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(57) Abstract: Systems and methods for utilizing a spatial statistical
model to maximize efficacy in performing trials on agronomic fields are
disclosed herein. In an embodiment, a system receives first yield data for
a first portion of an agronomic field, the first portion of the agronomic
field having received a first treatment, and second yield data, for a sec-
ond portion of the agronomic field, the second portion of the agronomic
field having received a second treatment that is different than the first
treatment. The system uses a spatial statistical model and the first yield
data to compute a yield value for the second portion of the agronomic
field, the yield value indicating an agronomic yield for the second portion
of the agronomic field if the second portion of the agronomic field had
received the first treatment instead of the second treatment. Based on the
computed yield value and the second yield data, the system selects the
second treatment. In an embodiment, in response to selecting the second
treatment, the system generates a prescription map, the prescription map
including the second treatment. The system may also generate one or
more scripts which, when executed by an application controller, cause
the application controller to control an operating parameter of an agri-
cultural implement to apply the second treatment
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UTILIZING SPATIAL STATISTICAL MODELS FOR IMPLEMENTING AGRONOMIC TRIALS

COPYRIGHT NOTICE

EER Y A portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent file or records, but otherwise reserves all copyright or

rights whatsoever. © 2013-2019 The Chimate Corporation.

FIELD OF THE DISCLOSURE

{06002} One technical field of the present disclosure 1s digital computer modeling of
agricultural fields. Specifically, the present disclosure relates to identifying locations for
mnplementing particular practices in an agricultural ficld and causing agriceltural implements

to execute the particular practices in the agricultural field.

BACKGROUND

{0603] The approaches described in this section are approaches that could be pursued, but
not necessartly approaches that have been previously conceived or pursued. Therefore,
uniess otherwise mdicated, it should not be assumed that any of the approaches described 1n
this section qualify as prior art merely by virtue of their inclusion in this section.

{0004] Farmers are faced with a wide variety of decisions to make with respect to the
management of agricultural fields. These decisions range from determining what crop to
plant, which type of seed to plant for the crop, when to harvest a crop, whether to perform
tillage, irmgation, application of pesticides, including fungicides and herbicides, and
application of fertilizer, and what types of pesticides or fertilizers to apply.

[O005] Often, improvements may be made to the management practices of a field by
using different hybrid seeds or different seed varicties, applying different products to the
ficld, or performing different management activities on the ficld. These improvements may
not be readily identifiable to a farmer working with only mformation about their own ficld.
Additionally, even when made aware of better practices, a farmer may not be able to
determine whether a new practice is beneficial over a prior practice.

[B006] In order to determing if a new practice produces better results than a prior
practice, a farmer may devote a portion of an agricultural field to trials where one or more
parts of the agricultural ficld receives different management practices than other parts of the
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agricultural field. By implementing trials on a part of the agricultural field, a farmer is able to
continue uttlizing the agricultural field in a prior effective manner while testing different
practices to determing if they would have improved results.

{007 One issue with implementing a trial on an agronomuc field is that 1t is not always
clear if a perceived benefit or detriment of a trial is an actual benefit or detriment, ficld level
aberration, or statistical anomaly. This issue s compounded when the different treatments are
only expected to have a small effect on the yield in an agronomice field. One reason for this
issue is that the results of an agronomic trial are often compared to neighboring regions” or
prior vears” vield, both of which may vary from the vield m the trial locations for reasons
other than the variance in treatment.

{6008} Another issue with implementing these trials is that it is not always clearto a
farmer where to best place trial locations for the highest efficiency use of the agriceltural
field. Some regions may have a larger innate varianee, such that changes m vield are less
statistically significant than in other locations. Thus, a farmer’s trial practices may ticup a
large portion of the ficld in strip trials to produce a set of results that could have been
produced with the same level of statistical significance while utiizing a smaller portion of the
agricultural field.

[B009] Thus, there is a need for a system which utilizes ficld data to idenufy testing
locations for implementing a trial. Additionally, there is a need for a system which utilizes
ficld data to determine whether the effects of a trial are significant enough to justify changing

management procedures on other portions of the ficld.

SUMMARY

[0018] The appended claims may serve as a summary of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the drawings:

{06012} FIG. 1 dllustrates an example computer syster that is configured to perform the
functions described herein, shown n a field environment with other apparatus with which the
system may nteroperate.

{0613} FIG. 2 illustrates two views of an example logical organization of sets of

mstructions in main memory when an cxample nmobile application is loaded for execution.
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{0614} FIG. 3 illustrates a programmed process by which the agricultural intelligence
computer system generates one or more preconfigured agronomic models using agronomic
data provided by one or more data sources.

61 5] FIG. 415 a block diagram that ilustrates a computer system upon which an
embodiment of the invention may be implemented.

HEBEY FIG. 5 depicts an example embodiment of a timeline view for data entry.

{6617} FIG. 6 depicts an cxample embodiment of a spreadsheet view for data entry,
0018} FIG. 7 depicts a method for using a spatial statistical model to mfer control data
for an agronomic trial.

{0619} FIG. 8 depicts a method for using a spatial statistical model! to select focations for

performing a trial.

DETAILED DESCRIPTION
{0026} In the following description, for the purposes of cxplanation, nwmerous specific
details are set forth in order to provide a thorough understanding of the present disclosure. It
will be apparent, however, that embodiments may be practiced without these specific details.
In other mstances, well-known structures and devices are shown in block diagram form in
order to avoid unnecessanly obscuring the present disclosure. Embodiments are disclosed i
sections according to the following outline:

I. GENERAL OVERVIEW

2. EXAMPLE AGRICULTURAL INTELLIGENCE COMPUTER SYSTEM

2.1, STRUCTURAL OVERVIEW

2.2,  APPLICATION PROGRAM OVERVIEW
23 DATA INGEST TO THE COMPUTER SYSTEM
24, PROCESS OVERVIEW—AGRONOMIC MODEL TRAINING

25 IMPLEMENTATION EXAMPLE—HARDWARE OVERVIEW
GENERATING AN INFERRED CONTROL USING SPATIAL MODELING
31, RECEIVED DATA
3.2 STATISTICAL MODEL
33,  DETERMINING A TRIAL EFFECT
34, PRACTICAL APPLICATIONS OF THE STATISTICAL MODEL
4. IDENTIFYING TRIAL LOCATIONS USING SPATIAL MODELING
4.1, STATISTICAL MODEL
4.2, SELECTING PORTIONS OF THE AGRONOMIC FIELD

(43
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4.3, PRACTICAL APPLICATIONS OF THE LOCATION
IDENTIFICATION
3. BENEFITS OF CERTAIN EMBODIMENTS
6. EXTENSIONS AND ALTERNATIVES

{0021} 1. GENERAL OVERVIEW

{06022} Systems and methods for utilizing spatial statistical models as part of a practical
mplementation of an agronomic trial on an agronomic field are deseribed herein. According
to an embodiment, an agricultural intelbgence computer system generates a spatial stanistical
model based on vield data for a portion of an agronomic field that received a first treatment
and uses the spatial statistical model to compute vield values for a location that received a
second treatment. The computed yield values can then be compared to yield data for the
location that received the second treatment to determine if the second treatment had a
beneficial or detrimental effect over the first treatment. The system may then gencrate
prescription maps that implement the second treatment if the second treatment is deemed to
be more beneficial than the first treatment. The spatial statistical model could additionally be
used to identify locations on the agronomic ficld where the spatial statistical model 1s most
cffective and generaie prescription maps which nclude trials in the dentified locations.
{6023} In an embodiment, a method comprises receiving first vield data for a first portion
of an agronomic field, the first portion of the agronomic field baving received a first
treatment; receiving second vield data for a second portion of the agronomic ficld, the second
portion of the agronomic ficld having received a second treatment that is different than the
first treatment; using a spatial statistical model and the first vield data, computing a yield
value for the second portion of the agronomaic field, the yield value indicating an agronomic
vield for the second portion of the agronomic field if the second portion of the agronomic
ficld had received the first treatment instead of the second treatment; based on the computed
vield value and the second yield data, selecting the second treatment; in response 1o selecting
the sccond treatraent, generating a prescription map, the prescription map inchuding the
second treatment; generating one or more scripts which, when exccuted by an application
controller, cause the application controller to control an operating parameter of an
agricultural implement to apply the second treatment,

[0024] In an embodiment, a method comprises receiving vield data for an agronomic
ficld, the agronomic ficld having received a first treatment; for each of a plurality of
particudar portions of the agronomic ficld, performing: using a spatial statistical model and

A
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vield data for a separate portion of the agronomic ficld, computing a yield value for the
particolar portion of the agronomic field; and using the vield value and a portion of the vield
data corresponding to the particular portion of the agronomic field, computing an average
statistical deviation value for the particular portion of the agronomic tield; based on the
average statistical deviation values for each of the plurality of particular portions of the
agronomic field, selecting one or more of the plurality of particular portions of the agronomic
ficld as trial portions of the agronomic field: in response to selecting the trial portions of the
agronomic field, senerating a prescription map comprising a second treatment that is
different from the first treatment in the tnal portions; generating one or more scripts which,
when executed by an application controller, cause the application controller to control an
operating parameter of an agrcultural implement to apply the second treatment to the tnal
portions of the agronomic field.

{0025] 2. EXAMPLE AGRICULTURAL INTELLIGENCE COMPUTER SYSTEM
[0026] 2.1 STRUCTURAL OVERVIEW

06271 FIG. 1 illustrates an example computer system that 1s configured to perform the
functions described herein, shown 1n a ficld environment with other apparatus with which the
systemn may interoperate. In one embodiment, a user 102 owns, operates or possesses a field
manager computing device 104 in a field location or associated with a field location such as a
ficld intended for agricultaral activities or a management location for one or more
agricaltural ficlds. The ficld manager computer device 104 15 programmed or configured {o
provide ficld data 106 to an agricultural intelligence computer system 130 via one or maore
networks 109,

{00628} Examples of field data 106 mclude (a) identification data (for example, acreage,
field name, field identifiers, geographic identifiers, boundary identifiers, crop identifiers, and
any other suitable data that may be used to identify farm land, such as a commmeon land unit
{CLU), lot and block number, a parcel number, geographic coordinates and boundaries, Farm
Serial Number (FSN}, farm number, tract number, field number, section, towaship, and/or
range), {(b) harvest data (for example, crop type, crop variety, crop rotation, whether the crop
is grown organically, harvest date, Actual Production History {APH), expected vield, vield,

crop price, crop revenue, grain motsture, tillage practice, and previous growing sgason

mformation), {¢) soil data {for example, type, composition, pH, organic matter (OM), cation
exchange capacity {CEC)), (d) planting data {(for example, planting date, sced{(s) type, relative
maturity (RM) of planted seed(s), seed population}, {¢) fertilizer data (for example, nutrient
type (Nitrogen, Phosphorous, Potassium}, application type, application date, amount, source,

S
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method), (f) chemical application data (for example, pesticide, herbicide, fungicide, other
substance or mixture of substances intended for use as a plant regulator, defohant, or
desiccant, application date, amount, source, method), (g} irngation data (for exanple,
apphication date, amount, source, method), (h) weather data (for example, precipitation,
rainfall rate, predicted rammfall) water ranoft rate region, temperature, wind, forecast, pressure,
visibility, clouds, heat tndex, dew point, humidity, snow depth, air quality, sunrise, sunset),
(1) imagery data (for example, imagery and hight spectrum information from an agricultural
apparatus sensor, camera, computer, smartphone, tablet, unmanned aerial vehicle, planes or
satellite}, () scouting observations (photos, videos, free form notes, voice recordings, voice
transcriptions, weather conditions (femperature, precipitation {(current and over time), soil
moisture, crop growth siage, wind velocity, relative humidity, dew point, black layer)}, and
(k) soil, seed, crop phenology, pest and disease reporting, and predictions sources and
databases.

{06029} A data server computer 108 is communicatively coupled to agricultural
mtcligence computer system 130 and is programmed or configured to send external data 110
to agricultural intelligence computer system 130 via the network(s) 109, The external data
server computer 108 may be owned or operated by the same legal person or entity as the
agricultural intelligence computer system 130, or by a different person or entity such as a
government agency, non-governmental organization {(NGQ), and/or a private data service
provider. Examples of extemal data mclude weather data, imagery data, soil data, or
statistical data relating to crop vields, among others. External data 110 may consist of the
same type of information as ficld data 106. In some embodiments, the extemal data 1101s
provided by an external data server 108 owned by the same entity that owns and/or operates
the agricultural intelligence computer svstem 130, For exampie, the agricultural intelligence
coraputer systera 130 may inchude a data server focused exclusively on a tvpe of data that
might otherwise be obtained from third party sources, such as weather data. In some
embodiments, an cxternal data server 108 may actually be incorporated within the system
130.

160391 An agricultural apparatus 111 may have one or more remote sensors 112 fixed
thereon, which sensors are communicatively coupled either directly or indirectly via
agricultural apparatus 111 to the agrcultural mtelligence computer system 130 and are
progranuncd or configured to send sensor data to agricultural intelligence computer svstem
130, Examples of agricultural apparatus 111 mclude tractors, combines, harvesters, planters,
trucks, fertilizer equipment, acrial vehicles including vmmanned aerial vehicles, and any other

-6
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item of physical machinery or hardware, typically mobile machinery, and which may be used
i tasks associated with agriculture. In some embodiments, a single unit of apparatus 111
may comprise a plurality of sensors 1172 that are coupled locally in a network on the
apparatus; controller area network (CAN) 1s example of such a network that can be nstalled
in combines, harvesters, sprayers, and cultivators. Application controller 114 15
communicatively coupled to agricultural intelhigence computer system 130 via the network{s)
109 and is programmed or configured to receive one or more scripts that are used to control
an operating parameter of an agricultural vehicle or implement from the agricultural
mteHigence computer systern 130, For instance, a controller area network {CAN) bus
mterface may be used to enable communications from the agricultural intelligence computer
system 130 to the agricultural apparatus 111, such as how the CLIMATE FIELDVIEW
DRIVE, available from The Climate Corporation, San Francisco, California, is used. Sensor
data may consist of the same type of information as field data 106, In some embodiments,
remote sensors 112 may not be fixed to an agricultural apparatus 111 but may be remotely
located 1n the field and may communicate with network 109.

{66311 The apparatus 111 may comprise a cab computer 115 that is programmed with a
cab application, which may comprise a version or vanant of the mobile application for device
104 that 1s further described in other sections herein. In an embodiment, cab computer 115
comprises a compact computer, often a tablet-sized computer or smartphone, with a graphical
screen display, such as a color display. that is mounted within an operator's cab of the
apparatus 111, Cab computer 115 may implement some or all of the operations and functions
that are described further herein for the mobile computer device 104,

{6632} The network(s} 109 broadly represent any combination of one or more data
communication networks including local area networks, wide area networks, mtemetworks or
mtemets, using any of wirchne or wircless links, including torrestrial or satellite links. The
network(s) may be implemented by any medium or mechanism that provides for the
exchange of data between the various elements of FIG. 1. The varnous elements of FIG. 1
may also have direct (wired or wireless) communications links. The sensors 112, controller
114, external data server computer 108, and other elements of the system each comprise an
mterface compatible with the network{s) 109 and are programmed or configured to use
standardized protocols for communication across the networks such as TCP/IP, Bluctooth,
CAN protocol and higher-layer protocels such as HTTP, TLS, and the fike.

{6633} Agricultural intelligence compuier system 130 1s programmed or configured to
receive ficld data 106 from field manager computing device 104, external data 110 from

-7
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external data server computer 108, and sensor data from remote sensor 112, Agricultural
mteHigence computer systemn 130 may be further configured to host, use or execute one or
more computer programs, other software clements, digitally programmed logic such as
FPGAs or ASICs, or any combination thereof to perform translation and storage of data
values, constraction of digital models of one or more crops on one or more fields, generation
of recommendations and notifications, and generation and sending of scripts to application
controller 114, m the manner described further in other sections of this disclosure.

{00534} In an embodiment, agricultural mtelligence computer system 130 1s programmed
with or comprises a comnumcation laver 132, presentation layer 134, data management laver
140, hardware/virtualization layer 150, and mode! and ficld data repository 160, "Layer," in
this context, refers to any combination of electrome digital interface circuits,
microcontrollers, firmware such as drivers, and/or computer programs or other software
elements.

{0035} Conununication faver 132 may be programmed or configured to perform
mput/output interfacing functions includimg sending requests to ficld manager computing
device 104, external data server computer 108, and remote sensor 112 for field data, external
data, and sensor data respectively. Communication laver 132 may be programmed or
configured to send the rececived data to model and ficld data repository 160 to be stored as
ficld data 106.

{(3036] Presentation laver 134 may be programmed or configured to generate a graphical
user interface (GUI) to be displayed on field manager computing device 104, cab computer
115 or other computers that are coupled to the svstem 130 through the network 109, The
GUE may comprise controls for inputting data to be sent to agricultural intelligence computer
systern 130, generating requests for models and/or recoramendations, and/or displaying
recommendations, notifications, models, prescription maps, and other field data.

{0637 Data management layver 140 may be programmed or configured to manage read
operations and write operations involving the repository 160 and other functional elements of
the system, including querics and result sets communicated between the functional elements
of the system and the repository. Examples of data management laver 140 inchade JDBC,
SQL server interface code, and/or HADOOP interface code, among others. Repository 160
may comprise a database. As used herein, the term "database” may refer to either a body of
data, a relational database management system (RDBMS), orto both. As used herein, a
database may compnse any collection of data imcluding hierarchical databases, relational
databases, flat file databases, object-relational databases, object ortented databases,

8.
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distributed databases, and any other structured collection of records or data that 1s stored mm a
computer system. Examples of RBBMS's include, but are not limited to including,
ORACLE®, MYSOL, IBM® DB2, MICROSOFT® SQL SERVER. SYBASE®, and
POSTGRESQL databases. However, any database may be used that enables the systems and
methods described herein.

[(3038] When ficld data 106 is not provided directly to the agricultural intelligence
computer system via one or more agricultural machines or agricultural machine devices that
mteracts with the agricultural mielligence computer sysiem, the user may be prompted via
one or more user interfaces on the user device (served by the agricultural intelligence
computer system) to input such information. In an example embodiment, the user may
specify identification data by accessing a map on the user device (served by the agricultural
mtelligence computer system) and selecting specific CLUs that have been graphically shown
on the map. In an alternative embodiment, the user 102 may specify identification data by
accessing a map on the user device (served by the agricultural intetligence computer system
130) and drawing boundaries of the field over the map. Such CLU selection or map drawings
represent geographic identifiers. In alternative embodiments, the user may specify
wlentification data by accessing field identification data {provided as shape filesorina
similar format) from the U. S. Department of Agriculture Farm Service Agency or other
source via the user device and providing such field identification data to the agricultural
mtelligence computer svstem.

{6039 In an example embodiment, the agricultural intelligence computer system 130 is
programmed to generate and cause displaying a graphical user interface comprising a data
manager for data input. After one or more ficlds have been identified using the methods
described above, the data manager may provide one or more graphical user interface widgets
which when sclected can identify changes to the ficld, soil, crops, tillage, or nuirient
practices. The data manager may include a imeline view, a spreadsheet view, and/or one or
morg ¢ditable programs.

{0046} FIG. 5 depicts an cxample embodiment of a timeline view for data entry. Using
the display depicted in FIG. 3, a user computer can input a selection of a particular field and a
particolar date for the addition of event. Events depicted at the top of the imeline may
mehude Nitrogen, Planting, Practices, and Scil. To add a nitrogen application event, a user
computer may provide input to sclect the nitrogen tab. The user computer may then sclect a
location on the timeline for a particular ficld in order to mdicate an application of nitrogen on
the selected field. In response to receiving a selection of a location on the timeling for a

.



CA 03121005 2021-05-25

WO 2020/132453 PCT/US2019/067870

particular field, the data manager may display a data entry overlay, allowing the user
computer to mput data pertamning to nitrogen applications, planting procedures, soil
application, tillage procedures, trrigation practices, or other mformation relating to the
particular field. For example, if a user computer selects a portion of the timeline and
mdicates an application of nitrogen, then the data entry overlay may include fields for
mputting an amount of nitrogen applied, a date of application, a type of fertilizer used, and
any other information related to the application of nitrogen.

{06041} In an embodiment, the data manager provides an interface for creating one or
more programs. “Program,” in this context, refers to a set of data pertaining to nitrogen
applications, planting procedures, soil application, tillage procedures, irnigation practices, or
other information that may be related to one or more ficlds, and that can be stored 1n digital
data storage for reuse as a set in other operations.  After a program has been created, it may
be conceptually applied to one or more fields and references to the program may be stored 1n
digital storage n association with data identifying the ficlds. Thus, instead of manually
entering identical data relating to the same nitrogen applications for multiple different fields,
a user computer may create a program that indicates a particular application of nitrogen and
then apply the program to multiple different fields. For example, 1n the timehine view of FIG.
5, the top two timelines have the “Spring applied” program sclected, which mcludes an
application of 150 ths N/ac m early Apnl. The data manager may provide an interface for
editing a program. In an embodiment, when a particular program is edited, cach field that hag
selected the particular program is edited. For example, in FIG. 3, if the “Spring applied”
program is edited to reduce the application of nitrogen to 130 Tbs N/ac, the top two fields may
be updated with a reduced application of nitrogen based on the edited program.

{0042} In an embodiment, in response to receiving edits o a figld that has a program
selected, the data manager removes the correspondence of the ficld to the selected progran.
For example, if a nitrogen application is added to the top ficld m FIG. 5, the interface may
update to indicate that the “Spring applied” program s no longer being applied to the top
ficld. While the nitrogen application in early April may remain, updates to the “Spring
applied” program would not alter the Apnil application of nitrogen.

0043} FIG. 6 depicts an example embodiment of a spreadsheet view for data entry,
Using the display depicted 1 FIG. 6, a user can create and edit information for one or morg
ficlds. The data manager may include spreadshects for inputting mformation with respect to
Nitrogen, Planting, Practices, and Soil as depicied in FIG. 6. To edit a particular entry, a user
computer may sclect the particular entry in the spreadshect and update the values. For
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example, FIG. 6 depicts an in-progress update to a target vield value for the second field.
Additionally, a user compuier may select one or more fields in order to apply one or more
programs. In response to receiving a selection of a program for a particular ficld, the data
manager may automatically complete the entries for the particular field based on the selected
program. As with the timeline view, the data manager may update the entries for each field
associated with a particular program in response to receiving an update to the program.
Additionally, the data manager may remove the correspondence of the sciected program to
the ficld in response to receiving an edit to one of the entries for the field.

0044} In an embodiment, model and ficld data is stored in model and field data
repository 160, Model data comprises data models created for one or more fields. For
example, a crop model may include a digitally constructed model of the development of a
crop on the one or more fields. "Model" in this context, refers to an electronic digitally
stored set of executable wstructions and data values, associated with one another, which are
capable of receiving and responding to a programmatic or other digital call, invocation, or
request for resolution based upon specified mmput values, to vield one or more stored or
calculated cutput values that can serve as the basis of computer-implemented
recommendations, output data displays, or machine control, among other things. Persons of
skill in the field find it convenient to express models using mathematical equations, but that
form of expression does not confine the models disclosed herein to abstract concepts; mstead,
cach model herein has a practical application in a computer 10 the form of stored executable
mstructions and data that implement the mode! using the computer. The model may include a
model of past events on the one or more ficlds, a model of the current status of the one or
more fields, and/or a model of predicted events on the one or more fields. Model and field
data may be stored in data structures in memory, rows in a databage table, in fHat files or
spreadsheets, or other forms of stored digital data.

[045] In an embodiment, each of spatial statistical modeling instruction 136, treatment
selection instructions 137, and location selection instructions 138 comprises a sct of one or
more pages of main memory, such as RAM, in the agricultural intelligence computer system
130 mto which executable mstructions have been loaded and which when executed cause the
agricultural intelligence computer system to perform the functions or operations that are
described herein with reference to those modules. For example, spatial statistical modeling
mstruction 136 may comprise a set of pages m RAM that contain instructions which when
executed cause spatial statistical modeling functions that are described herein. The
mstnictions may be in machine executable code in the instruction set of a CPU and may have
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been compiled based upon source code written in JAVA, C, C++, OBIECTIVE-C, or any
other human-readable programming language or environment, alone or m combination with
scpts in JAVASCRIPT, other scripting languages and other programming source text. The
term “pages” is intended to refer broadly to any region within main memory and the specific
terminglogy used in a system may vary depending on the memory architecture or processor
architecture. In another embodiment, cach of spatial statistical modeling instruction 136 alsc
may represent one or more files or projects of source code that are digitally stored in a mass
storage device such as non-volatile RAM or disk storage, in the agricultural inteliigence
compter system 130 or a separate repository system, which when compiled or iterpreted
cause generating executable instructions which when executed cause the agricultural
mtelligence computer system to perform the functions or operations that are described herein
with reference to those modules. In other words, the drawing figure may represent the
manner in which programmers or software developers organize and arrange source code for
later compilation into an cxecutable, or mnterpretation into bytecode or the equivalent, for
execution by the agnicultural intetligence computer system 130,

{0046} Spatial statistical modeling instruction 136 comprise a set of computer readable
mstructions which, when executed by one or more processors, cause the agricultural
ntcHigence computer system to generate a spatial statistical model of yvicld for use in
generating control data for an agronomic trial and/or for use in identifying locations for
mnplementing a trial. Treatment selection instructions 137 comprise a set of computer
readable instructions which, when executed by one or more processors, cause the agricultural
mtelligence computer svstem to select a particular treatment based on a spatial statistical
model of vield and vicld data for one or more testing locations on a ficld which received a
different treatment as the rest of the agronomic field. Location selection instructions 138
comprise a set of computer readable instructions which, when executed by one or more
processors, cause the agricultural intelhigence computer system to select locations for
mmplementing a trial based on a spatial statistical model of vield and yield data for the
agronomic field.

{06471 Hardware/virtualization layer 150 comprises one or more central processing units
{CPUs), memory controllers, and other devices, components, or elements of a computer
systern such as volatile or non-volatile memory, non-volatile storage such as disk, and VO
devices or inferfaces as illustrated and described, for example, 1n connection with FIG. 4.
The layer 150 also may comprise programmed instructions that are configured to support
virtualization, containerization, or other technologies.
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{0048} For purposes of illustrating a clear example, FIG. 1 shows a limited number of
mstances of certain functional elements. However, in other embodiments, there may be any
number of such elements. For example, embodiments may use thousands or millions of
different mobile computing devices 104 associated with difterent users. Further, the system
130 and/or external data server computer 108 may be implemented using two or more
processors, cores, clusters, or instances of physical machines or virtual machines, configured
m a discrete location or co-located with other elements in a datacenter, shared computing
facility or cloud computing facility.

{6049} 22 APPLICATION PROGRAM OVERVIEW

{0050 In an embodiment, the implementation of the functions described herein using one
or more computer programs or other software elements that are loaded into and executed
using one or more general-parpose computers will cause the general-purpose computers to be
configured as a particular machine or as a computer that is specially adapted to perform the
functions described herein. Further, cach of the flow diagrams that arc described further
herein may serve, alone or in combination with the descriptions of processes and functions n
prose herein, as algorithms, plans or directions that may be used (o program a computer or
logic to tmplement the functions that are described. In other words, all the prose toxt herein,
and all the drawing figures, together are intended to provide disclosure of algorithms, plans or
directions that arc sufficient to permit a skilled person to program a computer to perform the
functions that are descabed herein, in combination with the skill and knowledge of such a
person given the level of skill that is appropriate for inventions and disclosures of this type.
{0651} In an embodiment, user 102 interacts with agricultural ntelligence computer
system 130 using field manager computing device 104 configured with an operating system
and one or more application programs or apps; the ficld manager computing device 104 also
may interoperate with the agricultural intelligence computer systerm mdependently and
automatically under program control or logical control and direct user inferaction 18 not
abways required. Field manager computing device 104 broadly represents one or more of a
smart phone, PDA, tablet computing device, laptop computer, desktop computer,
workstation, or any other computing device capable of transmitting and receiving information
and performing the functions described herein. Field manager computing device 104 may
commuiicate via a network using a mobile application stored on field manager computing
device 104, and 10 some crobodiments, the device may be coupled using a cable 113 or

connector to the sensor 112 and/or controller 114. A particular user 102 may own, operate or
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possess and use, in connection with svstem 130, more than one field manager computing
device 104 at a time.

[0052] The mobile application may provide client-side functionality, via the network to
one or more mobile computing devices. In an example embodiment, ficld manager
computing device 104 may access the mobile application via a web browser or a local chient
application or app. Field manager computing device 104 may transmit data to, and receive
data from, one or more front-end servers, using web-based protocols or formats such as
HTTP, XML and/or ISON, or app-specific protocols. In an example embodiment, the data
may take the form of requests and user information input, such as field data, into the mobile
computing device. In some embodiments, the mobile application interacts with location
tracking hardware and software on ficld manager computing device 104 which determines the
location of ficld manager computing device 104 using standard tracking technigues such as
multifateration of radio signals, the global positioning system (GPS), Wik posttioning
systems, o1 other methods of mobile positioning. In some cases, location data or other data
associated with the device 104, user 102, and/or user account(s} may be obtained by queries
to an operating system of the device or by requesting an app on the device to obtain data from
the operating systom.

{O053] In an embodiment, field manager computing device 104 sends ficld data 106 to
agricultural mtelligence computer system 130 comprising or meluding, but not limited to,
data values representing one or more of: a geographical location of the one or more ficlds,
tillage information tor the one or more fields, crops planted in the one or more fields, and soil
data extracted trom the one or more fields. Field manager computing device 104 may send
field data 106 in response to user mput from user 102 specifving the data values for the one
or more ficlds. Additionally, field manager computing device 104 may automatically send
ficld data 106 when one or more of the data values becomes available to ficld manager
coraputing device 104, For example, ficld manager computing device 104 mayv be
commumicatively coupled to remote sensor 112 and/or application controller 114 which
mchude an trrigation sensor and/or irrigation controlier. In response to receiving data
mdicating that application controller 114 released water onto the one or more fields, field
manager computing device 104 may send ficld data 106 to agricultural mtelligence computer
systern 130 indicating that water was released on the one or more fields. Field data 106
identified in this disclosure may be mput and communicated using clectronic digital data that
is communicated between computing devices using parameterized URLs over HTTP, or
another suitable communication or messaging protocol.
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{0054} A commercial example of the mobile application is CLIMATE FIELDVIEW,
commercially available from The Climate Corporation, San Francisco, California. The
CLIMATE FIELDVIEW application, or other applications, may be modified, extended, or
adapted to mclude features, functions, and programming that have not been disclosed carhier
than the filing date of this disclosure. In one embodiment, the mobile application comprises
an integrated software platform that allows a grower to make fact-based decisions for their
operation because it combines historical data about the grower's fields with any other data
that the grower wishes to compare. The combinations and comparisons may be performed in
real time and are based upon scientific models that provide potential scenarios to permit the
grower to make better, more informed decisions,

{D055] FIG. 2 illustrates two views of an example logical organization of sets of
mstnictions in main memory when an example mobile application is leaded for execution. In
FIG. 2, each named clement represents a region of one or more pages of RAM or other main
memory, or one or more blocks of disk storage or other non-volatile storage, and the
programmed mstractions within those regions. In one embodiment, in view (a), a mobile
computer application 200 comprises account-fields-data ingestion-sharing instructions 202,
overview and alert instructions 204, digital map book instructions 206, seeds and planting
mstructions 208, nitrogen instructions 210, weather instructions 212, ficld health instructions
214, and performance mstructions 216.

{3056] In one embodiment, a mobile computer application 200 comprises account, fields,
data ingestion, sharing instructions 202 which are programmed to receive, translate, and
mgest field data from thivd party svstems via manual upload or APls. Data types may include
field boundaries, vield maps, as-planted maps, soil test results, as-applied maps, and/or
management zones, among others. Data formats may include shape files. native data formats
of third parties, and/or farm management information system (FMIS}) exports, among others.
Receiving data may occur via manual upload, e-mail with attachment, external APls that
push data to the mobile application, or instructions that call APIs of external systems to pull
data into the mobile application. In one embodiment, mobile computer application 200
comprises a data inbox. In response to receiving a selection of the data inbox, the mobile
computer application 200 may display a graphical user interface for manoally uploading data
files and importing uploaded files to a data manager.

[0057] In one embodiment, digital map book instructions 206 comprise ficld map data
layers stored in device memory and are programmed with data visualization tools and
geospatial ficld notes. This provides growers with convenient information close at hand for
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reference, logging and visual insights into field performance. In one embodiment, overview
and alert instructions 204 are programmed to provide an operation-wide view of what 15
wmportant to the grower, and timely recommendations to take action or focus on particular
issues. This pernuts the grower to focus time on what needs attention, o save time and
preserve vield throughout the season. In one embodiment, seeds and planting instructions
208 are programmed to provide tools for seed selection, hybrid placement, and script
creation, including variable rate (VR) script creation, based upon scientific models and
empirical data. This enables growers to masimize yield or return on investment through
optimized seed purchase, placement and population.

{0058} In one embodiment, script generation instructions 205 are programmed o provide
an interface for generating scripts, including vanable rate (VR) fertility seripts. The interface
enables growers to create scripts for field implements, such as nutrient applications, planting,
and irngation. For example, a planting script interface may comprise iools for identifying a
type of sced for planting. Upon receiving a sclection of the seed type, mobile computer
application 200 may display one or more fields broken into management zones, such as the
field map data layers created as part of digital map book instructions 206. In one
embodiment, the management zones comprise sail zones along with a panel identifving each
sotl zone and a soil name, texture, drainage for each zone, or other field data. Mobile
computer application 200 may also display tools for editing or creating such, such as
graphical {ools for drawing management zones, such as soil zones, over a map of one or more
ficlds. Planting procedures may be applied to all management zones or different planting
procedures may be apphed fo different subsets of management zones. When a scnipt is
created, mobile computer apphication 200 may make the scnipt available for download in a
format readable by an application controller, such as an archived or compressed format.
Additionally, and/or alternatively, a script may be sent directly to cab computer 115 from
mobile computer application 200 and/or uploaded to one or more data servers and stored for
further use.

{0059 In one embodiment, nitrogen instructions 210 are programmed to provide tools to
mform nitrogen decisions by visualizing the availability of nitrogen to crops. This enables
growers 1o maximize yield or retum on mvestment through optimized nitrogen application
during the season. Hxample programmed functions include displayving images such as
SSURGO images to enable drawing of fertilizer application zones and/or images generated
from subficld soii data, such as data obtained from sensors, at a high spatial resolution (as
fine as millimeters or smaller depending on sensor proximity and resolution); upload of
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existing grower-defined zones; providing a graph of plant nutrient availlability and/or a map
to enable tuming application(s) of nitrogen across multiple zones; output of scripts to drive
machinery; tools for mass data entry and adpustment; and/or maps for data visualization,
among others. "Mass data entry,” in this context, may mean entering data once and then
applving the same data to multiple fields and/or zones that have been defingd in the system;
example data may include nitrogen application data that is the same for many fields and/or
zones of the same grower, but such mass data entry applics to the entry of any tvpe of field
data into the mobile computer application 200. For example, nitrogen instructions 210 may
be programmed to accept definitions of mitrogen application and practices programs and to
accept user input specifying to apply those programs across multiple fields, "Nitrogen
application programs,” m this context, refers to stored, named scis of data that associates: a
name, color code or other identifier, one or more dates of application, types of matenial or
product for each of the dates and amounts, method of apphication or incorporation such as
mjecied or broadcast, and/or amounts or rates of application for cach of the dates, crop or
hybrid that 1s the subject of the application, among others. "Nitrogen practices programs,” in
this context, refer to stored, named sets of data that associates: a practices name; a previous
crop; a tillage system; a date of primanily tllage; one or more previous tillage systems that
were used; one or more indicators of application type, such as manure, that were used.
Nitrogen instructions 210 also may be programmed to gencrate and cause displaying a
nitrogen graph, which indicates projections of plant use of the specified nitrogen and whether
a surplus or shortfall is predicted; m some embodiments, different color ndicators may signal
a magmitude of surplus or magnitude of shortfall. In one embodiment, a nitrogen graph
comprises a graphical display in a computer display device comprising a plurality of rows,
cach row associated with and identifving a field; data specifying what crop is planted in the
ficld, the field size, the ficld location, and a graphic representation of the ficld perumcter; 1
each row, a timeline by month with graphic mdicators specifving cach nitrogen application
and amount at points correlated to month names; and numeric and/or colored mdicators of
surplus or shortfall, in which color indicates magnitude.

{8069] In one embodiment, the nitrogen graph may mclude one or more user input
features, such as dials or slider bars, to dynamically change the nitrogen planting and
practices programs so that a user may optimize his nitrogen graph. The user may then use his
optimized nitrogen graph and the related nitrogen planting and practices programs o
mmplement one or more scripts, including vanable rate {(VR) fertidity scripts. Nitrogen
mstructions 210 also may be programmed to generate and cause displaying a mitrogen map,
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which indicates projections of plant use of the specified nitrogen and whether a surplus or
shortfall 1s predicted; in some embodiments, different color indicators may signal a
magnitude of surplus or magnitude of shortfall. The nitrogen map may display projections of
plant use of the specified nitrogen and whether a surplus or shortfall 1s predicted for different
times in the past and the future (such as daily, weekly, monthly or yvearly} using nomeric
and/or colored mdicators of surplus or shortfall, in which color indicates magnitude. In one
embodiment, the nitrogen map may include one or more user input features, such as dials or
shider bars, to dyvnamically change the nitrogen planting and practices programs so that a user
may optimize his mirogen map, such as to obtain a preferred amount of surplus to shortfall.
The user may then use his optimized nitrogen map and the related nitrogen planting and
practices programs to implement one or more scripts, including vanable rate (VR) fertility
scripts. In other embodiments, similar instructions to the nitrogen mstructions 210 could be
used for application of other nutrients {such as phosphorus and potassium}, application of
pesticide, and irrigation programs.

{0061} In one embodiment, weather nstructions 212 are programmed to provide field-
specific recent weather data and forecasted weather information. This enables growers to
save time and have an efficient integrated display with respect to daily operational decisions.
[0062] In one embodiment, field health instructions 214 are programmed to provide
timely remote sensing images highlighting in-scason crop variation and potential concermns.
Example programmed functions include cloud checking, to identify possible clouds or cloud
shadows; detcrmining nitrogen indices hased on ficld tmages; graphical visualization of
scouting lavers, includmg, for example, those related to ficld health, and viewing and/or
sharing of scouting notes; and/or downloading sateliite images from multiple sources and
prioritizing the images for the grower, among others.

[0063] In one embodiment, performance instructions 216 are programumed to provide
reports, analysis, and insight tools using on-farm data for evaluation, insights and decisions.
This enables the grower to seek improved cutcomes for the next year through fact-based
conclusions about why return on investment was at prior levels, and nsight into vield-
hmiting factors. The performance imstructions 216 may be programmed to communicate via
the network(s) 109 to back-end analvtics programs executed at agricultural mtelhigence
computer systerm 130 and/or external data server computer 108 and configured to analyze
metrics such as yield, vield differential, hybrid, population, SSURGO zone, soil test
propertics, or elevation, among others. Programmed reports and analysis may imclude yield
variability analvsis, treatment effect estimation, benchmarking of vield and other metrics
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against other growers based on anonvmized data collected from many growers, or data for

seeds and planting

o0

among others.

[0064] Applications having instructions configured in this way may be implemented for
different computing device platforms while retaining the same general user interface
appearance. For example, the mobile application may be programmed for execution on
tablets, smartphones, or server computers that are accessed using browsers at client
computers. Further, the mobile application as configured for tablet computers or
smartphones may provide a full app experience or a cab app experience that is suitable for the
display and processing capabilities of cab computer 115, For example, referring now to view
{b} of FIG. 2, in one embodiment a cab computer application 220 may comprise maps-cab
mstructions 222, remote view instructions 224, data collect and transfer mstructions 226,
machine alerts instructions 228, script transfer mstructions 230, and scouting-cab instructions
232, Fhe code base for the mstructions of view (b} may be the same as for view {(a} and
exccutables implementing the code may be programmed to detect the type of platform on
which thev are executing and to expose, through a graphical user interface, only those
functions that are appropriate to a cab platform or fall platform. This approach enables the
sysiem to recoguize the distinctly different user experience that is appropriate for an in-cab
enviromuent and the different techunology eovironment of the cab. The maps-cab mstructions
222 may be programmed to provide map views of fields, farms or regions that are useful m
directing machine operation. The remote view mstructions 224 may be programmed to turn
on, manage, and provide views of machine activity in real-time or near real-time to other
computing devices connected to the svstem 130 via wirgless networks, wired connectors or
adapters, and the ke, The data collect and transfer instructions 226 mav be programmed {o
furn on, manage, and provide transfer of data collecied at sensors and conirollers to the
systern 130 via wireless networks, wired connectors or adapters, and the Iike. The machine
alerts instructions 228 may be programmed to detect issues with operations of the machine or
tools that are associated with the cab and generate operator alerts. The script transfer
mstructions 230 mav be configured to transfer in scripts of instructions that are configured to
direct machine operations or the collection of data. The scouting-cab instructions 232 may be
programmed to display location-based alerts and information received from the system 130
based on the location of the ficld manager computing device 104, agricultural apparatus 111,
ot sensors 112 in the ficld and ingest, manage, and provide transfer of location-based
scouting observations to the system 130 based on the location of the agnicultural apparatus

111 or sensors 112 in the field.
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{0065} 2.3 DATA INGEST TO THE COMPUTER SYSTEM

{6066} In an embodiment, external data server computer 108 stores external data 110,
mcluding sotl data representing soil composition tor the one or more fields and weather data
representing temperature and precipitation on the one or more fields. The weather data may
mclade past and present weather data as well as forecasts for future weather data. Inan
embodiment, external data server computer 108 comprises a plurality of servers hosted by
different entities. For example, a first server may contain soil composttion data whilc a
second server may include weather data. Additionally, soil composition data may be stored
m multiple servers. For example, one server may store data representing percentage of sand,
silt, and clay in the soil while a second server may store data representing percentage of
organic matter {OM) m the soil.

38367} In an embodiment, remote sensor 112 comprises one or more sensors that are
programmed or configured to produce one or more observations. Remote sensor 112 may be
acrial sensors, such as satcllites, vehicle sensors, planting equipment sensors, tillage sensors,
fertibizer or insecticide application sensors, harvester sensors, and any other implement
capable of receiving data from the one or more fields. In an embodiment, application
controller 114 1s programmed or configured to receive instructions from agriculiural
mtelligence computer system 130, Application controller 114 may also be progranwnced or
configured to control an operating parameter of an agricultural vehicle or implement. For
example, an application controller may be programmed or configured to conirol an operating
parameter of a vehicle, such as a tractor, planting equipment, tillage equipment, fertilizer or
msecticide equipment, harvester equipment, or other farm implements such as a water valve.
Other embodiments may use any combination of sensors and controllers, of which the
following are merely selected examples.

[0068] The system 130 may obtain or ingest data under user 102 control, on a mass basis
from a large number of growers who have contributed data to a shared database system. This
form of obtaining data may be termed "manual data ingest” as one or more user-controlied
computer operations are requested or triggered to obtain data for use by the system 130, As
an example, the CLIMATE FIELDVIEW application, commercially available from The
Climate Corporation, San Francisco, California, may be operated to export data to system 130
for stonng in the repository 160.

[0069] For example, seed monitor systems can both control planter apparatus components
and obtain planting data, mclading signals from seed sensors via a signal hamess that
comprises a CAN backbone and point-to-point connections for registration and/or
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diagnostics. Seed monitor systems can be programmed or configured to display seed
spacing, population and other information to the user via the cab computer 115 or other
devices within the system 130, Examples are disclosed in US Pat. No. 8,738,243 and US Pat.
Pub. 20150094916, and the present disclosure assumes knowledge of those other patent
disclosures.

[0070] Likewise, vield monitor systems may contain vield sensors for harvester apparatus
that send vicld measurement data to the cab computer 115 or other devices within the system
130. Yield monitor systeras may vtilize one or more remote sensors 112 to obtain grain
moisture measurements in a combine or other harvester and transmit these measurements to
the user via the cab computer 115 or other devices within the system 136,

{0071} In an embodiment, examples of sensors 112 that may be used with any moving
vehicle or apparatus of the type described elsewhere herein include kinematic sensors and
position sensors. Kinematic sensors may comprise any of speed sensors such as radar or
wheel speed sensors, accelerometers, or gvros. Position sensors may comprise GPS receivers
or transceivers, or WiFi-based position or mapping apps that are programmed to determine
location based upon nearby Wik hotspots, among others.

{0672} In an embodiment, examples of sensors 112 that may be used with tractors or
other moving vehicles include engine speed sensors, fucl consumption sensors, area counters
or distance counters that interact with GPS or radar signals, PTO (power take-off} speed
sensors, tractor hydraulics sensors configured to detect hydraulics parameters such as
pressure or flow, and/or and hydraulic pump speed, wheel speed scusors or wheel slippage
sensors. In an embodiment, examples of controllers 114 that may be used with tractors
melude hydraulic directional controllers, pressure controllers, and/or flow controllers;
hydraulic pump speed controllers; speed controllers or governors; hitch position controllers;
or wheel position controllers provide automatic steering.

[673] In an embodiment, examples of sensors 112 that may be used with seed planting
equipment such as planters, drills, or air secders include seed sensors, which may be optical,
clectromaguetic, or impact sensors; downforce sensors such as load pins, load cells, pressure
sensors; soil property sensors such as reflectivity sensors, moisture sensors, ¢lectrical
conductivity sensors, optical residue sensors, or femperature sensors; component operating
criteria sensors such as planting depth sensors, downforce cylinder pressure sensors, seed disc
speed sensors, seed drive motor encoders, seed conveyor system speed sensors, Or vacuum
level sensors; or pesticide application sensors such as optical or other electromagnetic
sensors, of impact sensors. In an embodiment, examples of controllers 114 that may be used
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with such seed planting equipment include: toolbar fold controllers, such as controllers tor
valves associated with hyvdraulic cvhinders; downforce controllers, such as controllers for
valves associated with pneumatic cylinders, airbags, or hydraulic cyvlinders, and programmed
for applving downforce to individual row units or an entire planter frame; planting depth
controllers, such as hincar actuators; metering controllers, such as electric seed meter drive
motors, hydraudic seed meter drive motors, or swath control clutches; hyvbnid selection
controllers, such as sced meter drive motors, or other actuators programamed for selectively
allowing or preventing seed or an air-seed mixture from delivering seed to or from seed
meters or central bulk hoppers; metering controllers, such as electric seed meter drive motors,
or hydraulic seed meter drive motors; seed conveyor system controflers, such as controllers
for a belt seed delivery conveyor motor; marker controllers, such as a controller for a
pneurnatic or hydraulic actuator; or pesticide application rate controllers, such as meterning
drive controllers, orifice size or position controllers.

[0074] In an embodiment, examples of sensors 112 that may be used with tillage
equipment nclude position sensors for tools such as shanks or discs; tool position sensors for
such tools that are configured to detect depth, gang angle, or lateral spacing; downforce
sensors; or draft force sensors. In an embodiment, examples of controllers 114 that may be
used with tillage equipment include downforce controllers or tool position controllers, such
as controllers configured to control tool depth, gang angle, or lateral spacing.

[0075] In an embodiment, examples of sensors 112 that may be used in relation to
apparatus for applying fertilizer, insecticide, fungicide and the like, such as on~planter starter
fertiizer systems, subsoil fertilizer applicators, or fertilizer spravers, include: fluid system
criteria sensors, such as flow sensors or pressure sensors; sensors indicating which spray head
valves or fhnd line valves are open; sensors associated with tanks, sach as fill level sensors;
sectional or system-wide supply line sensors, or row-specific supply ling sensors; or
kinematic sensors such as accelerometers disposed on sprayer booms. In an embodiment,
examples of controllers 114 that may be used with such apparatus include pump speed
controllers; valve controllers that are programmed to control pressure, flow, direction, PWM
and the fike; or position actuators, such as for boom height, subsoiler depth, or boom
POSIIoN,

10676} In an embodiment, examples of sensors 112 that may be used with harvesters
mclude yield monitors, such as impact plate strain gauges or position sensors, capacitive flow
sensors, load sensors, weight sensors, or torque sensors associated with elevators or augers,
or optical or other electromagnetic grain height sensors; grain moisture sensors, such as
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capacitive sensors; grain loss sensors, including impact, optical, or capacitive sensors; header
operating criteria sensors such as header height, header type, deck plate gap, feeder speed,

and reel speed sensors; separator operating criteria sensors, such as concave clearance, rotor

2]
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peed, shoe clearance, or chaffer clearance sensors; auger sensors for position, operation, or
speed; or engine speed sensors. In an embodiment, examples of controllers 114 that may be
used with harvesters include header operating critenia controllers for elements such as header
height, header type, deck plate gap, feeder speed, or reel speed; separator operating criteria
controllers for features such as concave clearance, rotor speed, shoe clearance, or chaffer
clearance; or controllers for auger position, operation, or speed.

{6677} In an embodiment, examples of sensors 112 that may be used with grain carts
melude weight sensors, or sensors for auger position, operation, or speed. In an embodiment,
examples of controllers 114 that may be used with grain carts include controliers for auger
position, operation, or spaed.

{0078} In an embodiment, examples of sensors 112 and condrollers 114 may be installed

H

m unmanned aenal vehicle (UAV) apparatus or "drones.” Such sensors may include cameras
with detectors effective for any range of the electromagnetic spectrum meluding visible light,
mfrared, vltraviolet, near-infrared (NIR), and the like; accelerometers; altimeters; temperature
sensors; humidity sensors; pitot tube sensors or other atrspecd or wind velocity sensors;
battery life sensors; or radar emitiers and reflected radar energy detection apparatus; other
clectromagnetic radiation emitters and reflected electromagnetic radiation detection
apparatus. Such controllers may include guidance or motor control apparatus, control surface
controtlers, camera controllers, or controllers programmed o turn on, operate, obtain data
from, manage and configure any of the foregoing sensors. Examples are disclosed in US Pat.
App. No. 14/831,165 and the present disclosure assumes knowledge of that other patent
disclosure.
{66791 In an embodiment, sensors 112 and controllers 114 may be affixed 1o soil
sampling and measurement apparatus that is configured or programmed to sample soil and
perform soil chemistry tests, soil moisture tests, and other tests pertaining to soil. For
example, the apparatus disclosed m US Pat. No. 8,767,194 and US Pat. No. 8,712,148 may be
used, and the present disclosure assumes knowledge of those patent disclosures.
{0080 In an embodiment, sensors 112 and controllers 114 may comprise weather devices
for monitoring weather conditions of fields. For example, the apparatus disclosed in U S,
Provisional Application No. 62/154,207, filed on April 29, 2015, U.S. Provisional
Application No. 62/175,160, filed on June 12, 2015, U.S. Provisional Application No.
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62/198,060, filed on July 28, 2015, and U.S. Provisional Application No. 62/220,852 filed
on September 18, 2013, may be used, and the present disclosure assumes knowledge of those
patent disclosures.

{0081} 2.4 PROCESS OVERVIEW-AGRONOMIC MODEL TRAINING

6082} In an embodiment, the agricultural mtelligence computer svstem 130 is
programmed or configured to create an agronomic model. In this context, an agronomic
model 15 a data structure n memory of the agricultural intelligence computer system 130 that
comprises field data 106, such as identification data and harvest data for one or more fields.
The agronomic model may also comprise calculated agronomic properties which describe
either conditions which may affect the growth of one or more crops on a figld, or propertics
of the one or more crops, or both. Additionally, an agronomic model may comprise
recommendations based on agronomuc factors such as crop recommendations, irmgation
recommendations, planting recommendations, fertilizer recommendations, fungicide
recommendations, pesticide recommendations, harvesting recommendations and other crop
management recommendations. The agronomic factors may also be used to estimate one or
more crop related results, such as agronomic vield. The agronomic vield of a crop is an
estimate of quantity of the crop that is produced, or in some examples the revenue or profit
obtained from: the produced crop.

6083} In an embodiment, the agricultural mtelhgence computer system 130 may use a
preconfigured agronomic model to calculate agronomic properties related to currently
recetved location and crop information for one or more ficlds. The preconfigured agronomic
model 15 based upon previously processed field data, inchuding but not limited {o,
wlentification data, harvest data, fertilizer data, and weather data. The preconfigured
agronomic model may have been cross validated to ensure accuracy of the model. Cross
validation may include comparison to ground truthing that compares predicted results with
actual results on a field, such as a comparison of precipitation estimate with a rain gauge or
sensor providing weather data at the same or nearby location or an estimate of nitrogen
content with a soil sample measurement.

{0084} FIG. 3 illustrates a programmed process by which the agricultural intelligence
compter system generates one or more preconfigured agronomic models using ficld data
provided by one or more data sources. FIG. 3 may serve as an algorithm or instructions for
progranuning the functional elements of the agricultural intelligence computer system 130 to

perform the operations that are now described.
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[0085] At block 305, the agricultural mtelligence computer system 130 15 configured or
programmed to mmplement agronomic data preprocessing of field data recetved from one or
more data sources. The ficld data received from one or more data sources may be
preprocessed for the purpose of removing noise, distorting effects, and confounding factors
within the agronomic data including measured outliers that could adversely affect received
ficld data values. Embodiments of agronomic data preprocessing may include, but are not
limited to, removing data values commonly associated with outher data values, specific
measured data points that are known to unnecessarily skew other data values, data smoothing,
aggregation, or sampling technigues used to remove or reduce additive or multiplicative
effects from noise, and other filtering or data derivation techoiqgues used to provide clear
distinctions between positive and negative data inputs.

EEY At block 310, the agricaltural intelligence computer svstem 130 1s configured or
programmed to perform data subset selection using the preprocessed field data in order to
identify datascts useful for mitial agronomic model generation. The agricultural intelligence
computer system 130 may implement data subset selection techniques including, but not
hrted to, a genetic algornthm method, an all subset models method, a sequential scarch
method, a stepwise regression method, a particle swarm optimization method, and an ant
colony optimization method. For example, a genetic algorithm selection technigue uses an
adaptive heurnistic search algorithm, based on evolutionary principles of natural selection and
genetics, 1o determine and evaluate datasets within the preprocessed agronomic data,

{6087 At block 313, the agrnicultural intelligence computer system 130 is configured or
programmed to mmplement ficld dataset evaluation. In an embodiment, a specific field
dataset is evalaated by creating an agronomic model and using specific quality thresholds for
the created agronomic model. Agronomic models may be compared and/or validated using
one or more coraparison technigues, such as, but not himited to, root mean square crror with
cave-one-out cross vahidation (RMSECV), mean absolute error, and mean percentage error.
For example, RMSECY can cross validate agronomic models by comparing predicted
agronomic property values created by the agronomic model against historical agronomic
property values collected and analvzed. In an embodiment, the agronomic dataset evaluation
logic 13 used as a feedback loop where agronomic datasets that do not meet configured
quality thresholds are used during future data subset selection steps (block 3103

{D088] At block 320, the agricultural mtelligence computer svstem 130 is configured or

programmed to implement agronomic model creation based upon the cross validated
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agronomic datasets. In an embodiment, agronomic model creation may implement
multivariate regression techmques to create preconfigured agronomic data models.
[0089] At block 323, the agricultural mtelligence computer svstem 130 is configured or

programmed to store the preconfigured agronomic data models tor future field data

evaluation.
{0090] 2.5, IMPLEMENTATION EXAMPLE-HARDWARE OVERVIEW
{0091} According to one embodiment, the techmigues described herein are implemented

by one or more special-purpose computing devices. The special-purpose computing devices
may be hard-wired to perform the technigues, or may include digital electronic devices such
as one or more application-specific integrated circuits {(ASICs) or field programmable gate
arravs (FPGAs) that are persistently programmed to perform the techoigues, or may include
one or more general purpose hardware processors programmed to perform the technigues
pursuant to program mstructions in firmware, memory, other storage, or a combination. Such
special-purpose computing devices may also combine custom hard-wired logic, ASICs, or
FPGAs with custom programmung to accomplish the techmiques. The special-purpose
compiting devices mayv be desktop computer systems, portable computer systems, handheld
devices, networking devices or any other device that incorporates hard-wired and/or program
logic to vaplement the technigues.

6092} For example, FIG. 4 15 a block diagram that illustrates a computer system 400
vpon which an embodiment of the invention may be implemented. Computer system 400
mchudes a bus 402 or other communication mechanism for communicating nformation, and a
hardware processor 404 coupled with bus 402 for processing mformation. Hardware
processor 404 may be, for example, a general purpose MUCroProcessor.

{0693} Computer system 400 also mcludes a main memory 406, such as a random access
memory {RAM) or other dynamic storage device, coupled to bus 402 for storing information
and instructions to be executed by processor 404, Main memory 406 also may be used for
storing temporary variables or other intermediate information during execution of instructions
1o be executed by processor 404. Such mstructions, when stored in non-transitory storage
media accessible to processor 404, render computer system 400 into a special-purpose
machine that 1s custoniized to perform the operations specified in the instructions.

{0094} Computer systern 400 further includes a read only memory {ROM) 408 or other
static storage device coupled to bus 402 for storing static information and instructions for
processor 404, A storage device 410, such as a magnetic disk, optical disk, or solid-state
drive 1s provided and coupled to bus 402 for storing information and instructions.
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{8695} Computer system 400 may be coupled via bus 402 o a display 412, such as a
cathode ray tube (CRT), for displaying information to a computer user. An input device 414,
mcluding alpbanumeric and other keys, is coupled to bus 402 for coranmunicating information
and command selections to processor 404, Another type of user input device is cursor control
416, such as a mouse, a trackball, or cursor direction keys for communicating direction
mformation and command selections to processor 404 and for controlling cursor movement
on display 412. This input device typically has two degrees of frecdom in two axes, a first
axis {e.g., x) and a second axis (e.g., v), that allows the device to specify positions in a plane.
{8096} Computer system 400 may implement the techniques deseribed herein using
customized hard-wired logic, onc or more ASICs or FPGAs, firmware and/or program logic
which in combination with the computer svstom causes or programs computer systern 400 to
be a special-purpose machine. According to one embodiment, the techmques herein are
performed by computer system 400 in response to processor 404 executing onc or more
sequences of one or more instructions contained in main memory 406. Such instructions may
be read into main memory 406 from another storage medium, such as storage device 410.
Execution of the sequences of instructions contarned in main memory 406 causes processor
404 to perform the process steps described herein. In alternative embodiments, hard-wired
circuitry may be used in place of or in combination with software instructions.

{6097} The term "storage media” as used herein refers to any non-transitory media that
store data and/or instructions that cause a machine to operate in a specific fashion. Such
storage media may comprise non-volatile media and/or volatile media. Non-volatile media
meludes, for example, optical disks, magnetic disks, or solid-state drives, such as storage
device 410. Volatite media inclodes dynamic memory, such as main memory 406, Common
forms of storage media include, for example, a floppy disk, a fexible disk, hard disk, solid-
state drive, magnetic tape, or any other magnetic data storage medium, a CD-ROM, any other
optical data storage medium, any physical medium with patterns ot holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, NVRAM, any other memory chip or cartridge.

{0098} Storage media is distinct from but may be used in conjunction with transmission
media. Transmussion media participates in transferring mformation between storage media.
For example, transmission media includes coaxial cables, copper wire and fiber optics,
mchiding the wires that comprise bus 402, Transmission media can also take the form of
acoustic or light waves, such as those generated during radio-wave and infrared data

communications.
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106991 Various torms of media may be mmvolved in carrving one or more sequences of
one or more mstructions (o processor 404 for execution. For example, the nstructions may
mitiallv be carried on a magnetic disk or sohid-state drive of a remote computer. The remote
computer can load the mstructions mio its dynamic memory and send the mnstructions over a
telephone line using a modem. A modem local to computer system 400 can receive the data
on the telephone line and use an infra-red transmitter to convert the data to an infra-red
signal. An infra-red detector can recetve the data carried in the infrared signal and
appropriate circuitry can place the data on bus 402, Bus 402 carries the data {o main memory
406, from which processor 404 retrieves and exccutes the mstructions. The instructions
received by main memory 406 may optionally be stored on storage device 410 either before
or after execution by processor 404,

03100} Computer system 400 also includes a communication mterface 418 coupled to bus
402 Communication interface 418 provides a two-way data communication coupling to a
network link 420 that 1s connected to a local network 422, For example, communication
mterface 418 may be an itegrated services digital network (ISDN) card, cable modem,
satellite modem, or a modem to provide a data communication conngction to a corresponding
tvpe of telephone line. As another example, communication nterface 418 may be a local
arca network (LAN) card to provide a data communication connection to a compatible LAN.,
Wireless links may also be implemented. In any such mmplementation, communication
mterface 418 sends and receives electnical, electromagnetic or optical signals that carry
digital data streams representing various tvpes of mformation.

{8101} Network link 420 tvpically provides data communication through one or more
networks to other data devices. For example, network link 420 may provide a connection
through local network 422 (o a host computer 424 or to data equipment operated by an
Internet Scrvice Provider (ISP) 426, 18P 426 in turn provides data conmmunication services
through the world wide packet data communication network now commonly referred to as
the "Internet" 428, Local network 422 and Internet 428 both use electrical, ¢lectromagnetic
or optical signals that carrv digital data streams. The signals through the various networks
and the signals on network link 420 and through communication mterface 418, which carry
the digital data to and from computer system 400, are example forms of transmission media.
{0102} Computer system 400 can send messages and recetve data, including program
code, through the network(s), network link 420 and comnmunication mterface 418, Inthe
Internet example, a server 430 nught transmit a requested code for an application program
through Intornet 428 1SP 426, local network 422 and communication mterface 418,
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[8103] The received code may be executed by processor 404 as 1t is received, and/or
stored in storage device 410, or other non-volatile storage for later execution.

{0104] 3. GENERATING AN INFERRED CONTROL USING SPATIAL MODELING
[3105] FIG. 7 depicts a method for using a spatial statistical model to mfer control data
for an agronomic trial. While FIG. 7 uses vield data as an example, the methods deseribed
herein may be utilized to infer control data for other attributes of interest, such as grain
quality, protein content, and other factors to be asscssed and/or measured by the experiment.
As used herein, a trial refers to performing one or more different agricultural activities in a
portion of an agricultural field in order to wdentify a benefit or detriment of perfornung the
ong or more different agricultural activities. As an example, a subfield area may be selected
i an agricultural ficld to implement a fungicide tnal. Within the subficld area, the crops may
receive an application of fungicide while the rest of the field and/or a different subfield area
on the field does not receive an application of fungicide. Altematively, the rest of the ficld
may receive the application of fungicide while the crops within the subfield area do not. The
subfield areas of the field where the one or more different agricultural activities are
performed are referred to herein as test locations. In some embodiments, subfield areas that
do not include the different agricultural activities can also be assigned and referred to as test
locations.

3106} Trials may be performed for testing the efficacy of new products, different
management practices, different crops, or any combination thereof. For example, if a ficld
usually does not receive fungicide, a trial may be designed wherein crops within a selected
portion of the field receive fungicide at one or more times during the development of the
crop. As another example, if a ficld usually is conventionally tilled, a trial may be designed
wherein a selected portion of the field is not tilled. Thus, trials may be implemented for
determining whether to follow management practice recommendations instead of being
constrained to testing the efficacy of a particular product. Additionally or alternatively, rals
may be designed to compare two different types of products, planting rates, equipment,
and/or other management practices.

{01071 Trials may be constraimed by one or more rules. A tnal may require one or more
testing locations to be of a particular size and/or placed in a particular location. For example,
the trial may require ong or more testing locations to be placed in an area of the field with
comparable conditions 1o the rest of the ficld. A testing location, as used herein, refers to an
arca of an agricultural ficld that receives one or more different treatments from surrounding
arcas. Thus, a testing location may refer to any shape of land on an agricultural field.
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Additionally or altematively, the trial may require one or more testing locations to be placed
i an area of the field with conditions differing from the rest of the field and/or areas of the
field spanning different types of conditions. The trial may require one or more differont
management practices to be undertaken n one or more testing locations. For example, a tnal
may require a particular sceding rate as part of a test for planting a different type of hyvbrid
seed.

[0108] In an embodiment, the methods described herein are used to cause implementation
of the trial. For example, the methods described herein may be used to wdentify locations m an
agricultural field for implementing the trial. The methods described herein may further be
used to generate agricultaral scripts which comprise computer readable mastructions which,
when executed, cause an agricultural implement to perform an action on the field according
to the trial. In an embodiment, the methods described herein are used to determine an efficacy
of a trial and cause performance of a responsive action. For example, if the method
deternmines that the trial treatment was more effective than the non-trial treatment, the method
may include generating a prescrption map which mcludes the trial treatment on a larger
portion of the agronomie ficld. The methods may further mchide generating agricultural
scrpts which comprise computer readable instructions which, when executed, cause an
agricultural implement to perform an action on the field according to the resulis of the trial.
{0109} 3.1 RECEIVED DATA

10116} At step 702, first vield data is received for a first portion of an agronomic field,
the first portion of the agrononuc field having received a first treatment. For example, the
agricultural mntelligence computer system may receive vield data from a field manager
computing device, an agriceltural implement, an external computing device, and/or an
imaging device. The first yield data may inchude average agronomic vield values fora
plurality of locations on an agricultural ficld. For example, a harvester may measure
agrononic vield while harvesting a crop for 10x10 meter” locations, thereby generating a
pixel map of agronomic yield values. Additionally or altematively, the vield data may
comprise index values, such as the normalized difference vegetative index value (NDVI),
senerated from imagery of an agronomic field, such as imagery captured using drones and/or
satellites.

[Bii1] The first treatment, as used heren, refers to one or more management practices
that are being performed in the non-trial location. For example, the first treatment may

comprise any of a particular seeding population, hvbrid type, seed tvpe, pesticide application,
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nutrient application, or other management practices. The server computer may receive data
mdicating locations on the agronomic field that have received the first treatment.

[0112] At step 704, second vield data is received for a second portion of the agronomic
ficld, the second portion of the agronomic field having received a second treatment that is
different than the first treatment. For example, the agricultural intelligence computer system
may receive vield data from a field manager computing device, an agricaltural implement, an
external computing device, and/or an imaging device.

[8113] The second treatment may be a trial treatment that differs from the first treatment.
For example, 1f the first treatment is application of a fungicide, the second treatment may be
an apphication of a different fungicide. In an embodiment, the second portion of the
agronomic ficld is treated the same as the first portion of the agronomic field except for the
difference in the first and second treatments. For example, a same seed hybnid may be planted
with a same population in both locations, but the second portion of the agrononuc field may
recetve a different fertitizer application than the first portion of the agronomic field.

[0114] In an embodiment, the second portion of the agronomic field comprises one or
more trial strips. As used herein, a trial refers to performing one or more different agricultural
activities in a portion of an agricultural field 1o order to identify a benefit or detriment of
performing the onc or more different agricultural activities. A trial strip, as used herein, refers
to a location on the agronomic field that can be treated in one or more full passes of an
agronomic vehicle. In an embodiment, the first portion of the agronomic ficld at least
partially surrounds the second portion of the agronomic field. For example, the first portion
of the agronomic ficld mav be a strip on one side of the second portion, a strip on both sides
of the second portion, a remainder of the ficld aside from the trial location, and/or any portion
of the agronomic field that is at least partially abutting the second portion,

{0115] 32 STATISTICAL MODEL

[B116] At step 706, a vield value for the second portion of the agronomic field is
computed using a spatial statistical model and the first vield data. The yvield value indicates an
agronomic yield for the sccond portion of the agronomic ficld if the second portion of the
agronomic field had received the first treatment instead of the second treatment. For example,
the vield value may include yield values for each of a plurality of locations in the second
portion of the agronomic ficld and/or an average vield for the second portion of the
agronomic ficld.

[B3117] In an example embodment, the agronomic field 1s divided into a plurality of gnd
points of equal size, such as 10x10 meter? locations. Yield values for the first portion of the
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agronomic field are used to compute values for the sccond portion the agronomic ficld using
a spatial statistical model:

18] y(s) = u+wis) +¢

{0119} where v(s;) is the vield for the i~th grid point at location s;, 1 is the overall mean
vield for the agronomic ficld aside from the second portion of the agronomic field, w(s;) isa
spatially correlated process, and €; 1s a small-scale error process which can be fit based on
variances in the field between computations using the spatial statistical model and the actual
vield at those locations.

[0120] In an embodiment, the spatially correlated process w(s;) 18 a zero-mean spatially
correlated Gaussian process, such as the Gaussian Random Fields equation with a varance of
7% and a spatial correlation function ke, Thus, the distribution of for the vector of gnd points
i the second portion of the agronomic field may be computed as:

{3121} Vo~ N (L, i, 72K, + 0?1, )

[8122] which can be computed as a Gaussian process model with a constant mean
function. The matrix K, comprises a variance-covariance matrix with the //-th element given
by ky(s;, ;). The system may parameterize the Gaussian process using the yield values at the
locations 1n the first portion of the agronomic field. The vartance and standard deviation
parameiers, 7 and ¢, may be parameterized using any parameterization method, such as the
maximum likelihood estimates method, based on the vield values in the locations in the first
portion of the agronomic field.

{8123} By using a statistical spatial process, the methods described herein are capable of
mferring vield values for each of a plurality of trial locations, such as a testing strip, based on
different application types. Thus, the spatial process is used to infer what the vield values
would be for the location if the trial location received a different treatment. An examople
mmplementation of the fitting of the above described model comprises using the GSTAT
package available on GITHUB.

[0124] While the methods described herein are capable of producing vicld values for the
tnal locations based on non-trial treatments using only vield data for a current vear, the
spatial model may be strengthened if yield data from prior years was available. By otilizing
prior vears of vield data in the Gaussian process model, the method s capable of capturing
spatial variability within the trial locations. For example, a vield map from a first year may
coraprise vield data where the entire field received the same treatments. Thus, the spatial

variability in the trial locations for a second year where the trial focations received a different
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treatment can be modeled based on the spatial vanability of yield m the vield data from the
first year where the trial locations received the same treatment as the rest of the field.

[0125] In an embodiment, the agricultural intelligence computer system models the
mferred vield i the second portion of the agronomic field as a function of one or more
covariates. The one or more covariates may include additional values relevant to agronomic
vield for the different locations on the agronomie field. Examples of covanates may include
percent of organic matter, pH, cation-exchange capacity, elevation, soil type, nutrient level,
NDVI values when measured vield values are utilized, and/or any other measurable property
that can vary across the agronomic field. Data for the covariate values mayv be received from
an external server, such as the Soil Sarvey Geographic database (SSURGO), received
through input from a ficld manager computing device, and/or received directlv or indirectly
from an agricultural implement operating on the agronomic field configured to measure one
or more of the above described covanates.

{0126} As an example, the vield values for the second portion of the agronomic ticld may
be computed using the following function:

01271 y(s) = u+ xf +wis) + e

[6128] where x; 15 a vector of covanates for the 1-th grid point and 5 1s an associated
parameter vector that is either estimated or £it using current vield data and/or vield data for
previous vears.

[3129] In an embodiment, the agricultural mtelligence computer system jointly models
vicld data in the sccond portion of the agronomic ficld and the first portion of the agronomic
ficld, utilizing data from both the first portion of the agronomic field and the second portion
of the agronomic field to fit the model. An example equation for modeling agronomic yield
stmultancously in the first and second portion of the agronomic field is as follows:

[6136] vi{si) = p+ Sy + x5 + wis;) + ¢

10131} where § is an effect of applving the second treatment to the sccond portion of the
agronomic field nstead of the first treatment, u;is a treatment indicator which equals 0 for
cach location where the first treatment was applied and equals 1 for cach location where the
second treatment was applied. While in previous cquations v{s;) was used to compute an
mferred vicld in the seccond portion of the agronomic ficld if the second portion received the
first treatment, in the above equation, ¥(s;) comprises a measured vield in each location and
1s fit to the Gaussian process to estimate §, the average effect of applyving the second

treatment to the second portion of the agronomic field.
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[8132] In an embodiment, separate spatial variability models are used to compute
estimated effects of applyving the second treatment to the second portion of the agronomic
ficld instead of the first treatment. As an example, the agricultural intelligence computer
systemn may fit a spatial mode] as:

[3133] yv{sg) = p+ 8wy +xf +wy (s + e

[3134] where wy, 18 a spatial model for the locations where the first treatment was
applicd and w,,, 1s a spatial model for the locations where the second treatment was applied.
The two portions of the agronomic field do not share parameters that characterize the spatial
variability, but the two spatial models are assumed 1o be correlated, such as through an
mirinsic coregionalization model.

[3135] While methods are described above with respect to two treatments, the methods
described herein may be utilized with a plurality of treatments in a plurality of locations. For
exaraple, if an agronomic ficld comprises two strip trials and one main treatment, the viclds
i the main treatment locations may be used to generate the spatial model for computing the
mferred vields using the mam treatment in the other locations. As another example, two the
effects of applying either of the two treatments may be computed as:

[0136] (s} = ot Siuy g+ Sarn; o+ xf + wis)) g

0137 where &, is an effect of applving a second treatment to the agrononuc ficld, J; is
an effect of applying a third treatment to the agronomic field, u, ; is 1 when the second
treatment is applied and 0 at all other times, and u, ; 15 | when the third treatment is applied
and O at all other times.

[0138] While the example above describes equal sized grid locations of 10x10 meter”, in
some situations, data may be received at different resolutions based on the field. When data is
received at a finer resohution, 1t can make the Gauvssian model described above
corputationally prolubitive to compute, with complexity growing as a cube of a number of
data points. Additionally, some spatial correlation structurgs for agronomic data may be more
complex and less staticnary. Thus, technigues may be used to better model complex spatial
structures while decreasing the computation complexity.

{8139} In an embodiment, a fixed rank kriging model 15 used to decrease the
computational scalability for datasets of larger sizes. In the fixed rank kriging technique, a
vector S 1s defined as a sequence of basis functions. The correlation matrix, K, may thus be
defined as:

[0140] K, = SMS’
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{8141} which may then be mcorporated into the model above. The M matrix may be a
smaller rank matrix than K,. The unknown, symmetric, positive definite matrix M may be
estimated from the agronomic data, using the binned method of moments estimation
procedure.

10142} In an embodiment, a discrete provess convolation model is used to decrease the
computational cost of using large datascts while also capturing more complex spatial
correlation structures. A discrete process convolution model may comprise a multiresolution
model whereby a plurality of sets of progressively coarsening grids are defined fora
particelar data set. For example, if vield data for a particular field is received at a high spatial
resolution, such as 5x3 meter” locations, a first grid may be generated with 5x5 meter”
locations, a second, coarser grid may be generated with 10x10 meter® locations, and so on.

The model may be computed using each of » grid points, such as through the following

cquation:
-
, e . ,‘ L N U 1 BN
' wload = pob ¥ Rar-al) oy b oy N ONAS NN R )
[0143] ek
[B144] where s; is a total for all locations in a grid contaiming location s;. The parameters

7; and & may be estimated using least-squares, maximum likelibood, or a Bavesian posterior
calculation.

[3145] In an embodiment, the correlation function k(s; — s/ may be selected to have
compact support, for example the spherical correlation function. Then when the model s
expressed m matrix form, the correlation matrix K will be sparse and have a structure that can
be exploited for computation efficiency by specialized software, such ag the PYTHON
SCIPY package’s sparse linalg module.

[0146] 33, DETERMINING A TRIAL EFFECT

{3147} At step 708, the second treatment is selected based, at least i part, on the
computed vield value and the second vield data. For example, the agricultural intelligence
computer system may determineg a standard deviation of any of the above vield models. The
system may compute an average of the inferred yields for the second portion of the
agronomic field. The system may use the average of the inferred yields and the standard
deviation to compute one or more threshold values. For example, the system may compute an
upper threshold value as the average inferred vield phis 1.6 times the standard deviation of

the vield, thereby generating an upper 90% threshold value. The svstem may also compute a
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lower threshold value as the average inferred vield minus 1.6 times the standard deviation of
the vield, thereby generating a lower 90% threshold value.

[3148] The agricultural intelligence computer system may use the computed threshold
values to determine 1f the second treatment had a statistically significant effect on the
agronomic field. For example, the agricultural intelligence computer system may compute an
average yield for the second portion of the agrononuic field based on the vield data received
for the second portion of the agronomic ficld. If the computed average vield for the second
portion of the agronomic field 1s greater than the upper threshold value, the system may
determine that the sceond treatment had a beneficial effect and sclect the second treatment. If
the computed average vield for the second portion of the agronomic field s lower than the
lower threshold value, the system may determine that the second treatment had a detrimental
effect and sclect the first treatment.

103149} In an embodiment, the agricultural intelligence computer system utilizes yield
data for a prior year to determing the standard deviation for the second portion of the
agronomic field. For example, the agncultural intelligence computer svstem may receive
vield data for a prior year where both the first portion of the agronomic field and the second
portion of the agronomic field received the same treatments. The system may utilize the
spatial model described herein to compute a vicld values for the second portion of the
agronomic ficld based on the first portion of the agronomic ficld. The system may then
compute a difference value, for each location in the second portion of the agronomice field,
the difference value comprising a difference between the computed vicld using the spatial
model and the actual vield. The system may then fit the difference values to a distribution,
such as a normal distribution, and compute the standard deviation of the fit distribution. If
multiple previous vears of data are available, the system may perform this method for each
previous year and use the average standard deviation across the plurality of years.

[3158] 34, PRACTICAL APPLICATIONS OF THE STATISTICAL MODEL
10151} The systems and methods described herein utilize a spatial statistical model to
determine whether results of an agronounuc trial are statistically significant, thercby allowing
the system to generate prescription maps based on the results of the trial, generate seripts
based on the results of the trial, display data mdicating a benefit or detnment of the trial,
and/or display maps identifying trial results in a plurality of locations along with data
mdicating a significance of the trial results.

[3152] As an example of a practical application, at step 710, a prescription map is
generated in response to selecting the second treatment, the presceription map including the
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second treatment. For instance, 1f the agricultural intelhigence computer sysiem determines
that the second treatment is beneficial using the methods described herein, the system may

select the second treatment to be applied to a greater portion of the field.

. The presenption map
may include the second treatment being applied to a portion of the field that is larger than the
second portion ot the agronomic field. For example, if the treatment was originally applied to
a single tnal strip, the svstem may generate a prescription map which includes multiple trial
strips, an entirety of a management zone, an entire scgment of the agronomic field, an
entirety of an agronomic field excluding strips used for different trials, and/or the whole of
the agronomic field.

{3153] By automatically generating a prescription map in response to a selection of the
second treatment, the system is able to utilize the spatial statistical mode! as part of the
practical process of generating a prescription map. The system is also able to effectuate a
change in management practices not only in response to increase in agronomic vield from one
location to another, but in response to an increase in agronomic vield in a single location
compared to an estimated vield for that location and/or a determination that the increase in
agrononuc vicld s statistically significant.

[0154] In an embodiment, the agricultural mtelhigence computer system is programmed
or configured to perform responsive actions if system determings that an increase or decrease
m vield is not statistically significant and/or if the system determines that a decrease n vield
18 statistically significant. For example, if the agricultural intelligence corputer system
determines that the agronomic yield in the second portion of the agronomic field is at feast
1.6 standard deviations less than the mferred agronomic vield for the second portion of the
agrononiic field, the svstem may gencrate future prescription maps that exclude the second
treatment altogether. Additionally or altematively, if the system deternunes that the results
are not statistically significant, the system may generate a new preseription map which
mchudes the second treatment being applied to the second portion of the agronomie field
and/or one or more different portions of the agronomic field.

[0155] Ag an additional example of a practical embodiment, at step 712, one or more
scripts are gencrated. The soripts comprise computer readable instructions which, when
cxecuted by an application countroller, causes the application controller to control an operating
parameter of an agricultural mmplement, such as agricultural apparatus 111, on the agronomic

ficld to apply the second treatment. The scripts may be configured to match the generated
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prescription map such that the scripts, when executed, cause one or more agncultural
mmplements to execute the prescriptions in the prescription map. The agricultural intelligence
corputer systera may send the scripts to a field manager computing device and/or the
apphication controller over a network.

{3155] As example, if the second treatment comprises a different sceding population than
the first treatment, the system may generate instructions which, when executed, cause a
planter to release sceds onto the field at the population rate of the second treatment in
locations on the agronomic field that match the generated prescription map. Other examples
of scripts include nutrient application scripts, pesticide scripts, and/or other planting scripts
which vary seed type or seed hybrid. Thus, the methods described hereim may be used to
operate agniculture machinery based on a determination of trial performance generated from a
spatial statistical model

{0157] 4. IDENTIFYING TRIAL LOCATIONS USING SPATIAL MODELING
[0158] FIG. 8 depicts a method for using a spatial statistical model to select locations for
performing a trial. At step 802, vield data is received for an agronomic field, the agronomic
field having received a first treatment. For example, the agricaltural intelligence computer
systern may receive vield data from a field manager computing device, an agricultural
implement, an extemal computing device, and/or an imaging device. The vield data may
mclade average agronomic vield values for a plurality of locations on an agricultural field.
For example, a harvester mav measure agronomic yvield while harvesting a crop for 10x10
meter” locations, thereby generating a pixel map of agronomic yield values. Additionally or
alternatively, the vield data may comprnise index values, such as the normalized difference
vegetative index valae (NDVI), generated from mmagery of an agronomic field, such as
imagery captured using drones and/or satellites.

[3159] The first treatment, as used herein, refers to one or more management practices
that are being performed on the agronomic field. For example, the first treatment may
comprise any of a particular seeding population, hyvbrid type, seed type, pesticide application,
nutrient application, or other management practices. The server computer may receive data
mdicating locations on the agronomic field that have received the first treatment.

{0160} 4.1. STATISTICAL MODEL

{0161} Atstep 804, a spatial statistical model is used to compute an average statistical
deviation value for each of a plurality of particular portions of the agronomic field. For
example, the syvstem may 1dentify a plurality of locations on the agronomic field where a trial
ts capable of being performed. Identifying the plurality of locations may comprise identifving
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locations within a portion of the agronomic field that received the same freatment that match
one or more criteria. For example, the agricultural mtelligence computer system may identify
locations on the agronomic field that have at least a specific length and/or width, have a
certain amount of space around them, and/or meet any other critena.

03162} For gach of the identified locations, the system may compute an average
deviation. First, for a particelar portion of the agronomic field, a vield value is computed
using a spatial statistical mode and vicld data for a separate portion of the field. For example,
the system may ufilize the statistical model described in Section 3.2, to compute yield values
in one location within the portion of the agronomie field that received the same treatment
based on the remaining portions. Thus, if the particolar portion is a strip in the middle of the
agronontic field, the svstem may gencrate the statistical spatial model using the yield data m
all of the agronomic ficld except for the stnip and use the statistical spatial model to compuie
vield values in the strip.

[0163] Then, using the vield value and a portion of the vield data corresponding to the
particular portion of the agronomic field, an average statistical deviation value for the
particolar portion of the agronomic field is computed. For example, for cach location in the
particular portion of the field, the system may compute a difference between the yield values
from the vield data and the computed vield values from the statistical spatial model. The
system may compute the average difference of values in the particular portion of the
agronomic field. Additionally or alternatively, the system may compute an average of the
absolute values of the differences, thereby indicating average overall vanability from the
statistical model. Additionally or alternatively, the system may use the difference values to
compite a standard deviation for the particelar portion of the agronomic field under the
assamption that the statistical model follows a normal distribution. The system may then
perform the same process with one or more other portions of the agronomic ficld.

{1164] 4.2 SELECTING PORTIONS OF THE AGRONOMIC FIELD

10165] At step 806, one or more of the plurality of particular portions of the agronomic
ficld are sclected as trial portions of the agronomic field based on the average statistical
deviation values for cach of the plurality of particular portions of the agronomic field. For
example, the agricultural intelligence computer system may select one or more locations with
the lowest average statistical deviation. By selecting the locations with the lowest average
statistical deviation, the system is able to increase the statistical significance of gains or
tosses in the tnial tocations on the agronomic field, thereby reducing the amount of the
agronomic field that needs to be treated differently to produce statistically significant results
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and/or allowing for the production of statistically significant results at smaller levels of
benefit or detriment.

[0166] In an embodiment, the agricultural mtellizence computer systom determines
whether to select one location or a plurality of locations based on the computed deviation
values. For example, the agricultural mtelligence computer system may determineg an
expected benefit of a second treatment, such as through a modeled benefit and/or receiving
data defining the expected benefit. The agricultural mtclligence computer system may
determine that the expected benetit, if shown in a single portion of the agronomic field,
would not be a benefit greater than 1.6 times the standard deviation, but that the expected
benefit, if shown m two portions of the agronomic field, would be a benefit greater than 1.6
times the standard deviation. In response the system may select two portions of the
agronomic field for the second treatment in order to ensure that the expected benefit is
statistically significant.

0167} The methods described hercin may be performed with one or more of the models
described in Section 3.2, For example, if the field mcludes three possible trnal locations, the
system may compute average deviations of cach of the three possible trial locations using the
statistical model without covariates and average deviations of each of the three possibie trial
locations using the statistical model with covariates. The system may then select the
combination of location and model type with the lowest average deviation.

{0168} 43 PRACTICAL APPLICATIONS OF THE LOCATION
IDENTIFICATION

{8169} The systems and methods described herein utilize a spatial statistical model to
wentify locations where results of an agronomic trial are more likely to be statistically
significant, thereby allowing the systen: to gencrate prescription maps to implement a trial
based on a vield data, such as a yield map, for a prior vear, gencrate scripis to tnplement the
trial, display data identifving top locations for implementing the trial, and/or display maps
identitving top locations for implementation the trial.

[0176] As an example of a practical application, at step 808, a prescription map is
generated 1n response 1o selecting the tnal portions of the agronomic field, the prescription
map comprising a second treatment in the trial portions that is different than the first
treatment. For example, if the agrcultaral intelligence computer systent identifies a particular
strip which has the lowest statistical deviation values, the system may sclect the location for
performing a trial using a second treatment that s different than the first treatment. The
system may generate a prescription map comprising a spatial map of the agronomic field with

40~



CA 03121005 2021-05-25

WO 2020/132453 PCT/US2019/067870

data imdicating that the second treatment 1s to be applied to the particular portion of the field
and the first treatment is to one or more other portions of the field, such as the remainder of
the agronomic field.

{3171} The system may select the fivst treatment for an arca of the map oniginally used to
generate the deviation values for the selected portion of the agronomic field. For example, if
the sysiem created each statistical model using only strips of finite width on either side of the
particular portions of the agronomic ficld, the system mav generate the prescription map such
that at least the selected portion of the agronomic field has the second freatment and strips of
the finite width on either side of the selected portion receive the first treatment.

{0172} By automatically generating a prescription map i response to a selection of one
or more of the particular portions of the agronomic field, the system is able to utilize the
spatial model as part of the practical process of generating a prescription map for
mnplementing a trial. The system is additionally able to decrease an amouut of the agronomic
ficld that is used for trials, thereby decreasing the negative effects of the trials on the
agronomic field while mereasing the efficacy of the tnals.

{0173} Ag an additional example of a practical embodiment, at step 812, one or more
scripts are gencrated. The soripts comprise computer readable instructions which, when
cxecuted by an application countroller, causes the application controller to control an operating
parameter of an agricultural implement on the agronomic field to apply the second treatment
to the trial portion of the agronomic field. The scripts may be configured to match the
generated prescription map such that the scripts, when executed, cause onc or more
agricultural implements to execute the prescnptions m the prescription map. The agricultural
mteHigence computer systern may send the seripts to a field manager computing device
and/or the application controller over a network.

[0174] As an example, 1f the second treatment comprises a different sceding population
than the first treatment, the sysiem may generate instructions which, when executed, cause a
planter to release seeds onto the field at the population rate of the second treatment n the
selected locations on the agronomic ficld that match the generated prescription map. Other
examples of seripts include nutrient application scripts, pesticide scripts, and/or other
planting seripts which vary sced type or seed hybrid. Thus, the methods described heremn may
be used to operate agriculture machinery based on a determunation of trial performance
generated from a spatial statistical model.

[0175] 5. BENEFITS OF CERTAIN EMBODIMENTS
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10176} When considered in hight of the specification herein, and its character as a whole,
this disclosure is directed to improvements in control of operations of field implements and
cquipment 1 agricuiture, based on improvements i compuier-implemented calcufation of
vield values for agricultural tields, {reatments and prescription maps that specify what
fertihizer or other nutrient to apply where in ficlds. The disclosure 13 not mtended to cover or
claim the abstract concept of determining vields, treatments or prescriptions but rather to the
practical application of the use of computers to control agricultural machinery that is set forth
m the preceding sentence.

{01771 The systems and methods described herein provide a practical application of the
utifization of field data to maximize efficient management of an agronomic field using
agricultural machinery. By modcling a control for a trial in the same region as the trial, the
system can maximize efficient and effective use of agricultural land by minimizing required
area to use to determing if a trial has had a statistically significant positive or negative effect.
Thus, the agricultural ficld can benefit from the modeling technigues provided by setting
aside smaller arcas for executing a trial.

[8178] Additionally, the systems and methods described herein utihize field information
as part of a process of physically implementing a trial on an agricultural field using
agricultural implements and/or utilizing results of the trial that otherwise would not have
been available as part of the physical process of implementing management practices on an
agronomic ficld using agricultural implements. The agricultural intelligence computer system
can usc the methods described herein to generate a prescription map defining management
mstructions for testing locations and/or defining management instructions for an agronomic
field based on trial results. Additionally or alternatively, the agricultural intelligence
computer system can use the methods described herein to gencrate one or more scripts which,
when executed, cause an agricultural implement to perform specific actions on the
agricultural field with different actions being performed at the testing locations and/or to
change the actions performed on the field in response to trial results.

{6179} 6. EXTENSIONS AND ALTERNATIVES

16189] In the foregoing specification, embodiments have been deseribed with reference to
numerous specific details that may vary from implementation to implementation. The
specification and drawings are, accordingly, to be regarded i an illusteative rather than a
restrictive sense. The sole and exclusive mdicator of the scope of the disclosure, and what is

mitended by the applicants to be the scope of the disclosure, 18 the literal and equivalent scope
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of the set of claims that 1ssuc from this application, in the specific form in which such claims

ssue, including any subsequent correction.
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CLAIMS

What is claimed 1s:

I. A systemn comprising:

OnEe OF MOLE Processors;

a memory storing instructions which, when executed by the one or more processors,
causes performing:

recetving first vield data tor a first portion of an agronomic field, the first portion of
the agronomie field having received a first treatment;

receiving second vield data for a second portion of the agronomic field, the second
portion of the agronomic field having received a second treatment that is different than the
firgt treatment;

using a spatial statistical model and the first vield data, computing a vield value for
the second portion of the agronomic ficld, the vicld value indicating an agronomic vield for
the second portion of the agronomic field if the second portion of the agronomic field had
recerved the first treatment instead of the second treatment;

based on the computed yield valoe and the second vield data, selecting the second
treatment;

generating a prescription map, the preseription map inchuding the second treatment;

generating one or more seripts which, when executed by an application controller,
cause the application controller to control an operating parameter of an agricultural

mmplement to apply the second treatment.

2. The system of claim 1, wherein the first treatment and the second treatment
cormprise onc or more of a particular sceding population, hyvbnd type, pesticide application, or

nuirient application.

3 The systom of claim 1, wherein the spatial statistical model s configured to

compute vield values as a function of a spatially correlated Gaussian process.
4, The system of claim 1, wherein the spatial statistical mode! 1s configured to
maodel yicld as a function of one or more of percentage of organic matter, pH, cation-

exchange capacity, elevation, soil type, or nutrient levels.
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3. The system of claim 1, wherein selecting the second treatment comprises:
computing an upper threshold based on the computed vield value;
determining that a yield of the second vield data is greater than the computed vicld

value and, in response, selecting the second treatment.

6. A system comprising:

ONES OT MOTFS Processors;

a memory storing nstructions which, when executed by the one or more processors,
capses performing:

receiving yield data for an agronomic field, the agronomic field baving received a first
treatment;

for each of a plurality of particalar portions of the agronomic field, performing:

using a spatial statistical model and vield data for 3 separate portion of the
agronomic field, computing a yield value for the particular portion of the agronomic
field;
using the vield value and a portion of the vicld data corresponding to the

particular portion of the agronomic field, computing an average statistical deviation

value for the particular portion of the agronomic field;

based on the average statistical deviation vahues for cach of the plurality of particular
portions of the agronomic ficld, selecting onc or more of the plurality of particular portions of
the agronomic field as tral portions of the agronomic field;

generating a prescription map comprising a second treatment that is different from the
first treatment in the tnal portions;

generating one or more scripts which, when executed by an application controller,
causc the application controlier to control an operating parameter of an agricultural

mmplement to apply the sccond treatment to the trial portions of the agronomic field.

7. The system of claim 6, wherein the first freatment and the second treatment
comprise one or more of a particular seeding population, hyvbnd type, pesticide application, or

nutrient application.

8. The system of clatm 6, wherein the spatial statistical model is configured to

compute vield values as a function of a spatially correlated Gaussian process.
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9. The system of claim 6, wherein the spatial statistical model 1s configured to
model yield as a function of one or more of percentage of organic matier, pH, cation-

cxchange capacity, elevation, soil type, or nutrient levels.

10. The system of claim 6, whercin selecting one or more of the plurality of
particular portions of the agronomic field as trial portions of the agronomic field comprises
selecting one or more portions with a lowest average statistical deviation of the plurality of

particular portions of the agronomic field.

11, A computer-implemented method comprising:

receiving first vield data for a first portion of an agronomic field, the first portion of
the agronomic field having received a first treatment;

receiving second vield data for a second portion of the agronomic field, the second
portion of the agronomic field having received a second treatment that is difforent than the
first treatment;

using a spatial statistical model and the first yield data, computing a yield value for
the second portion of the agronomic field. the vield value indicating an agronomic vield for
the second portion of the agronomic field if the second portion of the agronomic field had
received the first treatment nstead of the scoond treatment;

based on the computed yield value and the second yield data, selecting the second
treatment;

generating a prescription map, the prescription map including the second treatment;

generating one or more scripts which, when executed by an application controller,
cause the application controlier to control an operating parameter of an agricultural

mplement to apply the second treatment.

12, 'The computer-implemented method of claim 11, wherein the first treatment
and the sccond treatment comprise one or more of a particular sceding population, hvbnd

tvpe, pesticide application, or nutrient application.
13, The computer-implemented method of claim 11, wherein the spatial statistical
maodel 15 configured to compute yield values as a function of a spatially correlated Gaussian

Process.
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[4.  The computer-implemented method of claim 11, wherein the spatial statistical
model 1s configured to model yield as a function of one or more of percentage of organic

matter, pH, cation-cxchange capacity, clevation, sotl type, or muiricnt levels.

15, The computer-implemented method of claim 11, wherein selecting the second
treatment Comprises:

compuiing an upper threshold based on the computed vield value;

determiming that a vield of the second vield data is greater than the computed vield

value and, in response, selecting the second treatment,

16. A computer-implemented method comprising:
receiving vield data for an agronomic field, the agronomic field having recetved a first
treatment;
for each of a plurality of particular portions of the agronomic field, performing:
using a spatial statistical model and yield data for a separate portion of the
agronomic field, computing a vield valae for the particular portion of the agronomic
field;
using the vield value and a portion of the vield data corresponding to the
particidar portion of the agronomic ficld, computing an average statistical deviation
value for the particular portion of the agronomic field;
based on the average statistical deviation valucs for each of the plurality of particular
portions of the agronomic field, selecting one or more of the plurality of particular portions of
the agronomie field as trial portions of the agronomic field;
generating a proscription map comprising a second treatment that is different from the
first treatment 1n the trial portions;
generating one or more scripts which, when executed by an application controller,
cause the application controlier to control an operating parameter of an agricultural

mplement to apply the sccond treatment to the trial portions of the agronomic field.

17, The computer-implemented method of clamm 16, wherein the first treatment
and the second treatment comprise ong or more of a particular seeding population, hyvbrid

tvpe, pesticide application, or nutrient application.
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18, The computer-implemented method of claim 16, wherein the spatial statistical
model 18 configured to compute vield values as a function of a spatially correlated Gaussian

process.

19, The computer-implemented method of claim 16, wherein the spatial statistical
mode! 13 configured to mode! vield as a function of one or more of percentage of organic

matter, pH, cation-exchange capacity, elevation, soil type, or nutrient levels.

20. The computer-implemented method of claim 16, wherein selecting one or
more of the plurality of particular portions of the agronomic field as trial portions of the
agrononiic field comprises selecting one or more portions with a lowest average statistical

deviation of the plurality of particular portions of the agronomic field.
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702
Receive First Yield Data for a First Portion of an Agronomic Field, the First Porion of the Agronomic Fisld
Having Received a First Treatment

4

704
Receive Second Yield Data for a Second Portion of the Agronomic Field, the Second Portion of the
Agronomic Field Having Received a Second Treatment That is Different Than the First Treatment

706
Using a Spatial Statistical Mode! and the First Yield Data, Compute a Yield Value for the Second Portion
of the Agronomic Field, the Yield Value Indicating an Agronomic Yield for the Second Portion of the
Agronomic Field if the Second Portion of the Agronomic Field Had Received the First Treatment Instead
of the Second Treatment

708
Based, at Least in Part, on the Computed Yield Value and the Second Yield Data, Select the Second
Treatment

y

710
in Response to Selecting the Second Treatment, Generate a Prescription Map, the Prescription Map
including the Second Treatment

¥

712
Generate One or More Scripts Which, When Executed by an Application Controller, Causes the
Application Controller to Control an Operating Parameter of an Agricultural Implement on the Agronomic
Field to Apply the Second Treatment

FIG. 7
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802
Receive Yield Data for an Agronomic Field, the Agronomic Field Having Recsived a First Treatment

¥

804
For Each of a Plurality of Particular Portions of an Agronomic Field, Perform:

Using a Spatial Statistical Mode! and Yield Data for a Separate Portion of the Agronomic Field,
Compute a Yield Value for the Particular Portion of the Agronomic Field

y

Using the Yisld Valus and a Portion of the Yield Data Corresponding to the Particular Portion
of the Agronomic Field, Compute an Average Statistical Deviation Value for the Particular
Portion of the Agronomic Field

k

806
Based on the Average Statistical Deviation Valuss for Each of the Plurality of Particular Portions of the
Agronomic Field, Select One or more of the Plurality of Particular Portions of the Agronomic Field as Trial
Portions of the Agronomic Field

k

808
In Response to Selecting the Trial Portions of the Agronomic Field, Generate a Prascription Map
Comgprising a Second Treatment in the Trial Porlions that is Different than the First Treatment

X

810
Generate One or More Scripts Which, When Exscuted by an Application Controller, Causes the Application
Confroller to Control an Operating Parameter of an Agricultural lmplement on the Agronomic Field to Apply
the Second Treatment to the Trial Portion of the Agronomic Field

FIG. 8
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