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PREFACE

Remote sensing of the earth's characteristics, as well as of other
planets, is being effected by radar. infrared and optiral sensors, and
radio probes. The National Aeronautics and Space Administration (NASA)
Jet Propulsion Lab (JPL) and Johnson Spacecraft Center (JSC) have been
operating synthetic aperture radars (SAR's) gathering data for various
scientific purposes. For several years JSC has been operating an X-band
radar, a modified APQ-102 reconnaissance system, on an RB-57 testbed
aircraft. This radar originally used optical data processing to produce
the radar image; it was modified, however, to digitize and record radar
video signals using the digital data recording system (DDRS). These
data are pracessed into digital images for use in scene analysis. The
study described herein was undertaken to quantitatively characterize the
radar system performance, and to provide information relevant to the
data gathered. Such information is vital to a valid analysis of the
digital data provided by the radar sensor.

Due to funding cutbacks, the XSAR (X-band SAR) system has been
decommissioned; nevertheless a suk,tantial body of data is available.
The value of this study is in the analysis of images created from the
existing data. This work was performed under the cognizance of
Mr. G. Fels of NASA/JSC.
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I. BACKGROUND

A. Radar System

Compressed pulse radar video data are normally recorded on
photographic film in the APQ-102 X-band radar system. The recording
film is pulled past a cathode ray tube (CRT) display at a rate
proportional to the aircraft velocity; it can later be processed in a-
optical Fourier transform processor to produce a high resolution radar
image of the object scene.

Alternatively, by digitizing samples of the compressed pulse videc,
and recording these samples on a wideband magnetic tape recorder, a
radar image may be created by procetsing the samples in a digital
computer, using Fourier trarsform computer routines.

The system that gathers the digital data is the combination of the
RB-57 testbed aircraft, APQ-102 radar (modified), and the DDRS,
described in Ref. 1. The data pulses are compressed in time by analog
circuits in the radar system, and other circuits compensate for the roll
and yaw of the aircraft to keep the antenna axis stabilized in the
broadside direction off the left side of the aircraft's velocity vector.

The digitized data must also be compressed in azimuth, i.e.,
separated into Doppler filters which correspond to azimuth "lines" on

the surface being illuminated by the moving radar.

B. Digitizing and Processing System

The DDRS system was built by ARL:UT to enhance the usefulness cf
the remotely sensed radar data to various investigators. The presumption
was that the contents of the individual resoiution cells could provide

1



more detailed information than a photographically processed radar image
of a portion of the earth's surface.

The DDRS proved to be effective in digitizing the video data.
Subsequently, the software was developed at ARL:UT for the ground signal
processor (GSP), which converts the video data into image data. At this
point, it became desirable to evaluate the entire process of data
gathering and image generation, to determine the quality of the radar
images produced by the system. An image quality study was done to
extract and evaluate specified image quality parameters.

C. Data Base

A matrix of data desired for the study was given to NASA/JSC for
acquisition by the radar-DDRS. These data were the noise data from the
radar system, and data obtained on imaging flights against a corner
reflector array at Wilcox Playa in Arizona. Various combinations of
sampling rates, radar modes, etc., were requested. These matrices and
the data actually obtained are described in Section IV of this report.



II. RADAR SYSTEM DESCRIPTION

The APQ-102 radar system was modified by Goodyear Aerospace
Corporation for installation in the RE-57 testbed aircraft. It
generates two pulse compressed video signals, one from a co-polarized
antenna with nominal 3 dB beamwidth of 1.3%°, and one from a cross-
polarized antenna. The radar uses a linear frequency modulated pulse
with a 15 MHz bandwidth operating at 9€00 MHz, or a wavelength of
3.125 cm. The compressed 3 dB pulse width is about 6C nsec. Figure 1
illustrates the sinx/x pulse shape after compression, taken from the
radar technical manua1.22 The radar pulse repetition frequency (PRF) is
locked to the aircraft ground speed with a sample rate °f two per foot.
The transmitter can be switched to either the horizontally or vertically
polariz.d antenna, both of which are gimbaled to provide motion com-
pensation and to keep the boresite direction normal to the velocity
vector at nadir angles of 33% or 54°. These angles are selected by the
mode of operation selected. That is, tne operator selects the mode,
which essentially selects the antenna depression angle, to change the
swath size of terrain imaged for a nominal operating altitude of 55,000-
60,000 ft ms1.

The DDRS receives the analog video signals generated by the
APQ-102, and normally used to modulate the two axes of two cathode ray
tubes in the photographic recording system, Buffe. amplifiers supply
both horizontally and vertically polarized signals which have been
synchronously detected and range pulse compressed. The operator can
adjust the gain of these signals tc the DDRS and the photographic
recorder.

The principal option available .0 the system operator is the
sampling rate of the DDRS, which permits selection of sampling intervals

3
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by the high speed analog-to-ditital (A/D) converters of 40-150 nsec in
10 nsec steps. System operation at the 40 nsec interval is critical and
careful setup of the timing pulses is required for satisfactory per-
formance. The operator may select the sampling rate and the precision
of the data recorded, i.e., the number of bits, 1, 2, 4, or 7, of
digital data for each sample.

The radar has an analog chirp-type FM pulse compression system,
with a time-bandwidth product of 1.2 sec x 15 MHz, or a compression
ratio of 18:1. The 3 dB compressed pulse width of about 60 nsec results
in a slant range resolution of approximately 30 ft. The ground resolu-
tion is less, by the cosecant of the nadir angle.

In focused Doppler processing, the azimuth resolution of a side-
looking SAR is limited in theory to one-half the antenna dimension; for
the APQ-102, it is the antenna azimuth plane dimension of 120/2 cm, or
roughly 2 ft. In practice, it 1is desirable to set the azimuth
resolution approximately equal to the range resolution and, in any case,
errors in the antenna motion compensation limit the practical azimuth
resolution to about 30 ft.

Two modes are available, illustrated by Figs. 2 and 3, with mode
selection setting the antenna nadir angle and the swath width associated
with it.

The delay to the start of video sampling is labeled DRMIN and is
usually set at 2 usec. The operator can select the linear polarization
of the transmitted wave, and also the video gain in the receiver. This
last setting is evidently chosen from experience, depending on the
operator's  perception of the reflectivity levels of the area to be
imaged.

The maximum number of range samples recorded depends on the inter-
pulse period (IPP); therefore the range swath coverage depends on the

[$2]
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sampling rate, and the bit precision per sample. For example, with
7-bit data, at the 50 nsec sampling interval, 512 range samples are
recorded. With 4-bit data, however, twice as many samples (1024) can be
recorded. These samples are Miller-encoded and recorded on wide band
instrumentation tape for later ground processing.

Ground processing involves playback of the wideband tape through
Miller decoders, reformatting, and recording in computer-compatible tape
format. In addition to the digitized video samples, radar parameter
environment (RPE) data are recorded. These are data concerning the air-
craft platform dynamics, radar operation, and DDRS settings.

The reformatted video is now available for azimuth compression and
image processing. The processor is described in Section III, following.

Table I is a list of the system selectable parameters. Operator
selectable parameters can be set tr the flight crew of the XSAR testbed
aircraft. Processor selectable parameters are chosen by the programmer
to be compatible with the RPE data from the flight. The programmer also
chooses the postprocessor/display parameters based on the principal
investigator's desires or specifications, and the general type of scene
and scene content.



TABLE I
SYSTEM SELECTABLE PARAMETERS

Operator Selectable Parameters

DDRS Radar
ORMIN - Delay time to start of sampling Mode (1 or 2)
SI - Sampling interval for A/D Gain (H or V video)
DP - Data precision (1, 2, 4, 7-bit) Transmitted
Polarization

Processor Selectable Parameters

Co-polarized or Crosspolarized Data

Area To Be Imaged: - Starting Range Sample
Starting Radar Pulse

Azimuth Resolution - Normally Chosen To Be the Same as Range
Resolution at the Map Center

Array Weighting and Beam Broadening Factor
Range Bin Used as the Map Center
Range Bin Used as the First Range Bin on the Image

Postprocessor/Display Parameters

Log or Linear Data
dB/Gray Shade or Number of Filter Magnitudes/Grade Shade Assignment

Brightness, Contrast Settings



IIT. PROCESSOR DESCRIPTION

A. Overview

The GSP developed for correlation of DDRS data on a Control Data
Corporation (CDC) CYBER computing system was documented in Refs. 3
.nd 4. Since the completion of these reports, many changes have been
incorporated in the GSP to bring it up to the version used during the
current image quality study. The wideband tapes created by the DDRS for
the current study were reduced to computer compatible tapes (CCT's) on a
minicomputer, with attached Miller decoders, at NASA/JSC. The format
and composition of these tapes is different from the CCT's created by
the digital recording interface equipment (DRIE) at ARL:UT so that the
GSP's DDRS data and format routines had to be changed. In general, the
data handling process was simplified. The main processing program, also
referred to as GSP, has been modified to increase its versatility,
additional shading windows are available, and several programs to print
and plot the filter magnitude output data of GSP have been written.
Table II is a list of the programs which make up the current GSP, with a
short description of each. The results of actual slant range sample
interval measurements on the DDRS presented in Ref. 1 (pp. 126-139), are
slightly different from the design objectives so these results were
incorporated in Program RPESCAL instead of the previously used values
for slant range sample intervals.

B. Program GSP

The main driver program, GSP, has been significantly modified from
its original version. Appendix IV contains a listing of the current ver-
sion. Table III is a list of the processing options (entered inter-
actively) available in the current configuration. Since the raw video

o 11
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GSP
NPULSES

WINDOW

TAYLOR

RPEPNT

RPEDCOD

RPESCAL

TABLE II

PROGRAMS AND SUBROUTINES IN THE CURRENT
GROUND SIGNAL PROCESSOR

Main progran, performs Doppler processing and fiiter overlay.

Subroutine, recovers video data from the indexed disk file
into an array for use by program GSP.

Subroutire, calculates array of aperture weighting coeffi-
cients for nrogram GSP; windows and the needed parameters are:

RECT Rectangular window, all weights set to 1.

HANNING Hanning or extended cosine, specify total percent
of cosine taper.

COSINE**2  Cosine squared, specify argument maximum in
degrees.

KAISER Kaiser weighting, specify sidelobe level in dB
relative to the main lobe.

TAYLOR Taylor weighting, specify peak sidelobe ratio in
dB and number of sidelobes of near level.

Subroutine, used by subroutine WINDOW to calculate the Taylor
weighting function.

Subroutine, prints a formatted list of the RPE data stores in
common block RIOT, used by program GSP.

Program, reads the RPE data record off the NASA/JSC formatted
tape, decodes the data, scales the data, and then generates
the RIOT common block used by program GSP.

Subroutine, used by program RPECOD to apply units to the

values decoded off the RPE header record of the NASA/JSC
formatted DDRS data tape.

e



CNTURN7

CNTURNG

DEMPLEX

IBCDTD

LUNPOS
NMPSTAT

STATPLT

PLTPIX2

DSTATR

NPIMAGE

DRTA

TABLE II (Cont'd)

PROGRAMS AND SUBROUTINES IN THE CURRENT
GROUND SIGNAL PROCESSOR

Program, reads the 7-bit DDRS sampled data off the NASA/JSC
formatted DDRS data tape.

Program, same as CNTURN7 but for 4-bit DDRS sampled video
data.

Subroutine, usea by the CNTURN programs to demultiplex the
range sample by pulse video data samples to pulse by range
sample data.

Subroutine, decodes binary coded decimal data.
Subroutine, positions multifile files.

Program, collects statistics on the GSP output filter
magnitude data.

Program, compiles statistics on specified pulse/range bin raw
video data and then <creates a histogram plot of the
probability mass function.

Program, compiles statistics on specified azimuth lines and
range bins of processed pixels and creates a histogram plot of
the probability distribution function for the specified pixels.

Subroutine, performs the actucl compilation and calculation of
statistics; it is used by &1l the programs which calculate
statistics on processed pixels or raw pulse data.

Program, creates tape of image data in a format suitable for
use on the ARL:UT high resolution display.

Subroutine, reorders one azimuth line of pixels for proper
input to the high resolution display software, used by program
NPIMAGE.

13



PRTPIX

PRTPIX2

PLTPIX

PARITY

PARITY2

TABLE II (Cont'd)

PROGRAMS AND SUBROUTINES IN THE CURRENT
GROUND SIGNAL PROCESSOR

Program, prints azimuth filter values across the page, up to
120 values per line (RB). Each value is a hex character (0-f)
representing one of 16 Tlogarithmic gray scales assigned to
each filter magnitude. Statistics on the printed area are
optionally compiled and printed.

Program, prints the value of filter magnitudes to one decimal
place. Up to 26 values per line (RB) are printed with
optional statistics on the printed area.

Program, plots histogram of filter magnitudes of specified
azimuth lines of one range bin on a dB scale.

Program, checks the parity of the 7-bit DDRS data and prints
each data byte with a parity error.

Program, accumulates and then prints parity errors as a
function of RB over a specified rumber of pulses.

14



TABLE III

PROGRAM GSP SELECTABLE OPTIONS AND THEIR DEFAULTS

OPTION

Select range bin (RB) to be used
as the patch center (PC) RB of
the image. Used in the default
selection of the azimuth filter
spacing.

Select "QUICK LOOK," on/off;
one-look (no filter magnitude
overlay) image is produced to
check data or determine ground
position within the data with-
out costly full overlay
processing.

Select RB to be used to line
up the left edge of the image,
pulses are skipped before pro-
cessing of the RB's above the
selected RB so that the begin-
ning of the first synthetic
array at each RB line up.

Select azimuth filter 3 dB
width RESA, in meters, for
each or all of the range
bins.

Select azimuth filter spacing
FILTSPC, in meters, for each
or all of the range bins.

15

DEFAULT

256 for 7-bit data
512 for 4-bit data
1024 for 2-bit data
2048 for 1-bit data

OFF

IRBFMAP =1

RESA = RESR, the 3 dB
range resolution on the
ground at each range bin.
RESR = 8.25 m/sin (nadir
angle to RB)

The range sample spacing
projected onto the ground
at the patch center is
used as the filter spacing
for all the range bins,

FILTSPC =

where C = speed of light
SISR = sample interval in
slant range (i.e., selected
DRS sample interval)



10.

TABLE III (Cont'd)

PROGRAM GSP SELECTABLE OPTIONS AND THEIR DEFAULT

Select azimuth sample ratio,
SRA, to adjust azimuth filter
spacing, FILTSPC = FILTSPC/SRA.

Select aperture weighting
function, KWTFTNA, and
function parameters (if
needed): SHADFAC, main lobe
to sidelobe ratio in dB and
NBAR, number of sidelobes of
near level (only used with
Taylor weighting.)

Select beam broadening factor,
BEF, to match selected aperture
weighting function. BBF equals
the ratio of the 3 dB main beam
width of the Fourier transform of
the selected weighting function

to the 3 dB main beam width of the
Fourier transform of a rectangular

window.

Select the number of azimuth
lines, TAZLNS, to be generated
at each range bin in the image.

Enter: Output IFILO, number of
the output file to receive the
filter magnitude data.

IRBF, number of first RB to
process.

NRBPROC, number of RB's to
process starting with IRBF.
IPSKIP, number of pulses to
skip before the start of
processing (used to select
the images' starting azimuth
loca*ion within a run).

16

SRA =1

KWTFTNA = "TAYLOR"
SHADFAC = 30

NBAR = 5

BBF = 1.27188

tazins = 360

No defaults - these
parameters must be
entered to begin
processing.



data are placed in an indexed random access disk file, GSP can
efficiently pick out selected pulse/range bin data for processing. This
new storage scheme has little effect on the computer resources required
to sequentially process an image. However, when selective and repeti-
tive processing of specific sections of the data from an entire run is
desired, such as was needed for the image quality study, the computer
time and "wall clock" time are substantially reduced from the original
version. The current version of GSP also proiuces 2 more detailed
printout; a list of the selected processing options (with the entered
values) is printed first, followed by a printout of the RPE data; then
the calculated data independent of range biii is printed (see Fig. 20 for
a sample of this output) followed by a paragraph of data for each
processed range bin containing the calculated variables unique to that
range bin (or possibly unique, depending upon the processing options
selected; -ce Fig. 34). Table IV contains a sample paragraph of output
with a description of the veriables. A complete, compiled listing of
the programs making up the current version of the GSP was sent to
NASA/JSC under separate cover.

C. Parity Checking

T#0 programs were written to check the parity of the 7-bit sampled
video data (the 4-bit, 2-bit, and 1-bit data do not contain parity bits
to check). Data from Run 1 on Line 1 and Run 1 on Line 2 were tested
for parity errors. The frequency of errors was observed to be inde-
pendent of run and relative pulse position in the run; however,
accumulation of parity errors as a function of range bin over many
thousands of pulses showed a general trend of alternating sets of one
to four range bins containing parity errors followed by a range bin
containing no (or just a few) parity errors. Averaging the parity
errors from over 5 million video samples showed that 0.31% or the data
contained parity errors. Assuming one-half of the "bad" video data
samples showed a parity error, then 0.62% of the video data samples are
invalid. This percentage implies that the overall integrity of the data
is good and makes 1little contribution to error in the image quality

17
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RNGNADR -

NP -
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TABLE IV

DEFINITION OF VARIABLES PRIMTED BY GSP
FOR EACH RANGE BIN

A sample paragraph of range bin dependent data printed by GSP is
The data were generated using the default values of the

shown below.

GSP options, except the total

range bin was 150.

4
16
18
le
15
16

FILTSP=- 14.9
1FBEAM-

S
1<
16
18
lo
1%

12

<
1€
1€
15
13
1€

A
1%
1A
1€
14

1=

I3

number of azimuth lines generated per

RANCE= 22103,5

NFBEAMa NP MAD=- 424

7
1%
1~
1=
14
18

3

R
18
1A
15
1A
[

[
Ia
18
la
15
1T

RNGNADR=- 14095,2
TFILOUT=- 2

VARIABLE DEFINITIONS

10
18
1A
(L]
1A
[ ]

19
1n
]
i1k
1y
14

Range bin (in the example the current RB is 230).

The 3 dB range resolution projected on the ground, in

The 3 dB azimuth filter resolution desired, in meters.

Gle
11
ié
is
16
15
le

meters.

«5H600

12
15
16

la
33

The actual azimuth filter spacing of the synthetic arrays at
the current RB, in meters.

Slant range from the radar to the RB, in meters.

The ground range from the nadir tc the RB, in meters.

Number of pulses, video data samples, in each syrthetic array

formed fur processing the RB.
filters of 3 dB width, RESA.

18
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NPFFT

IFBEAM

NFBEAM

NPLMAP

IFILOUT

GI

TABLE IV (Cont'd)

DEFINITION OF VARIABLES PRINTED BY 3SP
FOR EACH RANGE BIN

Number of points in the FFT's computed for the current RB.
The first NP points in the FFT contains the sv-thetic array
data with the vrest of the points set %o <zero for
interpolation. NPFFT is calculated to yield a.imuth filter
spacings as close as possible to the desired spacing.

Location of first filter out of the FFT to be used in
constructing the image.

Number of filters from each FFT ised in constructing the
image. Starting with the IFBEAMth filter, the next NFBEAM
filters in the FFT represent the ground coverage of the 3 dB
width of the real beam antenna pattern.

Number of pulses <kipped before processing of the current
range bin (in addition to any skipred when the GSP execution
was begun) to force the first azimuth iine created to line up
with first azimuth lines created from the data at the other
RB's in the image.

Every IFILOUTth filter out of the FFT is used in the image.
Each FFT must be at least NP pulses in length, if the minimum
length FF7 produces filtar spacing less than the desired
spccing. then zeroes are added to the FFT length until the
filter spacing is 1/FILOUT of the desired spacing and every
IFILOUTth filter out of the FFT is used in image formation.

Inverse gain factor of the array. The effect of aperture
weighting is to reduce the amplitude of the filters out of the
FFT; the filters are multiplied by GI to compensate for the
effect of aperture weighting.

The 1ist of numbers following the above defined parameters show
the number of overlays for each azimuth line. The numbers are read left
to right, top to bottom, one number for each azimuth line in the output
image (150 azimuth lines were processed in the examnle).

19



parameters extracted. Possible sources of errors include the DDRS,
Miller encoding and recording to wideband tape, Miller decoding from
the wideband tape, transfer to CCT's, and input to the CYBER.

20



IV. DATA BASE DESCRIPTION

To evaluate SAR image quality, calibrated reflectors and
homogeneous terrain backgrounds are required. The data used in this
study were obtained by flying the system against a corner reflector
array set out on Wilcox Playa, a dry lake bed, near Wilcox, Arizona.
Figure 4 is a map of Wilcox Playa, and Fig. 5 illustrates the geometry
of tne corner reflector array, which was emplaced by personnel from
Ft. Huachuca, Arizona. Figure 6 is a simplified layout diagram, showing
the area with the largest reflectors at the four corners, three arrays
of large (100 cm) reflectors with different separations, and several
smaller reflectors varying from 9.5 cm to 40 cm on the inside joined
edges of the reflectors.

Table V provides data on the calculated (theoretical) radar cross
section values for the different sized corner reflectors in the array.
Values are provided in units of square meters, and in decibels
referenced to a 1 m° target. Figure 7, taken from Ref. 5, illustrates
the pattern of the response in azimuth and elevation of a trihedral
corner reflector. The axes of these corner reflectors were oriented
north in azimuth, or normal (within 2-3° ) to the flight paths used, and
elevated "about 45°". The elevation aspect, referring to Figs. 1 and 2,
varied considerably with the mode and nadir angle (NA), and response
could be reduced by as much as 15 dB due to off-axis illumination in
elevation.

Two data gathering flights were made, the first on 30 September
1981 and the second on 20 October 1981. Five runs were made in the
first flight, three on Line 1, used for the Mode 1 geometry, and two on
Line 2 for Mode 2. Table VI is a listing of the CCT's furnished for
this study.
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A= 3.125

TABLE V
CORNER REFLECTOR CROSS SECTIONS

om

4289.3
109.8

34.
34.

~N N

16.
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and azimuth are shown in Fig. 12, based on the angular coordinates defined by Fig. 13.
The maximum radar cross section obtained on the symmetry axis is given by the
modified flat-plate formula
)/ 2
o = dr (0.239i2)* (10)
xi
where [ is the length of each side of the reflector. The factor 0.289 is obtained by
considering the fraction of the trihedral projected area that participates fully in the
triple-reflection process.?* An interest-
ing and informative discussion of the
effects of small errors in construction
upon the radar cross section of a corner

AXIS OF

CORNER
REFLECTOR

s i‘\- Fan
A anaanrwns et |

<<

8

RADAR

Fig. 13 Coordinate system for describing
the radar cross section of a triangular tri-
hedral corner reflector. (Courtesy of Amere
tcan Telephone and Telegraph (‘029

6 in.3°

Several scattering sources at ditferent locations are evident,

reflector is given by Robertson.*®
High-resoiution  Meazurements The
use of range resolution capable of isolating
individual scattering centers on a target
generally yields much more information
for each target aspect than the relatively
narrowband measurement which has been
represented in the previous data. One
experimental evidence of this is shown in
Fig. 14, where a fiber-glass model of an
F-102 fighter aircraft is shown as seen by
a radar with resolution of approximatr.y
These may be

identificd generally with specitic features within the model for which one can predict

scattecring as scen here.

Figh-resolution studies place emphasis upon the ability to examine separately the

FIGURE 7

ECHO RESPONSE PATTERNS OF TRIHEDRAL r JRNER REFLECTOR
(from Radar Handbook, edited by m. I. Skolnik)

26

AS-87-1765



T ¢
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002200
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002132
002133
002134

-
-
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= N =N e

A/C Flight No. 6, 10/20/81, Mission No. 450
Analog Tape No. 3309

TABLE VI

CORNER REFLECTOR DATA RUNS

(a)

DDRS Computer-Compatible Tape Data

ne Run Polarization Start Time Stop Time
3 Linear-HH 17:55:15 17:56:05
3 Cross-HV 17:55:15 17:56:05
3 Linear-HH 18:05:10 18:06:00
3 CrossOHV 18:05:10 18:06:00
4 Linear-HH 18:13:22 18:14:12
4 Cross-HV 18:13:11 18:14:12
4 Linear-HH 18:23:58 18:24:48
4 Cross-HY 18:23:58 18:24:48
5 Linear-HH 18:32:17 18:33:07
5 Linear-HH 18:42:05 18:42:55
6 Linear-HH 18:50:04 18:50:54
6 Linear-HH 18:59:45 19:00:2

(b)
DDRS Computer-Compatible Tape Data
A/C Flight No. 8, 9/30/81, Mission No. 448
Analog Tape No. 3302

re Run Polirijzation Start Time Stop Time
1 Linear-HH 17:25:43 17:26:43
1 Linear-HH 17:33:27 17:34:28
2 Linear-HH 17:43:47 17:44:48
2 Linear-HH 17:51:50 17:52:50
3 Linear-HH 18:01:29 18:02:29
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In addition to the radar data tapes, a tape was furnished with
video noise data in digital form, obtained from the radar receiver with
a dummy load in place of the antenna. The purpose was to establish the
noise level of the system. The radar was operating in the aircraft in
the "standby" mode (transmitter off). A reference signal was input to
the radar in place of the velocity signal so that a PRF could be
generated. Data were recorded with the rest of the radar fully
operational, and should be indicative of receiver noise levels.

Some data, derived from the FLAMR (forward 1looking advance
multimode radar) flight test program are furnished for comparison pur-
poses (Ref. 6). That system operated at Ku band, was a digital SAR,
and was designed as such from its inception.

To obtain a rough calibration (within 4 dB) of the observed radar
return signals, data from other research efforts on the reflectivity of
background terrain similar to the Wilcox Playa were used. Some of these
data were obtained by the FLAMR system, and others from measurements
using scattermeters and airborne radars. Ground truth information is
very sketchy; however, it was learned from NASA/JSC personnel that the
playa was quite moist as a result of rains subsequent to placement of
the corner reflectors. This condition accounts for variations in the
reflectivity of the background. References for the reflectivity of
desert terrain are given in Refs. 7 and 8. From the data available, it
is estimated that the playa reflactivity (¢°) is -22 dB in dry areas and
-15 dB in wet areas.

As a reference for the digitally processed radar image, a pair of
photographically processed images are included. Figure 8 is an image
with horizontal-horizontal (HH) polarization, Mode 1 and 50 nsec samp-
ling interval; Fig. 9 is the same as 8, except that the DDRS was set for
70 nsec sampling interval (SI). (These are nomiral value for the SI.)

28



ORIGINAL PAGE IS
OF POOR QUALITY

FIGURE 8
OPTICALLY PROCESSED IMAGE

RUN 1, HH, MODE 1

LINE 1,

4058-1



FIGURE 9
OPTICALLY PROCESSED IMAGE
LINE 1, RUN 2, HH, MODE 1

4058-2
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V. [IMAGE QUALITY PARAMETERS

A. Resolution - xdB Resolvable Distance

To estimate this parameter, a number of individual measurements are
averaged. The data base consists of video samples from three triangular
arrays of 100 cm corner reflectors with spacings of 23 m, 15.25 m, and
9 m. With a  continuously sampled system, resolution in range is
determined by the impulse response, or compressed pulse shape (see
Fig. 1). For a finitely sampled system, however, the sampling ratio is
a factor. The 9 m array spacing could potentially be resolved in range
in the optically processed image if it were not for dynamic range
limitations. In fact, referring to Figs. 8 and 9, none of the arrays
are resolved in range, due to saturation by the high level returns, in
the radar receiver, or in the processing.

In azimuth, a similar effect occurs for the optically processed
‘mage and, additionally, aliasing or grating lobe generation is ob-
servable. The digitally processed data can be compressed in azimuth
resolution by taking larger arrays to get narrower filters, up to a
limit. The 1limit is the inaccuracy of the sample values due to noise,
motion compensation errors, and sampling errors. In addition, the
filter (sample) spacing is variable. For the purposes of the stuay, the
synthetic array size processed will be that which sets the azimuth
resolution equal to the ground range resolution, which varies with the
secant of the grazing angle. The grazing angle not only varies with the
range of the corner reflector array, but also with the mode, or antenna
position, in elevation. For Mode 1, the resolution will not be as good
as for Mode 2 since the grazing angle for the antenna is greater (thus,
the nadir angle is smaller) than for Mode 2, and resolution should be
worse fecr the targets closer to the nadir of the system. The azimuth
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sample spacing is also adjustable, but is selected in the GSP to be the
same as the range sample spacing at the patch center (default pro-
cessing). This results in undersampling, but is at least a consistent

criterion.

The standard digital processing failed to resolve the 9 or 15.25m
spaced corner reflector. Figure 10(a) is a plot of t.e 23 m spacing
corner reflector response, with filter values plotted for the range bin
containing the two 100 cm corners. The reflectoi's are not recsolved in
the main response, due to the previously mentioned dynamic range limita-
tions of the system. They are resolved in the grating lobe structure,
however, with 3 dB resolvable distance of two azimuth filters, or
24.2 m. By processing in azimuth with higher resolution and closer sam-
ple spacing than standard, it is possible to resolve the corner
reflectors in the main lobe. Figure 10(b) illustrates the result with
azimuth line spacing decreased by a factor of 4 (3.04 m) and azimuth
resolution remaining at 12.2 m.

Here the 2 dB resolvable distance is 21.28 m (7 lines x 3.04 m
spacing).

The problem with the dynamic range limitation is discussed in
Section VII, "System Design Parameters".

The resolution of the system, with the standard Doppler (azimuth)
processing, is a nominal 3 dB resolvable distance of 24 m, for radar
targets of equal cross section not in the saturation range of the radar
system.

B. Background Roughness (Speckle)

Figure 11 is a set of photos of the area imaged on Line 1, Run 1,
Table VI(a). The upper photo, Fig. 1l(a), is a portion of the
photographically processed image, and Fig. 11(b) is a digitally pro-
cessed image. Figure 12 is a sketch of the area of uniform background

32



REL RMFLITUDE (DB)

(-
-
’ Azimuth line spacing = 12.1 m
ORIGINAL PAGE 19 Azimuth resolution = 12.5 m
- OF POOR QUALITY,
-
-
-
<
,
-
&~
-
4 1
200 2 210 0 0 260 288 2 270
AZIMUTH LINE
(a)
Normally Processed Corner Reflector Array, 23 m Separation
- F“"1_1
L?_J_}.J Range Resolution =12.2m
~ 3 Azimuth Resolution = 12.2m
gs Azimuth Line Spacing = 3.04 m
. |
= r
-
2 -
1 -
g -
3 TTTI TSI T T TTI T T I I Trrrryorrr M
oo o5 om0 o5 280 | o85 2o
AZIMUTH LINE
(b)
23 m Corner Reflector Array APQ-102 SAR Imagery
FIGWURE 10
AS-82-1766

AZIMUTH LINE PLOTS CONTAINING 23 m SEPARATED CORNER REFLECTORS
33



FIGURE T1
APQ-102 SAR IMAGERY
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used to derive background roughness, consisting of 93 azimuth lines by
145 range bins, 13340 samples (pixels). The overlay ratio for these
azimuth lines, o coherent integration ratio, was 14:1 and 15:1. The
mean value was 0.671, with a standard deviation of 0.201, yielding a
background roughness of about 0.3. This is low, which is due to the
large amount of overlay, which effectively suppresses coherent speckle.
Appendix II contains the pixel values in hexadecimal form for 16 gray
shades, 1.5 dB per gray shade. One-look images of the dark area around
the SE corner reflector (mean return at the noise level) and one 1look
images from higher reflectance (mean = 0.9) homogeneous areas yield
values for the background roughness from 0.9 to 1.1.

C. Dark Target Contrast

This is the ratio of the mean level of an area of low reflectance
(see Fig. 12) such as a radar shadow, to the mean leve: of the entire
image. The minimum level is limited by sidelobes and by the signal-to-
noise ratio (S/N). This ratio gives an indication of the dynamic range,
minimum to mean, in response to extended targets. Appendix I'I provides
the gray levels (16) in hexadecimal values, for the dark background area
of 7130 pixels.

The dark target contrast is the ratio of the mean from the dark
area, 0.483, to the mean of the entire scene, 0.946. The value is
0.511, or -3 dB. This value is not particularly representative, because
of the nature of the scene. Reference 5 provides data reduced from
FLAMR digital images, for comparison purposes. The FLAMR system had
much lower sidelobes, in general, than does the APQ-102, and the maximum
dark target contrast of -25 dB is about 632 times that of the APQ-102
system,

D. Maximum Contrast (Dynamic Range)

The dynamic range of the system, for a particular image, is the
ratio of the maximum filter value to the minimum (nonzero) linear value.
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The scene should contain a large corner reflector or large scatterers,
such as an urban area, and shadov reaions. From the Line 1, Run 1 scene
(Fig. 13), the maximum return is 169.74. The minimum from the statis-
tics is not a representative value, however, because there is no overlay
and the samples are not integrated at the edge of the scene. The
minimum value from the portion of the image with full overlay was 0.08,
giving a ratio of 2122 or 33 dB.

Figure 14 is a printout cf the right side of the image, which was
processed with azimuth sample spacing of one half the normal value,
i.e., 12.14 m spacing. The maximum-to-minimum ratio in this image is
540 or 27 dB. It is reasondble to assume that the noise level mean
value, after processing, repr-isents the minimum, for purposes of deter-
mining dynamic range.

E. Adjacent Sample Co trast (Crispness)

This is the ratio of maximum response of a corner reflector (point
scatterer) to the average of the responses in the adjacent samples. Two
of the corner reflectors on the corners of the array were examined. For
Line 1, Run 1 (Mode 1), with 50 nsec range sampling, the data on the SW
corner reflector were:

4.9 33.8 15.9

Adjacent Sample Contrast = 3.96

For Line 1, Run 2, 70 nsec range sample spacing, the data on the NE
100 cm corner reflector were:

37



ORIGINAL PAGE 18
OF POOR QUAL

AQDAY STATTISTIAS Fn2 134400 POTNTS,
MAXTMIIM 129 ,740n1997373, MIMTMIIM L003B54976GR5I06
MEAN ,94%Q4472117a.  STAMA 1,1424335148A01]

ENTFR MimMpEn OF RFCARNS. 1O AZTY0TH 1 [ FS/RECOQN

FIGURE 13
STATISTICS OF WILCOX PLAYA IMAGE

38
AS-82-1769



2%
W=
OF
g3
IL\JH
..
¢ a
—— g € [
mw e m. L 2

21 1*t wu*

w
L uny “f auLq

179
‘bu

9 q° s
F. *ll m.
ye €* S*
ve 9 v
w. ‘l m.
te [ L Ad
M..l nc QQ
Uo On 0.
[ L S
F. 0‘. '.
ve [ 2 [
9° [ 2 S°*
ne LN L 2
[ 9* 9°
‘l ﬂl m.
EN [ 2*
[ & L A [
9° ”* [
6* 9° [
F. c. Q.

CI o. FO
4 (3 L
Fl QI F.
6° 1 6
c. \-. r.
L 6° 8°

L s* S°
H* 9° 9°
6* 6° |-
L q9° X
"D g* g
L 6° [
L* s* Le

[T 6° Qe

2
L

L
t

JIVAI Q3SSIJ0Y¥d “L NNY L 3INIT IHL WO¥4 SINTYA 3IANLINOVW ¥3IL1I4

& F
6 G
9 g
1° (X
Q- ye
(1] te
[ Qe
9 Yo
L 9
0. Yo
2° €
€ ['X)
N- Le
ne ye
e ne
9 g
[ 2
2° 2
[ [
9 L
g Ye
9° G
[ ge
man W.
1° il
g g
ro Mu
6° ge
00 P
[ Qe
Qe he
(-3 (3
qQ° (%)
1° ys
&o [1 X3
[ ue
LA 6
ol

:6urdeds yjnuyzy

dweg d>asu Qg

o
.
=]
.
[\
S
-
-

‘YO wr $?

%9su §°2g

AREL IR E]

[ Ad LN € [
e 9 9 L*
9° 9° 9° 9

b. ~. Q! Q.
g - L L A s°*
ne £ L w*
9 Qe [ 9

9 S® S* S°*
9 2 €° 9
9° Qe L 9
u* Q* £ S°*
LY 9° LA s
¢ G6°  9° g°

e /e L 9*
g R* S°* £
LA G LA 6°
ne q* L R
9° qQ° 9° L 2
9° "o [ [N
[ I G g*

9 ys 9o ne
9 1 9 9
% 9*  9° g
9° Q-+ 9°* q°
v 9 [ A WY A
9° Qe 9 9°
[ 9 S S°*
QI n. m- le
9 L A 9 S
L o Fe E£° 9*
[ Mg " v £*
LA LA e ”*
[4d L B 9 v
L [ e L
v L 2 *e s°*

tleA4dJU] 3{dwes abuey

‘uoLjeziae|0g [RIUOZIIOH ‘| SPOW (18/0E/6) 8 "ON IubL|4

m- ’l
N. m.
m. 'l
*. m.
‘. Q.
m' ’.
LA £
(A E*
”* £*
9° £
€ [2d
ow. M..
5 L*
LA L
[ 3 "
9°* 9*
£* "*
U [ 2
v v
QO m:.
9e [
9° S
S° 9°
S s°
QO C.
9° G°
H* 9°
o. Q.
gl Q.
vl L*
A £*
0 ‘"
9° s*
H* 0°
L* 8°
y* q*
9e 9°
o

R N S L Y
L C- l° [ e L A
e B* kA 6° 9° LA
g € ve L [ (-}
Ll 6° o u* [ g

YLE UL TGE S3NLT Hinwidv

L1173

01

1

SNIM 3JONVY 8uUd SAUTVA Taxid

e ¢ s
—

MM UY C QU NMNYLU S
L]

UM uULeuremhbryry s~ g 9~
.

Is¢

39

AS-82-1770



ORIGINAL PAGE I8
<77 OF POOR QUALITY

[Tl Sac s JUAVILLVIE JRToRE ST - Vel
® 5 6 00 5 5 6 82 0 0 b 0
M D
© 6 0 0 & o8 6 8 0 06 0 00 0 020 v 0 80

L aNLSIF SO TITNOLNDSeDNYNS

* NN
* * 2 e 8 e 0 s 0 0 0

SN eMmANreeMme NN
.

(p,3u0)) $1 YNBI4

G ye* G

~
.
£
.
L 4
.

[To T o

a s e

”e v c* .
‘0 ‘. o. w.
€* €° G* £°1
ﬂ. 0. c. "
n. CO 00 ‘I
" mC CO ‘*.
‘. '. x. QI
'O CO m- -U.
9° 9° 9° v
L s* 9° 9°
=l~ o. m. Jl
\' CO m. \vl
n‘ h. ml n"
x. 'I Q. ‘.
. & QO— o. FO
'. FO w. r\'
‘. Nl 00 Qo
Cl c. .UQ F.
°l m. MO “0
m. c. w. ‘-
o. c. Q. n&.
al m. mi oUQ
xl ’l m. JO
QD m. \v. ‘.
o. ml Fl al
.I Ql 'Q ‘.
o. MI m. r\l
M. '. ‘l w.
n. ‘0 m. ‘.
n. .. rl w-
n. '. ‘. UO
“. OI m. WQ
ﬂl ‘. m. Ul
*l. m. 'l al
x' o. m-v Q.
- & ‘l m. Ql
‘0 F. c. '.
9° 0L s° L
'. c. ‘0 w.
n. mI ‘. Ul

AS-82-1770

.
.
.

e o o
LI I
* e 0

e * o s
T IOVOIVNONO~T N

* e o o

“ s

e e 0

.
L]
.

.
v
.

.
@
.

VULV AU D2 2eTMNMANSIILCMNITNUTULIresrr~NMeoCOCLM~MMMAMMNMEALNL
AL QOC MU MII U U UYUNVANSIU MU U LNt CMTE CL 9

VMOV NSO NDVOSOOVNMPITLTOMNAEDNTONOINNNASANTOT~ADONI MN



0°1
6°
l°
1°
L
Re
e
o.
m-
odE G
ye
Ge
Qe
L
9
ye
-1
g
G
0s£ S°
9
-1
m.
o.
Ge
m‘
(3]
He
m.
09€ &°
m.
€
mo
ml
g°
0'
M.-
ml
[
o 9
9
[
n.

9
Q°
Qe
ve
9
Re
q°
L®
(1]
Qe
L*
9°
Q°
R
g°*
»e
9°
q°*
qQ°
Gg*
1°
9
9°
1
[
G
1°
1°
-
L
g®*
[
€
[}
-}
9
L°
(X
v
L
1°
(-3
e

ml
Hye
Ye
£
“.
Qe
F.
P
r\l
G
6
Qe
Qe
c.
[
L A4
w.
PR
ye
ye
ge
ml
m.
('L
te
w.
ge
aUO
ﬂ.
ye
g
F‘
‘.
c.
m.
e
Qe
c.
Fl
L 1)
e

ye

e

[ %4
[
[
g
ml
[
F-
l°
‘.
-1
8
Qe
e
G*
q°
g
[
L°
[}
€
‘0
(X
N.
G
g
ye
ye
'.
9

m.
Qe
Qe
i*
°.
L*
g
N!
4§
o.

(P,2u0)) p| 3¥N9I4

°
m.
ve
ge
'l
»e
c.
[
m.
Qe
Qe
oo
ye
ml
g e
o°
[T
L*
Qe
8*
"L
m.
R.-.
ue
qQ*
£
g
L
S
c.
qe
Qe
9e
N
L
i°
(]
[
ye
L*
Qe
m.
¥

Qe
0-
Qe
%
mc
g
mo
v
mo
g
Oo
g
m-
9°
mo
00
0.
He
9

e

3
9
L
L
9o
G*
(%]
[
g
(3
9
Qe
[- X
L
L°
6
Qe
e
g
6
9
[
m!
§°

g

e
g
’O

pe
g
L*
[
9°
(]
e
l*
he
ge
ne
[
ye

g
ye
9
ye
Q°

0*
N-
Qe
9
6*
0-
0-
Qe
m-
F-
Cn
(TR
ﬁo
(‘3
9

9

9
g
m-
[
Yo
ue
e
pe
5
e
[
g
m‘
pe
ye
L°*
g
m.
qe
he
Wl
9
ne
L
pe
[

ye
[
L
X
g
°I
g°
mo
mo
2e
a°
Le
0-
9o
L

ge

g
[
Ge
9.
Qe
ye
9
g
(4]
9
£
[
[
[
[
(24
2
[
[
l°
[
g
l°
g
[
(4]
')
g°

g°
i
%4
G*
g
(%4
pe
q*
G*
€
9
q*

[
L)
Ee
(%4
He
b
g
ye
te
e
Mo
he
L1
£
9e
9
[
[
N‘
H9e
[
e
(]
l*
9.
P
[
g
UX

Qe
Qe
[
ype
ge

[
g
ye
'L
te
g
g

41

AS-82-1770



ORIGINAL PAGE 13
OF POOR QUALITY

ot 9°

« & & s 0o s

a8 060 o s 0

MO~ MNLENNO -

ne

* 8 8 ¢ 0 ¢

rroneovCcor~rT OO~

LS e
s 0 o o

°0

— -

(P,3u0)) %1 3JYN9I4

-t Nrrcarre

e & 9 @ o % & 8 ¢ 2 8 s s 0 0 b 0 .

TN POV ECMOT TN~ IONNMMeMMIUNMEINTNSOIN~ NN DODND
.

CMedMy U eTMMININ IEIIMNTEINTIIEITIIV
.

Mmmmnm
LI

" ]
LI I ]

€°

[TalTalE QN VIR S o T ol o

N
. s

@ 8 & & & @ 8 O ¢ s 5 4 & e 6 4 0 ¥ % % P 9 s E s e 4 2 0 0 6t e 2 0 t e e s "

G QIO IMNMLTIAT ST I IO IRIIIITIINACCINIUE ST LT~

42

AS-82-1770



2
g
N
- O
Q&
£ 0
o O
mw>P
&
°3
6° L
[:5d [2hd
N. 0.
Oo— q*
o. F.
osZz €1 0°1
I*1 6°
L SR A
8° 0°1
o. m.
m' N‘
€1 0°1
6* 21
F PAd
9° LA
a9z 2°1 oO°1
€*1 @°
6° 6°
Mn— .u.
9 9
0. NI
8° 3°
2*1 2°
S°1 6°
2°1 6°
oz 0°1 6°
o. ‘.
01 8°
o1 €°1
y & 0.
u;!nnq 6°
oy 9 6°
L° el
6° [
e’y 1*
0@z L* 6°
9° 11
8° [ 54
S° €°
6° L*
€°1 6°
8° 11
Q.m h.

L]
— - —

DO =N O™
-

a1

.~

® ® s 0o 0 ¢ 0 o
— -

ccomaoocom

[*1

—

m.
l°
m.
vl
m.
[- M
Qe
Yo
l°
Qe
s°1
01
Il
g
[
Ge
8°*
Qe
| &
rdd
Le
6°
6°
6
L*
6*
0t
Qe
0.
Fl
v
m.
6°
o.
m.
P

-

0
01
h.
m.
m.
ge

Ye
()
g
He
L XJ
[ X
Ge
Qe
Qe
Y
L
Qe
L*
Qe
1°
Yo
TR
Qe
Ge
Qe
Le
e
Le
Ye
L
He
Ye
Yo
leg
0«1
ge
01
teg
1
L
l°
(X
L X

Ge
Qe
m.
qe

(=4
.
—t -

m.
ye
qe*
1°
ge
[

[
[
0.
[
m.
ge
L*
ge
ge

Qe
m.
Se

ye
L*
Be
O°
6*
Ol
g
L*
c.
l°
9
[
m.
Ge
o.
m.
e
9
m.
9e
0.
Qe

(P,3u0))
Qe L°
Q. s°*
LA &
¥ 9
L2 9°
Qe 9°
G 9°
s g°
9 2
9 9
L* 6°
S*  6°
9 8°
L A g
[ 9°
9° 8
9* 9*
Te 6°
9 s
Q- L*
Qe 9°
[ L°
He [ 3
S 6*
9 9
Qe N
[ 9°
R t°
R L 2
Re 9°
Re S
Re S°*
> B LA
R* L
S L
9 S*
Qe S
/e 9°
/* €°
Qe S*
Qe L &

- 00
1° L°

vl UNOIA
v L*
Fl ‘l
9° S
m. a‘l
Q. c.
9* g
00 ‘C
L* 9°
9° L
9* L*
F. wl
9°* L 2
e vt
g° Iy
L* DR |
OI Q.
9 Le
9 9
S* L*
L* L*
9°* L
1% 6°
bl ‘-
o. TI
Q. Fl
h‘ Ql
c. Ul
‘. w.
o. ‘l
o. u-
L NS
m. (.
L2 EX
9° g*
9° L*
9° E
0‘. ‘l
L &4 u*
L A 9
m. Q'
m. wl
'. FQ
m. r.

9
"
2
g
L
5
N‘
6
l°
t
u*
Y
Ol
14
ye
g°
pe

ge
Qe

9e
L
Qn
He
6°
00
Qe
l°
5®
Je
o
L
Se
Qe

1-
g e
Ge
l°
m.
Qe
ye

——

-

[
g
TR
6*
ge
0°*
[
YA
6°
m.

°l
9.
qe
9
—.
°
£
[
ue
l°
[}
g°

He
9
6*

v
e
R
8*
l°
6°
9e
X
6°
He
[
[
€
ge

e 8 0 0 0 0 0 e o o

U—XxXaAamr+qauorm-~=hrbreXacyce
.

ge

AS-82-1770

43



3

ORIGINAL PAGE Iy
OF POOR QUALITY

OO ~~0
¢« ¢ o 0 0 0
-

0Tz 0°1

Cr~POSDLECOL L

DTS OLTDME
® s o 0 00 8 »

- .

. o0

® » % 0 8 s 88 s 0 s 0 s

FENTA TN TOTOLINNRCTLP~DOORUL L=IPORETXT LTS O
.

N
.
-

(-]
.
-

- -

e ® » 0 0 06 8 0 5 " 8 9 @
- - -

DNO=OPFPNTLODONMIPLDD

2°1

0o s 0 0 o ¢
e Ll X

e~ONODCMT

[-34

-~ -

8 8 0 5 & 5 9 0 0 0 0 0 s e 8 s 0o
-—

QNP O=PONNNODOmA LN~

[]
-

2°1

e*1
l*
6°*
0°*1
gy
g°
L*
1°
o.
Ge
m.
[T
‘.
Qe
°l
L
9e

D= OINNIPRASCPRIRD
* o 8 0 0

~O0 o
.
-y -

o
.

VOVITO0RPIIN

Oo

DNV IPOONDO0D

*MM~ O~ NNM
® e 8 0 8 0 0 s

— —

-

- —

T

(P,3u03) 1 WNOI4

- —

[

-
-
- p—

LI )
-

s s 0 o LI
-

yr~xo MMM~ OoCCTM
.

v
.

ye

[

nesuUrn~Lcoorr~~
e 0 0o s 5 % e 0

-0
— ey

S ¢ 6 8 2 & 0 0 0 0 s 0 s s 0
-

CrRNOEeELPNOO =P LN DOITCOTTIXIMOSIITOORNOANIFTE~NOMIUNINSND
¢ 5 & & 8 8 6 2 0 0 s 8 ¢ 9 s B e s s s s 0 o
0 -t

o

—

« » 2 0 0
-

VNN O =0~ ~InMmO
.

—~ @i
s 0 0 0 @

~

® 5 5 8 6 ¢ @ & P 4 0 ® 3 8 6 & 8 ¢ O & % B s S s & s 2" e s ¢ e s o8 e

I AFMRACAXL-MO OV UrEMAICVNTACIACHITEUVRNMNOCAMNNMOINDN

* s o 0

CHruv XA orme

&+ D
[

A QU FPAIMRIAILLIX
PR R R R R O e R I )

CrRL~LNAACU ILUYUMNUY ALV AV UL LOM "
.

AS-82-1770

44



oLt 9*

08/8°
o.
(AR
mo
(1L
OI
NO
1°
i
h.

o0bl8°
0*1
h.
ml
Q.
o.
1y
o.
h.
Ter

ooz g°
ey

6°*

el
l°
Qe
"
g
o.
FRd
6°

g
L AJ
g
9

ye
1°
m'
6°*
l°*
Qe
6°
0-1
vl
91
l°
il
0t
6°
et
L2
9
S
il°
l°
R
°
(=t
Qe
g8°
9
8°
il
(1

e
Ye
01
g
)
He
l°
w.
Ye
Qe
FA
Qe
l°
Y
L1
PR
we
i
Qe
w-
ge
01
te |
g
21

6°*
g1
vl
[t
g
6°
il
Qe
01
u*
{ X
ge
6°
tel
let

21

m'
mﬂ
o.
h.
m.
m.
0.
-1
h.
w.
m.
O‘
m.
N.
‘.

o.
m.
0°t
h.
01
1t

184 ¢

Qe
6"
L*
(-}
m.
g
ge
£
LA
('
|
g
8°
g°
ve
g8°
[
6*
0°1l
Qe
(1
st
sel
21
et
l°
[°Nd
q°
0-1
|
6*
i°
2t
[l
Qe
8
0-t
9l
[ Al
g
Tel
€1l
8

(P,3u02) H1 UN9I4

L 2 ¢
éL°
et
l°
E°T
m.

21
9
Qe
R
Re
Qe
1°
=1
]Re
Qe
Te1
6°
6"
0°1
q*
01
£°1
LA ¢
Re
Re
9
%1
92
T°€
£°1
6
Qe
Qe
6°
[
'3
ret
G
9
l°
v 1
2°1
Qe
R*
&°
£l
2°1
nel

8°

v* IS5 6° ye
ue I°r o1 y-*
v"* LA | 6°* »el
E*1 E°1 2°1 g+l
6° 6° n*t u-
‘Q hl mlﬁ FC—
¢*1T 9° £°1 g2
o*T  ** L 01
U°T  %°1 2°*1 (-1
t*1 S°1 ¢° 11
L° 9e Tt 0-1
°0 0°*1U o0°U (°1
9°1T 9°( ° 91
9°1T €2 o°l ¢e°l
¢t 91 o°*l ¢*
2 B 20 VA S VA
("L Qe 1"* L
v*l 9°T1T €£°*1T o°l1
LT #°2 42 9°1
Ll gl gl o1
s ogel g2 el
(182" 0% 9 €Ty ¢
'erer juathg°s6 0°0g:
s.6glvegal 4 8q S
ve2 I%T g7 1°1
Y*fF 6°¢F 9*2 L°1
v°T 6°1 0°1 o
€°T %*1 1*2 wy°
c. °.~ m.~ OI
t*y 1°tv 1t e*1
?°1 S°1 eI 2
[*1 T(°*1 »*1 g°1l
y*® LA SRRV S LR |
u® vl o 6°
a.ﬂ m. ﬂ. c.
o° [ B [
v* 9° L L
L S 9° vel
$° 21 ¢ée*1 g-°
¢°T ¢t o0°1 -
ver  L* 8 -1
[ B *t 6°
5* ye FA G L

(s gp €95 ‘ws 0a1) ¥ 2 € J0 Aoday

e
et
Set
Lt
bel
6t
Sel
3

(et
0et

de
[
6°
X
a2t
oo
F.
I3
L
L
é¢
6"
FAR4
“..
Set
[A]
R
g
OI
TR
It
L
Mo
Je
L*
L
L*
Qe
0t
L

Gy
He

(B}

on
o .
——

O~
2 o o & 0 o
— -

MO T X~
t s e 8 8 s o
———t -

v u e
¢« 2 e .
— —— -

B -l
.
_— —

e 00
o s o e

fruragoe
® e v s o o

Q1

@ o o 0 8 a2 2 s s 8 s 9 4 s 3 e @ ¢ 2 8 o ¢ 0 s o e 0 ® B s v s s 0 s
et gt o gt gt gt - — e = —~ - —— —

ORGP LOMO =D NS M =N MO L0 =m0~ A~~~ C
.

X Lo
* o o o =

o

e ¢ 0
— 0 e

UM N e~
.

-
.

h.
L A1
L1
eel
21

Hwe
1
Qe
6°
tel
[}
¢t L
we
[
e
6°
oe
L
[
6*
sl
v*
€t
i1
L)
Qe
¥

ge
l°
ge
* L)
9e
6*
ge
ye
[ ]
Ye
l°
1
6°

o & @
—~—

AN~y a
.

S uUredLacaccc
® 5 o 0 0 0 8 o ¢ s
— -~ ——— gt

T -~ U ~xad
* v o s 0 0 s 0
- — -~

<~
[y

AS-82-1770

45



ORIGINAL PAGE i3

= (p,3u0)) ¥1 IYN9I4
o J
o
[ <
O
O
%
L
O
6° 6° ‘t o* L L E°T 9°2 1°€ 0°*2 &° 6" - E* s 5 9 6° L u°
91 2°L I°TU wou°r 0°f I°t A1 6°l 2°*2 o0°l w° % we **L 9° (TRl B 6° 9° H*
°1t S*1l  wu* 9e €1 u*l (*2 t*2 °t m* 0 PAd S X **lL 0°1 &° v 9° 9 LN
Mu. ﬁl ‘l e.ﬂ m.— o.ﬂ .l~ w.— xl m. h. F. ,I o. ‘0 d. F. F. 0' m.
oTIZ°T *°l 0°U *°2 1°1 [(°0 2°1 4 Qe [ 9° 6° P 6° L* u* S* £ s° 3
01 & 2°1 22 9°t 9°l w° L e 9° 6° 2°t 01 B8° 6° <°T u* 6° s L
6 &1 9%°2 E°1 &l u*'l &° 6* L* a 6° 1 :° 6° L L* 9° 6° L* 2°t
m.n QUN F.~ .\l—. :0 Gl ,. c. o. Mu. ‘. 0. a. NIF Nvl —-Dﬂ F. ml Ol l.
N.N« N. — Oo Fo—. :0 GJH .ﬂ-o Il —o~ N. W. Fo ~| m. wo Fo 0. Fo mo Qo-
9°¢ 2°2 0°*2 e° f* 9° 1°t 2*1L o°t g° 9° 6° R* 6° s* 6* L* "* 9° 3°
—0~ —‘N ‘0— F. r. Fl N.—. “0 N' h. °‘— c. \-l c. 0. Ql w. ﬂw. OI WC
"z *°2 »° 8° T 0°l 2°t e6° G° 0o°t 8° L° N L 9° y* L° g* L 5°
~lw °I— o. m. \dl xl m. ¢C N. o. H.h e.~ ﬁl FI N. F. ml ol rt Q.
[ 6° 2*t B* 9° 9 6* -3 v R 0*L 0°1 &° g° F 9 (*r u° [ L*
o€/ 9°* at 0°1 <Z°t w° [ 9° g* [ L* 9° E* L 9° L v® I 9° q* 9°
9" 9° 9° o 5* 9° 6° L G° 6* 9° 0°t 9° 9° 9 M 5° 9 N a°
0°1 o* 0°t I°t «° L 24 a°y 6° L* q° £° [ L G L* Ch L* 9° y* 6°
m. ﬂ. —lﬂ 0. NC h‘ N. 0. dlﬂ n.ﬂ ‘. 'l n. °-— o. “0 m. c. w. 0.
N. d! c. ‘0 c. w. Ql— Fl NOH m.~ m. F. n. 00 x. r\. Q. “O —0— F.
q* R 9 Ol u 0l o0°y 9 o* 9° L A L A qQ* v n* L £ 5° "*
Qe 9° (5% 9° 9° *l e e [-54 N 9° 6° A S* 4° 9° ve [ 2 6° 3°
o L* q* v°r H°* g £ S* 9° 8" 6* 9 1* L* g v L* q* L Lt
—ld ‘.ul Ol o. N. m. .. w. n. M.m 01 o. n. o. F. F. ~.— .CQ Nl OO-
G- 01 gy° v* 9 L H* € 9° 9° L L I 9° 9° [ R SR 9° L L
onfL* 2°1 &° e L° 6* [ 6* 9° 9° L* LN 9° M ° [ Y G* 9° 6
e |9° q° 9° " 6° " G 9° 9° 9° u* L 0t o°t vy ¢° 9° v "
:. vn” c. “. ZI —O— c. c. o. ﬂ.ﬂ o. c. cl x. E. ‘. c.m —lﬂ —.— FO
L* 6" 9° L " 0t &* B G* L° 9° o*tr T1°t 9 L 11 9 F S 0 G
9° 9 9" L " g° 0*1 L° s°* G 8° 5° /e s* (% L [ 9° we 2°1
8° o“ L* B S* L° [ 0°1 on*1 &° 9* L* [ 9° L* 9 9° 9 LA L
T T 97 AT 6% G0 4t 6% ' S o° e §° 9  5° '  0'1 2°l g°
m OI au w. a. El m. hl M. '. 'l ¢' Nl o. x. \vl c- z. xl l.
L M n. v v L L° s° LA . 0o°t1 9° 6° 9 I*t 9° s s ¢ A SR
‘l : c- ‘. t. o. ~I~ c. z. ml F' h. o. NIP —.H “O N. 0! Nl—. o.
os1G* 9° L 1°t " 6° 1°r v l° o*t 0°t o°t n° s*L @g° o* % °*1 0°l 6°
G® g* v g 0°t 6° "t o 9° s°* L° L A o 0°l o° £l 2°1l »o° g°
LN L 9 u* 0°t 6* R*® € e L Lo 6° A 6"* "R ¢ £ G° 9° v
F. ml ‘. “D 3. :. F. c.ﬂ h. .—lﬂ Qtﬂ 0. N. Ol al W. F' F. ‘. Q.
m' ol o. h. o' h. N‘ ‘O QCﬂ m. w. '. m. :. OI wl m. s-. h. o.
o. cl N.— Q.ﬂ 3. Fl ’l OO ,. h. ht o. n. ‘l Ol 'l h\-. o. -\0 .‘0
S* 9° L 2°tT &° 9° 9° b A 9°* 0°Tl 1°{ o° ‘° 4 L [ 3 * 9° v 8
h. o. h. c. o. ml o. c. °l— m. w. ‘. o. m. m- VI ¢0 ml FI qo
m. Q.A FO Clﬂ ?. o. " ¢l g.— o. o. Fl nO F. F. F. c. N.— —l— Ol—

AS-82-1770

..
. »
— -

O~ IN s~
¢ v s 0 0 8
.
.
——

. o
o o
* 0
e

¢ e
LI
. 0
-—
.
-
.
—

.
.

..
..
L]
e o
. s
—— -

.
.

——
.

-t
.

——
.

-

.
.
.
.
— e
.

P L LY L

o~ Eer~MMCaTVCOX

.
———
.
.

—

Hal
.

L= o
e o 0

.
L]
.
.

.
——
. o
-
MY
- gy p
o
-

.
.

-
.

=1

.
——
.

.

.

.
.
.
.

MmO Ao ~m =X =" aL MO0V VA TCCr~N
——

.
—
.

o g
.
.

.
. .
.
-
.

.
— -
. e
e s »
..
—— g

—

—

e 0
—
L]
—~

. »
.

QO =L I TEMeAeL~Ld ~AILALL =AM A=ILI U ATINE =N~~~

SUOMRTNIOVOATXT PN ~DI2N AT TOONTCOUMIS~rMM

CT=—~=yfUHICcCOoOCrianococcymrx
A MF~M0 CCINQ

.
-
.
—
.
-
.



ORig;
b ® OF P(I)Y)AL P’QGI:' e
VLN MDOOMINE EN IS =8~y =0 MO D R LMLHY

. e 9 9 & B 0 2 5 0 e s N
-t — i i B e e R R R e R i Rt s ¥ |

led de

ot N\ oy (N -

0\NMM°QW?:7INMF—'NQOZEMOGNIMFNMOW@C
d S & & 6 6 0 0 0 9 6 B & 2 4 8 & B SV S P BB B e RN eSS
"~ — oty [\ o - o gt gy

MO OOD OFMPF’WCO—-O—OOH—'—MQQNOI\QW mehmmmmc
® & & 4 & 0 & 2 8 0\s & 0 8 0 8 @ s & 8 0 8 & & ¢ 0 s v 2 0o .

-
.
kel R KuluNac KiVAS 3] U'\NNMONN—-—n—- ——— -\ NNNNHNN—NM—'—‘

2.4

n—wwcahcdnomcmhcc@mo»~¢—~cc<om¢~— ERO U Oy
o o ootooou\oo-o'ca---.-.-----a-n

- - —-‘NNN\ HLETMIPIUM | M=~ -— —— - - NN
k4

l.8
.

oy oy smg ot -y —

=4 """'NrﬁuﬂON

1eS CZel

—_-DTMS™~ ~DPON
. . . .

1.8

— e .

L ]
L ]
L ]
.
L ]
L ]
L]
L ]
L]
4,
L]
L)
.
.
-
L]
.
l.o

—~ ot ot o (] -
®Lx M 40200 MOD AT CORVONMm~MOOCT *r M OM
O 6 06 06 0 8 0 0.0 0 5 o\0 o ® 8 0 06 06 06 0 0 v 0 0 0 a8 b s o0 o
~ ~ L @ N A ~NN
w—

1le6 2.0
1
2

2-1

N - — - —— -\, -

T D o= P
L]

8
5
6
9
8

PNOm~DmN
* & & 5 0 0 0 0 0
-t - -y g )M

1
3
1-5 ?‘2

.

.
1.7
2.6

~a
*

.9
2«2
o1
1
1R

2

2

3

3.9 5,3
2
2
3.
3
2
3
2
1
1
1
1
1
1
1

1.8 2.0
1.1
1.0
1.3
leh
1.3
l"

2
6
1
2
[
3
3
7
3
3
1
4
S
2
rd
0
0
17
B
E ]
7
2
6

2.8 &,
4.5 2.8 )ao 9.

248
2.9

o7
.8
1.2
o9
1'3
1.3
.9
9
1.3
19 Sl
B
0
2

3

8

6

9

7

-]

S

3

9

1

7

1

0

3
.a
1

1
1.6
l.z
1.6
2

7

8

6

leé
le®d 2.0 2.0
23 1.1
1.8
1.3
1.0
1.C
1.2
1.8
1.1
8
1.3
1.7
.l
2
1
S
2
2
7
0
s
2
. ]
1.5
9
&
6
8
7
[
6
9
9

1 3
Tel
-8
o8
o7
.7
6
7.08 «:1 10-
3.1 7.7 5.

le4
o7
8
1.5
9

9
6
6

3
18
B

1
16
o7
9
16
0

A

3

9

1
15

25
lel
1.4
Peb
1¢6

.8

-9

le1 Te
1.5 2.0
l.4
2.5

1.3

.7
l.‘
100
l.,
led

ok

b

1.R

-

.

L)

.
lel
1.2

'ﬂ
1.3

.h
1.7

.*
2eb
2eh
le1

.9
ol
8
8
led
lea
o8
B
leB
o8
ol
Y
o7
la0
.
.
led
1.7
o8
1«2
1.0
le9
le4
28
2o
leS

9
9
1.1
7
2
]
3
6
6
9
1
7
0
(1]
3
Q
1.0
.7
2
7?5
l.?
7.0

.5

.7
7
2

.8
2
0
7
1
1

o6
3

1

[

]

S

5

]

3

8

3

6

1

0
1.0
.8
.8
Y
2.7
"7

1.3
2
1
1
1
2
2
2.1

FIGURE 14 (Cont'd)

R
1
&
1
1
7
1
1
6
>
7
7
0
k|
1
rd
n
a
P
1.7
7
o}
b
4
5
&
1
9
>
1
Q

le
let
.
3.2
1.8
1.0
let
2.5

o < 0

o
e & 8 s @ e\s 08 & v 2 s 0 8 0 0 0+ 8
——n N VMmN

\

m
P
_-_—-—O> =-O LT
e ¢ w2 0 v 0
— —e— NN

w

o7
-8
R
8
.9
0
.6
R
1
1
4
J
9
o7
1
4
I3
2
1.2
R
led
]
1
4
4
2
3
3
l.3
leé

.
9
o7
b
3
1
7
2
-H
£m bankment

™
.

o7
9
1.2

1.0
.
L]
lel
lo4
1.1
2.3

2
2
9
4
.9
7
1.3
R
.9
b
L]
0
?
1
9
6
6
.9
l.u
1.0
6
3
A
1
L]
1
s
140
26

1
1

o™

L 4
L] L] .
é\o P

cmNme—T NN SN oMmNINOS T AN
. L] e o' e o L] .
.....-._..-.-..-—nmmf\o'.r \—LﬂNN—

l\l

VP

?e(
707

w
.
>

2.0

LI
s ™

8
.e
.1
.7
Ve
7
'9
V1e3
10
?
e
.7
X3
B
1
3
led
[ 4
.q
R
|04
12
2
1]
le?
9
162
VTebh
&

R
.9

6
o7
R
7
1.0
7
o7
1.3
|

1.3
l.l
)
1.2
2

0

L]

7

7
.9
U

—— ——

4.3
Railroad

cxyruvIr~C M‘FO&!
O'O
———— e~ —r N r Mg N

.7
)
«Q
o6
5
oh
)
«f
L
«R
o7
1.8
.9
]
1a0)
«h
R
1.3
1R
1%
.9
o7
4
«?
7
7
?.7
].R

el

ECLGO*U‘(\O*@F‘NCG:FF ~0 f\.ﬂ
2 o 5 & 9 e+ 0 0 90 L] .
— — o~ — - M O Mlﬁ F

N
R
«3
o7
R
)
6
0
7
9
9
9
<R
7
C’
o6

l.s
1.1
2.3
2ot
2.

ahhfchmowmroncp—ork“
. e e . .

* & o 9 e @ s »

- [l - N B P T T P -
~~ - FOULMNMEANT P NOD P mpr — \o e
L . v e @ 8 0 & ¢ 0 s L « & 0 L]

- - ~N\3 3 @ $E MmN~
A - \
TUEOUUARUNLCYEC~FEANC—~OUL~00RLr~0NRNRSCMUE L MENa\e F\\
» "~ 8 6 &

-~
. o . e e & ¢ o o 2 . 0 L L a o . LN * » o » . . . . L]
- —— —— - e LN e e e U e ; p\m A,ﬁ ¢\

1.7
o7
ol
o7

3

0

R

7

0
L]
oh
o7
R
3
9
07
<R
o7
or
ol
1e4
Va2
TS

13
11
o7
0
ok
-9
o7
)
o b
o7
.6
1.0
«fA
15
1.0
X
14

A

3
Iy
23
440

..
——

AS-82-1770



ORIGINAL PR 2
OF POOR QUALITY

A N1

— -t

S X~

0 -

- -

omnn

-t -

<~

——

FIGURE ]4 (Cont'd)

[TANL VR
» s 0
[

Pt

———

2

4

1
«PUR11IEN]

=02

SIGMA

MIN

-— -

Laa I ANEAN

3
2
S
STATISTICS On PRIMIEQ PIXFLY
«l1UT9HF ¢}
JHRIRAF U

~ran

.
.
.

L2 ANELN

MaAX
MEAN

— -

w” 4 AS-82-1770

. W



3.0 2.1 4.5

Peak
3.1 60.5 s

Average of Adjacent Samples (underlined) = 6.075

2.3 9.3 7.0

Adjacent Sample Contrast = 9.95

For finitely sampled systems the highest recoveravle spatial
frequency is determined by the spatial sampling interval, and the cor-
respondence between this highest recoverable frequency and the highest
spatial frequency in the system spatial passband is what determines the
value for adjacent sam; le contrast. For one extreme, with sampling
ratios much greater than one, the adjacent sample contrast will be close
to the integrated sidelobe ratio (ISLR). For the other extreme, with
sampling ratios much less than one, adjacent sample contrast will
approach infinity.

F. Mean Level (Brightness)

The average level of linear image data is determined by radar
system gain settings, noise sources, and S/N enhancement during signal
processing. For the image of Fig. 1l1(b) (statistics in Fig. 13), the
mean level i35 0.946. It may be noted that the standard deviation
(SIGMA) is 1.14, due to the presence of the large point reflectors in
the scene.

G. Noise Level

The noise data tape supplied by NASA/JSC was analyzed and Figs. 15
and 16 are histograms of the bipolar video samples in two different
range swaths. Figure 17 gives the radar paramneters for the noise
recording operation. Figure 18 is a histogram of the processed (Fourier
analyzed) noise data, a Rayleigh distribution, as is expected, versus
the Gaussian distributions of Figs. 15 and 16. The mean value of the
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noise is 0.21, which represents the dark background level in a radar
shadow.

One of the "dark" areas in the Wilcox Playa scene was processed; it
is also Rayleigh distributed and has a mean of 0.42 (see Fig. 19), and

demons*rates the influence of the system noise level.

H. Geometric Fidelity (Distortion)

Due to the effects of the slant range geometry, the sample spacing
in ground range decreases with increasing grazing angle. But the
azimuth processor maintains a constant azimuth sample spacing equal to
the range sample spacing at the patch center, therefore the pixel
dimensions are greater at greater ranges. Based on the corner reflector
spacings of 1600 m, and the sample spacings, a test was made of the
range fidelity, using Fig. 14. From range bin 182, where two 100 cm
corner reflectors were located, to range bin 443, where a 25 cm corner
reflector was located, should be 3200 m. Radar altitude was 17,306.5 m;
the slant range to start of sampling was 20149.8 m. The 30 c¢m corner
reflector was at range bin 307 or an additional slant range increment of
307 X 52.5 nsec, which, when converted to range, is 2416.2 m. The slant
range to the 30 cm corner reflector midway between the 100 c¢m and 25 cm
targets was 22,566 m. The nadir angle corresponding to this is 39.92°.
Calculating the ground range from .he nadir, RNGNADR, to each of the
range bins gives the following results: RNGNADR to RB 182 = 12895 m,
RNGNADR to RB 307 = 14481 m, and RNGNADR to RB 443 = 16098 m. The
ground range from RB 182 to RB 443 and RB 307 shows excellent range
fidelity: RB 182 to RB 443 = 3203 m, and RB 182 to RB 307 = 1586 m.

In azimuth, a similar test was performed using the two 3-corner
reflector arrays separated by 1600 m and at the same range. The more
easterly array was in range bin 183, azimuth line 229, and the westerly
array was in range bin 181, azimuth line 361. This difference of 131
azimuth lines, times the filter spa.ing of 12.6 m, gave a separation of

54



0e

o
Y

OF POOR QuALITY

!

ORIGIMNAL -+

Lia

SIOVWI VAV XOOTIM 3HL 40 YUV (MUVC. ¥V WOM4 STIXId Q3SSII0Ud

61 9IS

Y3MOd 13XId

J-n- ] bﬂ—- N -..—.n- 1 bﬂ-n

Pﬁ.n-—J-bbﬂ.-—ﬂ.-—ﬂ.-bc.

ovo

AlI[8H80Yd

T T LI . T T 1
ox g 2 oy W

AS-82-1775

55

{a



1650 m. Geometric fidelity is therefore satisfactory. Appendix I pro-
vides the data used for this result.

I. Coverage

Coverage for the GSP developed by ARL:UT is 360 azimuth lines by
384 range bins, or 133,240 pixels. The SI can be varied from 50 nsec to
100 nsec in range; trerefore the coverage will be governed by the pixel
size, set by the 25-50 ft slant ranye interval, and the nadir angle,
determined by the mode and the range at start of sampling (DRMIN
setting). Typically, the coverage is 4500 m in azimuth x 4800 m in
range, using 50 nsec SI.
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VI. SYSTEM DESIGN PARAMETERS

A. Main Lobe Width

This is the spatial coverage of the -3 dB main lobe width of the
impulse response, and establishes nominal system resolution. It cor-
respends to the distance between two scatterers of the same cross sec-
tion at which mutual interference will not prevent their being resolved
in the SAR image. Main lobe width is measured by observing the response
to a large single corner reflector. The nominal value is that of the
compressed pulse main lobe given in Fig. 1.

The image response was obtained for the SE corner reflector of the
array by examining the pixel response for Line 1, Run 2. The radar
parameters are given in Fig. 20. The SI was 73.5 nsec. Figures 21-28
are plots of amplitude versus azimuth line for range bins on either side
of the peak response. Examination of the data indicates that the
dynamic range of the radar is limiting the peak response. The plot of
Fig. 33 matches the sidelobe structure of a sinx/x pulse (see Fig. 1) to
the observed amplitude distribution for azimuth Tline 265. The back-
ground level was used to scale the data, pased on data from Refs. 4
and 5.

From this plot, the combined effects of undersampling and dynamic
range limitation result in a main lobe width of 85 ft, or 26 m in range.
In azimuth, the 3 dB main lobe width (see Fig. 30) is one azimuth line
or 17 m for the NE corner reflector. Figure 31 is the printout of data
from which Fig. 30 was plotted. For this example, in which the sampling
grid seems to have ra.len almost precisely on the corner reflector, the
3 dB range response is also about 16 m. On the average, the width of
the main lobe in azimuth and in range is 23 m. Here the ratio of the
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maximum to the mean is 13.3 dB. The background is estimated to have a
cross section 0@ of -12 dB. Applying this to pixel area of 231 m2
(2.2 m in range x 15.2 m in azimuth), we obtain a cross section of
14.6 m2 or 11.6 dBmz. The difference in the radar cross section of the
100 cm corner reflector (36.3 dBmz) and the background should therefore
be apout 25 dB, instead of 13.3; either the sampling point not being on
the peak of the response or the radar's dynamic range limitation (or
both) causes the difference of about 12 dB.

Figures 32 and 33 are plots of the SE corner reiiector response.
The azimuth resolution is equal to range resolution and azimuth sample
spacing is equal to range sample spacing at the patch center for
Fig. 33, i.e., 16.95 m. Sample spacing was reduced to 4.24 m for the
same data in Fig. 3Z. The peak value in Fig. 33 was 107.5 and, for
Fig. 32, it was 69.7, so it is evident that sample spacing can huve an
effect of about 3 dB on the peak response observed.

B. Flare Ratio

This parameter is related to the average brightness of flare that
surrounds the image of an isolated point scatterer. It is the ratic of
the average level of the impulse response function outside the main
(3 dB) lobe to the average level of the entire response.

The integrated main 1lobe response Wy of an impuise response

R(x) is
wt=f R(x) dx | (1)

where X1 Xo = spatial projection 3 dB from peak response (cross-hatched
area of Fig. 30). A measure of total clutter w. is the rea of the
entire response function (shaded area of Fig. 30):

W, =f R(x) dx
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Flare f is due to the area outside the main lobe:

W, - W
f:.—-—r‘i 'Y
C

from Fig. 30, wt=25, wc=58, and f=0.57. Other measurement: from the SE
corner reflector yield values of 0.35 and 0.4 (see Figs. 32 and 33,
respectively.)

C. Peak Sidelobe Ratio (PSLR)

This is the ratio of the peak level of the largest sidelobe to the
maximum response. In addition to the usual sidelobe structure for the
azimuth dimension, substantial grating Jlobes are observed to be
generated. These are the result of aliasing of the main azimuth filter
response due to undersampling, or the generation of spurious responses
due to harmonic generation in the radar system.

The pulse sampling rate is based on the ground speed and is sup-
posed to be at a rate of 2 samples/ft of travel or approximately 2 sam-
ples/nsec for a spatial sampling frequency of approximately 6.5 sam-
ples/m. From analyses of the digital images, and of the optically
processed images, it is evident that aliasing in the digital imagery is
not the problem. Rather, it appears to be due to Doppler harmonic or
spurious frequency generation by the radar receiver.

With decreasad azimuth sample spacing, the peak sidelobes are about
20 dB below the maximum response (see Fig. 32, for example). The
aliased main lobe responses occur about every 26 azimuth lines, with the
strongest one about 11.6 dB below the peak. The sample spacing of
4.24 m means that the spatial interval is about 110 m. At a range of
24373.1 m, ..e relative radial velocity Vp of the aircraft is

110

<<
¥

X +.0 kt = 3.186 ft/.ec ’
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and the associated Doppler frequency is

g = 2 6.372

A 0.1025

From Fig. 33, the spacing is about 6.5 azimuth lines, or still
110 m, so these grating lobes are independent of the processing in
azimuth,

Another ~xample is that of Fig. 25. The first grating lobes are 33
azimuth lines, at 3 m spacing, or 99 m from the main lobe. They arn
9 dB and 15 dB below the peak of the corner reflector, whereas the peak
sidelobes are almost 18 dB down from the wmain lobe response. The only
differences are the resolution of 6.0 m, and sample spacing of 3.0 m.

In range, the data of Figs. 21-28 yield (from Fig. 24) a ratio of
-8 dB. Data on the SW corner reflector indicate the PSLR to be about
-12 dB, exclusive of sampling effects, more in line with the theoreti-
cal value for sinx/x distribution.

D. Sampling Ratio

The range sampling ratio is set by the operator selection of the
DDRS sample interval. The ratio °~ given by the ratio Wy Wy where Wq
is the highest spatial frequency unambiguously recoverable by the
sampling grid. In the case of 52.5 nsec SI, for example, the sampling
frequency is 19 MHz, and wa=2(9.5X106) rad/sec based on the Nyquist
criterion. The radar impulse response in range at the 3 dB points is
60 nsec, which corresponds to a spatial frequency bandwid*n of 16.7 MHz
and a spatial frequency w. of 2(16.7X106), for slant range sampling
ratio of 0.57. This is far from an ideal value of r=1,2. For 73.5 nsec
SI, the ratio is only 0.41. As an approximation, it is the ratio of the

3 dB width of the impulse response divided ty twice the SI.

74



In azimuth, the normal or default processing sets the azimuth
resolution uqual to that of the ground range resolution, and thus varies
with slant range. The sample spacing is fixed at the range sample
interval times the cosecant of the nadir angle at the patch center.

For example (see Fig. 34), the data for the filter processing for
the three range bins indicated sh-ws that RESR (range ground resolution
in meters) is 15.2, with FI'SA (azimuth ground resolution) set to the
same value. The FILTSP (fiiter spacing) is 12.6 m. The sample ratio
for azimuth is given by

v RESA  _ 15.2 _ 4 403

r o= RAAA-2

a
B W;' 2 FILTSPC ~ 25.2

E. Processor Signal-to-Noise Ratio (S/N) Gain (Qpl

This is the vratio of processor output S/N to input S/N.
Fundamentally, the amount of noise suppression is determined by the
amount of signal integration during image formation. In the APG-102,
range compression has already occurred prior to digitizing the video
signal, and the processor S/N gain results from the azimuth compression
process, or Doppler processing, which involves overlaying the outputs
of successive Fourier transform operations. Since the nonconerent
integration gain is in theory equal tu the squa~e root of the samples
summed, from Fig. 34, for example, the value is Gp = /I9 = 4.36, or
about 6.4 dB.

A second and important effect of increasing the S/N  processing
gain is to decrease the background roughness, and the low level of the
background roughness parameter is due to the substantial amount of
overlay in the formation of the digital imagery.
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VII. CONCLUSIONS

The digital image qualitv compares favorably with the images
produced by optical processing, but the study has indicated some
substantial Tlimitations in the overall XSAR system for remote sensing
applications. The most obvious of these is the limited dynamic range of
the radar system. A second serious limitation is the undersampling in
range, due to the limitation of the DDRS video sampling rate. The mini-
mum SI was designed to he 40 nsec; how ‘er, this was not usable in
practice due to hardware problems.

The following specific conclusions evolve from the study of the
data supplied, and the processed images.

1. The dynamic range of the system is only about 25 dB. The
corner reflector with RCS of less than 10 m could not be discerned in
the data and only the 25 cm and larger reflectors provided echoes larger
than the background.

2. The system resolution is about half that of the nominal 3 dB
range resolution, as the processing is normally performed. The azimuth
resolution can be increased, however, to a limit of about 3 m.
Resolution varies with the cosecant cof the nadir angle.

3. Spurious signals generated by the radar receiving system
create substantiail azimuth grating lobes. This couid be due either to
the design of the APQ-102, or due to a poor state of maintenance at the
time of the data gathering flights. Because of this, the use of a
weighting function on the Doppler array, prior .o Fourier transforma-
tion, has Tlittle effect.
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SwhRGad569445663555686545558464465644C664360544228454766%,06
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PIXEL VALUES FOR RANGE BINS 240 TO 384
AZIMUTH LINES 119 to 211 RELATIVE TO LEFT OF IMAGE: AZIMUTH LINES 92-184
DB/GRAY SHADE = 1.50 TOP GRAY SHADE VALUE = 1C.0G

868R987799n7888778937993RITBIRIIHHBA968T8ABT79998998678RTIASTTTI9778876887867T6TRTT/BBBT48T8876
8799A9RcRAQG98T78B8BIRTTI7RTTABRI98998R888998689A779989TRRT978878R6R7756TT666866R7688T76778888768
88779792979R88988989R97996RB87889Y49998799877868RTABT897RT99888868T777T8TITTTSTERA6BI6TBETABBI6T
97R9R897ATRATIBTBARARSABRBABTTT6THTER999A98987877R997888A 7787888 Y7T87777877767T878T76/76886767888
897aR78RAR9878768798998A78877889R98787887686887R8889887R97A6TB675TT8667T6TTTTARGTI 168887888877
78R7777Ra89R98878899949R79RQ78THRGR 7878817867788 778797789789897788647788686TTR67T /77778888775
78RARTABROTRABABTB9R9A896988 78888988 784B8968888877789788R4BTTTT777677878788677687565876888866687
78877987a89888777799999987797884978R8988888897ATT78877888987889878856777757887R69876876778788
88975894799R8888798R7A99AA9RALIBHHISREBBRR08787887978884TT777688878689A7668887678886/86877699878
089aR88798R889889878989R8998RBBRM 777998 TA98898 7888978787688 7767RBBBRI668TTE6TTTT768/78886786877
78799887R8987987879777799899977678R7889998899897888888R878978T77786876786867677876/88777767657
8899R889989R7989989A 78989979877 78988787987 T7TRAEE99988997777777887866569867787767/77888667577
76798969/8R7879978RAR899989R77TYKT7788R788647(RBABOBEBITABTTTTIB76BTARTE6BTTIT6ATTBE6TBBT67886T
7899787A77RA9888RIAITTIVRTRI9968KT97788778787 ,A8877788R987787TRIT66768BRTTT6B8TATETOT6TTTTBT6RT
7799R899n89R83ABRBTATTT99889988YKI¢ 78988889RBRASTT6STT77878886 787 T487577678TT76760667678777777
89R9RTTRRTATBRTATTIRIBATTBTT7998H68ARI9BARBBIBRTRTTITIOTOATBTITTTBTT8T6798R675768676T8 75777878866
92BAATBAABRITIETIBA999I9RBTARBTIOuNEBRBTBII99877RT7788B7908988889R98678B6TBBT6TTET7T68RB767887788
898RABARTTTIATB669BTTTTTRETR9B898Y9AA9778987677R8879868787768887877787888766787577877678878688
898289999,47r798799877877798R978849889897R8976787788886777886777788665679678668R688767577878887
8ARGR87797A9A9898RRA9R8R979898776788777968877ATSTTABT6.B8888787885768776788676768868877688867
AA97798A2778A88889R878998 7RO 79BRKTATTRBR898689R68T77TT8RBB797786788778886768 7887 7778987767687
AABRE99708R878799987R999RTAT788HHEA6878895878A98889976RTB78B68RB888778778T6777787888676677576
99A0797R08788999R9987988A8997899997989889998799888998877978878T78TTRT6BTT6TBT6RIBETT669R798868
9490477RA92RT7RA99RARTEIABBAGIRRTHIT 7778878876 7R6TRIIBTTBTTTRTTIT6TBERBTTATT6RBROBE6O6TTTCTTTT68
988RAT8Q999R26T898AARIRBARG9AG989 798777878 7888887888RBBBR6ETITTTTITTBT6TBB66TTBRTABTBO6T7687766688
88ARTT790992R983878798887899A87989889897B797778977R76T8799488B89T6T6TBB6TTT6T6TRTT /66658886868
BR979879a8798778889RARIGBBIRIBINTTITOBETRTATTT4TT8BT869R8877778RBTTABBRTABTATAT6TT6TBRT6T76T88
98AQRBTRA9AAIARBRAGSIRRRBIRRABATTTTARTARTBA9ATTITBIARBEO 78667887 TTT77i87778T77TRBTBRT7887678778899
9688888998988 798789896689%A7689767R687888887798667888R766679TR7TBTBBT66677T6R9TT6BBTTIB577876
98RAATATARB7T7688B89TRTT6RATALTBIH6B87T8878998877788R888T7688RABBTT6BBTRTTLTTTT77TT67806787777688878
998ARAR9RR90RRRABATARIGRTAAARTIBAIRHBTABRR 78BBTBORTBTTITTTT7989 77986798 TTI88TARRTTTT66TT/6T7TT78779857
899R987RARRATABBT7TAIRIARG9I9986875789RBRBRABBTTILARTTTRBI7T774RIBTT6TBTRB6TBTTT787968/67T8BRTE6ETTT6
8889988AARQRIBRIEBIRIRAIITRIBITHT787988AT8BERTR97T7ABBB9778878B6R6TB4TTB6BBTTITTTRTTO666TR6BTTRT
B8B8RORBAGGAARITRIGBRATBARANITBAIRRIRABATB66686799888788KTTI9T9BTR66TEBTTRBTTTTIT6TTTETITTTIRT6ETTT?
98AG778929R9888788T789997AAR99IBNKBROBRTIBETIGRTBTERBBTT86R97874BBRTI8656TTTTTSKRBTITTTITT6T678
989r998978RAB8887778999989RA98T6RTR9BABIBB7BI9RBTBATEORBBBITESTT7T1687767678867778/T77578988778
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ORIGINAL PAGE 5
OF POOR QUALITY

9990998AA6R98 7987998778788 77888NBAREBR9AT6BIRA6BBRAETABTEI986RBBT9BBTT8688666R88/66778987786
879778 -RBIT878979988R9R7TBRRRTTIHTTATBBTTTTT98RTABTBBTE7BBTI9TTRBT677988669BTAATTBOSTTIT7686TA8
B8980A78999999798897R789788R98888 7T6RATABTET779898B88967TRBTRTABBTT68 7788887787877 7T866TISTBTTTY
9898R7TBRO9RAABBBAIR9BT9AT897888KT977778667188749898TT778798957TR9BTTIBTITTTT68TE6T61TT7656687787
9699788RAAIYBBBTIIROR99778RRBABNHEBTTTATTTTATT7R888RT88R6TEBTBI9RABELTTB9B888TBTTT6BBTTTBE6TSTAY
8989998799088 777RBAABRBRBTAGB98778778989R798 78868888 7RBB6TT68TBBTITTTITB9RTBATT6(66TH6BTERTT
8ABR9BB7R8AGTRRBRITA9T76RB8T7788TH76777778899888R8788898788789T78RBBBTIBTS6678T7666587779786765766
797R78RARARTIBB797878977789R8AT8999876879878977478897679775898679887775788899867TTT7/8TTITTTTTT6
998aR987R6R9RBBIT77RBRARRARIIARBEBHIOTTTI8RRBATE7TEBBATBBABTTTBTBRTBBTTTBB6BTTII6TSTTOT688TTTT6T?
589°n871n71398R57BQRR777997a98113818778998898787166878R87778877789188667871171776387767669877
BTRARGTTTTRT99767877R87R888R87867898888879898RAB589997R8767776688678888888576R78T767T777778786
73R7R6677879887878RTT178R6TTRTT677887877RB89677986T67TR979888675T777879697787TR7987166668978787
98779982887R9896999RBR9TEIRTATTHTIISRBITHT6RIBARRBETTETTIRBLT98T6T7BBBABBTEBTE6TTRTTIITBT66878888
B7RA777R7798ABABARTRBTITIIRA /26 /RBARTTTIR6BBBTRI9R?T6978777T6TRT8T7TTT7887787R758/67787887176
788767777798778888RATTBT768799811609888877678RA9977BT8BRTTBTB6BRTTT66TBT8TTS787867/67T785776887
6T77R777987878799778879798688781996788967988789887786ARBT 787888 T6776TRTT66T6RTBTEBBBTIBTT6T6T
7771A93Ra7°87RR898°°ﬂiaﬂ88718881989897888788818886886808978799788837688777676n188165777888786
B877AR67.7896898699R76R888BRRBYTUYIATTABBE68B67T7B86TTIBRTARTBBTA68BTSTBBTBTTTITTATTSOT6T76777787
89BRGBTROTRBABIBESTHARBTTTARTABY788R68887798T777T8/8T7A0BT 78686777 TT16677867666588T7/86767879879
78896889R87798AB8698RTRARTETT779776876887877888R98BT778B9BT7T7789756RBTETTE6RTESA6TRTTEEBB6TSBB8TT78
6879R87ﬂ77R°BBRBQ878ﬂ87R6878888"8686877196887898678687777877876676688867167§66768l77767866767
765777727887 7897977R68RT7 Ta68THRBGT76TTAT65TBORBBTATIORTTBRTETRTETIT67T9T667TTT886TTTTT7778887
88R97898ARTRTTRB66TRBT976768T78Y 7899886756677 78687787978 7R8778687887768676T7T777878897777778787
888R76T997AB78877577TBTTRIS6ITBYVEERE86867898ARTTRBTT9765T788776765668B776668557888/97777777799
89987877 7R2RT787R6RAKRARTTTTI988RYBT 7897768789987 7458BT87877T8TT777867767578767TARBBO866765778A9
8869797728 7R889978R7R788RAGRLTBB7768RIRBTTTTRT 789656888 7T8RTBTT6TBTaST6R6TE6TETTIT66/78787688776
877R7987R7998776A84B76688996886/967R878T8TTR9RA9T65TT6T7TT78BB78T8B¢6TETT6B877786T877687889888
77997877R9779899787R688997R¢B8878977788R88889967TT6766787R668T6TT7766767676687776786T777788878
898RR9TRTTT8T78TTTRARRTASARTIT88THE9AT7TARRAB 1668786 7RT6TIBBTTBBTIB6676TTR66TT6TTTBTIBBTRBTTTETE
67778967RTATBTT69877787R8TRRRATHRTTTTTI888768R78698688779888B77779T67TTT6BTTTTATTTETBT 716886977
6757RB86997R5TB8T778RTRBTATTRAGBBYRBAABRTBB6T767798T7896TRRTTABTTTABBT478TAGBBBETRTBB/T78BBTTBTTTT
6TRRO66RRBRTERT A6 T7TRBBRTAGBRTTBT 79988888 TT78RTRATBOTT7T78BTBBI9TTT7666678T78776567888T77889886778
658@78877778877788&7779978867879867899797779773817817n777888967886377167661676688878866767765
78877874 767888R87777679977R688THRTTT87687979877668891T778976TTTRBB6ATOTTTETTITSTBB6BBBTBTTT 6T
87867767977967R67776888666ﬂ778797887777879767677677887788878888777788767676887787878867898867
TBRR7667RTRT688TBTRRTE8TTSRAITBHYBTATBETTTIIRTTI7TTBRT6BETBITTHTO888678377777757667/78687688768
89866679RBABSHTBETAATE6TTBT7998T8T788T79A88797977a6TTTT174#B978788R788788887678876B78/87686576766
7884866729 78887876787579R9R78887H89R9987T7878R768RRBBATBT678B6996876876666776776R/78688787766
76777784767RT6RBTB7773778877988778988R888YBRTTRTB97T7T8AT688897698BT8TBTTT6667578TTT/T-ITTIRT8TTRT
6767578777T7RTITTT6RARTTIRTTTGRTTTHTITER888T987764RBBTT78TR9TRBT67RT66778867788867888678677787777
677aRT7R777677687766776678TR6996HB7778757767779768A387778B8957R878 7767867788878 TB8T77777766577
7777998R7777677778B675756667R8BTHYBRTTBBTT876AT778BRITTTTETBR6TRTTT867B89759876T777878976877667
67779999ATAT6TBT8T776877T76TRBRTIABAGGRTABTETERRT6BAB8BRBBABEBOTT666T88BT7T788567T7775677758878677
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ORIGINAL PACE i
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£R778 8 RBBAR669ITHTTIS6TT699R78998978RBT67986BRT6RTTATTIBIRTTTTBE666R8
;ﬂgzz722352;321532;332;2283522;5333n2389$7;27;n6359197n83936677786387798178877777be7777767876
7897777980789 7686R786RTRBT77778HHRBRTTBBBT78TATRE6TTATTAARBTEATETTTETaRBTTBT6TTT565T886768776876
B6TRTTTIATR6TATBBTIBHTRROBAIBEITHTTASRTTT6TTBATBTT6TTRABLBTTTTRBETAB6BB66TBB6L6TBS6TTTBBTETTT
78R807R6PaRATT7ARITORRTRIOBTTIBTTHHIGARIARES688A9RI8TT6TRRBTTRBTTT7878R8B866TTTT66788/8TTTTIS6TTTY
B666RBTTARRTTBTIS567RTI99TT7TARIBBTIBBRBBITE69R6RRTTHTS88788799697668a8869888888RBBT67TT77686766
878KTR777827767877TRATABTBTAGTBTT1TR7T767688864775TB56R9B8RT767TB6TBBRTETTIBITHTTBBE0668BBBRTTLT
BARTT7TA78R788RT77697888ARBTTTTTHABETBORATBTTT4T7T1567897878886668876678T78BT8TT76ARR6T /76688778878
TBROATBAKTAITOTTIETT6TT66TRETIBTIORGITIOTTI6TTTIB6TATTARBBGTTETTTRBRB6T6TTTATTTTR6ETB68T66TTYT
777897723879859767T7RR6TTTTRTTBT6787RBBTTARBT67TRT996TT6RTBT874777887RT18898877ARABOTIBETT6TTTS
8899777206778 TRT677998A677997686778RTBBTABY6 7568996888 788RA97T77877778798686887RT8E8T7764887778
9940797A776576997747878777T7RT687/8898AT6A38TBTTRTT9TTARTITITTIO7777897786BBBT6TT4BBTETSTTATT78AT
6840999277778879984788RR7967A3RT7777RT9B9767TTRABTIGRBTITAGTRE 77678987777 T688787A 788 /88889887776
7792789977aR771588R78676877779877697R998RRT76777977776878678768B768778997786898R857887899876787
779RA%8 75678897 7767RSTTRTT97988H6H8777889878978A787797778R87887987477988877877978886797886688
7787AR657777BRRATITORTTTTTITARTTIOHABI9BBARTETEBTI6TTRTF666896BBBI9BTTTTTR6 8T TTR6TEYIRBITBTITTTS
877RR6687758886877R8578R95878788H88ATIR9T76787RA788888 7778979874887 7T8T7678787788T877877577887
SBAT7T6RKTT7986898277868R89789767897886988889ARB77888897988RATRAB6TTT77978888979786786788871787
8877778R76778BT7877R7RRT9BRE79976677BRTB7T8R8ARTBBRTE907888388ABTT79798T785768R988 /88777886688
T787R67R6aRBRKTTRRETRARBBARBTELTTETITTBRBEHBBTATT69867676877988BRI8897789T7875784B67897778877788
998cRTTTLTRTTTTBT6676TT6RRRGBETYITEARTII8BTT188RRTS6ATERETBT78887878578889886678786TTBRRTT6967
T8R.7T7RQT7T9778675767776TARTETTATITB8TTTT8IRTRTTBT78T9R8886687888886887686RT7TRT8TYI9T78886967
6557776RRBA9BATGTTATTR6RBTTSTBTEYIGABTIBTBEAITRTTRBBTTABBTTTTIORTBTOTBT6T7BTT6TRBTTYVT8789789876
868r6T777277R7678T6RTATTABTARBTT 71788868887 779R9¢RABA968R988857R8T7T788778T77878767788/67889788887
B7729B877677677758R778RHRR7RTAARKTEATBARTABTI9ARABBATETO98R87888RB66888B8RTBBT7TRTEBE67TT7876687
777RABT7A67RTTT8894887TR78R988986B9RBTETT6798RTABARTEIRBARBBHERTBTIQTT6ETTRITLTRTIOBTTBBR968886
787RAB7778R67598874BRATATB94ABBYHBARBRBATT888T7ABBRITIRABBI767898893R7878788864899777888878877
8B79778R7R87678T8R7 779767 TRRABBY7889879888768RATT78BBA8778ABREBARTTBGI66BT67687AAT8E89887898877
7877778aR7778T8777787R78768888677778788376887R67658887868996877678878788777768898787897688787
88777892577788788767767788RA7886985R8AR8T78689A7579899TA977878668799877888677799887878877776888
87767867R8379BRRARTAKARTTITERTTILTISTAIOTEOBBR8ATTTTAIBBTBTS69T778A9¢T76I9888T67ATTBTBT8997678878
T699R7T77A92TTABT8T9RARITTITATATIT7899888R987777A7T88R9TT98898878RB893877787888TRBTABTITI8TTTTTT8
7787R78T7ARQTTITARANGABTTTTTT8BRTIHTASTE088877777878887R88988868778TA989889A8667889066888767688
BT8RRTT777TT9RTROTATHE6TT6T3RABBYYBATBIBTT6898,7BRRRTBTTTER6TBI9TE99TTTTTAIBT 78T 7877687887878
7799R77RARARBTATATRTBTHRAR" 976998HEORBTBBTT666TRTB99TEARGE9T7TTBABBBTIBTITTB877T6TABLGBTBTERBTBE
T779AR68AGRAG6TTBARTAKTRTIASTRE9IHATIOBETBTT66TORBBII768RBT987876888a8789T7676567767777886768888
777a76BRARATTAI86RRTRBTARBAKIBTIHBARBTI96769ARRTBARETBRBBRIB6EGRBAR78888T789987897/87888777677
B79A7567787778877TRARTTTITITTREYBYN58A89BR798990R4FBSTTTAB9REBBIRIBBRTETTERTE9TRTTTTI&TTIBTTITTT96
T6R778TaT78RTTR97T77RTTT7T487T99R987RA8R9999889A8R0AB6RTBRRTIBTTBTA9IB8799788878874778089899776668
B784788R78RT67T6BTTARTBA99987896R999978987898R9BT8R7B766987878989878A97676788a8 78888778A88688
77642RRBAT9ITATBBTARTTABT 7786 788B94NTEA9788788780R9638B88988R7667889887787TATAR6TB788968879987887
TRTaR6TT987767677897B777989r688Y978R999 77976 9R7879R9T808BRIBT68ATBBR869778879R7RTI/BIBBITSTERY
T6RTTL6RABTIEBEATTBTRTTATIB9RIBTIVETA998888PA977788999R9TRRABET9RBETRTIBETTTTT6B78/8B678867997
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ORIGINAL PAGE 19
OF POOR QUALITY

8BRT7BITRARTTTTBEATTETTTAIT2RB9 767 TRETBARTIBIRRIB6TBBRIBBITTE6RTTBR6TTBBB9B87TRT6BYBTBTB8A9988
8B7RATARTARARARTAIRTAARTTTATE77788:u688976778888897888768999988788667887899R889998AABT8TT877888878
B8774656R7778R8B777TRAARTATTIAGBBIHNIG99788794899R899997998898878R778888899788R899R8877886787777
78676674 767776R8877797668TARBBTHHBRA9TBBABIAB9T7TIRIGTARTIBBBTTOBRIATT76988889A888/88977866787
BT7AT776RARRE66TBTTRABTHTITRARI86T6TETTRTATTIRA9RB98898998898989787949885688888R988088867877786
BTTT77.,778777R98ATA6R66R666TABBYSTT99776RETI6RT7I9BABIBL6TBTBIBI6T8T776667TBBRATITTUBBTBTEBTTTY
TBORATBATITARBTATARTTIIRTEE6TTRI98HY9AB869888979RA998888RBBT789898T7777769A98868086T7788898986766
BB7RTATAG97RTT9RTIARTTTISATIRRAIBHABAG98R66BITHRTATRTITERRIBIBIBIRBEBTITTIRAATTITRTITSBTTBT869766
787776778879778787RARBARRGT TS 8IHYAQARBRAABARTARIBBTBTIRITRTAIIRBTTBABARTITTTIBATE8LBB66788987T7
9994777R78798RR99847RB77RTARI9R7TABTI9T7BB9YRATIRABBTIBTARBETTA9IRTE67799RTTTI977R89 /88769988886
8787RARARTTABIRIIARRERIBTTTT7997B6T786RTRTHTEB9RBRTBBBBBARBAT8S9BRBRIRB6TABBTT887RB88687889877898
T6R9Q6BOATT7RE6TTTI99ANRTRBTTTARIBTHRINT8T78678B0888RTTTIRTBIRRIBTIBBATTE9RBBTIRTTRTARBB6BT7TT77888798
B876R987RRBTR6TTTITTISTRTTBRARBARTITAGTI9BRRBIBTARTTBLTBBRITEABBT64BTBRTBB6988888 7887 /88788778986
B8B9R767:R77RHBBI9BTTNRT6TRETIIINT6TRBRTREBBARTARRIABAT6B7BRABRBTT7TITARBT6T6ETRIARTBBYTB8B8T87887
B79RARTARTAARBITARTTASETTTHTTIAYHBBTTTBIR3BTBRREITATTETIB9T997TR6R9I99787977799R888Y8T7789897888
7699777728R8T8RB6TLTBINTRESTRBANKRTTATATAGEAI977TTTABB9 7787898898 78R89799888989877Y96879888899
878RATTAATARBBRT789879RTAT6TRBTI#HARIBABI996787997T7RBTARIS9TT7989886R889778779989987/98878988879
BBRRT7TAT7TRARBTBTIBTRRTTABTT7787HYIPRTABRATIRIOA98B99TRT799889TATETT788TA99T78RB9TABETBT8RTI7BTI6
T7BRT78778RATAI78RRAARRAKTTRATTTHRTARIGIFIAS99AARTTITTITTOTBR96BTATT78988989887980788878989878989
778RABB7789RITAGIRTTRTITRBRARBI79B8RTAIRRBTTBAQGTTIB9B8ARTTTRIBBTABRTEBTT7887887R997879888888888
R6BRTT87R9ATTTIRITARRTTTATTITTIRBIA THIQAGRATIIATB9AN99R99A0TBA9BBIATBABRBTETI99889898Y88788889889
988ARTTTT77RTATBHRRRRATATTARAI9HATIOTABBAABAAGGBEBARBADART 7998 7896879897798799978888A99A899988 -
89ARABTARRRTABEGBRRARTABIT67R9A99AAG99889AAA9BRB999A9AGTBABEBBIBEBI9BTTTRIFIBIORTIFNEPAGRBTBTEE

STATISTICS ON PRINTED PIXELS
MaX = ,1928T7E+0n} MIN = «16980E+00
MFAN= L,6T7119E+00STGMA= ,20115F+00
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APPENDIX III

DARK BACKGROUNC
Gray Shade Values (Hexadecimal)

89



ORIGINAL PAGE IS
OF POOR QUALITY

PIXEL VALUES FOR RANGE BINS 216 TO 370
AZIMUTH LINES 322 TO 367 RELATIVE TO LEFT OF IMAGE: AZIMUTH LINE 295-340

DB/GRAY SHADE = 1.50

657766TRATRARBTHTTTATASHKAGTEREBBARETTTATTHE6RIA
6657656 TTATROTRTAGTTATSTATTATTIRHTI6TRBTTTT4TTEA
66566564 TBARTTATATALTARSTARBOTTE6HTTETTH6TTTRAbA
6665R6TTETTASIRTAGRTTRTATERTERGT6TTRESETTSELST
666756RRLEL6HBARKBTITITTTARTORTETTHTTE566TRETTT4a
675c67RAT666TTBT76TRAGTES6TH6TTT66T666T RBTREA
T6TRATT67R6ATTRREESS6RTHTTERESSANS6666668967654
TSTTIRTA7464R6T6TTSTTTAT7666R6667T66TTSRT66TBB6A
976574877678 7866665T66RRGEKTSES/TTTRE65TTEEB6T
987R67TATITATTTAHE6556TTGE6T6RBSTIRTETTA68TT887R
BT717657776776TTTATRGTTITTIRTATORRIT66T6R767177767
TTRARTTTARATTEL5TTAGH66THETHTEOLTSES56R6ATOTTTA
BTRRATB7IQTHAARRTTTITHETTTORATBEINESGHAGTTSTRSY
6TTTRTETTITHGAOTSEHRRETATTTARTBSHASTASSTTABTTAR
B8776987cR4a7T66666777667TT74TTTRR6TAE6666656TT
8766RBT7PT4T7668783667T565T6797T76876656777684
77177787777 6A5T65666TTTT6RATE6TTE6T666665TTTT
BTRRRBIRTTAE56ATSSTATRATASRESTHENTTIRAETHOABE6ET
TBT799R77T74T6TT6T6TTTISHTHTRATBEIRETATATETOETTR
9B7aRTTAR604TRTSA6KTRBARABTRTBTOHITTTTAAAE68RTE
BHBARETRAARTTISEE6TAKRTATRABTATTTNTETSE65568T86y
88ROOBTRA9756546665TTRTTBTTETTITNRTATTIG46AT656A
T778787677764T66£655TRTTRARBTTRBT I7666765666668R
TTT7796ATTATTRITIGTTT6STRE6TAATRTTITTGARBTTTATTABTY
89769972RRaRT766556657T6RTTRITTESRTARTTTTET6S6T
BE6BATTRATTAS665566KT6RTATTIRE6B677867T776797667
9TRITTTT46A565T54TTATETTEOTRBRTRGTTITTITOHONBETST
6BRAATITARBRES56THETRTATTTARBRRE6THTHARETTE 66577
T77aRB62 77766676067 T656TTO6GRTTTRTITITTARG, HAKSA
AS5779874AA1-REE6665ATTARRTETROABENKG6AORHRLISTTT
6BRARBTIRLTAASTOTSHAGRTTTTETAAREESRTTTTTTRTIEEE5T
68B7768RATA56T6TCHATSTRATRRTRE66M66TTTIRTATIETTA
675677AATATIALESTHOERTHETSTTARRAGHSS6RTTRTE6TSST
T6TRRTBRITR4H556A5ATHETTTREATTETEH6TETRTTOTRAY
TRAARBTIRATRTTETHTTTTIRTITARTTATTER4THTERRTTATLRY
8897777777767 765667TR6ETARATTaE6TT4AS5TTTTATHBESEA

9N

TOP GRAY SHADE VALUE = 10.00

i, PAGE BLANK NOT FILMED
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CRIGINAL PAGE 15
OF POOR QUALITY

6SARETTITRARTSOTTIARARATEATRATTETITHRTTIARGRTATTTY
668677776 776767T56ARTTTTTSCTT666NTERBATRTITTTY

§06717RTAR57T7ST77ARTATRTA55A6556/7777THARTTHIR6AR
676755RL 4677667666 T6T65RR6TTASSHNTSTTROATHEETAT
667 TTTTRITTINSARTTITTITIRASTTITTA664n0ETTOARTTATTALA
TT766566464R66TTT77TTTT785557T6T66RTRABATATIRTTY
6677666A76KTTHE6TTTTIAGHATSTTAASRTITTTITBTIATARTATR
S66RES56GRTAGHELHATARSSTETHTLE66THNETABREGSHTHST
7665666676777527554A7655hT6KTTB6/ASRTH79663ASTA
757784387 TASTTISBT77TASKRTLAGRETERSETTIATTABRTOT
177766TA6TA6TSTETRAGTTATTTALTE666TTTASTTATTRRSA
4554655746 7666566T75AATTRABERKTOESHASLTETARTOTATR
6557h65RRGR6ABHEARTRATESRERRTTT6T4685T6TH6TRAT
66RTALSAAEASH6465A5AEKTETATHOANNSETTTELABBREYG
SBRTTABAASASTATTATARGHESABGRTTHISSESRTTRBBLGAAA
68BRTE5RTITI65546TAS655TT6TAGTTORRATAETETARETTR
6TR7664,A6T56TTE56A6666666646650A5TAETBTRTETTR
76757567/ TATTEATTIGARSETTASETSTEITTIERSTARRTITEET
TRRTTT677677557545456TATTAA666605T7T765T7T448677
77657677484665T76766665666T66665696747677688RA4
7765ART726455667758665555775666n767687T76AT9T76
TTR6666A46TTBTE6TE5TTASSH6ERTSSIATTITBTIRTHTIET 6
67T0666565666T66TSARTRTLHAREOESEMNTHAETTTEETTAR
666607TTRTT865TA65436RA656TAA66TIRTTATREGETHBBR
77766666c506TRTETSTTHTRTH6AATS65R6TRETBTRTIBATY
6TTA786A° 37765667 TRRRAGRTHRETTENNETARO6HTTTTETO
8667T76A4RATHSOTETALSHREHASATTSSANESTBERTTH4TTA
64ERTBTRTIHRABSH6ARTRESAATESRE554T67TBTRBTTERTH
6666788777768 TACE57T6RT564K6AKT66TTTRABTISTTETER
1766RTTATTARBEETHRBARATRALSLGETTHR6TAGSTTTETRTY
TTT777T4RTTHASRBTTIRGLABTORATETHRTRATTITHTETRY
7R57AT64KRAGSE6THAOTARLELELARTSTITISETOATARTETTET
B8B7466T777777 - Y6TAROTARKOATTESHA5ER5655TTRRER
7767867~ \T1AS854TRTR66AT66H466T4656679758
6L6ETRATAG 16 TOATAATTTARALGTI6561/TATTOHTTSATIRTTT
TTTIT560740TRTAERLTTTTHATSTARTSITTISTSSAAROTTTA
56166T5ARAATTTTAGRAKTARTTATA4E6690E6T6RGSTiIETTa
177 R6ETRARARARTTEOARRRTATTITISEANNEE6TE6TRTETTHS
67677TRTIA4KTTTRTITARTICCTT4RRTTITH6RTTICHRELTHETTY
4 168TT6RABRRTTATTTALRRGAKOTATSEDASTATTTRLIGTTA
76677 THRTATARBRATETTITTHLSAETSETHINESAGRARTOAGTA
66RT776TRTRT5KTTTARASRARKRRHAGHLOENNLUELRARTTOTTTY
S6BARTRRATITAARRATARSRKATTHUASSEINSTTTRTTTTEATE
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ORIGINAL PAGE (3
OF POOR QUALITY

66TRTTTRTITR6666TTETTTTISAO6ATRTITRGTTIRO6KTARATISTTTY
T6BRETTRABATTRELTTATTITOARRTETTTTTTTTIASTTRNG6ST 6
6T6RTERTTITETOS66TRTIRTIQTARGGKEBTHNTRA6TTORTTATA
T7779787R6K8T666TRTTTTARTGTTIRBTHNTITTHORTTAYE66A
6647767A456T6776756977TATATH6THITTABABT668RTA
66TT7T76TRERGSTATTITRTATTATABRTITTITITBTARTRTTTITIATY
BTTTRTTA78c666ATTT5HALTHTRATTEEHTRARTSOTETTTRA
7717678R77466T6TTTATAGKTRBTIATTTTARTAO6TRTTT8T8BR
77715678737 7B686TT 77767778774 TT17B6RBRKTETTTRA
6TTATT6RARARRTTBTITATATERTBTIT6TTH6TRATIBSTHT TR
77677764 7T4RITTTIBTTAHSTETTITAATTIATATTITTITTATHET TR
T67776B77R56BT7667066HB687679T6RIVB6TB6TTTHTABY
1547767745 8867876666 76T7T6TRTIST68aT87678RTITTRG
T76776R276TTTRATOTTITITTATTTTIATHTHGTT IBTTT66RRTY
66T TROYIT7676766TTT7TTRRTT7RB8TIRSRTINTTABTTTTHRETY
G6TTRTTTRRATEOBTIRTISARTTTRTITTIATTEHMEESBTSRTTBTBA
S6664TTTIS9TTTIRETATTIRT,TTIORTTRERSTTTITATTTHEIRAY
756775566647 TATETTAATATTITRATTHIRTIRTTATTITIBTER
656KRE6TTTTIRTSSERSTETATTABARKRSS I TTRTTRBTTTTIAGS
7677766717 75666TT6A5ARGTTBRTIGBTINTETTTTTTISRSTR
TE68KTTRRTAGTTREBTTAATTATTRRGBRHTITETBARHEROETAR
77745767764 76556T4T66TTH6TT666TIHTRRBTHETTETTA
TTIR77776TAT668B6TTARTTOTRE6TTICRTHHBRTTRATRTTITTY
S65RRBERABATTRATTITSAAHEK66KK6TTHHBTTSRETTTTT8A
T756767TAKTT66TTRBBRARTSTARETTRBTTIRTSTTTBATHEARY
66777566 TRTISSTT6TATTARSTTLTSIRTTIKNTGATTTTTO6ATY
6TT766TARTR4GA ,66T67THERBTBATTTRATSTT T RBTOETTY
677778TAATAE T THERTSETTLS6TRAGTTIS6BRTRTTISTETES
S66ARSTOAGETTTOUSTTARTTARSAGS6TATE6TTETTABBT TR
6774656 TABTITSATTRTARGISTROTIRTTIRTITTIRTITTITTTT76R
17767667477 TTRT666865567TTT=TT6ATTTIRTTTBROTABY
5487767775466TT666ATASHAGRRTIARTTATBEATRTETTTTHR
5T5AS66=KTATET6666KKS56T56TATELTTTSTSTTTSE6T80
1777666646465 TTTTTTSATER6TKSS6TRTTR6TTATIBRTY
767765 TRAKRTTTRATEATEAELATEASSHTIHBTTIBNSTEITHOA
TTT7665RTSAE5TS666RATRTHAGTHETTRNE6STRETABT ALK
b6TTIRASERTRTITTTRTTITTICRATHESARASTHKRESTBIREE66TTEY
66TAETRTASATRTTTATTITTHATGTTE6TTnR6TTTRRATTTARAY
AERTTTATITITTSOTSSATATTHEBTACRBETETRRETTREBTRY
T16774T0ahaTTTAEGOTTTTTTEEARAOTETTSEI98BRAIARBEK
66578TTRTIT76746TTTANTRATEERRTTTTTRATBRARTBETTY
66KTRTTARTTARTRTTITTTARTTITTT66TIHRRRATTTIRTIATTR
TTT777T77RI65TRTIGHATTTTATRALGETRATRARETARRETTTTR
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GE IS
ORIGINAL PA
Of POOR QUALM

6T5R68BRRATATARAAGALGLLTRATRRTTSSNE5ABTTARTBARTY
ISRRATTATTRTISTISTTTRTTITIRTITATGETASS6T6TATTOSTEY
SS8TRTT?I6TTTSTTI7AATEASRASTSS6TRASRABRGASHTRE,
TTRTATERTITRATTRTITISATALASTTSRTES6TETSERTTALSTHA
BTTRATTCRATAETATTARAATAARSKAGLSASTSESHTARBEATR
767577756777 TRRTTTATRARASIRL4ES60R6685THARSTTOT
T6TARREALSTTIRHATSTTATRTITGSERE664H0TE4HTHE56TT54A
TTTIT6TTTTITRTATATTITARARSATSR666ANE5A66TTSTETER
ABEETOTRASTIRTARTTIARTATTAESERE66TTE66THESTTRAOT
TTREAATEE4ARBAGLTTATTRTATATHSET I TTTTEARTTHIRTS
769a4568RTTTTTAEEE6TTERARTSARI6BAN6TTOHSHBEYGATO
7771776766676 TIABTITTIARATATTOEATHE66TER6AGETTITTTR
TRATTRTIORATTIHTITTITRTTAGEAE64LTETTTISGE56TAAYTTT6:
1777675771 7RATRESATATTESSGTTARRETTTTHESTTTTTAGA
RAQRRE6TTRAT5TTSEBBTIT666ASTTETEBROEATTTHTTE6A
BB9QRATTATREETBETERE56TASTTTCSh641654TT6ARTTTAT
BBRTIIARTIZRBRHEATRTITISREATTITTOARTEOORTELSSTASSE6RA
TBRRTTITATRATH6TTITRAGKRTTAGTATTAT 1A66665A558TT6S
RERALTRARTABKREETAABRTTTTITTTAGETINTTAGATTTSS5T76A
RTRRATARRTIRTTTITLTARTTTOARTARTETBAGEL5666TTERET
B6TTT6RARTARTTHBBESE566TT6TATTSSN65TTTH6566667
TRTIRTAAYTATHRTITTITAG66TETGERTEA66NB6TTAS66TE6TT
7762777776768 TTTTITATISTETTIRTTITTON6TTTT6RTTITSER
BRTIRTTRATTITRATTATTATTILEATRTITETSonTRREG6BE6TATR
ATTATTROAIQTIRTRETATTATTTITTITTTIBNNGE6ATHEARTEAES
RTSDRBOTIRRIAUTARTRARTATRATSATTAONNSETHETTAE4TTT
RTRc7867ABAIHASTTTRTSBTARGATEETTR6RTATTITRISTTT
THRATERRATRTTT TATARTRTRATATSTTTIATTIAGTITTI6AGT
61666H998RTTTALTTITTITTRTATSRTISRANKGSTOTRETHSTOA
6RATRTIATIRAARRATTITTIRTTATTARTRATH766TTTETONERTS
TRTIATSTTTI9QRTTTTI8QAR T3 T T TRARRTORTBTIATTTITTEETTY
THT7RR77780RTAT5ARATRTITISTTATITAGKTATTIRTTIARIG6TTR
T5R7TR6TT4LRTRTTRRATATARGTTTIRTT 1827787765774

STATISTICS ON PRINTEDR PTIXFLS

Max = ,[JR4AFen] MIN = .129=\E+0n

MEANZ &34 TE+NNSTGMAS . 1S001E+00

5
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