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(57) Abstract

A computer—aided farming system (100)
is disclosed having a first control system (202)
which receives data defining a plurality of
parameters (200). The first control system (202)
responsively determines a plurality of nodes
(406) located at an agricultural field (108),
and determines a condition status associated
with each node (406). The system (100) also
has a second control system (206) located on
an agricultural machine (104) which receives
data defining the nodes (406) and the condition
status at each node (406). The second control
system (206) then plans a path (404) as a
function of the nodes (406), and determines a
desired work operation relative to each node
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Description

Computer-Aided Farming System and Method

Technical Field

This invention relates generally to a system

for controlling an agricultural machine and, more
particularly, to a system for selectively controlling
an agricultural machine as a function of a plurality
of predetermined nodes located at an agricultural work

site.

Background Art

It has long been a desire in agricultural
operations to reduce costs and increase efficiency and
productivity by performing only those tasks that are
needed at specific locations. For example, an
agricultural field may reguire an application of
fertilizer or chemicals, but only on certain areas of
the field. The conventional method of applying the
chemicals over the entire field results in unnecessary
costs. In addition, current environmental concerns
make excess chemical applications undesirable.

In U.S. Patent No. 5,050,771, Hanson et al.
discloses a control system in which a field may be
sprayed selectively, based on a map showing areas
where application is desired. An agricultural machine
uses sensors to track the distance the machine
travels. Checkpoints and flags provide a machine
operator with means to determine position relative to
the areas for application. Hanson et al. offers a
method to selectively control the locations to apply
chemicals in a field. However, the method requires

the placement of flags and markers to give an operator
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a set of references. Placing these flags requires
considerable effort, and results in a system that is
low in accuracy and reliability. In addition, the
locations for spraying must be stored in a memory.
5 Any desired changes would require reprogramming the
existing memory locations.
Recent advances in technologies, such as
Global Positioning Satellite (GPS) systems and
computer technologies, have paved the way for
10 developments commonly known as precision farming. By
knowing the location of an agricultural machine
relative to a known terrain map, navigation of the
machine can be controlled. Also, the tasks performed
by the machine can be controlled in selective areas.
15 As an example of precision farming,
Anderson, in U.S. Patent No. 5,684,476, discloses a
navigation system for an agricultural machine which
uses GPS and dead reckoning technology to determine
the location of the machine and correct for determined
20 navigation errors. Anderson also discloses the use of
a terrain map and checkpoints to aid in navigating the
machine. However, the checkpoints are determined
based on sensed operations of the machine. For
example, when the GPS system determines that the
25 machine has changed direction, a checkpoint indicating
a boundary of the field is determined. Other
checkpoints are determined based on sensed elevation
changes, sudden turns, and the like. The system which
Anderson discloses does not provide checkpoints in
30 advance for path planning and implement control. In
addition, Anderson does not provide for a central
control system which provides data and checkpoints to

allow multiple agricultural machines to cooperatively
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work in a field, providing the same or different
operations.

In U.S. Patent No. 5,712,782, Weigelt et al.
discloses a method for multiple agricultural machines
to communicate with a central controller. Each
machine is equipped with an on-board processor to
control the machine to some extent. However, Weigelt
et al. does not disclose path planning or implement
control by the machine processors.

The present invention is directed to
overcoming one or more of the problems as set forth

above.

Disclosure of the Invention

In one aspect of the present invention a
computer-aided farming system is disclosed. The
system includes a first control system to receive data
defining a plurality of parameters, determine a
plurality of nodes located at an agricultural field,
and determine a condition status associated with each
node. The system also includes a second control
system located on an agricultural machine to receive
data defining the nodes and the condition status at
each node, plan a path as a function of the nodes, and
determine a desired work operation relative to each
node. The system further includes a machine
controller to control the agricultural machine to
perform the desired work operation at each node.

In another aspect of the present invention a
computer-aided farming method is disclosed. The
method includes the steps of receiving parameter data
at a first control system, determining a plurality of
nodes at an agricultural field, and determining a

condition status associated with each node. The

PCT/US99/15003 _ -
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method also includes the steps of receiving data
defining the nodes and the condition status at each
node at a second control system, planning a path as a
function of the nodes, and determining a desired work
operation relative to each node. The method further
includes the step of controlling the agricultural
machine to perform the desired work operation at each

node.

Brief Description of the Drawings

Fig. 1 is a diagrammatic illustration of an
embodiment of the present invention;

Fig. 2 is a block diagram illustrating an
embodiment of the present invention;

Fig. 3 is a block diagram further
illustrating a portion of the embodiment of Fig. 2;

Fig. 4 is a diagrammatic illustration of one
aspect of the present invention;

Fig. 5 is a diagrammatic illustration of a
layered database map; and

Fig. 6 is a flow diagram illustrating a

method of the present invention.

Best Mode for Carrying Out the Invention

Referring to the drawings, and with
particular reference to Fig. 1, a diagrammatic
illustration of a computer-aided farming system 100 is
shown.

A base station 102 provides a central
location for the computer-aided farming system 100.
The base station 102 may be located near an
agricultural field 108, or may be at a remote
location, such as, for example, in a large farming

operation consisting of multiple fields over a large

PCT/US99/15003 _ -
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geographic area. The base station 102 is shown with a
base station GPS antenna 112, adapted to receive
signals from a plurality of GPS satellites 110, four
of which are shown in Fig. 1 and depicted as
110a,b,c,d. However, it is understood by common
knowledge in the art that more than four GPS
satellites 110 exist and any number greater than or
less than four GPS satellites 110 may be in range of
the base station GPS antenna 112 at any given time.

The base station GPS antenna 112 functions
as a differential GPS antenna (DGPS) in the computer-
aided farming system 100. The base station GPS
antenna 112 is shown located at the base station 102.
However, the base station GPS antenna 112 may be
positioned at any known, stationary location that
provides signal coverage over the agricultural field
108. Differential GPS technology is well known in the
art and will not be discussed further.

Located in the agricultural field 108 is at
least one agricultural machine 104. As shown in Fig.
1, an agricultural machine 104 may be a harvester
machine 104a, a tractor 104b, a truck 104c, or one of
any number of other types of mobile machines used for
agricultural applications. Preferably, the
agricultural machine 104 includes a work implement
106. For example, a harvester 104a may have a
thrasher or crop gathering header 106a, a tractor 104b
may have a seed planter, disks, or furrower 106b, and
a truck 104c may have a liquid sprayer or granular
applicator 106c. Other types of work implements 106
may be attached to the agricultural machine 104 to
perform a wide variety of agricultural tasks.

Referring now to Fig. 2, a block diagram of

an embodiment of the present invention is shown.
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A first control system 202 is shown located
at the base station 102. However, the first control
system 202 may be located at a site other than the
base station 102, such as a remote site or on an
agricultural machine 104, without deviating from the
spirit of the invention. Preferably, the first
control system 202 provides an output to a display
monitor 204.

The first control system 202 is adapted to
receive a plurality of parameters 200 from a variety
of sources. For example, parameters 200 may be
received from sensors (not shown) located at the
agricultural field 108, from agricultural machines
104, and from agricultural services created to analyze
and supply data. Examples of parameters 200 are
described below with reference to Fig. 3.

The first control system 202 is further
adapted to determine a plurality of nodes located at
the agricultural field 108, and to determine a
condition status associated with each of the nodes.
The condition status at each node is a function of the
parameters 200. The nodes and the condition status of
each node are discussed in more detail below.

A second control system 206, preferably
located on the agricultural machine 104, is adapted to
receive data defining the nodes and the condition
status at each node from the first control system 202.
A communications system 214 provides communications
between the first control system 202 and the second
control system 206. In the preferred embodiment, the
communications system 214 is a wireless communications
system. However, in an alternative embodiment, the
communications system may be a wired communications

system, enabled by electrically connecting the first
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control system 202 to the second control system 206.
Ag a further alternative embodiment, the
communications system may be enabled by use of data
receptors at the first and second control systems
202,206, the data receptors being adapted to receive
data mediums such as removable storage mediums.
Examples of removable storage mediums include, but are
not limited to, disks, CD ROMS, tapes, and flash
cards.

Other types of communications systems may be
used without deviating from the invention.

The second control system 206 is adapted to
plan a path as a function of the nodes. Additionally,
the second contrcl system 206 is adapted to determine
a desired work operation relative to each node as a
function of the condition status at each node.
Planning a path and determining a desired work
operation are discussed in more detail below.

A position determining system 208, located
on the agricultural machine 104, is adapted to
determine the position of the agricultural machine 104
relative to the agricultural field 108. The position
determining system 208 is electrically connected to he
gsecond control gystem 206, and delivers a position
signal to the second control system 206. Preferably,
the position determining system 208 includes a GPS
receiver. However, the position determining system
208 could alternatively use other means for
determining position, such as dead reckoning, laser
positiconing, and the like, or the position determining
system 208 could incorporate a combination of position

determining methods.

PCT/US99/15003 _ -
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In the preferred embodiment, a display
monitor 210, located on the agricultural machine 104,
is connected to the second control system 206.

A machine controller 212, located on the
agricultural machine 104, is adapted to control the
agricultural machine 104 and the work implement 106 to
perform the desired work operation at each node. 1In
one embodiment, the machine controller 212 is adapted
to control navigation of the agricultural machine 104
to traverse the path. In another embodiment, the
machine controller 212 is adapted to control a
function of the work implement 106. For example, the
machine controller 212 may control a rate of
application of a material, such as fertilizers,
chemicals, and seeds. As another example, the machine
controller 212 may control the position of the work
implement 106 relative to the agricultural machine
104, such as an elevation of the work implement 106.

Referring now to Fig. 3, a block diagram
illustrating exemplary parameters 200 are shown.

A yield data parameter 302 provides
historical data on crop yields on an annual basis.
Preferably, yield data is obtained from sensors on the
agricultural machine 104 during harvest to associate
yield data with locations on the agricultural field
108. By compiling historical yield data, trends in
vield production can be determined.

A soil data parameter 304 provides data on
soil condition at desired locations throughout the
agricultural field 108. Soil data may be obtained
from a variety of methods that are known in the art.
For example, a GPS equipped agricultural machine 104
may traverse the agricultural field 108 for the

express purpose of obtaining scil samples for analysis
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by a lab. After analysis, the lab would provide the
resultant data. As another example, the agricultural
machine 104 may be equipped to sample the soil as the
machine 104 traverses the field 108 for other
purposes. Soil data would then be communicated back
to the first control system 202 by the communications
system 214.

A prescription data parameter 306 provides
data, preferably historical, describing chemical
prescriptions that have been added to the agricultural
field 108. The data would also include the locations
and amounts of the prescriptions added. With the
advent of precision farming, the use of prescription
chemicals can be monitored with great accuracy, thus
providing an historical data base to help determine
exactly what chemicals are needed, where they are
needed, and how much of each chemical is needed. The
prescription data parameter 306 can also be used to
monitor the effectiveness of the prescription
chemicals.

A terrain map parameter 308 provides terrain
map data having characteristics of the agricultural
field 108 to the first control system 202. Examples
of terrain map data include, but are not limited to,
contours of the field 108, obstacles located in the
field 108, areas of discontinuous contour in the field
108, e.g., holes, cliff sides, and drop-offs, and
areas of non-tillable terrain in the field 108.
Terrain map data may be provided by several means
including, preferably, terrain-related data being
communicated by agricultural machines 104 ag they
traverse the field 108.

A GPS data parameter 310 includes GPS-

related data from the agricultural machines 104 in the

PCT/US99/15003 _ -
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field 108. In one embodiment, the first control
system 202 monitors the locations of the agricultural
machines 104. In another embodiment, the first
control system 202 receives data from the machines 104
and associates the data with the locations of the
machines 104. For example, an agricultural machine
104 may apply fertilizer at specific locations on the
field 108, and the location of the machine 104 during
application is determined from the GPS data from the
machine 104 at the time of application.

A rainfall data parameter 312 provides
historical data pertaining to the amount of rainfall
at the agricultural field 108. Rainfall data may be
obtained from available weather information sources or
may be obtained directly by rainfall sensors installed
at strategic locations. In larger agricultural
operations, multiple rainfall sensors may provide more
accurate information during periods of scattered and
intermittent rains.

Implement parameters 314 include information
about the work implements 106, such as the type of
work an implement 106 performs, the physical
dimensiong and characteristics of the work implement
106, and historical data which tracks the operation of
the work implement 106.

It is to be noted that the above discussed
parameters 200 are exemplary of the types of
parameters that may be used, and is not an all-
inclusive listing. Other parameters may be received
by the first control system 202 for use in the present
invention.

Referring now to Fig. 4, a diagrammatic
illustration of one aspect of the present invention is

shown. A portion of an agricultural field 108 is

PCT/US99/15003 _
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illustrated with a series of paths 404a,b,c. The
paths 404 are determined by connecting a plurality of
nodes 406a-m by a plurality of segments 408a-j. For
example, a first path 404a includes nodes 406a,b,c,d,
which are connected by segments 408a,b,c. In like
manner, a second path 404b includes nodes 406e,f,g,h,
which are connected by segments 408d,e,f; and a third
path 404c includes nodes 406i,j,k,1,m, which are
connected by segments 408g,h,i,j. The paths 404a,b,c
are shown approximately parallel with each other.
However, adjacent paths may be created non-parallel
with each other if desired.

A contour 402 is shown in Fig. 4 to
illustrate a situation where it may be desired to
alter the direction of movement of the agricultural
machine 104. 1In the example of Fig. 4, it is desired
to change the heading of the machine 104 to traverse
the contour 402 at essentially right angles to the
slope of the contour 402. This change in heading
would allow the machine 104 to travel up and down the
contour 402 in a manner that would give the machine
104 more control on the sloped surface.

The nodes 406, as discussed above, are
determined by the first control system 202.
Additionally, the condition status at each node 406 is
determined by the first control system 202 as a
function of the parameters 200. For example, in Fig.
4, nodes 406b,f,j signify one side of the contour, and
nodes 406c,g,k signify the other side of the contour.
The condition status for the nodes 406b,c,f,g,j,k
indicate a desired change in heading of the
agricultural machine 104. 1In addition, the condition
status for nodes 406b,c,f,g,j,k may contain other

conditions, e.g., do not plant or plow, vary the rate

PCT/US99/15003 _ -
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of a prescription application to a desired rate, alter
the depth of till, and the like.

Nodes 406a,e,i and nodes 406d,h,m may
indicate, as an example, the start or end of a row in
the field 108. Alternatively, nodes 406a,e,i and
nodes 406d,h,m may be located within a portion of
rows, and may be associated with conditions such as;
vary the rate or type of application, do not plow or
plant, or change the depth of till to a desired level.

In path 404c, node 4061 is located between
straight line segments 408i and 408j. Node 4061 is
not required for path planning, but may have been
created to associate with a change in condition status
such as; a change in the moisture content in the soil,
a change in the prescription chemicals in the soil,
the presence of an obstacle, and the like.

Segments 408 are, preferably, created by the
second control system 206 during path planning by
connecting adjacent nodes. The segments may be
created using straight line path planning techniques,
as illustrated by segments 408a,c,d,f,g,1i,].
Alternatively, the segments may be created using curve
fitting techniques, as illustrated by segments
408b,e,h. Path planning using curve fitting
techniques are well known in the art. For example, in
U.S. Patent No. 5,648,901, Gudat et al. discloses path
planning methods using curve fitting techniques such
as b-splines and clothoids.

Referring now to Fig. 5, a diagrammatic
illustration of a preferred embodiment for storing and
processing data in the present invention is shown.
Data is separated into categories and is shown
embodied in a set of layered database maps 500. The

layered database maps 500 are preferably based on a

PCT/US99/15003 _ -
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terrain map of the agricultural field 108. Each map
layer contains a portion of the terrain map
characterizing unique features of the field, such as
weed condition data 502, obstacles 504, irrigation
data 506, rainfall data 508, fertilizer data 510,
yield data 512, node locations 514, and elevation data
516. The map layers shown in Fig. 5 are exemplary.
Other map layers may be used as well.

In the preferred embodiment, the data in the
layered database maps 500 is determined from the
parameters 200 that are delivered to the first control
system 202, and from updates of the condition status
at each node 406 as the agricultural machine 104
performs the desired operations at the nodes 406.

It is noted that the concept of using
layered maps to store and process data is well known
in the art, and therefore will not be discussed
further.

Referring now to Fig. 6, a preferred method
of the present invention is shown.

In a first control block 602, data defining
a plurality of parameters 200 is received at the first
control system 202.

In a second control block 604, a plurality
of nodes 406 located at the agricultural field 108 are
determined by the first control system 202.

In a third control block 606, the condition
status associated with each node 406 is determined.
The condition status at each node 406 is determined as
a function of the parameters 200.

Control then proceeds to a fourth control
block 608 and a fifth control block 610. In the
fourth control block 608, data defining the nodes 406

is received by the second control system 206. In the
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fifth control block 610, data defining the condition
status at each node 406 is received by the second
control system 206.

In a sixth control block 612, the second
control system 206 plans a path as a function of the
nodes 406.

In a seventh control block 614, a desired
work operation is determined by the second control
system 206 relative to each node 406. Preferably, the
desired work operation is a function of the condition
status at each node 406.

Control then proceeds to an eighth control
block 616, where the machine controller 212 controls
operation of the agricultural machine 104 and the work
implement 106 to perform the desired work operation at

each respective node 406.

Industrial Applicability

As an example of an application of the
present invention, and with reference to Fig. 1,
agricultural machines 104 use a variety of work
implements 106 to perform a variety of tasks. As
examples, a tractor 104b may be used to pull a planter
106b to plant seeds. A harvester 104a may use a
thresher 106a to harvest wheat or hay, and a truck
104c may use a sprayer 106c to spray fertilizer. 1In
each of these examples, the work to be performed may
vary over different portions of the agricultural field
108.

The first control system 202 uses data from
the parameters 200 received to determine nodes 406
throughout the field 108, each of which is associated
with a condition status of that portion of the field

108. Layered database maps 500 containing this
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information is delivered to a respective second
control system 206 located on each agricultural
machine 104. Each second control system 206 plans a
path for the machine 104, and determines a desired
work operation for the machine 104 to perform at each
node 406.

In one embodiment of the present invention,
the desired work operation is displayed on a display
monitor 210 located on the agricultural machine 104 to
allow an operator to responsively control the machine
104 and the work implement 106. In another embodiment
of the present invention, the desired work operation
is communicated to the machine controller 212 to allow
autonomous control of the agricultural machine 104 and
the work implement 106. In yet another embodiment of
the present invention, control of the agricultural
machine 104 and the work implement 106 is divided into
varying degrees of manual and autonomous control.

Other aspects, objects, and features of the
present invention can be obtained from a study of the

drawings, the disclosure, and the appended claims.



WO 00/04341 PCT/US99/15003

10

15

20

25

30

-16-

Claims

1. A computer-aided farming system (100),
comprising:

a first control system (202) adapted to
receive data defining a plurality of parameters (200)
and responsively determine a plurality of nodes (406)
located at an agricultural field (108), the first
control system (202) being further adapted to
determine a condition status associated with each of
the nodes (406), the condition status at each node
(406) being a function of the parameters(200);

a second control system (206) located on an
agricultural machine (104) and adapted to receive data
defining the nodes (406) and the condition status at
each node (406), the second control system (206) being
further adapted to plan a path (404) as a function of
the nodes (406) and to determine a desired work
operation relative to each node (406), the desired
work operation being a function of the condition
status at each node (406); and

a machine controller (212) adapted to
control the agricultural machine (104) to perform the

desired work operation at each respective node (406).

2. A system (100), as set forth in claim
1, wherein the path (404) is planned by determining a
plurality of segments (408), each segment (408)

connecting two nodes (406).

3. A gsystem (100), as set forth in claim
2, wherein the machine controller (212) is adapted to
control navigation of the agricultural machine (104)
to traverse the path (404).
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4. A system (100), as set forth in claim
1, wherein a parameter (200) is historical yield data
(302) .

5. A system (100), as set forth in claim

1, wherein a parameter (200) is soil data (304).

6. A system (100), as set forth in claim
1, wherein a parameter (200) is historical

prescription application data (306).

7. A system (100), as set forth in claim
1, wherein a parameter (200) is a terrain map (308)

having characteristics of the field (108).

8. A system (100), as set forth in claim
7, wherein a characteristic of the field (108) is a
contour (402) of the field (108).

9. A system (100), as set forth in claim
7, wherein a characteristic of the field (108) is an
obstacle in the field (108).

10. A system (100), as set forth in claim
7, wherein a characteristic of the field (108) is an

area of discontinuous contour of the field (108).

11. A system (100), as set forth in claim
7, wherein a characteristic of the field (108) is an

area of non-tillable terrain in the field (108).

PCT/US99/15003 -
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12. A system (100), as set forth in claim
1, wherein a parameter (200) is the location of the

agricultural machine (104).

13. A system (100), as set forth in claim

1, wherein a parameter (200) is rainfall data (312).

14. A system (100), as set forth in claim
1, further including a work implement (106) connected

to the agricultural machine (104).

15. A system (100), as set forth in claim
14, wherein a parameter (200) is a characteristic
(314) of the work implement (106).

16. A system (100), as set forth in claim
15, wherein the machine controller (212) is further
adapted to control the work implement (106) to perform
the desired work operation at each respective node
(406) .

17. A system (100), as set forth in claim
16, wherein the machine controller (212) is adapted to
control a rate of application of the work implement
(106) .

18. A system (100), as set forth in claim
16, wherein the machine controller (212) is adapted to

control an elevation of the work implement (106).

19. A system (100), as set forth in claim
16, wherein the condition status associated with each

node (406) is updated in response to the agricultural
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machine (104) performing the desired work operation at
the node (406).

20. A gystem (100), as set forth in claim
19, wherein the first control system (202) is adapted
to store the condition status in at least one of a

plurality of layered database maps (500).

21. A system (100), as set forth in claim
20, wherein a layered map (500) contains historical
yield data (512).

22. A system (100), as set forth in claim
20, wherein a layered map (500) contains data (504)

defining locations of obstacles in the field (108).

23. A system (100), as set forth in claim
20, wherein a layered map (500) contains fertilizer
data (510).

24. A system (100), as set forth in claim
20, wherein a layered map (500) contains data (514)
defining locations of the nodes (406) in the field
(108) .

25. A system (100), as set forth in claim
20, wherein a layered map (500) contains elevation
data (516) of the field (108).

26. A system (100), as set forth in claim
20, wherein a layered map (500) contains data (502)

defining a condition of weeds in the field (108).
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27. A system (100), as set forth in claim
20, wherein a layered map (500) contains rainfall data
(508).

28. A system (100), as set forth in claim
20, wherein a layered map (500) contains irrigation
data (506).

29. A system (100), as set forth in claim
1, further including a communications system (214)
adapted to enable communications between the first
control system (202) and the second control system
(206) .

30. A system (100), as set forth in claim
29, wherein the communications system (214) is a

wireless communications system.

31. A system (100), as set forth in claim
29, wherein the communications system (214) 1is a wired
communication system enabled by electrically
connecting the first control system (202) to the

second control system (206).

32. A system (100), as set forth in claim
29, wherein the communications system (214) is a data
receptor connected to at least one of the first
control system (202) and the second control system
(206), the data receptor being adapted to receive a

data medium for communicating data.

33. A system (100), as set forth in claim
32, wherein the data medium is a removable storage

medium.
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34. A system (100), as set forth in claim
1, further including a position determining system
(208) located on the agricultural machine (104) and
electrically connected to the second control system
(206) .

35. A sgystem (100), as set forth in claim
34, wherein the position determining system (208)

includes a GPS receiver.

36. A system (100), as set forth in claim
1, further including a display monitor (204)
electrically connected to the first control system
(202) .

37. A system (100), as set forth in claim
16, further including a display monitor (210) located
on the agricultural machine (104) and electrically

connected to the second control system (206).

38. A system (100), as set forth in claim
37, wherein the desired work operation relative to
each node (406) is displayed on the display monitor
(210) to enable an operator of the agricultural
machine (104) to responsively control at least one of
the agricultural machine (104) and the work implement
(106) .

39. A system (100), as set forth in claim
16, wherein the desired work operation relative to
each node (406) is communicated to the machine

controller (212) to enable autonomous control of at
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least one of the agricultural machine (104) and the

work implement (106).

40. A computer-aided farming method,
including the steps of:

receiving data at a first control system
(202), the data defining a plurality of parameters
(200) ;

determining a plurality of nodes (406)
located at an agricultural field (108);

determining a condition status associated
with each of the nodes (406), the condition status at
each node (406) being a function of the parameters
(200) ;

receiving data defining the nodes (406) at a
second control system (206) ;

receiving data defining the condition status
at each node (406) at the second control system (206);

planning a path (404) as a function of the
nodes (406) ;

determining a desired work operation
relative to each node (406), the desired work
operation being a function of the condition status at
each node (406); and

controlling the agricultural machine (104)
to perform the desired work operation at each

respective node (406).

41. A method, as set forth in claim 40,
wherein planning a path (404) includes the step of
determining a plurality of segments (408), each

segment (408) connecting two nodes (406).
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42. A method, as set forth in claim 41,
wherein controlling the agricultural machine (104)
includes the step of controlling navigation of the

agricultural machine (104) to traverse the path (404).

43. A method, as set forth in claim 40,
further including the step of controlling a work
implement (106) connected to the agricultural machine
(104) to perform the desired work operation at each

respective node (406).

44, A method, as set forth in claim 43,
wherein controlling a work implement (106) includes
the step of controlling a rate of application of the
work implement (106).

45, A method, as set forth in claim 43,
wherein controlling a work implement (106) includes
the step of controlling an elevation of the work

implement (106).

46.v A method, as set forth in claim 43,
further including the step of updating the condition

- status associated with each node (406) in response to

the agricultural machine (104) performing the desired

work operation at the node (406).

47. A method, as set forth in claim 40,
further including the step of storing the condition
status in at least one of a plurality of layered

database maps (500).
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48. A method, as set forth in claim 40,
further including the step of determining the position

of the agricultural machine (104).

49. A method, as set forth in claim 40,
further including the step of displaying the desired
work operation relative to each node (406) on a
display monitor (210) located on the agricultural
machine (104).

50. A computer-aided farming system (100),
comprising:

a first control system (202) adapted to
receive data defining a plurality of parameters (200)
and responsively determine a plurality of nodes (406)
located at an agricultural field (108), the first
control system (202) being further adapted to
determine a condition status associated with each of
the nodes (406), the condition status at each node
(406) being a function of the parameters (200);

a second contrcol system (206) located on an
agricultural machine (104) and adapted to receive data
defining the nodes (406) and the condition status at
each node (406), the second control system (206) being
further adapted to plan a path (404) as a function of
the nodes (406) and to determine a desired work
operation relative to each node (406), the desired
work operation being a function of the condition
status at each node (406);

a communications system (214) adapted to
enable communications between the first control system

(202) and the second control system (206) ;
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a position determining system (208) located
on the agricultural machine (104) and electrically
connected to the second control system (206);

a work implement (106) connected to the

5 agricultural machine (104); and

a machine controller (212) adapted to
control at least one of the agricultural machine (104)
and the work implement (106) to perform the desired
work operation at each respective node (406).

10



WO 00/04341 PCT/US99/15003 -

@) yun

106a




WO 00/04341

2/6

T |
200
| I
l
| PARAMETERS |
I P1 [ ] [ ] L ] L ] [ ] PN I
| e o e e 1
e
| fzoz I204
FIRST
DISPLAY
CONTROL —>  MONITOR
SYSTEM

POSITION
DETERMINING

SECOND
CONTROL

SYSTEM

& 208

Y

SYSTEM

PCT/US99/15003 _ -

DISPLAY
MONITOR

& 206

MACHINE
CONTROLLER

WORK
IMPLEMENT

&210




WO 00/04341

3/6

T [

PCT/US99/15003 _ -

f 202

302 — YIELD | !
DATA : ’
|
SOIL !
304 —
DATA : g
|
|
306 ——| PRESCRIPTION
DATA :
|
TERRAIN '
308 — MAP —
|
310 — GPS '
DATA : "
|
RAINFALL '
21 baa [T
|
IMPLEMENT ' N
314 —"1 PARAMETERS : "




WO 00/04341 PCT/US99/1'5003 -

404a  404b 404c

N Y N
406dgo 406h SO 406m go
408j\\\_ ’/108
402 f;
408¢ 408f\\\ 406
%
406¢

408b 4069
X \

406b 408i

406k

'\
406¢ S
408h></

4O8a-J/, E; 406]

408d

14089

406a go 406e SO 406i SO




WO 00/04341 PCT/US99/1’5'003 o

5/6

SET==

500

502

=

WEED CONDITION DATA

504
OBSTACLES

506

NN

IRRIGATION DATA

508
RAINFALL DATA

510

NN

FERTILIZER DATA

512
YIELD DATA

514
NODES

516
ELEVATION DATA

NN




WO 00/04341 PCT/US99/15003 _ -

6/6

602
{

RECEIVE PARAMETER DATA AT FIRST CONTROL SYSTEM

\i 604

DETERMINE NODES 5

\ /

606
DETERMINE CONDITION STATUS FOR EACH NODE g

v 608
RECEIVE NODE DATA AT SECOND CONTROL SYSTEM §

Y

RECEIVE CONDITION STATUS FOR EACH NODE AT 610
SECOND CONTROL SYSTEM f

!

612
PLAN PATH §

!

j 614
DETERMINE DESIRED WORK OPERATION
RELATIVE TO EACH NODE

\ J

616
CONTROL MACHINE TO PERFORM f
DESIRED WORK OPERATION

END



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

