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ABSTRACT

This experiment has two purposes.

One,  to  determine  if  a  modern  diversity  combiner  normally  used  in  missile  telemetry  for
polarization diversity can be used for spatial diversity to obtain a gain in the signal quality.

Two,  to  determine  if  a  simple  test  can  be  designed  such  that  a  non-laboratory  test  can  be
performed by the average telemetry operator in order to assess the first purpose.
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INTRODUCTION

The primary purpose of this experiment is to determine the effectiveness of using Commercial
Off The Shelf (COTS) diversity combiners in spatial diversity applications.

The secondary purpose is  to  determine  if  an experiment  can be designed that  is  capable  of
measuring a combiner gain in a non-laboratory setting.  Standard tests for Telemetry diversity
combiners use laboratory equipment  in a direct-wired configuration [1].  In other words, the
entire experimental system is connected using cables, with no antennas being used.  It is thought
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that using antennas, instead of cables, while testing a diversity combiner will take into account
most, if not all, of the effects of RF transmission.  It has been observed that closed-loop direct-
wired tests tend to not fully test the system as it will be actually utilized.  It has also been noticed
that although the system will be prone to various transient phenomena it is possible to use very
simple stochastic techniques, such as simple averaging [2], to detect a trend in the performance
of a device.

Post-detection combining in Telemetry acts like a simple choice of the strongest signal [3].  Post-
detection diversity combining is, basically, an automatic switching system.

Pre-detection architectures use a weighting factor system [4].  This weighting system assigns
each signal a value, such as the AGC level of the respective receiver [5] or the measured noise
ratio [6].  This value is used to decide how strongly the individual signals should be applied to
the combined signal.

It is usually preferable to use pre-detection combining [7].  The theoretical BER improvement
for modern pre-detection combiners is stated as up to 3dB [8].

One way to think about diversity combining is through an examination of signal to noise power.
If two antennas were to receive the same signal then the received signal power on the combiner
would be twice as high as with one antenna [9].  The LNAs (Low Noise Amplifiers) of each
antenna  would  each  add  thermal  noise  (assumed  to  be  AWGN).   The  noise  would  be
independent, so over multiple samples the instantaneous noise summation would sometimes be
higher than with one source, and sometimes be lower than with one source.  Thus, the total noise,
over time, would not be doubled.  This means that with two sources the signal to noise ratio
would be increased with respect to a system with one source.

A survey of the literature on diversity combining lists certain requirements and certain general
guidelines on the improvement that can be expected.  One source lists the general separation
requirement as “sufficiently separated” [10], while another states “sufficiently far apart” [11].  In
one source it  is  stated that  the separation between the antennas used for diversity should be
several  wavelengths  [12].   It  can  be  seen  here  that  diversity  is  not  only  concerned  with
independent AWGN sources.

The theoretical improvement using diversity combining is stated very simply as [13]:
γb = Lγc (Eq. 1)
Where:
γb is the average SNR per bit,
γc is the average SNR per channel,
L is the number of channels

In other words, double the channels combined and the SNR doubles.  This means that with a two
channel  system  this  experiment  should  expect  approximately  a  3dB  improvement.   This  is
assumed to be an upper limit in practical application.
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It is thought that if an experiment can be designed and performed correctly it should be possible
to  measure  an  improvement  in  the  BER such  that  two  separate  antennas  would  contribute,
ideally, half of the total power to the combined signal.  Now, it is not assumed that a “double”
improvement will result.  In fact, it is assumed that this theoretical 3dB improvement will be
extremely difficult to attain.  In order to measure the theoretical 3dB improvement capability of
the combiner it would be necessary to use existing direct-wire tests [14].

This experiment will be using PCM/FM [15][16], in the Telemetry S-band [17].

PROBLEM

In order to improve the quality of a signal various techniques are currently used.  For example, a
ground station may employ large antennas, which have high gain.  Because they are very far
from the location where the missile is fired the free space loss is great [18].  So another telemetry
system might be placed closer to the missile, such as on-board the ship firing the missile, so that
the free space loss is lessened.  Unfortunately, the size of the antennas is more limited while on-
board a ship.

Tradeoffs such as these happen in all telemetry applications.  However, there are often ways of
improving the signal with additional or improved equipment.  These include the Trellis multi-
symbol  demodulation  techniques  employed  by  Tier  0  ARTM (Advanced  Range  Telemetry)
systems.   These devices allow up to a 3dB improvement  in the data.   In other words,  if  an
individual were to compare two systems, one standard system and one with Trellis enabled, the
Trellis enabled system should get the same quality of data with half the received signal power as
the non-Trellis system.

PURPOSE

It is currently normal practice to utilize diversity combiners to combine orthogonal polarities of a
single antenna.  It is the purpose of this experiment to determine if using these same diversity
combiners for spatial diversity combining is effective.  If so then the development cost would
become effectively zero.  Many ranges could almost immediately convert to using additional
combiners.  For example, portable systems used on-board ships already use two antennas and
enough equipment  to receive,  demodulate,  and decommutate  each telemetry signal.   All  that
would  be  required  would  be  one  additional  combiner  per  signal  stream.

In addition, it may be possible to share the data obtained in this experiment with the various
vendors such that they can modify their equipment for additional diversity combiners.  Many
vendors utilize a PC card system for their  receivers  and combiners.    Other vendors have a
modular system by which adding an additional diversity combiner is as simple as adding an
additional  block inside the chassis.  This would mean many vendors could quickly design a
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variant just by adding one or more PC cards or by adding one or more modules.  The cost would
increase  slightly,  the  weight  would  increase  a  little,  and the  size  might  stay  the  same.   In
addition,  it  may  be  possible  to  retrofit  existing  systems  with  the  addition  combiners,  space
permitting.

It  is  not  the  purpose  of  this  experiment  to  examine  the  general  characteristics  of  diversity
combining.  This experiment is specifically concerned with the specific problem of a system with
two receive antennas using existing equipment.  This experiment will not attempt to generalize to
more than two antennas.  This has already been examined by more than one individual [19].

HISTORICAL STUDY

An examination of the Telemetry literature  has found mention  of both polarization diversity
combining and spatial diversity combining.  Unfortunately, no real-world testing data has been
obtained for spatial diversity combining used in missile telemetry.

The experimenter has completed many tests using dual polarity (Horizontal and Vertical or Left
Hand  Circular  and  Right  Hand  Circular)  diversity  combining.   It  has  been  shown that  this
combining  process  gives  an  improvement  in  nearly all  circumstances.   The  times  where  an
improvement is not gained can usually be traced to either a misapplication of a setting (combiner
“balance” not enabled), or a hardware fault (i.e. a faulty combiner card or module that when
replaced results in a combiner gain).

It has also been noted that tests can be performed on a combiner by bypassing the antennas.  This
“direct wire” method shows a definite combiner gain.

In both these tests it can be assumed that the two signals are phase aligned.  The two signals
would then add coherently, which means in such a way that it would be just like two copies of a
single system, with independent noise being summed.

There has been mention of phase differences between the two received signals.  In situations
where the antennas are close enough together this phase difference should be negligible.  So for
this  test  the  phase difference  will  be  minimized  as  much  as  possible.   This  means  that  the
distance between each receiving antenna and the transmitting antenna will be kept as constant as
possible.

BODY

The testing will consist of several iterations of Bit Error Rate (BER) Tests.

The first set of tests will test the Bit Error Rate of a single antenna system.  The antenna will be a
passive antenna connected  through a modern  telemetry receiver.   This  phase of  testing  will
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involve two independent antenna systems.  These systems will then be used for the combiner
system testing.

The second set of tests will test the Bit Error Rate of a two antenna system (Figure 1).  The
antennas will both be passive antennas connected through two modern telemetry receivers and a
modern diversity combiner.

For each Bit Error Rate Test (BERT) a 1Mbps (PCM) Pseudo-random (PRN-11) signal will be
FM modulated  and transmitted  (2252.5 MHz).   This  signal  will  be  received  on one or  two
antennas, depending on the testing phase, and will be sent through a modern telemetry system to
a a test set that will process the information and output a BER value.

The power level of the transmitter will be stepped across a wide enough range to show BERs
from zero (No errors) to at least a BER of 10-6 (standard BER “cutoff” threshold).  Each of the
three types of curves will be plotted on the same axes.

This  process  will  be  iterated  several  times  and averaged  in  order  to  minimize  the  effect  of
spurious results.  In addition, a sufficiently small step size will be chosen such that a relatively
smooth set of curves will result.

A key variable  to  be observed will  be the  distance  between the various  antennas.   For  this
experiment  the  receiving  antennas  will  be  kept  at  the  same  distance  from the  transmitting
antenna.  This should allow the system the best configuration to combine the signals.  In this way
the experimenter hopes to arrive at a reference point.  Other experiments can then be done to
assess the effects of a non-equal antenna distance.  It is hoped that this testing will allow the field
to expand and to find better ways to obtain combiner gain.

Figure 1: Combiner Test Block Diagram
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EXPERIMENTAL SET-UP

Two passive  (no amplifier)  single-polarity  antennas  were placed on tripods and used as  the
receiving antennas.  One passive omni-directional antenna was mounted outside a building and
used as the transmitting antenna.  The two receiving antennas were placed outside and pointed
generally at the transmitting antenna, at approximately the same distance from the transmitting
antenna.  A PRN-11 PCM signal was FM modulated and sent to the transmitting antenna.  The
power on each receiving antenna was measured on the receivers.  The receiving antenna with the
higher power was then directed away from the transmitting antenna until the power levels were
roughly close to one another.

DATA RECORDING PROCEDURES

For each data point the amplitude of the signal generator was adjusted and allowed to settle for a
couple seconds.  The BER measurement was then reset.  After a twenty second wait the BER
was recorded.  This was repeated for each point between -20 dBm and -40 dBm in 0.2 dB steps.

DATA ANALYSIS

Data analysis consisted of both graphical comparisons and numerical comparisons.  The plots
(Figure 2, 3, 4, 5) show whether each test had an improvement in combined mode.  For more
precise comparisons the raw data was examined for the point at which the BER crossed the 10-6

point (Table 1).  This is a common point used in Telemetry.  For each of these points the graph
was examined to see where the curve was trending and the point where the curve crossed the 10-6

threshold.  This eliminated occasional points that momentarily had poor BER results.

RESULTS

Over the course of four days the combiner gave an average gain of 2 dB, with the lowest gain
being 1.8 dB.
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Figure 2: 12/17/2012 BER Plots
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Figure 3: 12/18/2012 BER Plots
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Figure 4: 12/19/2012 BER Plots
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Figure 5: 12/20/2012 BER Plots

12/17/2012 12/18/2012 12/19/2012 12/20/2012

Independent 1 -28.6 -33.2 -32.6 -29

Independent 2 -26.6 -34.2 -33.4 -31.8

Combined -30.6 -36.4 -35.4 -33.6

Combiner Gain 2 2.2 2 1.8
Table 1: Cutoffs, in dBm
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CONCLUSION

Two objectives were completed in this experiment.

One, tests were performed to see if any configuration existed where current commercial off the
shelf telemetry diversity combiners could provide an improvement to a received signal when
used in a spatial diversity configuration.

Two, tests were performed to determine if there was a simple test that could be performed using
standard  telemetry  equipment  to  test  the  performance  of  a  diversity  combiner  in  a  spatial
diversity configuration.

It is the author's opinion that the average 2dB gain provided by the diversity combiner shows that
spatial diversity combining is possible on existing telemetry diversity combiners, and is a potent
tool for improving the received signal quality.

It is the author's opinion that the simple test used in this experiment allows the average telemetry
operator to assess the performance of a spatial diversity configuration using existing diversity
combiners.
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