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PREFACE

The work described in this report was conducted by the Radar and
Optics Division of the Environmental Research Institute of Michigan
(ERIM). The work was supported by the Office of Naval Research,
Geography Branch under Contract No. N00014-76-C-1048. The Technical

Monitor was Mr. Hans Dolezalek.

The Principal Investigator for this project was Mr. Robert A.
Shuchman. Ms. Claudia Vandermade conducted the computer literature
search (Appendix A). Dr. Philip L. Jackson performed the optical
enhancement (Section 7) on the processed ocean wave radar data, while
Mr. Gerald B. Feldkamp developed the necessary computer software and
carried out the digital exploitation discussed in Section 6. Dr.
Jerry Zelenka derived the focusing algorithm discussed in Section 4,
and Mr. Charles Liskow contributed to Section 3 dealing with Synthetic

Aperture Radar and moving targets.

The imagery presented in this report was processed at ERIM by
Messrs. Alex Klooster and Jack A. Losee. Thanks are given to
Messrs. Richard W. Larson, Charles Liskow, and Robert F. Rawson of ERIM

for reviewing this report.

Parts of this report, notably the sections dealing with Synthetic
Aperture Radar and Moving Targets, and the Processing of Ocean Wave
Data from a Synthetic Aperture Radar were jointly developed under the
Office of Naval Research Contract reported herein and a National Oceanic
and Atmospheric Administration (NOAA), National Environmental Satellite
Service (NESS) grant (No. 04-6-158-44078). The Technical Monitor on the
NOAA/NESS grant was Dr. John W. Sherman III.
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1
INTRODUCTION AND SUMMARY

This interim report on Contract N00014-76-C-1048 summarizes work
on three tasks comprising the first year's effort. The performance

period for the work reported herein was August 1976 to August 1977.

This introduction contains a description of tasks and a discussion
of their relevance to exploring the problems of imaging ocean waves with
Synthetic Aperture Radar (SAR), a summary of progress to date on each
task, and recommendations for the current year's effort (August 1977 to
April 1978).

1.1 DESCRIPTION OF TASKS

Three tasks were performed in the first year's work. The overall
goal of all three tasks of the ERIM ONR effort was to provide the Navy
with information to evaluate the operational use of SAR, so that,
ultimately, meaningful ocean wave spectra and wave height information
can be supplied to the Navy in real-time. The first year study
concentrated on fundamental questions pertaining to SAR imaging of the
oceans that must be answered before meaningful real-time ocean wave

spectra can be obtained.

Task 1 consisted of a limited exploration of current literature on
the problems encountered in imaging sea states with SAR, including

current SAR-wave interaction models.

Task 2 was a study aimed at finding solutions to some of the prob-
lems discovered in Task 1. Specifically, the question of processing
SAR signal histories of moving ocean waves was addressed along with a
careful study of distortions present in SAR wave imagery as a result of

SAR's unique geometry.
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Task 3 explored the use of optical Fourier transform operations on

SAR wave imagery to analyze wave characteristics. Both the direct imaging

of the Fourier transform, and spatial filtering in the Fourier transform

plane were explored.

1.2 SUMMARY OF RESULTS

Under Task 1, a limited literature search was conducted to
ascertain problems encountered in imaging sea states with SAR. The
search indicated four fundamental problem areas where basic research is

needed, before SAR can become a useful tool for the Navy. The problem

areas are:

1. An imaging model needs to be developed to adequately explain
the mechanism involved in imaging the sea with Synthetic

Aperture Radar.

2. The conventional signal processing of SAR signal histories
(i.e., assuming a stationary target) is inadequate when

processing SAR images of moving ocean waves.

3. The slant-range presentation of SAR must be corrected prior to

spectra generation.

4. The current methods (both optical and digital) used to extract
meaningful wave spectra need further refinement and ultimately

should be a real-time operation.

Under Task 2, solutions to SAR signal processing problems were

explored and geometrical corrections of SAR wave imagery were considered.

A focusing algorithm'(for use during the processing of SAR signal
data) was developed. This algorithm compensated for the along track
component of wave velocity, but not acceleration, during SAR image

processing. The results of using this algorithm led to the following
conclusions:
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1. Given the same wave velocity, defocusing of wave imagery due
to along track velocity components of waves is more pronounced

at L-band than at X-band.

2. The 180° ambiguity of wave travel (for example, 90° or 270°)
can be resolved by observing the direction of defocusing in

the optical processor at L-band.

3. The 180° ambiguity should be marginally resolvable using a
SEASAT radar with a proposed 8 m x 25 m resolution. Better
results would be realized with an improved resolution of

8 mx 6.25 m.

4. Using the ERIM 1975 Marineland data to simulate the proposed
SEASAT radar parameters, the effect of defocusing due to wave
motion is only slightly discernible. However, with higher sea
states and resulting higher wave velocities the defocusing

should be more discernible.

5. The velocity correction necessary to focus ocean waves
corresponds to the phase velocity of the waves rather than the

orbital velocity.

A digital correction algorithm was also developed and tested under
Task 2. This algorithm converts SAR slant range to ground range prior
to spectra generation. The analysis on the digital algorithm showed
that slant range geometry has two effects on waves. First,a compression
of wave imagery will always occur, introducing an abnormally high range
frequency component in the spectrum. Second, this compression is not
constant; as shown in Figure 1, two adjacent wave crests at near range
will appear closer together than two at far range. Slant range thereby
produces an image showing continuously changing spacings of waves which
are actually uniformly spaced. A Fourier transform of a large scene
represented in slant range will falsely appear to include a wide range
of frequency modulated wave components, whereas a Fourier transform of

S
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the proper ground range representation of uniformly spaced waves will

produce a strong concentration of energy at a discrete frequency. Slant

range representation results in a smearing of the spectrum which reduces

the SNR.

Slant-to-ground range conversion alleviates this problem.

The analysis of optical transform operations on SAR wave imagery

indicated the importance of geometrically correcting SAR data prior to

exploitation. Results also indicated that two-dimensional (Lransforms

of SAR wave data contain information in a form which has potential for

automatic spectra computation and that directional filtering operations

do not appear 'to be practicable for ocean wave analysis.

1.3 RECOMMENDATIONS FOR FUTURE WORK

The recommendations for future work are:

1.

Continue exploitation of digital analysis of SAR ocean wave
data. Included in this task are (1) removal of range-dependent
antenna weighting, (2) use and evaluation of slant-to-ground
range converted imagery, (3) investigation of the utility of
averaging spectra from independent sections of SAR wave imagery
and comparison with spectra obtained with multi-look imagery,
(4) interpretation and development of algorithms to relate the
distribution of spectral patterns to ocean wave refractions

and other wave characteristics.

Explore the potential of wave spectra generation from SAR signal
film with a single optical system. Included in this effort will
be the exploration of methods to optically convert from slant-
to-ground range, and to develop focusing algorithms for wave

acceleration as well as velocity effects.

Continue to explore the mechanism of SAR imaging of ocean waves

in terms of the extensive four-channel dual wavelength

I s A ——— e eeape————




experimental data we have gathered. A careful examination of
current models will be undertaken, and the effects of wave

motion considered.
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2

POTENTIAL USE OF ONR FUNDED DEVELOPMENTS IN OTHER PROGRAMS

Although the present exploration of problems of imaging ocean

waves with synthetic aperture radar is making important contributions

to basic remote sensing, we wish to note that the developments which

we are making are also potentially of use for proposed 6.2 programs of

the U.S. Navy and in programs of other government agencies. Some of

the anticipated or potential applications of these techniques are

discussed below.

1.

The presently developed ONR algorithms apply directly to
processing SEASAT-A L-band SAR data. SEASAT-A is the NASA
oceanographic satellite that is to be launched in the second

quarter of 1978.

In addition to the proposed processing of NASA SEASAT-A data,
the developed algorithms are being used in a joint ERIM-NOAA/
SAIL program, Grant No. 04-6-158-44078, to further study the
ERIM-Marineland data as well as ERIM-SAR data obtained over
Lake Michigan.

Software developed at ERIM under the ONR will be used by NORDA
to study ocean wave attenuation through ice. The SAR data used
for this analysis comes from Project SAR 77: data collected

near the coast of Labrador during February - March 1977.

Knowledge obtained from the ONR effort is available to design
future SAR satellite sensors such as SEASAT-B and C and oceano-

graphic shuttle missions that image ocean waves.

Upon development of a SAR wave height estimator algorithm,
power density spectra can be obtained from the ocean SAR data,
hopefully in near real-time. This data could greatly aid U.S.

Navy oceanographers working on sea state prediction at Fleet

iy L . (50 St
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Numerical Weather Center. Civilian sea state prediction groups
such as Ocean Routes, Inc. could also find this data very useful.
USGS/CERC is also greatly interested in obtaining a power

density spectrum in shallow water.
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3
BACKGROUND

This section reviews briefly the principles of synthetic aperture
radar (SAR) and discusses the special problems associated with imaging

moving targets such as ocean waves with a synthetic aperture radar.

Radars exist in many different configurations, each designed to
perform one or more specific functions. The type of radar which appears
to offer a major long-term potential for reconnaissance and remote-
sensing applications is the airborne imaging radar. Such a radar as
shown in Figure 1 may be configured to generate a "microwave image" of a
terrain or sea strip parallel to the flight path of the radar-bearing

vehicle.

Such systems can be divided into two basic classes. One of these,
known as real-aperture, side-looking airborne radar (SLAR), relies on a
relatively large antenna; such an antenna achieves a narrow beamwidth
which provides fine image resolution in the direction parallel to the
flight path of the aircraft. The other class, known as synthetic
aperture radar (SAR), consists of a coherent radar with a relatively
small antenna (and hence a moderately broad antenna beam) which can be
conveniently carried aloft by the vehicle. This system relies on data
processing to effectively synthesize a large antenna, and thus achieve
the effect of a sufficiently narrow beam to provide the required

resolution.

Systems of both types exist today. The SLAR systems enjoy
simplicity of design and do not require sophisticated data processing;
however, when fine resolution is required, they are restricted to
relatively short-range operation and the use of relatively short wave-
lengths (the latter approximately 3 cm or less). The SAR systems have

fine resolution independent of range and wavelength.

Vg e s B et
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3.1 PRINCIPLES OF THE SYNTHETIC APERTURE RADAR

Implementation of the synthetic aperture technique [1] requires
the use of a coherent radar, a signal storage device, and a sophisticated
data processor. By storing the received signal returns from a particular
area for a period T and appropriately processing these data, the

resolution in the along track (azimuth) direction can be reduced to

oy = 2% w
where A is the radar wavelength and 8 is the along-track or azimuth
angular width of the radar beam (beamwidth). This resolution is
achieved by employing the rate of change in phase (i.e., Doppler
frequencies which arise from the change in range as a target passes
through the antenna beam) which is proportional to the angle RB.

If 8 is sufficiently small, so that B ~ sin B, the Doppler frequency
change is essentially linear. A linear swept Doppler frequency is
thereby produced by the radar scan in the along track direction. This
frequency modulated signal can be compressed using standard FM-pulse
compression techniques. Because the Doppler bandwidth is only a

function of the angle B, the resolution is independent of distance.

The angular width of the radar beam is

B= sin B = % (2)

where d is the real antenna's effective aperture. If this entire beam-

width is included in the data processing, the resolution can be:

o =% 3)

1. W. M. Brown and L. J. Porcello, "An Introduction to Synthetic Aperture
Radar", IEEE Spectrum, Vol. 6, No. 9, September 1969, pp 52-66.

10
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This relationship suggests that a relatively small antenna can be
employed with SAR. Note that this fine resolution is achieved
independently of the distance Ro from the vehicle to the terrain and
independently of the wavelength of the transmitted radar energy. Thus,
SAR provides a practical means to sense the earth with fine resolution
from long range at frequencies distributed over useful portions of the

microwave electromagnetic spectrum.

Fine range resolution pg is achieved by transmitting an FM frequency
modulated pulse. By use of pulse-compression techniques, the resolution

in slant range direction can be reduced to

where c¢ is the velocity of light and o is the radar modulation bandwidth.

From Figure 1, it can be observed that the range coordinate of
radar imagery is related to propagation time and is inherently
associated with a slant range display rather than horizontal or ground
range display. A radar slant range display can be warped to resemble a
ground range display. Radar range resolution remains constant in the
slant range plane, and ground plane range resolution is dependent upon
the line-of-sight depression angle. The effective ground range resolution
is equal to the radar's range resolution divided by the cosine of the
depression angle. This factor is of only secondary importance for
small depression angles, but as the depression angle approaches 90° the
effective ground range resolution becomes excessively large. This will

be discussed in detail in Section 6.

3.2 SPECIAL PROBLEMS: SAR IMAGING OF MOVING TARGETS

Very interesting effects occur when a target moves during imaging.
Constant velocity and constant acceleration generate different image

effects in the range and azimuth directions, producing four separate
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1. Constant velocity in the azimuth direction changes the focal
length of signals recorded on the signal film relative to the
fixed targets in the azimuth direction.

2. Constant velocity in the range direction displaces the image
in the azimuth direction.

3. Constant acceleration in the azimuth direction introduces
defocusing but it is so small it is negligible for realistic
acceleration values.

4. Constant acceleration in the range direction changes the focal
length of the recorded signals in the azimuth direction and
may deteriorate range resolution.

These effects are discussed in this section. The altered focal cases

may be corrected by special processing which require refocusing.

The synthetic aperture technique as explained previously utilizes
small differences in the slant range of stationary objects on the terrain
relative to the moving radar antenna. These small range differences are
detected by the radar as small phase changes of the radar echo signals
and are used to discriminate between objects in the along track (azimuth)
direction. The processor uses the Doppler frequency to locate the along-
track position of a target and the time delay to locate the distance to
the target. The Doppler frequency is generated by the relative motion
of the aircraft with respect to the target.

Conventional operation of a synthetic aperture radar assumes that
the sensor platform moves at a constant velocity and that objects to be
imaged are stationary. However, ocean waves have both velocity and
acceleration components in the azimuth, range, and elevation (vertical)
directions. Information on the synthetic aperture imaging of moving

targets is summarized in the open literature by Dr. R. K. Raney [2].

2. R. K. Raney, '"Synthetic Aperture Imaging Radar and Moving Targets',
IEEE Transactions on Aerospace and Electronic Systems, May 1971,
Vol. AES-7, No. 3, pp. 499-505.

12
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3.2.1 VELOCITY EFFECTS

Wave motion modifies the radar echoes so that conventional data
processing results in defocused and displaced images. The defocusing
effect is caused by the azimuth velocity component; this problem can be
compensated in part by changing the azimuth focus control in the
processor in direct proportion to the along-track velocity component.
The azimuth focal length is a function of the rate of change of the
Doppler frequency. It can be seen that wave velocity in the same
direction as the radar vehicle's velocity will produce a reduced Doppler
rate, while wave velocity in the opposite direction will produce an
increased Doppler rate. The more detailed discussion of this process

is provided in Section 5.

Since the synthetic aperture technique utilizes the small range
rates of stationary reflecting objects to separate their images in the
azimuth coordinate, targets moving in the range direction appear with
altered azimuth positions in the processed image, but are still focused.
A non-moving target will produce zero Doppler when it is on a line
perpendicular to the aircraft track. However, if the reflecting object
is moving toward the aircraft, zero Doppler will be produced after the
aircraft has passed this perpendicular line, shifting the apparent
position of the object in the same direction as the flight direction.
Conversely, if the object is moving away from the aircraft, the apparent
position will be shifted opposite the flight direction. To illustrate
the displacement effects which can result from target motion in the
range direction, observe Figure 2 which shows a SAR image of a moving
railroad train displaced from its track. This displacement occurs
because the radial component of its velocity produced radar echo phase
rates that are different than the phase rate from the fixed targets.

If the radial component of target velocity is large enough, the shifted
Doppler frequency would exceed the bandpass of the radar data recorder
and the intensity of the image of the moving object would be reduced and

the resolution degraded.

13
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The magnitude of the azimuth displacement can be expressed as:

VR
X = v Rs (5)
A
where AX = displacement
VR = line-of-sight velocity component of reflecting object

velocity of the radar aircraft

<
>
]

Rg = radar range of the reflecting object
Note that image displacement is directly proportional to object radial
velocity and radar range. It is inversely proportional to aircraft
velocity and independent of radar wavelength. The magnitude of
displacement can be minimized by using short radar range and high
aircraft velocity. Examples of image displacement for several object
velocities are shown in Figures 3 and 4. Figure 3 values were computed
for aircraft altitudes and the nominal speed of the ERIM aircraft (C-46),
of approximately 75 meters/sec. A 25 meter/sec wind could increase the
aircraft ground speed to 100 meters/sec downwind or reduce it to
50 meters/sec upwind. This would make a two to one difference in the
image displacement resulting from target object velocity. Figure 4
values were computed for satellite altitude and the nominal velocity of

SEASAT of approximately 7.8 km/sec.

3.2.2 ACCELERATION EFFECTS

The effect of acceleration of ocean waves on X- and L-band SAR
images should also be considered. This will be done relating the SAR
resolution to integration time. It can be shown [3] that the theoretical
Rayleigh resolution of SAR is

H AH

A
" 2Lg cos 0;  2V,T cos 0 i

3. R. 0. Harger, "Synthetic Aperture Radar Systems', Academic Press,
New York, 1970.
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where A = radar wavelength

Lg = V4T = synthetic aperture length

Va = velocity of aircraft

T = synthetic aperture time

H = altitude of radar

0; = incidence angle.
For an aircraft altitude of H = 4.1 km, a velocity V,; = 75 m/sec, and
an incidence angle 0 = 20° (depression angle = 70°), Eq. 6 yields

p = 29.1 % (7)

For p = 5 m, the required time for the wave to be within the radar beam
for X-band (A = 3.2 cm) is

_29.1 x 0.032

Ty = 5 = 0.19 sec (8)

Similarly, for L-band (A = 23.5 cm), the wave must be in the beam for

T, = gg;l_§_g;gié = 1.37 sec 9)

Thus, for the same resolutions, the moving waves are in the aperture
seven to eight times longer for L-band than for X-band. For a given
resolution the required aperture times are proportional to the wave-

lengths, as is evident from Eq. 7.

The acceleration of a target in the along track direction affects
the focus, but in a negligible way. The amount of such acceleration

would have to be unrealistically high for the focus to be significantly

affected.

However, acceleration of targets in the range direction causes
significant degradation of the azimuth focal length. For a given

resolution the maximum permissible acceleration AR in the range

18
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direction can be derived as a function of H, VR, and T. The instanta-

neous range R to a target during the generation of a synthetic aperture
is

R =Ry Vot +%A.Rt2 (10)

where RO = range at t = 0
VR’ AR = components of target velocity (VR is constant and only
displaces the wave in the image) and acceleration (also
a constant) in the range direction
t = time.
The error term € which degrades azimuth resolution, by changing its

focal length, is
e == Ath (11)
2

The corresponding phase error ¢€ is given by

w o M ST L AR T>2
g (7 A1)

where T is again the synthetic aperture time. The upper bound is
realized at the start and the end of the SAR signal history*. The total
time is T. Taking the correct phase as occurring at zero Doppler, then
both the start and end of the signal history occur at a time interval

%T from zero Doppler time.

(a4
I
N |-

To obtain a properly-focused SAR image, the phase error should not

exceed m/2. Thus

T < (u/ag'l? (13)

* The "signal history'" is the signal that is obtained during the time
that a single scatterer is within the along-track beamwidth, i.e., the
time that reflected energy is being received from the scatterer.

1S
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Using the previously presented values of H, va, and Oi that follow

Eq. 6, the maximum allowable acceleration is obtained by combining
Eqs. 13 and 6

AR < 4V} cos?8; p2/H?) (14)
or

Ap < 1.18 x 1078 p?/) (15)

Figure 5 graphs Ag (in m/sec?) versus radar wavelength A (in cm) for a
SEASAT type satellite case; a family of such curves is plotted for
various resolutions p (in meters). It should be noted that Figure 5
shows maximum allowable range acceleration assuming processor remains
adjusted for stationary targets. The graph does not account for range

smear due to Ag.
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[ 4
? LITERATURE SEARCH AND SAR WAVE IMAGING MODEL

This section summarizes the literature search performed under
Task 1 as well as the preliminary work begun on a model that satis-
factorily explains the mechanism involved in imaging ocean waves with
SAR.

4.1 LITERATURE SEARCH

A literature search pertaining to problems involved in imaging
ocean waves with SAR was initiated in August 1976 at the start of the
first year of the ONR effort. The search was done via on-line computer
facilities using Lockheed's DIALOG system. The system allows a
researcher to query a bibliographic data base in an interactive mode,
and retrieve a set of pertinent citations on a particular subject.
Appendix A of this report gives a detailed description of how the
computer search was performed. Included in Appendix A are computer

printouts of citations obtained from the search.

The conclusion of the literature search pertaining to problem
areas involved in imaging ocean waves with SAR were presented in Section
1.2 of the introduction of this report and will not be repeated here.
1 It should be noted that the citations continue to provide useful

references for the current tasks underway in year two.

4,2 SAR MECHANISM FOR IMAGING OCEAN WAVES

A number of models which would explain ocean wave imagery taken
with a synthetic aperture radar exist. The models considered corre-
spond to three sources of radar backscatter modulation: tilt modulation,

roughness variation, and the wave orbital velocity [4]. A careful

4. C. Elachi and W. E. Brown, '"Models of Radar Imaging of the Ocean
Surface Waves'", IEEE Journal of Oceanic Engineering, Vol. OE-2,
No. 1, January 1977.

22

vy 1




D ERIM

examination of existing SAR wave data is necessary to find examples

that support a radar backscatter model or combination of imaging models.

For example, the dependency of average 0y on radar look direction
as well as the incidence angle sensitivity was measured on the Marine-
land data. The Marineland results support observations reported by
Daley, Davis, and Mills [5] which indicate that, for low and moderate
sea states, the L-band (HH)* OO sensitivity to radar look direction
(that is, up-wave, down-wave, and cross-wave) is negligible. At X-band,
the data from 15 December 1975 indicate that, when the radar looks up-
wave, a greater 00 results than when the radar looks cross--wave; the sea
truth for 15 December indicates that the wind and waves were essentially
in the same direction. The X-band data from 10 December 1975 confirm
the observation made on the data from 15 December that 00 is signifi-
cantly greater when the radar look direction is up-wave or down-wave as

opposed to cross-wave.

A visual inspection of the ERIM four-channel Marineland data
indicates that the X-band HH channel yields a strong return, but the
X-band HV channel yields essentially no return from the sea other than
at the breaker zone. In contrast, visual inspection also indicates
that the return at L-band HV is as strong, if not stronger than the
L-band HH channel. A wave imaging model would be required to explain

these contrasting results.

As part of the task of explaining the SAR mechanism for imaging
ocean waves ERIM contributed to a joint Marineland team (JPL, ERIM,
NOAA/SAIL) paper entitled, "Comparison of In Situ and Remotely Sensed

* H = horizontal polarization; V = vertical polarization. The first
letter represents the transmitting polarization, the second the
receiving polarization.

5. J. C. Daley, W. T. Davis, and N. R. Mills, "Radar Sea Return in
High Sea States'", Report No. 7142, Naval Research Laboratory,
Washington, D. C., September 1970.
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Ocean Waves Off Marineland, Florida" [6]. The ERIM examination of the
Marineland “-channel SAR data indicated that better wave images can be
generated 1.om the X-band radar with parallel polarization than from the
L-band radar. Simultaneously-obtained, identical-resolution X-band (HH)
and L-band (HH) ocean wave images were compared. Both X- and L-band ERIM
data have approximately the same signal-to-noise ratio (SNR). Scans of

image photographic density in the direction perpendicular to the dominant
crest direction indicate a higher crest-to-trough modulation for X-band

than for L-band. Consequently, better definition is seen in wave-

spectral peaks derived from X-band images than from L-band.

Further analysis of Marineland data indicates that optimum wave
images result when the radar is looking essentially up-wave (waves
propagating towards the aircraft in the range direction). This confirms
the 0 measurements previously discussed. To explain the SAR mechanism
of imaging ocean waves, proposed models should be consistent with all
the above observed phenomena which include functions of frequency, look

direction and incidence angle.

The literature search and the ERIM Marineland data indicate the
major shortcoming of currently proposed SAR imaging mechanism models
was insufficient SAR sea data to confirm their validity. The ERIM
generated model will be based on dual polarization observations made
at X-band (3 cm), L-band (24 cm) and Kz-band (0.89 cm).

The question of how the SAR images ocean waves is fundamental. It
must be answered before a finalized focus algorithm can be developed.
When this question is answered wave height determination from SAR should

be possible as well as real time spectra generation.

6. O. Shemdin, W. E. Brown, F. G. Standhammer, R. A. Shuchman, R. F.
Rawson, J. S. Zelenka, D. B. Ross, and R. A. Berles, "Comparison of
In Situ and Remotely Sensed Ocean Waves off Marineland, Florida",
Boundary Layer Meteorology (In Press).
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5
PROCESSING OF OCEAN WAVE DATA FROM A SYNTHETIC APERTURE RADAR

This section discusses the focusing algorithm which accounts for
the azimuthal velocity components of waves. The following discussion
which is authored by R. A. Shuchman and J. S. Zelenka has been
accepted for publication in a slightly different form in Boundary Layer
Meteorology. ONR will receive copies of the reprint upon receipt.

5.1 INTRODUCTION

Synthetic aperture radar (SAR) is a coherent airborne radar that
uses a moderately broad antenna beam. As discussed on page 9, the data
collected by SAR are processed in such a way as to synthesize a very
narrow beam, thus providing fine azimuth (along-track) resolution. Fine
range resolution is achieved by transmitting either (1) very short pulses
or (2) longer coded pulses which are compressed to equivalent short pulses
by matched-filtering techniques. Usually, the coded pulse is linearly
modulated in frequency. See Section 3.1 for a further discussion of some

of the principles of synthetic aperture radar.

The SAR phase history of a scattering point in the scene is recorded
on photographic film in the form of an anamorphic (astigmatic) Fresnel
zone plate. The parameters of each such zone plate are determined
(1) in the azimuth direction by the Doppler frequencies produced by the
relative motion between the sensor and the point scatterer and (2) in
the range direction by the structure of the transmitted pulses. The
resulting signal film is a collection of superimposed zone plates
representing all backscatterers in the scene. Placing this signal film
at the input of a properly adjusted optical processor results in an

optical image of the scene which had been illuminated by the radar [7].

7. A. Kozma, E. N. Leith, and N. G. Massey, '"Tilted Plane Optical
Processor’, Applied Optics, Vol. 11, No. 8, August 1972, p. 1766.
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The action of the optical processor is to focus the light passing through
each anamorphic zone plate to a point of light representing the original

microwave scatterer.

The problem of processing SAR data of ocean waves has been discussed
in Section 3.2; this section will address the problem in more detail. An
experimental investigation of the SAR wave imagery dependence on a number
of processing parameters is discussed. In particular, the problem of

forming sharp SAR images of moving ocean waves is considered.

Section 3.2 pointed out that azimuth defocusing can be compensated
for by readjusting the azimuth focus by an amount proportional
to the ocean wave phase velocity component in the azimuth direction.
This technique is discussed in more detail here. In addition, the
effects of changing (1) the range focus and (2) the number of super-
imposed coherent looks (i.e., the amount of noncoherent averaging) on
SAR wave imagery are considered. The SAR data selected for these
studies were collected on 15 December 1975 during a test conducted at
Marineland, Florida using the ERIM X- and L-band dual-polarization
system [8, 9].

5.2 THEORY FOR VARIABLE AZIMUTH FOCUS ALGORITHM

In this section, the amount of azimuth refocusing required to image
specific ocean waves will be determined theoretically for both 3.2 cm
(X-band) and 22.8 cm (L-band) SAR wavelengths, including the effects of
radar system parameters and relative target velocity on depth of focus,

f-number, and focal length of the processor. The resulting theoretical

8. F. L. Smith and R. F. Rawson, "Four-Channel Simultaneous X-L
Imaging SLAR Radar", Proceedings of the Ninth International Symposium
on Remote Sensing of the Environment, Ann Arbor, Michigan, 1974.

9. R. F. Rawson, F. L. Smith, and R. W, Larson, "The ERIM Simultaneous
X- and L-Band Dual-Polarization Radar", Report of the IEEE 1975
International Radar Conference, New York City, p. 505.
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relationships will then be applied to the ERIM X- and L-band radar with

a nominal resolution of 3 meters as well as to the proposed SEASAT

L-band radar with a resolution on the order of 25 meters.

Preliminary evaluations of the processed wave imagery (Section 5.3)

support the theoretically determined relationships. Specifically, they
indicate the following:

X,

Given the same wave velocity, defocusing is more pronounced

at L-band than at X-band.

The 180° ambiguity in direction of wave travel (for example
90° or 270°) can be resolved by observing the defocusing in

the optical processor at L-band.

The 180° ambiguity should be marginally resolvable using a
SEASAT radar with a proposed 8 m x 25 m resolution. Better
results would be realized with an improved resolution of
8mx 6.25 m.

Using the Marineland data to simulate the proposed SEASAT
radar parameters, the effect of defocusing due to wave motion
is only slightly discernible. However, higher sea states with

resulting higher wave velocities should be more discernible.

The velocity correction necessary to focus ocean waves
corresponds to the phase velocity of the waves rather than

the orbital velocity.

First, the aximuth focal length dependence on azimuth target

velocity will be determined. The azimuth focal length of a SAR target
history is [10]

1
(Mp) 2

N

A
| (16)
A

10. J. W. Goodman, "Introduction to Fourier Optics', McGraw-Hill Book
Co., New York, 1968, p. 192.
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where R = slant range to the target
P

M

|

azimuthal packing factor defined below

#l

azimuthal demagnification of the optical processor
while A and )y are the wavelengths at the radar and the optical proces-

sor respectively. The azimuth packing factor is

e
P = s (17)
where V = relative along-track velocity between the radar transport and
the moving wave, and
V¢ = speed of the recording film.

Substituting Eq. 17 into Eq. 16 yields

2
v
.- J.L(vf_) o
ZMZ)\Z
Now, let F(, denote the along-track focal length of a stationary target.
Then 2
RA 1
By =5 Y (19)
2M Al a
where Va = along-track speed of the radar.

For a moving target, the relative velocity becomes

V=yv - VT (20)

where vy = target speed in the along-track direction.

Combining Eqs. 18, 19, and 20, the shift in focal length produced by a
moving target is

v
SO
Vo 2 Va (21)
8F = F - FO = 2Fo v [f—*—jy—]y
a § o
'
a
28
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If the target has an along-track speed which is much slower than that
of the radar transport, Eq. 21 is approximated by

The accuracy of this approximation is determined by direct comparison

with Eq. 21. The resulting percent error is

SO T
vT 3 Va 2
€sF = 150 v ” ~ 150 v (23)
a 1__1_ T a
2V
a

The inverse of Eq. 21, that is, the dependence of focal length on
target velocity is also of interest. Solving Eq. 21 for vgq yields

/ SF
v, =V 1-\/1-5—7= (24)
T a ( \ FO + &F )

Consider the ERIM SAR example:

Va = 75 m/sec and

vp = 12 m/sec

where vy = phase velocity of the wave.

Then, from Eq. 21, the shift in focal length introduced by the moving
target in the along-track direction is

SF = 0.417 Fo (25)
if vp = 12 m/sec; or
8F = -0.257 Fg (26)
if vp = =12 m/sec.
29
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Because F0 in Eq. 19 is different for X- and L-band (see Table 1

of ERIM SAR parameters, next page), a 12 m/sec moving target introduces
shifts in focal length of 0.579 mm for L-band and 1.264 mm for X-band.
The -12 m/sec moving target introduces a focal-length shift of -0.357
mm for L-band and -0.779 mm for X-band.

The depth of focus DF for a SAR system is [10]
2

2 e %
DF = + 1, <M v ) (27)

where p denotes the azimuth resolution of the radar system (output

image). For the ERIM system, the DFs are +0.0502 mm and +0.7804 mm for
the 3 m resolution L- and X-band cases, respectively. Comparing the
depth of focus at the output of the azimuth telescope with the focal
length change introduced by a 12 m/sec wave, it is found that the X-band
change is not detectable, because it is within the depth of focus. On

the other hand, refocusing is required for the L-band case.

A simple expression for those wave velocities requiring processor
compensation (i.e., refocusing) will now be derived. The resulting

expression will then be applied to the SEASAT radar parameters. Setting
DF < |8F| in Eqs. 27 and 22,

2
2 [ Yg® Vp
= < 2F, — (28)
Ay (Mva ) 0 v,

and recalling Eq. 21, one obtains

2

B e L) P "f> i (29
Vv .

e \ M a, \Va a

Solving the above expression for vy yields

* The depth of focus has been arbitrarily defined to be the total
displacement from the optimal focal plane for which the resolution
is degraded by a factor of two over the diffraction limit.
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TABLE 1.

L-Band
4370 m
0.228 m
0.6328 x 107°
18.67
0.00186 m/sec
3m
75 m/sec

1.3891 x 1072

m

ERIM SAR PARAMETERS
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X-Band

4370 m
0.032 m

-6
0.6328 x 10
13.11
0.00515 m/sec
3 m

75 m/sec

3.0313 x 107>
(for va =75

m

m/sec)

i
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e a (30)
AR

The question arises as to whether imagery obtained from SEASAT is
sensitive to wave motion. The SEASAT-A parameters are:
Va = 7,868 m/sec
R = 845 km
A = 0.235 meters
When used in Eq. 30 these give

ahe

(2)(7,868) (6.25)
0.235(845,000)

VT>

Py

vy > 3.10 m/sec i

for a resolution of 6.25 m. If the resolution is 25 m for one-look

(fully coherent),

vt > 49.53 m/sec

If SEASAT uses mixed integration during data processing (i.e., use
of four non-coherently averaged images to produce a four-look 25 meter

image), a smaller minimum vr is required than for the fully coherent

case:

vr > 12.38 m/sec
This smaller minimum is required because the depth of focus for a mixed-
integration processor is equal to the geometric mean of the depth of
focus corresponding to the full aperture and depth of focus for the
partial aperture (i.e., 6.25 and 25 meters). Appendix B of this report

entitled "The Effects of Mixed Integration on Depth of Focus' discusses
this statement in detail.

Thus if SEASAT-A uses either a resolution of 6.25 m or employs
four-look mixed integration processing, refocusing to compensate for

the azimuth component of the wave velocity will be necessary.
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5.3 EXPERIMENTAL OBSERVATIONS

Figure 6 shows L-band, parallel-polarized data of near-shore,
shallow-water waves, which was gathered on 15 December 1975. The upper

image corresponds to normal processing (assuming a stationary target).

The lower image was focused in the processor to observe a wave traveling

at 14 m/sec in a direction opposite to that of the aircraft.

Figure 7 is an L-band, parallel-polarization image of a deep-water
wave obtained on 15 December 1975, where the velocity of the waves was
14-15 m/sec. The upper image was again normally processed. Again, the
lower image was corrected for the defocusing effects caused by the

moving waves.

Figure 8 demonstrates the ability to detect the direction of wave
propagation by observing the effect of defocusing in the image. The
upper, L-band, parallel-polarization image was processed under the
assumption that a 14 m/sec wave was traveling in a direction opposite
to the radar flight path; the waves are clearly discernible. The lower
image was processed under the assumption that a 14 m/sec wave was
traveling with the aircraft; in this case, the assumption of the wrong
direction of wave propagation caused such severe defocusing of the

waves that they are no longer visible in the image.

Figures 9 and 10 demonstrate the same detection ability with
SEASAT type resolution. The L-band, parallel-polarization, 8 x 6 m
resolution, single-look image (Figure 9) shows focusing corrections
for a wave train propagating in the along-track direction with the same
and opposite directions as the aircraft velocity. The upper image is
the correction necessary for waves traveling in the same direction as
the aircraft while the lower image is corrected for wave motion in the

opposite direction.

Figure 10 is the same as the Figure 9 L-band case, except that the

resolution is degraded to 8 x 25 m with four images noncoherently
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averaged to produce the figure. The changes in focus with SEASAT

resolutions are admittedly subtle; however, both Figures 9 and 10 show
that wave direction is obtainable from SEASAT imagery by analysis of
defocusing effects in the processor. It was also observed that, if the
azimuth telescope is moved toward and away from the plane of focus for
a stationary target by an amount larger than that necessary to correct

for wave train motion, more obvious defocusing effects occur.

5.4 OTHER CONSIDERATIONS

A spectrum sampling was performed to evaluate the effect of using
low, zero, and high Doppler information in processing wave data. The
low, zero, and high Doppler correspond to varying squints of -4°, 0°,
and +4°, respectively, at L-band. Experimental results indicate that
little information is gained or lost as a result of selecting different

portions of the Doppler spectrum.

Range focus was also varied in the processor. From this test, it
was discerned that waves traveling in the range direction appear much
less likely to produce azimuth defocusing. The explanation for this is
that waves moving in the range direction introduce a constant Doppler
shift. Since the radar achieves fine azimuth resolution by estimating
when each scatterer has a zero Doppler shift, this type of movement
merely displaces the image in the along-track dimension rather than
causing a defocusing effect. This along-track displacement of waves
should not be visible in the imagery except at boundaries such as
shorelines. Figure 11 graphically demonstrates the displacement or
defocusing of waves in the resulting image as a function of radial
motion. This figure indicates that the range resolution controls the

quality of the imagery.

A single coherent image was compared with one of equal resolution
produced from four such images averaged together. The number of

independent looks is a measure of the statistical image-intensity
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fluctuations of homogeneous diffuse targets. If the individual
resolution cells of a coherent imaging system are distinguishable, then

diffuse objects will show a very pronounced speckle pattern with

independent intensity variations around the corresponding mean intensity.

By averaging independent images, these statistical fluctuations are

smoothed.

The results, as exhibited in Figure 12, indicate that the currently
planned set of four multiple looks of mixed integration for SEASAT-A
radar data sufficiently enhances the wave data. A probable explanation
for this indication is the following. If wave crests are considered
specular targets, the signal-to-noise ratio (SNR) improvement is
proportional to /ﬁ, where N is the number of independent coherent looks
[11]. Thus, the four-look imagery has an SNR improvement of a factor
of two. Figure 12 is also interesting because it represents imagery
with a resolution that simulates that proposed for SEASAT-A. Recall
that, at 20° incidence angle, 8 m slant range resolution is the equiva-
lent of 25 m ground range resolution. The mixed-integration equivalent
to four multiple looks was achieved by limiting the input along-track
aperture of the optical processor while exposing the output (image)

film through a slit several resolution elements wide.

5.5 SUMMARY

Variation of the azimuth focus and the range focus indicates the

rather high sensitivity of the images of wave components traveling in

the along-track direction to azimuth focus and the rather low sensitivity

to range focus of wave components traveling in the cross-track direction.

Images of waves traveling in the azimuth direction can be effectively

suppressed by defocusing to enhance the images of waves traveling in the

11. L. J. Porcello, N. G. Massey, R. B. Innes, and J. M. Marks,
"Speckle Reduction in Synthetic Aperture Radars", J. of the Opt.
Soc. of America, Vol. 66, No. 11, p. 1305.
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range direction. This enhancement technique was successfully employed
on both Jet Propulsion Laboratory (JPL) L-band and ERIM X-band L-band
SAR wave data [12].

Ultimately, defocusing could be used as an enhancement tool for
generating ocean-wave spectra. Separate Fourier transforms (FTs)
generated for waves traveling in the range direction may be combined
with the FTs of focused azimuth waves to obtain a clearer FT represen-

tation of sea state.

The azimuth defocusing caused by wave motion should not pose a
serious problem for SEASAT imagery of sea states similar to those
present at Marineland (that is, light to moderate seas). However, data
from higher sea states are apt to require refocusing. The importance
of the defocusing effect due to wave motion is twofold. First, this
effect can be used to determine the direction of ocean-wave propagation.
Second, it can be used as a rough estimator of the phase velocity
associated with these waves. Wave-height information may also be learned

from measurements of depth of focus along the radar line of sight [13].

Currently, focusing studies are underway at both ERIM and JPL.
Hurricane and West Coast SAR wave imagery collected by the JPL L-band
system shows the same focusing sensitivity discussed in this section.
JPL has reported [14] significant improvement in the ability to see

azimuth traveling waves when focusing is performed.

12. R. A. Shuchman, R. F. Rawson, and E. S. Kasischke, '"Analysis of
Synthetic Aperture Radar Ocean Wave Data Collected at Marineland
and Georges Bank", ERIM Final Report 123000-11-F, Ann Arbor, Mich.

13. T. R. Larson, L. I. Moskowitz, and J. W. Wright, "A Note on SAR
Imagery of the Oceans', IEEE Trans. on Antennas and Propagation,
Vol. AP-24, No. 3, 1976, pp. 393-394.

14. 0. Shemdin, Jet Propulsion Laboratory, Personal Communication.
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In this section we have not considered the defocusing effects

caused by wave acceleration (see Section 3.2), but consideration has

been restricted to defocusing or Doppler shift caused by the constant-

velocity component of wave motion.
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6
SLANT-RANGE TO GROUND-RANGE CONVERSION OF SAR DATA

The following section discusses slant-range to ground-range
conversion of SAR stripmap data. As this section will describe and
Figure 13 indicates, SAR geometry is unique. One dimension of the SAR
image is proportional to the '"slant-range' distance from the aircraft
to the point on the earth which is being imaged, rather than distance
along the earth as in a conventional map. Thus previously developed
scanner or map rectification algorithms do not apply to the SAR case.
The distortion caused by the SAR slant-range representation is a
relative compression of objects closest to the aircraft (''near range").
This slant-range distortion is usually moderate enough for the eye to
accept, so SAR images are érocessed with the distortion. However, the
distortion is too severe to perform machine computation on ocean waves
because the slant-range image shows the waves unnaturally bent unless
the waves are precisely perpendicular or parallel to the flight line.
This bending distorts the two-dimensional Fourier transform, the

computation which gives the wave direction and wavelength.

6.1 INTRODUCTION

In the digital exploitation of SAR ocean wave imagery, a reasonable
first step is to remove the geometric distortion introduced by imaging
the waves in slant range. In an ideal case of the ground range data
being perfectly sinusoidal, the slant range image will appear as a
frequency-modulated wave. Any frequency decomposition technique applied
to such data will yield a spectrum with a smeared peak at, near, or
possibly a significant distance from the sharp peak produced by a

frequency analysis of the corresponding ground range image.

In realistic data it is probably unreasonable to expect that even

the ground range image will ever yield a sharp peak in its spectral
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decomposition; however, the geometric distortion caused by the slant
range presentation continues to be bothersome. The remainder of this
section describes the slant-range to ground-range conversion algorithm
developed at ERIM for use in digital exploitation of SAR ocean wave
imagery. Examples of the effect of the conversion on wave spectra are

included.

The SAR data made available for digital exploitation is digitized
by ERIM's Image Dissector and Digitization (IDD) facility [15]. The
optical processor's slant-range output imagery is sampled at an
appropriate rate and recorded on a computer-compatible digital tape.
This is the data which acts as input to subsequent digital post-

processing steps.

6.2 DISCUSSION

One of these post-processing steps is a conversion of the digital
slant-range data to ground-range. The relationship between these
coordinate systems is suggested by Figure 13. It is convenient to
consider both systems as being defined on (0, ®), where a coordinate
value of 0 corresponds to a point at nadir*. In Figure 13, h is the
aircraft altitude; also, tg, is a general distance in slant-range, and

tgr is the corresponding distance in ground-range. Hence,

T

gr ST

e “e2ne
ST S

r

t
]

(31a)

* An extension to (-, 4+») is straight forward, but serves no useful
purpose here.

15. D. A. Ausherman, W. D. Hall, J. N. Latta, and J. S. Zelenka, 1976,
"Radar Data Processing and Exploitation Facility", Proceedings IEEE
International Radar Conference, Washington, D. C.
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alternatively, one may write

i /cgrz £h° ~h (31b)

ST

Equation 31 shows that for a given increment Atgy in slant range, Atgy
is always larger. Practically, this means that if the slant range data
is frequency bandlimited, then the corresponding ground range data is
bandlimited, at most, to the same frequency. An intuitive feel for
this can be obtained by considering the effect of the coordinate change
on a sinusoid in slant range. Everywhere the coordinate change is a
stretching of the tgy axis, so that a sine wave of a given frequency in
slant range becomes a signal of lower instantaneous frequency in ground
range. In the digitization procedure, the slant range image is lowpass
filtered prior to sampling time, so that it is indeed bandlimited.
Because the actual sampling rate exceeds (greatly, in fact) the Nyquist
rate*, it is possible (in principle) to reconstruct the analog slant
range signal. Further, the same sampling rate must be sufficient for

the ground range data.

We intend to take fast Fourier transforms of the SAR wave data, in

an effort to determine wave direction and wavelength. Since FFTs assume

* In its simplest form the Shannon Sampling Theorem states [16]:

Given a signal, s(t), which is frequency bandlimited
to (-W, 4W), then sampling of s(t) at any rate, fg,
greater than 2W samples per second will permit exact
reconstruction of the continuous-time signal s(t)
from the sample values.

The "Nyquist rate" is the lower bound rate of 2W. Sampling at rate
fg < Nyquist rate will cause terms of s(t) with frequencies > fg/2

to be reconstructed as sinusoids of frequency less than fg/2. This
phenomenon is referred to as '"aliasing" or "spectral foldover".

16. J. M. Wozencraft and I. M. Jacobs, "Principles of Communication
Engineering', John Wiley & Sons, Inc., New York, 1967.
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input data is uniformly sampled it is desirable that a slant range to

ground range conversion program produce equally spaced points in ground
range from equally spaced points in slant range. Due to the geometric
distortion, the objective can be restated as one of reconstructing
unequally spaced slant range samples from given equally spaced points

in the same system.

This reconstruction can be accomplished by filtering the slant
range data with a finite-duration digital filter, whose frequency
response is comparable (over one period) to that of the ideal analog
low-pass reconstruction filter, which imparts constant gain and zero
phase change over the passband. Then reconstructing slant range data
involves weighting the existing samples by certain filter values and
summing over the duration of the filter (i.e., implement a discrete
convolution of the digitized data with a reconstruction filter).

The reconstruction filter used is commonly referred to as a 'raised

cosine-weighted sinc"T. Specifically, the selected digital filter h(ty)

is given as

Antk\ sin 2nfctk
2N / 2nfct

i, ) = (é.54 + 0.46 cos (32)

k

where

for N equal to the number of filter terms. The parameter f. is inter-
preted as the filter's "cutoff frequency'; varying f. in Eq. 32 varies
the number of zero crossings of H(tk)*. (Note also that a sampling

interval of T = 1/2 has been selected. This presents no problem; we

ML
sinc x A Sin Tx
e ™

* The number of zero crossings is given as Nf..
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can choose to think of the units of the slant range axis in any

convenient way.)

To evaluate the frequency response of h(tk), a z-transform is

g :
computed and evaluated at z = er & for many choices of f. In Figures

14 and 15 the magnitude and phase responses are shown for N = 16 and
f. = 0.9375, respectively. The sampling rate of 2 Hz (T = 1/2) forces

the spectrum to have a period of 2 Hz; one period (f € [-1, +1]) is
shown in Figures 14 and 15. The choice of f. = 0.9375 places the cut-

off frequency very nearly equal to the one-sided bandwidth of 1; this
accounts for the 0 dB gain and the 0 radian phase change across most of
the band. Use of this filter, then, will not artificially emphasize

any wave components in the data; the conversion can proceed without

any preconceived notions of the signal content.

In implementing this filter, one soon sees that the above
explanation does not tell the entire story. In producing an output
sample from a set of input samples, the operations suggested by Figure
16 are used. An output position, ty,¢, is first fixed. Conceptually,

a continuous-time (still finite duration) version of h{ty) is then
centered at tgy,t, and N samples of this continuous version are generated
at positions tgk, equal to the given input sample positions. Since the
scaling of the slant axis is arbitrary, let the k'th sample in slant
range for k s 1, 2,..., be assigned a position ty = (k-1)/2. Let hc(t)

be the continuous version of h(ty), i.e., define

sin 21f t
2Tt c N N
<0.54 + 0.46 cos —N_> o fct s BB 2’ 4)
(33)
hc(t)
0 otherwise
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Then the required filter weights are given as h (tgx - toyt), k = M,

M+ 1,...,M+ N - 1, where ty is the sampling time satisfying

tout 3

&=

N
£ tM < tout i + 1/2 (34)
Since ty = (M - 1)/2, Ineq. 34 is satisfied for M equal to the integer

on the interval [Ztout - % + 1, 2tout - % + 2]. Thus, the required

cutput sample, V(t,,t), is computed as

Mﬂ{[;l
v(tout) = L hc(tk % OO0 s(tk) i (35)

An entire slant range scan is converted to ground range by
iteratively applying Eq. 35 after selecting a set of slant range output
positions, {toutj}a which are consistent with Eq. 31b and with the

desire to end up with equally spaced ground range samples.

The potential difficulty with the above approach is that the
tilter weights are time-varying, due to the non-uniform positioning of
“out between input sample times. The frequency response would then
deperd upon time, and the quality of the data reconstruction would be
in d~upt. Fortunately, it has been found that this time jitter
associoted with t,,. has only minor effects on the frequency response
of the reconstruction filter, so that for engineering purposes, the

filter may be considered to be time-invariant.

6.3 RESULTS

The above procedure has been implemented on the ARIES computer
facility [14]. An example of SAR slant range ocean wave imagery
appears in Figure 17. The wave crests are the strings of loosely
counected white to gray dots lying at about 60° to the horizontal; the
wave troughs are the nearly black bands in between. The patch to be

converted Lo ground range is outlined by the large white rectangle.
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This particular section was selected because of its proximity to nadir:

severe bending of the 45° waves is noted. Figure 18 is the ground range
version of the outlined region of Figure 17, the geometric distortion
introduced by the slant range presentation has been removed, and the
waves now assume their proper orientation. It should be emphasized

that relative to their respective coordinate systems, both slant range
data and ground range data are sampled every 1.5 m; from earlier remarks
we know that this sampling rate is adequate for the converted data.

The number of samples generated in ground range for a given outlined
region in slant range thus depends solely on how close to nadir we
request a conversion be made; we need not, for example, rely on an
engineering judgement that twice as many ground range samples as slant

range samples are needed.

The "smeared" nature of the range dimension of Figure 18 is to be
expected. Since the signal is originally digitized in slant range to
3 m resolution, the stretching encountered in the coordinate system
change forces ground range resolution to be worse than 3 m. For regions

near to nadir, the resolution gets very poor indeed.

An idea of the severity of the slant range distortion can be
obtained from Figures 19 and 20. Fourier transforms of the outlined
region of Figure 17 and of Figure 18 were computed, and are displayed
in Figures 19 and 20, respectively. Note that in these displays the
range frequency dimension is the vertical dimension. The faulty slant
range geometry has two effects. First, a compression of the waves will
always occur, and will be significant near nadir. This introduces an
abnormally high range frequency component in the spectrum. Second, the
compression effect is monotonically decreasing with increasing slant
range, so that a transform of a large patch of data will belie the
presence of a frequency-modulated wave component. This would appear
in the spectrum as a smearing of the transform in the vicinity of the
abnormally high range frequency component mentioned above. The selected

patch is too small for this effect to be noticeable.

56

Vg w g B ™

N

Stk ek

e e e At




YERIM

’ON‘ "‘

* . y 1
) "1 ‘Q {
“". ' I ' ’l,.

N { zr ,;
N‘w ‘ ‘0~|‘1‘;
)y

'Hh
&)

|

——

—

LN
i
=
Q
-
x
a
w
T
x
- <
o
i .
[+ 4
- <
w
x
o~
*
™
)
a
w
o
x
o
wn
x
@
Q.
PTe
w

Ground Range Equivalent of Outlined Region of Figure 17

FIGURE 18.




T6€ Tl H0 HILYJ INUY-WIN MUY 40 WNALIILS

58
—

Emm

L1 @an314 jo uorgay pauTTInQ Jo wniiddds 61 FWAOL

——_—..



———

? ERIM

8T =2an3Tg jJo wnildadg

Z6€ Wl 30 HILYd INA-WYIN CILIIANCD J0 WNALIIJS

3

*0¢ F9NOI14

59




D ERIM

6.4 SUMMARY

If SAR is to be a useful tool for imaging ocean waves, the
recording procedure should not be allowed to ﬁinder detection of the
wave components. In the slant range presentation, the geometry is so
non-uniform that comparison of spectra generated from several different
regions of the imagery will be difficult or impossible. If, however,
the data is first converted to ground range, then a single geometry
applies to all regions, and comparison of their spectra will be meaning-
ful. An additional benefit of the conversion is that oceanographers
untrained in SAR imagery can visually interpret the ocean imagery

without having constantly to mentally correct for the SAR-induced
distortion.
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7
OPTICAL FOURIER TRANSFORM OPERATIONS
TO ANALYZE WAVE CHARACTERISTICS

7.1 INTRODUCTION

The purpose of this particular investigation was to provide a basis
for the automatic analysis of wave parameters as an auxiliary output of
the SAR optical processor, and to provide a model for a simple optical
setup so that the individual scientist can selectively analyze portions

of SAR imagery.

Currently, the processing of SAR imagery is primarily an optical
and photographic operation. Although digital techniques are more
versatile, repeatable, and noise-free than optical techniques, for at
least the near future they lack the capability of processing large
amounts of SAR data in near real time. Monitoring large areas of ocean,
as contemplated by SEASAT, requires an optical approach, or a large
digital computer.

Anticipating the necessity of optically processing SEASAT SAR data,
we investigated means of optically extracting wave information. The
methods that appear to hold the most promise are based on the two-
dimensional Fourier transform. Wave parameters which can be inferred
from the Fourier transform are wavelength, wave direction, and spatial
uniformity (How straight the wavefronts, amount of refraction, number
of wave directions, continuity of wavefronts)[17,18]. The optical two-

dimensional transform is simply achieved by Fraunhofer diffraction.

17. L. J. Cutrona, E. N. Leith, and L. J. Porcello, "Filter Operations
Using Coherent Optics', Proceedings of the National Electronics
Conference, Volume X, 1959.

18. P. L. Jackson, "Diffractive Processing of Geophysical Data",
Applied Optics, Vol. 4, No. 4, April 1965.

61




D ERIM

Optical experiments included both the direct imaging of the Fourier

transform and spatial filtering in the Fourier transform plane while

imaging ocean wave patterns.

Results indicate the following: (1) the two-dimensional transform
contains information in a form which has the potential for automatic
computation, (2) a variety of apodisations (spatial weighting functions)
and opaque stop filters can be employed, (3) a very simple optical
system can be used, (4) slant-range distortion diffuses energy concen-
trations (hence, accuracy of wave data) in the Fourier transform plane,
and (5) directional filtering operations do not appear to be practicable

for ocean wave analysis.

7.2 BACKGROUND

As is well known, a two-dimensional Fourier transform can be
obtained with a simple Fraunhofer diffraction setup. As shown in
Figure 21, the wave imagery in the form of a variable-density film is
placed in a plane wave of monochromatic light. The diffraction patterns
formed at the focal plane of the lens are produced by the spatial
distribution of the optical transmission of the film. This diffraction
pattern is the two-dimensional Fourier transform of the data on the
film, and as such, represents information about the wave characteristics

recorded on the film.

Figure 22 is a modified form of Figure 21. Here, a diverging wave-
front impinges on the film, and a modified Fourier transform is formed
at the focal plane oun which the pinhole is imaged. The effect of the
modification on the accuracy of the Fourier transform is negligible,
and for wave analysis purposes can be considered a true Fourier transform.
Note that the setup in Figure 22 requires only half the optics of the
setup in Figure 21, and that degradation due to lens reflections, noise,
and distortions are halved. Note also that the Fourier transform scale

can be altered by judicious placement of the lens between the pinhole
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FIGURE 21. Fraunhofer Diffraction Setup to Obtain Two-Dimensional
Fourier Transform of Photographic Image. Film
Placed in Plane Wave of Monochromatic Light.
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and its image. This scale alteration is not possible with the plane-

wave setup in Figure 21.

The setup in Figure 22 is emphasized here not only because of its
superiority for this purpose, but because the more costly, more noisy,
and less flexible setup of Figure 21 is often employed, probably because
this type of optical operation is described in the literature almost
universally with this diagram.

The Fraunhofer diffraction setup and its relationship to the Fourier

transform is described elsewhere [17, 18] and has been used for ocean

wave analysis [19].

The distribution of light in the Fourier transform plane is prin-
cipally governed by two of the ocean wave characteristics: the orien-—
tation of the wavefronts, and the spatial frequency of the waves.
Position within the image does not affect the energy distribution in
the transform plane. Translation without rotation of the image leaves

the transform plane unchanged.

As illustrated in Figure 23, the diffracted distance of the light
energy from the origin is inversely proportional to the wavelength
(therefore, directly proportional to the frequency) and the orientation
of the energy in the transform is identical to that of the wave propa-
gation of the image. The optical Fourier transform is, then, a concise
indicator of Ehe frequency and direction of a SAR image of ocean waves.

Also note that the distribution of energy in the transform is an indi-

cation of the spatial uniformity of the waves. If the energy is diffused

over a relatively large area in the transform plane, one can infer that

the waves are diffracted, broken up, have different components, etc.

19. W. L. Brown, F, C. Polcyn, A, N, Sellman, and S. R. Stewart,
"Water-Depth lleasurements by Wave Refraction and Multispectral
Techniques," Report No. 31650-31-T, Willow Run Laboratories,
Ann Arbor, Michigan, August 1971.
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FIGURE 23. Diagrams of Linear Images and Corresponding Two-
Dimensional Fourier Transforms. Note that the
distribution in the two-dimensional Fourier
transform is governed by the frequency and
orientation of the spatial distribution of the

Spacings of components in (b) and (d)

are inversely proportional to spacings of lines

images.

in the images (a) and (c).

The sizes of the dots

indicate the amount of energy in the diffracted
orders--smaller dots, smaller amount of energy.
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If the energy is diffused throughout most of the transform plane, the

choppiness or noise might indicate that the sea-state is randomly

perturbed-~useful information in itself.

The latter indication of diffused energy is caused by the conven-
tional processing of SAR data--a slant range representation of a ground-
range phenomenon. Linear wavefronts will be represented in slant range
as curved wavefronts, the curvature of which is an inverse function of
the slant range. The near range will have a more pronounced curve than
the far range. Taken to the extreme~-the nadir of the aircraft or
spacecraf t~-wavefronts oblique to the flightline will collapse at the
nadir and appear parallel to the flightline (Figure 24).

If a ground-range representation were available, this artificial
dispersal of energy in the transform plane could be eliminated, giving
a more accurate representation of the actual sea-state. (This applies

both to optical and digital representations.)

In addition to obtaining information about waves in the Fourier
transform plane, the waves can be imaged through this plane as shown
in Figure 25. Filtering can be performed by obstructing or attenuating
portions of the Fourier transform. This filtering can be perceived by
the fact that the image is a subsequent Fourier transform of the first
Fourier transform. The operation is equivalent to taking a digital
Fourier transform of data, altering the Fourier transform, and then
taking its inverse to obtain a modified version of the data--a common-

place method of digital filtering.

The filtering of interest in ocean wave analysis can be understood
by referring to Figure 23, Note that the orientation of the diffracted
energy is perpendicular to the lines representing wavefronts, hence is
in the direction of ocean wave propagation. A straight line through
the origin of the Fourier transform describes the wave directions. A

wedge-shaped stop placed in the Fourier transform plane will act as a
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Ground Track

(a)
(NADIR) // .
Far Range J

Ground Range Representation

of Waves
Ground Track il (b)
(NADIR)
Far Range

Slant Range Representation
of Waves in SAR Image

FIGURE 24. Diagram of "Cylindrical" Distortiom.

Slant range

distortion of linear waves oblique to flight path.

Each wave asymptotically approaches ground track.

(b) appears as if (a) is wrapped around a cylinder.

Note that the curvature in (b) will cause radial

diffusion of energy in the two-dimensional transform

plane, leading to confusion in determining wave

direction.
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filter to remove the waves propagating in directions within the wedge.
Conversely, if a stop is placed over the entire Fourier transform plane,
except for a wedge-shaped transparent region, essentially only the waves

propagating in a direction within the transparent wedge will be imaged.

For this type of directional filtering, it can be seen that only
the direction of diffraction is crucial., The filter is indifferent to
the distance of the energy from the origin of the Fourier transform
plane, and therefore independent of the wavelength of the light which

is diffracted. Therefore, a white light source can be used.

Because the diffraction of white light by the filter edges is
smeared, the effect of the filter is softened in the image. This is
an advantage over using monochromatic light, where interference fringes

occur in the image and extreme care is required for filter placement.

7.3 EXPERIMENTS

The optical setups in Figure 22 and 25 were used to obtain
diffraction patterns of wave imagery in addition to filtered images of
a radial reference function, wave imagery, and a LANDSAT image for

comparison.

Figure 26 is a two-dimensional Fourier transform of a SAR wave
image in a rectangular aperture. The energy concentrations in the
upper right quadrant and lower left quadrant indicate the wave direction,
frequency, and deviation or "spread". The horizontal and vertical
bright lines are diffraction from the aperture edges, and zero frequency
is at their crossing. The direction from zero frequency indicates the
direction of the wave train, while the distance from zero frequency
indicates the spatial frequency of the waves. The spreading of the
diffracted energy from the waves indicates the coherence or regularity

of the wave train.
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Straight waves of one spatial frequency will cause the diffracted
energy to be highly concentrated, while refracted waves will cause the
diffracted energy to be dispersed. The distribution of the diffracted

energy is therefore diagnostic of the nature of the ocean waves.

The transform shown in Figure 26 was obtained from slant-range
imagery and is therefore distorted and diffused in comparison with

that vhich would be obtainable from ground-range imagery.

Figure 27 is a two-dimensional Fourier transform of a wave train
with the rectangular aperture diffraction blocked out with opaque
strips ("stops").

Blocking out the undiffracted light and the aperture effect enable
one to better view the output in a scanning mode. Little change is
seen in a photograph because of saturation of the film. However, when
the output is viewed directly in a scanning mode, relatively high

intensity light overpowers the pertinent wave information.

Figure 28 shows a two-dimensional Fourier transform of a wave
train with a truncated circular aperture of the same wave train as
shown in Figure 26. The circular aperture produces circular diffrac-
tion patterns. The straight edge truncation of the circular aperture

produces the vertical line.

SAR ocean wave patterns and a directional reference function of
radial lines at 1° angular intervals, both imaged with no filter in

the optical system, are shown in Figure 29.

Note the difference in frequency between the bottom (near range)
and top (far range) of the SAR image. This difference is caused by
slant range distortion. Note also the high frequency wave components
aligned about 70° azimuth, and the low frequency components at about
345° azimuth.
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FIGURE 29.

SAR Ocean Waves and a Directional Reference Function Both
Imaged With No Filter in the Optical System. Lines in
Reference Function are Angularly Spaced at 1° Intervals
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Figure 30 shows the same SAR wave image as Figure 29, directionally
filtered with a center at 60° azimuth. Reference pattern shows width
of filter by number of angularly spaced lines which are imaged. Only
those lines within the angular width of the filter are imaged. As the
lines are at 1° intervals, the number of imaged lines indicate the

angular width of the filter.

This picture illustrates a problem in directional filtering of

ocean waves. Low frequency components at about 15° azimuth are imaged

because the higher frequency components are acting as 'carriers'. The
high frequency components are a series of short waves (in length) which
are repetitively truncated by the lower frequency waves. These trunca-
tions outline the lower frequency waves. Thus, the lower frequency

waves are outlined as "ends" of the higher frequency waves.

To illustrate the dependence of filtering upon the characteristics
of the image, a LANDSAT image and the directional reference function
were filtered, as shown in Figure 31. Unlike the wave imagery of

Figure 29, there are few '"carriers'" in which subordinate patterns are

the basis of dominant patterns.

Figure 31 shows the unfiltered images of the LANDSAT ancd reference

function, while Figure 32 shows the im.ges filtered at 60° azimuth.

Unlike the wave imagery, most of the linears shown are aligned
closely with the filter, even though there are a few low frequency
trends which are not aligned. This filtered LANDSAT image contrasts
with the filtered image of waves shown in Figure 25, which exhibited

pervasive patterns '"carried" by other patterns.

7.4 DISCUSSION

The experiments indicate that the optical Fourier transform can
he useful in determining wave parameters. However, optical filtering

dows not appear suitable for wave analysis. The character of the wave
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FIGURE 30.

SAR Ocean Waves of Figure 29 Directionally Filtered With
a Center at 60° Azimuth. Reference Pattern Indicates
Angular Width of Filter by Number of 1° Lines Which Are
Imaged 7

gy




FIGURE 31. LANDSAT Imagery and Directional Reference Function
Both Imaged With No Filter in the Optical System
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FIGURE 32.

LANDSAT Imagery and Directional Reference Function
Imaged With Filter Centered at 60° Azimuth
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images which were filtered was such that the discontinuities of the

wavefronts showed up as enhanced directions. In addition, the filtered

image, unlike the Fourier transforms, is not in a form which can be
automatically analyzed.

The Fourier transform could be automatically analyzed in the
following way:

The optical system for obtaining a two-dimensional transform
requires only one lens. A Fraunhofer diffraction system (or modified
system) automatically produces a Fourier transform at the plane where
the lens images a "point" source such as a pin hole. Figure 22 illus-
trates a modified Fourier transform setup which could be used for auto-

matic wave parameter determination in the following way.

Transport a transparency of the SAR imagery through the object
plane. 1In the Fourier transform plane, provide a matrix of photo detec-
tors or some type of two-dimensional light-position detector. With
suitable integration time, the output of the photocell matrix, with
(x, y) coordinates, will then be available. An on-line small computer

will provide the wave frequency Fw as
Fw . (x2 4 y2)1/2 (36)

where x is the horizontal matrix index of the smoothed maximum,

y is the vertical, and the wave direction 6 as

@ = arctan (y/x) (37)

The clustering and pattern of energy around x and y could be
performed quantitatively in a number of statistical ways, thus giving

the wave parameters in some detail.
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The operation can also be performed digitally by the fast Fourier

transform and the same output obtained. As stated before, the optical

versus digital aspect of this problem is worthy of some dcotailed

investigation.

As discussed elsewhere in this report, the objective is to detect
wave parameters directly at the output of the optical processor, and a
mechanism is described which has this potential. SEASAT, now projected
to use optical processing, could then produce near-real time information
on wave parameters if the above system were operational. The optical

system would require slant-to-ground corrected data.
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APPENDIX A

LITERATURE SEARCH PERTAINING TO
SYNTHETIC APERTURE RADAR IMAGING OF THE OCEANS
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The following print-outs were generated as the result of an on-line
search run 12 September 1977 (to update September 1976 search) through
Lockheed's DIALOG system. The system allows a researcher to query a
bibliographic data base in an interactive mode, and retrieve a set of
pertinent citations on a particular subject.

Boolean operators (and, or, not) are used to combine terms and form
sets. The following key words were used to construct the search:

remote sensing
remote sensors
remote sensor
radar

ocean wave
ocean waves

Using a Venn diagram, the search can be expressed as:

Remote Sensing

or Radar Concepts (eedn Mave

Concepts
with the shaded area representing the desired citations.

A free language approach was taken in order to achieve broad
coverage of the literature (i.e., the search did not depend solely on
standard indexing terminology).

The data bases searched were: NTIS, COMPENDEX (Engineering Index),
and Oceanic Abstracts. The NTIS search, covering government report litera-
ture, generated 182 citations which were too many to reprint here, though
the results are available by contacting: ERIM Information Center, P. O.
Box 8618, Ann Arbor, Michigan 48107, ATTN: E. Turner. An example of a
typical NTIS citation follows the DIALOG print-outs.

Permission to reprint the COMPENDEX citations was received from:

Engineering Index, Inc.

Marketing Division

345 East 47th Street

New York, NY 10017
==Mr. John Veyette

Permission to reprint the Oceanic Abstracts citations was received
from:

Oceanic Abstracts
A Division of Data Courier, Inc.
620 S. Fifth St.
Louisville, KY 40202
-=Ms. Leone Trubkin

The top line of each page of print-out will indicate which of the two data
bases the citations come from.

83

|
IR, o TR




D ERIM

*Sj3J 6 ‘wWay) aJunseaw ol A3i|iQgR.S,ludwNulsul
u paadxa uejy ued paunseas Butaq Suajaweued aoe;uns
29$ IU) ULl UDLIBRLURA wOopuURY Y] ‘@jt||d3es e 03} pavedwod
AJ120|3A MO| pue uead0 a3yl 93 Ajtwixoud o3 anp 3jeudute
J@ WoJj pautluexd syjbua|asem maj A|dAL13e|dJ4 3yl 30 asnedag
*Adeundoe Judwaunsesw JuawnJyiIsulL A3 Luana Al |ejudwt uadxa
93} BuitAu} Ul UdNRI 2Q ISNW 3ued JBY) 3IeDIdul Sudtile|nNuUIS Byl
4O SI|TS3u 3yl "wNUIDIdS 2] IMOYSOW-UOSUAld ayl pue wunuldads
4VMSNO™ @yl ylog buiIsSN pawuojuad due (SaAem paIsaud-bBuol)
3J@3JuNs e3s ayl 40 suolle|NWIS |BUOLISUBWLID-dUD ‘uoiledi |ade
3t 123es e wu1 paJinoayd aq PINOM ueyl uJ3jduwtli|e Jepeu
@ J40j JawdeJ] abueu pajedr3siydos 2JJow e S3u:Nbas IPpnrjtlle
jjeuddie SutuleIUIRw Ul J0|1doine 3yl AQq pPsOINPOoUUL uot }ow
AJOle || 1DSO UOpURY SU| °"PAQIudSAP aJe ueado 3yl 03 AJtwixoud

oue Aji|i1Gels apnjty|e 03 Butle|au sabejuespestip ayl 30 aucg

91L ‘ILp ‘EPS TSS9 :11¥IIV QHVI
*(SiSA|euy wnNuldads ‘yvavy) ‘(Sluawaunseay ‘AHJYYOONY3IOO0

) “(Si0|id OJtlewOlinye “SYILAWILIY QICWE.) 1S¥01d1¥2S3Q
Wvdi3dl :N3000

5p4-Gp) d LL5) uer | U GZ-dv A Bedoud seuuajuy Suedy 333

@A ‘pue(S] SOO(|EM ‘Jud) 1ubL |4 SdC|[eM VYSVYN

‘N pyeMp3 ‘us|ep

‘s3ianis
AHdVYOINV3O0 OIQVY ¥0J LJIv¥OHIV ONISN NI IN3YIKNI SW3T180¥d
€92LTL €9%.2v0LL13 -"ON J1

*SJudjem ueadO pue
2UQ Ul UIOJ UC P3IIdNPUOD A| |N;SSIIONS JUdM S1S3] P34 °"Saaem
AQ pasned sSauybnoJ adejyuns I|JeiueA awiy due adueu Se yoans
$123443 aroOw UOWWOD 40 Juapuadaput bButda ‘*Ajuo AJ1A11D3( 484
23 |eudijuodoud aunieubis e Si JuUALIOND aul syibuajarem omy
3yl 1@ PaAn1ddaJ uamod pPa123a|4aJy ayl butroria2u Ag *SJ3jawoudtw
p "€ J23u Sjueq ys31aJils uaboupAu-uoqued Jul 4O 1INS3uU e
S@ $127p0ud uNd|ouladd utl SunNd3D jeyl uoisusdsip SNO|ewdOue a3yl

LLC3ST) > (6€ 30 1
SLEE

$109319p JOSU3S padJeJdjul D13eISOUOW dAL3De yibua(daAem OmM] ayl
lpL ‘bY6 ‘E€SY :1¥3TV Q¥vI
‘ONISN3IS 310A3¥ ‘S¥0103130
Q3Y¥YY4NI  ‘(s1tdS 10+ ‘NOILNITOd ¥3L1VMs) :S¥01d1¥2S30
v691-G6891 d € A pL6l ‘JOQuy uuy ‘e UNY MOL|tM “UDLW
40 ISUJl S3y uOJutAul AQ IGNd HLEL 61-G1 YAV ‘uOQuy ULUY ‘uUdiy 30
Atun ‘yie ‘ucJuiaul jo DULSUBS 23l0way uo dwAg Jul Byl 40 d0ud
x3] ‘Buiadl ‘Qowvy
*up 'S Ang ‘aiguey
"YOSN3S 110 TvIIidvdd
L188ZL L1882v0LL13 ~-"ON QI

*paluadsaud aue $3102;44@ asayl jo0 Sagnyubew
ayl) 40 suoile|ndie) -A3i|enb sbew: apedbap Aew Satiiue|nuedd
Stuaydsouol -BuULISND0j2P ¥SNED OS|B pue Suotilisod Hdeui-ut
pue abueuy u!l 3j1ys o) sabewt ayl asnNed ||i1m SIDLNOS 353U
UO1JeSUaCWod INOYItM ‘uoL3oWw daem pue ‘A31dtujuadda  1:Quo
‘uoilelou yluea AQ Falddjje St adejuns ueado ayl Sutbeut (yys)
Jepe. adnjuyade 21313yjuAsS audogadeds e ul Buissadoud eled

91L ‘TLY ‘1Lv 1837V QyvI

Yvovd 3INMGB3ADVdAS :SHITJIUINICI
‘(swaisAs uoriediunuwwo) ‘ON[533NIONI

NV320) ‘IN3WdINO3 yvavy ‘ AHAVHO0ONVY3D0 = :Su¥01lci¥2S30
AQ30P1

:N3G0D 12-89 d £.61 ver | U Z-30 A Bu3d odiueadg r 3331

B4 ‘eiydiape|iyd ‘I1ud) adeds abuoj Aajjep '19

oAy *‘nseAcwoy
“30VIUNS NV3O0 3IHL ONIOVWI d¥vavy

3¥N1Y¥IdY DILIHINAS 3INY0B3IVAS ¥V NI SHOHMY¥3 ¥31dd0C OGNV 3SYHd
L080SL L0805204213 ~-"0ON QI

*Sjay g ‘apnyt |Cuwe
aAeM JO aJunseaw 323Ji1p dJow e 3ptaoud Jybitw SND0y 1eyinutze
uodn SUO112J3|2202 |B]}1QUO 3ABM 30 133342 dyl 1eyl pPaisabbns
s1 31 ‘pajest duod yauled SapnNlt|awe 3Aem pue Sylbud.oys abewy
udom313q diysudtle(ad 3uyl BuilnBw ‘puim 2yl 40 UOL11D3Jlp pue
apnitubew aul uo puacdep O) Paidadxa st saAem abue| AQ uOt 23S
SSOud BULJ3IILDS 4O UOLIPINPOW Byl *S21110013A |€11QUO  IAem
JO S3U3dJunN) 03] anp 3soyl Se ydNsS sSuoijow Jauajleds paziucbuo
weuy INsau  Aew yYibuldJUIS uIBJUI1IEDS 2BILUNS 4O  UOL IR | NPOW
03 2np 3asoyl o1 uoilippe ul sabew: 31BYl 1IN0 pPajuiod St
bR ‘PasSsSNISLIp Si ‘Aurpurog weaJdls J(Ng ayl Buipn|dut  sdw4uns
uea3d0 3yl 40 uotljewuoj dbew: (yys) vepeuy 3dunjuade Dllauluie

Ly ‘9L :1¥37V Qyvd

‘ AHdVYOONV3O0D ‘(sanbluuday Buibrvwls ‘yYvavds) :S¥01d1¥I530
Wvdi3l :nN300D

P6E-E6E€ d 9L61L Aew £ u PZ-dv A bBedoug seuuajuy sSued) 3331

00 ‘uojbuiysem ‘qQel say AcN

*Mocp *ubBium ittt ‘zyimonson ¥4 "1 ‘ucsue)

*NV320 3HL 30 A¥3OVAI ¥VvS NO 310N
020092 0Z00980LL13 -"ON QI

waly) (xdpup Builudauibul “¥dOI) ONV/LL-0L X3IANIGWOD :831!4 D0IVIQ

6E-1/5/01 1utugd

84

"

R




e S e e ey

D ERIM

*$jdu pZ ‘wy 000E jO sdbueu e Spuim
2723uNns jO pUR ‘wy 0T 4O SIBURY @ SJUIUUND 2DJBuUnS URIIO
JO SIUBWAJNSRIW ‘SIAGM URIDO 3dJue| jJO UOLINQLJUISIP [RUOLIDAULP
34Ul 3D SIuUNIJNSEIW UDLIN|OSAU-ybty ISJt aul aonpoyd
23 pasn ua3ieds "PISSNOSIP duw  SANDIUYDAY 2aSayl den(esd
91 SludwiJIdX® S® (I S® ‘SJudwsunsedw asayl OBuiuieiao
JOj $3701uyddy *3JVJuUNS BIS Iyl P SSIUIS puilm sdeyuad
SUE *SOULM "SIUBLUND IONPIP O3 PISN OS e 3Je 1I1nNG  ‘Saa|aswauld
U}  jJu3uocwy A|UuO JOU BueR  SIuINAJUNSRIW asau) *SaAEM
#SOY] JO |3ABJ] ;O UOIIDAJIP pue ‘*Aduanoad; ‘yibuajasem ayl
A13S123ud auNSRIW O] PIsSN aue IJDLuUNS BAS 3yl UD SIABM wWOUj
J94a33120s A|juRuosad yibua|arem uadjawedap jo s eubis oipey

LE6 ‘IE9 ‘ILb ‘LIZ :4¥3IV QY¥VI
S3AVM DIQVY :S¥3I14I1iIN3QI1
*133443 ¥31dd00 ‘(SjudwdunseapN ‘SIAVM
H¥ILVAM) " (6uUiJdII@ISe “SIAVA DIL3INSVIRCULS3T3s)  1S¥OL4I¥IOS3Q
WVd131 :N3Q0D
S51=C1 3 L6} UeP | U GZ-dV A Bedoud Seuuajuy sSuedy 3331
FREL b} ‘uoulIsy Jepey Joj Juan ‘Atun 0&0&C0um
‘M 3J3QOY *IJemMIIS PJRUOAT 9 ‘ud|4X] :°) uilA|e) ‘anbea)
“¥311VY2S OIQVY¥ 4H ONISN v3S 3HL J0 S31anis
ETLETL €TLETYOLLIZ -"ON QI

*419ysS |PIUdULIUOD 3yl JO Ssabpa ayl
JesU paleaut (8P A|Cueys 1SOw BuIaq pLatj arem ayl Yitm ‘w 000!l
23 00p A|2312yix0Oudde wodJj Abueu syibua|aaev ayl ‘Iybig ayy ujl
‘Jeadde uadud| Ou SIAEBM 3yl ‘wd3lljog Ay} O3 umop dJalem 4|ays
YY) SIXIw UOIIoe puUIlm JdJUIM pue [ U3dym ‘sSuoile| | 1080
yons ju0adns O3} (|am A(3JudLidi NS ualem ayl SatjLieus
Suiledy JeIds JAaWNS UAUM  Ju3dsSaud 3Q O3 SIABM  |ePUUIUL
4yl umdys sey Jydt!g NJOA MAN 3Ul) JIAD uave]l sabel: 30 S31udsS Y
*SdAem A} iARub |RUJBIUL D1URADD 30 SUOLIB1ISIjluel aAdejuns  se

ILEE LL0O3ST) (6€ 40 §

AjuielJad 2|GeUOSEaY Ulim PaijLluap: uaaq aAey sabew: |-SIN3
ULRIUID JO SUO1IuOd UBIYO0 Byl Ul PIAJISQO SIJNIBA DipOtudd
€9 ‘1LY :1¥37V QuVd
1-S1¥3 :S¥3IT4I1IN3CI
‘(BUiSuds djoway ‘SIAVM HYILVM) ‘AHIVHOONVIDO+* :SHOLJAINIS3O
LISEI-GPEL € T A pL61 ‘JOQUY Uuy ‘QeT UNY MO||iM ‘udiN
40 1SUJ S3y uoutAulz AQ QNG HL6F 61-G1 vadY ‘uoqQuy uLy ‘ys:i ;0
Atun ‘Ulg ‘Uouiaul jo Buisuag i1o0waY uo OWAS Jul 24yl ;O dS0ugd
el4 ‘tweiw ‘wpy SOwly ? Dtueadg (1eN
‘P PYRUDLY ‘| 19m¥Oe |8 7 1J42QOYy ‘[ [duveyd ¥ uyop *|ady
“1=-S1¥3 WO¥4 S1ISVOD
NVOI¥JY OGNV NVIOIN3IWV HI¥ON 3HL 4340 S3AVM TVYNN¥3INI  NY3D0
L8Z9TL LBTOTYOLLI3 -"ON QI

*$334 OE °PISSNOSIP JuR SUC:1IUOISIE
Buil|nsay  ays pue ‘sSuotjoRJalutl di1ujaweued ‘aunjonuls
adejuns 2yl 30 sabueyd (RUOdwdl aul 30 3123332 @u) *Aji12019A
R31GQJO SABM Pyl PuR ‘UOLIRLIUBA SSaUYBNOJ ‘uoCtIR|NPOW 3{t3
1UCIIR|NPOW UOL1ID3S SSOUD JU211LISHORQ uUepedy 3O SIDJINOS 23yl
03 PuOdSauuod PaJdPISUOD $|3pOW dU] “SUOISN|DUOD 2wos Juoadns
01 pasn st Asabew! Jeped |en3dy "Ajjedtudwnu pue Ajiedsijhieue
pazAieue aue ueped OuiSew: aunjuade D131aYjuAks B yYiitm uawey
Avabew! aAem uead0 U1 |OXd PINOM UDIYUmM S|3pow 3O Jaqunu V¥
1E9 ‘1Lb "1E6 ‘IbL ‘91L :1¥3TV Q¥VD
‘S3AVM ¥3ILVA
‘S3IAVM 3JvI¥NS ‘(Sanbiuudady Buibewls ‘yvav¥s) :SHOLAINDSIO
Wvdi31 S6-p8 U LL6) VBM | U GZ-dV A
euapesegd ‘|ouydad)l 30 ISU] ji11e)
Jp *3 Jdllem ‘umoug Salueyd ‘i1yoe(3
“S3AVM 3DVI¥NS NV3IO0 3HL 30 OMIOVNI ¥vQOvYE 30 S1300W
LETLTL LETLTYOLLII ~-"ON A1

*S3aJy 01 °“Palauduajuy
puR PIJUSSIUCD dJe SUOISSIW |BIUAWLIJIBOXS |RJIAS UO pauielqo
S)|NSdJ pue PASSNIS!IP aJe WIISAS JEPRY JUJOGQULE JudLLND  BY3
4O S| t1RIdP dwos -swdisAs JuBL|j JO sSuoiLIRIlwl] dduewuojuad
pue SjuawaJinbau Ayl autijap -} papuaiIxa aue sy |nsay
AuojeJdoQe| pue |BO112u0dyl udl|ue] “°JjeddddredS JO JjeJddJieR
UR WOJj SIABM URIDO 30 UOLIduNy AJisudp A3 | iqeqoud pue jubiay
aAem juedtjtubis ayl bBuidnseaw Jo wajqoud Byl O3 pa:dde
$! poyjladw styl -3dejuns ybnou wopuey e 340 S3iluddoud Jubiay
1e2131811e3s a3yl Buirunseaw Ju0j DIUO|3A3P S! 2nDiIUYDIY ueped y

TS9O ‘IE€9 ‘ilb ‘91l :1¥3Tv QuYd
‘(3uawdinbl Jepey ‘1JvyONIV) ‘(Siuawaunseay ‘SIAVA

d3i1vmM) ‘(uoiiedy|ddy Judwaunseaw- ‘yvavys) 1S¥0141%0530
Wvdi3l :N300D

€8-bL O LL6) UBP | U GZ-dV A bedouy Seuudjuy Sueu; 3331

AN ‘PeaisdwaH ‘Atun eJUISIOH

‘M Sawep ‘uosSuyor 3 piLARQ ‘uPWSSIAM
*S3IAVM NV3IO0 30 SOIISTIVLS

LHOI3H 3HL 40 SINIWIUNSYIN ¥vavy NOTL1VI3¥¥0D ADN3INO3¥4 v
TrTLZL TyZLZvOLL13 -"ON Q1

waly) (xapul BuiudautBul ‘¥Yd40J) ONV/L1-0L X3IONIIWOD :83113 S0IVIQ

85

.
:

—ax e ——— -




ST laend

D ERIM

*$4% 0L QP L "6Z $SNuUlwg pPaadx’
JO0U PiId SUOLIIPUOCD 8% SNOAUIDOWOY JIPUN SAARM URIDO DIS-UAAIS
403 (0// SewDiSE ) JOj SIN|RA DIJNSLIW-uepeY °SP|AL} OUdd pue
Sutleutwni |t aul YiloqQ I (Cwes O} Pasn s: Ruuajue Sulaiadau awes
Y] 3STED3Qq SIUAWAJUNSRAN [PUOLIUIAUOD URY} PJemMuOjIybBiedls
2JOW S judwiuedxd JyepRJ 3yl P 8 ‘T Inoje Ag sanea  Aong
34} O) 1030Sdy Yii!m MO| A||eD13RPWAISAS aue San|BA dJepeu awy
INQ *SJOL1JIPUOD PULIM PUR B3S SNOLJRA JOj San|eA pauJnseaw-Aonqg
Yl S AuRA SaN|eA PIUNSRIW-JEPRJY Y] Aonq u@33wouad|3adde
U@ OUISN SIUAWIUNSPIW NIIS-U! ID3J4tp AQ PaUIWUAI3P Jeyl UylIim
2BJQOWID S| JEPRJ AdUaNDIJy Udiy OBuisn SjudWaJNSeaw dj0wdy
AQ PIVIWJUIIID SIARM URIID 23S UAAAS JO ybiay aaem swy adyj)
LE9 “1Zb ‘9Ll :1¥3V QNVD
*{IuasaunsSRaIN
*(SUO!31D3S S$SJOu)e ‘yvavye) 1530141405340
2S8-Lp8 d SL61 390 O} U 0L A 125 olpey
Jt1e) ‘Atlun puojuels
‘H ¥ ‘luemdls ] 9 ‘ud|A) :°D ‘D ‘anbea)
"SNOTLVYNIW¥3L13Q ¥vaV¥ QNV NLIS~NI
40 NOSIYVANDD :ZHW S6 "} 1v v3S 3HL 4O NOILD3S SSO¥D dvavy
Ev69Z9 €r692r09L13 -°"ON QI

"SIAVM  ¥3IiVN)
QvosSvy :N3Q0D

*$3dJ B ‘pPIVIWIIIIP 3q 03 uwoibau BuludlIeds
290S 2yl U WNJIDATS SARPM.URSDO 8yl JO JUIUOCWOD |BUODIIDIJIP

syl Ssjiwuad eubis OUIAL#D3J 3yl JO Suissadoud (RuIDAdg
‘PO |Cwes aue YiBua|aAaem ueped dy) O] |enNbd aue yibua| asoum
s#Aem Ue3D0 uabue| Byl 4O s3ubiau ayl ‘pueq JH 2ul ubBnouuld
AJUBNOIJ4 JIJUID MINY YO ADJuanNdadj uatuued asind ayl Buiddais

JO OuiJaams Ag *J@JJLUSURYY Y)Y wouy (eub:S 3dauip AW
40 UO110223J JBI;® AR|IP dw!il U3ALID B JB PaALadaJy pue 3dejuns
e9% 34l wWOJ) PIJUIIILDS S| ABIIUS PIJJIWSURJY SU] PIAIIIWSURJI]
S WJud4IARM MONYd JO IS|Nd pPIzZiIuR|Od A |eD1ludA B ‘(ZHN
0€-€) 401034 4y 3y} us Buijeuddg *3tun Bui1A13D3au  djeuedas
® Yitm uo131dunfuod Ul Jajjtwsueul uamod mo| a|duis e shAojdwa
¥31SAS Siy] "wJOIPId IJRUDJIR uD  |RII1QUD ue wouj Buisuds
21@18 2as ;0 a|Qeded WAIISAS uepPRJY I1leISIq © SAO| |eM-VSYN
JOj P3do|aAdP aaey Satuojeuoqe snquno0) s,3|1211e9
1E6 9L "I1E9 ‘I1.p :1¥3V QYYD
‘(S|SPON |edi1jewayley
‘S3IAVA 3JviuNns) * (Judwaunseay ‘S3IAVM Yy31VM) ‘SWILSAS
YvyQvy °(uoilEedt|ddy JUBWaUNSRaNe ‘yvavis) :S¥0L4142S30
pL61 '@ ‘uojBulysem ‘D05 |Ouydd) Jew AQ |ANd  “BLZ-LEZ 9 bL6L
3-€ unN”® o1yQ *SNQWN|0) °‘20ug ‘JwAS Ju] ‘pdan uew 40 (ddy

LLEE LLdasZ)y (6€ 40 6

ouyp ‘gel snqunio) aii231e8

*1 abuoadg ‘yony
*AS3C039 3NI¥vW OL

SNOILVIITddY ONV W3ILSAS ONINOLINOW ¥vavy 3L1vis VIS Dllvisie
6E6EEY 6E6EESO9LI3 -"ON Q1

“sjad
12 °"SOtweuAP D1Jaydsouo!l 30 sidadse BuileBiisaAul pue sauo(dAd
{e21dOJ] Yyliim pdjeidosse astou otlpeyd Buiydeul ‘*shong uvado
Buile0| §-23d3 Builebouudiut pue BuiydRJ) JOJ ABJJUE [RiIJIE Ul
4O uotieZL 1IN 2|QiISSOd 3SabBNs ‘A1 |i1Qixd|j (|RUOLIRUAdO By
Yitm pa|dnod ‘yinwizZe ;0 ¢33J4B3P§ | Ueyl SS3| IO UOLIN|OSAJ
Je|NBUR 3jRWL]l (N Uy °SHMIOmMIaU elep Di13douAs (ediBojounaiaw
pue oiydeuboueddo ©03 3Indu: JOj uwotbBau OBuiudlieds ayl ut
SJalaweued d3e1S ©3S SALJIP O} d2BjunS 2ARM £3S DutAOw B wOuy
P2.23380S)O8G $3ABm D1 13ubewoulda|d U0y wSIURYUDAW UOL3IdeJAIUL
@OURUOSAU UMOUN-| 8™ B S8Z1|tIN 3anbiuyddl |eLluaWiIJadXd By}
*SeauR U200 3b6JUR| UIAD S@ILIS SABM 4O UOIIRULWJIILIAP 3yl JOj
Al1uewtyd pado(aAdp u2aq Sey ‘|apow uoilebedoud Diudydscuol
ue 1A bueu BUO| 1@ asn Juoj PaubisSap ‘ueped J2(ddOQ 4H uy
SiL ‘iiv ‘EVYP :1¥3v O¥vd
‘ADOT0¥0313N ‘AHCVEOCNY3II0
pULIE R L ‘avavys) :SH¥OL14d1¥2S30
v61-EBL @ 961 unp g U 62 A SAud r Isny
I1sNy ‘pue|sSudaany YlJoON ‘AU »OO) Sawe
"3 °"d ‘vaixaq ‘4 "0 ‘puea
“3Y5HASONOI 3HL VIA ¥311VISHOvE
ONISN SIIANLS 3IV3I¥NS NV3ID0 ¥O4 ¥vavd Nv3O0 3IONVH-DNDT
10vS0L 10pS010LLI3 -"ON Q1

*(uoijed, |ady
SVdrnv :N300D

‘waisAs uepeu ay) j0
uB1Sap ayl UIIM PIUUIDUOD A||RdIDULJd St PAJudSAud UOLISSNISLP
Yl °"SIABM |RUUIIUL JO S109349 adeyuNS Ayl puR ‘SwWIO0IS
JApuUN SUOL}!PUOD DRIuNS ‘SHDLILS ‘Suuvaljed Juduund  ‘suoibey
®1SR0D puR URII0 UACO Ylog ‘suu3dlled JARM 3O SUCHIBALISGO
2pN|JUL ‘wed)- JUIWIJAOx] YYSY3IS dUl AQ pauue|d Se ‘Sluswivadxd
3yl “°"wy OO0I 3INOQe yIP!m Ylems pue W GZ St Uoi1INn|cSay
|BUIWOU 3Y)] °"S23463p BOL 4O UOLJRUL|DUL |RIIQUO uR Uyl
pue wy 008 4O S3apnitl|e 1 21RJado o031 pdubisap St (HySv3S)
Jepey aunjuady D113uluAhs  JVSY3S auyy *dunjuade Ddilayiluis
® 3ZL1113IN ||!1M Jeped 3yl ‘yibua| euuajue (ed1SAyd  I|Qeuosedd
® yltm UoI]IN|0S3y JeNbue autj B UlRJULIRW O} JaPJO U} “8L61
Ut UOL1RUAdO Joj Palnpayds A(aAtiRilual y-iySY3S Jjeudadeds sul
uoO 3sn Joj Pado(anap pue paubisar Buiaq st Jepeu Butbew: uy

Ebb 'GS9O ‘9iL :1¥3WVW Cuvd

‘(S31u038AU3SQD ‘S3ILIVNTILVS) 'SW3ILSAS ¥YQVY+ :SU0LdINIS3A
WYDDLN IN3GDD S-b O LE SS3S T A G161 £€-1 230

‘el ‘SURI|JUD MIN ‘'193W.Y03 ‘GL6I JUO)D UNWWODD|dL (IBN 20ud

euUapeSed ‘|Ouyd3) 340 ISUl jiie) ‘4P

*ar "3 M ‘uxoug

‘¥VAVY ONIOWWI 1vSV3S 3WL 30 ND11MDA3
68Y61L 68v61€0L213 ~-"ON Q1

wall) (xdpul BuiudaduIBUl “¥d0D) ONV/LL-0L XIONIAWOD :821t4 9D0VIGA

T —— -

86

B

A




D ERIM

Seiiloan o Ceomiaca B e e . Lo T N T -

*$j8J 2 ‘pahe|dsip SI uollRWUOUL
UE3D0 UODIUM U} SIPWJUOJ Ayl JO SUOLIBILWL| ADRUNODOR 3yl Se ||am
$@ PassSNOSip suv sSuajadweued JLUduund pue ‘arem ‘puim njbuiuesdw
931 Pa27PpaJ JJUB RIEP JOSUIS MRJ Ydiuym AQ S3SS3ao0ud UOLIONPAY
|@dtudunu ayy} *SJdl3WOIpPRJY DUR ‘SUdlBWLl|B JepRJ ‘Suepey
dUIDQW! 'SJIIIWOUIIILOS PARMOUDIW O SadAIdjoud uaAoud-3ybi Ly
Jue SUOIS3IP 3IdadUO0D 1SIIe| Ayl Ssaqiuodsaxp Jaded syl
lLp 'SS3 ‘ZEL :1¥3V Q¥VD
. * AHdV¥DONV320
T(OuLJdlawa @)L *SILINTILVS) °ONISNIS 3ILON3Y¥s :S¥OLJIN¥IS3O
GL6L ‘x3) ‘se||eg ‘'juo)d
10UUdd]| duoysjjio AQ |and °*p0B-G6L d ZZpZ J10 dad ‘€ A GL6I
3-G AGN °X3] ‘UOISNON *22ud ‘NUUY YIL *3JU0) |OUYDdL 3uOyS330
pul aum
‘N Sdjuey) ‘|ned
“30vdS WO¥J4 SNV3O0 3HL 40 ONISNIS JL0W3H 3AVMOYIIW
v ZvLEBS THLEBTISLI3 -"ON QI

¥t N
€ °$9131$1udjdeJeyd dlRuISN||} Sydeud pue suoiiend3l ‘abuRy
SAGA 3}1ULJ3D @ ;O SJUOSUIS uotllwipey AQ wayl Buisuds uo paseq
S} S$3J21A3p ydns AQ Duiunsedw 49 #|didutud ay)] °(uoijRUIWEIUOD
*SSARM "uNIRJUICWA]) IDOLJUNS URIDO Y] 34O I1@IS (eIi1sAuyd 2wy
40 SJudjaweued JO UOLIRUILUIIAP 3Y) uOj A|JU3dau Pasn udaq aaey
*3j@udJie pue sdiys Ul P3| |LISUL ‘DUISU3S dJ0WaJ JOj S3D1 330

ESY ‘L1€9 ‘Ily ‘EP6 ‘ZEL :1¥3IV OUVI
“NOILNTIT0d ¥31VM *(Juavaunsedn
*SIAVA H3I1VM) *(Juawaunsean dunjedaduay ‘ AHdVH9O0NV 320
) C"(sisAjeuy wnu3dadSs °ONISN3S J10W3Ys) :1S¥01d4183S30
L3531 ‘Ji ‘SiJed ‘xXneadpuog @ |ouedd) Dho||10) 3P uebup,| unod
088y AQ 1QNd *d 1| °EIE ded € A pL6L b-1 ID0 ‘vl ‘Siueq ‘ded
Jue udaJug °‘J0ud ‘puUZ ‘SuRadQ SIP 310|dx3,| Jns 3Jul] boj|(0)
19d03SeAdS ‘135 30 Pedy ¥SS JMn
‘O ‘W ‘eAenSAR|TOg °N 'Y °‘AOS3AOPaAN :°A °S ‘Owuasiog
“SYOSN3S 3J10W3¥ 40 SOILISINILIVHVHD Tv¥1D3dS
v82S09 8250109213 -"ON QI

*$39J4 0Z °(SSVS) Ja313woudjieds
d1)1191eS y-3l@SRdS Syl JOoj Ssue|d yitm 6uoie pajuasaud
sJue sSyeufoud (|RIUAWIJILXD 331 (318S pue Jjeudute juasau
40 S1|nsau ayy *Al|RJUdwIUadXd PAtljtudAa pue A||ed13aJ0ayy
23Q1J2s3p uUIdQq aAeY SuUOLIeD! |[dde asayl JOj sSanpiuydadal bBuisuds
2I0WaJY IACMOUDIW dALIDY S 33udQ |BO16O|DUYDA] puR  DLWOUODd
JUeD L JIudiS BSuLudyjo se AJLunwwod Jasn ay3y Agq patjijuapt
udaq aAey Sjuawaunseaw JenoijJded asay) *SuUOL } 1PUOD
JUIM 3DLJUNS PUR IABRM UBIDO AUNSEAW O3 SIARMOUDIW 3SN  ydium

3LEE LLdasg) (6€ 40 €1

sweuboud 831 (|219S PUR IjRUDJIR JUBJUND SMALABY Jaded siyj
€bY ‘LLY '1L1L :1¥3TV Q¥VD
S¥313W0H311VIS :S¥3I4IIN3AT
‘(uduleam ‘S31171131VS) ‘AHAVYOONV3IIO
JIL3NOVWON1D373+) 1S¥01c1¥2S30
8vywi3l :N300D 8S01-€S01
d GL6) 280 TI U ET-LIN A udal Auo2y) asemoudily SueJdy 3331
BA ‘uoldweH ‘3jua) say Aaibuel ‘ysyN
"7 UyopP ‘| 1BYDILW i) uUlAleD ‘3jimg M Sawep ‘uosuyop
*D 9147 *uapaouUdS !°7 WeL|[tM ‘weylueJdy :pPOooOMULll M ‘Sauop
“30v3¥NS NV3O0 3HL WO¥J ONIY3LLIVIS IAVMONIIW
€0Z609 €0Z60Z09L13 -°"ON QI

‘(Buival3edss ‘S3AVM

*S3aJ 01l "waisAs
djeuisn| (! Sydeud ‘'pajuasaud ade S} |Nsau pue weuboud youeasad
ayy 30 Auewwns e pue waisAs BuisSuas ayl 4o 3dadUOd Disvg

Eby ‘91Z *I1E9 ‘1LY :1¥3TV Q¥VI
‘NOILYINGOW 35Ind ‘(1edtBojouoalan
‘dvavy) ‘(sisA|Buy wnuIDadSs ‘SIAVM HILVMs) :SHOLJINISIO
SLEL ‘AN ‘MUOA MON ‘(230 1-566 OHD S.) 3331 AQ 1GNd “bLL-69L
d 5.6} ST-TT daS ‘ji|e) ‘obai@ ues ‘doud ‘193N Nuuy UL}
‘20S |OUYDd] JeW PUR UOJIAUI URadD a8yl u: S5u3l uo juo) 333f
PN ‘3113quaaug ‘3Jua) 1ubi|J adeds PJEPPOD ySYN
‘0 puoumeH !°Q 231 ‘uossiAeQg
$°7 PYRYDLY  ‘ZINy  3WOUaPN  ‘UBRWUINDI W PlABg  ‘Buipa
“3¥NLONYLS 3IAVM NV3IOO0 ONISN3IS 304 ¥vavd 3SINd LNOHS
€91ivi9 €91v1209213 ~-"ON QI

*$jau pI "suotle||tdso Bui3|nSaJd Ayl syicows
yYdium papnidut S aunpadoJd UOLILPJOISAJ B PpueR pauitwexa Si
uoL3lenbd w|OypPaJyy Pasod-| |1 AUl 30 A3 iQeisut aul ‘papn|duy
dJe wdISAS Wue) aAem Auojeuoqe| © 30 Bu!l |9POW |RUOISUWIP-OMY
e 03 spoyjaw aul 30 uotl3ledt ddy *wJoj uoL3le|auuod
S§SOJD ® Oju! pddeR(d SI 3t Jdlje  |edbBdjur AU} Ju3Aut 03}
Pasn du® SaND1IUYDI] wuOjSURJU] JBI1JNOJ -PIA|OS S! Ppuly JsJdty
2yl j0 uotlienba |eubalut WIOUPAJJ I|QRISUN U ‘dunjeuadwal
BUUdUR Ayl wouj Jdiem ayl j0 aunjevadwd) ssaujybluqg
3yl 10euIxad 0} ‘dunieJadwa) ss2ulybiuq 23In|0Sge S ,ade,uns
UB3d0 @yl JO UOLIPULWUIIBP II0WIJ U0 poulauw aiqeiins
e SapiAoud mou ABO(OuYDd) JIJ3Woipeuy dAemouditw DButlsix3l

TEL ‘1Z6 ‘91L ‘Yb6 ‘IV6 ‘1LY :1¥IWV Quvd
‘ONISN3S 310W3¥ ‘(SwuojsSueul J31uno4 1SBJ ‘SNOILVILHOASNVHL
TVOILVAIHIVA) ‘(suotjenb3 (euBajul  ‘S3INOINHI3L  TVITIVINIHIVA
) ‘(saiduanbauy aAemoudiy ‘SH¥3AI3I3Y Olqava) ‘S¥313v010vY

‘(Juawaunseay: aunjeuadWIl« * AHdVHOONY3O0+) :S¥014142530
WVd131 :N300D

908-L6L O SL6) AON 9 U EZ-dV A bBedoug seuuajuy Sueyy 3331

umojueBuoly ‘Atun eAm

W owel|tm ‘uewnul 'y duiljuelsuo) ‘stue|eg P UYOP ‘Saw|oH

"SNOISY¥3ANI
JT¥L13N0IAVY 3AVMO¥DIW ¥O4 SWHOJISNVYL ¥3I¥N04 40 NOILIVII1ddV
€96529 €96S2Zv09L13 -"ON Q1

wal]) (x@pul BuiuasduibBul °"¥d0J) ONV/LL-O0L X3ION34IWOD 82113 D0IVIQ

87

.

oy

b

=




D ERIM

*$jaJ |16 °"SaNDiIuUYD@) 2Alldepe ejlep pue ‘S SA|eue
UIBJ) ARM 3319u0SID ‘ONDIUYDIY UOLlIdIlap aseyd pue apn3yy|due
‘uUOLlRUNI1S? pPaziJuajdweued ‘wJojSuey) JIAtunoy 323uip ayy
®UR 3S3Y| "SIUAWIJUNSEIW WOU4 BJIDACS (RUIL1IDAULP Builew:isa
JOj P3SN due SisA|eue jo spoyjaw leJanas *anbiluysay
Jdlledsydoeq Oipey B 40 asn ayl ybnouyl U39l asey O} sSueadde
SIAQM UEID0 JOj BIVP O3 PDIUVILIQ0 UBAP UOIIN|OS3J |BUOLIDAJLP
Isaudiy ayy *6o|gue |eD13d0d uJoO d1uJjauwwedBbojoyd Jayita
3Q Aew SanoIluUYdadl |¥D13I0) "JudpiAd Builwodag aJde sanbiuysd
#sayl Aq s:iSAjeue puR JuUAWIJNSEAW JO SDUIIUIAUOD 3yl ang
tAJtSu3p |eJ3dads |RUOLI)IDeJ!IP JO SIN|RA 3iniosqe Butluieviqo
U0} AuRSS923U 3Qq ARW S1UAWAJUNSRAW 123J4LP JsSuieBe uociiedqiied
*$3N0LUYD3] JdJILDSHIRQ DiIpPeBJY DuR SANDIUYJ3dY (edi3do  ybno.uyl
UOP S Saaewm Otpey YO JUBL| 3O asn AQ BuiSuas djoway -jutod
2I0ULIS ® A |R1JUaSSP B PaJNSeaw IJue SILJLIueND  JUBUd S IP
|@J3A3s dwayds 3Juauaunseaw adAy Aonq e ul *sjutod paleuedas
Al 1RJUDZ 1 UOU LRU3AdS I® paunseaw aue Satjtiuend Jeptwts
Aeuue Je u] °*3dA3 AonNQ ud 3adA) Aeuue 30 33 Aew Sjuaudunseduw
1%94:Q ‘SaAem OIpRJ JO 3Jybt| BuLSN JNOYII™M WOJy SjuauaJdnselaw
0Wau pue PLILJ IARM Y} ULYILM WOU SIUINBUNSEAW 3ID3JIP WY
1S30A] OmM] 4O Jue SIUBWAUNSEIW °"SANDIUYDA] Mau 34O Juawdo|ardp
Yl adeunodua PLNOYS suotleiwl| Jiayl pue ised a2uy
Jl @S0JUNT S1yl JOj PIIJl U3aQ aAey SiSA|eue pue  JuaLdJINSEIW
40 SPOJlaw |RUBAAS $SIOIONS 0 SaadJbap ButrtAdueAa yiim ‘"asueluodu
1€21302u0 ;0 S} UOIIISULY PUE ADUSNIBL; UIST 42 UOL3Iduny B SB

SIAEM 3DejuNnS uRad0 JO AJtsuap ABJ3UD AUl 4O UdLIRULIWIDYA(]

126 ‘1Lp :11¥3TV QNVI
‘(SWUOSURIY JUB1uND4 ‘SNDILVIWYIISNYYEL TVIOILVAIHLIVA

) *(sisAeuy wnu3dadss ‘SIAYM YILVM=) 1S¥014182S30
vL6L ‘AN
"MJOA WaN ‘3)SY AQ 1QNd '889-699 d pL6) L1-6 T3S ‘e ‘suea|JuQ

®aN °O0ud ‘(PL SIAVM) |BUY pue SRa) IARM URIDQ LD dwAg Jsuj

ssey ‘1suy JS0ue3adq 3|OH SPOOM

N eueAeueN ‘uaddiuey

*VHL234T 3AVM TVYNOILO3¥IQ ¥04 S3NOINHI3L 30 MITAIY
L118LS L118L11SLI3 -"0ON QI

*Bueny ‘3 U3PJON PuR Yduady
‘0 Sewduyl ‘luswauldew 1 Aduar g *104lu0) UOoL1SOul "ydeadg
JOJ POJIaN MIN A3 IM Sawep Due 143a|3] |Neqg ‘SsSOy Sedung
Ag ‘-Aydeuboueedp Ul Jepey ‘uewbuog °*3 uod1 Ag *Buivaauibul

5LEE LLaeszy (6c jo gl

ueasQ Ul SOl3istiels |ewdulx3 *@IQON "W Pleucy Ag *$3318
Joloea@y aJcusii0 1@ Builpooiy siseg ubisag ‘azwog ‘R Pue
Bunuyy )y ‘A A8 ‘uiseg B Ul 2ABM PIDNPUI-OCPRUJO| WNWiXel Y3
40 uotileutwdalag ‘BunocAa@ ‘) puowAeY puUB UL|[jjBid ‘¥ Sewep
A8 °"Sapi] |BDlWOUOJ]ISY JuaAQ sabung wuols 3JO UOLtsSOdusdng
Aq sapi] ubBiH A||Rwuouqy 3O S|BAJBIU] BDUIJIUNDIY ‘o1say
‘1 pPleuoq Ag °Sanbiuydal pue e1BG 1UdJBII1LQ 4T uUCSiiTIwS)
vV :JOQUEBH PUB|3A2|D JO3 SIubidH oAem Bwauix3l :pajuasaud
sJaded ay3 30 SJoyine pue s33t3 3O 31| B SI DBuimo||0y
*AydedBourado pue BuiuaduibBua ue3DO ‘sSueado 2yl ul Buludauibus
[1A1D O3 23INQiJluod eyl suaded (08 apn|out SBuipaadoug
106 ‘LE9 ‘Iiv ‘LOY :1¥3ITV GyVD
‘S3AVA
¥31vm ‘S30IL ‘(Uotsou3l ‘S3HIVIE) ‘(S3103433 2Aem  ‘S3IUNLONNLS
1¥0d) ‘ONITH3INTIONI 1IALD * AHdVHOONY3J0 1SH¥01d1NDS30
d 8SZ °*SL6L ‘AN ‘MJOA MBN ‘3DSVY AQ |QNd SL61 ZT1-6 UNP ‘wuemaN
‘1820 340 Atun ‘deq jO Ju3isqQy ‘pPJg ‘jJuo) ‘sueadg aul ut Bul AL)
*3 UIPYON ‘BuenH P Sewoyy ‘ydudJdy
07 Auduap ‘uawayoel lsawep ‘A3|imM fined ‘iqaial ‘sedung ‘sSsoy
$*3 uoal ‘uewbuog W plRUOY ‘D|QON :°'H ‘Pzwog "W ‘A ‘Buny)
t°y puowAey ‘OunoAag 'Y Sawer ‘ulljjeyq 'L Ppleuog ‘Oisay
*6L61 ‘S¥3dvd 40
SLOvyiSEY °‘3ONIYIINGD QNE ‘SNVY3IIO0 3IHL NI ONINIINIONI TIAID
£6.28S €6.2Z8Z1SL13 -"ON Q1

*$38J LS ‘péepuadde aue SydeJb pue sdew ‘suoilend(ed
MOYUS SUOLIRNDd® PUR S3a(QR] - pPaPLIAOUd St SUOL]LIPUOD Jauleam ||®
Jsow|® Japun Jubi|uns ;0 juadpuadapu; ejep Buiptaocsd UL SJUOSUIS
aAemMaJutw 40 A1111gRIINS Ayl 30 BJUIPLAT  "UYIJOH IS e WS
©3s puR ‘Ajlul(es ‘BdunijRuddwal IDLJuUNS URSD0 pueR AuNIeIACWI]
ssaulybiug d1JldwWOiIPRY U3AMIAQ dIUSUOLIR DY dULl “ZHD 6 "EI 40
Aduanbauy JepeJ B B puBg-ny Syl UL uMOys u23q Seu SJudjauweJed
8say) uodn 3ascuapuaddap Buouis vy *S321(S (10 pue ‘sSuoibay
WJOlS ‘SaAem/SPUilmM 8D UNS ULADO UIAM1aAQ UOL1IR(IJJ0D Buauls
SMOYUS Rlep UOL!3123S SSO0ud Butiudlledsyoeq dJeped aujl *pajuasaud
@Je Jajua) 2aoeds uosuyonp ‘@ UOPUA]/UOIjRJlISIULWPY adedg
pue SOL31NEUOJ3Y (BUCLIEN 3yl Pue AJDJRJOGE] UDJRISBY |UABRN
BYl WOJj EeILP IARMOUDIW PaJiNnbie-3jeudddedS PpUR -1jRUDJIR
AUl °"PI31LJISUCWAP St SHIL|S 110 PuUR ‘S|13D wJtols ‘Ajiut e
‘aunjeuaduwa) ‘S3ABM 3TEJUNS URSIDO 1D02313P O SJOSUIS SARMOUDIW
aAi1ssed pue 2AL13R® 3O asn  auyy *pajuasasd St eusdwouauyd
aJejuns uLAd0 AUl 40 ApNis B jJO S1|NS3J 3Y) 40 MBILAdL ¥
piL 'SiL ‘2S9 ‘Tv6 ‘ILv ‘1p6 :1¥3IIV Quvd
ONISN3S 310W3Y¥ ‘S¥OSNIS 3IAVMONDIW :SH3I13l1iIN3AT
‘sy¥313w010vN
*S3DIA3C 3AVMOYIIN ‘(1udwdinbl 21UOUIDA |3 ‘HONVISIH ‘L4vaONIY
) *SININIYNSYIWN ‘(Judwaunseans °‘AHJVYOONY3OO«) :S¥0LdINISIA
vL6t ‘®ld ‘s3|qen |eJOD ‘iwein O
Atun AQ |Qnd  "LS-GZ O TS SS3S pL61 p-Z 090 ‘e1d ‘lweiN ‘D0ug
‘9sun0) dwAS ‘1Qoug 1ej@Yy-ABuau3z ©3 (ddy Buisuas j0udY
Xx3] ‘uO3ISNOH ‘dul ‘0) UOJ1ID3|3 PIsUND0T
‘W ‘udusiun
"SYOSN3IS 3IAYMOYOIW ONISN SNV3IOD 340 ONISN3S 31043
£1828S S18ZBZISLI3 -"ON Q1

waly) (x8pul BULUIIULBU] “¥d0D) ONV/LL-0L X3ON34WOD :83114 D01VIQ

88




D ERIM

JOD ‘BunGuen +

PAJjURY ‘UaALUDS SNB(YN ‘UUBW|ISSEN JBLLER  Suen »

© SIewde.E b

S311|1983es AQ S3dRjUNS URADN 4O DUISUSS JI0Way Siswde.a .8
"SAY  N3LINT3LVS NOA 3HO3VIJNIBOS3NIIN  ¥3IC  ONNON e Bhe s

*$48J 6 °PUNOj sSem judwaaube a|gqeuosedu ZEOEES ZEOEESOSLI -~ I W1
JUe *8NDIUYDBY JH BYl PUR |RUO}IUAAUOD B Yloq Buisn paunseadw
PusM  SJuAUUND BDWUNS  °‘SeAIpP! 3sayl 1S3y Oy +Aduanbauy
21Pp@J JUO uURY) B8JUOW 1@ BULAUISQO AQ PautRIJO St JeAYS © JuAJJUND
P4l JO AUNSEIW Yy "yYIdap © O3 IOV HUNS Yl MOJJ JuUdJUund abeuare "S4PJ IT PESENIS & B
8yl ;0 dunsedw @ SP|d1A udjem [|11S UL 3Aem Ayl 30 A31d0|dA SUOL3IpUOS 3dejuns BULISED3J0) O3 SUOLIRD! (OO 4O PUR  Sus , "%
aseud 3yl jJO UOLIJRJIQNS °"uedRJ dY) O3 aALle|au Ajid0|2aA uUR220 ayj 30 BuipuRisJyapun AuRJOCdWAIUOD UO S |NSE.s Sl 0
dseud S)l! pu®R dAEm IORHUNS UedDO uek 3o Aduanbauy ayy pue 1%edwt ay)l -Auocayl ayjl AQ PaJapPiISuODd JOU UCLBWOUSUD =au & 48
JaqunuaAem ayy p|atA s|eubis asayy ;0 wnuidads Ja|ddog-abue 12suo ayj Builediput A|geqoud ‘Spuilm JaBuOJ3S JO4 JUBEs . Bes 0
P41 4O SIUI LAUNSEAN "BIUAJJND BOLBJUNS UBIDO duNSRAW O3 Pasn uappns st auayy ‘SpULM  31BJUAPOW pUR NeIm “0y LR 8
#Q UED DRJJUNS URIDO 3Y) WOJU DIJUIIIRISHOR] SaAem OIpRU  JH Ylim d3ube wd 9z °Z ¢s|enbas SepPQWe (S 1®  JUSUOGWOD asew
9iL ‘ILp :1¥3V Q¥VD dY) JOj sjudwiuadx3l °pddo(aAdp St BuiluiRJIS BOWUNS OF Bes
‘dvayyd ‘(Sjudwnuisuls *AHAVHOONVY3IO0+) :SH0L1dI¥DS3Q Pado|3A3p A||Nj B jO JUBUOCWOD |BJ1IDAAS B JO ISUCTSAS Sul 8y "
MVYVO¥Q :N3Q0D 6001-6E01 O p2BL 230 2L U I1Z A Sa3ay eas daag AJoayl uoijexe|au Jeaul|l ¥ "Pauviwexad uoiBau uUiIbua Rres  Bui )
J11e) ‘e |oPr B ‘OBa:iQ ues ‘jtie) 340 Arun Ul SaAem O] S! UE3D0 a3yl O3 INJUi WNIUBWOW BYl JO 157 S i0uw
*m ydasor ‘Aop !°H JJ3Q0Y ‘IJuemals M3; e ueyl Jaleaub spaads pulm JO3 JRYl MOUS SIINSe. By
*SININYND 3OVI¥NS 40 SINIWINNSYIN OI3VH d4H *spaads puim j0 abueu aPIM B JIAO pPIJUNSEAW JUE WD G€ RN
vISBIS PISBLEOSLI3 -"ON QI $Sa|§ sepque|§ gueyl Ssa|g wd . -0 abu uibuderes  Bui

Ul putlm pasodwi A|uappnsS B AQ padsnNpoJd SIABM JIIPR 4O SIIee
uimoub ay; -9goud aaem BuibRUIAR-BIJER PUR BIRJNIOR UE SE PEEN
due suepeJ 3aAemoJudiy ‘Buiutleuls 200j3JnS PUR PuiM O SIDUEBWD

*$3j8J G| °PIJUISAUD JUR SIAUND AdURWJIOJUId pue 0} 3NP wWNUID3adS SABM JIIBM SUl JO SIUIUOCWOL e | iiu: swied

‘POJSP|SUOD IJB SBWAYUDS UOLIRWIISd |Bwijdoans pue |ewi3do yiog JO 2aSuodsaJd ay3l 30 Sjuawaunseaw 4O SIINSIJ  Siso0ag

*Ad@undoe uoijPW!1Sd |ewildo ue SPpiathA jey) yipim asind e Si 1E9 :i¥3 vV Qevd

J8Yy) ‘| |PwS JyO abue| ‘OljRu 3SI0U-O}-(Rubis uaaib e e Yy ‘SIAVM Y3 LVMe :SHOLCINIS IO

UMOUS S! 3] °yiIp!M 3sS|Nd jO 3123433 Ay} uo siseydwa ue|ndijued OVI¥NY :N3002 91-1 d g.61 Q23 Doug Tan Cam

Yitm ‘D3Ulwexd due I0BdS wOJj IYD13Y IABM UBIDO JO JUILIJNSEAW 20 ‘uoiBuiuses ‘IuN

Jepey 3J0 Adeunddoe ayl 123j3% eyl sJoloey SNO L uRA z ‘M ouyol ‘jubtum tsauwer ‘Huijim ”
Ly “LEI 91/ :1¥3TY Q¥VD "S3AVM ONIM LH¥OHS 40 SOIWVNAQ 3HL ONV ONIY¥311VIS 3IAVMOuIIN

‘(Judwadunsean ‘SIAVM T6Y9SS T6VY9SBOSLII - On

¥31vM) " (uO13IEBD}|OdY JURWIUNSRINs “HVAVYs) :S¥01d180S30
Z¥13f1 :N30DD 8v8-€E€8 O pL6) 220 9 U LE A UOUIDAI3 N Ul
Q|4 °S3|QeH (euO) ‘LWL 3O Arun

A Aezy *Bunoj ‘PasSSNIBIP

*1HOI3H PUR PIMPIAIJU Bue SO10O] 3SAYl Ut ssauboud Pput SIUIWEL I TDE

JAVA NV3O0 4D AINIWIYNSYIN dvAvd NO HIAQIM 3SINnd 40 1033443 8uninj 21Q1SSOd puUR 1U3SAJg °"SAP!) BuIPNIDUL  ‘@DBHUNE LSO
GZEEES GZEEESOSLI3 -"ON OI 3yl 340 sauniedy SOlweudp pue D131R1IS jOo Aulawiy|® isvajawesed

puim pue Ssauybnou ‘Jybiay aaem {sdunieuadwal 0w uns

(2qo (8 :(Buiydeul juauund ueibueube :aue 2INGIUIIUOD O) Ajawi
SI 3oedS wouj BUISUIS 3I0WAJ UDIYM O YDJRAISAJ (BRI 1ydRJbOUNred0

“31oeu3lsae ysi|Bu3l (edtsAyd 40 seaue (edidutud a2yl ‘sassadoud L NT.IVE S} V]
UM URWUAY U] °S33J |Z "BUIDICS IABM URIDO |RUOISUBWIP-OM) pue ABo|oioe|B ‘ABO|OlQ dUilJeW O} SUOiIIed!|dde WoJy Juray
339 |CwdD  uojy s3|NSay Buisiwoud Isow sSmoys anbtuysdl GS9 ‘ILY :1¥3TWV QEvd
SUlJOlIuCW JepRY ADUINDEU-OM] BY| °PASSNISIP 3JR  S3ABMOUD W ‘(Butuajewd|d) ‘S3ILITTILVS) ‘AMJVHOONY3IOO+ :SHO1418I530
SuUISN 2u3Dads dARA URIDO JO Sudlaweued JuedtjiLbis BuiUiIwud AP PL6L ‘'yd9 ‘uiiuag ‘Oeludp-pewy Ag (Gng
JOj SPOYlaw d3uy) °A|3J31uq PAMALAAU S| IdeuUNS BAS Ayl 4O *95Z-16Z d £L6) SZ-EZ AW ‘usQ ‘aduRISUO) ‘DOud ‘CdwAS  yY4SOD
SlUdWIUNSeaw PJUJOQ-d1! | |II@S Judj SaNDLuyladl BuisSuas Ijowady ‘ys3) adeds 30 3asn ubnouyl 1Q0Jd AJNg ylJde3 Ol Saudeouddy
1ED ‘1L :1l¥3TV Q¥VI 16u3 ‘Aduung ‘Aa|wuom ‘uBOuRADQ 4O ISUL |IUN
*(Juauaunseay *3 *Q ‘Iubrumjuw)
“S3IAVM  ¥31vM) ‘(Duludlawd|dfs °*SILIVTIILVSe) :S¥OL4INISIA “30VdS WOY¥d AHAVYOONY3D0 1VIISAHd ¥C34 S1334S08d
IAFEL!] EPPSLS EppSLIISLI3 -"0ON O

:N3002 L-) d GL61 Qdj-uer | U 61 A BunydsJyoj jJyejwney

08€E LLdasg! (6€ 30 12 walr) (xapul BuruaauiBul ‘¥d40J) DNV/LL-0L X3ONIAWOD :82114 D0VIO

. S—— S ———
a r 2




AD-A058 617

UNCLASSIFIED

ENVIRONMENTAL RESEARCH INST OF MICHIGAN ANN ARBOR F/6 17/9

PROBLEMS OF IMAGING OCEAN WAVES WITH SYNTHETIC APERTURE RADAR.(U)

AUG@ 77 R A SHUCHMAN: P L JACKSON NOOO14=T76=C=1048
ERIM=124300~1~T

END

DATE
FILMED

=78

NL




D ERIM

*A3IL1AL11D8| 408y 3DP4UNS URIDO D1laubruoJuldIS
SJUe® 14013y JABAM UR3DC "B¥pN3il|e 3jtll|2ies jo s?jew! 1Sd
(dUGIURA WNUIUIW) WNWIICO SsNoduel|nNw!sS Sapiadud JoOssadsoud
JIN U@ jeyl umoys S 3] *UOLIN|0SaJ di1ydeubodol wd QI $snulw
JO SN|3J§ 3yl dAaL1yd® O] JUOSS3Id0oud (3TW) 2d1PwiiS3d Pooy!l |aw!|
UNWLIXRU PURCJQUO UR S3Z1L 1IN Ub!ISap udlaw'lle Ay CZHW | ueyl
$S3| O3 ZMw JEE (©D!11DRJOW! JAYIRJ B wOJj UIPLIMpURQ JIJJIAUOD
131613 0) 6d|euR AUl AdNPadJ 01 UDISAP J3A13D3u/udlltlwsuedl
Jeped aul ut pasn st suJunlaud abueu lenpLALpuUl
djeuedas 01 wWueq Y3ty OBo|eue ue AQ pamo| |03 anbiuyddA
JO1L1SSa40wWwOD IS |Nd CWeJadp | |Ny V¥ ‘%01 $SNutw uo sSn|dg uiyltim
2] Sudldw 0Z O3 0 "I 40 Adueu Yl J3A0 1ubBIIy aAem jJuedijIub!lsS
40 Julwaunseaw © S3piaoud os|e ubtsap Bui 3 (nsau aul
*Avlawtl) e 0} uvotilippe ul *pajiJudsap st sjubiau aaem ueado
(4ONOU]-031-%ead) Jaldw OZ 13I® UOLIN|OSadJ Diydedbodol wd 0}
§5N|0§ e OutlAey Jaldwil|e 31 |(dles uepeu @ 4O ubi1sap auyy
EP6 ‘9L °SSI3 “1Lp :1¥37V QY¥VI
‘(s@tu0oljeAauasqQ

“S3111131vS) ‘(juawaunsean “S3AVM Y31vm) ‘(juawdinbd3
"AHdVYIONV3ID) ‘yvavy ‘SY¥3ILINILTY Ol1Qvye :S¥0141¥23S530
€L61 ‘*MuOA

3N ‘(53v 1-EBL OMD €L) 3331 AQ (Q"d °"B61-E61 T EL6L 61-L)
J43§ ‘)] ‘uUOIDULYSEM D3y °‘AUO) 3ISAS OsOudy pue uduID3 |3 333!
ON ‘ButudsS udA| 1S "duO) AUdS (Duydd)
. "M *7 *swodug °d ‘g ‘Aajooqg
NOILVNILIS3 LHOI3H 3AVM NV3IOO0 OGNV A¥LIWILIV 31I7731vS ¥vavy
69159¢ 6515901p213 -"ON QI

IBEE LLOdST) (6€ 40 9

‘SjaJ p ‘uOlIN|OS 1saqg ayl
3Q 0] sSwads wdISAS autludew-URW Yy ‘UR3d0 (edu B Ut Butudunddo
euawouauyd PaJisSePuUN (| ylim (e3ap O3 sey Siudwaunseaw
abueuy aaissed U0y walsAs |est3deud e eyl papn | du0d
St 1] -*dlewi11sd@ abueu UL Jouud abBue| B SaAIb aunjeaund
SARM DUNOS PaJNSEAaW Ul JOJUd | (ewsS VY *pdJinbady s Adeundoe
Buide|d auoudoupAy ubty ‘Swa3ISAS uUDNS U0 | |ewsS 3Je Saui|aseq
3yl 3d%ulg "aMti| Byl JO ‘P QED |BD1IJAA JO PaImMO) B ‘Puiueuwans
® U0 paljunow (SauoydoupAy) SJOSUdsS Di1lsnode Buisn AQ PauiIeIgo
8q ued siy] ‘"paulelqo aJe sbHBulueaq SSOJD SNOIuR) |NWIS SSajun
2bueu dunseaw O3 I(NDi43tP St 1t ‘*Alueaut|uou SaAow labJel By)
41 'sSBuiuedqg $SOJUD AQ ‘sueadw Dt13$nNOdOE aatssed AQ punoj #q Asw
abueu jeyl UMOYUS St )] *PasO|DdSip 3 Jubiw UOL}i1SOd UmMO §,8U0
8duls pasn aQ 10uUUeRD SWIISAS UODNS ‘BuBjueM JUIIBMUIPUN S  udNS
‘SUOLIBN] IS JWOS UL ‘JUAIMONH “JRUOS 3AL1DR JO Jeped ‘Jose|
Buisn AQ pauiLelqo 1S2Q due SiuawaJnseaw abueu Adeundde ybiH

TSL 'TLY 'TL9 ‘vOv :1¥31v Qyvd
‘Y3ILVMYIANN ‘SOILISNOIV ‘¥VYNOS ‘(Siudwnuisug
V3SY¥3IANN) ELLFTLE IVAVNS :S¥01d1u2S30
€L61 'MJOA M3IN ‘DUl SSaJg pedy Agq |Qng
*0LZ-19Z 9 ZTL6L L d3S-1Z Bny ‘|Buj ‘au1ysJaisadial ‘|ouyday 30
Atun YBnouoQubnol ‘2044 ‘1SUl APN3IS APY OLVYN ‘SS3204d |eub:g
U3IJOH ‘1Qe3S3 S3y 330 MJON
uuty ‘uhug ludg ‘epwiaNH
“S3INOINHI3IL ONIONVY 3AISSvd
LELLLS LELLITOSLI3 -"ON QI

“A90T0NHI3 L

*$334 €1 *S331eIS e3S uaubiy I sjuaduwaunsedw
JOj @S 1@ diyS @ UO mMOU S! JIAL3dAL Ay} ‘pajeinded aq
UBD SIUPLD14490D UOLIDI[Jdy PIIlj JUSIJUIBYOD 3yl Ieyy OS platy
P3Ja11WDS JUAJAYODUL 3yl INOC DBuileuedas J0Oj PIdol|aAap UuLSAqQ
SRy aJNPadoud V¥ ‘ue3D0 Y] wOuj pPaudlleds AbBuduad Juadsauodul
9yl AQ pasned Si UOtIRIJRA Sy} QP SI ©O1 ap S wouy
AdeAr Buwlutw uJdlled 3dUIUdUdUL UOLIRZIUR|Od |BJUOZLJOY Y3
40 Syldap auy ‘poylaw | [am|11g ‘C 9ul AQ eJ3ldads aAem 40y
passadoud saAem 3yl ;0 sydeubojoyd |e1ud® puek ‘A|sSNo3ue) | NS
apew duam SOHULIPUODAU dAeBm-uIIeM ‘pasn auam Suoije2iue|od
SSOJUD pueR ‘|@D11udA ‘|RIUOZIUOH -Aeg aweadesay) bBuinoo|Jdao
343110 ® UO UBALID9J B pPULMO] UMO|4 Sem JIJ)ilwsueul md
ZHO € "1 duJuoqQuile ue ‘wdISAS Ayl 40 1S3l 1SJly © SY *saBue
Buizedb uaybiy pue Salduanbauy udmo|; O} (apow Buiualeds
® pu3Ix3d O] SS820ud ul @ue UBADO 3yl JO IdLIuNS Ju) wouy

UOLle!pRY dARMOJUD!w jO Buiud1l1eDS PUBMUOy O  SIUBWAJNSPIN

9lL ‘11l :1¥3 VW Quvd

ONI¥311VIS ¥vavy :S¥3ITJIIN3AL
*(Butualiess

“SIAVM DI I3NOVWO¥1D313) ‘(Bulisale ‘yvavde) :SNOL14I¥DS3IA
6V3ISYN :N3Q0D ©LZ-69Z O ‘pi61 Si-El Aew ‘oiup

‘uolAeQ ‘199l YOy ‘PLEL  JUOD UOU1IDA|J OSOUdY (1BN D0ud 3331

. 70 ‘uoibuiysem ‘Qel Sa3y ALN

W JOYdOIStJyd ‘mOuJOoN :°7 piLAeQ ‘aweuq '] S?|Jeu) ‘pueog
"ONVE-1 LY

NV3O0 3H1 WO¥4 ONIN3IL1IVIS QUVMN04 IAVMONDIN 40 SININ3¥NSVIN
OEEZIS OEEZIZOSLII -"ON Q1

wall) (xdpup OBuiLJadULBUI "¥d0I) ONV/LL-0L XIONIAWOD :831'3 D0IVIQ

90




D ERIN

e

‘ep|a1%azs
2ULd4 |JeN Ag  "eDLJjV 4O 1SeO) MN 33Uyl BOuo|y eauy OBui||3mdn
4] Ul Ssewolg pPuRk JunIRUACWI] JO Uudlled uoinqruistiq

*AdJuels 3 1J3Q0oy bpPue tJlad ‘M ulauuax Ag *A1120|ap
JULY 30@JuUNG BAS JO SIUBWAUNSEIAY dI0wdy +Aaswey "3 ‘¥
A °S3%e] pue Sue3adD S,D[JOM dYl O SUOLIJUOd 340 SIULIJUNSEIY
J1d3IawdI0ydouldads ajoway *uodu0o9 ‘¥ ‘'H pue umoug '8 ‘0
Ag *AJocduy) Jajsued] dAjeipey Buisn Jo|0) wuead) bBuiduanijug
SJ0lo@4 340 udijeuitwexi *Aaun|IJon ‘Y ‘m fg *SjuauaJunseay

JO|0) ueadQ aji|taies ziny oAeduol  ©dStduedy Ag .
$19%0e.uq 1yDtiJ§ ODi1X3AW ul SA3AUNG AUISdu0y aul udy Audeuboioug
{@tuay 4O udtleD:(Qdy JO SPOUIBN 3Ul 4O MILAdY SIandeuqg

14918 ‘eUBDIXJN €D |gnday e| 3P S3|eISdU0J SOLJBIUIAU]L
J@ ea3Jay erjeJddoloy e| 9P uoidedi|dy e| 9P edlwedouey
‘e 1p2d DeJdipnNy 1JUdH Ag S $319%doeuy Iubiug Abo | euy
JUISN AQ Seauy 40 UOIlRULWJ31a] $iaxdoeuq 133($ cesitbo(euy
epesag JOd Sseauy &P UOldeWJIIaQ "111330N ‘H StouRuy
Ag -udeag e uO Dbuixeaug SaAem diys 30 bHuiddey *SS3audp
‘y JOpJeS pue utlesSSNH Delysny ‘111 ‘3Jaddin 9 wdi1uapady

Ag °S3|diduldd didJldwweuboloyd (ed13A|euy 3buey-aso|) buisn
JOLION (e11edg 3O judwaunseady :paluasadud suaded ayl 30 suoyine
Jue® S3|1!1 4O 3ISL| Byl 4O UOLIENULIIUOD e st bBuimo| |0y
Cve tiiv S0P 11l¥37Y 0O¥V)
ONIHIINIONI TvISVOD °“ONISN3S 310WN3Y¥ :SH3IJILIN3AIL
*AHAVYIONV3IDD °*ONIddVW OGNV SdvAN ' AHJdYY¥D010Hd
*AHdVY82010Hd vid3v "AYL3IWAWVYD0LO0Hd - :S¥01d1¥3S3Q
d 0901 ‘'Siued T ‘€64
‘@A "YdUNU) S| |@J "dSY WOJy I Je|!eAY E£L61 S-T 120 ‘e|d ‘EBiIStA

euang 3we) ‘deq ‘D0Jd ‘AuO) ||e4 ‘wweubdioud 340 205 wy
ZuteH |Jey ‘ep|ainazsg

t'4  3142Q0y *AuuelS  !I'D UlBUUdY  ‘1Julayg °) "y ‘Aaswey

i°Y M ‘uopud9 g "0 ‘umoug ‘¥ ‘M ‘A3un|)ON lodStdueuy

“ZiNy dAeduoy
JOPURS °'SSaJ2A

JU3H ‘B |L1peg DJBJULIPNY ! °H Sidulud ‘111340 'y

!DRIYSNy ‘uiessny 111 ‘9 ¥oi1udpduy ‘3jJdaddiy
‘€L61 'SONIQ3I300¥d

“NOILINIANOD 17V “AYLI3INNVYOOLOHd 40 AL1310CS NYOTYH3INY

131144 S168ZS0vLI3 -"ON QI
"MOS3a1Mydg
ZeEE LLO3SZ (6€ 40 62

1 'y Ag *SluRIN| |O0d 40 OBuisuas |eJldads ajoway *uUayo)
'V PuB UdnNeuls °H 'y A8 -uepey Jdse] ulim Buisuas ajoway
S1udyudsowly ‘*uosueH ‘N Aquily Ag ‘ueadQ aul jo Butisuasg
2jouay -BunoA ‘W P pue sabuocadn ‘W | Ag -adejuns s, ylue3
a8yl 1 saaem A11ARuD-D11SNOdy |eJdnien 40 DBuUiISUIS BAi1sSSeqd
rueag 'y '8 Ag 'sa21pnN3§ 1e) pue udAe] Auepunog O3 Sanbiuyday
JapuNOg-0yd3 213ISNODY pue Jepey MI-W34 340 uciied:;cdy i 3eil
uopJonH ' Ag *BuiIpunoS Oyd3 D13ISNODY JOj S1230S0ud Tuf L 1lRH
4 uewdaud Ag Buipunog-oyd3 D131SNOOY AQ S31PNIS  AunidNulsg

PULNM pue Sunjeudduad| ryohey 7T owel{tim Ag “Suwa0}§
943235 pue SDO1uaydsowly ‘PuBJIS [|BaN O30 Pue JIIemISaM
‘¥4 pP3 Ag *sanbiuyla] uUOiISuIAU] *udlemMISoM ‘¥4 pP3- pue

4aplus g Moep Ag -Aulawoipey -ApueH ‘¥ Ulauudy Ag - uepey
Jamod uySiH Buisn suaydsowly Jea|) a3yl 40 SIIPNIS :suoulIne
pue S3|3tl1 3O 3ISI| dul 4O uoLlIeNUIIUOD ' St Buimoj||ng
ILy "TSL ‘91L ‘Evp LS9 ‘I8P :1¥3Tv aQuvd
ONISN3S DJI1¥3HJSOWIVY ‘ONIOGNNOS OHJO3 DIISNOOVY :S¥3134]1iN30]1

‘AHdVYOONY3IO0 ‘(1e2160|0u033aW ‘TvI11d0 ‘HVOVY
) '(1e2160|0u031aW ‘¥yvaVYH) ‘IUNLONYLIS JIYIHISOWLY ‘SNivivddy
ONIONNDS ‘(udueasays ‘3Y3IHASONLY  H1¥VIe) :S¥01lc1¥2530

ZL6L ‘2@ ‘uolvuiysem ‘330 IUtug AOH
SN *20Q 340 1CNS wOJj 3|Qe|teAVY SOCOJ] aul 30 Bulsuas sSiowaly
‘Y ‘MOS3aimydS iy ‘uayo) "9 "y ‘ydneJdis N Lquiy ‘uosuey
‘P ‘BUNOL W 1 ‘SdBuoa9 !y ‘G ‘ueag tuopuyon "I ‘31131

*4 UBWd3Jy ‘(lBH '° wel||i1mM ‘uojAel !||e3N 0110 ‘puedls
¥ P3 ‘Jdajemisam t°8 woepr ‘Ja3pilug 18 uUlduuax “Apuepn
*343IHdSOd0¥L 3HL 340 ONISN3IS 310W3Y

6ZvvSy 6ZvvyS60vLI3 -"ON QI

"S39J 0p ‘u%OUS S}
AJoayl uot3leqQuNlIudd | |BWS 4O S1|NS3J 3yl UM 3DUBPUDCSIJLO)
* $33u63pg Gp $URUY SSIAIS $RISBUIG | BDLIUAA AUl JBAU $31234,;d
uotrlezide|od ;0 Bui| |dPpOw S|QeucSeau € edipul  wnu}oeds
SARM UR3D0 pss §SNULWS s} © U0y suoile|nd>ed >LQE.E..Q€Q
*ss320ud wueissnNen snoauabowoy e S adejuns Bu.ualleds
2yl Buiwnsse paijndwod aJe suarod paJaljedsyoeq abeudne
pue ‘|eubBajutl NUI-UOIIRUIS P|ILlj-uej Byl OJutL P3inNjiisans aue
san|eA Auepunoq PaildaJduod Ayl *piojogesed e AQ UOLIdeUIIP
JOj (Sp6L) %204 AQ PunNoy wuOi D110JdwASe UB UM [EDLJudpt
8Q O] uU23sS S! ‘BunNjeAUND 3DBJUNS |eD0| 40 103333 dul JOy
SJUNOO2OE udium ‘uD13ID3UUDD Byy adeyuns Buijonpuod Aj3dajuad
® J0j uoi1lenbad |eJbajul pP|Ity @ wWOUy PAALIJYAIP SI U0 2w xOoudde

$40UdJLY  BYl O UOL1D23J4u0d Aduanbauy ubiu vy ‘uaaib st
adejuns yfnou-A|wopued B wWody BuiJ3IIeDdS Aem-Dilaubewo.3ida @
40 wa | qoud aul jo juawieaudy |est3ayoaul wou v

9L ‘1L :1¥37v Quvd
*(Buiualiedsg
‘S3IAVM JI13NOVWONLD313) ‘(uCt1dd|j2¥s ‘HvQwlde) :SHO1CINIS3Q
OVHISN :N30Q0D d GL ‘L6 vdy 90pZ-¥D day 12J41u0) YSVYN
AN ‘Alun Muoa maN
D Mdi1Jabauyg ‘uosvoep
"IVOIL¥3IA HVIN 3IHI WO¥3 Neni3y-vas
yvavy ¥04 NOI1vINWy04 340HIYIN Q3123¥¥00-3¥N1vA¥ND
816LSY 816.S60vL13 -*ON Q1

wall) (xapul BuiudauiBul ‘¥d0I) ONV/LL-0L X3ON3IEWOD :821'3 D0IVIQ

91

N




D ERIM

cudAatB st Jubia
sA@®A OuilPW!I1S® 4O poulaw y ‘UOIIDUNy AJisuap JBUBI1IEDS
I PUB UCIIDIS SSOUD JUEDRU UIIMIAQ UOIIR IS 3yl uim Buole
*PISSNISIP 3JW WAISAS UBDRJ - |RUD!S -WOPUWJ dyl puek UOL]IdUNy
Al 1SUdd JU311@0S Ayl “$011S1JaldoRURYD UOLIN|0SAu Jud| |dOXd S
40 #sN@22Qq pasocdoud si 3|diIduUilud Jeped eubis -wopuedy auj
ZP6 ‘9L “iLv :1¥3V QHVD
‘Yvavy ‘(SIudWNUISUTe ‘ANJVYOONV3IOO0s) :SHOL4IY¥DS3Q
v3931 :N300D
1Z=91Z O 161 320 P U 6-3D9 A UOJ3IDd|I 13S0a9 suryy 33I]
O|0) ‘*udp|NOG 'SAD0uUdiIDS uUOLIBDIUNWWODA (3 30 Jsul
¥D Y¥34000 :8Y¥ YIIMAVHI

JepTy
|OUOIS —wOopuURJ Yl YlItm SIyBiLay aAem UR3ID 30 JuIWAJUNSEIN
611222 61122Z0xZL13 -°ON Q1

*$434 |1 "JA3QuWeYd OilpeJd DtOoydaue ul Ul wn|npuad B yjim
81891 D31 (NUIS PIPN|IJU! WJOM (R1USBWLUIAXd 33Ul PuUR PaJapLsuod
SEm POJIdWw UDI1ID313P SiIU) AQ aABm URID0 ue 4O pPoiIJad pue
IO I3y 3yl ;O luawadunseas ‘uoiled!|dde ue Sy -pueqg-x 3yl Ul
JEP@J N4 Ull®m S]|NSAJU |RJUdWLIJUIOXI pue *UDLIONJUISUOD JtNduLd
Yyl ‘9dueu ayl 40 abueud dArlebau Jo 2aarlisod bBuildalIp
40 POUlaow € ‘u01]12313p aseyd 40 d(didutud 3yl agludsap sJyoyine

Y Y33ed syl Ul *3ARM  U31J4uBd 34y} 3O uibuajanem ey
@ Aldl2wixouade s Adeundoe judwdJnseaw 3yl ‘|eudbis 13Q aul
40 uOLIleI A 3SPyd 3yl wdujy punNOy aQ ued udijow St 40 @asuads

Ju® JuTCWwe 3yl ‘UOLIDAJUID |BLIPeJ AUl Ul SaAow 1aBuel e  U3uM
SiL €L 'ILp 11¥3TV QY¥VI
NOIL1J23130 3SVHd :SH314I1IN3QI

I

Uoi31@D! | GCy JudwaJunseaw "¥Yvavy) “¥0LI3L3Q "SLINDHID DINO¥LD3T3

£8EE LLCAST (6€ 340 2t

‘(juawaunseadn ‘S3IAVM ¥3ILVM) ‘SLIND¥ID ¥ :S¥0LdI¥0S30
Ivrod3

IN3002 TEL-SZI d 1,61 “OY p U pS A uedep, UNWWO) UOL3IDAL3I

der 'ius-ewnsowOA ‘Awdpedsy 3asuajyag

OeS] ‘i1ewW] !i1uSave] ‘emewnJen

‘HYAavY MO-Wd NI TYNDIS 1v3I8 3HL 40 NOILD313C 3SVHd 40 COWI3W
GZBYIE SZBPIEOELI3 -"ON QI

*Sjdu 8 ‘Sjuilod Je|Ndads 40 UOCLIEAD @
30e°4uNS 3yl 40 UOLIdUN D13S1JdIJRLRUD Byl O3 |Benba aQ 03 u
St (M $V17130% )y UOL3IDUNy UOL1IR|I.VUOD Adudnbauy omy a3yl
aul AQ Pai1d@d|33u pue JudPIdut A|(ewuou Butaq (eubis JABRrOUDIW

B JOj (ED10A] aJe UdiIum SUOIILPUOD Japun *adois 4o  ybiay
aAeM 3yl 40 wNUlIdads Aduanbauj (eijeds JO |eJOoCwadl ayl uo
puadap 10U SaOp 1! !(uedw 3yl 317OAF) UOL}BAD |3 3DB;uNS Swy Ayl
dUIWUd1dP O] PISN aQg ued UC!IRWJIUIUL  Siy) *uotiebedo.a aul

40 UOL11D3u1p 2aul Buo|e SJUaudlleds 312udSIP 4O UOIINAIUISIP Yyl
U0 Spuadap Satuved Butudnlau (eNPLALIPUL 3yl 40 SUOL3Iduny aseyd
pUR 3PN |OWe 24} USaM1IBQ UCI IB|DJJUOD SSOUD Ayl *uOijeJedas
Aduanbauy a|QRtJBA J13yl 40 uoLlduNy ® se s|eubis Buituuniad
OmM] 3Ul U38BM1AQ UOILIB[3JUOD 3U) ;O uOLILINCWOD 3yl S3A|OAUL
J@A1323u 3yl 1e Buissadoud [eub:s sAisnoauel  Nuis sieubis
D1 3RWOUYDOUCW OM] S3A13DAJ JLWSURY G Udiym Jepeu Buiwoo| v ipeu
® S3A|CAUL POUldW 3U| °"SIARM IDRJUNS 3y) 340 2|€DS |BIUOZ 4Oy
Aue uRyl Ja3eaub yUdNW S! Jeyl BAs AUl ;O BAJR U JIAD PIDRIIAR
IuB:3y dAem Swu 3yl BuUIJINSEAW JOj PadOIaA3dP SI anbiuuydal y
91L '1€9 ‘1LY :1¥37V Quvd
AYLI3NO¥IINIINT ¥VAVY :S¥3TJTiIN3OT
* AHdY¥O0NY3IO0
:Sy01di¥2S3a
Wvd131 :N3002
959-6v9 d €461 935S G U IZ-dV A OedOug seuudluy Suedy 3311
AN ‘peajsdwap ‘Atun RUISOH
*3 piAeQg ‘uUewSSioM
“IHOI3H 3AVM NV3IO0 30 IN33¥NSYIN
3HL 0L Q311ddv AYLINOYIJNIINI yvavy AIN3NO3¥I omy
$9009¢ §9009Zi€L13 -"ON QI

‘avavy ‘(Judwaunseap . ‘S3IAVM FEPCLLD)

‘$39J € ‘@|Qet |3y pue J|duis ‘Ijeundde ajind
a2t1l1%8ud UL St POoylAW JEepeJy 3y} SUOLIIPUOD  edi1Bocucajaw
2| QeuoARUN Japun ‘paqtudsap aJe ‘ueped Jajaw: || 1w
@ BuiSNn ‘sudjeweuRd I1PIS-LIS AWOS AUIwuIIAP O] SJuUdwWiJaax3

9iL 'i1Lv :1¥3TV Quvd
‘(ludwaunseaw ‘SIAYM ¥3Ilvm)
(uct31®d1 | Ady JudwdJnseal ‘HvaVY) ‘AHdVHOONVIOO+ :S¥01dI1uIS3Q
WYASWS
:N3G0D Spi-iti d EL61 ID0-03S G U T A SaY AOS ‘uddW PINi4
¥SSN 'udS Bu3j-uew ApPY peJBuiUa) ACJeNeW ‘Q 'S
‘a "9 ‘geinux

t°1 "N ‘OMUdUOdIYdIN 1A 1 ‘AOudNuzOoy 4 A ‘Acuawrl
*SINIW3T3 3AVM-NV3IOO0 ONINIJ3Q 40 QOHLI3W ¥vaVH 3IHL 40 1S3L
(132487 16PYIEOPLI3 - ON Q1

wall) (xdpul ButJaduibul "Hd0D) ONV/LL-0L X3IAN3EWOD :821:4 D0IVIQ

92

b




J1NOYs Jalawdipeu
9Q O3} JmMOUS DUR DPAIJUNSRAIW UI2Q dAey
28 9yl wOuy SuUJNIIU uepey

aAemOud W JO asn

J1NOys 3| |d1es @ Ul

‘(2Aemoud iy “SM3AI303¥ DIQvy)
“(IudwdinD3l D1UOCUIDI| 3

‘$213181udideuryd IdWIUNS URIDO Iy} 9unseaduw o3
@ JO $S3UIALIDDJ4d Y] MOUS O) SUOLIRIIUCUIIUL INOyYl '™  umoys

#ej4uns d:jaubewouldd|d due
Iyl O3 P3uiIBIQO 3Jue AJNIDNUIS 3AeW Jalem 3yl ;0 Slualaunseduw
‘SJUdWAUNSEAW uepey 3yl yltm A sSnoauel|NWIS °uURado
Judsacad uayl suuniau
@uNIdNJU}S dAes udilem |BDLIUAA
Jepedy aul ‘sajnuw
*pautelgo St uolIN|0Sau
ultm  ‘agauym uamoy
JNOot1 Inesdesayd ayl uo paoce|0 pue pIiqQuasse
“SuOL}lpuod djels eas
|€211UdA j@ 3dejuns e3s aul ;0
J1338u02w0uUlDI (@ SuU) 4O udijebiisanul
AJLAL1123 (324 Jeped Ueaddo ayl

dul 40 asuodsau as|Ndw!
JepeJ 30eJarR ayy
dY] 34SJU01140T JUIUS} 4P LOJUY
|@UdAd3 JU3A0 UJN}aJ 3yl duipuodau Ag

*3s0dund syl JOg4
JAAO dduar Ul

Jepeu 2 40 Ssau|njzasn

D ERIM

*UOLlBNIUdIlIR YONS O3 AL} ISUdS
aouts uoienuadlle

Bu.ACWaJ 3 1wuad

*paagsduim 0} pauotljuodoud
yibua|daem» 11 GZ ‘T e
*fuiddiys 03 sabejueApe JuUdNDASUOD

upaso pue ‘spuim

*3JNSSIUA D1 UIYASOSOWIR IO 4uNS 4O LOLIDIPILC PAAOJUdu: Jrwuad
-JePeJ pauviqQwod © wouj ejeq

“iLp :1¥31V Q¥vI

*AHdVYOONV3O0 ‘(SJaAt1dday
*S$31171717131vSs)  :SHMOL4I¥IS3Q
09-ZS @ 161 ¥d¥ Z U § A SD1INeuOJDAM I

‘sesuey 340 ALun

rM ¥F NOSH3Id ‘WY 3NO0W

-Jepey 3li|(d1@S

Jtueaso AP {Mp | JOM
€9.8v0X1LI3 -"ON Q1

JepeJy puddasoueu

ued uo:LINQLJlIsIp

uddm31aq wuoLlelad Ayl

sem ueCey Sasu
4o abueuy api1m e
asuodsau as|Nduw:
paAityap 3Q wued
349 uo.(1diudsap
se Jajawiy|e

|e13udl03 a3yl UO uOIlPWUO Ul ULEIQO O}

“ILP 11¥37V QYD

*AHdVYOONY3O0s) :S¥01d1¥03S3Q

(6€ 40 9¢

V3931 :N300D0
v-0L1 O 12461 AINP € U 6-3D A UOUIDA|3 125089 Sueuyy 3331
20 ‘uvojbuiysem ‘say adedg JoOj JUID) IJNA|NK Q"3
v3 VYNVYIIN 08 NV :70 ONOWWYH 'V O¥IdVHS 'S8 3374dvA
wJyojie|d 3 |qels
2 WOJj BDEHUNS ULIDO 3yl JO SUOLIBAUISQO JePRJ PUODIISOUEN
010802 010800XZL13 ~-°"ON QI

0§ -Sp d ded uda; j0 31sabig
0L6L PZT -1T 1daS ‘®v(4 ‘AJ1D eweued ‘UOJIAU3 UE3DQ Ul Bul juo)
Ul 3331 !(J0Quy uuy ‘UeBIUDIW 4O Alun) ¥ILIOH ¥ ‘W ‘s3aipoq
Jajem jO0 uotinjlod 30 BuisSuds 2J10wau (1ensiA -31@|01ARUI N
puR paJeJjul) |BD1100 NOILINTIIOd ¥31VM /Snoanbeans ‘SJISAWMa039/
TL 13 16 -IBb -LLb %1G00Z °"P2aQg e2s ayl 30 aJnNidnuls 2 (eds
| lewS 3y)] aunsedw 0] Pado|aAaP Japunos Oyda pabuawans daap
pav0] ® ;0 pue Salels eas 40 abueJy 3apPim B JUIAO SIABM SOEHJNS
B3S 3O S$a13uadoud |eD1}1S131e1S AU) aJnseaw O3 PasnN pue pPasi Aap
u3aQq sSey ydtym Aongarem e 340 S|lelap saAlb uadea siuy

€SPy :1¥37v Qy¥vd

NOI123130 NOILNTI10d ¥31vM :S¥3IT4I1LIN3AT
‘SW31SAS NOILINODO3Y

N¥311Vd ‘(sjuawnuisuls ‘AHdVYO0NV320+) :S¥014143530
L-ST O Ced uyds3a) 30 1s3aB:Qg 0161 pZ-i1Z

1d3S ‘w4 ‘A31) eweued ‘'uoOutAul ueadg ut Bul juo0) Ul 333

pue (Bu3
‘319SJ0Q ‘pueR|3}JdOd ‘Qeis3] suocdeam Jai1emuapun Aj|euiwpy
r3 NNNO
P2Q ©3S 3yl pue JLJUNS e3S AUl 340 SAiJiue Nboudl
a|eds -1 |eusS aul Buiunseaw 4oy udtllRludwnuisu]
zsooze ZS00Z0XZLI3 -°ON aI

*$43J £1 "JIQWNUIABM _UBIDO |BUOIIDIJIP 3O UOLIDUNY
2 SP UOL131D03S SSOJD Jepey PpPazi|ewuou 40 30|10 ® O3uUL pue
dew AJUaNDauy -Ja|ddoQ AR|3p -3Wwil B OjU!l PAJJISAUOD UI3Q ARy
s|eub!'s paaiadau 3y} *J@3)lwSuRUl Ayl woJy wM 0BT Pal1edo|
JOAL3D9J © pue (ZHW G8 ") UOLISSIWSURJY VY NY¥01 Buisn paauasqo
udaq dAey SaAem uR3IdO (w EOZ ©O1 08) uibua|dAem _Buo, 40
S2131S1Jyd)1doRJRYD |BUOI11D3J1Q °"SIOUDd ueped 3yl 40 Buissasoud
Jd|ddoq -Ae|3P UOLIN|0SduU -ubty AQ papiAOJUd dJe U0 N |0S3aJ
|RUOLIddutIp pPue |[edue ‘paJdinbay si Ajia131dauip euuajue
dleJapow >-:O *RJ}DaJds arem -ueado |BuO131d@u1ip ButAauasqo
JOj PAasn aQq ued SaAem ueado AQ saAem oi1peu yibua|aaem _Buo; 03
-wnipdw j0 Butuajieds Bbeug uepeuy -Di13eisStq 3Jeyl umoys s 11
Zv6 ‘9IL ‘ILb :1¥3Tv Qvd
‘¥yQvy ‘(SiuswnuiSuls ‘AHJYH¥OONV3IODe) :S:014INDS30
< v3931 :n300)
Si-11Z @ 161 31920 p u 6-3D A UOJID3|3 135039 SueJyy 3331
4!118) ‘Qel J1uoJuld3 |3 puojuels
20 3n9v3l
BJ109dsS 3ABM .UE3D0 |BUDLCauIP
yjbua|aaem _Buo| BuLALESQO JO3 SaNDiuydal Jepeu -di13leisig
gLizze 8112T0%XZL1I3 -°"ON Q1

wall) (xdpul BuiuaaduibBul “¥dOD) HNV/LL-0L X3ON3IANOD :83114 901VIQ

e g LW —

93




S3IAVM ‘NOILVINWIS
"AYIOVAI HVAVY ‘v¥1D3dS ¥3I1dd0J "AIND L1OV¥ISEY :S.oldiudsag
SL :<A"1QNd ‘SL6L ‘B
‘834 ‘'veZ :(E)EL "S1¥0d3IW 3DOvdSON3V TVIINHIIL OGNV JI4I1INIIODS
GIEEZ VA ‘NOLdWVH "¥3LINID HOHVISIH AIT1ONYT ‘VYSUN

‘1D "l4INS
“S3IAVM

NV3O0 40 ONIDVANI ¥VAVY 3¥NL¥IY DIL3IMINAS 340 NOILVINNIS v
L69€£0-SL

Viva 3AVM ‘A¥LI3WOH3LLIVIS

"ONISNIS  31IN3¥ "S¥ILIN0IOVY  ‘A¥IDVWI yvavy ‘SNOILvy¥3d0
JYOHS 40 "ONIAIA¥NS NV3IID “ANLIIWOICYY JAVMON¥IIW :SJOidludsag

SL :4A"13nd ‘v08-S6L

“dd "SL61 “3IONIYIINOD ADITONHI3L 3I¥OMSII0 :("d°N) “II1 *70A
1SONIG33D08d :TVNANNY HINIAIS :3ON3IWIINDD ADOTONHIIL 3¥OHS440
SIIYLSNANT J4nT
‘M’ ‘Invd
“33vdS WO¥4 SNV3IDO0 3HL 40 ONISN3IS I10W3Y¥ IAVMOMIIW

99610-9L

YivQ GONIM ‘SIHOI3H
JAVA NOILVININNYAISNT  ONINOvHL °S13SS3IA  WO¥Y3ISIY  ‘¥vavy °
ININOILISOd "HIHON NV3IDO0 JI410Vd ‘SWILSAS ONINOLINOW ‘TIVMYH *
VINYOJITVD "SAONE "ONIY3ILIVISHIVE ‘ATNO ANVYWANS :SJ0ldludsag
QL :JA"(3Nd ‘greL ‘s
TNYP CJ6 (L)pl SLi¥0d3¥ 3IDvdSO¥3IV TVIINHOIIL ONY  OJI41IN3IIOS
3 :uen
SZove v2
$°N¥Vd OIN3W °"3AV OQOOMSN3AvY EEE * “ISNI  HO¥V3IS3¥ (QrO4NVLS
“4°M CTIVHSHYA ¥ C CTANNNVE
“4VAVY 8-H10 NOILNIOS3IY-HOIHW
AB S3IONVY ONDIT Lv SHIVY¥L AONE INV ¥311VIS VIS 40 IN3W3¥NSVYIW
62520-9¢L

ALIDOT3A 3AVM ‘A¥3IOVAWI ¥vQOvd ‘HO8Y¥3 3IOVNI

JAVA “¥vQvy 33¥N1I¥3dV DIL3IHINAS “ALIODI3A TIVICVN :S40j0tudsag
SL :vyA"1Q7d ‘SL61L

"0C "AIN "SSSP  :(EE)08 "HON¥V3IS3IY¥ TVIISAHM03D 40 IVNHNOP

3 :uel

12161 Vd ‘VIHdI3QYIIHd “¥3LIN3D 30vdS 3TH04 AIVTVA *239

‘M ‘ASYAIWOL
"ALIJ0T3A vIAvY OL 3NQ ¥vavd

J¥NIY3IIv D113HINAS NI ¥bOH¥3 3OVNI  TVIQVH-SSON¥D 3AVM NY3D0
SISE0-9¢L

LL035T)
38€€

S13A3
¥3S ‘SCOHLI3AN ONINNSY3IW ‘SINIWNYLISNI ONI¥NSYIW ‘SINININNSVINW
JAVM  ‘SHOSN3S 310W3¥ ‘SCI3I3  3I¥NIvEICNIL “AINO  ABVARNS

‘YYCYY¥ ‘S¥3ISVYY ‘S3INDZ VISVDD ‘SAONS ‘¥0014 NV3IO0  ‘¥3A0D 301
“S3ILITT3LVS ‘ONIA3AYAS NV3O0 ‘SH3ILVM 3IV4NNS :SJ03diJudsaQ
9L :4¥A"|GNd ‘9L61 ‘€T
TNYP ‘664 :(Z)bL "S1¥043Y¥ 3IDVASO¥IV TVIINHI3L ONV DI4IINIIOS
3 :uel
"3A A CAQYVAINS 1ON'M ‘AQH0Q34
“S3117731VS vidisliNy
ONISN NV3J0 3H1 ONILVOILIS3ANI 40 ALIN1815S0¢d Janing
12S50~-92

SY3IYY 3UNSS3¥d MO "vLEL ‘BT " 1d3S ‘SSINHONDY 3IDviANS
‘SWH0LS ‘3¥NSS3¥d OJIY¥Y3IHISOWLY ‘SA3ANNS IvIid3dv ‘SNY31lvd
JAVM  ‘HI¥ON NV3O0 OIINVILY ‘AY3IOVWI HyQv¥ :SJ01diuds3Q
9L :JAT1Qng ‘aL6L
‘0T AVA ‘9S9Z-SS9Z :(S1)1IB ‘HO¥VISIYW TVIISAHJO3D 10 IvNynNOr
3 uel
€0116 VI ‘WN3QVSYd ‘"8Y1 NOIS1NcOHd
130 1°°AIQ S3IIONIIOS 3DvdS ‘ADOIONHI3L 40 " ISNI  VINNO4IIvD
ol § ) Ak |
“AY3OVNI ¥vav¥ 3INNOB¥IV WON4 ‘bi6)
‘BZ Y¥3BW31d3S NO DJIINVILVY HIN¥ON 3HL SSO¥OV SN¥3ILLIVd 3AVM
SSv00-LL

NOIL1V13¥¥0D ADN3INO3N4
VNG *SSINHONOY 3JViI¥NS “ONISNIS 3ILON3Y¥ 'SINIWNYISNI  3INuOSHIV
‘¥vOvd  ‘SQOHLI3IW  ONINNSYIW ‘SIHOI3H  3AWM :1Su030:udsaqg
Le YA 1QNg
TLL6L CNVM CEB-pL :(1)Z ‘ONI¥3IINIONI DJINV3OO0 40 1VNNNOP, 3331
3 ue
0SSLI AN ‘OV3I1ISdINIH
$'S3IONIIIS HILNAWOD QNY ONINIINIONT 30 1430 ‘“AINN  VH51SI0M
*MCC 'NOSNHOP :°3°Q ‘NYWSSIIM
*S3IAVM NV3DO0 40 SOIiSILIVLS
LHOI3M 3HL 40 SANIWIWNSYIN bYOVy NOILVI3¥¥0D ADN3IND3INS 1vNa
v1920-2L

AY3OVNI ¥VOVY ‘SIAVM 3DVI¥NS ‘SISATVNY TvIIN3INNN
‘ONIYILLIVISHIVE ‘AMIOVAY 3IAYM Ny3D0 ‘SIAVM  :SuO3diJudsaQ
LL :¥A-1QNg
"LL6L CNVM ‘S6~-v8 :(1)Z ‘ONINIINIONI JINVIIO 30 TVNNNOr 3331
3 :ue)

E0L16 VD °‘VN3IQVYSVd '“AlQ 3ON3IDS
$3JvdS ‘T8Y1 NOISINAONd 430 ‘ADOIONHMI3L 340 “1SNI  VINEDJITVD
"2 'IHOWII 1CHP CC3°mM CNmDu8
“S3IAVM 3DVJ¥NS NV3ID0 3HL 340 ONIOVINI HVOVY 40 S1300W

S1920-LL

(P44 40 | wall) ¥aV/LL-v9 SEY JINVIIOQ 8231ty 90VIQ

LT-1/G6/L 1utug

94

—-—

“

@

B

iy




D ERIM

p— L4 e WPN———

HYQVY ‘ONIT¥3LLIVISHIVE
"SNOILVI3¥¥0) ‘“LHOI3H 3IAVM  °“ALIDDTI3A ONIM :1su01diussag

LL tJA®1GNd “$L6L “0T
*1d3S "6£S59-BZS9 :(LT)9L "HO¥VY3IS3Y¥ VIISAHJO3ID 40 vNuNnOr
‘M N3HSIUN

"ALIJ013A ONIM ONv LHOI3H 3AVM NV3J0
41IA SNOIL1D3S SSO¥D ONI¥3LLIVISHOVE dvAVd JO0 NOILVI3¥E0D
Lpeee-iL

SININIYNSVYIN 3INHOBYHIV ‘STICON TVIILVAIHIVA
“SIAVA ALIAVMO "ONINILLVIS °VHLIDIdS 3AVM ‘¥vav¥ :SJ01diudsag
L tuAT1GNd
“1461 "S) AvVA ‘P8-69 :I1Z)B6Z "HOHV3IS3IY¥Y INI¥VYAN IO IYNHNON
9 "M "A3TvA 1°3 "W "ONIVT ¥ "9 ‘VI3INZN3IIVA
"SINIWIYNSVIN ¥vaVY 3INYO3¥IV WON4
JININYIL30 SY S3AVM ADNINO3I¥A-HOIH 3IHL ¥4 VHlI3dS NV3I0
3ZEOE-IL

ONI¥3ILLIVIS 3AVM °“VINHMOJITVD °"ONILLIOTd ¥VAVYE ‘vyl1D3dS

JAVA  "ONISN3IS 310W3¥ “°S3NOINHI3L DJ1iviSI@ :syoildiudsag
LL fvAT1QNg “IL6L 130 ‘SiZ-1iZ :(v)6-39

"ME0A M3IN  "SOINO¥12373 3ON3IOS03I9 NO SNDIiIODVSNVML 3331
v) ‘ANONQO¥1ISY dvavdy

t¥04 M3IIN3D  °°SEVY SOINOMLID3TI  QHO4INVLIS “CAINN  QUO4NVLS

*J NIATVYD ‘3n9v3L
‘vY123dS 3AVM-NV3IIOO0 TvNOI1DJ3¥IQ

<419N313AVM-ONOT ONIA¥3S30 ¥04 S3INOINHIIL 4vdvd-Jlivisia
vvZ0Z-€EL

ONI1107d ¥vavy

“ONISN3S 310N3Y *"TYNOIS-WOONYY “LIHDI3H 3AVYM :SJ0301u3S3Q
L tJA®1QNd “1L6L "100 *i12ZZ-91Z :(p)6-39

"MHOA M3N  "SOINO¥LID373 3ION3IIIS03O NO SNOILIOVSNvHLl 3331
NI $°3113AV4VY °ONIY3I3INIONI TvOI¥LI313 30 "1d430 ‘“AINN

3NQ¥Nd 0J ‘¥3QTN0B °“S3ION3IDS NOILVIINMWANOD3T3L 40 " ISNI

‘8 113SSNY “HMIIMQVYHD 'y 398029 ‘¥3400D

; ‘yvavy

TYNSIS-NOONYY 3HL HIIM S1HOI3N 3AVM NV3IDD 30 IN3IW3UNSY3IW
SpZOZ-EL

LBEE LL9A3sz)

¥vavy ¢
“SY31VM 30VI¥NS “AS3C03D 34I7131VS ‘LIHOI3H 3AVM :SJ0Idiudsaq
ZTL :uA-i1Qng
‘ZTL6V 834 ‘S3IOVd 6Z ‘$8B00-8G-E£L *ON  NOILV1ID 33
OC '"HSYM ‘HO¥V3S3H 3IvdS ¥04 ¥3LIN3D L1¥N8INH
*0°3 ‘IYN D0 ‘CHSYM ‘HONMV3IS3N 3DvdS ¥04 ¥3IUINID  1¥N8INH 03
‘IYN 20 ‘"HSVYM ‘HOM¥VY3IS3IY¥ 30VdS ¥04 ¥ILNID LENBINH 0°3 ‘IuN
'V ‘OYIdVHS :°V"3 ‘VYNVIIN 1°S°8 ‘331dvA
“LIHOI3M 3AVM NV3DO0 SNS¥3A 3IdVHS 3STNg yvavy
2680C~EL

NV320 JDIINVILVY “AINO LOV¥LIS8Y ‘S3ILVIS V¥3S ‘AGNLIS 3Dviuns
NV320 INIOM “NOILVZINYIOd ‘CNIM ‘¥vQvd ‘S3IAVM :SJ01diudsaQ
€L :4A"1QNg
“ELEL ‘0L AVA ‘Z9 :(6)EL 'SININIONNONNY S1¥0d3¥ INIWNN3IACO
06€0C J0 ‘"HSYM 'MS “3AV YOOD1Y¥3A0 SSv ‘1N
TOTP 'A3IVA fC¥Q ‘CLr ‘3NOSNYY ‘1M ‘SIAVQ
“I1 SSONP-N¥N13Y¥ Vv3S yvavy
99920~vL

INOINHO3L ¥VAVY 3JAVMANS ‘3IUIHSONOI ‘viva 3IAVM ‘ONIMIVHL dIHS
‘SNOILIGNDD ¥3HLIV3IM ‘¥vavy ‘ONIA3AMNS NV3D0 :SJ0101uds3q
€L :JA®laQNd "EL6L "ONVY ‘1E :(B)BL ‘LVOE HSII
SNOWANONY
“YYAVY IAVMANS

ZL9E0~bL

S3AVM ‘vH1D3dS 3AVM ‘SSINHONOY
3DVIH¥NS ‘ONISN3IS 310W3Y¥ ‘SIN3WNYLSNI ONINNSVYIW ‘SITHAVN¥O01T8I8
‘SNOILD31100  1Jvyis8v *AINO 10vy1S8Y 1SJ03d1udsaQ

vl :JA‘1QNg
‘pLEL ‘8 "YYW ‘ZTL :(S)vL ‘SINSN3IONNONNY S1¥0d3IY  IN3WNHIA0D

t1Si2C WA
‘Q13TJ4ONIY¥AS :*3IDIAYIS NOITLVWYOINI TVIINHI3L TVNOILVN ‘3asn
*O°V "3IONIN
“S1JOVYISEY HLIIM AHAVYYO0IT8I8 vV "SYOSN3S 3AVM NV3O0

PSE00-SL

NOIL1D37434 3AVM *

¥vavYd ‘NOILVIAVY JI13NOYWOH1D313 ‘3IDviI¥NS NVY3IOO0 :Su0ldiudsag
PL :YA'1QNg ‘vib6i

‘02 AINM “LOLE  :(1Z)6L  ‘HOMVISIY  TVIISAHAD3D 40 TwNENnor

10161 Vvd ‘VIHdI3QVIIHd ‘¥3ILN3D 3IDvdS 3IO¥04 A3NTvA ‘D39

M ‘NSVAINWOL

*NOILD3S SSOY¥D ¥vavy 3DvI¥NS NV3O0 ¥VINI3dS NO 3ION ¥V
29920-SL

(ez 40 6 wail) ¥dV/LL-b9 SBY DINV3IDO :8Z31'3 90IVIQ

95

Bl

e




D ERIM

INIL TVIN CONISNIS IIOA3N ‘SIAVM 3DVI¥NS ' INIWIUNSYIN LHOI3H
JAVA  CSININNMLISNI  CSHU3SN3IS  LKOI3N  C3INVNIND  :SvOidiudsag
L3 :JaA°lQNg AT
*'S434 €1 "°SOI4 L "°SBY 'E6E-ILE"d "L96} "VIN¥O4ITV) ‘p931Q
NYS "L361 3INAP L-S “LIBIHx3 § 3ON3YIINOD SIN TVNNNY Q¥ IHL
3INL 30 SNDILIDVSNT¥L "2°Q “°"HSYM "ALl3100S ADODIONHI3IL 3NIHVA
=S¥ 0SIv ".951 *D0°Q °"NOLONIHSVAM “Al3IJ0S ADOTIONKI3IL 3INIHVW
‘VINGO411vD 09310 NVS ‘2961 3INAM L-G  ‘113IWXx3 9§ 3INIYIINOD
SIN TVINNV CH¥IWL 3HL 40 SNOILDVSNwYL "Q¥VMY3IS LSN¥HL M3N
‘8 NVONNQ ‘SsOod¥
"S3IAVM NV3IDO 4330 340 ONISN3IS 31O0W3N NI SINIWZ0T3IA3T IN3D3IN
POOED-L9

S$133443 ONIM “333NS "ONISN3S 310W3¥ “S3NOINHI3L
43SV  INEOSMIV "S¥3ILINVYV EPS F v3s “NOTLVINIWNYLSNI
43SV "NOILVINIANNYLISNI IvOI11d40-08123713 :iSJoidtudsag

99 :JA'(aNd ‘8Z8 9v9

Jv "ON ¥3G¥0 "434 "J-60S50-99 MON NSN <~IOVHINOD "VS ‘4N ‘°S33y

9§ °"$3718v.1 "°SOI4 °"°S8Y ON °"S3Dvd €21 °"9961°'€1°23@ ‘.L90L °‘ON
“180d3Y¥ TVNIJ “417VD °"VYN3IQVSVd "ONI °*SW3LSAS 1vOI1d0-0¥123713
1ot WYL
"WYH90¥d 303NS NOILINII3Q ONVY NOILVNIVAI 3DvianS

1LBE0-L9

SININIYNSYIN 3INJOBNIV ‘1J4Vv¥O¥IvV :SJOldludsaQ

L9 :JA"1QNg 'YV 4N " °S43¥ I "°S9ld ‘rsgv ‘S3OVd

91 "L931 1I¥dY QG3ILNIN¥dIM °L96L°NYCL ‘9Z-33 HI ‘ON - 1¥0d3Y
TVWH04NI  "2°Q ' "HSYM 301340 OIHMdVHOONVIOO 1YAVN “S=N
“dM TP NHOP ‘37NHOS
"13VHIYIV JIHJV¥OONV3IOO0 NV

L10v0~-L9

NOILVIN3IWNYISNI TvDI1d0-0¥13373 ‘SW¥041VId 3INYOBYIV °
NOILVIN3INNYLSNI ¥3SV1 *ONISN3S 310N3Y "VISIdWAS :Suoldiudsag
L9 :JA*1and *3-60S50~-99
WON “GVVAWOD SWILSAS ¥IV IVAVN “S°'N -1IVHINOD VS ‘4w ‘-S43
L€ "3713vL 1 °S9I4 “°WNS ‘€6-vB°d °"Q¥OJ3IY IVNNNY L0961 °'€Z-0Z
40BYN TATN “WHO0A MIN LV 313X TNNISOANAS “SHIINIONI SOINDH1DINI
INY 1vD1810373 40 3LINLILISNI  "L961L °NOILN3IANDOD T¥NOILVNH3INI
3331 -5v 0SIv  "L961°E€Z-0Z HOYVW “A°N "H¥0A M3IN Llv Q713H
NOIINIANOD °“SHIINIONI DINO¥II373 OGNV IVII¥LIO31I 40 3ILINLITISNI
"8 1¥vd CIVNNNY L9611 ‘Q¥0D38 NOILN3IANOD TVYNOILVNMIINI 3331
*7 QIUNCH “WHIN
“S3N0INKI3L
¥3S¥1 ONIZITIin NOILINI43Q AN3INNOYIAN3 30v4¥ns NV3D0
66v50-L9

38€EE LLA2ST)

WSINVHOIW ALITIEVISNI ‘A¥13A0ICYY 3INNOBNIV ‘3ONVYNOS3N
‘S3IAVM  GONIM  ‘v¥1D3dS 3AVM G3LINIT-HO135 $1SJ030.osag
L9 :dYAT1GNg ‘wy ' ddv
L "°"¥39 NI | "SJ3¥ LT ‘S31BVL T '°SOI4 €1 ‘°SEV  "L961°Gl " 1d3S
‘8ZE-T6Z°d ‘€ "ON ‘Sz "TO0A ‘HOMV3S3H 3INI¥VW 3T Iviench
D P 'NOSH3IWIIM t°d "1 ‘i13NEvE
‘YH433dS QILIWIT-HOL34 30 SINIWINNSVYIN HVAVYE 3INEOEN1Y
AO¥3 Q3¥¥3INI Sv S3AVM GONIM NV3OC 40 NOILVH3IN3D 3HL NO
L.900-89

¥Yvavy °‘SIN3W3I3 3AVM vV3IS :Su03d:JudsSeQ
89 :JA-|GNd ‘0961 ‘BEL-GEL'd ‘0IT "ON ‘"SNVML
‘*LISNI "S3¥ JI4IINIIDS DJILDYVINY ONV DILJ¥8v QVEONIN3ITY ‘AGNYL
‘TUSNI "Q371SSI  -ONHONVYN “HOILMYVINY I “HOILWNV ‘QV¥ONIN3]
=30 SNV¥L °"DJ-p090-Z9 MON GONVWWOD SW31SAS 3ONVNONO 1VAYN
=1JVY¥INOD SV ‘°S43¥ Z ‘"9l 1 ‘"WNS °"8961‘El HONVYW ‘'SIOVd
L "1SS1-0€Z 91 ‘S3IT¥3S SNOILVISNVHL °NIL31INE A¥VHEIT 4V
A A CDNATNINO0
"SIN3W3T3 3AVM-NV3O0 3WOS 40 NOTLVNIWN3IL13G yvavY
LE6BO0O-69

SININIUNSYIN IAVR
‘ONISN3S 3J10WN3Y¥ ‘SH3ISV1 ‘SIN3IWNYISNI 3INMOBYIV :Su01d:iudsSag
89 :vA'|Qnd ‘Y¥s ‘°S43¥ 6 ‘°SOI4 ZT1 ‘°SAY 8961 "BOE-16C°dd
‘YA ‘VIYONVX3ITV ‘AAVN 3HL 40 ¥3HJVYOONV3IO0 3IHL A8 Q3I=0SNOLS
*8961 ‘€-1 AVN ‘°V13d ‘ALID VWVYNVd NI Q13H "I °"10A "SONIQ33D08d
*WNISOdWAS H14I4 * AAVN ESE0 " AHdV¥D0NV3O0 ABVIITIN
‘P QHVHIIY ‘7173KHS v 1¥380Y¥ ‘NINODI3d :°¥P ‘"8 NVINNG ‘SSO¥
"¥3ISVY NO3IN-WNIT3H ¥V HLIM S3IAVM 3DV3¥NS NV3D0 ONIA¥3ISO0
SZZLO0-69

v¥123dS 3AVM ‘3ONVNOS3IN
“NOITLVAYISE0 ¥vavd ‘v NYH¥01 ‘1SV0D VINNG4I11yD :SJ03diudsag
0L :JA'lQng "0L61 ‘6 100 ‘191-8G1: (pS6E)OLI ‘3ONIIDS
QHYNO3T "9 “¥37AL *°D NIATVD ‘3N9v31 "W N31IV *NOSH3IL13d
"V NV¥01 HLIIM vd123dS 3AVM-NV3O0
TVYNOILI3¥IQ ‘QOI¥34-ONOT 3JO0  NOILIVAN3SEO  ¥vavy-d1iviSIe
0620C-1L

S111dS 110 ‘vy123dS 3AVM ‘SCT313 ONIM *NHNL3Y v3IS ¥vavd
*S123443 30V4YNS NvV3ID0 ‘HVAVH ‘ONISNIS 3LOWN3Y¥ :SJ0101.2SaQ
E L tdATang “IL6L SNy =)
118Cd3Y SS3IUO0Ud "2°C ‘"HSYM “A¥OLVHOBYI HO¥Y3IS3IE IVAVN "S°N
‘M O°N ‘oywnIno
‘HVAYY HLIIM S13334343 NVY3O0 40 ONISN3S 3;1083Y
(12444372

Lz 40 81 WAIL) ¥eV/LL-v9 SEY JINV3IIO0 :8Z2i:3 90IVIQ

96

o T——




Y ERIM

97

¥VAVY ONIT130¥d 3AVM ‘ONISN3IS 310W3y
‘S3IAVM ONIM ‘NOILVIN3IWNYLISNI ‘SYOSN3IS 3INMOS¥IV :Suoldtudsag
99 :JA"1QNg "S43y
6 ‘378v1 I ‘°SOI4 8 ‘°"SBY BST-EPZ°d "9961 3INNI ‘OUN-SYN ONV
‘T4I4V ‘HNO A8 Q3¥OSNODS "NYDIMIIW 30 ALISY¥IAINN  ‘ADOIONHIIL
GNY 3ON3IOS 40 JUNLILISNI ‘SITH0OLVHOSYY NMY MOITIm  “AN01vVHO8V]
SOISAHd Q3IYVHANI 3IHL LV  "9961°pi1-Z1 11¥eY Q134 WNISOJWNAS
H1¥ND3 3HL 30 SONIO3I3IDOO¥d “INIWNOMIAN3 40 ONISN3S 310w3¥
"D P ‘NOS¥3MIIM g WIL ‘1i3NyvE
[ ‘HYQVY ONIT140¥8c IAVA
INHOBYIVY NV HLIIM Q3A¥3SE0 Sv S3IAVM ONIM NV3IO0 30 HImMONO 3Wl
£1€00-29

58€€ LLdasz) « (e 40 L2 wail) ¥dv/LL-p9 SBVY DJINVIOO :8Z3ii4 S01VIQ




ERIM

AN EXAMPLE OF A TYPICAL NTIS CITATION PAGE

98

S —— e —————E s R o

dnd i e ————




VeRiM

LON JN/ICN Od :S33tud SIIN 1S8/EES0/LL-SH/STIN

’ SILNSILIN :SJatjtiuap]

sSauuldnou adej;unNg *SuUCLIDA| 38y Jepey ‘s.asel ‘Ayceusboioud
SaJeJjul *sSuajauworpey *Aydesfoioyd auucgasecs .ww>m) {euualu]
*|ACO1Du0313NPUIM  *S3121S RIS  ‘ace;dns upad) . ‘ivodsuedy
1UdWIP3S  *S3Iyduund ueadg ‘Buisuas ERY-FERTRY ‘SuoilIdRUIIUL
431eM  Uiyae  ‘SIAC™ Ue33Q0 . 'sSd1uceuboi|qQige 1SJ0101udSag

("UO!1IP3 SNOLA3JC a3yl D) S3iIJlU3d mau
dJe Yydium 4O g} *SIdLuISIe HiIl suilejuod AyceubotiiqQia pajyepdn
Siyl) "F8QLu3S3ap @ue  ILdwCiNDd paulJjUL pue dABMOJLDIW pue
TJeped "SJdse| 'SJA13wcipey CulsN  JuAWAUNSEAW 3O SaNDIuylay
SNO1U@A dU| °"SUOCIIDEUAIUI UIIBW Jle PpuUB °‘sS3iEe}S ©BAS ‘saaem
JB3J0 "1400SUPRL] JLUSWIPAIS PUIM *SIJuaJLND LRIDO O PI:(SCe awe
Ay} S?2 SPOYlow DULISUIAS JI0WIAJ IPN|IDUL SILINIS auy 1ideJdisqy

"SLSLI-EL-10D

‘LYY/SL-Sd/STIN *69v0/9L-5¢/SIIN sapasuadng
81 :4031UOY

«C81 LL unp

LiLL1IVHEOD M98 ‘e8LY ‘08 P14 tHEPLB8ZQ

‘M BUAQOY "uMOJUg EOMINY

LL unr-0LBL <Oy 109y

sajepdn pue

(T18 16€

*€A ‘Pl ;8ULJ0S '3DIALOS UOIJRWJIOIU] [ BDILYTD] (PUOIIBN

(SIdRLISAY WItm
Ayoeuodi |Gig y) SSlweuAg *Z 1dRd 'ueddp Syl 40 BuUiISUaS I3I0way

L0Y 4N/BOV ¢ :S33iud SIUIN 459/5L9 89%-84d
VONKROOJSIUIN "wueg S3a8.039 ‘*weauls j41ND :1Svatjliuap]
SudItuohy

*OuUtSU3S Jjoray ‘LuiludlledsvOe3  ‘AIBIS BAS ‘uBgRu  dunjuade
313343JAG 'SUOCI1D3S SSOUD uePeNe ‘SAARM  UEASJe :SU0ICIUIS3Q

©J33131©ISWoeq 333t S3adNooud (AH) Puegd-yx
?.1um 330CWI 3|QiIUUIDS:ID pul <333e3sMora  Juediytubis  asnpoua
(AN) PJ@G=) DuR ‘(HH) pPueQ-1 ‘[(HH) PUBG-X (%) pu2 ‘saaew

UO1 30941P=-UlNL 2@ JOj LBU) S6APM LOI3S9J41p-88LPy vOj3 vajraud
due pu2C=-1 udj ueYl RPuUEQ-x JOj waieaud si uicap uolle|"pluw
3yl (€) "Accounog wRALIS  4IMND Ayl SSOUSe unNd20 10U Savd
JC1312@J39d SARM URAUL | =UDU (Z) *$OSSIT0UC aul U Sutsnooyap
40 ApIlsS e Agq ©DoAa csau dQ ued Aj:nfique UOli1zadJdip-anem

1LEASTY €0GZUASN

LEEE

s3aubep 081 oul (1) Suipnisul ‘9pew UG IABU  SLOISM|DUCD
6U11S3aU3IUL ;O JagunNu y *uC559004d |edtico ue BuisSn Spew auam
SIUSLAJNSTIB JI3IILISHOEQ Due DacoiaAap SeM wyji:wobie Buisnsos
Y °"S3ABM UDISO 3INOGR UO!JBWJG UL |N3asn 35PU3IX3 O3 Sem wJom
Syl ;0 3S0CJUND Y]l °"I70 PI!'u4PD UI3IQ SBY DUP|3U!UEY pup w28
$35ucd9 e vepey Buibew] 7-x WI¥3 aul AQ DP331d3(103 eiep VS
40 s:SA|eue pue Buissacoud 3yl fuiajcaul weuboud ¥ 31dE.i54Y

mommmonn|qauznlou_cos
8LOYY-BGi-2=-p0-vV¥CN :iLBJD

4=-11=-000E21 :ON :Co¥

SiLL Ly €OV

81LLIVYED <98 ‘ELy ‘28 :pPld 816620

‘S 2tv3
*AWUOSISeY °4 142GQOoYy ‘ucsmey 'y 1+49GoYH ‘uRLYINUS tuOHINY
*iCau (vl

(Zeg 80OV) *2°Q ‘uoibuiusem
‘301 AdaS CRENEE:PE-I lPJUSULOJULIAL] leuctieNe*AI(Q 21300
puUR JBpBY *JOQuy Uuy ‘LeBiudIN 4C "ISU] UDLCISaAY lBILdWuOJ IAUZ

wueg safucan cuek PueR|suUiuLy 1@
P33123l(0) BIBQ IABA UP3IDQ LEPRY Juni.ady DiioyiluAS 40 sisA puy

L0V IW/ZOY Od :S32iud SIIN  1S3/ESSEZ-LLN

JYSYNSILIN 'Sasaul ‘SpuPiudulisN
*LUO11D93313P uOLIN|0C JaleMs ‘Buisuas BiCuaHe :SuU31j3.1udD]

AJISCOSIA “SS3UNSIY] 'S311J3C0u¢ ‘'@d283uns Lead2D
‘sudAeq ‘saAem JaleMms ‘LoilN|(CC |0 ‘Buiduegs :Su03CiuDds3Q

"S313J8C0uC |10 QU YOy JLCIPDIpUL (DyaSN
€ SWadS PIUIIUI SBU MIi|S | !0 UB U213 INO CuEP SaAem R3S
AUl YIiym U3A0 SDURISID YL 1O Syl 340 9¥nieu Bul O} pailv|ev
Bu.cdwep aul St Sudde| Jaud1lul 40 Ased ayl Ut Ajug wnuidads
SARM 3yl 30 Jued P CuClp $95S3LUMIINY |8 30 sudkep [0 eyl
PUNO, S 17 *Vi@ Ul WOvy UOLIIPAUASQO 40 MALA Ul £aSSNISIP
Si: S3APM B3S UO LO;IN| (DT |10 ;0 woi3oe BuiCuep 2yl PE-T-IE 2.1

81 1403 uOw

ZZ-18Ng-SEYMIN :CON 103¥

czZy sL 1np

PiISIEVLS 8.y 'Ce9 '8 ‘8€1 P14 *rsE62a
*d v "wuOvug :yOMINY

*10uUYdal 340 "AuUN ~ S1SAY. "QO'ud

*34190 *'Buisuds Ajouwsy ;0
LO13edL (dCyY Ayl UC CNOLDH DUl WUCM RIUAWILECAPUIIL] STURuOuleN

SUD:IIPAUASED YIS
UOj JClRDipPU]l 3({Q!lSSCd B se udien. (ig ue AQ sareMm 3licM 40

Buicueg *Z 220 ;4NS IS Ayl 10 LOIIN| |04 110 30 Duisueg Sicway

Zei 40 Wadl) (*S'I°1°N *¥2DD) 6iSS1/42-99 S1uN 19911y OCYI0
IB1I=1/8/6 iuive

99

-
:




ERIM

APPENDIX B

EFFECT OF MIXED INTEGRATION ON DEPTH OF FOCUS
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EM-77-1203
ELECTROMAGNETIC MEASUREMENTS
DEPARTMENT
17 August 1977
MEMORANDUM TO: SEASAT and Marineland Teams
FROM: R.A. Shuchman and J.S. Zelenka* é?%s
SUBJECT: Effect of Mixed Integration on Depth of Focus
il
INTRODUCTION

This memorandum discusses the effect of using mixed integration
during SAR data processing and the subsequent depth of focus that re-
sults. It will be demonstrated that the depth of focus for a mixed
integrator processor, such as that proposed for SEASAT-A, is equal to
the geometric mean of the depth of focus corresponding to the full
aperture and the depth of focus for the partial aperture. In the case

of SEASAT=A this would be 6.25 and 25 meters, respectively.

This depth of focus question is important when one considers
whether focus adjustment for moving ocean waves is necessary during
SEASAT-A SAR data processing. Recall from previous ERIM work [1,2]
that a simple expression was derived for those wave velocities requiring

processor compensation (i.e., refocusing). The expression was obtained
*Present Affiliation: Science Applications Inc., Tuscon, Arizona

l. R.A. Shuchman, R.F. Rawson and E.S. Kasischke, Analysis of Synthetic
Aperture Ocean Wave Data Collected at Marineland and Georges Bank,
Report No. 123000-11~F, Environmental Research Institute of Michigan,
Ann Arbor, 1977.

2. R.A. Shuchman and J.S. Zelenka, Processing of SAR Ocean Wave Data,
Boundary Layer Meteorology, 1976, (In Press).
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by setting the depth of focus (DF) < the shift in focal length produced
by a moving target (&F). Thus,

pr 2 VT *
2/)\2 MV < 2F0 v (1)

AC AC

where AR = wavelength of the optical processor
p = the azimuth resolution of the radar system
M = azimuthal demagnification of the optical processor
V, . = the along track speed of radar
= the along track focal length of stationary target
= the target speed in the along track direction

Vf = speed of the recording film

If

RA 2
Fo s <vf/vAC> (2)

where R = slant range

A = radar wavelength
Then substituting Eq. 2 into Eq. 1 and solving for VT we obtain
2
V. > o e (3)
1h AR
I[f the SEASAT case of one-look 6.25 meter resolution is considered

(7,868)
235 (845,000) (4)

v > (2) (6.25)°

or

VT > 3.10 m/sec

*The reader is referred to References 1 and 2 for derivation of (DF)
and (d8F).
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If the resolution is 25 meters (one-look)

VT > 49.53 m/sec

However, if SEASAT uses mixed integration during data processing (i.e.,
use of four non-coherently averaged images to produce a four-look 25
meter image), a smaller minimum VT results than for the fully coherent
case

VT > 12.38 m/sec
Thus if SEASAT-A uses either a resolution of 6.25 m or employs four-
look mixed integration processing, refocusing to compensate for the

azimuth component of the wave velocity will be necessary.

The discussion that follows in Section 2, entitled '"Depth of Focus
for a Mixed Integrator Processor', was written by J.S. Zelenka after
R. Shuchman raised the question upon examination of empirical data.

References 1 and 2 show examples that support this discussion.

: 2
DEPTH OF FOCUS FOR A MIXED INTEGRATOR PROCESSOR

The purpose of this section is to determine the depth of focus
associated with a mixed integrator processor (i.e., one which combines
multiple-look coherent images). First, we review the depth of focus
associated with a fully coherent processor. Then we extend the fully

coherent case to the mixed integrator case.

2.1 FULLY COHERENT CASE

Consider a lens L1 of diameter D, which is diffraction limited and

has a focal length F as shown in Figure 1. The resolution is given by
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T
KE

Figure B-1. A Fully Coherent Processor
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A
6T (5)

p =

where ) is the wavelength of the light under consideration.

We define the depth of focus (DF) by the total longitudinal dis-
tance that one can move about the plane of best focus and still maintain
a resolution of at least 2p (i.e., we say the image remains in focus if
the resolution is no worse than twice the ideal resolution which can be
realized only in the plane of best focus). According to Figure 1, we

can write

2p D 106 (6)
or
2
pF = 42 o AR, —Ll‘; (7)
JAG) (AO)Z

For the fully coherent case if the resolution is increased (spoiled)
by a factor of N, we obtain the following results wherein the primes

designate parameters obtained after spoiling the resolution by N.

1
| A
26" = & 80 (8)
' = L = QA—N— =
pragEr S oy = 9
2
ppt w —A . o B o 2 oy (10)

o2 ()2

Now we turn our attention to the mixed-integration processor.
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2.2 MIXED INTEGRATION CASE

In Figure 2, we subdivide the cone of light which is focusing to a
point into equal one-thirds as indicated. We assume that one-third of
the light is allowed to focus at a time in a fully coherent manner. The

resulting three point images are then combined as intensities (i.e., in-

coherently). The resolution for the system shown is
A AD
'y = ' = = —— T

p'' = p 3p = 3 6 3 T (11)

In general, we have that resolution achievable with a mixed-integration

processor

p'' = p' = Np (12)

In other words, resolution associated with the mixed integration process
is the same as it is for a fully coherent process taken over the partial

aperture.

The depth of focus associated with the central one-third of the in-
put processor is designated as DF' in Figure 2. Note that the light
from the upper and lower thirds of the input aperture do not pass
through the Zp' longitudinal tube centered at the point focus except for
longitudinal distances corresponding to + DF''/2. Thus, it there is to
be no additional smearing (defocusing) of the final mixed integration
image, we require that the superimposed images be formed within DF''/2

from the plane of optimum focus.

According to Figure 2, we have that the depth of focus for the mixed

integration processor shown is

s DF'' _ 2p'
F ol (13)
106
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‘ \
D A6

D/3
=
—

DF'

Figure B-2. A Mixed-Integrator Processor
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or

W o BB e e Y
DF'' = 4 Pof = 4 Bo = 4 B0 (14)

For the N = 3 case shown in Figure 2, we have

[0
X (15)

In general, we have that the depth of focus for a mixed integration is

} given by
F
DF'' = N(DF) = = (DF'") (16)
or
DE''= % ppr = AN 2 o 2 e e

Note that the depth of focus for the mixed integration processor is
equal to the geometric mean of the depth of focus corresponding to the
full aperture and the depth of focus for the partial aperture. That

is

DF'' = V(DF) (DF') (18)
J
3
CONCLUSION
In conclusion, we should note that the depth of focus has been
? arbitrarily defined to be the total displacement from the optimal focal
plane for which the resolution degraded by a factor of two over the
108
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diffraction limit. 1If this definition is inappropriate for a particular
application, one can introduce a constant of proportionality into the
above expressions for depth of focus. This proportionality constant
could be up to an order of magnitude larger or smaller than unity
depending upon the application of the imaging process.
A more exact rule-of-thumb for system resolution than used in this
note is
L
2 2
Pl = [(Fi ) R ) ] (19)
g D
where
St
Fg D
and
S
Pp = 246
<
RAS:JSZ:as "
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