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VEHICLE AUTO-GUIDANCE MEMORY

FIELD OF THE INVENTION

[0001] The present invention relates generally to vehicle auto-guidance, and
more particularly to memories for use in vehicle auto-guidance.

BACKGROUND OF THE INVENTION

[0002] Automatic guidance (auto-guidance) éystems have been used to giJide
equipment (e.g., vehicles) over a desired path. Such auto-guidance systems are
increasingly used for controlling many different types of agricUIturaI and other similar
equipment where following a previously defined route is desirable. This allows more .
précise contrbl of the vehicles than is typically realized if the vehicle is steered by a
human. '

. [0003] Auto-guidance systems generally include a satellite positioning
receiver, such as a Global Positioning' System (GPS) unit, and a master controller for
translating position information from the GPS unit into vehicle guidance signals.
Either of the GPS unit or the master controller are used to store (e.g., in a memory)
vehicle-specific control parameters which relate to the véhicles the components are
used in. These control parameters include information about the vehicie or class of
Vehicles (e.g., wheel base, antenna Io.cation, etc.) on which the combonents are
installed. The control parameters are used in conjunction with the position
information by the master controller to generate auto-guidance control ‘signéls. For
example, the master controller may use the current position of the vehicle and the
vehicle's wheel base to determine an angle to steer the vehicle (e.g., an amount to
tumn the wheels) to guide the vehicle along a predetermined pa;[h.

[0004] " In some cases, the GPS unit and the master controller are integrated
into-a single unit. In such cases, the integrated unit is used to store control
parameters related to the vehicles on which the integrated unit is used.

[0005] Unfortunately, auto-guidance systems with these components are

generally very expensive. Accordingly, end users often utilize only one GPS unit
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and/or master controller and transfer the component(s) from vehicle to vehicle.

When using auto-guidance systems in such a way, the transferred component or
components must be recalibrated and/or the specific control parameters must be
located and uploaded for use. This results in lengthy start-up times and requires user
intervention. Therefore, alternative components and methods are required to
minimize start-up time and user intervention.

SUMMARY OF THE INVENTION

[0006] The present inve..ntion provides improvéd methods and apparatus for
vehicle auto-guidance. In accordance with an embodiment of the invention, a vehicle
includes a resident memory that stores specific parameters of the vehicle. The
vehicle also includes a satellite positioning receiver and a controller for receiving
position inférmation from the satellite positioning receiver and véhicle specific
parameters from the memory and generating vehicle guidance signals based on the
position information and the vehicle specific parameters.

[0007] In other embodiments, a vehfcle-resident control component includes a
device adapted to assist in control of a vehicle and a memory .adapted to store
vehicle speéiﬁc parameters. The vehicle control component could be a controller
such as a valve controller, user interface, display device, or auxiliary controller.
[0008] In othér embodiments, the memdry may be‘ used for auto-guidance. A
method for auto-guidance includes receiving position information, receiving vehicle
specific parametérs from a vehicle-resident memory, and g_eneraﬁng auto-guidance
control signals based at least in pért on the recéived position information and the
vehicle specific parameters. The method for auto-guidance may also include sending
the vehicle specific parameters to a'vehicle controllér, generating auto-guidance
control signals based at least in par_‘k on vehicle information received from a
component of the vehicle, and transmitting the auto-guidance control signals to a
steering component of the vehicle.
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[0009] These and other advantages of the invention will be apparent to those

of ordinary skill in the art by reference to the following detailed description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[00010] FIG. 1 depicts a vehicle for use with an auto-guidance system;
[00011] FIG. 2 depicts a schematic diagram of a communication system for an
auto-guidance system according to an embodiment of the present invention; and

[00012] FIG. 3 depicts a method of auto-guidance of a vehicle according to an
embodiment of the present invention.

DETAILED DESCRIPTION

[00013] The present invention generally provides methods and apparatus for
vehicle auto-guidance and on-board memories for use in vehicle auto-guidance. An
on-board (e.g., permanent, attached, built-in, local, etc.) memory of a vehicle is
" capabile of storing information (e.g., vehicle specific parameters) used in auto-
guidance specific to that particular vehicle and/or a class of vehicles and passing the
information through a vehicle communication network. The information is then
accessed in real time and/or transferred (e.g., at start-up, install, etc.) to a removable
master bontroller and/or removable satellite positioning receiver (e.g., GPS hnit) to
‘aid in auto-guidénce of the vehicle. In this way, the master controller and/or the GPS
unit may be removed and/or re-installed on a _vehicle without having to store the
vehicle specific information. This is beneficial in that the master controller and/or the
GPS unit may be moved to and from another vehicle. Thus, costs may be reduced
and the overall operation may be simplified. . . ‘
[00014] FIG. 1 depicts an automatically guided vehicle 100. The vehicle 100
comprises a satellite pééitioning receiver 102, a master controller 104, and a memory
storage 106. The satellite positioning receiver 102, the master controller 104, and/or
the memory storage 106 may be coupled and/or be in communication with each other
via a communications network 108. The vehicle may further comprise a display 110,
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a steering component 112, and/or other known components of auto-guided vehicles. .
The display 110,-the steering component 112, and/or the other components may
similarly be coupled and/or be in communication via the communications network
108.

[00015] The satellite positioning receiver 102 may be any device éapable of
receiving s‘étellite signals and generating position information based on the received
signals. Such devices include Global Navigation Satellite System (GNSS) receivers,
Global Positionihg System (GPS) receivers, antennas, and the like. Additionally or
alternatively, alternate positioning receivers, such as Long Rangé Navigation
(LORAN) or Enhanced LORAN receivers, may be used in place of or in combination
with satellite positioning receivers. Further discussion is directed to satellite
positioning receivers, though any appropriate positioning receivers may be used.
[00016] The satellite positioning receiver 102 may use -the received satellite
signals to determine a position (e.g., a position of the vehicle, a position of the
receiver, etc.) and/or may pass the signals to another device, such as the master
controller 104 via the communications network 108, where position information may
be determined. Satellite positioning réceive_r 102 may be removable from the vehicle
100 (e.g., an aftermarket GPS unit) and/or may be built into fhe vehicle 100.
[00017] The master controller 104 may genérate vehicle guidance and/or auto-
guidance control signals bésed on the position information and other stored
information. The master controller 104 may send these signals via communications
network 108 to one or more of the mémory storage 106, the display 110, the steering
component 112, and/or any other component used in the guidance and/or control of
the vehicle 100. For example, the guidance and/or control signals may be sent to a
motor, a steering shaft, or an auxiliary controller, etc. Such vehicle guidance signals
may be signals used in auto-guidance of the vehicle 100 in accordance with known
auto-guidance methods and/or the auto-guidance method 300 of FIG. 3. '

[00018] Additionélly, the master controller 104 may receive feedback and/or
information signals from the various components of vehicle 100. Particularly, the

master controller 104 'may receive position information from the satellite positioning
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receiver 102, vehicle specific parameters from the memory storage 106, input
information from the display 110, steering angle information from the steering
componént 112, and/or other signals in a vehicle auto-guidance system.

[00019] The master controller 104 may be removable from the vehicle 100 (e.g.,
for servicing and/or for use by another vehicle). In one or more embodiments, the
satellite positioning receiver 102 and the master controller 104 may be the same unit.
That is, the master controller 104 and the satellite positioning receiver 102 may be a
single device comprising memories and componentry suitable for the capabilities of
both devices.

"£00020]  In the same or alternative embodiments, the master controller 104
and/or the satellite positioning receiver 102 may not be installed on or affixed to the
vehicle 100 and may transmit position information and/or vehicle guidance signals to
components of the vehicle 100 over the communications network 108. For example,
the master controller 104 may reside on a remote tower (not shown) and may

- transmit wireless signals to the vehicle 100 over a wireless communications network
108, as discussed below.

[00021] Thé_ memory storage 106 may be any device capable of storing
information. In some embodiments, the memory storage 106 may be incorporated
into and/or be component of one or more of the display 110, the steering component
112, é sfeering valve (not shown), a valve cohtrpller, an auxiliary controller, énd/or
any other location on or component of vehicle 100. Thus, the memory storage 106
may reside on-board the vehicle 100 and may be a component which is not |
customarily removed in general operation (e.g., in contrast to the satellite positioning
receiver 102 and the master controller 104).

[00022] Memdry storage 106 may store and/or be capable of storing, updating,
ca|culating, detecting, receiving, and/or transmitting one or more vehicle specific
parameters. In this v_vay‘,-the memory storage 106 may be used to assist in control of
the vehicle 100. The vehicle specific parameters may include system geometry (e.qg.,
wheel base, vehicle height, location of the antenna on the vehicle, the type of vehicle

(e.g., front-wheel steering, rear-wheel steering, articulated steering, coordinated
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steering, etc.), location of a control point with reépect to a vehicle reference point,
etc.) relating to the particular vehicle 100 and/or a class of similar vehicles. The
memory storage 106 may calculate and/or store other related vehicle specific
parameters such as wheel angle, etc. Slmllarly, the memory storage 106 may store a
position of the satellite positioning receiver 102 and/or a related antenna 202 (FIG. 2)
on the vehlcle 100 as well as use the position information to calculate corrections for
vehicle pitch and/or roll. The memory storage 106 may further store vehicle specific
parameters of control and use these specific parameters to customize generic auto-
guidance control routines (e.g, by sending the parameters to the master controller
104 for use in generating auto-guidance control signals). Such vehicle specific
parameters of control may include cylinder size, spool deadband, signal amplification,
tuning constants, maximum vehicle speed, wheel angle calibration values, and
steering aggressiveness, among other parameteré. One of skill in the art will
recognize the many vehicle specific parameters which may be stored on the memory
storage 106 which are not listed herein. ' |
[00023] In some embodiments, one or more of the vehicle spemﬁc parameters
may be transmitted from the memory storage 106 to the satellite positioning receiver
102, the master controller 104, and/or a combined master controller and satellite
positioning receiver where one or more of the related vehicle specific parameters
may be calculated and/or uéed in an auto-guidance control routihe. The vehicle
specific parameters may be transmitted via the communications network 108.
[00024] In a particular embodiment, memory storage 106 méy be impleménted
in a device with both a memo-ry storage area and a steering controller. Such a device
may be capable of performing the functions of a memory storage as described herein
as well as a steering controller for use in an automatically guided vehicle, as is known
in the art. Such a memory storage 106 implemented with a steering controller will be
discussed further below with respect to FIG. 3 and method 300.

[00025] Commumcatlons network 108 may be a communications bus such as a
Controlled Area Network (CAN) bus or a serial bus (e.g., a RS232 serial bus). |

some embodiments, the communications network 108 may comprise a wireless
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communications network via Bluetooth, Wi-Fi, General Packet Radio Service
(GPRS), WLAN, or another wireless technique. Similarlyl, communications network
108 may comprise a paralilel data connection. In some embodiments, the
communications network 108 may incorporate more than one communication
technique. For example the memory storage 106 and the display 110 may be
connected over commumcatlons network 108 via a CAN bus while the memory
- storage 106 may transmit information to the master controller 104 over the
communications network 108 using a Bluetooth transmitter. Other combinations of
communications technologies may be used similarly.
[00026} Display 110 may be a user interface capable of displaying information
to a user and/or receiving commands from a user. Informatlon regarding the auto-
guidance of vehicle 100 may be displayed to a user (e.g., current position, sensed
obstacles, alerts, etc.) and one or more command options may be presented (e.g.,
start-up, selecting an auto-guidance control routine, designating a route, selecting
one or more predetermined routes and/or vehicle paths, selecting vehicle specific
parameters, etc.). Exemplary user interfaces include touch screens, personal
| computers, and computer systems adapted to perform the functions of the display
110. Other appropriate interfaces for use in auto-guidance and control may be used.
[00027] Steenng component 112 may be a sensor and/or controller capable of
determining and/or controlling a steerlng angle of the vehicle 100. Steering
component 112 may be any appropriate type of sensor and/or controller. _
[00028] In some embodiments, the satellite positioning receiver 102, the -
master controller 104, the dlsplay 110, and/or the memory storage 106 may be
* implemented on and/or may include any components or devices that are typlcally
used by, or used in connection with, a computer or computer system. Although not
explicitly pictured in FIG. 1, the satellite positioning receiver 102, the master
controller 104, the display 110, and/or the mémory storage 106 may include one or
more centfal proc‘es's»ing units, read only memory (ROM) devices énd/or random
access memory (RAM) devices. The satellite positioning receiver 102, the master .

controller 104, the display 110, and/or the memory storage 106 may also include ohe
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or more databases for storing any app‘ropriate data and/or information such as
position or location information, auto-guidance control routines and commands, and
vehicle specific parameters as discussed’above, one or more programs or sets of
instructions for executing methods of the present invention, and/or any other
computer components or systems, including any peripheral devices. -

[00029] Accor&iﬁg to some embodiments of the present invention, instructions
of a program (e.g., controller software) may be read into a memory of the satellite
positiohing receiver 102, the master controller 104, the display 110, and/or the
memory storage 106 from another medium, such as from a ROM device to a RAM
device or from a LAN adapter to a RAM device. Execution of sequences of the
instructions in the program may cause the satellite positioning receiver 102, the
master controller 104, the display 110, and/or the memory storage 106 to perform
one or more of the method steps described herein. In alternative embodiments,
hard-wired circuitry or integrated circuits may be used in place of, or in combination
with, software instructions for implementation of the processes of the present
invention. Thus, embodiments of the present invention are not limited to any specific
combination of hafdware, firmware, and/or software. The memory may store the
software for the controller, which may be adapted to execute the software program
and thereby operate in accordance with the present invention and particularly in
accordance with the methods described in detail below. Howevér, itwould be
understood by one of ordinary skill in the art that the invention as described herein
could be implemented in many different ways using a wide range of programming
technidues as well as general purpose hardware sub-systems or dedicated
controllers. ' |

[00030] The program may be stored in a compressed, uncompiled and/or
encrypted format. The program furthermore may include program elements that may
be generally useful, such as an operating system, a database management system
and device drivers for allowing the controller to 'interface with computer peripheral

devices and other equipment/components. Appropriate general purpose program
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elements are known to those skilled in the art, and need not be described in detail
‘herein.

[00031] FIG. 2 depicts a schematic diagram of a communication system 200 for
use with an auto-guidance system in vehicle 100 according to an embodiment of the
invention. The communication system 200 comprises the satellite positioning
receiver 102 and master controller 104, which may have an antenna 202, display
110, a battery 204, stéering component 112, a wheel angle cofnponent 206, and
merhory storage 106. These and other components of vehicle 100 of FIG. 1 and/or
the communication system 200 may be conhected by and/or may communicate
through communication network 108.

[00032]1  Similar to the steering component 112 of FIG. 1, wheel angle
component 206 may be a sensor and/or é controller capable of determining and/or
controlling a wheel angle of the vehicle 100. Wheel angle.component 206 may be
any appropﬁate‘ type of sensor and/or controller.

[00033] In operation, the vehicle 100 may perform a method 300 of auto-
guidance as depicted in FIG. 3. The method begins at step 302. - |

[00034] In step 304, vehicle specific pérameters are stored in memory storage
106 or another location on-board vehicle 100. As discussed above with respect to
FIG. 1, the vehicle specific parameters may be stored at one or more memory
locations which-may be the memory storage 106 or ahother vehicle resident l,ocatioh.
[00035] In step 306, a check is performed to determine if the satellite positioning
receiver 102 (e.g., a GPS unit) and the master controller 104 are installed on the
vehicle 100 or.are accessible via the communications network 108. This
determination may be made by a user, may be performed as part of a start-up (e.g.,
automatically when the vehicle is started) or similar routine by the components of
vehicle 100, or may be checked by one or more of vehicle components such as
memory storage' 106 or display 110. |

[00036] If the master controller 104 and the satellite positioning receiver 102 are
unavailable, the check may be performed again. If the master controller 104 and the

satellite positioning receiver 102 are available, the method proceeds to step 308.
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[00037] - In step 308, the vehicle specific parameters stored in memory storage
106 are transmitted over the communication network 108 and received at the master
controller 104 and/or the satellite positioning receiver 102. |

[00038] In step 310, position information is received from the satellite
positioning receiver 102 at the master controller 104. It may be understood that
method steps 1;:08' and 310 may be performed at the same time or in the reverse
order. '

[00039] In step 312, the master controller 104 receives vehicle information for
and/or from various components of the vehicle 100. Such information may include a
vehicle path selected and/or determined by a-user and entefed at display 110, a
current wheel angle from the wheel angle component 206, steering wheel position
information from the steering component 112 or another sensor, and/or any other
appropriate information about the state of the vehicle 100 and/or an intended auto-
guidance method or path.

[00040] In step 314, the master controller 104 genei'ates auto-guidance control
signals. These signals may be based at least in part on the vehicle specific
parameters received in step 308, the position information received in step 310, and/or
the vehicle information received in step 312. Auto-guidance control signals Arhay be
transmitted over communication network 108 to one or more components of vehicle
10'0; Auto-guidance control signale may be any signals which guide and/or direct
one or more components of the vehicle 100. Such signals may include a steering
angle to be steered sent to the memory storage 106, a steering controlier (not
shown), or a rhemory storage implemented in a device with a steering controller,
current position and/or projected path displayed on a map displayed on display 110,
braking control signals transmitted to vehicle 100's brakes (not shown), etc.
[00041] During 'operatien, the method 300 may return control from step 314 to
step 310 and continue from ;that point. Thus, new position information may be
received at the master controller: 104 and, using the vehicle specific parameters

previously uploaded from the memory storage 106 and/or other vehicle information
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received in step 312, the master controller 104 may generate new auto-guidance
control signals and generally automatically guide the vehicle 100.

[00042] The method 300 may continue in this manner until a stop control signal
is received. Methods for terminating auto-guidance are known in the art and will not
be discussed in detail herein. Accordingly, the method ends at step 316.

[00043] In exemplary embodiments, the systems, apparatus, and methods
described herein may be used in auto-guidance of agricultural vehicles such as
tractors, harvesters, sprayers, combines, etc. In a particular embodiment, the vehicle
100 may be a tractor with vehicle specific parameters such as wheel base and
turning radius which are different than the wheel base and tuming radius of a
sprayer. A sikngle master controller/satellite positioning receiver may be used on both
the tractor and the sprayer and may be transferred therebetween when needed. The
tractor stores its wheel base and tuming radius in an on-board memory storage;
similaﬂy the sprayer stores its own wheel baée and turmning radius in a separate
‘memory storage on-board the sprayer. These vehicle parameters are then uploaded

to the single master controller/satellite positioning receiver when needed for

~ agricultural operations in which the vehicle is auto-guided. Thus, the cost of the
overall operation is lowered as only one expensive receiver/controller unit is needed.
[00044] The foregoing description discloses only particular embodiments of the
invention; modiﬂcationé of the above disclosed methods and apparatus which fall

- within the scope of the invention will be readily apparent to those of ordinary skill in
the art. For instance, it will be understood that, though discussed primarily as a
separate storage location above, the invention may employed at any appropriate
component capable of storage which may be permanently on-board a vehicle.
Additionally, though discussed in the method steps as separate units, the satellite
positioning system and master controller may be one unit and their functions within
the method may this be merged.. Similarly, other components may perform the
functions of method 306 é;/en wheén not explicitly discussed. Accordingly, while the
present invention has been disclosed in connectidn with specific embodiments

thereof, it should be understood that other embodiments may fall within the spirit and
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scope of the invention, as defined by the following claims.
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What is claimed is:

1. A vehicle comprising:

a satellite positioning receiver configured to determine a location of the
receiver;

a fhemory storage adapted to store vehicle specific parameters: and

a controller adapfed to receive position information from the satellite
positioning receiver and vehicle specific parameters from the memory and generate

vehicle guidance signals based at least in part on the position information and the
vehicle specific parameters.

2. The vehicle of claim 1 further comprising:
a communication bus adapted to transmit pbsition information from the

satellite positioning receiver and vehicle specific parameters from the memory to the
controller.

3. The vehicle of claim 1 further comprising:
a wireless communication device adapted to transmit position information from

the satellite positioning receiver and vehicle specific parameters from the memory to
the controller. ‘

4, The vehicle of claim 1 further comprising:

a component adapted to receive vehicle guidant:e signals from the controller
and effect steering of the vehicle based on the vehicle guidance signals.

5. The vehicle of claim 1 further comprising:

‘a user interface adapted to receive input and transmit the input to the
controller.



WO 2009/008954

PCT/US2008/007562
14
6. The vehicle of claim 5 wherein the input is a selection of a predetermined
route for the vehicle.
7. A vehicle-resident control component comprising:
a device adapted to assist in control of a vehicle; and
a memory adapted to store vehicle specific parameters.
8. The vehicle-resident control component of claim 7 wherein the memory is a
valve controller.
9. The vehicle-resident control component of claim 7 wherein the memory is

display device.

10. The vehicle-resident control component of claim 7 wherein the memory is an
auxiliary controller.

11.  The vehicle-resident control component of claim 7 wherein the vehicle specific
parameters comprise vehicle geometry.

12. The véhicle control component of claim 7 wherein the vehicle-resident cohtrol
component is further adapted to control the vehicle.

13. A method of auto-guidance comprising:
receiving position information;
receiving vehicle specific parameters from a vehicle-resident memory; and

generating auto-guidance control signals based at least in part on the received
position information and the vehicle specific parameters. -

14. The method of claim 13 wherein the vehicle specific parameters are sent to
the vehicle controller automatically when the vehicle is started.
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15.  The method of claim 13 wherein generating auto-guidance control signals
based at least in part on the received position information and the vehicle specific
parameters further comprises:

receiving vehicle information from a component of a vehicle and generating
auto-guidance control signals based at least in part on the received position

information, the:VehicIe specific parameters, and the vehicle information.

16. The method of claim 13 further comprising:

transmitting the generated auto-guidance control signals to one or more
steering components of a vehicle.

17.  The method of claim 13 further comprising:

storing the vehicle specific parameters on the vehicle-resident memory.
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