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PROJECT AIM: To further develop Field Grid Sense and to
demonstrate its suitability for field production applications.

TECHNICAL OBJECTIVES: Build and test the Field Grid Sense system
for yield mapping and machine control during harvesting. Secondly,
use Field Grid Sense with chemical application equipment to
demonstrate a workable in-~-field system.

More specifically, the operation of the patented hardware/software
Field Grid Sense (FGS) system will be tested in crop harvesting to
demonstrate the systems's utility and to analyze the flexibility of
operation under true field conditions. Additionally, FGS will
again be used with chemical application equipment - equipment that
needs modification to correct one or two slight shortcomings. This
action will create improved systems and establish the worthiness,
efficiency and necessity of chemical application equipment that is
controlled and directed via the FGS package.
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Task 1: Expand the preliminary design:

Originally FGS was used with granular chemical application
equipment. A primary utility of FGS is its use with each and every
phase of crop production cycles. FGS will be adapted to the
harvesting phase which will require buying and then modifying crop
-harvesting equipment; assembling moisture content, volume and
distance sensors on a combine; and arranging the FGS package in
situ on the harvesting implement.

1. Buy David Manufacturing Incorporated moisture content sensors,
Lucas inclinometers, Magnavox radar distance detectors, Hall-
effect sensors with fifth wheel assembly, etc. and interface
components and assemble the benchtop arrangement.

2. Bench test the system and analyze the correctness of the
design specifications.

STEPS OF PROGRESS FOR TASK 1:

1sl. Mr. Rod Fischer was hired as a research associate/research
assistant. Mr. Stan Nielsen was hired as a research assistant and
is also assisting in the areas of software and hardware system
development. Rod is perfecting the sprayer manifold and employing
FGS with data analysis. Stan employed Kriekging software for data
smoothing and analysis plus providing a more useable operation
package.

1s2. An electronic harness has been assembled. This is a remake
of a previous setup plus we've added workable and available
components from our departmental R & D shops. Specific sensors
have been selected. Overall electronic configuration have been
developed and assembled.

1s3. The combine has been specified; specifications were written
and the request was forwarded in the state bid process. The
combine was purchased as of 3/15/93.

1s4. Several field tests were previously performed, as described
under steps 2sl, 2s2 and 2s3. Also, the software and hardware plus
overall system capabilities of FGS are continuously being improved.
The field tests done on borrowed equipment plus our joined efforts
with Agriculture Information Technologies of Iroquois, SD have been
of great benefits. The improved FGS components will continue to be
bench tested and used on the purchased combine to effectively and
efficiently perform field tests.

1s5. The total combine-FGS assembly is developed, and has been
placed on the combine.

1s6. This task is complete.




Task 2: Use FGS on the harvesting unit under field conditions

1. Prepare the field harvester with the FGS readout and sensory
attachments.

2. Make field runs in University plots, on ARS farms and in
producers' fields and observe the system workability;
demonstrate system feasibility. Data will be collected from
automated field measurements. Collected yield data will
include bushels per acre, grain moisture content, grain
temperature, field slope measurements, field position, field
entered. The collected information will be shown graphically
in a software derived fieldmap.

3. Refine the setup and make any necessary adjustments.

STEPS OF PROGRESS FOR TASK 2:

2sl. Great progress has been made toward this task. A combine has
been purchased (we've spent considerable time and have purchased
the needed one); plus, we were fortunate enough to be able to use
a Plant Science harvester. The electronic components with computer
and FGS were placed on the machines. Further system development
took place; we've added program commands.

2s2. A working arrangement was put in place that allowed us to
test the FGS/harvester system. Two sites were used at the USDA/ARS
farm which is located directly north of Brookings, SD.

2s3. The results of both wheat harvest and corn harvest using the
system were reported - it was determined that the system offers
advantages over today's farming techniques. Maps and databases of
yield, grain moisture and topography were produced which could be
utilized in site specific crop management toward savings of inputs.
These results were presented at two separate meetings (papers filed
with previous report) -

a) the SAE International Off-Highway & Powerplant Congress &

Exposition in Milwaukee, WI
b) the ASAE Winter Meeting in Nashville, TN

2s4. FGS was used on the combine as a joint project with

Agriculture Information Technologies for harvesting grain during

1993 and is being used in 1994.

a) The combine-FGS package was used on the SDSU/Dakota Lakes
Research Unit at Pierre, SD on 9/30/93 thru 10/20/93. A
profile of field data is attached.

b) The combine-FGS package was used on Agriculture Information
Technologies research unit at Iroquois, SD.

For both studies, GPS monitoring along with yield and moisture were
recorded and post processed with soil and nutrient data maps.
Also, at both sites comparisons will be made between yield monitor
types. This info is being analyzed and summarized. Presentations
were made in March.




Presented Results:

Following the pioneering work and methodology of
Linsley and Bauer (1929), two 80 acre fields in central
South Dakota were site specific farmed. The fields were
first grided on a 200 ft by 200 ft grid, using a
differential Global Positioning Satellite Receiver. Soil
samples were collected ("15 subsamples within 20 ft. of
grid center) and analyzed using accepted commercial soil
testing analysis procedures. Geostatistical analysis was
accomplished to develop 1iso-antecedent Nitrogen,
Phosphorous and Potassium maps of the field. Only
nitrogen was studied and varied in this experiment. The
field was then grided into 270 ft by 270 ft field cells.
These cells were fertilized with nitrogen in three
different ways. A third of these cells were fertilized
conventionally (100 1lb/acre). The middle third were
fertilized to develop yield response curves (0, 50, 100,
150 and 200 lb/acre). The last third of the plots were
fertilized site specifically (yield goal 100 bu/acre)
with the soil test antecedent nitrogen from the iso-maps
subtracted from the recommended nitrogen amount to result
in a fertilizer recommendation. Results of this study
will be discussed in the poster.

2s5. The grant timeline has been extended to 11/95. Task #2 has
being extended, where the harvesting system was scheduled for the
1994 harvest season. Updated hardware and software were included
and tested. Results have been reported (see '1995 South Dakota
NCR-180 Report' Attachment B and field maps Attachments C and D).
Further analyses are being done.

Task_ 3: Modify present chemical application equipment to more
properly dispense chemicals used in farm productivity. FGS has
already been moderately successfully employed with chemical
application equipment, however, present equipment has a major
shortcoming in manifold design. The task is to modify the sprayer
manifold, employ FGS and to demonstrate a workable system.

1. Buy sprayer and manifold, modify and assemble.
2. Assemble sprayer system with FGS package.
3. Benchtop test sprayer and prepare field system.

STEPS OF PROGRESS FOR TASK 3:

3s1l. The design of a sprayer with a modified manifold has been
completed. Components were specified. Mr. Rod Fischer has spent
considerable time toward completing the assembly of chemical
application equipment.

3s2. The sprayer system is field ready - the sprayer was used in
chemical application during the spring and summer on both the ARS
farm and the SDSU Agronomy lands,




3s3. The sprayer manifold and necessary system components have
been connected to FGS and bench testing is continuing, plus field
testing has taken place. Results were presented in March.

3s4. This task is complete.

Task 4: Test and demonstrate FGS with modified chemical
application equipment.

4s1. Coordination continually occurs with the Plant Science
Department and Agronomy Farms for selecting times, designating
fields and locations, arranging for chemicals and laying out system
operation to test and demonstrate FGS with the modified chemical
application equipment. Actual field use occurred in April and May
of 1993.

4s2. The sprayer, equipped with the modified manifold, was used in
October on the SDSU Agronomy research units for liquid application.
Results for fall tests were presented at the 2nd International
Conference on Site-Specific Management for Agricultural Systems,
March 28-30, 1994 in the Twin Cities.

Results:

With farm implementation of GPS Technology chemical
spray rates will be varied to meet the requirements of a
specific field position. This technology along with on-
the-go spot spraying is replacing the common practice of
applying a spray mix to a field at an average rate.
Instead the spray application rate is changed on-the-go
with the use of direct injection chemical units. Direct
injection units hold the chemical concentrate in a
factory supplied container. The carrier (water) is held
in a second container. This allows the applicator to
spray with minimum exposure to the chemical. When the
operator 1is finished with a field any remaining
concentrate can be returned to the manufacturer. This is
a more environmentally sound practice than mixing a
chemical solution with water in a single tank and having
the potential for leftover spray mixture.

A significant concern when implementing this
technology is the lapse time that results from the
distance that the concentrate must travel from its source
to the sprayer nozzles. Consequently, when the chemical
injection rate changes, chemical application rates will
lag by the above mentioned time offset. The poster
illustrates a method to minimize the lag time error
associated with a singular applied chenmical (one
injection system with water as the carrier). A change in
the manifold system was made that enables a direct
injection system to be used with reduced lag time. The
system utilizes a small holding tank and uses 1limit
switches for refilling.




4s3. Results for sprayer testing were presented at the 1994 ASME
Region VII Technical Conference under the title of "An Engineering
System to Vary Flow Rate and Limit Machine Lapse Time'.

4s4. System results were presented by Mr. John Oolman at the ION
GPS-94 Student Paper Competition in Austin, Texas during August,
1994.

4s5. This task is complete.

Task 5: Prepare final report:

5s1. Information is being gathered and compiled to go toward the
final report.

FURTHER STEPS OF PROGRESS:

A. A support arrangement involving system trials, use of
equipment and a sharing of technology has been put in place.
This is a great opportunity to test and demonstrate FGS in
conjunction with a nationally-based company involved in crop
production at the producer's level (a key company location is
at Iroquois, SD approximately 55 miles from Brookings). A
grant has been approved with the South Dakota Governor's
Office of Economic Development via the Center for Innovation,
Technology and Entrepreneurship and Ag Info Tech of Iroquois,
SD.

B. An abstract had been forwarded to present FGS at the
‘Biostress Symposia' for April-May, 1993. Presentation was
made on May 24th.

C. A new member joined our research team. Dr. Dan Humburg of the
Agricultural Engineering Department of South Dakota State
University has been doing research in the area of machine
design and machine vision. He'll put this expertise toward
possible sensory and system employment utilizing FGS and
information transfer and equipment control.

D. An article was prepared for the "IMPULSE" explaining the
details and progress of the project. The W“IMPULSE" is an
informational journal of the SDSU College of Engineering with
the next issue being published late summer.

E. Mr. Jack Aellen visited our site on 7/8 - 7/9/93. The visit
was an opportunity to exchange significant information plus
Mr. Aellen has continued to forward additional, gquite
beneficial information.

F. Ag Info Tech and SDSU researchers, as a team, have forwarded
a grant proposal to the Small Business Initiative Research
fund.




Further discussion on our research, system and findings are
occurring with commercial assemblers and distributors in both
Sioux Falls, SD and Minneapolis, MN.

Mr. Joe Schumacher attended the North Central Research
Committee on Site Specific Farming under the CSRS/USDA
Cooperative States Research Service/Dec. 2-4, 1993 in
Kalamazoo, MI.

* discussion on yield monitors
GPS receivers and accuracy
technology advances
environmental issues and equipment design
soil management and crop efficiencies
exchange of state reports
(A summary of this meeting was published by the journal of
"Farm Industry News').

* % % % ¥

Abstracts and presentations were delivered at the 2nd
International Management for Agricultural Systems on March 28-
30, 1994 in Minneapolis, MN with the University of Minnesota.

Presentation and <discussion of project and related
technologies occurred during the 43rd Annual Soil and Moisture
Clinic with SD Association of SCS and SDSU in November, 19S$3.

Presentation on the project was given at the 1st Annual
Biostress Poster Session on 3/11/94.

Mr. Joe Schumacher, Mr. John Oolman and Dr. Dan Humburg
attended the 8DSU/University of Nebraska "Geostatistics"
workshop during May, 1994.

Details of our project were released to the general
public/media by Dr. Gregg Carlson of the SDSU Plant Science
Department with articles in the Sioux Falls Argus Leader and
the Brookings Register.

Details and outcome statements were released with the "South
Dakota Farm & Home AES Research: within an article entitled:
"Global Positioning Satellites: Signals from space to the
field".

Mr. Tim Aughenbaugh of Ag Info Tech, Iroquois, SD our
commercial partner presented details and system specs at the
Lake Area Tech/BASF Demo Center, Watertown, SD on August 24,
1994.

A second CITE grant entitled "AIT Site Specific Solutions for
Economic Productivity" has been prepared, undergone on-campus
review and has been forwarded. The identified amount is
$77,095 (see Attachment A).




System results were presented at the South Dakota Irrigators
Conference via the SDSU Cooperative Extensive Service and the
SD Irrigators Association on December 6 and 7 in Mitchell, SD.

System and field results were presented by Mr. Joe Schumacher
with a presentation entitled "Site Specific Farming in the
21st Century" at the 44th Annual Soil and Moisture Clinic at
Brookings, SD on November 13-15, 1994.

The use and continual expansion of this technology was further
explained within an article entitled 'Going High-Tech On The
Farm', South Dakota High Liner Magazine, Feb. 95 Issue. Mr.
Tim Aughenbaugh of AIT, Iroquois, SD, our commercial partner
was featured (see Attachment E).
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Agricultural Inforzmation Te
csmpany prov:.d-..g appropriate ex
eperations. AIT is making majex
the agricultural industzry witlh c
AIT's engineerizg and computer ex
Lindsay Manufacturing, John Desre
Communications. An important area of emphasis for AIT is site
specific farming tech: ;clcgv Site specific farming or
prescription farming is becoming practical due to the Global
Positioning System (GPS). GPS 1s satellite technology first
develcped for the military that is used to precisely dstermine
location coordinates (latitude and longitude). This technolocwy
has become available to the civilian sector for commercizl uss.
This is an example of a very adaptable technolegy that has besen
and is being invested beyend the military. AIT has for the past
three years been developing site specific products that
incorperate GPS technology for agriculture. AIT believes that

. its -expertise and products for acriculture will also ke adaptable
to other industries as duzal use technolegy.

, Micro Trac and Mokile Datz

. SDSU inves u.gatov-s have already helped this company in two
‘ways from a previous CITE g¢grant. The first was by providing the
-expertise to help test the functionality of new pracision farming
technologies. Tha second was through the develcpment ¢f agrononic
mapping algorithms for use in site specific farming systems.

AIT and SDSU investigators propose to expand use of new
precision farming tools to a 20,000 acre farm and lezra on a
large scale how to develop new strategies for precision farmin
techniques. The knowledge gained from this 1nvest1gatlon will be
of tremendous worth to AIT as it develops a product for the
market. It should be seen that South Dakota agriculture as a
whole will also gain as new information and technigques are
learned.
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CiTE Cemmittee:

Tha last twe years have taan cnas &f growtn arc aceamplishment for Agricuttural
[mformaticn Tachnc! cgi ies, Inc. Cur jcint saricication wnth Scuth Caksa Stas
University in the CITE gregram has ;:‘ayec 3n xmpo"ar. rcle In many ascecs of this
succass.

SU cerscnnel as we

The CIT" grant enatiad AlT ic =2 in12 Na Knewledge ¢
= cgy. STSU experisein

tS0
rasaarchad many asgecs cf new gracisicn larmxrg :'-:C_"F‘C

Gata coliecteon and analysis complemaniad cur argineenn and macainsry aziiities
very well. Agrenemic dats raccrdec dunng tha preject will uec..me the base cn which

future data of this type will og Built.

Ferhags mers imperiant than the acaal agroncmic data was the exparancs gained in
site-speciflc data cellecticn and squicment contral. Methcdelegy used o cemplete the
groject is currently seing refined and inceree atec :n AlT preducts. Softwars tc
evaluats data as well as a meniter to colisct cata, utilizs algorithms and tecaniques thz
rasultad frem the CITE grart Deveicpment of the=e marz(etabia precucts has ..r=chy
‘penefitad AT as a-company and wiil hegeiully benafit the agricultural Industy.we
serva.

Indirect benefits of cur CITE paricicaticn have alsc groven significant This
‘particicaticn led cradicility ic a design bid accepted by Lindsay Manufaciurng
Company of Lindsay, NE. -Mapping and imgzticn center pivet eantral softwars was

- develeped for LMC and is cumrently Ceing marksted weridwide, Wae nRave also initiated
relationships at varicus levels with ssverai ether agricultural manufacsirars wiih the
geal of werking on jeint product development.

These design prejects as well as cur relatcnship with SOSU have bean essantial to the
growth of cur company. Tney have helpsd to increase rascurcss and recuce the time
reguired to develop sellable preducts. AlT has developed five innovative tegls for
‘agricuiture in the fast two years, tools that aid the farmer in areas of preductvity,
efficiency, and profitabllity. With the recant additicn of a new offica and rasearch
facility along with the hiring of two mcra full-ime employses, we hope to be succassful
in bringing these preducts o the marxeatpiacs.

In clesing | would lika ta give special thanks to three SDSU perscnnel who worked
extensively on this project. Dr. Gregg Carlsen, Joe Schumacher, and Jehn Oolman
went the extra mile cn every aspect of the project and pushed it beyend our
expactations. Their attitudes and efions were central in making AIT’s participation In
the CITE pregram toth enjoyable and preductive.
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INTRCDUCTION

STATEMENT OF PROBLEM AND EITSTCRY

'Large multinaticnal Tillicn decllar conglomeratss such as
Mcnsanto Co. and John Deera ars entering the computer softwarsa
and computer communication markat

T

in order to help farmers stav
profitable. They are doing s to ensurs stead‘_fmarkats for
their own agricultural prcducts, (agricultural eguipment, Acg
chemicals , irrigation eguipment). The majecr agriculturzl v
are actively seeking partnersiips with ons ancther and alli
with fledgling softwars devalcrers in ordser to premots greas
agricultural productivity. These ccmpanies ars concerned th
core customer base- the U.S. farmer- be financially hezlthy
enough to keep buying trademarX agricultural products. A str
emphasis is being made on the development of computer softwa
and hardware for precision farming utilization. "drecision

Farming" is a relatively n cencept in agriculture in which
farmers calculate and apply varying amounts of "inputs" -

fertilizers, chemicals, mc
.specific needs of varying
<Deere  Corporaticn has iden
links to the success of p:
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ithin a field for analysis.
-Increasingly, this will be done by satellits rsceivers mounz
farm egquipment that communicates with Global Positioning Syst
(GPS) satellites (U.Ss. military technology suitable for
Technology Reinvestment Projects (TRP's) within the civilian
sector). GPS technolegy provides instantaneocus position
information that is used to create digital field maps (examples:

yield maps, soil maps, pest maps, etc.).

2. The prescribing of exact amounts of chemicals, fertilizers and
seed. This will be done by onboard processors, based on the

analysis of the soil, grain and yield potential of each field
section.

3. Communicating this complex field data back to traditional farm
record-keeping systems. _Th{.s data is used to track the financial
outcome of experimenting with these new farming techniques.l®

Ag Information Technologies (AIT), a South Dakota Company,
uniquely fits into the developing precision farming industry. AIT
has for the past three years been developing and marketing
agronomic site specific products that incorporates GpS and
precision farming technology. SDSU investigators have already
helped this company in two distinct ways from a previous CITE
grant. The first was by providing the expertise to help test the
functionality and user-friendliness of Agricultural Site Specific
systems. The second was through the development of agronomic
mapping algorithms that can be used in site specific farming
systems. The focal point for develooment of these goals was a 160
acre research site. Last year's results from yield maps show

5




variable-rate application of fartilizer at 76 lbs/acrz
to conventional single rats apzlicaticn of 100 lk/acrz saved
$4.80/acre and gave the same crcp yield. Estimates arz thas
3-4 years of yield data an addlitional savings of $5.C0/acrs
be realized. This translatas into a huge econcmic impact if

comgars
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a fraction cf the acresage in the United States incsrecratsas

specific technolegy (ScutlX Dakcta alone has 11,000,050 acras

-

devoted te grain and oilsead and many ®mcre in rarge lznd).
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AIT is emerging as a viaktls ccmpany in the agricul
Highlights of the company from the past year inclu
its headguarters near Ircguols SD with the constric
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in dirsctly from Highway 14 tc the company headquarts
designed and built the computar scftwars and communic
for Lindsay Manufacturing Comgany's new AIMS control uni
(Automated Irrigation Manz System). AIMS allcws ramc
contreol of a netwerk of cC vot systems from a czzp
lccated in an operator’ For example, the ccnzrol
from 8 different Lindsay cer
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1 the correct applied rate, since
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Another highlight is the development of precision faraing
software and hardware that will incorporate a new ag-onomic vield
mapping algorithm developed under a previous CITE grant. Contacts
are being developed with major Agricultural companies such as
John Deere?, Lindsay Manufacturing Company3, Mobile Dzta
Communications?, John Deere's precision farming group has already
made a special visit to AIT headquarters. John Deere officizls
and a related company Applications Mapping (headed by Ted Macy)
again met with AIT this September inquiring about ths develooment
of a software algorithm. Lindsay officials are currently }
discussing variable rate irrigation application based upon site
specific information with AIT. Lindsay has also issued anothser
contract to AIT for work related to the AIMS monitor. Micro-Trac
and Mobile Data Communications have tested a new yield monitor
and GPS system at the farm site near AIT.

AIT is very interested in Dual Use Technology for its products
and expertise. One such dual use of technology by AIT is the usée
of 900 MHz transmissions and GPS for use in the Auto-ated Vericle
Location (AVL)Industry (tracking vehicles with the a2i¢ of GISS
corrections via 9S00 MHz signals) - Mobile Data Communicatiors
which is setting up 900 MHz transmission towers throuchout tne
country for GPS correction signals is interested in AIT's
technical expertise in data transmission and equipmeat contrcl




via radic mecdem (900 MHz signals can be used simultansously for
both data transmissicn and GPS signal correctlon) Ancther ar=a
of dual use technoleogy for AIT is its site specific soft'.v'are and
hardwars that can ke adapta2d for use in the natural rsscur
transportation, public utilityv and incdustrial monitoring sec_ors
as well as the agricultural industry.

A recznt highlight was the ap
Aughenpaugh to the sits spec;
the Asscciation of Ag Computil

r

peintment of AT President Ti
f£ic software standaris coamitiss for
ng Comoanles*

2 CITZ grant will helr foster developrment of prscisicn
farming tachnology in Scutlr Dakota as AIT Lorms relaticnshizs
with these and other major agrlcultural companies. Scuth Dakzcta
will kenefit if SDSU rssearchers recelve a CITE grant with AZIT in
which tec foster company growth and help AIT ceontinue to estarklish
a leadership position within the agricultural - sits specific
industries. The grant will be used to suppecrt a Graduazts Ressarch
Assistant in the College oZf Agriculture. This person will
research, evaluate and helz synthesize the new tzchnclegies and

methodologias that ars keing introduced into agricultural
practices via precision farming for AIT. The grant will alsc

used to suprort AIT through the-.SDSU Engineering College Ec

program. SDSU Co-op and graduate students will resceive valua
‘experience while using their technical akilities with AIT.
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~ANTICIPATED RESULTS

1. Develop working re
=

at nsnlbs with major agricultural
companies with interests

"
t 1 precision farming.

2. Development and improvement of affordable site

specific systems for irrigated and dry land farmxng Th‘rough
past AIT effort and in conjunctlon with its prev:.ous CIT
grant, problems with the ergonomics of existing tnchnology
have become evident. One anticipated result of this

progjec\. will be to ease the use and operability of precision
farming technology for the general consumer.

3. Development and marketing of precision farming
technologies that are agronomically, environmentally and
economically desirable.

4. Continued expansion of company facilities and personnel.

5. Education of future scientists and engineers with

experlence in site SpelelC applications. (Two student

englneers from this project have already taken

engineering positions within the agricultural mdustry. Also
a future agrlcultural scientist with experience in

prescrlptlon farning 1s nearing completion of a Master's

degree with a thesis topic on Prescription Farming.)

6. Exposure of new technologies that are applicable to the
South Dakota agricultural industry to student classes and
incerested state organizations.




CITE GRANT PROPQSAL (Apprcach)
The objectives of the prorosad work ara:

1 Ease thes use and cgear
T r

. apility of precision farzing
tazchnolegy for ths ganaral

consunier.

2. Implement newly devealcrad vield mapoing algorithms inz
site specific soitwars.

2. Devel opr'.em: of comrzuterized Ag¢ ecuipmeni contrsls and
ssftware for precisicn farming applications.

4. Expand use of new rracision farming tocls to a

20,000 acre farm and learn on a large scale how tc bettaxr
use precision farzing technologies.

5. Market new pracision farming tools t..-oucq var:ous
avenues such as alliances with major agr icultura

or GPS-GIS relatsd ccmpanies.

STATEMINT OF WORX

The project will ke centarad around a 20,000 acrs farm.
ATIT's conpu\_a*' softwars and hardware expertise aleng with SDST's
agroncamic and engineering expertise will be used to gauner
information and develor new strategles for precision farmin
technicues collected from this farm operation.

Work agenda:

1. Combine grain samples will be taken with sample locations
marked. The grain samples will be examined with NIR

_ technology (Near Infrared Reflectance) for protein content
and elemental maksup. Grain makeup will then be correlated
with soil sample data. Samples will also be analyzed with a
mass spectrophotometer for carbon ratios €33 and C34. Grain
makeup will then be analyzed for nutrient uptake from a
given location. Costs for grain and soil analysis of
location samples will be covered by a Department of Energy
(DOE) grant obtained by the SDSU researchers.

2. Field yield maps for corn, sunflower, wheat, soybean and
other small grains will be developed and analyzed. Maps will
be analyzed to determine soil sampling areas and
productivity areas within a field.

3. GPS/computer systems for use in field scouting and

remote sensing of weed pressures, nutrient deficiencies and
insect problems will be evaluated.

4. Improvenents in consumer ergonomics for prec1510n farming
technologies will be instituted. Quick and intuitive
software and hardware formats will be developed for improved
data collection, data. recall, and equipment usage.




SDSU's knowledge base will T
products for the Agricultural Industry. The knowlasdge and prcducs
marketability gained from Zield testing on a largs orerating farm
as oprosed to a single f£fisld or plot area will be of tremendcus
worth to not only AIT but als0 to the whole of Scuth Dakcta
agriculturs as new informaticn and tachniques ars gained and

J.:uple..‘-nted Dual uss of naw tachnolccies will also ke
implemented as site speciiic n.'*ols focr the agricultural cemmunity
can ke used in other industries. It is of sgecial nozz that
technclogies (such as G?S and infra-rad tachnolegy) éarived Zor
the military will ke put tc civilian use (a gccd exar::le ct
Technclogy Reinvestment Prcjects (TRPS) being applied in the

public sector).

EQUIPHEINT AND PROJECT REQUIRZMENTS

Ag Information Technocleogies has available the necessary
equipment and personnel to help carry out this project ( a
combine with the latest Micro Trac yield menitor, a variabls sesd
planter, an autcmatsd soil sampler, fartilizer and chenical
application eguipment, weignh wagons, tracters, cultivation
eguipment, GPS ecu"amen‘., farm personnel, computers, data

-acquisition egui pme.u., scitware and electronic expertise).
Conseguently, the main expe:‘se cf the grant will ke to fund
Engineering Co-op students and a CGraduate Resasarch Assistant
(GRA). Co-op students from the Engineering Collegs will work with

AG Information Technologies on the technical aspects of new
precision farming techneclcgies. A GRA from the Plant Sciencs
Department will work with the Soils Science Researchers on
1mplement1ng new agronomic aspects of precision farming. The
remaining costs from the CITE budget will be to pay for research
costs associated with analyzing information collected from the
project.




COMPANY DESCRIPTION

Agricultural Information Techncicgies (AIT) was founded in 1820 by Timothy A.
Aughenbaugh, following gradugticn fram South Dakota State University with an
agricuitural engineering degree. The company is based on a large lroguois, ST
farm (fcunded in the 1330's )} anc was formed on the premise that there is & need
for grezter implementation of mccarn electronic technaclogy in agribusiness.
Through the development and use of systems utilizing today's comguter, seIsilite,
and control technolagy, agricultural operztions can become more preductive,
environmentally sound, and cost &ffective. Itis AlT's goal to locate, test, anc
develop such systems as well as to provide the knowledge base anc training
necessary to implement them.

In pursuit of this goal, AIT is primarily focused on three areas. The first of these is
agricultural software engineering. Tne advent of inexpensive, fast computers has
ushered in the need for user friencly, graphic-based software. AIT celivers
computer programs utilizing only the latest innovative technigues in zreas such as
record keeping, reporting, and dscision making. )

Satellite positioning and tracking, which was utilized by the military in the Guif
War, is the second area of focus. AlT believes that the greatest bensfit of this
technology will occur in agriculture and now provides agribusiness with sysiems @
provide guidance, keep site-specific records, and vary the application rates in real
time.

Machinery automation and control rounds out the areas of focus by relieving some
of the tedious aspects of repetitive agricultural tasks. AIT supplies systems in
which zutomated senscrs and controllers are used to ease the burden of tiresome
chores and increase the accuracy of crop operations.

Through the integration and implementation of systems derived in these focus
areas, AT hopes to attain growth, financial strength, and technological expertise
not only for itself, but also for the agribusiness industry that it services.
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The topic of precision farming has received widespread publicity within South Dakota
this past year. Articles in newspapers and magazines statewide have followed SDSU
presentations on site-specific crop management. Presentations were made during several
ag Experiment Station Farm Days, the State Irrigators Conference, the Soil and Water
Clinic, the State Cooperatives Annual Meeting, as well as to SDSU student classes. Topics
covered at these presentations included yield monitoring, GPS technology, GPS field
scouting, aerial photography and the future economic potential of these tools. There is a
growing interest in combine yield monitors within the state. We currently have a small
number of farmers with yield monitors installed on their combines and we expect that
number to increase rapidly within the coming years.

The information provided by a yield monitor is greatly enhanced when combined with
location coordinates, as provided by a positioning system, for the synthesis of yield maps.
With differential GPS becoming the positioning system of choice for ag applications, South
Dakota faces a problem of limited access to DGPS base station correction signals. South
Dakota is a large state with many remote farming locations. Presently the high costs and
limited coverage of available DGPS signals limit the widespread adoption of SSCM
methods. It will be interesting to see if the new wide-area North American DGPS systems
can provide affordable and adequate DGPS correction signals to rural South Dakota.

There are several projects underway at SDSU that involve aspects of SSCM. One
state supported project involves the cooperation between SDSU personnel and a private
company/farm to develop methods of incorporating yield history information into the
fertility decision process. A site-specific normalized yield history for a field is to be
combined with fertility measurements, spatially varied drainage data, and seasonal weather
predictions to allow more informed decisions to be made regarding spatially applied
fertilizer. Yields and fertility are currently being mapped on two 80 acre fields as a part of
that study. Additional yield data for this work is being accumulated at the Dakota Lakes
Field Station farms and in the study described below.




A related project supported by the Department of Energy involves a second farming
operation as cooperators. SDSU’s DGPS system was used on this farm for developing yield
maps. Soil samples for a fertilizer banding study were taken before planting and after
harvest on two fields with a 200 by 200 ft grid spacing. Yield maps and soil nutrient maps
have been developed for these fields. Grain samples were also collected from the combine
grain auger at intervals (approximately every 15-30 seconds) on the grid transact lines. The
grain samples are to be analyzed for nutrient content this winter. This project has become
one of the first attempts in South Dakota to synthesize site specific field information for -
analysis and archival storage and retrieval by the farm operator.

A new three-year study being conducted by the Northern Grain Insects Research Lab
and South Dakota State University personnel is beginning this winter. The project will
utilize a nested database consisting of topographic location, soil series, weed distributions,
monitoring data for insect infestations, and nutrient requirements over the landscape to
evaluate the ability of Best Management Practices (BMP) to minimize pollution and provide
an economic return over entire watersheds. Site specific technology and methodology will
be used throughout the project and evaluated for applicability.
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