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ABSTRACT

A major factor in the performance of a Telemetry System over the sea is the effect of
multipath. The reflected signal from the surface of the sea may, in general, add to or
subtract from the direct signal, and may therefore lead to severe fading and possible loss
of useful signal. The multipath is a function of the sea state and the polarization of the
signal. In order to reduce the effect of multipath on performance, a dual polarization
diversity system is being built for the Airborne Telemetry Relay System for the Gulf
Range.

An analysis of the performance of the dual polarization diversity system in the presence of
multipath for different sea states, different reflection angles, and different initial
polarization angles is presented. For comparison, a similar analysis is presented for a
circular polarization receiving antenna system.
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INTRODUCTION

This study was undertaken in conjunction with a program to provide an airborne platform
(an aircraft and associated instrumentation) which will support USAF test and training
missions on the Gulf Range. The airborne platform will provide radar sea surveillance of
planned mission areas and will serve as a relay platform for telemetry data, UHF voice
transmission, and drone control and tracking information. The Airborne Platform program
is the subject of another paper presented at this conference (1).

Primarily because of the fading introduced by multipath from the sea, the telemetry data
link may be lost from time to time. This study has investigated the use of dual polarization
diversity to improve the reliability of the telemetry link. For two reasons, the telemetry



signals will be received at the platform with random polarization. First, though the
missile’s antenna may be horizontally or vertically polarized, since the missile’s orientation
is constantly changing, the result is random. Second, since the multipath signals will be
randomly polarized, the composite signal may be of any polarization. In general, the
composite signal may be of linear or elliptical polarization.

A standard receiving system for this situation would probably use circular polarization
(CP) to capture the linearly polarized signal regardless of polarization angle. We have
hypothesized that a receiving system with dual linearly polarized channels and an optimal
combiner will provide more reliable reception than a circularly polarized receiving system.
Our study has supported this hypothesis and the airborne platform does use a receiving
system with dual diversity.

CHARACTERISTICS OF A DUAL DIVERSITY RECEIVING SYSTEM

A circularly polarized receiving system will detect any linearly polarized signals, but a
3 dB loss in power is automatically incurred. A dual polarization diversity system with
optimal combining, because it matches the received signal polarization, does not incur
such a loss.

An optimal combiner is essentially a matched filter. It uses a tracking loop to measure
incoming signal amplitude and phase on the vertical and horizontal channels, adjusts the
phases, and weights each channel in direct proportion to its signal strength. Thus, a signal
which reaches the receiver as pure horizontal polarization is weighted fully on the
horizontal channel. A signal at 45 degrees is weighted equally on both vertical and
horizontal, and a signal which arrives with circular polarization will be received with equal
weights and a 90 degree phase shift. Since multipath will cause the polarization of received
signals to be very different from those which were transmitted, a fixed combiner which is
tuned to the transmitter will not suffice. The optimal combiner, which tunes itself to the
incoming signal, will maximize the signal strength which reaches the receiving system.

PERFORMANCE ANALYSIS

The performance which can be expected from the dual diversity receiving system can be
stated in terms of the probability of fade. This probability is a function of the
electromagnetic roughness of the sea, the angle of polarization, and the fade margin.

The measure for sea roughness with respect to the electromagnetic signal is a function of
wave height, signal wavelength, and the grazing angle. Figure 1 shows, for the telemetry
frequency, the nominal wave height required for an electromagnetically rough sea as a
function of grazing angle. It is based on the commonly-accepted Rayleigh criterion for



roughness. As shown, for grazing angles of about 5 degrees, the sea is considered rough
for wave heights of about 8 inches or more. We estimate that these rough sea conditions
will exist about 80% to 90% of the time. A rough sea will create from many components,
a bounce signal which is random in both amplitude and phase. A bounce signal from a
smooth sea is of variable phase but relatively constant amplitude.

The analysis was conducted in terms of the probability of fade as a function of fade
margin. The fade margin is defined as 10 log S/S', where S/N is the direct path signal-to-
noise ratio and S'/N is the required ratio.

RESULTS

The probability of fade was evaluated for fade margins from 5 dB to 25 dB for both a CP
receiving system and a dual polarization diversity receiving system. A comparison across
sea state and polarization angle can be made. For a description of the probability
evaluation procedure, see the Appendix.

The four graphs in Figures 2 and 3 apply to a rough sea. Each shows the probability of
fade as a function of fade margin for several different angles of polarization. Figure 2a is
for a dual diversity receiving system and a bounce angle of 1.25 degrees; Figure 2b is for
a CP receiving system at that bounce angle. Figure 3 is for a bounce angle of 4 degrees,
with 3a being dual diversity and 3b being CP.

Some general observations of the results are:
1. Results from dual diversity are better than those from circular polarization for any

given polarization angle, bounce angle, or fade margin.

2. There is a stong improvement with each type of receiving system as the bounce
angle increases.

3. In the CP case, the probability of fade decreases monotonically with polarization
angle, with horizontal showing the worst performance and vertical the best. In the
Dual Diversity case the probability of fade decreases from horizontal to 45 degree
polarization. It increases again as the angle increases to vertical, though horizontal
polarization remains the case with the worst probability of fade.

The graphs in Figure 4 represent smooth sea results for a 4 degree bounce angle. The dual
diversity in Figure 4a shows strong improvement for all polarization angles away from the
horizontal. The CP results in Figure 4b show that there is little decrease in the probability
of fade for polarization angles near the horizontal.



CONCLUSION

It is hoped that these graphs will be of use to those designing telemetry systems for use in
similar environments. For the airborne platform application, the dual polarization diversity
receiving system provides significantly increased reliability over a circular polarization
system. This increased reliability is in addition to the 3 dB improvement obtained for any
given antenna aperture.
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APPENDIX: PROBABILITY OF FADE COMPUTATIONS

Rough Sea

Define S/N to be the direct signal and S'/N to be the signal which is required to avoid
fading. The resultant signal (R) is the sum of the direct (D) and any number of multipath
(M) signals caused by a rough sea. According to the Central Limit Theorem, and as
shown in Figure A-1, the resultant will have a bivariate normal density about the direct
signal.

For a circularly polarized receiving system, a fade occurs when the resultant signal
strength (R) does not reach a certain threshold, or pictorially, when the R vector falls
within the % S' '' /'N' circle in Figure A-2. The probability of fade is the integral of the
probability density over the area of the fade circle:

(1)

where p(R,2) is the bivariate gaussian probability density function.

The relative size of the S/N and S'/N vectors is determined by the fade margin (FM = 10
log S/S'). The variance of the gaussian is determined by the angle of polarization and the
bounce angle. For a given angle of polarization, ", the variance is a F  = ((  cos " + (2   2

H   V

sin ") S /2N. The (s are the squares of the reflection coefficients. Typically (  is 1 and2
H

(  is a function of the bounce angle. At the telemetry signal frequency of 2.3 GHz, aV



reflection coefficient of 0.3 ((•0.1.) corresponds to a bounce angle of approximately 4
degrees, and a coefficient of 0.7 ((•0.5) corresponds to a 1.25 degree bounce angle.

In a dual linear polarization system, both the horizontal and vertical channels receive
resultant signals with bivariate gaussian distributions. Since the full signal is the in-phase
sum of these two components, a fade occurs when this sum is smaller than the required
threshold. Figure A-3 illustrates typical fade circles and densities.

The probability of fade is the probability that (R  + R  ) is smaller than a thresholdH  V% S' '' /'N'. The evaluation of this probability is the double integral

(2)

where p  and p  are the corresponding bivariate gaussian probability densities.H  V

The relative size of S/N and S'/N is again determined by the fade margin, and the
variances of the two densities are determined by the angle of polarization and the bounce
angle. The horizontal variance is a F  = (  (sin #) S /2N and the vertical is F  =2   2        2

H  H        V

( (cos ")S /2N. To model the rough sea, the (s again are 1 for horizontal and a functionV
2

of bounce angle for vertical.

Smooth Sea

A smooth sea analysis is much less probabilistic than a rough sea analysis. Though the
phase of the resultant signal is random, once the horizontal component’s phase and
magnitude are observed, the phase and magnitude of the vertical component are
determined. The composite signals from direct and multipath sources thus have a uniform
density about the direct signal rather than the gaussian densities of the rough sea case. The
smooth sea graphs were computed by integrating these simpler probability densities over
the fade circles % S' '' /'N'.



FIGURE 1. WAVE HEIGHT FOR ELECTROMAGNETICALLY
ROUGH SEA VS. GRAZING ANGLE



FIGURE 2. PROBABILITY OF FADE AS A FUNCTION OF FADE
MARGIN FOR A ROUGH SEA, 1.25EE BOUNCE



FIGURE 3. PROBABILITY OF FADE AS A FUNCTION OF FADE MARGIN
FOR A ROUGH SEA, 4EE BOUNCE



FIGURE 4. PROBABILITY OF FADE AS A FUNCTION OF FADE MARGIN
FOR A SMOOTH SEA, 4EE BOUNCE



FIGURE A-1. GAUSSIAN DENSITY OF MULTIPATH SIGNALS
ABOUT DIRECT SIGNAL

FIGURE A-2. CIRCULAR POLARIZATION FADE REGION
AND DISTRIBUTION



FIGURE A-3. DUAL POLARIZATION DIVERSITY FADE REGIONS
AND DISTRIBUTIONS


