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Introduction: During the past two years the compact range has
emerged from the research laboratory into the field for use by
the engineer in antenna and radar cross section measurements.
During the development of the compact range, experience has
been gained in how to handle many of the problems identified in
the early work. This paper describes successful results in the
areas of improvement of surface accuracy and the design of the
reflector edges; also reported are antenna measurements made
at 30 GHz using the compact range.

Background: The compact range operation can be most easily
understood as a means of illuminating an antenna under test
with a planar wavefront; it replaces the conventional far field
illuminator as a source of radiation, The character of the
field in the test zone of the range is assessed by probing the
field with an antenna moved across the aperture of the test
volume, Optimal amplitude and phase data are shown for such
a test in Figure 1; the te:t frequency used was 10 GHz. An
ide=al range would have constant amplitude and phase; the vari-
ations shown in these traces correspond to an amplitude taper
of 0.4 dB over 4 ft and a phase variation of %0, 5 electrical
degrees.

Edge Diifraction: One source of stray radiation in the test zone
of the range is diffracted energy from the edges of the reflector.
Experimentation during the development of the product revealed
that a serrated edge design can be very helpful in reducing edge
diffraction. Figure 2 shows data comparing traces made with
two different types of edge configuration: The trace with the
periodic modulation was made with the left side of the reflector
terminated as a vertical straight line by covering the side
serrations with absorber panels; the smoother trace shows a
horizontal plot made with the serrations unmasked. The oper-
ation of the serrated edges can be understood using simple
heuristic ideas from the geometrical theory of diffraction,
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Surface Accuracy: Much of the technical progress in the past
two years in the manufacture of compact range reflectors is
represented by the excellent surface tolerance now achievable.
The influence of the surface accuracy is apparent in Figures 3
and 4 which illustrate the correlation between mechanical sur-

face smoothness and ripple-free vertical amplitude field probe
traces.

30 GHz Performance: One of the authors (FGW) has carried out
a program of evaluation of the compact range technique for use
at Ka-Band, Two of the pattern comparisons from this evalu-
ation are shown in Figures 5,6, and 7, to indicate the perform-
ance observed. Figure 5 shows a set of patterns on an 18 inch
parabolic dish at different longitudinal positions in the test zone.
Figures 6 and 7 show a comparison between a pattern taken on
the compact range and a pattern taken on a 1900 ft outdoor range
at a frequency of 30 GHz., The discrepancies which occur be-
tween the indoor and outdoor patterns have an equivalent stray
signal better than -35 dB, These tests indicate that in many
applications useful antenna measurements can be made under
conditions where the field probe data are less than ideal.

Conclusion: Results derived over the past two years show that
the compact range appears promising for antenna and radar
cross section measurements at frequencies above 18 GHz.

—
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Fig. 1. Data at 10 GHz showing the phase and amplitude variation
in the signal received by a standard gain horn as it is moved hori-
zontally across the test zone, The total phase variation is %0, 5
degrees and the amplitude taper is 0.4 dB for 4 feet.
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Fig 2. A comparison of data at 10 GHz showing the effect on the

horizontal amplitude traces created by masking the left serrated
edgeowith a line of absorber panels, The probe antenna used was
a 30" beamwidth diagonal horn. The length of travel is 6.5 ft.
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Fig 3. Graphs of mechanical data for two different reflector
surfaces. The surface characterized by the upper curve gave
measured field probe data judged acceptable by the product
standard. The graphs are the dial indicator readings from athree
point surface gauge plotted versus radial arc length.

Fig 4. Families of vertical field probe data for the two surfaces
characterized mechanically in Fig 3, The data shown on the left
is for the acceptable surface; it was taken during field installation.
The probe is a Ku-band standard gain horn, The travel is 5.4 ft,
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Fig. 5. A longitudinal pattern comparison made with an 18 inch
diameter parabolic reflector at 30 GHz on the compact range.
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Compact range pattern at 30 GHz for the 18 inch reflector. V)
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THE COMPACT RANGE

The operation of a compact range can be most easily understood

as a means of illuminating an antenna under test with a planar
wavefront; it replaces the conventional far field illuminator as
a source of radiation. The planar wavefront of the compact range
is created by a paraboloidal reflector which collimates the
spherical phase fronts radiated by a small feed horn. The
reflected wave from the paraboloidal surface consists of planar
phase fronts which impinge on the antenna under test.

In a manner identical to operation of an outdoor range, the
antenna under test may be rotated on a positioner to change its
orientation with respect to the planar wave. Plotting the ampli-
tude response of the antenna as a function of the orientation
angle, one may produce the radiation pattern of the antenna.
Since the feed and reflector of the compact range are situated in
the near field of the antenna under test, use of the compact

range is properly classified as a near field technique.
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COMPACT RANGE
SCHEMATIC DIAGRAM
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A PRACTICAL DEVICE

During the past ten years the compact range has emerged from the
research laboratory into the field as a useful tool for antenna
testing. A commercial version based on an offset paraboloidal
design is now available. In some situations a compact range can
replace an outdoor range up to 200 meters long. Compact ranges
are simple to use; they may be operated with conventional analog
equipment and they permit the pattern of an antenna to be measured
directly. Compact ranges provide the important advantage of
permitting pattern measurements on directive antennas to be

made indoors.

The compact range product that is manufactured for sale by
Scientific-Atlanta is shown in the accompanyihg figures. It consists
of three basic items - the feed subassembly, the reflector sub-
assembly and the test positioner subassembly. These are installed

in a room that is lined with microwave absorber to reduce the

effects of unwanted reflection signals which disturb the measure-
ments. The minimum dimensions of the room are 17 feet high by

20 feet wide by 36 feet long.
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AMPLITUDE AND PHASE PROBE DATA

COMPACT RANGE FIELD
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ELECTROMAGNETIC FIELD MEASUREMENTS

The illuminating field of the compact range is measured by use
of a phase/amplitude field probe; the data is taken by recording
the phase and amplitude of the received signal from a standard
gain horn as it is translated across the test zone.

For a four-foot diameter test zone, the amplitude taper is
specified to be less than 0.5 dB and the total phase variation
is specified to be less than 10 degrees.

The phase variation of the field is a difficult quantity to
measure; the Variations in the recorded data are due as much to
the non-linearity of the carriage travel as to the curvature of
the phase front of the field. Using a very accurate field probe,
a phase variation of #1 degree at X-band has been shown to be
achievable.

It is interesting to note that the phase variation of an island

compact range is 0 degrees; whereas for a ZDZ/X outdoor range it
is 22-1/2 degrees.
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PHASE/AMPLITUDE FIELD PROBE @

This special phase/amplitude field probe is used for alignment
and verification of performance of the Compact Range. It has a
mechanical linearity of #.001 inch. The unit is covered with
absorber to eliminate stray reflections.
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STRAY SIGNAL ASSESSMENT BY LONGITUDINAL PATTERN COMPARISON

The effect of stray signals on the patterns that are taken on the
Compact Range can be assessed by use of the slide mechanism
underneath the test positioner. By taking a set of patterns at
successive longitudinal points along the axis of the range, one
can see the changes in the patterns caused by changes in the
relative phase between the direct and extraneous signals. The
amount of amplitude variation - i.e., the width of the envelope
of the overlaid patterns - places bounds on the pattern errors
that.are due to extraneous signals.

For example, consider the null at an angle of +18° in the standard
gain horn pattern shown. The 1 dB peak-to-peak variation at a
level between -16 and -17 dB corresponds to a stray signal level
of -41 dB. Similar tests for directive antennas show stray signal
levels typically below -60 dB.
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THE EDGE CONFIGURATION L, ‘§

Diffraction from the edges of a reflector can cause a significant
degradation in the purity of the plane wave field. In order to
handle this problem, the edges of the reflector have been serrated
to reduce the classical straight-edge diffraction effect.
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DIFFRACTION FROM SIDE STRAIGHT EDGE

HORIZONAL AMPLITUDE CUT
WITH SERRATED EDGES

f= 10 GHz
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WITH A MASK OF ABSORBER
OVER LEFT HAND SERRATED EDGE
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TEST OF THE SERRATED EDGE

To show that the serrated edges do indeed reduce the diffracted
energy in the test zone, one can compare the field probe data
for a straight edge and a serrated edge. The straight edge is
created by masking the serrations with panels of microwave
absorber. The ripples in the field probe data show dramatic
enhancement for the straight edge case.
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CONE OF DIFFRACTED RAYS
FROM THE EDGE OF A CONDUCTOR

DIFFACTED
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23

' e . . Y]
v . . .
4 -z - .



DIFFRACTION FROM LOWER STRAIGHT EDGE

VERTICAL AMPLITUDE CUT
WITH SERRATED EDGES

f=12.4 GHz
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TEST OF SERRATION PANELS

The top and bottom edges of the Compact Range reflector are re-
movable for the purpose of permitting the unit to be transported.
This feature permits a test to be made of the edge configuration.
By comparing the vertical field probe data before and after the
lower and upper edges are removed, one can see how effective the

edges are in reducing the diffracted energy level in the test
zone.
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DIFFRACTION FROM UPPER CURVED EDGE AND
> LOWER STRAIGHT EDGE

et

VERTICAL AMPLITUDE CUT
WITH SERRATED EDGES

f=12 GHz
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AMPLITUDE DISTRIBUTION
-~ FROM NON PLANAR
WAVEFRONT
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THE CRAZY-HOUSE MIRROR EFFECT AND SURFACE ACCURACY

In order to produce a very smoothly varying amplitude in the test
zone of the Compact Range one must have a very accurate reflector
surface. Imperfections in the surface cause corresponding im-
perfections in the planarity of the phase front of the reflected
wave. These phase deviations cause the reflected energy to be
concentrated or dispersed according to the description of raz-
optus, and result in amplitude variation of the propagated field.
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MEASUREMENT OF REFLECTOR SURFACE d§

A gauge which measures the curvature of a surface is used to
assess the local smoothness of the reflector. It is translated
along the surface on radial arcs and the dial indicator readings
are recorded. The readings can be plotted versus radial arc
length and compared against an ideal curve. The deviations give
a measure of the smoothness of the reflector surface. |
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METHOD OF SURFACE MEASUREMENT
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FIELD PROBE DATA AT 30 GHz .

Exploratory measurements have been made on a Compact Range at

30 GHz. The field probe data indicate the limitations imposed
by the surface accuracy. The data shows a typical peak-to-peak
ripple of approximately 0.7 dB and indicate a stray signal level
weaker than -25 dB.
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LONGITUDINAL PATTERN COMPARISON AT 30 GHz

An overlay of successive patterns made at
travel reveals the strength of‘extraneous
of the envelope for an 18 inch dish shows
be weaker than -50 dB.
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COMPACT RANGE VERSUS OUTDOOR RANGE COMPARISON

A straightforward comparison between patterns taken on a compact
range and on an outdoor range shows good agreement. The most
significant discrepancy occurs at an angle of +4° and corresponds
to an equivalent stray signal weaker than -32 dB. Tests of the
outdoor range revealed stray signals on the order of -34 dB.
Since there were no special precautions taken to insure stable
frequency control or identical coordinate geometry, the results
can be considered very favorable.

40




— e pe

HAMBATIIM © 883H "¥OMD
240 08 = ADNINDIN4
BOLOI MY INONY 08 F
3FWIE TINd &P 09
MOILYZiWY 104 TWOILNIA
402 KinMIZV

HEMQ HON! 81

NH3L1Vd 3ONVYH L1OVdIWOD

) |

g

. i ol
i
' —
y . . T
3 . i | T
.,_u -4 2 _ :
e ] £ o
.5 .N 1 4 M
L= oob L B
s | Ao _ T SR u.,w:,-l! . ~-| LU AN
z M . l | = ' H v -
R " S .
P ! L.l f e B e -
TE O “ : ; = - ; .
i ! . - - i . - B B —— - p—— e . - - - ]
[ ! : < 1 i
RS i . > o .
,mu ‘ L . | W»_, ) — -
i AR KN LR Dl O Y IR S
ot _ _c.. . | t
o ; = : ;
' _ ) - Ty T T Ty T T,
38 : i - T ,
o\ w . N g e e e
ﬁ _ Ly — |m- — e
. | . ) I A | [ :
I
! ! | i
; 1= i — -t :
: ' i i ! | i
! ' o i o i
IR : " 1 T sc ” “ _

! ' I I I b -
~. | A A S !
I3 . “ _ “ i ‘g m - - B R - - -

: _ :
! ' f ' { [ o I DU :.O.T. o M\ .xm .
C N ! T
! ! : ! o
. i i : B - _ .2 - t»ﬁl R e 1
—_ - _ ' _ n ” - ! _ i

41



HIMIMTUA "HON3

IHD O « AJN3IND3IYJ
¥OLD3IS HMYINONY .0€
. 39 1InS @ 09
NOILY ZINY 10d IVIILNIA
. LND HANWIZY

HSIG HONI 8

4 0081 —

NY311vd 39NVY §004.LN0

ap- AVAM INO ¥3IMOd FAILYIEHY

e e e g e -

-~

V= )T

si ]

haa '

'

~

.

Q
-

0 HIMOd 3ALL

42

T
A 2 4
VM 3N

.
[}
) A

o- -




—



Domestic Sales and Service Offices

Atlanta Office Los Angeles Office San Jose Office £
4025 Pleasantdale Road, 10039 So. Pioneer Boulevard 2860 Zanker Road, Suite 101 J ,
Suite 110 PO. Box 2668 San Jose, CA 95134 '
Atlanta, GA 30340 Santa Fe Springs, CA 80670 Tel: (408) 433-0113

Tel: (404) 449-2536 Tel: (213) 801-4800 Seattle Office

Boston Office New Jersey Office 6632 So. 191st Place

220 Ballardvale Street 2100 Route 208 Suite E-105

Wilmington, MA 01887 Fairlawn, NJ 07410 Kent, WA 98032

Tel: (617) 658-4310 Tel: (201) 794-3990 Tel: (206) 251-9114

Dallas Office Orlando Office Washington Office

851 International Parkway, Suite 111 814 W. Emmett Street Washington Business Park

Richardson, TX 75081 Kissimmee, FL 32741 5200-F1 Philadelphia Way

Tel: (214) 238-1561 Tel: (305) 846-0055 Lanham, MD 20706

indianapolis Office Tel: (301) 577-4830

8755 Guion Road, Suite G
Indianapolis, IN 46268
Tel: (317) 875-0057

International Sales and Service Offices

AUSTRALIA GERMANY UNITED KINGDOM

Scientific-Atlanta Pty Ltd. Scientific-Atlanta Gmbh Scientific-Atlanta, Lid.

Suite 501 Albert Schweitzer-strasse 66 Home Park Estate ‘
220 Pacific Highway 8000 Muenchen 83 Kings Langiey ) ;
Crows Nest, N.SW. 2065 Postfach 830935 Herts WD4 8LZ, England

Tel: 011-612-452-3388 West Germany Tel: 011-44-9277-66133 ‘ :
FRANCE Tel: 011-49-88-671091

Scientific-Atlanta S.A. {TALY

4 Avenue Gabriel Peri Scientific-Atlanta Spa

78360 Montesson, France Via Benedetto Croce, 19

Tel: 011-331-39769191 00142 Rome, italy

Tel: 011-396-542-0244

Scientific-Atlanta, Inc.

United States: 4388 Shackleford Road., Atlanta, Gedrgia 30348; Telephone 404-441-4100; TWX 810-766-0449; Telex 0542314
Europe: Home Park Estate, Kings Langley, Herts WD4 8LZ, England; Telephone 44-9277-66133; Telex 912044
Australia: 220 Pacific Highway, Suite 501, Crows Nest, N.SW. 2065, Australia; Telephone 612-452-3388; Telex AA 177418

Copyright Scientific-Atlanta, inc. All rights reserved. Printed in USA. (410)93621-0987




