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EXECUTIVE SUMMARY

This document describes research, development, testing and evalua-
tion, and system design work undertaken at ERIM in support of on-going
efforts of the Earth Observations Division of the NASA Johnson Space
Center to apply aerospace remote sensing technology to agricultural

inventory and crop condition assessment.

The research reported here was initiated during the planning
of the AgRISTARS Supporting Research Project and was a part of those
plans, although this research will stand on its own merit. The bene-

fiting Supporting Research project element is Area Estimation Research.

The general problem addressed is extraction of agronomic informa-
tion at a large, if not global scale, of a type and quality that is
relevant to decision makers, and in an efficient and cost-effective
manner. A major undertaking was the development of concepts and goals
toward which the.technical effort related to information extraction could

be directed. -
A three-stage approach was followed during the year:

1. Generically establish the basic design concepts and require-
ments of an information extraction system to provide the

foundation for technology development.

2. Concentrate on the specific problem of area estimation and
establish a baseline techmnology that provides an environment

for technical growth and self-evaluation.

3. Pursue the research, development and testing of area estima-
tion along two lines: that technology which relates to
assigning crop labels to samples (called objective labeling),
and that technology related-to the efficiency of crop pro-

portion estimation (called machine processing).

PRECEDING PAGE BLARK ROT FILMED
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General Considerations

A perception of general requirements imposed by a global production
and condition assessment system on supporting technology that employs
remotely sensed satellite image data and collateral data is useful for
focusing the technical efforts which are needed to support guch a sys-
tem. A general statement is that any information system ought to
satisfy its users in the following general characteristics discussed

in detail inm Section 2:

Directivity: The ability to respond to the user's needs in a

parametric sense.

Cost~Effectiveness: The ability to respond with sufficient infor-
mation, in a timely manner, at a cost within the value of

that information to the user.

Objectivity: The ability to provide the user with reliable

estimates of the accuracy of the information.

When focused on the problem of crop area estimation based on
remote sensing, these requirements for directivity, cost—effectiveness,
and objectivity lead us to a baseline technology that acts as a frame-~
work for technology development. As discussed in Section 3, the tech-
nology is one based on stratified area estimation (SAE) and functional-
ly congists of seven components: system tasking, data preparation,
feature extraction, stratification, sample allocation, attribute assign-
ment, and ageregation. Stratified area estimation can be implemented
in a modular environment that permits directivity, can be analytically
modeled so as to provide objectivity, and is a framework for phased
development of crop acreage estimation technology that will lead to

cost-effective component techniques.

vi
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Objective Techniques for Labeling

For the task of developing objective labeling techniques, an important
effort was establisment of a four—step approach -- feature definition,
feature extraction, signature characterization, and procedure development.
A major goal is to achieve the best balance between manual and machine
functions while developing objective techniques for labeling. The first

year of a two-year effort is described in Section 4.

Using this approach, a refined machine algorithm for discriminating
between spring wheat and barley using Landsat features was developed

(predicated on having previously labeled spring small grains data):

® Segment-level features were established to indicate moisture

stress and soil brightness.

® Feature extraction procedures were developed using temporal-

spectral profile models.

Py A discrimination rule was devised to adapt to differences

in these indicator features.

) Testing is planned for first quarter of the next contract

year,

Numerous other investigations were conducted to increase our
understanding and/or capabilities in each of the major steps of the
approach and to make progress toward the long-range goal. The ac-—

complishments under each were as follow:
® Feature Definition

- Relationships between the Landsat band ratios and the

XSTAR-stabilized Tasseled-Cap plane were quantified.

- A method for relating reflectance measurements to

Landsat and Tasseled-Cap variables was defined.

- Development of a meteorologically driven model of the

spectral phenology of wheat was initiated.

vii
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] Feature Extraction

- Products to facilitate analyst labeling of field-like

blobs were developed.

- Procedures and a mathematical theory for the production

of color-stabilized image products were developed.

- An improved spatial-spectral clustering algorithm was

developed.

- A study of crop development stage estimation was

initiated.

- Procedures for fitting profile model forms to multi-~
date Greenness values were developed for feature extrac—
tion and recommendations made for their use at several

levels of application.
-] Signature Characterization .

- Problems of extracting signatures and estimation with
incomplete data were addressed; use of crop temporal-

spectral profiles was suggested.

- An analyst-labeling experiment was conducted to deter-
mine the pattern of analyst-labeling performance and
attempt to characterize analyst-perceived signatures

as a function of performance.

Implications of the reported investigations are discussed for the

major sources of analyst-interpreter error that were identified in LACIE,

-Machine Processing Technology for Area Estimation

The investigations of machine processing components for area esti-
mation are described in .Section 5 and performance evaluation studies
undertaken in the context of Procedure M are presented in Section 6.
These lead to statements we can‘make at three levels -— those related

generically to overall area estimation technology, those related to
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components of that technology, and those related to specific techniques

[

employed as components.

In addressing issues related to the overall area estimation tech-

nology we find:

. Procedure M is a stratified area estimation environment that
incorporates state—of-the-art technology in the areas of éata preproc-
essing, feature extraction, stratification, sampling and aggregation;
Procedure M utilizes a robust statistical framework, incorporates physical
understanding of remote sensing of agronomic phenomena, and is implement-—
ed in a modular construction that enables monitoring of error propagation,
enables analytic error modeling, and facilitates the comparative

evaluation of existing and proposed area estimation component technologies.

With respect te major components of stratified area estimation

technology we find:

. Data normalization including, at a minimum, sun angle correc-

tion, atmospheric correction, data screening and sensor calibration, is a
crucial preprocessing stage that enables interpretation of data in a

frame of reference in which agronomically related phenomena are rela-
tively stable with respect to effects which impact signal value and are

external to the crop phenomena.

. Stratification proves a useful tool in that it can lead to
greater overall efficiency in producing estimates; major consideration
should be given to the labeling interface in establishing optimum
stratification approaches: the stratification of pixels into field-
like shapes to provide optimum labeling targets, the stratification
of these targets into pure-crop and mixed-crop quasi-fields to elimi-
nate labeling errors associated with boundary, edge pixels and pixels
in small fields, the stratificarion of data spectrally to produce homo-

geneous strata to which samples are directed, and the use of physically
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based temporal-spectral strata that would permit, in time, estabishing
prior éxpectations in each stratum with respect to crop coitent, crop
condition, and labeling accuracy; though cost can be incurred in
stratification of specific samples , if strata are not adequately
homogeneous with respect to the crops heing stratified, on the average
a net cost is not expected as long as the stratification variables are
positively correlated to crop type. Excessive labeling to supervise the

stratification process can also lead to a net cost.

. The technique utilized for estimation of proportions of crops
within a stratum should depend upon the nature of that stratum; greater
error can be introduced by utilizing the wrong strategy than by ignoring

more difficult strata.

L] Evaluation of the performance of stratified area estimation
entails the use of measures that describe efficiency of individual com—
ponents in providing information to successive components and in propa-
gating exrrors through the estimation system; stratified area estimation
technology lends itself to error modeling that caﬁ provide insight into
expected performance of the-overall system, especially in the interaction
of the error associated with labeled samples and its impact on system

performance.

Related specifically to components and performance evaluation

techniques utilized for area estimation in Procedure M, we find:

¥or Components

. Landsat 3 signals are attenuated in each band by 12 to 24%
from corresponding Landsat 2 signals; however, an affine transformation
has been defined that calibrates Landsat 3 to Landsat 2 which will per-
mit the use of technology like XSTAR that was developed for Landsat 2

calibration.

° There is a cost/benefit to the use of spectral stratification;

the benefit is derived in terms of sampling efficiency if homogeneous
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strata are produced; a cost is incurred if the homogeneity is not suf-
ficient to offset difficulty of allocating a fixed sample proportional

to the size of the strata.

. Statistically based stratification techniques, like tolerance
bleck or unsupervised clustering, are limited in their ability-to éon—
sistently produce homogeneous strata of average purity greater than 85%.
This limitation may be due to the features being used, the inherent
limitations of separability of classes in MSS spectral space, or in the
failure of the assumption that statistical distributions are directly

correlated to crop classes.

® Stratification of pixels as field center and boundary before
spectral stratification results in more homogeneous strata than com—
bining the- two, due to the confusion of mixed pixels and edge pixels as

classes other than those contributing to their signal composition.

. Physically based stratification techniques, like the static
spectral/temporal stratifier (SSTS), provide a low cost means for
stratification that results in trajectory strata that are consistent
from segment to segment, and appear comparable to statistically based

strategies in terms of strata homogeneity.
° In order to minimize mean-square errol:

- Sampling strategies like Neyman or Bayesian sequential
based on expected variation in crop proportion from
stratum to stratum are made more feasible by the use
of static stratification.

- Labeling error introduces a variance into the system

that should be considered when directing samples to

strata.

Xi
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. Bias in Procedure M can be reduced by simply sampling the
stratum of little blobs; however, analyst labeling error in that stratum

may introduce additional mean square error greater tham that currently
present.

] Non—parametric nearest neighbor classification approaches pro-
vide a possible mechanism for extending "high confidence’ analyst
labels to other samples; this mechanism can produce 'probability labels'

that depend on the spatial and spectral context of the sample.

For Performance Evaluation

. Through the use of analytical modeling, insight has been gained
with respect to the impact of various components of a stratified area
extimation procedure on the overall mean—square error of the system:
the labeling component, in particular, has been modeled and shown to
be significant in determining the system's capability of achieving a

specific level of performance in terms of proportion estimation.

™ Performance measures to be utilized in evaluating stratified
area estimation procedures include sample purity, reduction of variance
factors (especially the fixed-sample RV) which relate performance to
classical statistical measures and, in addition, measures based on in-
formation theory; the latter are promising in that they naturally extend

to multiple class problems.

As a supporting element for the investigations, a substantial data
base of preprocessed Landsat data was prepared and is described in
Section 7. Finally, recommendations based on the conducted investiga-
tions are summarized and assembled in Section 8. Together with this
Executive Summary, they form a conecise account of the year's effort

and its ramifications.



) ERIM |

PREFACE

This report describes part of a comprehensive and continuing pro-—
gram of research concerned with advancing the state—of-the-—art in
remote sensing of the environment from aircraft and satellites. The
research is being carried out for NASA's Lyndon B. Johnson Space
Center (JSC}, Houston, Texas, by the Environmental Research Institute
of Michigan (ERIM). The basic objective of this multidisciplinary
program is to develop remote sensing as a practical tool to provide
the planner and decision-maker with extensive information quickly and

economically.

Timely information obtained by remote sensing can be important to
such people as the farmer, the city planner, thé conservationist, and
others concerned with problems such as crop yield and disease, urban
land studies and development, water pollution, and forest management.

The sceope of our program includes:
1. Extending the understanding of basic processes.

2. Discovering new applications, developing advanced remote-
sensing systems, and improving automatic data-processing 7

to extract information in a useful form.

3. Assisting in data collection, processing, analysis, and

ground—-truth verification.

The research described herein was performed under NASA Contract
NAS9-15476 and covers the period from November 15, 1978 through
November 14, 1979. T1I. Dale Browne/SF3 was the NASA Contract Technical
Monitor and Thomas Pendleton/SF3 was the primary NASA Technical Coordi-
nator of the activity. The program was directed at ERIM by Richard
R. Legault, Vice President and Head of the Infrared and Optics Division,
Quentin A. Holmes, Program Manager, and Robert Hoxrvath, Head of the

Analysis Department.

xiii
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D ERIM

i
INTRODUCTION

Aerospace remote sensing technology has the potential to provide
impoftant contributions to agricultural inventory and assessment acti-
vities of the U.S. Department of Agriculture (USDA), other state and
local agencies, and the private sector. Aerial photography has leng
had a role in operational activities o