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PREFACE
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Topographic Laboratories (USAETL), Fort Belvoir, Virginia. This bibliography includes
reports that were published from 1 January 1979 through 31 December 1979.

Reports with AD nurnbers can be purchased by Department of Defense agencies from the
Defense Technical Information Center- other agencies and individuals can purchase
copies from the National Technical Information Service, Springfield, VA. 22161.
Reports with a "B" in the AD number are limited in distribution to U. S. Government
agencies unless permission for release is granted from the controlling office. Reports
are available on an interlibrary loan from the Scientific and Technical Information
Center (STINFO), U. S. Army Engineer Topographic Laboratories, Fort Belvoir, VA
22060.
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The purpose of this report is to present the additional results of apply-
ing the Point Scattering Model for radar image simulation toltree (3) new
cases. This work is supplemental to that previously reported ' . The work was

sponsored by the U. S. Army Engineer Topographic Laboratories (ETL).
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20. Continued

four simulations was tested against actual radar data of the same site
via the Correlatron*. The correlation tests showed performance of
simulations produced by the PSM to be acceptable in three cases, and to
be unacceptable in one case. The unacceptable performance was explained
by geometric errors inadvertently introduced into the data base and was
not produced by the simulation method.

1
Holtzman, J. C., V. H. Kaupp, J. L. Abbott, V. S. Frost, E. E. Komp,

E. C. Davison, "Radar Image Simulation: Validation of the Point

Scattering Method," Vol. I, ETL-0117, The University of Kansas Center

for Research, Inc., September, 1977, AD-A053 253.
2Holtzman, J. C., V. H. Kaupp, J. L. Abbott, V. S. Frost, E. E. Komp,

and E. C. Davison, "Radar Image Simulation: Validation of the Point
Scattering Method," Vol. II, ETL-0118, The University of Kansas
Center for Research, Inc., September 1977, AD-A053 240.

*Correlatron is a two-dimensional cross-correlation measuring device

manufactured by Goodyear Aerospace and installed at ETL.
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This report studies radar backscattering from a vegetated terrain. The

vegetation Is modelled by spherical water droplets which can be treated as dis-
crete scatterers. The vegetation is assumed sufficiently lossy so that the
underlying ground is not noticeable. The method of Foldy is used to evaluate
the mean field in the vegetation when the wavelength of the incident radiation
is large compared to the droplet size. Once an equivalent dielectric constant
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is found to compare favorably with experimental data. In addition to the
three dimensional work, a one dimensional problem is analyzed. This
analysis is compared with the Foldy approximation in the high density
limit.
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A flexible algorithm has been developed to meet the changing require-
ments for generating terrain data from digital stereo sensor records. The
algorithm includes an image matching procedure in which parallax components
are determined by automatically correlating conjugate image features. The
algorithm is adaptive and can handle various types of sensor and natural
terrain conditions. Reliability monitoring of the output terrain data is per-
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in image areas where automatic correlation is difficult.

The algorithm was implemented on a distributive network of parallel
digital processors. In this system, production speed is attained
because of the inherent parallelism of the modular processors. Flexibility
is maintained because the processors are microprogrammable. In this way,
new sensor imaging characteristics and new algorithm strategies can be
incorporated without disturbing the fundamental software and hardware

structure of the system. Production times for compiling a representative
stereo model on this parallel configuration far exceed the capability of
general-purpose computers.

Based on the benchmark implementation, a production system has been
designed which incorporates a full interactive image display capability.
This allows an operator to interactively monitor, control, and edit the
stereo compilation processes by means of a stereo CRT display, keyboard,
and trackballs.
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The aims and objectives of this report were to collect and assimilate
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A general discussion of the visible wavelengths, overall electromagnetic
spectrum, radiometric and photometric quantities and concepts, and other
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20. Continued

The human eye, nature of visibility, and the atmospheric effects on de-
tection range.

A description of those obstructions to visibility as listed in the Federal

Meteorological Handbook on surface observations.

A description of the primary visual instruments.

The practicality of developing techniques that could be used to determine
the effects of atmospheric obstructions on visibility and some typical
charts and graphs.

A summary of the extensive literature search performed.
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The aims and objectives of this report were to collect and assimilate

information and synthesize data on the effects of atmospheric obstructions to

visibility. A large part of the total study effort involved an extensive lit-

erature search and compilation of a reference and abstract bibliography related

to atmospheric effects on visibility. This Volume 11 includes both the exten-
sive bibliography and abstracts of selected publications related to atmospheric

obstructions to visibility and related topics. The information contained in
this volume was oriented to the non-specialist.

Aid Ih73 133£I1WFMO6IOSLT UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When oes Entere.d)



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When D 1 Ent.ered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

I. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ETL-0171 AD-AO71 751
4. TITLE (and S.bfirle) 5. TYPE OF REPORT & PERIOD COVERED

BIBLIOGRAPHIC LITERATURE SEARCH CONCERNING THE
RELATIONSHIP BETWEEN SOILS AND PLANTS IN ARID AND Contract Report
SEMI-ARID REGIONS IN NORTH AMERICA 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(*) S. CONTRACT OR GRANT NUMBERO)

Michael Inglis

Denise Glore
Lynn Price DAAK 70-78-M-3292

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

Technology Application Center
University of New Mexico

Albuquerque, NM 87131
II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Engineer Topographic Laboratories npr mhpr Iq7R

Fort Belvoir, VA 22060 13. NUMBEROF PAGES
393

14. MONITORING AGENCY NAME & ADDRESS(II different front Controlling Office) IS. SECURITY CLASS. (of Chi. report)

Unclassified
IS.. DECL ASSI FICATION/DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of the Report)

Approved for public release; Distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report)

Il. SUPPLEMENTARY NOTES

IS. KEY WORDS (Cort.nue on reveree aid. If neceeery and identify by block nunber)

Arid/semi-arid climates Plant indicator(s)

Bibliography Plant/soil water relationships

Environmental factors Soils

Phytogeography Vegetation .

20. AIBSTACr (Cm~ilnue af fil, rover . N rftcoe y md Ideify by block ntenber)

A review of 79 journals, professional papers, and other periodicals for

the period January 1950 through 1978, identified approximately 400 published

references pertaining to plant species or plant communities as indicators of

general or specific environmental conditions in the arid and semi-arid regions
of the southwestern United States. A matrix illustrating the vegetation/factor

inter-relationship(s), and the reference describing the relationship(s) was pro-

duced for easy recognition and accession of specific abstracts provided.

OD IO" 147 EDITION OF I NOV 6S IS OBSOLETE 14 UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Wlle. Date Entered)



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (""., Do(. Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
________________________________________ BEFORECOMPLETINGFORM

1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ETL-0172 AD-A076 342
4. TITLE (d Su~btil) S. TYPE OF REPORT & PERIOD COVERED

INTERACTIVE DIGITAL IMAGE
PROCESSING INVESTIGATION Final Report

G. PERFORMING ORG. REPORT NUMBER

7. AU THOR(.) 8. CONTRACT OR GRANT NUMBER(.)

W. C. Rice
J. S. Shipman
R. J. Spieler DAAK7-77-C-O166

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT. TASK
AREA & WORK UNIT NUMBERS

International Business Machines Corporation
18100 Frederick Pike
Gaithersburg, Maryland 20760

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Engineer Topographic Laboratories December 1978
Fort Belvoir, VA 22060 IS. NUMBER OF PAGES

____________________________________________ 175

14. MONITORING AGENCY NAME & ADDRESSI diffeent from Controlling O1ffice) IS. SECURITY CLASS. (of tis e port)

Unclassified
IS.. DECLASSI FICATION/ DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; Distribution unlimited

17, DISTRIBUTION STATEMENT (of t1. abstract entered in. Block 20, if differen.t from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Contins on reverse sid. It nec*esry end Identify by block num~sber,)

Classification Pattern recognition
Digital image processing Photo grammet ry
Feature extraction Remote sensing

[20. AwrT ACT (Cinftswi ms oldm.f Nf mec~er md Id*Wi fy by. block namber)

The objective of this investigation was to develop an interactive soft-
ware package of general utility that can be used to suppo experiments and
evaluate a class of interactive/automatic digital techni jies whose goal is
feature extraction/exploitation. The initial task was to survey and select
techniques, algorithms and supporting functions that were to be included In
the system. A maximum likelihood supervised classification algorithm, and an
unsupervised classification (clustering) method based on the ISODATA algorithm
were selected. These and the associated support and evaluation functions were

DO I FO' 1473 EDITION OF I Nov 61 OB 0SOLETE UCASFE
JA 7 5 UNCLASSIFIED___________

SECURITY CLASSIFICATION OF THIS PAGE (Wverv Duea Entered)



20. Continued

developed and implemented on the ETL Digital Image Analysis Laboratory
(DIAL). Testing of the system was accomplished by performing experiments
on areas for which both multi-dimensional images and ground truth were
available. Analysis of experimental results validated the system. These
experimental results were in good agreement with ground truth and further,
supervised and unsupervised classification results were in substantial
agreement. This report describes the data processing algorithms/tech-
niques, software system, user guide information, and the experiment pro-
cedures used along with their results.
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20. Continued

microcomputers operate in parallel to perform the functions: (i) star
image centroid determination, (ii) star pattern identification and dis-
crete attitude estimation (subsets of measured stars are identified as
specific cataloged stars), (iii) optimal Kalman attitude motion estima-
tion/integration. The system is designed to be self-calibrating with pro-
vision for routine updating of interlock angles, gyro bias parameters,
and other system calibration parameters. For redundancy and improved
precision, two optical ports are employed. This interim report documents
Phase I of a three phase effort to research, develop, and laboratory test
the basic concepts of this new system. Included in Phase I is definition,

formulation, and test of the basic algorithms, including preliminary im-
plementations and results from a laboratory microcomputer system.
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The Corps of Engineers and NASA's Earth Resources Laboratory conducted a joint
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The report also includes cost information for the application of inter-
disciplinary analysis of aerial photography as a means of obtaining land
cover and environmental data.

LANDSAT data may be cost-effective for identifying and showing the distri-
bution of general types of land cover for large areas, although some land
cover types may not be identifiable on a particular LANDSAT scene. Inter-

disciplinary analysis of aerial photography identifies and explains in a
technical report the distribution of land cover. The extra detail of the
report and the ability to ensure that specific land cover types are studied

may make interdisciplinary analysis of aerial photography cost-effective
for limited study areas.
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new digital mapping product (tree-structured contour-trend data),comput-

able off-line on the USAETL Computer Sciences Laboratory STARAN array
processor.

Six figures detailing the analytic and data storage concepts discussed

are given. An example illustrating the improved penetration possible from
these methods is presented.
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20. Continued

different aperture sizes. Feature analysis and decision software required
in addition to standard FACEL routines was developed. Using this software,
features and a decision rule were developed for radar imagery that achieved
90% correct classification of four classes of terrain. A quantitative
statistical analysis was performed to determine the effects of aperture
and sensor type on the performance of the optical power spectrum based
features. In addition, a qualitative analysis was performed in order to
present examples that illustrate signature differences between radar and
panchromatic imagery.

The following general conclusions were drawn from this study:

(1) There are statistically significant performance differences for
optical power spectrum based algorithms for radar, panchromatic
and thermal sensors.

(2) No statistically significant trend is evident associating better or
worse performance as aperture size increases that is independent
of the imagery type.

(3) For a given type of imagery, there is a statistically significant
variation in decision performance that depends on aperture size.

(4) For the samples used in this study, the single best sensor is radar.
It is presumed that this is because of the greater texture variations
present in radar imagery compared to panchromatic or thermal.

(5) No single sensor performs best for all classes. The results of this
study would lead to the following choices for the detection of
particular terrain types:

a. Urban - panchromatic

b. Water - radar or panchromatic

c. Agriculture - radar

d. Forest - thermal or radar
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20. Continued

on the dam by a computer controlled azimuth-elevation instrumentation
mount. The computer also handles data collection and correction and re-
ports to a remote terminal at the dam operator's site.
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20. Continued

The results reported were obtained for four (4) simulations corresponding
to four specific altitudes in the terminal phases of the trajectory of a
guided missile, each successively lower. The simulated images have been
produced for testing against actual radar data of the same site via the
Correlatron*. These tests have not been performed as the actual radar data
have not yet been obtained.

*Correlatron is a two-dimensional cross-correlation measuring device manu-

factured by Goodyear Corporation and installed at ETL.

I
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Twenty-one data bases were searched, as well as other pertinent bibliogra-
phic references. Some 12,000 to 15,000 abstracts were obtained, examined,
and culled. The abstracts were supplied by the author(s) or by data base
editors; some abstracts were edited by project personnel for clarity or to
achieve a manageable test length. The bibliographic entries are catego-
rized in a separate index according to the specific techniques and methods
being reported. The rationale for the categorization is explained. A

personal author index is supplied. Collections are excluded from the author
and category indexes, since the scope of this material does not lend itself
to categorization.
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20. Continued

Complete sensitometry, resolution, and noise test data for the photo-DKDP
were also obtaincd. From these experiments, we found a field dependent
sensitometry of the Se photo-conductor used in this SLM. This makes the
dynamic performance of the device superior to its static performance but
makes interframe operations such as image addition and subtraction diffi-
cult. A theoretical analysis of this issue was performed and a suggestion
to decrease the field dependence by proper device doping was advanced.
From these extensive experiments on individual devices, a general test
and evaluation procedure for SLMs was formulated. Issues addressed were
sensitometry, resolution, and noise. The appropriateness of the various
test procedures for resolution and noise measurements to various specific
applications were also noted.

An extensive experimental program was also completed in which the photo-
DKDP SLM was used as the real-time input transducer for an optical addi-
tion and subtraction system, two optical pattern recognition correlators
for text and aerial imagery, and two optical signal processors for ambi-
guity function computation. Comparison of the performance of the real-time
SLM systems to similar systems using film as the input material and com-

parisons to the theoretically expected correlation output plane data were
also included. In all cases, the real-time SLM system performed most
accurately.
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20. Continued

provided, as are the citations for 67 references of a more general nature.
A matrix was generated which consists of the 25 tree species, and 13 soil
and water parameters, i.e. soil texture, soil moisture, soil chemistry,
water table, soil type, flooding and plant physiology, plant age, flooding
frequency and season, duration of inundation, flooding depth, water oxygen,
seed germination, and general flooding. The number of the literature
citation was entered in the matrix to expedite the use of this literature
review for a specific species-factor interaction.
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tion with the length of the contour is better because of the finite re-

solution of photographs and equipment. The principle of contour recogni-
tion and classification based on angles and curvature is worked out for
practical displays that produce square patterns, such as liquid crystal
or plasma tube displays. The mechanical and electronic design for ex-
perimental equipment is carried out based on a plasma tube display with
512 x 512 resolved points.
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ever, due to the breadboard nature of the device and the need for addi-
tional, individual channel controls and improved system reliability.
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The process uses a reversal bleach that dissolves the developed silver

metal image while further crosslinking the gelatin in the vicinity of the

silver image. Upon fixing and with dehydration of the resulting gelatin

hologram, one obtains recordings similar to those produced by the dich-

romated gelatin process. This is accomplish with exposures on the order

of 200 to 500 PJ/cm 2  at 514.5 nm in a silver halide emulsion that

has a panchromatic response. Furthermore, because the hologram has no

sil, r halide present, the hologram does not exhibit the printout phe-

nomena characteristic of bleached holograms.
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block of Walsh transforms (64 x 64) was facilitated with a system mini-

computer and a CRT display. A set of selected cartographic images and
targets were used to evaluate the system. It was discovered that most

of the significant transform information appeared in the lower order Walsh
transform coefficients, and further that each Walsh transform pattern is
unique in itself and can be distinguished from the others for a limited
set of well defined inputs. The dynamic range, the temporal response, and
the symmetry of responses of the Prototype Image Spectrum Analyzer (PISA)
were found to be relatively poor.
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Program TREE is used to generate a prototype tree, for example, an oak
tree. A tree run is based upon a detailed input description and need be
performed only once for each tree type. The output is a tree model, des-
cribed down to the level of individual branches and leaves, which can be
combined with a "library' of previously generated prototype trees, into
a new library of prototypes. This new library subsequently serves as input
to Program HIT, the main geometry code.

Program FORGEN, the forest generator, combines user input with built-in
distribution functions to place trees throughout a simulated forest area.
The tree, itself, is one of the prototypes available from the library,
scaled and reoriented by FORGEN. The output of FORGEN is a forest
model which contains information as to the location, size, orientation and
tree type of each tree in the forest. This forest model can be saved for
all subsequent analyses involving this forest.

Program HIT uses ray-tracing techniques to establish the composition of
the forest as a function of height above ground. The output of HIT is a
file of single scatter layers. For each layer, there is provided a complete
description of the type, size, and orientation of all materials contained
within. This completes the geometry portion of the RADOT system. The
desired physical description of the forest is now available to MATRIX,
the code which combines the geometry and microscopic physics data. The out-
put of HIT may be saved and combined with several varieties of physics
data.

The physics portion of the RADOT system is treated by Program LEABRA
(Leaf, Branch). LEABRA is based upon the assumption that, for radar, each
interaction with a branch or a leaf can be treated, on the local level, as
an interaction with a finite, circular dielectric cylinder, or with a thin,
circular, lossy disk, respectively. The physics of such interactions, and
the numerical solutions of the formulations so involved, are incorporated
into LEABRA. The output of LEABRA is microscopic radar differential
cross sections, independent of the actual forest geometry. The output of
LEABRA may be saved for future combination with several varieties of
forest description.

Program MATRIX is a multi-layer matrix code which combines the geometric
forest description data with the microscopic radar scattering data to de-
termine the overall radar return of the simulated forest. In MATRIX, the
single scatter layers, determined by HIT, are treated one-by-one, start-
ing with the topmost. The physical descriptions within each layer are cam-
bined with the microscopic differential cross sections to obtain the over-
all transmission and reflection matrices of the layer. These layers are
then successively combined, working
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20. Continued

downwards toward the ground, into composite thicker layers. The trans-
mission and reflection of the larger synthesized layers are obtained in
the course of this combination process. This continues until either the
ground is reached or the system converges. At this point, MATRIX provides
a print-out of the determined return from the simulated forest.

It is concluded that the RADOT system of computer codes is a potentially
valuable tool to predict the radar return from a canopy of vegetation.
It combines highly realistic simulation of the geometry of trees of a
forest with simple approximations as to the physics of radar scattering
with individual branches, leaves and the ground.

To date, however, RADOT has not been tested against any field data. This
would certainly be a logical next step to take in this developmental
program.
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