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CHAPTER 1

INTRODUCTION

CCLOR ILLUSTRAT.ONG RESRODUCELDR
IN BLACK AND WHITE



GENER AL

The research activities reported
herein are a continuation of the pro-
grams initiated in 1966 at the ILabora- .
tory for Agricultural Remote Sensing
(LARS) under the sponsorship of the
National Aeronauties and Space Adminis-
tration in cooperation with the United
States Department of Agriculiture and
Purdue University. A principal objec—~
tive of these programs continues to be
the development of data acquisition,
processing and distribution techniques
for incorporation inte earth resources
information systems of the future.
Timely, accurate, and comprehensive
data are essentlial to prudent resource
development plamning and resource use
management.

Planet Earth and its populations
have entered into a new era--one marked
by a growing awareness that the re~
sources of the planet are limited; this
in face of an ever-increasing demand
for their use. Man is beginning to
appreciate, upon consideration of pre-~
dictable demands, the need for fixing
limits on the utilization of atmosphere,
water, soil, minerals, and chemicals.
Man himself is one of the few resources
which continue teo increase in number,
Agriculture constantly makes primary
demand for the use of sarth's resources.
TImproved resource development plaming
and day-by-day resource use management
can be realized only if adequate infor-
mation systems are developed through
applications of modern technology to
provide accurate, comprehensive, and
timely information on resource uses,
availability, productivity, and
potential. The lack of such informabtion
is a major obsbacle in the economic
development of the undeveloped regions
of the world and a significant obstacle

in the formulation of important policies
and programs in bthe more fully developed
regions,

Consideration of the magnitude of
the data loads which must be dealt with
in such information systems has led to
the institution of research programs to
develop automatic recognition techniques
for agricultural and forestry remote
sensing applications. Information sys-
tems incorporating these technigues
will be able to take advantage of the
sublime data acquisition capabilities
of aerospace platforms——aireraft and
spacecraft.

Future information systems will
depend on observations and measurements
collected from the ground, air, and
space. The observations collected by
future earth-orbiting satellites will
be supplemented by measurements and
observations by aircraft systems.
Ground observations will continue to
be of value. Regardless of how data
are required, there is a tremendous
need to be sble to process such data
avtomatically for their information
content. The major thrust of the re-~
search programs at Purdue University
has been oriented toward meeling this
reguirement.

It is the opinion of responsible
researchers albt the Laboratory for Agri-
cultural Remote Sensing that research
funding continunes to be somewhat in-
adequate to permit appropriate rate of
progress. A more intensive research
program is required to prepare a firm
foundation for future anticipated needs.

PRCGRAM OBJECTIVES AND PLAN OF WCRE

The Laboratory for Agricultural
Remote Sensing at Purdue University



has been designated by the U. 5. Depart-
ment of Agriculture, in cooperation
with the National Aeronautics and

Space Administration, as a principal
focal point in the scientific community
for coordinating and conducting re-
search to develop observation and
neasurements systems for the benefit of
agriculture. LARS also has the
specific responsibility to develop
automatic recognition techniques for
agricultural gnd forestry remote sens-—
ing applications. LARS is to diligent-
ly plan and carry out research on data
ecollection, processing, and distri-
bution techniques designed to provide

a capability for the remote sensing of
agricultural resources,

Investigations shall be made of
spectral, temporal, and spatial
reflectance and emmitiance radiance
characteristics of plants, soils, water,
animals, and other agriculiural
features.

LARS shall conduct investigations
in the following program areas:

Biogeophysical remote sensing
Measurements
Data processing

. Agricultural requirements and
applications
Aerospace systems

BICGEQPHYSICAL REMOTE SENSING PROGRAMS

Investigations directed toward
establishing a capability for the
detection, identification, and mapping
of various vegetation and soil features
of significant importance through the
use of multispectral scanner systems
and automatic data handling and
processing techniques shall be con-
tinued. Relationships between spectral
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response patterns and properties of
varicus agricultural materials and
atmospheric conditions influencing

these materials shall be investigated.
The research effort shall involve the
collection and investigation of a
variety of data, including that obtained
in the laboratory and field and from
aircraft, and shall include scanner and

" spectrometer measurements, photographs,

meteorological measurements, and field
descriptions and measurements as
follows:

Spectral Resnonse Invesiigations—-

investigations conducted and designed
toward the following objectives:

(1) Determination of various agri-
cultural features which can be differ—
entiated and identified on the basis of
spectral, spatial, and temporal dabta

.+ (2) Definition of wavebands in the
electromagnetic spectrum which yield
characteristic and consistent spatial,
spectral, and temporal information to
be used in ldentifying and character-~
izing important agricultural situations '

(3) Evaluation of seasonal and
geographic variations in multispectral
response patterns

(4) Determination of the agronomic
causes of variations in mulbispectral
response.

Grouwnd Truth Investigations—-
investigations conducted and designed
toward the following objectives:

(1) Determination and identifi-
cation of significant items of ground
truth data to be obtained

(2) Determination of techniques



and instrumentation to be used in ob-
taining ground truth data of signifi~
cant importance

(3) Determination of relationships
between plant and soil spectral measure-
ments and micrometeorological data.

ME ASUREMENTS FRCGRAMS

Investigations shall be continued
toward the conception, design, cali-
bration and operation of instruments
for the measurement of observable
physical agricultural features.

The scope shall include labora-
tory, field, aircraft and projected
satellite experiments designed to
define, measure, and utilize electro-
magnetic radiation phenomena in the
timely identification of agricultural
and vegetative conditions. The objec—~
tives are:

(1) Investigation of design pro-
posals for measurement apparatus,
particularly for multichannel single-~
aperture airborne scanners and field
spectrometers of compatible data format.

(2) Determination of agricultural
satellite requirements with regard to
bandwidth and resclution cheices in
photographic and electro-optic sensing
instruments.

(3) Provision for the development
of a mobile ground btruth data collection
system complete with field spectroscopy
instrumentation

(4) Construction of laboratory
apparatus capable of determining re-
flectance and transmittance variations
in different plant parts due to various
induced plant conditions such as

INTRODUCTION

moisture and nutrient stress

(5) Investigations of photoemulsion
calibration technigques and requirements
sufficient to assure consistent analysis
of panchromatic, color, and false color
imagery.

DATA PROCESSING FROGRAMS

Research in data processing methods
for multispectral remote sensing in
agriculture will be established and
carried out.

Specifically, LARS will use,
maintain, and improve the current data
handling computation system in agri-
culture and such other disciplines as
USDA/NASA specify.

LARS will improve the operational
program for the Phase I data handling
gystem so that:

(1) Data from the Michigan scanner
system can be calibrated, using the
most recent calibration procedures

(2) Data from the interferometers .
and other field-based instruments can
be calibrated and reformated according
to the needs of the user

(3) Ground truth data can be
stored in a near optimum fashion

(4) All data can be made available
for research according to desirable
and efficient procedures.

LARS will study proposed remote
sensing measurement techniques and
participate in recommending specifi-
cations for systems capable of supply-
ing quality data adequate and con-
venient for data processing.



LARS will remain cognizant of the
data handling hardware/software system
components technology to improve the
nan—data communication capability
necessary for both research and
operational systems. Recommendations
will be made to the USDA to implement
such technology as appears appropriate.

LARS will develop and study new
pattern recognition techniques which
show promise for agricultural appli-
cations. Areas of attention should
include bui are not limited to:

(1) Feature selection
(2) Training sample selection
(3} Delineation of categories

(4) Pattern classification by
by algorithms applicable to high data
volume.

LARS will use, maintain, and
improve an operational pattern recogni-—
tion research program to:

(1) Study the geographic vari-
ability of signatures

(2) Study operational promise of
current techniques in agriculture and
other disciplines

(3) Analyze problems of current
techniques.

LS will reduce and analyze data
coliected over agricultural areas in the
Weslaco, Texas, Davis, California and
other agricultural test site regions in
cooperation with scientists who plawmned
the data collection over the particular
site.

INTRODUCTTION

AGRICULTURAL REQUIREMENTS AND APPLI-
CATIONS FRCGRAMS

Attempts shall be made to achieve
the definition of information require-
ments in agriculture and the potential
applications of remote sensing and
automatic data processing in obtaining
agricultural data to:

(1) Study information needs of
the farmer-stockman-producers, govern-
ment agencles, industry, research
scientists, and international agri-
cultural development agencies

(2) Compile and categorize a list
of the kinds of information needed,
when 1t is required and how it is used

(3) Organize information of this
study in anticipation of the publication
of a monograph on "Applications of
Remote Sensing in Agriculturs.’

Attempts will also be made to
achieve the extension of LARS capa-
bilities for obtaining and analyzing
data into other areas of agricultural
research such as:

(1) Soil e¢lassification and
survey

(2) Land-use planning and classifi-
cation.

(3) Water resources research

(&) Plant ecology studies.
AERCSPACE SYSTEMS PRCGRAMS

LARS will assist USDA and NASA to

plan and conduct agricultural appli-
cation experiments in the NASA/USDA



earth resources aerospace programs.
To do this LARS will:

(1) Assist USDA and NASA in
developing mission plans of future
aerospace systems in earth resources
applications

(2) Integrate research results
into aerospace application experiment
plans which involve determination of
equipment requirements for aircraft
and spacecraft missions and equipment
integration.

INTRODUCTLCON

CRGANIZATION

The Laboratory for Agricuitural
Remote Sensing is interdisciplinary in
its operation and in its organigzation.
Co-directors of the Laboratory represent
the School of Agriculture and the Schools
of Fngineering. The LARS staff is
comrrised of members of various depart-
ments of the schools of Purdue University.

The Laboratory for Agricultural
Remote Sensing is organized as shown
in Figures 1 through 6.

Univ. of Calfornia USDA/ARS Waslaco Purdue Unlversity USDA/ERS/SRS Univ. of Michigan
Research Reswsarch Research Research Resecrch
Laboratory  for
Agricultural
Remote
Sensing
N K Elis, Co-Director

LARS J € Haneock,Co-Director AdmInistration

Advisery R B MacDenald,

Group Support

Technicai Director
Technical
Servicas
Data Biogeophysical Agricuftural Aerospace
Meosurements Processing Remote Sensing Requirements and Agricuitural
Applications
Programs Research Programs
Progroms Progroms Programs
R.A Holmes D A Landgrabe R M Hoffer M F Boumgardner R.B. MacDenald
Program Leader Program Leader Program Leaoder Program Leadsr Program Leader
F ¥V Shultz TL. Philltps C.J Johannsen {Acting)
Microwave Systems Data Handling Ground Truth
K.S. Fu

Figure 1.

Data Analysis

Organization of Laboratory for Agricultural Remote Sensing
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Research Programs
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Date
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Data Handling Software Data Handling Sf::gu. Pmrl:lhml
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A scientific advisory committee
serves to critically review current and
proposed LARS research programs.
Additionally, the committee reviews
research reports generated by the
Laboratory staff. MMewbers of the
advisory committee are:

. Virgil Anderson, Professor of
Statistics

. Iudwig M. Eisgruber, Associate
Professor of Agricultural Economics

. Willism H. Hayt, Jr., Professor
of Electrical Engineering and Assistant
(for Television) to the Vice President
for Academic Affairs

. Herbert H. Kramer, Director of
the Agricultural Experiment Station

. Robert D. Miles, Professor of
Civil Engineering and Head of the Air
Photo Laboratory

. Bobert W. Stanley, Associats
Professor of Physics

Dr. Hayt is chairman of the
committee and R. B. MacDonald serves as
secretary.

IEVEL, OF EFECRT

Table 1 indicates the approximate
level in man menths maintained in
designated program areas during the
period from January 1968 through
September 1968. This includes the
efforts of individuals regularly assign-
ed to and working on the LARS project.
Not included are the efforts of such
persons as Dr. W. K. Ellis, Dr, J. G.
Hancock, and Dr. H. H. Kramer. Also
excluded are the man hours contributed
by other University staff members
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through service on several committees
working with LARS.

RESEARCH TRCGRAMS TO DATE

DATA FRCCESSING FRCGR AMS

LARS had previously developed a
limited capability for the automatic
classification of crops from airborne
multispectrel scamner data. During
1968, these limited capabilities were
combined into an effective computer
software package known zs LARSYSAA
which greatly increased the efficiency
with which LARS data analysis research
could be carried forward. The basic
intention of the package was and is
to greatly facilitate man-machine
conversation so that the analysis
scientist may more gquickly pose
guestions of data sets and cbtain the
results along with LARSYSAA. Dats
preprocessing programs have been
developed which also alid in bringing
aboul a short turnaround time in the
preprocessing of data for research
use.

The first new data mission flown
for LARS since the 1966 growing
season was carried out during July
1968. LARS used this opportunity
to test out, in a simulated oper-
ationzl mode, the designing of a
classifier and the achieving of the
classification of data in a period
small encugh such that conditions in
the field had not changed appreciably
between the time the data was gathered
and the analysis resulis were agvail-
able. Specifically, classification
results became available within 48
hours after the data became available
to Purdue.

A continuing research project in



Table 1. WName, Title, and Amount of Participation by LARS Staff Members
N AME TITIE MAN MONTHSQ/

H. H. Kramer Director, Agricultural Experiment Station b/

N. K. Ellis Associate Director, Agricultural Experiment Station b/

J. C. Hancock Head, Department of Electrical Engineering b/

R. B. MacDonald Senior Research Engineer 10

R. M. Hoffer Research Associate in Department of Forestry and

Conservation 7.3

R. A. Holmes Associate Professor of Electrical Engineering 6

D. A. Landgrebe Associate Professor of Electrical Engineering 8.5

M, F. Baumgardner Associate Professor of Agronomy 6

K. 8. Fu Professor of Electrical Engineering 1.6

F. V. Schultz Professor of Blectrical Engineering 1.5

T. L. Phillips Research Engineer 10

C. J. Johannsen Research Agronomist 10

P. E. Amta Research Engineer 10

P. H. Swain Graduate Student 7.3

5. J. Eristof Research Agronomist 10

J. E. Halsema LARS Fhotographer 10

H. T. Breece, IIT Graduate Student 6

Jd. W. Clevenger Graduate Student 6

R. E. Becker Graduate Student 5

W, R. Simmons Engineer L
Student 1.5

D. A, Germann Graduate Student 2.5

P, J, Min Graduate Student 3.5

J. I. Ash Graduate Student 1.2

T. Huang Graduate Student .5

D. Bernstein Statistician 3
Graduate Student 2.5

F. Philiips Student 6.5

Jd. Cooley Secretary 2

C. Roe Secretary 7

G. Holt Secretary L

P, Small Secretary 7

T. Renne Secretary 2

T. Martin Student 3

J. Holmes Student 3

D. Remsburg File Clerk 10

T. Sinclair Graduate Student 1.5

a/

b/ Time devoted to LARS is part of administrative duties and jobs are not funded

This is the approximate number of man-months of participation by staff members
for the contract period.

by LARS.



the overlay of data gathered through
different multispectral scanner
apertures reached a significant mile-
stone during 1968. More specifically
it became possible, on a relatively
routine basis, to overlay multispectral
images gathered through different
gcammer apertures on a given aircraft
flight. The purpose of this research
at the present time is to make avail-~
able from a multiple-gperture scanner
the type of data which could be

collected with a single-aperture scanner,

thus in carrying out crop classifi-
cations making available additional
parts of the electrical magnetic
spectrum. This research program will
be continued sfter single-gperture
scanners become available since a data
overlay capgbility will make possible
the use of data gathered at different
times of the day and from other data
gathering instruments (e.g., radar) in
classification routines.

During 1968 a limited amount of
data gathered over a geologically sig-
nificant site for the U. 5. Geological

Survey (USGS) was analyzed and classifi-

ed in concert with USGS scientists. In
this work an attempt was made to iden-
tify, by use of multispectral pattern
classification techniques, different
types of soil and rock outcroppings.
This study indicated that techniques
developed by LARS for agriculiure do

have applicability to other disciplines.

During 1968 the visual digital
image display was designed to enable
analysis of larger quantities of data.
When this device becomes available, it
will greatly facilitate man-data
comnunications in situnations where the
data is in image form and of exceeding-~
ly large volume. The system will be
instrumental in processing data
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collected by future satellite systems.

In summary, the general progress
of LARS during 1968 moved the state-of-
the—-art of data handling and analysis
to the point from being able to handle
data from a five-square-mile area to
a 500-square-mile area.

MEASUREMENTS FRCGRAMS

Infrared calibrated spectra were
taken over more than 150 targets in
conjunction with NASA ajircraft flights,
These specira provided calibration
checks on aircraft scanners and were
used in LARS recommendations on the
decisilon of wavelength band choices
for the NASA scanner proposal request.

Ieaf-scattering spectral and
spatial data were obtained from normal
corn and soybean leaves. These data
will serve as base line data for
spectral determination of plant stress
due to moisture and nutrient deficien-
ciss and disease in the coming year.

Close liaison was maintained with
N3 A-Houston on scanner parameter
choices prior to the issuance of the
request for proposal to industry to
achieve an instrument useful for
agricultural purposes.

AGRICULTURAL REQUIREMENTS AND APPLI-
CATIONS FRCGRAMS

Significant research results in
the application of remote sensing and
automatic data processing technigues
to problems of agricultural production
can be obtained only after such tech-
niques have reached a certain stage of
development. Research efforts are now
beginning to make available techniques



which can be applied to resegrch in the
areas of Jlandscape surveys, soils map-
ping, land use planning, surveys of
crop areas and conditions, nutrient
deficiencies, erosion control studies,
and watershed management. With these
potential applications in wind, sig-
nificant progress has been made in
recent months in outlining a long-range
research program. Imitially, this,
research will involve the design of an
information system for Tippecanoe
County, Indiana, an area of 501 square
miles. This experiment will include
data gathering and analysis techniques
and a study of information utilization
for planning and management of agri-
cultural resources in a specific region
of importance. This expanded test site
is to be a fundamental agriculbural
test site in early test satellite pro-
grams.

BICGEOPHYS ICAL RESEARCH FRCGRAMS

Using data from two different
geographical areas, automatic classifi-
cation of fields of bare soil was
carried out. C(Classifications wers
based upon spectral characteristics of
surface soils. Various soll groupings
were made. In some cases only light
and dark soils were identified and
mapped, whereas in others six, eight,
and twelve soil groups were determined.
It is believed that many more soil
groupings can be obtained in a quanti-
tative manner using spectral scanner
data. A reasonable degree of success
has been demonsfrated in this soils
eclassification and wmapping. Further
research will be needed to develop this
into a reliable technique to aid the
various soils mapping programs of
federal, state, and local agencies.
This research represents a major break-
through in methods used for soils
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mapping work in that it (1) allows
quantitative determination of soil
class boundaries, (2) allows quanti-
tative determination of areas having
similar surface characteristics, and
(3) is an automatic technique which
makes possible the analysis of data
and i1ts reduction to useful informa-
tion in a timely manner.

The capability to successfuily
classify data obtained over large
geographic areas was demonstrated.

A flight line 70 miles in length
between Indianapolis and Bedford,
Indiana, was classified into basic
cover types including bare soil,

green vegetation, and water. Mature
vegetation and man-made objects such
as roads and houses served as thres-
holds. Mors debtailed classification
groupings were also studied. These
involved coniferous and deciduous
forest cover, winter wheat and pasture
categories. In one instance, 1t was
observed that polluted water had a
different spectral signature than un-
polluted river or quarry water.
Different soils groupings were studied
in detail.

The major objective in this
study was to determine the capability
to work with data obtained over very
large geographic areas and automatically
identify and map primary cover types in
this region in a timsly manner znd with
high reliability.

Mnalysis of spectral data collect-
ed over widely separated geographic
areas (Weslaco, Texas; Davis, Cali-
fornia; and, Lafayette, Indiana)
provided evidence that automatic
processing techniqgues derived with
LARS research programs are generally
applicable in processing data collecteq

10



on a global basis,

While limited ground truth was
available for the Texas and California
data, tentative identificaticn (later
shown to be correct) could be made on
such things as rice or bare soil, based
upon anaglysis of the spectral signature
of the data. Fields of similar crop
materials could be identified even
though the specific crop type was not
known.

AERCSPACE PRCGRAVS

Some aerospace programs have been
designed but not implemented. The
objectives include the applications of
research resulits to the design of
experimental programs leading to the
development of operational earth
resource aircraft and satellite sysiems,

FUTURE OBJECTIVES

Iven though automatic recognition
techniques for applications in earth
resources information systems of the
future have been established, much
remains to be done before such tech-
niques are reduced to practice.
Relatively few data have been analyged
in but a limited number of situations.
The proper time for collecting data has
not yet been established for the major-
ity of situations in agriculture.
Certainly, that information which can be
collected regularly throughout the
growing season is still to be defined
in future studies.

TARS believes, on the basis of
experience to date, that automatic
recognition techniques will require
periodic training ubilizing measure-
ments from known training sites. In
1969, investigations are planned to
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better define how often and under what
conditions retraining is required. This
analysis is to be performed with data
collected over a relatively largs area
of 500 square miles.

A series of flights have been
scheduled over the 500-square-mile
Tippecanoe County area in 1969 as part
of a year—-long experimental program at
LARS to further develop automatic
recognition capabilities with remocte
sensing data. Five data acquisition
flight missions have been scheduled at
cardinal points in an agricultural
season in the Corn Belt region around
LARS. These are scheduled from tilling
and planting in April-May through the
growing season to harvest in September-
October. An additional flight is
scheduled for November-December to
investigate fall-plowed areas and areas
planted to winter wheat. Some 280
square miles of data are to be collected
per flight.

Primary data are multispectral
measyurements stored on magnetic tapes.
Black and white and multiband photo-
graphic data are to be collected as
support data. Additional ground truth
data are to be collected by ground
crews. Only limited rate-of-change
detection analysis can be cohducted
with these data. An investigation of
the information contained in temporal
variations of radiated energy requires
data collected with clusters of flights
at critical times in the year. Such
studies will be continued in a
following year.

T.ARS researchers feel that more
attention must be given to the radi-
ation characteristics of vegetation
under different stress conditions in
order to develop reliable remote sensing

11



techniques for identifying and mapping
of such conditions. Experiments are
to be conducted under carefudly
controlled conditions during 1969 with
certain vegetative species. The pri-
mary objectives are to dstermine
spectral intervals in which different
levels of stress are detectable. The
experiments will involve several
different sources of stress.

The data to be acquired in 1969
over Tippecanoe County will be utilized
in further analyzing automatic recogni-
tion capabilities for surface soil type

TTRODUCTION

delineations. Major objectives include
the formulation of relationships between
spectral characteristics and surface
soll conditions of interest and the
effect of conditions such as different
so0il moisture content on surface soil
type classification processes.

It is also planned that the staff
will further investigate the feasi-
bility of automatically classifying
surface water bodies into different
categories on the basis of radiated
energy characteristics.

iz



CHAPTER 2
AGRICULTURAL REQUIREMENTS




INTRODUGTTON

Defining the applications and
requirements of an Agriecultural
Industry, a Govermment Agency and an
individual is a continwing process.
Their needs vary at different times. of
the year due to growing seasons and
according to the crop production of
specific areas. The emphasis of manage-
ment or outside interest groups can
further influence the information needs
of these groups.

Efforts in this program area con-
centrate on determining the require-
ments of agricultural industries and in
assisting industry in the preparation
of cooperative proposals to plan for
better development and utilization of
remote sensing systems.

A proposal is being written with
International Minerals & Chemical Corpor-
ation to cover research for a five year
period. OSome preparatory research must
be done and work completed before the
start of this five year period. This
time period has been termed Phase '"QV
and will be reported here.

REQUIREMENTS OF AGRTCULTURAL GCRPCRATICHS

Seven Agricultural Corporations
were chosen for survey to determine what
their requirements might be from remote
sensing systems. These industries were
selected because of their wide range of
background and their interests in
different phases of agriculture. Many
visits with representatives from other
companies are not included in this
writing but results also reflect these
visitations.

Companies which were visited are
as follows:

Deere and Company, Moline, Illinois

DeKalb Agricultural Association, DeKalb,
Illinois

International Harvester Company, Chicago,
T1linois

Swift Agricultural Chemicals, Chicago,
Tilinois

Sinclair Petrochemicals, Inc., Chicago,
I1linois

American 0il Company, Chicage, Illinois

A113is-Chalmers, Milwaukee, Wisconsin

Presentations were made tc the
different companies according to the
level of interest expressed by contacts
within the company. In most companies,
research persomnel were visited, but in
a few cases presentations were made to
management perscnuel. After a formal or
informal presentation, the company's
persomnel were asked how they would
visualize they could use such a system.
Questions were also asked as to how the
company now obtains agriculitural inform-
ation and how quickly it needs this type
of information.

Kinds of information which the
different companies generally require
would fall into two main cabegories.
They need information which is used
for short range planning and a different
set of information for long range plan—~
ning and decision making. Some of the
companies were reluctant to discuss in
detail what type of information they
used, how it was used, and how it was
obtained. They indicated that most of
these procedures were company secrets
and that they did not want their
competitors to find out how they obtained
this information.

Some of the companies gave the
impression that they did not want to
be bothered with a new technique such
gs remote sensing until it had been
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proven that it would actually work.
When specific information could be
supplied, such as the total acreage of
a certain crop that is planted by a
certain date, they would be interested
in visiting further about the useful-
ness of this informaticn.

PHASE ZERQ OF IMC/PURDUE FROPCSAL

The title of the proposal will be
"Aerospace Remote Sensing System Pro-
ject for Agricultural Resource Develop-
ment Planning and Management." The
resezrch work of LARS in data genera-
tion by remote sensing and in data mani-
puwlation plus IMC's broad experience
in computerized data analysis for
business management and distribution
systems provide the foundation for this
five year proposal.

Some preliminary foundation work is
a prerequisite to the implementation of
this proposal. This is because not all
the necessary knowledge, methods, and
technigues required to implement exist.
There is also a need for the develop-—
ment of an efficient and effective
working relationship between Purdue and
IMC in order that the research and
supporting services may interface
satisfactorily. Phase Zero described
herein is designed to fill these needs
and requirements and to provide an
adequate and more complete foundation
from which the aerospace remote sensing
systems project may be launched.

The following is a description
of the areas in which major effort will
be expended dwring phase gero. More
detailed plans and programmed schedules
must be developed for the research and
supporting services, the pilot obser-
vation and utilization systems, and the
educational program., This would include

AGRTICULTURAL REQUIREMENTS

a seminar workshop utilizing the leading
authorities in remote sensing., Its
purpose would be to establish a well
documented foundation for the take off
of the program and to obtain the best
judgement avallable concerning the
optimum course for the program. The
cost and benefits of alternative

sources of aircraft and sensing equip-
nment for each part of the program

would be evaluated., A schedule of air-
craft services to be used and flight
missions to be flown would be developed.
The output of different sensors would
be considered and how to interface with
rapid data processing would be determined.

An initigl program would be planned
and conducted with field cooperators
in Tippecance County. This would
involve interviewing farmers to obtain
basic information such as soil type,
tillage, and cropping program. Other
information users would be interviewed
to obtain basic business informgtion
and to determine potentizl uses of
data from remote sensing. Orientation
meetings would be conducted for selected
program cooperators. Working with the
gbove users on test cases would be
necessary to determine if the proposed
program (variables to be measured and
sensed) will satisfiy the needs of
major users. A planned program of
instruction and on-the-job training
for new persomnel for data handling,
photo and data extraction as well as
interpretation and ground truth deter-
mination would be implemented.

The number and size of sample
observation areas required to give
statistically reliable data for both
Tippecanoe County, Indiana and the Corn
Belt would be evgluated. This would be
done in order to be sure that the
sampling procedures developed are usable
in larger geographic areas and are
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compatible with satellite operations.

A statistically reliable system to
extrapolate from sample data to popula-
ticon data by counties for both satel-
lite and aircraft dats would be
developed.

Necessary design characteristics
of deta analysis systems would be
determined. This would include further
development of pattern recognition and
midtispectral signatures for remote
multispectral sensing. Also, tests
wWould be carried out on significant
quantities of data using alternative
recognition techniques. Hopefully
this would help to better understand
the capabilities of multispectral
sensing of major Corn Belt crops and
envirommental variables. Data
extraction and compuber training tech-
niques usable for significant quantities
of data on a scheduled basis would be
evaluated.

The output of Tippecanoce County
flights that measure acreage of major
crops would be utilized to test infor-
mation generation and distribuiion sys-
tems that are applicakle to broader
geographic arsas. This would include
the development and evaluation of pre-
liminary schedules and programs for the
selection and reproduction of informa-
tion output from the data extraction
and analysis systems. The variables
that need to be quantified as the
basis for yield and production projec—
tions throughout the growing season
wottld be evaluated. Also, the
characteristics of decision assistance
models that will be of most value to
information users would be determined.

Computer programs must be prepared
to handle proposed volumes of data.
These programs would need to be written

AGRICULTUR AT, REQUIREMENTS

with the capability to be adapted to
revised methods of data collection and
output needs. Collation of field data
with data collected from scanners and
photographs through the use of computer
programs would be implemented. Pre-
liminary field and greenhouse fertility
trials would be conducted. Spectral
measurements would be made to assist

in determining experimental design and
analysis procedures. Ground truth
parameters and improved systems of
gathering these parameters would be
studied so that data from many locations
can be quickly obtained and use for
interpretation of scanner data.

1

The National Commission of Space
Activities of Brazil would be assisted in
the development and implementation of-
an effective program to provide agri-
cultural information collected by
remote sensing to fulfill major needs
in Brazilian agriculture. Work weuld
be carried out with the seven test
sites at the South Central Research
and Agricultural Experiment Station
(Kilometer L7) and the Rural Univer-
sity of Minas Gerais. This would
involve the selection of aircraft
and sensors for data acquisition; the
planning of agronomic research and
ground truth systems; the determining
of spectral signatures and computer
training methods; the carrying out of
program planming and persomnel training
and the plamning of data analysis,
distribution and use systems.

Consideration would also be given
to assisting in the formilation and
implementation of informatiown systems
using remote sensing in Mexico and
other countries where such programs
could be initiated.

Studies would be made to aid in
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determining the change of-wavelength
response due to altitude., These
response changes are generally due to
moisture and dust particles in the

atmosphere and add '"noise™ to the data.

The effect of altitude could therefore
be simulated by adding noise to data
taken at low altitudes. After
classifying an area according to its
different agricultural features, the
original analog tape would be re-—
digitized with some noise added to

ACRICULTUR AL, REQUIREMENTS

simulate a higher altitude. The second
digitized tape would then be classified;
the accuracy of classification would be
compared to the original classification.
The orilginal tape would be re-digitized
with increasing noise levels for in-
creasing simulated aliitude levels,
Effect of altitude on different wave-
length bands would then become apparent
by the classification results obtained.
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CHAPTER 3
DATA PROCESSING



INTRODUCTION

During a previous year, LARS
developed a limited capability to
utilize airborne muliispectral scanner
data obtained to automatically classify
crops. During 1968 these capabilities
were combined into an effective com-
pubter software package known as LARSY3,
which greatly increased the efficiency
of LARS data analysis. The basic
intention of the data analysis part of
the package (LARSYSAA) was and is to
greatly facilitate man-machkine conver-
sation so that the analysis scientist
may more quickly pose questions of data
sebs and obtain the results. Data pre-
processing programs {LARSYSAH) have been
developed which aid in bringing about a
short turnaround time in the prepro-
cessing of data for research use,

A discussion of LARSYS is given in
the following two sections of this
report. The following section briefly
discusses LIRSYS, LARSYSAHl/ and pre-
sents in detail the capabilities of
LARSYSAA. In another section, the
technical and programming consideraz-—
tions used in designing LARSTSAA are
presented. '

In the past year, a continuing re-
search project in the overlay of data
gathered through different multispeciral
scammer apertures reached a significant
milestone. More specifically, it became
possible on a relatively routine basis

l/The rationagle for LARSYSAH has been
more fully described in "Remote Multi-
spectral Sensing in Agriculture,"
Volume No. 2 and Volume No. 3, Annual
Reports, Agricultural Experiment
Station Research Bulletin No. 832 and
No. 844, Purdue University, Lafayette,
Indiana, 1967 and 1968.

to overlay multispectral images gathered
through different scamner apertures on a
given alrcraft flight. The purpose of °
this research at the present time is to
make available from a multiple-aperture
scanner the type of-data which could be
collected with a single-aperture scan—
ner, thus making available for crop
classifications additional parts of

the electromagnetic spectrum. This
research program will be continued

after single-aperture scammers become
available because g data overlay capa-
bility will make possible the use of
data gathered at different times of

the day and year and from other data
gathering instruments (e.g., radar).

A scanner data overlay section
presents a sumary of the overlay
work done to date. A complete report
of this work was presented as LARS
Information Note 103068.

The LMS data handling and anal-
ysis system has been used for data
other than LARS and agricultural data.
A report of these efforts is inciuded
in the section entitled, Analysis of
Non~LARS Data.

Analysis of data collected over
Purdue test sites in 1966 continues.
Methods of tralning sample selection
and class selection are being research-
ed.

During dJuly, 1968 the first new
data mission flown for LARS since the
1966 growing season was -carried out.
LARS used this opportunity to test
in a simulated cperational mode the
designing of a classifier and the
resulting classification of data in
a short enough period that conditions
in the field would not be changed
appreciably between the time the data
were gathered and the analysis results

17



were available. Specifically, classifi-
cation results became available within
L8 hours after data became available to
Purdve. The results of these data
analysis efforts are reported in Chapter
4, Biogeophysical Research.

The development of the digital dis-
play concept has progressed so that the
hardware design can be finalized. This
device was designed lc facilitate the
analysis of larger quantities of data.
When it becomes available, the digital
display will greatly facilitate man-
data communications in situations of
an exceedingly large volume of data in
image form. The system will be instru-
mental in processing data collected by
future satellite systems.

In summary, the general progress
of LIRS in the past wyear has seen the
application and extension of state-of-
the-art data handling and data analysis
techniques to the processing of data
from areas several tens of sguare miles
in size on an accurate and timely basis.

1JRSYS. A PROCESSING SYSTEM FOR AIR~
BORNF_EARTH RESOURCES DATA

The system used by LARS for re-
search in agriculture and other earth
resources systems is embodied in a set
of computer programs known as LARSYS
(See Figure 7). The purpose of this
section is to give examples of the
types of output which can be produced
for the aircraft data portions of this
system.

The chief purpose of LARSTSAH
(Figure 7) is to produce aircraft data
storage tapes (see next sub-section},
alphanumeric pictorial printouts and,
in the future, digital display data
images. LARSYSAH output is still

DATA FROCESS ING

essentially data in an unreduced form.
Once the data storage tapes and pictor-
ial printouts have bsen generated,
LARSYS AA may then be used by researchers
to reduce the data to useful iunforma-
tion. As illusitrated in Figure 8
LARSYSAA contains four processors, each
controlled by its own supervisor. These
examples were all generated using data
from the University of Michigan 12-
chammel scamner glthough data from other
scanners could also have been used.
Correspondence between the channel
numbers and spectral bands for this
particular scamner are given in Table 2.

LARSYS
MONITOR
LARSYSAH LARSYSAA
Aircroft Aircraft
Dote Hendiing Data Analysis
LARSYSGT LARSYSIG
Ground Truth Interforogram
Procassing Procassing
LARSYSDK LARSYSUT
DK-2 Reflectomatar System
Processing Utilitiss

LARS PROGRAMMING SYSTEM (LARSYS)
Figure 7. Diagram of LARSYS
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Figure 8. Organization of LARSYSAA

Table 2. Channel Numbers and Spectral
Bands for University of

ichigan 12-Channel Scanner

Channel Spectral Band
Number (Microns)
1 40= Lk
2 Sh— 46
3 Lb6— 08
L 48— .50
5 +50- .52
6 52— .55
7 55— .58
8 58— .62
9 62— .66
10 .66~ .72
11 72— .80
12 .80-1.00

DATA STORAGE TAFE

The data storage tape is a digital
magnetic tape produced by LARSYSAH from
the aircraft analog tape. It contains
the data for each resolution element
stored in a packed format and has a

DATA PROCESS ING

specific address for each point in the
form of a scan line number and sample
number. Certain other information, such
as run number znd date, necessary for a
machine controlled storage and retrieval
system and data for calibration purposes
derived from the aircraft anclog tape
are also stered in a convenlent format.
For further details see Volume 3 Anmual
Report.l/

ATPHANUMERIC PICTCRIAL PRINTQUT

Two chammels of a porticn of run
number 26600061 are shown in pictorial
printout form in Figures 9 and 10.
Parameters which mzy be varied in this
type of presentation include the spatial
resolution, the radiance-level-to-
symbol correspondence and the symbols
used.

Spatial Resolution

This particular run was digitized
so that on the average there is neither
underlap nor overlap of adjacent samples
on the data storage tape. In this case,
based on the aircraft altitude and the

.Scanner resolution, this required that

every seventh scan line on the anglog
tape be digitized and 220 samples be
made in each scan line. It is shown
on the two printouts (Figures 9 and 1i0)
that every other sample point of every
other line on the daia storage tape has
been printed. Experience has shown
that this choice of spatial parameters
is convenient and very adequate for
most purposes. Printouts of greater
resolution are easily obtsined, how-
ever, and an illustration of one in

1/ "Remote Multispectral Sensing in
Agriculture, Volume No. 3, Annual Re-
port, Agricultural Experiment Station
Research Bulletin No. 844, Purdue
University, Lafayette, Indiana, 1968.
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LABORATORY FOR AGRECULTURAL REMOTE SENSING
PURCUE DMIVERSETY

RUN HUMBER +.. 26400061 DATE eanswacea 6/28166
FLIGHT LINE .., C1 TIME cnscnassa 1229
TAPE HUMBER .. 102 ALTETUDE . - 2600 FEETY

CHANNEL NUMBER 9 SPECTRAL RANGE 0.52 TO 0,56 MICRONS
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photographically reduced form is given
in Figure 11.

It shouwld also be noted that when
the data is to be analyzed in image form,
as opposed to analyzing the spectrum of
each point in quantitative form, over-
lap of samples is usually desirable.
Underlap on the other hand may be
desirable to reduce the data load when
a detailed, high resolution study is
not required.

Radiance-level-to-Symbol Correspondence

The analog data is guantized to
8-bit accuracy. Each resolution
element of each spectral band will have
one of 256 possible values, according
to the radiance of that element in that
band. Experience has shown that from
10 to 16 symbols should be used to
simulate the gray scale tones in the
printout. Therefore, each of the 256
levels must be assigned to one of the
16 symbols in some fashion. Each
symbol is assigned to 1%s own group of
gray levels,

One way to do this might be to

use equal-sized groups, so as to assign
levels O to 15 to the first symbol, 16
to 31 to the seccnd, and so on. How-
ever, this does not usually give satis-
factory results since the data is rarely
if ever uniformly distributed over the
entire dynamic range of radiances.

One of the unigue advantages of the
digital approach to image data handling
is the simplicity with which the radi-
ance level to gray scale may be varied.
Photographically this would be the film
density versus radiance curve. By using
the above procedure, a curve of arbi-
trary shape, whether linear, nonlinear,
or even multivalued, can be achieved.

DATA FROCESS ING

LARSYSAH provides for three means
of specifying the group edges for each
symbol: (1) use of a preassigned set,
(2) assigmment of an arbitrary (ad hoc)
set for the current job, (3) computation
of a set which will result in equal
activity for each of the 16 symbols.
The first of these three is the most
economical insofar as both the re-
searcher's and computer's time are con-
cerned. Based on experience, a set of
group edges has been picked which gives
satisfactory but subopiimum results
for most data.

The second method may be used
whent the researcher knows of a good
set of symbols from previous compuba-
tion or if he has some specific use
of the printout in mind.

The third method tekes longer
computationally, but it automatically
provides the maximmm contrast over
the entire range of radiance. In this
method, the data is first histogrammed,
then group edges are set so that all
groups have equal area under their
portion of the histogram. It is also
possible to accumulate the histogram
from one area or a group of areas and
use the resulting group edges to
print another area. For the printouts
shown in Figure ¢ and 10, the group
edges were determined from histograms
of the first 950 lines of run 26600061,

The radiance-level-to-symbol
correspondence for a specific print-
out is always given in tabular form as
pagt of the heading (See Figures 9 and
10).

Svymbols Used

The set of symbols used in Figures
9 and 10 has been picked as a standard
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Figure 11.

Photographicaelly Reduced Alphanumeric Pictorial Printouts
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set based on experience and study. How-
ever, any other set may be specified as
needed for specific purposes. For
exanple, if a contour map is desired
which shows areas having a certain
temperature/emissivity from a channel
in the thermal region, it could be
obtained by appropriately assigned
group edges. This would be option (2)
with blanks being used for all groups
except the desired one.

]
Photographicallv Reduced Alphanumeric
Pictorial Printouts

The illustration in Figure 1i shows
tuo photographically reduced pictorial
printouts of run 26600061, lines 461
to 949. The area displayed includes
that shown in Figures 9 and 10. The
left printout inFigure 11 againhas every
other sample of every other line pre-
sented, while in the right printout
every sample of every line is given.

In both examples there are 10 active
gray level groups (symbols). A panchro-
matic aerial photograph is given in
Figure 11 for comparison.

Output in this format is between
viewing the data as a large number of
qguantitative spectra and viewing it as
an image. For example, one may view
the printout in Figure 11 as a low
resolution image and also (perhaps with
the aid of a hand-held magnifier) see
that there is a point in Channel 9 at
line number 609 and column 213 near the
right edge of the wheat field which is
displayed as an asterisk (%) and there-
fore, from the tabulation in the head-
ing has a relative radiance of 188-190
on & scale of 0 to 255.

PHOTCGR APES OF DIGITAL IIIAGE DISPLAY
PLESENTATIONS

It is not possible to show an

DATA FROCESS ING

eXample of this type of data format
since procurement of the digital dis-
play has not yet been possible. How—
ever, when it becomes available it is
expected to provide imsges of at least
studic TV guality. While the original
primary purpose for the digital display
was to speed the data editing function,
it will in addition provide a consider-
able number of capabilities never be-
fore possible in man/data commmnication.
This is because it will matech good
gquality image production with the
flexibility provided by digital control.

Note in particular the comments
in the previous section about group
selection and gray scale control also
apply here. Additionally, images
created from linear combinations of
bands, reconstituted color and false
color images are expected to be guickly
possible.

EDTIED DATA

The chief reason for devising the
pictorial printout and digital display
was to enable the editing of data.
Thet is, one must be able to extract
from the data storage tape the data
belonging to a specific areaz on the
ground. Refer to Figure 9 or 11
showing pictorial printouts and aerial
phote. Tote the corn field at the
left edge just above the wheat field.
By referring to the printout, the
addresses on the data storage tape of
the data field (i.e., set of contiguous
resoiution elements rectangular in
shape) in the center of this agri-
cultural field can be determined as
lines 603 to 625 and columns 13 to 33.
These addresses are wvalid for all
channels of data gathered by this 12
channel detector set.

Once located in this fashion and
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extracted from the data storage tape,
this data can be stored in the computer
for further processing. It can also be
printed, punched cut, or written on mag-

DATA PRCCESSING

numerical abscissa values decrease for
increasing radiance because the scanner
output signal is inverted.) The ordi-
nate gives the number of resolution

netic tape for external use by the re-
searcher. TFigure 12 shows a printout
of the above data.

elements with g given relative radiance.

In Figure 14 the histograms for
another corn field from gnother flight
line several miles away are shown. It
is seen that by overlaying the first
set of histograms over the second,
perhaps on a light table, a quick but
useful comparison between data from
the two fields can be obtained. In
this case they are similar in Channel 1
but different in Channels ¢ and 12.

HISTCGR AMS

The LARSYAA statistics processor
can provide as one type of output a
histogram of a field or a group of fields.
The histograms in three arbitrarily
selected bands for the data from the
previously mentioned corn field are
given in Figure 13. The abscissa is
relative radiance (brightness) and in-
creases from left to right. {(The

Figure 15 shows histograms of the
data from these same two fields put

LABORATURY FUR AURILULTURAL REMOTE SENSENG
PURDUE UNIVERSETY
CERLARSYSAA TLLUSTRATHUNS*%
LGHN ]

KUN Nu. 26600001, FIELD 12-9
NUs Ub SAMPLEN- 132, FKOM LINLS 603 TU 625 [EVLRY 2 LINES)s SAMPLES 13 TU 33 (LVERY £ SAMPLES)
ELITEL FRUM CHANNCL 9

L INt SAMPLE VALUES

13 s i 19 21 23 <5 1 o9 31 33
603 127 114 19¢ 196 two tvs 94 tly4 L5 19s Lag
605 195 193 194 198 T Lys L4 196 L9% 192 195
007 196 194 191 193 194 19l 192 193 sy 194 194
609 195 L9t 19¢ 193 191 192 11 191 191 196 197
oLl 146 195 193 Lol 195 lua 195 194 197 193 197
6l3 194 195 193 L94 195 193 194 193 194 195 19
615 195 194 191 194 194 193 L9l L94 192 195 197
o1l 198 Ls? 190 190 195 195 194 194 193 196 oY
619 194 184 L9u 159 189 192 193 1973 1v3 192 193
621 1ve tod s/ 184 143 193 Ly2 L9 192 19% 194
623 196 e 191 191 140 144 Ly4 Lve 193 192 1%
625 136 7 191 158 Loy 197 115 194 196 196 196
Figure i2. Data Edited From .62-.66 Micrometer Band of Run Number 26600061
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PURDUE UNIVERSIT

*%% LARSYSAA ILLUSTRATION %%

CORN I
RUN_NO. 26600061 F LD 12-9
NO OF SAMPLES = 5 2y H LINES 603 TO 625 (EVERY 2 LINE{S)),s SAMPLES 13 TO 33 {EVERY 2 SANPLE(S})
HISTOGRAM FOR e4s 1l2-9
CHANNEL 1 040 - O.%% MICRONS
EACH * REPRESENTS 2 POINTIS).
28
26 »
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22 ]
20 s
1y %
16 %
14 % 111
12 el den
10 [ 32T
8 EEESEERE
[-] *5ESEERE]
dy SESseEERRE]
2 . . *ESEEEERENEERE] N
219 209 199 189 179 169 159 149 139 129 119
CHANNEL 9 0.62 — 0.66 MICRONS
EACH * REPRESENTS 2 POINT(S).
25
26
24
22 .
20 L 3
18 [ a3
16 s8%]
14 saRE %
12 " %
10 TEEREES
8 EBOEEEE
6 SEEREBES &
& ASKRIER]F 1
z _ldsskirsnisel] ¥
219 209 159 189 179 169 159 149 139 129 119
CHANNEL 12 0«80 - 1.00 HICRONS
EACH * REPRESENTS 2 POINTI(S)Y.
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26
24
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20
i 1
14 *
12 %] ]
10 L *e% %)%
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& bidddddottitsl: TN
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Figure 13. Histograms of Data From a Corn Field in Run 26600061
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LABORATORY FOR AGRICULTURAL REMOTE SENSING
PURDUE UNIVERSITY

T
#5% LARSYSAA ILLUSTRATION #***

CORN I

RUN_NO. 26600081 FIELD 8=20
NO OF SAMPLES = 2;3- FROM LINES 669 TD 713 (EVERY 2 LINE(S)}, SAMPLES 171 TO 191 (EVERY 2 SAMPLE(S))

HISTOGRAK FOR 44+ B8-20
CHANNEL 1 0+40 — 0O.4% MICRONS
EACH * REPRESENTS 4 POINTIS:.

56
52
48 1
b4 *1
40 e
36 k%
32 48]
28 IRERGZ
24 SEhRER
20 13222
16 Ty
12 FEkeER®]
[) LSRR E%]
4 1 1RskaEERERRbR] 2
+ 4+ + + + + + + 4+ + +
219 209 199 189 179 169 159 149 139 129 119
CHANNEL 9 Ge62 — 0.66 MICRONS
EACH * REPRESERTS & POINTIS).
56
52
48 1
ey *
40 *3
36 ¥
32 3
28 * 4%
24 * £e%3
20 FHREEE
16 aREEBEED
12 Rk RE
B 3xEeenskans]
4 IR ET I TPy
+ + + + + + + + + - + +
219 209 199 189 179 169 159 149 139 129 119
CHANNEL 12 0.80 — 1.00 MKICRONS
EACH = REPRESENTS 3 POINTIS).
&2
39
36 2
33 %
an e
27 *EE
24 1%%%2
F1\ eREEE
18 Ankakk
15 LS Ean
12 ERLISRERE
9 sheRkhkkkdkEk
& 1 sretdaknreessk]
EY Lisessesazessasrnns]
219 209 199 189 179 169 159 149 139 129 119

Figure 14. Histograms of Data From Another Corn Field in Run 26600061
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ABORATORY FOR AGRICULTURAL REMDYE SEMSING
LABORATO PURDUE UNEVERSITY

s8¢ LARSYSAA ILLUSTRATION see

CORN I
HISTUGRAN FOR ... CORN 1
CHANNEL 1 0.40 = 0.4% HNWICRONS
EACH * REPRESENTS S5 POINTIS).
3 2
60 L 1]
55 82
50 *8%
&5 2
40 1E804
35 SEEREE
30 SESEE
25 IRIIITIIY
20 SEEEERE
15 EEERIESSZ
10 L4E2EEDRREE2]
5 2352 USRI . . N
219 209 199 189 179 169 159 149 139 129
CHANNEL 9 0.62 — 0.66 HICRONS
EACH * REPRESENTS 4 PDINT(S).
56
3% 2
&% *
40 8
36 2 &8
32 * ¥93
28 * BRE2
F 1 s2%%%s
20 Z2%E ISR EEE
16 FHER EEESRIEET
12 FiliiElicdeder ity
8 2FERERTXEEEECEREER]
e X . CLESIRRRREEE R EEARNRY . . . .
219 209 199 189 179 169 159 149 139 129
CHANNEL 12 0.80 — 1.00 MICRONS
EACH ¢ REPRESENTS 3 POINF(S).
3% i
EH "
33 1%
30 Sk}
27 FEeEQ
24 SERkER) ¥
21 ERESEEF ¥
18 LEksREes ¥
15 2EEREBRER2 IS
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& 219X 0B E RN AR ERRTXNRZ ][]
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Figure 15. Combined Histograms of Data From Two Corn Fields in Run 26600061
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together as a class (a group of fields be
not necessarily contiguous nor even from

defined to be a data field,

the same flight line). The double lobes SPECTRAL PLOTS

in Channels 9 and 12 predicted from the
two separate histograms are apparent.

Another type of output provided

by the LANSYSAA program is the spec-
In summary, note that a data field tral plot as illustrated in Figures

is any rectangular region in the data. 16
If desired, the whole flight line could

» 17, 18, and 19. In this type .of

LABORATORY FOR AGRICULTURAL REMOTE SENSING
PURDU RS

DUE UNIVERSITY

#2% LARSYSAA ILLUSTRATION s

CORM [

Qooéel FIEL
= 152, £R

RUNM MO, 266 0 12-9
MO OF SAMPLES OM LINES 403 TO 625 (EVERY 2 LINE{(S}},

SPECTRAL PLOT {HMEAN PLUS AND MiNUS ONE $STD. DEV.} FOR TRAINING FIELD

SAHPLES 13 TO 33 {EVERY 2 SAMPLE(S)!

L2-9

LEGEND

+= FIELD 12-9

75 15
8 Te
81 81
84 84
87 87
9o 90
93 93
9% 95
T 99
02 102
0% 105
oy L08
11 111
114 114
i? L7
20 120
23 ig3
26 124
1 29 129
32 132
35 135
38 138
151 + P4l
44 + I 144
47 + 1 147
50 + 150
53 + 153
156 + 156
159 159
62 i62
1465 + 165
168 + + * 168
171 + +* + + 17l
174 + + - + 174
177 + + 177
180 + + +* 180
183 + + 143
186 + 186
LHY + 189
192 + + + 192
195 + + + 195
198 198
201 201
204 204
207 | 207
210 210
213 213
513 3t
9

222 L 222
225 i I [ I 1 | i 1 1 I i boess

SPECTRAL 0.40 0.44 Q.46 D.48 Q.50 0.52 0.55 0.58 0.62 0.66 Q.72 0.80
(M?EggNSl 0.4% 0.456 0.48 0.50 0.52 0a5% 0.58 0.62 0.66 0.72 0.80 1.00

Figure 16. Spectral Plot of a Corn Field in Run Number 26600061
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presentation, the 12 channels are indi- the mean radiance is drawn using alpha-
cated along the abscissa while the numeric symbols.

ordinate is relative radiance (bright-

ness). & vertical line two standard The first two spectral plots given
deviations in length centered opposite in Figures 16 and 17 are from data

LABDRATORY FOR AGRI

RICULTU
PURDUE VE

LCULTURAL REMOTE SENSING
UNIVERSITY

$5¢ LARSYSAA ILLUSTRATION *&»

CORN 1

RUN NG. 26600081 F1ELD 8-20

NU OF SAMPLES = 2£3| FROM LINES &69 TO 713 {EVERY 2 LINE{S)), SAMPLES 171 TO 191 (EVERY 2 SAMPLEISH)
SPECTRAL PLUT (MEAN PLUS ARD MINUS OKE 5TD. DEV.) FOR TRAINING FIELD B-20

LEGEND
+= FIELD B8-20

o o U0 3 PO PO NI e s 0300 40 WD D o CR 80 OO g
b 00 U O O O ond 1 e (D A N D 08 Al O 4 5D AR

o g O OO AT ARSI A I A 2 e £ S 5 ) 40 WD WD OO G o

d e CO AR O O O i B AL D 08 G O e 0 5 (BRI D O L O o P BN

147
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L 56
] 59
L + 162
3 + + 65
Y + * * * + 68
3 * * +* * + * Tl
. . . + 1 7%
+ + LT7
a0 * + + 80
o3 +* + + B3
an + + + B&
o9 * + + 89
192 * +* 92
95 95
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201 201
204 204
207 207
210 210
213 213
Su L6
219 Z19
222 222
225 ] ) I I H 1 1 4 1 1 1 1 223
SPECTRAL 0.40 Oeh4 Qo bt 0. 48 0.52 0.52 0455 0.58 Q.62 0.66 0.72 ©.80
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{NTCRONS )} 1

Figure 17. Spectral Plot of Another Corn Field in Run Number 26600061.
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obtained from the two corn fields used (Figure 18) is that of these two fields
in the histogram example. Again, over- combined into a class.

laying one upon another provides a

simple but useful means for comparing The fourth spectral plot (Figure 19),
two fields. The third spectral plot referred to as g coincident spectral plot,

LABORATORY Fg EMOTE SENSING

*%% LARSYSAA ILLUSTRATION *%%

SPECTRAL PLOT FGR TRAINING CLASS(ES) 1

LEGEND
+ = CLASS CORN 1
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Figure 18. Combined Spectral Plot of Two Corn Fields in Run Number 26600061



provides another means for comparing
two data sets. Iun this case four
classes have been displayed on the
same coordinates. By overlaying coin-
cident spectral plots upon one another
a considerable number of fields or

DATA PRCCESSING

classes can be simultaneously compared.

In summary, it must be pointed
out that the scanner system is not
capable of an accurate absolubte cali-
bration between bands.

LABURATORY FOR AGRICULTURAL REMOTE SENSING
PURDUE UNIVERSITY
*3% LARSYSAA ILLUSTRATION #*+
SPECTRAL PLOT FOR TRAINING CLASS{ES) 1 2 3 4
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Figure 19. Spectral Plots of Four Fields in Run Number 26600061
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STATISTICS

The LARSYSAA program will also
provide as output a one page display
of statistics as illustrated in Fig-
ures 20, 21, or 22, The first two
(Figures 20 and 21) are from the two
individual corn fields used previously
and the third is from these two taken
together as a class.

The format is largely self-
explanatory. WNear the top the means
and standard deviations for the data
of the designated region in each
spectral band are given. Below this
the covariance matrix is given. For
example, the entry in the third row of
the first column, which is 2.92 for
the first field, is the covariance
between Channels 1 and 3. Since this
matrix is symmetrical by definition,
only that part below the major diagonal
is presented.

The correilation matrix, which is
a normalized version of the covariance
matrix is presented in the lowser
portion of the figure. Options in the
program provide for the presentation
of these statistics for only a subset
of these bands as desired by the
researcher.

By use of another LARSYS option,
the means and covariance matrix may
also be obtained in punched card form.
A line printer listing from a card
deck obtained in this fashion is
given in Figure 23.

FEATURE SEIECTION/SEPARABILITY

The LARSYSAA program provides the
capablility for measwring the degree of
separability of Gaussianly distributed
classes and determining the optimum
set of channels for doing so. This is

DATA FRCCESSING

deone by calculating the statistical
distance in N-dimensional space between
the classes. The particular distance
measure implemented is known as
divergence.l;g/ It has been shown that
under appropriate conditions a relation-
ship exists between numerical diver-
gence values and the degree of separa-
bility of the classes as measured by
percent classification error. Other
separability measures have been tested
and could be implemented if it becomes
desirable.

The program is written so that the
researchers may make judgments and
supervise the calculations as they are
proceeding. It also has many other
options, noet all of which will be
discussed here. Figure 24 is an ex—
ample of the type of cutput provided.

In this example, five classes designated
for study are given in Table 3.

Table 3., Five Classes and Symbols Used
In the Example Output

Class Name Svymbol
Soybeans S
Corn G
Qats 0
ﬂheat I W
Wheat II M

1/ Marill, T. and D. M. Green, "On
the Effectiveness of Receptors in
Recognition Systems," IEEE Trans—
actions on Information Theory, January,
1963.

2/ Min, P. J., D. A. Landgrebe, and
K. 5. Fu, "On Feature Selection in
Multiclass Pattern Recognition,!" Proc.
Second Annual Princeton Conference on
Information Sciences and Svstems, March
25-26, 1968, Princeton University,
Princeton, N. J.
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PURDUE UNIVERSIT

s8% LARSYSAA .ILLUSTRATION #*»

coRM I
RUN NO, 26600081,  FIELD 12-9
KO OF SAMPLES = 132, F#R0X LINES 603 TO 625 (EVERY 2 LINE{S}), SAMPLES
THE COVARIANCE AND MEAN FOR TRAINING FIELD 12-9
0.40~ 0. dd— Dokt~ 0.48~- 0,50=- D.52~ 0.55- 0,58« Oab2=
Dokd  0s86  0e48 D50  ©.52  0.55  0.88  Du62  Dabb
NEAN 169,39 174,33 192.80 193.45 171.08  145.83  182.29 177.50  192.54
5T DEV 2.86 3,09  1.62  1.71 2,89 2,32 2.06 2.9  2.95
COVARIANCE MATRIX
0.40 =  0.4% = 0,46 = 0.88 = 0.50 = 0.52.= 0.55~ 0.58 = 0.62 =
Daé% 0.6  D.AB 0450 De52 0s55 0.58  T0.62 066
8.18
482 9.54
2.92 2.70 2.2
2.40 3,48 L.70 2.92
47T 5.67 2,99 2,85 8437
331 425 1,99 2,40 4495  5.40
2.06  3.43 1,62 2408 3.52  3.48 4a16
4076 8450 2,78 3,43 5.70 475  4.07 8.8
A.81  5.90  2.67  3.60 5.26  4.12  #.09  T.21  8.69
4.56 5.1 2460 3.08  5.66  5.40  4.65  Tu35  6.77
~5.59  =6u29  =3.57  =5.T1 =152 2468 043  ~Te64 ~10.02
~3.50  ~3.01  -2.89  =2.91  =0.9%  2.15  0.00  -3.44  -5.24
CORRELATION MATRIX
%0% %0 8% %8%c "3z %3hs 8% O3t %8
1.00
0.55  1.00
0.63 056 1.00
0.49 066 0.61  1.00
0458  0.66  0.6¢  0.58 1.00
0.50  0.59  '0.53  0.60  0.74 1.00
0.35  0.56  0.49 0,60  0.60  0.73  1.00
0s56 . 0u7h  0.58  0.68  0.67 0.9  0.67  1.00
0.57 0465  0.56°  0.71 0,62  0.60  0.68  0.83  1.00
0.52  0.54 0,53 0,58 0.66 0.6  0.75  -0.81  0.75
“0023  —0s26  =0.26°  =0.39 - =0,06  0.14  =0.02 -0.30  -0.40
=0.25  -0.20  =0.33  =0.34  =0,07  0.19  0.00 =023 =0.36
Figure 20. Statistics of a Corn Field in Run Number 26600061

$EHD¥E SENSING

13 TO 33 (EVERY 2 SAMPLE(S))

66=  0.72-
%%%%: .80
182.98  148.94
3.06 8.49
0.66 = 0.12 =
0.72 0.80
9.34
-lal9  72.16
0.4%  33.66
0ubb_ = 072 -
‘0.7z  0.80
1.00
-O-OS l.DB
0.03 0.79

«80=
ol-Oﬂ

175.16
4.99

«80 -
° 1.00

26‘ QO

0.60 -
«00

l.00
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LABGRATORY FOR AGRICULTURAL REMOTE SENSING
PURDUE

R
UNIVERSITY
¥¥% LARSYSAA ILLUSTRATION #*#%

CarRN I
RUN NO. 265600081 FIELD 8-20
ND DOF SAHPLES = 2%3. FROM LINES 669 TO 713 (EVERY 2 LINE(S)}, SAMPLES 171 TO 191 (EVERY 2 SAMPLE(S))
THE COVARIANCE AND MEAN FOR TRAINENG FIELD 8-20
0.40- Qo4é~ Dab6= 0,48~ 0.50- 0u52- 0.55= 0.58~- 0.62- O.b65— 0.T2~ 0. 80—
D44 C.46 0.48 Q.50 Ga52 055 Qe

58 0.62 0.66 0.72 0.80 1.00
HMEAN 169.28 173.22 191.10 191.51 170.11 168464 182.66 172.11 185.11 176.97 166.38 182.50
5T DEV 2446 2etl 1.59 l.77 2.30 2.39 2-12 3.10 2.69 3.33 469 3.45

COVARIANCE MATRIX

SR UEG CRG S CRs CEw CFa CRa “8g Ba “Rg o
6406
2.89 6.79
242 2.28 2.53
1.56 2.81 .42 3.12
3.26 3.64 2,47 2.48 8.41
2.8% 4.10 2.14 2.86 4,46 5.69
1.88 3.48 1.75 2.48 3.32 3,86 449
Z.55 5.18 2.77 3.60 6.27 5.88 4.92 9.60
1.76 421 2.01 3.20 4.40 5.03 446 6.73 7.21
1.85 4,38 2a42 3.66 5.45 5.75 5.06 B.44 715  11.08
1.99 2.13 1.76 1.70 4.05 41l 3.14 5.71 35.48 642 22,04
1.93 Zo4% .69 1.35 4.27 3.79 2.34 4.81 3,05 5.23 %.10  1l.91
CORRELATION MATRIX
0:8%2 08t 0e8b; 088 0303 03%: 935 0-3%2 082 08 82  °9%:
1.00
0.45 1.00
0.62 0.55 1.00
0.36 0.61 0.51 1.00
0.46 0.48 0.54 0.48 1.00
.48 0.66 0.57 0.68 0.6% 1.00
0-36 0.63 0.52 0.66 0.54 0.76  l.g0
0.37 0.64 0.56 0.66 0.70 0.80 0.75 1.00
0.27 0.50 0.47 0.67 0.56 D.79 0.78 0.81 1.00
0.23 0.51 0.48 0.62 0.56 0.72 0.72 0.82 0.80 1.00
017 0.17 0.24 0.20. 0.30 0.37 0.32 0.39 0.28 0.41 1.00
0.23 0.27 0.31 0.22 0,43 0.46 0.32 0.45 0.33 0.45 9.56 1.00

Figure 21. Statistics of Another Corn Field in Run Number 26600061



LABORATORY FOR AGRIC
PURDUE Ui

*#% LARSYSAA [LLUSTRATION »#»

CORN 1

THE COVARIANCE AND MEAN FOR TRAINING CLASS CORN I

0.40-

Q.44
MEAN 169.31
ST DEV 2.60

COVARIANCE MATRIX

0.40 -
ok

6.77
3.51
2.62
L.49
3.719
2.92
L.93
3.83
2.98
2.92
-1.03
-0.11

CORRELATION MATRIX

D40 =~
Oed4
1.00
0.49
0.56
0.37
0.50
Ou4l
0.35
0.35%
0.25
0.26

=0.04
-0.01

Figure 22.

0. 44~
0.46

173.60
2.83

0,44 ~
D46

T.99
2.85
3.52
4.57
3.43
3.38
599
b.64
b.13
=5.13
—-l.27

Oukd -
0.45

1.00
0.56
D.63
0.55
0.45
0.57
0.62
0.52
0.50
=017
-0.08

Qudb~
Q.48

19]1.48
l.79

0.46 =
Q.48

3.20
2426
3.01
1.0l
1.58
480
5.08
4.78
~beTh
~2.62

D66 ~
G.48

1.00
Ve 64
0457
0.21
0.4l
0.68
0.63
0.062
=0.2b
-0.27

O.4B-
0.50

192.17
l.9?

3.90
3.01
lobbd
2-17
5.94
6.460
+6.08
~8.51
~3.34

0.58
.SO

1.00
0.52
0.27
0.52
0.75
0.T4
0.71
Nabg
~“0ed2

0.50-
0.52

170.44
2.93

8459
4.00
3.29
Ta26
6.31
b.83
~1.6%9
Q.87

0.50 -
0.52

1.00
0.50
0.54
O.062
0.48
0.54
-0.06
0.08

LTURAL
IVERSI

Du52-
0.55

La7.67
2.11

T.36
3.96
2.00
=0.01
i.80
I4.68
1«88

0.52 -
0455

1.00
0.70
D.18
~0.00
0.15
.52
D54

0,55~
0.58

182454
2.10

4,40
&.15
3.69
4.39
.29
216

0.55 -
0.58

1.00
0.49
0.39
0.49
0.16
0.19

EHUTE SENSING

0.98=
0.62

173.99
401

16.07
16.09
15.48
~20.4%
=7.10

L.00
0.89
0.90
=0.49
~0.323

0.62~
0.66

187.65
&.49

20.17
17T.09
-30.41
=12.11

1.00
0.88
=0.65
=0.51

Q.66
d.72

179.03
4.31

18.61
=19.86&
-6.38

& -
0.72

1.00
=0+ 64
-0.28

0,72~
0.80

160.40
10.38

107.79
46436

0.72 —
0.80

1.00
0.84

Combined Statistics of Two Corn Fields in Run Number 26600061

G.80=
1.00

179.98
5434

28.48

1.00
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The program was instructed to deter-
mine the 30 best sets of fowr channels
(features) for separating or correctly
classifying these five classes. In
addition, it was specified that the
separability of the 4-~tuple of Channels
1, 5, 10, and 12 should be displayed
even if 1t was not in the top 30. The
results are shown in Figure 2L. The best
L-tuple of channels is seen to be 1, 6,
10, and 12. To the right of the column
labeled D(TOT) are listed the interclass
divergences. For example, interclass
divergence for soybeans and corn classes
(S and C) for Chamnels 1, 6, 10, and 12
is 36, while that for soybeans and oats
(3 and 0) is 84. This means that a
classifier will have less difficulty
separating soybeans from cats than
soybeans from corn. It is inappropriate
here for a complete discussion of the
size of these numbers beyond the follow-
ing general statement. Divergence sbove
LOO indicates very good separability

MODULE TRAINING FIELD GECK FUR LARSYSAA
CLASS LFILLD ZFEAT LZVECTR 1 2
FLUINF 26600061 603 625 i3 3
CLLSDESC CURN I

FREQ 040 0D.44 Q.46 0.4 0.50 0.
FRLQ Caddt Q.46 043 0.50 0.52 (.
NUPTS 385

MECAN 0.16931429E 03 Q.1736025%8E 03 0.1
MEAN Q.16761271E 03 0.1lb253506L 03 O.l
MEAN 0.16039999E 03 0.17998181E 03
COVAR Q.6T681541E Ol 0.3570535%76 01 0.7
CUVAR 0.32023535E Ol 0.18930798+ Ol 0.3
COVAR 0.37897320L Ol 0.45675926F 0Ol U.3
COVAR Q.29208326F Ol 0.34321022E 0} Q.1
COVAR 0.73613634E 0] 0.19251480L 0l 0.3
CUVAR 0.32929763E Ol 0439594221t Ol O.4
LUVAR 0.486469008E Ol 0.99414635L 01 Q.7
CUVAR C.1l&065033k 02 0.29786453F Ol 0.6
CUVAR 0.63126bH8E 01-0.91850048E-02 0.3
COVAR 0.29180U803E Ol U.612B5T06E 0Ol (.4
COVAR 0.i8010418E 0l 0.43935261f Ol 0.1
LUVAR~0.10348949F 01l-0.51296873F Ql-0.6
CUVAR 0.14683332E 02 0.,3392LB71F 01-0.2
COVAR 0.10778749E 03-0.11406.49t 00~0.1
LQVAR O0.87007570E QU 0.78820543F 0L 0.2
COVAR-0.63822908E 0l 0.456361450L 02 0.2
Figure 23,

w

R NONASNEENDWOOWE =8 VI

DATA PROCESSING

while one below about 20 would be
marginal.

The entries in the column labeled
D(TOT) are the sum of the interclass
divergences, and it is on the basis of
these numbers that the feature sets are
ordered. The column labeled DIJ(MIN)
gives the minimum interclass divergence
for each feature set for easy reference.
Also, a maximum divergence input may be
congsidered in ordering the feature sets.
This is desirable in order to prevent
one highly separable pair of classes
from unduly influencing the ordering
of feature sets. The maximum set in
this example is 350, and the entries
indicated by threes dots in Figure 24
are those exceeding this maximum.

A mirimum divergence may also be
set. If any interclass divergence
does not exceed the minimum for a given
feature set, that feature set will be

345 6. 7 8 910L1121i31415161718CAL 1

1 26600081 669 Ti3 171 191 i
2 0455 04958 Ueb2 0.66 0.72 0.80
5 0458 0462 U666 0.72 0.80 1.00
L68031E 03 0.19217401E' 03 0.17044415E 03
39922C0E 03 0.1B765454F 03 0.17902856E 03
900970E 0Ol U.26241064E 0l U.2B4606644F Ui
224628E 01 0.225886173E Ol Q.38993235L 01
146637t Ol 0.30136490E 01 0.85H6065%3F 01
09753, 01 U 14555397E Ol 0.39973GLLIE ol
616266 01 0.1%968037E 01 0.21722670C 01
004593F 01 0.36274548BFE Ol 0.69690623F O}
636865t 0l 0.20026512E Ul U.4l474085F Ol
410036E Ol 0.5076B4GLIE Ol 0.65793366E 01
931343E Ol C.le09L049E 02 Q0.20L74606E (2
TT3809E Ol 0.608355%62F Ul 0.68284225%E 01
479389t 02 0.17088013E G2 U.l8elll60k 02
442703E 0Ll-0.85098953E U1-0.16911449F 0l
4369660 02-0.30410934E 02-0.198630Q7E 02
7O02646E 01-0.26230106E 0G1l-0.33405771E Ol
607952F O1-0.70964956E 01-0.12105255E 02
476227L 02

Line Printer Iisting of Punched Statistics by LARSYS
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"

deemed unacceptable and not be consider-
This is indicated by the

ed further,

blank lines in the interclass divergence

2% LARSYSAL ILLUSTHATIUN ®ev

STCRED DATA

TENTION LEVEL <o 3

NIBUK cocennrnea

KIMUM cevesensen 3

FEATURES
la 1 & 1012
2e L & 10 11
3. 16 811
LY 1 6 911
De L & 912
ba L & 812
Te 6 9 10 12
[ o 8 10 12
9. 6 8 {0 11
10, 6 9 10 11
ll. 1 & 910
12. 1 3 10 ki
13. < 6 10 12
4. L 91011
15. 1 71011
lb: L 4 911
17a &, & 10 11
18, L 6 810
9. L 8 10 12
20. L 7T 91l
2L & B 911
2d. i 8 912
23a & 4 912
24, 1 91012
25, 6 10 L1 12
26, & &6 911
27a Z 6 9 L2
24, L 71012
2%, ¢ & B 1i
30. 11011 12
34. L 5 10 L2
Figure 24.

LABURATORY FOR A
PURD

25
25
50

D1JIHIN)

3b.
33.

27,
29
26,
35.
35.
33.
33,
31.
2¢ .
A5,

9.

32.
L9,
30.

26,
26
27,
27.
35.
2be
28,
32.

28,
3l.

D{T107}

i538.
1534,

1509%.
1501.
l495.
L4848,
L483.
1477,
1474,
L469.
l46l.
1448,

Lakil,

1438,
1437,
i436.

433,
1432,
1429,
L1424,
1427,
1426,
1419.
L&L3,

1407,
1403,

DATA PRCCESS ING

table in Figure 24.

Further, it is possible to apply

GRICUL TLIRAL $EHO¥E SERSING

UE UNIVERSITY

INTERCLASS DIVERGENCE

5C
(107

36
33

27
29
26
35
35
33
33
3l
28
35

29

3.
29
30

26
26
27
31
35
26
28
32

32
31

50
{10

as
18

69
3
82
66
67
&0
58
54
71
76

T4

69
47
70

51
70
59
&1
T2
55
63
75

T4
ie

SW
{10}

194
196

201
200
170
175
160
166
179
220
Y1)
164

169
206
L1460

L64
162
158
17t

175
172
169

166
170

SH
{10}

L79
184

189
Lis
206
153
164
183
L&8
192
212
154

183

158
209
208

116
205
151
193
147
159
L4&
179

L4
ial

co
{19}

120

120

83
8z
93
loe
109
105
105
LE2
95
114

101

112
Lo&
9z

71
79
76
92

106
72
76
99

9%
91

CwW

{L0)

.

311

295

310

LN
sae

274

279
299

290

300
279

ses
343

“ee
vam
ree

325

vee
344
Y
326
sea
335
343

343

Sample LARSYS Feature Selection/Separability Output

oW

{10}

95
90

104
111
98
116
108
104
108
mn
93
95

87

90
52
95

113
102
L19
100
ill
105
iz

89

107
89

OH
(10}

133
130

136
138
159
131
140
126
123

89
i51
133

139

126
:1:}
157

132
159
145
125
128
134
140
137

117
14n

L L]

{ 0)

O 000000000

o o

oo oo 0000

LI =]

38



varying weights to the interclass
divergences as'indicazted by the numbers
in parentheses under the symbols in
this Figure. In this example, even
though it is necessary to define two
wheat categories, it is not desired to
separate them from each other. There-
fore, a weight of zero has been
specified for the WM interclass
divergence.

Note also that the feature set
specifically called for, 1, 5, 10, and
12, is displayed and marked by asterisks
(389¢), Tts rank turned out to be 3k4.

CLASSTFICATION AND DISPLAY

Proof of separability of classes
may be obtained by using the classifi-
cation and display processor of
LRSYSAA. The classification processor
carries out the actual c¢lassifications
using a Gausslan maximum likelihood
scheme and stores the results on mag-
netic tape. The display processor is
then used to read the results from
thése tapes, apply various options,
analyze and display the results.,
Currently the display is presented in
line printer form but the digital
display device will also be used after
its procurement.

A classification display example of
the area previously shown in the
pictorial printouts is given in Figure
25. For this classification, nine
classes were defined; training samples
from run 26600061 were selected for
each class; and their statistics were
computed and punched using the
statistics processor. Four feztures
(Channels 1, 6, 10, and 12) were used
in the classification as indiceted in
the printout heading,

DATA FROCESSING

After classification, the display

processor is used to evaluate the resulis.

Symbols zppropriate to the classes were
assigned by the user. The choice of
symbols is entirely arbitrary. For
example, instead of viewing the resulis
as in Figure 25, it may be desirable

to display the same classification only
using S for soybeans and blanks for all
others in order to make more obvious
the location of all soybeans.

In addition to assigning each
resclution element to one of the nine
categories, a threshold capability is
also provided in the display processor.
The classification of each element is
compared to a user—assigned threshold.
If the element classification does not
exceed the threshold because the
element does not look enough like a
member of the class to which it has
been tentatively assigned even though
this is the most likely class, then
final cleassificabtion of the element is
declined. The element is assigned to
a null category and displayed as a
blank. Different thresholds may be
assigned individually to each ofi the
classes if desired.

A satisfactory qualitstive deter-
mination of the classifier performance
may be obtained by studying such a
display, but a more quantitative analysis
of results is usually desirable. To
facilitate this analysis, the display
processor is able to receive the
addresses of additional data fields
called test fields and the designation
of the class to which each field be-
longs. The display processor can then
tabulate the performance of the classi-
fier in these fields. The areas so
designated as test fields in this
classification are outlined with +4+ on
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LABURATORY FOR lGRlC
PURD UH

RAL _REMOTE SENSING

uE RSITY
PPF LARSTSAA ILLUSTRATION se#
ELA&?{ {EM’I M ST D\' e SERLAL HO. ‘HJSBDT!OO
L& FECATION DA e JULY 5, L9
RUN NUMBER- DATE=~——-= &/28/66
FLIGHT LIHE==== (]
TAPE NUMBER-=-- 102 ALTITUDE-- 2500 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBUL CLASS THRESHOLDS CHANNEL NO. SPECTRAL BAND
s SGYaN [ 1as L 9.40 Q.44
C CORN 1 14,900 & 0.52 a.5%
0 GATS 14:900 16 0.68 Q.72
W WHEAT 1 142900 12 0.80 1.00
R RD CL 1 14.900
A ALFALFA 14.900
Y RYE 15.500
X BR_SOIL 14,900
| ] WHEAT 11 14,900
oQoo DDDOOOOOODBDOOODDDOODUOOUODDUODUO!lllllllllllllllllllllllllllllllNl].l.lllllllllllll222d222222
0000/ 33384544555 55566067T1TTBBHEE999990000011 1E0222223333344444595555608067 71 JTHOEHEG999900000112111
1357 579135791351‘91357913579!35T‘Il!579]3579135191351913579!3579[35791357913579135?91357913579]35?9
87 eeee i s i Ll IS I LT Ty YV MLt AT T +000004000RRROO0DDCOIIDO0I00RRRARDDGN ¢ RO+ MWW N +RRR
89 + CC CCCCL++ ARRRORRRR Dl“’RRRRRRR RRROURRA+A +O0ARRUSESRSSEEN b4 S *ROUUO+G0+ KW Wi+ RCR
91+ L CCCCL#+RR AARR RARRRRRRRRRA RRARRARAA+AN +0ORRRRO*00000RO0GOOUUDOORODI QOQR*GOU00+R0+ W Wi +RES
93 ¢+ C CECCCr +RRARKR ARAKRAARRRRARRKARARAKRRR+A +00RRRASUO0DGIOODCO0O00COR QUAOOD0*GOORR+RR+ WNNHW+RES
95  +CLEC LCOCC+ +RRRRARRRRRRARRRRARRRRKRRRRROOR A+ +00C000*00GE0006000D0000R0G0QNRGO*RO000 +RR « HHHH+RCR
9 +LCC CC RRARAA®TOV S s dssbre s s s RRROAR A  » QOUso00100RGYOO0a0RROACODD0OCa+*RODAG*RA+ WHORO+REC
9 * S5CC CC RRARAR #A| .RRQQRARR‘RRKR‘RRRRRROA +000000+0000000000000DD00000 0«00 OO’DUH WWUW+RCC
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the display and the tabulation is

given in Figure 26. The same type of
tabulation but giving the performance
on a per class basis is given in Fig-

DATA PRCCESSING

ure 27.

In addition to the test data

fields, the program can produce the same
type of outlining and tabulation for the

training samples.-

Training fields wure

outlined with asterirks (¥) as indicated

in Figure 25.

LABORATORY FUR AGRICULTURAL REMOTE SENSING
PURDUE UNIVERSITY
3% LARSYSAA ILLUSTRATION *»%sx
CLASSIFICATION STUDY .. SERIAL NO. 705807300
CLASSIFICATION DATE .. JULY 5, 1968
RUN NUMBER-=-~—— 26600061 DATE——=—= &/28766
FLIGHT LINE-———- (1 TIRE=—===== 1229
TAPE NUMBER---- 102 ALTITUDE-~ 2500 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS THRESHQLDS CHANNEL NO.
5 SOYBN 1 14.900 1
C CORN I 14.900 6
0 QATS 14,900 10
W WHEAT ] 14.900 12
R RO CL | 14.900
A ALFALFA 14.900
Y RYE 14.900
X BR SQOIL 14.900 -
W WHEAT I1 14.900
CLASSIFICATION SUMMARY BY TEST FIELDS
NO UF SAMPLES CLASSIFIED INTD
NG QF PCT.
CLASS SAMPS  CORCT 50YB LORN O0OATS WHEA RED ALFA RYE SQIL  THRS
1-27 50vB 407 63.4 258 12 84 0 ] 0 0 0 53
12-7 50va 513 B4.9 456 L) 31 0 0 0 0 (] 22
12-¢ soYe 150 79.3 119 Il 18 0 0 0 0 0 2
L2-3 soye 152 B9e2 671 8 0 0 Q 0 0 o 73
-23 s0rv8 546 97.3 531 4 0 1 0 0 ] 10 0
12-9 CORN 588 94.0 25 553 1 o 1 0 0 0 8
T-i OATS 370 84.9 0 0 3l 0 56 0 0 0 Y]
7-2 WHEA 260 93.5 [4] 0 17 243 o 0 ¢] o 0
12-10 WHEA 546 90.1 o 0 0 492 Q 0 48 0 6
12-8 RED 713 80.2 2 3 27 o 572 109 0 0 0
1-29 RED i2s 96.9 0 [ 4 0 124 0 0 Q 0
7-28 RED 115 98.9 4] 0 2 0 173 0 0 0 0
RED 385 86.8 [+ 17 5 u 334 24 0 0 5
T-24 ALFA 190 93.2 0 0 2 4] 11 177 0 0 0
T-24 ALFA 266 83.8 0 4 19 ] i8 223 0 Q 2
TOTAL 5989 2062 616 524 736 1289 533 48 10 171

OVERALL PERFORMANCE = B87.5

Figure 26.

Tabulation of Classification Results ef Test Fields

SPECTRAL BAND
0.40 Dabé
0.52 0.55
0.66 0.2
0.80 1.00
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LABORATORY FOR AGRICULTURAL REHUTE SENSING
PURDUE UNIVERSIY

**% | ARSYSAA ILLUSTRATION ##%

CLASSIEICATION STUDY .. SERIAL NO. 705807300
CLASSIFICATION DATE .. = JULY S, 1968
RUN NUMBER-----26600061 DATE--———- 6728766
FLIGHT LINE—=— C1 TIME—————m 1229
TAPE NUMBER-——- 102 ALTITUDE-- 2600 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
SYHBOL CLASS THRESHOLDS CHANNEL NO. SPECTRAL BAND
) SGYBN 14.900 1 0.40 0.4
€ CORN | 142900 & 0.52  0.55
b OATS 142900 10 0.66 Q.72
W WHEAT [ 14.900 12 0.80 1.00
R RD CL_I 142900
A ALFALFA 14.900
Y RYE 1&.900
X 8R_SOIL 14.900
W WHEAT 11 142900
CLASSIFICATION SUMMARY BY TEST CLASSES
o OF  PCI NO OF SAMPLES CLASSIFIED INTO
CLASS  SAWPS CORCT  SOYE CORN OATS WHEA RED ALFA RYE SOIL THRS
1 sOYs 2368 85.9 2035 39 133 1 0 0 o 10 150
2 CORN SHE  94.0 25 553 1 0 1 0 o 0 8
3 DATS 3T 84.9 o o 314 0 56 o 0 0 o.
4 WHEA 806 91,2 o 0 17 735 o 0 48 0 6
S RED 1401 85.9 2 20 3y 0 1203 133 o (i 5
&  ALFA 456 87.7 0 4 21 0 29 400 ¢ 0 2
TUTAL 5989 2062 616 524 736 1289 533 48 10 171
OVERALL PERFORMANCE = 87.5
AVERAGE PERFURMANCE BY CLASS = 88.3
Figure 27. Tabulation of Classification Results on a Class Basis
LARSYS A4 a situation, it is necessary to have
an efficient and flexible method of
A large number of applications of designing pattern classifiers, for
LARS research is possible and not all performing statistical analysis and
have been clearly defined. CGgnerally, feature selecting and calculating
2ach application requires a pattern other parameters.
recognition system with significantly
distinctive characteristics. In such This section deseribes how LARSYS
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may be used to perform these functions.
An dimportant feature of this system is
the considerable degree of user-system
interaction which achieves the flexi-

bility required by this type of research.

DATA HANDLING AND DATA ANALYSIS

Figure 28 is a block diagram of
the overall data flow for the Labora-
tory for Agricultural Remote Sensing
Data Processing System (LARSYS). The
principal data input is multispectral
data collected on analog tape by a
multichannsl optical-mechanical scanner
and tape rgcorder mounted aboard an
aircraft.l/ The LARS Aircraft Data
Handling Processor (LARSYSAH) prepares
the data for use by the researcher.

The data are digitized, calibrated, and
recorded on digital tape in a packed
format to reduce the physical volume.
To make the data readily accessible to
the user, line-sample coordinates {much
like x-y coordinates) are added during
the digitization process. A special
computer subroutine is available which
will read any desired area of data as
specified by a set of line-sample
coordinates into core memory and pass
it to the user's program in unpacksd
form.

Also available as part of LARSYSAH
is a program which prints gray-level
displays of selected data on a computer
line printer. As noted previously,
these are useful in coordinating the

1/ The airborne optical/infrared
scanning equipment used in this research
was made available by the U. S. Army
Electronics Command (USAECOM), Fort
Monmouth, N. J. on a no-cost basis to
the University of Michigan (who
collected the data) for use on contracts
administered by USAECOM.
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Ajreraft
Scanner Data

L LARSYSAH
oo —— 1
L} 1
L} 1
! AJD '
N Processing '
1 1
: v H ‘[ LARSYSAA
L] 1
:' Grey-level ) Date Anoiysis and
1
N Display H Clgssifier Design
: :
[ IS S — 3
I Statlstical Analysis
Y
1 2 Feature Selection
Researcher | |
A 3, Pattern Classification
LARSYSGT
Ground 4. Results Display
Truth
Processar

T

Ground Truth

Data Flow in LARSYS for
Aircraft Data Analysis

fMigure 28.

ground truth with the multispectral
scanner data.

The other form of data utilized
is "ground truth," which is collected
on film and in the form of detailed
written field reports. Ground truth,
including such information as crop
species, crop varieties, soil types,
and percent ground cover is cataloged
and made available to the researcher in
convenient form by the LARS Ground
Truth Processor (LARSYSGT).
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Mainly, the LMRS Alrcraft Data
fnalysis and Classifier Design System
(LARSYSAA) which performs the function
of pattern classifier design based on
the data from the aircraft mounted

multispectral scamner will be discussed.

THE LARS AIRCRAFT DATA ANALYSTS AND
CLASSIFIER DESIGN SYSTEIL (LARSYSAA)

The User ~ System Interface

There are at least three important
reasons why the user-system interface
has received considerable attention in
the development of the analysis and
classifier design system. These are:

(1) Optimal classifier design re-
guires a substantial amount of inter-
action between the various phases of
the design systemdl/ At present, this
interaction is besit coordinated by the
researcher.

(2) Remote sensing applications
involve huge masses of data. 4s a re-
sult, the quantity of dafa input and
the required results output for a
classifier design task consumes a con-
siderable amount of computer time. It
is essentisl, therefore, that the
analysis and classifier design system

i/ Three phases of classifier design
are distinguished: statistical anal-
yeis, in which general statistical pro-
perties of the data are measured; fea-
ture selection, in which an optimal set
of features are selected for use in the
recogrition process; and classifier
synthesis, in which the classifier is
designed {or "trained") and tested
using the results of the preceding

phases. The precise nature of the com-'

putations carried out in each phase
depends on the particular feature sel-

ection and pattern recognition algorithms

used by the researcher.
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be largely immune from user errors (such
as control card errors) so that errors
in the later stages of processing will
not result in loss of all the previous
work.

(3) In the face of the previous
two requirements, the experimental
status of the remote sensing problem
makes it desirable that most or all
of the processing system be written in
a high level compiler language so that
modifications to the system may be
made quickly and easily by the researcher.

The third requirement has been sat-

“isfied through use of FCRTRAN IV except

for a few minor utility functions which
can be accomplished most efficiently
through use of assembly language. The
ways in which the other two require-
ments have been met are discussed in
the next two sections.

LIRSYSAA Svstem Monitor — Free~form
Card Formatb

Figure 8 illustrates the control
structure of the LARSYSAA system. The
figure indicates that the system is
composed of a Monitor and four distinet
processing phsses, each processing
phase directed by its own supervisor.
The multiphase structure results largely
from the need to minimize the amount
of core memory occupied at any one time
by program instructions, in order to
maximize the amount of memory avallable
for data. For the same reason, the
individual processors are also de-—
composed into multiple phases which are
only called into core memory as needed
by the respective supervisors.

Processing under LARSYSAA commences
when the computer operating system
recognizes a Jjob control card calling
for the LARSYSAA system and loads the
LARSYSAA Monitor into core memory from

by



the program library.

The principal responsibility of the
LARSYSAA Monitor is to recognize and
interpret Monitor Control. Cards which
request loading of the processor phases
from the program library. These control
cards and all other control cards and
data cards read by LARSYSAA may have an
almost arbitrary format. A special key
word must be punched first on control
cards, followed by any other key words
associated with the control card,
separated by commas. On data cards,
parameters are punched in a specific
order, separated by at least one blank.
Should the user inadvertently punch an
unrecognizable keyword or inconsistent
parameter, the card in error is printed
on the conscle typewriter along with
instructions as to the action necessary
to resume processing. Diagnosis and
correcticn of errors in this manner
before they cause abnormal termination
of processing prevents the loss of
intermediate results stored in core

memory by preceding stages of processing.

The researcher will generally operats
the computer and punch control cards

as they are needed, If desired, he may
type them in at the console. By this
system the researcher is thus freed
from the burden of remembering and
acghering to rigid input format reguire-
ments and may concentrate more fully on
the analysis and design problem at
hand. The experienced user is able to
operate the computer program with ease,
the novice finds that the key word,
free-form card input and attendant error
checking speeds the process of effect-
ively learning to use the system.

The Processor Supervisors

The responsibilities of the pro-
cessor supervisor are threefold:
interpretation of processor control

DATA FRCCESS ING

cards, dynamic memory allocation, and
processor control. Once all of the
processor conbrol cards have been read
and any necessary error recovery per-
formed, the processor scans the list
of operations (processing options, see
Table 1) that have been requested. The
amount of core memory reguired to per-
form those operations is then cal-
culated. If the needed core memory
exceeds that available, the superviscr
reports this fact to the user who may
then reenter the processor control
cards with appropriate changes. In
pattern recognition terms, these
changes generally involve trading off
the number of processing options re-—
quested against the number of pattern
features and/or pattern classes.

After a suitable set of processor
conbrol cards has been read, the
supervisor calculates base addresses
and sizes of all variable arrays so
that core memory will be efficientiy
utilized. The size and address infor-
mation 1s then available to the pro-
cessor subroubines as needed.

The flexibility gained through
the use of dynamic memory allocation
significantly broadens the range of
problems that can be handled, even
in the face of fairly severe core
menmory limitations.

Once the memory allocation pro-
cedure is complete, the analysis and
design operations requested are
carried oubt under the direction of
the supervisor.

The Procesgsors

To discuss the processors in
general terms, a possible analysis
and design procedure will be described.
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Teble L. LARSYSAA Processing Facilities

Statistical Analysis Facilities

Compute mean vector & covarilance matrix for sach class.

Compute mean vector & covariance matrix for each field.

Punch data deck conbaiming statistics and other pertinent information
for friure use with Classification Processor.

Histogram selected features for each class.

Histogram selected features for each field.

Print spectral plots for each class.

Print spectral plots for each field.

Print as many spectral plots as desired, each displaying results for up
to four different classes,

Feature Selection Facilties

Determine optimal sets of 1, 2, 3, . . . . features.

Classification Facilties

Perform pattern recognition using any subset of classes and features
made available by the Statistical Processor.

Display Facilities

Print information as to source of training data.
Outline training sets if they appear in results display map.
Print results of training operations.
Use a specified symbol set for results display map.
Compute and print classifier performance evaluatlon for training set
(1) on per class basis
(2) on per field basis
List areas used as test samples for performance evaluation.
Outline on resulits map the areas used as test samples.
Compute and print classifier performance evaluabtion for test set
(1) on per class basis
(2) on per field basis
Apply likelihood thresholding to establish a rejection class.
Recompute and print performance evaluations on the basis of any
specified grouping of classes.
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Given a new set of digitized scan~
ner data and the associated ground
truth, the researcher's first task is
to select a set of training patterns.
To accomplish this, he obtzins a set of
gray-level printouts which aids in
locating the boundaries of the agri-
cultural fields, roads, bodies of water
and so forth. Data from fields of known
classification are then used by the
Statistical Processor to calculate
various statistical guantities for the
pattern classes and produce the graphi-
cal data displays listed in the first
part of Table L and discussed in the
section on LARSYSAA System Monitor -
Free—Form Card Format.

Because of uncertainty of ground
truth details such as the precise
locations of field boundaries, the
researcher may at this point have
limited confidence in the itraining setl
he has selected. However, by using
the graphical output of the Statistical
Processor, he may select a set of
pattern features which appear to be use-
ful for differentiating between the -
classes and, temporarily bypassing the
Feature Selection Processor, use ths
Classification Processor and Display
Processor to produce a classification
based on the tentative training set.

It has been found that even such
"erude" classification can yield a
printout or map of the data which is
considerably more detailed than a gray—
level printout. This is probably be-
cause the information contained in
several spectral channels is condensed
into a single display, The researcher
can use this resuit to refine the
training set, perhaps then performing
one or more reiterations of the same
rrocedure to achieve additional refine-~
ment.

DATA FROCESSING

Once a reasonable amount of confi-
dence in the training set has been
attained, the Feature Selection Processor
is brought into the processing loop. The
Feature Selection Processor provides

_ information as to the best one, two, three,
so forth, features to be used to obtain

optimal classification for the specific
problem at hand. Using this information
and additional passes through the
Classification and Display Processor,
the researcher's principal remaining
task is to decide, on the basis of
reasonable computation time and the
desired level of classification relia-
bility, which optimal feature set (i.e.,
how many feabures) should be used.

FRCGRAM MODIFICATION FACILITIES

As noted in the previous section,
the research enviromment requires that
the analysis and classifier design
programn be easily modified - for example,
to test new classification algorithms.
This flexibility is achieved by (1)
the dynamic storage allocation approach
discussed previously; (2} inter- and
intra~-program communication via common
storage areas; (3) residence of the
source language program on a tape which
is easily modified by an editing pro-
gram; and (4) a self-directed Sysbtem
Construction Program which, once initi-
ated, performs all of the steps neces-
sary to go from source language to
operational program. Use of common
storage areas for inter- and intra-
program communication increases consi-
derably the importance of the System
Construction Program which has the
responsibility of inserting all COMIMON
cards into the source language "deck™
during system construction. This
relieves the user of the chore of modi-
fying the COMMON cards in every program
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and subroutine each time a change is
made involving the common variables.

COHCLUS TON

This section has presented some
aspects of a system of computer programs
which handles a fairly complex pro-
cessing situation with demanding core
memory requirements. The system allows
the user to solve a wide range of
problems without actual modification of
the program. Vhen modifications are
unavoidable, the system structure allows
the changes to be implemented egsily
with the aid of & System Construction
Program. A "conversational mode" of
operation which is of particular value
in the research environment has been
achieved. This has been done through
the development of techniques which
optimize man-machine communication and
minimize the inefficiencies which
usually result from a high level of on-
line user-srvstem interaction.

Hesults of pattern recognition
studies in which this system was used
are given in Chapter 7 of this volume.

SCANNER DATA OVERLAY

The aircraft scanner data being
used for LIRS multispectral pattern
recognition research contains an in-
herent interchannel spatial alignment
error which prevents simultanecus utili-
zation of all chamnels of data. Only
10 of the 17 channels sensed are usable
as a set without further preprocessing.
A study was carried out by the data
handling staff to determine the basic
nature of the problem and to design a
data handling system which would mgke
all scanner channels available to re-
searchers., A system of programs has
been completed which can produce 17
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chamnel data files with a moderate de-
gree of spatial accuracy. Work is
continuing on the problem to improve
the speed and accuracy of the system.
New aspecta of the general image align-
ment problem are being studied. A
full report of current work is reported
in LARS Information Note 103068.

There are four separate sensor
systems combined into the current
(University of Michigan) multispectral
scanner system. These four sub-systems
detect oSnergy in the following chamnels:
(1) 80° field of view, .4 to 1.0 micro-
meters — 10 chamels; (2) 80% field of
view reflectlve infrared - 3 channels;
(3) 10° field of view reflective in-
frared - 3 chamels; and (4) thermal
infrared, 1 chamnel, 40~ field of view.
The data from these four sub-systems,
referred to here as apertures, is from
the same general ground area but is
recorded on separate tapes. The data
on the tapes 1s not aligned so that a
particular point on the ground is
represented in coincidence in all 17
chammels of data. The aligmment must
be very exact if palfern recognition
research is to be carried out based on
a 17 element measurement vector for
each resolution element on the target.
Thus the data from the four tapes
must be combined on one tape in such a
mamner that the dalta vectors have
coineident information in all channels.

The gligmment problewm is due
specifically to the fact that the data
is sensed by different units, and the
channels are recorded separately,
digitized separately, and reformatted
separately. In this process, the
starting points in scanner lines from
different tapes may be different;
sampling frequency may be different;
and lines may be lost on some tapes
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dvue to bad datbta or digitizing problems.
Furthermore, the formats of the data
lines are different and the angular
fields of view from the gpertures are
different. These factors make 1t im-
possible to use the four apertures for
research by addressing the tapes
separately.

Image matching is the general
problem solved by the data alignment
system. A human analyst would align
tvio negatives of the same scene by
placing one on top of ths other and
moving one with respect to the other,
while viewing them against an illuminated
background until a "match" was found.
This is essentially what is required for
LARS mulitichannel imagery. The term
"overlay" has come into use to describe
this process as a symbolic extension of the
previcus exsmple., Mathematically the
process is called auto~correlation for
identical data sets and cross—correlation
for non-identical sets. The scanner
imagery is available after the analog to
digital conversion precess of a rectan—
gular array a5 binary numbers, each
number related to the reflectance or
emittance levels in a small ares
surrounding the geometrical position of
the point on the target surface. The
array of points forms a digital image,
and exact overlay of two digital images
is the goal of the resesarch effort.

The initial work on the problem
took the obvious approach of cross-—
correlating the mis—aligned imagery and
searching for a point of match in the
two dimensional correlation function.
The function which was used is:

M N
ﬁxy(K’L) TSRS S SEVE S E
i=1 5=t
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- MH <K <NM-1
- N1 <L <N
where: x. . = Data sample from the ith

15 row and jth column of the
reference aperture

Y. . = Data sample from the ith
+ row and jth column of the
aperture to be aligned with

the Xﬁj'
M = Number of rows in the area
being correlated.

N = Number of columns in the
area being correlated.

¢ (K,L) = Cross correlation function
xy for data from x and y
apertures,

Two factors ewist which influencs
the use of this function. One is that
LARS computer memory size is limited.
Therefore, processing of two dimensional
arrays is constrained by the total memory
avellable minus the program core require-
ment which presently leaves little space
for two dimensional arrays. The other
factor is that the misalignment in the
imagery can be assumed to be small since
initial alignment can be achieved
visually to a few resolution elements
and subsequent errors are small through-
out a flight line. This characteristic
allows the image array problem to be
separated into two one dimensional
problems. The image array is thus
processed in the overlay system in
terms of lines and columns rather than
as a matrix. The above function is
used with i or j, a set of a constant
for correlating lines or columns respec—
iively. Results obtained with cross—
correlating lines and columns of data
were inconsistent. Postive correlation
was obtained for very few lines and
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columns, and it became evident sarly in
the project that some means of enhancing
some feature of the imagery would be
necessary if automatic cross-—correlation
was to be achieved.

BOUNDARY ENHANCEMENT

Research was carried out to find a
means of enhancing fegtures in the
imagery from the two apertures so that
lock on could bhe achieved using the
cross—~correlation process. The
similarities in the visible and IR data
are geometrical and not spectral. The
visual data values represent reflectance
of energy whereas the thermal IR data
represent emissive energy due to
thermal activity in the target. A
visible band ares which has a high re-
flectance at a certain color is not
necessarily =t a high tempergture or
does not necessarily have a high emis-
sivity. It was concluded that some
means of transforming the data would be
necessary in order to enhance the geo-
mebrical features of the target so that
correlation could be achieved on the
characteristic common to both types of
data.

It is important to note that the
ground areas being observed are highly
cultured; man has altered the features
of the land to suit his needs. In so
doing man has partitioned the surface
so that borders are seen which did not
originally exist. These borders are
edges of agricultural plots, road edges,
bulldings, city areas and the like,
These borders exist in addition to
natwral borders such as riverbanks and
edges of forests, It became spparent
that these borders were characteristics
of The target that could be used to en~
able cross-—correlgtion and scanner data
overlay. Borders in an area will be
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commonn to data from different sensors
whereas the data characteristics from
areas, say within & field, may be
markedly different. This notion was
used as a basis of the overlay research.
7

Several methods of performing
border enhancement were studied. All
of the methods fall into two cabtegories:
(1) those which utilige the data values
and (2) those which use the derivative
of the data. The nature of the changes
in reflectance and emittance of the
data strongly suggests that differenti-
ation of the image should cause borders
to stand out while suppressing the
data within bordered areas. Differ-
entiation experiments constitute the
major part of the work done to date;
however, step function curve fitting
of the unaltered data is a process which
was also studied. The methods of en-
hancement which were studied were:

(1) Processes using differentiated
data
a. Horizontzl and vertical
1st difference
b. Prefiltered 1st differ~
ences

(2) Processes using data values
a. Step function curve
Titting
b. Filtering data before
curve fitting .

DIFFERENTIATION OF IMAGERY

Two factors exist which suggest
that differentiating imagery will en-
hance borders. One is the previously
indicated fact that scammer data tends
to remain constant across agricultural
fields and feabtures of obher large
areas and "Jjumps" across boundaries to
new valves. The second is that in some
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cases, data are aveilable from more than
one coincident chamnel as in the case of
the 10 chamnel .4 to 1.0 micrometer scan-—
ner, The derivatives from the multirle
channels can be combined to form a
composite derivative which will accumulate
the effect of borders in each channel and
provide a high "contrast" border en-
hancement process.

Thne most work in the overlay require-
ment project was the combination of 10
chamel visible and reflective IR data
with one chammel thermal IR data. The
visible band data enable boundary
derivative accumulation by a factor of
10 whereas the thermal IR has only one
chanmel, Thus a "sharp” and a "noisy™
border enhancement result was expected
for the two types of data, respectively.
The first difference for discrete data
corresponds to the first derivative and
is taken of adjacent points in the hori-
zontal and vertical dimensions in the
program which was developed. The magni-
tude of the difference is summed since
negative and positive differences both
indicate a boundary irrespective of
whether the data is increasing or de-
creasing in value. Also, the data value
for the same bhorder may be decreasing in
one chamnel and increasing in another
and to achieve an accumulation of border
indication summing of positive values is
required. The operations performed are:

N
N k k i
ALNij = ZJ Ixi,j - Xi,j—l' =2 ,NPT5
k=1

ALNi. = 1st line difference for ith
line, jth sample (column)

k = chamnel index

=
H

Number of channels available
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i = line
J = column
xij = gample value for ith line and

Jth column

NPTS rumber of columns in line

The difference hetween lines for column
J is:

N
N k
200, = ) by -xy s
k=1

ist colum difference for ith

ACO, , =
' line, jth column

The sbove expressions are lmplemented
as part of the border enhancement phase
and several flight lines of data have
been processed. The horizontal (line)
and vertical (column) differences are
written on a data storage tape along
with the sum of the two so that a com—
plete border enhancement pictorial print-
out can be obtained for display purposes.
The cross-correlation process, however,
uses the differences separately.

Results of scanner imagery differenti-
ation are shown in Figure 29. The center
portion of Figure 29 is a gray scale
pictorial printout of the Purdue C-1
test area south of the Wabash River (at
top of strip) in Tippecanoe County,
Indiana. On the left in Figure 29 is
a thresholded printout of the differenti-
ated data accumulated for the 10 coin-
cident visible band channels. On the
right is a threshclded printout of
differentiated data accwmulated from the
three ceoincident charmnels from the re-
flective IR aperture. Most of the
borders in the agricultural areas are
clearly defined although "noisy"” in that
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they are intermittent and too wide in
many places. This case represents the
best results obtained for border en-
hancement. The one channel thermal IR
enhancement gave relatively poor resulits.
When this method was used on other areas
containing a large number of trees and
irregular shaped borders, enhancement
results were poor. However, these
judgements are visible ones and the
cross—correlation function can respond
to border indications which the human
eye would tend to reject as unacceptable.

The step function approach will not
be discussed because work to date has
not progressed to the point where
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feasibility can be determined. ZLow pass
filtering was determined to significantly
improve the performance of the experi-
mental step function border finding
algorithm., It did not sufficiently im-
prove borders found by differsentiation

to warrant filtering for this method.

Iny useful step function method will
most likely use some sort of filtering

in an operational processor,
DATA OVERLAY

The image differentiation process was
used to preprocess the data before cross-—
correlation. The overlay system is or-
ganized as shown in Figure 30. The data

OVERLAY

EXECUTOR

® READS & CHECXS INPUT DATA

® CONTROLS TAPE MOUNTING & POSITIONING
@ EXECUTES OVERLAY FUNCTIONS

BORDER ENHANCEMENT
® READS MASTER AND SLAVE TAPES
IAND AMPLIFIES BOUNDRIES FOUND
IN THE DATA
® WRITES A BORDER MAP TAPE FOR
USE IN CORRELATION

CORRELATION PHASE
® CROSS CORRELATES MASTER &
SLAVE BORDERS
® CHECKS CORRELATION FOR
VALIDITY & ISSUES LIST OF
CHECKPOINTS TO OVERL AY PHASE]

OVERLAY PROCESSOR

® COMBINES MASTER & SLAVE DATA
AND WRITES NEW DATA TAPE VUSING
CHECKPOINTS

DISPLAY UTILITY
® MULTIFUNCTION
PICTORIAL OUTPUT

Figure 30. LARS Overlay System

ID BLOCK
FORMATION
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is first enhanced by differentiation
and sent to the second phase which cross-
correlates the imagery to be combined.
Spatial correction data are sent to the
third phase where the imagery data are
stored in coincidence on output tape.
Three passes through the overlay pro-
cessor are necessary to obtain a final
tape containing data from the four
apertures. The .4 to 1.0 micrometer
data are first combined with that from
the reflective IR apertures, Next the
second reflective IR aperture data are
added and finally the 8-14 micrometer
thermal IR data are added forming a
final 17 channel tape.

The final output data storage tape
can be used by researchers to carry
out data analysis and pattern recogni-
tion work with a full sei of wavelength
band megsurements rather than with the
previously available restricted set.

The average accuracy of the auto-
matic overlay process is two to three
resolution elements. Higher accuracy
is achieved for areas containing many
sharp straight line boundaries such as
the C-1 agricultural area. For areas
containing many irregular regions
generally covered with trees or brush,
the image correlation becomes less
accurate. Since the data are dependent
on the type of ground surface in the
area, further work is required to insure
that overlay can be carried oub on a
wide variety of imagery data.

FURTHER WCORK

The boundary enhancement and image
correlation work in the overlay studies
have possible value for other problems
of remote sensing. When a single
gperture multispectral scanner is
developed and in use, the need for over-
lay to solve the multiaperture problem

DATA FRCCESSING

will be eliminated. General imagery
correlation, however, will continue to
be a function of interest to researchers
at LARS and elsewhere. Some applications
of overlay which would be of interest

are:

(1) Automatic combination of air-
craft scamner data from flight lines
over the same area taken at different
times would be a very valuable capa-
bility. For example, this facility
would enable research to be carried
out on June, July, and September data
from the same ground resolution ele-
ments. Samples would be callable in
coincident data vectors from each
ground element as the time coincident
chammels are presently callable. This
feature would then add an additional,
as well as a new, form of measurement
dimension to the scamner data. The
time dimension could replace a set of
wavelength dimensions or the total
W% NCL/ dimensions could be supplied
to the researcher.

(2) Boundary detection in ground
arsas where plctorial output display
does not produce sharp border representa—
tion weould be possible. The overlay
system performs & border enhancement
process which produces a map of boun-
daries. This intermediate output form
would be useful to persons doing
identification of data and selection of
training samples. Features which may
not be recognizable at all in one or
two channels can be enhanced.

{3) The step function border de-
tection method which was studied pro-
duces the average value for each
channel in the areas outlined by the

1/ NT = Number of times samples avail-
gble for, NC = Number of channels at
each time.
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detected borders. Thus, only one sam-—
ple from each "field" would have to be
classified by FR techniques, and the
results assigned to the total area
enclosed by the border. This approach
would be advantageous if the total time
for border enhancement plus patiern
recognition were less than for a total
IR process for each resolution element
in the field.

The dats overlay project thus has
possible benefits beyond the solution of
the present scamer alignment problem.
The project is exploring the region of
the two dimensions (spatial and temporal)
not yet studied at. LARS. Study of the
nature and detectability of geometric
shapes could be stimlated by the
boundary enhancement investigation, and
the availability of time as g dats
dimension may be of value in multi-~
spectral pattern recognition work.

THE ANALYSTS OF NON-LARS DATA

Shortly after the procedures for
digitizing, reformatting, printing,
and analyzing data were used on LARS
data, the question of their usefulness
for data from other parts of the country
was asked. During the year, data from
several parts of the country were sent
to LARS and partially or completely
processed.

In August and September 1967, ten
runs of data were digitized, reformatted
and printed out for the University of
California School of Forestry. Areas
of agricultural ground cover and forest
ground cover were processed. One area
known as the Rice Field Test Site was
classified into categories of water,
soil, and vegetation without the aid of
ground truth. The results of all pro-
cessing were sent to the University of
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California for analysis or request for
forther work., A limited amount of
ground truth and analysis by the Gali~
fornia personnel indicated that the
classification results were encouraging.

In November 1967, 91 runs of data
were digitized, reformatted, and
printed out for USDA-ARS at Weslaco,
Texas. All area covered were primarily
agricultural ground cover. Again, ons
area with an oxbow lake was classified
into categories of water, soil, and
vegetation without aid of ground truth
except for an out-dated aerial photo-~
graph. Using this, the vegetation
category was divided into trees and
other green vegetation. Later, ground
truth photos taken near the time of
data collection showed these early
results to be encouraging. All pro-
cessing results were sent to Weslaco
for analysis or request for further
work. Further work in the form of
choosing different gray level bins
for some of the printouts was completed
and sent to Weslaco.

Data gathered over a geologically
significant test site, Mono Lake,
California, were processed in December
1967. Four runs over the site were
digitized, reformatted, and printed out
before a visit from Willism Hemphill
of USGS. Duwring the visit, LARS and
USGS scientists analyzed and classified
the data into categories of soil types,
rock outeroppings, and water, The
purpose of the experiment was to test
with a limited amount of data the use
of multispeciral pattern classification
techniques developed by LARS on non-
agricultural data. The study indicated
that the techniques do have applicability
to other disciplines.

In Aprdil 1968 a proposed highway
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site in southern Indiana was flown for
a project spenscred by the Indiana
Department of Highways. The data, two
runs approximately 70 miles long, were
digitiged, reformatted, and printed out.
This was the first data collected in
connection with a LARS project since
1966, The data were first analyzed from
an agricultural point of view. Using
only a small segment of the data for
ground truth and training, the entire

70 miles was successfully classified
into water, soil, and vegetation cate-
gories. The data were also us=d to
classify different soil covers for LARS
and significaznt geologic classes for the
highway project. This work is reported
in other sections of this report.

Data collected over an area of
range land were processed in July 1968
for Oregon State University. Six runs
were sent for analysis or request for
further work. Some analysis of the data
is completed, but classification has
not yet started. In October 1968, four
runs of data of geological significance
were printed out for Lee Miller at
Colorado State University. Thermally

2 &
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active areas of Yellowstone Nabtional
Park were flown and processed.

A test of the LARS system on data
collected by a scanner other than the
University of Michigan scanner was con-—
ducted in November 1968. A [light line
of data was flown by the Bendix Corpora-
tion and processed at Purdue to test the
compatibility of the two systems. This
was successful except for the analog
tape specifications. The Bendix analog
tape unit was required during the digiti-
zation process. The data were collected
during questionable weather and only a
small amount of the data could be
successfully classified.

These experiments indicate the flexi-
bility of the system to accept different
kinds of data and the usefulness of the
techniques over areas having other than
agricultural significance. In the next
year greater amounts of data will be
utiliged in research, and techniques
will be developed to extend the state-of-
the-art of data handling and analysis
to larger areas and other disciplines.
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CHAPTER 4
BIOGEOPHYSICAL

RESEARCH PROGRAMS



INTRODUCTION

The purpose of the Biogeophysical
Research Program is to determine the
capability for mapping various vegeta-
tion and soil features, through the
use of muitispectral scanner systems
and automatic data handling and pro-
cessing techniques. Research is there~
fore conducted to study the relation-
ships between the spectral response
patterns and the physical and chemical
properties of the plant and seoil
materials. The specific objectives
are as follows:

(1) To determine the various
agricultural features that can be
differentiated and identified on the
basis of the spectral, spatial, and
temporal data.

(2) To define the optimum portions
of the electromagnetic spectrum for
such identifications.

(3) To determine the asmount of
seasonal and geographic variation in
such multispectral response patterns
and to define the optimum time of year
to obtain remote multispectral data on
crop species and ground covers of
interest.

(h) To determine the agronomic
causes of variations in multispectral
response and to define the importance
of these variations in identifying the
crop or its condition.

In pursuit of these objectives,data
must be collected and studied in the
1lzboratory, field and airecraft. This
includes scanner, spectrometer, and
meteorological measurements, photographs,
crop identification and field descrip-
tions. Thus, the collection and

analysis of such data must be in
conjunction with the Measurementis,
Data Processing, and Support Programs
personnel, The information reported
in this chapter is therefore the result
of efforts by many members of the LARS
research team.

Other aspects of the analysis of
the 1966 and 1968 multispectral scanner
data and the interpretation of the
color and color TR film are discussed
in Chapters 6 and 7.

VEGETATION, BARF SOIL, AND WATER MAPPING
OF A 70-MITE FLIGHT LINE

INTRODUCTION

One of the analysis tasks under-
taken by LARS has been the classifi-
cation of multispectral scanner data
cbtained over g significantly large
geographical ares. This was to
answer a major question posed to re-
searchers concerning the capability
to classify large geographic areas and
to extrapolate a limited number of
training samples from a large test
area. Much work done with laboratory
spectra and aerisl photography, scanner
imggery, and digitsl multispeciral data
has indicated marked spectral differences
between many types and conditions of
soil, water, and vegetation. There ars
statistically significant spectral vari-—
ations with each of these very basic
categories. The objectives of this re-
search were to: (1) determine the
capability to accurately identify all
green vegetation, bare soil, and water
in the flight line regardless of natural
variability and (2) determine the capa-
bility to accurately classify data over
a large geographic area and utilizing
the same very small set of training
samples taken from one segment of the
flight’ line,
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TASK

For this task a set of scanner
data over a T0-mile flight Jdine in
central Indiana was used.—/ The scan-
ner data were collected from an
aititude of 3200 feet in 17 discrete
wavelength bands. For thig analysis
tagk, only the first 12 wavelength
banrds, in the 0.4-1.0 micrometer range,
were congldered. At 3200 feet alti-
tude, the path width is approximately
one mile, thereby producing a seventy
square mile area to be clasgified.

Figure 31 ghows the location of
this flight 1ine area which followed
the path of g proposed highway location.
The fiight line exiended south from
Indianapelis along the White River,
through a predominately agricultural
area, then through foregt and pasture
land with more rolliing terrain.

ANATLYSIS

For the initial analysis, azpproxi-
mately ten training areas for each
class were selected. Thesge included
light and dark soils areasg, river and
pond water, and a variety of green
vegetation conditiong including pasture
winter wheat, and trees. The color
photographs in Figures 32 and 33 give

1/ The aircraft scanner data were
collected by the Institubte of Science
and Technology, University of Michigan,
and the photographic data were collected
by the Indiana State Highway Commigsion,
These data were made avallable to LARS
by the Airphoto Interpretation and
Photogrammetry Laboratory, School of
Civil Engineering, Purdue University.
Thege data were obtained for research
spongored by the Indiana Stabte Highway
Commission, and Bureau of Public Roads,
U. 8. Department of Transportation.
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Figure 31l. TLocation of T0-Mile
Flight Line

an indication of the variability of
these three cover types. All training
samples Wwere selected from one rela-
tively small gegment of the data.
Frequency hlstogramsﬂ/ and multispectral
regponse graphs were obtained for each
training class of cover type and analyzed

g/ See Chapter 3 Data Processing for
more -information on histograms.
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Figure 32. Color photograph and printout of classification results for portion
of flight line. "I" represent green vegetation, "-" represent bare
soil, and "M" represent water. If points were not classified in
these categories, no symbol was printed.

to determine which combinations of wave- be used for the classification.

length bands should be used for the class~ Figure 34 shows a photo mosaic

ification. It was decided that the 0.40- of one segment of the flight line

O.44, 0.58-0.62, 0.66=0.72, and 0.80-1.0 along with gray scale printouts of

micrometer wavelength bands should two of the wavelength bands used in
the classification.
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Figure 33. Color Photograph and Printout of Classification Results for

Portion of Flight line

Figure 35 is the multispectral

response graph of the selected training

samples for these three categories
and shows the marked differences in

spectral response that may be observed
in some of the wavelength bands. Note

especially the 0,80-1.0 micrometer
reflective infrared band, where water
is very absorbtive and therefore has
a relatively low reflectance and low

response on the graph. Green vegetation

is highly reflective and has a rela-
tively high response on the graph.

Figure 35 also indicates that throughout

the visible portion of the spectrum

(0.40-0.72 micrometers) the green vege-

tation and water have very similar

spectral responses. This helps to
explain why some of the water ponds
surrounded by green vegetation are
not more obvious on the color photo-
graphy, but do appear with striking
contrast on the color infrared
photography.

The entire 70 miles of flight
line data were then automatically
classified into green vegetation,
bare soil and water categories.
Figure 36 shows the classification
results for the same area seen in
Figure 34. It should be pointed out
that the photo mosaic on the left

in Figure 36 was compiled from data
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Aerial Photo Mosaic of Northern Portion of the Flight Line and
Two Gray Scale Printouts
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Figure 35. Multispectral Response Graph of Selected Training Samples for
3 Categories of Green Vegetation, Bare Soil, and Water

flown for planning purposes about ten
days before the scanner data were
flovn. There were several areas which
were green vegetation when photographed
but were plowed (bare soil) before the
scanner data was flown. Therefore,
these particular areas, which appear to
be green vegetation on the photos and

bare soil on the printout were correct-
ly classified.

The image labeled "B" on Figure
36 is the computer printout showing
the automatic classification results
for this area. The light tones were
created using the computer symbol #-.!
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Figure 36.

Aerial photograph

and Classification Results of Area Shown in Figure 34
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Figure 36.
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and indicate the areas classified as
bare soil. The medium tones {(symbol
u/i) indicate the areas classified as
green vegetation, and the dark tones
(symbol "M")} indicate water. All other
ground cover conditions (such as dry,
dead vegetation, roads, rooftops, ete.)
have been threshclded and are shown as
"blank" (no symbol) areas on the
computer printout.

The printouts labeled "C", "D,
and "E¥ in Figure 36 show only the areas
classified into bare soil, green vege-
tation and water, respectively. These
are displayed in this mamner to empha-
size particular cover types which have
been classified and to evaluate the
accuracy of the automztic classifi-
caticn.

Figure 32 and 33 are representa—
tive examples of the classification re-
sults which show more detail than could
be seen in vigure 36. .

In Figure 32 a hedgerow (Arrow l) shown
on the photograph was correctly identi-
fied on the computer printout on the
right. Arrow 2 indicates a field of
winter wheat, which is at a very green
dense stage of maturation. The symbol
/% used to identify green vegetation
on the computer printout indicates that
this area was accwrately classified.
The dry brown vegetation shown at

Lrrow 3 has been 'thresholded” in the
automatic classification process, which
means that the multispectral response
“in this area was unlike the response
for green vegetation, bare soil, or
water. i/ As may beseen in this figure,
the reads and houses were also thres-
holded® and are shown as "no symbol!
areas. Arrow L is a pond of water

1/ See Chapter 3, Data Processing, for
more detail about thresholding.

BICGEOPHYSICAL RESEARCH FRCGRAMS

which was correctly classified and in-
dicagted by the symbol "ii" on the print-

out.

In Figure 33, Arrow 1 is at the
corner of a field of green vegetation
and two fields of bare soil and Arrow
2 is the river. Arrow 3 shows a small
hedgerow between two areas of bare
soil, which was accurately identified—
on the printout. A tributary which
was correctly identified is indicated
by Arrow 4. Arrow 5 is a very small
pond of waber that is almost indistin-
guishable on the color photograph.

Many of the points identified as
water appeared as scattered individual
RSU's (Remote Sensing Units or indi-
vidual computer symbols on the print-
outs) or as very small groups of RSU's.
These were at first thought to be
misclassifications., Additional
checking revealed that there was
ponded water or water in drainage
ditches at most of these points. It
is of interest to note that there
were several such instances in which
water was correctly identified auto-
matically, bul was previously over-
locked on the aerial photographs.
Several of these water areas were
difficult to see on the aerial photos
because of overhanging tree branches
or a lack of distinctive color dif-
ferences between the water and other
materials in the vicinity.

Some problem areas were found to
exist in the water classification,
primarily because of shadows. For
instance, heavy, distinct cloud sha-
dows tended to be classified as water.
This is probably because both water
and shadows reflect relatively small
amounts of energy, particulsrly in
the infrared wavelengths., A similar
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problem was encountered in some of the
forested areas where deep shadow areas
between the tree crowns were mis-—
classified as water,

By placing & moderately heavy
threshold on the water category, the
shadow arecas could be thresholded and
shown as a blank because no symbol was
printed by the computer on the printout.
This is shown in Figure 37 where a heavy
cloud shadow near the southern end of
the flight line was classified as water,
as seen on the printout labeled "AM,

On printout "B", a threshold on the
water category has caused most of the
cloud shadow to he thresholded., How-
ever, by following this procedure, we
also found that some R3U's that were
correctly classified as water were
thresholded. This wouwld indicate that
a larger, more completely representa—
tive set of training samples for water
should be obtained.

To indicate the quality of these
classification resulis cver the entire
70 mile flight line, Figure 38 shows
the classification results for an area
south of Bedford, near the extreme
southern end of the flight line. The
previous illustrations (Figure 36) of
classification resulis were from an
area gbout ten miles south of Indiana-
polis, near the northern end of the
flight line. The single set of train-
ing samples from a relatively small
area did allow for an accurate classi-
fication to be obtained over the
entire 70 mile flight line,

QUANTITATIVE RESULIS

The above resulits indicated a
rather good capability for autcmatic
jdentification of these spectreally
simply cover types. To obtain a more

BICGEOPHYSICAL RESEARCH FRCGRAMS

quantitative check on the classification
results of the entire area, 89 test
sample areas were randomly selected
from the compuier data. Based upon
study of the photos and the ground
truth data collected at the time of
the scamer flight mission, 24 test
areas were determined as belonging to
the green vegetation category, 29 as
soil, and 36 as water. The automatic
clessification of sample points showed
that 83 of the 89 test areas had a 92
percent or higher classification
accuracy. The average classification
accuracy was 99.2 percent for green
vegetation, 97.0 percent for soil and
99.7 percent for water. These classi-
fication results are shown in Tables

5 and 6, Table 5 contains the surmary
classification results for the train-—
ing areas used in clessifying the
entire 70 mile flight line. Table 6
contgins the classification results
for all of the individual RSU's con-
tained in the 89 test sample areas.

In examining the printout re-
sults from areas approximately 50
miles south of where the training
areas were selected, it was observed
that g larger proportion of the RSU's
were being thresholded. This could
indicate slight changes in spectnl
response of materials along the length
of the flight line.

Four possible reasons for spectral
changes are: (1) change in atmospheric
conditions between the northern and
southern portions of the flight line;
(2) slight changes in the spectral
characteristics of the materials due
to geographic variability (such as
trees being leafed out more in the
southern part of the flight line, or
tme water quality of the East Fork
White River perhaps being somewhat
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Table 5. Summary of Classification Results for the Draining Areas Used to

Classify the Flight Line

LABORATORY FOR _APPL
PURDU

TRAINING FIELD CLASSIFICATION RESULTS

M=

?; REMOTE SENSING

CLASSIFICATION STUDY .. SERIAL NO. 309005214
CLASSIFICATION DATE .. MAR 941970
RUN NUMBER----- 67000100 BATE—=== 4/28/67
FLIGHT LINE-—--- 3RD TIME~—~=== 1055
TAPE NUMBER=-=-=-- 202 ALTITUDE-- 3200 FEET
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS THRESHOLDS CHANNEL NOC. SPECTRAL BAND
/ GVEG 14.900 1 0.40 C.44
< SOIL 14.900 4 0.58 0.62
M WATR 99.9C0 9 0.66 0.72
11 0.80 1.00
CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF PCT.
CLASS SAMPS CORCT GVEG SOIL WATR THRS
1 GVEG 731 100.0 31 0 0 0
SOIL 846 100.0 Q 846 0 0
3 WATR 168 100.0 0 0 168 0
TOTAL 1745 731 846 168 o

OVERALL PERFORMANCE =100.0
AVERAGE PERFORMANCE BY CLASS =100.0

different than the West Fork White
River) thereby producing differences
in spectral response; (3) adjustments
in instrumentation setting, although
this will normally produce dramati-
cally different results; and (4)
electronic drift in some of the data
gathering, recording, or processing
instrumentation. In this case, the
third possibility was not believed to
be a factor, but any of the other
possibilities alone or in concert could
have caused the observed slight shift
in spectral response.

In this classification, the shift
in response was slight, and occurred
over a relatively long flight line.
The results were not greatly affected,
because the materials being classified
were spectrally very different at
least in scme wavelength bands. How-
ever, these observed changes indicate
a need for further study of this type
of phenomena, so that proper instru-
ment calibration can be planned as
well as proper techniques developed
for delineating an optimum set of
training samples. If the problem
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Table 6. Classification Results of Individual RSU's in the 89 Test Sample Areas

LABCRATORY FOR _APPLICATICNS OF REMODTE SENSING MAR 9,1970
PURDUE UNIVERSITY

3 CLASS RESULTS, ENTIRE 70 MILE FLIGHTLINE, USING SEGMENTS

CLASSIFICATION STUDY .. SERIAL NO. 302005213
CLASSIFICATION DATE .. MAR 441970
RUN NUMBER-—--- 67000330 DATE----—- 4/28/617
FLIGHT LINE--——H3T70 TIME====== 1128
TAPE NUMBER--=-- 53 ALTITUDE-- 3200 FEET
CLASSES CONSIDERED FEATURES CCNSIDERED
SYMBOL CLASS THRESHOLDS CHANNEL NC. SPECTRAL BAND
/ GVEG 14.900 1 0.4C C.44
= SOIL 14.900 7 0.58 C.62
M WATR 99.900 9 0.66 C.72
11 0.80 1.00
CLASSIFICATION SUMMARY BY TEST CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF PCT.
CLASS SAMPS CORCT GVEG SOIL WATR THRS
1 GVEG 1095 99.2 1086 1 5 3
2 SOIL 3105 97.0 2 3012 0 91
3 WATR 887 99.7 1 1 884 1
TOTAL 5087 1089 3014 889 95

OVERALL PERFGRMANCE = 97.9
AVERAGE PERFORMANCE BY CLASS = 98.6

cannot be corrected by instrument cali-
bration techniques procedures for up-
dating the training samples may have to
be developed. This might involve such
procedures as using a new set of train-
ing samples every twenty miles of the
flight line and weighting the new
training samples more than the pre-
viously existing training samples.

SUMMARY

Seventy square miles of data were
automatically classified into three
basic cover types--green vegetation,
bare soill, and water. This was the

first time that such a large geographic
area has been automatically mapped.

The training samples were selected from
an area near one end of the flight line.
In general, the classification results
were highly accurate for the entire
flight line. There were some "problems
with shadow areas being classified as
water, but careful thresholding general-
ly alleviated most of these errors. It
was also observed that there was a
slight degradation of the results as

the classification got farther and
farther from the end where the train-
ing samples were obtained. This was
indicated by a larger percentage of
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RSU's being thresholded near the south-
ern end of the flight line. There are
several possible reasons for this
change in accuracy suggesting that
additional research into this problem
is necessary. The principal result
from this work, however, was that a
significantly large geographic area

was automatically mapped into the basic
cover types with a relatively high de~
gree of gccuracy, thereby demonstra-
ting the capability to successfully
extrapolate from training samples taken
in one small segment of the flight

line to the entire 70 square mile area.

AGRICULTURAL SPECIES IDENTIFICATION

Figure 39 shows a flight line area
about 4 miles in length and one mile
in width. An aerial photo mosaic of
the flight line area is shown on the
left. Individual crop species and
cover types were identified by person-
nel gathering ground truth at the time
of the flight mission. These are
indicated on the photo mosaic -by letters,
using C for corn, 5 for soybeans, W for
wheat, O for ocats, H for hay, A for
alfalfa, P for pasture, RC for red
clover, T for timothy, and DA for di-
verted acres. To the right of the
photo mosaic in Figure 39 are four
gray-scale computer printouts, showing
the relative amplitude levels of re-
flected radiation in the flight line
for each of the indicated wavelength
bands. These computer printouts are
similar to cathode-ray tube scanner
imagery. The data have been digitized
and the individual computer symbols
shown are referred to as RSU's, or
remote sensing units. These RSU's
represent measured radiance values for
small resolution elements on the ground.
For each RSU, the radiance level in
each of these four wavelength bands can

BICGEQOPHYSICAL RESEARCH PRCGR AMS

be combined into a multispectral response
pattern. This pattern is then cate-
gorized bya pattern recognition algorithm,
and the individual RSU's are classified
as to crop species or cover type.

A closeup of the classification
results that were obtained by the
LARS-Purdue computer for a portion of
this four mile flight line is shown
in Figure 4O0. On the lower left, the
letter symbols annotated on the aerial
photo indicate the crop that was
actually present. In the computer
printout is the identification by the
computer of the individual RSU's, using
W for wheat, O for oats, etc. From

"these results, the field can be quite

readily distinguished on the computer
printout. Comparing the series of
"'"'s in the computer printout, you
see that actually it was a field of
wheat as designated on the annotated
aerial photo, or a group of "S"'s
correspond to a field of soybeans.
Notice in particular that the tones of
gray between the field of soybeans and
the field of corn on the left side of
the aerial photo are very much alike.
Likewise, the wheat and oat fields on
the aerial photo have about the same
tone of gray. This would make identi-
fication of these crop species from
small scale black and white aerial
photos extremely difficult. However,
by using essentiglly the same type of
"tonal measurements," but using multi-
spectral scanner data obtained inmany
relatively narrow bands of the spectrum,
it appears to be possible to differenti-
ate and identify crop species rather
accurately using automated pattern
recognition techniques.

In Figure 40, the area identified
as DA (diverted acres) was not classi-
fied into any particular crop type
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Figure 39. Photograph with Ground Truth Symbols and Four Gray Scale Printouts

of Area
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Therefore, the individual

Close Up of Computer Printout of Crop Species Identification Results
RSU's in this field were classified

and Corresponding Aerial Photograph

according to the cover type which they
minate," in which case, it would not
have been identified as to any one crop

because the computer was not trained to
recognize diverted acres as a distinct

cover type.
looked most like.

Figure L4O.
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impossible to identify all fields of
wheat, for example, using a single
training class for wheat. In this
classification task, three subclasses
were used to describe various conditions
of wheat, at their different stages of
maturity. Likewise, there were three
subclasses of oats, five of corn, and
four of soybeans. Hay was divided into
hay~-red clover and hay-alfalfa classes.
Therefore, although there were only 10

agricultural categories being classified,

a total of 24 training classes or sub-
classes were utilized.

Computer classification results
for the entire flight line are shown
in Figure 41. The annotated aerial
photo mosaic is on the left, while in

the center is a computer printout showing

the automatic identification of areas of
row crops. The fields in the flight
line area for which ground truth was
obtained and which were positively
identified by ground truth personnel
as corn or soybeans are outlined by
hand on an overlay. They are designa-
ted with a "C" or "S". A couple of
areas can be seen which were not corn
and soybeans but were largely identi-
fied as a row crop. A field on the
left side about two thirds down the
page actually was soybeans, but few
RSU's in the field were identified as
such. In the printout on the right,
the computer was instructed to print
out an L for each RSU which was identi-
fied as a small grain, either wheat or
oats. All fields in the flight line
area which were in fact either wheat or
oats were largely identified as such.
There were a few RSU's in each of the
fields that were apparently not
correctly classified. Likewise, there
are a few points scattered throughout
the flight line which were erroneously
classified into the small grain cate-
gory. These results indicate accurate

BICGEOPHYSICAL RESEARCH PRCGRAIS

classification for either row crops or
small grains. Such an evaluation, how-

ever, is rather qualitative and creates
a desire to obtain a more quantitative

classification result.

Figure 42 shows the aerial photo-
mosaic for this flight line and a
computer printout with rectangles
designating the areas in the flight
line for which quantitative classifi-
cation results were summarized. The
coordinates for the corners of these
fields were designated, and the number
of RSU's classified into each class
within the designated field areas
were tabulated into the crop categories.
A large portion of the entire flight
line was included in the quantitative
classification results. There are a
few areas which were not included
because they consisted of diverted
acres, barnyards, houses, and others.
Because of the natural varigbilities
of diverted acres it is extremely
difficult to classify this land use
category. Therefore, diverted acres
is not included in the quantitative
analysis results. (A photo illustra-
ting this problem is shown later.)

Figure L3 is a summary of the
guantitative analysis. The percentage
of correct classifications for each
cover type is given. The accuracy
range is from 100 percent for water
to 80.7 percent for hay.

Figure 4L illustrates how these
figures are obtained. (Because this
table is a computer printout and the
program allowed only four letter
headings, wheat was spelled as '"whet.")
On the left of Figure L4 the ground
cover class is designated. Next column
contains the number of samples or RSU's
which were known to belong to that
class according to the test areas within
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Figure 41.

NOT REPRODUCIBLE

Automatic classification results for row crops and cereal grains.
The symbols represent: S - soybeans; C - corn; O - oats; W - wheat;
A - alfalfa; T - timothy; RC - red clover; R - rye; Sudan - sudan
grass; P - pasture; DA - diverted acres; and, H - hay.
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Figure 42,

Photo Mosaic and Computer
Printout with the Test Areas
Outlined from which Quanti-
tative Results were Summari-
zed

BIOGEOPHYSICAL RESEARCH PROGRAMS

Classification Results For Test Samples

(Flight Line C-2; 28 June 1966; 4 Wavelength Bands Used)

g 10 - so% mluu
?_.3 85%  asw é |
: : i
. % =
3 s =
£ g
8 i
. : i
¥
& £ I
Row Wheat Cats Pasture Hay Bare Roads Trees Water

Crops Soil

Figure 43. Quantitative Classification
Results for Areas Outlined
in Figure 42

the fields outlined in the previous
figure. The remainder of the table
gives the number of samples or RSU's
which were actually classified into
the various cover types. In other
words, out of the 15,185 samples
designated as belonging to the row
crop category, 14,035 were actually
identified as a row crop (either corn
or soybeans). Therefore, the correct
percentage recognition was 92.4 percent.
These percentage figures correspond to
those shown on the graph in Figure 43.

The overall performance of this
classification is 89.7 percent. If
each category is weighed equally, an
average performance is 90.2 percent.
The overall performance is thought to
be more meaningful because it weighs
each cover type according to the
portion of the total area which is
covered by that type. For this example,
of the total 27,000 samples classified,
more than half of these (15,000) belong
to the row crop category. This gives
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CLASSIFICATICN SLMMARY BY TEST CLASSES
NC CF SAMPLES CLASSIFIEL INTC

CLass  SEVPS CoRLT RCh  WHET  CATS
1 RCw 15185 S2.4 14035 3 55
2 WHET 2186 9.6 2 2540 168
1 CATS 3465  €4.7 1i5 21 2934
4 PAST 3595 83.1 155 L 260
5  hAY 12% - BCa7 17 2 226
£ . Sk 1G4 623 ¢ 0 C
i RCAL &5 GE.t C 4] Cc
& TREE 120 8¢aC & 0 18
S  wWATE L3T" REC.€ c 0 0

TLTAL 271312 144C2 2561 3é61

CVERALL PERFLRMANCE = 8S.1
AVCRAGE PERFCRMANLE EY CLASS = GC.¢

PAST kHAY SCIL RCAE TREE WATE THRS

356 119 2 1C 4 1 c
C 24 c 1 l 0 0
ls4 128 C ! 21 0 1
3Cl0 2 c C 161 0 2
C 1C42 4 C ¢ 0 C

C | 96 1 C ( 0

C c 1 g4 C 0 0

175 C C C €19 C 0

C C C C 0 131 0
4225 1316 103 97 806 132 3

Figure L4, Computer Cutput Showing the Quantitative Classification Results and
the Number of Samples Used to Obtain the Percentage Correct

Recognition Figures

row crops over 50 percent of the
weight in the overall performance fig-
ure of 89.7 percent.

These figures are based upon
entire fields and are, therefore, per-
haps somewhat lower than is actually
correct. For example, in some fields
of wheat there might be a patch of
weeds covering perhaps 10 percent of
the total area in the field. However,
the entire field was assumed to be
wheat. If the computer classifies all
the field as wheat, there is 100 percent
accuracy. If the computer classifies
that patch of weeds as anything other
than wheat, the classification results
are only 90 percent accurate. Actually,
it was quite correct not to classify
the patch of weeds as wheat. Situations
such as this would cause these results

to be somewhat lower than may actually
be the case.

These classification results may
be examined in another manner. The
table in Figure 4L represents a total
of 66 test areas as outlined in Fig-
ure 42. These were guantitatively
analyzed on an individual field-by-
field basis and then summarigzed.
Sixty out of the 66 test areas had
a correct percentage recognition
within the field of 75 percent or
more. (Thirty-six test areas had
95 percent or better correct recogni-
tion.) Therefore, if 75 percent or
better classification of the RSU's
in any field would identify a field
as being a certain crop species or
cover type, then 60 out of the 66
test areas in the flight line were



correctly identified according to their
known ground cover. Of the six re-
maining fields, one field of soybeans
would have been incorrectly identified
as a pasture area. The other five
fields did not have 75 percent of the
RSU's classified into any particular
cover type and, therefore, could not
be identified by this method. These
fields would be designated as "indeter-
minate."

In an operational system, such
areas which could not be definitely
classified could be designated accord-
ingly. A photo interpreter could then
be asked to identify the land use or
cover type in such areas. However, by
first putting all the data through an
automatic elassification procedure
capable of making acreage determina-
tions and maps of cover types, a great
amount of the data load might be taken
off the photo interpreter and put onto
the other remote sensing systems.
Thus, automatic pattern recognition
capabilities could be used in this
manner as a supplementary tool, not a
replacement, for the photo interpreter.

PRELIMTINARY SOILS STUDIES

INTRODUCTICN

As the demand for soil mgps in-—
creases, the need for determining new
techniques to assist the soil mepper

in improving his output becomes greater.

The initial results obtained in mapping
small soil areas with the use of a
computer appear promising. Ewven though
these results are preliminary, it is
visualized that they should be a great
aid in helping to map and understand
soil patterns.

BICGECPHYS ICAL RESEARCH FRCGRAMS

DESCRIFTION CF RESEARCH. LOCATICN

The areas studied in this research
are near U.S. Highway 37 in uorgan
County, in South Central Indiana (Fig-
ure 45). Additional data collected on
this flight line were discussed in the
section, "Vegetation, Bare Soil, and
Water lMapping of a 70-idle Flight Line."

— INDIANA —
kel S

|

AFAYETTE

e | ;
-

Figure 45. Location of Research Area in
South Central Indiana

80



The study area was covered by the
early stage of Wisconsin glacier and is
referred to as the Tipton Till plain.
The soils are gray-trown podzolic soils
developed mostly under a dz2nse forest
cover. The surface colors are quite
varied and are generally light in color
and low in organic matter. The topo-
graphy is nearly level to very rolling
due to the geologic features such as
river bottoms, outwash terraces, and
glacial drift deposits. Farming in
this area is diversified with grain
crops and livestock enterprises.

DATA COLIECTION AND AUTOMATIC PRCCESSING

Data were collected in wavelengths
from approximately 0.3-15 micrometer?
and were handled as other LARS data.—/
Bare soil fields showing various color

patterns were chosen as training fields.

The spectral response pattern or sig-
nature of the soils were found to vary
in a similar manner (Figure 46). The
differences in three soil categories
shown in Figure L6 are not as great as
the spectral responses of green vege-
tation, bare soil, and water (Figure

47).

RESULTS AND DISCUSSION

On the aerial photograph in Fig-
ure 48 dark and light patterns of the
soils can be seen. The computer was
trained with samples of dark and light
colored areas from the fields shown on
the photograph. Green vegetation and
water categories were given to the
categorizer but no symbol was assigned.
Therefore these categories were left
blank. The computer was further
instructed to print an "I" when it

1/ See Chapter 3, Data Processing
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Figure L7. Spectral Signatures of Green

Vegetation, Bare Soil, and
Water

recognized dark soil and a "-" when it

recognized light colored soil, and these

results are shown in Figure 48. A
comparison of the computer printout
with the aerial photograph shows that
the dark and light soil patterns are
rather accurately displayed.
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Figure 48.

Left is an Aerial Photograph of Study Area.

BIOGEOPHYSICAL RESEARCH PROGRAMS

I
" o
il :

iy

R

&

Right is a Computer

Printout Showing Dark ("I") and Light ("-") Soil.

In a closer examination of the
aerial photograph, the variations of
the dark and light colored areas should
be noted. Samples from selected vector
points were obtained for the darkest
areas, the intermediate tone areas, and
the light areas. Spectral plots of
these categories were shown previously
in Figure 46. Using similar techniques
as described for the two categories of
soil, the computer was instructed to
print out three categories. These are
shown in comparison with an aerial
photograph in Figure 49, and appear
quite accurate.

It was noted that there was a
large standard deviation of the mean
responses for these categories of
soil. This indicated there was a
possibility of distinguishing more
distinct categories based on the spec=-
tral properties. It was found that by
selecting individual training points

and comparing the spectral response
with other points, many more soil
categories could be defined. Fig-
ure 50 shows an attempt at mapping
six distinct soil categories.

Examination of these categories
in the field showed that the over=
all tone of the soil may not have
been entirely responsible for the
categories as they are shown.

Tone variations were not evident
in every case., Variations in sur=-
face structure such as roughness
or crusting factors may have play-
ed an important role in the spec-
tral responses of soils. The
effects of moisture content has
been shown to vary spectral re-
sponses of soil, also.

An area containing several
large fields of bare soil and
located a short distance from the
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Figure 49. Aerial Photograph and Computer Printout Showing Three Soil
Categories
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Figure 50. Aerial Photograph and Computer Printout Showing Six Soil |
Categories |
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first study area was chosen to see if
the classification technique could be
repeated. An attempt was made to
classify six soil categories of the
bare soil area and these are compared
to an aerial photograph of the same
area in Figure 51. Again, the results
are quite striking. There are some
variations within one of the bare soil
fields which show that perhaps tillage
practices may have an effect on soil
categories mapped by this technique.
These variations and other factors are
being further studied.

Soil patterns within vegetation
are sometimes quite evident. Attempts
are now being made to determine if soil
categories can be mapped using the
spectral variations of the vegetation
for training purposes. Preliminary
results show this to be quite promising
and indicating that one would not
necessarily need to have a bare soil
area to make a spectral map of that
region.

Soil could be classified into
many different categories using this
technique. The limits seem to be
determined by the amount of detail de-
sired by the soil mapper and the ulti-
mate user of the survey map, the sur-

face color variations caused by temporal
and spatial variations in soil moisture,

and the spectral variations due to
differences in cultural practices.

Attempts are now being made to determine

how accurately thece soil.categdries
compare with soil surveys made by soil
mappers in the field. Cultural
practices and moisture variations cer—-—
tainly affect the overall computer
mapping accuracy, but it is believed
that the computer printout with the
mapped soil categories would be a great
aid to professional personnel in soil
mapping.

BIOGEOPHYSICAL RESEARCH FRCGRAIS

CONCLUS IONS

The use of multispectral sensing
techniques and zutomatic data recogni-
tion techniques developed at the
Laboratory for Applications of Remote
Sensing at Purdue University appear
to have potential in the area of soil
mapping.

The possibility of flying over an
area and obtaining a map of different
soil patterns within hours after the
data were collected seems to be of
great value to the ultimate users——
city planners, soil conservation
personnel and others. The presented
study illustrates that 6 different
categories of soil can be mapped with
reasonable accuracy by computer tech-
nigues. Observations of actual sur-
face moisture and surface roughness
factors would have greatly aided in
the interpretation of this data. This
indicates how important it is to have
accurate information about the study
area at the time the scanner data gre
obtained. Figure 52 illustrates that
the same data collected to map soils
can be utilized to map green vegetation,
bare soil, and water. To do this, the
computer was trained with selected areas
of green vegetation, bare soil, and
water.

CLASSIFICATION STUDIES IN DIFFERENT
GECGRAPHIC AREAS

One of the more difficult problems
involved in automatic classification of
agricultural materials is the proper
selection of an adequate training set
of data. The difficulty lies in the
spectral variability of agricultural
materials. To examine the problems
which might be encountered for data
obtained from different geographical
areas, preliminary analysis work has
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Figure 51.

NOT REPRODUCIBLE

Aerial Photograph and Computer Printout Classification of Six

Soil Categories in an Area North of the Study Area.
Samples were from the Study Area.

The Training

85



Figure 52.
Soil (=), and Water (M).

been done with data collected at the
Weslaco, Texas, and California Test
Sites. The problems of agricultural
variability and training sample selec-
tion were found to be very similar to
those encountered for data obtained in
Indiana.

Scamner data from an area designated
as Moon Lake, near Weslaco, Texas, was
utilized for the first analysis. The
data had originally been digitized for
the researchers at Weslaco, The only
ground truth information for this area
was the aerial photograph shown in
Figure 53. As can be seen in the photo-
graph, there are bare soil areas; fields
with different amounts, types and
conditions of vegetation; as well as lake
and river water. Since the identify of
the various species of vegetation present
in this area was not known five groups
of training samples were used to
represent all cover types for the auto-

BIOGEOPHYS ICAL RESEARCH PROGRAMS
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Aerial Photograph and Computer Printout of Green Vegetation (I),

matic classification. These were:
water, bare soil, trees, and two
spectrally different groups of

green agricultural vegetation. The
data were classified and the results
indicated a 97 percent accuracy for
the training samples. Figure 54 shows
augrintout of these classification re-
sults.

As seen in Figure 53, the classi-
fication results for the entire area
(of which the training samples are only
a small portion) appear qualitatively
to be highly accurate. Notice the
narrow strips of vegetation in the
field of bare soil indicated with
arrows labeled "A." Also note the
field labeled "B" where vegetation is
partially covering the soil, but a
great deal of soil is still visible
from above. The classification of
this area is a mixture of RSU's class-
ified as bare soil and as green

86



BIOGEOPHYSICAL RESEARCH PROGRAMS

Figure 53. Aerial Photograph of Moon Lake Area, Weslaco, Texas

agricultural vegetation.

The orchard (labeled "C") just
below Moon Lake also offers an inter-
esting classification result. A higher
spatial resolution of the classifica=-
tion of this area is shown in Figure
55, and illustrates the combination of
"M and "/" symbols representing the
"tree" and "green agricultural vege-
tation," respectively. The individual

RSU's do not indicate individual trees ’
as was expected due to the resolution
of the scanner system. It is signi-
ficant that the orchard trees were
identified as such, since the "tree"
training samples were cobtained from

a forested area beside Moon Lake.
These trees had similar physiognomic
characteristics but were probably not
the same species. Also, the number
of RSU's identified as "trees" and as
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Double Width Computer Printout of Classification Results of Moon Lake
Area, Weslaco, Texas

88



- . ————— ] ©
-y b B B ] S, S o e e e S, B S b [ 3 1 " EEEREREX 4
253 ERTaiEECTeEEseAl SER ST, | 1 1 Lk S ;
- - fr - -
e oo s s ey et ) ok e on S J et Sty 11 § 1 i e b S
- s SIS e I””,..-k . ftetatetetibat el L1 L IR s e e ——— -
- e L4 o 1 o e e e, S e [o)
- ey - 1 -
l“ = I.ITIII.IN " ot s SwIiEl N e e N S N o e o e e e [&]
- = e e -1 - 1. 3 ] § P
—— o e e e e e e B e o B P e o | bl 0 | e e -~
——— e D e e S -1 K - - = boni 1
—o - B o e N T TET : e -~
- S B e e e e . e e ., b pesfebant bl b= Pty wm
—-—— 1 e B e e . § i o o = ~~—
-4 ] - Syt g 30 N S N e S Q
B b v B o e s b ~'t  letes - ~ —
e e SESEERSEESSIISE Tis 133 1¥R e
B e et bttt e ittt g e by Bty o=
—— s
R e e e e s R S Si33EE SEEIINS @
e | e g P e
!TTTTITI(H"H”””H” H 111 it b o o e e i e B B e e B s e b B O
B S o B S Y S S T e | ey e e e e
e = b e b b b e . { Pt | § 1 A i i e i e e 1§ ] ] b i b b
H LA i) S SN | b N || ] e e b | ] e B e e I
resi Ll it i g it s e e T L e o e e et e P I T s e ettt e T L e )
- e b B e e - ~ ———— A, o o o o o e e B i
U adugingtingiugied B e e e e e e e e S B ) g B TIIIHI.".I i e ~ e e —— "NHHIII I.f " 333 “ a_-d_.H
et I e N e e S, S B S, o o, e o B o e e e | i || TN N N N N e e B e o g S T o o b | T | e bty | e W Q w
J....TITITTTT_I....lII-IIJ.!III | coatuentaaiaionrare 0L 0 ) P DD SNONP NN N | f Bebe  t | e || Q
~i R R e B e e e e T
=) ' ~1 L B e e \ﬁ
i X - FOE T E S NN NN e S i e e e o b S o B B e o e | ] | | 1 ~ NN ——— W
= fd
=2 ' == M
| } B
-3 i =i
! ]
KX H
AZX i ' < o
HHH i ' .
i i > R
83 e | ' —~ =
89 ] ] 1
31 _ _ ; o
=
XXX ' =
e B R ety §- ExXx H (o [ =
QO | bbb || bbb IXX H H ~ O
M B NN i S B S B AXX H
P B o o, S S B e S S TXX H Q
O D o v e e N, N e e e N, = | | '
Q2 E= SIIEINSIISY XXX H m 42
CFF b | I X ) o
SO b e S ] e -~ H
QO o N N b e e IIXEIX X -~ 42 2
O Pt bt | o b e b | Xxix h 1)
OFO b= |} b i X% XXX H 0
Q@O e N - I_m XX\ 1 u O.D
WD b b b o e i | xX X ) '
O .I-I.lvl.lllll.ld Nm E— H = QO
DD o b o B o B e S, x B v o ] e B S ] e T, B S e S, N e S, o e e e S S s B S e IBRE] (] ¥
DB/ i, 4 BoA T e S b S e ~ b R i ' ot
WA b e o e e X D b e o | o e o e e T T S o e S, e S S, e e e S, e o e e o B | 1 [ i ] [l Lie]
O o e B L L e e i S e i sy g | 1 ' 1 H
BN S b L o e e S B S S S e S S e B S e o S e o, o o e S o o e o B g o e o o | ] ' ] ] ] i Il
Dt b e 3 e e e e B e o e S iy i e 1 1l 1 1 i 1
Ws - 3 B b o B S e e B S e S S S B o e o o S, e e e S, o e S S e e g o s o e e o e o B e ' | BANN AN s
e e Sy S o S e e S, o o, S g o e, B e o g o e B g B o o o e o B B, | ] R i 1 i ~ i o = s
. = ) K B o o S S S o o N S S o e B S o e, o e o o o e e e o e e N | [ [ | | =1 =
PP - e e N e N e e o, N, o o e S, i S, e o o S S, i S e e | ] - 1 [l I~ (]
- B SR S e N T S e g S o e o, o o, o S o e S e o o o e, S, ' 1 i I~ -
1~ e B S e S o e B S | B S, S S S B S, e S e S B S, S e e e e e, g g, o, Sy, ] ] 1 [N
~ R e o o S o T, o S o S e S o S, e e e o ] i I~ —{
-~ L Tl I e o i e S o syl ] i -
~ B |1 NN S o S g e g o S B e e o o o S e S, [ i ~ Un)
- = BN NN N N e o S o S S S o S o o S S S o B S o o S, S o e o ] i ~N & D
3 TN N NN N e N e S g e e g, g o e o, H i -
D B e e B o | Bty N N T N e e e e e e S e e e e S, - o [/p]
R L) i e ] N N B T T Ty T e e o, S i, e T, e T e S, e Y, S e e Y, T, N, Ny 1] ]
X b b i NN N | e e e 1N S e e 5 e, o e e S S 1 [ i i
e 4 - - N S e e S e S S S, S e S, S S S e e e S N | I~ ] 1 ] 1 n __
" |- 1 e o, Sy o Sy e, o S i ) ] [} ] |
oae “ [ e e R e et e NN ] [} i i i ' ] | O
odm o e e | e e o PSRN AN - | ~ i i i ] ' i .
~ X e S o e o o | ~ 1 1 1] 1 o )
- ————— | | [ ' ] “ 4
00 XX T e S e e T S S S e e S, o ~ 1 ' ] ] -
I xx e S S B S o S o e e o, S S e | ' ' = a =
- = Vb b S e S S e | B e e e i -
" EERE N N e i | (b b b o b | 2 O N
N8 XXX P ] S N S |y e g e e e e, ] o~ QO
NN EX B b S o S B | 1 ]
. e e e | e S S S B S 1 ] 2 &4
“ e o i N, | N N S S o e S, S o S o ] _ - )
~ e e LI i g et it S SCT i - 1 @
v o e o o o e o e o | e o S i e i S | [} i 0 =
W o e e s o e e e o e | B N N S B e S e S N ] ] -
QI . l.l.ll.'.l.l-l.l'.l-ll.l.ll”ﬂ " " = w
o~ ETE ) ' i o @ |l
5“ X 1
- 0 11 i =]
] ~
- ] B e e e e e - o=
~N ] | MERARRRANRARAN NN NR RN
- . ! | BT e e e e e e
4O - S S ~1 B e S .
T\ o " P WD 00 Ot N o WY P D O © A o O 3 = Y = 0 Qo N 4 OOt 1 OB " ”’33 " O e £ o L\
D R T ro o o A i b S B B e e T T R e o e b BTN
e > VAL LT LT T EE -
aQ
-

Figure



http:rtl.i,/riltTIl.ti

"green vegetation" appeared to be the
proportion expected after viewing the
aerial photograph. It is of interest
to note that the pattern of RSU's
identified as trees and as 'green vege-
tation" is a distinct moire pattern.—/

Scanner data from California was
utilized as a second example of classi-
fication of data from a completely
different geographical location. This
area had quite different vegetative
species and conditions. This data were
collected over the University of Cali-
fornia, Davis test site and had been
digitized previously for the University
of California at their request. Initi-
ally, the species of vegetation present
was not known. The multigspectral gray
scale printouts were examined and based
upon past experience in interpreting
spectral response of basic cover types,
the following categoriesg for classifi-
cation were selected: bare soil, water,
green vegetation, combination of green
vegetation and water (believed to be
rice, it was not known that rice paddies
were present in the flight line). The
automatic classification into these
four categories appeared to be good,

;/ Laboratory for Agricultural Remote
Sensing, Remote Multispectral Sensing
in Agriculture, Purdue University,
Agricultural Exreriment Station, Re-
search Bulletin No. 831, 1967.
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but the evaluation of these results was
limited since no posgitive ground truth
information was available. Information
concerning the cover type or crop species
present was obtained later. The areas
believed to be soil were indeed bare
soil, the combination of green vegetation
and water was immature rice, and the
green vegetation was either safflower or
mature rice. Using these crop species
identifications, the data were again
classified, using the following classes:
soil (both light and dark), immature
rice, mature rice, safflower, and

water. The tabular classification
results showed a 98 percent accuracy

for the training fields. Figure 56
shows imagery of this area in the .L6

to .48 micrometer wavelength bands.
Figure 57 is the same area in the 0.8

to 1.0 micrometer wavelength bands.
These were two of the four bands used

in the classification; the other two
bands were .55 to .58 and 0.72 to 0.80
micrometers. The crop species identi-
fication is shown in Figure 58. Figure
58 shows the computer printouts of
clasgification results for the entire
area, on a crop by crop basis.

The accuracy appears to be very
high. The bright spots seen in
Figures 56 and 57 in the paddies of
immature rice were thresholded on the
computer printouts and not identified
as rice, even though surrounded by rice.
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Figure 56.

Imagery of the California
Area in the .46 to .48
Micrometer Wavelength Bands

Figure 57.

Imagery of the California
Area in the 0.8 to 1.0
Micrometer Wavelength Bands.
BS=bare soil, W=water,
Br=brush, IR=immature rice,
S=safflower, MR= mature rice
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Figure 58. Computer Printout Classification Results of California Area Showing

(a) Rice (M), Immature Rice (-); (b) Safflower (M);
(¢) Soil (-,=), Water (i)
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The potential of this technique to
measure acreage of the crop actually
present, rather than the total acreage
of fields planted to that crop, as
determined by the field boundaries is
demonstrated.

Through the use of these classi~
fication results from California and
Texas data it was concluded that this
multispectral data processing tech-—
nique could be satisfactorily used
for data from different geographic
locations. The preblems of agricul-
tural variability and training sample
selection were similar to Indiana for
the Texas and Californiaz data. The
resulis show a reasonably high degree of
accuracy for both leocations.

LABCRATCRY STUDIES COF IEAF AND SOIL
REFIECTANGE

COLCR AND COLCR INFRARED PHOTCGRAPHY

In the past few years increased
use of color and color inirared photo-
graphy has placed greater emphasis upon
the spectral differences among plant
species and the spectral changes that
occur because of maturilty or stress
conditicns. Correct interpretation of
regular color film is not exceedingly
difficult since our eyes are also sep-
sitive to this portion of the spectrum.
However ,- because our eyes are not sen-—
sitive to the infrared wavelengths,
the specitral characteristics of plant
and soll materials in these wavelengths
are relatively unfamiliar. Therefore,
interpretation of photograsphy in the
infrared wavelengihs is more difficult.
Since color infrared film is sensitive
to both the visible and infrared wave-
lengths, it can be erronsously inter-
preted.

BTCGEOPHYSICAL RESEARCH FRCGR 4GS

SFECTRATL BEHAVICR OF PLANTS AND S0IIS

As the potentials for the use of
color infrared film and multispectral
scamners become better known, the fac-
tors affecting reflectance and emit-
tance from various plant and soil
materials will need to be more completely
understood. This will be necessary so
that (1) we can interpret the data more
completely and precisely, and (2) we
can reliably predict those conditions
under which we would expect to observe
changes in the spectral characteristics
of these materials.

Thé manner and portion of the
spectrum in which the change will occur
must be known te evaluate the feasi-
bility for using remoie sensing sys-
tems to located and map areas where
special situations exist. To gain this
type of understanding of the spectral
behavior of plant and soil materials
requires an integrated research program
of laboratory, field, and aircraft
experiments. Without such an integrated
program, we will find ourselves continu-
ally dealing with new problems by
emperical methods.

In an attempt to gain additional
insight to the reflectance properties
of plants and scils, DK-2 spectral
data were obtained for over 2300 samples
of various plant and soil materigls. 4
detailed account of the techniques used,
the plant species, soil type, and tte
condition of the samples used in obtaining
these spectra is given in g previous
LARS Annual Report.l

1/ Laboratory for Agricultural Remote
Sensing. 1968. Remote Multispectral Sen—
sing in Agriculture, Volume No. 3 (Annual
Report). Agricultural Experiment Station
Research Bulletin No. 844. pp. 18-25.




Some of the analyses conducted
with these spectral data were reporied
previously.l
conducted during this contract pericd.
In these analyses, particular attention
was given to the (1) effects of pig-
mentation on leaf reflectance, (2)
effects of moisture content on leaf
reflectance, and {3) effects of mois—
ture content on soil reflectance.

Figure 59 is a pbrief review of the
characteristic spectral reflectance of
a green leaf and indicates that the
0.L to 2.6 micrometer portion of the
spectrum can be roughly divided into
three areas. First is the visible
wavelength region, in which plant pig-
ments (especially the chlorophylls)
dominate the spectral response of
plants. Second is the region from
approximately 0.72 to 1.3 micrometers
where there is very little absorption
by a leaf, and tlerefore most of the
energy reaching the leaf must be
either transmitted cor reflected. The
third region is from 1.3 to 2.6 micro~
meters where water is absorbed.

Note in Figure 59 thalt a normal
green, healthy leaf will have four
primary abscrption bands. Two of these
are in the visible wavelenghts and are
caused by chlorophyll zbsorption, one
at approximately 0.45 micrometers in
the blue region and one at approximately
0.65 micrometers in the red region.
Water absorption accounts for the sirong

1/ The results of this DK-2 study were
presented in a paper by R. M. Hoffer and
C. J. Johamnsen, entitled "Ecological
Potentials in Spectral Signature Analy-
sis ' sinece published by the University
of Georgia Fress, Athens, Georgia in a
book edited by P. L, Johnson, entitled
Remote Sensing in Ecology. (1969)

Additional analyses were °
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decrease in reflectance at wavelength
bands located at approximately 1.45
and 1.95 micrometers in the infrared.

EFFECT OF PIGMENTATION ON IEAF REFIEC—
TANCE

As previously stated, leaf pig-
mentgtion can cause marked differences
in spectral response in the visible
wavelengths, as illustrgted in Figure 60.

The white Coleus leaf without any
apparent pigmentation has a very high
level of reflectance throughout the
0.5 to 0.9 micrometer region. The
leaf dominated by chlorophyll pigmen—
tation shows the characteristic curve
for a green leaf, with relatively low
reflectance at 0.5 micrometer, a peak
in the green ab approximately 0.55
micrometer, low reflectance again in the
red at about 0.65 micrometers, and then
the usual sharp increase at about 0.7
miecrometers to the reflective infrared
wavelengths., A red lepf has a low
reflectance throughout the blue and
green portions of the spectrum, then

a marked increase and very high level
of reflectance throughout the red
wavelengths. A deep reddish-purple

leaf has a relatively low level of
reflectance throughout the visible
region, and then a sharp rise which
coincides with thal of the green leaf.

A

Figure 61 extends the wavelength
band of these four leaf pigment
conditions out to 2.6 micrometers.
There is very little difference in
reflectance throughout the reflective
infrared wavelengths, in spiite of the
marked differences in the visible
wavelengths caused by the pigmentation.

Figure 62 shows distinct differences
in reflectance of two silver maple
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Figure 59. Characteristic Spectral Reflectance Curve of a Green Leaf

(Acer saccharinum 1) leaves. These
spectra were obtained in the fall and
are typical of several obtained for
leaves at this stage of maturity. One
of these leaves was a normal green, the
other a brilliant red. The red color-
ation was caused by the presence of
enthocyanins, which are often produced
in maple trees in the fall after
chlorophyll production has ceased. As
was the situation with the red Coleus
leaf, the red maple leaf has a rela-
tively low reflectance at wavelengths
below about 0.60 micrometers, then has

a sharp rise in reflectance. In this
case, however, there is a decrease in
reflectance at approximately 0.66 micro-
meters in the red chlorophyll absorp-—
tion band, thus indicating the presence
of some small amounts of chlorophyll.
However, the generally high reflectance
throughout the 0.62 to 0.72 micrometer
portion of the spectrum dominates, thus
giving the leaf its brilliant red color-
ation.

Spectra for leaves of tuliptree
(Liriodendron tulipifera L) are shown

Qb
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Reflectance Curves for
Two Silver Maple Leaves
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Figure 61. Reflectance Curves for
Goleus Leaves Extended To
2.6 Micrometers

in Figure 63. Both leaves were quite
succulent and at normal high moisture
contents. However, one leaf was a
normal, deep green color while the
other was a bright yellow. The
yellow coloration was due to the
normal avtumn bregkdown of the
chlorophylls, which were not reformed,
thus allowing +the presence of the
carotenes and xanthophylls to become
evident. These carotencid pigments
were present before the chlorophylil
bregkdown, but were masked by the
chlorophylls. The green tuliptree
leaf has the usual™ green spectral
curve, but the yellow leaf has a
very sharp increase in reflectance
starting at 0,50 micrometer and
continued high reflectance through-
out the green and red portions of

the visible spectrum. In the infrared
wavelengths, the yellow leaf has 2 to
3 percent lower reflectance than the
green leaf. This could cause a some—
what darker tone on infrared film.
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Two Tuliptree Leaves

Figure 63.

EFFECT OF MOISTURE CONTENT ON IEAF
REFIECTANCE

Reflectance of leaves in the 1.3
to 2.6 micrometer portion of the
spectrum should be examined with par-—
ticular attention to the water content
of tE7 leaves. Forsythe and Christi-~
son &/ showed the absorption for one
millimeter thickness of water in these
wavelengths, Figure 64 indicates the
close relationship beiween water
gbsorption and reflectance for a
healthy, turgid green leaf. In wave-
lengths where water absorption is high,
leaf reflectance is low. This is most
apparent in the primary water absorption
bands centered at 1.45 and 1.95 micro-
meters. There are also slight increases
in water absorption alt approximately

i/ Forsythe, W.E. and F.L. Christison.
1930. The Absorption of Radiation from
Different Sources by Water and by Body
Tissue. Journal of COptical Society of
America  20:693-700.
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Reflectance Curve of
Green Leaf and Water
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0.96 and 1.2 micrometers. These minor
water gbsorption bands cause slight
‘decregses in reflectance of the leaf.
However, because water absorption is
generally very low in the 0.7 and 1.3
micrometer band, its influence upon
leaf reflectance is minor.

The influence of the drying of leaf
tissue and the marked specltral changes
that take place in the water sbsorption
region are shown in Figure 65. These
curves are plotted from averages for
groups of corn leaves at four different
moisture content levels, MHarked
increases in reflectance with de-
creasing moisture content are observed
throughout the 0.5 to 2.6 micrometer
region. The curve for corn leaf sam-
ples in the O to 40 percent®/ moisture

2/ There were no leaves below 4 per-
cent moisture content within this group.
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Figure 65.

content range approaches 70 percent
reflectance in the unsbsorbed wave—
lengths, decreasing to about 42 percent
at 2.50 micrometers. Only slight
decreases are seen in the primary
water absorption bands. These leaves
lack chlorophyll and therefore have no
absorption in the red visible wave-
lengths., The curve for the 40 to 54
percent moisture content range shows

a 10 to 18 percent decrease in reflec-
tance throughout the reflective infrared
wavelengths. The primary water absorp-
tion bands are guite evident, and the
general shape of the curve in the water
absorption region from 1.3 to 2.6 micro-
meters resembles that of normal
succulent leagves more than does the
curve for O to 40 percent moisture
content. There is a slight decrease

in reflectance at 0.64 to 0.66 micro-
meters, indicating that there was a
small amount of chlorophyll present.”

The two remaining curves in

BICGEQPHYSTCAT, RESEARCH PRCGRAMS

Figure 65 (54-66 percent and 66-100
percentl/ moisture content) are general -
ly similar. Reflectance differences in
the primary water absorption bands are
irom O to 3 percent, although in the
regions between these water absorption
bands there is a 3 to 4 percent differ-
ence in reflectance. In the unabsorbed
region, there is a fairly consistent
difference cf 3 to 4 percent. Examinag-
tion of leaf cross—secticns indicated
that this difference is not due to
water absorption as much as fto the
structural changes taking place in the
leaf that are accompanied by the loss
in moisture content. The 54 to 66 per-
cent molisture content curve has g
higher response in the green visible
wavelenghts due to a lighter color.

These curves indicate that
reflectance measurements are strongly
influenced by the moisture content of
the leaves, particularly but not
exclusively, in the 1.3 to 2.6 micro-
meter region. Changes in the leaf
structure and pigmentation accompany-
ing the changes in moisture content
also have strong effects on reflect-~
ance. The observed differences in
reflectance as related to moisture
content of leaves indicate a possible
potential for remotely detecting
moisture stress in plants using bands
in the 1.3 to 2.6 micrometer porticn
of the spectrum.

Reflectance cf leaves from dif-
ferent speciss but in the same mois—
ture content range may be signifi-~
cantly different. Curves of averaged
reflectance values of leaf samples
with 66 to 80 percent moisture content
are shown in Figure 64. These average

1/ There were no leaves above 76 per—
cent. moisture content within this group.
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Figure 66.

values are from 308 and 382 samples of
soybeans and corn leaves, respectively.
The curves are very similar throughout
the visible wavelengths. However, in
the entire reflective infrared region
from 0.72 to 2.6 micrometers, the
soybean legves have g higher reflect-
ance than the corn leaves, This is
thought to be caused primarily by the
structural differences bhetween mono-
coftvledonous and dicotyledonous leaves,
The dorsi-ventral structure of the
dicotyledonous leaves usually resulis
in higher reflectance. This was found
true for the leaves of‘sevei71 plant
species exawined in detail.l
Reflectance and transmission spectra
for monocotyledonous and dicotyledonous
leaf structures indicate that very

1/ Sinclair, T. R, 1968. Pathway
of Solar Radiation Through Leaves.
Unpublished M.S. Thesis. Purdue
University, Lafayette, Indiana.
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little energy is absorbed in 0.72 to
1.3 micrometer wavelengths band.

Spectra for the legves of three
tree species are shown in Figure 67.
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Reflectance Curves of
Ieaves of Three Tree
Species.

Figure 67.

Although all three spectra have approxi—
mately the same general shape, character-
istic of green vegetation, there are
significant differences in amplitude

of reflectance in certain wavelengih
bands. These relative differences in
reflectance within the various wave-
length bands are significant in pattern
recognition by helping to identify un-
known samples through correlation.

Most evident in these spectra are the
marked differences in reflectances
throughout the ungbsorbed wavelengths.
The tuliptree had about a 5 percent
higher reflectance than the silver
maple,.which in twrn had about 5 per-
cent higher reflectance than the
Mmerican elm. In the visible wave-
lengths, the peak in the green shows
highest reflectance from the maple
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leaf and lowest reflectance from the
elm. A crossover takes place in the
red chlorophyll sbsorption band, how-
ever, and the tuliptree reflects the
least in this wavelength band, The
maple stlll has highest reflectance.

In the 1.9 to 2.6 micrometer region,

the elm has a somewhat higher reflect-
ance than either the maple or tuliptree,
which are guite similar in reflectance.

EFFECT OF MOISTURE CONTENT ON SOIL
REFLECTANCE

Spectral measurements were obtained

on 250 soil samples. Ten different
soil textures, four drainage profiles
and three major soil horizons were
represented in these samples. Spectral
samples of sandy and clay soils were
selected to show the effect of mois-
ture on soil reflectance. The mean
spectral curves for the clay soils at
two different moisture levels and
sandy soils at three different mols—
ture levels are shown in Figures 68
and 69, respectively. The curves for

a0 DK-2 SPECTRAL REFLECTANCE
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Figure 68. Reflectance Curves for Clay
Soil at Twe Moisture Levels
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both soil categories show a very large
decrease in reflecbance with an increase
in moisture. Curves for the clay soils
maintain the same spectral shape, but
the sandy soils exhibit a marked change
in the shape of the spectral curve with
a change in moisture. The water absorp-
tion bands at approximately 1.45 and
1.9%5 micrometers become pronounced for
sandy soils with a moisture content of
over /, percent., Pure samples of
Bentonite, Muscovite, and Kaolinite
clays at only 0.1 percent moisture still
had strong water gbsorption bands. This
evidence and the lack of change in the
characteristic curves at low moisture
contents seem to indicate that bound
water may be exerting an influence on
the reflectance. The bound water in
sandy solls 1s very low compared to
clay, soils. Thus, the sandy soils at
low moisture contents produce a rather
flat, wiform reflectance curve
throughout the reflective infrared
wavelengths., This curve is without

the decrease in reflectance in the
strong water zbscrption bands seen for
the clay soils at low meistuie contents,

80, DK-2 SPECYRAL REFLECTANCE
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Figure 69. Reflectance Curves for Sandy
.57 Boil at Three Moisture lLevels
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The ability to delineate soil
types and to survey the soil moisture
conbent would be of great intersst to
ecologists, soil scientists, and others.
The data just presented represent re-
flectancy from the soil surface. A4s
noted, the reflectance is greatly re-
duced with an increase in moisture con-
tent of the soil surface. It is well
known that soil tends te¢ dry on the
surface, forming a thin dry crust.

This crust cai/develop within 4 few hours
after a rain. Therefore, reflective
measurements using remote sensing de-
vices could show that the soil appears
to be dry, whereas the soil profile
might be very wet. This indicates a
possible limitation in the utility of
reflectance data alone. However, the
use of the smissive or microwave wave-
.lengths, perhaps in combination with
the reflective wavelengths, may allow
scil moisture information to be
obtained by remote sensing techniques.

Comparisons of corn leafl re-
flectance at low moisture (0 to 20
percent) with reflectance of clay soils
at low moisture (2 to 6 percent) and
reflectance of corn leaves at high
moisture (80 to 90 percent) with clay

soils at high moisture (22 to 40 percent)

are shown in Figures 70 and 71,
respectively. The overall shapes of

the low moisture curves are scmewhat
similar. The corn samples generally
have a 10 to 15 percent higher reflect-
ance in the water absorption regions.

A characteristic decrease in reflectance
for these c¢lay soils at about 0.80 to
0.90 micrometers result in a difference

1/ Mannering, J. V. 1967. The
Relationship of Some Physical and Chemi-
cal Properties of Soils to Surface
Sealing. Unpublished Ph.D. Thesis.
Purdue University, Lafayette, Indiana.
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Figure 71.

in reflectance of over 30 percent. Also,
the characteristic decrease in reflect-
ance Tor these clay soils at 2.20
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micrometers is not observed in the
curve for corn at low moisture.

In the comparison of high mois-
ture clay and leaf samples, the clay
solls were completely saturated at
32 to 4O percent moisture. The corn
samples were also at a maximum mois-
ture level at 80 to 90 percent mois-
ture content. Because of differences
in corn and clay materials and in the
total amount of water present, the
clay has a lower reflectance in the
water absorption region even though
the corn has a higher percentage
moisture content than the clay. Again,
the similarity in shape of the curves
in the water absorption region (1.3
to 2.6 micromsters) is striking. Of
course, the clay does not have the
characteristic "green vegetation”
reflectance clrve in the visible wave-
length bands, or the sharp rise at
gbout 0.7 micrometers. In the 0.72
to 1.0 micrometer region, the clay
soils have about 30 percent lower
reflectance than the corn leaves.

This difference would explain the
high response of green vegetation on
infrared f£film compared to the low
response generglly exhibited by soils.

With the use of these leaf and
soil spectra, an agttempt has been made
to show the utility of laboratory
spectral reflectance data for interpre-
tabtion purposes. The portion of the
spectrum where greatest differences
in reflectance among various plant
and soil materials occur can be deter—
mined; effects of differences in mois~
ture content, pigmentation, and
internal leaf structure can be studied.
Laboratory studies are a very necessary
part in developing an understanding of
energy interactions with plant and
s0il materials. However, it must be

BICGEQOPHYSICAL RESEARCH FRCGRAMS

stressed that a capability for dif-
ferentiating plant or soil materigls

on the basis of lsboratory specira

does not mean that the same capability
will be obtained in the field. Labora-
tory spectra are obtained on very small
plant or soil areas normally oriented
at an angle perpendicular or nearly
perpendicular to the incident beam of
energy. Such spectral dsta zre not
necessarily comparable to the spectral
response measured remotely. For example,
airecraft spectral data of a particular
plant species may represent a mixture
of leaves oriented at many different
angles; some leaves are green and
succulent, some brown and dry; sha-
dow areas are present; and some soil
may be showing (with accompanying
differences in response due to soil
type, surface texture and moisture
conditions).é/ The number of layers
of leaf material through which radia-
tion will pass also varies and this
may cause marked differences in
spectral response.Z/

Therefore, these analyses of
individual leaf and soil spectral
data obtained with laboratory instru-—
mentation must bhe regarded with caution,
Nevertheless, proper analysis of

1/ Laboratory for Agricultural Remote
Sensing. 1968. 'Remote ilnltispectral
Sensing in fgriculture." Volume No. 3
(Annual Report). Agriculture Experi-
ment Station Research Bulletin 8L/.
pp. 45-58.

2/ Meyer, V. 1., C. L. Wiegand, M. D.
Heilman, and J. R. Thomas. Remote
Sensing in Soil and Water Conservation
Research. Proc. Fourth Symposium on
Remote Sensing of Enviromment, I.5.7T.,
University of Michigan, Ann Arbor,
Michigan. pp. 801-813.
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spectral data are a valuable and
necessary phase of developing a more
complete understanding of the inter-
relationships of spectral response in
plant and soil materigls, Also, such

BICGEOPHYSICAL RESEARCH PROGRAIS

studies will significantly aild in
developing the necessary capgbilities
for proper interpretation of remotely
sensed multispectral scammer data.
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LEAF SCATTERING STUDY

The scattering of light from corn
and soybean leaves in vivo was measured
with a leaf scattering apparatus. The
measurements were made in a plane
normal to the leaf plane at nineteen
wavelengths from 375 nanometers to 1000
nanometers, at angles of iéi}dence of
0°, 15°, 300, 45°, and 60°,

The scattering measurement chamber
is shown in Figure 72 with the white
arrow indicating the incident light
beam. Optical interrupt tabs are

Figure 72. The Scattering Measurement
Chamber Showing a Sample
Leaf Mounting and the Inci=-
dent Beam Axis

mounted on the floor of the chamber to
cause a sampling trigger every 15° of
rotation of the photomultiplier mount.
The leaf mounting is shown in more
detail in Figure 73, and the soybean
plant beneath the scattering chamber
is shown in Figure 74. The monochro=-

1/ Breece, Harry T, III, 1969, Bi-
directional Scattering Characteristics
of Healthy, Green Soybean and Corn Leaves

in Vivo. Ph.,D. Thesis, Purdue University.

NOT REPRODUCIBLE

Figure 73. The Leaf Mount in the
Scattering Chamber

mator and chopper detail are shown in
Figure 75. The electronic portion of
the system provided amplification and
synchronous demodulation of the sensor
output in the customary manner. In
addition this portion of the system
contained a sine and cosine generat-
ing circuit keyed to the optical
interrupt tabs to trigger signals so
that direct polar plotting of the

sensor output was possible on a storage
oscilloscope. A diagram of the elec-
tronic system is shown in Figure 76 and
a typical storage oscilloscope presenta-
tion of the polar data is shown in
Figure 77. These data were photographed
on 35 millimeter film strips, one frame
per wavelength.

Prior to the main data collection,
two control experiments were run.
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Figure 74.

A Soybean Plant Beneath the
Scattering Chamber with
Measured Leaf in the Leaf
Mount

ME ASUREMENTS

]
\)
L

The Monochromator and Bean
Chopper

Figure 75.

First, the symmetry properties of the
leaves were investigated. Soybean
leaves were found to have Ce rotational
symmetry about the leaf plane normal,
while corn leaves were found to have

C, rotational symmetry about the leaf
plane normal, consistent with the
fibrous structure of this grass leaf.
Second, a statistical consistency
experiment was carried out to see if
several leaves from several plants
could be used to make a complete set
of runs. This was essential because

it was nearly impossible to avoid some
wear and tear on a single leaf from a
single plant for the length of the
data runs. Thus, it was necessary to
establish that several leaves from the
same general location on several plants
would exhibit acceptably small variations
in scattering characteristics., Dis-
crepancies ranged as high as 20 percent
while most data agreed within about
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l 10 percent. Standard deviations ran be- searchl/ in the wavelengths above 750 nano-
tween 0.1 and 2.5 except for one case at meters. An incorrect transmission curve
3.1 and one case at 3.9. on a "neutral" density filter used in cali-
bration was employed in data reduction.
A typical result for soybean leaves The length of a polar vector to any point
from the main data is shown in Figure 78. on a scattering curve, as measured with the
These curves have been corrected from
I those shown in the previously cited re- 1/ ibid.



Figure 77. A Typical Polar Intensity
Plot on the Storage Oscillo-
scope Screen for One Chosen
Wavelength and One Chosen
Angle of Incidence

scale shown and multiplied by the
appropriate REFL or TRANS number, yields
either p'cos(ecoll) for reflection or

1 e tasi fs
tlcos(m ecoll) for transmission, Bi

directional reflectance and transmission
distribution functions are p' and 7!
respectively. OSimilar data for soybean
leaves at 60° angle of incidence are
shown in Figure 79. Figure 80 shows
data for corn leaves at 30° angle of
incidence with vertical midvein orienta-
tion. Finally, the bidirectional trans-
mission distribution function for soy-
bean leaves at Qcoll = 180° and normal

ME ASUREMENTS

MEASURING SCALE

Figure 78. Polar Plots of Soybean
Leaf p'cos ecoll and

. o~
T'cos(m ecoll) for top

incidence at 8. - Oo.
inc
8 is the detector

coll
collection angle, measured
clockwise from the leaf
normal.

from the data in Figure 78.

There are two main theoretical
developments that have a bearing in

incidence is shown in Figure 81, directly modeling the scattering of light in
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Figure 79. Polar Plots of Soybean Leaf

T 1
p COS @coll and t'cos
(v =~ @coll) £Or top Incidence
at @, = 60", See Figure
inc

78 for Wavelength Code.

leaves. The firgt is the general radi-
ative transfer problem described in
detail by Chandresekhar.}/ The second
is the problem of scattering from rough
surfaces described by Beckmann and
Spizzichino.g/ Models that are tract-
able in radiative transfer theory are
much too simple to be applied to the
leaf, Structureg of characterigtic

1/ S. Chandresekhar, Radiative Trans-
fer, Dover Publicabions, Inc., New York

(1960).

2/ P. Beckmann and A. Spizzichino. The
Scattering of Electromagnetic Waves from
Rough gurfaces, The MacMillian Co., New
York (1963),

e S S s ok e e B B ottt T 4 A A8 Bl B8 PR Bt e e e g e P S e

SOURCE 6

TRANS 30 LI/P3

REFL 50

TRANS 50 " TI/P3
] s
By
E) 173
0 \ 18 14

14
18
REFL_IO REFL 80
TRANS 10 TRANS 160 L3/P2
4
18
17
15,16,19
0 1073 2407
MEASURING SCALE
Figure 80. Polar Plots of Corn Leaf
] 1
cos @ and, cos
P coll T
T - @ for Top Incidence
( coll) =

and Vertical Midvein Orienta-
tion at @inc = 30°,

dimengions ranging from A/lOO to 10CH
are neither sufficiently disorderly to
be treated in a statistical way, nor
sufficiently orderly to be ireabed with
the simplifications of periodic struc-
tures. This pertaing to prediction of
the spatigl distribution of reflected
and transmitted power from the lesf.

An approximate approach to the
general radiative ¥bransfer problem,
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Figure 81. Bidirectional Trangmission
Distribution funection 1' at
8 = 180°
coll

the Kubelka~Munk theory,l/ can yield
scattering and ebsorption parameters
from total reflectance and transmittance
data, which can then be qualitatively
related to leaf structure. 1% is
tempting to try to model the spatial
leaf scabtering on the basis of the
Kubelka-Munk thecry, but this requires

an assumption on the angular distribution

of radiant flux within the leaf. IFf
the customary ideal diffuser model in

1/ W. W. Wendlandt and H. G. Hecht,
Reflectance Spectrogeopy, Inbersecience
Publishers, New York (1966).

2/ V. I. Myers and W. A. Allen,
"Electrooptical Remote Sensing Methods
as Nondestructive Testing and Measuring
Technigues in Agriculture," Appl. Opt.,
Vol. 7, p. 1819, 1968.
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which the radiant flux is uniformly
distributed. about any point in the
material is assumed, no matter how
cloge to the surface, then the scat-
tering patterns for both reflection
and transmigsion should be Lambertian.
This ig obviously not the case seen in
the data. The reflection curves are
c¢learly non-Lambertian for off-normal.
incidence and show the kind of gpecular
reflection expected from spatially
irregular dielectric-dielectric inter-
faces in accord with the familiar
Willstatter-Stoll theoxy of light
scattering in leaves., While most of
the trangmigsion curves sre near
Lambertian even for angles of ineci-
dence of 60°, a careful look shows

a sharpening toward the beam direc-
tion, indicating incomplete scabtering
of the incident beam.

The abgorptiocn gpectrum typical
of total diffuse reflectance measgure-
ments made with an integrating
sphere spectrophotometer is gtill
pregent in the highly non-Lambertian
"specular" reflected power in Figure
79. This strongly indicates that the
reflected power has penetrated the
waxy leaf cuticle into the sbsorbing
interior cells with only slight air-
cuticle reflection. The data presented
for this report represent a small
sample of the entire experiment. It
was generelly true that in the non-
absorbing near infrared wavelength
range from 750 to 1000 naznometers the
scattering was more "specular' in
character for corn leavesg than for
soybean leaves, particularly at 60
angle of incidence. Soybean and
corn leaf cross-sections were,ghoun
in the previous annual report= and

3/ Leboratory for Agricultural Remote
Sensing, Remote Multispectral Senging

. in Agriculture, Purdve University,

Agricultural Experiment Station, Re-
search Bulletin Wo. 8hh, 1968.
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some discussion of structure effects on
spectral properties was given. It would
appear from the present data that cell
form and packing do have a bearing on the
light scattering; there are more cell

wall surface elements in the corn leaf O — 2 aar 1o
within some reasonable bounds on para- SPECTRIAL. REDIANGE, Wi sr—jr) VERSUS WA/ELENGTH /xlond

llelism with the leaf plane than there A GNIE B XL B L SR S S RSN
are in the soybean leaf with its rod- W i
like palisade cell structure.

Further research efforts will con-
centrate on the interpretation of the
leaf scabtbtering data. In addition, an
-engineering task of repackaging the
electronics of the apparatus will be
initiated so that use of the apparatus
by the life sclentist will involve a
minimal amount of dial-turning.

:
H . i :
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The LARS field van System was used SMELTRAL RESICNCE CURVE CONPUIED FAGK RFTAUFENT I1RIKEPER $UNCTION = LLIELIT LN
extensively in the 1968 growing season
t0 record emissive spectra from natural -

scenes with the Block 195T lfichelson Figure 82. A Typical Scene Spectral

interferometer spectrometer. Data Radiance Graph from Block 195 T

processing and plotting techniques were ; Spectrometer Data.

improved so that outputs from field

scenes would be_the actual scene radi- {1) Interferograms are recorded with

ance, N,  (W/em®-sr-um) or equivalent the Block 195T optical head in the field
s van viewing a conical blackbody standard

blackbody temperature, TBB’ defined by heated to a thermistor-measured tempera-—

the following equation: ture between 4LOC and 50° C. The instru-

ment cavity temperature is alsc measured
1.19x10h by an internal thermistor. When these

interferogramns are averaged and the
r R . .

l51 1L .388/\T - ] inverse-transformed, the resulting instru-
Lexp( #s3 -/ B) . ment response, Rstd(l), is proportional

Nhsc(measured)=

to the difference between the blackbody

Examples of these outputs are shown in standard radiance, letd’ and the instru-

Figures 82 and 83. ment blackbody radiance, N,.. Therefore,
the formula is:
The typical roubtine of calibration

and data acquisition in the field is: Rstd(h) =K, (Nkstd - Nli)
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Figure 83. A Typical Equivalent Black-
body Temperature Graph from
Block 195 T Spectrometer
Data. Interpolation Between
1/2°C Points is Made From

Tabular Data

where K. is the instrument throughout,
the basic function determined by this
measurement.. Thus, the result is:

Rstd(h)

7 —_—

x?\_‘

N?\std - N?ki

(2) Scene spectra interferogranms
are recorded with the Block 195T optical
head viewing the scene from the cherry
picker bucket. The instrument cavity
temperature is recorded for each rum.
then these interferograms are inverse-—
transformed, the result is an instru-
ment response for the scene, R_ (k)
Therefore the formula is:

MEASTREMENTS

Rsc(l) = KR (Nksc - Nhi)
=VRmﬂ“; (Fyge ~ Myy)
Masta 7 Mag

where lec is the scene spectral radiance.

) N,; in the numerator is the instrument

cavity blackbody radiance at the instru-
ment temperature during the scene measure-
ment. Nki in the denominstor is the

instrument cavity blackbody radiance at
the instrument temperature during the
calibration run in (1).

(3) Additional calibration runs are
recorded on tape during the day, so that
a calibration run is at the begimning and
end of each reel of analog data tape.

Results from several scenes taken
both during and between flight missions
are presented in Figures 84 through 89.
Except for scenes containing a large
portion of soil, the equivalent blackbody
temperature curves are usually flat within
16C from about & to 13 micrometers.
Restrahlen structure is present in the
soil scene spectra in the silica range
from aboubt 8.5 to 9.4 micrometers. Data
consistency comparisons indicate the
absolute accuracy of the eguivalent
blackbody temperature curves to be
approximately + 1°C while the peak~to~
peak noise level is less than .25 C.

PRISM FIELD SPECTRCRADIOMETER

A Perkin-Elmer Model 98 mcno-—
chromator is being modified for field
spectroscopy. The adjustable slit
system of the original equipment is
replaced by a fixed entrance aperture,
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Figure 84. EBEquivalent Blackbody Temperature Spectra from Field Scenes on

July 30, 1968, the Day of a NASA Flight Mission
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111



W
o

W
o

N A an
\/ (N

—— 49
: T 385 _
— 7

GREEN WEEDS, FIEL.D 381-36-I, 1425,6=20"

DRY WEED STUBBLE, FIELD 380-36-l, 1427,8=20°

TASSELED CORN, FIELD 405-1-10,1443, 8=45°

OAT & ALFALFA STUBBLE, FIELD 405-1-6, 1453,8=20° 8 ——
TASSELED CORN, FIELD 406-6-1, 1503, 8=11°

GRAVEL ROAD, FIELDS 406-6-1 & 406-7-9, 1509, 8=15°

SOYBEANS, FIELD 405-12-4, 1519, 8=40°

N
(9]

EQ. BLACKBODY TEMPERATURE(°C)
o
o

0 15
WAVELENGTH (um)

Figure 86. Equivalent Blackbody Temperature Spectra from Field Scenes on
July 30, 1968, the Day of a NASA Flight Mission
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July 30, 1968, the Day of a NASA Flight Mission
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1 millimeter square. The exit slit is
defined by an aperture plate covering
two fiber optics bundles and by a PbS
detector with an active area of 1
millimeter square. The two fiber optics
bundles transmit to a photomultiplier
tube and a silicon photovoltaic detector,
respectively. The exit aperture and
detector mount is indicated by the

arrow in Figure 90. A preamplifier
chassis is mounted next to the detector
mount and behind the black sheet metal
screen from the collimating and dis-
persing optical componentse.

NOT REPRODUCIBE

Figure 91. Object Side of Entrance
Aperture

Figure 90, Exit Aperture and Detector
Mount Indicated by Arrow

Figure 91 shows the chopped motor,

chopper wheel, and plane mirror mount Figure 92. Close-Up View

on the object side of the entrance

aperture of the monochromator. This A wavelength scanning motor with
entire portion will be enclosed in a a reversing logic system was installed,
cover box with one viewing port out the tested, and discarded because of large
bottom for gathering scene radiance. An current transient upset of the detector
optical reference pick-up for the syn- and preamplifier system during motor
chronous demodulation has been construct- reversal. A continuous unidirectional
ed and will bte mounted around the motor-cam system to rock the Littrow
chopper blade. Figure 92 shows a close mirror arm back and forth is in the
view of the Littrow system, entrance design stage.

aperture, exit aperture, chopper wheel

and motor, and the plane mirror mount. BLOCK POLARIZATION SPECTROMETER
Preliminary tests of the system indicate

good signal-to-noise ratio performance One further test was performed on
on natural scenes. the Block P-4 Polarization Interferometer

11k



MEASUREMENTS

Spectrometer to check the motion integrity its main bearing shaft of about 0.7°.

of the Soleil compensator prism mount. This measurement was made without any
A front-surface mirror on & microscope attempt to stabilize the prism with a
slide was glued to the prism mount and guide channel as discussed in the

a helium-neon laser beam was directed previous LARS annual report.

at the mirror as the prism was driven

back and forth. The reflected beam It is clear that any further

was observed on white paper at 4 meters designs of such an instrument must
from the prism mount. The beam spot consider prism motion integrity. The
on the paper hounced erratically over instrument will be returned to the

a 1 by 10 centimeter rectangle, in- cognigant lending NASA laboragtory.

dicating a rocking of the prism about
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TITTRODUCTT ON

In 1968 flight missions were con-
ducted at three selected times of the

growing season. In addition to their

high value for recording ground truth, Fuur”r
the color and color infrared films have ,

i
been studied to determine: ﬁvx}a\izjr
(-

(1) The utility of the different :
film types to identify crop species. R SR
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(2) The utility of different film
types to determine crop conditions.,
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(3) The utility of different photo
scales.
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(4) The utility of different film
types to determine soil type and
conditions.
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(5) The utility of good-quality
color and color infrared photography
in the analysis of multispectral scan-
ner data.

PHOTCGRAPHIC REQUIREMENTS

LARS /Purdue requested NASA to obtain
simultaneously color and color IR film
over test site 44 (Figure 93), Tippe-
cance County, Indiana. This involwved
having the flight lines (Figure 94) in
Tippecanoe County be overflown during
three specific time periods in the 1968 Figure 93. Test Site 44, Tippecanoe

growing seasorn. County, Indiana
Past experience in using these . Mission 72, May 6, 7

emulsions has indicated the utility of

each type for identifying various earth . Mission T4, June 18, 19

surface features.
Hission 77, July 30.
The NASA convair was able to obtain
complete photographic coverage of each
flightline for the following missions
and dates:
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PHOTOGRAPHIC ANALYSIS

MISSION T2

Primary considerations for Mission
T2 were mapping soils and fields of
winter wheat.

Soil Mapping

In mid-spring much of the agri-
cultural land in central Indiana is or
has been plowed. Vegetative cover is
limited to pastures, winter wheat, hay
crops and naturally occurring vegetation.

Contrasts between soil types are
markedly exhibited in freshly overturned
soils. Soil boundaries are distinctly
separable on both film types. The soil

NASA DATA EVALUATION

-

boundaries are not distinet between
soils of similar colors in fields that
were fall-plowed. Figure 95 illustrates
the differences between spring-plowed
(E-2) and fall-plowed (E-3) fields.

Vegetation Mapping

Pasture, winter wheat, hay crops
and natural vegetation comprised the
majority of ground cover during
Mission T2.

Areas of natural vegetation (such
as areas of decidious and coniferous
tree species around point F in Figure
95 are easily identified with either
film type by their characteristic tones
and textures. Winter wheat (A in Fig-
ure 95) appears to be a fine mat of

NOT REPRODUCIBLE

Figure 95. Mission 72 (May) Color and Color Infrared Data Showing (A) Winter
Wheat, (B) Oats, (C) Pasture, (D) Hay Crops, (E) Soils, and (F)

Stream

118



i _¢

continuous uniform tone and texture.
Pastures (C) are mottled due to large
amounts of dead, dry vegetation re-
maining from the previous year's growth.
Red clover and alfalfa hay crops (D)
gppear similar to wheat fields but are
not as uniform. Hay crops usually have
a mixture of grass and legume species
and therefore appear mottled.

Oats, although planted and growing,
were not of sufficient height or ground
cover to be identified on the color
photographs. However, on the color in-
frared film, distinct rows of growing
plants could be identified. Fields Bl
and B2 in Figure 95 are good examples
of the enhancement effect of color
infrared film. The relative case of
detecting oats on the color infrared,
even in field B2, makes this film type
for mid-spring crop surveys.

MISSION 74

The primary objective of Mission 74
was to identify corn and soybeans at an
early stage of growth.

Heavy rains 40 hours prior to the
overflight proved ifission 74 to be
extremely useful to soil scientists.
Soil drainage patterns were enhanced
even though there was some vegetative
cover. Soil Conservation Service
personnel and LARS researchers were
interested in the ease of locating
drainage tile lines, some of which had
been installed 20 years before the over-
flight. Figure 96 compares two fields
both of which were overflown during
Mission 72 and Mission 7L. The under-
ground tiles indicated by drainage
patterns (arrows in field E2) are
distinct on the Mission 74 photography.
There is no indication of their exis-
tence on the Mission 72 data (upper set
of aerial photos).
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Ponded fields were easily detected
on the color infrared film. The heavily
silted standing water appears light blue
on the color infrared film. Figure 97
contains portions of color and color
infrared aerial photos along the Wabash
River in Tippecance County. Points Al
and A2 represent low lying flooded areas
which are easily detected on the color
infrared film. The pond at B appears
black and can be considered to be silt
free. The drainage ditch along C
appears to be at capacity, note the ease
of identifying this feature on the
codor - film,

Due to the heavy rains and serious
flooding, the primary considerations for
flying Mission 74 were not completed.
Corn planted before May 15 was easily
separated from soybeans because of 3
higher percentage of ground cover.

Corn planted after June 1 was especial-
ly difficult to distinguish from soybeans.
The effects of the heavy rain had a
conflicting effect on the separation of
these crops. All soils had a darker

tone due to moisture.

Figure 98 is an aerial view of the
same area seen in Figure 95 but taken
during Mission 74. It is interesting
to note the change that has occurred
over the one and a half month time
span. Winter wheat (4) is close to
maturity, indicated by the brown tone
on the color film. Oat fields (Bl and
B2) are easily distinguished during
this time in June. The hay field (D)
is matured and is being harvested.
Pasture (C) is still separable from
other green vegetation due to its
mottled appearance.

Areas E1, E2, and E3 have all
been planted. El1 and E3 have been
planted to soybeans; E3 was planted
earlier than E1. MNote the ease of



detecting planted crops on the color
infrared film. Corn has been planted
in field E2. Note the similarity in
both film types of corn (E2) and early
planted soybeans (E3).

In both sets of photography, a
b T RS

NOT REPRODUCIBLE
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stream can be seen in the pasture (C).
Following this stream through the farm
woodlots is difficult on color film.
The streams path (F) can be more
easily followed on the color infrared
film.

Figure 96. Comparison of the May and June Color and Color Infrared Photography.
Note the drainage tile in the lower left of the June photograph.
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Figure 97.

Bodies of standing water are easily detected on the color infrared
photo (points A, B, and C) while not as apparent on the color
photo taken at the same time. The arrow (upper left) points out

a hot spot caused by sun reflecting from the water surface.
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Figure 98. Mission 74 (June) Color and Color Infrared Photography Showing
(A) Maturing Winter Wheat, (B) Oats, (C) Pasture, (D) Hay Crop
Being Harvested, (E1 and E3) Fields Planted to Soybeans, (E2)
Planted Corn and (F) Stream

MISSION 77

Mission 77 was the only mission
during 1968 from which LARS was able to
obtain both photographic coverage and
multispectral scanner imagery on the
same date. The primary goal of Mission
T7T was to differentiate corn and soy-
beans during a mature stage in their
growing cycles. It was also of interest
to see if small grain stubbles could be
identified from hay crops.

In 1967 LARS attempted to separate

corn and soybeans on scanner data
obtained in mid-July and found that
species separation at this time was
difficult and inaccurate. Ground
cover for both species was similar and
ground truth photography was not avail-
able. By postponing the overflight
until late July, it was hoped that the
corn would be tasseled. Tasseled corn
should be spectrally different from
soybeans and therefore, easier to
differentiate.

Heavy spring rains required that
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some corn fields be partially or fully
replanted. Later initial planting dates
caused variation in tasseling dates.
The replanted corn fields were not
tasseled on July 30, Partial or com-
pletely non-tasseled fields cause dif-
ficulty in accurately classifying the
scanner data. However, since aerial
photography was obtained on the same
day, researchers could locate problem
areas to improve final classification
of the scanner data. The utility of
color and color infrared films as a
record of ground conditions at the time
of scanner overflights proved to be
extremely important.

NASA DATA EVALUATTION
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Figure 99 illustrates the same
area as Figures 95 and 97. Sequential
photography of this nature is useful in
monitoring the development of crops
throughout the growing season. The
aerial photography illustrated by Figures
95, 97, and 99 was taken approximately
at one and a half month intervals. It
is interesting to note the crop and
field development from early May (Fig-
ure 95) to late July (Figure 99).

The field at A which was winter
wheat has since been used as pasture.
The vegetation is probably volunteer
species of clover and grasses growing

Figure 99. Mission 77 (July) Color and Color Infrared Photography Showing
(A) Wheat Stubble and Green Undergrowth, (B) Maturing Oats,
(C) Overgrezed Pasture, (D) Hay Crop, (El and E3) Soybeans,
(E2) Corn Field with Different Varieties--a and b, and (F) Stream
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up through the wheat residues.

The oats in fields Bl and B2 have
been harvested., Close examinagtion will
indicate the path of the cowbine during
harvest.

The pasture (C) contains much dead
or dying vegetation. The mottled
appearance in this field may be an indi
cation thalt this pasture has been over-
grazed. In a well managed pasture the
extent of dead vegetation, as indicated
by the mottled appearance on the asrial
photos, would not be so great.

Soybean fields (Bl and E3)are
ready for harvest. A tractor pulling
a picker can be seen along the bound-
ary of fields El and E2 indicating their
maturity., The effects of the heavy
apring rains can be seen in field E1.
The portion of the field indicated by the
arrow is poorly drained. The poor
growth of soybeans in this area indi-
cates that this area was probably flooded
soon after planting.

The corn field (E3) exhibits a
distinet boundary between a and b. Soil
pabterns, especially noticeable on the
color infrared film are visible in a but
not in b. Also vortions of a and b are
tasseled and the row width apvears
constant. The difference in appearance
is probably due ito different varieties
of corn in a and b. The variety in b
is faster growing and, therefore, tas-
sles sooner than the variety in a. Not
much variation can be seen in corn
field (E2) in Figure 97. This supports
the assumption that the diiferences
between a and b (Figure 99) are due to
variety not planting date since the
field seems to have been planted at
about the same time. Without access to
sequential photography, a mistake in
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interpretation could have easily been
made. The nature of the NASA 1968 mis-
sions have been invaluable as ground
truth aids in such interpretative
instances.

Even though there is considerable
ground cover during this time of year,
the stream along Point F (Figure 99)
can still be easily traced on the color
infrared film. The capability of ithis
film to accurately differentiate bodies
of water meke it an envaluable aid in
ground water studies.

CROP SPECIES TDENTIFTCATTON STUDIES

An experiment was conducted with
the Mission 77 photography to determine
which altitude and film type cowld best
be used to identify crop species. The
test was conducted in a 7.5 square mile
area along Flight Line 25. 1In this
area 59 fields of soybeans were located.
Nine of these fields had not bheen
identified by the ground truth person-
nel because the fields were located in
the center parts of the sections. On
the 1:14,000 scale color photography,
positive identification was made on
only A48 soybean fields. ©5ix more were
guestionable, three were misidentified,
and two could not be even tentatively
identified with the color photography.
On the 1:14,000 scale color infrared
photography, 56 of the 59 fields were
positively identified. There were no
fields listed as unknown: one field was
listed as questionable and twe fields
were misidentified. Using the 1:4,000
scale, either color or color infrared
photography, 58 of the 59 fields were
positively identified and one was
listed as being a questionable identifi-
cation.

In the same area, a total of 60
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corn fields were examined. Of these,

10 had not been identified by the ground
truth personnel because they were
located in the center areas of the sec~
tions and were not accessible. Forty-
seven of the corn fields were positively
identified using the color photography,
1:14,000 scele. OFf the remaining 13
fields, one had been misidentified,
three were listed as guestionable but
believed to be corn, and nine fields
could not be even tentatively identified
so were listed as unknown. On the color
infrared photography, 1:14,000 scale,

58 of the 60 fields were positively
identified. The remaining two fields
were listed as questionable. There were
no fields listed as not identified or
misidentified. Using the 1:4,000 scale
photography, either color or color
infrared, allowed 59 of the 60 fields

to be positively identified, while one
field was listed as being guestionable.

Hay, pasture, and diverted acres
(land retired by the farmer for govern-—
ment payment) were very difficult to
positively identify on any scale or
film type. In some cases, fields seeded
with oats in the spring had been harvest-
ed by this time of year zllowing an
undergrowth of alfalfa or red clover to
be visible. It was difficult to
positively distinguish between fields
of oat stubble with an undergrowth of
alfalfa from recently mowed and harvest-
ed hay fields. In cases where there
was no undergrovwth of alfalfa or red
clover, stubble fields of winter wheat
or oats were readily identifizble on
hoth film types and scales. Thus, at
this time of the growing season, three
general agricultural categories can be
readily distinguished. These are (1)
small grains, either wheat or ocats; (2)
row crops, eilther corn or soybeans; and
(3) forage ereas, either hay, pasture
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or diverted acres. Corn fields were in
various stages of tasseling. Those which
were completely tasseled could be readily
differentiated from the soybeans. In
many cases, those that had not tasseled
were quite difficult to distinguish from
soybeans, particularly on the color
photography at 1:14,000 scale. In
general, the color infrared photography
taken at L:14,000 scale was more sabis—
factory for identification of corn and
soybeans than the comparable color
photography. However, for positive
identification of the crop types and
species a lower altitude is recommended
for future flight missions.

GENER AT, CONSTOERATTONS

The LARS staff was pleased with
the rapid turn-around time of the NASA
labs in returning the agerial films.
This is especially important as an aid
in classifying scamer data, as in
Mission 77.

Tmage quality was generally good,
although color shifts were noted from
mission to mission.

Vignetting appeared during all
missions. It becomes a serious problem
if extensive interpretation is considered
along the film edges and corners.

Tilt caused some problems in
estimaling crop cover percentages.
Varing scale factors encountered in a
tilted frame can cause errors in acre-
age megsurements and other gquantative
measures.

The results can be summariged as
follows:

(1) Color photography is the easiest
to use for purposes of crop species
identification.
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(2) For fields with a low percent-
age of vegetative cover, color infrared
photographs are superior to color photo-
graphs in determining the presence of
vegetation. Tt is extremely difficult
to differentiaste between completely bare
s0il and a low percentage of vegetative
cover on color photographs.

(3) Color infrared photography is
more useful than color photography for
determining the presence of bare scil as
cpposed to dry, dead vegetation in spot
locations within a canopy of green
vegetation.

(L) Conditions of crop heslth and
maturity can best be studied using hoth
color and color infrared photographs in
combination. Color photographs are
easier and more reliable for interpreta-
tion purposes, but subtle differences
in spectral reflectance that would be
overlooked on color photographs are often
more gpparent on color infrared photo-
graphs,

(5) Crop canopy conditions can be
grossly misinterpreted at view angles
avvay from nadir. This is largely a
function of row direction in conjunction
with look zangle. Cropn height and row
width also play a part. Precise limita-~
tions on allowable look angle have not
et been determined.
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(6) scales of 1:14,000 are very
useful for aiding in the analysis of
multispectral scanner data, Many crop
species identifications can be made
from photography at this scale. However,
1:4,000 scale photographs are required
in many instances for positive identifi-
cation. Therefore, both 1:14,000 and
1:4,000 scale photographs are useful for
many purposes of crop species and
condition identification.

(7) Color photographs are useful
for purposes of soil type and condition
classification. However, in many in-
stances, color infrared photographs were
required to differentiate (a) between
bare soil and dead vegetation, or (b)
between completely bare soil and fields
containing recently germinated crops.

(8) Color and color infrared photo-
graphs were equally useful in locating
fields containing drainage tiles and
in mapping out the location and pattern
of the tiles. On the 1:4,000 scale
photographs, inferences could be drawn
gbout the age of the tile system in
many instances.

(9) NASA photographic coverage is
most useful if obtained over the same
flight lines several times throughout
the growing season.
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AIRCRAFT DATA ANALYSIS



TNTRODUCTION

Previous reports;/g/ have indicat-
ed that the approach for analyzing
multispectral data which is under re-
search at LARS is a type of multi-
variant analysis referred to as pattern
recognition and that it is degirable
tc determine the circumstances of
existence of "spectral signatures" of
various materials rather than to attempt
to determine precisely what the gig-~
natures are. The latter ig desirable
due to the large number of experimental
varisbles (many of which are not
measursble directly) which are active
during any given aircraft or spacecraft
data gathering activity.

The procedure followed is to use
& pattern recognition scheme to evaluate
the degree of existence of a unique
signature for a given surface material
under given circumstances. More
specifically, the accuracy with which
data can be agsigned to a desgired
category by the recognition scheme
reflects the degree of existence of a
unique "signature” for that category.
It is the purpose of this chapbter to
present some resulis Obtained during
the year by this process. However,
before proceeding with the details of

1/ Laboratory of Agricultural Remote
Sensing, "Remote Multispectral Sensing
in Agriculture," 1967. Vol. 2 (Annual
Report), Purdue University Agricultural
Experiment Station Research Bulletin
832, Lafayette, Indiana.

g/ Laboratory of Agriculbtural Remote
Sensing, 'Remote Multispectral Sensing
in Agriculture," 1968. Vol. 3 (Annual
Report), Purdue University Agricultural
Experiment Station Resgearch Bulletin
8hly, Lafayette, Indiana.

the procedure used and the results,
some additional aspects of this appro-
ach will be pointed out.

The following steps must be
followed in testing for the existance
of a signgture. Data is gathered
under appropriate circumstances using
the aircraft system and at the same
time ground truth in the form of
photography and literal information
is collected over the flightline. An
exhaugtive but nonoverlapping set of
clagses of surface cover types are
defined for the flightiine in such a
way that the set containg the parti-
cular class or classes of interest.
Next training samples which are
descriptively typical of each class
are located in the aircraft data
utilizing ground truth from only a
small part of the flightline. After
the claggification is run on the whole
flightline, ground truth from the re-
mainder of the flightline is used to
evaluate the clasgification and to
determine the overall accuracy.

This same procedure, excluding
the evaluation and accuracy deter-
mination portion and the extensive
ground truthing it requires, would
offer many advantages as a mode of
operation for an operational system.
At the time of the satellite pass for
data gathering, a small area would be
ground truthed to finalize the clasgs
get and determine training areas.
gatellite data from these areas would
be used to train a classgifier; this
classifier would presumably be valid
over a much layger area. This pro-
cedure might be referred to as an
extrapolsation mode of operation in
that the classifier merely extra-
polates information 1t is given about
a small area to & much larger area.
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Thus, it is perhaps more precise to
say that the claggifier compares un~
knowns with knowns rather than to say
it identifies unknowns.

There are a number of important
advantages to this approach. One is
that it does not require the existance
of a "signature bank" together with
asgociated maintenance, calibration,
storage and retrieval problems.
calibration of the sensor output to the
point of determining scene radiance in
known units ig not necessary; only a
sensor gystem of fixed but perhaps un-
known overall sensitivity is required.
Also sgince training data is drawn from
within the data to be classified,
variables such as sun angle, season-
to-season congiderations, microclimatic
varistions, and the like are auto-
matically normalized.

As a result of this concept, the
aireraft data analysis research had
the dual role of determining the
circumstances of the existence of
unique signatures and developing suit-
egble means for the rapid training of
classifier devices. To test the
current training procedure relative to
this concept, an "operational analysis"
experiment was conducted in which it
was attempted to obtain analysis re-
sults as soon after the flight as
possible. This experiment together
with other results are described in
this chapter.

DISCUSSION OF DATA ANALYSIS RESULTS

FLIGHTLINE C¢-1, JULY, 1966

Further,

ATRCRAFT DATA ANATLYSTS

fication of the tralining classes is
shown in Table 7. Seven different
clagses of data were used in this study.

. The table shows the total number of

samples or remote sensing units (RSU)
and the correct number of RSU's which
were identified for each clasgs. A
breakdown of how the RSU's were claggi-
fied is also shown so that the classes
being confused with one another can be
visnally determined.

The overall performance on train-
ing fields for this flightline (2753
RSU's) was 95.1 percent correct recog-
nition; for test fields (17,233 RSU's),
the overall performance was 77.1 per-
cent (Table 8). These results represent
above average performance on training
data and somewhat above average on the
test data. This is probably due to
the wiformity of the soils and there-
fore the uniformity of crops along the

"flightline.

The overall test data performance
wag lowered because of a tendency to
classify soybeang as corn. Soybeans
comprise gpproximately one third of
the test data. This misclassification
is fairly common in late July when corn
and soybean plants are very green and
exhibit a large degree of uwniform ground
cover.

No attempt was made to discriminate
between hay (HAY), pasture (PT), and
stubble (SUB) which comprised the
"Mixed" test category. Such discrimi-
nation involves rather subtle distine-
tions which are very difficult to make
accurately on the relatively small

amount of available training data. Often
in such a situation, the training samplesg
may be accurately classified but generali-
zation to the test samples may be very
poor. This was true in this case.

Five wavelength bands in the 0.k
to 1.0 micrometer range were selected
to classify this flightline. A
summary of the accuracy of the classi-
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Table 7. Classificabtion Summary of Training Classes for C-1 Flightline, July, 1966
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
SOY1 1 0.40  0.44
sayz 7 0155 058
CN1 9 0.62 Q.66
CN2 10 0.66 0.72
$TU8 iz 0:80  1.00
pT
HAY 1
HAY2
RYE
BS
WATER
CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF  pCT NG OF SAMPLES CLASSIFIED INTO
CLASS  SAMPS CORCT  SOY CORN MAY STUB PT  RYE BS  WATE THRS
1 S0Y T04 95.9 &75 29 (] [+] [s] [ Q o o
2 CORN 735 95.1 35 699 1 0 0 0 0 0 0
3 HAY 151 97.9 0 o 187 4 0 0 0 0 0
4  sTUB 530  88.3 0 0 20 468 3 39 0 o 0
s PY 288 99.7 0 0 1 0 287 ) 0 0 0
6 RYE 160 97.5 0 o 0 4 0 156 0 0 0
7 Bs 120 100.0 0 0 0 0 0 0 120 o 0
8 WATE 25 100.0 0 0 0 o 0 ) 0o 25 0
TOTAL 2753 710 728 209 476 290 195 120 25 0

OVERALL PERFORMANGE = 95.1
AVERAGE PERFORMANCE BY CLASS = 96.8

During the last week in July,
the categories of hay, pasture, and
stubble have vigible gimilarities.
The wheat and oat stubbles are
beginning to appear green from the
undergrowth of red clover and glfalfa
which was seeded with these crops to
improve the soil fertility. Some
stubble fields are also being pastured.
The pastures are greening up with new
growth since the cattle or sheep are
grazing. The hay crops have recently
been mowed and new growth has just
begun.

FLIGHTLINE C-2, JULY, 1966

A slightly different combination
of five wavelength bands in the 0.4 to
1.0 micrometer range was selected to
¢lassify the C-2 flightline. Overall
performance on training fields (Table 9)
for this flightline (2401 RSU's) was
G6.7 pexcent; for test Ffields (i3;121
RSU's) the overall performance was 81.1
percent (Table 10). These results
Were again slightly above the levels
observed in other agricultural areas.
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Table 8. Classification Summary of Test Classes for C-1 Flightline, July, 1966
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
sGYL 1 0.40 .44
30Y2 1 0255  0.58
N1 3 0.52  0:86
¢nZ 10 0.66 0372
3108 iz 0.86 106
PT
HAY1
HAY2
RYE
8s
HATER
CLASSIFICATION SUMMARY BY TEST CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF  PCY.
CLASS  SAMPS CORCT  SDY CORN MIX  BARE WATE THRS
1 sov 5866 69.5 4079 1662 117 5 3 0
2 CORN 3718  B85.6 507 3182 21 3 5 0
3 MIX 7483  78.4 1032 441 5867 111 32 0
4  BARE 138 94.9 2 0 5 131 0 o
5 WATE 28 bt 0 1 0 0 27 0
TOTAL 17233 5620 5286 6010 250 67 0
OVERALL PERFORMANCE = V7.1l
AVERAGE PERFORMANCE BY CLASS = 85.0

As noted in Figure 10 flightline C-2
is located near flightline C-1.
Therefore, the uniformity of the soils
and crops as explained earlier are
probably causing these high results.
As discussed previousgly, the greatest
classification problem was with the
corn and sOybeans.

An interesgting feature of this
flightline was a cloud ghadow over a
sizable portion of the area where
there were primarily soybeans, pasture,
and stubble fields. Analysis showed
that the speciral responge for a cover
type varied markedly depending upon
whether there was a cloud shadow or
not. For this reason, separate

subclasses were established for the
two situations in order to avoid
distinetly bimodal statistical distri-
butions. The results showed that
there were no other difficulties in
claggification due to the cloud sha-
dows by the use of the above technique.
Thig would appear to be a useful
technique for analyzing data collected
on partly cloudy days.

FLIGHTLINE C-1, SEPTEMBER, 1966

Four wavelength bands in the 0.k
to 1.0 micrometer range were selected
to classify this flightline. No
appreciable difference in the separa-
bility resulted from an additional
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Table 9. Classification Summary of Training Classes for (-2 Flightline, July, 1966
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
WATER 1 8-40  0.46
TREES 7 055 0258
SOy 10 0.85  0-72
CORN 1i 6.72  0-80
STUS 12 0:80  1.00
EFRG
SOY C$
STUB CS
PAST €3
CLASSIFICATION SUMMARY BY TRAINING CLASSES
O OF  pCT NO OF SAMPLES CLASSIFIED INTO
CLASS SAMPS CGRC’F S0y STUB WATE TREE CORN FRG PAST THRS
1 soy 877 97.3 853 0 0 T 19 0 4 0
2 sTuB 439 97.0 2 &26 0 0 ) 2 ) 0
3 WATE 54 100.0 0 0 54 0 0 o 0 0
4  TREE 80 98.7 1 o o 19 0 ) 0 0
5  CORN 614  94.6 32 o 0 1 sBt 0 0 0
6 FRG 175  98.3 0 3 0 o 0 172 0 )
T PAST 162 96.3 0 6 0 0 0 0 156 o
TOTAL 2401 888 435 54 81 600 174 169 0
OVERALL PERFORMANCE = 96.7

AVERAGE PERFORMANCE BY CLASS = 97.5

wavelength band than those used in the
previous analysis. Overall performance
on training fields for this flightline
{3952 R8U's) was 85.5 percent (Table 11);
for test fields (15,993 RSU's) the
overall performance was 77.9 percent
(Table 12). The reduced accuracy for
the training fields was due to the
difficulty encountered in discriminating
between pasture (PT), and hay fields
(HAY). Most of the hay fields had
recently been mowed which gave them

the same appearance as the over-grazed
pasture fields. The pasture fields

had become over-grazed due to a
droughty growing season.

The test fields results were about
average; no effort was made to dig-
criminate between pasture (PT), hay
(HAY), and stubble (STUB) fields which
were grouped as mixed category (MIX).
However, the soybean test fields wexe
confused with the mixture category. This
was probably due %o the early varieties
of soybeans which had already begun to
turn & yellowish brown color similar to
the classes in the mixture category.

On the basis of these results, it
is reasonable to conclude that. mid-
Septenber is not a good time of the
year Lo accurabely discriminate between
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Table 10. Classification Summary of Test Classes for C-2 Flightline, July, 1966
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
WATER | i Q.40 D.4%4
TREES 7 0.55  0.58
50Y 10 0.86  0.72
CORN il 0.72  0.80
STUB 12 0.80  1.00
ERG
S0Y c$
STUB €S
PAST (3
CLASSIFICATION SUMMARY BY TEST CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF  PCT.
CLASS  SAMPS CORCT  WATE SDY CORN STUB PAST TREE THRS
1 WATE 107 98.1 105 1 0 1 0 0 0
2 sov 3771 87.7 0 3306 349 21 59 36 0
3 CORN 3839  70.1 1084 2692 1z 39 12 0
4 STUB 1975  94.2 0o 11 7 1860 97 0 0
5 PAST 3429 7a.0 0 87 12 52 2676 2 0
TOTAL 13121 105 44B9 3060 2546 2871 50 0

OVERALL PERFORMANCE = Bl.l
AVERAGE PERFORMANCE BY CLASS = B85.6

classes of vegetative ground cover,
With a given cover type, a wide range
of conditions such as maturity and
plant moisture are obgserved at this
time of the year. This makes it quite
difficult to define homogenous pattern
clagses. Therefore, under such
conditions, accurate classification of
thege classes could not be expected.

FLIGHTLINE C-1, JULY, 1968
For this flight date, the C-1

flightline is part of a total flight
line called P¥21l., The entire PF21

flightline would be difficult 0 use
because of cloud conditions. The
alternating sunlight and cloud shadows
caused severe variations in the dats
making it difficult to analyze.

Visible and Near Infrared (0.4-1.0
micrometer )

Four wavelength bands were selected
by the $SELECT processor for this
classification from the 0.4 to 1.0
micrometer range. .OQOverall performance
on training fields for this classifi-
cation (3891 RSU's) was 86.8 percent

(Pable 13); for test fields (7,135 RSU's)
the overall performance was 82.8 percent

flightline was flown, but it was
determined that the upper part of the
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Table 11.
September, 1966
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Clagsification Summary by Training
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Classes for C~1 Flightline,

FEATURES CONSIDERED

CLASSIFICATION SUMMARY BY TRAINING CLASSES

NO OF SAMPLES CLASSIFIED INTO

CLASS  SaMps  CcDRCT CORN WATE SOY STUB
1  CORN 1303 93.2 1214 5 62 3
2 HATE 62 100,90 0 62 Q [+]
3 soY 688  61.8 77 3 583 21
4  STUB 800  87.2 8 0 75 698
5 pT 557  69.6 5 1 8 10
b HAY 642 8l.6 2 15 T 4]
TGTAL 3962 1306 86 715 732
OVERALL PERFORMANCE = B5.5
AVERAGE PERFORMANCE BY CLASS = 85.6

(Table 14). When no attempt was made to
discriminate between stubble (STUB),
pasture {PAST}, and diverted acres (DA),
the performance of the training fields
improved to 96.1 percent. These results
and problems encountered are similar %o
those reported for the July 1966 data.

Vigible and Near Infrared (0.4-1,8 micro-

meter)

The same study area was reclassified

using wavelength bandg for a wider range
of reflective energy. The $SELECT pro-
cessor was used to select three visible
and two reflective infrared wavelength

ANNEL NO. SPECTRAL BAND

tH NT 0.40 Ou %

7 0.55 0.58

9 0.62 0.66

12 0.80 1.00
PT HAY THRS
i5 & 0
1] 0 2]
16 8 0
17 2 0
318 115 0
4 524 0
460 653 0

bands for this clagsification from the
0.4 to 1.8 micrometer range.

The overall performance on the
training fields (4,303 RSU's) was 91.9
percent (Table 15); on the test fields
(7,135 RSU's) the oversll performance
was 83.9 percent {Table 16)}. When no
attempt was made to digcriminabte between
stubble (STUB), diverted acres (PA), and
pasture (PAST), the performance on
training fields was 95.5 percent.

Additional training samples of corn

and stubble were added for this classi-
fication but were not used in the previous
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Table 12. Classification Swmmary of Test Classes for (-1 Flightline, September, 1966
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
WATER 1 0«40 D44
50Y T 0.55 0.58
CN1 g9 D62 0.56
CNZ 12 0. 80 1.00
5TUB
PT
HAY
CLASSIFICATEION SUMMARY BY TEST CLASSES
NO OF pC NO OF SAMPLES CLASSIFIED INTQ
CLASS SAMPS CORCT WATE SOY CORN MIX THRS
1 WATE 69 87.0 60 1 3 5 [¢]
2 SO0y 4595 55.2 i0 2538 BO3 1244 0
3 CORN 3407 TB.8 22 595 2686 104 o
4 MIX 7922 90.6 114 344 290 7174 o]
TOTAL 15993 206 3478 3782 8527 1)

OVERALL PERFORMANCE = 77.9
AVERAGE PERFORMANCE BY CLASS = 77.9

study. Therefore, direct comparison
between the results of the two training
groups should not be made. The test
samples were from the same locations in
both studies and no gignificant differ-
ence can be geen from the use of the
wavelength bands from 1.5 to 1.8 micro-
meters in thig classification.

Vigible, Near Infrared and Thermal
Infrared (0.4-2,6 and 8-14 micrometers)

Two visible and three infrared
wavelength bands were selected for use
in this classification by the $SELECT
processor from the 0.4 to0 2.6 and 8 to
14 micrometer range. This included the
ugse of & thermal infrared wavelength
from 8 to 14 micrometers. The overall
performance on the training fields
(3,352 RSU's) was 93.6 percent (Table
17); on test fields (5,258 RSU's) the

performance was 86.4 percent (Table 18).

When no attempt was made to discriminate
between gtubble (STUB), diverted acres
(DA), and pasture (PAST) fields, the
performance on training fields was 96.1
percent.,

The field of view of the scanner
uged to collect the thermal infrared
wavelength band data is congiderably
narrower then the field of view of the
scanner uged to ccollect the obher wave-
lengths. Therefore, the set of training
and test sampies used in this classifi-
cation were gomewhat different than
those used for the previous two analyses.
For this reason, the results cannot be
effectively compared. The results from
all three studies are shown in Table 19.
No definite conclusiong regarding the
value of the thermal infrared daba can
be drawn on the basis of this limited
set of analysis results. When stubble,
diverted acres, and pagsture were combined
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Table 13. Classification Summary by Training Classes for CG-1 Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
SYHBOL CLASS CHANMEL NO. SPECTRAL BAND
5oyl 4 0.72 0.80
s0v2 7 0.55 0.5
CORN 10 0-566 0-72
$T1 12 0.80 1.00
572
DAL
DAZ
PTL
P12
RIVER
TREES
CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF PCT.
CLASS  SAMPS cORCT sOY  STUB D.A. PAST CODRN RIVE TREE THRS
1 soy 846  95.3 806 1 o 23 16 0 0 0
2 sTuB 651  73.9 1 48L 113 54 2 o 0 0
3 D.A. 297  71.0 5 39 211 38 0 o o
4  PAST 582  B2.6 20 30 38 481 13 0 o o
5 CORN 1367  91.5 67 14 10 19 1251 0 6 0
6 RIVE 84 100.0 0 o 0 0 0 84 0 o
7  TREE 64  96.9 0 0 0 0 2 0 &2 o
TOTAL 3891 899 565 372 615 1288 86 68 o
OVERALL PERFORMANCE = 86.8
AVERAGE PERFORMANCE BY CLASS = 87.3

as & clags, the performance of the
training samples for all three analyses
are very similar.

FLIGHTLINE PF25, JULY, 1968

Only scan lineg 1 to 1,100 in-
clusive were analyzed for this study
because of the severe limitationg caused
by cloud patterns over the length of
the flightline. Because of the unavail-
ability of suiltable calibration pro-
cedures at present to eliminate this
problem, no further anaiyses vere made
over the remainder of thig flightiine.
The portions studied were analyzed
using different combinations of wave-~

length bands in the visible, near
infrared, and thermsal infrared wave-
length bands.

Vigible and Near Infrared (0.h-1.0
micrometers)

Five wavelength bands were select-
ed in the 0.k to 1.0 micrometer wave-
length range. Overall performence on
training fields (2,307 RSU's) was 92.5
percent correct (Table 20); for test
fields, (8,912 RSU's) the overall
performance was T4.7 percent (Table 21).
The three clagses used in this study
were soybeans, corn, and a mixture.

The mixture class contained the stubble,
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Table 14. Classification Summary of Test Classes For (-l Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
SOYl 4 0.72  0.80
soy2 7 0.55  0.58
CORN 10 0,66  0.72
371 12 0.80 i.06
ST2
DAL
DAZ
PT1
PT2
RIVER
TREES
CLASSIFICATION SUMMARY BY TEST CLASSES
NO OF SAMPLES CLASSIFIED INTO
NG OF  PCT-
CLASS  SAMPS CORCT  SOY CORN MIX RIVE TREE THRS
1 soy 2485 81.6 2028 120 233 0 104 o
2 CORN 2212  70.2 420 1553 227 0 12 0
3 MIX 2290 95.2 101 8 218l 0 0 0
4 RIVE 84 100.0 0 0 o 84 0 0
5 TREE 6% 96.9 0 2 0 [} b2 0o
TOTAL 7135 2549 1683 178 0

2641 84

OVERALL PERFORMANCE = 82.8
AVERAGE PERFORMANCE BY CLASS = 88.8

pasture, and hay crops. In reviewing
the samples that were c¢lasgsified in-
correctly, it can be seen thai the zoy-
beans were not only confused with corn
but were also confused with the mixture
category. This is partially explained
by the fact that some soybeans had to
be replanted due to flooding conditions.
When the beans were replanted, they
were drilled instead of being planted
in rows. These late planted beans
probably looked very much like hay crops,
especially red clover. Also, it can be
seen that the mixture category was
equally confused between soybeans and
corn.,

Visible and Near Infrared (0.4-2.6 wicro-

One vigible and three infrared
wavelength bands were selected from
0.4 to 2.6 micrometer range by the
$SELECT processor for classification
from a wider wavelength band region.
The overall performance on trainirg
fields was 92.7 percent correct (Table
22); for test fields, overall perform-
ance was T73.7 percent (Table 23).
These results did not differ appreciably
from the previously obtained resulbs.
This would indicate that expanding the
wavelength region into the infrared
from 1.0 to 2.6 micrometers had no
effsct on increasing the accuracy of
classification results. .

Vigible, Near Infrared, and Thermal. Infra-

meters)

red {(0.4-2.6 and 8-14 micrometers)
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Table 15. Claggification Summary by Training Clasgsses, C-1 Flightline, July, 1968
CLASSES GONSIDERED FEATURES CONSIDERED
SyYMpBOL CLASS CHANNEL NO. SPECTRAL BAND
58Y1 1 .40 Oubh
Sovz 4 0.55 6.58
CNL [} D.66 D72
ch2 8 0.80 1.00
ST1 10 1.50 1.80
5T2
DAL
DAz
PTl
PT2
RIVER
TREE
CLASSIFICATION SUMMARY BY TRAINING CLASSES
NG OF  PCT NO OF SAMPLES CLASSIFIED INTO
CLASS  SAMPS CORCY SOY CORN STUB D.A. PAST RIVE TREE THRS
1 soy 846 94.2 797 14 1 2 32 0 o 0
2 CORN 1799  94.3 8l 1696 20 4 16 0 2 0
3 STUB 639  89.2 0 5 570 52 12 0 o 0
& D.A. 297 80.8 7 z 17 240 at 0 4] 0
5  PAST 582  88.1 16 10 11 32 513 0 0 o
6 RIVE 84 100.0 o o o e 0 84 0 0
7 TREE 56 100.0 0 0 o 0 o 0 56 0
TOTAL 4303 841 1727 619 330 604 B4 58 0
GVERALL PERFORMANCE = 91.9
AVERAGE PERFORMANCE BY CLASS = 92.4
Two visible wavelength bands, two results for this flightline. A summary

near infrared wavelengbh bands, and the
thermal infrared wavelengbhs were
selected from O.4 to 2.6 and 8 to 1k
micrometer range to clagsify the data
from the study area. For this classifi-
cation, the overall performance on
training fields (2,805 RSU's) was 9L.2
percent correct (Table 24); on test
fields (4,659 RSU's), the overall
performance was 73.7 percent (Table 25).

The field of view of the scanner
collecting the thermal infrared data
was restricted as mentioned previously.
Therefore, these results cannot be
strictly compared with the previous

of the results are given in Table 26.
No definite ccnelusions concerning the
value of the thermal infrared data can
be assessed even when reviewing this
data without the previous limitationg,

THE "OPERATTONAT, ANALYSIS" EXPERIMENT

In planning for the data flight of
July 30, 1968, it was decided that a
number of LARS personnel and the LARS
data procegging equipment would be
dedicated to processing the newly
received data on a gimulated operational
basis. This was to give an idea of the
time required to obtain usable analysis
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Table 16. Classification Summary of Test Classes, C-1 Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
$OY1 1 0.40 0.4k
soy2 4 0.55  0.58
¢R1 6 0i66  0.72
N2 8 0-80  1.0d
$T1 10 250 1.80
S72
DAl
DA2
P11
PT2
RIVER
TREE
CLASSIFICATION SUMMARY BY TEST CLASSES
NO OF SAMPLES CLASSIFIED INTQ
NO DF  PCT.
CLASS  SAMPS cCDRCT  SOY CORN MIX RIVE TREE THRS
1 sov 2485  67.1 1667 603 164 o sl 0
2 CORN 2212 90.1 108 1994 106 0 0
3 MIX 2290 95.0 15 100 2175 0 0
4  RIVE 84 10040 0 ) 0o 84 0
5 TREE 64 98.4 o 1 0 0 63 0
TOTAL 7135 1790 2698 2445 84 118 0
OVERALL PERFORMANCE = 83.9
AVERAGE PERFORMANCE BY CLASS = 90.1

results by means of the current LARS
aircraft data processing system.

A test analog tape was received by
LARS at noon on July 30 so that minor
modifications in the LARS system could
be made $o accomodate recent changes
made by the University of Michigan in
the format of the gsecanner analog tape,
Preliminary necessary adjustmentg to
the LARS system were performed by
2:00 p.m. the same day. However, analysis
later of the test tape data showed that
the locations of the "¢-1" and "¢-2"
calibragtion pulses on the analog tape
had been changed; this change had not
been reported. Necessary changes were

made and all final checks on the data
processing system were completed by
5:00 p.m., July 31.

The beginning time of the operation-
al analysis experiment was 10:30 p.m.,
July 31, 1968, -at which time the data
tapes (duplicates of the original tapes)
were recelved by LARS. Initial tests
on the digitized data indicated signifi-
cant skew errors in the analog data.
These may have been introducted in the
tape duplication process. The LARS air-
craft data reformatting program was
modified to minimize the skew problem.
Digitization and reformatiing of all
data received for flight lines PFZ21,
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Table 17. Classification Summary of Training (lasses, C-1 Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
SOVL % 0.55 058
Sov2 £ 0l%6  0.72
¢nl g 1.00  1.40
Nz 10 1150  1.80
$T1 12 8.00  14.00
812
DAl
DAZ
PT1
PT2
RIVER
CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF SAMPLES CLASSIFIED INTO
NO OF  PCT.
CLASS  SAMPS CORCT  SOYB CORN STUB D.A. PAST RIVE THRS
1 sove 846  94.7 801 22 3 1 19 0 0
2 CORN 1285 95.3 , 28 1224 17 7 8 o 0
3 sTus 564  92.6 0 6 522 22 14 0 a
4  D.hs 297 87.5 1 5 13 260 18 0 0
5 PAST 348 9l.4 12 2 6 10 318 0 0
6 RIVE 12 100.0 0 0 o o o 12 0
foTaL 3352 843 1259 561 300 377 12 0

OVERALL PERFORMANCE = 93.6
AVERAGE PERFORMANCE BY CLASS = 93.6

PF25, PF35 were completed in six hours.
An hour later, pictorial printouts for
PF21 and PF25 flightlines, which were

to be analyzed, were available. A total
of 7 hours (zpproximately 12 man-hours)
had been used for the data handling
procedures.

The data were Judged to be of good
guality with the exception of the skew
problem. A significant degree of vari-
ation in the overall illumination of the
flightlines (see previous dabta analysis
results section) was evident,

The most time consuming portion of
the data analysis involved the coordi-
nation of the ground truth data with

the aireraft scanner data. This process
requires finding and outlining field and
other feature boundaries on the pic-
torial printouts and tsbulating and card-
punching boundary ccordinates for inpub
to the analysis programs. TFor the
sections of PF2Ll and PF25 flightlines

to be analyzed, approximately 8 hours
(32 man~hours) were required to go from
pictorial output to punched card field
boundarieg. An additional 16 hours (32
man-hours) were required to obtain
accurate data classification within a
few percentage points of the final
results, which were reported in the
previous data analysis results sectiom.
Accuracy of the results was similar to
that achieved previously with aircraft
data analyzed at LARS.
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Table 18. Classification Summary of Test Classes, C~1 Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
H L NO. SPECTRAL BAND
SyheoL SG71" CHANRE 0.55 0.58
s0y2 6 0.566 0.72
CN1 9 1.00 1.40
CNZ 10 < 150 1.80
$T1 12 B.00  14.00
5T2
DAL
DA2
PT1
PT2
RIVER
CLASSIFICATION SUMMARY BY TEST CLASSES
NO DF SAMPLES CLASSIFIED INTO
NO OF  PCT.
CLASS  SAMPS CORCY SOY CORN MIX RIVE THRS
1 soY 1816  68.6 1246 448 122 o 0
2 CORN 1756 94.0 28 1651 77 0 0
3 HIX 1674  97.6 1 29 1634 0 0
4  RIVE 12 100.0 0 0 o 12 0
TOTAL 5258 1285 2126 1833 12 0
DVERALL PERFORMANCE = B6.4

AVERAGE PERFORMANCE 8Y CLASS = 90.1

In sumary, the total clock time
required to obtain these results was
approximately 31 hours, corresponding
roughly to 76 man-hourg of effort.
Approximately 6400 acres of total
ground area were classified.

CONCLUSIONZ

The data analysis experiments
carried out duringhe period covered
by this report aided significantly in
defining a workeble and systematic
procedure for applying the currently
aveilable hardware and software at
LARS to the awalysis of multispectral
aircraft scanner data. The $SELECT

Pprocessor has proven a useful tool
both for determining subclasses within
the data and for selecting data
channels to be used for classification.
While the classification results ob-
tained during this period have not
improved dramatically over those re-
ported earlier, this could have been
expected since regearch has not been
concentrated in this direction.
General conclusions cannot be drawnm
regarding seasonal and yearly agri-
cultural variability from the available
gquantity of results.

Efficiency in obtaining results
has been substentially improved. This

1o



Table 19, Comparison of Results for Area C-1, July 1966

Wavelength Bandsg

] 2 Visible
3 Vigible 3 Visible 2 Reflective IR
Performance 1 Reflective IR 2 Reflective IR 1 Thermal IR
Training 86.8 91.9 93.6
Test 82.8 83.9 86 4
"Combined" o/
training 96.1. 95.5 96.1

g/ Training samples of stubble, diverted acres, and pasture combined
before clasgification.

Table 20. Classificabion Summary by Training Classes, PF25 Flightline, July, 1968

CLASSES CONSIDERED FEATURES CONSIDERED

SYMBOL CLASS CHANNEL NG. SPECTRAL BAND
s0Y1 i Q.40 0.44
s0Yz & 0.72 0.80
50Y3 1 0.55 0.58
CN1 i0 0.86 0.72
CN2 12 0.80 1.00
CN3
MEXL
Hix2
MIX3

CLASSIFICATION SUMMARY BY TRAINING CLASSES
NQ OF SAMPLES CLASSIFIED INTO

CLASS  SamMPS cOReT SDY  CORN MIX  THRS
1 soY 610 90,2 731 13 66 0
2 CORW 973 94.0 47 915 Il 0
3 MIX 524  93.3 32 3 489 0
TOTAL 2307 810 931 566 0

OVERALL PERFORMANCE = 92.5
AVERAGE PERFORMANCE BY CLASS = 92,5
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Table 21.
CLASSES CONSIDERED
SYMBOL CLASS
sOY1
sS0Y?2
S0Y3
CNE
CN2
CiN3
MIX1
MIx2
MIX3
CLASSTIFICATION SUMMARY BY TEST CLASSES
NO OF PCT.
CLASS  SAMPS CORCT S0Y  CORN
1 soy 4411 676 2980 Bl4
2 CORN 3786 84.7 513 3207
3 MIX 7i5  65.3 123 125
TOTAL 8912 3516 4146
OVERALL PERFORMANCE = 74.7

AVERAGE PERFORMANCE

NO OF SAMPLES CLASSIFIED INTQ

BY CLASS = 72.5

MIX
617
66
467
1150

THRS

o o o C

FEATURES CONSIDERED

CHAN?EL NO.

O~

1
L

Classification Summary of Test Classes, PF25 Flightline, July, 1968

SPECTRAL BAND
D.40 0.44%
0:72 0.80
Q.55 0.58
0.66 0.72
0.80 1.00

Table 22, (lassification Summary of Training Classes, PF25 Flightline, July, 1968

SYMBOL

CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF SAMPLES CLASSIFIED INTO

CLASS §2Mg§
5ay 1936
2 CORN 966
3 MIX 842
TOTAL 3744

OVERALL PERFORMANCE
AVERAGE PERFUORMANCE

CLASSES CONSIDERED

Wi

ITT OO AN
e Z T 2000

R MK = o =

Wi

chidt soy
92.8 1796
91.3 62
94 .3 24
1882
= 92.7

BY CLASS = 92.8

CLASS

CORN
47
a8z
24
953

MIX
93
22

194
909

THRS
0

0
o
o

FEATURES CONSTDERED

CHANNEL NO.

L =2"= 13\

1
1

1h2



Pable 23. Classification Summary of Test Classes, PF25.Flightline, July, 1968

CLASSES CONSIDERED FEATURES CONSIDERED

SYHBOL CLASS CHANNEL NO. SPECTRAL BAND
SOY1L 2 Q.62 0.66
soyeZ g 1.900 1-.40
S0Y3 10 1.50 1.80
CNL 11 2.00 2460
CN2
CN3
MIX1
MIX2
MIX3

CLASSIFICATION SUMMARY BY TEST CLASSES
NQ OF SAMPLES CLASSIFIED INTOC
NQ DF PCT.
CLASS SAMPS CORCT sQY CORN  MIX THRS

1 sy 3275 72.7 2380 428 467 0
2 CORN 3273 80.1 415 2622 236 0
3 MIX 686 48.1 157 199 330 0

TOTAL 7234 2952 3249 1033 0

OVERALL PERFORMANCE = 73.7
AVERAGE PERFORMANCE BY CLASS = 67.0

Table 2h. (Classification Summary of Training Classes, PF25 Flightline, July, 1968

CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO.

N0 Or

2T L ol
NHZWN—
-

CLASSIFICATION SUMMARY BY TRAINING CLASSES
NO OF SAMPLES CLASSIFIED INTO

GLASS  SAMBS CcORET SOY  MIX CORN THRS
sov 1235 97.3 1202 30 3 o

4 Mix 503 8.0 10 493 0 ]
3 CORN ill2  88.9 98 25 989 o
TOTAL 2850 1210 548 992 o

OVERALL PERFORMANCE = 94.2
AVERAGE PERFORMANCE 8Y CLASS = 94.8
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Table 25, C(lassification Summary of Test Classes, PF25 Flightline, July, 1968
CLASSES CONSIDERED FEATURES CONSIDERED
SYMBOL CLASS CHANNEL NO. SPECTRAL BAND
SOY1 4 0.55 0,58
5oy2 6 0. 6b 0,72
20Y3 ~ g 1.00 1.40
CORN ii 2.00 2.60
MIX1 12 8.00  14.00
MiXz
CLASSTFICATION SUMMARY BY TEST GLASSES
NO OF SAMPLES CLASSIFIED INTO
ND OF  PCT.
CLASS  SAMPS CORCT SOY  CORN MIX  THRS

1 sov 2298 77.5 1780 186 332 0

2 CORN 1804  73.7 373 1329 102 o

3 MIX 557  58.0 7L 163 323 0

TOTAL 4659 2224 1678 151 0
OVERALL PERFORMANCE = 73.7
AVERAGE PERFORMANCE BY CLASS = 69.7
Table 26. Comparison of Results for Flightline PF25, July, 1968
Wavelength Bands
2 Visible
L4 Vigible 1 Visible 2 Middle IR
Performance 1 Near IR 3 Middle IR 1 Thermal IR
‘Training 92.5 92.7 oh.2
Tesh Th.T 73.7 73.7

1hh



is essential if large volumes of remote
sensing data are to be procesged in a
timely manner. The simulated opera-
tional analysis experiment indicates
definite progress in thig direction.

As a resulit more extensive analysis
experiments aré anticipated in the
future.

The data analysis efforts indicate
that some imporbtant problems remain,
however. Improved clasgification re-
sults are still a zignificant objective
and one which will require resgearch in
several areas. New spproaches are
necegsary in defining clagses and sub-
classes on a multispectral basis and in
developing and applying advanced

ATRCRAFT DATA ANALYSIS

pattern recognition techniques such as
nonparametric methods. Such technigues
may provide better statistical models
for the data than the Gaussian (multi-
variate normal distribution) assumption
now employed. Another problem is the
relatively slow process of outlining
and tabulating field boundarieg for
input to the analysis programg. Thisg
process greatly needs to be automated.
Posgibly the digital display system
which has been propoged by LARS would
aid tec solving the problem. Some
additional work on automating the
analysis of the $SELECT processor out-
put should yield further efficiencies
in the overall data analysis procedure.
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CHAPTER 8
SUMMARY AND CONCLUSIONS



APPLICATTONS AND REQUIREMENTS

Again during this work period
efforts were expended to better define
the information requirements of the
various sectors of the agricultural
complex., During this period special
emphagls was given to defining the
information needg of various members of
agrobusiness. Thig included discussions
with repregentatives of farm implement
manufacturers, seed producerg and
fertilizer and chemical manufachurers.
It was concluded that there is a general
need for information and advisory ser-
vices based on modern technology that
will provide accurate and timely
measurements of agriculiural situnations
over relatively large geographic areas.

A general opinion wag that to be
useful such systems shouvld provide two
categories of information: (1) current
information for short range planning,
(2) information to Ffacilitate long
range planning and decision msking.

The need for informabtion about the per-
cent of agricultural iand seeded at
gelected times in the spring is an ex-
ample of informabion neceggary for short
range planning to assist in product
transportation. An example of long
range planning information would be
data pertaining tuv drainage character-~
igbtics of poorly mapped sgricultural
land areas.

LARS pergomnel concluded that there
is need for a general educatlonal pro-
gram of the capabilities of remote sen-
ging for indugtry. Alsc, it was con-~
cluded that it would be extremely bene-
ficial to establish a pilot experimental
information and advisory service program
operating over a geographic region.

Such & pilot program would serve ag (1)
a2 bagis for a demonstration of the

technigques developed in research pro-
grams, (2) an experimental testing
ground for research technigueg, and

(3) facilities for eduvcational and
training programs. Additionally, LARS
believes that such a pilot program would
be extremely valusble in providing
guidelines for future research.

LARS plang to develop the descrip-
tion of such a program in cooperation
with repregentatives of the agrobusiness
community during the next work period.
Such a vrogram should be the collszber-
ative effort of representatives of
research, private indusgtry and federal
and state govermment personnel.

DATA PROCESSING

A number of projects of interest
were conducted in Data Processing pro-
grams during this period. A project
of major significance wag instituted
to develop a capability to automatic-
ally make congruvent, resolution element
by resclutlion element, the data gather-
ed through different sensor aperatures.
Such & ceapability is required before
researchers can begin to uge all the
spectral channels currently available
in the Univergity of Michigan multi~
spectral scanning sengor. Equally
important is the wrequirement for this
capsbility in order to investigate
the utility of temporal variationg in
multispectral measurements. This
would make possible the utilization
of time higtories of mmlitispectral
measUrements in the identification of
important earth resource conditions.

Further importance for this capa-~
bility is established through the need
to utilize mudtispectral data collected
at widely different points in the elec-
tromagnetic spectrum and therefore with
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different sensors. With thig capa-
bility, measurements at radar frequen-
cies could be simultaneocusly processed
with data collected in the vigible
portion of the spectrum.

LARS continued to concentrase on
regearch aimed at egtablishing criteria
for the selection of training gamples
and for the gelection of separable cate-
gories of various agricultural scenes.
Sgince it is the opinion of LARS
pergonnel that future operational auto-
matic data procegsing will be based on
"at the time" training on the bagis of
dgta from ground truth areas, it 1s
important that efficient training pro-~
cedures ubtilizing minimum ground truth
data be established.

LARS data processging programs con-
centrated on developing analysis pro-
cedureg regulting in extremely short
turn around time. The obJective was
to be zble to analyze airborne data
quickly enough to permit field checking
before conditiong were dragtically
altered. LARS demonstrated that a 25
linear mile flightline could be analyzed
within 18 hours after dats was made
available.

To further facilitate its research
capabilities, congiderable efforts were
devoted to the design of a visual
digital display permitting a better
interface between the researcher and the
digital computer facility. A hardware
degign for this gystem was finalized in
cooperation with assistance from various
segments of industry. It is believed
that the visual digital digplay will
greatly facilitate the resgearch at LARS
and prove to be extremely valusble in
fubure operational systems.

In summary, the data processing
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capability at LARS was lmproved to per-
wmit the processing of data collected
over tens of square miles in an accur-
ate and timely basgis. IARS pergonnel
believe that their program hag reached
a point where such a capability is
essential to the conducting of meaning-
ful research in fubure pericds. This
capability mekes 1t extremely degirable
to have magnetic tapss and photographic
data as soon ag they are obtained.

BICGEOPHYSICAL

Blogeophysical research programs
reached seversl milegtones. A flight-
line 70 mileg in length was flown from
Indianapolis, Indiana to Bedford, Indians,.
One of the objectives of this experiment
was to investigate the effects of geo-
graphic distance on classification
accuracies uging tralning samples
collected from a single point in the
flightline. Training samples were
gelected for categorieg of vegetation,
bare goil, and sgurface waber. For
these categories, the clasgification
accuracies averaged better than 90
percent. Since instrumentation drift
wag not corrected for and variations
in ingulation energy were ignored, it
is expected that cabtegories more
gpectrally similar would have been
noticeably affected. These effects will
be congidered in future research pro-
jects. LARS considers the automatic
processing of data over such a large
geographic area to be a major milestone
in its program.

The identification of important
agricultural specieg continued to be
a major objective of the Biogeophysical
programs. A four mile by one mile
area of row crops was correctly claggi-
fied to an accuracy of 92.4 percent.
The overall performance of 89.7 percent
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was realized with 27,000 samples of
which 15,000 samples were row crops.

Soil scientights were sble to dis-
tinguish up to six distinet soil cabe-
gories based on their spectral charac-
teristics, This was accomplighed with
measurements collected over areas free
of any great amount of surface cover.
The gpectral radiation characteristics
of surface soll were seen to vary with
different moigbure levels. Resultg
tended to indicate that total reflec-
tance is more drastically changed than
is relative reflectance within the

4000 angstrom to 10,000 angstrom region.

Further research is planned to relate
surface soil moigbure with spectral
response patterns.

An additional milesgtone for LARS
was the analygis of data colleched over
widely different geographic areas.

The "Moon Lake" area in Texas was
analyzed with 67 percent accuracy for

categories of bare soil, water and trees.
Similarly data collecited over (Jalifornia

was classified into categories of soil,
immature rice, safire, and water with
a 98 percent accuracy for trdining
samples. Ground truth at hand at the
time of this analygis was not adequate
for more extensive investigations.
However, LARS is of the opinion that
results obtained over Indians are
generally representative of results
that should be expected within other
geographic regions.

Laboratory studies of leaf and
goil radiance characteristicg continued
to be an important part of the LARS
program. The effects of pigments on
reflective characteristics, the effects
of leaf moisture on leaf reflectance
and the effects of different moistkure
contents on goil reflectancesg were
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studied. The spectral characteristics
of gsand, silt and clay were studied at
various moisbure levels,

However, LARS believes strongly
that there continues to be g great
need for field spectrometry in its re-
search. A continuing absence of an
adequate field spectrometer prevents
the collection of insitu measurements
of the macroscopic affects of plants
and thelr backgrounds. Biogeophysical
regearch programs will conbinue to
work with measurements résearchersg o
define degirable characteristics of
a fubure field instrument. It is
hoped that such an instrument cover-
ing the sgpectral range Ffrom gome
4,000 angstroms to 15 microns can be
developed by industry for the research
program, -

It is believed that such an ingtru-
ment will be found to be an extremely
useful insgtrument in many different
situations ~ regearch and operational.

MEASUREMENTS

Measurements programs continued
their efforts to develop equipment
and procedures for collecting radiance
measurements in the laboratory and
field. 1In the absence of funding for
the development of a field spectrometer
by industry, LARS engineered an in-houge
project aimed at converting a Perkin
Elmer model 98 monochrometer into a
3 channel field spectrometer. Three
spectral bands between 4,000 angstroms
and 2,000 nanometers is a design goal -
for this instrument. The three bands
are to be alterable in the laboratory
between field experiments. In fubure
research, 1t is expected that this
ingtrument will permit the collection
of more quantitative measurementg of
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the radiation characteristics of vege-
tation under stress. These meagure-
ments will be ccmpared to those collect-
ed with color infrared £ilm and
filtered black and white photography.

Graduate study projects culminated
in the development of a laborabory sen-
gor 10 permit the investigation of the
geomebric characteristics of the radi-
atlon patterns of plants in a more
ngtural state. In this study the radi-
ation characteristicg of potted plants
were measured.

FLIGHT MISSIONS

A certain number of misgions were
conducted over the Purdue test site by
other NASA aircraft. Photographic data
from thege migsions were utilized to
study the utility of different f£ilm
filter types to identify crop species,
crop conditions, goil types at differ-
ent scale factors. Thig research
greatly complimented the automatic
recognition resgearch uwtilizing multispecs
tral meagurements.

LARS in the future hopes to
investigave the utilization of photo-
graphiec emulgiong ag %0 measure multi-
spectral energy. One of the objectives
of the research with photography collec-
ted by NASA wag to develop techniques
for selecting training samples. This
involves identification of a universal
set of categories from & small amount
of photography. Multispectral measure-
ments from areas so specified can be
ubilized to train the computer to auto-
" mabically classify a majority of the
data.

LARS recommended that certain
future experiments be conducted from
space. It was recommended the multigpec-
tral measurements be ccllected from
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primary earth surface coverings which
naturally occuy in large ares sizes.

This would include jungle vegetation,
range land, sand, fresh water, salt
water, and so forth. In addition,.

it was recommended that spectral messure-
ments of wheat be collected where this
crop covers large areas of farmland.

Four such regions were recommended for
future experiments.

SUMMARY

Generally, the research capa--
bilities of LARS were improved during
this pericd and certain milestones
were reached in the application of
remote senging to agriculturzl. needs.
Plang have been completed for fubure
miggiong to be flowm routinely over
a 20 percent area sample of the 500
square mile TFippecanoce County test
site. Fubure research is to identi-
Py the effects of such geographic
size on automatic recognition capa-
bilities.

LARS lookg forward to develop-
ing a capability adegquabe to support
NASA's firgt Barth Resources Technology
Satellite Programs and Skylab.
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