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Before Getting Started

TNTmips® providesavariety of toolsto assist you with the spatial asset all ocation
and management tasksreferredto asprecisionfarming. Anintegrated systemthat
handles both raster and vector objectsis anecessity for these types of tasks. The
purpose of this booklet is to acquaint you with the concepts and tools used in
precisionfarming applications. All of thefeaturesrequired for arobust precision
farming system are available in TNTmips, which is used to demonstrate the
concepts presented.

Prerequisite Skills This booklet assumes you have completed the exercisesin
Getting Started: Displaying Geospatial Data and Getting 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 Thisbooklet does not use exercises with specific sample data to
develop thetopics presented. Y ou can, however, use the sample data distributed
with the TNT products to explore the ideas discussed on these pages. If you do
not haveaccesstoaTNT productsCD, you can download datafrom Microl mages
web site. Make aread-write copy on your hard drive of data setsyou want to use
so changes can be saved.

TNTmips and TNTIite® TNTmipscomesintwoversions: theprofessional version
andthefree TNTIiteversion. Thisbooklet refersto both versionsas“ TNTmips.”
If youdid not purchasetheprofessional version (whichrequiresasoftwarelicense
key), TNTmips operates in TNTIite 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
performedin TNTlite.

Merri P. Skrdla, Ph.D., 5 September 2001

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 asset
allocation and management to distribute available
time and money where it is most needed and will
provide the best return. Data useful for precision
farming may comefrom avariety of sourcesinclud-
ing accounting packages, spreadsheets, databases,
Geographic Information Systems (GIS), calendar
schedules, and avariety of web sites. A Geographic
Management Information System (GMIS) alows
you to pull together all the different pieces of data
you generate and publish them as map-based

information for all partieswith aninterestina ©
particular property.

This booklet is not intended to tell you all
about precision farming. Itismerely intended
tointroduceyou to one approach to some of the
tasksonthedigital sideof precisionfarmingfor
crop production using TNTmips and acquaint
youwiththefundamentalsof GMIS. Thereareother
approaches that can be taken in TNTmips and in
other software packages. Theapproachtakeninthis
bookletisfairly smple. More complex approaches,
such as using principal components to determine
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 aspatially based decision
support system into four types: background,
activity, current, and management. Background
layers, such as Digital Elevation Models (DEMS)
and soil maps, can often be acquired by download
fromthelnternet. Activity layersarecreated over the
background layers. Current layers include recent
satellite images and airphotos of your land.
Management layers become work ordersfor day el
to day operations. o et
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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://www.nrc.state.ne.us/
databank/dogqgs/doqg.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]
v guad sheet maps at 1:24000 scale),
and publicland survey data. Y ou can
build the base layers using inexpen-
sive or free public data. Your base
layers will come in many different
dataformats, but that isnot aproblem
. for TNTmips, which imports nearly
90different raster formatsandover 25
vector formats, aswell asCAD, 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
photographsprocessedtoremovedis-
tortion and displacement resulting
from such factors as camera tilt and
terrain relief. These images cover
one-quarter of astandard 7.5' map quadrangle pro-
duced by the US Geological Survey (USGS) in
Universal Transverse Mercator (UTM) projection
withal-meter cell size. Uncompressed DOQQsare
available from the USGS EROS DataCenter on a
variety of mediafor afeethat includesabasecharge
and aper filefee. They aso offer CD-ROM setsfor
entirecounties. Y our state, if inthe USA, may offer
these same files for sale and also offer the filesin
compressed format for free download.

The resolution of DOQQs is sufficient for you to
clearly identify many featuresonyourland. Y oucan
usethislayer asabase over whichto digitally draw
your fence lines and pasture or field boundaries,
which then automatically acquire georeference in-
formationfromthe DOQQs.
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Precision Farming

Background Data: DEMs

DEMsaresampledarraysof elevationsat regu- auto-normalized contrast
larly spaced ground intervals produced in ras-
ter format by the USGS as part of the National
Mapping Program. DEMs are produced at a
variety of scales. Thelargest scale available,
which is the scale most useful for your back-
ground layers, correspondstoa?.5' map quad-
rangle at 1:24,000. The newer level 2 DEMs
provide a much smoother surface than the
original level 1 DEMs. DEMs havetradition-
ally had a 30-meter cell size, but 10-meter
DEMsare now availablefor some areas.

The 30-meter level 2 DEMs are available for
freeFTPdownloadfromthe USGSGeographic
Data Download page (http://edcwww.cr.usgs.gov/ shaded relief
doc/edchome/ndcdb/ndcdb.html).  You can
also check your state’ sDNR sitefor theavail-
ability of 10-meter DEMs.

DEMsare useful for cal cul ating drainage pat-
ternsand runoff areason your land. They also
let you view your DOQQs and other imagery
in 3D perspective and create fly-bys. Tofind
out more about these topics consult the Get-
ting Started: Modeling Water sheds and Land
Surfaces, 3D Perspective Visualization, and §
Operating the 3D Simulator booklets.

partial 3D per-
spective view of
DOQQ over
DEM




Precision Farming

Background Data: DRGs, PLS

The Digital Raster Graphics
home page (http://
mcmcweb.er.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-esic.unl.edu/

index.html.

Check the des-

ignated Earth Science Infor-
mation Center in your state
for free DRG availability.

guad, TNTmips has a process that automatically

Table Edit Record Help

A digital raster graphic (DRG) isascanned image of
aUSGS standard seriestopographic map, including
all map collar information. DRGs are available at
1:24,000 and 1:100,000 scales. Again, the1:24,000
scale, or 7.5'map, ismost useful for your background
layers. Thesedigital mapsarein Universal
Transverse Mercator (UTM) projection.

DRGsfor themajority of the United States,
itstrusts, 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
USGSEarth Sciencelnformation Center. A
metadata file is also available for down-
load. Thisfileprovidessuchinformationas
the map extents, the date of the paper map,
the datethe DRG was created, and general informa-
tion about DRGs.

You can import DRGs into TNTmips from the
GEOTIFF format in which they are distributed. 1f
your land happens to fall over more than one map

trims off the collar area so you can mosaic your

= Htta:hed‘Recnrd 60101 of 77625 {1/1 attached)

AREA:
PERIHETER:
SCTCORPOLY.:
SCTCORPOLY_ID:
DIR:

THHSHP

RHG}

SECTION:

2592136,05712
6440, 09644
60102

91020

BER
E|&

20

TR:

E0910

maps.
Public Land Survey (PLS) data (section/town-
ship/range) can also be abtained by freedownl oad
to add to the completeness of your background
layers. In Nebraskathisdownloadisfor theentire

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 (EQO) file to the bounding coordinates pro-
vided by your DRG(S).
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Precision Farming

Background Data: SSURGO

Soilsinformation can also be useful in the decision | To obtain soils data, first go
to http://lwww.statlab.

iastate.edu/soils/nsdaf.

making process. For example, when planning to

spray invasive weed species, you can eval uate your

potential return by the suitability of the soil
for growing your intended replacement.

SSURGO (Soil Survey Geographic Database)
isthe most detailed level of digital soil geo-

graphic data developed by the National Co- |

operativeSoil Survey. SSURGO dataisavail-

able for download in modified Digital Line 3

Graph (DL G-3) optiona or EO0format, which
are both imported by TNTmips. Additional
attributes for the soil types in an individual
survey areavailablefromthe Map Unit Inter-

pretation (MUIR) Database. MUIR data contai

ARNE

'.‘-‘;y;i\ ohyke 7
1%

ElRelate... O[]
about 88 estimated soil physical and chemical prop- CE"PL|H—
erties, interpretations, and performance datasuch as SR
availablewater capacity, soil erodibility factors, and e 3
yieldsforcommoncrops. TNT- ZfE ] HaD ‘

mips has a specia import for

Field... |MUSVM

|_/) Interna |

4 Prinary Key

MUIR datathat requirestheeL-
emenTstable, whichprovidesin-
formation about all thefieldsin
al theother tables. Thistableis
not included with MUIR data
fromsomedownload sites. The
web address listed at the top of
the page includes this table in

B ELEMENTS

B coMPYLD
B EWOODLME

Exanples...

II:-'jaC ﬁ
PbCZ
0K | Ccancel| Help |
MUIR import is
. found with the
import wizard in

the Database
Editor. All the

B YLDUNITS

itsdownload, but besuretoclick connections
on Select All Tables and “yes’ tb:g;’:} ze;reMrl:LEe
for Includeheader rowsintables :

. on import, you
before you click on the Process just need to

button. You can also find the
state and survey arealD for the
desired area at this site, which
youneedfortheSSURGOdown-
load. After downloading the
MUIR data, go back to the page
whereyou started and chooseto
download SSURGO.

2]
-
H=
o
k]

B MUQACRE

B PWCODLND

@ WINDERK
@ WLHABIT

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

B RANGENM
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Precision Farming

Activity Layers: Heads Up Digitizing

As soon as you have digi-
tized your fences and fields
over a georeferenced image
and generated standard
attributes, measurements of
lengths and areas for se-
lected elements can be
viewed in the standard at-
tributes table. If you want to
know the total length of
fences or total area of fields,
simply add Sum statistics to
your standard attributes
table.

BlSpatial Data Editor View 1
View Tool LegendView GPS Options

By this point you should have accumulated a num-
ber of background layers at little or no cost. The
DOQQsareall that arereally needed beforeyou can
start creating data that applies to your individual
property, such as fences, field borders, building
locations, and so on. It iseasiest to create separate
vector objectsfor different themes: the amount you
havetolearntoassigndifferent drawing stylestothe
elementsrepresenting different themes, suchasfences
and fields, is minimized by this approach.

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 datawith your mouse or digitizer.

Ultimately, youwant your field

e

N\ 4th polygon
#y | in progress

= R
ESpatial Data Editor View 1

Vieuw:

@0l =2 2] LIS Qs k] | R 23

View Tool LegendView GCPS Options Help

boundariesinvector formatwith
polygonal topology so you can
get accurate, non-overlapping
measurements and generate
your management grid. If you
arecoveringalargeareathat has
many fields or other areas you
are interpreting, you may want
tostartin CAD format and con-
verttovector after your draw-
ing is refined. This ap-

[0 %]

5] = 0|2/ 2=/ R S/bE]

E 2l proach speeds creation of
- LN your object because topol-

° ogy does not have to be
maintained asyou add each
line. Consult the Getting
Started booklets entitled
Editing Vector Geodataand
Editing CAD Geodata for
basi c information on object
creation in the Spatial Data
Editor.

Vieus:|

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

T

TheFarm ServicesAdministrationacquires
natural color, section centered slides of £58¢
agricultural areas each year in mid to late |
July for the purpose of verifying acreages
participatinginvariousfarmprograms. Y ou
canaobtaincopiesof theseslidesfor $1each (Bi88
from your local extension office and have |
them transferred to photo-CD. Theseim-
agescanthenbeimported by TNTmipsand
georeferenced from the DOQQs you have
acquired.

Theresolution of your imported raster will
depend on the resolution at which your
slides are scanned. Scanning the slides at
1536 x 1024 pixelsproducesrasterswith an
approximate 2-meter cell size. Higher reso-
[ution scanning isavailable but may be such
that you begin to see defectsin the film, as
well as creating amuch larger raster file.

Theprimary benefit of acquiring FSA slides
foryourfarmistheirtimeliness—theDOQQs
you obtained are likely to be several years
old. The FSA dlides allow you to update
your field boundaries and other features on
ayearly basis. If you can obtainthelatest FSA slides
before digitizing your field boundaries and other
features, you will be a step ahead in the process
(unlessthe DOQQsfor your area are quite recent).

Y ou can also usetheimported FSA dlides, which are
24-bit color imagesafter scanning, asinput to one of
TNTmips classification processes. One property to
look for iscanopy cover. Thisproperty often corre-
lateswell withyield. If you assign class valuesthat
correspond to quantitative yield factors (the yield
for class 2 istwiceashigh asfor class 1, and so on),
you can use these class valuesin your management
formulas. Of course, aseasonisrequiredtocorrelate
the classes you define with actual yields to validate
this approach.

The slides above from two
consecutive years show
the difference between a
wet year (1999) and a dry
year (2000). They also
clearly show how they can
be used as a reference
layer to update your exist-
ing vectors; the road that
curves through the upper
right is under construction
in 1999 and paved in 2000.
Differences in field bound-
aries because of changing
stream margins or other
factors should be as appar-
ent when your vectors are
overlaid.
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Precision Farming

Activity Layers: Management Boundaries

s 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.

=3
i:.‘,!p

o =
e o
Lt ]

EGrid Analysis
File Options

Precisionfarminginvolvesmanagingdifferent parts
of each field differently. To achieve thisend, you
divideeachfield into smaller subfields, or manage-
ment zones. Y ou could approach thedesired size of
your management zones theoretically, but a practi-
cal approach is more reasonable. The practical
approach takes into consideration the accuracy of
your GPSdevice, theresponsetime 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

=Er] Management zone determines your

fels | management resolution. Whenyou

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

mekers =
acres =

you seeresults, you canincreasethe
resolution by reducing the manage-

Cell Orientation

Angle:| 360.000 Degrees

Snap Hode: None — | DriginX: =96 ,3069
Drigin¥: 40.6973

ment zone size.

Apply

(| TNTmips' Polygon Grid process

Grid cell related operations

generates polygons representing

Cell Type:|Hexagon Operation: Point Sampling s |
Point Sanpling Method: [ il gl
Constrain Percentage: 20

management zones of the size you
specify. Thereareanumber of differ-

I Transfer Attributes Fron Input

Tine to process: <1 Second

ent shapes, or cell types, to choose

from for your zones. Hexagonsare
probably best for management zones because they
better represent the average values for attributes

This field is associated with an area. This process hasan orien-
divided into tation tool so you can set the direction of the grid
0.25 acre . . .

hexagons cellsto align with a field boundary.

‘r’g;igm t'i) :i?:r Once your grid is generated, the same process will
a manage- generatesamplepointswithinthegrid. Thesepoints
ment zone. can be at the cell center, placed randomly, system-

atically unaligned, or the latter two constrained to
bewithin aspecified distanceof thecell center. The
point coordinatesarein decimal degrees. Usethese
coordinatestodirect your collection of soil samples,
yields, and other data.
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Precision Farming

Current Layers: Surfaces

A set of point data, such assoil testsor yield, can be
usedto produceasurfaceraster that representsvaria-
tions in the selected attribute value of the points.
These points can be at the sample point locations
determined for your grid or much denser, such as
yield points collected by your combine.

TNTmips offers a number of different choices for
surfacefitting to point data. For dense data, such as
yield points, the inverse distance method is a good
choice. For sparse data sets, such as soil tests,
minimum curvature or Kriging may produce better
results.

Data collected from a yield monitor, planter, or
sprayer, as opposed to data collected at individually
specified sample points, may need to be cleaned up
prior to generating thesur-

Using a query to select the
points for surface fitting,
such as (Import.PStatus ==
1) and (Import.Flow > .2),
cleans up the yield data
eliminating turn arounds
and points where there is
no flow through the com-
bine. (The PStatus indi-
cates whether the combine
header is up or down and
cutting. This status is one
of the data values routinely
reported by a yield moni-
tor.)

ElSurface Hodeling _[C[x]
face. You can readily re- “;é - | I“““’
. (2|%|5%| Operation: Surface Fitting — | Hethod: | Inverse Distance —
move points where the ’—A—' |
. Input_Object. .. fc:\DATANLahi Yield.rvc / Lahi _Corn_9
Comb| ne h er W% up or npu . jec (s ahmeyer e rvc ahmeyer_Corn,
. Input | Dutput | Daka Handling | Parancters | fnalysis |

thGrEW$ ml nl mal fl OW by Points/Nodes Lines/Edges
usi ng a query to select Select: By Ouery — [Specify...|[Setect:  Hone  — |Spocsfy...||

. R Value: By OQuery — ISFECiFH.o.l” Valued By Huery = |E'§;a<:e:§{s‘3...”
points for surface fitting. | impu tbject mFornation
The surface Created WI” [0bject tupe: VECTOR, Created 2-7-2001, 11:22:28 X

generaly extend beyond
the data points and can be
clippedtofieldboundaries

Georeference: LatLon {IMPLIED}

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

Min. Value X: -96.311870, Y: 40.697347,
Hax. VYalue X: -96.302138, Y: 40.711204,

Description: Inplied georeference to Latitude / Longitude

23 0.000000
2: 0.000000

=]

using the Raster Extract

process.

all
points

query
selected

surface
generated
from
points




Precision Farming

Current Layers: More Surfaces

‘0
: ve ! soil
N sample
s te e points
NG
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EE I\
b 4, ¢
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4 ¢ boundar
T oo 4

pH level

Calcium
# -
-

5

5

Potassium

organic
matter

Magne-
sium

Soil test data is an example of point data that may
have multiple attributes you would like to create
surfacesfrom. Standard soil testsinclude measure-
mentsof pH, buffer pH, cal cium, 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 avariety of different attributes for
each point, you probably want to construct asurface
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 aready prepared in TNTmips Spatiad Ma-
nipulationLanguage(SML) tocreatesurfacesfor all
theattributesof interest from thepointsinaselected
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
datawithout some modification. Thetable
and field names are stated explicitly in the
script soif your tableand/or field namesare
not thesameor you do not haveall thefields
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
calciumlevelsare high. Becauseyou arecreating 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 hasadifferent focusintermsof preci-
sion farming than it doesin general. Classification
in general hasthe goal of identifying different types
of groundcover. Y oudonot needtoclassify imagery
of the area you farm to determine what is planted
where; you aready know what you planted. For
precision farming you look at areas with relatively
uniformground cover, such ascorn or soybeans, and
classify the imagery to provide a relative canopy
cover rating. This rating can become part of your
management formulas.

TNTmips provides two separate classification pro-
cesses. Automatic Classification and Feature Map-
ping. Feature Mapping isaninteractive processthat
works on composite color or multiband dataand is
suitable for lower quality data, such as air video.
Automatic classification requires multiband data of
fairly high quality. If you have only a composite
color image, you can separate theimageintoitsred,
green, and blue components using TNTmips' color
conversion process. TNTmips offers a number of
unsupervised and supervised automatic classifica-
tion methods. Unsupervised classification isappro-
priate for determining relative canopy cover for a
singlecroptype. Thel SODATA classificationmethod
iswell suited for precision farming; itissimilartoK
Means but incorporates procedures for splitting,
combining, and discarding trial classes in order to
obtain an optimal set of output classes.

Theresults of classification using Feature Mapping
and ISODATA classification with an equal number
of classes defined are shown at theright. The class
distribution is fairly similar, although you can see
that human guidance in this case results in larger
uniform patches than found by purely automatic
classification.

ISODATA classification
result
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Precision Farming

Current Layers: Quantify Class Rasters

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

Both Feature Mapping and Automatic Classifica-
tion produce rasters with arbitrary cell values. To
use these classes in a meaningful way in manage-
ment formul as, the cell valuesmust be quantitative,
which means that a cell value of 2 is equivalent to
twicethecanopy cover asacell valueof 1andavaue
of 10 representsfivetimesthe canopy cover as2. In
order to makethetransition from arbitrary valuesto
guantitativevalues, you need to usethe Training Set
Editor, whichis part of the automatic classification
process.

Ingeneral, theTraining Set Editor isdesigned sothat
you can identify areasknown to contain aparticul ar
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 aress.

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

*# [Class| % Hane |5t

o Omfeest ]

: 0
ALz 5

either Feature Mapping or Automatic Clas-

sificationasthetraining set raster and change
the cell valuefor each classfromitsorigina

ETraining Set Editor

File Vieu Tag

U

J[_2| [above average J|/(IFrp n s
O Slfaverage [ 1] hix cotor

‘) 4.]—lmlnu average | #erge| Undo
2[4 6] Juorst

arbitrary number to the desired quantitative
value, which is entered as the “tag” value.
e} \Whenyou apply thetag valuesand savethe

original  (|DI2IE ElE] =R 2%

Ce” Val- Classes: 5 Selected: 0

training set raster, you will have a raster

Les Trained:[ 5 ssired:| 0 with the appropriate cell values for usein
Slele] T wl%] B | your management formulas. The magni-
# ‘Class 5 Hane Tag |

O 2] fuorst

—=i[| tude of the values is relatively unimpor-

)l 4|[lbelov average

[ ol tant—you can use a scaling factor in your

assigned ;ﬁig‘jhgﬁﬁz management formulasto adjust the val ues.

quantita-

tive cell ~ || P2l Heest ofldl The relative value is what is important; a
values  |lmaoct value of 10 should represent twice the
g e oo canopy cover asavalue of 5.

Class: _ All Sane -

Value:
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Precision Farming

Current Layers: Productivity Potential

You may also want to have your management Lj
formulas take into account the productivity
potential for aparticular crop of the soil typeson |
thefieldsyoufarm. Vector soil mapsoften have
an associated productivity potential table with
numeric values. You can use Vector to Raster
Conversion to create a productivity potential
raster for the desired crop.

vector input @@

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

If your soil polygons have productivity for i

ES5URGOpiece / PolyData / COMPYLD MimlE3

Format.:

84 of B4 records shoun |

fele | | Rather than con-
structing a complicated
query to pull out the values
you want when multiple
records are at-
tached, create a
new table that
only has the

Cancel |

different crops separated into different tables,
you can choose to set the value by attribute and
select the desired Table.Field (fOI' example, Table Edit Record Field Help
(rfl:? tF;YLlo.MRRG). If, however, each polygonhas |~ :.EK;K fﬂ?:js?:[ﬂew e

p e ra:ords mta:hed’ a SSLJRGO data 3j]§E 131[JuC [ 1[CODL SEASON Elﬁlz
does, some manipulation is required to get the |8t L e swemmiso,
desired values in the output raster. One ap- |5 e 1T, R 0o,
proach isto write aquery that loopsthrough all SIS5URGDpiecs / Polullata # COHPYLD s
the attached records until finding therecord for 22| Table_Edit R
thedesired croptype. Another approachisto select L e o]
only the records for _the . 11 e e
desired crop type (first |gecards: Selected Records “2%% —— i% P
sort on the crop type | e e =l e et s
fleld) thentocreateanew | = irc e sedmn sisias ~ —L
table with only these |
records attached to the polygons. Y ou can then use
this table to specify the desired Table.Field.

raster output

EVector to Raster Conversion

Input Paraneters

Input Vector.. .Ic:\DHTR\Lahneger_Rast.ruc / SSURG

Points: _ Not Used  — |Specifu...| single record of
Lines: Mot Used  — | Specify...| .
Polygans: By ALtribute — | Specify...| interest for each
Output Paraneters p0|ygon at-
tached. You

Data Type: B-bit unsigned integer i |

then use that

Initial Value:| 0 JSet fAs Null

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

‘ Inpaek Rasbor ...

Run... Exit

of these steps
can be done in
the conversion
process.
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Precision Farming

Management Layers: Pull It All Together

ERaster Properties

File

IOl
Help

Management layersare derived by combin-

Rasters...|

ing the background, activity, and current

Lahneyer_Rast # CornYldPotentl
Lahneyer_Rast / TRAINING_SET1
L _Yield / L«

cornl

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

o —

Vector | Raster |

industry trends, and personal experience

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

when you derive management formulas.

Boundary Cells:

Include if largest portion — |

J Include islands

- Compute histogran for each polygon

Y our management boundaries (grid vector)

Run...l Exit |

Help |

need to be combined with the other datayou

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 tablesfor each
input raster (the table that contains a histogram for
each polygon is optional and not really useful for
management formulas). The statisticstable hasone
record for each polygon that contains the minimum
and maximumvaluesof theraster that fall withinthe
polygon and the mean, mode, median, and standard
deviation of raster values, the cell count for the
polygon, and anormalization factor. Thecell count
for a polygon will differ from table to table unless
your input rasters have the same cell size.

Thereareanumber of choicesfor how to count cells
that fall along the polygon boundary. A good
choice for this application is Include if largest
portion. Thisoptionincludesacell in apolygon's

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

Table Edit Record

ElLahmeyer_Hex / PolyData / Lahmeyer9S&y=iEl
Table Edit Record Help

e Httachedlﬂecurd 271 of 7957 {1/1 attached)

E Lahmeyer_Hex / PolyData / TRAINING_SEmEI

Hin:|[2.00000000
Hax |27 .00000000
Hean:|17.91743119
Hode: 2300000000
Hedian: [20.00000000
Stdllev: [5.45898542
CellCount :|109.00000000

HormalizeFactor:|1.04138667

Help

r RttacheleEcnrd 271 of 757 (1/1 attached)

Hean:

Hode:

Hedian

Stdlev:
CellCount:
HormalizeFactor:

Hin:|[4.00000000
Hax:[12.00000000
10.44268775
12.00000000
+]12.00000000
2.,28970800
25300000000
0.88090021

statistics if more than 50% of
the cell is within the polygon.

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 comparingdatafor different yearswith
different cropsinthesamefield. If thenormalize
factor is consistently low from year to year, the
grid cell hasaconsistently high yield whether it
iscorn (at 200 bushelsan acre) or soybeans(at 50
bushels an acre).
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Precision Farming

Mgt. Formulas Using Computed Fields

Now that you have raster properties associated with
your grid polygons, you can derive your manage-
ment formulasand vi-
sualize theresults. A

ELahneyer_Hex / PolyData / Rates [_[T0]x]

Table Edit Record Field Help

E0uery Editor [_[Ox]
File Edit Insert Suntax Help

R

grid enumeration

Grid_IDPlanting |Fertilize Herbicide |
210

table was generated |52 o0 im0 wr
along with your vec- |54 ssme— 21—
tor grid. Thistableis i & s 20 %
a good place to add 8- %Sm0z
the computed fields |} i-mrsmm—sin—igls

[757 of 757 records shoun |

that containyour man-

rate = 0 A

99 = 0
y99 = Corn99.Hean

S

€y99 < 25) rate = 18000 else

i

=

if {u99 < 40) rate = 23000 else

=

€y99 < 60) rate = 24000 else

i

£

€y99 < 80) rate = 26000 else

i

=

if (Y99 < 100> rate = 28000 else

=

{y99 < 120) rate = 31000 else

i

£

{y99 < 140} rate = 35000 else

expression
for Planting

i
rate = 34000

return rate

N =}

agement formulas unless polygon grid numbers are
not uniquely assigned. If not unique, you should
create a new table that has an implied one-to-one
attachment type with thefirst computed field taking
its value from the Polygon_ID table.

Computed fields let you easily vary your manage-
ment formulas and immediately visualize how
changes you make affect the intended action, such
as planting, fertilizer, and herbicide rates. Add a
computed field for each action you want to model.
If applicationratesarethememapped, you getimme-
diatefeedback when you redraw after changing your
management formul as.

With each new year or set of data collected, you can
add more raster properties tables. Y ou can then
readily update your management formulas to
include this new dataif they are kept together in
asingletable, as shown above.

Theexpressionsfor two of thecomputedfieldsin
thisapplicationratestableareshownabove. Note
that oneof theexpressionsmakesuse of themean
from the rasters properties generated from the
yield surface and the other uses the normalize
factor. Theseexpressionsarefairly simple, each
taking only one factor into account. You can
include as many factors as you want in your
management formul as.

n
ElQuery Editor _I0[x]

File Edit Insert Syntax

Help

rate = 0
y99 = 0

y99 = ({1/Corn39.NormalizeFactor}¥12)
if Y99 < 2) rate = 100 else
if (499 < 4) rate = 120 else
if 99 < 6) rate = 140 else
if (Y99 < 8) rate = 160 else
if (499 < 10} rate = 180 else
if (Y99 < 12) rate = 200 else
if (499 < 14 rate = 210 else
rate = 220

return rate

A

expression
for Fertilize

A

[ 0K

20000 PP&

[ 1so00-
2000
[ |

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

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
- mapscanbeused directly to control your plant-
. ingor herbicide/ fertilizer application ratesin
conjunction with Farm Site Mate and variable
rate equipment. Farm SiteMateutilizesapalm
or handheld computer alongwithaGPSreceiver for
precise application of products with most variable
rate controllers.

You get four files when you export to Shapefile
format, all with the same namebut adifferent exten-

EExpur‘t Vector to ArcVieu “"Shapefile" format !EE S|Oﬂ (.dbf, .prj, .g]p, and .ShX). YOU

Options | Coordinates |

Element Type: Polygon —

J Convert to Latitude / Longitude

Table: IRatES

File. Ic SDATASattmgtSLahneverOrig.rvc ¢ Lahmeyer_Hex can COI'I'[I nueto refl neand ajj ug your

management formulas in TNTmips.
When you decide you want to update
your planting or application rates

Export Close

T using your new formula results, you

donot needto createanew Shapefile,

ELahmeyer_Hex / PolyData / Rat

Table | Edit Record Field
"'r Editable

+ Show A1l Records rtilize
| * Rouw Controls 220
| r Show Status Line
: Single Record Vieu 720
| Statistics - 180
| Substatistics - 210
| Colors...

Preferences. .. 150

[ Save As. | 720

you simply need to replace the database (.dbf) file,
which can be accomplished in the display process.
In order to have the Save As choice to create the
databasefile, you must havetherelevant table open
in tabular view. You then elect to save al data
records in dBASE Ill format and overwrite your
previous .dbf file.

Y ou canrefineyour model withtheoriginal data, but

| Edit Definition. 220

| Close Format: dE|

you can also incorporate new dataasit isreceived.

; When you get yield data for a

ASE 111

Records:

ALl Records - new year or soil samples you

Units: As Stored —

e I W didn't have previoudly, incor-
J Include Hidden Fields pOratethlSneNlnformatl on. Just

K|

| | use Raster Propertiesto transfer

the new information to your vector grid then edit
your computedfieldstoincludethenew datainyour
management formulas. You can also try different
management resolutions using the same manage-
ment formul as.
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Precision Farming

Mgt. Layers: Raster Expression Regions

Management analysisisnot restricted toyour vector
gridwithassociatedraster properties. Raster expres-
sion regions let you identify areas that meet speci-
fied criteriain one or morerasters. Y ou canreadily
identify areasthat satisfy adifferent query for each
raster of interestinasinglestep. Thequery canbeset
up sothat the areaidentified satisfiesthe expression
for all layers, for any oneof thelayers, or somewhere
inbetween. Thequery shown onthispageidentifies
areaswherethecalciumlevelsaregreater than 1,000
parts per million and the pH is less than 7.

To create a raster expression region, click on the
Create Region icon for one of the raster layers you
want included in the expression, then click on the
Add Rasters button and select the other rasters.
Rasters must be listed in the Raster Expression
Region Generation window in order to be valid in
the expression. Rasters areincluded in the expres-
sion by name, which can be inserted in the expres-
sionby typingor using I nsert/ Symbol and choosing
raster asthetypeto list the names of al rastersyou
selected for usein the expression (seeillustration at
right). Y outhenuseoperators, suchas>, <=,and ==,
to designate the cell values of interest. Enclosethe
part of the expression that appliesto each raster in
parenthesesand link themwithanand or anor. You
canalsodirectly compareraster values(for example,
Magnesium > Manganese).

Onceyou havegenerated araster expression region,
or any other region type, you can openthe GeoT ool -
box and immediately see the area and perimeter of
theregion, alongwithother information. If youhave
created multipleregions, theinformationwill befor
the last region created. Y ou can change the region
for which measurements are shown by clicking on
the Regiontab and selecting the desired regionfrom
thelist. Default region names are the same as the
object they are created from.

o3¢ Calciun
=l

Threshold...
Raster Expression...

ERaster Expression RegidSm[E]

Add Rasters.. .|

2@ v
k

L]
o il Lo

surfaces / pH_Levels
surfaces / Calciun

Raster Expression...| Apply

- Advanced Options

0K | Cancell Help |

= Insert Symbol

'lgpe Raster =

Organic Hatter ]
pH_Levels

Close Insert Halp

Query:
(Calcium > 1000) and
(pH_Levels < 7)

EGroup 1 - Group View 1 - GeoToolbox

File DOptions
NREREEEEEEEEN Ef
Select Heasure |5ketch I Region I Lonkr
19745.72470 ft

Perineter
X Extent
¥ Extent

Area
Centroid X
Centroid ¥

1747.75967 Ft
2592.99107 Ft
20.14000 acre
U 81 02 16.393
H 42 43 45.384
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Precision Farming

Organize Data into Atlases

When you organize your datainto an atlasusing the
Hyperindex Linker tool in TNTmips, you create
point and click access to all your geodata and can
st . o 0 g includelinksto external informa-
tion, such as weather, markets,
genetics, and soon. Thedataalso
becomes* portable” whenburned
toCD-ROM aongwith TNTatlas,
which means the atlas can be
viewed on any computer—TNT-
mips need not be installed and
there is no license key required.

Otoe County Farms atlas

Adobe Acrobat Search

Precision Farming page
on Microlmages’ web site

3ol - 4| Whenyoucreateanatlasin TNT-
COOP web site mips, you can choose to bring up a graphic with

lowa State University Install, Browse, and Exit options when the CD is
weed science page inserted. Thisinformationisstoredinanautorun.inf
Nebraska Statewide atlas file. You can aso create thisfile yourself in atext

editor and specify that some other program, such as
AdobeAcrobat Reader, runand openaspecifiedfile.

Theupperillustration onthis
Z5PORAAPEANENIT - pageisof anatlasthat usesa
CountySNebraskal graphicfrontendwithanum-

ber of hyperlinked buttons
that let you install TNTatlas
if you haven't before, launch
theatlasprovided onthe CD,
connect to a variety of re-
lated web sites, and use the
Acrobat search capabilities

This atlas opens when you click on the Fars button L forthePDF documentslinked
i —— »f| totheatlas.

Reacy N404146.720 WIB0921.082 -

Thehomepageof thisatlasal so hasanumber of link
buttons. In fact, the link to the more detailed farm
There are a number of Get- | |ayoutisfromoneof thesebuttons, not fromthearea
ting Started booklets (soon | ¢ 166 County where the farms are found, which
to be six) that describe con- . . . .

struction, design, and use of _enai_alesyou to flnq the mforr_naﬂon without know-
atlases. ing its actual location. The links from the geodata
on thehome page arefor 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 atlasto organize all the data for the areas
you farm. Create an Acrobat document for each
farming unit and add all the cost related information
you havetoit, such as seed and spraying costs. This
material can simply be scanned invoices. Attheend _
of the season, add your yield data as the first page. fThe report shown below is
- . . or a different crop year

Create asimilar file for each crop year and add it to | than displayed in the atlas.
your atlas. Creatinglinkstoall materials
foranew cropyear takeslittletimeif you |
createadirectory structurefor eachyear &3
with all files and directories named as |
they wereinthepreviousyear. Tocreate
the computed field to use for links by
attribute (links that vary according to |
the attributes of the selected polygon),
you need only copy theexpres-
sionfromthepreviousyear and
changethedateto havethefull  [i3sfapan "
set of linked polygons. IR

JDmap™ uses the pro-
prietary data from your
yield monitor card to
create the color page
below, which can
be saved as an
Acrobat document.

Links by attribute can also be
used to dynamically link to a
variety of web sites, such aslocal weather (from ZIP |
code polygons), soil details == P R

(from soil type polygons), and

Ok | Cancell Help |

markets, genetics, and univer- The other
sity research (fromfield bound- \rl)vaegrgs
aries and crop type), scanned.

Y oucaneither useexisting poly- =
gons, such as field boundaries,
or create new polygons that
don’'t cover your yield points,
as shown here, to link to the
Acrobat documents. Aslongas
thedocument containsonepage ,
with searchable text (not simply |
scanned), these documents can be lo- | =~
catedfromthefront-end graphicfor the

atlasby searching, aswell asfrom their Hyperlndex
links. —
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Precision Farming

Publish Your Atlas

Once you have created an atlas, you can publish it
on CD-ROM. Itisthen 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 amore professional looking prod-
uctif desired. You canreadily update atlases

7 1f your atlas has an Acrobat front-end as de-
7/ scribed on the previous pages, people who use
your CD will have to have TNTatlas already in-
stalledto usethebuttonthat takesthemtoyour atlas.
If the front-end for your atlasis also the atlas home
page, you have the option to have the TNTatlas
installer openautomatically whenthe CD isinserted
or to have the atlas open automatically in TNTatlas
for Windows. If you choosetheinstaller route, the
CDrecipientinstallsTNTatlasthenlaunchesitfrom
their drive and opensthe .atl fileonthe CD. If you
have the atlas open automatically in TNTatlas for
Windows, the program runs from the CD.

SHotlon fosonbly Jizard The TNTatlas Assembly Wizard is de-
futorun Hindow Title:[Small SF Atlas :
Bt Bottone.  Contens [ BT ggned to coIIect_ all the datafor your atlas
. o st ¥ Coter: [ 55 into a single directory and to package
Autorun Hindow Iuaga“‘Ie:\ﬂUTDRUN\SPLﬂSH.BNP TNT&' as for |n$a| Iml on If deg rw' You
Autorun Progran... le:\HUTURUN\HUTURUN.EXE

Sotup Progransss can use the wizard to assemble your data

0 Loon...  [esmmoRinn.Ico whether or not you want insertion of the
reviows| _Wet | _wele | Gmeet || CD to |aunch theinstaller. Simply leave
The choices on this panel of | Plank the panel shown at theleft if you do not want
the TNTatlas Assembly theinstaller to launch automatically. Y ouwill need
Wizard apply only if you tocreateyour own.inf fileif youwant either Acrobat

want the CD to automati- or TNTatlas for Windows to run automatically.
cally run the installer when

inserted. If your atlasis of interest to a wider audience, you
may want to consider publishing it on the Internet.
Internet publishing requires an additional product,
TNTserver™, to serveup theatlasto thosethat want
to view it.

e :\SETUP, EXE
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Crop Production Networks

A Crop Production Network is an informa-
tion based COOP that uses TNTserver to
makethat information availableto all mem-
bers over the Internet. A Crop Production
Network alows groups to pool their re-
sources, such as data management toals,
agronomic expertise, background data lay-
ers, andwideareaimagery. Crop production
modeling is easier when pooled over alarger area
and, thus, benefits from use by a Crop Production
Network.

An atlascan beavailablefor viewing to anyonewho
visits your web site, or it can be set up to require a
passwordfor access. Atlasviewingover thewebuses
oneof theTNTclients: theHTML based client or one
of thetwo Javabased clients. Oneof the Javaclients
is downloaded every time you choose to view an
atlasand the other is downloaded once and installed
(Windowsonly). Useof TNTclientisfree.

Y our crop pedigree can be maintained and accessed
online. You can even provide direct links to web S
sitesforeachseedvariety. Informationcanbeshared | use your atlas for crop
with food processors with trait and crop progress | identity preservation. You
information available aspart of your atlas. A crop's | &7 even link by attribute to
. . . . the appropriate seed web
production history can be an important selling tool | gjte.
andisreadily availablefor viewing by al interested

parties.




Advanced Software for Geospatial Analysis

Microl mages, Inc. publishesacompletelineof proféssional softwarefor advanced geospatial défa A
visualization, analysis, and publishing. Contact us or visitiour web site for detailed product
information.

TNTmips TNTmipsisaprofessional systemfor fully integrated GIS, image analysis, CAD,.
TIN, desktop cartography, and geospatial database management.

TNTedit TNTeditprovidesinteractivetoolsto create, georeference, and edit vector, image,l -
CAD, TIN, andrelational database project materialsin awidevariety of formats. -

TNTview TNTview hasthe same powerful display features as TNTmipsandis perfect for
those who do not need thetechnical processing and preparation features of TNTmips.

TNTatlas TNTatlasletsyou publish and distri buteyohr spatial project materialson CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform.

TNTserver TNTserver letsyou publish TNTatlaseson the Internet or on your intranet.
Navigate through geodata atlases with your web browser and the TN Tclient Javaappl et.

TNTlite  TNTliteisafreeversion of TNTmipsfor studentsand professionalswith small-;-
projects. Y ou can download TNTIite from Microlmages web site, or you can order
TNTIlite on CD-ROM.
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206 South 13th Street
Lincoln, Nebraska 68508-2010 USA

Voice: (402)477-9554 email: info@microimages.com
FAX: (402)477-9559 - Internet: www.microimages.com
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