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Agricultural Applications and Requirements Programs

APPLICATION DISCUSSIONS

Discussions were held during this quarter with numerous scientlsts in
various disciplines of the natural sciences. Interest centered around the
potential use of LARS techniques and facilities for research in geology,
Timnology, meteprology, ecology, geography, and civil engineering.

Soil scienbists asscciated with LARS and the Purdue University Depaxtmen
of Agronomy held informal discussions with soil scientists of the Indiana
Office of the Soil Conservation Service (USDA) concerning methods of gvaluating
the use of multispectral data in surveying and mepping 'soils. Several factors
were proposed for consideration in evaluating the utility of computer printouts
which separate soils according to the speciral properties of the surface. It

is anticipated that various technigques of evaluation will be employed during the

months shead,

INTERNATIONAL MEBTTNGS AWD EUROPEAN ITINERARY

Plans were made in preparation for two papers and a series’of seminars %o
be presented in Europe in August and September. A paper entitled "Automatic
Tdentification and Mapping of Earth Surface Features" will be presented gt the
VITT International Quaternary Congress in Paris, "Mulbtispectral Response Studies
of Soils" will be presented at the annual meetings of the German Soil -Science
Society in Hannover. An invitational seminar on "Potential Applications of
Remote Multispectral Sensing to Soil Classification and Mapping" will be pre-

sented before the Land and Water Development Division of FAO in Rome.
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Invitational lectures will also be given abt the following institutions:

International Atomic Energy Agency
Vienna, Austria

International Institute for ferial Survey
and Earth Sciences, Delft, Holland

ﬁetherlands Soil Survey Institube
Wageningen, Holland

University of Zagreb
Zagreb, Yugoslavia

University of Helgrade
Belgrade, Yugoslavia

Agricultural. -Experiment Station
Braunschwelig, West Germany

Christian-Albrechts-University
Kiel, West Germany

German Geological Survey
Hamnover, West Germany

‘Greek Nuclear Research Center
Athens, Greece

Organization of Economic Cooperation
and Development
Paris, France
The objectives of this official trip to seven European countries by
M. F. Baumgardner were:
(1) To present scientific papers on aerospace remote
senging research.
(2) To present to European scientists seminars and lectures
on the use of aerospace remote sensing in natural resources
research.
(3) To discuss with European scientists of many disciplines the

potential applications of remote sgensing and automatic data
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processing technigues to the development and menagement
of agriculbure, water resources, and-other earth resources.
(4} To observe and study in the several countries which were
visited, the present syséems of soil survey and mapping;
Jand. use planning; land drainege and reclamation and

agriculbtural research in general.

Biophysical Research Programs

MAY FLIGHT MISSION

Two flight missions were conducted during this quarter which were
dﬁring the months of May and June. On May 13 some data were collected by
the University of Michigan aircraft, bub weather conditions deteriorased and
the mission was terminated before completion. The mission was completed on
May 26 and 27,

With significant effort from LARS personnel the classification of the
Flight TLine 21 data collected on May 26th obtained at 1200 hours vas comp}eted.
These data had beern collected at %000 feet altitude, and included 3 channels

in the middle infrared wavelengths between 1.0 and 2.6 micrometers., Cover
types present at this time of the year included water, bare soil, wheat, hay,
trees, corn, corn stubble, oats, rye, and an additional category of green
vegetation which included weeds, grasses and legumes. The primary objective
for the classification was to classily wheat, other green vegetation, bare
soil, and water. A secondary objective wag to develop a procedure for analyz-
ing a large quanbity of data; in this case, a single flight line involving

approximately 2 square miles,
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Using gray-scale printouts in the .62-,66 micrometer band, 237 fields
were delineated. A subset of these fields were designated as training fields.
Preliminary work indicabted that water, bare soil, and green vegetation covld
be easily separated, and that there was good potantial for separating wheat
from other green vegetabtion. Preliminary work also indicated that a problem
existed in the overlay technique causing misregistration of the overlay data.
This was édjusted and a correction was made which allowed the overlay to be
much more accurate. Two classifications were conducted; the first utilized
five wavelength' bands and gave an overall performance for training fields of
oL percent and for test fields of 80 percent. This classification utilized
the .46-,48, ,55-.58, .72-.80, l.O-i.h, 1.5-1.8 micrometer bands. The same
data was then classified using three wavelength bands, which were 4O~ hh,
1.0-1.k, 2.0-2.6 micrometers. This classification resulbed in approximately
1l percent poorer accuracy than with the five wavelength bands. The overall
performance was 93 percent for training fields and 79 percent for test fields
(Tables 1-lt). 1TIn this case, it appeared that the increased time to obtain
the classification over such & large area using five wavelength bands did not
warrant the small increased accuracy.

Conclusions resulting from this effort are: (1) The resolution of single
width printouts was inadequate for easy and positive location of field bound-
aries wh re data were collected at a height of 4000 feet or higher. Resolution
of double widbth printouts was marginal. Displays of betiter spatial resolution
will help this problem comsiderably. (2) Up-to-date photography is necessary
vhen locating field boundaries in a flight line for research purposes. (3) The
technigues for handling large quantities of data in a timely manner were con-

sidered satisfactory, although scme irmrovements will be made. One of the
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greatest problems was the determination of the number of sub-categories of
each class and the fields which should belong in each sub-category. {(4) The
classification was considered to be reasonably accurate.

When gathering ground truth it was difficult to differentiate rye, oabs
and wheat. Flight missions early in May or after June 15 would allow more

positive identification of these species.

JUNE FLIGHT MISSION

The requested June flight mission was conducted on schedule on June 25
and 26, The weather was generally good. and ground truth data was collected
using the photography taken on May 25. Because the photography was obtained
near £light time, LARS personnel were able to partially annotate the photo-
graphy before the flight mission. This made the gathering of ground truth
information considerably easier. The type of crop cover, plant height, row
width and row direction in the case of corn and soybeans, and special deserip-
tions such as "weedy" or "mowed" were written on the photographs. Ground
truth collection was completed during the week of the flight. Flight Line
2k was selected for detailed analysis, digitized and reformatted.

The May photography obtained during flight missions with the K-17 camera
by the University of Michigan had crabbing and tilting problems. When Michigan
arrived for the June mission, it was requested- that the crab angle be corrected
if possible. This problem could be corrected Tor the K-17 camera but could not
be corrected for the 70 millimeter camera systems.

Because the Michigan aircraft adltimeber is accurate to only + 200 feei, it
was decided that in fubure digitization work the altitude would be determined
from the photography. This altitude inTormation would determine the frequency

of digitization of the data.



SOILS RESEARCH

1968 NASA photography wes studied, with particular emphasis on Flight
Lines 21 and 25 in Tippecanoe County, to select intensive soil study areas
for 1969 flight missions, Soils representing transitional areas (Prairie
séils, outwash soils, and forest soils) were chosen. The study areas include
5 farms in Tippecanoe which are: Chitwood Farm on Flight Idnes 22 and 25,
Hawkins farm on Flight Line 25, Banta-Gay Farm on Flight Line 21, Prather
Farm on Flight Line 21, and Dieterle FParm on FPlight Line 2k. The detailed
study areas range in size from 60 to 100 acres. Prior to the May flight,

L to 8 samples of surface soils were obtained from each of the fields
selected for soil study. Mechanical analysis and organic matter content were
determined for each sample. At the time of the scanner mission, surface soil
samples were obtained in each of the fields for moisture debermination to
study the effects of moisture on the surface spectral properties of soil.
Preliminary  analysis of one of the test areas indicated there seems %o be a
‘high correlation between organic content, as well as the moisture conbent of
the soils, in relation to the spectral characteristics as measured by the
scanner,

On the basis of these preliminary results, it was decided that more
detailed, quantitative analyses of the geophysical relationships between the
spectral characteristics of the surface soils and their soil properties were
varranted and needed. Therefore, efforts were to be concentrated on Flight
Line 24, and in particular, the Dieterle Farm. At the south end of this flight
line, large areas of soils had developed under deciduous vegetation. These soils
have a very distinct, natural pattern which is related to the “internal and sur-

face drainage characteristics. On the Dieterle Farm, an area éf‘approximately
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1200 by 1800 feet in size was divided into a grid of approximabely 100 by
100 foot areas. At the center of each 100 foot square area, 1500 grams of
surface soils were obtained for laboratory analysis and gbudy. Dr, Al
Zébhery of the Agronomy Department prepared a detailed soil map of the
5ieterle Farm and surrounding areas. Approximately MO0 acres were mapped
using the conventional techniques of walking over the area, observing surface
features and drawing soil boundaries on en aerial black and white ‘photo.
With this method the séil surveyor must describe the changes in the soil
profile as well as the surface characteristics. Borings were made in each
801l mepping unit. In the next few meonths, detailed snglyses of the soll
samples and correlations between the soil characteristics and the spectral
radiance as measurs: by the scanner will be conducted.

A’ cooperative effort was elso initiabed between the Soil Conservation
Service (sC¢8) in Indiananolis and LARS. 8CS is interested in exploring new
and faster methods for obtaining and znalyzing soil data for surveying and
mapping purposes. However, SCS is not & research organization and cannot
participate direetly in research activities. §CS officials did, agree to
supply to LARS soil maps for five designated areas along the Highway 37
Tlight line. These maps were prepared and delivered to LARS during this
quarter. They will be used Tor comparisons of conventional maps with those

obtained by compuberized mapping and soil boundary delineations of scanner

data.



YELLOWSTONE DATA ANALYSIS

Effort continued on a cooperative project with United States Geologic
Survey (USGS) in the analysis of the Yellowsbone dsta. The Pirst analysis
of this data had- been conducted in January when Dr. Harry Smedes and Mr,
XKenneth Pierce (USGS, Denver, Colorado) visited LARS. Following this initial
classification, Ken Pierce revised some of the training area coordinates.
A new set of statistics was obtained and a classification was conducted for
the entire flight line (double width printouts) on the Yellowstone fest site
by LARS persoqnel. A second classificabion ﬁas conducted using wavelength
bands similating Fhose proposed to be flown in the Earth Resources Technology
Satellite (ERTS). A third classification vas made ubilizing wavelength bands
simulating those proposed for the Return Beam Vidicon system.

As a continuation of this analysis effor:, a joint project between‘
Dr. Marc Tanguay of Bcole Polytechnique, Montreal, Canada; USGS and LARS was
initiated. - Dr. Tanguay came to LARS in June as & visiting scientist for a
twvo month period., Early tasks included familiarization with the categories
that had been defined previously and thorough examination of the photography
in the test area. A great deal of emphasis was placed on refining some of
the training samples and further examination of the statistical parameters.
After a thorough photo interpretetion study, it was determined that some of
the categories should be redefined and a new classification done using a
modified set of training classes. Additional exsmination of the statistical
parameters is being conducted. It is anticipated that this will be followed

by additional classifications using the simulcoted ERTS and RBV wavelength bands.



CTHER ANALYSTS WORK

The classification of the Black Hills fovestry data and the Cunningham

Porestry data was completed during this guarter.

Physical Messurements

FIELD SPECTROMPTER

The main sccomplishment of. this guarter was the completion 6f the work
necessary to write s thepia proposél on a field spectrometer by John Clevenger.
This included a sigpal-to-noige ratio study over the enbire speatrel rangs
from 0.35 to 2.5 micrometers; laboratory and compuiational anelysis of slit
curvabures in varions prism arvengements; electronic system design and foracls
liminary considerabions of ealibration schemes,  The work will be reported

in & thesis proposal for the Ph.D. Preliminary Exam of John Clevengey in JSuly.

IBAF SCATTERING STUDTES

Work was started on & papér deseribving the leaf-seattering studies
complebed by Harry Breece., Some additional experimentation will DYOVE necossary
o explain spectral respongs anomalies béyond 800 nancmeters, Further, in order
to mslce the apparatus generally useful to 1life scientists not specifically
Tamilisr with electronic ingtrumentation, it Will.bﬁ necessary to plan modifi-

cabion and repackeging of the apparabus,

IRFORMATTON PROCESSTNG SYMPOSTUM

Thraze papers were invited for the LARS portion of the Purdue information
Processing Symposium to cover both aireraft and satellite scanner pisns., The

pepors o be pregented orally by the suthors were:
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"physicel Considerations in the Channel Selection and Design
Specification of an Airborne Multispectral Scanner,”

¢, Lawrence Korb, MASA MSC, Houston, Texas.

"Design Considerations for Aerospace Multispectral Scanning
Systems,” C. L. Wilson, M. M. Beilock, E. Zaltzef?, Bendix
Corporation, Ann Arbor, Michigan.

"Degign Censiéera$ien§ of A Multispectral Scanner for ERIS,"

Oscar Weinsbtein, NASA (SFC, Beltsville, Maryland.

These papers will be published in the conference proceedings in

Augunst, 1969.

ELECTRONICS INTERFACE UNTYT

An electronics interface unit was completed and mounted in the field
ven, This unit includes operaticnal smplifiers, auxiliary power suppliies,
scaling pobtentiometers, and similar items of. analog electronics for improved
eage of data acguisition interfacing with both the tape and mulbipoint

rEcorder.

PUBLICATION

One publication was made in this quarter, "The Physical Basis of System
Design for Remote Sensing in Agriculture," Proceedings of the IEEE, April,

1969, By R, A. Holmes and R, B. MacDonald.

CONTINUING RESEARCH

Work continued on the analysis of thermel date from 1968. Modeling
efforts based on percent area coverage of soil and burgid plants are yielding

blackbody equivalent temperature spectra similar to actual data. In the



1%

modeling process, soil is assumed to have a send-like emittance and a range
of physical temperatures, while crop cover is assumed Lo have the emittance
of water and a range of physical temperatures. The results are encouraging,
but the need exists for good emittance daba of agricultural soils, Some
progress can be made by measuring spectral radiance ol the undisturbed soil
on & windy day vhen one ‘can assume some heat gpproach to isothermal scene
conditioné. As an added part of the study, & senlor project was started for
this summer on thermal soil transients in lab modeling and field experiments

gt the Agronomy Farm.

Data Processing Programs

INTRODUCTION

Previous quarterly reports of Data Processing Programs have described
efforts in two categoriés (1) further development and adaptation of previously
defined methods for data processing which will function over larger geographical
sreas and (2) initial development of new computation procedures for aspects of
the total remote sensing problem not treated by previous capabilities. The
first ‘cabegory has been planning and preparation since a planned aireraft
scanner mission program had not been possible since the 1966 growing season.

However, near the end of the current quariter, the first of the required
new data gathering missionsg was carried oub, and the initisl besting of pro-
cedures for larger geographic areas was begun. This is reported herein. Further,
preparatory work in the form of the programming of LARSYS Version 2 continues.

Work on several items in category (2) continued during the guarter as reported

below,
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DEVELOPMENT OF LARSYS VERSION 2

The bagie purpose and characteristics of the second version of the
DARSYS progremming system have been diseussed in previous reports. The
development of this system continves. The method of applying the
programming philosophies discussed last guarter have been developed and
eritieni subroutines have been written and are now being tested. A systen
construction program has been put on line to aid in the development of the
first two major programs of divech inbterest to the uger. These two are
LARSPLAY, the aircraft data display program which replaces PICTOUT, and
ATRANAL, the aircraft data analysis program vhich replaces LARSYSAA.

A1l mejor processors in TARSPLAY have been defined, written, and are
now being checked oub and finalized. The Statistics Processor in ATRANAL
is at the same stage as LARSPLAY. The other bthree processors in ATRANAL

are Feature Selection, Classification and Displey and are yet to be defined.

DATA COLIECTION AWD ANALYSIL

Two data missions were carried oub in this guerter, May and June.
Data Processing Programs persomnel participabted in the collegtion of the
ground truth for these flights so as to become more femiliar with the stage
of growth of the various ground covers. They algo parbicipated in the
analysis of the data., A desaripéion of the work is included in Documentation
Packages 10, 11, and 12 (Appendix A). Since this represants an initial xun
for daba collechion and analysis over larger areas, the greatest benefit from
the project was the definition of new technigues to handle the larger guantities

of data. An analysis of data from the June mission is not yet complete,
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Analysis of data from the 1966 missions also continues. Durixig this
quarter the following flight lines were studied: .C-3 and C-k of July 1966
and C-2 of September 1966. The results of these studies are contained in

Documentation Packages 6 and 9 (Appendix B).

DATA HANDLING RESEARCH

Aspects of three data handling techniques were under study during this
quarter, The three are data registration, scanner angle corrections, and
reformatting systems. The data registration or image overlay work has now
progressed to a two dimensional research system. A paper describing this
work is expected to be published in the Journal of the Society of Photo-
Opticel Instrumentation Engineers.

The determination of the effect of scanner sensitiviby veristions as
a function.of angle are under study. The effect of these variations on
classification results is being studied experimentally, This work has now
been temporarily halted and the results to dats are reported in Documenteation
Package 7 {Appendix ¢).

The work on data reformatting techniques has centered on problems in
locating calibration data for each scan line. It is also necessary to
re2lign data from the scanner due to misalignments introduced by the analdg
Tepe recorder. An algorithm using correlation is being tegted for this

purpose,

DATA ANALYSTS RESEARCH

In addition to the aircraft data analysis activities carried out in
concert with other LARS progrem areas and previously described, several

projects are under sbudy within the Daba Processing Programs group, One is



e

the development of the Per Field Classification Scheme which has been
referred to in previous quarterly reports. Progress has contimued on testing
it and LARS Information Note 060569 (Appendix D) provides mathematical details
end available results of tests on three of the more difficult flight lines.
Also, during this querter, the system has been implemented in a format similar
to LARSYSAA so that it is readily usable by those less skilled in using com-
puber systems. This implementation is nemed LARSYSPF.

Preliminary studies on the quality of it tests and on vrobabilistic
methods for selection of_training fields were complebed and documented during
the early part of this quarter. These are reporbed in Information Notes
040469 and 04OBEY, respectively (Appendix E).

During the later part of the quarter new work was begun to study the
sensitivity of classification accuracy to the analog tape duplication process.
For -the first time an original analog tape became available to LARS., This
tape was digitized, then sent to the University of Michigan for duplication
in the standard manner. After digitization of the duplicate, both data sets
will be analyzed using training areas from as near to the same location as
possible. The resulting classification accurecy will be compared.

The adaptation of nonsupervised (clustering) classification algorithms
to the task of Tinding field boundaries glso continues. Development of the
method has reached the point of producing the first map printouts with machiné-
determined boundaries, Figure 1 shows an example of such & printcout together

with a conventionsl gray-scale printout and an airphoto for comp&rison,



SYSTEM MATINTENANCE AND OPERATION

4 routine amount of maintensnce on both the hardware and software was
required during the cuarter. A new mode of computer operation was also
used for the first time, An undergraduabte student hired as o computer
operator was made available two nights per week to run programs for resesrchers.
As a result more efféctive use was made of the computer during the quartér end

more processing carried out.
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Table 1. Overall Performang? results for training fields using five
wavelength bands
LAHORATORY FUR AGRICULIURAL REMOTE SENS UG JUNE 17,1969
oY PUROUE UNIVERSETY
St
CLASSIFICATIUN STUDY .. SERIAL »0. 016900900
CLASSIFICATION DATE .. JURE 1641969
RUN RUMBER==~—--5&400070 DATEm—w—— 5/26/69
FLIGHT L INE-—-~PF21 TIME————— L1200
TAPE HUMBER-~—- L1&7 ALTITUDE=~ 4500 FELT
CLASSES CONSIDERED FEATURES CONSIDERED
M LA MHANNEL hO. SPECTRAL BAND
5YTHUL H%L-SS C NZ 1 e oy
- Bl 4 .55 0.58
5 Yty 18 1:08  9:%0
W Wil - «ht
W Whi3 1l 1.50 1.80
/ Lé
/! LS
7/ Gi0
CLASSIFICATION SUMMARY BY TRATNING CLASSES
NG OF SAMPLES CLASSIFIED INTO
NU OF PCY.
CLASS SAHMPS  CORCT RHEA  GLREE Wi Bl THRS
L hELA luzf 3.8 lud4 3 (4] 4] Q
z GREE 5369 9.9 S &3st o 3 [
3 Wl 160 1C0.C Q 0 160 0 [+]
4 Is1 10155 89.6 3 1057 0 909% Q
TOIAL 17511 1832 6421 160 3909y Q
OVERALL PERFJHHANCE = 93.9
AVERAGE PERFUKBANCE BEY CLASY = 97.3

a/ Whea, WHL, WH2, WH3 = wheat; gree, Gh, G5, GLO =

agricultural green
vegetation; Wl = water; Bl = bare soil

Table 2. Overal% /performance results for test fields using five Wavelength
bands
LABORATORY FOR AGRICULTURAL REMOTE SENSING JUNE 16,1969
PURDUE UNRIVERSITY
CLASSIFICATION STUDY .. SERIAL KD. 616900500
CLASSIFICATION DATE .. JUNE 1641969
RUN NUMBER=-=~—— 56900070 OATEmm———— 5126/69 -
FLEGHT LINE—=--PF21 TIHE—=——~ 1260
TAPE NUMBER---- 167 ALTITUDE~= 4500 FEET
CLASSES CONSIBERED FEATURES CONSIDERED
SYHBOL CLASS CHANNEL NO. SPECTRAL BAND
T Hl 2 Q.46 Q.48
vt 4 0.55 0.58
W WHL 8 .72 0.80
b W2 10 L.GO L.40
L] HH3 11 L.50 1.80
F G4
/ G5
7/ Gl0
CLASSEFICATION SUMMARY BY TEST CLASSES
RO OF SAHPLES € FIED INTO
NO OF PCT. 0 LASSIFIE
CLASS SAHPS LCORCY hHEA GREE SQOIL K1 THRS
L WHEA 5437 &l.4 3337 2100 s} 0 0
2 GREE 325246 57.7 4367 18764 9395 0 1]
3 SOEL O4570 2.2 1553 3504 »9513 )] 1]
TOTAL *EEER 9257 24358 68908 4] o

OVERALL PERFURMANCE = 79.6

AVERAGE PERFLRHANCE BY CLASS = 70.4

a/ Whea, WH1, WH2, WH3 = wheat; gree, G4, G5,

Gl0 = agricultural green
vegetation; Wl = water; Bl = bare soil



Table 3, Overall perfomangﬁ results for training fields using three
wavelength bands

LABDRATORY- FOR APPLICATIONS OF REMOTE SENSING JURE 22,1970
PURDVL UNIVERSITY

CLASSIEICATION STUDY ., SERIAL HO. 505907200
CLASSIFICATION DATE .. JUHE 55,1969
RUN KUHSER-----56900070 DATE===r~— 5726769
FL1GHT LINE--——FPF21 TIHE-m—mm=— L200
TAPE NUMBER--——- 167 ALTETUDE-~ 4500 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
5 HO. SPECTRAL BAND
SYRBOL Hﬁ%égs CHAN{EL SPES o AN
sSOIL i0 1.00 E.40
HHE Az 2,60 Z.60
Gl
Gz
63
G%
G5

CLASSIFICATION SUHMARY BY TRAINING CLASSES

NG OF SAMPLES CLASSIFIED INTO

CLASS  SaHpS chact WHEA GREE WATE 500l THES
1 WHEA 480 99.8 479 1 0 0 o
2  GREE 1837 97.2 8 1785 0 44 0
3 WATE 45 100.0 0 0 48 0 0
4% sSOIL 2808 BO.& o 319 o 2489 0
TOTAL 5173 481 2105 48 2533 0

OVERALL PERFORMANCE = 92.8
AVERAGE PERFURMANCE BY CLASS = 96.4

a/ WHL, WH2, WH3, Whea = wheat; Gl, G2, G3, Gk, G5, Gree = agricultural
green vegetation; Wate = water

Table L. Overalé/perfomlance results for test fields using three wavelength

bands
LABORATORY FOR APPLICATIONS DF REHOTE SENSING J 2
o ORpbE R DER S TT RENCTE UNE 22/1970
CLASSEFICATION STUDY .. SERTAL WD,
ELASSIEICATION SIYRY . SERIAL MD. 887007200
RUN HUHBER--——-5690D070
FLIGHT LINE-———PF21 TIME——-———1200
TAPE NUMBER-—— }67 ALTITUBE-- 4500 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
SYHBOL CLASS CHAKNEL NO. SPECTRAL BAND
T HATER L Da40 [T
W S i2 188 s
! HH - 2.580
# 1
£ GL
s Gz
A
7 és
CLASSIFICATION SUMMARY BY TEST CLASSES
O AHPLES CLA
o OF  PCT. oF s LASSIFIED INTC
CLASS SAMPS CORET  SOIL GREE WHEL WATE THRS
1 SOEL 16675 61.0 12511 3082 82 ¢ o
2 GREE 8225 78.2 1034 6428 163 G o
3 WHEA 1433 58.6 0 593 84D o o
TOTAL 26333 14545 10103 1485 o o

OVERALL PERFORKANCE = T8.9
AVERAGE PERFORMANCE BY CLASS = 72.6

a/ Whl, Wh2, Wh3, Whea = wheat; Gl, G2, G3, G4, G5, CGree = agricultural green
vegetation; Wate = water
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June 11, 1969

Documentation Package #3.0

1. Project Title:

Digitizing and Reformating Michigan Scanner Data.
of May 13, 1969

2. Experimenters:

W. R. Simmons

-3. DObjective:
The objective was to process Michigan mul?ispecsral
scanner data of 13 May 1969. It was hoped to success-
fully overlay data from ends A and B of the 80° FQV

scanner No. 2.

L. Description of Data:

The data was collected by the Michigan aircraft
over flight lines 21 and 25 between the times 8:45 a.m.
and 9:35 a.m. EDT. The aircraft altitude was 5,000
feet above the terrain with ground headings of 180¢°
and 90° for flights 21 and 25 respectively. VWeather
conditions were cloudy and overcast. Thirteen channels
of data plus sync were recorded on l-inch analog tape
and delivered in original form to LARS on the day of
the flight, Ten data channels were from end A of
scanner No., 2 and three channels from end B of the
same scanner. The wavelength bands are as follows:
JBO- kb, L6-.48, ,50-.52, .52-.55, .55-.58, .58-.062,
62~,66, .66=-.72, .72-,.80, .80—1;003 1.0-1.4, 1.5-1.8,

2,0-2.6 microns, Pield of view was 80° for all
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channels., The three channcls from end-B were delayed
90 scanner degrees. The data line format contained 3
calibration pulses, The first was a lamp'filtered to
give medium response in all wavelengths, the second
was the sun sensor pulse, and the third was a lamp
filtered for the UV wavelength band. Because of
leakage, the UV calibration pulse did show up in

wavelengths above .72 microns.

Pre-Data Handling Decisions:

The LARSYS Version 1 data system can handle a
maximum of 12 channels on a single data run. Since
channels 1 and 2 of end B contained fair to good
registration and channel 3 of end B contained poor
registration it was decided to digitize the 10 end

A channels and 2 end B chamnels.

Data Handling Results:

For flight lines 21 and 25 respectively, 2699
and 2308 data lines were digitized and reformatted.
The two end B channels were overlaid during the
reformating process. In order to evaluate the data
quality gray-scale prints, graphs of data lines and

graphs of lamp and sun sensor valucs were made.

Discussion of Results:

The gray-scale printouts show dark and bright

areas which indicate sun illumination changes. The
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column graphs of the calibration lamp indicate that
amplifier geins were changed for channel 11 in the
middle portion of flight 21 and channel 6 at the

end of flight 25. Amplifier drift is not indicated.
The colunn graphs of the sun sensor calibration
demonstrate severe sun illumination changes as well

as the above mentioned gain changes in both flight
1ines, These graphs also show that the sun sensor
level f{or channels.2, 3 and 5 was electronically
clipped. This means the sun sensor level cannot

be used for calibration purposes for the lines

where clipping occurred. The data line graphs give
some indication of channeleto-channel overlay pre-
cision. The data lines, examined only by eye,
indicate the alignment error for the 10 end A channels
to be + + sample. The alignment error for the 2 end
B channels is plus and minus 1,.2 and 3 samples. Two
factors which help to explain the seemingly changing
alignment errox for the end B channels are: (1) the
alignment technique applied in the reformating Program,

coupled with (2) the changing scanner Ifrequency.

Conclusions and Recommendations for Future Worlk.

From a data handling viewpoint, the overall quality
of the resulting data is good. The data may however, be
termed poor by data analysis people because of the severe

illumination changes. The difficulty in processing the



data was exhausting due to the obselescence of the
reformatving program, with respect to the new scanner
data line formats. Format changes referred to speci-
fically are: (l) narrowing of .calibration pulses,
(2) addition of the sun sensor calibration pulse and
(3) addition of end B channels onto the l~-inch analog
tape. In order to speed up and increase precision in
processing future scanner data, the following changes
are being made in the reformating program.

1., Samples from the odd and even analog tape
channels in the region of the calibration
pulses will be summed ‘separately and
correlated to more accurately find the
odd/even head skew.

2. The odd channel sum from No. 1. above will
be used to find the position of the cali~
bration pulses.

3, The position of the pulses will be deter-
mined using a two-pass scheme.

Y. The distance between the calibration
pulses will be determined automatically,

5., The delay of the end B channels will be
determined automatically by correlation
techniquess,

6., The position 'seeking of the calibration
pulses for a data line will De aided by
the position determined in the previous

data line.
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DOCUMENTATION PACKAGE #11

Project Title:

Digitizing and Reformating Michigan Scamner Data of May 26, 1969.

Experimenter:

W. R, Simmons
Objective:

The objective was to process Michigan muitispectral scammer
data of 26 May 1969. It was further hoped that the three end B
channels of scammer No. 2 could be overlaid with the end A
channels with greater accuracy than had been achieved in previous
runs.

Description of Data:

The data were collected by the Michigan aircraft over
flight lines 21 and 25 at approximately 1200 hours EUT, The
aircraft altitude was 4000 feet above the terrain with ground
headings of 180° and 90° for flight lines 21 and 25 respectively.
The weather conditions were generally clear and sunny. Thirteen
channels of data plus sync were recorded on l-inch analog tape
and delivered to ILARS oh the day of the flight. Ten data
channels were from end A of scomner No. 2 and three channcls
from end B of the same scanner. The wavelength bands are:
HBO=LLhy Lb-48, 50-.52, .52-.55, 55-.58, .58-.62, .62~.66,
66-.72, .72-.80, .80-1.00, 1.0-L.4, 1.5-1.8, and 2.0-2.6 microns.
The field of view was 80° for all channels. The three end B
channels were delayed 90 scanner degrees. The data line format

contained registration from 8° of relative reflection from the
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terrain Iollowed by as many as three calibration pulses. The
calibration pulses were: (1) a lamp filtered to give medium
response in all wavelengths, (2} a sun sensor pulse, (3) a
lamp filtered for the UV wavelength band. The UV lamp

registered in the reflective infrared band because of leakage.

‘The syncronizabion channel was recorded in FM mode and it was

noted the roll stabilizer pulse was delayed approximately .48
microseconds.when compared to previous flights. It was later
nobed that the roll stabilizing scheme did not seem to be

functioning properly.

Pre-Data Handling Decisions:

Since the LARSYS Version 1 data system can handle é
maximum of 12 channels in a single run, one of the 13 analog
data channels had to be dropped. The .50-.52 micron channel
was dropped because its content seemed to be more similar vo

one of its adjacent bands than did any of the other 12 chamnels.

Data Handling Resulis:

For flight lines 21 and 25 respectively 2942 and 2472 data
lines were digitized and reformatted. In order to evaluate
the data guality gray-scale printouts, graphs of data lines

and graphs of lamp and sun sensor values were made.

Discussion of Results:

The gray-scale printouts and the column graphs of the sun
sensor calibration demonstrate very constant illumination for

both flight lines. The column graphs of the calibration lamp
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indicate no changes in amplifier gain for elther run. Certain
features in the gray-scale print such as straight roads which
do not appear straight in the print indicate that the roll
stabilizer was not properly functioning. The graphs of certain
data lines give some indication of end B data overlay error.
The graphs indicate that the end A chammels are overlaid with
an error of less than one sample. The end B channels however
seem to have errors as large as three samples. No reason for

this error has been positively determined.

Conclusions:

The overall quality of the processed data is good from
a data handling viewpoint. For fubure processing of scarner
data having the same format, the problem of end B data over-

lay should be further examined,
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June 20, 1ysy

DOCUMENTATION PACKAGE #12

Project Title: Ground Cover Analysis of Data Taken May 26, 196G.

Experimenters: XK. Hunt, T. Phillips, P. Swain, R. Hoffer.

Objectives:

The primary objective of the first analysis of the May 1969
data was to ascertain the quality of the data taken by the Michigan
Scanner System. A second objective was to develop a complete, use~
ful technique.for data analysis. The third objective was to separate
the prinicipal ground covers of flight line 21 taken at 12:00 Noon,

May 26, 1969.

Data Used:

Data digitized from original analog tapes and reformatted on
May 26~27, 1969 was used. Run 56900070 covering Purdue Flighi Iane
21 flovm at 12:00 Noon, May 26, 1969, at an altitude of 4,000 feet
with a ground heading of 180° was used. This data was available in
twelve wavelength bands: .4O~.hk, L6-.48, L52-.55, .55~.58, .5é;.62,
62-.66, 662,72, .72-.80, .80-1.0, 1.0-L.4, 1.5-1.8, 2.0-2.6 microns.
The roll correction pulse was incorrect giving approximately 20 of
unusable data on the left side.

The ground truth available was in the form of comments written
by LARS Staff at the time of the flight on outdated photographs of
the flight line. Photographs taken May 13, 1969 and in-flight

scanner imagery.were also referenced.



Description of Data:

71
.

Gover types present included water, bare soil, and green
vegetation— wheat, hay, trees, stubble, oals, corn, rye, and
other green vegetation. For classification purposes, however,
four classes were chosen - water, barersoil, green vegetation and

wheat.

6. Preclassifica%ion Work:

A. Data Editing - Several problems were encountered -during
the data editing which made it difficult to transfer the ground
truth from photographs to the pictorial printout. A1l the infor-
mation was available but hard to correlate because:

1. 'The resolution of the single-width printout was

inadequate for finding field boundaries.

2. The resolution of the double-ﬁidth printout was

marginal for data taken at 4,000 foot altitude.

3. Data was digitized with the wrong aspect ratio

because it wds thought that the flight was flown
at 5,000 feet and later information showed the
altibtude to be only 4,000 feet.
4. The ground truth was taken on outdated photo-
graphs which could not easily be compared to
gray-scale printouts.
Photographs from May 13, 1969 and scamner imagery were available
and guite helpful.
Data Editing Procedure:
1. Gray-scale printouts were made of the..62-.66 wave-

length band.



2. Field boundaries were marked.

3. Ground truth and field numbers were transferred to the

printout.

L., Test boundaries were marked.

5. Fields were addressed and punched on cards.

Area G was chosen for a first look ab the data to gev initial
results in a short time.

B. First classification

Individual field histograms of bare soil, oats,.wheal,
residues, hay, and pasture indicated that we might easily dis-
criminate bare soil, green vegetation and water. Stabistics..
were taken only for those fields which obviously fell into one
of the three categories. These fields were used as training
fields. $SEIECT was tried for combinations of three channels.
Channels 7, 9, and 12 were compubed to yield maximum divergence
between the cabegories.

The -results of this classifiication study were quite good,
as might be expected. The overall performance of these itraining
fields was 98.1 percent correct classification. This classifi-
cation was the first indicabion that the data was good, but even
more useful was the display map. It showed very clearly where
many field boundaries were and was quite helpful with the data
editing on the remainder of the flight.

0. Intensive preclassification work

A careful evaluation of the above work showed that it might

be possible to separate wheat from green vegetation and it was



feli that it would he desirable te extrapolate teo the entire
flight line. Using the same training fields,$SELECT was used
to cluster the training fields into classes of water, wheat,
green vegetation and bare soil. Several passes through $SEIECT
indicated that there was a column boundary preblem due to the
misregistration of the overlaid data. In order toc make sure
of the boundaries the top-bottom boundaries were adjusted also.
PICTOUT confirmed that an adjustment was necessary to correct
the boundary problem becguse of poor overlay.

After adjusting the field boundaries to correct the
problem, $SEIECT was again used to group fields into classes.
This resulted in one class of water, one class of bare soil,
three subclasses of wheab, and five-subclasses of green vege-—
tabion. Channels 1, 10 and 12 were computed bto.yield maximum

divergence between the classes.

Classification results:

Two classifications were periormed on the data. A4 five-
channel classiticabticn was done for comparison with the results
of the three-channel classification. Briefly, the results of
the five feature classification were:

Overall Performance (TRATIN) 93.9%

Overall Performance (TEST} 79 .6%

Channels 2, L, 8, 10 and 11 were used for classification.

Results of the three-channel classification were as
follows. No threshold was used.

Overall Performance {TRAIN) 92.8%

Overall Performance (TEST) 78.6%



A tabular listing of classification above the 70% correct

level is shown below.

Class Number of Number of test fields
test fields classified correctly
above 70%
Wheat 18 12
Gireen vegetation 100 76
Bare soil 119 87
237 175

Discussion of Results:

Of the 143810 poimts classified, 17% of those were included
in test fields and 3% were included as training samples. Other
samples were not used because of the lack of ground truth, the
inaccuracy of the data used because of the overlay problems,
and the 20~ of data on the left that was bad.

There are some very good reasons why some fields were
incorrectly classified. Most of the problem lies with the
training fields and the ground truth. For example, six wheat -
fields were below 70% correct classification. Four oi these
six fields were non-headed wheat fields and there were no
training fields of this type. One other wheat field was
probably oats since the ground truth called it wheat or oats.
Some green vegetation fields were probably incorrectly classified
as bare soil since the growth at this time of the year is not
significant enough to discriminate between the two. In the
same manner there were bare soil fields classified as green

vegetation, possibly because of too much growth.



9. Conclusions:

This classification did show the quality of the data to be
good except for the problem of overlay in the three IR channels.
Most of the incorrect classifications probably were nob connected
with the quality of the data. Secondly, this exercise did help
4o develop a technique for data analysis and much knowledge was
gained about the use of TARSTSAA. It proved most important to
have people with diverse backgrounds interacting as this made
the work easier and much more thorough.

There are definite indications that further invesbigabtion
is necessary to achieve the best possible classification on this
data and for other fubure work. Recommendation for further
work would include the following:

Further analysis

1. Discriminate between classes on the basis of
percent ground cover.
2. Compare data taken May 13, 1969 versus May 26,
1969 versus May 27, 1969.
3. IExtrapolate between flight lines.
Future work
1. Convert ground truth to current photographs.

2. Use color imagery as a ground truth aid.
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Date: April 7, 1969

DOCUMENTATION PACKAGE #6

Project Title:

Experimenter:

Objectives:

Data Used:

Description of Data:

Preclassification Work:

Crops classification study of Ck, July 26,
1966.

Teddy Huang

The objective was to produce a crop map of
Ch area by using the IARSYSAA pattern
recognition programs.

Aircraft Data Run No. 26600800, Data was
not calibrated.

Cover type present: soybeans, corn, pasture,
diverted acres, wheat, oats, and red clover.

Cover type to be classified: soybeans, corn,
pasture, which consists of pasture, diverted
acres; and red clover, and stubble- which
consists of wheat and cats.

Based on the study of the histogram of every
field, five subclasses were chosen to repre-~
sent. the soybeans, the corn, and the pasture
respectively. Four subclasse€s were used

to represent stubble. This-was due to the
multimodal distribution of each of the four
classes. Diverted acres, red clover, and
pasture were combined into.a single class
because of their closeness in distribution.
Wheat and oats were grouped into stubble
because they were stubbled in July.

Based on the results obtained from the
Selection Processor, Channel 1, 6, 9 and 11
were selected as the best four features %o
be used for classification., Channel 1, 6,
9, 10, 11 and channel 1, 6, 9, 10, 11, and
12 were selected as the best five and six
features respectively.
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8.

90

GClassification Results

Discussion of Results:

Conclusions:

-

Classification results were obtained by
using 4, 5 and 6 features. Bubt the best
classification results were obtained by
using only 5 feature (i.e. channel 1, 6,
9, 10 and 11) and were stored on the uaue
associated with the serial No. 0303901202
The threshold value used for each class was
set at 27.2 (or 90% level). 4832 samples
were used as the training samples. The over—
all performance of the training field was
91.7 and average performance by class was
92.7. &1 test fields were classified. The
overall performance was 79.7 and average
performance by class was 79.9. The per-
cenvage of correct recognition for soybeans
was 83.0% with 11Z of the total soybean
test samples classified as corn. The per-
centage of correct recognition for corn was
79 .6% with 17% of total corn test samples
classified as soybeans. The percentages of
correct recognition for pasture and stubble
were 75.7% and 81.2% respectively.

No. of test No. of test

fields fields classi-

fied above T70%
soybeans 19 15
corn 31 23
pasture 18 13
stubble 13 11
Total 81 62

Total number of RSU's (Remote Sensing Units)
classified was 7T2270; 22353 of these were
included in the test fields. About 50% of
the total R !s were not included in the test
field because of insufficient ground truth
information., The other RSU's were not
included in the test fields because they

came from small agriculture fields whose
exact field boundary could not be accurately
located,

The overall classification result was
satisfactory. IU has been observed that the
overall performance improves steadily as the
number of the subclasses used to represent
each main class increases.



1. Project Title:

2. Exverimenter:

3. ObJjectives:

i, Data Used:

5. Descrintion of Data:

C-2 area - Cover type

Cover type

C=3 area -~ Cover type

Cover type

C=k area = Cover type

Cover type

6. Preclassification Wor

June 3, 1969
DOCUMENTATION PACKAGE #9

Crops classifiecation study of (1) C-2,
September 15, 1966, (2) C-3, July 26, 1966,
and (3) C-k, July 26, 1966

Teddy Husng

The objective was to evaluate the performance
of per field classifier based cn distance
betveen distributions in multivariate Gaussian
cases for agricultural applications,

C=2 = Aircraft Data Run No, 26601540

C=3 = Aircraft Date Run No, 26600780

C=4 = Aircraft Data Run No. 26600800

Data was not calibrated.

present: soybeans, corn, pasture, stubble and
water

to be classified: soybeans, corn, pasture,
gtubble and water

present: soybeans, corn, pasture, diverted
acres, hay, wheat, stubble, water

to be classified: soybeans, corn, pasture and
stubble mixture, and water

present: soybeans, corn, pesture, diverted
acres, whest, cats and red clover

to be classified: soybeans, corn, pasture
consisting of diverted
acres, pasture and red
clover, and stubble con=
sisting of wheat, oats
and stubble

k:

Based on the study of the histogram, subelasses were chosen to

represent each clasgs

growing conditions.

considered becruse of various crop. types and
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Ce2: Soybeens - 1 subclass
Corn ~ 1 subclass
Pasture - 1 subelass
Stubble ~ 1 subclass
Water = 1 subclass

Cw3: Soybeans 3 subclasses

Corn = = 3 subelasses
Pasture snd stubble mixture = 2 subclasses
Water = ] subclass
C-4: BSoybeans - 5 subclasses
Corn ~ 5 subclasses
Pasture - 5 subclasses
Stubble = 4 subclasses

The statistical paremeters were estimated from adequate training

samples,

Classification Results:

Area Cel
No. of Tumber of Tields Classified into
Cless Fields Soybeans Corn Pasture Stubble
Soybeans 19 1T 2 0 0
Corn 31 1 30 0 0
Pasture 18 0 0 18 .0
Stubble 13 0 8] 3 10
Total: 81 No. of fields correctly classified = T5
Area C-3
Ho., of Number of Fields Classified into
Class Fields Soybeans Corn Mixture Water
Soybeans 13 1l 1 1 0
Corn 10 0 Q 1 0
Mixture 18 1 0 7 0
Water 3 0 0 0 3

Total: Lk No. of fields correctly classified = 40
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Areg Cw2
No. of Number of TFields Clasgssified inte
Class Fields Sovheans Corn  Pasture Stubble Vater

Soybeans 12 8 k4 0 0 0
Corn 1l 1 13 0 0 ¢
Pasture 13 0 0 13 0 0
Stubble 11 0 1 1 9 0
Water 3 0 0 0 0 3
Total: 53 No. of fields correctly classified = k6

Discussion of Results:

C~2 Arem., Wnen we classified the same set of data by using the
MLDR (Maximum Likelihood Decision Rule) classifier (or LARSYSAA),
the overall performance and average performance by class were 67.0
and T3.h respectively. There were 20 of the 53 test fields which
had less than TO% correct recognition. Forty-six of the 53 test
flelds were torrectly classified by the per field classifier; this
is 8 percentage accuracy of 86.8.

C=3 Area, Vhen we clessified the same set of data by using
the -MLDR classifiexr, the overall performance and aversge periormance
by class were 76.6 and 80.3 respectively. There were 12 of the Lb
test fields with less than T0Z correct recognition. Forty of the
by test fields were correctly classified by the per field clessi-
fier; this is a percentage accuracy of 90.9,

C-k Area. When the same set of date was classified by MLDR
classifier, the overall performance end sverage performance by
class were T9.7T end 79.9, There were 19 of the 81 test fields
with less than 707 correct recognition., Seventy-five of the 81
test fields were correctly classified by the per f{ield classifier;

this is & percentasge accuracy of 92,6,
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i

Conclusicng:

As far as the given data is concerned, the performance of the
per field classifier is considered to be satisfactory. We have
not made any abtempt to check the assumpbion of multivarinte
Gaussian distribution to justify the simplified classification
scheme used by the per field classifier but the classification
resulis obtained encourage us to further test the applicability

of the per field classifier to sgriocultursl applications.,
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May 1h, 1969
DOCUMENTATION PACKAGE {7
1, Project Title: Ty getermine the offect on alassificpbion resuliis

of data correction hecause of soarner instrumsnt

orrors as e fumetlon of angle.

2. Ewperimenber: Fay Aamb
3, Cbjectives: he motivation for this project is twofold. First,

is the sslection of 2 construstive project w
acqguaint the exparimenter with data processing
tgehniques nsed at 1405, Seaond, the projech was
selected becanse it is known That acamar dxmrbroe
‘ment errors affect classification results.

Tt is the experimenter's ohjective te e
stand the seanner sysbtem through a Hoport of
Projech Mickigen, correch the Jata, aprly LARS
patteyn recognitien technigues, and compars the
resulds bo an original classificebion of wocorrected
data,

Tt is sxpecled that the primary objective of
aoguainbing the experimenter wilh daba processing
techmiques will be Dulfilled. While the complele
understanding of scauner sugile coprections will
nob ba abbained, the project should aid in this
understanding and point te regom&mim‘::ims for

important Pubues wovk.
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5.

Data Used:

Description of Datar

D
Flight Line C1, June 1966 at. 1229

The data.that was used consisted entirely of crop
cover from the standard training and test fields
previously selected for Flight Line Cl. A variety
of crops were cliscrjmiz{atedmsoybeans s corn(2),
alfalfa, red clover(2), oats, rye, bare soil, and

wheat(2).

Before the LMRS pattern recognition techniques
could be used, it was necessary to correct the data
in a manner which would compensate for the scamner
angle error.

The data was first averaged over the entire-
flight run by sample for each channel. It was
felt that the flight line was long enough to
average out all of the intonsistencies and result
in a line which would show where corrections might
be needed. Through the use of PICTOUT the averaged
line was then plotted for each channel., It was
conjectured that these lines should be relatively
straight lines except for a few samples in the
center of the scan line (a rcad ran almost down
the middle of the entire flight line). This was,
in fact, the case except that the line varied frcm
the predicted straight line along the edges of the
scan line. This further indicated that the correc-—
tion might be necessary. It was at this point

that an empirical method other than the University
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Michigan corrections {The University of Michigen
developed correction factors based on laboratory
experiments which were published in their Report
on Project Michigan) was derived. It was shown
that both of these correction factors are approxie-
mately the same over 60° of the field of view.

They were quite different for the 10° edges on
both sides of the 80° field of view of the scanner,
Research into this inconsistency showed that the
corrections recommended by Michigan were based on
experiments with the scammer not mounted in the
aireraft and that an obstruction of the aireraft
structure could cause the effects which were noticed.
Both methods are discussed below with the results
tabulated in Section 7.

Technique using the University of Michigan
Correction Factors: The University of Michigan
devised a test fixbture which pivoted a diffuse
reflector with guartz line lamps about the scanning
mirror axis. The scarmmer remeined at its normal
orientation, and the source which filled the field
of view moved about the scamner. As the source
moved, the spectrometer output pulse moved across
the ‘scope face, DMeasurements were made from scope
photographs and replotied as scanner response vs.
scan angle. It was from these graphs that data
was taken to obtain the percent response for each
data sample, Corrected data was obtained by using

the following equation:



whers

i is a function of angle

D, = Gorrected data point for the 1"
€3 5 th th
sample, J = chamnel; and k™ line
Cojk = Dark level for the jth channel and
the X® 1line

DM = Measured data point for the ith

th

sample and the j chamnel

F.. = Percent scanner response for the

3 4 th

17" sample and the }  channel

A new tape was made containing these DCijk values
and used for classification purposes. ILARSYSAA
was implemented and through the use of the $STAT
and $SEIECT processors it was decided to group
the two red clover classes into one and use features
1, 10,112,

Technique using average line data: Since it
was felt that averaging data over the entire
£light line should result in a stralght line, an
equation was derived to adjust the data so that
upon averaging the entire flight line a straight
1line would result. The following equation was

used to correct the data:

3¢~ D
- ]
D, GO T

ijk - iJj



whers

i is a function of angle

D = Corrected data point for the ith
Ci sk th th
sample, J chamnel and k¥ line
Cojk = Dark level for the jth channel and
the’ kth line
D = Measured data point Tor the i'D

Ml‘] sample and the jth channel

Cojk - DPi .
and F o=
id Cojk -D A
J
where

Gojk = a5 above

DA 3 = overall agkelrag& o_f all data points
for the j™ chamnel. This may be
an arbitrary value but in this case
was taken to be the overall average
in order to keep the correction of

the -data to a minimum.

D = calculated average for all values

P, )
J for the 1" sample ard the ,jth
channel
See graph below,
COfjmm=tmmmmm e m T T -
G0 =D A CO - DP
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Classification Results:

o

A pew ‘tape was made containing these U, values

ijk
and used for classification purposes. Again,

LARSYSAA was implemented and through the use of the
$STAT and $SEIECT processorsit was decided to group

the two red clover classes into one class, the two

‘wheat classes into one class, -and the two corn

classes into one class. Again, features 1, .0, 12
were chosen for classificabion purposes since they
yielded the maximum divergence between the eight
equally weighted classes.

Preclassification Work for Uncorrected Data:
The original data was processed in the normal vay
using LARSYSAA. Through the use of the $STAT and
$SEIECT processors, there were indications that
the two red clover classes should be grouped into

one class. Sinece the divergences between the ten

. equally weighted categories was so similar for

features 1, 10, 12 and 6, 10, 12; it was decided
to classify the.data twice using both sels of

features.

Several classification results were. performed in
order to incorporate all of the preclassification
results and to adequately compare the results.
Only the results based on features 1, 10, 12w
grouped and ungrouped-—are included here since
these are the best results for all three sets of
data. Presented below is a tabular listing of

classification about the 70% correct level. In
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all cases the exact same training and test fields
‘were used in order to compare resulis faifly,
(Note: No grouping means only the two classes of
red clover are grouped together., Grouped means
each of the two classes of red clover, corn, and

wheat have been grouped inte three single classes,)

3T CLASSIFICATION ABOVE 70%
FEATURES 1-10-12

Ne Group
Nunber of Test Flelds Classified Above 70%
Total Corrected Corrected
CLASS Waber of  Uncorracted (Using Averages) (Using Michigen values)
Test Fields
CORN 9 7 7 7
WHEAT 7 & 6 6
SOYBEANS 14 12 A0 13
OATS L L L L
HED CLOVER g é ) é
AFARA 3 3 3 3
RYE 1 1 1 1
BARE SOIL 2 2 2 2
TOTALS 49 Al A} k2
FEATURES Jel0w12

Grouped
CORN 9 7 7 7
VHEAT 7 5 6 6
SOTEEANS 14 12 12 13
QATS h b k 3
RED CIOVER 9 6 8 6
ALFATA 3 3 3 3
RYE L 1 1 i
BARE SOIL 2 2 2 2

TOTALS A L0 L2 1A
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It is also of interest to look at the overall
performances for each of the classifications, In
every instance the corrected data performed betier

than the original data which is what we might

expect. These resulis are tabulated below.

OVERALL PERFORMANCE OF CLASSIFICATIONS

Training Fields

- Corrected Corrected
Features Uncorrected (Using Averages) (Using Michigan values)
1~10-12 no group 91.2 92.5 Q4.1
1-10~12 grouped 92.0 92.5 .6

Test Fields

1—10-;2 ne group 8L,1 83.5 84.2
1-10~12 grouped 8L.7 83.4 8h.2

Since both methods of adjusting the data values
have a much higher correction factor towards the
edges of the scan line, it is also valuable to
look at those individual fields which lie on the
edges of the flight line. These resulis are
presented below. There doesn't seem to be any
noticeable trend in the performances which favors

corrected or uncorrected data.
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PERCENT CORRECT CLASSIFICATION
FOR FIELDS AT THE EEGES

Features 1-10-12

Yo Group
Corrected Corrected
TEST FIELDS Uncorrected {average) (Michigan)
Field Designation
1-15 Corn Li.5 20.9 56.5
12~ 9 Corn 93.0 94.0 98.1
12~10 Wheat 91.3 99.5 82.9
36-1L4 Red Clover 23.2 78.1 18.6
6~ 7 Red Clover 70.6 39.8 77.1
7~ 2 Vheat 78.2 96.4 9L.5
6~1i; Wheat 100.¢C 97.0 99.2
TRATNING FIBLDS
36~ L Corn QL.2 97.8 97.8
36~ 9 Corn 956.3 88.9 96.3
36~ 8 Corn 100.0 Ok.h 100.0
12~ 9 Corn g7.0 90.2 97.7
T~ 2 Wheat 8l.3 98.0 6.7
12~10 Wheat 93.8 100.0 86,4
6~1) Wheat 100.0 100.0. 100.0

Features 1~10-12

Grouped
Corrected Corrected
TEST FIEIDS Uncorrected (average) (Michigan)
Field Designation

1-15 Corn 36.5 12.7 48.5
12- 9 Corn 92.2 90,0 9.6
12-10 Vheat 85.5 99.5 80.2
36~14 Red Clover 28.8 78.1 19.0
6- 7 Red Clover Th.2 40.0 77.9
7- 2 Wheat 69.8 26.0 9L.9

6"‘1—-’-{» I'Ihea.t 100¢ 0 96 . 7 99 » 2



10~

PERCENT CORRECT CLASSIFICATION

FOR FIEIDS 4T THE EDGES (continued)

TRATNIRG FIELDS

Field Designation
36~ 4 Corn
36~ 9 Corn
36— & Corn
12~ 9 Corn
T= 2 Wheat
12-10 VWheat
6-~14 Wheat

8. Discussion of Results
and Conclusions:

Features 1-10~12

Grouped
Corrected Corrected
Uncorrect (average) (Michigan)
92.0 92.8 95.7
96.3 87.7 96.3
100.0 86,1 100.0
96.2 84.1 97.0
ThT 98.0 97.3
88.6 100,90 83.5
100.0 100,90 1006.0

Both correction factors increased the accuracy of
classification of this data. It is difficult to
come to concrete conclusions because the evidence
of an experimental result over one flight line
of data does not lead to conclusions; however,
this project does indicate that scanner. angle
corrections should be investigated further and
applied to the data for optimum classification.
There are, in addition, some remarks that need
to be made. First, in all cases the same channels
were selected for classification but not the same
grouping procedure. Only in using the averaged
data was complete grouping indicated. Grouping
the classes did not affect the overall classifica-—
tions greatly except to increase the nuuber of

fields above the 70% correct level by twe using
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averaged data. It is important to remember that
with fewer classesgs the classiflication time is
reduced considerably. This in itself is an improve-
nment.,

Secondly, it was hoped that investigating the
results of the fields on the edges would lead to
significant conclusions as to Which correction
factors might lead to better results, However,
referring back to these resulis, it is found that
no conclusions of any kind can be drawn. It is
interesting to note that, in general, it is the
corn fields which cause the results of the aver-
aged data to drop. Further investigations should
be made to find whether the cause of this is due
to the correction factors or some biclogical
property of the corn itself.

Thirdly, the method of correcting the data using
averages is flight run dependent. This, of course;
slows the overall procedure in comparison to using
the Michigan corrections which are not run depen~
dent., However, it might be found through repeated
experiments using averaged data that these correc-
tions also could be normalized into universal
factors. Of course, this requires much further.
work.

In general., the results presented here are guite
inconclusive but, there are definite indications

that this problem is worth investigating further
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in order to achieve the best possible classi
cations. My recommendation for further work would
be the following:

1. Select more fields along the edges of
the scan line using corrected data in
order to compare results more completely,

2. ©Select many other flight runs to correct
and classify.

3. Investigate the causes of the differ~
ences in the two correction factors
for the 10° edges on both sides of the
80° field of view of the scamner.

L. Investigate the possibility of obtain~
ing general correction factors using
the average method which are not run

dependent.
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Per Field Classifier
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Apricultural Applicatbtions
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Teddy Huang

Introduction

In accordance with general crop planting practice, if an
ggricultural field has a certain majority of resolution elements
classified as "mi", then one can feel reasonably sure that the
entire field as a vhole is in class "mi". Based on this ob-
servation, we shall formulate a pabbtern classification procedure
for agricultural spplications as follows., Let {wi} be a sebt of
pattern classes with their distribution {Fi} respectively, end
let the feature vector x be a random variable under consideration.
Then given a set of points {x} all from the same field, the
problem is to decide to vhich Fi they belong. We shall propose
a distance measure d(Fi,Fj) as & suitable metric of the sepa-

ration between any two distributions Fi sgnd F,, and we shall

e
use this metric as a rule for decision making. Let G(x) be
the distribution governing {x}. We shall compare the masnitudes
of {d(G,Fi)}; the distribution T, which minimizes the distance
d(G,Fi) shall be presumed to be the distribution vhich con-
teins G{x)., Therefore, the vector set {x} is classified into
one of the known classes.

If the distributions concerned are unknown, we shall

empirically estimate these distributions Fi based on finite

observation on X v mi.
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Definition of the Distence

Let Fi(x) and Fj(x) be the distributions of pattern classes
wy and wj respectively, and let pi(x) and pj(x) be the?r probability
density functions defined in Qx. Ther the distance between ‘dise

tributions Fi and Fj ig defined as follows:

B(r;,7,) = o Upy(x) = oy (x)° ax (1)
If ve define

p(F;.Fy) = [q Yoy (x) /p(x) ax (2)
we have

dE(Fi,Fj) = 2 = 20(F, .F,) (3)

The gquantity p{Fi,Fj) expresses the correlation betveen dis-
tributions F, and Fj’ and we can use p(Fi’Fj) in decision making,
Tt is important to note that to minimize the d(Fi,Fj) is the same

as to maximize the p(Fi’Fj)'

Distance in Multivariate Cases

The distance a(FiﬁFj) defined in Equation (1) is applicable
to any distribution. We shall nov turn to multivariate Gaussian
case for egricultural applications. Let Qx be an n-dimensional
space, and let Fi and Fj be n-dimensional Gaussian distributions

with their probability density fumections

p; (x) = exp [~ %{x - ui)TKi'l(x - u)l (4)

Il

o1
(2n)® |x,|°
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MJ—

pJ(X) = -—E;EE 1 &P [- %ﬂx - uj)TKj_l(x - gj)] (5)
(2n)? his |2

d

in which ui and, Ki are the mean vector and covarisnce matrix

respectively. GSubstituting Equation (4) and Equetion (5) into

Equation {2}, we obtain

1
|K.'1K.“1]E
1 dJ

D(Fiij) = i
2

Lo 2 -1
50,7 + K )

-1
p-l =l T 1 -1 -1
expl %ﬁhi Wy K3 uj) (ni + Kj ) (Ki By * Kj uj)

1 (6)

bl

1, T - -1
—-k(ui Ki ui + Ud KJ ui)]

When K, = Kj = K {equal covariance)

- . ;_ T “l
p(Fi=F3) = expi~ Flu, - ujJ Ky - uj)] (1)

g, =q
d 1

=
3]
=
ot

e
i

(8)

Bystem Implementation and Eporincatal Results

1. Description of Data

The proposed pottern clessification technique in multiclass

pattern recognition has becn tested on ID System 360/Model b

digital computer by porforming erop clessification experiments.

The data used in these experiments vas gathered by an eirborne
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multichannel optical-mechanical scanner: The output of this
particular scanner provides twelve electrical signals, each
one of which is proportional to radiant energy from the scene
in a different spectral band. The twelve bands cover the
range from 0.4 ~ 1,0 microns in the visible and near infrared
portions of the spectrum. By simultaneously sampling the
output of twelve channels, one obtains a vector vhich con-
tains all the spectral information avasilable sbout a given
resolution element on the ground.

Frem the histogram study, the data can be fairly reasonably
modeled by multivariate Gaussian distributions with unequal
covariance matrices, The mean vector and covariance matrix
of each class can be estimeted from an adequate number of
training samples as the sample mean and the sample covariance

respectively.

General Procedure

(1) TFrom the ground truth data, we first estimated the
mean vectors and covariance matrices for all classes
or subclassés considered; These estimations were
used to characterize the distributions of all sub-
classes considered.

(2) TFor any given agricultural field with unknown crop
types present, ve assumed that the distribution of
the feature vector is multivariate Gaussian. There-
fore, we can obbain the empirical distribution by
estimating the mean and the covariance as the semple

mean and the sample covariance.
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(3) Ve ¢aleulate the correlation function p(+,°) between
the empirical distribution of a perticular test field
and each of the distributions characterizing the known
classes in accordance with the formula expressed in
Equation (6).

(4) The final decision is made by choosing the class which

maximizes the correlation function p(*,°)

3. Experimertal Results
In order to evaluate the performance of the per field
classifier, agricultural fields from areas C-2, C-3 and C-}4
were uged as test fields, All 12 features were ermployed by

the per field classifier.

(1) Area C-h, July 1966 Data
Based on the histogram study, five subelasses each
were chosen to represent the soybesans, the corn and
the pasture. The stubble was represented by four
subclasses. This was due to the multimodal distri-
bution of each of the four classes. The statistical
parameters were estimated from 4,832 training samples.
The classification results are summarized in Table 1.
The same data vas classified by the MLDR {Maximum
Iikelihood Decisich Rule) classifier, LARSYSAA, using
the same sebt of training statistics,.and these results
together with the per field classification results are

shovn in Table 2 for comparison.



Class

Soyb
Soyb
Soyb
Soyb
Boyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Soyb
Corn

B

Table 1

Summary of ver field classification results
(Dats used taken from Area C-h in July 1966)

Ho. of
Class Fields
Soybeans ig
Corn 31
Pasture 18
Stubble 13
Total: 81

Spectral Dbands used were:

No, of
Samples

405
361
220
320
180
297
192
672
294

80
126
638
406
280

68

85
30h
22k
150
22l

Mumber of Fields Classified into

Soybeans

17-

Table 2

Corn

2

30

0
0

Pasture

Summary of MLDR classification resulis
(Data used taken from Area C-l in July 1966)

0

18

Stubble

10

0.40-0.4k, 0,52~0.55, 0.62-0.66, 0.66-0.72,
0.72-0.80

Classification Summary by Test Tields

Percent
Correct

88.9
93.1
87.3
76.6
87.2
76.1
99.0
92.7
86.7
18.8
h2.,9
8h.6
ok.8
TL.L
98.5
95.3
69.k
61.6
8k.0

7.7

Ho. of Samples Classified into

Soyb

360
336
192
245
157
226
190
623
255

15

5h
540
385
200

67

81
211
138
126

ho

Corn

18
11
28
30
11
38

2
31
38
56
51
70
1k

Past

27
2
0

b5
4

11
0

18
o
3

17
2
0

30
0
1

11

30
0
3

Stub

QO30 OO

N
OCWOoORHRKHKOOOO W

Thrs

n no
OHHOORNIOO RO

N
“CqWOPCOoOO-I3N

Per
Field

Soyb
Soyb
Soyb
Soyb
Sovb
Sorvb
Soyb
Soyb
Soyb
Corn
Corn
Sovb
Sovb
Sovb
Soyb
Sovb
Sovb
Sovb
Sovb
Corn

60%

Classifier

éoyb
Soyhb
Soyb
Soyb
Soyb
Sovb
Sovb
Sovb
Soyb
Com
Soyb
Soyb
Sovb
Soyb
Sovyb
Soyb
Soyb
Soyb
Corn


http:0.72-0.80
http:0.66-0.72
http:0.62-0.66
http:0.52-0.55
http:0.40-0.44

Class

Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Coxrn
Corn
Corn
Corn
Corh
Corn
Corn
Corn
Corn
Corn
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Pagt
Past
Past
Past

No. of
Samples

286
2h0
250
34k
300
299
136
552
29k
112
3k2
168
285
102
273
348
100
W16
800
182
266
20h
198
252
h13
210
168

90

90
324
08

63
276
280
323
190
180
360
288
165
231
2h2
665
300
594
162
200

Pexrcent
Correctkt

89.5

95.%
73.8
92.7
93.3
88.0
91.6
88.6
86.1
85.7
78.h
52.4
62.9
ho 2
28.6
69.0
98.0
83.9
19.5
2.3
37.6
96..6
27.3
8h.5
88.8
9.0
92.9
06.7
97.8
100.0

QO

O -l
L]

1

NG)H—G-QO—-JI—'O\[\D
L) LY 3 - ('] . 4 L - L]
O N =AU VI YE W O W

O—1 OO\ kN3O 110
W = A\D
-1 Q

\0
n
N

T

fable 2 (continued)

No. of Samples Clagsified into

Soyb

27
11
62
17
20
36
Ly
50
32
16
17
T0
95
5T
185
78
1
Ll
133
105
162
2
3L
5
22

-
VIQOOOMNHE O,

Corn

2545
229
186
319
280
263
6Th
189
259

96
68

88
182

L3

78
2h0o

o8
349
636

7
100
197

5h
213
371
191
156

87

88
324

|93 ]

CPOOoOWOoOONACOOHROOQO

Past

\n el N

W
o Q

OI\)I—’HSGJ'IOOOOO—-]#’O

Stub

OOE‘\}SHOOOOOOOE—‘OOOOO\OOO‘

OO QOO O FONM

n =
= OGN

N
o

T1
ko
oL
13k

32

rro
101
110

Thrs

OOOOOOOSO#‘OOOOOOM—JDOOE\)OOOOOSZ"OO

COoO~NO00O0ONCOOOOHOOM

Per
Field

Cora
Corn
Corn
Coxrn
Corn
Coxrn
Corn
Corn
Corn
Corn
Corn
Corn
Coxn
Soyb
Corn
Corn
Corn
Cormn
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Corh
Corn
Corn
Cormn
Corn
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Past
Pest
Past
Past
Past
Past

607%

Clessifier

Corn
Corn
Corn
Corn
Corn
Corn
Corm
Corn
Corn
Corn
Corn

Corn
Soyb
Corn
Corn
Corn
Corn
Soyb
Corn
Soyb
Corn
Corn
Corn
Corn
Corn
Corn
Corn
Past
Past
Past
Past
Past
Soyb
Past
Past
Soyb
Stub
Past
Past
Past
Past
Past
Stub
Past



Class

Past
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub
Stub

Ho.
Samp

Total o2
Overall Performance =

Class

Soyb
Corn
Past
Stub

Total

Overall Performance = T9.T

of
les

306
259
260
160
171
266
180

68
220
378
243
315
23h
189

353

Percent

Correc

97.4
95.k4
72.7
22.5
ok.7
95.1
oh.h
92.6
99.5
h7.6
90.5
82,2
98.3
85.2

Yo, of
Samples

5302
8875
5233
2gh3

22353

t  Boyb

oW
rgH#OWOOOmOPF

27

6563
9.7

8-

Table 2 (concluded)

Corn

—3
&
- OO0 0OO0ONOOORROHIN

Pasgt

298
9
71
115
9
i3
10
0

1
155
0
10
0

0

Lho

Stub

5
oht
189

36
162
253
170

63
219
180
220
259
230
161

3191

Ho. of Samples Classified into

Thrs

OCoooMNmMOHO

=
[l AR L R v e

172

Classification Summarv by Test Classes

Percent
Correct

83.0
79.6

5.7
81.2

Average Performance by Class = T79.9

(2) Area C-3, July 1966 Data

Per
Field

Past
Stub
Past
Past
gtub
Stub
Stub
Stub
Stub
Past
Stub
Stub
Stub
Stub

60%
Classifier

Past
Stub
Stub
Past
Stub
Stub
S5tub
Stub
Stub
Stub
Stub
Stub
Stub

Vo. of Samnles Classified into

Sovb

Lyo1
1497

533
132

£563

Corn

565
7065
53

L

T687

Past

201
186
3960
393

k7ho

Btub

k9

Q1
662
2389

3191

Thrs

86
36
25
25

172

Soybeans, corn, stubble, masture mixtures and water are

the four classes to be classified in area C-3.

different crop type and growing condition of the soy-

beans and the corn, each of them was represented by

three subclasses.

The npasture and the stubble were

Due to

considered as & single class because of their closeness



Class

Soyb
Soyb
Bovb
Soyb
Soyb

Ho. of Number of Fields Clsssified into
Class Fields Soybeans  Corn .« IMixture llater
Soybesns 13 11 1 1 0
Corn io 4] o 1 0
Hixture 18 0 17 o
Yater 3 0 Q 0 3
Total: kb
Table 4

-G

in distribution. The statistical parameters were

esbimated from 3,400 training savwles. The

classification results are sumarized in Table

3. The same daba was classified by the HLDR

classifier using the same set of training sta-

tistice, and these results tosether with the

per field classification resulbs are shown in

Table 4 for easy comparison.

Table 3

Summary of per field classification resulis
(Data used taken from Avea Cw3 in July 1966)

Summary of HULDR classification results

{Data used taken from Ares C-3 in Julvy 1966)

Spectral bands used were: 0.66-0.72, 0.72-0.80, 0.80-1.00

Fo. of
Samples

90
270
105
121
168

Classification Summary by Test Fields

Percent HNo. of Samples Classified into
Correct Soyb Corn Mix  “fater  Thrs

0.0 0 0 87 0 3
2h.h 66 204 0 0 0
100.0 105 0 0 4] 0
84,3 102 19 o} 0 0
75.6 127 L1 0 0 0

Per
Pield

Past
Soyb
Sovb
Bovb
Sovb

60%

Classifier

Past
Corn
Sovb
Sovb
Sovb



Table 4 (Concluded)

No. of Percent Ho. of Samples Classified into Peﬁ% Go%
Class Samoles Correct Soyb Corn iiix Water Thrs Tield Classifier
Soyb g0 38.9 35 hs 10 ) 0 Soyb ——
Soyb 238 8.7 235 3 0 0 0 Sovb Sovb
Soyb 70" 68.6 48 22 0 0 0 Soyb Sovb
Soyb 80 83.7 67 13. 0 0 0 Soyb Soyb
Soyb 182 68.1 124 58 0 0 0 Soyb Sovb
Soyb 660 55.9 369 137 15k o 0 Sovb ———
Soyb 117 1.1 13 10k 0 0 0 Corn Corn
Soyb 189 79.9 151 38 0 0 0 Sovh Soyb
Corn 196 89.8 20 176 0 0 0 Corn Corn
Corn 140 93.6 7 131 2 0 0 Coxrn Corn
Corn 171 31.6 117 Sk 0. 0 o} Corn Soyb
Corn o1 9.9 82 9 0 0 0} Corn Soyb
Corn 100 91.0 9 o1 0 0 0 Corn Corn
Corn 143 58.0 60 83 0 0 0 Past ———
Corn 70 T70.0 21 kg 0 0 0 Corn Corn
Corn 66 8o.L 7 59 0 0 0 Corn Corn
Corn 120 93.3 8 112 0 0 0 Corn Corn
Corn o1 100.0 0 g1 0 0 0 Corn Corn
Mix 120 100.0 0 0 120 0 0 Mix Mix
Mix 360 100.0 0 0 360 0 0 Mix Mix
Mix 230 100.0 0 0 230 0 0 Mix HMix
Mix 275 100.0 0 0 275 0 0 Mix Hx
Mix 182 75.8 LY 0 138 0 0 Mix Mix
iix 90 100.0 0 0 90 ) 0 Mix Mix
Mix 80 91.2 T 0 73 0 0 Mix Mix
Mix 80 100.0 0 0 80 0 0 Piix Mix
Mix 91 63.7 18 15 58 0 0 Soyb Mix
Mix 100 92.0 7 1 92 0. 0 Mix Mix
Mix 126 100.0 0 ¢ 126 0 0 Mix Mix
Mix 132 0.0 25 107 0 0 0 Mix Corn
Mix 169 99.4 1 0 168 0 0 Mix Mix
1Hix 96 100.0 0 0 96 0 4 Mix Mix
Mix 168 100.0 0 0 168 0 0 Mix Mix
Mix 117 100.0 0 0 117 0 0 Mix Mix
JMix 117 100.0 0 0 117 0 ) Mix Mix
Mix 192 100.0 0 0 192 0 0 Mix Mix
Water 52 100.C 0 0 0 52 ] later Yater
Water 28 96,4 0 0 1 27 0 Water Water
Water 21 90,5 0 0 1 19 1 Waber Hater
Total 6394 1875 1662 2755 98 h
Overall Performance = 76.6
Classification Summery by Test Classes
Ho. of Percent Ho, of Samples Classified into
Class Samples Correct Sovb Corn Mix Vater  Thrs
Soyb 2380 60.6 1kh2 684 251 0 3
Corn 1188 72.0 331 855 2 0 0
Mix 2725 91.7 102 123 2500 0 0
Water 101 97.0 0 0 2 98 1
Total 639k 1875 1662 2755 98 b

Overall Performance = T6.6
Average Performance by Class = 80.3
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(3) Area C-2, September 1966 Data
Sovbeans, corn, pasture, stubble and vater were classi-
fied in area C-2, The statistical parameters were
estimated from 3,094 training semvles. The classifi-
catlon results are sumarized in Table 5. The same set of
data was classified by the "IEDR classifier with the same
set of training statistics, and the classificaltion
results together with the per field classification

results are showm in Table 6.

Table- 5

Summary of per field classification resultis
(Data used taken from Area C~2 in Sept. 1966)

Ho, of Humber of Tields Classified into

Class Tields Soybeans Corn Pasture Stubble Water
Soybeans 12 8 b 0 0 o}
Corn 1k 1 13 0 0
Pasture 13 0 Q 13 0 0
Stubble 11 0 9 0
Yater 3 0 o 0 3

Total: 53

Table 6

Summary of MIUDR classification results
(Data vsed taken from Area C-2 in Seépt. 1966)

Spectral bands used were: 0,40-0.4k, 0.48-0.50, 0.52-0.55,
0.62-0,66, 0.66-0,72

Classification Summary by Test Fields

No. of  Percent Ho, of Samples Classified into Per 60%
Class  Samples Correct  Soyb Corn Past Stub “tr Thrs Field Classifier
Soyb 11k 95.6 109 L 1 0 0 0 Soyb Sovb
Soyb 560 77.5 L3l 114 8 0 0 L Soyb Soro

Soyb 96 95.8 92 3 1 0 0 0 Soyb Sovb
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Table 6 (continued}

He., of  Percent lUo. of Samples Classified into Per- GO7
Class Samples Correct Sovb Corn Past Stub Wir Thrs Field Classiflier

Soyb 504 16.0 95 479 3 1k 0 3 Corn Corn
Soyb 126 88.1 111 0 15 0 0 0 Soyb Sovb
Soyb 306 94,1 288 18 0 0 0 0 Soyb Sovb
Soyb 135 97.0 131 i 0 0 0 3" Sovb Sovb
Soyb 338 8.6 29 303 0 5 0 1 Corn Corn
Soyb 338 12.1 b1 280 17 0 0 0 Soydb Corn
Soyb 3k2 92,7 317 7 7 0 0 11 Corn Soyb
Soyb 3h2 89.8 307 35 0 0 0 0 Sovb Sovb
Soyb 513 0.0 0 k56 By 10 0 0 Corn Corn
Corn 95 96.8 0 92 0 3 0 0 Cor Corn
Corn 32k 69.1 06 2ol 3 1 0 0 Corn Corn
Corn 340 87.6 4o 298 1 1 0 0 Corn Corn
Corn 836 93.8 0 784 1 51 0 0 Corn Corn
Corn 140 92.9 6 130 0 1 0 0 Corn Corn
Corn 110 21.8 T6 2k T 3 0 0 Corn Soyb
Corn 216 93.1 12 201 3 0 0 0 Corn Corn
Corn oho 83.1 1 201 8 32 0 g0 Corn Corn
Corn 6L 95.3 0 61 o 3 0 0 Corn Corn
Corn T2 56.9 26 b1 1 0 0 b Corn —
Corn 8l 16.7 58 ik 2 0 0 10 Soyb Soyb
Corn 286 8.5 60 196 18 ¢} o) 12 Corn Corn
Corn bl 90.9 21 ho1 9 0 0 10 Corn Corn
Corn 168 65.6 0 307 33 125 0 3 Corn Corn
Past 76 B1.6 0 1 G2 13 0 0 Past Past
Past 72 ol L 0 0 638 b 0 0 Past Past
Past 630 91,4 19 o} 576 29 0 6 Past Past
Past T35 92.5 23 16 680 16 o} 0 Past Past
Past 255 96.5 9 0 246 0 0 0 Past Past
Past 306 88.6 0 0 351 45 0 0 Past Past
Past 240 92.1 0 0 221 19 0 0 Past Past
Past 288 59.7 ¢ 0 172 115 0 1 Past N
Past 210 9.0 0 3 19 188 0 0 Past Stub
Past T2 63.9 0 1 k6 20 2 3 Past Past
Past 176 65,9 0 6. 116 5k 0 0 Past Past
Past 198 51.5 0 e 102 13 5 6 Past i
Past 260 1.5 2 21 186 12 1 38 Past Past
Stub 123 95.1 0 0 6 117 0 0 Stub Stub
Stub 615 91.9 0 0 50 565 0 0 Stub Stub
Stub Ls50 .7 8 12 352 3 o] 75 Stub Past
Stub 132 hoh 0 2 Th 56 0 0 Stub ——
Stub 120 28.3 0 19 61 34 0 6 Stub o
Stub 420 0.5 0 418 0 2 0 0 Corn Corn
Stub 288 95.1 0 2 12 27k 0 0 Stub Stub
Stub 285 98.6 0 0 h 281 0 0 Stub Stub
Stub k50 27.9 0 7 32h 128 0 0 Stub Past
Stub 700 88.9 0 2 62 622 0 ik Stub Stub
Stub 100 38.0 0 1 58 38 1 2 Past —————
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Table 6 (concluded)

No. of Percent No. of Samples Classified into Per 60%
Class Samples Correct Soyb Corn Past Stub Wir Thrs Field Classifier
Water 68 100.0 0 0 0 C 68 0 Water Water
Water 39 Q7. k. 0 0 1 C 38 0 Water Water
Water 27 100,0 0 0 0 0 27 0 Water Water
Total 14956 2611 5257 K034k 2900 142 212

Overall Performance = 67.0

Classification Summary by Test Classes

No. of Percent No. of Samples Classified into

Class Samples Correct Soyb Corn Past Stub Wtr Thrs
Soyb 3804 51.4 1954 1700 99 29 0 22
Corn 3718 80.0 396 2974 B6 223 0 39
Past 3608 78.9 53 120 2845 538 g 54
Stub 3692 57.4 8 463 1003 2120 1 97
Water 134 99.3 0 0 1 0 133 0

Total 14956 2411 5257 LO34 2900 1h2 212

Overall Performance = 67.0
Average Performance by Class = 73.4

V. Summary
‘The results are summarized in the bar graphs of Figures 1, 2, and 3.
As far as the given data is concerned, the psrformance of the proposed
per field classifier is considered to be very satisfactery. We have not
made any attempt to check the assumption of Gaussian distribution to Jjustify
the simplified classification scheme employed in this report, but the
classification results encourage us to further test the applicability of

the per field classifier to agricultural applications.
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LARS Information lote OLOLEY
Purdue University

TESTING THE GAUSSIAN ASSUMPTION ON AIRCRAFT DATA

Vhen feature selection and classification are done using IARSYSAA, the
user makes the assumption that the data to be classified comes from a melti-
variate Gaussian distribution. This assumption is inherent in the algorithns
used and if the data is far from Gaussian, results are unpredictable.

An experiment was conducted to test the assumption that aircraft data
is Gaussianly distributed in each individual feature. Notice that the
assumpbion that must be satisfied is that of multivariate Gaussian. If the
data is Gaussian in each feature, this does not guarantee that it will be
multivariate Gaussian. However, if it is not Gaussian in any particular
feature, it is not multivariate Gaussian. Since no such test for mlti-
variate data is known, -it was felt that it would be useful to test the un~-
variate assumption.

The mebthod used is that "of the Chi-Square Goodness of Fit test. The
data is histogrammed and a vector of observed values (OBS(I)}) is formed. A
vector of expected values corresponding to the observed values is calculated.
Given the mean and standard deviation of the data, the expected (ExP(1))
number of samples falling in each bin {given a Gaussian, distribution) is

calculated. If k bins are formed, the test values
k

=Y (omstr) - mxe(1)*/mxp(1)
i=1

Ir Xz is less than ﬁi ., with k-3 degrees of freedom, the hypothesis that the
s DR

data is CGaussianly distributed can be accepted with probability 1-ct. Notice



that with a constant number of degrees of freedom, the smaller the 1% value F
the better the data fits the hypothesized density. (This test can be used
to hypothesize any density.)

A program was written (CHi2-Serial No. DA 0011) to analyze aircraft
data in this manner. Training fields and classes and large arsas (500 lines)
were tested. (See program output in file.)

The following is a sample outpub.

Class stub
No: of samples = 960
Channel 12

Hean 166.92
St. Dev; l;.5|6

(bin) EXP OBS CHI
155 L.3 5 0.1
157 9.9 11 0.2
159 25 35 3.9
161 53.6 55 3.9
163 93.9 109 6:3
165 136.1 138 b.by
167 163.2 172 6.8
169 162.0 164, 6.9
171 133.1 127 7.2
173 90.6 79 8.6
175 51.0 L1 10.6
77 23.8 15 13.8
179 9.2 5 15.7
225 3.9 k 15.7

XCHI = 15.7 with 11 degrees of freedom

If that 22 value with 13 degrees of freedom is looked up in a Chi-Square
table, it can be seen that the hypothesis can be accepted with probability .10.

After testing a random sample of fields and classes in this manner, it was



found that accepting the hypothesis with even that much probability was
unuesual. Host times, the xg values obbained were much bigger and off the
table.

A closer look et the observed and experted values for sach bin shows that
most diserepancies between the two occur ab each end, The aireraft data does
not have enough of & range to be really (aussianly disbribuled,

A laplace distribution was also fibted to the data. A Laplace density
resembles a Geussian distribubion in gensral shape bub has a much higher
kurtosis {peak), and a smaller rangs. x is said to be distributed as a

Laplace distribution if

& el
p(x) = j‘*é% e ¥ oepsx <o
—~

vhere ¢ is the mean and 232 is the variance:.

Resulbs were about of the same magnitude. A laplace distribubion £it
the "data better in some channels, worse in obthers. However, the hypothesis
that the data was distributed as a laplace distribution could not be accepted
wibh greater probability. The accompauying graphs show an area of 500 lines
of ruh 26601550 {September 1966 ~ £3). The observed data lies in bevween
the Gaussian and Laplace distribubtion. In certain places (channel 10) it
is bimodal.

The aircraft data analyzed was found not to be Gaussianly distributed.
Hothing can really be sald aboub the population to which it belongs, However,
because of the small range of the data, it is doubtful whether the population
is Gaussian. It is therefore possible that errors ocourring bebween elasses

that are c¢lose together are due to non-Caussian data,
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I4RS Information Note 040869
Purdue University

‘Are Automated Methoa o:r Uhoosing Training-Fields
by

Danielle R. Bernstein

When a flight line of data is to be anatyzed using LIRSYS4A, a set
of representative training fields must be chosen. This sel must be able
not only to recognize {classify) itself but te recognize other flelds
{test fields) as well. Therefore it is important that an automabic
method be devised-to give the user an initial set of training Tields.
1f necessary, this set can be refined in subsequent cigssifications to
mske it more representative of the test fields.

in experiment was conducted to evaluate such a method. A& program
was writted (PPS-- Sepial No. DA 0013) to choode training fields within
each glass with probability proportiocnal to side (PPS).

The fields are chosen in the following manner. The mumber of
samples in each field is calculated (Mi) ana a sum fotal is kept (TMil.

Let the followiiig table be an example.

Sige Assigned
Unib Mi THL Range
1 3 3 1-3
2 1 L L
3 13 15 5-15
4 6 21 16-21
b L 25 21-25
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A random number is chosen between.l and 25. BSuppose it is 19. In
the sum, number 19 falls in unit 4 which covers numbers 16 to 21 inclusive.
With this method of drawing, the probability thab any. unit is selected is
proportional to the size of the unit. Sampling is done withoud replace-
ment and therefore wnit 4 cannot be picked again. In addition, the
program will gptionally scale the training fields to a desired number of
samples (through manipulation of the line and column intervals) so -that
no one field will have an undue influence on the stztistics of the train-
ing classes.

With this method, notice that:

1) The mumber of fields and the range of their sample
sige are selected by the user.

2) The training fields are chosen from all.the fields
which can be outlined and for which there is ground
truth, i.e. from all fields to be used as-test fislds
No attemnt is made to delete the nonuniform or
atypical fields nor. are.the boundaries changed so-that
only the center part is used,

3} The fields are chosen from each class to be:separated
{not subclasses) and the histograms of the training
classes may not be unimodal. However, this resulis
in fewer training classes and faster classification

time.

Two runs (September, 66-C3 and Ck) were ‘éach analyzed twice (see
computer output in fiie) in this manner and compared with their analysis

done previously in the conventional manner {see Information Note D022469).
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G3 - Five .clagses were to be separated; soybeans, ‘corn, stubble,
forage and water. Water consisted of only one 'segment which was nﬁt

picked by PPS., The following number -of fields were chosen -initially,

vlass Trainin Test
Soybeans L 10
“Corn 5 13
Stubble L 10
Forage L 9
Water 1 1

Histograms revealed that although none of the classés were unimodal,
the stubble and forage classes were so bimodal that some adjustment had to
be 'made. One field was removed from the stubble class and forage was
divided intb two subclasses; FRGL, and MUz made wp of two fields each.

The feature selection processor showed that there was ‘poor separation
between soybeans and corn but adequate-to-good separation between the rest
of the fields. Features 1, 6, 9, 10 were chosen.

¢ The classification resuits for training classes were 80.7% for overall
performance compared-with 91.9% for the Previously aocumented.classitica-~
tion. This is to be expected as the training classes were not unimodal and
not pickedsfor their uniformity. “The test dlass results were 72.4%., This
compares -Lgvorgbly with 71.0% obtained in the ‘previous classification.

This would tend t& indicate that the training fields, when picked at
random, do not result in worse classification of the test set thad when
carefully chosen through several iterations. The latter (previously
documented) classification took three or more iterations to arrive at the

final set of training samples. Another classifidation of C3 using five
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classes gave similar results - 81.8% for training fields and 69.6% for
test fields.

Chk ~ Ch was also classified twice in this manner. Only 4 classes
(and no subclasses) were needed; soybeans, corn, stubble and forage. The
original classification resulted in 91.0% overall recognition of training
classes and 73.1% for test classes. The classification, with-training
fields chosen with PPS, used chamnels 1, 6, 10, 12. The classification
resulted in 80.6% overall performance for the training classes and 69.6%
for test classes. ¥For the second classification of Ch, the same classes
and features 1, 6, 9, 10 were used. Training class recognition-was.85.2%
and test class recognition was 68.0%.

Although test field recognition was a little lower in Ck, this decrease
has to be judged in the light of .the number of clessifications performed
to arrive al the final resulis. When classifying aireraft data in the
conventional manner, the user is essentially working with his training
fields. He refines his sct and tries to improve his training fields
classification performance. Only when he is satisfied with this performance,
does he really concentrate on his test fields. However, it is test field
accuracy that is important and which must be improved.

LARSYSAA users are encouraged to employ this program to obtain at
least a starting training set, "™™Mild" multimodality can be ignored. In
this way, fewer subclasses.will be used and higher accuracy with fewer

iterations will result.



