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INTRODUCTION

We are living in a rapidly changing world. Agriculture is no exception. With
the Uruguay Round Agreement of 1993, agriculture now becomes a worldwide
enterprise. A Country cannot protect its domestic producers anymore with high
price support and restrictive import barriers, Agricultural crops, fruits and
vegetables will be grown in the world where they best fit and where they can
be most economically grown. In this world of “surivival of the fittest,” only
those who have the most advanced technology and highest productivity at a
minimum cost will prevail,

Mechanization for mechanization alone is a thing of the past. Agricultural
production has already shifted from a mechanical age to a chemical age. When
mechanical means couldn’t improve productivity anymore, better chemicals for
fertilizers, weed control, pest control, etc.,, came to the forefront to push
productivity even higher. But with increasing environmental concerns, use of
chemicals will be more and more restricted, and runoff and infiltration of
chemicals into ground water will be carefully monitored and regulated,

Environmental concerns and technological advancement in control and
automation are pushing us to the verge of an “information age” for agriculture,
That is, new technology is changing the nature of production agriculture. For
example, rather than spraying herbicides all over a field, new sensors and
control technology will allow us to destroy individual weeds while minimizing
other effects on crops or the environment, Fertilizer applications should be
based on soil composition and precise yield measurement of a spot, rather than
the whole field. Farmers will need more information and immediate access to
data on their machines, crops, and the outside world to operate their business
profitably, They will also need systems with advanced technology to accomplish

! Mention of specific products is for information only and not to the exclusion of
others that may be suitable.
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their work and maximize their productivity.

The purpose of this paper is to describe some of the new technologies in
agricultural production and processing which may help us move into the
“information age” of agriculture.

PRESCRIPTION FARMING

A Prescription Farming System (PFS), sometimes called precision farming or
site-specific application, uses information about current field conditions as a
function of location to assure precision application of nutrients and pesticide on
a site-specific basis. To take full advantage of PFS, field data (such as soil
types, nutrient levels, and yield goals) must be stored along with the location in
the field. Field machinery must also recognize its own location in the field, and
must have an automatic control system capable of changing application rates
when needed. A geographical information system (GIS) is an ideal method for
storing this spatial information, and a global positioning system (GPS) is ideal
for pinpointing locations on the field.

A basic Geographical Information System (GIS) provides integration and
analysis of spatial and statistical data from a variety of sources with a menu
driven user interface to provide a friendly and efficient user environment, The
system serves as a way to combine map information (possibly from many maps)
with database information (called map attributes) which can be manipulated to
form new maps or provide analysis results. The display of spatially varied
information in map form often provides easier of storing data as images by
which each separate area (also known as a polygon) on the image represents a
separate value. Depending upon location, map attributes can include
geohydrologic, agricultural, and demographic characteristics. Possible
geohydrologic layers include depth to the water table and bedrock, media
parameters, topography, fracture zones, and rainfall. Agricultural
characteristics can include land use (forest/urban/crop..), crop variety,
nutrient /pesticide names and application rates, and chemical characteristics.
Demographic layers might include population distributions, locations of drinking
water wells, and roads.

The purpose of a GIS in prescription farming is to store data spatially.
Output from GIS helps farmers to locate areas in a field that require specific
amounts of fertilizer based on a set of criteria. Such input data could be soil
types, nutrient deficiencies, and pest populations. From this data and other
data, crop yields for each zone can be estimated and used to optimize fertilizer
usage and pesticide spray plans.
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A global positioning system (GPS) is a new technology that directly
migrated from the defense industry. It utilizes a network of 24 satellites (21
working and 3 “on-orbit-spares”), deployed by the U.S. Department of Defense,
to pinpoint locations anywhere in the world, 24 hours a day. A typical GPS can
not only provide longitude and latitude information, but elevation and speed as
well. Airplanes and ships have been using GPS for navigation for years. GPS
can be coupled to automatic pilot to find a way back to home base or to fly to
any one of hundreds of preprogrammed airports. Passenger cars equipped with
a GPS receiver and street maps on CD-ROM are now available,

Until recently, typical accuracy of a GPS has been limited to within 15
meters. That’s more than enough for a ship or even for an airplane, but not
very useful for farm operations in a small field. With the development of
“differential GPS” (DGPS) with single or multiple reference stations, accuracy
of one centimeter is possible if rapid update is not necessary. On a near-real
time basis, today’s DGPS can pinpoint the location with sub-meter accuracy.
Since most GPS are capable of building multiple “routes” by storing hundreds
of “waypoint” along the path, it won't be long until an automatic guidance
system with a GPS drives tractors and sprayers by itself.

GPS can be used for tracking spray trucks, tractors and combines, Combining
the location information from GPS and recorded information on GIS, the
fertilizer or pesticide ammounts can be adjusted on-the-go. The GPS can also
be used in field data collection for GIS and other purposes. Replacing volumes
of paper forms, notebooks, and other equipment, a notebook computer (possibly
pen-based) with a dedicated GPS receiver can greatly simplify and integrate all
aspects of field data collection into a single database. In another example, a
combine may have a precision yield measurement transducer along with a GPS,
so that next year’s yield goals can be based on this year’s yield on a site-
specific basis. For orchard farmers, a tractor with GPS /Imaging system can be
just driven through to measure total tree volume, which can be used to
estimate total harvest production or amount of pesticide needed for the next
spraying schedule,

The technology is readily available to implement a remarkably accurate
prescription farming system (PFS). The question that remains is whether or
not the cost of a PFS is worthwhile, and the compromise between
environmental protection and field productivity. Different levels of automation,
accuracy, and cost must be compared to find an optimum system.

INTELLIGENT MACHINES

Productivity and reliability of field machinery will continue to improve. As
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farming operations become specialized in what they do best or what is best done
in a certain field, field machinery will also become more specialized and
specifically designed for certain conditions. Emphasis in machine design will be
directed to developing products that can fill niches, by modularity of design or
by adding specific options to base machines. Tomorrow's machines will be
designed so that fewer trips will be required to get the same field work done,
Soil compaction will be still an item of concern, and traffic will be controlled to
certain zones in the field. Automatic guidance systems will be used to eliminate
plant markers, overlaps and skips while doing field work. As moisture
conditions, crop densities, soil organic matter contents, and other field
conditions change, a machine will automatically make adjustments on-the-go
through sensors and artificial intelligence.

Field machines will require more instrumentation and controls for complete
control and adjustments of the machines, One of the practical problems
associated with such an intelligent machine is the communication between
systems and peripherals. Many companies are developing their own computer-
based instrumentation for a specific purpose, without regard for an ability of
additional systems to be compatible with or to be able to communicate with
equipment from other companies. Interconnections and communications
between instruments are becoming extremely difficult as more and more wires
are running along a tractor. What is needed is a comprehensive communication
standard-that is, a common network architecture and a communication protocol.

Two groups within the American Society of Agricultural Engineers (ASAE)
have been working for the past four years to develop or adopt communication
standards for agricultural applications. These groups are: 1) IET-353 /1, Mobile
Equipment Communication Standards Committee and 2) 1IET-353/2, Fixed
Equipment Communication Standards Committee. The IET-353 /1 Committee,
often referred to as a Mobile Group, has been working with SAE (Society of
Automotive Engineers) and ISO (International Organization for
Standardization) to form the ConAg (Construction-Agriculture) Multiplexing
Task Force under the umbrella of EMI (Equipment Manufacturer’s Institute).
They are currently working out details of a SAE Standard J1939:
“Recommended Practice for a Serial Control and Communications Vehicle
Network.”

The purpose of the J1939 Standard is to provide guide lines for an open
interconnecting system for electronic systems which will allow electronic
devices to communicate with each other by providing a standard architecture,
Vehicles of interest include, but are not limited to, on and off highway trucks
and their trailers, construction equipment, and agricultural equipment and
implements, The J1939 Standard has adopted the CAN (Controller Area
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Network)? protocol, based on the Open System Interconnect (OSI) Model
developed by ISO. Although CAN is capable of communicationg at 1 Mbps (bits
/sec), the current draft of J1939 specifies operating speeds up to 250 kbps. A
shielded, twisted pair of wires was adopted as the physical layer of the network
for the truck and bus industry, while non-shielded twisted quad cabling is under
consideration for the agricultural industry. J1939 also defines device node names
and addresses, protocol or rules for constructing a message, data formats
contained within each message, accessing the bus, and detecting transmission
errors,

Requirements for a fixed equipment communications standard is somewhat
different from those of mobile equipment, because they involve a wide variety
of applications. These applications range from irrigation systems to on-the-farm
grain drying to environmental control of poultry houses to process control of
food processing plants, The required volume of information and processing
speed for these applications vary from relatively small and slow for many on-
farm applications to relatively large and high for processing plant applications.
Communication lines for these applications often stretch long distances-much
longer than mobile communication applications. The IET-353/2 Fixed
Equipment Communication Standards Committee, working closely with their
European counterparts, has been trying to identify and adopt an existing open
communication standard or protocol which offers the most promising
advantages for fixed agricultural applications. Considering that CAN is a
protocol for relatively short range (40-50 m), the two standards which appear to
be most promising for fixed equipment are CEBus and LonWorks,

The CEBus (Consumer Electronics Bus) is being developed by EIA
(Electronics Industries Association) for home automation functions such as
remote control and instrumentation, energy management, security systems and
entertainment device coordination, Physical media which can be used with
CEBus include PL (power line), CX (coax), RF (radio frequency), TP (twisted
pair), IR (infrared), and FO (fibre optic). Transmission line lengths can reach
150 m using PL. Data rates are typically less than 10 kbps, which though
adequate for home automation, may be too slow for many industrial
applications. A major advantage of CEBus is its compatibility-every
implementation of CEBus will be able to co-exist and communicate with any
other implementation. Although EIA has set up a CEBus Industry Council to
develop conformance test standards for CEBus equipment from different
manufacturers, the conformance specifications are not yet complete, and, as a

2 BOSCH CAN Specification Version 2.0, 1991, Robert Bosch GmbH, Postfach 50,
D-7000 Stuttgart 1.
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result, very little hardware for implementing CEBus is available at this time.

LonWorks, in contrast to CEBus or CAN, was developed by a single company
(Echelon Corporation) which was later joined by semiconductor companies
Motorola and Toshiba. Currently, more than 500 companies are either using or
developing LowWorks compatible industrial grade products for a wide variety of
applications, LonWorks is a means of building local area networks with groups
of intelligent, independent nodes using a variety of communication media to
implement sensing and control systems., Physical media currently supported by
LonWorks include PL, RF, TP, IR and FO. A twisted pair can operate at 78
kbps up to 2,000 m or at 1.25 Mbps up to 500 m depending on the control
module. A serial lonTalk Adapter is also available to allow attachment of any
host processor to a LonWorks network using an EIA-RS232 serial interface. The
LonWorks protocol is incorporated into the Neuron Chips made by Motorola and
Toshiba. The Neuron Chip was designed to take care of developing new
protocols and new executives for new applications, and developing new drivers
for new applications, which Echelon claims take up to 90% of new system’s
develop time. This leaves application developers with a need to develop only
about 10% of the code relating directly to control logic. At this point, the
flexible features, open architecture, availability, support by industry and
semiconductor companies of LonWorks would seem to favor this standard over
others for fixed agricultural equipment applications,

INTEGRATED TECHNOLOGY AND DECISION
SUPPORT

Now let’s say we have all these marvelous technologies such as intelligent
machines, new sensors and control systems that can talk to each other. Will
this be enough to achieve highest possible productivity at a minimum cost? The
intelligent machines can help us make tactical decisions like where to spray and
how much to spray, but what about strategic decisions a farmer has to make
over a growing season? Should I spray today? or next week? When do I need to
plant? Should I irrigate today or tomorrow? While we can make a subjective
and qualitative decision based on experience and advices from others, it would
be better if we can have quantitative, value-added information to support our
decision. Farm computers, software, and agricultural networks will have to
work together and play a big role in farming operations in providing crop-
specific and weather-specific information, Here’s a working example of such a
decision support system in that scientists, engineers, public agencies and

farmers work together to achieve their objectives,
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GOSSYM -COMAX is an integrated computer system which farmers and
their advisers use to help make real-time management decisions about
irrigation, fertilization, chemical application, growth regulation and crop
termination in cotton across the cotton belt of the U.S. Combining a process-
oriented crop growth simulator (named GOSSYM for GOSSY pium siMulator)
and an expert system (COMAX for COtton M Anagement eXpert), GOSSYM —
COMAX runs on an 80386 or better computer and integrates many of the
variables that influence the economic return from the crop. Weather, soil and
cultural practice inputs allow prediction of how the crop will photosynthesize,
grow, fruit and mature. From the user’s point of view, two methods of decision
support are available:

1. “What if” games can be played on the simulator. “What if" |
irrigate next week? What would be the effect on net return? “What if"
| sidedress with NH,NO, but it doesn’t rain for next two weeks?

2. If requested, the expert system will “recommend” rates and timing
of water and nitrogen fertilizer.

GOSSYM, the crop simulator, consists of equations which quantify the
physical, chemical and physiological processes occurring within the crop and
soil. Required inputs include hydraulic characteristics of the "soil, physical
status of the crop, daily max and min temperature, total solar radiation, rain fall
and wind run. The simulation result is the quantitative crop performance,
including net return, during the remaining season with and without the
hypothesized practice. Since using the crop simulator in decision support of
farm operation requires repeated testing of hypotheses of cultural practices and
future weather scenarios, a simple expert system (COMAX)is implemented to
assist in exercising COSSYM and to construct and evaluate hypotheses in
reaching a cognitive recommendation,

COSSYM-COMAX has been developed jointly by Clemson University,
Mississippi State University, and Crop Simulation Research Unit of USDA-ARS
(U.S. Dept. of Agriculture-Agricultural Research Service). The effort began in
1973 and the first system was implemented in 1984. Since then, farmers,
researchers and government agencies all work together in evluating and
improving the system. As of 1994, more than 300 farms from California to North
Carolina are using the system for irrigation scheduling, side dressing amounts
and timing, defoliation timing, date of planting and replanting, insecticide
scheduling, and growth regulator management, This example shows that the
knowledge and technology are available to combine production and marketing
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economics into a total enterprise decision support system, suitable for farm
operation.

INTELLIGENT INSPECTION SYSTEM

Computers can calculate, measure, count and remember much better than
humans, but even a small child is better at pattern recognition in an ambiguous
situation than the best computer. For computer vision inspecion to be
successful in the agricultural and food industry, there is a need to develop an
inspection system intelligent enough to recognize similarities and differences
among sets of object with high variability, Agricultural and food products have
high variations in appearance of acceptable objects, and high variations in
appearance of defective objects. There are unpredictable defects and
ambiguous critera. The challenge for research lies in developing a robust
inspection system that recognizes patterns and classes amid high variability and
ambiguity, and sets its own decision criteria based on those perceptions.

One key principle of such an intelligent inspection machine is a “global”
analysis. In traditional machine vision inspection systems, every pixel in the
image plane is analyzed to calculate specific features such as edges, distance,
length and width of the object in a “local” algorithmic approach (quantitative
analysis). A ‘“global” approach analyzes all relationships at once and
systematically compares the overall appearance of any object to that of any
other object (qualitative analysis). The “global” method resembles the human
processor in significant ways, While the human is not very good at rapidly
gauging and counting specific aspects of an object, the human eye-mind
combination has an extraordinary ability to take in the general shapes and
appearance of the object and to sense very quickly if “everything is OK” or if
some aspect of the object “doesn’t look right.” The underlying strength of
global analysis is its ability to detect unforeseen, unknown defects in a multi-
class inspection system without the need for reprogramming the system.,

Another aspect of an intelligent inspection system is its versatility. In
traditional inspection, algorithms are programmed to identify feature elements,
and criteria and tolerances must be specified on each of the parameters to be
measured. With such methods, a simple inspection problem becomes a
significant intellectual feat, performed only by a trained and perceptive
programmer, and every visual classification problem requires a separate
recognition strategy. Instead of specifying new parameters and rewriting
inspection algorithms every time a production line changes, an intelligent
inspection system can “learn” or be “trained” to automatically distinguish
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among object classes and set its own decision criteria. Current trend in the
machine vision industry is to incorporate artificial intelligence into machine
vision inspection systems. Most of these efforts has been directed at the use of
expert system or neural network with the traditional quantitative algorithmic
approach. The self-learning capabilities of neural network can be strengthened
by global. analysis approach in developing a robust, intelligent inspection system
for agricultural and food processing industry.

BIOTECHNOLOGY

Biotechnology i1s the engineering or biological process that uses living
organisms or biological materials to improve our quality of life and to expand
the availability of useful products. Why should the traditional agricultural
engineer be concerned with biotechnology? It likely will represent a large part
of his /her future opportunities as suggested in the phrase “engineering or
biological process.” It is the role of the engineer to produce predictable and
controllable processes and products for the benefit of mankind. More
specifically it is the traditionl role of the agricultural engineer to produce
predictable and controllable processes for agriculture, To accomplish this role,
the agricultural engineer has held the distinction among engineers as those who
have uniquely sought to apply engineering principles to living systems.
Biotechnology represents a rapid advance in the commercial potential of living,
or biological, systems, Consequently, the biological engineer of today and
tomorow must embrace the responsibility to advance his /her professional
practice within and beyond production agriculture, Other bioclogical areas
demanding engineering attention and scale-up now include, but are not limited
to, plant and animal genetic manipulation, food and fiber bioprocessing,
fermentation for microbial and secondary biological products, bioremediation,
biosensors, biological waste handling, ecology management, and biological pest
control,

Integrated Pest Management Program in USA emphasizes the use of
biological control agents over traditional chemical application wherever
possible. Biological control includes management of insects, mites, nematoes,
weeds, and plant pathogens by agents such as predators, parasites, pathogens,
and competitors. For example, a virus or hormone can be used to control an
insect pest, or a fungus or parasites bacteria may deter the growth of a weed.
Who will develop application technologies for these biological control agents?
Some of these agents are susceptible to mechanical damages when going
through pumps, valves and nozzles. Some may be susceptible to high
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temperature in the spray tank. Most of these biological agents are so expensive
that precision placement with uniform coverage is essential. What we need is a
new application technology that will improve the deposition and efficacy on
target organisms with minimum exposure to non-target species, which will
minimize negative environmental impacts,

Simultaneous development of biotechnology and microelectromechanics
(MEMS) may lead us to biosensor technology. A biosensor is a transducer that
has an biologically active sensing device. The sensing device of a biosensor can
be a microbe, a single cell from a multicellular animal, or a cellular component
such as an enzyme or antibody. A biosensor may be designed to measure the
minute quantities of biological substances that can have overwhelming impacts
on life and our environment, A biosensor can be used in food processing
machinery to detect sensory and microbial activity., The information from the
sensor will be used in automatic process control to maintain freshness, quality
and safety of food products. A moisture sensor could be planted with a crop,
which communicates with sprinkler irrigation system as it passes over and
allows exact amount of water to be applied.

This will not only optimize water use and pumnping energy required, but also
reduce the environmental effects of fertilizer loss due to runoff and percolation.
Moreover, the moisture sensor could be designed with bio-degradable
components that decompose and fertilize the crops after a season’s use,

Plant tissue culture, or micropropagation, is another example technology that
solicits the attention of the agricultural /biological engineer. It is both the
method and the bottleneck to realization of the rapid replication of desired
genetically-altered plant products. Micropropagation has become a widely
adapted methodology for commercial plant production because of its rapid
multiplication potential for genetically identical propagules. Yet, the same
highly labor-intensive protocols practiced in research laboratories are
traditionlly transferred directly to commercial operations, Little effort has been
made to achieve higher efficiency in commercial scale-up operations. Biological
engineers have begun addressing this process from the standpoints of
laternative liquid / rr;é’mbrane cultural techniques, environmental modification
and control of nutrients and atmosphere, and materials handling. Scale-up of
plant tissue culture certainly offers opportunities and challenges to the engineer
interested in applying engineering principles to living systems, even on the
miniature tissue level,
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CONCLUSIONS

Tomorrow’s agriculture will need to address two major factors: productivity
and environment. We have seen that knowledge and technology are already
available or impending to improve productivity and to optimeize the input costs
while balancing our environmental concerns, Now it’s time for scientists,
engineers, public agencies and farmers to work together to implement these
new technologies for expanding the availability of food and improving our
quality of life,

ACKNOWLEDGEMENT

The author wishes to recognize and express sincere appreciation to the
follwing for their constructive suggestions and furnishing valuable references
and visual aids: Dr. Douglas L. Bosworth of John Deere Harvester Works: Drs.
John C, Siemens and John W. Hummel of University of Illinois; Dr. Marvin L.
Stone of Oklahoma State University; Dr. Bailey W. Mitchell of SE Poultry
Research Laboratory; and Drs. John C. Hayes, Jerry R. Lambert and Roy E.
Young of Clemson University,



H A

HO

HEb|E2 0|88 sYI|A AR
(Research and Development of Agricultural
Machinery using State-of-the-art Technology)

[
2
r

%3] W 7= AlAlA 22 ok TP E A7t obdr} 19939 +-F

o] ShE= o} v &, TP DU AAAL MY E 7Hl = el Hde =
7he A=Y w4E HAALR A ARHA £ FHeze o o] HEFY 5
A =t FR/, AL Ft AaFe b AR A F Ade FAA A
g Zloleh, AHANES AAdAE 7 Eed Ve s, A2 v 4o vt
Ao AREL e T e AdAe] dopdE Aol

Z1A 25 A% 71 A sk A9 o] et 5 A o7 Z)AY Al fAlA 5}
o] A2 AT ZIAAL SR AAAE o ol =Y & & dol ¥
&, Fz A, HalE A S 22 A WSl AeA o 2 AidES
FEPAE 22 #A 60 et File] L2 WA, setu) g9 AL TS o AR
HoiA g, g §53 2 Ak 79 AA BT 24FH $oh

B g AAF Ao 71e9] e, 23 AFHe vEE AL AR &
=z vk F AEE Ve FH A2 44 WA gl A E R AA
o] Mx2AE Axs7 el MRS A} Ao 7|eL A Azl AE 5}
FUo 24 FEF HA F= FFE Has # 5 o) vEe A E AA £
Aol AxdE ARt 2GS 2 2 R viehe] A &3 Yabakel wepx 3 st
ot & Zlolth Fh& A H A& Bt A 317 A 2pAle] 7)1A <}
TE, 282 94 274 dig o 2 ARE Q73 E Aol o]l M A&E
HZE 278 Zleolch, 258 =3 AES AdE Tt o B2 L2 47
A8 ddE Ve AL Al2de 2734 2 Aol

o] =29 F2 & 2el & v AR} AHE A= A A A
gk Al 71es AHEke Ak

e =
=

Deag AES AFHE AL DA AR AL Bt Aold, AL B E AFEL W)
AsHe AL otk

64



. %3¢ (Prescription Farming)

Auiee] Al 2 € (PFS) S £% AW %4 (precision farming) =& 54 #1412
(site-specific application) 2.2 &2 © o] Wi & 4 W Arey A
g xol HF T4 AAaFozH B4 YAl vlmet AFAS M-S % 8+3] A
A 2 glck. PRSE waAl7)7] siM e A Hd Frrt 4 =)ol
sofo] 633 v %, WAL FET e AR vleislojof gt A ZIA= X
Yol A A 9125 QAgezH 3% e}t 4458 HHAH & A= A
Aoy A] 2ele] glojok dhrh A g FRAAR(GIS)E o] T HEE A E
L o]abAql wro] 3, x| ke Al ' (GPS)& EAlA el & 1A E QA& 4
& o] Wy elrt

7rergl GISE ol 289 AReA v Ehdoletel SAdoleE T
BAE 4 glod, AHeA 4 AgHoE & F e #AEE AFse o 751
Ale} abga} Qe Ho]AE 7FA T ek GISe “Ax &HATelzta B oj o] B} ]
o]~ AR —o] ARE o7 A A AEE DEE | AHEHAY 24 A4S A F
gtk — o} o] AR AL F e AE ARE AW FHR =53k
o) Ao Wil ARE Ax P2 FHF A WL & Hel gHE g4
o)l & & glA stedFEh HH A GIS 2L FA HellA Zh7te) 2ad #44
(3 Hoiy o gx deiA glg)el A2 v (43S 7HA 2¥st dl o]
e} A &) 7] 5-& AlF3l £t

AL A& Fad st BRHE Aoz AY e} FdH AT FATH
Zo] £A40] F % 9t ¥ e layere A8t R Aok o], o7 Ak 2]
838 o7 2o, Agae]l B ¢ vk AR layer= Ex|o]&(X]Ho] 4H¥, &
A, AE A 5), TES thep, BB /e FA o] Bt A X ¥l E, 3}std BAJol &
2 9leh, AT £A% layers AT X, 459 94, 228°] € F 3t

Aol A GISE o] 4oz deoletd FzhH g AAd 4 sl GISAA
e 2388 RS EAdA Aure] AR 7Fol oste] 5HT & v g7}
93k AAL Ao E&L £ Aotk of7le] o delHE 2d #3,
BEg ook s3] o e slo] & Aot} o] HolEl s thE He|H 2R E &
A3 Ade] TE Pabo] 4| =Q $ qlx, v B AHE3} S FHAA Y # 2 3}8l=
o) AF&-" gl

GPSE wsjatgd o2 el Ay o|AE 4l 7]golty, GPS+ vlgE= W =dA
W) 2] 8 2470 2] 914 (2170 AEFo| T 3 ) TS o] &3}, s
o1 ol T 312 2447t Bt X2 A A @ S ek A¥HA GPSe B =%
dx WrE ol et nE} X A Fot v @7} A GPSE £ F
oF 823} gajo o] &s 22 Uk GPSE AEFAA ) Ay, 7R E Fob
o g2E Ropd = 9lx, v ZEaAR 9 o) v PAF shiol AR dot
7+ 2 gl A| = g}, GPS $:417) 9k =2 %te] £ 9l CD-ROMe] 313l Ap53h
= A AFEE A el

22717 GPSS AFE-& 15m el e) 232 M=o gk o)L Atz v

}'EJ.L.
oo

3PN e

N

i

]

32, offt

65



A& 383 ALAT, 22 LAY gAY f-E3HA] Rt st E o
2 A8 71E $1x & 7H1 AFGPS(Differential GPS)e] 22, we HJure) 44
°l a3t e, 1 cme] F# 7} 7hestet. Az 714 @49 DGPS+ 1
metero| 9] F#EE 7HA 2 et dfF-#9] GPSA2do] A& a2t 5 Wrfe] A
2F BAske AES ARFLR o g ARE ¥E £ AoEE, Y}
GPSE 7H AR A o8 7EHE EdEist mxFojolr} g Aol
ot

GPS+« 2z #e]olg st s =de], Fuidd o148 + k. GPS
2HE A2 AR} GISA 7158 A RE A3}, vlns} A8 Fo] 2P Tl
24 2 Aot GPSe =3 GISE A% A vlolets ohE Exeax
A8 S gl BE S £ e} g PSS gl (obvtE dE &
+ ) GPS A7/ A2E k=X FAFEE A4Sty ZE SR/ 24
oletrA g shute] dlolebslol2g FE3ate] FHE F gk ©E 4F 2H,
GPSe} tigo] X4 g A #3 e} 24 FA & 7l Fuld e, 8% g
T FAHSE 3 AAY sHFE oz s og Y s FXE AYY 54
& Jlelth #44 F4E 2 Echd, GPS/34 Al2d & 72 =deHe A4 3
9 $9& A% 752 7 led, A AAFE AFAGEA], G5 A2
M3A S F& &t AHEE 5 9l

°l 71€< Wi$ B & PFSE &-&3ted AH8d 4 glvh. PFSY 717 o] Hgdt
7he}, 87 Buoh 24 A ehyo] FAZ dert. A ALdE BEe
W7 sk, 242k g8 &9 AHEste 84, 7HA Fol viaF Aok & Aol
22

M. 25 7]A (Intelligent Machine)

FA7IAY AT AHHE AL AT Uk 5 Aol AEHH D £
o ol FUNYe) Wt FU AL HS AERT AL YT, BEY 2BVE
A% 71 A7 AARZ 3l AA AANAY B2 A A& Ao 5HD FHE
BrhsAY, RERGLZH STFE BEAY & Uk AEF] Hojo ¥ Aolrh £
599 FAES A2 e A8 AASE o) Lol £ bl Aol o
8 BAol mE oA 7w gl BAL T4 ol | 3o W AT o)k,
AF LA LD AFANEAE G AL, TRAYEF) BASE 2% 2
e g Aolth $E, TEY U, 2F 47159 43 18 £ 279 Wl
gel 7 AE AEH o2 A4S AZAEE Bl ASH O a8 Aole},

E371AE 71AS) A Aoist =8¢ 99 o we Aulsh Aol W e Waw
1A g Aolch. olei® A5 J1A sk BAW AMHQ TAZF b A2ds T
Ashe] EAlolth BE HAEL U S5 AFH 70 BuEL Adew 3l
o, e $oHHA A adse 589 T2 HA A BEE A ERe] 38E 1
st oA shoh A Alols) 45 dAS EAL =dEd o BE Dol WA S
2 o HA L ek A71olH Dot AL BRAY T4 BFol) 5, dHA
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A 71eH 541 ool

u)5 ASAEWS] F 7§98 252 A 445 5do HL317] 9% 54 258
N, H83t7] 98 dstx oo 5 Al 1ES 1) IET-353/1, Mobile
Equipment Communication Standards Committee 2) IET-353/2, Fixed
Equipment Communication Standard Committeeo}t}, IET-353/1 $1¥43 = 7}
Mobile Group2Z E&|l™, SAE(Society of Automotive Engineers)2 ISO
(International Organization for Standardization)®} 2¢] EMI(Equipment
Manufacturer’s Institute)9] =98 3}ell ConAg(Constructive-Agriculture)
Multiplexing Task ForceZ ZAAIsle] 3tar gjt}, o] 288 dx SAE EF J1939
9] “Recommended Practice for a Serial Control and Communication Vehicle
Network” A % zt¢} & &} gl o},

J1939 X5 B2 2F0] He 7IHS ATTezy A2 o 7149 BA13]7)
AR HAAXE 7P ARA Ao M) FANHD A5 AA Al A" e 7| ES
AFats Aok, TAle] HARA = AHFL ISR /mMEA g ez =Y
g, 244 vl T4 Anie 71 FEelt} J1939 Standard: 1SOe 4 7§ OS]
(Open System Interconnect) Model& 7]4te 2 3= CAN(Controller Area
Network)*& 43t} CANY A% & %7} IMbps(bits /sec) o) x| gk, 33 J1939=
2bE &£ X E 250kbpsE FA AL Qlth 27be A xAe] e Egs w s AL
Aol £218 9 layer2 A= o}z A9, B e}z molx] u] /he] Ho)Bo]
dell ZAHZ ek J1939€ A9 ko]l E3} F4 A, wA1R| 9} zzhe] w4 %)
g 743 dlolE Ao AAdS 3 2oy 73, wlaze] HE HE L {FEAS

HNE 5 Avle] ALdGAA G o
&, ol XA Av7F B 24 W o] Ho 9l7] wFolc) o]z A4
Hele 3 A 2" ARy 3 F5 Ax7], A &4 Ao, A E73T Ao
T AA7A] o] B}, o7jA ST EHAR &= AR g A HrE FA A ¥
2> A G Aoz Ax e A A ZANAY H &3} o] ArjE e
2 Wi g 7o) sl ol#dt H & oA FAML &% Auje EAlda v}
25 v] 4o} IET-353 /2, Fixed Equipment Communication Standard Committee
= HY AHAET AR dody AEste T B4 TEF AR A FY A Lol
Al el o] Sli= FFekol de) &AL, EAjsle 3t gle). CANe)] Al ez ge 40
~50mell 4] protocoldl A& Fejs) ¥ =) CEBus®t LonWorks7} & x4 Au] 6] 7}
FAET EFeZ o=y g}

CEBus(Consumer Electronic Bus)+ EIA(Electronics Industries Association)
A 1F Ao P 2F, oA Fe, 9H A AHFH 2 F) )9} Ze MY A ESE
HHA ALstz Qe AFolry. PL(power line), CX(coax), RF(radio
frequency), TP(twisted pair), IR (infrared), FO(fiber optic)® 7-& E2]3al o)

2 BOSCH CAN Specification Version 2.0, 1991, Robert Bosch GmbH, Postfach 50, D-7000
Srurrgarg 1.
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A 52 CEBusE AHE-¥ 4= oloh. PLE A4 o= A% Hol7} 150mol] o] &}, d
o]e] 9] HFEo] AWt o2 10kbpseldte M3 A o2 2o} 7R L 0 2 = H ez
v AdLezE HFEstA] Esich. CEBusY 7P & AR 334y
CEBus?| =& Av|EL ofE o] Ax9} &3 FAlo] 7l5s3lth. EIA7}
CEBus 44 #1943 & 293l o2 A x=A42 35 CEBusH & 9384 A% A3
S e o, oA HF A EFe] AR wsten, 1 A2 HA) &
2] hardwaregte] CEBus”]| 7+& A 93} o)},

LonWorks+ CEBus®} CANel| ¢ a4 @+ 3]A}¢l Echelon Corporation2 Ad#
gom, Fo WA 3l REEEe} mAulst F3stA o @A) 50070 ol 4] 3
AFEo] Eyl v thokgt 42 ¢s)4 LonWorks 3.3 4] & A E& AL&3}A A
w33 gloh LonWorkse ZHA] /A o] Al A& FA817] 918 g Av] & o] 43}
< As¥, 59 $EE5S LANCE 74358 = W elcl LAN 98 x| Y=<
A= PL, RF, RP, IR, FOG-°it}. 2714 & Alo] 2E2] EAd] 93] 2,000mell A=
78kbps, 500mel A+ 1.25Mbps® 2% o}, ¥ LonTalk old el EIA-RS232%
g Qe # o] ~AE A} &3} LonWorks network & o} & Z9o} 4k &%) 7} 23} A
< 7} ’ot. LonWorks 7S Z 2 E8tel TA[ule] A7 3o o]fo] H a1 gl
ot} AAALS N2 77U AY7|H & /g, 2L FEZFA el o] &5
gJ =4, Echelon& A2 A Agle] AAut Aj74E 90%7}F 3710 Fxtgcly FA%E
t} o] AL AR HES A AluAle A ZAHAH R FAE AAF 10%HE
Mk o) 8 FH ke Aolth,

o] X|H A t}ekdt B4, FNE 7Y, 84 5& = LonWorksell g 4+
Aot vixA HAEY QS AXA FAA ] A LS H8) o)} BFE ALY
S A EE g Ao Hr,

N. % 7lex o4 2A 28 A"
(Integrated Technology And Decision Support)

olAl S8l AT 1A AEL A L Ao Aj2elz} HE Hol 2 7El e
A & AFEES ololr|® o] HAE Ak deu, o]Ae] HAae Au| 2 H
thel AatE o] Fo} Yzl FEE/E? o] A% ZIAE A ool deh Al
& A7} e A 2gS E 5 oy, R AR Fdel ok e AY
Al Ao e AW Ert? 25 A" AUV oby R b5 Al N E BE A
?7 250t dE B8 9717 $eivh Ao A o E AME S £2AL RS
FRA ) AAQ A Y o, B fert oS A AL A 7HA AE
Al Hro &ste] AAL WA oS F& AHoldh FHAM HFH, £ZE
Ao, g BT FE3 X hF H RS ATHLEHN FF9 2o I F
A& Aolw, 2 ALE 7Y F S Aot 7] Aoz 28I &
2 AN QA 2 FF] EHE A A3A, Zlext, Y 71dH 559
o] FF 249 «7b At
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GOSSYM-COMAX+ 5% AFH Aadez @i, vg 4%, 33 94, 4%
z24, v 3 e 53} ] X B3| =8 A7) 5§ AN Y8 s == £
AzpEoe] Abgstx ok HE A F3 A AEHelHd GOSSYM
(GOSSYpium siMulator)e} HE7} Al2"q COMAX(COtton Management
expert) & A st HE GOSSYM-COMAX+= 3867 FEl 9} L o] 48 7] Foll A2t
o] FHod A5 Au 2R HAH o g v = G2 HLES FYE
4 olch, @A, 2ok, Aul Al 2 e Q1Y W ogA FEo] FPFa AR
2 A E B FAHsE el dF dFE JHsEHA B Eo ANERES] B oA
2 o F 7} JAbEA A o] o] &E £ 9lch

L AEdel gl “—ehd o=@ ek AYS ¥ 5 ok el W
shw o7} 7 olefel] oW G ol G177 Wk Wk YR FE A
st thg F Foll w7k 22 od o gA D7

R

2. asicid, EF A LDLS 28 2 A0 2 vt v Re & FHEHA
£ Zlojth

GOSSYM2 =28 A A Ed o e 24, FE&3 2 e 224, 384, A
28y o] A YA ez AR gl S TFE = Y @S 2 sHH
EAF TEo EElA A, vidy Hu, HA X, FAAE, S, vk A
53 g}, Al EHolH Y A d2 7|7t Eetol PR F7HA QL A o] al-& w9
He W FoldE =33 2AE AR /g Wl Solok GOSSYME 5% 7
32 JAAAA YA A" 2 ALE-317] Yl A= Al FAl T v e Fa e} 2L 7}
HES W3 ZhEA oz W 33 Holeop dtmz HE/F A" COMAXE
GOSSYM2| +3& F1 HAF 3 Adle] =931 $1d 7 ES AL ol &
Frbste & et

GOSSYM-COMAX+ Zd¢ d¥(Clemson U.), #AAlg Fos
(Mississippi State U.), vl&54 4979 28 A A E#He]Ad A7 (Crop
Simulation Reaserch Unit fo USDA-ARS)el4] FE o2 d-73dc), o] 9+
19733 ol Al zto] H %l 22, 19841 ol A 2te] Ut} o] F 2 R AFAE, A Y 7
B TEo AxdS FHristn FAA7] Yl HsAdct olzgt xHoF
199437+ x] Me] LYo} (California) o} 4 North CarolinaztA] 5004 F&e] &, &
HEx|H) 9] oF3} A7), T o] X &= A7), HF A7), olA] A7), AAEAAEE A3y
o] A|A®l& ALE-3EA Qi) o]& XA Fge] WA Hofe] HA Hd & AT 9
AMA A X QA A"l oA F-8351A] o] 88 = 9lon, A Hddx A3 o|&H 5
AFE HAFE doj},
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V. 253 HA A]2H= (Intelligent Inspection System)

HAFee AR o wz2A A4st, Y39, Aesly, 9 434S 79
F A, M FL g HFEE oluf g A3 f1E A s YoM of
ool Bohx F3lch HIFE A7 Qlale] Hd 3 Al E Aol A FH o2 o] 457
AHM = B IS 712 BEAETLY Aol FAAH S QAT g H A A Ad
o] /s oo} gt} FUF Al E AAEL S E 7 A E FoA 5 ol B2
& FHA 2 9l Aol e AEFE e B2 ddAd S IR 2 gl =37
@148}21 F3le Ae] EAsla A 7 E % ofnisie) dA AP = ATFE

2 g F ool g Sl RS dA S E/F3, QA Fel i A Y 71E
%’éﬂs} A5 AN A2 NEste A& 522 s 9t

ol A5 M Alxdle] Fo] 5= el A A A (global)’ #A o)}, il
ZIAAN A YA 26 & FHA- (local) ! 2] F BA(FA £A)d s ZHA, A
2], dol], 49 Zx} 22 ¥l EAL getalr] s dHe 2E HEo] A4t
ook A A2l FAC BE BAZE BAHEHAR T, AAHoZ E49 A
9ol oH & ZA e} v (AA 2A), o]z A WS A7+ el W
A3} fatatet, A7Ee oAd EAY £ 2EE wEA 2%ty Aled £ A
ok Q7o) A zbat A ale] A2 oW At diA A mks Fe & A5 o} F
w2 A “RE Aol FLX]" e “BAY oW HE nEX] $&X"E AR A
itk AAA 24 s F AH L F AR A A A/ 2d S Az a9 Y
8 glo] A &HA e e $HAA W AHES Folll= FH s

A5 A2 & 5L g0t} Y- AY M= e Ed 9y
825 AEslx, 7|E HE L3e A E A= Waerio AEA ﬂ«lﬂﬂﬁok
b, 28 wE o2 9t A A AT —E%EIJ- A¥Ys z2adwrt 28
g FAI7F € Bk o), RE A £ TAIES 27 A Age] Ha3ic) Al
2 HFE AYsa A 4 EE A4l a}°1°l W ojoict A 2 2P sk dial

AFHAAN 2L 2AlFH o2 BASES EF7 /A8, A1 AA 7|E& HE
A Bpatn FHE 5 ok A F1AIA X 4R S AN AR QIR A "o /lF R
T AEA7IHAL & gl dREES o]ld ¥ AEs A2k} A TS 7
X—M FH due]F HZ WA Aoz Aisle] Abgsta gl A3 A1)
g 58S A 5Hd AN AAdY Al Aaly E2AHE A o8] w3
A ZZAH ARG AN A 9] 7)1 A A Q1A AT 7FsAE Aol

)& F ¢ (Biotechnology)

AE BHE Aok 9t H7AY BESHY BA2 Selo AP S BT §
£ AEY EAE ZAE B9 w42 Tl of DA FBE
A7} A& T3l WAL shxof &7l 7 olof] & AP Wl AN “FIF E=
AE T el TR Y 2 28Y 5 Aok A4 AbsEn B4 b 2HE
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Mkaks A7) o] S A AFS U= UL TR JEolr} ByYx
3tape] A2 F o] AEsste], Tl A4 st A bed TS
Zolch, o] 4L F37] A3l T3 A= Aot e A2 3t g2 A4
371 918 s oA dul FEatstes & F5FE M2 A AE2EA 7]
e Aol gl e AEIA A2 Al FAG o= s wE ARE Bo)
ok Fds] @A = vjd e AEFAE A AT Y R ol HHAA
AE FHoz Al AEAA Y do& Aol & Aol A2 JH ez
ZEH B9 ) a7 A EH &Y A 23, AFG A AEHH T
A, oA QEIH A E 23 7ES % HE, AE3IH 24 (biomediation),
npo] e Al A (biosensor), ¥ &34 #7& Me], delshd FAL FE2FHA 5 ¥
A S g

vl=e] B¥E 3 8] T2y e B¥H A WA R A e
WA o] A8 WASLE Qo A e WAY EF, AET], AEF, 2 AE
dA Al £F, 71A4F, HAA} FAA 5 ol Ede Ae F¥Y AE S
H, vlolej2el 32 EL HFE TASH AMEE & AR, FHol, 714 =heEEo}
© A2 AF A g 5 U Aolcth ot AEFA WA 2 S5 g HE 7]
&ML £ UL ? ol8lF FFES T, Y, xF EolpeE &4 Y
g Fgleh od AES 2zdo] B o] £ 225 WA &4 Y= &
ch 22 o] AEHH £FES A 2t AFoE, AYsy FAT X
b Dot $2i7t Ho@ AL 2R A& 7ol o)l& HAsE = T & #7)
Aol A 425 5ol YA 58S Szt oy 43A] oldte F5 o
g FgE HAA I L 2F Al T FAHHA 9 H a7 = Aol

A E 283 v A A Ak 3Hmicroelectromechanic, EMMS) 9] 354l 37 /i
S 53 fele vtel Al 33 J1eS AMRE 5 Al F Aol wlel oAl E
A A2AE FHA DA e AEE ARk AETH BT o, ulo]A1X 9 o]
A2 FA e A E FEIY, Axs A} Z2 AE FHE el DA A2
ol Eo] & F Qlrth vlol 2 Al = A3} @ FfF dFE oA AEFH £
A2 o}F Al & AAY F UEF 2B Foltt o] AME FEH @izl AR
< AAE, A3 AFe HHEE FA87] A7 A Alojol o] 8E o s=4
Ae e A AdAA 2x3d Fe] B0 A2l dAAE] oy 9 Sl
AT ARE AT, 22 TFE 7 UA=EE 3= A& 7Hs3A & Aol
oJAL & A& aFEHAR = FL9 AUAE AL v 8 {FE2H EY
AFE Z94 Aol vlAe dFE A4 5 & Aot Akl x4 A
3 B3 248 o] &3t R 7] ol Fell B FE AFl E
A& Aolrh

A Z A ol oFolvt v] E vl & (micropropagation) 2 &-&%2te} A &3}l A
#Aol He v Zlgeln. o]AL & FHAA e F A 22 A F] wE FA A
g AES AT HH o2 7 d7rE FAR Eefolh v E MY S FHH R F
A ol E HA AL wE BA Y d el AL Pl AE At A B 9 EHA
A s o2 &= whygelnt, 2y, A7 A dld 3 48 22 =5 Jd

d
o
—

=

[



o] 713 ¢} X5 AlF3te E Aol

VI. 2 =

N9 e A4 Dok F X EAlol el Fsol & Holch &
2 oln] $218) BAel 23% o] YPH L AuE Hashehw YA E ¥l
=l oA §-881T, o4 A AA S %ol ajA dotnsket. ol Al Tkl
2, Q3 7B 5 FAASL oW AV1%E 49 BS YA T A F

LS F7HIE Lol AFA717] 8 o2 A g7t HAAoh

74+2] Z(Acknowledgment)

A= AAAHQ AL AA S F3, 71x s FaAde) AAHQ) £&& FAl
BEJA 7ZAE 5guch  John Deere 8 74 (Harvester Works)$| Dr.
Douglas L. Bosworth; ¥2]xo] FH&e] Drs. John C. Siemens®} John W.
Hummel; £Z¢e}vtst Fdige] Dr. Marvin L. Stone; SE 7bF d+4:9] Dr.
Bailey W. Mltchell; &3¢ &< Drs. John C. Hayes, Jerry R. Lambert2}
Roy E. Young
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Bgolehe A9 Fuisl 1A, Al aA, B2 5 49 YEops] ol
H3le] A Bus o) 7hw gl =& Fdolett 4] ABH 74 el A
4 sbolebi Al Wobuizh Akl ASI7h A ol wek BARA S Ao 249 A
28 JbE A3 3A7AS AFse AREA A2 E A%E 27T AEY)
ok meba sl A e ATALE Bl Fles Estedol ge BT ol
2} sy,

QA Selgete] Sejo] e YA FRAAL o v)shs FAHA el WL
Jug AYPNY Tl & YA ot TLA 22T g FUAE BHo e
w28 AA ] o}F AHLetskaAl R G AU E 23 9le AFolsty & 4
et A7t $218 Fge FAAARC] sl Aoz BHA)7] e
ow REL Urbagel FHHol BT, ofH FELS ATo A BT AU
ok she, olw 2Ee BT 2 T AAHE 719 urok gk,

Arl 2ol A1A, Al 24 59} Foll A BE o2 & 4 g IVreo)
Ay gol ohde 12 A8 BASE FFEI} 2 71Ee FRIEolAT & 5
Qednh el ol dokel YoIAE FWrIEdl o A Loh} $2e
Aol 22 12 A7 FAZo] AN FAY 4 A o] w¥ kol
B3 ¥ & qledt $29) Fage] 2AZALE 27 A sHEE |, 2
Mol W, mE 7|43 B39 S DolA] u] 590l glojo} bl o] & A=
g4 BAoA Hade o] Wagch S8 ojw rAsh AEs} S A
e e WA AYE b F28 SRy

seutete] Bqie Bustetiu Bl AY d¥e Aoz Festd $elut
2o} Edr)AE AR AL E 2L glojor B HUEHE o] o] d £ 3 AY
Utk 7129 SgAFe A3 AR mL e S S ok a1 = A 2e
Mol B A A= A4 e ZAZAL T Aok R @
Astelobt gt Austnat e A2E BAAA Aol o2l uH HAY
el AN ol 4 slche AL AN AUtk AdaAe) Al A LE A
o) 7leg st AT Hololol YUtk w AAAMNE B&aHA ule} o] 7]
A}, ATse] LEAMNE BES, A EEHE st o] AARY 2
o A7 AFEL Aleke) E23E FEFO 24 259 o1 o] € B (Initiative) &
A% A 8ke guch,
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2% o] Aol FAAY = izt o] oA gl 4A43F] o] REE =Y
3t Sale] AL Aelsto} sAEUL w AAANE E%%’— st (Biotech) #oF
Axe] FHd7|Al AFAte] L& BEs vl AE) AF4e ALE &2 5o T
FE-oR, fejvete] obs Aabske] HAA gakake] oF 10%E AAst glon
TR A 22} A RF2IF AA A THE Acke Gl Bekate] $2luety mis
A& FAAAAA 713 A Bl M Eststna AFel B4 A7 =g
Argdsuyct a3 Aol A3t sl A43 FuldAld Soi7t e 94
AN A A Aot A AT AA S} a4 AAE] L 7H T UF
Yt

spAl e g A 7Y RAATFLRS] 2R AT O Z}lﬂ-/] A& A% o
wROE A7) A48, Al e Fo] WS HA] Wk AL Azbez gl
FUYT debx] A7) A DAl e ALEE F “3‘] g5l FRL ATE S
aloqdof Prie AL FE=x A el
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