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Satellite Payload Parameter Measurements
in a Compensated Compact Antenna Test Range
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Abstract

Modern Satellite Antennas and Payloads are
characterized by a lot of physical parameters like e.g.
‘Radiation Pattern, Gain, EIRP, Flux Density, G/T and
PIM, whereas -the availahle fime frame for
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measurements is getting shorter and shorter. The DSS
Compensated Compact Range (CCR). allows a. time
efficient measurement of all payload parameters-with:
‘high- accuracy under controlled environmental
«conditions. The CCR consists. of two.doubly curved
-reflectors, which prevent inherent cross-polarization
and create a very -high constant amplitide and: phase

distribution in the quiet zone with a very good scanning’

performance. Most of the payload parameters can be
measured directly or have to be calenlated from a set of
measurement values. For the G/T measurement of
active antennas a new method for the noise power
measurement was established. This paper describes the
principle test set-ups with the corresponding.
measurement techanigues to improve the measurement
accuracy. Error budgets will be presented for pattern
and gain measurement.

Compact Range, Payload Test,
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1. Introduction

Payload tests on Spacecraft level are mainly based on the
following parameters;

Radiation Pattern, Coverage, Gain

Beam Efficiency

Optical Boresight Determination

EIRP (Equivalent Isotropic Radiated Power)
Saturated Flux Density

Amplitude Frequency Response

G/T, Group Delay

¢ PIM (Passive Intermodulation)}

The large Compensated Compact Range at DASA/DSS
with a nominal test zone of 5.5 x 5.0 x 6.0 m and its
instrumentation allows the characterizat__ion of the above

listed test parameters. A general problem here is the
overall size of the satellite of approximately 8 m and the
fact that often the antennas are mounted at the opposite
sidewalls of the spacecraft. To overcome this problem, the
CCR has the special feature to generate multiple quist:
zones to be centered around the respective. satellite
antennas. The multiple quiet zones are generated by lateral
movement of the range feed .outside the focal point,
resulting in a semi-plane: wave. The high quality. of the
scanned plane waves is caused by the long focal length of
the compact range reflector layout,

The multiple plane wave capability introdoces the
opportunity of creating two or more independent quiet
zones in different positions, operating at different
frequencies and polarizations. A typical CCR test set-up
for payload testing is shown in Fig. 8-1.

With this test facility and test configuration payload
antenna and transponder tests can be performed in a very
short time frame and with a high measurement accuracy.

2. Radiation Pattern

These measurements are carried out with the spacecraft
unpowered. The receive and (ransmit antenna will be
measured separately. For this reason the test antenna will
be positioned into the quiet zone by moving the test
positioner on a linear slide perpendicular to the
propagation direction of the plane wave. This application
is shown in Fig. 2-1 and 2-2.
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Figure 2-1:  Test Configuration for the Pattern

Measurement of the Receive Antenna
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Figure 2-2:  Test Configuration for the Pattern
Measurement of the Transmit Antenna

‘In both cases the Compact Range Feed transmits the
correspondent receive or ftransmit frequencies of the
satellite. At the antennas the receive signal wilk be
.measured via the relevant AIT test: coupler. These: test
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couplers.are part of the satellite. In Fig. 2-3 the principle

test set-up is- shown. For the pattern: measurement the
complete satellite will be moved: by- the azimuth: and:

elevation axes of the turntable in a raster scan mahner,
-recording received level and position to. produce a map of
-the- antenna pattern. Because of the dual polarized
Compact Range Feed, both co- and cross-polar pattern can
be measured simultancously. AdditionalF multibeam. and

multifrequency measurements can be performed.
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Principle Test Set-up for Pattern Measure-
ment of Receive or Transmit Antenna
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Figure 2-3:

3. Gain

The antenna gain will also be measured with the spacecraft
unpoweted. The test configuration is the same as shown in
Fig. 2-1 and 2-2 for the recetve and transmit antenna. Two
different types of gain measurements are possible to
perform’ in the Compact Range. First the well known
substitntion method using a gain calibrated SGH (Standard
Gain Horn) and second the Power Measurement Method
(PMM) using a 2 channel power meter. With the first
method the gain of the DUT will be related to the gain of
the SGH. The SGH has to be positioned at the same area
where the AUT is located in the quiet zone. Additional the
SGH has to be moved iransversal in the quiet zone to get a
mean amplitude ripple value. The gain accuracy of the
SGH influences directly the gain accuracy of the DUT.

The power measurement method is directly based on Friis
transmission formula:

Gpyr = (P, +CY P, (1 G ey ) (A1(47 R))

Gpyr: gain of DUT

Greea:  gatin of Compact Range Feed

P:  receive power by the DUT

C: coupling of test coupler

P transmit power at the CCR Feed

A wavelength of the signal

R: distance between DUT and Feed which is valid
for the spherical attenuation of the CCR .

The transmit power P, at the Compsdct Range Feed and the
receive power P, at the DUT has to be measured with a
power meter. With the knowledge of the feed gain; the

coupling of the test coupler and the: spherical distance R
the: gain could be easily calculated. No: further. change of

‘the test set-up is needed: The distance R between the test

antenna and the CCR feed reduces to the distance from the:
CCR feed to the sub- and main-reflector, and so R can be:
calculated from the exact dimensions: of the CCR. The
measurement is therefore independent of the antenna
pesition in the quiet zone. In Fig. 3-1 the test set-up:is:
shown. Power head A is used as reference and power head
B will changed from the CCR feed input to the test antenna
test coupler.
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Test Set-up for the Gain Measurement with
the Power Measurement Method

Figure 3-1:

The gain measurement errors are less than +0.2 dB for
both measurement methods, but from the practical side of
view, i’s much easier to use the power measurement
method. No additional test set-up and no quiet zone
probing is needed.

4. Beam Efficiency

The beam efficiency is defined as an integral value of
transmit or receive power in a specified angle region
relative to the radiated power of the sphere.
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This value has to be calculated after performing a radiation
patter. A typical value for radiometric -payloads is in the
order of 90 % for the main lobe.

5. Optical Boresight
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satellite' has to be identical with the nominal: boresight
‘(design directiony with tolerances in the order of 0.01-(.02

‘deg. To meet this requirement the following tasks have to

‘be-done: ‘

1. Internal antenna alignment (i.e. feed, sub-reflector,
main reflector w.r.t. each other and to the S/C)

2. Determination of the nominal boresight w.r.t. facility
system: '

3. Determination of RF boresight w.r.t. facility systeriy

The internal: antenna alignment has been- pretested ' and

optimized in subsystem tests. The adjustment parameters

“have been determined and frozen in references like tooling:

balls or mirror cubes. At system level antenna integration
- the adjustment values shall be realized by shimming of the
feed and reflector or fitting the reflector- deployment angle.
In some cases not all the axes are adjustable and resulting
boresight errors have to be compensated by feed
displacement.. or reflector tilting. Finally- the resulting

boresight: has to be verified by RF tests: The nominalk
‘boresight of the antenna is defined by the ortentation off
vectors w.i.t. S/C system and materialized by two sides of

a mirror cube. This allows to pick up this directions by

-theodolites and compare them with reference directions of-
‘the RF measurement facility. Finally the nominal boresight

and - if needed — the nominal polarization direction of the
antenna: are known w.r.t. the references of the facility in
coordinates of the antenna positioner. The boresight of the
RF measurement facility (CCR) depends on the range feed
location. For a-range feed located at the focal point of the
‘CCR the RF boresight will be identical with- the
geometrical boresight of the facility, which once has been:
-measured- and is ‘known wur.t references (mirror cube,
~theodolite, a.s.0). The accuracy of this process including
calibration errors is in the order of (.01 deg. For a range
feed in scanned location the RF boresight of the facility
will be tilted. The angle of arrival (AOA) of a constant
phase front defines the RF boresight and can be predicted
by commercial software (e.g. GRASP). A calibrated feed

positioner is needed, which allows to locate the range feed

precisely at a desired position, and a table with the
predicted AOA’s. An accuracy of the feed positioner of 1

mm results in a pointing error of approx. 0.003 deg. The
accuracy of  this process including feed positioner
calibration errors and reference accuracy is in the order of
0.015 deg. A Spacecralt with two antennas on the left and
right side can be measured with two range feeds in scanned
location. The RF patiern of each antenna can be calibrated
knowing the nominal boresight defined by the S/C
reference and the scanned facility boresight of each range
feed. This allows the verification of RF pattern
measurements at system level and calibrated end to end
tests. .

. 6. EIRP Measurements of the Transmit
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The EQUivﬂent Isotropic Radiated: Power (EIRP) is
defined as the product of the: transmit antenna gain (Gy) at
a given direction and the input power (P1):

EIRP =Gy Py .

From the radar equation given in chapter 3 the EIRP can
be calculated by the following equation:

EIRP =P/ Gy ({4 R} A)*

Gg:  gain of Compact Range Feed

Pa:  receive power by the DUT

A wavelength of the sighal

R: distance between DUT and Feed-,which is valid
for the spherical attenuation of the CCR.

The transmit antenna has to be pointed to the beam
maximum. A synthesized CW signal at a level to produce
transponder saturation will be fed into the spacecraft via
the relevant receive test coupler. The saturation at the
transmit test coupler and the receive power at the CCR
feed can be measured by power meters. With: the
knowledge of the CCR gain and the range distance R, the
EIRP can be calculated with the same accuracy as for the
gain measurement (Fig. 6-1).
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Figure 6-1: Test Set-up for the EIRP Measuremem
7. Saturated Flux Density

The Saturation Flux Density (SFD) is defined as the {lux




density to saturate the transponder under test:
SFD =P, G {1/4zR?)
Gr: gain of CCR feed

Pr: transmit power at the CCR feed
R: distance between DUT and Feed
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Figure 7-1:  Test Set-up for the SFD Measurement
The receive antenna has to be pointed to the beam
‘maximum. A synthesized CW signal at a level to produce
iransponder saturation will be fed into the CCR feed. The
saturation at the fransmit test coupler and the transmit
power at the CCR feed can be measured by power meters
(Fig. 7-1). With the knowledge of the CCR gain and the
range distance R, the SFD can be calculated with the same
accuracy as for the gain measurement.

8. Amplitude Frequency Response

The Amplitnde Frequency Response (AFR) test is one of
the most efficient tests to perform in the Compact Range,
because this test can be done as close loop test under far:
field conditions. Scanned plane waves were generated by
positioning the CCR feeds outside of the focus. Fig. 8-1
shows the test configuration. The satellite has to be
positioned to an angle, where the pattern degradation of the
fransmit and receive antenna gives the possibility to
perform the loop test.

The advantage to make this test in the CCR is the exact
knowledge of the measurement distance to calculate the
free space losses for the two different frequencies
(transmit/receive). The resulting equation for this test is
given as follows:

AFR = P, PyG;G (A,T Ag /(4;:12)2)

Py:  transmit power

Pp:  receive power

Gr:  gain of transmit CCR feed

‘Gr:  gain of receive CCR feed

A wavelength of transmit frequency
Ar:  wavelength of receive frequency
R: distance between CCR feed and

sub- and main-reflector .
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Figure 8-1: Test Set-up for the AFR Measurement

9. Receiver Sensitivity (G/T)

In the following only the test method to be applied for a
satellite operating in FIXED-GAIN mode is described. For
a satellite operating in ALC mode a slightly different
procedure with more test steps is required:

The principle test set-up for G/T is ontlined in Fig. 9-1.
The needed data reduction for the test is explained in Fig.
9-2 with an active antenna: used as DUT (instead of a
satellite}. For the G/T test, a link budget has to be
calculated with the equivalent compact range far field
distance and the satellite parameters C/N, and EIRP. With
typical satellite values the required transmit power in the
“uplink” to the satellite is in the range of -45 to -10 dBm.
The receive signal- power in the “downlink” from the
satellite is in the range of —15 to +8 dBm.
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Figure 9-1: G/T-Measurement Principle Test Set-up

Test Method
Sequences:
*RX-STATION
- point antenna off-satellite and measure RX-station +
environmental noise-power (P1) in bandwidth B
- point antenna on-satellite and measure total noise
power, including satellite noise contribution (P2) in
bandwidth B
*TX-STATION
- switch CW-carrier on and increase EIRP to a level




that the resuiting total receive power (P3) is so that
P3/P2 >2.
- measure and record EIRP
*RX-STATION
- measure total received power (P3) in bandwidth B
consisting of RX-station noise, satellite-noise and
CW-carrier signal
Note: In order to avoid erroneous measurements check
‘before measuring the P2-level (G/S noise + Sat. Noise)
with the analyzer in sweep-mode that no significant
spurious or interference signals are present within the
measurement bandwidth B.

Data Reduction :
The data reduction is sumnmarized in Fig. 9-2.
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Figure 9-2: G/T-Measurement Data Reduction

The significance of the noise power measurement uncer-
tainty vs. integration time can be seen from the following
example for 1 MHz and 10 kHz measurement bandwidth
and the integration times as available on the HP 438 A
power meter. For an RF-measurement bandwidth of 1
MHz, 0.1 sec integration time yields to a noise power un-
certainty of £0.014 dB: For 10 kHz measurement — BW
the integration time for the same error would be 10 sec.
The minimum useful NPR for the test with respect to accu-
racy should be =0 dB. Thus the receive power should at
least be doubled if the satellite noise is added to the ground:
station noise: Then the uplink signal should be set that the
total receive power (signal + sat.noise + G/S noise) is at
teast iwo times the total noise power (sat.nois + G/S noise).

10. Group Delay

In order to become independent of satellite range
variations the TX-IOT-stations transmit a stable reference
carrier and a frequency stepped measurement carrier which
pass the same satellite transponder channel. Both signals

are coherently PM-modulated. The stable reference carrier
is generated via an awvxiliary down-converter from the
frequency stepped 10T-signal in such a way that it reflects
all transiitter group delay variations of the frequency
stepped carrier. The group delay measurement is thus done
on a receive only basis. In order to avoid spectrum
overlapping between the reference carrier and the stepped
carrier the minimum frequency difference should be =26 - £
mod if @ PM-index of about 0.6 rad (35 deg) is chosen.
With respect to channet passband-width and the
requircmeli_tr for nonoverlapping speetra two modulation
frequericies are generally used; namely 2.777 MHz giving
a resolution of 1 nsec/deg of phase shift and 277.77 kHz

-providing a resolution of 10 nsec/deg of phase shift. At the

receive side the reference carrier is tracked by a PLL-RX

with a coherent: PM-demodulator. The stepped carrier is
also tracked l'\v a-PLL-BRX of same type. which is also

stepped: in frequency The channel selectlon is at the RX
10T-station done with the D/C-LO-Synth.

Figure 10-1: Groulo Delay —Measurement Test Sep-Up

The phase difference between the PM-O/P signals of the
two PLL-RX’s is measured with a phase meter or a time

delay counter and yields with the chosen modulation

frequencies the group delay directly in nsec: The receive
chain group delay response can be calibrated by using the
TX-chain with the auxiliary converter in operation and an
associated test translator as calibration signal source.

Test Method:

From the TX-IOT-station a stepped frequency carrier and a
derived stable reference carrier, both coherently PM-
modulated are transmitted simultaneously. The reference
carrier reflects due to the way of generation all group delay
variations of the stepped carrier. At the RX-IOT-station
both test signals are coherently demodulated and the phase
difference between the resulting PM-video signals is
measured. For reference purposes also the carrier level of
the reference carrier and the frequency stepped carrier
shall be recorded at the TX-side (EIRPg) and at the RX-




side. For the cahbration of the RX-chain group delay the
TX-chain of the same station together with a wide-band
test translator is nsed. In both modes of satellite operation
(FIXED. GAIN or ALC-mode) the reference carrter is
‘transmmitted at an EIRPg which is about 20 dB above the
stepped frequency carrier. Thus in ALC-mode the
reference carrier sets the transponders point of operation
.and the measurement of the group delay is not affected by

level variations of the stepped camrier over the channel

-frequency range. With 20 dB distarice between the large
referenice carrier and the smail stepped carrier, a level
change of the stepped carrier of <3 dB will change the
transponder gain by -0.05/+0.03 dB  which can be
neglected in its effect on group delay. Above applies for
ratios of (C/N)y, of +5 dB measured in the chanrel noise
bandwidth. The measurement range for group delay is for
the 2.777 MHz tegt freguencv .0 to. 180 nsec and-for the
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27777 kHZ -test . frequency: 0 - to 1800: nsec. If* a time

- interval counter is-used: for the delay measurement a fixed-
bias. offset of about:180 nsec should: be: introduced.in one.

baseband branch of the receive chain. Thus for relative
group delays in the range around 0 to- 10 nsec always.a
reasonable delay value even in presence. of noise can be
-measured: Tlits shortens also the averaging measurement

-time interval, which is e.g. determined by the ratio of gate’

time to measured time interval for the counter HP 5345 A,
In case of phase meter as indicator this artificial bias is not
required as the phase display is centered on 0.
Measurement errors
The error sources affecting the group delay vs. frequency
measurement accuracy are in principle:
+ the residual group delay variation vs. frequency of the
TX-antenna referenced to the TX-feed I/P port
+ the residual group delay variation vs. frequency of the
RX-antenna referenced to the RX-feed O/P port
-« the calibration error of the receive chain (Test
translator response etc.}
o the videe signal to noise ratioc (C/Nvpro of
reference- and measurement tone
« in case of a delay counter e.g. the HP 5345 A the
errors are:
-1 count érror (~2 nsec) can be reduced by 1/N
when averaging over N samples
- time base error
- trigger error (function of C/N)
The residual group delay variations vs. frequency of the
antenna plus feed can be neglected when comparing the
satellite communications channel bandwidth to the
passband width of the antenna S/S. The delay measurement
error resulting from the counter time base error is
negligible when compared to the delay range of £180 nsec
or £1.8 psec.

11. PIM

The principle test set up for PIM (Passive Inter-modulation
Performance Test) testing is shown in Fig. 11-1. For this
test two uplink carriers are radiated into different satellite
receive channels. The magnitude of the uplink carriers Fi
and F2 is chosen so, that the satellite transmit each carrier
F1* and F2* in the downlink with equal EIRPsat. Gen-
erally any PIM signals if at all, will be generated by the
passive components (e.g. wave-guide flanges, O-MUX
etc.) within the satellite transmit signal path. The frequency
difference between the uplink carriers Fl1 and F2 is chosen
w.r.t the satellite frequeney plan in such a -way, that a
“worst case situation” is produced. This situation is so that
a possible PIM — product of the frequency: PIM — Frequ =

ZM* (F1*) IN* (F2*); (M,N: harmonic order, M. + N =

odd number) generated by the nominal satellite transmit

signals F1* and F2*, falls into -the satellite receive fre-
quency hand. This PIM product acts then like an uplipl{
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signal into the satellite. It is.in the transponder frequency -
converted and transmitied in the downlink, where it can be .

detected. -
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Figure 11-1: PIM-Measurement Principle Set-Up
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