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Before Getting Started

TNTmips® provides a variety of tools to assist you with the spatial asset allocation
and managementtasks referred to as precision farming. An integrated system that
handles both raster and vector objects is a necessity for these types of tasks. The
purpose of this booklet is to acquaint you with the concepts and tools used in
precision farming applications. All of the features required for a robust precision
farming system are available in TNTmips, which is used to demonstrate the
concepts presented.

Prerequisite Skills  This booklet assumes you have completed the exercises in
Getting Started: Displaying Geospatial DadadGetting Started: Navigating
Those exercises introduce essential skills and basic techniques that are not
covered again here. Please consult these booklets for any review you need.

Sample Data This booklet does not use exercises with specific sample data to
develop the topics presented. You can, however, use the sample data distributed
with the TNT products to explore the ideas discussed on these pages. If you do
nothave accesstoa TNT products CD, you can download data from Microlmages’
web site. Make a read-write copy on your hard drive of data sets you want to use
so changes can be saved.

TNTmipsand TNTlite ® TNTmips comes intwo versions: the professional version
and the free TNTIite version. This booklet refers to both versions as “TNTmips.”
If you did not purchase the professional version (which requires a software license
key), TNTmips operates in TNTlite mode, which limits the size of your project
materials. All of the processes described in this booklet, with the exception of
creating your own atlases for distribution on CD-ROM with TNTatlas, can be
performed in TNTIlite.

Merri P. Skrdla, Ph.D., 2 January 2004
© Microlmages 2001-2004

It may be difficult to identify the important points in some illustrations without
a color copy of this booklet. You can print or read this booklet in color from
Microlmages’ web site. The web site is also your source of the newest Getting
Started booklets on other topics. You can download an installation guide,
sample data, and the latest version of TNTIlite.

http://www.microimages.com
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Introducing Precision Farming

Precision farming involves the use of spatial agset
allocation and management to distribute availgble

Management Information System (GMIS) alloyvs
you to pull together all the different pieces of data
you generate and publish them as map-based
information for all parties with an interest in a
particular property.

This booklet is not intended to tell you all
about precision farming. It is merely intended

to introduce you to one approach to some of the
tasks on the digital side of precision farming for

crop production using TNTmips and acquaint

you with the fundamentals of GMIS. There are other
approaches that can be taken in TNTmips anfd in
other software packages. The approach taken in this
booklet is fairly simple. More complex approachgs,
such as using principal components to deternpine
which of your input layers contribute the most|to
variability or automatic classification to di-

vide fields into management zones, are also
possible with TNTmips.

The approach described here divides the data
necessary to develop a spatially based decision
support system into four types: background,
activity, current, and management. Backgrolind
layers, such as Digital Elevation Models (DEMS)
and soil maps, can often be acquired by download
fromthe Internet. Activity layers are created overjthe
background layers. Current layers include regent
satellite images and airphotos of your land.
Management layers become work orders for day

to day operations.
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Precision Farming

Background Data: DOQQs

a portion of a DOQQ

USGS EROS Data Center
http://edcwww.cr.usgs.gov/
dsprod/prod.html

COQQs for the state of
Nebraska are available for
free download from its De-
partment of Natural Re-
sources (DNR) web site at
http://lwww.nrc.state.ne.us/
databank/doqqs/dog.html.
Check the Department of
Natural Resources in your
state or a similar agency in
your country.

Background data becomes the base layers for your

spatially based decision support system. Typical

background layers include Digital Ortho Quarter

Quads (DOQQs), DEMs, soil maps, topographic
maps (Digital Raster Graphics [DRG]
guad sheet maps at 1:24000 scale),
and public land survey data. You can
build the base layers using inexpen-
sive or free public data. Your base
layers will come in many different
data formats, but that is not a problem
for TNTmips, which imports nearly
90 different raster formats and over 25
vector formats, as well as CAD, TIN,
and database, including all the ones
discussed here.

DOQQs (also known as DOQs or as
COQs or COQQs when compressed)
are rectified digital images of aerial
photographs processed to remove dis-
tortion and displacement resulting
from such factors as camera tilt and
terrain relief. These images cover
one-quarter of a standard 7.5' map quadrangle pro-
duced by the US Geological Survey (USGS) in
Universal Transverse Mercator (UTM) projection
with a 1-meter cell size. Uncompressed DOQQs are
available from the USGS EROS DataCenter on a
variety of media for a fee that includes a base charge
and a per file fee. They also offer CD-ROM sets for
entire counties. Your state, if in the USA, may offer
these same files for sale and also offer the files in
compressed format for free download.

The resolution of DOQQs is sufficient for you to
clearly identify many features on your land. You can
use this layer as a base over which to digitally draw
your fence lines and pasture or field boundaries,
which then automatically acquire georeference in-
formation from the DOQQs.
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Precision Farming

Background Data: DEMs

DEMs are sampled arrays of elevationsatregu-  auto-normalized contrast
larly spaced ground intervals produced in r
ter format by the USGS as part of the Natio
Mapping Program. DEMSs are produced al
variety of scales. The largest scale availal
which is the scale most useful for your ba
ground layers, correspondstoa 7.5 map q
rangle at 1:24,000. The newer level 2 DE
provide a much smoother surface than
original level 1 DEMs. DEMSs have traditio
ally had a 30-meter cell size, but 10-me
DEMs are now available for some areas.

The 30-meter level 2 DEMs are available
free FTP download fromthe USGS Geograp
Data Download page (http://fedcwww.cr.usgs.gpv/ shaded relief
doc/edchome/ndcdb/ndcdb.html).  You cam
also check your state’s DNR site for the ave
ability of 10-meter DEMs.

DEMs are useful for calculating drainage pi
terns and runoff areas on your land. They a
let you view your DOQQs and other image
in 3D perspective and create fly-bys. To fi
out more about these topics consult G-
ting Started: Modeling Watersheds and La

Surfaces3D Perspective Visualizatioand J&
Operating the 3D Simulatdoooklets.

partial 3D per-
spective view of
DOQQ over
DEM




Precision Farming

Background Data: DRGs, PLS

The Digital Raster Graphics
home page (http://
topomaps.usgs.gov/drg)
provides information on how
to order DRGs for $50 plus
$1 for each DRG desired.

DRGs of Nebraska are
available for free download
from http://csd.unl.edu/csd-
esic/index.html. Check the
designated Earth Science
Information Center in your
state for free DRG availabil-

ity.

Adigital raster graphic (DRG) is a scanned image of
a USGS standard series topographic map, including
all map collar information. DRGs are available at
1:24,000 and 1:100,000 scales. Again, the 1:24,000
scale, or 7.5'map, is most useful for your background
layers. These digital maps are in Universal
Transverse Mercator (UTM) projection.

DRGs for the majority of the United States,
its trusts, and territories are available from
USGS, but most of California and part of
Tennessee and some of its neighboring
states are available only from USGS Data
Partners. DRGs may be available for free
download in your area. In Nebraska, they
are available from the Conservation and
Survey Division of the University of Ne-
braska—Lincoln, which is a designated
USGS Earth Science Information Center. A
metadata file is also available for down-
load. Thisfile provides suchinformation as
the map extents, the date of the paper map,
the date the DRG was created, and general informa-
tion about DRGs.

You can import DRGs into TNTmips from the
GEOTIFF format in which they are distributed. If
your land happens to fall over more than one map
guad, TNTmips has a process that automatically

trims off the collar area so you can mosaic your

Table Edit Record Help

maps.

T Rttached|Record 60101 of 77625 {1/1 attached}
AREA:
PERTHETER:
SCTCORPOLY_z
SCTCORPOLY_ID:
DIR:
THHSHP:
RHE3

SECTION: [20
TRz [E08L0

2592136,05712
6440, 09644
60102

2}020

=&|m
=|a

Public Land Survey (PLS) data (section/town-
ship/range) can also be obtained by free download
to add to the completeness of your background
layers. In Nebraska this download is for the entire
state (77,625 polygons), so you may want to limit

A unique record for each
polygon with the information
shown above is attached to
each section polygon during
import.

the extents of your import of this Arc/Info Export
format (EOO) file to the bounding coordinates pro-
vided by your DRG(S).
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Precision Farming

Background Data: SSURGO

Soils information can also be useful in the deci id?bta/i/n '\_/IlUledata ffomd

H H p://solls.usda.gov an
makmg process. For exz_imple, when plannin g URGO data from http://
spray invasive weed species, you can evalua_te QHho.ftw.nres.usda.gov/
potential return by the suitability of the soil fprmuir.

growing your intended replacement. e

SSURGO (Soil Survey Geographic Databad -
is the most detailed level of digital soil gec

operative Soil Survey. SSURGO datais av }\\\\
able for download in modified Digital Lin -\-:?.\‘ijw.,.\ ;
Graph (DLG-3) optional or EQO format, whick: d_*'::

pretation (MUIR) Database. MUIR data cor#” & e
tains about 88 estimated soil physical and chenical |z

properties, interpretations, and performance (lata | Ferinay ko

. . . b Exanples...

such as available water capacity, soil erodibility | . 3
factors, and yields for commoizEEz HaD /
crops. TNTmips has a specii Field...Jsm

import for MUIR data that re-{ 2 ot

Exanples...

quires theLemenTstable, which pac -

provides information about al ——

the fields in all the other tables

This table is not included with ][VIUIZ% lmﬁor; is
. (@ specoorsk (= saconc] found with the

MUIR data from some down N import wizard in

load sites. The web address listi
at the top of the page include
this table in its download, but bt
suretoclickon Select All Table!
and “yes” for Include heade
rows in tables before you clicl
on the Process button. You ce
also find the state and surve
area IDforthe desired area atth
site, which you need for the
SSURGO download. After
downloading the MUIR data
go back to the soils web site ar|
choose to download SSURGC.

the Database
Editor. All the
connections
between MUIR

tables are made
[ —m on import, you
S just need to

establish the
a relationship be-
tween the comp
table and the
attribute table
from the im-
ported vector
file (from EOO,
the paT table).

B YLDUNITS

2]
-
H=
o
k]

B PWCODLND
B RANGENM

@ WINDERK
@ WLHABIT
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Precision Farming
Activity Layers: Heads Up Digitizing

As soon as you have digi- By this point you should have accumulated a num-
2\2/2‘: ;’09“;;;?:?:”323 if:';;e ber of background layers at little or no cost. The
and generated standard DOQQs are all that are really _needed befqre youcan
attributes, measurements of | Start creating data that applies to your individual
lengths and areas for se- property, such as fences, field borders, building
lected elements can be locations, and so on. Itis easiest to create separate
viewed in the standard at- t biects for diff tth “th t
ributes table. If you want to | VECtOr objects for different themes: the amount you
know the total length of have to learn to assign different drawing styles to the
fences or total area of fields, | elements representing differentthemes, such asfences

simply add Sum statistics to | zn( fields, is minimized by this approach.
your standard attributes

table. Heads up digitizing means you are digitizing data
while looking at the computer screen rather than at
a digitizing tablet. The Spatial Data Editor in
TNTmips lets you create and edit raster, vector,
CAD, and TIN data with your mouse or digitizer.

B Spatial Data Editor View 1 _[0[x]

Vieu Tool LegendVieu GPS Options e | Ultimately, you want your field

E LR R RO EETRE 218 ﬂ boundaries in vector formatwith

« polygonal topology so you can
get accurate, non-overlapping
measurements and generate
your management grid. If you
are covering alarge areathat has
many fields or other areas you
are interpreting, you may want
to startin CAD format and con-
vertto vector after your draw-
ing is refined. This ap-
proach speeds creation of
your object because topol-
ogy does not have to be

N 4th polygon
My | in progress |

e R p
ESpatial Data Editor View 1
View:| View Tool LegendView GPS Options

0] = Ol2/2|SIEI I il

'~ field boundaries g maintained as you add each
ap COTPICtE line. Consult the Getting
. Started booklets entitled
Editing Vector Geodatand

Editing CAD Geodatéor
basic information on object
creation in the Spatial Data

A . o > 2 ey

I~ e | =
vieu:[ 5.1 Scale:[ 21700 _}ﬂ@ [N 40 42 15.060 «+[ U 95 18 22.5
Tine to drau: 1 Second |
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Precision Farming

Activity Layers: FSA Slides

The Farm Services Administration acquires
natural color, section centered slides of
agricultural areas each year in mid to late
July for the purpose of verifying acreages
participating in various farm programs. You
can obtain copies of these slides for $1 each
from your local extension office and have
them transferred to photo-CD. These im-
ages canthen beimported by TNTmips and
georeferenced from the DOQQs you have
acquired.

1999 FSA slide

The resolution of your imported raster will
depend on the resolution at which your
slides are scanned. Scanning the slides at
1536 x 1024 pixels produces rasters with an
approximate 2-meter cell size. Higher reso-
lution scanning is available but may be such
that you begin to see defects in the film, as
well as creating a much larger raster file.

2000 FSA slide

The primary benefit of acquiring FSA slides
foryour farmistheirtimeliness—the DOQQs
you obtained are likely to be several years
old. The FSA slides allow you to update
your field boundaries and other features on
ayearly basis. If you can obtain the latest FSA sl|d&g¢ slides above froﬂ‘ two
before digitizing your field boundaries and otH eﬁ?gsd?f?g:gfcgiiﬁjeﬁg
features, you will be a step ahead in the pro¢eg& year (1999) and a dry

(unless the DOQQs for your area are quite receptyear (2000). They also
) ) ) clearly show how they can
You can also use the imported FSA slides, whicH are used as a reference

24-bit color images after scanning, as input to onjelafer to update your exist-

. . ing vectors; the road that
TNTmips’ classification processes. One propert/t?frves through the upper

look for is canopy cover. This property often coIfgiyht is under construction
lates well with yield. If you assign class values that 1999 and paved in 2000.
correspond to quantitative yield factors (the yiglBifferences in field bound-
for class 2 is twice as high as for class 1, and so o?{)es because of changing

. stféam margins or other
you can use these class values in your managemgfibrs should be as appar-
formulas. Of course, a season is required to corrg¢late when your vectors are
the classes you define with actual yields to validaggeriaid.

this approach.
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Precision Farming

Activity Layers:

A GPS unit is es-
sential for preci-
sion farming and

can be shared

between your

different

equipment as

can the palm

computer you use to
program application rates.
The controller is likely to be
equipment specific.

EGrid Analysis
File Options

Management Boundaries

Precision farming involves managing different parts
of each field differently. To achieve this end, you
divide each field into smaller subfields, or manage-
ment zones. You could approach the desired size of
your management zones theoretically, but a practi-
cal approach is more reasonable. The practical
approach takes into consideration the accuracy of
your GPS device, the response time of your variable
rate application equipment, what you can afford in
terms of sampling, and even the width of your
normal application equipment. The size of your
management zone determines your
management resolution. When you

_[C)>]
Help

Grid cell generation

Input Object... F :\DATANLahmeyer_Rast.ruc / Lahmeyer_Border

first begin precision farming, you

Cell Tupe: Eﬂg’gﬂg‘

Paraneters

can start at a coarse resolution. As

Length of Side:| 19.733

Area of Cell: 0250

neters

acres

you see results, you can increase the
resolution by reducing the manage-

-
=]

Cell Orientation

Angle:| 360.000 Degrees

Snap Hode: None — | DriginX:

OriginY:

I e300 ment zone size.

40.6973

Apply

(| TNTmips’ Polygon Grid process

Grid cell related operations

generates polygons representing

Cell Type:|Hexagon Dperation:

Point Sampling s |

Point Sampling Hethod: I—JJ &I
Constrain Percentage: 10 50

I Transfer Attributes Fron Input

management zones of the size you
specify. There are anumber of differ-
ent shapes, or cell types, to choose

Tine to process: <1 Second

This field is
divided into
0.25 acre
hexagons,
which is high
resolution for
a manage-
ment zone.

from for your zones. Hexagons are
probably best for management zones because they
better represent the average values for attributes
associated with an area. This process has an orien-
tation tool so you can set the direction of the grid
cells to align with a field boundary.

Once your grid is generated, the same process will
generate sample points within the grid. These points
can be at the cell center, placed randomly, system-
atically unaligned, or the latter two constrained to
be within a specified distance of the cell center. The
point coordinates are in decimal degrees. Use these
coordinates to direct your collection of soil samples,
yields, and other data.
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Precision Farming

Current Layers: Surfaces

A set of point data, such as soil tests or yield, cah be

used to produce a surface raster that represents yaria-

tions in the selected attribute value of the poipts. et th

These points can be at the sample point loca 0'1’1%”9 a query to select the
! . points for surface fitting,

determined for your grid or much denser, such ash as (import.PStatus ==

yield points collected by your combine. 1) and (Import.Flow > .2),

. . . cleans up the yield data
TNTmips offers a number of different choices [ogliminating turn arounds

surface fitting to point data. For dense data, sughaasg points where there is
yield points, the inverse distance method is a gofgflow through the com-

. . ine. (The PStatus indi-
choice. For sparse data sets, such as soil e@f&s whether the combine
minimum curvature or Kriging may produce betfefeader is up or down and

results. cutting. This status is one
] ) of the data values routinely
Data collected from a yield monitor, planter, |ofeported by a yield moni-

sprayer, as opposed to data collected at individJaiy-)
specified sample points, may need to be cleandd up

prior to generating the su T |
face. You can readily re;2= Help

Z|1#]§%| Operation: Surface Fitking — | Hethod: | [nverse Distance |
y =

move points where the
. Input Object...Jc:\DATANLahmeyer_Yield.rvc / Lahmeyer_Corn_9 ‘
combine header was up ¢ o e

| Input ||]utpul: | Data Handling | Paraneters | Analysis |

there Was mlnlmal ﬂOW by Points/Nodes Lines/Edges
using a query to select [setect: Bu tueru — |Specify. .. [[Betects  Hone  — [Bpecsfy...||
. S Value: By OQuery — ISFECiFH.o.l” Valued By Huery = |E'§;a<:e:§{s‘3...”
points for surface fitting.| mpu tbsect mrornation
The surface created WI| [0bject tupe: VECTOR, Created 2-7-2001, 11:22:28 3

Description: Vector imported from Lahmeyer_Corn_99
Nunber of points: 67975, lines: 0, polugons: O

genera”y eXtend beyond Min. Value X: -96.311870, Y: 40.697347, 23 0.000000

. Hax. Value Xi =-96.302138, Y: 40.711204, Z2: 0.000000
the data points and can N&[ier sin: imaiiea seorererance o Labitude # Longituds
clipped to field boundaries
using the Raster Extrag

process.

11

=] ]

surface
generated
from
points

surface
extracted
using field
bound-
aries

all
points

query
selected




Precision Farming

Current Layers:

.0
: ve ! soil
N sample
s te e points
N
vt
EE I\
b 4, ¢
o0 3: field

4 ¢ boundar
T oo 4

pH level

Calcium

Potassium

organic

Magne-
sium

matter

More Surfaces

Soil test data is an example of point data that may
have multiple attributes you would like to create
surfaces from. Standard soil tests include measure-
ments of pH, buffer pH, calcium, magnesium, potas-
sium, and phosphorus. They may include organic
matter and micronutrients, such as boron, copper,
iron, manganese, molybdenum, and zinc. Recom-
mendations for application of phosphorus and po-
tassium may also be included.

When you have a variety of different attributes for
each point, you probably want to construct a surface
for each attribute. It would be quite tedious to run
the surface modeling process over and over again
followed by raster extraction for each result to clip
it to the field boundaries. Instead, you can adapt a
script already prepared in TNTmips’ Spatial Ma-
nipulation Language (SML) to create surfaces for all
the attributes of interest from the points in a selected
vector object and to trim them all using a selected
boundary vector. You just run the script once and
all your surfaces are created.

As with many sample SML scripts, it is
unlikely that the script will work with your
data without some modification. The table
and field names are stated explicitly in the
script so if your table and/or field names are
not the same or you do not have all the fields
specified for generating surfaces, you will
need to modify the script. You may also
want to change the search distance or the
tension value in this Minimum Curvature surface
fitting script.

Once you have a series of related surfaces, you can
use them to generate raster expression regions to
answer questions such as where pH is low and
calcium levels are high. Because you are creating a
region, you can immediately see how many acres
fulfill the expression you've written (see the later
discussion on Raster Expression Regions).
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Precision Farming

Current Layers: Classification

Classification has a different focus in terms of prici-

on
in general has the goal of identifying different types
ofground cover. Youdo not need to classify imagery
of the area you farm to determine what is planted

sion farming than it does in general. Classifica

where; you already know what you planted. F
precision farming you look at areas with relativg
uniform ground cover, such as corn or soybeans

ol

ly
al

classify the imagery to provide a relative cangpy

cover rating. This rating can become part of ypu

management formulas.

TNTmips provides two separate classification gro- %
cesses: Automatic Classification and Feature May |
ping. Feature Mapping is an interactive processithi &

works on composite color or multiband data ang i
suitable for lower quality data, such as air vidgo

Automatic classification requires multiband datd

fairly high quality. If you have only a composite ,;eature Mapping result

color image, you can separate the image into its|red,
green, and blue components using TNTmips’ cglor
conversion process. TNTmips offers a numbef of
unsupervised and supervised automatic classifica:
ro-
priate for determining relative canopy cover fof a £ =
single croptype. The ISODATA classification method .

tion methods. Unsupervised classification is ap

is well suited for precision farming; it is similar to|K

Means but incorporates procedures for splitting,

combining, and discarding trial classes in ordef to i

obtain an optimal set of output classes.

The results of classification using Feature Mapging
and ISODATA classification with an equal number

of classes defined are shown at the right. The ¢lassopata classification

distribution is fairly similar, although you can sge result
that human guidance in this case results in lafger
uniform patches than found by purely automatic

classification.
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Precision Farming

Current Layers:

The cell values shown are
the result of the ISODATA
classification processes.
The cells with a value of 1
actually have the densest
canopy while those with a
value of 6 have the least
dense canopy. These cells
were assigned values of 15
and 2, respectively, in the
training set editor.
Initial Cell
Value = 1;
. Quantified
gl é .\{alue— 15
. Initial Cell
Value = 6;
Quantified

ElOperations on Classes

Quantify Class Rasters

Both Feature Mapping and Automatic Classifica-
tion produce rasters with arbitrary cell values. To
use these classes in a meaningful way in manage-
ment formulas, the cell values must be quantitative,
which means that a cell value of 2 is equivalent to
twice the canopy cover as a cell value of 1 and avalue
of 10 represents five times the canopy cover as 2. In
order to make the transition from arbitrary values to
guantitative values, you need to use the Training Set
Editor, which is part of the automatic classification
process.

Ingeneral, the Training Set Editor is designed so that
you can identify areas known to contain a particular
type of ground cover or surface material. One or
more training areas are identified for each feature
class to be defined. This information can then be
used in the supervised classification processes to
identify areas with statistical properties similar to
the training areas.

The Training Set Editor can also be used to make
classification raster cell values quantitative.

Select: “7|@|&|

You simply select the class raster saved in

Help

Fletas|3]  Mame [ 20|l either Feature Mapping or Automatic Clas-
O 1] Hibest ] ALz 5 \pe . ..
B | (r— sification as the training set raster gnd c_hfinge
ol [overage - Hix Color the cell value for each class from its original
‘) 4.’—helnu average | fosge M . ) . .
[ 7 6 fuorst arbitrary number to the desired quantitative
Slraining Set Editor value, which is entered as the “tag” value.
7 Ao A L e} When you apply the tag values and save the
ai = (1 e S E .. .
223'3:: EI§||!I—_5,LS, lﬂlﬁflﬂl‘] training set raster, you will have a raster
Les Trained:| 5 Desired:[ 0 with the appropriate cell values for use in
i [ S e S AT | your management formulas. The magni-
# ‘Class 5 Hane Tag | - - -
I —i[| tude of the values is relfitlvely unimpor-
oL almeelow averge | of il tant—you can use a scaling factor in your
assigned il 10| Javerage [1] .
quantita- || AL 12| s eres |0 management formu_las to aquu_st the values.
tive cell | 22 et JuUll The relative value is what is important; a
values | nsort value of 10 should represent twice the
Snurce...l
e T T canopy cover as a value of 5.
Class: All Sane —
VBIUEZI—
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Precision Farming

Current Layers: Productivity Potential

You may also want to have your managemd vector input r%[/

formulas take into account the productivi
potential for a particular crop of the soil types |
the fields you farm. Vector soil maps often ha
an associated productivity potential table wi
numeric values. You can use Vector to Ras
Conversion to create a productivity potenti
raster for the desired crop.

Soils: Zo
Zook silty clay loan, 0 to 1 percent slopes

|

If your soil polygons have productivity for dif:
ferent crops separated into different tables, y
can choose to set the value by attribute 3 ,

. . ESSURGOpiece # PolyData / COMPYLD MmIE3
select the desired Table.Field (for examp| raie Edit Record Fiela  Hein

o O S i

COMFTYLD.NIRRG). If, however, each polygon ha= %E 1; e —] H
multiple records attached, as SSURGO d|s = HerrE e F el

does, some manipulation is required to get || R/ T3IuC [ TR [50.0

5 _[NE [I31[JuC_ [ 1[GRATN SORGHUH[I25.0

desired values in the output raster. One [5JREIGIC [EWiE 4.0
proach is to write a query that loops through | | A S T
the attached records until finding the record forjl2le_Edit Recard Field  tels
the desired crop type. Another approachisto se Mz sls; %ﬂ‘ggsgggag eyl
only the records for theEEEES [N [1310a | 1SOVEERNS [ 37.0

H 3 Format.: Internal | S RE [ 131 UEC2 | 1[S0YBEANS 32.0
deSIred Crop type (ﬁrs‘l Records: Selected Records "27’“}: B51i7o 1/ SONEERIE R0E0
sort on the crop type values:  Daka |5 _|RE [131JuC_| 1[UNEAT, UINTER| 40.0

Z[NE [131[zu 150YBEANS 0.0

) Units: As Stored — |~ [NE_[131HnC_| 1UAEAT, UINTER| 35.0)/
f|e|d) thento create a newvl = inweiude izaon Fioids = u: —_— T -
table with only these *_| Goncel | BT Rather than con-
records attached to the polygons. You can ther ssecting a complicated
this table to specify the desired Table.Field. query to pull out the values

you want when multiple
records are at-

raster output tached, creae a
Input Paraneters new table that
Input Vector ... [c:\DATANLahneyer Rast.ruc 2 SSURE only has the

Points: Not Used = IE'E;;(:CH};. - .I Single record Of

Lines: Mot Used  — | Specify...| interest for each
J

Polygons: By Attribute — | Specify...

Output Paranmeters pOIygon at-
Data Type: B-bit unsigned integer i | tached. You
Initial Value:] 0 JSet As Hull then use that
Cell Size Raster Size table and the
Height:[ 3.000 Lines:|

desired field for

Width: | 3.000 || Colunns:| .
Unite: conversion. All
nits: meters =
J Use reference raster of these Step_s
[ ot Rastor .. can be done in
the conversion
Run... Exit

~ »~ process.
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Precision Farming

Management Layers: Pull It All Together

ERaster Properties

File

IOl
Help

Management layers are derived by combin-
ing the background, activity, and current

Rasters...|

Lahneyer_Rast # CornYldPotentl
Lahneuer‘ Rast ¢/ TRAINING_SET1
_Yield / L«

cornl

layers you have collected and generated.
You can also integrate university research,

o —

Vector | Raster |

industry trends, and personal experience

Vectur...'\attngt\Lahneuer.ruc 7 Lahneyer_Hex

when you derive management formulas.

Boundary Cells:

Include if largest portion — |

- Compute histogran for each polygon
J Include islands

Your management boundaries (grid vector)

Run...l Exit |

need to be combined with the other data you

Help |

All selected rasters and the
vector to which the proper-
ties are transferred are dis-
played in the process. You
can view the results without
exiting the process by using
the Layer Controls to open
the newly created tables.

have collected to be useful for making deci-
sions. The Raster Properties process handles this
task. The process creates one or two tables for each
input raster (the table that contains a histogram for
each polygon is optional and not really useful for
management formulas). The statistics table has one
record for each polygon that contains the minimum
and maximum values of the raster that fall within the
polygon and the mean, mode, median, and standard
deviation of raster values, the cell count for the
polygon, and a normalization factor. The cell count
for a polygon will differ from table to table unless
your input rasters have the same cell size.

There are a number of choices for how to count cells
that fall along the polygon boundary. A good
choice for this application isnclude if largest

portion. This option includes a cell in a polygon’s

e e e sy - statistics if more than 50% of
Table Edit Record Help
T Attached[Record 271 of 797 (1’1 attached) the cell is within the pO|ngﬂ.

Two tables gen-
erated by Raster
Properties are
shown for the
same selected
polygon.

Hin:

Hax

Heant

Hode:

Hedian:

StdDev:

CellCount:

HormalizeFactor:

E Lahmeyer_Hex / PolyData / TRAINING_SEmEI
Table Edit Record Help

F RttacheleEcnrd 271 of 757 (1/1 attached)

Hin:|[4.00000000
Hax:[12.00000000
Hean:[10.44268775
Hode : [12.00000000
Hedian:|12.00000000

StdDev: |2,28370800

CellCount :|253.00000000
HormnalizeFactor:[0.88050021

+|27.00000000

23.00000000

2000000000
5.45898542
109.00000000

2 .00000000

The NormalizeFactor field is
calculated by dividing the glo-
bal mean for the polygons (the
means of all the means) by the
value for that polygon. It is
useful for comparing data for different years with
different crops in the same field. If the normalize
factor is consistently low from year to year, the
grid cell has a consistently high yield whether it
is corn (at 200 bushels an acre) or soybeans (at 50
bushels an acre).

17.91743119

1.04138667
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Precision Farming

Mgt. Formulas Using Computed Fields

Now that you have raster properties associate

i |z 0uery Editor [_[Ox]

File Edit Insert Suntax Help

d
your grid polygons, you can derive your manap/u

ment formulas and vi- e —

sualize the results. A table Edit Record Field Help
g rld enumeratlon Grid_IDPlanting |Fertilize Herbicide |
table was generatedS— s w0 — e
along with your vec- |5 =4 ssw0—210—
tor grid. This table isfi=& sw0p 20 %
& | 7| 26000 160 40
a good place to adgs 835000200 &
. & Ell 26000 160] 30
the computed fieldss ™ ErpEssm T nmw)
that Contaln your man+757 of 757 records shoun |

rate = 0 A

y39 = 0

y99 = Corn99.Hean

{y99 < 25) rate = 18000 else
{y99 < 40) rate = 23000 else
{y99 < 60) rate = 24000 else
{y99 < 80) rate = 26000 else
{y99 < 100> rate = 28000 else
{y99 < 120) rate = 31000 else
{uy99 < 140) rate = 35000 else
rate = 34000 expression
for Planting

return rate
-

1.~

agement formulas unless polygon grid numbers
not uniquely assigned. If not unique, you sho

n
e Bdery Editor _I0[x]
ile Edit Insert Syntax Help
U

create a new table that has an implied one-to
attachment type with the first computed field tak
its value from the Polygon_ID table.

Computed fields let you easily vary your mana|
ment formulas and immediately visualize h
changes you make affect the intended action,

as planting, fertilizer, and herbicide rates. Ad
computed field for each action you want to modle

rate = 0
=0

99 = ({1/Corn99.NornalizeFactor)*12}
f (499 < 2) rate = 100 else
if (499 < 4) rate = 120 else
if (99 < 6) rate = 140 else
iF (499 < B) rate = 160 else
f (499 < 10} rate = 180 else
€6}299 < 12> rate = 200 else
é 99 < 14) rate = 210 else

expression
for Fertilize

rate = 220

leturn rate

If application rates are theme mapped, you getim

[ 0K

diate feedback when you redraw after changing your

management formulas.

With each new year or set of data collected, you ¢
add more raster properties tables. You can thg
readily update your management formulas
include this new data if they are kept together i
a single table, as shown above.

<,
The expressions for two of the computed fields iR
this application rates table are shown above. No
that one of the expressions makes use of the meg

from the rasters properties generated from thg
&

yield surface and the other uses the normali
factor. These expressions are fairly simple, ea
taking only one factor into account. You can
include as many factors as you want in yo
management formulas.

20000 PP&

[ 1so00-
2000
[ |

an

22000
22000 - 24000
24000 - 26000
26000 - 22000
23000 - 30000
30000 - 32000

32000 - 34000 PP A
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Precision Farming

Management Layers: Action Maps

EExpur‘t Vector to ArcView "Shapefile" format

The maps created from your management for-
mulas, such as the theme map at the bottom of
the preceding page, are your action maps. If
exported to ArcView Shapefile format, these
maps can be used directly to control your plant-
ing or herbicide / fertilizer application rates in
conjunction with Farm Site Mate and variable
rate equipment. Farm Site Mate utilizes a palm
or handheld computer along with a GPS receiver for
precise application of products with most variable
rate controllers.

You get four files when you export to Shapefile
format, all with the same name but a different exten-
sion (.dbf, .prj, .shp, and .shx). You

!EE

Options | Coordinates |

Element Type: Polygon —

J Convert to Latitude / Longitude

Table: IRatES

File. Ic SDATANattngtSLahneverOrig.rvc ¢ Lahmeyer_Hex

can continue to refine and adjust your
management formulas in TNTmips.
When you decide you want to update
your planting or application rates

Format:

| Close

dBASE 111

Bport | Glose | help | using your new formula results, you
do not need to create a new Shapefile,
you simply need to replace the database (.dbf) file,
which can be accomplished in the display process.
aToEs O Rece e TaT In order to have the Save As choice to create the
r database file, you must have the relevant table open
Rou Conkrons 2o in tabular view. You then elect to save all data
" Sinete Rooard trou |2 records in dBASE Il format and overwrite your
e %zg previous .dbf file.
| Ceprn 210 You can refine your model with the original data, but
B you can also incorporate new data as it is received.
; When you get yield data for a

Records:

new year or soil samples you

A1l Records =

o B huge H

Values: Data =
Units: As Stored —

fdden {Tiwids

didn’t have previously, incor-
porate this new information. Just

K|

Cancel Help |

use Raster Properties to transfer

the new information to your vector grid then edit
your computed fields to include the new data in your
management formulas. You can also try different
management resolutions using the same manage-
ment formulas.
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Precision Farming

Mgt. Layers: Raster Expression Regions

Management analysis is not restricted to your ve

grid with associated raster properties. Raster exf
sion regions let you identify areas that meet spg¢

fied criteria in one or more rasters. You can rea

identify areas that satisfy a different query for e
raster of interestin a single step. The query canb
up so that the area identified satisfies the expresp
for all layers, for any one of the layers, or somewh
in between. The query shown on this page identi
areas where the calcium levels are greater than 1

parts per million and the pH is less than 7.

To create a raster expression region, click on
Create Region icon for one of the raster layers
want included in the expression, then click on

Add Rasters button and select the other rasfers.

Rasters must be listed in the Raster Expres
Region Generation window in order to be valid

the expression. Rasters are included in the exp

sion by name, which can be inserted in the exp
sion by typing or using Insert/ Symbol and choos
raster as the type to list the names of all rasters

selected for use in the expression (see illustratio
right). Youthen use operators, such as >, <=, and
to designate the cell values of interest. Enclose

part of the expression that applies to each rast
parentheses and link them with an and or an or.
can also directly compare raster values (for exa
Magnesium > Manganese).

V3 ﬁ"ﬁ oo Calciun
tGIE S

reg ,ﬁ"ﬁmx Threshold. . .
. Raster Expression...
bCl-
gily
{elg] ERaster Expression RegidEE3

b g idd Rasters. ..|

surfaces / pH_Levels
SiOf=urfaces / Calciun
ere

fies
L0C

3

Raster Expression...| Apply
Advanced Options

K|

Cancel | Help |

the
ou
he

= Insert Symbol

'lgpe Raster =

Organic Hatter ]
pH_Levels

Close Insert Halp

Eion
in

res-

Feguery:

(Calcium > 1000) and
(pH_Levels < 7)

ng
you
n at

3

the
rin
ou
le,

Once you have generated a raster expression refgjion,
or any other region type, you can open the GeoTpol-
box and immediately see the area and perimetgr of
the region, along with other information. If you hajve
created multiple regions, the information will be fpr

the last region created. You can change the re
for which measurements are shown by clicking
the Region tab and selecting the desired region f
the list. Default region names are the same a
object they are created from.

021G 0sp 1 - Group View 1 - GeoToolbox

frile Options

NEEREEEEEEEENE

t HMeasure |5ketch I Region I Conkr

neter 19745.72470 ft
wtent
¥ Extent
Area
Centroid X
Centroid ¥

1747.75967 Ft
2592.99107 Ft
20.14000 acre
uas
H 42 43 45.384
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Precision Farming

Organize Data into Atlases

Otoe County Farms atlas

Adobe Acrobat Search

Pre
on M

Install TNTatlas~—

\ COOP web site

lowa State University
weed science page

Nebraska Statewide atlas

When you organize your data into an atlas using the
Hyperindex Linker tool in TNTmips, you create
point and click access to all your geodata and can
include links to external informa-
tion, such as weather, markets,
genetics, and soon. The data also
becomes “portable” when burned
to CD-ROM along with TNTatlas,
which means the atlas can be
viewed on any computer—TNT-
mips need not be installed and
there is no license key required.

ision Farming page
icrolmages’ web site

When you create an atlasin TNT-
mips, you can choose to bring up a graphic with
Install, Browse, and Exit options when the CD is
inserted. Thisinformation is stored in an autorun.inf
file. You can also create this file yourself in a text
editor and specify that some other program, such as
Adobe Acrobat Reader, run and open a specified file.
The upper illustration on this
page is of an atlas that uses a
graphic frontend with a num-
ber of hyperlinked buttons
that let you install TNTatlas

if you haven't before, launch
the atlas provided on the CD,
connect to a variety of re-
lated web sites, and use the
Acrobat search capabilities
for the PDF documents linked

This atlas opens when you click on the Farms button

There are a number of Get-
ting Started booklets (soon
to be six) that describe con-
struction, design, and use of
atlases.

to the atlas.

The home page of this atlas also has a number of link
buttons. In fact, the link to the more detailed farm
layout is from one of these buttons, not from the area
of Otoe County where the farms are found, which
enables you to find the information without know-
ing its actual location. The links from the geodata
on the home page are for weather (by ZIP code) and

soil information (by soil type where you click).
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Precision Farming

Provide Access to All Materials

Use your atlas to organize all the data for the afeas

you farm. Create an Acrobat document for epch

farming unit and add all the cost related informatjon

you have toit, such as seed and spraying costs.| This

material can simply be scanned invoices. Atthelend

of the season, add your yield data as the first é)%eariﬁf‘g:esr:oc"rvg below is
p year

Create a similar file for each crop year and add |t §un displayed in the atlas.

your atlas. Creating links to all materials

foranew crop year takes little time if you

create a directory structure for each year

with all files and directories named as

they were inthe previous year. To create

the computed field to use for links by

attribute (links that vary according to

the attributes of the selected polygon)

you need only copy the expres-

sion from the previous year an (el S I ]

change the date to have the full3gs e poe ™"

set of linked polygons. IR

. . JDmap™ uses the pro-
Links by attribute can also be prietary data from your

used to dynamically link to a yield monitor card to
variety of web sites, such as local weather (from IZIP create the color page

below, which can
code polygons), soil details=- R be saved as an
(from soil type polygons), and - Acrobat document.
markets, genetics, and univer- The other
sity research (from field bound pages
aries and crop type),

Ok | Cancell Help |

were
scanned.

You can either use existing pol
gons, such as field boundarie
or create new polygons that ™’
don’t cover your yield points
as shown here, to link to th
Acrobatdocuments. Aslonggs ...
the document contains one page
with searchable text (not simply
scanned), these documents can be|lo- "
cated from the front-end graphic for the
atlas by searching, as well as from their Hyperlntﬂex
links.

~
|
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Precision Farming

Publish Your Atlas

Once you have created an atlas, you can publish it
on CD-ROM. ltis then easy to distribute among the
people you want to have access to the same infor-
mation, such as landlords, bankers, and crop
consultants. You can print and apply CD
labels for a more professional looking prod-
uctif desired. You can readily update atlases
for people with whom you share informa-
tion—just send them a new CD.

If your atlas has an Acrobat front-end as de-
scribed on the previous pages, people who use
your CD will have to have TNTatlas already in-
stalled to use the button that takes them to your atlas.
If the front-end for your atlas is also the atlas home
page, you have the option to have the TNTatlas
installer open automatically when the CD is inserted
or to have the atlas open automatically in TNTatlas
for Windows. If you choose the installer route, the
CDrecipientinstalls TNTatlas then launches it from
their drive and opens the .atl file on the CD. If you
have the atlas open automatically in TNTatlas for
Windows, the program runs from the CD.

e el eyt The TNTatlas Assembly Wizard is de-
Autorun Window Title:|Snall SF Atlas H
Bt Botbors  Tomtors [ _S|gned to coIIect. all the data for your atlas
L into a single directory and to package
Autorun Hindow Iuaga“‘Ie:\ﬂUTDRUN\SPLﬂSH.BNP TNTatlaS for Insta”atlon If des'red' You
Autorun Progran... le:\HUTURUN\HUTURUN.EXE

Sctup Prograns,. _|orVSETIP.BE can use the wizard to assemble your data
0 Loon...  [esmmoRinn.Ico whether or not you want insertion of the

Previous | | Wet | _wele | tmeel || CD to launch the installer. Simply leave

blank the panel shown at the left if you do not want

The choices on this panel of

the TNTatlas Assembly the installer to launch automatically. You will need
Wizard apply only if you to create your own .inffile if you want either Acrobat
want the CD o automati- or TNTatlas for Windows to run automatically.
cally run the installer when

inserted. If your atlas is of interest to a wider audience, you

may want to consider publishing it on the Internet.
Internet publishing requires an additional product,
TNTserver™, to serve up the atlas to those that want
to view it.
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Crop Production Networks

A Crop Production Network is an informa-
tion based COOP that uses TNTserver to
make that information available to all mem-
bers over the Internet. A Crop Production
Network allows groups to pool their re-
sources, such as data management tools,
agronomic expertise, background data lay-
ers, and wide areaimagery. Crop production
modeling is easier when pooled over a larger area
and, thus, benefits from use by a Crop Production
Network.

An atlas can be available for viewing to anyone Wwho
visits your web site, or it can be set up to requife a
password for access. Atlas viewing overthe web lises
one ofthe TNTclients: the HTML based client or gne
of the two Java based clients. One of the Java cllents
is downloaded every time you choose to view|an
atlas and the other is downloaded once and installed
(Windows only). Use of TNTclient is free.

Your crop pedigree can be maintained and accessed

online. You can even provide direct links to web

sites for each seed variety. Information can be sHared your atlas for crop

with food processors with trait and crop progrgddentity preservation. You

information available as part of your atlas. A cro p‘}j;“ even link by attribute to
. . . . the appropriate seed web

production history can be an important selling tpQ

and is readily available for viewing by all interested

parties.

te.




Advanced Software for Geospatial Analysis

Microlmages; Inc. publishes acomplete line of professional software for advanced geospal
visualization, analysis, and publishing. Contact us orvisit our website for detailed’p
information.

TNTmips TNTmips is a professional system for fully integrated GIS, image analysis, C
TIN, desktop cartography, and geospatial database management.

TNTedit TNTeditprovidesinteractive tools to create, georeference, and editvectorl, im
CAD, TIN, and relational database project materials in a wide variety of formats.

TNTview TNTview has the same powerfuldisplay features as TNTmips and is'perfect
those who do not need the technical processing and preparation features of TNTmipS*

TNTatlas TNTatlas lets you publish and distribute your spatial project materials on’CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform? 3

TNTserverTNTserver lets you publish TNTatlases on the'Internet or on your intranet. '
Navigate through geodata atlases with your web browser and the TNTclient Java applet.

TNTlite  TNTIlite is a free version of TNTmips for students and professionals with-small/
projects. You can download TNTIlite from Microlmages’ web site, or you can order
TNTlite on CD-ROM.

Index
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classification............cccecueenee.
Crop Production Networks
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