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1 REPORT REVIEW

£ 1.1 INTRODUCTION

/ This report presents results of a study towards the design
of a facility for measuring the antenna radiation pattern of
antennas and the radar cross-section (RCS) of targets;// The
report is set out in five sections along with an appendix.
- This séction describes the report organization and 'presents an
executive summary. Section 2 1lists the <desired systenm
requirements, presents the design strategy. and describes the
basic elements of the designed facility, the anechoic chamber,
the needed building and required instrumentation and.
positioning equipment. Also included are the methods to verify
the chamber performance and establish confidence in the
accuracy of the RCS measurements. The section concludes with a
costing of the different possible design options for the
facility.

. In section 3 the background information for the
instrumention design is given and then it deals with the
various candidate types of RCS radar instruments and their
features and concludes with a development of relevent range
and instrumentation design equations. Section 4 presents two
basic instrumentaion system designs. One design, base option
-1, is capable of indoor RCS measurements and indoor/outdoor
antenna measurements over the frequency range 3 to 18 GHz and
is . expandable to both 1lower and higher frequency ranges
.through a set of sub-options. The second design, base option
2, a’l}ows indoor and outdoor measurements of both antenna
patterns and RCS target values. These instrumentation options
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are fully described, répresehtgtivev cgmpoﬂents are provided
along with costs and an estimate of system performance is
included.:

The details of the anechoic chamber design are presented
in section 5. This section begins with a. discussion of chamber
types then presents results. of a computer evaluation of two
candidate anechoic chamber systems on which the final chamber
selection is made. Amplitude and phase distributions in the
chamber quiet zone and reflectivity levels over a wide
fréquency range are included. Appendix A to section 5 reviews
th basics of chamber'designuﬁith topics on absorber material,
chaﬁber types and performance evaluation procedures.

1.2 EXECUTIVE SUMMARY

1. A 20 ft high, 30 ft wide and 30 ft long anechoic chamber
lined with 24 inch thick absorber is selected for the
facility. One end of the chamber is ‘'openable' through a
foam weather wall to permit indoor/outdoor type measure-
ments.

2. The building to house the chamber is recommended to be a
24 ft high, 32 ft wide and 50 ft long structure. The end of
the building containing the anechoic chamber is equiped
with a weather door to allow the chamber to be 'opened'.

3. A Scientific Atlanta positioner system is selected as the
representative system for the antenna and target
positioning.

4. Items 1, 2 and 3 above are basic to all the
instrumentation systems designed and form a base cost for
the facility totalling $483,924.00.

| E—



\ 5. Two basic instrumentation systems are described in the

%

report. The first system is the lowest cost system which
can meet the. fundamental desired measurement requirements.
It allows indoor RCS measurements and indoor/outdoor
antenna measurements, both limited to the frequency range 3 °’
to 18 GHz. The cost of this system, base option 1, 'is
$202,713.00. (The base cost from item 4 must be added to
obtain the total cost.) -

A number of instrumentation and software sub-options can
be added to base bption 1 to expand its capabilities and
frequency range.

The second instrumentaion system, base option 2, addresses
Adding- an outdoor RCS measurement capability to the
facility. The total cost of the base option 2 complete
facility is $1,145,167.00. (Much of the instrumentation
forming base option 1 is common to base option 2.)




2 GENERAL FACILITIES DESIGN

2.1 INTRODUCTION

2.1.1 DESIGN GOALS

The desired performance capabilities of the combined

antenna and RCS measurement facility are summarized as

follows:

.l‘

The facility should allow antenna pattern measurements
over the frequency range 0.5 to 40 GHz.

Allow measurement of ﬁhe composite antenna pattern of an

~array of antennas mounted on a vehicle with size

contained within a 5 meter sphere.

The facility should be capable of making RCS measurements
on the frequency range 1 to 40 GHz. The initially.
designed system may cover a smaller frequency range but
with allowance for progressive future expansion to
greater frequency coverage.

Be capable ofrdetermining the RCS of a class of targets
up to 0.5 m overall extent in an indoor facility.

Be éapable of determining the RCS of a class of objects
contained within a sphere of 5 meter diameter in a
combination indoor-outdoor facility.

Allow bistatic (up to 30 degrees) RCS measurements on a
class of objects up to 0.5 meter in overall extent in an
indoor facility.

The RCS is to be measured as a function of both frequency
and target position (orientation).



2.1.2 DESIGN STRATEGY

Since the overall facility needed to perform RCS -

measurements is much more complex and demanding on
instrumentation as compared to that required for antenna
measurements, the design carried out in this report is
primarily focused = on satisfying the goals for RCS
measurments. However, at all stages of the design process
the dual role of the facility is considered when selecting
components of the facility such as the anechoic chamber or
range layout or instrumentation. Generally it can be stated
that if the selected system is capable of RCS measurements
over a specified frequency range on a class of target sizes
then the system can be readily re-configured to permit’
antenna measurements over the same frequency range on a
class of antennas of size similar to the targets. Therefore,
no detailed antenna system design is presented in this study
although the RCS systems presented are capable of being
- re-configured to satisfy the antenna measurement goals.

- In regard to bistatic measurements it was found in site
visits to the facilities at Ohio State University and the
Georgia Technical University that systems capable of this
type of measurement are rare, complex and costly. Limited
bistatic measurements could be undertaken in an indoor
chamber using the monostatic setup but the effects of
offsetting the source and receive antennas off the chamber
axis would have to be assessed. Bistatic measurements were
considered beyond the scope of this study and are not
addressed in the presented designs.

One important underlying requirement is that the range
is to be 1low cost. Since many of the above desired
capabilities are not consistent with a low cost facility,
a hierarchy of subsets of the above listed capabilities:




will be considered each chosen in a manner to allow future
expanéion to an RCS facility which has the full set of
capabilities. An instrumentation system will be designed for
each subset of capabilities, called an equipment option. The
instrumentation design andAequipment options are presented'
~in detail in report section 4. These equipment options are
selected on a basis which allows the same instruments to
be used for antenna pattern measurements with minimal
hardware additions or modifications.

This criteria somewhat 1limits the choice for RCS

instrumentation although it minimizes system cost by
sharing instruments between the two range functions. The
strategy of the instrumentation design will be to

choose a combination of equipment able to first meet the
basic subset of specified capabilities while secondly
minimizing cost at the expense of standard RCS performance
‘measures. The standard performance measures taken into
account are RCS sensitivity, dynamic range, measurement
time and accuracy. Furthermore, ease of operation was
given some consideration. Some equipment options possess
additional features including possible ‘future expansion
beyond the specified capabilities and these will be noted
as additional considerations.

The full 1 to 40 GHz desired operating bandwidth of
the RCS range is divided into three sub-ranges for the
purposes of this report; 1 to 2 GHz, 2 to 26.5 GHz and
26.5 to 40 Ghz. &Each range will be described by
representagive frequencies of respectively, 1.0 GHz, 10.0
GHz and 40 GHz. Distinct classes of equipment and range:
options are suggested on the basis of their operation in one
or more of the three bands. Furthermore, this division
of the operating bandwidth is compatible with current
literature on RCS measurements. Most of the attention will




the specified measurement requirements consists of the
following basic elements:

be directed towards the microwave frequency range repre-~

sented by 10 GHz since it is expected that this will be
the most heavily used band.

2.1.3 RANGE SIZE

A detailed discussion of range types is presented in

report section 5 where an anechoic chamber size and outdoor

range configuration is selected to meet the desired
performance goals. The use of a compact range was briefly

examined which would allow indoor measurements on both large

and small targets. However, because of the large cost of
such a facility it was eliminated from consideration. The
sélected RCS range facility is described as follows:

1. Indoor range.

-~ The range’ length needed for the specified target extent
is at least 8 meters and the primary function of this
range will be to measure the RCS of small targets (0.5
meter) at 1 Ghz and 10 Ghz with the potential to measure
smaller targets (0.2 meters) at 40 Ghz.

2. Outdoor range. ‘ _
This range length is selected to be 1 km. The targets
under test (TUT) will be of large extent (maximum of 5
meters) and measurements will be at 1 Ghz and 10 Ghz.

2.2 FACILITIES DESCRIPTION

The RCS/Antenna facility which has been designed to meet




1. An electromagnetic anechoic chamber with movable end

walls that can be configured for either indoor or
indoor/outdoor operation of the facility.

2. A building to house the anechoic chamber, house the
majority of the system instrumentation and provide
operations and work space.

3. Instrumentation to perform the RCS and antenna
measurements including software to process the data.

4. Turntables inside the anechoic chamber to mount test
antennas and targets and a pedestal mounted polarization
unit for source antenna mounting. '

5. For the outdoor portion of the range, a tower for.

source antenna mounting in the case of antenna
measurements and for RCS measurements a pylon or tower
suspension system for large target mounting.

Figure 2.1 depicts the ovefall RCS/Antenna system which has
the capability of making measurements over the frequency range
1 to 40 Gz on antennas and targets up to 4 meters in maximum
. dimension. Each of the elements of this system are now
" described in detail beginning with the anechoic chamber.

,2.2.1 THE ANECHOIC CHAMBER - .

The design details for the proposed electromagnetic
anechoic chamber are presented in section 5 of this report.
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A ray tracing method was used to evaluate the reflectivity
level along the axis of the chamber at a number of
frequencies over the range 1 to 10 Ghz. Also, the variation
of the amplitude and phase of the total field along a
vertical and horizontal radius from the chamber centre for a
number of points along the axis was calculated. This was
done for two rectangular chamber dimensions using 1 foot
thick absorber material. These results lead to the selection
of a chamber with outside dimensions of 20 ft height, 30 ft
width and 30 ft length. A 2 ft thick electromagnetic wave
absorber lines the chamber. However, the absorber on the two
ends of chamber must be ﬁounted on movable panels so that
the chamber can be5configured for use as an indoor facility
or an indoor/outdoor facility.

Figure 2.2 depicts the anechoic chamber setup and shows
the electromagnetic transparent foam weather wall needed
when the system is configured for indoor/outdoor measure-
ments. This wall should be constructed from a low density,
'low loss foam of six to eight inch thickness. A wind loading
study should be carried out on this foam wall to determine
the safe wind conditions for operation. The absorber panels
at the transparent wall end of the chamber are removed to
the storage area of the building for this configuration.

The reflectivity'perfbrmance of the chamber is poorest
at the 1lowest operating frequencies, 500 Mhz for antenna
‘measurements and 1 Ghz for RCS measurements. At 500 Mhz (60
cm wavelength) the 2 ft (61 cm) thick pyramidal absorber is
close to 1 wavelength in thickness and presents a reflection
-attenuation of about =30 dB at normal incidence and about
=20 dB at 50 degrees incidence.

10
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thickness with normal incidence attenuation of about -40 4B
and 50 degree incidence attenuation about -30 dB. The
chamber is expected to perform at a reflectivity level in
its Quiet zone of -20 dB at 500 Mhz, =30 dB at 1 Ghz and =40 .
dB at 3 Ghz (6 wavelengths of absorber thickness), see [1].
The performance for frequencies above 3 Ghz will be lower
than -40 dB. It should be noted that a chamber reflectivity
level of -20 dB translates into a measurement uncertainty of '

2 dB (4 dB from a nominal recorded value) while a -40 dB
level corresponds to an ung:ertainty of 0.2 dB («%0.1 dB),
also see [1].

|
At 1 Ghz the absorber is about 2 wavelengths in °

\

|

For indoor antenna measurements the chamber configura-
tion is depicted in figure 2.3. The distance from the source
antenna to the test antenna in the quiet zone is about 20
ft (6 m) so that antennas up to about 1.5 m in major
dimension can be tested at 500 Mhz but no more than 15 cm
diameter at 40 Ghz. This is based on the criteria that

D?=RA/2 ' (2.1)

~where D is the antenna major dimension and R is the range

length. These size restrictions generally apply to RCS
targets except ‘that measurements are taken over a band of
-frequencies and the range criteria applies to the highest
measurement frequency.

12
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The indoor/outdoor operation of the chamber requirés

that the absorber panels next to the transparent foam
weather wall be moved to the work space area, the building

weather door opened and the back wall absorber panels'
(panels adjacent to the work space area) arranged to provide -

maximum reflectivity attenuation. For antenna measurements
the remote piloted vehicle and its antenna are mounted on
the large turntable centered in the chamber. The source
tower to provide plane wave illumination of the chamber is 1
km distant along the axis of the chamber. This arrangement
permits the measurement of antenna structures of 4 meter
maximum dimension up to a frequency of 10 Ghz. At 40 Ghz the
maximum aperature size is restricted to about 2 meters.

Details of the source tower height and its relationship to a
specular reflection fence which must be place about midway
between the chamber and the source tower are provided in
report section 5.

To perform indoor/outdoor RCS measurements the chamber
is configured in exactly the same way as for antenna

-measurements. The transmit/receive antenna system is mounted

centrally in the chamber. If separate transmit and receive

antennas are used the transmit antenna can be mounted

outside the facilities building to provide better isolation
between it and the receive antenna. The RCS target is
mounted on a pylon located about 900 meters down the chamber
axis and 100 meters from the tower used for antenna
measurements. Hardware gating eliminates background signals
from the source tower. This RCS configuration enables
measurements on targets with size and maximum measurement
frequency restriction as follows: 4 meters (9.4 Ghz), 2.7
meters (20 Ghz) and 1.9 meters (40 Ghz).

|
|
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If a pylon system is not used to support the target then
a tower suspension system as shown in figure‘ 2.4 is
recommended for consideration. The towers of this system are
located so that the hardware gating can isolate the tower
returns and target/tower interactions when a gating cell of
up to 8 meters is utilized.

2.2.2 FACILITIES BUILDING

In order for the laboratory building to house an
anechoic chamber with outside dimensions of 20 ft height, 30
ft width and 30 ft length a building size of at least 24 ft
height, 32 ft width and 50 ft length is recommended (see
figure 2.2). The end portion of the building, beyond the end
wall of the chamber, consists of a space of approximately 16
ft' length by 32 ft width which can be used to house
instrumentation, provide operator space and a work area for
model assembly.

~ External to the building the terrain should be cleared
of trees and large shrubs in the direction towards the large
source tower for a clear line of sight to it and the RCS
target pylon. The target pylon itself should be mounted on a
small mound to provide additional elevation. As well, the
foundation pad for the building should be layed so that it
is elevated above the local terrain by at least 2 ft but
preferably 5 ft. The landscaping on the weather door side of
the building should taper off to the local terrain level
fairly abruptly (in about 10 to 20 ft depending upon the pad
elevation).

15
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This will help to reduce ground reflections into the open
chamber end as well as help to prevent snow build-up at the
'weather door.

A number of modular rigid frame column type structures
were examined as potential candidate buildings, such as
those manufactured by Armco Building Systems and Robertson
Building Systems. However, these structures are generally
unsuitable since the module widths are in the order of a
minimum 50 ft width in order to provide a building height
suitable to house a 20 ft high anechoic chamber (an external
building height of at least 24 ft is needed). Therefore, it
is believed that a custom built structure is the more
economical solution.

2.2.3 INSTRUMENTATION

The instrumentation design is thoroughly covered in
report sections 3 and 4. There are six instrumentation
options and sub-options presented in such a way that a basic
sYstem can be selected to match the immediate technical
needs and budget constraints of DRES and yet allow for
future  growth of the facility. The options range from a
basic indoor only system for testing small antennas and
targets over the frequency range 3 to 18 Ghz (expandable
down to 1 GHZ and up to 26 GHz and 40 GH;) through to a full
indoor/outdoor system with hardware gating as well as
software gating for testing larger antennas and targets over
the full frequency range of 1 to 18 Ghz. The intermediate
options build on the basic system with instrument and
software additions (substitutions in some options) to
increase the system capabilities.



When selecting an instrumentation option attention

should be given to the possibility of using frequency and '

antenna or target scaling in future planned experimental
studies. If scaling is applied to an RCS target the target

dimensions in wavelengths must remain fixed along with the .

permeability, permittivity and surface impedances,then o/i?

is also fixed ([2). Thus, if the scaled frequency is ¢ times °

the actual frequency the target size is reduced by ¢ and the
range distance is also reduced by t However, the RCS level
at the scaled frequency is reduced by &' and . the
instrumentation sensitivity may be challenged. As an
example: suppose the real radar cross-section o, of a 50 cm
diameter target is required at 5 Ghz and a target reduction
factor of 2 is used then the scaled target is 25 cm in
diameter and the scaled radar cross-section o¢; must be
measured at 10 Ghz. The real radar cross-section is
"determined from o,-4xo0,.

2.2.4 CHAMBER TURNTABLES AND POLARIZERS

In order to rotate antennas or targets about a desired
axis the indoor system configuration uses a light weight
turntable with a tower and small polarizer (or for RCS work
a foam tower). The turntable must be located so that when
the antenna or target is mounted it is positioned in the
chamber quiet 2zone. Also, a source tower mounted with a
polarizer is positioned near the wall furthest from the
quiet zone. Figure 2.3 shows the layout of this part of the
systemn.
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For the indoor/outdoor configuration a heaﬁy dﬁty
turntable is placed centrally in the chamber. The large
antennas are placed on this turntable. These units are
computer controlled through a controller and programmer. Two
companies supply instrumentation of this type, Scientific
Atlanta Corporation and Orbit Advanced Technologies. Two
example systems have been assembled which could serve the
needs of the facility. One system is based on instrumenta-
tion available from Scientific Atlanta and a block diagram
of the setup is shown in figure 2.5 while the second system
is. based on Orbit instrumentation and is depicted in figure
2.6,

Both the Scientific Atlanta and Orbit systems consist
of the following basic elements:

1. A light weight azimuth over elevation turntable.

wwz{;abtower.placed on top of the turntable and mounted with a
| poiarizer‘ for antenna measurements or in placé of the
tower a foam column or low radar cross-section pylon for
mounting targets.

3. A source tower mounted with a polarizer.

4. A heavy duty turntable located centrally in the chamber
for indoor/outdoor antenna measurements.

5. A power unit to drive the axis of each turntable and
- polorizer (Scientific Atlanta Positioner Controller or
Orbit Power Control Unit).

6. A unit to provide digital control of the power drive unit -
and interface with the system computer (Scientific
Atlanta Position Programmer or Orbit Position Controller
Programmer) .

19




7. Cables which must be custom assembled once a final system

is decided upon.

EQUIPMENT LIST FOR THE SCIENTIFIC ATLANTA
TURNTABLE/POLARIZER SYSTEM

Light Duty AZ/EL Turntable

UNIT MODEL COST
Heavy Duty AZ/EL turntable 53152B 28 420.00
Roll Tower 5028A 11 590.00 '
Polarizer 56060 6 020.00
Position Controller 4181-1 18 235.00
Position Programmer 2012A 16 100.00
Digital Indicator 1844 8 390.00
Cable System custom est 5 000.00
Total US $ 93 755.00

Note: 1US$ = 1.6 CNS . CN $150 008.00
*OPTION

5023A 23 345.00
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EQUIPMENT LIST FOR ORBIT
TURNTABLE/POLARIZER SYSTEM

UNIT MODEL COST

Heavy Duty AZ/EL Turntable AL-4373-1 18 550.00
Model Tower _ AL-4810-1 15 800.00
Polarizer AL-360-1P15 est 6 000.00
Power Control Unit AL-4103-2-6A 17 000.00
Position Programmer AL-4006-3A 14 500.00
Cable System custonm est 5 000.00

FOB Israel, Total US $ 76 850.00

Note: 1US$ = 1.6 CN$ CN $122 960.00
OPTION

Light Duty AZ/EL Turntable AL-4370-1 10 800.00

It should be emphasized that these are example systems
as the manufacturers carry a wide range of turntables and
polarizers and the final units must be selected based on
maximum antenna and target torque loads.

The small turntable is used for indoor measurements. To
vpérform antenna measurements the tower and polarizer are
pldced on the turntable and the test antenna mounted on the
polarizer. This provides three axis rotation of the antenna.
For RCS measurements a foam tower can be mounted on the
turntable and the target placed at its top. The turntable
can be used to rotate the target azimuthly.
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Alternatively a low radar cross-section pylon can be mounted
on the turntable, but the pylon must then contain an azimuth
rotator at its top in order to rotate the target. The pylon
has a wing shaped variable cross-section and its vertical
‘axis leans towards the source end of the chamber. It cannot
be rqtated so the pylon must have a drive motor at its top
to rotate the target.

In the case of indoor/outdoor antenna measurementé the
centrally located large turntable is used for mounting large
antenna units. A suitable wood tower can be constructed and
plaéed on the turntable to vertically offset thé antenna
into the quiet zone of the chamber. Only the azimuth axis is
used in taking a pattern, however, the elevation axis can be
used for tilt adjustment to boresight the antenna towards
the source antenna. For RCS indoor/outdoor measurements the
large turntable can be used as a platform for setting up the
transmit/receive antenna systen.

Consideration should be given to a setup which uses only
one heavy duty turntable. In this setup the turntable is
mounted on a track system bolted to the floor and the
. turntable is moved to the chamber center for indoor/outdoor

operation or near the end wall for indoor operation. The
turntable must be securely clamped to the track during
operation. This single turntable setup requires further
eqﬁipment re-arrangement to convert between the two types of
.operation.

2.2.5 OUTDOOR TOWER AND TARGET PYLON

Since DRES already has a tower suitable for mounting the
source antenna for antenna testing no further design is
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provided for this portion of the system except for the tower
location. Report section 5 gives information as to "the
location of a fence to reduce specular reflections. The
position and height of the fence is related to the mounting
height of the source antenna on the tower. The tower will
require a small room or enclosure to house the source
instrumentation. As well, a digital bus is required between
the tower and the chamber computer to enable control of the
source. This bus can be realized through a modem system and
a telephone line or laser link system or other means.

A 15 ft high pylon with rotator is available from

Scientific Atlanta for supporting large targets, model

$551-1(15). The ©price of this wunit is US$147,000.00
(CN$235,280.00 based on a 1.6 conversion factor). The pylon
is ogive shaped and has a rotator at the top with a 1500 1b
capacity. Backscatter from the pylon is below -30 dBsm at 2
GHz to -49 dBsm at 18 GHz. A 25 ft high pylon is available
from Scientific Atlanta but at a considerable higher cost.

A tower suspension system as described in section 2.2.1
is a low cost alternative ‘to the pylon. The rotation of the
target is difficult with the suspension system and it also
does not provide a support system for the target which is as
stable as the pylon.

2.3 PERFORMANCE VERIFICATION

Test procedures which <can be used to verify the

. performance of the facility are presented in this section of
. the report. The procedures to be described fall into two
classes of measurement; the tests needed to evaluate the
- reflectivity in the quiet zone of the of the anechoic chamber
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) . When it is configured both as an indoor chamber and also when

+ it is configured as an indoor/outdoor chamber, and tests to
evaluate the RCS performance of the system again for each of -
its two configurations. Two basic articles serve as the basic
technical reference for these procedures [2, 3].

2.3.1 ANECHOIC CHAMBER PERFORMANCE

Elaborate test methods could be invoked to completely
characterize the chamber performance, such as a complete
field probing of the quiet zone. However, for a reasonable
expenditure of time, effort and cost it 1is standard to

establish an average réflectivity level for points within
the quiet zone. This reflectivity level is defined [3] as
'the average ratio of reflected power density to direct
‘transmitted power density at points within the quiet zone
-under conditions of one-way energy propagation between
transmitting and receiving antennas of stated directivity'.
The antenna pattern comparison technique is the widely
accepted method of evaluating quiet 2zone reflectivity.
‘Report section 5 presents the theory behind the technique.
The details are summarized as follows:

1. The chamber is illuminated with a transmitting antenna
- aimed along the axis of the chamber and a receiving
antenna (with sufficient gain, 15 to 20 dB) is located on
axis at the back of the quiet 2zone furthest from the
transmitting antenna. The receiving antenna is mounted
for azimuthal pattern measurements and a radiation
pattern recorded.

2. The turntable with mounted receiving antenna is then
moved a fraction of a wavelength laterally towards one of
the side walls and the radiation pattern measurement
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taken again. This process is repeated a number of times
until the sidelobe patterns show a full constructive and
destructive perturbation by the chamber wall reflections;
i.e., the sidelobe region of the radiation pattern will
be bounded by a maximum and minimum envelope of recorded
signal levels.

3. The average reflectivity R(dB) in the region of the quiet
zone probed while taking these pattern measurements is
calculated from the maximum signal deviation D(dB) at a
conveniently selected sidelobe level G(dB). The calcula-
tion is made using the equation

(d+1)

=-20log m%: (2.2)

where d is the peak to peak deviation as a ratio (D = 20
log d). For example, if the pattern peak to peak
deviation at the -25dB sidelobe pattern level is 1.1dB
then the reflectivity level is =~-49dB.

4. The turntable and vreceiving antenna are next moved
further laterally to the sidewall edge of the quiet zone
and pattern sets obtained to measure the average
reflectivity in this region of the quiet zone.

5. This process is repeated for a number of selected regions
of the quiet zone, generally including the quiet zone
center and front center fegions. To probe the top or
bottom portions of the quiet 2zone the receiving antenna
must be offset vertically from the quiet 2zone central
axis.

The above procedure applies to average reflectivity
measurements for the chamber when it is configured for

either indoor or indoor/outdoor antenna measurements. For :

27

=




the indoor/outdoor chamber configuration the quiet zone
center shifts to the middle of the chamber over the large
turntable.

The reflectivity 1levels expected for the ~ indoor
chamber configuration are best for parts of the quiet zone
closest to the chamber center. The reason for this field
behaviour is the smaller angle of incidence for the wall
specular illumination and therefore greater absorber
attenuation for points <closer to the source antenna.

Therefore, the most detailed probing needs to be done in the

quiet zone back wall region. However, for the indoor/outdoor
chamber configuration the front end of the quiet zone
(portion closest to the open wall) needs the more detailed
probing because of the field scattering from the periphery
of the open chamber end and the foam weather wall.

2.3.2 RCS PERFORMANCE EVALUATION

. The performance 1level of RCS facilities is generally
evaluated through measurements on standard targets, usually
~conducting spheres although flat plates and corner reflector
targets are sometimes used. The procedure is very basic and
is thoroughly described in [(2.3]. Generally, RCS measure-
ments are undertaken on a set of spheres of different
diameter over a wide frquency range. The relative
differences between measured cross-section values for the
different spheres can be compared with theoretical
differences in absolute cross-section. The comparison of
several diferent calibration targets is recommended to
establish confidence in the measurement accuracy.

Analytic data is available for other targets, plates and
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corner reflectors, which can be used to further increase .
measurement credibility, although carefull allignment :
procedures must be used with these types of targets. '

2.4 FACILITIES COSTING

2.4.1 BUILDING COST

The external dimensions of the building needed to house
the anechoic chamber and provide work and instrumentation
space are 32 ft width, 50 ft 1length and 24 ft height.
Therefore, the needed building area is 1600 sq ft. The only
special feature of the structure is the large weather door
located on the wall to which the anechoic chamber must
'open'when it is configured for indoor/outdoor operation.
Also, suitable heating and air conditioning must be provided
to give a stable temperature environment for the computer
and instrumentation. ‘

. An  engineering consulting firm was approached for
information on typical construction costs of hangar or
wharehouse type buildings. The estimate obtained was near

- %100 per sq ft of building area when no special foundation

. or building features are needed. On this basis the basic
building cost is estimated to be $ 160 000.00. To account
for additional costs of the weather door, air conditioning,
the high building roof (minimum 24 ft) and possible site
preparation (fill to elevate the structure slightly above
the local terrain) a further 20 percent 1is added to the
basic cost.

TOTAL ESTIMATED BUILDING COST $ 192 000.00
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2.4.2 ANECHOIC CHAMBER COST

The anechoic chamber costs fall into three categories:

absorber and adhesive cost; foam weather wall cos;-“aﬁd
. chamber fixed absorber support walls (ceiling, two side

walls) and movable absorber support panel costs; and related
installation and construction costs. Details of the
estimates is provided below. .

TOTAL ESTIMATED CHAMBER COST $ 141 916.00

1. ABSORBER AND ADHESIVE COST

The absorber is placed on a surface area (two walls,
ceiling, floor and two sets of end panels) of approximately
3600 sq ft of the 30 ft wide, 30 ft long and 20 ft high
chamber. It should be noted that the absorber does not need
to cover the complete inside surface area of the chamber

~'walls since the absorber is 2 ft thick. Specially mitered
~ absorber pieces need to be ordered from the manufacturer for
. the corners of the chamber. The intallation of the absorber

needs to be carefully planned along with its mounting on the ‘

) panel sections. A quotation was obtained from Keene
- Corporation Advanced Absorber Products for 24 inch thick
pyramidal absorber (coverage 2 ft by 2 ft) and adhesive.

742 units AAP-24 51 724.00
272 units AAP-24-1M 19 747.00
24 units . AAP-24-2M " 1 838.00

105 gallons 8013.0018 2 889.00

Us$ 76 198.00
(1.6 conv.) CN$ 121 916.00
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2. FOAM WEATHER WALL AND SUPPORT WALL AND PANEL COST

These estimates were based on a rough estimate of
required foam material, wall studs and beams and plywood
paneling.

$ 10 000.00

3. ABSORBER INSTALLATION AND CONSTRUCTION COST

Again, only a rough estimate can be made of the
installation and construction cost and it is taken to equal
the material cost.

$ 10 000.00

2.4.3 POSITIONER SYSTEM COST

The positioning system from Scientific Atlanta is
selected as the representative equipment for the facility.
The cost details for this equipment was provided in report
section 2.2.4.

TOTAL POSITIONER SYSTEM COST $150 008.00

2.4.4 BASIC SYSTEM COST

T

The building, anechoic chamber and positioner system are
basic elements which must be included along with any of the
instrumentation options or sub-options selected for the
initial system to be installed.
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Building Cost $ 192 000.00

Anechoic Chamber Cost $ 141 916.00
Positioner System Cost $ 150 008.00
BASIC SYSTEM COST $ 483 924.00

2.4.5 COST TO IMPLEMENT BASE OPTION 1

SUMMARY OF FEATURES:

1) FREQUENCY RANGE, 3 TO 18 GHz.

2) INDOOR/OUTDOOR ANTENNA MEASUREMENT CAPABILITY.

3) INDOOR RCS MEASUREMENTS.

4) HP-8510B/8511A RECEIVER SYSTEM WITH TIME DOMAIN GATING.
5) IBM-AT COMPUTER SYSTEM.

6) SCIENTIFIC SOFTWARE PACKAGE, McMILLAN ASYST.

Base Option 1 Equipment Cost $ 202 713.00
(See report section 4)

Basic System Cost $ 483 924.00
BASE OPTION 1 SYSTEM COST $ 686 637.00
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7) SUB-OPTION FOR FLAM & RUSSELL RCS SOFTWARE WITH
MicroVAX II COMPUTER.
Add Cost for F&R Software
and MicroVAX $ 168 000.00
Subtract Cost of IBM-AT,
ASYST software & Printer/Plotter $( 16 860.00)

BASE OPTION 1 WITH $ 837 777.00
SUB-OPTION 1A

8) SUB-OPTION FOR POWER AMPLIFIER TO IMPROVE RCS

SENSITIVITY.
Add Cost of Power Amplifier $ 11 329.00
BASE OPTION 1 WITH $ 849 106.00

SUB-OPTIONS 1A & 1B

9) SUB-OPTION FOR ANTENNAS TO EXTEND FREQUENCY DOWN TO

1.0 GHz.
Add Cost of Antennas S 10 732.00
BASE OPTION 1 WITH S 859 838.00

SUB-OPTIONS 1A, 1B & 1C
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10) SUB-OPTION FOR MILLIMETER WAVE OPERATION TO 26 GHz
AND 40 GHz.
Add Cost of MMWave Equipment S 57 962.00

(See section 4)

BASE OPTION 1, WITH
SUB-OPTIONS 1A, 1B, 1C & 1D

$ 917 800.00

2.4.6 COST TO IMPLEMENT BASE OPTION 2

SUMMARY OF FEATURES:

1)
2)
3)
4)
5)

6)
7)

7).

8)
9)

FREQUENCY RANGE, 1 TO 18 GHz.

INDOOR/OUTDOOR ANTENNA MEASUREMENT CAPABILITY.
INDOOR/OUTDOOR RCS MEASUREMENTS.
HP-8510B/EXTERNAL MIXER RECEIVER SYSTEM.
CUSTOM TRANSMIT/RECEIVE SWITCH SYSTEM BY
FLAM & RUSSELL.

HARDWARE GATING SUB-SYSTEM BY FLAM & RUSSELL.
FLAM & RUSSELL MIXER SUB-SYSTEM.

MicroVAX II COMPUTER SYSTEM.

ANTENNA/RCS SOFTWARE BY FLAM & RUSSELL.

TWT POWER AMPLIFIERS.




Base Option 1 with
Sub-options 1A, 1B & 1C

and Basic Equipment Cost $ 859 838.00
Add Base Option 2 Cost $ 275 329.00
{See Report Section 4)

Add Target Suspension est. $ 10 000.00

System Cost (see 2.2.5)

(2]

(3]

BASE OPTION 2 SYSTEM COST $ 1 145 167.00

OPTION

Scientific Atlanta Target

Pylon (see 2.2.5) $ 235 280.00
REFERENCES
B. F. Lawrence, 'RF Anechoic Chamber Test Facilities,"
Second ESTEL Spacecraft EMC Seminar, Noordwijk, May 1982
(Also published as a technical note by Keene Corporation).
R. B. Dybdal, 'Radar Cross-section Measurements,' Proc.

IEEE, V75, N4, April 1987, p. 498.

E. F. Buckley, 'Outline of Evaluation Procedures for °
Microwave Anechoic Chambers,' Microwave Journal, August,
1963.




3 INSTRUMENTATION DESIGN

3.1 INTRODUCTION

Radar cross-section measurements are inherently more
difficult to perform than antenna radiation pattern and gain
measurements. A number of factors contribute to the difficulty
of RCS measurements, such as the large two way signal path
attenuatioh, the close proximity and coupling between transmit
and receive antennas (particularly in the monostatic setup)
and the relatively large contribution to the total received
signal -of the range background signals.

For the proposed facility the instrumentation setup must
be capable of being configured to perform the dual measurement
role of antenna radiation pattern measurements and target RCS

. measurements. Because of the more specialized instrumentation

required and extensive signal processing needed for RCS

' measurements the basic instrumentation system is first
" designed and configured to perform RCS measurments. When the
- facility is needed for antenna measurements the instrumenta-
~tion is readily re-configured for this purpose. The receiving

- portion of the system will have more than adequate sensitiﬁity

and dynamic range for pattern measurements. Separate software
1s of course needed to process the antenna measurement data.
Therefore; the instrumentation design is primarily focused on
meeting the RCS requirements.

Two base RCS measurement setups have been designed and
these are described in detail in report section 4. The first
setup described is labelled Base Option 1 and is the most
basic system with limited frequency coverage and restricted
target size capabilities. In total six options and sub-options
are presented with Base Option 2 being the most extensive
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setup with the most sophisticated hardware and software for
signal processing and largest target handling capability.

The remaining portion of this report section deals with
the basics of RCS measurements and forms the background for
report section 4 which describes each of the instrumentation

options.

3.2 RCS RECEIVED SIGNAL COMPONENTS

The general task presented in radar cross-section
measurements, regardless of the type of range facility, is to
measure the power scattered from an illuminated target as a
function of various properties of the incident radiation; such
as the angle of incidence, the polarization and the
frequency. The basic function of the instrumentation is to
illuminate the target with suitable radiation and to

.. extract the RCS from the returned signal. The return signal

PR is composed of a number of components only one of which
is the desired echo return from the target, Pg. The
measurment system must have the processing capability to
extract the desired target echo from the composite return
signal. The total received power is given on a dB basis by

Pr=Pg+Pcy+Pcs+Pcy+Pcc (3.1)

where Pcp is the power---coupled  “externally from the

transmitting antenna to the receiving antenna, Pcg is the
power coupled internally by the receiver from the transmitter
circuits, Pem (target cell clutter) is the power received.
due to reflections from the target support structure and
Pce (range clutter) is the power received due to reflections
from the range itself (background echos). The distinction
between these two clutter terms is necessary as the mechanisms
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for removal of each from the measured data is different. The
background return from the chamber can be minimized by
proper chamber design through prudent use of absorbing
material or by appropriate signal conditioning and processing.
Discrimination between the target echo and the remaining
terms in (3.1) is the responsibility of the signal processing
software installed with the instrumentation.

3.3 SYSTEM PERFORMANCE CRITERIA

The following 1list of performance criteria based on
Tavormina [1] is invoked as a measure of the desired overall
capabilities of the RCS system.

1. Frequency coverage.
The present state of development of source and ‘receiver
instrumentation generally determines the possible maximum
system frequency coverage.

Range coverage.
This is the allowable range in distance between the
receive/transmit antennas and the target point. In the
case of an outdoor range, the maximum distance between
the target and instrument antennas will be limited either by
the sensitivity of the radar receiver (the receiver's
- noise floor) or by the -transmitter to receiver coupling
(Pca) - The minimum target/antenna separation will be limited
by gating times and T/R switching times.

Measurement capability.

Types of RCS measurements:

a) RCS versus target position (orientation).

b) RCS versus frequency. )
Cc) RCS versus transmit and receive polarization includingf-

12
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.cross-polarization.

d) RCS versus range.
e) RCS versus cross range (imaging).

Measurement accuracy.
This quantity applies to the RCS values measured.

Measurement dynamic range.
This is the ratio of the maximum to minimum value of a
particular RCS type measurement.

Measurement sensitivity. v
This quantity refers to the smallest cross-section that may
be reliably measured for a given range. Measurement
integration time and receiver sensitivity are strongly
related and should be considered together when evaluating
the RCS sensitivity.

Range resolution.

The range resolution of any system is assessed primarily on
the basis of its clutter rejection and the target cell must
be adequately resolved amongst the various sources of
clutter.

Measurement time.

This quantity refers to the total time required to acquire a

single data point for a particular measurement type. The
time required to complete an entire measurement program is
difficult to specify since there may be considerable

~overhead time in -acquiring a complete ‘'set of data; such

as computation time, data transfer time, equipment setup
time, settling time, disk access time, etc.

9. Ease of operation.

This can include the amount of set up time, physical effort
in configuring the system, operator skill, etc.
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10. Cost.

‘ This quantity is an estimate of the equipment costs only
and does not include installation or operator training
costs.

3.4 CLASSES OF RCS INSTRUMENT

Three distinct classes of RCS instrument radar exist and
these are described as follows:

1. The continuous wave (CW) radar in which the incident signal
is continuous although its frequency may be stepped or
modulated by a continuous time varying function. Radar
capabilities and performance are determined by the tYpe of
modulation employed.

The low bandwidth gated-CW radar which uses high speed
switches to gate the transmitter on and off in order to
achieve clutter rejection; notably for the terms Pcp and Pcc
in equation (3.1). This class of radar is characterized by

' low transmitter power and use of a narrow-band receiver (the
bandwidth being much smaller than that of the gating
waveform) .

High power pulse radars that are modulated by very short
pulses. This radar class can resolve the clutter terms Pce
"and Pcy as well as specific scattering centers within the’
target} Very high bandwidth receivers are employed in such
systems (the receiver bandwidths being equal to or
greater than the spectral bandwidth of the pulsed
wavefbrm).




The third class of radar, the high power pulsed radar, is
employed for very long outdoor ranges. The receivers have very

- large bandwidths that allow the intercept of all the energy

contained in one return pulse resulting in quick acquisition
of data. The response resolution of these systems is
excellent, however, they face minimum range distance

" limitations due to the speed of the T/R switches and are

therefore unsuitable for short outdoor ranges or for indoor
ranges.

Therefore, the short pulse class of radar is eliminated
from further consideration in this study as it is incompatible
with the requirements that the radar instrumentation be used
for both indoor and outdoor measurements as well as for
antenna pattern measurements. This class of radar would be

- suitable for a high performance outdoor range but additional

equipment would be required to perform the other types of
measurements.

The remaining two classes of instrumentation shall be
considered, namely, the CW and gated-CW radar. The CW radar is

suited for indoor measurements and for short (10's of meters)

outdoor ranges that are particularly free of clutter hence
this class of radar will be examined as a candidate for the
indoor range system. Available literature and consultations
with manufacturers suggest that -the non-gated (that is,
software gating only) CW systems can not be reliably applied-
to long outdoor range measurements so that- only the gated-CW
radar class will be considered for this application.
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+ 3.5 TYPES OF CW RCS RADAR INSTRUMENTS

The CW radar class may be further subdivided into three
types of instrument and a description of each type follows:

1. The CW radar.
These instruments transmit a continuous signal at a single
frequency and simultaneously receive a reflected signal from
the target. The received power due to chamber reflections
(Pce) is minimized thirough chamber design while target cell
clutter and transmitter/receiver coupling is minimized
through vector background subtraction. With the target
removed, a sample of the outgoing transmitter signal is
added to the receiver input and adjusted in phase and
amplitude so that the total received signal is nulled.
Hence, this procedure subtracts the background clutter
from the received signal when the target is in place. A
high stability (frequency and amplitude) transmitter is
required as well as a stable transmit sample bridge.

~ The inherent stability of the equipment together with the
external isolation available between the receive and
transmit antenna configuration determines the wultimate
sensitivity of the system. In practice the sample signal and
receive signal summation may be performed at the
intermediate frequency of the phase amplitude receiver.
Although this type of receiver will represent a large
capitol- investment, it allows the signal sample bridge to
be used over a wide range of operating frequencies.

The CW radar performs RCS measurements one frequency at a
time and the the transmit signal sample system must be
readjusted for each frequency point at which the RCS
measurement is desired. Although extremely slow and
cumbersome this method has been demonstrated to provide
RCS versus target position data for reasonably small
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targets (down to =20 stm)'in an indoor range of the order
of 10 meters in 1length. Disadvantages to this system
include a range 1limitation imposed by the transmit/re-
ceive antenna isolation, the need for a highly skilled
operator to perform these measurements, extreme difficulty
in obtaining RCS versus frequency data and the inability to
perform range and cross range measurements.

The stepped CW radar.

These systems are built around a sensitive receiver

capable of accurately measuring the phase and amplitude

of a signal on one or more input channels with respect to

a reference channel. The target is illuminated at a

number of selected frequencies over a bandwidth for each

angle of target position desired. The phase and amplitude
of the received signal is measured at each sample frequency .
to form the discrete frequency domain data. The frequency
domain data is then transformed into the time domain by
the fast Fourier transform which results in data giving
the reflected signal level as a function of time (which
in turn translates into the distance to the scattering

centre which produces a particular reflection). Suitable

.~ processing is employed to isolate the various reflec-
- tions from their respective clutter. Only returns within a

particular time window will correspond to the target cell
echoes, hence the transmit/receive coupling and chamber
echoes can be eliminated. By applying a time domain
window to this data (values outside the window are set to
zero) and transforming back into the frequency domainf
the target cell RCS versus frequency can be obtained.
The removal of all but the target cell clutter in this
manner is referred to as software gating.

The target cell clutter may be removed by vector
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background subtraction as in the case of the CW radar.
In a stepped CW system this procedure involves measur-
ing the target cell return signals (phase and ampli-
tude) both with and without the target present and then
recording the difference. As with the CW radar, this:
system requires a stable transmitter and stable target
supports, however, less demand is placed on the stability
of the inter antenna coupling components as these are
removed by the software gating. The fundamental
difference between background subtraction methods as
employed in the CW and the stepped CW technique is that in
the former, the subtraction is performed with hardware
while in the latter the process is performed in software.

The response resolution of the radar is a measure of
its ability to separate two distinct points of reflec-
tion within its target cell. The minimum discernible
distance between any two scattering points in the cell is
inversely proportional to the interrogating bandwidth (that
is resolution increases as the band of frequencies over
- which the target is interrogated increases). This suggests
that an arbitrarily high resolution may be obtained by
increasing the bandwidth. Although there are bandwidth
limitations in practice, the resolution for modern
equipment may be increased to the order of centimeters
allowing the possibility of range and cross range mea-
surements which may be used to construct radar images
of the target. . » A

The primary attraction of the stepped CW radar 1lies in
the flexibility with which the system can be developed. The
system's ability to cover various frequency ranges and range
sizes can be expanded by appropriate equipment additions to
a core system consisting of a broadband receiver, computer
and software capable of performing the required time/
frequency domain transformations. The transmitter
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'output' power must be kept below the 1level which caus-

es saturation of the receiver. Such 1limitations im-

posed by the hardware must be adhered to if the software-

gating is to operate effectively.

. FM=-CW radar.

- This type of radar illuminates a target with a signal that

is swept (usually 1linearly) over a frequency band. A
homodyne receiver generates a baseband signal from the
product of the transmit and receive signals. This modulation
process results in a baseband signal consisting of spectral
cOmpohents determined by the sweep rate, the sweep frequency
range (bandwidth) and the target range. The baseband signal
is sent for Fourier analysis (real-time) where the RCS
amplitude as a function of range can be extracted. A

.discrete Fourier transform results in the division of the '

test range into a number of cells with the RCS of each cell
determined independently. A prior knowledge of the target
distance can be employed along with the range resolution to
remove range clutter outside the cell containing the target.

The RCS versus frequency may be obtained by transforming
back into the frequency domain after the target cell is
identified and bracketed in the time domain. This type of
radar has the potential to generate high resolution images
of a target through RCS measurements as a'function of range
and position followed by processing with appropriate
software. The RCS of the target cell is that of the target

itself and the target support structure (the reflected power

term Pgy in (3.1)). The target cell clutter may be

removed by vector background subtraction as mentioned.

previously. The response resolution is inversely propor-
tional to the swept bandwidth and is equivalent to the

total bandwidth covered in the stepped CW case [1]. The.
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maximum transmit power is 1limited by the attainable
inter-antenna coupling (Po; in (3.1)) and the maximum
allowable signal before receiver saturation occurs.

3.6 LOW BANDWIDTH GATED RADAR INSTRUMENTS

All of the CW radar instruments described above may be
hardware gated in order to convert them to a low bandwidth
pulsed system. Hardware gating involves turning the receiv-
er off (that is isolating it from the receive antenna)
except for that interval of time in which the receiver must

| ‘accept reflected power from the target cell. The transmit-

ter is also hardware gated to produce a suitable target
illumination pulse and then is switched off during the time
the reflected signal is being accepted by the receiver. The.
bandwidth of the receiver 1is smaller than the speCtral'
width of the pulsed waveform so that only a fraction of the
energy. from any given pulse is captured. In order to overcome

this signal loss, a continuous train of pulses (each being

represehtative of the target cell RCS) is delivered to the
receiver and treated as if they formed a non-gated signal.
Itv:,is for this reason that the receiver must be é;ated off
during the periods of pulse transmission, otherwise the
transmitter coupling would add power to the RCS signal and
invalidate the measurement. The pulsed transmit power is.
reduced relative to the CW. transmit power by its duty cycle.
This 1loss can be made up again by signal integration and
averaging. \

The gating is accomplished by switching the appropriate
antennas on or off with high speed RF switches. The timing:

systems and gate waveform generators are separate systems.
- that must be added to the CW radar instrument. Hence, the
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hardware gating feature is convenient to add as a .
retrofit to a CW radar instrument should the capabilities
of such a system be required in the future. !

The principle reason for adding hardware gating to a‘*
system is to allow longer range measurements such as those.
required with an outdoor range. The - hardware gating'v
circumvents the transmitter power 1limitations due to the
transmit/receive antenna coupling of CW radars thereby
allowing the use of high transmit powers to overcome the
large path losses of long ranges. Furthermore, such ranges’
possess high levels of clutter which may not be easily
removed by only software gating due to the receiver
saturation limitations discussed previously (especially with
the high power transmitters). A further advantage over
CW radars is a speed increase in the overall measurement
process as fewer frequency points are required to cover the
range (since software gating need only be applied in the
vicinity of the target cell).

3.7 SUMMARY

The stepped~CW radar type is selected as the primary
instrument for consideration out of the three types of CW
radar. With the addition of hardware gating the stepped-CW
instrument is converted to a low bandwidth pulsed radar
instrument capable of outdoor RCS measurements.

The CW radar is eliminated from consideration as it is
severely limited in its ability to reliably perform the types
of RCS measurements required (particularly RCS versus
frequency measurements) in a reasonable length of time and
readily allow expansion of the system to cover a wide range of
frequencies both for indoor and outdbor measurements.
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Furthermore, the CW range is by its nature custom designed for
each experiment performed and requires experienced engineering
staff to set up and operate the RCS range leading to very high
operating costs.

The FM-CW radar can meet the requi:ements for RCS
measurements, however, instrumentation is not easily integrat-
ed into an antenna pattern measurement range. For this reason
it was likewise eliminated from further consideration.

The wide bandwidth, high power, short pulse instrument is
incompatable with the requirements of use for indoor RCS
measurements or for antenna pattern measurements, therefore,
it also is eliminated as a candidate system.

3.8 INSTRUMENTATION DESIGN EQUATIONS

In RCS measurements the instrumention minimum detectable
RCS (RCS sensitivity), resolution and clutter rejection are
of principle concern. Methods for obtaining resolution and
clutter rejection are unique to each tyﬁe of radar instrument,
therefore, each type must be evaluated independently. RCS
sensitivity on the other hand is 1limited primarily by
constraints inherent in the range design and by the
performance of components employed in the receiver/transmitter
system. Hence, all of the radar types considered face the
same. sensitivity limit. The dependence of RCS sensitivity on
instrumentation parameters will be summarized first and then
its dependence on range parameters will be considered.
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The basic radar equation which gives the power in the
received target signal is

P:G.GgA%0

(4m)3R*L (3.2)

R

where PR is the received power, Pp is the transmitted power,
Gp and Ggr are the transmit and receive antenna gains,
respectively, 1 is the wavelength, R is the distance between
the transmit and receive antennas and the target, L represents
cable and switch losses and ¢ is the target radar
cross-section. This expression may be written as

Pr=PrF,0 (3.3)

where Fp is a range performance factor

GG gA?

T (4n)°R°L (3-4)

P

Since the maximum permissable transmit and receive antenna
gains, Gp and Gr, as well as the. range distance, R, are
pre-determined by the largest target size to be measured on
the range while L is established by the length of cable runs
we see that Fp is fixed by these range quantities and
establishes an upper bound for RCS sensitivity improvemement.

The manner in which the range parameters effect the
performance factor Fp will now be discussed. The range length
will be assumed known at this point so that the maximum
allowable antenna gains need to be determined in terms of the
desired target sizes.

Target sizes are generally specified by target extent
(E). The minimum allowable separation distance between the
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instrument antennas and the target is fixed by the extent of
the largest target expected to be measured in the range. In
order to maintain the phase taper across the target to within
i when it is illuminated by a spherical wave the range
distance R must be greater than

2
R>%E— - (3.5)

If this restriction is relaxed at the expense of RCS accuracy
the maximum allowable target extent is

E<JAR (3.6)

Also, in order to guarantee that the beamwidth of the antenna
is such as to illuminate the target with less than a.1 dB
amplitude taper across the extent of the target the
maximum gain of either the transmit or receive antennas is
constrained by

R\?
GMAX<(E) (3.7)

The maximum usable transmitter powér Pp is 1limited 1in
practice by the external isolation obtainable between the
receive and transmit antennas in a CW system. In the case of
gated systems this isolation includes gate isolation.

During gated-CW operation the transmit signal has a duty
cycle so that a number of successive measurements n need to be
taken and the results integrated to yield an RCS whose

" absolute magnitude depends 1linearly on sample time. The

receiver bandwidth will 1limit the rate at which the absolute
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magnitude of this sighal increases. The integrated noise will
be removed from each measurement sample so that there will be
no net increase in noise with increasing n. Hence, the signal
to noise ratio will increase by a factor of two (3 dB) for
each doubling of the number of measurements taken.
Imperfections within the integration process are taken into
account by the integration efficiency, ¢ Therefore, the
effective noise level for a receiver is given by

n=KI:B (3.8)
ne

where k is Boltzman's constant (1.38x 10-23 J/K), B is the.
bandwidth and Tg is the system temperature. Tg may be
expressed in terms of the receiver noise figure (F) as

Ts=T,(F-1) (3.9)
where Tg is the reference temperature (usually 290 K).

v For a signal power equal to the receiver noise floor,
i.e., PR = N for S/N=1, equations (3.3) and (3.8) yield the
relationship for the minimum detectable cross-section o, which
on a dB basis is

kT B
ne

O = lOlog( ).—P,.—F,. (3.10)

The receiver sensitivity is wusually quoted by the
manufacturer as that input sign?l level which results in unity
S/N at the point of detection, i.e., when
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§=10log(k7,B) (3.11)

The equation giving the RCS sensitivity in terms of
receiver sensitivity is then

O =S-F,~P,-10log(re) (3.12)

In this expression the performance factor Fp is determined by
the range parameters, while the receiver sensitivity S and
transmitter power 1level Pp are determined by equipment
specifications.

In report section 4 the RCS sensitivity is calculated
using (3.12) after S has been determined from (3.11) and Fp
from (3.4) for the particular option considered.

3.9 REFERENCES

(1] Tavormina, J., "Instumentation Radars Fulfill Role in
RCS
Measurement", Microwave System News and Communications
Technology, Feb. 1985, pp 75-96
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4 EQUIPMENT SYSTEM DESIGN

4.1 INTRODUCTION

The instrumentation required for a stepped CW type RCS
' measurement - system is presented in this section. Several
possible equipment options exist for this type of radar
instrument ranging from a completely in-house designed and
assembled system wusing readily available technology and
off-the -shelf components to turn-key systems which can be
obtained from at least two manufacturers. Moreover, several
hybrid options exist where sections may be assembled in-house
or managed through consultants while remaining sections could
be provided by manufacturers to complete the systen.

Two basic equipment options with a number of sub-options
is presented in the following portions of this report. Each of
these two base options is comprised of a system assembled from
representative components which are readily available from
manufacturers and generally represent the current state-of-the
art in terms of component performance. In most cases there are
alternatives to the selected components, however, since this

study is not intended to provide a final design but only serve

as a guide for planning. and budgetary purposes towards
obtaining such a facility, the selections are representative
and not necessarily optimum on a technical or economic basis.

The first base option is further divided into sub-options
which are are extensions of the basic option. A sub-option
involves the addition or change of equipment or software which
results in an expansion of the basic system capabilities and
facilitates a gradual facility expansion (these extensions can
usually be added to an functioning system without seriously"
disturbing system operation). Once a base option and




appropriate sub-options are selected the system's capabilities

are limited by that choice. Moving from base option 1 to base
option 2 requires a major change of equipment as opposed to a
simple equipment addition. Hence, the base option should be
chosen with the future system in mind.

Both base options require a receiver that is capable of
amplitude and phase measure of the RCS signal relative to a
reference transmit signal. A computer is needed to acquire
the data and perform a fast Fourier transform (FFT) to
obtain the frequency response of the range and target. The
functions of range gating, target cell clutter rejection and
RCS calculations are all performed in either the frequency or
time domain as appropriate. The role of the receiver may be
filled by either a vector network analyzer or a phase
amplitude range receiver. Both receiver types are fully
compatible with the instrumentation needs of an antenna
pattern measurement range. The performance requirements of
frequency coverage, measurement accuracy, RCS sensitivity and
measurement speed may determine the choice of receiver. In
base options 1 and 2 a network analyzer is utilized as the
receiver and although other choices exist (Wiltron analyzer
and poSsibly' EIP analyzer) the Hewlett Packard HP-8510B is
selected as the receiver.

The computer chosen must be capable of acquiring all the
data generated by a target measurement program and must be
fast enough to perform the needed FFT's in a reasonable amount
of time. The facility performance requirements such as
target cell and chamber clutter rejection, measurement
speed and ease of operation determine the choice of computing
facilities and software requirements.




© 4.2 BASE OPTION 1
~ SUMMARY OF FEATURES:
1) FREQUENCY RANGE, 3 TO 18 GHz.
2) INDOOR/OUTDOOR ANTENNA MEASUREMENT CAPABILITY.
3) INDOOR RCS MEASUREMENTS.
4) HP-8510B/8511A RECEIVER SYSTEM WITH TIME DOMAIN GATING.
5) IBM~AT COMPUTER SYSTEM.
6) SCIENTIFIC SOFTWARE PACKAGE, MCMILLAN ASYST.
7) SUB-OPTION FOR FLAM & RUSSELL RCS SOFTWARE WITH
MicroVAX II COMPUTER.
8) SUB-OPTION FOR POWER AMPLIFIER TO IMPROVE RCS SENSITIVITY.
9) SUB-OPTION FOR ANTENNAS TO EXTEND FREQUENCY DOWN TO ’
1.0 GHz.
10) SUB-OPTION FOR MILLIMETER WAVE OPERATION TO 26 GHz
AND 40 GHz.

DESCRIPTION

Figure 4.1 depicts the representative instrumentation for
-base option 1 built around an HP-8510B vector network
analyzer. This basic system operates over the frequency
range 3 to 18 Ghz. The analyzer and signal source are
located together at the base of the transmit/receive antenna
tower and are connected to the computer from this operating.
location by an IEEE-488 bus using bus extenders if necessary. -
Associated with. the HP-8510B is an HP-8511A frequency
converter _which has four input channels although only twof
channels are utilized in the depicted system. The two channelsj
are necessary for the basic measurements as described in this
report, however, the potential exists for taking simultaneous'
measurements of more than one quantity such as two
polarizations or more than one antenna position (bistatic;.

N
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measurements). The ability to take simultaneous measurements
can represent a considerable saving in overall measurement
time although additional equipment such as antennas may be
required. |

Base option 1 uses in house designed software and modest
computing hardware. Most of the needed signal processing
software is available on the HP-8510B leaving the tasks of
overall instrument orchestration and data presentation to the
external computer. General purpose scientific software .
packages such as ASYST are available that allow IEEE-488 bus
control and complex user written macros to perform various
tasks relating to data collection and processing. This allows
an initial cost saving at the expense of in-house software
development. The overall cost of this development including
manpower will be highly dependent on the resources available
at DRES.

It 1is assumed that with the base option 1 set-up, the
transmission lines connecting equipment and antennas can be
under 4 meter in 1length. This assumption underlies the
estimate of transmission line losses appearing in a table
later in report section 4.11. |

The transmitter consists of a laboratory grade fre-
quency synthesizer which provides power for both the
reference channel power and target illumination. The syn-
thesizer - output is expected to be in the order of 10 dBm
which should provide for reasonable performance without
the need for a high power ' amplifier.
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Separate antennas are employed for both the receive and
transmit channels thereby providing front end isolation to
prevent receiver saturation. The antennas recommended for RCS
work are of the diagonal horn type [1] due to their sidelobe
performance, pattern consistency with frequency and pattern
symmetry,. all specifications superior to the counterpart
conventional horn antenna type. The use of such antennas
also provides at 1least 50 dB isolation between the re-
ceive and transmit éngennas.

Section 4.3 1lists the representative equipment for base
option 1. This basic system is expected to provide performance
measures and face limitations as follows:

1. Frequency range: The frequency range is limited on the low
end to 3 GHz by the antennas and on the high end to 18 GHz
by the frequency synthesizer.

2. Range type: The configuration is intended for indoor range
measurements only. The system source power 1level and
receiver sensitivity together with only a software gating
system for clutter rejection, make any outdoor RCS
measurements with this system impossible. However, outdoor
antenna measurements are most adequately handled by base
option 1.

3. Sensitivity: Section 4.12 presents a table which lists the
RCS sensitivity for the various system options includ-
ing base option 1 and its sub-options. These calculations
are made assuming a receiver sensitivity based on S/N=1
which may compromise accuracy. Hence, if better accuracy
is desired the RCS sensitivity should be based on S/N>1.
which will give a sensitivity value greater than that listed
in the table.
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Dynamic range: Thé dynamic rangé of the HP-8510B is -

specified by the manufacturer to be 80 dB when using the

- HP-8511A frequency converter as the front end. Other

references (2] state that this dynamic range may be -
increased by the use of external frequency converters to

as much as 100 dB. Hence the 80 dB specification is not
a hard limit and can be improved. The 80 dB dynamic range
signal operation is between the noise floor of the analyzer
and the 1 dB compression point of the frequency converter.

In practice, the usable dynamic range is considered to be"

20 dB less than this value resulting in the published
dynamic range specification ([3] of 60 dB.

Clutter rejection/range resolution: Range clutter rejection.

is obtained by resolving the range into a number of cells,
one of which contains the target. As with 1linear FM
radar, the range resolution or target cell size is on
the order of the speed of 1light divided by twice the band
of frequencies sampled [2, 4, 5]. For target cells of 1
meter in extent, the bandwidth is on the order of 100 MHz.
Less than 20 frequency samples would be required to cover
the indoor range. The HP-8510B can acquire up to 801
frequency points [2] over the entire frequency operating
range, hence, it is more than adequate to isolate any
target extent that will be tested in the indoor range.
Target imaging could be applied by simply increasing the
frequency span and taking more frequency samples. Provid-

ing the clutter returns do not exceed the overload limit

of the receiver front end, range clutter may be success-
fully removed by the software gating features of the
HP-8510B. |

Target cell clutter may be ignored if the target support
structure has a RCS that is significantly smaller then that
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of the target. For indoor targets which are small and '
lightweight, low density foam supports and prudent choice
of support geometry [6] should yield support clutter as
low as =40 dBsnm which should allow measurement of
target RCS values in the order of =30 dBsm. Flam and
Russell provide target supports which exhibit an RCS of -
less than -45 dBsm over the 1 to 18 GHz frequency range.

For the measurement of lower target RCS levels, vector
background subtraction may be employed to remove the target
cell clutter. Manufacturers that provide backgfound\
clutter subtraction systems [2] and research workers
reporting on this subject [7] suggest improvements of 30 dB
in RCS sensitivity over that available with uncorrected
target cell clutter. Systems built around the HP-8510B
have demonstrated target cell clutter levels of =65 dBsm
after background subtraction.

Initially, the RCS range could be assembled without
target cell clutter rejection and such features added at a
later date if enhanced performance is desired. This would
not involve further hardware development. Software devel-
opment could continue over time without disturbing the day
to day operation of the system.

Measurement time : An estimate of data acquisition time is
given in the table in section 4.12. This value is the time

‘required to acquire the phase/amplitude information for a

single target position and does not include time
overhead involved in the display and presentation
functions. The estimate is based upon a 50 msec data
acquisition time per frequency point plus 900 msec of setup
time.
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7. Other considerations! Additional advantages of the system

a)

b

c)

d)

built around a network analyzer such as the HP-8510B

include:

The availability of commercial RCS software packages, such
as the Flam and Russell FR-8003. These packages, when

combined with the HP-8510B provide for a complete turnkey .
system with all of the features mentioned above including
background subtraction, target imaging, multiple measure-
ment channels and complete target positioner control.

The network analyzer based RCS system can perform both
antenna and pattern measurement with no additional
hardware beyond additional cabling and the use of bus
extenders. ’

The network analyzer and its associated front end
constitute the basic hardware requirements and provide.
most of the needed software within the analyzer itself.

Performance is enhanced with the addition of external
software which could be developed in stages without
disturbing the ongoing operation of the system. Further-
more, the software can be custom designed for the facility.

The analyzer based system could even perform high
target resolution imaging if such a capability is desired
in the future.

The network analyzer can be made available for other work

such as microwave circuit testing when not required for
RCS and antenna measurements.
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4.3 EQUIPMENT FOR BASE OPTION 1

EQUIPMENT AND SOFTWARE LIST
ITEM - REFER TO FIGURE 4.1

ITEM DESCRIPTION

Diagonal Horns,

3 to 12 GHz

Diagonal Horns,

12 to 18 GHz

Cables, 4 meter length

’ Coupler, 1 to 18 GHz
Synthesized Generator
Frequency Converter
Network Analyzer
Computer, Note 1
Scientific Software
Graphics Printer
Plotter

N N © 2 60 0 b w

’

FR-6414,

2 rqd

FR-6415,

2 rqd

Storm 421-014,

3 rqgd

Narda, 4222-16
HP-8341B
HP-8511A
HP-8510B, Opt 010
IBM-AT Equivalent
ASYST, McMillan
HP-2227A
HP-7550A

US$ 6000.00

US$ 6400.00

USS$ 1332.00

$ 818.00
$65930.00
$27997.00
$69137.00
$ 7420.00 °
$ 2497.00
$ 787.00
$ 6156.00

Note: 1 USS = 1.6 $Canadian

TOTAL

$ 202713.00

Note 1. IBM -AT equivalent system with the following options:
640 K, EGA graphics, 40 Mb hard drive, 12 MHz clock
speed, 20287 co-processor, serial/parallel ports,

IEEE interface card.
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4.4 SUB-OPTION 1A - FLAM AND RUSSELL SOFTWARE

In this sub-option the RCS measurement software and
computer system is replaced by a commercial package, Flam and
Russell FR-8003. The advantages of installing such a package
are: the software has a dual antenna amd RCS measurement data
processing capability, no software development is required by
DRES, software support is available from the manufacturer,
higher speed processing of the data over the in-house
developed system is likely, further software options such as
that for cross-range imaging are available and expansion to
include an outdoor facility is more readily accomplished. This
sub-option is a highly recommended addition to base option 1.
Also, the computer needed to operate this system is fairly
substantial with multi-user capability and could be made
available for other computational uses.

SOFTWARE REPLACEMENT LIST
ITEM - REFER TO FIGURE 4.1

ITEM DESCRIPTION TYPE COST
9 Computer MicroVAX II US$55000.00
10 Antenna/RCS Software Flam & Russell US$50000.00
FR-8003
Note: 1 US$ = 1.6 S$Canadian TOTAL $ 168000.00
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4.5 SUB-OPTION 1B - POWER AMPLIFIER

This sub-option consists of adding a power amplifier to
base option 1 in order to achieve greater RCS sensitivity
with short measurement times (i.e., down to a single
measurement). This approach is recommended by Flam and
Russell in order to increase the sensitivity so that vector
backgroung subtraction can be applied to take advantage of the
clutter rejection capabilities of the HP-8510B.

The target signal levels at microwave frequencies in base

option 1 are all well above the clutter background 1level

expected in the target cell. However, in order to fully
exploit the cell clutter rejection capabilities of the
HP-8510B the measured clutter signals should be above the
noise floor of the receiver. In order to accomplish this a
wideband power amplifier needs to be added. This amplifier
increases the RCS sensitivity by a factor of 10. As well,
increased averaging can be utilized.

Alternatively, integration may be employed (increasing n)
to obtain sensitivities of about the same order using the 10
dBm source power levels, however, the measurement times will
be increased accordingly (by a factor of 20 for a 10 dB
increase in sensitivity, assuming an integration efficiency
of 50%). In practice, it becomes difficult to achieve
performance improvements with integration factors over 1000

as the integration efficiency decreases, usually due to range.
instability. Most of the signal processing facilities are-

incorporated within the HP-8510B, hence, the computer is
relieved of the computationally intensive tasks of per-
forming the FFT, time domain windowing, smoothing, etc.;
leaving only the tasks of positioner control and data
presentation.
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SUB-OPTION 1B - POWER AMPLIFIER (CONTINUED)

EQUIPMENT ADDITION LIST
ITEM - REFER TO FIGURE 4.1

ITEM DESCRIPTION TYPE

COSsT

11 Medium Power Amplifier HP-8349B

$11329.00

Note: 1 US$ = 1.6 $Canadian

TOTAL $ 11329.00

4.6 SUB-OPTION 1C - LOW FREQUENCY ANTENNAS

This sub-option extends the system low frequency bound to
1 GHz by adding a wideband horn capable of 1 to 3 GHz

operation.
EQUIPMENT ADDITION LIST
" ITEM - REFER TO FIGURE 4.1
ITEM DESCRIPTION TYPE COST
12 Horn Antennas, , AEL-H1734, $10732.00
1 to 3 GHz . 2 rqd

Note: 1 USS$ = 1.6 $Canadian

TOTAL $ 10732.00
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4.7 SUB-OPTION 1D - MILLIMETER WAVE EXTENSION

This sub-option is shown in figure 4.2 and provides for a
frequency.  expansion to millimeter waves using in-house
selected equipment although Flam and Russell can also custom
design a millimeter wave extension to their external mixer
option. It is recommended that consultation with this
manufacturer take place before the initial system design if
expansion to a millimeter wave is highly likely.

EQUIPMENT ADDITION LIST
ITEM - REFER TO FIGURE 4.2

ITEM DESCRIPTION TYPE COST

13 Diagonal Horns, FR-6413, $ 4000.00
18 to 26 GHz 2 rqd

13 Diagonal Horns, FR- R $ 4000.00
26 t0 40 GHz 2 rqd

14 Cable Storm 421-014 US$S 444.00

15 Coupler, 18 to 26 GHz HP-K752C $ 1331.00

15 Coupler, 26 to 40 GHz HP-R752C $ 1436.00

16 Harmonic Mixer, HP-11970K, $ 4834.00
18 to 26 GHz 2 rgd

16 ~Harmonic Mixer, HP-11970a, $ 4994.00
26 to 40 GHz 2 rqd

CONTINUED ON NEXT PAGE
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EQUIPMENT ADDITION LIST (CONTINUED)

ITEM - REFER TO FIGURE 4.2

ITEM DESCRIPTION TYPE COST

17 Frequency Multiplier, Spacek Labs, Us$ 800.00
18 to 26 GHz K-2X,2 rqd

17 Frequency Multiplier, Spacek Labs, US$ 960.00
26 to 40 GHZ Ka-2X,2 rqd

18 Phased-locked HP-8350B with $27616.00
Generator HP-83525A

19 Power Dividers,
0.5 to 2 GHz Narda 4321-2 Us$ 422.00
2 to 8 GHz Narda 4324-2 US$ 492.00

20 Amplifiers, Avantek AWT-2042 $ 1711.00
1 to 18 GHz Avantek AWT-8032 $ 2701.00

21 IF Amplifiers, 20 MHz Avantek UTC-543 $ 351.00

2 fqd
Note: 1 US$ = 1.6 $Canadian TOTAL $ 57962.00
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4.8 BASE OPTION 2

SUMMARY OF FEATURES:
1) FREQUENCY RANGE, 1 TO 18 GHz.
2) INDOOR/OUTDOOR ANTENNA MEASUREMENT CAPABILITY.
3) INDOOR/OUTDOOR RCS MEASUREMENTS.
4) HP-8510B/EXTERNAL MIXER RECEIVER SYSTEM.
5) CUSTOM TRANSMIT/RECEIVE SWITCH SYSTEM BY
FLAM & RUSSELL.
6) HARDWARE GATING SUB-SYSTEM BY FLAM & RUSSELL.
7) FLAM & RUSSELL MIXER SUB-SYSTEM.
7) MicroVAX II COMPUTER SYSTEM.
8) ANTENNA/RCS SOFTWARE BY FLAM & RUSSELL.
9) TWT POWER AMPLIFIERS.

DESCRIPTION

This section describes base option 2 which is the
instrumentation setup needed in order to perform outdoor long
range RCS measurements. Figure 4.3 is a block diagram of the
setup. The key element of this setup is the hardware gating
scheme. The design of the hardware gating system goes beyond
the simple selection of off the shelf components, hence, it is
not suitable for an in-house development program. Hardware
gating is usually supplied with a packaged RCS system that
includes at least the RCS software.
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The representative system selected is the Flam and Russell.
FR-8003 system. This system includes the RCS measurement
software with a MicroVAXII computer. Also selected is the
hardware gating from Flam and Russell, system FR-8105, which
includes the diode switch gate delay and timing subsystems,
isolators and filters.

A software option to run the hardware gating subsystem is
included as an upgrade to the software at no additional cost.
Therefore, no software development is required by DRES and
software support is available from the manufacturer. Also,

options such as cross range imaging software can be added.

Much of the information presented regarding base option 1
applies to base option 2. However, the HP-8511A frequency
converter is replaced by an external mixer system along with
an external 1local oscillator. The external mixers have
advantages over the frequency converter as follows:

1. They generally exhibit better sensitivity and greater
dynamic range as compared to the frequency converter.

2. They can be conveniently placed at .the antenna terminals
thereby reducing the transmission losses. This results in a
further increase in RCS sensitivity as well as greater
flexibility in designing a physical equipment layout for a
given experiment.

3. Their frequency range can readily be expanded beyond 18 GHz
by adding new mixers to the system.

4. They are an essential component for outdoor RCS operation.

5. It results in a more flexible system providing more
performance selection (sensitivity, dynamic range, etc.)
through appropriate mixers.




The external mixers and associated components are a
commercially available subsystem. The system employs an
external mixer subsystem manufactured by Flam and Russell as
an option to their FR-8003 RCS system. Although the customer
is responsible for providing the network analyzer, synthesized
main source and phased locked LO source, the company will
provide the necessary installation and acceptance tests in
addition to the software and options specified above. Moreover

Flam and Russell provides training for up to four people over -

a period of three days. This results in a complete turn key
system for RCS measurement in the frequency range 1 to 18 GHz.

An additional advantage of this sub-option lies in the
extra channels (single extra channel in the outdoor case and
two channels in the indoor case) that are available in the
Flam and Russell options. These additional channels may be
used for the measurement of two quantities simultaneously such
as both receive polarizations.

Dual polarization antennas have been used in the sample
system which could take advantage of this feature. Although

the cross polarization measurements were not originally:
required of this RCS range, dual polarization antennas are a_

worthwhile investment for antenna pattern measurements. The
polarization of the transmit antenna can be changed without
physically mdving the antenna during pattern measurements of
cross polarized signals (and risking loss of boresight).

The local oscillator chosen is a laboratory grade éignal
source capable of phase locked operation with the network
analyzer. Frequency stability is then provided by the main
synthesized source. The use of an external 1local oscillator
precludes the use of the swept frequenéy mode of the
synthesizer (the stepped mode only is allowed) in order to
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speed up the measurements. This restriction results from the
need to switch bands and mixer harmonic numbers during the
course of the sweep.

It should be noted that a three mixer signals are required
since three signals are now processed; one mixer is needed to
provide a continuous phase 1lock reference from the main
source, one mixer for the output (after gating) amplitude
reference and finally the mixer for the received signal
itself.

A high power amplifier is required to overcome the large
path losses incurred by the long outdoor range. A set of
travelling wave tube (TWT) amplifiers which provide 10 watts
of power is selected for the representative system. The TWT
amplifier is driven by a wideband power amplifier which also
can serve as the drive amplifier for frequency multipliers
needed for possible expansion to the millimeter wave band. A
diode switch is included in order to improve isolation between
the transmitter and receiver as well as input and output
isolators (as recommended by manufacturers of gated ranges)
and a power sampler which extracts a sample of the output
power for level correction.

A Flam and Russell T/R switch has been selected which
allows a single antenna to perform both receive and transmit
functions. This switch can supply the necessary isolation
between the receive and transmit ports and operates fast
enough to allow for successful gating for outdoor RCS

- measurements. Besides the possible economic advantagesover a

two antenna system there is a considerable set up time saving
with the use of only one antenna as the critical boresighting
procedures are eliminated. An exact price for this option is
difficult to provide as it is a custom designed feature and
can only be designed after the basic range design is
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- completed. The cost provided is based on the previous

development of a system similar in make-up to the one
presented here.

A considerable cost saving may result from the use of
solid state power amplifires rather than the TWT amplifiers.
The outdoor range design is complex with many factors to be
considered, therefore, the representative system can only
- provide a rough guide as to the costs involved.

74




- 4.9 EQUIPMENT FOR BASE OPTION 2

“gﬁote: 1 US$ = 1.6 S$Canadian

EQUIPMENT ADDITION LIST
ITEM - REFER TO FIGURE 4.3

ITEM DESCRIPTION TYPE COST

3 Coupler, 1 to 18 GHz Narda 4222-16 $ 818.00

22 Antenna, Dual-Polarized, AEL APX-1318 $ 7203.00
1 to 12 GHz

22 Antenna, Dual-Polarized, Scientific US$ 7000.00
12 to 18 GHz Atlanta, . estimated
Feed/Reflector 28-12/4, 22-4/A

23 T/R switch module Flam & Russell US$ 10000.00
1 to 18 GHz Custom Design estimated

{24 Hardware gating system FR-8105 US$ 60000.00

25 Mixer Sub-assenbly FR-8505RM UsS$ 27500.00

26 10 Watt TWT amplifiers, Logimetrics
1 - 2 GHz A230/L $ 26000.00
2 - 4 GHz " Aa230/s $ 26516.00
4 - 8 GHz A230/C $ 24716.00
8 - 18 GHz A230/1IJ $ 23694.00

- (Includes input/output isolators and 30 dB sampler)

TOTAL CN$ 275329.00
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4.10 POWER BUDGET CALCULATIONS

RCS SYSTEM PERFORMANCE CALCULATIONS

OPTION FREQ L Fp s Pa RCSmin TIME
(GHz) (dB) (dB) (dB) (dBm) (dBsm) (ms)

10 3.0
Note:1,2,3

10 3.0
Note:1,2,4

10 3.0
Note:1,2,3

1 1.0

2 1.0

10 3.0
Note:1,2,3

1 0.0

2 0.0

18 0.0

20 0.0

26 2.0

40 2.0
Note:1,2,5

CONTINUED ON NEXT PAGE




OPTION FREQ L G Fp S Pa RCSmin TIME

(GHz) (dB) (dB) (dB) (dB) (dBm) (dBsm) (ms)

2 1 6.0 23 -123 -120 40 =37 3500
2 2 6.0 29 -117 =120 40 =43 3500
2 10 6.0 42 =105 -120 40 -55 3500
2 18 6.0 43 -108 -12OJ 40 =52 3500
Note:1,5,6 “

NOTES

1. For S/N=1 at receiver.

2. Single measurement only (n=1).

3. Stepped frequency mode, 51 points.

4. Ramp (swept frequency) mode, 500 msec sweep rate.

5. Stepped frequency mode only, 51 points: swept measurement

mode is not available on the external mixer systems.
Assumes 64 samples taken at 200 microsecond intervals which
is completed before the 50 msec data transfer time. The
averaging is necessary to compensate for gating losses. The
gate duty cycle is-takén to be 2.5 %.
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4.11 TRANSMISSION LINE LOSSES

TABLE OF LINE LOSSES

FREQUENCY T/R SWITCH FUNCTION DESCRIPTION LOSS
(GHz) INCLUDED (dB)
No Receive 4 meter cables 1.0

2 with HP-8510B
10 3.0
26 4.0
No Receive External mixer 0.0

located at antenna 0.0

10 0.0
20 0.0

Yes Receive/ T/R system loss 6.0
2 Transmit A 6.0
10 6.0
18 6.0
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5 THE ELECTROMAGNETIC ANECHOIC CHAMBER
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5.1 CHAMBER DESIGN

The required anechoic chamber {s intended to test both small
antennas and those mounted on an RPV. It will also be used for RCS
meéasurements. Since the required test zone is about Sm\ in diameter,
the far field measurement distance cannot be achieved within a.standard
chamber environment two possible solutions therfore exist. Use a
compact range within the chamber to generate the plane wavefront, or
one may use an open chamber. Here, we describe briefly both sgystems
and provide 'chamber dimensions that can accommodate both.

The compact range 1s the most advanced method of measuring both
antenna patterns and RCS returns. It i8 compact and can be located
inside a moderately small chamber and as such provides an accurate and
convenient system for all tests. It can be calibrated and function at
all times, regardless of environmental conditions. However, {t is an
expengive sytem to set-up. Currently, three different designs are
available: 1) an offset paraboloid, 2) a dual cyldrical parabolic
system, and 3) a dual paraboloid or shaped system. The offsget para-
boloid 1s the simplest system to operate. It consists of a single
parabolid surface, which when {1luminated by a feed at its focal point
generates equi-phase wavefronts at the reflector aperture. However,
because the sgurface {s paraboloidai, it 1s difficult to fabricate.
Consequently, high performance compact ranges with this system have
upper frequency limits due to the surface tolerance. At low frequen—
cies, one may use parbt of an existing large paraboloid to comstruct a

low cost range. Commercially Scientific Atlanta manufactures cthis

class of compact ranges. The dual cylindrical parabolic compact range

utilizes two parabolic reflectors that are curved ounly in one plane.
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They are consequently eadier to fabricate add maintain higher surface
tolerances. Their main drawbacks are: 1) difficulty in alignment,
since 1t is a dual optical system, and 2) the necessity for two large
reflectors. Their performance however is more superior: in aperture
field uniformity and low cross-polarization. Because ;he reflector
surface {8 curved in one plane the fabrication of this sfatem does not
require special tools and can be made using planar sheets mouanted on
parabolic ribs. March Microwave of Netherland supplies a coﬁmetcial
system of this type. The most advanced, but most difficult to fabri-
cate 1s the dual shaped system. Here, two nearly paraboloid surfaces
(shaped) are used in a Cassegran or Gregorian form to gemerate plane
wavefronts. Harris Corporation of U.S.A. manufacturers such a system.
Due to shaping the aperture field uniformity can be high and the spill-
over power can be reduced significantly. The latter is an important
feature for improving the RCS measurements. For reference a sample of
thegse compact ranges are shown in Figures 2-1‘to 2-3. No additional
design details are provided, since we assume that, due to the cost, the
compact range solution is not required by DRES.

To enable testing large antennas or those mounted on an RPV, we
propose an open anechoic chamber design. Here, one of the chamber
walls 1s made of low loss commercial foams to allow the signal trans-—
mission. The system allows the measurement of both small and large
units. To achieve this, it coatains separate transmit and receive
towers, as well as all measurement instrumentations. One set of trans-—
mit and receive towers ére located at two opposite ends of the chamber
and may be used for testing of small antennas or radar reflectors. In

addition, a heavy duty turntable 1is located at the centre of the



chamber. This turatable will be used in testing large antennas or
those mounted on an RPV. In this case, the transmit antennas is loca-
ted outside the chamber to generate the plane wavefront inside the
chamber. 1In this mode of operation the radiation field of the transamit
antenna penetrates through the foam wall and illuminates the test uait.
The transmit tower {8 selected to be at an approximately 1.0 km dist-
ance from the chamber, where a small instrument room shouldvbe located
to house the signal source. Fig. 4 and 5 show the chamber cross-
section and the location of the towers. To eliminate the ground re-
flections a wooden fence at an appropriate distance must also be
inscalled.

For design a rectangular chamber 18 selected. To accommodate
RPV's. Its dimensions are selected to be 20 ft (height) x 30 ft x 30
ft. Using the data available for commercial absorbing material the
reflectivity of such a chamber is investigated and shown in Chapter 3.
It shows that, within a quiet zone of 6 ft and with an absorber thick-
ness of 1 ft the reflectivity level can be below 26 dB. We theéefore
propose to use absorbers with 2 ft thickness to reduce the chamber

reflectivity below 40 dB range.



5.2 CHAMBER REFLECTIVITY .

Performance evaluation of the anechoic chamber was carried out
"employing the ray tracing method. The chamber considered in the pre-
sent study 18 a rectangular chamber with one side open end, as shown in
Fig. 1. The reason for selecting one side open end is to make use of.
the same chamber for in-door as well as for out-door meagsurements. In
general for different types of measurements, it 1is necessary to use
different criteria gq assess the figure of merit of the chamber. Sev—
eral figures of merit namely reflectivity level, termination VSWR,
equivalent cross section, amplitude and éhase uniformity etc. are found
in the literature. However, we have selected the reflectivity level in
the quiet zone as the performance index. Reflectivity level is defined
as the ratio of the sum of all reflected waves to direct radiation.

Reflectivity level at an observation poiant inside the chamber is a
functiqn of its dimensions, absorber characteristics, transmitting
antenna spectifications and frequency of opetagion. In our evaluation,
1ft thick ECCOSORB-VHP-NRL-8 absorber lining is assumed over the inner
side of the walls. Performance of the absorbers is sensitive to the
angle of incidence, frequency of operation and the polarization of the
incident wave. Tables 1 and 2 give reflection coefficients of the
absorber for incident angles of 50°, 60° and 70°. For other angles of
incidence the reflection coefficient is estimated by linear interpola-

tion/extrapolation of‘the available data. In the first set of results,

the chamber dimensions are taken as 20ft x 20ft x 30ft (Fig. 1). An
x-polarized wide band horn located on the axis of the chamber, at a
distance Sft from the open end of the chamber, is used as the transmit-

ter. Details of the horn are provided in Table 3.
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Utilizing ray optics, specular reflections are assumed from the
abgsorber 1lining, {.e. from the inner surface of the chamber. Zero
phase change 1s assumed on reflection. Second bounce Yrays and the
presence of the supporting structures of the transmitter and the test
antenna are ignored. The vector sum of the five reflected waves - two
from side walls and one each from the floor, ceiling and front wall,
provides the net reflected signal. While calculating the reflected
field from each wall, the incident field has to be decomposed into
perpendicularly polarized and paralleli polarized components. Then
appropriate reflection céefficient, obtained through Tables 1 and 2,
was used for each part of the incident field component. Addition of
the two reflected wave components due to the incident field components
yields the effective reflected field. Since principal polarization is
selected along the i—direction, both the reflected and the direct
fields at the point of observation are resolvéd along the x-direction
for calculating the reflectivity level.

Extengive computations were carried out with a grid size 1lft X
1ft x 1ft between z = 6ft and 20ft observation planes. A saﬁple get of
the results for the operating frequencies 1, 4 and 10 GHz are enclosed.
From the computed data the highest reflectivity level in a 6ft x 6ft x
6ft observation region situated as shown 1in Fig. 2 1is identified.
Reflectivity levels as a function of frequency are given in Table 4.
From these results it is clear-that the figure of merit of the anechoic
chamber shows {improvement as the frequency of operation increases.
However, this improvement is bound to be negligble after reaching a

particular frequency. In the present example an improvement of 20 dB
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1s noticed, when the frequency 1s raised from 1 GHz to 4 GHz. Further
increase in frequency to 10 GHz has produced hardly 5 dB additional
improvement 1in reflectivity level. An examination of these results
also indicate that for any selected frequency of operation, reflec-
tivity level deteriorates as the distance between the transmitter and
the observation plane increases. For instance, a deterioration of 8-10
dB 1is noticed when the 6ft x 6ft x 6ft observation region is moved from
10ft to 19ft.

However, the reflectivity level is 6n1y a measure of interference
of the unwanted reflected waves with the direct wave, but doesn't pro—
vide information about the maximum allowable size of the antenna that
can be tested inside the chamber. The amplitude and phase variatiouns
of the total field in the plane of observation decides the maximum
allowable size of the antenna. Therefore, the total field on several
observation planes was computed. Figs. 3 and 4 depict the amplitude
and phase variations, respectively. The field variations shown in the
plots are along the #rincipal cuts (x,y-axes) on the planes of observa-
t.ion, for the frequencies of operation 1, 2, 3, 4, S and 10 GHz. From
these {llustrations, it 1s seen that the total field variation is al-
most the game along the x and y directions. This ié due to the square
cross section of the chamber and the reasonable circular syﬁmetry in
the transmitting radiation pattern.

‘Limitation on the size of the test antennas is obvious from these

illustrations of the total field. The maximum allowable size D of

the test antenna 1s given by Friss transmission formula D = jﬁi?i,
" ‘where A 1{s the wave length and R 18 the range, 1i.e. the distance
between the transmitter and the test antenna. For a range of 20ft the
vmaximum allowable size at different frequencies of operation are given

in Table 5.
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Since there exists a limitation on the size of the anteanna that

can be tested inside the anechoic chamber, the open range measurement
procedure 18 resorted to‘for the large antennas. The te3t antenna is
positioned at the center of the chamber. The transmitting antenna now
is a pencil beam antenna, which is placed at the far—zone of the test
antenna, is used as the transmitter. The scheme is as shown in Fig. 5.
A range of 1000m, for a 4m, test antenna at an operating frequency 9.40
GHz 18 considered for 111us£ration. Referring to Fig. 5, only the rays
that are hitting the ground between the ﬁoints A and B will be able
to interfere with the direct radiation and cause a measurement error.
A wooden fence, simulating a microwave reflector at an appropriate
position, can block these intercepting bundle of rays. From simple
trigonometric relations, the height of the wall CD and its location
from the test antenna (i.e. from the open end of the chamber) were
calcualted and provided in Table 6 as a functién of transmitter height.
Therefore, by having an open end, the advantage of utilizing the cham—
ber both for the in-door and out-door has been brought out. The
results shown in the next section are for a chamber with the dimensions
20ft x 30ft x 30ft (Fi13. 6). The reflectivity levels given in Table 7
are very close to those of the 20ft x 20ft x 30ft chamber. For the
sake of completeness, the amplitude and phase variations of the total
field (Fig. 7, 8) and the sample computed data on reflectivity level

are also included.
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Fig. 1. Microwave Anechoic Chamber, 20' x 20' x 30'



Absorber Characteristics : VEIP-NRL-8
( Emerson and Cuming, Inc. )

T = Absorber Thickness in Wavelengths

For & Pcrpendicularly Polarised Incideat Wave : Table 1
Incident gcﬂxtlon Cocfficient - (DB )
angle .
(Deg.) T=10 | T=13 | T=22 | T=26 | T=30 | T=38 | T=5.1 T=57 | T=100
50 -22 -24 -29 -36 -41 -43 -46 -55
60 -15 -17 -3 -2 -34 -36 34 42 -48
70 -12 -11 -16 -15 -23 -24 <25 -33 -38
For a Parallel Polarised Incident Wave : Table 2
Incident Reflection Cocfficient - (DB )
angle
(Deg.) T=10 | T=13 | T=22 | T=26 | T=30 | T=38 | T=51 T=57 | T=100
50 -20 =27 -3 -30 -38 -40
60 -17 -25 -31 =27 -28 -38 -33 -37 -42
70 -11 -19 -21 -20 -21 =27 -30 -28 -38




Table - 3 : Details of the Transmitting Horn iiSed in the Evaluation
of the Reflectivity Level of the Anechoic Chamber.

Make : American Electronic L.aboratorics Inc.

Horm Model No : H 1479 Bandwidth : 1-12.4 GHz.
Horn Model No : H 1498 Bandwidth : 2 - 18 GHz.
3-dB beamwidths-of these two horns are same .

3 - dB Half beamwidth in E - Plane = 25 Deg.

3 - dB Half beamwidth in H - Plane = 225 Deg.‘

The electric field of an X - polarized transmiting horn with the above
specified 3-dB beamwidths is simulated by

E(0,06) = (cos0)>*2cos¢ & — (cos0)* sind $
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Table - 4

Location of the

Reflectivity Level - (DB)
centre of the

6{1x6(tx6(t ob-

| servation region | | (= 2GHZ | £ = 3GHz. | { =4GHz. | ( = SGHz. | = 6GHz. | [ = 10GHz.
‘on the z-axis : :

10 ft. -26.66 -34.76 -44.68 -47.01 -47.26 -47.08 -5253 .
13 fu. <2336 -32.62 -42.41 -43.44 -4534 -45.34 -49.61
16 (1. -20.20 -28.95 -39.55 -41.93 -41.59 -41.59 -46.29

19 ft. -17.65 -26.75 -36.51 -36.98 -39.71 -39.71 4343
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Frequency = 35 GHz
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Table - 5

Frequency

( GHz)

(Cm)

i
Maximum dimension (D)
of the tcst antenna for
arange R =20 ft.
A
D= R—
2

(Cm)

1

95.62

67.62

5521

47 81

42.76

39.04

35.14

33.81

3187

30.24




.~ Test Antenna

Figure is not to the scale

Transmitter —__

Fig. 5.

1000 mt.
Table - 6
X, 9y X, 0,
(fe.) ( Dcg. ) (fr.) ( Deg.)
509.90 186 120.73 163
53501 177 127.55 154
562.71 168 13520 1.46
593.44 160 143.81 137
627.72 151 153.61 128
666.20 1.42 164 83 120
709.71 134 177.82 111
75929 125 193.03 1.02
81633 | 116 211.10 0933
88263 | 1.08 232.89 0.846
| 96065 0988 259.69 0759
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§ 3 -46.82  -46.64  -49.41  -48.38  -49.88  -43.73  -52.43  -41.83
-4 -48.25  -46.46  -45.83  -44.32  -46.88  -49.63  -41.58  -58.34
Zs -45.29  -64.35  -45.44  -S1.15  —43.26  -44.96  -46.25  -48.82
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Frequency = 10 GHz
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-26.52
-23.34
-18.839
-21.20
-38.65

Y ---d the.
3

-28.68
-27.43
-24.09
-23.90
-23.46
-28.29
-26.85
-13.35

Y —-al (1.
3

-21.76
-25.36
-29.14
-22.31
-19.93
-22.41

- =27.41

-22.15

Y o——ee (ft.
3

I
-24}52
-25.52
-26162
-27.37
-23.72
-19.23
-zzLas

-33.38

-28.83
-27.14
-23.73
-23.97
-23.29
-23.93
-24.88
~18.47

-21.56
-25.27
-28.73
-21.97
-19.97
-23.22
-28.83
-20.71

-24.07
-25.28
-264.70
-26.87
~23.16
-19.05
~22.95
-46.29

-29.38
-26.46
-22.93
-23.398
~264.94
-28.35
-22.67
-17.76

-21.644
-25.33
-28.43
-21.65
-28.86
-24.87
-28.85
-19.38

-22.99
-24.66
-264.72
-25.48
-22.15
-18.33
-24.396
-33.37

-38.59
-26.8S

- -22.58

-24.56
«26.73
-26.€6
-21.17
-17.65

-20.93
-24.68
-27.01
-20.77
-19.81
-264.84
-26.13
-17.73

-22.36
-264.77
-25.48
-24.62
-21.76
-18.43
-2S.64
-26.939

-31.74
-25.66
-22.18

-25.38
-28.74
=24.47
-28.14
-~17.88

-20.33
-23.86
-25.12
-19.88

-19.81

-26.73
-22.91
-16.43

-22.083
-26.94
-25.93
-23.79
-21.35
-19.65
-33.16
-22.95

-




Z - 21.8ft. PLANE

(‘1) -==- X

N NN W N -

Z = 22.8¢t. PLANE

("3} ====- X

N OO N o wN

Z - 23.8¢t. PLANE

C44) === x

N O N W N

- @

-28.12
-21.59
-19.83
-26.89
-25.398
-19.26
~18.34
-28.58

-21.54
-23.16
~-21.390
-19.25
-24.59
-25.73
-16:41

-16.47 -

-17.23
-22.69
-22.52
-16.67
-20.68
-25.93
-17.3%4
-14.92

-32.17
-22.33
-20.61
-25.88
-25.77
-19.18
-18.02
-20.5S

-23.85
-23.76
-21.86
-19.48
-25.08

-25.36

-16.50
-16.91

-18.83
-24.6S5
-23.84
-17.18

-21.82

-26.63
-18.4S
-14.77

-31.22
-22.47
-20.685
~25.24
-25.1S8
-18.85
<17.41
-19.83

-23.18
-23.62
-21.72
-138.81
-26.00
~-24.63
-16.74
-17.81

-18.67
-27.33
-26.36
-18.07
-21.24
-26.98
-19.17
-14.39

A EETT N L A
3

-30.87
-22.12
-19.95
-25.84
-2.63
-18.54
-17.21
-20.41

Y -=-- (ft.
3

-23;18
-23.67
-21.92
-20.08
-26.99
-264.57
16,77
-18.89

Y === (ft.
3

-19.66
-27.76
-27.88
-1qt32
-21.22
-27.24
-18.27
-1{.38

)
4

-30.83
-22.30
-20.308
-26.07
-25.18
-18.77
-17.57
-21.65

-22.23
~23.63
-21.98
-19.52
-26.48
-23.93
-16.15
-17.76

-18.37
-27.67
~26.88
-18.38
-22.12
-29.83
-19.54
-14.95

[L,]

-32.73
-22.85
-20.30
-26.97
-25.78
-19.1%
-17.66
-22.66

-20.35
-22.66
-21.25%
-18.76
-25.54
-22.48
-15.57
-17.97

-13.56
-28.82
-27.57
-18.82
-22.85
-32.85
-20.1}
-15.09

-31.99
-22.52
-20.77
-26.65
-24.96
-18.86
-17.58
-25.83

-28.57
-22.55
-21.18
-18.57
-26.39
-22.15
-15.S7
-18.12

-18.28
-27.37
-25.87
-18.93
-21.91
-30.93
-13.48
-14.83

-32.09 .
-22.15
-28.75
-27.57
-24.18
-18.85
-18.186
~38.59

-18.92
-22.33
-21.34
-15.83
-26.58
-21.48
-15.16
-17.73

-1S5.43
-26.38
-25.29
-18.1@
-21.74
-29.61

-19.87

-15.13



1
|
|

Anechoic Chamber dimensione -23.8¢:.X 30.0¢t.X 38.8¢¢t.

Transmitter location from the open-dnd of the Chamber = S.0ft.
Frequency = 4.8CHz.

Z - 6.8ft. PLANE

Y -=-= (ft.)
3 4

-51.98
~51.38
-49.58
-47.17
-46.22
-41.89
-37.50
-33.76

() --=- X

N O N W N -

Z - 7.8ft. PLANE
Y ——-s (ft.
3 .

-54.95
-54.24
-52.68
-58.28
-47.68
-44.87

(*V4) ===--x

-41.76
-33.65

Z « 8.8ft. PLANE

el
-53.67
-51.82
-s8.21
-47.94

("34) ==--x

1
~45.85
-42.84
-33Jaa

i




2 - 9.8ft. PLANE

(34) ==== x

N OO N WN -

Z - 18.8¢t. PLANE

(1) === X

N AW N -

Z = 11.8ft. PLANE

(°¥4) --=--x

N N s W N

—

-52.65
-53.84
-52.53
-51.26
~49.42
~47.34
~45.83
~43.86

-51.71
-51.60
-51.33
-59.84
-48.36
-45.83
-43.64
-41.45

-51.85
-50.52
-51.32
-48.38
-47.38
-47.21
-47.76
-44.75

-55.18
-54.23
-52.92
-51.12
-43.83
~46.381
~44.29
-41.38

-54.15
-52.93
-51.78
-S8.75
-48.08
-45.61
-43.67
-41.87

-83.45
-51.88
-51.52
-48.75
-47.46
-47.78
-47.63
-43.47

-54.66
-54.49
-52.95
-58.26
~48.18
~45.66
-43.88
-408.36

-53.12
-53.8S
-52.685
-49.393
-47.48
-45.34
~45.14
-44.73

-52.22
-83.34
-S51.03
-48.48
-48.42
-48.4S
-44.91
-40.8S

Y ooeme (£,
3

-54.41
-53.21
-51.57
~49.29
-47.91
4615
-44.58

-63711

Y —-io (f1.
3

-52.34
-53.22
-58;81
-49%04
-48.10
-47Lss
-45.97

-42.€5

|
i

Y - (ft.
3

-51.38
-83.72
-49.71
-49.58
-49.62
-45.43
it

)

-52.63
-51.44
-58.58
-49.82
~47.74
-44.82
~42.12
-39.28

-52.78
-50.66
-58.11
-43.54
-47.68
-44.63
-42.27
-41.31

-52.CS
~-58.53
-49.65
-508.4S
-46.083
-44.54
-46.21
-42.63

-49.33
-58.37
-48.93
-47.08
-45.24
-44.29
-43.26
-41.17

-58.12
-49.82
-49.739
-46.84
-45.63
-45.87
-43.70
-39.13

-58.76
-48.64
-58.47
-46.79
-47.18
-45.72
-41.36
-42.11

-438.85
-47.20
-47.03
-46.12
~44.06
-41.69
-48.12
-39.80

-47.99
-48.72
-46.62
-47.67
-44,82
-41.87
-42.33
-41.47

-45.22
-46.33
-44.56
~43.73.
-43.18
-48.31
-38.£9
-37.861

-46.66
-45.45
-46.15
-43.5S
-44.33
-41.69
-39.19
-41.16

-48.€1
-45.81
-46.83
-44.29
-45.37
-41.27
-42.76
»-38.74



Z - 12.01t. PLANE

(°31) ~=ee x

N O N s w N =

Z - 13.8¢t. PLANE

(*¥4) ----

Z -« 14.0ft. PLANE

("¥3) ===~ X

Y -—-- (1t.)
3

-58.34
-52.49
—48.68
-58.45
—46.57
~46.33
-67J43
-48.61

4

~51.73
~49.23
~49.83
~48.05
~47.22
-47.77
~41.97
~43.89

Y --<a (ft.)
3

-51.67
-49.48
-$8.12
-46.46
-43.11
-44.92
-44.54
-45.S1

-52.58
-48.33
-48.73
-47.57
~7.57
-44.SS
-47.63
-48.24

Y —ce= (ft.)
3

-51;87
-43.25
-46.69
-43.39
-44.61
-43.1S
-41.52
-43.05

-48.18
-49.84
-47.20
~47.87
<47.17
-44.084
-46.13
~48.4S

-43.85
-48.29
-45.11
-464.20
-47.14
-41.65
-48.£5

-47.84 :




Z « 15.081t. PLANE

(°V3) === X

Z = 1€.8¢t. PLANE

(*44) =---x

Z = 17.09ft. PLANE

(*3)) ===--x

N O wn

- 9

& WN

~48.27
~49.30
-47.4S
~4S.88
-50.17
-43.83
-48.12
~48.43

Y --=< (f1t,)
3

-47.02

-48.73
-51.98
-46.4S
-46.22
-47.16
-61.28
-43.35

Y === (ft.
3

-52.42
-58.86
~46.22
-44.28
-48.34
-44.59
-48.97
~48.64

Y <deo (te.
'3

-45.18
-44.22
-44.58
-47.27
-43.83
-40.23

4

-51.19
~48.42
-45.61
~47.43
-46.18
-42.18
-48.94
48,44

-44.73
-45.63
-47.83
-46.22
-41.77
-41.50
-47.56
-33.93




Z « 18.81t. PLANE

(*3)) ==== X

N O s wN -

Z - 18.8ft. PLANE

(*Vi) -==- ¥

ummburor-m

Z = 20.8ft. PLANE

() -==- X

N OO N s W N -

-47.42
-47.84
~47.97
-46.36
-45.52
-42.69
-38.12
-38.07

-49.32
-47.65
~44.53
-44.39
-49.32
-47.58
-4S.12
-39.82

~46.84
-45.31
-46.57
-58.70
-46.23
-48.8S
~48.51
~47.11

~48.92
-47.94
-47.79
-46.79
-46.85
~44.53
-3J3.es
-38.63

-53.e2
-47.86
-43.6S
~43.1S
-47.26
~46.74
-47.73
-40.47

-44.33
-44.27
-45.05
~48.38
-47.38
-41.1S
-39.47
-42.15

-48.9¢
-48.76
-48.16
-46.49
-46.78
-45.43
-339.30
-37.3S

-54.04
-50.19
-44.73

. =43.S8

-47.S3
-47.26
-S1.14
-42.20

[ .
|
-
|

Y —ee- (ft.
3

-44.18
-44.1S
~44.67
-47.48
-58.69
-43.11
-33/3

-3sl11

l

Y ~=o- (ft.
3

-47.47
-47.82
-47.99
-46.42
-47.97
-51.08
-42.03
-33.99

Y ---- (ft.

)
4

-44.0885
-43.98
-43.87
-4S.15
-43.13
-48.73
-43.42
-38.44

~44.85
-4S5.25
~45.48
-43.73
-43.42
-43.46
-47.54
-42.34

-52.31
-49.51
-43.81
-42.28
-43.69
-41.67
-46.27
-93.19

(%3]

44,

13

-43.82
-43.26
-43.23

~44.039
-45.08S
-Sl.08

-43.

(%}

14

-43.0S

-43.
-43.
=41,
-48.
-43.
-44,
-SG.

-58.
-48.
-43.

~41.
=41,

g2

82
83
67
17
72
31

16

21

.73
-42.
-40.

S7
e3
97
79

~45.44
-45.01
-44.13
-43.53
~42.63
-48.24
-48.27
~45.31

~41.61
-42.33
-£3.12
-41.85
-39.58
-49.35

-39.e3 -

~41.7¢

-4G.33
-46.21

~49,54
-48.74
-47.33
~47.14
-47.82
-41.63
-38.91
=37.14

-48.65
~41.70
-43.83
-42.12
-48.76
-48.85
-37.96
-37.43

-44.85
-44.93
-41.76
-41.87
-42.43
-48.68
-33.27
~-38.55




Z - 21.0¢t. PLANE

(*33) ===- x

N O N s WN -

Z = 22.8ft. PLANE

(*44) -=-=- X

N OO N S W N -

Z - 23.8ft. PLANE

(*34) ===- X

N O s W N =

[

-46.73
-43.36
~40.07
-41.16
=39.91
-41.89
=41.34
—47.85

-43.85
-42.35
-33.28
-39.92
-37.58
-37.68
-38.14
-36.76

-42.17
-38.36
-39.608
-42.81
-43.S6
~47.27
~47.58
-55.38

-56.94
-46.48
-41.38
-42.25
-48.85
-408.75
-48.11
-44.56

-52.395
~42.67
-33.e8
~49.19
-38.56
-38.23
-38.32
-36.43

-46.53
-48.53
-39.85
-42.31
-48.52
-46.17
-48.24
~59.46

2

-54.31
-46.53
-41.32
-41.31
-39.3¢4
-39.96
-39.89
-42.72

-53.93
-44,082
-48.22

41.32

~39.54
-38.83
-37.80
-36.48

-48.38
-48.57
-39.81
-48.93
-47.73
-46.77
-Sl1.14
-58.57

Y ——ee (f1,
3

I

-59.91
-48.40
~42.38
~43.36
~39.83
~48.27
-38.17
-39.42

Y --am (ft.
3

-52.88
~3.82
-39.93
-40421
-39,49
-38.48
-33i11

-37l5s

Y --;- (ft.
3
-49L31
-aak7a
-41.85
-42.11
-52.80
-4%.85
-47.43
.52

{

}
4

-53.75
-45.34
~41.88
~42.20
-33.82
-39.88
-37.88
-38.08

-59.39
44,72
-41.81
-408.71
-40.53
-38.16
-38.63
-38.69

-51.83
-40.20
-40.83
-48.30
-48.88
-43.45
-47.27
-48.7S

-53.83
-43.36
-41.53
-40.19
-42.22
-48.43
-48.35
-39.69

-54.16
-42.39
-43.45
-48.70
-44.19
-51.59
-44.G0
-42.31

-52.69
44,42
-409.63
~41.38
-38.77
=33.11
-38.13
~35.87

-46.81
-41.6%
-40.82
-38.65
-42.52
-462.72
-43.18
-43.69

-46.92
~41.84
-42.47
-41.34
~45.8S
-60.89
-439.43
-48.87

-56.18
-44.79
-41.35
-41.7@
-48.31
-33.74
-41.63
-33.83

-44.25
-42.08
-41.63
-38.21
-41.33
-44.13
-46.99
-63.28

-41.31
-42.30
-49.890
-41.63
-44.18

-47.58
-41.16



1
: |
i

Anechoic Chamber dimensions -208.0¢lt.X 38.8¢t.X 38.@11.

Transmitter location from the open-end of the Chaater « S.81t.
Frequency « 18.8GHz.

Z - 6.8ft. PLANE

Y —-e-- (ft.)
3 4

67.38
-64.76
-69.65
6.3
-sﬁ.sz
-48.93

-44.61

{("¥)) ==== X
N OO N s, wN - e

-41.48

Z - 7.81t. PLANE

(V) --=- X

- Z = 8.8tt. PLANE

("V4) === X




Z « 3S.01t. PLANE

(3 --=- x

N N S WN e

Z = 1€.7ii. PLANE

(*¥4) =---x

N OO N s WwON e

Z = 11.8¢ft. PLANE

(1) ~=== X

N O N w N

[~

p—

-58.33
-57.95
-56.66
-55.55
~54.79
-53.22
-51.24
-43.58

-56.87
~56.28
-55.31
-55.26
-53.36
-50.92
-58.42
-51.26

-55.22
-S5.83
-54.86
~-54.12
-54.48
-58.58
-82.73
-46.45

-G7.07
-61.45
-57.37
-56.41
-55.15
-52.47
-58.18
-48.13

-67.70
-60.81
-56.63
-56.28
-53.25
-51.58
-52.36
-43.25

-64.439
-58.46
-55.82
-53.84
-55.38
-58.72
-52.7¢
-45.98

-65.34
~63.46
-60.86
-56.64
-83.72
-51.44
-439.61
-47.25

-67.83
-64.78
~-53.02
-5S.77
-54.52
-83.12
-48.52
-47.38

-63.34
-63.57
-58.93
-55.72
-52.88
-54.41
~48.47
=52.18

Y ---- (ft.
3

-66.67
~64.67
-59.72
-58.34
-54.28
-50.99
-48.69
-46.88

Y -i-- (fe.
3

-63.32
-61.32
-53.17
-58.56
-53.23
-53.53
-49.37
-46.12

Y -o== (ft.
3

-61.67
-61.28
-57.91
-55.83
-55.81
-51.53
-49.15
-s1.e5

)
4

-65.5S
-63.07
-59.63
-57.75
-54.85
-508.83
-58.16
-48.33

-62.86
-62.50
-61.33
-57.41
;53.38
-54.23
-48.31
-43.29

-67.81
-62.63
-59.01
-57.52
-56.964
-51.GS
-48.49
-51.93

-63.23
-61.33
-57.97
-57.38

-52.87

-52.56
-47.30
-46.25

-62.82
-62.14
~59.49
-58.32
-53.19
-50.97
-50.88
-45.03

-54.43
-439.38
~45.32

-61.88
-68.73
-57.56
-54.4S
-52.98
-50.17
~47.20
-4S.38

-53.48
-59.539
-56.54
-55.46
-54.82
-52.81
-4L7.47
-45.61

-61.57
-59.35
-57.44
-54.81
-52.43
-%0.19
~48.47
-47.33

-§7.72
-57.41
-55.09
-84.11
-52.80
-48.72
-45.36
-46.32

-S€.56
-58.19
-S6.72
-€5.63
-53.65
-49.85
-46.22
-43.62

lo.2



Z - 12.81t. PLANE

(°¥4) ====X

N O " WN -

Z « 13.0ft. PLANE

(1) ==== X

Z « 14.8ft. PLANE

(33) === X

N OO W N

N O N s WwWN - o

[y

-55.68
-55.88
-55.71
-54.97
-54.23
-58.70
-48.20
~S1.43

-52.79
-54.508
-55.35
-53.180
-51.71
-58.82
~439.75
-S1.1S

-53.18
-S3.00
-51.65
-58.90
~54.85
-52.52
-48.20
-45.08

-63.91
-53.38
-56.21
-54.33
-54.34
~52.48
-48.18
-47.84

-59.88
~59.63
-55.53
-52.37
-58.85
~43.74
~47.97
-47.56

-59.98
-56.99
-52.25
-52.25
-54.25
-50.76
-47.84
-45.08

-65.17
-59.83
-56.87
-83.27
-51.77
-51.72
-53.84
~47.66

-68.31
-63.02
-54.64
-52.85
-52.36
-51.71
-48.14
-47.38

-58.08
-61.40
-54.72
-56.23
-58.58
-48.21
-49.88
-53.31

Y ---- (ft.
3

-68.54
-64.51
-53.83
-58.47
-57.13
-53.83
-48.34
-45.839

Y «e-a (ft.
3

-63.35
-57.76
-53.19
-57.44
-52.73
-58.84
-48.38
~45.93

|

Y -<a= (ft.
13

-63.11
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ANECHOIC CHAMBERS - DESIGN; AND EVALUATION

INTRODUCTION

A.l ‘ General Description

This appendix councentrates on the discussion of anechoic chambers
for antenna measurements. In Secs. A.2 and A.3 the microwave absorbing
material and its testing and specification are described. In Secs. A3
and A.6 the two most oftem used test ringea, the rectangular and the
tapered chambers, are outlined and comﬁ;red. In Secs. A.7 - A.ll a

detailed discussion of chamber evaluation is given.

MICROWAVE ABSORBERS

A.2 Absorbing material

For the use in versatile chambers, broad band absorbers having a

good impedance match to free space over ? wide spectrum of frequencies
for a large range of angles of incidencL around normal are available.
A continuous transition from the free space impedance to the impedance
of the metal walls on which absorbers a%e usually mounted in shielded
chambers 18 obtained either geometrical}y (e.g., pyramidal absorbers)
or electrically (e.g., absorbers made of;alternating layers). The most
commonly used material for absorbers is light-weight expanded foan

(often polyurethane) impregnated with ¢arbon. The thickness of the

absorbers depends on the required lowestéoperating frequency.

Abgorbers in the form of solid as well as hollow pyramids with a
|
height up to 4.57 m have been developed for operation down to 26 MHz.
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When the pyramidal tapering is combined with a resistive tapering, thé
result 18 a high performance absorber having a reflection coefficient
of -60 dB at frequencies for which absorber thickness 1is more than
about ten wavelengths. Typically, the reflection coefficient may vary
from =50 dB at normal incidenct to -25 dB at a 70° incidence angle, see
Fig. A.l. It should be mentioned that absorbers have been developed
for special purposes, such as weatherproof, high power absortion, work-

ing floor and reduction of surface currents [Emerson, 1978].

|
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Fig. A.l. Reflection coefficient as a fﬁnccion of absorbers thickness

in wavelength A with 1néidence angle as a parameter

[Emerson, 1973].
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A.3 Testing and Specification

Abgorbers may be tested in free spéce or in closed systems. In
FPig. A.2, free space measurements are illustrated. An 1illuminating
antenna and a receiving antenna is mounted so that they cam be moved
along a semicircule while point towards the center of the circle where
a sample of absorber backed by a metal plate 1s placed. In that manner
the angle of 1incidence ‘' 6 can be varigd from 0° towards 90°. The
{1luminating antenna causes an incident| wave ED on the absorber. Let
that part of the incident wave reflecte? by the absorber towards the

receiving antenna cause a received signaIJEA when the receiving

ILLUMINATING 0° | RECEIVING
ANTENNA ANTENNA

-90° f | +90°
ABSORBER
UNDER

TEST |

[

Fig. A.2 The arch technique for teating{abaorbers
|

antenna is positioned for detection of the specular reflection. Then,

the reflection coefficient ' of the abbotbets 18 defined by

!
i
J
|
|

|
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where EH is the signal detected when the absorber is substituted by a
metal plate. The measurements may be performed accurately by adjusting
an attenuator iheerCed between the signal source and illuminating an-
tenna ' (dB) to obtain the same magnitﬁde of detected signal for the
two measurement situations. Instead of Lsing this so—-called arch tech-
nique, absorbers qay(also be mounted on é complete wall and special

tests carried out om the wall placed, e.g., in a large anechoic cham—
ber. Measurements should be carried out for both normal and parallel
polarization. Also, the properties of Jabsorbers may be determined by
comparing the back scattering cross section of a metal plate with that

of the metal plate covered with absorbefs. The plate with and without

absorbers may be rotated as in conventional radar cross section mea-
4

surements.

Although absorbers are made to consume the {mpinging electromag—'

netic signals, diffraction from edges kf the absorbers are consider—
able. This means that for free space #easutements the side length of
|
|

the absorbers should be at least about 10 wavelengths so that surface

reflections are dominant. However, thﬁs alsé means that at low fre-—
quencies a large set up has to be esta#lished. Instead of doing this,
the VSWR may be measured in a large wav%guide system which 1s flared to
a large aperture filled with the abso%ber [Hiatt, Knott and Senior,

1963}. It should be noted that the reflection coefficient at higher
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frequencies may also be determined by ﬁesuting the VSWR caused by an

abgorber backed by a metal plate and pléced directly up to a horn aper-
ture. |

Besides specifying the reflection coefficient of the absorber in

the recommended frequency range for various angles of incidence, infor—-

mation may be required for such properties as shape, dimensions of

basic blocks, and their weight, hardness, strength, and flexibility,
|

weatherproof, working temperature tange,j‘, colour of surface, power hand- '

ling capability, fire retardancy, fuel ;oil resistancy, basic material,

|
recommended adhesive or fasteners, and Qses.



TYPES OF CHAMBERS

A.4 Rectangular Chambers

In the first attempts to increase the accuracy of indoor antreanna
measurements by use of absorbing material, it was natural to place the
material as wall liners in laboratores. Thus, the first chambers were
rectangular {n shape. In order to continue the improvement of measure-
ment accuracy special rooms were 1nsta1;ed with the walls folded and
baffles and wedges of absorbers were 1n¥roduced in the lining. Very
exotic shapes were patented and several built. However, with the ad-
vent of high performance absorbers, the feccangulat chamber has become
the predominant type of chamber for vers;tile use.

In general, design of this type of;chamber for conventional far—
field measurements is based on considerations qhich are 1llustrated in
Fig. A.3. A transmitting antenna T {is @laced near one end wall and a
receiving antenna R 18 placed at a dist@nce ibzlk in the direction of
the other end wall referred to as the back wall. Here, D is the diam-
eter of the receiving antenna and A {8 the wavelength, {i.e., the
far-field criterion is satisfied. The Jidth of the chamber 1is chosen

‘so large that the angle of incidence 6 for the ray resulting in a
specular reflection ER1 from the side wail is less than 70°. A larger

angle will result 1in large side wall reflections, sgee Fig. A.l.



ER2

R

)
1
X
{
T . P |

QUIET ZONE
|

L

Fig. A.3 Rectangular Anechoic Chamber

Furthermore, the receiving anteuna 1is placed a distance from the
back Qall.which is about half the width of the chamber. This should
secure that the receiving antenna does not couple too strongly with the
back wall absorbers whose reflections are:ER . -The choices result in a

2
chamber total length L and width (equal: to height) W given approxi-

mately by
2
7D
L=3X @)
and
2
3 D ‘
v T X . &

i.e., a length-to-width ratio of about ﬁ:l. In order to reduce side
Qall reflections a ratio of, e.g., 2:1 mag be chosen. The final choice
depends on required measurement accuracy and available absorbing mater—
fal. Often funds and an existing buiiding limit and determine the

final dimensions.
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The chamber may be lined with the same type of absorbers all over.
|
However, often thick absorbers may be placed in Fresnel zones around

the specular reflection points. In particular, back wall absorbers,

which are 1lluminated vigh the main lobe, may be chosen to be long. 1In
general, the properties of absorbing na{erial are chosen so that re-
flections within a volume, a so~ca11edjqu1et zone, around the test
antenna are sufficiently small to satisfz specified measurengnt accur-
acy. For example, the back wall absorbers and side wall absorbers may

be chosen so that ERI and ERZ are of the~§ame magnitude.

This means that

=T + 4
r‘br‘sp (4)

where Pb and Ps are the reflection coéfficients of the absorbers on

the back wall and side walls (longitudinal surfaces), respectively, and
i

P 1s the pattern level of the iflluminating antenna in the direction of

the specular reflection point.

It is understood that side wall and;front wall reflections can be
reduced by proper choice of the-illuminaqing antenna pattern. However,
this cannot be made arbitrarily direc%ive because then the direct
signal ED may not be sufficiently plaiﬁ with respect to amplitude and
phase variation in the quiet zone. Aicareful investigation of the

i
significance of choosing an illuminacingjantenna with pattern nulls in

the direction of specular reflection points does not seem to exist.
|

Since the reflections from all walls, floor and ceiling add up,
the reflectivity level of the quiet zone will depend on the directive

properties of the receiving ‘antenna. - In case all six specular

|

!

[

{

|
e
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reflections add up in a constructive manne&, the reflectivity level may
be up to 15.6 dB larger than Fb.
directive antennas it may be only 5 dB laﬁger.

but typically when measured with

A.5 Tapered Chambers

Out of the chambers with shapes other than the rectangular, the
tapered chamber illustrated in Fig. A.4 14 often constructed for anten—
na pattern measurements at low frequencies. It consists of a tapered
gection and a rectangular or cubical gsection. The iflluminating antenna
18 placed at the .apex. The tapered section may be considéred as a
large horn antenna terminated into a large waveguide in which.a single
mode in the form of a plane wave is to be generated. In order not to
generate higher order modes, three major!problems exist (a) the posi-
tioning of the {lluminating antenna, (b)' the coupling of the field to

the lossy side walls, and (c) the transition from the tapered section

|

to the rectangular section. \

The positioning of'the'illuminatingiantenna may depend on experi-
ence obtained from probing the field in the quiet zoune for various

locations of the {lluminating antenna in ithe apex region.

1
In order to have a proper transition between the two sections and
1 .

[
adequate coupling in the tapered section, its absorbers may have vary-
|

ing properties from the transition to t&e apex. Experience has even

|
1

gshown that metal foil at the apex end m%y be helpful [Hollmann, 1972].
It turns out that at low frequencies, wJere the chamber is 1lluminated
with low gain antennas, the chamber operhtes similarly to the descrip-

\
|
tion given above. At higher frequencie?, e.g., above 2 GHz depending

(
|
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ACCESS
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IQUIET ZONE
! R

. TAPERED SECTION | RECTANGULAR SECTION

Fig. A.4 Tapered Anechoic Chamber
upon the size of chamber and absorbing material, the field may not
couple adequately to the walls in the tapered section. Here, the use
of directive antennas placed down the tapered section may be advantage-
ous to use. Thus, at the high frequencf end of operation, the tapered

chamber becomes similar to the rectangular chamber.
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A.6 Comparigson of Chambers

Experience has shown that tapered éhambeta are superior to rec-
tangular chambers at lower frequencies. ;This {8 due to the fact that
in rectangular chambers at 1low frequeﬁciea, gside wallas give large
reflections which cannot be coatrolled by using directive antennas as
at high frequencies. The superiority oﬂ the tapered chamber at lower
frequencies may also be understocd by cgnsidering the image I of the
1lluminating antenna in the walls of the iapered section as illustrated
in Fig. A.4. Since the path length d%ffetence between the signals
arriving from T and I in the quiet zone 1is small in wavelengths at low
frequencies, the result is that a relatively large quiet zone can be

established in the tapered chamber in c&mparison with the rectangular
AMPLITUDE OF THE MMNEFRQNT

/ \

() ) ,

RECTANGULAR TAPERED

CHAMBER CHAMBER
Fig. A.5 Side wall specular reflection ;comparison between rectangular

and tapered chambers [Kummer a+d Gillespie, 1978}
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chamber. This 1is also illustrated in Fig. A.5 [Kummer and Gillespie,
1978].

Besides the advantage of improved operation at low frequencies,
the tapered chamber uses less absorbing mgterial. However, the result-
ing reduction of cost is to some extent offset by the cost of setting
up the special tapered section. Ian addition to this the tapered cham-
ber has some disadvantages in comparison with the rectangular chamber.
A path loss occurs in the tapered section so that conventional measure-
ments based on Friis's transmission formula cannot be carried out
[King, Shimabukuro, and Voﬁg, 1967). Further more, small asymmetries
may influence the polarization state in éhe quiet zone. Use of conical
tapered sections may improve the polariiacion perform&nce in the case
of circular polarization. In order to gbtain propert coupling to the
tapered section, the positioning of theiilluminating anteanna requires
more time for the tapered chamber. For critiéal measurements careful
probing of the quiet zone may be requifed. But, it should be noted
that the tapered chamber 1s not critical;vith respect to the directive
properties of the illuminating antenna,éand special supports and ex-
changeable tips for the apex may facilitate the getting up. However,
the tapered section can only be used to feed the rectangular section.
This means that, e.g., bistatic measuréments cannot make use of the
total length of the chamber which may typically be three times that of

the rectangular section. In conclusion, the rectangular chamber is a

more general purpose test range than thejtapered chamber.




EVALUATION OF CHAMBERS

A.7 General Test Problem

tudinal axis of the chamber.

tower.

far field criterion is satisfied.

tern measurements as shown in Fig. A.6.

The most accepted evaluation procedure for anechoic chambers may

be described with reference to a conventional set up for anteanna pat-

An 1lluminating anteanna is

The model tower is arranged on some traversing mechanisa.

placed close to an end wall and pointing in the direction of the longi-

A receiving antenna is mounted on a model

This

means that the receiving antenna may be rotated to certain aspect ang-
les and moved about. Before discussing Fhe evaluation let the receiv-
ing antenna be placed at a reference poeicion on the longitudinal axis

at a distance from the i{lluminating antenna so that the conventional

v v M
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Fig. A.6 General Test Problem
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Thus, by rotating the aﬁtenna a pattern @easurement may be carried out.
However, the measurement is disturbed b; error signals. These may be
classified as follows [Appel-Hansen, 1983].
1. Multiple reflections caused by cﬁe {illuminating antenna and the
receiving antenna.
2. Interactions from model tower, traversing mechanism, and other
instruments placed in the test range.
3. Interactions from cabling to ant%nuaa.
4. Leakage signals from the source to the detector.
5. Extraneous reflections from the ?bsorber lining of the chamber.
6. Electromaénetic perturbations due to coupling with external
sources. |
7. Mismatch reflections due to mismatch in the applied componehts.
In the evaluation of the anechoic chamber 1t 1s the influence of the
extraneous reflections from the absorber liniqg which has to be deter—
mined. Therefore, the chamber evaluacién and the interpretation of the
results should be made so that the iﬁfluence of the remaining error
signals 18 negligible. Unless the oppésite appe;rs from the context,
let us assume this in the following aéd make some general considera-
tions. i
The {lluminating antenna creates a;field distribution in the cham—
ber. At every point the field may b% considered as the sum of two
signals, viz., a direct path signal ED'ftom the {lluminating antenna
and an indirect path signal ERfrom the 'absorber lining. The signal ER
is referred to as the reflected signaJ because it is due to absorber
reflections of the field incident on the absorber lining from the 1llu-

minating antenna. The direct signal depends on the radiation charac-

|
teristics of the {lluminating antenna. The same {8 true for the
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reflected signal. But in addition to chis ER depends on the character—
istics of the absorber lining and its péaition relative to the 1llumi-
nating antenna. Thus, while the direct}signal under conventional far-
field conditions vary in a relatively simple manner with position, the
variation of the reflected signal is complex. However, in analysis of
measured data, the reflected signal may be decomposed into major con-

tributions, e.g., BRI R3

figure. As discussed in Sec. A.4, this' {s also done in the design of

chambers. |

The goal of chamber evaluation is to be able to predict the error

caused by ER. In case the error is small, the chamber performance 1is

said to be high. A theoretical ptediétion 1s prevented due to the

complicated problem of finding the response of the receiving antenna to
ED and to ED+ER. An experimental predicéion upually takes its starting
point in a consideration of the complicéted interference between ER to
E_ . However, this ratio cannot be detérmined with a coanventional set

D
up. This is because the reflections arriving from different directioms

are detected at the same time and in different manners depending upon

l
the characteristics of the reeiving antenna. In particular, in case a

reflection 1s cross polarfized to the antenna or is arriving at a pat-

tern null, it 18 not detected by the antenna and does not cause any
1

error. Such deficiencies may be avoided by the use of three mutually

orthogonal dipoles [Crawford, 1974]. However, even when a complete

|
picture of the intereference phemomenoniis obtained in this manner, an

exact prediction of measurement error for a set ub would probably be
|

impossible.

and E from the side walls as 1llustrated in the
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Therefore, evaluation procedures dq not usueclly study the inter-
ference phenomenon itself, but the 1nf1u€nce of ER on patterns measured
by using standard antennas. When patterns are recorded at different
positions, i.e., for various distances bétween the {lluminating anten-
na, variations in the recordings are observed. These are mainly due to
three effects. The first effect is an in-and-out-of phase interference
between the reflected signal and the direct signal. The second effect
is variations in the amplitudes of the;ditect and reflected signals.
These measured variations are influen¢§d by the fact that as the
receiving antenna 1s moved, {ts pattern scans with respect to the
directions of propagation of the detecte; signals. The third effect is
variations in the recorded patterns due to the fact that far—fleld
conditions with respect to ED can only pe met to some extend depending
upon the length of the test range. wa; suppose that the correct pat-
tern of the antenna 1is known, then a so-called reflectivity level is
found from the observed variations. As described in the next sections
the reflectivity level can be considered as a figure of merit for the
performance of the absorber lining. Inzfact, becaugse the reflectivity

level should characterize E the measurements and the analysis of

RO

results should be carried out so that variations due to imperfect far—

field 1llumination, changes in the detected amplitude of ED, and error
!

signals other than E_ are kept at an insignificant level. If this is

R
|
not the case, it 1s still possible to analyse the data, but the measur-—

ed figure of mereit would then repres%nt an equivalent error signal

level characterizing the sum of error signals and imperfections causing

the observed variations [Appel-Hansen, 1983].

|
|



A.8 Reflectivity Level ' |

In Pig. A.7 the test situation {is simplified in order to describe
the magnitudes involved in the determinaqion of the reflectivity level.
The radiation patterns of the illuminating and recieving antennas are
shown. The main beam of the receiving antenna 1s rotated to an angle ¢
with respect to the direction to the i{lluminating anteanna. At this
angle, let the output voltage caused by a plane-wave direct-path signal
ED be'denoted EDP' Furthermore, let EDojbe the output voltage for ¢=0.
Then, the pattern level P at ¢ 1is defined as the ratio in dB
between EDP and EDO" However, due to thélinfluence of reflections; the
pattern level at ¢ 18 detected with a éossible error. A reflectivity

level characterizing the possible error is found in the following man~

ner. The influence of all reflections ihcident from avrious directions

ILLUMINATING ANTENNA | RECEIVING ANTENNA

FPig. A.7 Equivalent ref;ec:ed signal ER.
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: |
and detected at corresponding pattern levels with particular polariza-

tion states {s substituted with an quivalent plane-wave reflected
i
signal ER {ncident along the main beam direction for the angle consi-

dered and polarization match to this direction. Let ER cauge an output
voltage ERO' By moving the receiving antenna, the intereference bet-

veen ERO and BDP may be detected in the form of a VSW curve. From

this, the reflectivity level

E
R =20 log-—R-

Ep

may be found as described below. Here,

(5)

J
|
|
|and in the following for sim—

plicity, E_  and BD denote ERO and EDO' respectively. Because it is ER

R |
R £ ‘
- ED102 and EDP = EDIO20 which inCetf#te. it 1s convenient to define
an interference level I as
ER
I = 20 log — = R-P (6)
Epp ‘

Th I <0 impli J .e.
us mplies ER < EDP and I > O }mplies ER > EDP’ f.e., for I <

o, ER is the minor of the interfering signals and for I > O, ER is the
: |

major signal.

| o
Suppose that the amplitudes of the two intefering signals do not
change during the movement of the antenna. Furthermore, suppose that
the movement 1s carried out along a liﬁe not parallel to the bisector

of the angle between the directions of bropagation of the two signals.

|

Then, the two signals interfere in-andTout-of phase and the situation

may be {llustrated by the simple phaskt diagram and the regular VSW
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curve in Fig. A.8. Beforehand, it {is nbt known which one of the two
signals is the larger, {.e., the sign of I 18 not known. Therfore,
let a be a major interfering signal aéd b the minor signal. Fur-
thermore, let ¢ and d be the levels?detected when a and b are
in-phase and out-of-phase, reapectively% and let all signals be given

in dB over some reference level, e.g., the maximum level detected when

the receiving antenna is rotated. This means that

=2

|

(=)

2 20 ,
c = 20 log (10 + 10 ) ' N
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i

a b
d = 20 log 0% - 10%) f (8)

‘and ffqﬁ observed values of ¢ and d, the levels of a and b may

: e {
“ be fogngfdirectly from

1
|
I
T ’
!

o d-c
w0 20 , _
oo 1 +10°".
e a = c¢ + 20 log 2 . . 9)
A .
N “’r;-.':’ !.- ..4:‘;:'-.‘ ‘, . . d_c .
B . o
AT b = e+ 200 log — — ! (10)
RN ' 2
A

”-"1;f,Id*praétice ¢ and d may be read from the recorded curves and a

vfi ' gnd"b’ ‘found from handheld computers. |Alternatively, a and b wmay

| N
T gshowing c-a and c-b as func-
T

i

IETE ?H@;qbtained from the gtaphs in Fig. A.

s

Etibns of the peak-to-peak'éériétion 6 = c-d. It is seen that as o

_tends to infinity both interfering signaﬁs become equal and 6 dB below

the maximum level ¢ of the interference curve. From knowledge of . P
3 ‘it may be decided whether a or b represents R.
.: In actual measutémeﬁt the receiving aﬁtenna is rotated 360° at a fixed
) position. At the anglq‘Q, a signal 1in ;he range between ¢ and d 1is
dé%ecced. Tﬁis isvgeidom eqﬁaifto P. %herefore, we define c-P as the
" pogeible in-phase error €, and d-P as %he possibie out-of-ohase etrog
. - €_. In Fig. A.10, the errors are showL as functions of the interfer—
i . . .
iﬁf,ifehqe,level I. It can be ghowq that !
3, R |
|
o i

Lot
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the peak-to-peak variation g = c-d

R-P
€. 20 log (1 + 1020

R-P

- €= 20 log (£ 1% 1020
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", where the upper signs are used for R < P @nd the lower signs for R > P. .
X,  £Futthermbre. o= € ~€_=c- d. It 1a;noted that ¢ - a and ¢ - Bﬂag
‘funct;onsvof o in Fig. A.9 have the eaLe varfations as €, andi;;,
'.“5,.‘.res'pecéive1y, as functions of I for I < !0 in Fig. A.10. In Fig. A’.ll_;'
thié':peak4to—peak variation is shown as function of P with R as a para- ‘
he:er.. Only curves for I < 0 are shown. ’)
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A.9 Interpretation of Results

_ In practice, when the receiving auntenna 1is moved, the recorded inter- ‘
' ference curve may deviate considerably from the regular VSW curve in
Fig. A.8. Suppose that the receiving antemna in Fig. A.6 1is moved
|

transverse to the longitudinal axis of th? chanber. 'Thén an interfer—
ence curve as shown in Fig. A.12 may be chorded. The sloping charac-
ter of the curve is due to the scanning offthe pattern of the receiving
_antenna relative to the pattern of the 111Lmiﬂat£ng antenna, i.e., both
the direct path signniﬂievel and the pa%tern level P chapggr Thei
oscillacions.are dqe to the 1n£e;fetence %etveen EDP and BR. ‘Sinée:ERilf

1s composed of ‘several signaisguhich iéterfere during movement, the -

w'a_n:n;.sl:l.tud‘es of the oscillations vary.

t
i
1
|

In the_anlysis of tﬁe,interfer@nce curvf. it 1s eaveloped by curves
- ‘ 1 C
‘drawn through maxima and minima., If a paFtern was recorded by rotating

the antenna at an atbicré?y ,pésition élong fhe traverse line, -the
pattern level at ¢ wouid.be:reCOtdedjin the range between the two
. -enveloping curves. It 1s understood tLat the worst case error mﬁy
pcéur where fhe maximum peak-fd—;eak variation is recorded. Therefore,
‘at this position the values'ofilc and d %re read and values of a and b
may be .found from eqns. (é an{IIO). Since the sloping character is
suppdsed.gb be due to the sé§nning of the pattern, P 18 interpreted to
be equal to a and R to be;éqhal to b. Thus, P and R are about -36 dB
‘and -46 dB, respeccivelf, cétfééponding ﬁo o about 6 dB and I about ~10
a8, | S |
'"_Fram the above given discussion; it is séen that in the evaluation of a

chéhbg},‘it is noé:the réflected signal| which 1s found but an equiva—;

lent signal which, when propagating along the axis of the receiving&f{

|
|




o

direct manner, the reflectivity level is

is found as abd&e, which has become comm&n practice, from that ev;}héﬁ

T = 25 = !

antenna and polarization match to this ditﬁction woql{ cause a varias~.

tion equal to that observed.

B | C
. ~The equivalent signal expréssed as the reflectivity level may be used
e 1

‘to find the possible errors e and € {n a direct mahnér related to an

eVglﬁhtion situation and ih an indirect manmer rel&féd.to a different

mgasurément situation as described below. |

s

First, it 1s conveaient to define what {is Aean: by an evaluation situa-
tion. This {s a measurement situation in|which the set up used dutihg;‘
‘evaluation 1s arranged exactly in poeition chosen among the continuum

of positions passed during the recording lof a VSW curve. Then in ;he

|

uged to predict the possibig

error for the set up in an evaluation situation. The error is denocéd
. i .
!

possible- because it may‘be leeé or worse

which the‘interference data are analysed.] When the reflectivity 1e§gfi;

|

tion situation which has ﬁhe’worgc case eftor, the error will in gegg}—
al be less. The direct manner -may be claFmed tb'beﬁracher hypothetical

since for an evaluation situation the error is known from data measured

' during evaluation.: But the 4esct1pt14n of the direct maﬁner will

hopefully facilitate understandihg. f

-In the indirect manner,fthq'equivalent %rror signal 1is used to predicc

the possible error in a measurement situ%tion which 18 not. equal co:bne

of the evaluation situaitdns.' The set ub may be: that used in the eval-

uac@on but arranged in a manner not eqqal to an evaluatiOn situation,

¥ l

5é.g., ?ith other aspect &nglea, as welﬂ as othet_sét ups. JFor_such a

. case, the reflected signa{} cannot be Fxpecced'to_be detected in the

¥

|
!
.
!
|

depending upon the manner 1&,::

- S VR
4 T

- .
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,"‘
- pattern nulls. In general, the ambiguitylproblem can be solved, for

1

- 26 ~ |

gsame manner as in one of the evaluation situations. Therefore, the

l

. error nay be less than the predicted error,}but it may also be worse

than this. If precise inforhntion on the error is required, it may be

!

needed to evaluate the test range with the actual set up.

H !

, It should be noted that when evaluation is carried out, data are also

t

. ‘ . 1
.;available for .making a reduction of the influence of ER. This 18 due

‘to the fact that from the recorded VSW curve, two signals a and b

;fma}vbe found as described above;. One of these signale is the pattern‘

level P. and the other is the reflectivity Pevel R. Usually, P ({is

-

- the larger when EDP corresponds to levelb not more than about 20 dB

& below 'the main lobe level .and P is the/minor when EDP is close to

|

example, by one or more of the following methods.

5oL e

" which has a variation with aspect
' r

~metallic plate or removing some absorbers.
) R |

~‘:0btain knowledge of the pattern level from independent measure-

ments or theory. o {
|
i

Analyse the VSW curve at various posﬁtions and identify P as a '

t
or b depending on whetﬁer.ﬁa or b, respectively, has a regular
. S !
variation with position:corresponding to that which could be ex-

- pected for EDP [Appel-ﬁansen, 1967]. |

Analyse several VSW curves at closely spaced angles and identify

f

P at the various aspect angles as a|combination of levels and b

angle similar to that which

could be expected for E__. - ]
DP |

‘Use expected symmetries inf P and /R.

.*, Changing R’ by changing the test range, e.g., introducing a

-

:Using Fourier analysis or other m%thematical hethOda to identify

: |
P. ' |
|

|
/ | .

| o

- e

-

-

R



et

. 'feduction of the influence of Ep is made.

:Yhen the ambiguity problem is solved, the' {influence of ER on the so

- _'determined éattetn level, 18 usually less thén in the case the pattern

"is’ recorded at an arbitrary position. Tdetefote, it 18 said that

- !

However, it should be
!

:égntioned‘that by using such a procedure, the influence of E, may not

i

be eliminated. PFor exanﬁle, if a componént of BR causes a consgtant

. systematic error during the movement. Th#s may be the case, 1if the

movement is too short.
' |
|

‘Ae10~ Experimental Techniques . j

,‘)From the previous seciton, it 1is understood that the influence of ER

.m§y~be‘evaluated by moving the receiving antenna. The movement may be
. . | -

techniques,

. L !
carried out ian various manners. The two 'most often used
L |

) f
i.e., the antenna pattern comparison (APC) technique .and the voltage
B . ’ .

: . ' | .
standing wave ratio (VSWR) technique arefdescribed with reference to

Fig. A.13 a and b, respectively. In ord%r to compare the technqiues,

édppose that there 1is oniy one plane vave!refleciton.

In the APC technique anenna patterns are recorded at discrete posi-

t:iona,T e.g., at several positions 1interspaced a quarter wavelength
t Tt

" along’a transverse line. The recorded patterns are superimposed so that

the peak levels of their main:beams co#ncide as i{llustrated in Fig..

| . .
A.14. The influence of reflections is Found at the aspect angle. ¢ ‘by

reading ¢ and d. From a:c6hsideratih of Fig. A.l13a, 1t 1is evident

that the le§e1 of the de;ectéd reflecte? signal at the aspect angle ¢

- |
1s not ‘the same in the positions A and B.

gIn attempts to secure that levels c jand .d depend on and only oﬁ ER

|

" the-following precautions may be taken |

"
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) I

|

!

Usually, the set up 18 arranged such éhat 0° on the chart paper .

3

corféspbnds to the receiving aatenna pointing in a direction par-
allel to the main axis of the chamberJ This weans that when the
|

antenna 1s moved off‘che main axis of'the chamber, the main beam

is not recorded at 0°. This is usnallj due to the scanning of the
v

o |
antenna patterns. However, in case reflections are strong, they

may also influence the direction of ch% recorded main beam. Then,

. I
1f the patterns are superimposed, such an influence would not be

observed. In order to~av619 this; ﬁhe recorded patterns may b;,

. r
adjusted so that 0° on the chart papeF corresponds to the receiv—

ing antenna axis point in the direc%ion of a reference point on

the transmitting antenna. {

. ) I
During the measurements the main lobes of the different patterns

may be adjusted to the same level on the chart paper by changing
‘ ,

the gain of the receiver. The purbose of the adjustment is to
!

take into account variations in EDP due to scanning of the antenna

l

patterns and change of ggsiance becbeen the antennas. It should
be noted that in case the reflections are so large that they in-

fluence the main beam level, the aLjustment does not answer its

I

purpose. Large reflections can be}observed by moving the receiv-.
’ !

ing antenna continuously along the;main axis of the chamber while
. ! A

detecting the main beam level. If{oscillationa larger than a few

tenths of a dB are observed, the VSWR technique is recommended as
!

a better technique for determiningf R.
: _ : 1

|
[
I
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' ER influence the main beam level, the oppogite may be the case. While,
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. ) .
The VSWR technique may be described with reference to* Pig. A.13b.
' ‘ I

Here, the receiving antenna is turned to an éngle ¢ with respect'CO
) [

the ldngICudinal axis of thefcnember. Then,gduring a continuous move-

-

: |
ment of the receiving antenna, a VSW curve may be recorded. While EDP

was kept constant in the APC technique, E_

' |
‘technique. It is also noted that in the APC technique, pattern record-

-“ing .18 made during continuous rotation, whi}e in the VSWR technique,

““sz.recording is made dnring continuous linLar movement. This means

-

‘wthet~d18crece date'from cne»technique should agree with discrete data

- ‘«};

from the other technique. If sufficient daFa are recorded both tech-

-

‘
niques may be fmplemented to give che same rLSults. However, as {llus~-

*»trated in Figs. A.12 to A.l4, the analysis of the superimposed patterns

* in- the APC technique does not correspond éo the analysis of the VSW

:curVes ia the VSWR technique. Therefore, the results obtained by the

S

"t better performance than the VSWR cechnique% However, especially when

the APC technique may be used to give an ilusrracive and a preliminary

‘1nd1cation of measurement error, the VSWR thhnique is considered to be

F

the mosr accurate for chamber evaluation. [
. . [

From the previous discussion it is apparent| that two types of movements

are carried out, {.e., rotatfon and transl%tion. In order to describe

actual measurements, it 18 convenient to|have a reference system of

traverse lines and Cestﬁplanes as shown 1% Fig. A.15. Traverse lines
. ¥ N | H

' N c ; : : 3
(TL) are lines along which a reference p%int of the antenna {s mOVed'
during'a translation. Test planes (TP) are planes in which the main-

beam axis of the receiving antenna is scanned during a rotation. .As it

v ' AR A

N R

isfkept constant ian the VSWR

* two techniques often disagree. Usually, the APC technique indicates -

¥ e

A g
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appears there are three major test planes{and three major traversge

Cre

e !
T

]

TN

- . reference to the VSWR technique.

dipoles at ‘10 GHz. The experimental set uﬁ in Fig. A.17 was

Il

|
(

I
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|
lines. Thus, there are uine major combin?tions of test planes and

. o r ‘
traverse lines. The chosen combinations are most easily described with

| .
For each traverse line VSW curves are

recorded ‘as the angle ¢ 1s varied in steps. Por each angle a reflec-
. |

tivity level may be found. As an example, 15 Fig. A.16 the reflectivi-,
. |

ﬂti level is shown as a function of ¢° for’ueaanrements with half wve
used. A

[

'»hdrizéhtalfTP and a longitudinal TL were "employed.
e . |
|

' !

I
|
|
!

e e
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A.ll Choice of Test Parameters |

L4

4

. C . | . - - : '
. The 'evaluation situations passed during che/recording-of a VSW curve

.. ‘may be described by using some test parameters. As it could be expec—
E ' g !

i

fvted, theﬁgbtained value of R depends on dhe test paramécers. This

has already been observed in Pig. A.16 vheré R was shown as a func-
tion of ¢. The dependence of R on test parameters is in general,

| ! : "

_, complex. However, there are some general tendencies, which may be used

“
G |

"ﬁjfin-qhoices of test parameters for a test of an implemented test range.

 }§eéause absotﬁer perforuanqe imprqves wich;inctease iﬂ:ftequency, the
i% teflectivity levél usually qQCféases with {ncrease 1in frequency.
L;thefefote, it 1s often chosen!¥9 evaluate the test range at a low, an
.. intermediate, and a ﬁigh fteiqenéi. This Thould gsecure that different
"problems in the frequency ta&g;';te deCecéed.. Carefull tests at the
f 119w%frequency end may require measurements at closely spaced frequen—
(Ci ‘?iéé in order to deCegt vorse case errors. Fig. A.18 shows R as é

function of frequency f. It 1is obsetv%d that at 215 MHz a scrong‘

maximum of R is‘obsgtved, Ihis is ptébably due to a comstructive.

v

interference between several major components of E. or a poor perfor—
. ‘ . ‘ ] .

mance of the back vall-IAppel-ﬁansen and Kalhor, 1982a]. Half-wave.
'dipoléS“were used {n the-tests.
O " Usually, R’ decreases with increase in di#eccivity. This is due to the

- fact that directive antennas mainly det%ct reflections arriving along

4
# X

their main beam axis. This means chatgseveral‘components Qf,ER will

manner as may be the case for’

usually not {interfere in a constructive
,léw gain antennas. This also means thét experiments using dirgctive

““antennas especlally at high frequencies may disclose sourcesvbf'fOr
- . s t .

e .
¥ . . /
: i
A

I

4

A




!
[

. example specular reflections. Such experimé.nts way also be used to

- 36 -

f!:lagnoae .impo\vrement:s introduced in the absoz?"ber lining [Appel-Hansen, -
<:.§~v,‘1‘973]'._ However, 1t sh"o‘u]‘._d, be noted that i;'{n case there is oaly one' .
-:tefﬁ]..ectii.on ﬁ‘s in PFig. -AJ; the. worse case rléflectivity level obéélned» |
. vwhen the antenna is bointﬁin?gl‘ in _\.the dirgctionj from where ER 18 received

|

,'j'wilbrl be 1ndepend§nc of .;:he geéeiving directivity. 'rhu;;; wvhen there 1is
only a majoi source ‘g'f tefie.;tion., the teflectivity level is nearly
independent of thg‘ dril.r'ectivihtyﬂ. It is cue’:tomary to choose standard A’

S antennas for evaluation of ';n;achoic chambers, é.g., .'Yagi antennas at
'iow frequgnciés and"ﬁdtn ‘a'nt:enna at high freqdencies. In case detailed
i:.'i{fomgcic;n is required, a low gain, an 1n’tef|:;ediate' g“a}in, and a high

gain antenna may be used at each test frequency, and tests may be

l’ ' A .
- carried out with the anteénnas jvertically as well as horizoatally

!

- polarized. : ,
The chosen combination of traverse lines atld test planes depends .on the

L
LR

dimensions of the anechoic chamber and | the characteristics " of the

absorber 1lining. In order to det:ec; spf’eculatv refleétions from side

l

.walls, a horizontal TP and a étransvetse TL may be chosen for ¢

varying from O0° td + 90°. Réflectionsf from the back wall may be
& . # I '
detected by choosing a horizontal TP at"'ld a longitudinal TL for ¢

varying from * 90° to 180°. 1In, case the(height of the chamber is less

than 1ts width or the ‘chamberv'has specifal floor absorbers, it may be

. |
. necesgsary to arrange a traversing mechanism which can move the antenna

|

-along a vé:tical TL.
- ’
In:the:diagnose of sources of: major ref]‘.ections uge may be made of the

"’f,gét: that a eingle reflection arriving ?)c an angle ¢ with reapgct_' to

|
r
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shown in Fig. A.7. However, in general, when the difference in path

_ a8 - ;

k I
t singcosa ' ‘ (14) )

 where )\ 1s the free gpace wavelength and af 1s the angle between the
. ! )
“iranverae traverse linme and the plane containing the directions of ,

ptOpagation'of the direct signal and the single reflection.

i

* These fornulaa are valid for the case of two,plane waves interfering as

-

!

length beCVeen E and ED {8 many wavelengths | the expressions for Pl and
!

JﬁP~ can be considered as good approximationa. If this condition is

v
G

g;satisfied,‘we obtain for a side wall speculaf reflection case with A =

[

' ‘:tofihe uniformity of the fileld distribution are met. Usually, the

g - 10.7 m and Et = 2.4 m.  Thug, for exa-
|

mination of such a reflection, a'transverse/TL requires less movement.

1 m; ¢ = 25°, and q = 0°,-P

In the case of end wall reflectibns, Pl is #he familiar A/2 period from

slotted line experiments, while Pt becomes #nfinite indicating that end

wall reflections cannot be detected using téansverse movements.
. _ ; ,

" The position of the traverse line'segmentsfalong which the antenna are
. , !

moved depends on the specified quiet zome #f the anechoic chamber. The

quiét zone is a volume within which certai& specifications with respect

quiet zone isvspecified as the volume within which the reflectivity
i :

“IeVei 18 below a specified maximum value. fA reasonable upper limit for

", the crosé section of the quietlzqne may be!found by using the far-field

criterfon at the lowest operating frequenéy of the chamber and for the

largesc test distance. This results in a’quiet zone having a cylindri-.
. |

cal volume with its axis coincident withithe longitudinal axis of the

shape and size depending upon

*

.qhapber. ‘However, the zone may have any
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'

Ethe measurements to be carried out.

- N

.width of the quiet zone to the total width of the test range is about -

:1 S i{n the case of rectangular chambers and‘about 1:3 in the case of

vtapeted chambers. Since R can be expectef to increase as the dis-

tance of the traverse lines to the internal surfaces of the test range

1s &écteased, the traverse lines should mainl} be chosen at the maximum

test distance and evenly distributed along the boundary of the quiet

oL

~zone. . | o , {

e

Typically, the final ratio of the -
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