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INTRODUCTION

Tha nature of the Corn Blight Watch Experiment and available
‘resources to conduct the experiment dictated that there be sevaral
ceaters of activity supporting the ovarall objectives. Mr. Robert
~MacDonald described in an attached papar the expariment overviewand
‘participants. Dr. Marvin Bauer described the corn blight problem.

In other attached Papers Mr. Richard Allen discussed the sampling

model and ground data Reasurements program while Mr. Ronald Blilie
prasented the aircraft data acquisition for the experiment. In this
paper the Corn Blight Watch Experiment will be described from the

polat of view of data Processing, analysis, and interpretation proce~
dures. Data availability will be illustrated by didcussing the data
flow for the experiment and the data catalog system. Descriptions of
the analysis procedures, a storage and retrieval systam called the Corn
Blight Record, and a capability for results summarization will be

presanted to show the methods used in obtaining the results discussed
in Dr. Christian Johannsen's paper.

Early planning mestings for the experiment resulted in the concept
of a cantral data reduction center where all Preprocessing and processing
functions would be performed. The data collected would be delivered
to this center and a final output would be sent to the USDA Information
Center in Washington. The advantage of a cantral site was that naxi-
Bum communications between the iandividuals performing separate reduction
functions would occur. Also, the time required for transferring data
between data reduction locations would be minimized. The central
reduction site concept was considered optimum for achieving the greatest
possibility of success for the experiment; however, the resources
available to the experiment did not permit its implementation. An alter-
nate plan was conceived and implemented. Canters were idéntified whare
resources vere made available to perform particular processing functions.
Aldata flow plan which maximized the efficiency of data transfer and
minimized the dats delivery time was designed.



The princiapl data acquisition centers wera: NASA/MSC for the
collection of high~altitude photography, Willow Bun Laboratoriss at
‘the University of Michigsa for collection of multispactral data,
and the ASCS and CES county personnel Lo serve as groumd emmarators.
The principal data processing centers were: NASA/MSC for the procaessing
of kigh altitude film and the identification of frames showing the
Segments identified in the sampiing plan; the Statistical Reporting
Service of USDA in Washington, which assumed the responsibility for
collecting, editing, and collating all ground observations, drawing
inferences from them, and delivering products to the data reduction
center at LARS; the Willow Run Laboratories at the Universicy of
Michigan, which accepted the responsibility to process 15 flightlines
of multispectral data and report the results to the LARS/Purdue Data
Reducation Centsr; and the LARS/Purdue data reduction center, where the
other flightlines of multispectral data were to be reduced and the
210 segments of photography were to be interpreted. LARS was also
responsible for collatimg and analyzing all interpreted results and

for reporting them to SRS in Washington and to other participants in
the experiment.

8ince the principal dats reduction center was located at LARS/Purdue
and most data products wers handled at this center, & method of keeping
track of data producte was required. Therefore, a data storage and

retrieval system was astabliched and maintained to aid in accessing the
data collected. ’

The purpose of the systom wae to:

*

Store data products in an organized library.

Maintain a record of all data atored and reduced for future
access.,

Report to the photointerpreters and mult!spectral data
reduction tesms all required information im & format that
allowed the simplest access poseible by the teanms.

Record data reduction resulis from photographic and multi~
speciral scammer deta reduction teams and merge the results
with the data collected.

Report data reduction resulte to the Statistical Reporting
Service in Washington and to other participants in the
axperivent;



DATA FLOW

The Corn Blight Wateh Experiment was conducted in three phases.
The data flow plan 18 best presented by describing che transfer of
data from dats acquisition centers to and bstweer the data processing
centers for each phase. The dats flow plan is graphically shown on
diagrams which ifnclude each center and sech transfer of data between
the centers. Esch center is shown on the déagrams as a node with an

abbreviation for the centar. These abbreviations are identified in
Table 1.

Phasa 1

During Phese 1, baselins dats for the entire Corn Blight Wacch
Experiment were collactad between April 15 and May 15. Data Acquipi-
tion for Phase 1 inciluded the collection of black and white photography

ovar each of the 210 sampie sites and the interviewing of tract operators

by ASCS enumerutors. Processing included the reduction of photography
to a scale of 1:20,000, the outlining of tracts and fields on the
reduced photography, and the reporting of farm operator interviews

through SRS to the data reduction center at LARS. Pigure ! ghows the
data flow for Phasc 1.

NASA flew two six-inch focal length camoras at 50,000 feet to
obtain two original exposures of 36 flightlines containing the 210
sauples sitas. The scale of this black and white panchromatic photo-
graphy was 1:100,000. The segments wers located, enlarged to a scale
of 1:20,000, and thrse identical printe of each site were delivered to
SRS in Washington. A duplicate set of the original phitography was also
sent te ASCS. All baseliue photography was collected with less than
10X cloud cover present. For soma zegments not photographed within the

time paricd or ckoud cover conditions, existing ASCS photography was
used.

At SRS the megwsnt was outlined on one copy of esch print and this
was seut with initial interview forme to the Agricultural Stabilization
and Conservation Service county conumerators. Each farm operation in
the segment was outlined and visited by the ASCS enumsrator. During
the interviews a field ID was sesigned to sach fiald, field boundaries
and ID snvotations were added to the photograph, and the initial
interview forms were filled out for ssch field in the segment. The
annotated photographe and compleced initial interview forms were



delivered to SRS. The asanotations were coplad aute the other two sets
of printe and the dats on the forms were coded, punched, edited, and
recorded in digital formet. One sat of baseline photographs and a
digital copy of the initial iaterview dats were sent to the Data Re-
duction Center at LARS/Purdue. A second set of basal!ne photographs

Was sent to the Cooperative Extension Service in each state where
segments ware located,

Phese 2

In Phase &, betwean May 10 and May 30, color IR photography was
collected over the 210 eegments and multispectral scanner data were
collected over the 30 intensive study area sagments. This data was
analyzed for soils characteristics to provide soils background infor-

mation for corn fields in the segusats.. The flow diagram for Phase 2
is shown in Pigure 2.

Phage 3

Eight missfons were couducted during Phagse 3 between June 14
and October 13, 1971. During this phase, color IR photography was
collected every 14 days over all 210 segments and wmultispectral
ueziurements were collected every 14 days over the 30 segiants in
the Intemsive Study Area. Esrly in each l4i~day period, ground obser~
vations of up to 12 corn fields in each segmant were acquired. These
data were processed and eent to the data reduction center at LARS,
Fifteen segments of multispactral data and accompanying ground obser~
vations were sent to the data reduction center st WRL, The photographic
and multispectral data were anslyzed and results recorded by the data
storage and retrieval system. The analysis results were reduced and
reported to SRS in Washington and to other participants in the Corn
Blight Watch Experimant. The major data transfers for Phase 3 ars
shown in Figure 3.

During Phase 3 a new miseion was started every other Monday, June
14, June 28, July 12, July 26, Avzust 9, August 23, Septewber 6, and
September 20. Each mission was completed in 21 daye and results wers

punched, checked, collated, and reporced 23 days aftar the wuission had
began.

Only 14 days wera scheduled for the collection of color IR and
multispectral data. Data wers collacted initially over segments when
cloud cover was 30X or lass., If time and weather permitted, reflights
ware made when data on initisl collection ovar sagments resulted in



vore than 104 cloud cover. All such ropeated flighte were made vhen

sagmants in qucestion ware espacted to da covered by clouds 10Y or
lags,

48 in Phase 2, color IR photography (£4lm Eype 2453) wes collected
at a scala of 1:120,000 orap 36 flighelipesn, NASA/MSC idontified the
frame numbers o he analyzed and {ndicated the best frames when re-
flights were taken, NASA/HMEC nent two tronspazenclas and two positive

contact wvrints of all colyr IR photography to tha data reduction center
at LARS,

The WRL, airorafe eollacted uultispactral deta cver the 30 segnante
in ths Intensive Study Aves. ALl data over ths segments were checked
at the data reduction centor ot LARS and irmediately sent to the
enalysis center for processing.

When reguired by tha anslynis tezng, low-slidtude large~scale
photography wus cellectad aver & number of zapmante within the Inten-
sive Study Ar:a. Thege data wave enalyzed in eenjunction with ground
Raaguremsnts to establich the ensar condition of a Lumber of flelds,
This inforeation was usad hoth to avaluats gha parformance of inter-
Pratation or of maschige processed date renulte snd to detarmine the
source of any Glfficulty in data roeduetion,

Six to tweive norn Fiolds iu each of the 210 segments ware dasignated
by SRS to be vicived by CES end dats forms vore distributed to each
enuntrator. Thelr biveekly reports wore 3eat €9 the SRS state offices
during th:z firat weak of the pardod, and, for the 30 fiightlines 1in the
Intensive Study Arca, resuits wers phoned to tha Data Reduction Centar
8t LARS and WRL. Ia seoh of 24 gagrants, up to § fislds were designated
to be visited by Ascs anueerators te provide test field infermation for
data reduction rvasults. These reports veras also channeled to the SRS
8tate offices whers thay wore edit.d, coded, ard punched onto data cards.
At SRS in Washingten, they verce arror chackad, cosicd onto digital data
tapes, and listed con around cbacrvatica printouts., The biweekly data
ware delivered to ths Datn Eaduction Conter, and Cround Obzervation
Summaries, described latar, were dictzibuzed o the cnalysis tesms by
day 10 of each bluuakly covicd, the san dxy an photographic data were
available,

auta Oataleg

The Data Catulog, pravicvsly cudseiog sysien e L4LRS, was used
for the Cora Blighe Watch Pxverims.uc, Thie data ctoazage snd vetrieval
subsysten incivies & marhed of shorinyg £ilwn, analee tapso, and digitized
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tapes for access by the dete raduction temms, Tho Dota Catalog subsystes
uses an indexing scheme and computer prograus for ifsting information. |
about the storage locaticn of evailable data. (R :

- Flgure 4 shows a block diagrsz for tha Data Catal: z subsystem.
As the date wes veceived, it was stored fn a physical location speci-
fically suited for the etorags of particular data types. For exsmple, l
the baseline photographs were stored in a map file cabinet whers they o
did not have to be folded or othorwise mutilated. The 9x9-inch printe ‘
were stored in 2z [ile cabinet and the roll filn was stored im storage
* bins specifically constructud for 9-inch rolls and 70-mm rolls of film,
The analog tapes were storad in sn snvironment spacifically suited for
analog tapes aw were the digital tapes., At LARS, 15 £flightlines ‘
recorded on the analog tapes were digitized, reformstted, and stored
on digital tapes. The remsining 15 flightlines of apclog data were
enterad into the Data Catalog and sent to the Univarsity of Michigan.
Each set of data, L.e., anclog tape, digital tape and physical roll
of film, was susignad & ntorvapgs bin number for retrieval.

The next step in cataloging datn was to record the paranaters ,
of sach flightliine fcr the non-intensive arez and of each segment for
the Yatensive Study Ares oa a data catalog form. The information or
data index reccrded fmcluded the date, time, ground heading, squipment,
film type, and type of data. Thie informetion was punched on computer
cards and entered into computer data files. Storage and retriaval
~ software was written to wake uee of the data files in rveporting to the
enaiyels teaus what dets was svailuble for analysis and its physical
location. Two forms of o-tput were implemented. The short form or
table of contents included & brisf description of all data collected.
In most cases this listing was adequate for retrieval due to the
familiarity of che snalysis groups with the data collected. A refer-
ence number included on the shor: form pointed to a page in the long
form Data Cataleog. The longer description of date received included
most ox all of the parameters originslly recorded about a flightline

or segment of data. This information proved useful to interpretars less
familiar with thae date.

The importance of tha Data Catalog waa not appsrent during the
Corn Biight Watch Prperiment, since wost data was analysed immediately
upon receipt at the Date Reduwction Center. Now that the expsriment is
ovar, however, the Dauta Catslog, the orgsnized mathod of storing and
indexing along with tho computer-gensrated raports, is important in
locating date. It should also be noted that with this system an on-line
retrievel of tChe data le poesible.



ANALYSIS PLOCEDURRS

Each of the date enalysis teams was given a Groudd Observation
Summary for the segments Lo be anclyzed or interprated. A new su-
mary was distributed each pericd so that pertinent infommatioa required
for anelysis would alvays be available, Although the form of the
Summary, chown in Figure 5, was the same each period, parameters listed
vare added or dropped from the format according to the needs of analysis
teams. In the flight informetion ares of the summary, the sagment
number, film roll aumber, frame number, date and time of the flight,
and flight direction ware listed. Next informstion for the corn
fields visited biweekly wae listed as well as soma information for all
- other corn fields and uon-corn fields in the segment.

Photointerpretation

With the film roll transparencise mounted in the Variscen, a
rear projection system, the frame indicated by the Ground Observation
Summary could ba located by a photographic analysis team as shown
in Pigure 6. Using the sumusry and the baseline photogugph, the
biweekly corn fields ware located and studied 80 the teams could train
- thexuelves on the appearsuces of blight levels in the segment. The
number of fialds usad for training varied during the experiment; not
all biweekly field information was used,

Next each corn fiald in the segment was located and interpreted,
and the results were recorded on a Tecording form. These results
wera coded, puached, edited, and added to the Cora Blight Record for
@ach of the 210 segments. The 8ix teams of photo analyits completed
their analysis by day 23 of esch pariod. On the average each segment
vas analyzed by onw week ofter the data collection dete.

Multispectral Date Analysis

Fifteen seguents out of 30 in the Intensive Study Avea were analyzed
by LARS. The enalog tapes were digitized end displayed on a digital
display. Figure 7 ghows an analyst locating tha biveekly fields using
a baeeline photogrash and lightpeu. The data from these fields were
analyzed vadng a clustering Procedure, and the resulte wers used to
determine classes for the anzlyeie and data points for genarating class



statistice. Next the channel selection program was used to pick four
optimum channeis for classification at Purdue and 6 optimum channels
for classification at WRL. In general all channels of dats collected
were used during the season. There was no single best set of channels;
however, a thermal channel, two reflective IR channeles and & visible
chennel were usually selectead for the classification of the segment.

At WRL a similar analysis procedure was followsed using analog
techniques on the other 15 segments in the Intensive Study Area. Results
for all 30 segments were reported both on a total segment basis and on
a field~by~field basis with LARS and WRL using the same reporting
forms. It should be noted that results on a total segment basis were
not obtained by photographic analysis. Instead the entire segment was
classified into non-corn and corn classes of different blight levels.
This i3 a more complicated classification than is interpreting blight .
levels only in corn fields. The multispectral scanner results were
also completed by day 23 of the period and were finished on an average
of 10 days after the segments had been flown. These results were also
recorded on the Corn Blight Record.

Corn Blight Record

A record of the information obtained for every field in each
of the 210 segments has baen maintained on digital tape. The system
designed for accomplishing this task and implemented for the Corn
Blight Watch Experiment is called the Corn Blight Record and is showm
in Figure 8. The initial interview data, Form A, and biweekly field
observations, Form B, were merged with flight log information, multi-
spectral analysis results, and photointerpretation results. The
resulting tapes, one for the seven state area and one for the intensive
study area, were the source of most of the listings and tabulations
generated during the experiment. We have already discussed the Ground
Observations Summary. The Ground Observation Record, which is a sorted
listing of all information on the tape, was generated periodically
for results analysis.

Data analysis results in the form of remote sensing analysis
tabulations were generated on day 23 of esch period for SRS in Washington.
Expansion of results according to the sampling model for ground obser-~
vations, photographic analyeis, and multispectral data analysis were
also generated for each period. Breakdowns of blight results for
cytoplasm and for many other parameters were wade. Yield calculations
and other such studies are now in the process of being made. In
addition, the results are now being analyzed using standard statistical
techniques such as correlation, analysis of variance, and others.




One last ncte on the corn blight tupes chould ba mentioned, The
format of the tepe and a description of the parameters storad have beean
documentad. The resulting document and a copy of the tape ean be made
for anyonae requiriag this dats.

Regults Summarizstion and Dissemingtion

In Pigure 9 the data flouw for dissemination of the blight analysis
results is summarized. For aesch biweekly period, color IR photographs
ware sent to the county enumsrators for their particular segments,
Questions and training materials were sent with the prints, and results
vere returned for analysis aud evaluatios, The purpose of this aspect
of the experiment was to acquaint the enumerators with small-scale
photography in preparation for futura technology.

Summsrization of ground obasrvations was performed by SRS within
ona week of data collection. Photographic and multispectral analysis
Tesults were sent to S35 within en averags of two weeks after data
was collected. These results ware available o SR3 for compiling
blight reportes to the USDA information center, which in turn handled
Press releases to the news media.

CONCLUSIONS

In comclusion thie near-oparationzl test of remote gensing systems
rapidly advanced ouvr kncwledge of their potential., In additiom, it is
expected that the data collected will continue to be useful in future
research. Data over an agriculturally important area of tha country
have been collected through & growing season. More thanm 40,000 fields
were included in the initial interviaw records. Ground obsarvations
ware obtained for 1,600 corn fialds visited biweekly. The results of
photvinterpratation for 16,000 corn fields were racorded avery two waaeks,
and over 300 square milze of multispectral scanner data were analyzed
eight timas during the groving season.

The procedures designed for handling the large amounts of data were
successful. Where problems wera encountered, adjustments ware made to
insure maximum results, aveilabis promptly and in a way that was consistant
with the rapidly advancing stata~of-tha-art.
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Table 1. Principle Center.of Data Acquisition and Procesaing

NASA/MSC
WRL/U. of Michigan

ASCS County

SRS/¥ashington
SRS/State
CES/State
CES/Coungy

DRC/WRL
DRC/LARS

USDA Information Center

~ NASA Manned Spacecraft Center,

Houston, Texas

= Willow Run Laboratories, University

of Michigan aireraft system

Agricultural Stabilization and
Conservation Service of USDA County
Offices

Statistical Reporting Service of
USDA, Washington, D, C. ‘

‘Statistical Reporting Service of
USDA, State Offices

Cooperative Extension Service of
the seven states

Cooperative Extension Service
County Agency

Data Reduction Center, Willow Run
Laboratories, University of
Michigan

Data Reduction Center, Laboratory

for Applications of Ramote Sensing,
Purdue University

United States Department of Agriculture:
Agricultural Information Center
Washington, D. C.
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1971 Corn Blight Watch Experiment
Ground Observation Summary

Flight Information

Biweekly Corn Field Data

Other Corn Field Doto

Non—-Corn Field Data

Figure 5. The Ground Observation Summary was distributed to
analysis teams every two weeks. It contained the flight
parameters, new biweekly training field observations (which
provided the data foundation in the analysis extrapolation)
and basic information of all other fields in the segment.



Figure 6. Most of the 210 segments in the 1971 Corn Blight
Watch Experiment were analyzed using a Variscan rear-pro-
jection system for photointerpretation. Results were
reported and rushed every two weeks to Washington.



Figure 7. Digital images were used to locate training fields for
classification of data from the multispectral scanner, Data
from 15 segments were digitally processed and the remaining 15
segments in the Intensive Study Area were processed using analog
techniques for the 1971 Corn Blight Wateh Experiment.



Multispectral NASA

Analysis Fmts
Corn Blight Cards
Tape
Software

. Photographic
Analysis

Ground Ground Data
Observation Observation Analysis
Summary Record Results

Figure 8. All ground data, flight logs, and analysis results
were stored on magnetic tape. These merged data were used
to report and analyze results for the 1971 Corn Blight Watch
Experiment. -
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