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ABSTRACT

In this presentation we consider the features
and performance of a large serrated-edge compact
range reflector. This is a straightforward
innovation from earlier compact range
reflectors. The virtual vertex reflector is a
paraboloidal surface truncated to exclude the
vertex. This layout provides the advantages of
better use of reflector surface are, reduced
feed blockage, and reduced feed backscatter.
The design is made economical by the use of
serrations.
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1. INTRODUCTION

To test antennas and scatterers for their per-—
formance characteristics under far-field illumi-
nation conditions, one requires a means of
producing a planar wavefront over the entire
test article. Far-field ranges approach this
need by using large distances directly. Over
large distances, spherical waves of high
curvature propagate to become planar waves.

An alternative to the far-field test range is
offered by use of a collimating device to
produce a planar wavefront from a source of
spherical waves. Because such a device can
occupy a volume much smaller than the corre-
sponding far-field range, the name compact range
has been given to schemes for obtaining planar
phase fronts that employ collimators.

Most of the workable arrangements that have been
devised for use as collimators employ reflectors
to reshape the phase front of a spherical wave
radiator. The classic point source range
requires only a single reflector antenna, which
has a paraboloidal shape, to form a planar
wavefront from a a point source of radiation.
Another classic form of the compact range
utilizes a singly curved parabolic cylinder
reflector to collimate a line source of
radiation. Because of its simplicity and
generality the point source range has enjoyed
wide acceptance and use.

In recent years there has been a great deal of
interest in compact ranges based on dual
reflector schemes. The end purpose of these
arrangements is, as always, to produce in a
confined region a planar phase front field.
These schemes include dual cylindrical
reflectors, Cassegrain reflector systems and
Gregorian reflector systems. As might be
expected, each scheme has its advantages and its
corresponding proponents that prefer an
individual set of features.

In spite of the advantages the other more
complex systems may offer, none can so
effectively claim the advantage of design
simplicity as the classic point source
paraboloidal reflector compact range.

2. BACKGROUND
The compact range was invented in its modern
form by Dr. R. C. Johnson in 1965. He explored
the use of the compact range for both antenna
measurements and radar cross section measure-
ments in the years of the late 1960's. Compact
ranges have been available as commercial
products since 1973, The early commercial
products were based on the point source single
paraboloidal reflector design. More recently,
dual reflector ranges have been offered
commercially. The recent importance given to
radar cross section measurements has played a
major role in the renewal of interest in compact
range designs.

The factors which affect compact range perfor-
mance are surface tolerance, feed pattern, edge
diffraction, range coupling effects, and polari-
zation. Other considerations are frequency
coverage, power efficiency, volume efficiency
and power handling capacity. Preference for a
compact range type usually relates to these
features, and the various trade-offs that can be
made.

Since the ideal compact range produces a
perfectly flat phase front of constant amplitude
throughout its volume, any trade-off that
significantly affects uniformity or planarity
must be examined. Typical performance criteria
for commercial compact ranges are deviation from
constant phase of 5 to 20 electrical degrees,
amplitude taper (or roll-off) of .25 to 1.0 dB,




and peak-to-peak amplitude variation about the
taper of 0.l to 1.0 dB.

The most often discussed feature of compact
range design is edge treatment for control of
edge diffraction. There is much theoretical
interest centered on this issue because of the
challenge it offers to electromagnetic design.
The most important issues in compact design
however are surface tolerance and feed pattern
control.

The earlier compact range designs emphasized the
features in their order of importance. Recently
emphasis has shifted to edge diffraction control
and feed pattern design. Earlier designs
utilized both rolled edges and serrated edges
for diffraction control; however, serrated edges
found greater use because of simplicity of
construction. In the early 1980's rolled edge
design again received much attention because of
new more powerful numerical design techniques,
capable of handling shapes other than classic
sections. Feed design has also followed the
trend of utilizing numerical shaping technology
for feed pattern control, a process which is
then carried forward to reshaping the main
reflector.

The design which is discussed here represents a
return to an earlier concept that emphasizes
design simplicity.

3. VIRTUAL VERTEX GEOMETRY

A key element of the layout of this latest
serrated edge reflector design is its virtual
vertex. To appreciate what this means, recall
the following simple relationships among the
elements of paraboloidal reflector geometry.
The paraboloidal surface is a figure of
revolution, generated by rotating a parabola
about its axis. Both the focus of the
paraboloid and the vertex lie on the axis.
vertex is located on the ideal paraboloidal
surface. The feed of the compact range is
located at the focus.

The

All conventional point source fed paraboloidal
compact range reflectors possess offset
geometry —- that is the test zone 1s situated
off of the paraboloidal axis to avoid the feed
blockage. The axis of the paraboloid does not
pass through the test zone; however the
collimator planar phase fronts travel parallel
to the paraboloidal axis. Usually the feed is
tilted away from the vertex of the reflector to
illuminate the portion of the reflector lying
the projection of the test zone. The reflector
is a surface formed by truncating the paraboloid
with edges surrounding the projection.

A virtual vertex compact range reflector is one
which is truncated to exclude the vertex. The
vertex of the paraboloid is a virtual point in
space. See Figure 1.
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4. ADVANTAGES OF THE VIRTUAL VERTEX GEOMETRY
FOR ANTENNA TESTING COMPARED TO THE
ROLLED EDGE GEOMETRY

The advantage of the virtual vertex design is
that the feed for the compact range is removed
from the test zone a greater distance than is
practical with the circularly symmetric rolled
edge plus skirt geometry.

For the virtual vertex design the feed is 11 ft
(3.3m) below the center of the test zone, as
compared with 8 ft (2.44m) for the rolled edge
design. The larger separation of the feed shows
up as an advantage in one important way: More
baffling can be used behind the feed to reduce
the direct feed backlobe radiation reaching the
test zone.

A rolled edge virtual vertex design has been
proposed by Burnside and is probably feasible to
build. However, unlike the symmetric rolled
edge plus skirt design many of the pieces are
unique and large reflectors of this type will be
much more costly than the serrated edge virtual
vertex layout.

5. ADVANTAGE OF THE VIRTUAL VERTEX GEOMETRY
FOR RCS MEASUREMENTS

The larger separation of the feed from the test
zone with the virtual vertex design has a second
distinct advantage over the symmetric rolled
edge. The advantage is related not to the
separation alone but to the further fact that
the serrations permit the reflector to be
truncated in such a way that the feed does not
reside in the main collimated region of the
reflected wave. With the symmetric rolled edge
plus skirt design the feed is heavily
illuminated by the reflector.

To understand how the advantage of the virtual
vertex design comes about for RCS measurements,
consider the sequence of events in an RCS
measurement. The feed of the compact range
transmits a pulsed signal which illuminates the
target following collimation by the main
reflector. Backscatter signal from the target
is then focussed by the main reflector back at
the feed where it is detected by the instru-
mentation radar. Usually this backscattered
signal is contaminated by unwanted clutter
signals scattered back to the feed by objects in
the room other than the target. Signal
processing techniques are used to separate the
target backscatter from the clutter backscatter,
called the background signal. It is desirable
to reduce the clutter signal as low as possible
to ease the demands made upon the radar for
pulling the target signal out of the clutter.

When the feed is situated in the direct colli-

mated region of the main reflector, two effects
occur that cause signals to appear at the

feed. TFirst, the feed and its support act like
an unwanted backscatterer to the wave from the

reflector. The feed sees itself as a scatterer
not too distant from the target. This feed



backscatter is greatly reduced when the feed is
lowered below the collimated region.

Second, the feed sees the reflector as a large
clutter scatterer when the feed is situated in
the collimated beam. The signal that comes off
the reflector directly excites the feed and the
radar receiver. This is a very large signal
that dominates all the range clutter. Removing
the feed from the collimated region greatly
reduces this direct illumination signal and
reduces the stress upon the signal processing
techniques used to retrieve the target signal
from the clutter.

6. PERFORMANCE OF THE VIRTUAL VERTEX
COMPACT RANGE

The performance of the serrated edge virtual
vertex reflector has been assessed by field
probe measurements. This measurement demon-
strates the degree of uniformity of the field
amplitude distribution across the test zone
aperture. It also shows the degree of deviation
from a constant phase front.

The field probe mechanism translates a probe
horn across the test zone parallel to a planar
phase front along a line of travel that is

Table 1

perpendicular to the axis of the compact
range. This is usually done for both polari-
zations and for both horizontal and vertical
lines of travel.

Samples of the data are shown in Figures 3, 4,
5, 6 and a tabulation of the results is given in
Table 1. The probe horn used in each case was a
pyramidal standard gain horn appropriate to the
frequency band of the compact range feed. The
data shown was made with a time gate applied to
reduce signals not coming from the reflector.

The results demonstrate that good performance
can be achieved with serrated edge design and
that a volume efficient reflector with serrated
edges can be built.

7. SUMMARY

The simplicity of the point source fed parabo-
loidal reflector compact range with serrated
edges has been shown to produce a test zone
field with good amplitude uniformity and phase
constancy. It has been shown that the virtual
vertex feature plays an important part in
achieving reduction of stray signals and that it
is readily achieved by use of serrations.

Performance Specifications
Serrated Edge Virtual Vertex
Compact Range

Amplitude Taper

Phase Variation

Ripple Amplitude, Peak to Peak

Less than 1 dB, typical

Less than 10 degrees
1 to 18 GHz

Less than 20 degrees
18 to 94 GHz

Referenced to S/A Standard Gain Horn*

1.1 - 1.7 GHz
1.7 - 2.6
2.6 - 3.95
3.95 - 5.85
5.85 - 8.2
8.2 - 12.4
1

2.4 - 18.0

.

Less than 1.5 dB
1.0
.75
.5
.3
.3
.3

As determined from time-gated measurements
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VERTEX

Figure 1. Schematic of the Virtual Vertex Serrated Edge Reflector

Table 2

Geometric Specifications

Serrated Edge Virtual Vertex

Compact Range

Test Zone Size

Recommended Chamber Size

Focal Length
Vertex & Focus Height
Test Zone Height

Reflector Height - Top Tip
- Bottom Tip

Reflector Width - Outer Tips

Height
Width
Length

Height
Width
Length

8 ft (2.44m)
12 ft (3.66m)
12 ft (3.66m)

30 ft (9.14m)
48 £t (14.63m)
72 ft (21.95m)

24 ft (7.32m)

4 ft (1.22m), above floor

15 ft (4.57m), above floor

25 ft (7.62m), above floor
4 ft (1.22m), above floor

28 ft (8.53m)
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