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BENEFITS OF POLARIZATION DIVERSITY RECEPTION

K. L. (Ken) Berns
SETAC Inc.

711 Daily Drive, Suite 110
Camarillo, California 93010

ABSTRACT

The utilization of polarization diversity reception to compensate for pattern irregularities of
telemetry transmitting antenna systems is examined.

Statistical analyses are conducted to compare signal strengths of the orthogonal
polarization components of transmitted radio waves. Probability density functions and
cumulative distribution functions of transmitting antenna gain patterns are calculated.
These statistical functions are used as the basis for comparisons of the quality of recovered
signals with and without polarization diversity capabilities at the receiving station.

It is concluded that polarization diversity can be used to significantly improve signal
quality in the presence of antenna pattern irregularities.

INTRODUCTION

Objective

The objective of the paper is to describe the benefits of utilizing polarization diversity
reception to compensate for signal fades that result from irregularities of transmitting
antenna radiation patterns.

Background

The information included herein was derived from an antenna study conducted for the
Pacific Missile Test Center (1). The study centered on radio signal polarization and the
utilization of diversity combining techniques to compensate for antenna irregularities.

The quality of telemetered data is directly dependent upon the ratio of signal power to
noise power in the receiving system. In addition to the unwanted effects of signal
attenuation during radio propagation, unfavorable and unexpected signal to noise ratios



may be caused by irregularities of transmitting antenna radiation patterns. The existence of
such irregularities is sometimes unknown because of insufficient pattern measurement
data. Suitable performance margins need to be provided, therefore, or techniques must be
employed to compensate for such problems. Polarization diversity reception, together with
signal combining techniques, has been demonstrated as a successful and practical method
of minimizing these effects.

Approach

The application of diversity reception and signal combining to compensate for the effects
of signal fading is well documented in the telemetry community, and has been
demonstrated as successful and practical (2),(3),(4),(5),(6). A review of the causes of
signal fading and the implementation of diversity reception and signal combining is given
as an aid to understanding and interpreting the results of the study.

Statistical analyses of radiation pattern measurements are presented. The principal
objective is comparison of the gain characteristics for each of the polarization components
of the antennas and how they compensate for one another. Computerized tabulations and
graphical representations are included to illustrate the characteristics of some existing
antenna designs. The tabulations and graphics also illustrate the benefits that accrue from
inclusion of diversity reception and signal combining capabilities at the receiving station.

Concurrently a quantized definition of antenna gain is given, along with examples of gain
measurements according to the definition.

Conclusions drawn from the results of this study are presented.

SIGNAL FADING AND DIVERSITY RECEPTION

Signal fading is an expected consequence of the dynamic nature of missile and space
vehicle test missions. There are many causes of signal fading. Irregularities of transmitting
antenna patterns in the presence of dynamic test scenarios is one. Others include signal
absorption, signal reflection, flame attenuation, ducting, path length changes and multipath.
The net result of these phenomena, either singly or in combination, can be unwanted signal
power nulls or polarization mismatch. Irrespective of the causes, an important objective of
this paper is identification of the benefits of diversity reception in compensating for signal
fades that arise from transmitting pattern irregularities.



Alternative Solutions To The Fading Problem

Signal fading of the order of 3 dB or less does not usually represent a serious problem in
recovery of telemetered data. Well designed telemetry links include at least that much
performance margin. Deep fades of 10 dB to 30 dB are not uncommon, however, and do
represent a major threat to reliable data recovery.

Solution alternatives to the problem of deep fades include:
• Diversity reception techniques with signal combining
• Increased transmitter power
• Increased antenna system gains (transmitting, receiving or both)
• Decreased noise temperature of receiving system

Link performance can be improved by utilizing any of the alternatives listed. The diversity
reception technique, however, has a number of advantages over the other approaches.

To compensate for fade depths of 10 dB, for example, transmitter power would have to be
increased by a factor of 10, say from 5 watts to 50 watts. This is usually an unpopular
choice, not only because of requirements for additional primary power, but because
radiation of 50 watts of RF power could interfere with vehicle guidance or with other
sensitive systems.

If antenna gains were to be increased through larger antenna aperatures, they would have
to be increased by a factor of 3.16. Receiving antennas would grow from 30 feet to 95 feet
diameter, for example.

To achieve 10 dB improvement through reduction of receiving system noise temperature
would require a factor of 10 decrease–from 500 degrees to 50 degrees Kelvin, for
example. Practically, when all of the receiving system noise contributors are accounted for,
the noise temperature is more likely to be the order of 200 to 400 degrees Kelvin–unless
cryogenic devices are used (as in receiving stations for space programs).

Compensating for transmitting antenna pattern irregularities using diversity reception
techniques is an attractive alternative. It not only offers a solution for the pattern problem,
it is also effective in compensating for fades that may arise from other causes.

Diversity Reception Techniques

There are a number of diversity methods that may be used to compensate for signal fading.
Depending upon the characteristics of the RF link, the following methods have been used
successfully:



• Polarization Diversity
• Space Diversity
• Frequency Diversity
• Time Diversity

The nature of telemetry RF links makes polarization diversity the most cost-effective
choice in the majority of applications. The implementation is accomplished in the receiver
system, where two receiving channels along with signal combiner circuitry are utilized.
Such devices are readily available from commercial sources. The other diversity
techniques listed above impose additional requirements, some of which require changes in
the transmitting system.

Space diversity, for example, needs at least one additional receiving antenna array,
strategically located. Frequency diversity requires at least one additional source of signal
power radiation, at a different frequency, at the transmitting end of the link. Time diversity
requires repetitive transmission of the same message units at appropriately spaced time
intervals.

Before proceeding to discussions of polarization diversity and signal combining
techniques, it should be understood that diversity reception techniques do not comprise a
“guaranteed solution” to all problems of signal fading. The usefulness of diversity
reception depends fundamentally upon the possibility of obtaining two or more copies of
the same signal, preferably with independent fading characteristics(7). If the fading
patterns of the several copies of the signal are identical or nearly so, the effectiveness of
diversity techniques will be diminished. A highly desirable situation (in dual diversity) is
one in which there is complete negative correlation between the fading patterns so that
when one is too weak to be useful the other is likely to be of sufficient strength.

Nevertheless, the polarization diversity technique is still attractive in telemetry
applications. Unpredictable polarization changes during transmission appear to be one of
the primary causes of signal fading. Polarization variations are often the result of multipath
transmissions, and multipath is frequently encountered in telemetry signal transmissions.
The dynamic nature of the relative positions of transmitting and receiving antennas,
changing vehicle attitudes, and variations of aspect angles between test vehicles and
receiving stations are often the cause of multipath-interference signal fading.

It has been observed that patterns of mulitpath-interference fading, with signal waves
differing only in polarization, are nearly uncorrelated. This satisfies one of the important
conditions that must be met for successful utilization of diversity reception techniques.



To realize the benefits of polarization diversity reception, the two or more diversity copies
of the received signal must be combined or selected in a manner that will minimize the
effects of signal fading. A full discussion of the techniques of signal combining and
selection is beyond the scope of this paper. It is sufficient to note that signal combining is
used more often than signal selection in telemetry applications, and optimal ratio
combining is the technique that is favored by most users. Assuming that polarization
diversity reception is used, a properly working optimal-ratio combiner will perfectly match
the receiving system to the polarization of the incoming signal.

RADIATION PATTERNS OF TELEMETRY TRANSMITTING ANTENNAS

Antenna patterns of several Navy telemetry transmitting systems were analyzed to examine
their gain characteristics. To provide an appreciation of these characteristics, antenna
design criteria are discussed first, along with the need for complete and accurate
measurement data. Then the pattern data is analyzed to display the gain density functions
of the orthogonal polarization components and their correlation with one another. Finally,
the gain patterns of the sums of the orthogonal components were analyzed to indicate the
benefits of diversity reception and signal combining.

Antenna System Designs

It was pointed out earlier that the gain characteristics of telemetry transmitting antenna
systems are of first-order importance in signal transmission links. The main objective is to
provide a sufficiently high level of radiated power so that the signal power reaching the
receiving station is acceptable, in terms of ensuring recovery of good-quality telemetered
information.

If a transmitting antenna pattern includes unwanted gain nulls, it is advantageous to orient
the antenna so that the gain nulls are not “pointed” at the receiving station. If “pointing
angles” cannot be controlled, then the antenna must either have essentially isotropic
radiation characteristics or transmitter power or antenna gain must be increased to provide
the needed performance margin. Increasing the transmitter output power or gain is not
always cost effective nor technically feasible. Thus, the design decision is often to provide
the best suitable approximation of isotropic radiation patterns. Such a design decision
implies the need for complete and accurate performance measurements.

Development of telemetry transmitting antenna systems having isotropic radiation
characteristics represents a complex design task. Even the best design efforts seldom
produce a system that does not have one or more unwanted radiation nulls in the pattern.
Null depths of 20 dB to 30 dB or more are not uncommon. There are many reasons for
such irregularities, but an in-depth study of the causes is beyond the scope of this paper. It



is sufficient to note that space envelopes dedicated to antenna installations are usually less
than ideal, and surrounding surface protrusions and skin discontinuities can cause signal
absorption, diffration and reflections.

The problem is further complicated by the fact that designs are usually developed and
tested on a mock-up of the intended mounting surface. Performance of the antenna may be
quite different when it is installed in its final location.

The foregoing discussions underline the importance of making comprehensive
measurements of antenna pattern characteristics. Furthermore, the measurements should be
made on production models of the antenna design, when mounted on an accurate
representation of its final location. Measurements should be made with sufficient
resolution to serve as an acceptable representation of antenna performance. In the case of
missile-mounted antennas, it may be necessary to conduct more than one set of pattern
measurements to provide an indication of both prelaunch and post launch antenna
performance.

Measured Antenna System Performance

The gain of an antenna system is a fundamental performance characteristic that must be
known (measured) to provide a complete performance description. A definition of antenna
gain that is used often is the gain (referenced to isotropic) that is equaled or exceeded over
at least 95% of a spherical pattern area.

Other definitions such as “average” gain may be used, but identification of the “average”
gain of a given antenna often represents a complex problem. For example, the number, the
shape, and the depth of gain nulls influence the “average” gain. Decisions must be made
about how to weight these nulls in arriving at an “average” figure.

The advantage of the “95%-area” method is that it is not subjective. The gain can be
presented as a quantized value derived from performance measurements, without
subjective interpretations or estimates. Other percentage values may be used, but 95% is a
value that is popularly accepted.

In the study for the Pacific Missile Test Center, gain characteristics were measured, using
the 95%-area method, for the telemetry antenna systems used on two Navy missile
systems. The measurements were made on a spherical coverage pattern at each 5-degree
increment of both the pitch angle (theta) and the roll angle (phi). Gain ratings of the
antennas were then derived from calculations of Cumulative Distribution Functions (CDF)
of the measurement data. The CDF values given in the data tabulations express the
percentage of the spherical pattern area that is occupied by antenna gain readings equal to



or greater than the gain reading that appears opposite a given CDF value. Probability
Density Functions were calculated also to provide a graphic illustration of the spread and
the density of measured gain values.

Tabulations and plots of the CDFs and the PDFs are shown in Figures 1 through 9.
Observe that the CDFs and the PDFs were calculated for each of the individual orthogonal
polarization components and for the sum of the orthogonal components as well. The sum
calculations provide an indication of the apparent transmitting antenna gain improvement
that can be realized when the orthogonal components are combined in the receiving
system.

Using the criterion of “percentage of pattern coverage” to define antenna gain can be
better understood by rearranging and tabulating data taken from Figures 1 through 9, in the
format of Tables I, II and III. The tables show the gain values that must be equaled or
exceeded to cover selected percentages of the total pattern area. They also indicated the
improvement that signal combining can provide. For example, if antenna gain is defined as
the gain that must be equaled or exceeded over 95% of the total pattern area, Table I
shows gains of -17 dBi and -18 dBi respectively for the individual RHC and LHC
orthogonal components. Further inspection shows that for the sum of the components
(RHC+LHC) 95% coverage is achieved with a minimum gain of -11 dBi. This equates to a
6 dB to 7 dB improvement that can be derived from diversity reception and signal
combining. An improvement of 6 dB is significant–it is equivalent to a fourfold increase of
radiated signal power.

Inspection of the tabulated gains and improvements for other selected percentages of
pattern area coverage shows the trends of gain changes and combiner improvement. It can
be seen that careful thought must be given to selection of the best value for “percentage of
pattern coverage” in defining antenna gain. The benefits of signal combining are greatest
when antenna gain is based on high percentages of pattern coverage. Selection of very high
percentage values, however, could result in excessive design and munufacturing costs, and
physical size of the antenna could be unacceptable. Basing an antenna design on a
percentage coverage value that is too low, on the other hand, could allow an excessive
number of gain nulls, or null depths too deep to meet performance requirements. Design
decisions should be guided by requirements for acceptable performance margin.



Table I
Missile A TM Antenna Gain Analysis - Circular Polarization

Cumulative Distribution Function

Pattern Antenna Gain (dBi)
Improvement

of RHC+LHC (dB)

Area (%) RHC LHC RHC+LHC Over RHC Over LHC

50
80
90
95
98
99
99.5

-7
-11
-14
-17
-22
-25
-27

-7
-12
-15
-18
-22
-24
-27

-3
-7
-9

-11
-14
-15
-18

4
4
5
6
8

10
9

4
5
6
7
8
9
9

Table II
Missile B TM Antenna Gain Analysis - Circular Polarization

Cumulative Distribution Function

Pattern Antenna Gain (dBi)
Improvement

of RHC+LHC (dB)

Area (%) RHC LHC RHC+LHC Over RHC Over LHC

50
80
90
95
98
99
99.5

-5
-9

-11
-14
-17
-19
-27

-4
-8

-11
-14
-18
-20
-23

-2
-4
-6
-7
-9

-10
-12

3
5
5
7
8
9
9

  2
  4
  5
  7
  9
10
11



Table III
Missile B TM Antenna Gain Analysis - Linear Polarization

Cumulative Distribution Function

Pattern Antenna Gain (dBi)
Improvement
of V+H (dB)

Area (%) Vertical Horizontal V+H Over V Over H

50
80
90
95
98
99
99.5

-10
-16
-20
-23
-28
-30

-3
-7
-8

-10
-12
-14
-16

-2
-5
-6
-8
-9

-11
-13

4
11
14
15
19
19
--

1
2
2
2
3
3
3

CONCLUSIONS

Results of this study lead to two important conclusions: (1) complete and accurate
measurements of radiation patterns of antenna systems must be made before full
performance capabilities can be defined. (2) A major benefit of diversity reception and
signal combining is the performance improvement that is provided in the presence of
unwanted antenna pattern nulls.

Antenna Pattern Characteristics

Measurement of the individual orthogonal polarization components of antenna radiation
patterns showed gain nulls as deep as -26 dBi, even when the individual components were
summed together. Examination of the tabulated data shows, however, that the probability
of operating in one of these nulls is very small, less than 0.05%. On the other hand, the
data shows a 5.0% probability of -17 dBi nulls for the individual circular components and
-11 dBi nulls when they are summed together. A 5% probability is significant.

The significance of these observations lies in the magnitude of the variations from isotropic
gain. The variations suggest that reliable gain ratings cannot be given for an antenna unless
comprehensive measurements are made. Pattern measurements should be made for each of
the polarization components, with an appropriate degree of measurement resolution (e.g.,
2- to 5-degree increments). It was found that such data is seldom available. The bulk of
available data was found in the form of polar plots, representing measurements made at
10-degree increments for only one polarization, with no definition of measurement 



accuracy. Such data is unacceptable as the basis for determination of meaningful antenna
gain figures.

In the absence of complete pattern data with sufficient resolution, quoted gain figures for
antenna designs are empirical at best (with indeterminate accuracy) or they apply only to
special configurations. It follows that the benefits of diversity reception and signal
combining cannot be predicted accurately without complete information.

Finally, in the process of gathering information on antenna pattern characteristics, it
became evident that improvement is needed in the uniformity of formatting, documenting
and storing antenna pattern measurement information. The lack of uniform methods makes
comparisons of anntena performance difficult. Easy interchange of information is not
possible and misunderstandings arise between developers and users. The net result can be
incomplete or incorrect specifications and incomplete documentation of antenna
performance.

Diversity Reception and Signal Combining

One of the advantages of using diversity reception and signal combining becomes apparent
through comparison of the gain values of a single polarization component of the radiation
pattern (e.g., RHC or LHC) with the sum of the orthogonal components (RHC+LHC or
Vertical+Horizontal). Using the sum of the orthogonal components is equivalent to
inclusion of an optimal-ratio combiner in the receiving system. The relative advantages can
be seen by comparing the cumulative distribution functions shown in Tables I through III.

Data taken for this study shows that the greatest improvements provided by combining
occur when they are needed most. That is, when the aspect angle between the antenna
positions is such that the receiving antenna must look through a segment of the transmitting
antenna pattern where the gain is marginal.

For example, compare the cumulative distribution functions for RHC, LHC, and
RHC+LHC of Figures 1 through 3. For each of these functions note the lowest gain value
that must be included to reach a cumulative distribution of 95%. Observe that for the
individual components, RHC and LHC, the lowest gain values are -17 dBi and -18 dBi:
while the lowest gain value for the sum of the two, RHC+LHC, is -11 dBi; 6 to 7 dB
greater.

Such an improvement (6 to 7 dB) is equivalent to benefits that would be realized from
increasing the gain-temperature ratio (G/T) of the receiving antenna system by 6 dB, or
doubling the diameter of the receiving antenna aperature. It would be equivalent also to
increasing the permissible standoff distance between transmitting and receiving antennas



by a factor of two, or a fourfold increase of radiated power from the transmitting antenna
system.

The net result is a significantly improved probability of recovering telemetered information
with good quality characteristics.
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Missile A Telemetry Antenna
Nose Cone, Serial 013, 2250 MHz

Figure 1. Missile A Antenna Gain Characteristics (RHC Polarization)



Missile A Telemetry Antenna
Nose Cone, Serial 013, 2250 MH

Figure 2. Missile A Antenna Gain Characteristics (LHC Polarization)



Missile A Telemetry Antenna
Nose Cone, Serial 013, 2250 MHz

Figure 3. Missile A Antenna Gain Characteristics (RHC+LHC)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 4. Missile B Antenna Gain Characteristics (RHC Polarization)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 5. Missile B Antenna Gain Characteristics (LHC Polarization)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 6. Missile B Antenna Gain Characteristics (RHC+LHC)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 7. Missile B Antenna Gain Characteristics (Vertical Polarization)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 8. Missile B Antenna Gain Characteristics (Horizontal Polarization)



Missile B Telemetry Antenna
Wraparound 8-Element 2250 MHz

Figure 9. Missile B Antenna Gain Characteristics (Vertical+Horizontal)


