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ABSTRACT

Multiple mechanisms for the generation of extraneous signals
exist in a compact range. These include edge diffraction,
scattering from surface imperfections, direct feed radiation, and
scattering from absorber or other objects in the range. The field
quality in the quiet zone is the resultant of the direct signal and
these multiple scattering mechanisms.

Since the scattering mechanisms are independent, their effects
are often modeled independently and statistically combined to
yield an estimate of quiet zone field quality. This paper
examines the statistics of multiple independent extraneous
signals in a compact range. It is shown that the amplitude
ripple produced by an extraneous signal computed as the root
sum of the squares (RSS) of the individual extraneous signals
does not correctly predict the final quiet zone amplitude ripple.

Theoretical results for scattering from multiple thin gaps in the
surface of a compact range are presented and statistical
computer models are used to demonstrate the computation of
the resultant compact range quiet zone.
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INTRODUCTION

The field in the quiet zone of a compact range is the
superposition of the geometrical optics field from the reflector
(the desired collimated field) and the scattered or extraneous
fields from imperfections in the range. These imperfections
include the edges of the reflector, which are often modified to
reduce diffraction into the quiet zone; surface errors in the
reflector; gaps between the panels of a panelized reflector;
direct feed radiation into the quiet zone; scattering from objects
in the range; and other mechanisms. It is necessary in the
design of a compact range to estimate the effects of
extraneous fields on the quiet zone field quantity. This entails
modeling the effects of imperfections in the range.

Many of these effects are most usefully modeled statistically.
That is to say, the effects of a single isolated extraneous signal
source on the quiet zone field are computed by
electromagnetic scattering analysis methods (Maxwell's
equations, method of moments, GTD, etc.). The number and
magnitudes of the extraneous signal sources are estimated by
examination of the manufacturing processes and tolerances. A
statistical estimate of the extraneous signal magnitude
associated with all instances of each mechanism is computed
and the resulting estimates for all extraneous signal generating
mechanisms are statistically combined to produce a statistical
description of the expected field quality for the range.

It is the statistics of combining extraneous signals arising from
various mechanisms which is the subject of this paper. We will
show that an approximate Rayleigh distribution closely models

the resultant amplitude of even a modest number of
extraneous signals resulting from panel gap scattering. Also,
we compute the difference between this estimate and the usual
RSS estimate for an example of compact range panel gap
scattering.

THEORETICAL DEVELOPMENT

We will use as our example case prediction of the compact
range quiet zone ripple caused by the gaPs between the
panels of a panelized reflector. Joy and Black™ have analyzed
this case in some detail. Using a method due to Butler’®, they
compute the scattering from a single gap in an infinite
parabolic cylinder relative to the incident illumination amplitude.
This is analogous to the situation of a compact range with long
gaps.

Given the constraints on the construction of the reflector we
want to design, we can approximate the number of gaps that
will be present in the reflector when it is constructed, and
obtain an upper bound for their widths. We assume that our
reflector has N gaps and that we know the widths and center
coordinates of each one. The reflector and the gaps are
infinitely long in the y-direction. This cylindrical geometry is
shown in Figure 1.
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Figure 1: Cylindrical Reflector Geometry Analyzed by Joy
and Black™

If we know the widths and locations of all the gaps, we can in
principle compute the illumination on each gap, the scattering
from each gap, and the resultant scattered field at the field
point for each gap. By computing the field at each point in the
quiet zone, we can precisely characterize the extraneous
signal magnitude in the quiet zone by superposition.

This is usually not done because it is too computationally
intensive and because the locations and widths of the panel
gaps are not precisely known. What is usually done is to take
the root-sum-of-the-squares (RSS) for the magnitude of the
scattered field from the observed number of panel gaps to
derive an expected extraneous signal magnitude in the quiet
zone. It is then assumed that somewhere in the quiet zone the



extraneous signal will reinforce the geometrical optics (GO)
field, and somewhere the two fields will tend to cancel as
shown in Figure 2. Our method of analysis departs from this in
that we use a more accurate method of statistically combining
the scattered fields to predict the expected extraneous signal
magnitude.

To obtain a worst case estimate, we let all the gaps have the
same width Wnax. Then the gap scattered fields will all have
the same amplitude in the quiet zone Esmax = Es. Now we let
the phases of the gap scattered fields, @sn, be described by a
uniform distribution from - w to m. The probability density
function for the phase of each gap scattered field is given by

1
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Note that for a given compact range the phases of the gap
scattered fields are not random at all, but (in principle)
deterministic. Taken over the ensemble of "possible” compact
ranges however, equation (1) is a valid description. This
ensemble of "possible" compact ranges is the sample space of
which any constructed compact range is a member. Therefore,
in designing a compact range, it is the statistics of this
ensemble which must be considered.

For each gap, we write the gap scattered field as

E, = E,¢ = E, (cosp,, +jsing_) . @)

The caret (*) denotes a phasor quantity and we consider only
one polarization component of the field without loss of
generality. The magnitude of the gap scattered field is written
as |Esn| = Es. Now the total scattered field at a point is just the
superposition of all the scattered fields.
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The magnitude of the total field is given by
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The quantities Ex’ e ?:' o are not really

independent random variables, but if N is large enough they
are distributed approximately as if they were independent
Gaussian random variables.

It is well known that if x and y are independent Gaussian

random variables with x = 0 and ; = 0 and equal variances o°,
then for a random variable R defined as

R = 12 ")’2 (7)
the probability density function is [3]
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This is the Rayleigh probability density function. It is shown in
Figure 3 for two values of o’. This is the case we have
(approximately) for compact range gap scattering.

We will set aside for the moment questions on the validity of
N N
. . Yocos g, and ¥ sn o,
the assumption that the random variables 3 A
behave as if they were independent. The simulations shown
later indicate that for N sufficiently large, they do behave this
way. We now focus on the distributions of these two random
variables.

First we need the distributions of cosgs, and sings,. The
developments are identical. Consider the random variable
y = cose@,_, %)

We know the density function pes, for @sn. To get the density
function p cosgsn fOr cosgsn we solve equation (9) for @sn at each
value of y. The solutions are

@, = cos'(y) + 2nx

(10)
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Since pgsn = 0 for |@| > m, however, only the solutions with n=0
are important. There are therefore two solutions for s, for
eachy,
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Since s, is real, y assumes values only between -1 and 1. We
can now write [4]
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Now we can compute the mean and standard deviation of y =
COS Qsn.
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So y = cos ¢sn has zero mean. Also,
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So we now have the mean and standard deviation for y = cos
®sn. By an identical derivation we get identical results for z =
Sin @sn.
By the Central Limit Theorem, for N sufficiently large, a random
N
. We=3s N T
variable =i approaches Gaussian if the distributions of
the random variables x, satisfy certain broad conditions [4].
The random variables y and z defined above satisfy these
~ N
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conditions and so the random variables * Al
tend to Gaussian distributions. Then, if they are independent
(or if they behave as if they are |Et| tends to a Rayleigh
distribution.

The distribution of the magnitude of Er, the total scattered field,

E, N l rl ‘Nn
will peak at %2 The mean of}JET| is given by
aly; = 0429E,

and the variance by £, 2. For a Rayleigh distribution,
99.7% of the points will lie less than about 5.18 standard
deviations from the origin.

NUMERICAL EXAMPLE

For our numerical example, we choose a range design with 20

long gaps with a maximum width of 0.06". This case was
analyzed at 6 GHz by Black and Joy. They compute the
maximum scattered field for a single gap as -46.6 dB relative to
the incident field at 6 GHz, Thus, for a single gap,

|E,| = 4.67 x 107, a7

If there are 20 gaps, taking the RSS of the magnitudes yields

|E,| = y20|£| = 2092107
|E,L. = -33.6 dB

relative to the incident illumination. Assuming that this
reinforces the GO field somewhere and cancels it somewhere
else in the quiet zone, this would lead to a predicted quiet zone
ripple of 0.36 dB (+0.18 dB).

The Rayleigh model for combining the fields predicts the field
intensities and dB ripple shown in Table I. These results are for
the same -46.6 dB maximum scattered amplitude with 20 gaps
as that computed above.

(18)

TABLE |
RESULTS OF MULTIPLE GAP SCATTERING ANALYSIS
Field Intensity dB Ripple
Most Likely 1479x 10° | 0.257 dB (+.123 dB)
Mean 18.54x 10° | 0.322 dB (+.161 dB)
- )
o9 16 Confidence| 505 10°  |0.878 dB (439 dB)

The table shows that the mean and the most likely (highest
probability) values for the scattering from 20 gaps are actually
somewhat smaller than the ripple computed from the RSS gap
scattered field. There is a long "tail* on the distribution which
indicates the possibility of higher values of total scattered field.

SIMULATION OF THE DISTRIBUTION

Because the random variables describing the gap scattered
fields are not all independent, the above analysis is not
rigorously correct. Even so, simulations of the field intensity for
multiple gaps indicate that it is a useful approximation.

Figure 4 shows a graph of the frequency of |Est| for 1,000,000
random draws. The resemblance of the relative frequency
curve to the Rayleigh probability density is unmistakable.
Figure 5 shows a comparison of the computed Rayleigh
probability density (theory) and the simulated data. As the
figure shows, the curve shapes are very similar. Finally, Figure
6 shows the actual resultant complex field amplitudes for the
simulation. As the figure indicates, the distribution is
concentrated in an annulus about the origin. The distribution of
Figures 4 and 5 yields the distribution of Figure 6 when the
"uniform" (¢-distribution is integrated out.

SUMMARY AND CONCLUSIONS

The scattering from multiple gaps in a compact range has been



shown to correspond closely to a Rayleigh distribution. This

indicates that it is possible for the total scattered field from

multiple gaps to be higher than the RSS of the individual 2.
scattered fields. This same analysis should apply to other

multiple scattering mechanisms as well.
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Figure 2 Phasor Summation of the Geometrical Optics (GO) Field and Gap Scattered Field
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Figure 4 Simulation of Compact Range Gap Scattering
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Figure 5 Simulation of Compact Range Gap Scattering (Simulation) vs. Normalized Rayleigh Probability Density (Theory)




1000 RandomﬂD’r_'aws, 20 SOLII"C»eis%

1o Phose linearly distribuled from —pl to +pi

8-

Total Imaginary Field
o

-10 -8 -6 -4 -2 0 2 4 & 8 10
Total Real Field
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