desired longitudinal
distance (LOD) between the harvester 10 and the transport vehicle 20.
The GPS based auto-guidance control system used in the exemplary
embodiment can include a longitudinal distance control function which
adjusts the speed of the transport vehicle 20 in following the harvester 10
to maintain a desired longitudinal distance (LOD). One exemplary
embodiment of the reference points used for measuring the lateral
distance and longitudinal distance is shown in FIG. 1. However, any
suitable reference points for measuring lateral distance and longitudinal
distance can be used. The desired lateral distance and desired
longitudinal distance can both be preselected distances plus or minus a
predetermined offset that ensures that crop material discharged from the
harvester 10 is received and stored by the transport vehicle 20. The
preselected lateral and longitudinal distances and the corresponding
predetermined offsets can be related to the particular harvesters and

transport vehicles being used, specifically the size of the storage area in
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the transport vehicle and an estimate of the shoot-out distance of the crop
material from the harvester unload spout to the transport vehicle.

The desired lateral distance and desired longitudinal distance are control
targets. During an unload on the go operation, the actual lateral and
longitudinal distances are measured and compared to the corresponding
desired lateral and longitudinal distances for calculating distance errors,
and the control system(s) control the vehicles towards zero errors. In an
exemplary embodiment, the desired lateral and longitudinal distances can
gradually change around the normal lateral and longitudinal distances
during unload on the go operation to provide a full or even filling of the
loading receptacle of the transport vehicle. Otherwise, the desired lateral
and longitudinal distances can be the same as the normal lateral and
longitudinal distances.

The harvester 10 can have a controller 12, a GPS device 14 and a
wireless communication device 16. Similarly, the transport vehicle 20 can
have a controller 22, a GPS device 24 and a wireless communication
device 26. The controller can be used to control operation of the harvester
10 and/or transport vehicle 20, regardless of which machine the controller
may be installed on. The GPS device can be used to determine the
position of the harvester 10 or the transport vehicle 20 and the wireless
communication device can be used to send and receive information, data
and control signals between the harvester 10 and the transport vehicle 20.
In the exemplary embodiment shown in FIG. 1, the transport vehicle 20
can include a traction device 21 and a loading receptacle 23. A hitch angle
sensor 25 can be used to determine the relative angle or hitch angle
between the traction device 21 and the loading receptacle 23. As shown in
FIG. 1, the traction device 21 can be a tractor and the loading receptacle
23 can be a wagon. However, in other embodiments, the traction vehicle
21 may be a truck or other self-propelled vehicle sufficient to transport
loading receptacle 23 and the loading receptacle 23 may be a grain cart,
bin, or other similar storage/transport vehicle. In another embodiment, the
transport vehicle 20 may be a truck, semi-trailer truck, tractor-trailer or

other similar self-propelled container vehicle.
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Referring now to FIG. 2, the combine harvester 10 has an unloading tube
or spout 18 transversely extending and fully deployed as it unloads crop
material 100 through the discharge boot 30 and into the transport vehicle
20. The boot 30 can have any convenient and suitable shape. In one
exemplary embodiment, the boot 30 can be generally cylindrical, but can
be more boxy with edges, or venturi-shaped, etc. The opening of the
unloading tube or spout 18 at its distal end is peripherally sealed by a joint
member 11 which hingedly engages portion 32 of the boot 30, which
portion 32 interfaces the distal end of the unloading tube or spout 18. The
joint member 11 can be rounded or spherical, but can also be cylindrical
on a horizontal axis, so long as the interface between the tube or spout 18
and the boot 30 is adequately sealed. Angularly extending from portion 32
of the boot 30 is a spout end 31. Signals from the controller 12 of combine
harvester 10, travel through conduits 47 for controlling the actuators 40,
which actuators 40 can pivotally move the boot 30 up and down and back
and forth in hinging relationship to the unloading tube or spout 18, via
spherical joint 11. The joint 11 also serves to seal the interface at end 32
of the boot 30.

The controllers 12, 22 can include a microprocessor, a non-volatile
memory, an interface board, an analog to digital (A/D) converter, and a
digital to analog (D/A) converter to control operation of the harvester 10,
transport vehicle 20 and harvester spout control. The controllers 12, 22
can execute one or more control algorithms to control operation, guidance
and/or steering of the harvester 10 and/or transport vehicle 20, to control
the speed of the transport vehicle 20, and to implement harvester spout
control. In one embodiment, the control algorithm(s) can be computer
programs or software stored in the non-volatile memory of the controllers
12, 22 and can include a series of instructions executable by the
corresponding microprocessor of the controllers 12, 22. While it is
preferred that the control algorithm be embodied in a computer program(s)
and executed by the microprocessor, it is to be understood that the control
algorithm may be implemented and executed using digital and/or analogue

hardware by those skilled in the art. If hardware is used to execute the
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control algorithm, the corresponding configuration of the controllers 12, 22
can be changed to incorporate the necessary components and to remove
any components that may no longer be required.

Further, the controllers 12, 22 can be connected to or incorporate a user
interface that permits an operator of the harvester 10 or transport vehicle
20 to interact with the controllers 12, 22. The operator can select and enter
commands for the controllers 12, 22 through the user interface. In addition,
the user interface can display messages and information from the
controllers 12, 22 regarding the operational status of harvester 10 and/or
transport vehicle 20. The user interfaces can be located locally to the
controllers 12, 22, or alternatively, the user interfaces can be located
remotely from the controllers 12, 22.

FIGS. 3 and 6 show a control system and method for harvester spout
orientation control during unload on the go operations. The control system
and method can be implemented either on the harvester controller 12 or
on the transport vehicle controller 22 because of the wireless
communications between the harvester 10 and transport vehicle 20. A
harvester GPS position, a transport vehicle GPS position and the hitch
angle of the transport vehicle (if applicable) are provided (step 602) to a
distance algorithm or controller in the corresponding controller 12 or 22.
The distance algorithm or controller can then calculate a harvester
velocity, a transport vehicle velocity, a current lateral distance between the
harvester 10 and transport vehicle 20 and a current longitudinal distance
between the harvester 10 and transport vehicle 20 (step 604). The
corresponding controller then executes a distance deviation prediction
algorithm or controller using the calculated harvester velocity, the transport
vehicle velocity, the current lateral distance and the current longitudinal
distance to predict future lateral and longitudinal distances and their
distance deviations from the corresponding normal lateral distance and
normal longitudinal distance (step 606) caused by sudden machine speed
changes or other machine conditions or operations over a predetermined
time period of prediction. The distance deviation prediction algorithm then

compares the predicted lateral and longitudinal distances to the
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acceptable longitudinal distance range and the acceptable lateral distance
range (step 608). If the distance deviation prediction algorithm predicts
that the longitudinal distance and/or lateral distance between the harvester
unload spout and the transport vehicle may go out of the acceptable
distance ranges in the time period of prediction, the algorithm sends out
the distance out of range signal together with the predicted distance
deviations (step 610) to a harvester spout orientation control system or
controller. The harvester spout orientation control system receives the
distance out of range signal and the predicted distance deviations and
controls the spout orientation accordingly to prevent a loss of crop material
to the ground (step 612). Otherwise, the predicted longitudinal distance
and lateral distance are within the acceptable distance ranges. The
harvester spout orientation control system controls the spout to return to or
stay at its normal orientation (step 614), that is, its zero adjustment
orientation. The process begins again (step 602) at the next time step to
determine if the harvester and transport vehicle are within acceptable
ranges.

FIG. 6 shows a flow chart of an embodiment of a control process for the
case where the harvester spout orientation control system or controller is
implemented by the harvester controller 12 which also implements the
distance algorithm and the distance deviation prediction algorithm.
Alternatively in another embodiment, the harvester spout orientation
control system or controller can be implemented by an additional controller
unit.

The normal lateral distance and normal longitudinal distance are the lateral
and longitudinal distances between the harvester and the transport vehicle
when the two vehicles are aligned so that the loading receptacle 23
receives crop material at its centre area and the harvester spout is at its
zero-adjustment configuration.

The time period of prediction relates to the response time of the harvester
spout control, and the value of the time period is dependent on how fast
the harvester spout control system responds to a spout orientation control

command signal or a spout shut-off command signal. The value of the time
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period of prediction is preset before an activation of unload on the go
operation, and can be preset to, but not limited to, be slightly greater than
the spout control response time. Before an unload on the go operation is
activated, the value of the time period of prediction is set when an operator
selects a harvester model on a user interface. The preset value is then
sent from the user interface unit to the controller 12 and/or controller 22
before an unload on the go activation.

The acceptable distance ranges, that is, the acceptable lateral distance
range and acceptable longitudinal distance range, relate to the dimensions
of the harvester and its spout, dimensions of the transport vehicle and its
storage area, and GPS antenna installation locations on the harvester and
transport vehicle. The values of acceptable distance ranges are
predetermined before an activation of unload on the go operation. Before
an unload on the go operation is activated, the values of acceptable lateral
distance range and acceptable longitudinal distance range are set when
an operator selects a harvester model and a transport vehicle model with
the dimensions of the storage area on the user interface. Those preset
values are then sent from the user interface unit to the controller 12 and/or
controller 22 before an unload on the go activation.

In another embodiment, the distance deviation prediction algorithm or
controller receives information of harvester velocity and/or transport
vehicle velocity from the corresponding harvester GPS device 14 and/or
the transport vehicle GPS device 24, without using the harvester velocity
and transport vehicle velocity calculated by the distance algorithm.

The harvester spout control system can include the harvester spout
orientation control system and one or more sensors to determine or
measure the position of the spout, e.g., rotational position, and the position
of the boot, e.g., fore and aft rotational position and/or lateral position.
Using the known position of the spout and boot and the predicted distance
deviations, the harvester spout control system can adjust the position or
change the orientation of the spout and boot in response to receiving the
distance out of range signal. The harvester spout control system can

rotate the entire spout in either direction as shown by arrow A in FIG. 1.
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The harvester spout control system can also adjust the boot to redirect the
crop material flow either rearward or forward, i.e., longitudinally, in the
transport vehicle as shown by arrow B in FIG. 1. The harvester spout
control system can further adjust the boot to redirect the crop material flow
to be ejected either farther or closer, i.e., laterally, in the transport vehicle
as shown by arrow C in FIG. 2.

The particular adjustment to the spout and boot made by the harvester
spout control system is dependent on the information received with the out
of range signal. For example, if an unacceptable lateral distance deviation
is to occur based on the out of range signal, the harvester spout control
may adjust the lateral ejection distance of the spout and boot. In another
example, if an unacceptable longitudinal distance deviation is to occur
based on the out of range signal, the harvester spout control may adjust
one or both of the rotational or longitudinal positions of the spout and boot
depending on the amount of deviation.

FIGS. 4 and 7 show a control system and method for emergency harvester
spout shut off during unload on the go operations. The control system and
method can be implemented either on the harvester controller 12 or on the
transport vehicle controller 22 because of the wireless communications
between the harvester 10 and transport vehicle 20. A harvester GPS
position, a transport vehicle GPS position and a hitch angle of the
transport vehicle (if applicable) are provided (step 702) to a distance
algorithm or controller in the corresponding controller 12 or 22. The
distance algorithm or controller can then calculate a harvester velocity, a
transport vehicle velocity, a current lateral distance between the harvester
10 and transport vehicle 20 and a current longitudinal distance between
the harvester 10 and transport vehicle 20 (step 704). The corresponding
controller then executes a distance out of range prediction algorithm or
controller using the harvester velocity, the transport vehicle velocity, the
current lateral distance and the current longitudinal distance to predict
future lateral and longitudinal distances and their deviations from
corresponding normal lateral distance and normal longitudinal distance

(step 706) caused by sudden machine speed changes or other machine
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conditions or operations over a harvester spout shut off response time.
The distance out of range prediction algorithm then compares the
predicted lateral and longitudinal distances to the acceptable longitudinal
distance range and the acceptable lateral distance range (step 708).

If the distance out of range prediction algorithm predicts that the
longitudinal distance and/or lateral distance between the harvester unload
spout and the transport vehicle may go out of the acceptable distance
ranges in the harvester spout shut off response time, i.e., the response
time from when a shut off command is issued until the unload auger is
actually shut off, the algorithm sends out a harvester spout shut off
command signal (step 710) to a harvester spout control system or the
harvester control system. The harvester spout control system (not shown
in FIG. 4) receives the shut off command and stops operation of the
harvester spout until the longitudinal distance deviation and/or lateral
distance deviation are within the acceptable distance ranges. The process
begins again (step 702) at the next time step to determine if the harvester
and transport vehicle are within acceptable ranges.

However, if the distance out of range prediction algorithm predicts that the
longitudinal distance and/or lateral distance between the harvester unload
spout and the transport vehicle are within the acceptable distance ranges,
the algorithm sends out a harvester spout enable or start command (step
712) to a harvester spout control system or the harvester control system to
begin harvester spout operation if spout operation was stopped or to
continue with harvester spout operation.

FIG. 5 shows a control system for both emergency harvester spout shut off
and harvester spout orientation control during unload on the go operations.
The control system can be implemented either on the harvester controller
12 or on the transport vehicle controller 22 because of the wireless
communications between the harvester 10 and transport vehicle 20. A
harvester GPS position, a transport vehicle GPS position and the hitch
angle of the transport vehicle (if applicable) are provided to a distance
algorithm in the controller. The distance algorithm can then calculate a

harvester velocity, a transport vehicle velocity, a current lateral distance
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between the harvester 10 and transport vehicle 20 and a current
longitudinal distance between the harvester 10 and transport vehicle 20.
A control algorithm uses the harvester velocity, the transport vehicle
velocity, the current lateral distance and the current longitudinal distance
from the distance algorithm to predict future lateral and longitudinal
distances and their distance deviations from the normal lateral and
longitudinal distances caused by sudden machine speed changes or other
machine conditions or operations. The control algorithm then compares
the predicted lateral and longitudinal distances to the acceptable
longitudinal distance range and the acceptable lateral distance range.

If the control algorithm predicts that the longitudinal distance and/or lateral
distance between the harvester unload spout and the transport vehicle
may go out of the acceptable distance ranges in the time period of
prediction, the algorithm sends out the distance out of range signal
together with the predicted distance deviations to a harvester spout control
system. The harvester spout control system receives the distance out of
range signal and the predicted distance deviations and controls spout
orientation accordingly to prevent a loss of crop material to the ground.
Alternatively, if the control algorithm predicts that the longitudinal distance
and/or lateral distance between the harvester unload spout and the
transport vehicle may go out of the acceptable distance ranges in the
harvester spout shut off response time, i.e., the response time from when
a shut off command is issued until the unload auger is actually shut off, the
algorithm sends out a harvester spout shut off command to a harvester
spout control system or the harvester control system. The harvester spout
control system receives the shut off command and stops operation of the
harvester spout until the longitudinal distance and/or lateral distance are
within the acceptable distance ranges. In one embodiment, the particular
control commands or signals provided by the control algorithm can be
dependent on the magnitude of the deviation from the acceptable lateral
and longitudinal distance ranges. In another embodiment, the harvester
spout control system can determine whether to adjust orientation of the

spout or shut off the spout based on the control commands and signals
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provided by the control algorithm.

It should be understood that the application is not limited to the details or
methodology set forth in the following description or illustrated in the
figures. It should also be understood that the phraseology and terminology
employed herein is for the purpose of description only and should not be
regarded as limiting.

The present application contemplates methods, systems and program
products on any machine-readable media for accomplishing its operations.
The embodiments of the present application may be implemented using
existing computer processors, or by a special purpose computer processor
for an appropriate system, or by a hardwired system.

Embodiments within the scope of the present application include program
products comprising machine-readable media for carrying or having
machine-executable instructions or data structures stored thereon.
Machine-readable media can be any available non-transitory media that
can be accessed by a general purpose or special purpose computer or
other machine with a processor. By way of example, machine-readable
media can include RAM, ROM, EPROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to carry or store desired
program code in the form of machine-executable instructions or data
structures and which can be accessed by a general purpose or special
purpose computer or other machine with a processor. When information is
transferred or provided over a network or another communications
connection (either hardwired, wireless, or a combination of hardwired or
wireless) to a machine, the machine properly views the connection as a
machine-readable medium. Combinations of the above are also included
within the scope of machine-readable media. Machine-executable
instructions comprise, for example, instructions and data which cause a
general purpose computer, special purpose computer, or special purpose
processing machines to perform a certain function or group of functions.
Although the figures herein may show a specific order of method steps,

the order of the steps may differ from what is depicted. Also, two or more
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steps may be performed concurrently or with partial concurrence.
Variations in step performance can depend on the software and hardware
systems chosen and on designer choice. All such variations are within the
scope of the application. Likewise, software implementations could be
accomplished with standard programming techniques with rule based logic
and other logic to accomplish the various connection steps, processing
steps, comparison steps and decision steps.

In further consideration of the drawings of this application and the
discussion of such drawings and the elements shown therein, it should
also be understood and appreciated that, for purposes of clarity in the
drawings, pluralities of generally like elements positioned near to one
another or extending along some distance may sometimes, if not often, be
depicted as one or more representative elements with extended phantom
lines indicating the general extent of such like elements. In such instances,
the various elements so represented may generally be considered to be
generally like the representative element depicted and generally operable
in a like manner and for a like purpose as the representative element
depicted.

Many of the fastening or connection processes and components utilized in
the application are widely known and used, and their exact nature or type
is not necessary for an understanding of the application by a person skilled
in the art. Also, any reference herein to the terms "left" or "right" is used as
a matter of mere convenience, and is determined by standing at the rear of

the machine facing in its normal direction of travel.
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Claims

1.

A method of controlling operation of an unload spout of a moving harvester
used to supply crop material to an associated transport vehicle, the method
characterised by the steps of:

predicting a lateral distance and a longitudinal distance between the harvester
(20) and the transport vehicle (10) (step 606);

determining if the predicted longitudinal distance is within a predetermined
longitudinal distance range (step 608);

determining if the predicted lateral distance is within a predetermined lateral
distance range (step 608);

transmitting a control signal to a harvester spout control system in response to
at least one of the predicted longitudinal distance or the predicted lateral
distance not being within the corresponding predetermined lateral and
longitudinal distance ranges; and

adjusting an operational configuration of the harvester spout from a first
configuration in response to the transmission of the control signal to the
harvester spout control system (step 612).

The method of claim 1, further characterised by repeating predicting a lateral
distance and a longitudinal distance, determining if the predicted longitudinal
distance is within a predetermined longitudinal distance range and determining
if the predicted lateral distance is within a predetermined lateral distance range
after adjusting an operational configuration of the harvester spout.

The method of claim 2, further characterised by returning the operational
configuration of the harvester spout to the first configuration (step 614) in
response to the predicted longitudinal distance and the predicted lateral
distance being within corresponding predetermined lateral and longitudinal
distance ranges (step 608).

The method of claims 1 to 3, further characterised in that adjusting an
operational configuration of the harvester spout (18) comprises stopping
operation of the harvester spout (step 710).

The method of claims 1 to 4, further characterised in that adjusting an
operational configuration of the harvester spout (18) comprises adjusting an

orientation of the harvester spout (step 612).
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The method of claim 5, further characterised in that adjusting an orientation of
the harvester spout (step 612) comprises rotating the harvester spout (18).
The method of claim 5 or 6, further characterised in that adjusting an
orientation of the harvester spout (step 612) comprises adjusting one of a
rotational position or a lateral position of a boot connected to the harvester
spout (18).

The method of any preceding claim, further characterised in that predicting a
lateral distance and a longitudinal distance comprises:

determining a velocity of a harvester;

determining a velocity of an associated transport vehicle receiving crop
material from the harvester;

determining an actual longitudinal distance between the harvester and the
transport vehicle;

determining an actual lateral distance between the harvester and the transport
vehicle;

predicting a longitudinal distance deviation from a normal longitudinal distance;
and

predicting a lateral distance deviation from a normal lateral distance.

The method of any preceding claim, further characterised in that transmitting a
control signal to a harvester spout control system comprises transmitting the
predicted longitudinal distance deviation, the predicted lateral distance
deviation and a distance out range signal to the harvester spout control
system.

The method of any preceding claim, further characterised in that adjusting an
operational configuration of the harvester spout comprises measuring the
position of the harvester spout (18) and adjusting an orientation of the
harvester spout based on at least one of the measured position of the
harvester spout, the distance out of range signal, the predicted longitudinal

distance deviation or the predicted lateral distance deviation.

11. A control system for a harvester spout comprising:

a first global positioning system device (14) to determine a position of a
harvester (10);

a second global positioning system device (24) to determine a position of a
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transport vehicle (20);

a first controller (12) comprising a microprocessor to execute a computer
program to calculate a harvester velocity, a transport vehicle velocity, a lateral
distance (LAD) between the harvester (10) and the transport vehicle (20) and a
longitudinal distance (LOD) between the harvester (10) and the transport
vehicle (20) in response to receiving the position of the harvester (10) from the
first global positioning system device (14) and the position of the transport
vehicle (20) from the second global positioning system device (24);

a second controller (22) comprising a microprocessor to execute a computer
program to predict future lateral and longitudinal distances between the
harvester (10) and the transport vehicle (20) and determine whether the
predicted lateral and longitudinal distances are within corresponding
predetermined lateral and longitudinal distance ranges in response to receiving
the harvester velocity, the transport vehicle velocity, the lateral distance (LAD)
and the longitudinal distance (LOD) from the first controller (12); and

the second controller (22) transmits a control signal to adjust an operational
configuration of the harvester spout (18) with the microprocessor executing the
computer program in response to at least one of the predicted lateral and
longitudinal distances being outside of the corresponding predetermined lateral
and longitudinal distance ranges.

The control system of claim 11, further characterised in that the second
controller (22) transmits a second control signal to return the operational
configuration of the harvester spout (18) to a prior operational configuration
(step 614) in response to the predicted lateral and longitudinal distances being
within the corresponding predetermined lateral and longitudinal distance
ranges (step 608).

The control system of claim 11 or 12, further characterised in that the
transmitted control signal from the second controller (22) stops operation of the
harvester spout (18) (step 710).

The control system of claims 11 to 13, further characterised by a third
controller comprising a microprocessor to execute a computer program to
transmit a second control signal to adjust an orientation of the harvester spout

(18) in response to receiving the control signal and the predicted lateral and
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longitudinal distance deviations from the second controller (22).
15. The control system of claim 14 further characterised in that the transmitted

second control signal from the third controller rotates the harvester spout (18).
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