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FOREWORD

The research results reported here were prepared for the National
Aeronautics and Space Administration, Johnson Space Center (NASA,
JSC) under a grant to the Environmental Research Institute of Michi-
gan (ERIM), Radar and Optics Division. The technical monitor for
NASA, JSC was Dr. M. B. Duke. Dr. P.L. Jackson* was Principal In-
vestigator during the first 12 months of the program; Mr. R. F. Raw-
son was designated Principal Investigator for the completion of the
program. R.E. Hamilton and C.L. Liskow provided analysis support
and A.R. Dias provided support in using the ERIM digital processing
facilities.

*Dr. Jackson 1is presently with the University of Michigan, De-
partment of Geology, Ann Arbor, Michigan.
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1
INTRODUCTION AND OBJECTIVES

1.1 INTRODUCTION

Data obtained with synthetic aperture radar (SAR) is processed
to obtain imagery with intensity proportional to the reflectivity
distribution of the scene imaged. During the past decade, and more,
a large number of investigators have studied ways to model the ob-
served reflectivity distribution in terms of physical surface pro-
perties for a variety of scattering surfaces. In order to validate
models, meésurements of the reflectivity of specific surfaces must
be compared to the theoretical values of reflectivity as predicted
by the models using ground measurements. In general practice, how-
ever, the extensive ground measurements of specific imaged sites
needed to make these validations have been both difficult and expen-
sive to obtain. Work on correlating the reflectivity distributions
with physical surface parameters through scattering models has there-
fore been extremely limited.

The work described in this report has made use of available SAR
data obtained at the SP Mountain lava flow. This particular site
has been the subject of numerous investigations which have provided
a wealth of scattering model information based on extensive ground
measurements. The research reported here has taken advantage of both
the SAR data coliected by ERIM with the ERIM X-L SAR system, and the
available model information, to correlate reflectivity distributions
obtained from SAR data with the ground measurements and models de-
scribing the imaged area. The correlations were accomplished for 3
cm wavelength data (X-band) and 23 cm wavelength data (L-band). Both
like (horizontal) and cross polarization data sets were utilized.
Various image manipulations are required in order to fully utilize
the SAR data for scattering studies. The availability of the X-L
SAR data in particular has allowed the opportunity to demonstrate
several sophisticated digital processing techniques.
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1.2 OBJECTIVES

The research effort discussed in this report was carried out for
the general purpose of analyzing existing X-L radar data of SP Moun-
tain and its associated lava flow in such a way as to correlate the
radar return with terrain surface roughness. In particular, the ob-
jectives of this analysis were to (1) analyze all four channels in
terms of geological applications, (2) determine if the vegetation
masks the geology, (3) apply Multispectral Scanner (MSS) enhancement
techniques to the radar imagery, and (4) combine radar and MSS chan-
nels together.

The following chapters of this report discuss the steps taken
toward meeting these objectives. Chapter 2 describes the data
processing carried out to prepare the radar imagery for analysis and
interpretation. Chapter 3 presents the results of manual interpre-
tation of the imagery and discusses the digital image processing
techniques applied to aid geologic interpretation. Chapter 4, the
final chapter, presents the conclusions of the analysis and recommen-
dations for further research in this area.
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2
PREPARATION OF RADAR IMAGERY

This analysis made use of radar image data collected on 20 Octo-
ber 1979. During Pass 3 on that date, the SP Mountain area in Ari-
zona was imaged by means of ERIM's X-L four-channel imaging radar
mounted in a Canadian CV-580 aircraft. The flight altitude (i.e.,
height above ground) was approximately 15,000 ft and the antenna de-
pression angle was 36°. The system used two transmitter channels,
X-band and L-band, both at horizontal polarization. There were four
receiver channels, two X-band and two L-band; for each wavelength,
one channel received parallel-polarized signals and the other re-
ceived cross-polarized signals*.

Signal data from the X-L SAR is recorded on film on-board the
aircraft. [Imagery is obtained from the signal data using a matched
filter type processor in the ERIM optical processing facility. Two
image formats can be obtained for analysis: (1) a film transparency
and (2) digital data on a CCT. In this investigation, film trans-
parencies of the imagery were utilized only to identify the test area
to be used for further analysis. A1l subsequent data reduction was
accomplished using the images in a CCT format.

This section describes, briefly, the steps in preparing the radar
imagery for analysis. The preparations include the following steps:
(1) digitization of the optically-processed imagery, (2) image gen-
eration and annotation, (3) image registration, (4) slant range-to-
ground range coordinate transformation, (5) scale corrections, and
(6) image intensity corrections. These various steps are described
in this section.

*R.F. Rawson, F. Smith, and R. Larson, "The ERIM Simultaneous
X- and L-Band Dual Polarization Radar", The Record of the IEEE 1975
International Radar Conference, 21-23 April 1975.

A
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2.1

DIGITIZATION

The signal film which resulted from the data-collection mission
was used as the input to ERIM's Hybrid Image Processing Facility
(HIPF). This facility converted the analog image data to digital
form and recorded the digital data on computer-compatible tape (CCT).
Parameters of the digitization process are discussed in Appendix A.
The resulting tapes, designated IPL 584, 585, 586, and 587, served
as inputs to the data-analysis task discussed in this report.

2.2 IMAGERY GENERATION

The four (raw data) CCTs produced by HIPF were used by ERIM's
Earth Resources Data Center (ERDC) to generate the uncorrected imag-
ery shown in Figures la, 2a, 3a, and 4a. These radar images were
all printed with north down in order to have the computer-printed
identification oriented for easy reading.

Early in this program, it was decided that all imagery should be
carefully labelled in order to avoid confusion. Therefore, a pro-
cedure was developed for placing pertinent information on each trans-
parency along with the image. Using the CCT as its input, ERDC
generated an image transparency upon which appears the header infor-
mation plus certain letter codes which indicate the correction
process applied to the data. A1l imagery presented in this report
is so labelled.

2.3 [IMAGE REGISTRATION

In order to compare the various radar-channel images with one
another using a digital computer, it is necessary to register all
four images. This registration requires a geometric reference, such
as a topographic map, a satellite photo, or an appropriate aerial
photo.
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(a) Uncorrected (b) SR-to-GR Corrected

FIGURE 1. ERDC IMAGERY, X-BAND, HH POLARIZATION.
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(a) Uncorrected (b) SR-to-GR Corrected

FIGURE 2. ERDC IMAGERY, X-BAND, HV POLARIZATION.
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(a) Uncorrected (b) SR-to-GR Corrected

e

FIGURE 3. ERDC IMAGERY, L-BAND, HH POLARIZATION.
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(a) Uncorrected (b) SR-to-GR Corrected

FIGURE 4. ERDC IMAGERY, L-BAND, HV POLARIZATION.
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For this program, registration was accomplished in the following
manner. First, since the original digital radar image was linear in
slant range, a conversion to ground-range coordinates was accom-
plished. Second, the range scale was adjusted with respect to the
azimuth scale to obtain unity aspect ratio. These two steps were
carried out in one operation using ERIM's Advanced Radar Imaging and
Exploitation System (ARIES) digital computer facility and are de-
scribed in the next two sections. Details of the digital computer
work are presented in Appendix B.

2.3.1 SLANT-RANGE-TO-GROUND-RANGE CORRECTION

To accomplish the slant-range-to-ground-range (SR to GR) cor-
rection of the digital image data, an existing ERIM computer program
was employed. This program employs a digital reconstruction filter
to generate a new unequally-spaced set of data samples from the ori-
ginal samples which are equally spaced in slant range; Figure 5
illustrates the use of this filter. 1In order to effect the desired
correction, the new samples must be unequally spaced in a very par-
ticular way, namely, such that they correspond to equal spacings in
ground range. This is accomplished by considering the geometrical
relationship between the slant range and ground range coordinate
systems, as shown in Figure 6. From this figure, the following equa-

2 2
dsr=‘\/dgr+h -h, (1)

where dsr is a slant-range distance, d

tion can be derived:

gr is the corresponding
ground-range distance, and h is the aircraft's altitude above the
terrain; these terms are clarified in Figure 6. Using this equation,

equal ground range spacings ad

gr will result in the proper unequal

slant range spacings Adsr.
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The imagery resulting from this SR-to-GR correction process is
shown in Figures 1b, 2b, 3b, and 4b. Note that the code letter "G"
(for "ground") has been appended to the header information to signify
that this correction has been made.

2.3.2 RANGE-AZIMUTH SCALE CORRECTION

The original intent of this correction was that the range and
azimuth scales on all four images be made equal. Unfortunately, this
approach turned out to be very time-consuming and costly; it requires
about eighteen hours of computer time per tape. An alternate
approach was therefore selected which requires about one hour of com-
puter time per tape; this approach corrects the ratio of the range
and azimuth scales to unity, but does not make all four images exact-
ly the same size. Further information about the two alternatives is
given in Appendix B.

In order to determine the required correction factors, measure-
ments were made on the SR-to-GR-corrected images in Figures 1b, 2b,
3b, and 4b. The procedure for determining the range-to-azimuth scale
ratio was to first measure the range distance between two identifi-
able points spaced far apart in the radar image and to measure the
corresponding distance on a satellite color photograph.* By di-
viding the former distance by the latter, a range quotient was cal-
culated. Then, the same types of measurements were made in the azi-
muth direction and the corresponding azimuth quotient was formed.
Finally, the range quotient was divided by the azimuth quotient to
give the desired range-to-azimuth scale ratio. By simply inverting
this ratio, the correction factor is obtained. Table 1 Tlists these
factors for all four channels. It can be shown that these correction

*This reference was chosen because it was easier to correlate
the boundaries of the cone and lava flow between it and the radar

image (than it was using the topographic map).

12
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TABLE 1
SP MOUNTAIN RANGE-AZIMUTH SCALE CORRECTION FACTORS

Scale
IPL Multiplication
File Pixel Spacing (m) Factor
Channel No. Azimuth Range Azimuth Range
X 5841 1.5 a3 1 1.152
HH : 1.152 :
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factors are within 7 percent of those indicated for the original

jdeal approach. The decision was made that it would not be cost-
effective to use eighteen times as much computer time to eliminate
an error of this magnitude.

Images which have been both SR-to-GR-corrected and range-azimuth-
scale-corrected were produced. Measurements were made on these
images in order to determine how closely the desired unity range-
azimuth scale ratio was achieved. The results are shown in Table 2.
It can be seen that the errors in scale ratio range from 2.1 to 5.9
percent.

2.4 INTENSITY CORRECTION

The intensity of the radar imagery has variations within the
image due to (1) radar antenna gain variation, (2) radar range varia-
tion, and (3) radar display irregularities. The radar image inten-
sities can be corrected for antenna gain variation by increasing the
intensity of image components at each depression angle to the value
they would have with peak antenna gain. This is done by multiplying
each value by the square of the ratio of peak gain to actual gain.
A1l image components away from the peak gain angle will be increased
in intensity.

The radar image intensity variation due to radar range variation
can be corrected by a factor

7]

where RC is the range to the center of the scene. The received
echo from identical targets at different ranges varies as R'4, but
the compression factor attained by the synthetic aperture radar
processor increases in proportion to R. These two variations with

3

range result in the R™ relationship. Since the center range of

the display was chosen as the reference range, the near-range

14
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TABLE 2
SCALE RATIOS ACHIEVED BY CORRECTION PROCESS

Scale

IPL Radar Ratio
Number Channel Achieved
584 XUH 1.027
585 Xhv 1.021
587 Lhu 1.043
586 Ly 1.059

15
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intensities will be decreased and the far-range intensities will be

increased.

Correction for radar signal recorder irregularities is accom-
plished by use of a calibration curve generated from recordings of
standard signals and measurements of the image intensities of these
standard signals. A1l image component intensities are multiplied by
the ratio of peak response to the response at the range of interest.
This brings all image intensities up to the same efficiency across
the radar display.

Correction factors for these three intensity variations were
calculated at 1000 ft intervals in slant range across the swath.
These are summarized in Tables 3, 4, 5, and 6; the pertinent geometry
is illustrated in Figure 7. Accurate interpolation at the far edge
of the swath required that correction factors be provided out to
40,000 ft.

With these three intensity corrections, each intensity value can
be converted to equivalent radar cross section by use of a cali-
bration chart. This equivalent radar cross section could be useful
for point reflectors, such as spheres or corner reflectors. However,
extended horizontal surfaces will appear weaker at lower depression
angles because the reflected power is inversely proportional to the
cosine of the depression angle. This is due to the fact that equal
sections of horizontal surfaces intercept less of the illuminating
radar signal at smaller depression angles. Thus, the reflected sig-
nal from extended targets is less at lower depression angles even
though the surface reflectivity is constant.

If different channels of radar imagery are to be compared by
ratioing or subtraction, data corrected as described above would
provide good results only for point targets. If, however, it is
desired to compare imagery of horizontal surfaces, the intensities
should be corrected for illumination differences. That is, they
should be multiplied by cos e.

16
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TABLE 3
XHH INTENSITY CORRECTION INFORMATION
Percent ) R -3
Ground of Stant Depression 2 10 10910 [le A Total
Range Display Range Angle AG c eff Error
(ft) Width (ft) (Degrees) (dB) (dB) (dB) (dB)
6,213 0 16,236" 67.5 -5.75
8,002 4 17,000 61.92 +5.65
9,951 10 18,000 56.44 +4.,40 -0.2
11,661 15 19,000 52.14 +3.70 ~0.2
13,229 21 20,000 48.59 -14.5 +3.03 -0.2 -11.67
14,698 26 21,000 45.58 -1.0 +2.39 -0.2 -8.81
16,092 32 22,000 42.99 -9.6 +1.79 -0.1 -6.91
17,434 38 23,000 40.71 -6.7 +1.21 -0.0 -5.49
18,736 43 24,000 38.68 -4.7 +0.65 -0.1 -4.15
20,000 49 25,000 36.87 -2.8 +0.12 -0.6 -3.28
20,294 50 25,236 36.47 -2.5 0.00 -0.8 -3.30
21,232 54 26,000 35.23 -1.7 -0.39 -1.1 -3.19
22,450 60 27,000 33.75 -0.8 -0.88 -1.7 -3.38
23,644 65 28,000 32.39 -0.3 -1.35 -2.4 -4.05
24,821 N 29,000 31.14 -0.08 -1.81 =2.2 -4.09
25,981 76 30,000 30.00 0.0 -2.25 2.1 -4.35
27,129 82 31,000 28.94 -0.05 -2.68 -2.0 -4.73
28,261 86 32,000 27.95 -0.23 -3.09
29,393 93 33,000 27.04 -0.53 -3.49
30,522 99 34,000 26.12 -0.95 -3.88
30,716 100 34,236 25.98 -1.0 -3.97
31,623 35,000 25.38 -1.1 -4.25 -6.2
32,726 36,000 24.62 -1.8 -4.63 -7.2
33,823 37,000 23.92 -2.0 -4.99 -7.8
34,914 38,000 23.25 -2.5 -5.33 -8.6
36,000 39,000 22.62 -2.8 -5.67 -9.3
37,081 40,000 22.02 -3.2 -6.00 -10.0
*Near edge.

17
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TABLE 4

XHV INTENSITY CORRECTION INFORMATION

Percent . R -3
) of Slant Depression 10 log]o R_] A Total
Display Range Angle AG c eff Error
Width (ft) (Degrees) (dB) (dB) (dB) (dB)
0 16,236 67.50 -34.0 5.75 -5.0 -33.3
4 17,000 61.92 -34.0 5.65 -5.0 -33.4
10 18,000 56.44 -23.8 4.40 ~5.5 -24.9
15 19,000 52.14 -19.6 3.70 -5.6 -24.5
21 20,000 48.59 -16.8 3.03 -5.9 -19.7
26 21,000 45.58 -14.4 2.39 -6.0 -18.0
32 22,000 42.99 -11.9 1.79 -5.8 -15.9
38 23,000 40.71 -8.9 1.21 -5.4 -13.1
43 24,000 38.68 -5.9 0.65 -5.1 -10.4
49 25,000 36.87 -3.4 0.12 -5.0 -8.3
50 25,236 36.47 ~2.9 0.00 -5.0 -7.9
54 26,000 35.23 2.1 -0.39 -5.0 -7.5
60 27,000 37.75 -0.9 -0.88 -4.8 -6.6
65 28,000 32.39 -0.3 -1.35 -3.9 -2.9
n 29,000 31.14 0.0 -1.81 -3.0 -4.8
76 30,000 30.00 0.0 -2.25 -2.0 -4.3
82 31,000 28.94 -0.0 -2.68 0.0 -2.7
86 32,000 27.95 -0.2 -3.09 0.0 -3.3
93 33,000 27.04 -0.7 -3.49 0.0 -4.2
99 34,000 26.12 -0.9 -3.88 0.0 -4.8
100 34,236 25.98 -1.1 ~-3.97 0.0 -5.1
35,000 25.38 -1.5 -4.26 -5.8
36,000 24.62 2.3 -4.63 -6.9
37,000 23.92 ~2.6 -4.99 -7.6
38,000 23.25 -3.4 -5.33 -8.7
29,000 22.62 -3.9 -5.67 -9.6
40,000 22.02 -5.1 -6.00 -1a

18
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TABLE 5
LHH INTENSITY CORRECTION INFORMATION
Percent ) R -3
] of Slant Depression 2 10 10910 [R—:I N Total
Display Range Angle AG c eff Error
Width (ft) (Degrees) (dB) (dB) (dB) (dB)
0 16,236 67.50 5.75
4 17,000 61.92 5.65
10 18,000 56.44 -3.4 4.40 -1.5 -0.5
15 19,000 52.14 -2.8 3.70 -0.6 -0.3
21 20,000 48.59 -2.1 3.03 0.0 -0.9
26 21,000 45.58 -1.7 2.39 0.0 -0.7
32 22,000 42.99 -1.3 1.79 0.0 -0.5
38 23,000 40.71 -1.1 1.21 0.0 -0.1
43 24,000 38.68 -0.9 0.65 0.0 -0.3
49 25,000 36.87 -0.6 0.12 0.0 -0.5
50 25,236 36.47 -0.5 0.00 0.0 -0.5
54 26,000 35.23 -0.3 -0.39 -0.1 -0.8
60 27,000 37.75 -0.2 -0.88 -0.5 -1.6
65 28,000 32.39 -0.1 -1.35 -1.1 -2.6
n 29,000 31.14 0.0 -1.81 -2.0 -3.8
76 30,000 30.00 0.0 -2.25 -3.0 -5.3
82 31,000 28.94 .0 -2.68 -4.5 -7.2
86 32,000 27.95 0.0 -3.09 -7.6
93 33,000 27.04 -0.1 -3.49 -7.1
99 34,000 26.12 -0.2 -3.88 -8.6
100 34,236 25.98 -0.2 -3.97 -8.7
35,000 25.38 -0.4 -4.26 -9.2
36,000 24.62 -0.4 -4.63 -9.5
37,000 23.92 -0.5 -4.99 -10.0
38,000 23.25 -0.6 -5.33 -10.4.
29,000 22.62 -0.7 ~-5.67 -10.9
40,000 22.02 -0.8 -6.00 -11.3

19
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TABLE 6
LHV INTENSITY CORRECTION INFORMATION
Percent R -3

_of Slant Depression 2 10 1og]0 [ﬁ—:] A Total
Display Range Angle AG c eff Error
g Width (ft) (Degrees) (dB) (dB) (dB) (dB)

0 16,236 67.50 5.75 -10.0

4 17,000 61.92 5.65 -10.0
10 18,000 56.44 -4.9 4.40 -10.0 -10.5
15 19,000 52.14 -3.8 3.70 -9.0 -9.1
21 20,000 48.59 -2.9 3.03 -8.0 -7.9
26 21,000 45.58 -2.4 2.39 -7.0 -7.0
32 22,000 42.99 -1.8 1.79 -6.0 -6.0
38 23,000 40.71 -1.4 1.21 -5.0 -5.2
43 24,000 38.68 -1.1 0.65 -4.0 -4.5
49 25,000 36.87 -0.8 0.12 -2.8 -3.5
50 25,236 36.47 -0.6 0.00 -2.5 -3.1
54 26,000 35.23 -0.5 -0.39 -1.9 ~-2.8
60 27,000 37.75 -0.4 -0.88 -1.4 -2.7
65 28,000 32.39 -0.2 -1.35 -1.0 -2.6
71 29,000 31.14 0.0 -1.81 -0.8 -2.6
76 30,000 30.00 0.0 -2.25 -0.7 -3.0
82 31,000 28.94 0.0 -2.68 -0.5 -3.2
86 32,000 27.95 g.1 -3.09 -3.7
93 33,000 27.04 -0.2 -3.49 -4.2
99 34,000 26.12 -0.4 -3.88 -4.8
100 34,236 25.98 -0.6 -3.97 -4.9
35,000 25.38 -0.6 -4.26 -4.9
36,000 24.62 -0.6 -4.63 -5.2
37,000 23.92 -0.7 -4.99 -5.7
38,000 23.25 -0.8 -5.33 -6.1
29,000 22.62 -0.9 -5.67 -6.6
40,000 22.02 -1.0 -6.00 -7.0
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Radar images with all four intensity corrections would appear
more uniform over a range of depression angles if the target scene
were all horizontal with no relief. However, point target intensi-
ties would be distorted. For the purposes of this analysis, all four
intensity corrections are considered necessary.

Figures 8, 9, 10, and 11 show the images which have been
intensity-corrected (in addition to being SR-to-GR and range-azimuth-
scale-corrected). The symbol "GSC" is used to show that all these
corrections have been made. Intensity correction is signified by
the "C" (for "calibration").

It should be pointed out that these data (as well as all other
jmage data discussed and presented in this report) are amplitude data
and not intensity data. If these amplitude data were squared to ob-
tain intensity data, the resulting dynamic range could not be fully
represented in digital form because of computer limitations. In
order to avoid this loss of information, amplitude data were used in
the digital analysis described in the following chapter.
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S84 FILE | FLIGHT 200CT79 X-8MND W4 5P MOUNTRIN 2650M6800 1. SNFIX SORT 2200780 GSC

FIGURE 8. XHyH ERDC IMAGERY CORRECTED FOR
SR-TO-GR, RA.-AZ. SCALE, AND
INTENSITY.
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8% FILE 1 FLIGHT 200CT79 PASS 3 X-8AND HU SP MOUNTAIN 2630K6800 1.SMPIX SGRT 220CT0

FIGURE 9. Xyy ERDC IMAGERY CORRECTED FOR
SR-T0-GR, RA.-AZ. SCALE, AND
INTENSITY.
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S87 FILE | FLIGHT 200CT79 PRSS 3 L-BAND HH SP MOUNTRIN 26S0M6800 1.SM/PIX SORT 240CT80 GSC
-
) *
s

'

FIGURE 10. LHH ERDC IMAGERY CORRECTED FOR
SR-TO-GR, RA.-AZ. SCALE, AND
INTENSITY.
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FIGURE 11.

LHy ERDC IMAGERY CORRECTED FOR
SR-TO-GR, RA.-AZ. SCALE, AND
INTENSITY.
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3
IMAGE ANALYSIS AND INTERPRETATION

Analysis of the X-L SAR imagery of the SP Mountain area included
the visual interpretation of the corrected four-channel SAR data and
evaluation of two digital image enhancement techniques. Since the
operating wavelengths were 3 cm (X-band) and 23 cm (L-band), dif-
ferent roughness scales should be apparent in the different images.
These comparisons are presented in the following section (3.1).
Next, image differencing was accomplished to accentuate the differ-
ential response in the like- and cross-polarized imagery (Section
3.2). Finally, a method for correction for the ground relief was
developed and used to correct for distortion caused by vertical
terrain displacement (Section 3.3).

3.1 [IMAGERY INTERPRETATION

Interpretation of the SP Mountain SP flow SAR imagery was accom-
plished with the aid of a Geological Survey map (1962). Two distinct
surface units are indicated: wunit 1 consists of basaltic blocks and
unit 2 corresponds to sand-filled areas with grassy vegetation cover.

Some more highly vegetated areas are indicated near the southern fan.

In general, unit 1 and unit 2 do not reflect much differently on
the four channels. They are better differentiated at L-band than at
X-band, perhaps due to the reflectivity of the grass at X-band. The
northern fan is shown as sandy on its northeast portion, but the
radar images do not show this. Some of the vegetated areas appear
as prominent return areas on all four channels, but they do not ap-

pear significantly different from returns from rocks.

Detailed comparison of imagery from the various channels points
out specific features with backscatter signatures that change dra-
matically with changes in polarization or frequency. Referring to

Figures 8-11, the following observations can be made:
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There is a prominent rectangle east of SP Mountain on LHH’ but
it's shape is quite different on LHV and it does not show on XHH
or XHV'

There is an area of strong return at the base of SP Mountain
(ESE) on LHH'
ble on the X-band channels.

This 1is fairly prominent in LHV’ and barely visi-

There is a low return strip near the base of SP Mountain (N, E,
and possibly W) on the L-band channels. This strip is not visible
on the X-band channels.

The X-band channels show what may be a road running east and west
just north of SP Mountain. This does not show on the L-band

channels.

Michilbach tank (NE of the flow) shows on all four channels. The
XHV image does not show the fences both east and west of the tank,
although they appear on the other three channels.

There are long lines both north and south of Michilbach tank that
may be fences. These show brightly at L-band, moderately to weakly

at XHH’ and cannot be distinguished at XHV'

3.2 DIFFERENCING

One of the ways that two different data channels can be compared
is by creating a difference image, in which each pixel is the dif-
ference between the corresponding pixels in the two channels being
compared. This standard MSS enhancement technique was applied to
the L-band HH and HV data channels using the ARIES digital image
processing facility. Further information about the digital computer
work involved is provided in Appendix B.

The composite difference image in Figure 12 shows LHH compo-

nents in black and Ly, in white. Image components that were equal
in both channels would be expected to cancel and appear grey in the
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DIFFERENCE IMAGERY.

FIGURE 12
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composite. Image components that are stronger in one channel would
be expected to appear in the composite as black or white components,
depending upon which channel 1is stronger. Note that processing
streaks in both channels also appear in the composite.

Low return areas in both channels appear as grey areas in the
composite. The low-level image texture is less visible in the com-
posite image. The differencing operation has evidently caused the
weak areas to cancel to some extent, leaving a nearly featureless
grey area.

The moderate and strong components of both channels are all
visible but displaced because of poor registration. The rough sur-
face of the lava flow has texture in both channels and in the com-
posite. The shorter-range portion of the lava appears to have more
white (cross-polarized) components than black (parallel). This in-
cludes the steep near edges of the flow. The far-range portion of
the flow has more dark (parallel) components.

The Tack of alignment of the two channels is quite noticeable
throughout the composite image. Strong components of both channels
can be seen (LHH dark and LHV light) with a slight displacement
in range. For example, a single point image within the rectangle
and another southwest of the rectangle both appear as displaced black
and white images. The strong linear images northwest of center can
be seen clearly as displaced pairs also. If these pairs were pro-
perly registered, they would tend to cancel each other out, rather
than appearing prominently. A notable exception is a rectangular
array of components in the southeast portion of the image that
appears almost exclusively in the cross-polarized channel. It
appears white in the composite.

The observed displacement is greater at near range than at far
range; this non-uniformity may be due to slightly different sweep
speeds in the two channels. Co-registration of SAR channels is
therefore probably required, in addition to the slant-to-ground
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range and aspect ratio correction (see Section 2.3), to produce a

satisfactory composite image. Identical channels could be used with
the subtraction routine to test the accuracy of the registration.

Use of the channel subtraction technique does appear to enhance
some features of the SP flow and to increase contrast between low
and moderate to strong returns. Its effectiveness is significantly
degraded, however, by mis-registration of the two channels. This
example points out the need for developing algorithms to co-register
SAR channels.

3.3 REMOVAL OF RELIEF DISPLACEMENT

In a sidelooking radar (SLAR) image, the slant-range representa-
tion causes two basic geometric distortions. The first is the dis-
tortion 1in representing a horizontal terrain segment ("slant-to-
ground" distortion). The second is the distortion in representing
vertical terrain segments ("relief displacement").

The first kind of distortion is easily removed for flat surfaces,
such as oceans and midwest agricultural fields. This correction has
been discussed in Section 2.3.1.

Correction of the second type of distortion, however, has not
been accomplished to our knowledge. Relief displacement, illustrated
in Figure 13, severely distorts SLAR images of mountain and hilly
terrain: a relative displacement with elevation occurs toward the
ground track of the aircraft. Such a displacement precludes accurate
overlays and computer comparison with other imagery such as Landsat,
causes "radar foreshortening," and, as shown by the relative posi-
tions of A and B in Figure 13, radar "layover." This latter distor-
tion occurs when the downward slope of the terrain toward the air-
craft is greater than the perpendicular to the radar beam.

Relief displacement can be removed using topographic data which
are available in digital form for the continental United States, and

can be obtained from stereo aerial photography elsewhere.
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If one commences with the map coordinates (ground range) and the
flight parameters of the radar, the corresponding slant ranges can
easily be found. The image intensity at the corresponding slant
range can then be assigned to the proper map coordinate.

The procedure for each ground range sample is as follows:

1. Select a map coordinate (ground range), g, related to the
known ground track of the vehicle.

2. Using the known elevation at that coordinate, find the slant
range s corresponding to g:

s(g) = (% + (h - e)))!/?

where e 1is the elevation and h is the altitude of the
aircraft.

3. Assign the image intensity found in the corresponding slant
range s(g) to the map coordinate g. As the slant range is
discretely sampled, assign the intensity found by nearest
neighbor, Tlinear interpolation, or a more sophisticated

interpolation as desired or required.

The above procedure is presented in its simplest form. Flight
parameter errors, scaling, and bookkeeping difficulties (such as re-
lating digital topographic data skewed with SAR data) will provide

sufficient difficulty in execution.

Relief displacement in SAR imagery of SP Mountain in northern
Arizona (contours shown in Figure 14) has been removed. SP Mountain
is not perfectly rotationally symmetric, but it is close enough to
provide a graphic illustration of relief displacement and its re-
moval. The 3-cm (X-band) cross-polarized (HV) imagery is displayed
in four manifestations in Figures 2, 15, and 16.
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FIGURE 14. TOPOGRAPHIC CONTOURS OF SP MOUNTAIN.

(Note deviations from circular
symmetry and higher elevations on
west side.)
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FIGURE 15. SLANT-TO-GROUND-RANGE CONVERSION WITH
DATUM PLANE AT TOP OF SP MOUNTAIN.

FIGURE 16. REMOVAL OF RELIEF DISPLACEMENT.
(Includes slant-to-ground-range
conversion.)

35

o
|




ERIM RADAR AND OPTICS DIVISION

The slant-range uncorrected imagery shown in Figure 2(a) demon-
strates slant-range distortion in that both the base of the mountain
and its crater are foreshortened in the range dimension. Relief
displacement causes the crater to be imaged unnaturally close to the
ground track side of the mountain.

Distortion removal by conventional slant-to-ground range con-
version is shown in Figure 2(b), where the datum plane is taken at
the base of the mountain. Here, the base of the mountain is rec-
tified to approximate its actual shape (see Figure 14), but the
crater is still displaced in position and unnaturally foreshortened.

If the datum plane for conventional slant-to-ground range conver-
sion is taken at the elevation of the crater, the crater's actual
shape and position are approximated, but the base of the mountain is
distorted and displaced, as shown in Figure 15.

Using the procedure described above, both relief displacement
removal and slant-to-ground range conversion are accomplished. The
elevation data for SP mountain were approximated by four analytic
functions for various sections of the scene. As shown in Figure 16,
the preliminary result is less than ideal, but the actual shape of
the entire mountain 1is approximated, with both the shapes of the
crater and the base of the mountain closely approximated. Additional
effort is required to refine the topographic approximation and
develop a more accurate determination of flight parameters.

Thus, a simple procedure for the removal of relief displacement
in sidelooking radar imagery has been described and a very prelimi-
nary test shown. The procedure requires elevation data and knowledge
of flight altitude and ground track. Fortunately, digital elevation
data for the continental United States are readily available, and
can be obtained elsewhere (with more effort and expense) from stereo
aerial photography. The removal of relief displacement will enable
accurate overlays of radar imagery upon maps and other types of
imagery, such as Landsat.

The computer programs used are discussed in Appendix B.
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4
CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS

In carrying out the work discussed in this report, ERIM has
demonstrated the use of digital image processing routines that can
aid in geological interpretation of SAR imagery. Standard rectifi-
cation and registration routines have been applied to all four chan-
nels of SAR SP mountain data and the resulting imagery has been
manually interpreted. In addition an MSS differencing technique for
image enhancement has been applied, and an advanced rectification
-routine for relief displacement has been developed.

Basic preprocessing routines that should be applied previous to
interpretation or additional image enhancement include radiometric
rectification and image registration. The intensity correction of
the data in the range direction has been used in this program to
correct for (1) range falloff (R’3), (2) the antenna pattern, and
(3) CRT-photo-recorder variations. Intensity variations in corrected
imagery correspond to actual variations in radar backscatter.

Image registration is necessary to compare SAR imagery with maps
in ground coordinates. These routines are (1) the slant-range-to-
ground-range correction and (2) the range-azimuth scale correction.
For the Tatter, a relatively inexpensive approach was employed which
permits the modification of the range scale only; this approach gives
a unity ratio of range and azimuth scales but does not assure exactly
the same image size. If needed in the future, a more sophisticated
(and much more expensive) approach is available at ERIM which permits
changing both range and azimuth scales; if this approach were used,
exact image registration would be possible.

Manual interpretation of the corrected imagery showed that the
L-band channels gave a better representation of the general geologic
units of the area than did X-band. It was suggested that increased
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reflectivity of the vegetation at X-band masked rock (or soil) sig-
nature differences. Some vegetated areas showed strong returns on
all four channels. Several features showing distinctly different
signatures in the various polarization or frequency channels were
also observed.

In an attempt to enhance observed polarization differences, an
MSS differencing technique was applied to the L-band channels. This
technique generates a new image in which each pixel is the difference
between the corresponding pixels in the two single channels. Al-
though differencing did enhance the contrast of the scene and make
some flow features more prominent, accurate registration of the two
channels proved to be a critical factor in the effectiveness of this
technique.

Additional image improvement was obtained with a correction for
relief displacement. This technique has been developed to remove
the effects of range layover so that, for example, the crater at the
top of SP mountain is correctly aligned with its actual geographic
position. The feasibility of this technique has been demonstrated,
but additional refinement of the algorithm is required to obtain
completely satisfactory results. Accurate relief displacement cor-
rection and registration routines are needed prior to combining SAR
imagery with maps or Landsat imagery in a digital format.

4.2 RECOMMENDATIONS

The results of this analysis have provided a valuable basis from
which to determine future research projects related to digital image

analysis. The following recommendations are direct consequences of
this study:
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Develop improved registration techniques for SAR data chan-
nels. The image registration algorithm could be tested by
using identical data as inputs to the image differencing
algorithm. If the images are in perfect registration, the
difference will be zero. Any departure from zero would be a
measure of lack of registration.

Investigate the application of other MSS image enhancement
techniques, such as ratioing, to SAR digital data.

Develop an improved relief displacement correction algorithm.
This will involve refining the accuracy of the topographic
approximation equations and developing a more accurate
determination of flight parameters.

Develop a technique to register four-channel SAR digital data
with Landsat data.
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APPENDIX A
DIGITIZATION PARAMETERS

Figures A-1, A-2, A-3, and A-4 show the computer printouts of
the digitization parameters for tapes IPL 584, 585, 586, and 587.
The CCTs and these printouts were generated by ERIM's Hybrid Image
Processing Facility (HIPF).
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R _BCOMP
¥SDSP

SAR DIGITIZING SYSTEM FARAMETERS
CURRENT DATE?220CTB0
FLIGHT DATEs FASS NUMBER, AUX DATA?200CT79 PASS 3 SF MOUNTAIN
RAIAR RANGE SCALE FACTOR, RAIAR AZIMUTH SCALE FACTOR
7196700515000
SIGNAL FILM ASFECT RATIO IS 13.1133
OFTICAL AZIMUTH DEMAGNIFICATION?13,7
DESIRED IMAGE RESOLUTION; RANGEs AZIMUTH:?3,3
SAMFLES FER RANGE RESOLUTION ELEMENT (NYQUIST=2)7?2
SAMFLES PER AZIMUTH RESOLUTION ELEMENT (NYQUIST=2)?2
RANGE SCALE FACTOR= 1.5 METERS/FIXEL
AZTIMUTH SCALE FACTOR= 1.5 METERS/FIXEL
RANGE IMAGE FIXEL SPACING IS 7.62582 MICRONS
DISSECTOR RELAY LENS MAGNIFICATION®1
RANGE SCAN APERTURE IN RADAR SFACE = 3.5406 METER GAUSSIAN
AZIMUTH IMAGE FIXEL SPACING IS 7.29927 MICRONS '
AZIMUTH IMAGE SLIT WIDTH (MICRONS)?S
AZIMUTH SCAN AFERTURE IN RADAR SPACE = 1,0275 METER RECT
ALONG TRACK START FOSITION (KILOMETERS)?9.5%
RANGE OFFSET TO START POINT (KILOMETERS)>?1.3 i
NUMBER OF PIXELS FER LINE, NUMBER OF LINES, POINT SKIF
72650680050 ,
SWATH WIDTH IS 3.975 KILOMETERS
ALONG TRACK LENGTH IS 10.2 KILOMETERS
START FOINT 175
STOP FOINT 2825
LASER WAVELENGTH (NANDMETERS?515
FREQUENCY FLANE WEIGHTING FILTER?NO .
RANGE FREQUENCY FLANE AFERTURE IS 18,9094 MILLIMETERS
AZIMUTH FREQUENCY FLANE AFERTURE IS 1.442 MILLIMETERS
DEFLECTION VOLTAGE AT FULL SCAN (3400) IS 2.05623 VOLTS
DEFLECTION VOLTAGE AT STOF FOINT IS 1.29738 VOLTS
LASER FOWER (MW)», OBJECTIVE FL (MM), MULTIFLIER VOLTAGE, GAIM
?400,8, 18005
CONVERSION MODE (LINEAR OR SORT)?SORT
INTEGRATION TIME (MICROSECONDS)?990
SIGMAL FILM RUN LENGTH IS 680 MILLIMETERS :
SIGNAL FILM DRIVE FREQUENCY IS 388.693 HERTZ
FILM DRIVE SIGNAL FERIOD IS 2572.79 MICROSECONDS
TIME FER LINE IS,2.76086 SECONDS |
UM TIME IS 312 MINUTES
I"EET OF RECORDING TAFE REQUIRED = 2307 i
1797,93  4553,31

= 83553 S '
uG ' Fas®

AREL?IFL SB4 FILE 1 FLIGHT 200CT79 X-PAND HH SF MOUNTAIN 2650X6800 1.5M/FIX SORT 220CT80

S+ TOTAL 7 BAD LINES

FIGURE A-1. HIPF PARAMETER PRINTOUT FOR CCT NO. IPL-584.
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R_RCOMFP
*¥SDsp
SAR DIGITIZING SYSTEM PARAMETERS
CURRENT DATE?220CT80
FLIGHT DATE, FASS NUMBERs AUX DATA?200CT7% FASS 3 SF MOUNTAIN
RADAR RANGE SCALE FACTOR» RADAR AZIMUTH SCALE FACTOR
7195200915000
SIGNAL FILM ASFECT RATIO IS 13.0133
OPTICAL AZIMUTH DEMAGNIFICATION?13,7 i
DESIRED IMAGE RESOLUTION; RAMNGE, AZIMUTH:!?3+3
SAMFLES FER RANGE RESOLUTIOM ELEMENT (NYQUIST=2)72
SAMPLES FER AZIMUTH RESOLUTION ELEMENT (NYQUIST=2)7?2
RANGE SCALE FACTOR= 1.5 METERS/FIXEL
AZIMUTH SCALE FACTOR= 1,5 METERS/PIXEL
RANGE IMAGE FIXEL SFACING IS 7.468442 MICRONS
VISSECTOR RELAY LENS MAGNIFICATION?1
RANGE SCAN AFERTURE IN RAD'MAR SPACE = 3,5136 METER GAUSSIAN
AZIMUTH IMAGE FIXEL SFACING IS 7.29927 MICRONS
AZIMUTH IMAGE SLIT WIDTH (MICRONS)®S .
AZIMUTH SCAN AFERTURE IN RADAR SPACE = 1,0275 METER RECT
ALONG TRACN START FOSITION (RILOMETERS)?9.5
RANGE OFFSET TO START POINT (KILOMETERS)?1.3
NUMBER OF FIXELS PER LINE, NUMBER QF LINESs FOINT SKIF
?2650,6800,0
SWATH WIDTH IS 3.975 KILOMETERS
ALONG TRACKR LENGTH IS 10.2 KILOMETERS
START FOINT 175
STOF FOINT 2825
I.ASER WAVELENGTH (NANOMETERS?51S
FREQUENCY FLANE WEIGHTING FILTER?NO
RANGE FREQUENCY FLANE AFERTURE 1S 18,7652 MILLIMETERS
AZIMUTH FREQUENCY FLANE AFERTURE IS 1,442 MILLIMETERS
LDEFLECTION VOLTAGE AT FULL SCAN (3400) 1S 2.07203 VOLTS
DEFLECTION VOLTAGE AT STOF FOINT IS 1.30735 VOLTS
ILASER FOWER (MW)» ORJECTIVE FL (MM)s, MULTIFLIER VOLTAGE, GATN
?400y8,1800,5
CONVERSION MODE (LINEAR OR SART)?SRRT
INTEGRATION TIME (MICROSECONDS)?990
SIGNAL FILM RUN LENGTH IS 680 MILLIMETERS
SIGNAL FILM DRIVE FREQUENCY IS 388,483 HERTZ
FILM DRIVE SIGNoL FERIOD IS 2572.79 MICROSECUONDS

TIME PER LINE IS5 2.74084 SECONDS
RUN TIME IS 312 HINUTES
FEET OF RECORDTHG TAFE REQUIRED = 2302

1792,93 4553..11

‘R D}SS3

DG

LABEL?IFL 585 FILE 1 FLIGHI 200CT79 FASS 3 X~EAND HU SF HOUNTAIN 26506800 1.5M/FIX S@R1 220CT180
LINES?6B00

GO?Go

sTét

2709¢ TOTAL 1 oron .

EOF

ME <7 PR
LAOF

FIGURE A-2. HIPF PARAMETER PRINTOUT FOR CCT NO. IPL-585.
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[
R_BCOMF
£SDSP :
SAR DIGITIZING SYSTEM FARAMETERS -

CURRENT DATE?230€T80 [
FLIGHT DATEs FASS NUMBER, AUX DATA?200CT79 FASS 3 SF MOUNTAIN
RADAR RANGE SCALE FACTOR» RADAR AZIMUTH SCALE FACTOR
7185465+41500 i
SIGNAL FILM ASPECT RATIO IS 4,446904 '
OFTICAL AZIMUTH DEMAGNIFICATION713,7
DESIRED IMAGE RESOLUTION? RANGEr» NZINUTH!?3,3 [
SAMFLES FER RANGE RESOLUTION ELEMEMT (NYQUIST=2)72
SAMFLES FER AZIMUTH RESOLUTION ELEMENT (NYQUIST=2)7?2
RANGE SCALE FACTOR= 1.5 METERS/FIXEL |
AZIMUTH SCALE FACTOR= 1.5 METERS/FTXEL !
RANGE IMAGE FIXEL SFACING IS 8.08778 MICRONS
DISSECTOR RELAY LENS MAGNIFICATION?1 .
RANGE SCAN AFPERTURE IN RADAR SFACE = 3,33837 METER GAUSSIAN
AZIMUTH IMAGE FIXEL SFACING IS 2.6382% MICRONS
AZIMUTH IMAGE SLIT WIDTH (MICRONS)?S |
AZIMUTH SCAN AFERTURE IN RADAR SFACE = 2,84275 METER RECT
ALONG TRACK START FOSITION (KRILOMETERS)?9.5 .
RANGE OFFSET TO START FOINT (RILOMETERS)?1.3
NUMERER OF PIXELS PER LINE, NUMBER OF LINES, FOINT SKIP
72650568000 |
SWATH WIDTH IS 3.975 KILOMETERS
ALONG TRACK LENGTH IS 10.2 KILOMETERS '
START FOINT 175
STOF FOINT 2823
LASER WAVELENGTH (NANOMETERS?51S
FREQUENCY FLANE WEIGHTING FILTER?NO
RANGE FREQUENFY FLANE AFERTURE IS 17.8294 MILLIMETERS
AZIMUTH FREQUENCY FLANE AFERTURE IS 3.,98953 MILLIMETERS
DEFLECTION VOLTAGE AT FULL SCAN (3600) IS 2.,18079 VOLTS
DEFLECTION VOLTAGE AT STOF FOINT IS 1.37597 VOLTS .
ILASER FOWER (MW)y OBJECTIVE FL ‘MM). MULTIPLIER VOLTAGEs GAIN
?400+8,1800+5 .
CONVERSION MODE (LINEAR OR SQRT)?S5QRT
INTEGRATION TIME (MICROSECONDS)T990
SIGNAL FILM RUMN LENGTH IS 245,783 MILLIMETERS
SIGNAL FILM DRIVE FREQUENCY IS 140.488 HERTZ
FILM DRIVE SIGNAL FERIOD IS 7118.0% MICROSECONDS
TIME PER LINE IS 2.76086 SECONDS
RUN TIME TS 312 MINUTES
FEET OF RECORDING TAFE REQUIRE™ = 2707

3230.49 -34995.6

+R DISS3

G
LAREL?IFL S84 FILE 1 FLIGHT 2000777 FAu5 3 L—BAND HY SFMOUNTATN 2650X4800 t.4a F1. SORT 230CT80

LINES?6800
GO?G0 -

srpi .
2704 TOTAL 4 BAD LINES
EOF

NEXT?KE »
KOF -

YE (17

FIGURE A-3. HIPF PARAMETER PRINTOUT FOR CCT NO. IPL-586.
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R_BCOMF
£S5DSF

f
SaR DIGITIZING SYSTEM Fal AMETEFS I
CURRENT DATE?240CT80 |
FLIGHT DATE» FASS NUMEER, AUX DATAP OUCTZY TnsS o
RADAR RANGE SCALE FACTUT . FAD0® ST CPR
718546541500 :
SIGNAL FILA ASPECT RATIOQ J5 401445700
OFTICAL AZIMUTH DEMAGNIFLCATTOM: |3,

DESIRED IMAGE RESOLUTION; RAMNGE, aliaUitt ..
SAMFLES FER RANGE RESOLUTION SLSAENY M-y =0
SAMFLES FER AZTMUTH RESOLUTION ECLEMENT (MY/ft{ST
RANGE SCALE FAMTOR= 1,5 METERR 7= (VEL
AZIMUTH SCALE FACTOR= 1.5 METERS. FIXCL i
RANGE IMAGE FIXEL SFACING IS 3.08778 MICRUNS .
DISSECTOR RELAY LENS MAGNIFICATION?1
RANGE SCAN AFERTURE IN RADOR SFACE = 3.3383° METER GCAUSSIAN
AZIMUTH IMAGE FIXEL SFACING IS 2,63829 MICLUNS
AZIMUTH IMAGE SLIT WIDTH (MICRONS)?S
AZIMUTH SCAN AFERTURE IN RADAR SFACE = 2,8427% NMETER RECT
ALONG TRACK START FOSITION ‘NILOMETERS)TO.5
RANGE OFFSET TO START FOINT (NILOMETERS)?1.7
NUMBER OF FIXELS FER LINE, NUMBER OF LINES. FOINT SKIF
72650:46800,0
SWATH WIDTH IS 3,975 KILOMETERS
ALONG TRACKR LENGTH IS 10,2 KILOMETERS
START FOINT 175
STOF FOTNT 2825
LASER WAVELENGTH (NANOMETERS?S1S
FREQUENCY FLANE WEIGHTING FILTER?NO
RANGE FREQUENCY FLANE AFERTURE IS 17.8294 MILLIMETERS
AZIMUTH FREQUENCY FLANE AFERTURE IS 3.98%53 MILLIMETERS
UEFLECTION YOLTAGE AT FULL SCAN (3600> IS 2.1B079 VOLTS*®
DEFLECTION UYOLTAGE AT STOF FOINMNT IS 1.375%7 VOLTS
LASER FOWER (MW)y ORJECTIVE FL (MH)» MULTTPLIER VOLINGE - 3NIN
T400+8, (800,55
CONVERSION MODE (LIMEAR OF SQRT)?SUR1T .
INTEGRATION TIME (MICROSECNHLS)T?90)
SIGNAL FILM RUN LENGTH IS 245.73% mILL IHETERS
SIGNAL FILrM DRIVE FREQUEN{Y IS 149,11 3 HERTZ
FILM DARIVE SIGNAL FERIOD 1S 7119.09 nlCRUSECONDS

TIME FER LINE IS 2.74086 SECONDS
RUN TIME IS5 312 MINUTES
FEET OF RECORDING TAFE REQUIRED = 2202

3230.49 -34995.6

i MULNTAIN

R DISS3 ~
jur]

LARELPIFL 587 FILE | FLIGHT 200CT79 FASS 3 L-Pactlt T St aolHTNIN

ILIMES?4800

G060 o
ST

27044 TOTAL 2 BPAD LINES
FOF

2550X46800 1. 5H/F T

Tl
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APPENDIX B
DIGITAL COMPUTER WORK

B.1 INTRODUCTION

The following image data for four channels in the slant-range
plane were provided:

X Band HH Polarization
X Band HV Polarization
L Band HV Polarization
L Band HH Polarization

Tape IPL 584
Tape IPL 585
Tape IPL 586
Tape IPL 587

These data were supplied in byte form and the image sizes (no. of
records x no. of elem./rec.) are given in Table B-1.

TABLE B-1
IMAGE SIZES

Image Size
IPL 584 6800 x 2650
IPL 585 6800 x 3000
IPL 586 6800 x 3000
IPL 587 6800 x 3000

B.2 1IMAGE RE-SCALING
B.2.1 FIRST APPROACH

The first part of this task requires re-scaling of the images,
both in range and azimuth.

The software available for this operation in the ARIES facility
is a re-sampling algorithm under UIC[141,21] and task name DSMPRD.
This program requires complex-word data as input and a program*

was written to reformat the image data.

*UIC[144,21] Task RTOC.
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The size of the newly-formatted data is a huge 81.6 x 106
bytes, and even in a large disk, it is difficult to find space for a
contiguous file of this size. Consequently, the complex-valued for-
matted data was generated in three sections.

Input data buffer size in the present PDP 11/45 system is re-
stricted to a maximum 2048 complex words in the re-sampling program
(DSMPRD).  Accordingly, each record must be processed in two
sections.

In conclusion, this procedure requires six program runs for each
channel,

B.2.2 SECOND APPROACH

The procedure above is very time-consuming and it does not seem
to be cost-effective. The azimuth scale change requirement was
therefore dropped and the range scale factor was adjusted to maintain
the same aspect ratio.

The scale change (in the range direction) can now be accomplished
with a program designed to convert data from the slant-range plane
to the ground-range plane with a range scale change capability. This
software is implemented in the ARIES facility in UIC[150,033] under
the task name STG.

The histograms corresponding to the four tapes generated are
shown in Figures B-1, B-2, B-3, and B-4.

B.3 INTENSITY CALIBRATION

The purpose of the calibration is to affect the radar data by
the antenna polar pattern and the recorder transfer function multi-
plicative corrections in order to obtain an accurate measurement of
the terrain reflectivity at a particular wavelength and polarization.

B-2
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This calibration can be implemented in the slant-range plane
(preferably) or in the ground-range plane. This latter implementa-
tion should be affected by any possible scale changes previously
applied.

In the ARIES facility, a software package* was implemented
that reads a small number of samples of the calibration vector, fits
a polynomial function to these data (least-squares criterion), and
evaluates the calibration vector components for all range locations.

The histograms corresponding to the four tapes generated are
shown in Figures B-5, B-6, B-7, and B-8.

B.4 [IMAGE DIFFERENCE

The image difference between the L-band HH and HV channels was
obtained. This difference was obtained pixel-by-pixel according to
the expression

DIF = IM1 - IM2(E1/E2) + BIAS,

where E1 and E2 are the average values of image 1 and image 2, re-
spectively. A bias was used to allow an accurate representation of
the bipolar nature of the image.

Given the slightly different scales of image 1 and image 2, the
difference obtained is not totally accurate and thus is enhanced

along edge-type features.

Two software packages were implemented in the ARIES facility to
obtain the image difference. A slow Fortran task [144,21]INDIF.TSK
and a fast AP120B based [144,21]IMDIF.APP were used. Both read two
disk-based images in byte form and generated to disk a byte-form
image difference. See Figure B-9.

Figure B-10 shows the histogram for the difference image data.

*UIC[ 144,21] Tasks Read and Inter.
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PR-Cr ¢ I ACE ZISFFRENLLE

rlf 28 = [rOIFGAPP

ar 4 me we

»PC VCLR Le14+€5S%0

SETLPSTARE/FILESLPLIC14442130LF ,G/HAPE=L1SE0/NAFLIL/NFAPL=L5K0-
/Ir2/RSTFT=E200/APL0C=040

APTOLA/™E"™

ECHCCOFF

AFD " 00 L=L 49l [uTAZ2564¢092324146°98,50

LET A=1

LAHEL LCOP

ORTNAP/FILE=CF1:01l48,4.121PLSR7.G5C/MDE=3160/NOL=1U/RSTRT=A-

JEYTE/UNSI/ZAFLOCEJ 10

CKTOAP/FILI=LF1202b4,213IPL53E,6SC/NDE=3160/N0L=10/RSTRT=4=
L EYTE/URSI/ZAFLOC=J 31610

o et o

APC VSmSE/PAF=10+11¢3¢716103+14104143160/REPS10/I1.C=3160004043160104316040,40
L RFC VRAPP/FLrlUei st 010414315U/REPS10/INC=316000,0+931604046

C YCLIE 1J3+101ee2018,14351600
C /FTX luelelUess3leno

APC YFLT 10e1sl0e2s31500
AFC vSita 1iue2909lle2e11e24135800
EPC VFIY 21lecellelelFal0

ARTOCK /0L /A FL=1u/FSTRT=A/APLEC=0411
LET k=A+in

IF (A>Re00)5CTO EWD

GNTH Laoe

LAZEL £

FIGURE B-9. IMAGE DIFFERENCE PROGRAM.
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B.5 CORRECTION OF RELIEF DISPLACEMENT
The implementation of the algorithm to remove relief displacement

from the SP Mountain Data was carried out and its feasibility was

shown.

The elevation model utilized is, necessarily, inaccurate and

this is the reason for the less-than-perfect reconstruction.

The ARIES software developed and used for this purpose is the

following:

1.

[144,21]CONTOUR.TSK -~ A Fortran program modeling the eleva-
tion map of SP Mountain. See Figure B-11.

[144,21]TNSTOG.TSK ~ A Fortran program that reads disk-based
slant-range image data and a disk-based elevation map and
then reconstructs a ground-range map with elevation cor-
rection. This particular program does not achieve a unity
aspect ratio. This is due to the fact that (normally) the
sample spacing is the same in range and azimuth for the
slant-range data. Upon SR-to-GR conversion, the ground-range
data sample spacing changes and, to a first-order approxi-
mation, it is assumed constant along the range of interest.
A second display program would be required to achieve unity
aspect ratio. Given the initial stage of this idea, an
approximate unity aspect ratio was obtained using a simple
technique. See Figure B-12.

Figures B-13 and B-14 show the histograms for the relief dis-
placement correction data. Figure B-13 corresponds to the SR-to-GR
correction while Figure B-14 corresponds to the complete correction.
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C
C
C
(o PECGmnM Cut T F P (I
,:.
C
C
I8 YECHFP*2 C(1cCgy
[
[od
L C
<
TUVTEGER*2 CTRL1(&L) «ERR (D)
FYTE FNRMFEL(ZZ)
C
c
€
PI=3,1415v26%4
TPI=2=Fl
FlezFlvz2
C
C
WRITE(2+2)
c FURMAT('ScNTEF & OF RECOFDS HCF ELEMENTS/RECGRD ')
READ(Y+3) Il o ME
2 FCRMATI(2IS)
c
C
ICRE=1
LRITe(2e4)
- FORMAT('TeMTEF FILE NAME 3*)
CALL FILMAF(FIAYEL 4 oUsICREWNEWNILICTRLLVY)
o
o
C
70 1000 w=1l.wlIL
c
c

IF(u=S0%{u/SU) . 0)GU TO 5
SRITE(207) 4

LCHTINUR

FGRMAT(IZ)

ThIS PRCGRANM COMPUTES THE ELEVATICMS 0K SP MOUNTAIN
COPRELSPUIIING TU SAMPLES 0OF SAR [ATA.

A = gLEVATICI® OF APEX OF SP MOUNTAIN (IMAGINARY POLNIT
ABOVE CRATZIR)

S = LLOPE OF SICES OF SP MOUNTAIN

= SAMPLING INTERVAL I, RANGE

= SAFPLING INTERVAL 10 AZIMUTH

I) = ELcYATION FuUhNCHIO!

vunh = LEEX FANGE AMNL AJIMUTH Ir 0EXES

CCONOOoNONOOO OO G0OOSNN

FIGURE B-11. PROGRAM CONTQUR FOR RELIEF DISPLACEMENT CORRECTION.
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[of oz (RATES R Y0TLS
¢ o= FCRI.00TIL ISTanCF FROM APEX TCQ FIGHEST
o BOLLT AT SO TRELST EBJ3SE UF CRATER
g Wb o= ROSLIC .Tal LISTACE FECM AFEX TO 6200 FT
c SLEVATICH
C Tod = ahkiuE Ar) ~2ImMyir ITwQEXES
C § 0= wib awolE 8T wHICH ELEVATICN IS 0200 FT
o R = R AfLE AT andICh oULEVATION IS 62090 FT
c
! FTATA BeSaihel! eIN e dA/ /26T 05210055697 44507+%44921214800588/
| UATA FeRHedHReGe /6200 us1358.82641520.0+¢0.83R4~2,705/
c
C
o .
C
c
fU Su I=1l+nE
C
o
C
c FIND DISTAikCE C£OWN SLOPE FROM aPEX
o
C
NIST=SUFT(((In=1)%0R ) %%2+ ((JA=J)*0A) =%2)
C
o FIng VERTICAL QISTANCE FROM APEX
e
YCISTSS*CAST
C I
¢ .
¢
d
d TEST FOP FGIMTS INSIDE CRATER
-
C
IF(LISTeLTFIBD TCO 19
c
C
C
¢ FI1:0 LNGLZ GF LOCATIOM FROM APEX
o
c
XSFLLAT(Ia=1)
YSFLCAT(Gh=d)
WLILE=ATANZ(ALY)
TF(A] GLE«TeG ORANGLELGT.RIGC TC 20
C
c
! C .
! ¢
c
C FIID THE ELEVLTINNS ON THE EAST SIDES
o
c
FER+[F]
TFUAT GLE e To 01 Ar SLESANGLE+TR]
C

GG #SIN(PTIe{R=AYOLE)/(R=G))
IF(VOIST el Tor=000)G0 TC 36
ELIV=RZUL o #3060

ClIN= I TUELEY)

FIGURE B-11. PROGRAM CONTOUR FOR RELIEF DISPLACEMENT CORRECTION.
(Continued)
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FIGURE B-11.

OO GOO0

16rQ

aonon Oo0n

(e NelsNe)

ceoTC Su

FIND FLEVATIONS 17 CEWTAAL CRATER

wHEsSad
FLEVSnaVh=SHRT(rx*2=-313T*%2)
FOLY=AIrTLELEY)

G0 TQ Su
TFIRISTetsToRHFIGE TO %0
ELEV=A-VL LS8T
c(I)='INT(ELEV)

GG TC S0

FLEV=62CT.
E(IY=NINT(ELEVY)
CONTINUE

JCUT=y
Chll WRITEZ(CTRLLWERR(I)E4MNEUCUT)
CLLL TOWALT(CTRL1+ERR(S))

.

COoMT [iuT

CalL TCETACH(CTRLLIERR)

Else

(Concluded)
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.
<
o
. PRUGALM TIETCIC,FTN
C
ol
[ HILyHIE=A0. OF I PUT FANGE LIMES. ELEMEM{S.
C
-
TNTFGER*< SP(100C)GRL1ICG0)+SHADG(L10U0)
INTECeR®Z CTS1 1(al) oCTRL2(G1) 1ERR(B)
INTECER*2 CTRL3(31)
PFYTE FNAMZL1(32) FNAMEZ(32)
TYTE Foarc3(32)
INTEGER*2 £(1000)
c
[of
C
WKITE(241U)}
1C FURMAT(*SENTER 5 OF RECORCS, s OF ELEMENTS/RECORD: '}
BZaN(le200NILM]CE
2u FORMAT(2ID)
WRITE(2vea)
21 FORMAT(*SEMTER A[RCRAFT ALTITUCE AND REFERENCE BGROUND LEVEL: *)
REAC(1¢22)8LT4GAV
ée FORMAT(2F1lo+3)
o
C

WRITE(2420)
z0 FOSMAT(*ScNTER INFUT FILE: ')
catl FILMAM(FMAMEL +3+Lo0eNIE'NILCTRL11)

o
C
WhITE(2432)
-] FOIMaT(*Sc ITER FIRST RECURNs LAST RECORD: *)
REAL(1030) INITLaST
I6 FJIRMAT(2]I2)
o}
[
TC<E=1
WRITE(2e40)
L] FORIMAT('SENTEF OLTRPUT FILE: *)

Crall FILMAm(FUAIT2+4¢DsJCRECNIEsNILeCTRL21)
WEITE(20413)

41 FOIMATU"SENTER ZLEVATION CATA FILES: ')
Crlll FILWaM(FUAMES eSeLle0eiIEWNILICTRLI 1)

e NaNal

TATA 1S SKRISeH/4.9212+220580,0525,630.07
GATA [d.dn/4d,588/7

OoO0Oc o0

GfIS=SGRTISRISwk2=(AL I =GAV ) xx2)
SOZSLUTIISRISHNS )axz =l ALT=3LV ) %%2) =GRIS

.

(]

FIGURE B-12. PROGRAM TNSTOGE FOR RELIEF DISPLACEMENT CORRECTION.
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o
C
C
C
C - W YR R S D WD T, ) D e A DA oy W
C SLa T Ty ~8iGD CubVERdICI
C e e cmeetmemeccan .. - —-—
[
C
c
FO 1900 J=IVMITWLAST
[od
c
IF(J=-30%1u/50)4NELQ)G0 TO de
LRLTC(29830d
+5 FCRIAAT(IE)
46 LOMTINUE
c
[
C
c
C
Jil=g
CabL PEAGCICTRLILFRIR(2) JE+NIEWJIN)
CALL IOWALT(CTRL3«ERR (%))
o
Jih=d
CAall REAC(CTRLIVERR(Z2) «+SReMIE «JIN)
Call IOWAIT(CTRL1IWERR(4))
~
C
¢ !
«
c
D0 %0 T=1.MIZ
c
GR(I)=0
3C SHADO(I)=1
C
Cc
(o
C FulC SLANT RANGE WHICH CORRESPONDS TO
(o} GIVEM GROUMU RANGE.
C
C
T 80 I=1eNIE
Ir(SriaNQ(I) +EHY.,0) GO TO Ay
TuTRAU2SERT((GRIS+(1=1)%0G) *x2+(ALT=£(1) ) x%2)
II=NIMT{(TOTRAN=SRIS)/DS}
TP(IT.GToMIE.URLITLLTW1) GO TO 80
R tn{I)=SR(II)
eu CILTItUE
C
<
c
C

JoliT=y
Calll TV (CTRL24EIRLIS) oGR o NIE «JOLT)
Cell IOUAITICTRLAWERR(e))

FIGURE B-12. PROGRAM TNSTOGE FOR RELIEF DISPLACEMENT CORRECTION.
(Continued)
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SR LNV R

NN s Nl N ol ol o'lie Nal
o
o
<

CALL CETACH(CTRLY Y [ERKN)
CAabl veTALRICTRLEY [ERR)
Cabtl TET/ed(CTPL Y IERK)

oo

[a]

FIGURE B-12. PROGRAM TNSTOGE FOR RELIEF DISPLACEMENT CORRECTION.
(Concluded)

B-20




RADAR AND OPTICS DIVISION

DERIM

"V1Va NOILJ3YY0D ¥I-0L-Y¥S Y04 WYYIOLSIH “€1-9 IuN9Id

00t 06 09 0L 09 0g Ot 114 [1}4 ny 0 % «WnNJ % aniva
R L e L L e LT L T e R R R Tt R it Lt bt L LT T S
< 00°u0T po°n go°nwue
< 00°00T gQO0°n 0o0*edLe
< 00°00T  @O0°n 00 h22
< 00°00T o00°0 - 00°932
< 00°00T pO°*n nn*yhe
< 00*00T 00°n 00°0he
< 00°00T go°*n po*eee
€< 00°00T gg°*r 00°4622
< 00°00F o00°n gutete
< 00°00T opO°0 00° 307
< 0000t gqoO°n 0000
N < 00°00T o00°n 0g° 26T
< 00°00T o0°0 00 Hyl
< 09°09T po0°0 ou*aLy
< 00°00T o00°n 00°991
< 66°66 no*o 00°071
< 66°65 to0°n 00° 24T
< 96°66 t0°0 00°Hhl
f < L6°66  10°n UTREL A
< 96°66 co*0 00°49et
< £6°66 so*n no*pet
< 99°66 wo°n ou*etlr
< Ng*h6 It°n nNo°Hotl
*+C £9°66 neen 90°96
*< fh°66 0g°*n n0° 94
*< 61°64 hh*0 00° 0y
+%C GLHo G9°0 70°*EL
*«4l BT1°Y6 10°T nN*hHh9
wkxkkd B0°LA n3*t 00°9%
rxr ke 6H°G6 9¢*e n0°sh
wxkerrxkeirl $LOCA 09*c 00°nk
awrxkrkrrxekkesl ¢¥G6G LA*G no°* 2%
EER Rk kR Rtk ARk ke ke k ek kekd (GO 1L%h1 00*He
AERE R R AR RER R AR AR KS R EAR AR KRR AR KRR KRR KRN KRR AR AR RN KRR R KRR AR R kR KRRk kRt et hY° I €2°¢e M *at
AEE AR AR AR R KRR A KRR RN KA RAKE KRR KRR AR KRR ARk R Rk bk kkrxrankexl 12°GE w662 on*y
ARFERRRRREERRRRRRRRK KA kakaxl LZ2°G Le*a [ i1
e D L L Ty T R L R L L e e D R
00T U6 13} 0L 09 0g 0h 0¢ uz 0y 0 %5 WNJ 3717vA
NESL Y = S)IA
opn0°Toe = W 40 Y
h6hGagh = (X
n3903°17
AGhA*9CL =

“Adclgne =

WY HOg LS TH

T

40 *ON
Vie XV
1 1¥0S) 3
= (¥)3
(2e2X)]
(hx*X)]




RADAR AND OPTICS DIVISION

D ERIM

"Y1va NOILJ3UY0I INIWIIYI4SIA 43173 ANY ¥9-0L-US d0d WVY9IOLSIH

“v1-9 3YN9I4

00T 06 08 oL 09 0g Oh of¢ (14 01 0 % WND % JNvA
T T Lk B L el L e T D A E T L DL D T
< 00°00T 00°n nQ*ap2
< 00°09T o00°0 no*z2.Le
< 0n°00t  00°0 QN H92
< 00°¢0T q0°C ny*9se2
< o0°o0T g0°0 00°"ahe
< 00°00T goO°n 60°nhe
< 00°00T o00°0 no*2¢2
< pp*00T opO°n no*Hee
< 00°Y0T o00°n 00°91te
< 00'00T 00°0 00°y02
< 00°09T 00°n oo*no?d
' < 00°00T o00°n 00°2htL
< 00°u0T QO°n 00°#e1
< 00°00Y no*n 00°9Lt
< 00°00T 00°0 00°99t
< po*ant 000 00°091
< 66°66 0o N0°2Gt
< 66°66 10°0 QU uhi
< A6°66E T0°*n Qu°*Ist
C L6°66 gn*n 00°qel
< hB°66 ho*n 0o°o2t
< 05°66 La*n 00*elt
< €9°66 otT*n 00°n0Y
*< CL'66 Q1*n 0098
*< G6°h6 6e€°0 M 227
*< 92°66 ehen 00°
»+{ hg*eé Ga*n ng*z
xexl AT°HE ho*t 00°h9
saxxxl STU°LA 69°1 00°99
xxkkkk ekl I4H°GAH AG* 7 on*ah
wxkexerekxxx LG°26 66°C agenh
ek rEeRakrekkexxak el YPUH Fhta 0n*ee
R R AR KRR KRR AR ROR ARk kRN ke il GH*2Y GO hI a0°*Hhe
EERER AR RS R R RN KRR F R KRR KRR RN R R RE S KRR A kR R kAR R R ke Rk kR kR ke k¥ &k :Q.F:\. 2L*?¢ ant ot
KRR RER AR AR KRR R KRR AR KRR KRR AR KA R F N KRR Rk ek kg kv &k 6Y°HhE 2962 00°7
ERXEERERREY KRR ERER Rk eenr kil L2%6 LA no*n
L bt e e L L Rt R b kD L L e nhd
001 06 08 0L 09 0g 0oh 0¢ 0e .dt 1] WD % damrea
065 h9 SIIXEd 40 °*ON
onaycTYn2 ERRE R E R VRTINS ¢
TLhoEY* = ((X)1uns) ]
eGag1L e = (xX)3
A9 LhL = {(Ie*x)3
*Tutnees = (hexX)3
LU RIEIR N RN ST e b

B-22






