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ABSTRACT

This report is a continuation of the previous study on simulation
parameters. Additional cases studied in this report indicate that the minimum
number of points per wavelength or per correlation length whichever is the
smaller is around §, the minimum number of surface samples is 25 and the
minimum width of the illuminated area is 7 A or 7L whichever is the larger.
These studies are still incomplete in that we have not considered enough
variations in the surface rms height, surface rms slope and the ratio of the

incident wavelength to the surface correlation.
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1.0 INTRODUCTION

This is the second quarterly report on the Contract N0O0014-87-K-0751.
In our first report (Fung et al, 1987] we have examined the problem of surface
generation, the calculation of the backscattering coefficient and the conditions
on the selection of simulation parameters for certain types of surface. This
quarter we have an update on our surface simulation program and we continue
our studies on the selection of simulation parameters for additional surface
types. This means that finer divisions of cases are considered to realize greater
efficiency in the simulation program. The need for an efficient program was

pointed out in our previous quarterly report.

In Appendix A we provide an updated version of our surface generation
program where a more efficient fast Fourier transform algorithm is used for

filter weight calculations and surface generation.

Based upon our studies in the previous quarter we have found that we
need a minimum of 4-5 points per wavelength A ; with a Gaussian antenna
pattern exp(-x?/g*) we need an effective illuminated area 2g equals to about 3
correlation lengths L and the edge of the illuminated area should be taken to be
the point where the antenna pattern has decayed to 10-. In all cases 50 surface
samples were used to obtain a statistically averaged value. In these studies
surface parameters with rms surface height 6 of 0.5 unitand A =L = 2 units
were used. In this quarter we continue the same study by examining the effects
of surface parameters on the selection of D, the width of the illuminated area.
and the number of points per wavelength, A, or correlation length, L.

whichever is the smaller and the total number of samples. N, under different




combinations of the following surface conditions: (1) L> A, (2) L< &, (3)
normalized rms height. k6 =2n 6/ A <1 ,4) ko > 1. The same antenna

pattern is used in these studies as in the previous quarter.
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2.0 SELECTION OF SIMULATION PARAMETERS

In what follcws N the number of surface samples, D the width of the
illuminated area, and the number of points per correl...on length L or per
wavelength A whichever is the smaller are considered under different surface
conditions. It is anticipated that D is a function of A and L but it is not
immediately obvious whether it should depend only on A or L whichever is
the larger. N is expected to be a function of the normalized rms height ko.
The number of points per wavelength or correlation length whichever is the
smaller may depend on the relative size of A and L. It is possible that the
required number of points per correlation length may be different from the

number of points per wavelength .
2.1 Number of Surface Points Per Wavelength

To investigate the number of points per wavelength we must make sure
that the requirements on other surface parameters are satisfied. In Figure 1
we have chosen L greater than A , D greater than 10 L and an N equal to 50.
We shall show in subsequent sections that both D and N are sufficiently large.
In addition, since L is greater than A, it automatically contains enough number
of points if A contains enough number of points. The number of points per
wavelength considered ranges from 1.3 to 8 in Figure 1. From Figure 1 (a) 1t
is seen that the backscattering coefficient curves begin to converge when the
number per wavelength exceeds 2.6. The difference between 4 points and 8
points per wavelength is around 2 dB or less. The same observation can be
made when the rms surface height is increased from 0.3 to 0.6 in Figure 1(b).
Further increase in the rms surface height 6 to 1.2 in Figure 1(c) does not

seem to cause any change in the number of points required per wavelength.
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Thus, we conclude that depending upon the amount of error one can tolerate

the required number of points per wavelength should be between 4 and 8.

2.2 Number of Surface Points Per Correlation Length

To investigate the number of surface points per correlation length we
choose the wavelength A greater than the correlation length L. In Figure 2(a)
the number of surface points per correlation length is varied from 0.8 to 8. It
is seen that convergence in the backscattering curves occurs when there are
more than two points per correlation length. It appears that 4 to 8 points per
correlation length seem to produce satisfactory results. Then in Figue 2(b)
the rms surface height is increased from 0.15 to 0.3 unit. Similar observations
remain applicable. Next, we keep other parameters the same and increase the
correlation length from 1 to 2 units and maintain the same surface slope by
doubling the surface rms height in Figure 2(c) and 2(d). In these cases
comparable accuracy to previous cases can be obtained by requiring more than
5 points per correlation length. It is not clear whether this somewhat more
stringent requirement comes from a larger L or a larger rms height or the
higher order surface frequency components resulting from the use of finite

record length in surface generation.

2.3 Width of the I{luminated Area

Two different cases are considered when study the width of the
illuminated area : (1) when L > A and (2) when A > L. In case (1) we want to
examine how many L should be contained in the illuminated area D so that the
scattering coefficient calculated agrees with that from an infinitely large

surface. Similarly, in case (2) we want to find out how many A should be




contained in D to achieve the scattering coefficient from an infinite area.

Figure 3 shows the case with L > A . All surface parameters are given in
the figure where K is the wave number and 'sig’ stands for ¢ . The width of the
illuminated area is varied from D = SL to 8L. It is seen that the backscattering
curves appear to converge when D 1s greater than 7L. In all the compu'tations
8 or more points per wavelength are used and a minimum of 45 scattering
coefficient samples has been averaged. The minimum required size of the
illuminated area seems to be 7L depending upon the amount of error one can
tolerate. In addition, the theoretical scattering coefficient predicted by the
Kirchhoff surface scattering model [Ulaby et al, 1982] is also plotted in Figure
3 to provide a reference. The polarization used in this report is HH
polarization. Since the Kirchhoff scattering model has no polarization
dependence, in general we expect fair agreement for small angles of incidence
up to about 25 degrees and higher theoretical than simulated values at large

angles of incidence (Fung and Pan, 1987].

Figure 4 shows the case with A >L. All surface parameters are given in
the figure. Since A > L we seek the width of the illuminated area D in terms of
A and vary D from D=5 X to 9A. When D is greater than orequal to 7 A ,
the computed scattering coefficients are practically the same indicating that
convergence of results has occurred. Thus, the minimum width of the
illuminated area required in this case is 7 A . Note again that we have used N =
45 which is larger than the minimum required values for the surface samples
(to be demonstrated in the nest section) and a minimum of § points per

correlation length in all the calculations.
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2.4 Number of Surface Samples Averaged

In Figure 5 we illustrate the requirement on the number of surface
samples needed to achieve an acceptable averaged value for the backscattering
coefficient. Because the selected case is a slightly rough surface with a small
normalized rms surface height, ko of 0.24, there is a significant contribution
from the coherent component of the backscattering coefficient. This explains
the peaking near the nadir region. For the case shown convergence appears to
occur after the number of samples N reaches 25. Here again to be sure that
other surface and system parameters do not affect the results obtained we use
values which exceed the minimum requirements for all of them. These values
are given in the figure except the number of points per correlation length
which is 8.

In Figure 5 we have plotted the total scattering coefficient which is the
sum of the coherent plus the incoherent scattering coefficients. When ko 1s
larger than unity Jdic cohereat vontridution becomes negligible. For this case
and the case of L> A we illustrate the requirement on N in Figure 6. Here N is
varied from 5 to 30. It is seen that after N exceeds 20 a gradual convergence 1s
obvious. Depending upon the amouni of crror one can accept N = 25 <eems to

be the minimum number of samples needed.




3.0 DISCUSSIONS

From the above studies we note that the minimum number of points per
wavelength or per correlation length whichever is the smaller is around S, the
minimum number of surface samples i1s 25 and the minimum width of the
illuminated area is 7 A or 7L whichever is the larger. The minimum number
of points per A or L may have a dependence on the ratio of A/L. This has not
been studied extensively. In the study of the width of the illuminated area we
also have not considered enough variations in surface roughness that is a
change in ko and o/L. In addition. there may be a dependence on how perfect
is the generated surface meeting its statistical description. For example, the
difference between the required number of points per correlation length in
Figure 2(b) and 2(d) may be caused by possible presence of high frequency
components in the surface not reflected by the correlation length parameter.
To better understand this problem some smoothing operation should be
performed on the surface to ensure that there are no unwanted high frequency

surface components.

For a statistically described surface there is always a finite probability
for it to take on values substantially different from its mean even when the
surface statistics perfectly match its requircd specification.. Furthernmore,
since we can only deal with finite samples, the averaged result may be
affected substantially by one or two large samples with very low but finite
probability of occurrence. Thus, special care must be exercised in estimating

the mean scattering coefficient especially at large angles of incidence.
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5.0 FIGURE LEGENDS

1. Dependence of the backscattering coefficient on the number of points per
wavelength when N i1s 50 . the rms surface height is (a) 0.3 unit (b) 0.6 unit

and (¢) 1.2 units.

2. Dependence of the backscattering coefficient on the number of points per
correlation length L with N = 50 and when (a) the rms surface height is 0.15
unit and the correlation length is 1 unit (b) the rms surface height is 0.3 unit
and the correlation length is 1 unit (¢) the mms surface height is 0.3 unit and the
correlation length is 2 units and (d) the rms surface height is 0.6 unit and the

correlation length is 2 units.

3. Dependence of the backscattering coefficient on the width of the illuminated
area D when the correlation length 1s larger than the electromagnetic

wavelength.

4. Dependence of the backscattering coefficient on the width of the illuminated
area D when the correlation length is smaller than the electromagnetic

wavelength.

5. Dependence of the backscattering coefficient on the number of surface
samples N when the correlation length is smaller than the electromagnetic

wavelength.
6. Dependence of the backscattering coefficient on the number of surface

samples N when the correlation length is larger than the electromagnetic

wavelength.
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