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Disclosed Is a material delivery system (100) and method for applying material to one or more crops. A sensor, or crop sensing
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(57) Abrege(suite)/Abstract(continued):

crop(s). An applicator controller (105) can control the applicator (106). A material delivery vehicle (102) has a delivery vehicle
controller (128) configured to control the material delivery (102) vehicle and an agriculture controller (132) iIn communication with
the delivery vehicle controller (128), applicator controller (105), and sensor(104). The agriculture controller (132) can determine the
needs of the crops and adjust the movement of the delivery vehicle (02) based on the needs of the crops.
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(57) Abstract: Disclosed is a material delivery system (100) and method for applying material to one or more crops. A sensor,
or crop sensing head(104), moves over or near the crops and obtains crop data. An applicator (106) is configured to apply the
material onto the crop(s). An applicator controller (105) can control the applicator (106). A material delivery vehicle (102) has
a delivery vehicle controller (128) configured to control the material delivery (102) vehicle and an agriculture controller (132) in
communication with the delivery vehicle controller (128), applicator controller (105), and sensor(104). The agriculture controller
(132) can determine the needs of the crops and adjust the movement of the delivery vehicle (02) based on the needs of the crops.
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METHOD AND SYSTEM FOR APPLYING MATERIALS TO CROPS

FIELD AND BACKGROUND

[0002] The present invention relates generally to the application of materials
such as fertilizer and chemicals to crops and more specifically to automated
machines and methods used for the application of the materials to the crops.

[0003] Farmers apply natural and/or synthetic materials to their crops. The
material (e.q., fertilizer, seeds, nutrients, water, chemicals, etc.) is typically applied
at a single, uniform application rate across a field (i.e., an area). The determination
of an optimal application rate for material has often relied upon: a) analysis of soll
samples, b) scouting of the physical crop as it grows, c) destructive analysis of
tissue or leaf samples of the growing crop, or d) comparative analysis to a
"reference strip" of crop planted in that same field and fertilized at a rate known to
exceed crop needs. These techniques have resulted in over-application or excess
use of material in some areas of the field and under-application and a
corresponding deficiency of material in other areas. Both cases often result in the
loss of time and money, with a potential to cause irreparable harm.

[0004] Instead of applying material at a uniform rate, material can also be

applied at a varying rate or multiple, predetermined rates within a field or area of
interest. Systems that apply material in this fashion typically use traditional methods

to determine an optimal amount of material to be applied to a particular area of a
field. Often these techniques have used various reflectance-based technologies in
conjunction with a historical database or other reference to determine the

appropriate application rates for material. In addition, various reflectance based

sensors have been used as a diagnostic tool in this effort.
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[0005] Material can also be applied in an automated fashion. For example,
material can be applied using automated machinery that drives around a field of
crops and applies (e.g., sprays or spreads) material onto the crops. To apply an
amount of material onto the crops, systems conventionally control one or more

applicators (e.g., a sprayer valve and/or a spreader valve) on or attached to the

automated machinery (e.g., a tractor).

BRIEF SUMMARY OF THE INVENTION

[0006] Despite controlling one or more applicators, current systems and
techniques experience probiems delivering a correct amount of material to crops.
Specifically, a controller controlling the applicators (e.g., valves) delivering the
material typically controls only the applicators. The vehicle (e.g., a tractor) moving
along the field moves at a particular rate which may vary depending on, for
example, the layout of the field or area. The vehicle may also change direction,
such as when the vehicle has to turn to fertilize new crops.

[0007] With prior art techniques, a crop may not receive the correct amount of
material that the applicator is programmed to apply to the crop when the vehicle
changes speed or direction. Therefore, there is a need to integrate data
corresponding to the movement of the vehicle with data corresponding to the needs
of the crop to more accurately apply the material to the crops.

[0007a] Certain exemplary embodiments can provide an apparatus comprising: a
delivery vehicle configured to move across said field, a sensor configured to obtain
crop data during movement of the delivery vehicle across said field; a delivery
vehicle controller configured to automatically control the movement of the delivery
vehicle; and an agriculture controlier configured to: determine, during the movement

of the delivery vehicle, needs of said crop based on said crop data; determine

movement commands to adjust said movement of said delivery vehicle, said
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movement commands comprising commands to change a direction of the delivery
vehicle, based on said needs of said crop; and transmit said movement commands
to said delivery vehicle controller.

[0007b] Certain exemplary embodiments can provide a method comprising: sensing
crop data during movement of said delivery vehicle; determining, during the
movement of the delivery vehicle, needs of said crop from said crop data; and
controlling said movement of said delivery vehicle based on said needs of said crop,
wherein controlling the movement of the delivery vehicle comprises changing a
direction of the delivery vehicle based on said needs of said crop.

[0007c] Certain exemplary embodiments can provide an apparatus comprising:
means for sensing crop data during movement of said delivery vehicle; means for
determining, during the movement of the delivery vehicle, needs of said crop from
sald crop data; and means for controlling said movement of said delivery vehicle
based on said needs of said crop, wherein controlling the movement of the delivery
vehicle comprises changing a direction of the delivery vehicle based on said needs
of said crop.

[0008] In accordance with an aspect of the present invention, an apparatus
configured to apply material to a crop in a field includes a delivery vehicle
configured to move across (i.e., across, along, around, etc.) the field and a sensor
configured to obtain crop data. The apparatus also includes a delivery vehicle
controller configured to automatically control movement of the delivery vehicle and
an agriculture controller configured {o determine the needs of the crop based on the
crop data and also configured to transmit movement commands to the delivery
vehicle controller to adjust the movement of the delivery vehicle based on the needs
of the crop.

[0009] The apparatus may also include an applicator controller in
communication with the agriculture controller and a material applicator (e.g., a
spreader valve and/or a sprayer valve). The applicator controller is configured to

control the material applicator. Further, the movement commands may be based

2a
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on applicator data that is received from the applicator controller. The agriculture
controller can also include a data logger to log the crop data (and/or the
applicator data).

[0010] In one embodiment, there are several delivery vehicles that

communicate with each other (e.g., in a peer-to-peer relationship or a master /
slave relationship). For example, a second delivery vehicle may include a
second agriculture controlier and a second delivery vehicle controller. The
second agriculture controlier can be in communication with the agricuiture
controller and the second delivery vehicle controller, and configured to transmit
movement commands to the second delivery vehicle controller to adjust the
movement of the second delivery vehicle based on the needs of the crop.

[0011] In another asbect of the present invention, a method of operation of a
delivery system for real-time application of material to a crop includes sensing
crop data, determining needs of the crop from the crop data, and controlling
‘movement of the delivery system based on the needs of the crop. The
controlling of movement may occur by transmitting movement commands to a
delivery vehicle controller controlling a delivery vehicle (which is part of the
delivery system).

[0012] The controlling of movement may produce various resuilts. For
example, it may result in a change in direction of the delivery vehicle (and
therefore delivery system), a change in speed, the following of a predetermined
path, and/or the adjusting of a gear set in a transmission system of the delivery
vehicle (e.g., to minimize fuel consumption in relation to a slope of a position of
the delivery vehicle or in relation to the speed of the delivery vehicle). In one
embodiment, the adjusting of speed of the delivery vehicle causes the delivery
vehicle to reduce speed when a desired application rate of the material is greater
than a maximum application rate at a current speed. In another embodiment, the
adjusting of the speed of the delivery vehicle causes the delivery vehicle to

increase speed when a desired application rate of the material is less than a
minimum application rate at a current speed.
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[0013] 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

[0014] Fig. 1 is a block diagram of a material delivery system in accordance
with an embodiment of the present invention:

[0015] Fig. 2 is a more detailed block diagram of a material delivery system in
accordance with an embodiment of the present invention:

[0016] Fig. 3 is a flowchart of the steps performed by a material delivery
system in accordance with an embodiment of the present invention:

[0017] Fig. 4 is a flowchart of the steps performed by a material delivery
system to determine an optimal path for the system in accordance with an
embodiment of the present invention; |

[0018] Fig. 5 is a flowchart of the steps performed by a material delivery
system to determine an optimal gear for the system in accordance with an
embodiment of the present invention:

[0019] Fig. 6 is a flowchart of the steps performed by a material delivery
system to adjust the speed to deliver an optimal amount of material in
accordance with an embodiment of the present invention:

[0020] Fig. 7 is a block diagram of three zones that a material delivery system
can traverse in accordance with an embodiment of the present invention: and

[0021] Fig. 8 shows a high level block diagram of a computer in accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION
[0022] Fig. 1 is a block diagram of a material delivery system 100 in

accordance with‘an embodiment of the present invention. The material delivery
system 100 includes a material delivery vehicle 102 connected to a crop sensing

head 104 (i.e., a sensor), an applicator controller 105 (shown with dashed lines),
and an applicator 106 (shown with dashed lines). The applicator 106 may be
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part of a plough attached to the delivery vehicle 102. Although shown as
separate components, one or more of the above components (e.g., vehicle 102,

crop sensing head 104, applicator controlier 105, and/or applicator 106) may be
combined into a single unit.

[0023] The material delivery vehicle 102 is machinery that moves across a
field (i.e., inoves along, across, or around a field) to apply material to one or
more crops (not shown) in the field in real-time. The material delivery vehicle
102 may be any type of vehicle, such as a tractor. The material delivery vehicle
102 of Fig. 1 is traveling in a direction of motion shown with arrow 107.

[0024] The material delivery vehicle 102 typically pushes or pulls the crop
sensing head 104 and the applicator 106. The crop sensing head 104 is a
sensor that can determine the material requirements of the crops. There may be
one crop sensing head or many crop sensing heads connected to (or as part of)

the matenrial delivery vehicle 102. In one embodiment, the crop sensing head

104 is a reflectance-based sensor with one or more light sources and one or
more detectors for determining crop needs such as nitrogen and water
requirements, plant crop height, etc. The crop sensing head 104 may be able to
operate fn daylight and/or at night. In one embodiment, the material delivery
vehicle 102 pushes or pulls the crop sensing head 104 over an area of crops first
and then the applicator 106 applies the material to the crops as the vehicle 102
moves along the direction of motion 107. During the time interval between when
the crop sensing head 104 senses the crops and when the applicator 106 applies

the matenal to the crops, the amount of material that will be applied to the crops
can be determined and/or adjusted.

[0025] The crop sensing head 104 may be configured differently for the
different crops that the sensing head 104 senses. In one embodiment, different
crop sensing heads are used for the different crops. Examples of crops include
cereal grains,whéat, rice, corn, maize, oil seeds, canola, potatoes, cotton, and
sugar cane. .

[0026] The applicator 106 is one or more device that physically applies the
material to the crops. The delivery vehicle 102 may contain one or more material
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tanks that are connected to the applicator 106 and used to fill the applicator 106
with material. As shown, the applicator 106 can include a sprayer valve 108.

The sprayer valve 108 is a valve that controls flow of liquid material onto the
crops. The sprayer valve 108 may be connected to nozzles (e.g., nozzles 112
and 113) which spray the material out at various times and/or rates.

[0027] The applicator controller 105 can include a sprayer valve controller 116
to control the sprayer valve 108. The applicator controller 105 includes a
microprocessor and controls the operation of the sprayer valve 108. For
example, the applicator controller 105 can adjust the rate(s) and / or time(s) that

one or more nozzles spray the material onto the crops. The applicator controller
105 may be external to or internal to the sprayer valve 108.

[0028] The applicator 106 can also include a spreader valve 120. The
spreader valve 120 is a valve that hydraulically controls the flow of granular
material onto the crops. The spreader valve 120 can regulate flow of a
predetermined amount of material onto the crops during a given amount of time.

[0029] The applicator controller 105 may include a spreader valve controller
124 to control the spreader valve 120. The applicator controller 105 can
determine the rate(s) and/or time(s) that the spreader valve 120 spreads the
matenal. In one embodiment, the applicator controller 105 (e.g., the sprayer
valve controller 116 and/or the spreader valve controller 124) can be adjusted
before, during, or after the sensing of the crops by the crop sensing head 104.
The applicator controller 105 may be external to or internal to the spreader valve
120.

[0030] The material delivery vehicle 102 includes a delivery vehicle controller

128. As described in more detail below, the delivery vehicle controller 128
controls the movement of the material delivery vehicle 102. For example, the
material delivery vehicle 102 may be driven automatically (i.e., without a person
driving the-delivery vehicle 102) and the delivery vehicle controller 128 may

control the rate of the delivery vehicle 102, the direction of the delivery vehicle
102, etc.
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[0031] The delivery vehicle 102 also includes an agriculture controller 132.
The controllers 105, 128 and crop sensing head 104 are in communication with
the agriculture controller 132. The communication may be over one or more
(wireless or wired) communication buses (shown with dashed lines 140, 144, and
148). The agriculture controller 132 integrates the information from the
controllers 105, 128 and the crop sensing head 104 to determine how to move
(e.q., drive) the material delivery vehicle 102 in relation to the needs of the crop
based on crop data sensed by the crop sensing head 104 (and, in one
embodiment, based on applicator data from the applicator controller 105). This
integration of information from the delivery vehicle controlier 128, the applicator
controller 105, and the crop sensing head 104 enables optimal delivery of the
material to the crops.

[0032] The agriculture controller 132 may use this information 1o transmit one
or more movement commands to the delivery'vehicle controller 128 in order to
adjust the movement of the delivery vehicle 102. For example, the agriculture
controller 132 can determine when to turn the material delivéry vehicle 102 and
can adjust the speed of the delivery vehicle 102 based on the information it
receives from the controllers 105, 128 and the crop sensing head 104. This
integration of information from the controllers 105, 128 and crop sensing head
104 enables the material delivery vehicle 102 to apply the correct amount of
material to the crops regardiess of, for instance, the layout of the terrain and the
path that the delivery vehicle is traveling.

[0033] Fig. 2 shows a more detailed block diagram of a material delivery
system 200 in accordance with an embodiment of the present invention. The
material delivery system 200 includes a material delivery vehicle 202 having a
delivery vehicle controller 204 in communication with agriculture controller 208.

The delivery vehicle controller 204 includes various controllers to control the
material delivery vehicle 202.

[0034] In one embodiment, the delivery vehicle controller 204 includes a
Global Positioning Satellite (GPS) receiver 212 to determine the delivery

vehicle’s location. In communication with the GPS receiver 212 is a steering
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controller 216 to contro! the delivery vehicle’s direction. For example, if the
material delivery vehicle 202 has a particular course to travel, the GPS receiver
212 and the steering controller 216 are used to guide and direct the delivery

vehicle 202 to its destination. The GPS receiver 212 and/or the steering

controller 216 may also include slope sensors to determine the slope of the
terrain on which the delivery vehicle is located.

[0035] The delivery vehicle controller 204 may also include an engine control
unit (ECU) 220. The ECU is an electronic control unit which controls various
aspects of the vehicle engine’s operation. In one embodiment, the ECU controls
the quantity of fuel injected into each cylinder of each engine cycle, ignition
timing, and other engine parameters. The ECU may include one or more
sensors to determine the quantity of fuel, ignition timing, and other parameters.

[0036] The delivery vehicle 202 may also include a hitch. The hitch is
typically used when the delivery vehicle 202 lifts something up or places
something down. The hitch includes the delivery vehicle's hydraulic system,
attaching points, lifting arms, and stabilizers. In this embodiment, the delivery
vehicle controller 204 includes a hitch controller 224. In one embodiment, the
hitch controller 224 uses a stepper motor to control the hitch.

[0037] The delivery vehicle controlier 204 may also include a transmission
controller 228. The transmission controller 228 controls the rate of the material
delivery vehicle 202 by adjusting the amount of power delivered to the delivery
vehicle’s transmission.

[0038] The delivery vehicle controller 204 also includes boom leveling sensors
232. Boom leveling sensors 232 adjust the distance between applicator 235 and
the crop.

[0039] The delivery vehicle controller 204 can also include environmental

sensors 236. The environmental sensors 236 can detect one or more of

moisture, humidity, water quality, wind speed and direction, ambient temperature,
radiation (e.g., solar radiation or ultraviolet radiation), smoke, dust sensors, and
any other environmental condition. The environmental sensors 236 may use the

information sensed by the sensors to adjust the movement of the delivery vehicle
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202. For example, if the environmental sensors 236 determine that the ground is
damp, the delivery venhicle controller 204 may cause the material delivery vehicle
202 to travel slower.

[0040] Each controller 216, 220, 224, 228 and each sensor 232, 236 of the
delivery vehicle controller 204 are in communication with the agriculture

controller 208 via one or more communication buses (shown as bus 240 in

communication with bus 244). The communication buses 240, 244 may be wired
or wireless buses.

[0041] The agriculture controller 208 receives information about the delivery
vehicle via the delivery vehicle controller 204 (via communication bus 244),
receives information about the applicator via applicator controller 248 (via
applicator controller bus 252), and receives information about the crops from
crop sensing head 254 (via crdp sensing head bus 256). As a resuit, the
agriculture controller 208 can integrate the information from these controllers and
crop sensing head to efficiently apply the correct amount of material to the
crop(s) (e.g., during a predetermined amount of time).

[0042] In one embodiment, the agriculture controller 208 includes a graphical
user interface (GUI) 264 to enable a user to interact with the controller 208. In
one embodiment, a user can use the GUI to select which material and/or adjust
how much material is being applied via the applicator 235. The agriculture
controller 208 may also include a memory card reader / writer 268 which enables
a user to insert a memory card and read or write data from / to the card. The
agriculture controller 208 may also include a wireless communication device 272
which enables the agriculture controller 208 to communicate with other
agricuiture controllers wirelessly (as described in more detail below).

[0043] Additionally, the agriculture controller 208 includeé a material
applicator optimization engine 276. The material applicator optimization engine
276 optimizes the 'applying of material based on the information received from
the delivery vehicle controller 204 and the applicator controller 248. The
optimization engine 276 adjusts the delivery vehicle’s movement based on the

information the engine 276 receives. The information may also result in the
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optimization engine 276 determining an optimal path of motion that the delivery
vehicle 202 should travel. In a further embodiment, the information may result in
the optimization engine 276 determining the optimal gear to set on the delivery
vehicle's power transmission in order to minimize the diesel consumption of the
engine when following the optimal path of motion (e.g., considering slopes in the
terrain). The optimization engine 276 can also keep the vehicle ground speed
within a desired range in order to maintain an adequate spray pattern for the
particular application spray tip or nozzle orifice being used for liquid application of
material. The optimization engine 276 may also cause the delivery vehicle 202
to deliver different material at different times or rates.

[0044] In one embodiment, the agriculture controller 208 includes a data
logger 280 to log the data it receives from the various controllers 204, 248 and/or

crop sensing head(s) 254. The user may view the data using the GUI 264 and/or
may edit the data. The data logger 280 may include a microprocessor and

memory.

[0045] Fig. 3 is a flowchart of the steps performed by a material delivery
system in accordance with an embodiment of the present invention. The delivery
vehicle moves across (or around) a field of crops and the crop sensing head
gathers crop data by moving over or near the crops. The delivery vehicle (e.g.,
the agriculture cohtroller) receives this data from the crop Sensing head in step
305. In one embodiment, the agriculture controller adjusts the movement of the
delivery vehicle based on the crop data received from the crop sensing head in
step 305. The applicator applies material to the crops in step 315.

[0046] The agriculture controller further receives data from the applicator
controller regarding, for instance, the operation of the applicator and the delivery
of the material (e.g., how much material is being delivered) in step 315. The
agriculture controller also receives the crop data from the crop sensing head.
The:agriculturé controller either simultaneously or at some other time (after (or
before) siep 315) receives data from the delivery vehicle controller (shown in
step 320), such as the rate and direction of the material delivery vehicle.

10
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[0047] The agriculture controller then transmits one or more movement
commands to adjust the movement of the material delivery vehicle based on
some or all of the received data in step 325. For example, the agricuiture
controlier may determine to change the rate of the delivery vehicle (e.g., slow the
delivery vehicle down at a particular point in the path) or change the direction of
the delivery vehicle.

[0048] Fig. 4 shows a flowchart of the steps performed by a material delivery
system to determine an optimal path of the material delivery system in
accordance with an embodiment of the present invention. The material delivery
system (i.e., the material delivery vehicle with the applicator (and applicator

controller) and crop sensing head shown in Fig. 1) drives (i.e., follows a

predetermined path) across (or along or around) a field having crops in step 405.
The crop sensing head(s) are operational during these movements on the field.
The crop sensing head(s) collect crop data in the field in step 410 and transmit
the data to the agriculture controller. The agriculture controller stores the crop
data received from the crop sensing head(s) in step 410. The agriculture
controller then determinés whether the material delivery system has covered all
sections of the field in step 415.

[0049] In one embodiment, the agriculture controller makes this determination
by compéring the received crop data from the crop sensing head(s) to a stored
map of the field. This map may be, for example, a result of one or more previous
drives around the field. Based on this comparison, the agriculture controller
determines whether the material delivery system should continue driving or
should stop because the system has gone over every area of the field. In one
embodiment, the agriculture controller stops the system when the system has
gone over the entire field. Alternatively, the agriculture controller can transmit a
message to the driver of the material delivery system to stop the material delivery
vehicle;

[0050] In one embodiment, to make this determination, the agriculture
controller receives crop data from the crop sensing head(s) as well as data

regarding the coordinates (X, Y, and Z positions) of the center of gravity of the

11
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material delivery vehicle. In one embodiment, the GPS receiver and/or steering
controlier, as described above, determine the coordinates of the center of gravity
of the delivery vehicle and the agriculture controller uses these coordinates in
conjunction with the crop data received from the crop sensing head(s) to
determine whether the material delivery system has covered the entire field.
[0051]) Inone embodimént, the received data may be packaged into a specific

data format. For example, the specific data format may include a position of the
vehicle, the measurements captured by the crop sensing head(s), and/or light
reflectance information.

[0052] If the material delivery system has not covered the entire field, the
process returns to step 405 and the material delivery vehicle continues driving'
around the field. If, however, the material delivery system has covered the entire
field, an optimal path for the matenal delivery system can be determined from the
received data in step 420.

[0053] In one embodiment, the agnculture controller generates a crop
requirements map and specific shape lines that surround the areas that do not’
require specific actions of watering or nutrition. The shape lines are utilized by
the agriculture controller to correct a line of motion typically travéled by the
matenal delivery vehicle in order to go around areas that do not need material.

[0054] Fig. 5 shows a ﬂo‘wchart of the steps performed by a material delivery
system to defcermine an optimal gear to set on the delivery vehicle’'s power
transmission in order to minimize the diesel consumption of the engine when
following the optimal path of motion (considering slopes in the terrain) in
accordance with an embodiment of the present invention.

[0055] The material delivery vehicle drives (i.e., follows a predetermined path)
across (or along or around) a field having crops in step 505. X and Y slope
sensors are functioning during this movement across, along, or around the field.

[005“6] The Xand Y slope sensors then collect and store (e.g., in a data file)
the slopes at all points in the field that the material delivery vehicle traverses in

step 510. The agriculture controller then determines whether the material
delivery system has covered all sections of the field in step 515.

12
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[0057] In one embodiment, the agriculture controller makes this determination

by comparing the received data from the slope sensors to a stored map of the

field. This map may be, for example, a result of one or more previous drives
around (or across or along) the field. Based on this comparison, the agriculture
controller determines whether the material delivery vehicle should continue
driving or should stop because the system has gone over every area of the field.

[0058] In one embodiment, to make this determination, the agriculture
controller receives data from the slope sensors as well as data regarding the
coordinates (e.g., X and Y positions) of the center of gravity of the material
delivery vehicle. In one embodiment, the agriculture controller uses these
coordinates in conjunction with the data received from the slope sensors to
determine whether the material delivery system has covered the entire field.

[0059] In one embodiment, the data may be packaged into a specific data
format. For example, the specific data format may include a position of the
vehicle (X, Y), the slope along the X axis, and the slope along the Y axis.

[0060] The agriculture controller then analyzes the data to determine an
optimal gear of the delivery vehicle’'s transmission to set to minimize the fuel
consumption of the vehicle in relation to the slope of a position in the field and/or
the selected operating speed in step 520. in one embodiment, the agriculture
controller analyzes the data and generates a speciﬁc movement command that
the controller sends to the vehicle’s transmission controller to execute a shift in
the gear. This can‘occur, e.g., periodically or continuously.

[0061] In a further embodiment, the data file containing the different slopes in
the field can be reused when other agriculture controller operations need to be
performed on the same field using the pattern of slopes.

[0062] Fig. 6 shows a flowchart of the steps performed by a material delivery
system to determine an optimal speed of the material delivery vehicle in
accordance with an embodiment of the present invention. The material delivery
system drives (i.e., follows a predetermined path) across (or along or around) a

field having crops in step 605. The crop sensing head(s) are operational during

these movements on the field. The crop sensing head(s) collect and store crop
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data in step 610 and may transmit the crop data to the agriculture controller. The
agriculture controller uses the crop data to determine crop nutritional

requirements in a metric of volume per area (e.g., kilogram per hectacre).

[0063] During the receipt of the crop data from the crop sensing head(s), the
agriculture controller may also determine vehicle speed and/or application width
from sensors. The agriculture controller can then adjust (increase, maintain, or
decrease) vehicle speed to deliver an optimal amount of material in step 620.

FFor example, the agriculture controller may determine the minimum or maximum
speed to enact proper distribution of a granular material, minimum or maximum
pressures to maintain appropriate spray pattem of a liquid material as distributed

from a fixed orifice, and/or the capability to increase or decrease vehicle speed

enabling appropriate application rate as width and speed over which the
application is occurring.

[0064] As a specific example, the agriculture controller may transmit
movement commands to the delivery vehicle controller to slow the delivery
vehicle down when the needs of the crop(s) dictate an application rate greater
than the maximum application rate at a given speed. As a result, the vehicle is
slowed down to effectively increase the application rate. The reverse scenario
can also be applied (i.e., the delivery vehicle’s speed is increased when the

needs of the crop(s) dictate an application rate less than the minimum application
rate at a given speed).

[0065] The agriculture controller can log a record of material characteristics,

~ such as the application date, time and material applied as well as the vehicle
speed to serve as a record of the application.

[0066] Fig. 7 shows a block diagram of a field 700 having three zones 704,
708, 712 in accordance with an embodiment of the present invention. The

material delivery system applies a liquid material in the field 700 using a fixed

" application spray nozzle which maintains a satisfactory spray pattern within a
range of, e.g., 4-6 bar pressure. '

[0067] For example, in zone 1 704, the determined application rate is set to
6X, the vehicle speed is set to Y, and the pressure at fixed application spray
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nozzle is set to 5 bar. Zone 2 708, however, has different settings. Zone 2 has a
determined application rate of 4X, a vehicle speed of 2Y, and a pressure fixed
application spray nozzle at 5.5 bar. Zone 3 712 has a determined application
rate of 1X, vehicle speed is increased to 3Y while pressure at fixed application
spray nozzle is maintained at 5 bar. '

[0068] In another embodiment, the agriculture controller of one material
delivery vehicle can communicate with a wireless network (e.g., built locally in the
working field by putting receivers and transmitters on one or more other
‘agriculture controllers of material delivery vehicles). Further, all of the agriculture
controllers can communicate over a wireless network with a main computer
(located on a remote station or on one of the agricuiture controllers). The main
computer may perform the data iogging described above. The main computer
may also transmit and/or receive commands to / from the agriculture controllers.
This wireless network enables the sharing of data measured or received by one
agriculture controller with other agriculture controllers (e.g., in order to facilitate
the performance of their controlling functions with less use of sensors). Thus,
each agricuiture controller may communicate with one or more other agriculture

controllers and/or a main, external computer located at a remote site from the
field (or intemal to a delivery vehicle).

[0069] The communication between agriculture controllers can be via, for

instance, a peer-to-peer relationship (a delivery vehicle interacts with a second
delivery vehicle) or a master-slave relationship (one delivery vehicle follows
commands from another delivery vehicle).

[0070] The description herewith describes the present invention in terms of
the contrbller functions required to implement an embodiment of the invention.

These steps may be performed by an appropriately programmed computer, the
configuration of which is well known in the art. ‘An appropriate computer may be
implemented, for example, using well known computer processors, memory
units, storage devices, computer software, and other components. A high level
block diagram of such a computer is shown in Fig. 8. Computer 802 contains a

processor 804 which controls the overall operation of computer 802 by executing
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computer program instructions which define such operation. The computer
program instructions may be stored in a storage device 812 (e.g., magnetic disk)
and loaded into memory 810 when execution of the computer program
instructions is desired. Computer 802 also includes one or more interfaces 806
for communicating with other devices (e.g., locaily or via a network). Computer
802 also includes inputloijtput 808 which represents devices which allow for user
interaction with the computer 802 (e.qg., display, keyboard, mouse, speakers,
buttons, etc.).
[0071] One skilled in the art will recognize that an implementation of an actual
computer will contain other components as well, and that Fig. 8 is a high level
representation of some of the components of such a computer for illustrative
purposes. In addition, one skilled in the art will recognize that the processing
steps described herein may also be implemented using dédicated hardware, the
circuitry of which is configured specifically for implementing such processing
steps. Altemative'ly, the processing steps may be implemented using various
combinations of hardware and software. Also, the processing steps may take
place in a computer or may be part of a larger machine.

[0072] The foregoing Detailed Description is to be understood as being in
every respect illustrative and exemplary, but not restrictive, and the scope of the
invention disclosed herein is not to be determined from the Detailed 'Description.

but rather from the claims as interpreted according to the full breadth permitted
by the patent laws. Itis to be understood that the embodiments shown and

described herein are only illustrative of the principles of the present invention and
that various modifications may be implemented by those skilled in the art .
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CLAIMS

1. An apparatus comprising:
a delivery vehicle configured to move across said field;
a sensor configured to obtain crop data during movement of the delivery
vehicle across said field;
a delivery vehicle controller configured to automatically control the movement
of the delivery vehicle; and
an agriculture controller configured to:
determine, during the movement of the delivery vehicle, needs of said
crop based on said crop data;
determine movement commands to adjust said movement of said
delivery vehicle, saild movement commands comprising commands to
change a direction of the delivery vehicle, based on said needs of said crop;
and

transmit said movement commands to said delivery vehicle controller.

2. The apparatus of claim 1 further comprising an applicator controller in

communication with said agriculture controller and a material applicator, and

configured to control said material applicator.

3. The apparatus of claim 2 wherein said movement commands are further

based on applicator data received from said applicator controller.

4. The apparatus of claim 1 wherein said agriculture controller further

comprises a data logger configured to log said crop data.
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S. The apparatus of claim 1 wherein said agriculture controller further
comprises a material applicator optimization engine configured to optimize

application of said material.

6. The apparatus of claim 1 wherein said delivery vehicle controller further
comprises at least one of a Global Positioning Satellite receiver, a steering
controller, an Engine Control Unit (ECU), a hitch controller, a transmission

controller, a boom leveling sensor, and an environmental sensor.

7. The apparatus of claim 1 further comprising a slope sensor connected to said

agricultural controller, said slope sensor configured to determine a slope of terrain

that said delivery vehicle is located on.

8. A method comprising:
sensing crop data during movement of said delivery vehicle;
determining, during the movement of the delivery vehicle, needs of said crop

from said crop data; and
controlling said movement of said delivery vehicle based on said needs of

said crop, wherein controlling the movement of the delivery vehicle comprises

changing a direction of the delivery vehicle based on said needs of said crop.

0. The method of claim 8 wherein said controlling said movement further
comprises transmitting movement commands to a delivery vehicle controller in

communication with said delivery vehicle to cause said delivery vehicle to follow a

predetermined path.

10. The method of claim 8 wherein said controlling said movement further

comprises adjusting a gear set in a transmission system of said delivery vehicle.
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11.  The method of claim 10 wherein said adjusting a gear further comprises

adjusting said gear to minimize fuel consumption in relation to a slope of a position

of said delivery vehicle.

12. The method of claim 11 wherein said adjusting a gear further comprises
adjusting said gear to minimize fuel consumption in relation to a speed of said

delivery vehicle.

13. The method of claim 8 wherein said controlling said movement of said

delivery vehicle further comprises adjusting speed of said delivery vehicle.

14. The method of claim 13 wherein said adjusting speed of said delivery vehicle
further comprises increasing speed when an application rate of said material is less

than a minimum application rate at a current speed.

15. The method of claim 13 wherein said adjusting speed of said delivery vehicle
further comprises reducing speed when an application rate of said material is

greater than a maximum application rate at a current speed.

16.  An apparatus comprising:
means for sensing crop data during movement of said delivery venhicle;

means for determining, during the movement of the delivery venhicle, needs of

said crop from said crop data; and
means for controlling said movement of said delivery vehicle based on said

needs of said crop, wherein controlling the movement of the delivery vehicle

comprises changing a direction of the delivery vehicle based on said needs of said

crop.
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17. The apparatus of claim 16 wherein said means for controlling said movement
further comprises means for transmitting movement commands to a delivery vehicie
controller in communication with said delivery vehicle to cause said delivery vehicle

to follow a predetermined path.

18. The apparatus of claim 16 wherein said means for controiling said movement

further comprises means for adjusting a gear set in a transmission system.

19. The apparatus of claim 18 wherein said means for adjusting a gear further
comprises means for adjusting said gear to minimize fuel consumption in relation to

a slope of a position.

20. The apparatus of claim 18 wherein said means for adjusting a gear further

comprises means for adjusting said gear to minimize fuel consumption in relation to

a speed.

21. The apparatus of claim 16 wherein said means for controlling said movement

further comprises means for adjusting speed of said delivery vehicle.

22. The apparatus of claim 21 wherein said means for adjusting speed of said
delivery vehicle further comprises means for reducing speed when an application
rate of said material is greater than a maximum application rate at a current speed.

23. The apparatus of claim 21 wherein said means for adjusting speed of said
delivery vehicle further comprises means for increasing speed when an application

rate of said material is less than a minimum application rate at a current speed.
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