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ABSTRACT

Telemetry receiving sites at missile test ranges almost always use polarization diversity to maximize the
quality of the telemetry signals collected from missiles during developmental tests. If the sites are
operating optimally, their sensitivity should be independent of received polarization. In this paper a
technique to test the sensitivity of each receiving site is presented that involves radiating from a central
location with selectable polarization and precise power level. Results of testing five telemetry sites are
presented and compared with performance predicted through link analysis using site G/T and location
information.
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INTRODUCTION

In support of upcoming missile firings at White Sands Missile Range (WSMR), a series of “threshold”
measurements was performed on several telemetry receiving sites. The purpose of these tests was to
verify that each receiving site was operating optimally--the chief evaluation criterion being the required
effective radiated power needed from a reference transmitting system to achieve a Bit Error Rate (BER)
of 1 in 106 at the receiving site. This threshold was measured at four different polarizations so that the
polarization combining property of the receiving sites could also be tested. This paper describes the test
theory, test setup, and test procedures, and then presents the test results and conclusions.



TEST THEORY

The five receiving sites are shown in Figure 1. (The Navy’s Desert Ship at LC35W was used as the
transmitting site.)  Also shown in Figure 1 is each site’s system G/T, which is a measure of the site’s
figure-of-merit and is defined as the ratio of the gain existing at the antenna to the noise temperature
existing at the antenna. These G/T values were supplied by WSMR, and were obtained using the sun as
a reference source.

Figure 1. Receiving Site Locations and G/T’s

Each receiving site is configured as shown on the right side of Figure 2. Two polarizations are received
by the antenna, Left-Hand Circularly Polarized (LHCP) and Right-Hand Circularly Polarized (RHCP).
Each polarization is received separately and the resulting video signals are then combined. The
combined signal is fed into a bit synchronizer that generates a clean bit stream and its corresponding
clock. During normal telemetry receiving operations, the bit stream from the bit sync is recorded locally



and also relayed to the Telemetry Data Center (TDC) via fiber optic cable or digital radio link. For the
purpose of threshold testing, the signal from the bit sync is fed into a Bit Error Rate Tester (BERT).

Figure 2. Test Set-up

The purpose of the threshold tests is to ensure that each receiving site is performing satisfactorily.
Specifically, each site should have a Bit Error Rate (BER) of 1 in 106 when the received SNR is 13.8 dB
[1]. Given a receiving site’s system G/T, the Effective Isotropic Radiated Power (EIRP) required from a
remote transmitting site to reach the receiving site’s threshold can be calculated using the following
equation:
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where:  R = Range from transmitting site to receiving site (m).
             k = Boltzmann’s Constant  (1.38x10-23 W⋅s/degree)
           Bn = Receiver Bandwidth (Hz)
             λ = wavelength (m)
        G/T = Receiving site system G/T (dB/K)

The transmitted frequency was 2224.5 MHz, which corresponds to a wavelength of 0.134 meters. The
receiver bandwidth was 20 MHz at all receiving sites. The EIRP equation can thus be reduced to:

EIRP (dBW) = 20log R – G/T –102.4        (2)
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The transmitting site selected for the tests was Desert Ship, which is located as shown in Figure 1. Given
this transmitting site location, the EIRP required to reach threshold at each site is shown in Table 1.

Rec. Site G/T
(dB/K)

Range
(km)

Calculated
Threshold

EIRP
(dBW)

J167 5.0 93.3 -8.0
J67 12.0 93.3 -15.0
J56 7 2.38 -41.9
J100 6.3 31.9 -18.6
J147 3.75 20.0 -20.1

Table 1. Threshold Requirements of Receiving Sites

By varying the EIRP from the transmitting site, the value of EIRP which produces a BER of 1 in 106 can
be determined. If the receiving site is operating optimally, this measured threshold EIRP should be close
to the value listed in Table 1. Since the receiving sites implement polarization combining, the measured
threshold EIRP should not change significantly when the transmitted polarization is changed. Therefore,
by performing the threshold test at Vertical, Horizontal, LHCP, and RHCP polarizations, the operation
of the combiners can be verified.

SET-UP

Receiving Site

The receiving site setup is displayed on the right side of Figure 2 and was described previously. For the
tests, each site is manned by an operator who is in communication with the transmitting site through the
range communication network. The operator turns on all equipment and awaits instructions from the
transmitting site.

Transmitting Site

The transmitting site setup is displayed on the left side of Figure 2 and is explained as follows:  A Mk
111 Telemetry Simulator generates a telemetry signal similar to that of the missile. This is an S-Band
PCM/FM signal modulated by a 12.5 Mbps bit stream. The PCM format is either BER2047 (a standard
2047-bit bit error rate pattern) or BER2047E (the same pattern with one bit error). The signal from the
Mk 111 is sent to a Telemetry Amplifier Combiner (TAC) where it is amplified by ~10 dB to enable
testing of the most distant stations, and attenuated, as necessary, using 1 dB step attenuation control.
(The combining function of the TAC was not used during these tests since only one frequency was
tested.)  The signal from the TAC is then fed via a heliax cable to a horn antenna mounted on the roof of
the Desert Ship. The horn antenna transmits the telemetry signal at Vertical, Horizontal, LHCP, or



RHCP polarization. The polarization is controlled from the transmit room by a Polarization Control Unit
(PCU). The horn antenna is pointed to the designated receiving site using a remotely controlled pan &
tilt unit and a video camera. A photo of the horn antenna mounted on the roof of Desert Ship is shown in
Figure 3. A photo of the Mk 111, TAC, and PCU in the transmit room is shown in Figure 4.

Figure 3. Horn Antenna on Desert Ship

Figure 4. Test Equipment
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The EIRP is the signal power at the TAC output minus the cable loss from the TAC to the Horn Antenna
plus the power gain of the horn antenna:

EIRP (dBW)  =  TAC Output Power (dBW) – Antenna Cable Loss (dB) + Antenna Gain (dBi)

The antenna cable loss was measured to be 12.8 dB and the horn antenna gain was measured to be +9
dBi. Since the TAC is limited to –6 dBW output power, the maximum EIRP is –9.8 dBW. However, the
TAC continuous attenuator was adjusted until the TAC output power was –6.2 dBW with the step
attenuator at 0 dB. This made the EIRP equal –10 dBW with the step attenuator at 0 dB. All other
attenuation adjustments during the tests were made with the step attenuator.

Only one operator is needed at the transmitting site during the tests. Antenna pointing, antenna
polarization, and EIRP can all be adjusted from the “loft” area of the Desert Ship. The transmitting site
operator is in contact with the receiving site operator via the base communication network.

TEST PROCEDURES

For each site tested, the following procedure was used: Before recording data, the horn antenna at the
transmitting site was pointed at the designated receiving site and vertical polarization at maximum EIRP
(-10 dBW) was radiated. The receiving site then autotracked the incoming signal until the direction of
maximum signal strength was found. Once the direction of maximum signal strength was found,
receiving site personnel recorded the bit error rate on the BER Tester and the AGC levels on the LHCP
and RHCP receivers. The EIRP was then reduced by increasing the attenuation on the TAC. The amount
of reduction depended upon how far the receiving site was from threshold, but was always in multiples
of  1 dB. Receiving site personnel recorded the BER and AGC levels at the new EIRP level. The EIRP
continued to be reduced, and BER and AGC levels recorded, until a BER of 1 in 106 was reached.  The
EIRP at this point was recorded as the site’s Threshold EIRP.  The above process was then repeated for
horizontal, LHCP, and RHCP polarizations.

TEST RESULTS

The measured and calculated Threshold EIRP’s are shown in Table 2.



Rec.
Site

Polarization Meas.
EIRP

(dBW)

Calc.
EIRP

(dBW)

Vertical     >-10
Horizontal     >-10

LHCP       -10
J167

RHCP -10

-8.0

Vertical -18
Horizontal -18

LHCP    < -18
J67

RHCP  >> - 18

-15.0

Vertical -41
Horizontal -41

LHCP -41
J56

RHCP -42

-41.9

Vertical -21
Horizontal -21

LHCP -21
J100

RHCP -20

-18.6

Vertical -21
Horizontal -22

LHCP -22
J147

RHCP -22

-20.1

Table 2. Measured vs. Calculated Threshold EIRP

The maximum EIRP of –10 dBW was just less than that needed to fully test J167. However, the BER
was no more than 150 in 106 at –10 dBW--at any polarization, meaning the actual threshold EIRP was
probably not more than –8 dBW.

At RHCP Polarization, the BER for site J67 was very high (20,000 in 106) near the expected threshold
EIRP. This pointed to a problem with the RHCP channel, probably with the combiner.

The rest of the measured EIRP values are less than 3 dB different than the calculated values.

CONCLUSIONS

Threshold tests were performed on receiving sites at WSMR to ensure that each site was operating
optimally. In particular, the EIRP required to reach a BER of 1 in 106 at each site was measured and
compared to the calculated value in order to verify the site’s sensitivity. This was done at vertical,
horizontal, LHCP, and RHCP polarizations so that the polarization combining of each site could also be
verified. All sites, save one, had measured Threshold EIRP’s within 3 dB of predicted values. The one
faulty site had an excessively high BER at its calculated Threshold--at one polarization. This is believed



to be due to a faulty combiner and is being investigated. The threshold tests proved to be a useful tool in
verifying receiving site sensitivity and polarization combining performance, and in identifying specific
problems.
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