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PERFORMANCE STANDARDS FOR EASTERN TEST RANGE
TELEMETRY STATIONS1
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Technical Staff Department

Pan American World Airways
Patrick Air Force Base, Florida

Summary    An extensive engineering effort has been directed toward the rehabilitation
of Eastern Test Range telemetry stations during the past five years. Initial planning
began, at an earlier date) with studies of range user program plans. These studies have
continued throughout the development period to assure a close agreement between range
user needs for telemetry data and station capabilities. The plan to rehabilitate telemetry
stations on the range has included airborne and shipborne systems, as well as the land-
based stations. The stated needs of range users, and the projection of equipment trends
formed the basis for specifying new telemetry systems for the Range. Design,
production, initial tests, and installation followed in rapid sequence. An evaluation phase
was then implemented to determine the operational readiness of the integrated systems
and to establish the levels of performance at which each station should be assigned for
support. Recent telemetry developments on the Eastern Test Range are briefly described,
with emphasis on the launch area telemetry station, Tel 4. This general-purpose telemetry
station must be operated in many different modes and configurations to accommodate the
various signal structures that are used. Tests that have been used to estimate the station
capabilities and limitations when it is configured to receive PAM/FM/FM and PCM/FM
links are described as examples of the evaluation concept.

Introduction    Advances in space technology have caused a continual change in the
configuration of the Eastern Test Range and in the telemetry equipment at each station.
Early, low-flying missiles made it necessary to use closely spaced stations to avoid
losing data as the missile crossed the horizon. Distances to the horizon increased when
ballistic missile testing began. Earth satellites and space probes emphasized the trend
toward increased transmission distances and higher information rates. As a result, some
stations were “moth-balled” while others increased in complexity.

The current configuration of the Range includes telemetry stations at Cape Kennedy,
Grand Bahama Island, Grand Turk, Antigua, Ascension, and Station 13 in south Africa.



Ships and aircraft are used to complete coverage between Antigua and Ascension,
between Ascension and Africa and to extend the coverage into the Indian Ocean. The
telemetry rehabilitation program has included all of these stations., equipping each of
them with new antennas, low-noise preamplifiers., and versatile receivers to cover all of
the frequencies at which telemetry reception is anticipated. In addition, the land-based
and shipborne stations were provided with both predetection recorders and
demultiplexing equipment. A concept for providing telemetry data from Cape Kennedy,
GBI, Antigua, a ship at sea, and Ascension to range users in real time is now being
implemented as a part of the rehabilitation program. This real-time data transmission
system will make it possible for a range user to have selected channels of data, from a
chosen time prior to launch, until the space vehicle is more than 5000 miles along its
way.

Components and Subsystems    Reception at the new telemetry frequencies between
2200 and 2300 MHz has been provided by new antenna systems which also have a
greater sensitivity. The new land-based tracking antennas have parabolic reflectors of 30,
33, and 85-foot diameters. 9hipborne parabolas have 24 and 30-foot diameters. The
conical scan feed systems provide simultaneous reception of two orthogonal, circular
polarizations. Low-noise preamplifiers for each of the telemetry bands are located
adjacent to the feed cones to enhance the system sensitivity. Cable wraps around the
elevation axis and a dual rotary joint through the azimuth axis give a complete coverage
of the upper hemisphere. The elevation-over-azimuth designs are characterized by the
usual limitations on tracking rates through the zenith.

Frequencies above 1000 MHz are translated to a band between 300 and 400 MHz before
transmission over the rigid coaxial lines from the antenna pedestal to the control console.
Multicouplers are located in the antenna console providing isolated signal sources for the
tracking receivers and the RF distribution subsystem.

Any one of the antennas at a particular station can be manually patched to any one or
more of the data receivers at the RF distribution subsystem. Each receiving subsystem
consists of 12 receivers, normally used in pairs to receive as many as six links. When
used in this way, the video outputs from the two receivers are combined to form a
polarization diversity receiving system. Any one of 10 IF modules can be selected,
providing bandwidth from 10 kHz to 3.3 MHz. FM discriminator, phase-locked loop,
and synchronous AM demodulators are available as plug-in units. A 10-position switch
is used to select video bandwidths between 6.25 kHz and a maximum bandwidth that is
not less than 1 MHz.

The two recorders which are a part of each receiving subsystem provide a means of
recording before and after demodulation. The recorders are identical and can be used
redundantly, in different modes of operation, or in sequence to extend the mission time.



The design permits seven-track or fourteen-track operation, interchangeably. The
maximum recording bandwidth is 1.4 MHz, using an 800 kHz carrier and a tape speed of
120 inches per second in the predetection mode. A maximum video bandwidth of 500
kHz, using a 900 kHz carrier at 120 inches per second is available for baseband
recording.

Real-time or post-mission demultiplexing is accomplished by patching the baseband
signal from the receiver or from the tape playback equipment to any one of several
demultiplexers. Fixed and tunable discriminators separate and demodulate all IRIG
proportional subcarriers and many others that do not comply with IRIG
recommendations. The discriminators use phase-locked loops for demodulation. The
output filter has a switchable option of constant amplitude or constant delay response.
The basebands from SS/FM links can also be demultiplexed and recorded.

Time-division demultiplexers of three types have been developed. The TDM-I is
designed to demultiplex PCM trains at rates up to 106 bits per second. PAM and PDM
trains are accepted at rates as high as 100,000 and 6000 pulses per second, respectively.
The TDM-II has these same capabilities and also provides for automatic switching to
accommodate in-flight changes of the data rate. The TDM-III demultiplexer accepts
PAM and PDM trains but is not designed to demultiplex PCM data. The output from
each of the demultiplexers is in a “common-language” format that permits them to “talk”
to the digital processing and display devices.

Analog channels can be recorded for display and presentation on pen recorders and
oscillographic recorders. Normal frequency response is DC to 58 and 5000 Hz,
respectively. High frequency galvanometers are available for use with the oscillographic
recorders, extending the response to 13,000 Hz. In addition, bar graph displays are used
for continuously monitoring analog signals. Each of the bar graphs uses a 17-inch,
cathode-ray tube to display as many as 40 discriminator outputs.

Analog-to-digital and digital-to-analog converters make possible an exchange of data
between analog and digital subsystems and make the output readily available in either
form. When analog data are converted to digital form, the output is arranged in the
common-language format. This simplifies any further processing of the data that might
be needed because each of the new digital subsystems uses the -common language. Time
multiplexed data that are to be displayed or recorded in analog form can be smoothed by
use of data interpolation filters.

One type of digital display subsystem accepts the common-language format and presents
selected channels in a 7-digit decimal display, on analog-event meters, event recorders,
and on printed tape. In addition, digital bar graphs, similar to the analog bar graphs, are
available for monitoring data channels which have been translated into the common-



language format. Correction, scaling, and translation functions are performed on digital
data by a data corrector. A computer formatter accepts common-language information
and records it on magnetic tape, in a computer-compatible format.

Launch Area Reception at Tel 4    More data must be collected in the launch area than
at any other location on the Eastern Test Range. Countdown checkouts require the
repetitive collection of data to determine the status of on-board systems before launch.
Large boosters use many links to report fuel flow, temperatures, vibration, attitude,
acceleration, and many other details of readiness and performance. The rate at which
information is telemetered for a space probe mission is greatly reduced between the
launch phase and the deep space entry. Manned missions and scientific satellites
telemeter a relatively large amount of data from earth orbits, but an even larger amount
of information is usually telemetered during the launch phase. Because of such
considerations as these, the telemetry receiving station at Cape Kennedy, Tel 4, is the
largest on the Eastern Test Range. In addition to the task of receiving and recording all
telemetry data for every countdown and during the first moments of every launch, Tel 4
serves as a data processing and distribution center for the entire test range telemetry
network.

Versatility and utility were essential considerations in the station design. Tel 4 is used to
receive, record, process, and display telemetry data from a wide variety of links, such as
PCM/FM, FM/FM, PAM/FM/FM, PDM/FM/FM, PCM/PM/PM, PCM/FM/PM, and
SS/FM. Non-standard signal structures can also be received and predetection recorded.
Figure I identifies the subsystems which have been integrated to provide these
capabilities. Five configurations of these subsystems characterize the anticipated
application of the station.

1. RF to magnetic tape.
2. RF to video for real-time transmission.
3. RF to channel display for use in real time.
4. Remote site to display and distribution for real-time use.
5. Post-mission playback for processing and tape copy.

These five basic functions are accomplished by configurations which are patched
automatically, except for the RF patching between the antenna and the receivers. The
automatic patching is controlled from a central location by a master controller and four
launch coordinators. The master controller assigns equipment to each of the launch
coordinators for support of a particular mission. A display board indicates each
assignment and the equipment status. By this assignment, the coordinator is given access
to the equipment that is needed for his mission. He then proceeds to patch the
configuration by use of a keyboard or a paper tape reader. Equipment addresses and the
desired interconnections for a particular configuration are fed to a drum memory which



stores the patching instructions from each of the coordinators. A printer and a paper tape
punch are also available to the coordinator, providing him with a verification of the
patching that has been accomplished and a rapid method of re-patching a particular
configuration.

Configurations and Performance Models    A multiplicity of subsystems, many
different modes of operating each subsystem, and the need to integrate selected
subsystems in a number of configurations are factors which characterize a large test
range telemetry station. The task of establishing performance standards for such a station
is greatly simplified by categorizing the total performance into subsets of equipment and
related performance parameters. These are defined in accordance with their applicability
to mission-related configurations. Four types of modeling have been used to systematize
and simplify the task of establishing performance standards for Tel 4. First, each range
user requirement serves to identify a mission-oriented configuration of subsystems.
These models evolve, in a very natural manner, from the original design concept, and
form the basis for a partitioning of the station into physical subsets. The second step in
the partitioning process is based on signal structure. Here the partitioning is two-tiered
and has a partial duplicity of frequency-modulated and phase-modulated signal
structures. Under the first level of partitioning are found those characteristics of the
signal structure which are related to the particular method used for multiplexing and
subcarrier modulation. These two characteristics of signal structure were combined in a
single level so that a two-dimensional array (Figure 2) will include the most frequently
used signal structures. The most often used techniques were determined by reference to
range user signal specifications. Several of the configurations are physically similar. For
example, the functional model is the same for each of the configurations in the first row.
The actual mode of operation, however, will depend upon details of the mission
requirement. Either predetection or post-detection recording might be required. In
addition, the signal structure for a particular mission will dictate the ratio of information
bandwidth to receiver bandwidth and the use of a frequency or a phase demodulator for
post-detection recordings. Still other details of the mission plan would dictate the use of
one antenna or another. When the particular subsystems, their modes of operation, and
the integrated configuration are identified by the functional model, a deterministic model
is used to estimate some aspects of performance. Statistical models are used to analyze
the performance data, to estimate confidence intervals, and to make other inferences of a
statistical nature. A fourth modeling concept has been used to investigate the effects of
frequency selection on multiple-link performance.

Telemetry transmission from boosters and space vehicles develops predictable field
intensities at Eastern Test Range telemetry antenna sites. Having provided, or when
planning to provide, a particular field intensity, a range user is concerned with the
relation between field intensity and data quality. This relation can be considered in two
parts. First, a relation between field intensity and system sensitivity involves the antenna



gain and the system temperature. From this relation, an estimate of relative signal and
noise levels at the receiver can be made. Second, a relation between the predetection
signal-to-noise ratio and the data quality is dependent upon the signal format and the
signal processing that is performed. Two examples will be used to illustrate the way in
which performance standards are being derived. The first example concerns the RF-to-
tape and RF-to-video configurations, C13 and C23 , for a PAM/FM/FM link. The second
example concerns the RF-to-video configuration, C21, for a PCM/FM link.

Error Estimates for the PAM/FM/FM Configuration    The PAM/ FM/FM format has
been used on many missions and present trends indicate continued use. Saturn, Atlas,
and Centaur boosters and the OV satellite series are among the users of PAM/FM/FM
telemetry links: To investigate the relation between relative signal level and data quality,
a test was performed to measure the accuracy of data delivered by Tel 4 when this station
receives a PAM/FM/FM link. Noise and bias were used as measures of data quality.
Digital comparisons provided the desired precision of measurement. The test was
performed in real-time and playback modes of operation, providing a measure of the
degradation that is introduced by the record and playback process, in addition to an
estimate of accuracy for the real-time mode.

The three modes of operation which were used in the collection of data are illustrated in
Figure 3. With the first, reference levels were generated by a simulator and recorded in
digital form on magnetic tape. The demultiplexer converted the PAM train to the
common-language format that is used to transfer data from one digital subsystem to
another at Tel 4. This common-language format was converted to a computer-compatible
format by the computer formatter. The data tape, recorded by the computer formatter, can
be used to process the data on a CDC 3600 or an IBM 7094 computer.

The PAM wave was simulated by passing digital data from a core memory, through a
shift register, to a digital-to-analog converter. Eight-bit words are used to define the
nominal amplitude that is assigned to each of the time multiplexed channels of the PAM
train. Eight-bit data words are again used in the common-language format that is used to
transfer data from the demultiplexer to the formatter. This eight-bit languag e provi ‘des
256 discrete levels and a decimal equivalent of 255 for the 100% level.

The simulated data consisted of a 30-channel, return-to-zero frame with a 50% duty
cycle. Selected channels were set for 0, 20, 40, 50, 60, 80, and 100% levels. Four
channels were set at levels corresponding to digital counts of 1, 2, 3, and 4. The level of
one channel was stepped at the frame rate from 0% to 100% and back to 0% in 20%
increments. Another channel was set for 0% and stepped to 100% on each tenth frame.
Two remaining channels were used for frame synchronization. This same frame of
simulated data was used in those parts of the test procedure which involved the second
and third modes of operation.



In the second test mode, the PAM wave was used to modulate a subcarrier. Different
subcarriers were used for each data rate. A composite wave, consisting of 15 or 16
subcarriers, was used to modulate the signal generator in each case. The resulting
PAM/FM/FM wave was patched to the receivers through the RF distribution subsystem.
From that point on, the equipment configuration was essentially the same as that which
might be used for data collection during a launch. The combined video from two
receivers was patched to a Type III demultiplexer and to the analog recorder. The
common-language output of the demultiplexer was patched to the computer formatter for
processing and digital recording. The analog recording of the combined video was
played back ana demultiplexed during, operation in the third test mode. The computer
formatter was again used to translate the common language and to record the data on a
computer-compatible, magnetic tape. Range timing was recorded on the reference tape
and on the data tapes to provide a means of correlating the recorded data with the mode
of operation, the sample rate, and the signal level used during each test run.

Equipment set-up procedures and readiness checks were essentially the same as those
that would be used in preparing for a real mission. Noise and linearity measurements
were made at 3.75, 30, 75, 150, 300, 600, 900, and 3600 samples per second. At each
sample rate, the RF input level was stepped from a maximum of 100 microvolts to a
minimum level of 1 or 2 microvolts.

A computer program was prepared to process the simulated PAM data which were
recorded in a 7094 format. The program extracts selected data spans for processing and
prints the samples in an array of frames (rows) and channels (columns). Means and
variance estimates are then computed for each data channel and for each group of data
channels which were assigned the same input amplitudes. Reference data were used to
compute bias errors in the output data. The analysis program determines the real-
time/playback performance as the difference between reference values and the real-time
or recorded data. For this reason, the calculated bias values for the real-thrie and
recorded data do not include bias errors which were introduced by the subsystem
components used in the reference configuration. Bias errors in the reference data were
determined by comparing the reference means with the nominal amplitudes that were
assigned to each channel. The noise power and the noise voltage are calculated for each
channel, as estimates of the variance and the standard deviation of the data populations
from which the samples were taken. The noise in the output data is the net effect of noise
introduced at all points in the system.

In addition to the analysis of data from individual channels, the data from all channels
that were assigned the same nominal amplitudes were combined. The same calculations,
including bias and noise, that were made for the individual channels, were made for the
combined data. For example, six channels were assigned a nominal amplitude of 51 



counts, 20% of the full-scale amplitude of 255 counts. The computer was programmed to
provide a mean value, rms noise, and a bias estimate for the combined data.

Figure 4 presents some typical results for the two sample rates at which the best, and the
poorest, performance was observed. As predicted by signal-to-noise estimates, the
performance for 3.75 samples per second was better than that for 3600 samples per
second. At a 10 microvolt input, the peak-data-to-rms-noise ratio is about 54.5 db for the
3.75-sample per second rate. The degradation caused by the record and playback
operation is about 3.5 db. Performance at 3600 samples per second was about 8.6 db
poorer than the performance at 3.75 samples per second.

Estimates of the bias for each channel were made by taking the difference between the
reference amplitude for a particular channel and the mean amplitude calculated from the
selected samples. The reference amplitude was obtained by computing the mean of a
number of samples which were recorded in the reference configuration. Of similar
interest is the additional possibility of directly calculating the nonlinearity of the system
transfer characteristic. On successive frames, channel 3 was sequenced from zero
amplitude through 20, 40, 60, and 80% to the 100% amplitude. The sequence continued
by returning the channel amplitude through 80, 60, 40, and 20% steps to the zero level.
The output amplitudes from this channel were used to estimate the nonlinearity of the
system at an input level of 100 microvolts and at a data rate of 300 samples per second.
The results are plotted in Figure 5, as percentages of the full-scale amplitude. The results
that are presented in Figure 5 were obtained from 150 frames of data. Fifteen frames
were used to estimate the zero-level and full-scale bias values. Thirty frames were used
to estimate the bias at each of the other amplitudes. An estimate of the mean square bias
error, assuming the occurrence of each amplitude to be equally likely when real data are
received, can be made by summing the squares of the departure from linearity at each
count and dividing by the available range of counts. For the real-time curve of Figure 5,
the rms bias error is 0.64% of the full scale amplitude. When combined with typical
noise levels, the rss error is less than 1%.

With a few relatively simple changes this procedure can be used periodically to estimate
time trends in the Tel 4 status and to establish standards of data quality for specific
PAM/FM/FM links. It can also be used to determine the quality of data tapes that are
recorded by downrange stations and mobile telemetry systems. Plans are being made to
implement exemplary tests of this type and to use this test method to measure the
degradation that is introduced by the predetection record and playback mode of
operation. These plans include the use of noise, in a manner similar to that suggested in
reference [1] , as a modulating signal for each subcarrier that is not modulated by the
PAM train.



Tests in a PCM Configuration    Data have been collected over a period of time, and
under different conditions, to examine the behavior of Tel 4 in a real-time, PCM/FM
configuration. The test configuration that was used is shown in Figure 6. In November
1965, bit error probabilities were measured by comparison of a square-wave input signal
with the TDM-I primary synchronizer output. The RF distribution subsystem was used as
the point of signal injection. Several different filter combinations were used and the
effect of the AFC loop was observed. Approximately one month later, data were
collected to obtain a measure of repeatability. One set of conditions that had been used
during the first period of data collection was used as a “control” set. Tests were made
over a period of about six hours, with this set of conditions, to estimate performance
changes that might occur during a mission. In addition to the squarewave testing,
measurements of error rate were made with a repeated frame of random data. The RF
distribution subsystem was again used as the point of signal injection and the output was
compared with the modulating wave. A count of the comparator output pulses was made
to determine the number of bit errors.

More extensive tests were performed with a similar equipment configuration in August
1966. The set of “control” conditions was again used to permit a comparison of these
more recent data with those which were observed earlier. The tests in August extended
over a period of 11 days and were made on six different days within the 11 day period.
Routine maintenance procedures were followed between tests. No special procedures or
adjustments were requested. Tests were made with a wide range of bit rates and with
various filter combinations at several of the bit rates. Different ratios of deviation to bit
rate were used, as well as different deviations at a constant deviation ratio for both P-
and S-band signals. In every case, bit error probabilities were measured for a TDM-I and
for a TDM-H; thus, a comparison of these two subsystems is available for many different
conditions.

Attention was given to the importance of collecting each sample of data in a way that
would decrease the confidence interval about the measured value. If the process under
examination is considered to be a series of Bernoulli trials, variation among the error
counts for a given set of conditions can be predicted by use of the binomial distribution
[2]. The variance of the binomial distribution is the product of the number of trials (n),
the probability of success (p), and the probability of failure (q=1-p). The standard
deviation is F = (npq)1/2 and the mean is np. Now, if the normal approximation to the
binomial distribution is accepted, approximately two-thirds of the measured error count
can be expected to fall within (npq)1/2 errors of the mean count.

If it is desired to reduce the data scatter at a particular signal level, the one-sigma ratio
(r) of the variance to the expected error count can be used as a basis for specifying a time
during which errors are to be counted



(1)

The approximation in Equation (1) is applicable when (1 - p) = q = 1. This is generally
the case at error rates low enough to yield desirable data. Since n = f bT, Equation (1) can
be rearranged to give an expression for the sampling time (T) as a function of the bit rate
(f b).

(2)

If the one-sigma scatter at an error rate of 10-5 is to be 20% of the error rate, the sample
period for a 172.8 kilobit per second data rate should be about 14.5 seconds. With this
sampling period, about two-thirds of the error counts should be grouped within 20% of
the mean count for a particular direction of attenuator rotation.

As the probability becomes small and the number of trials is made large, the Poisson
distribution becomes a good approximation to the binomial. Application of this
approximation was used to calculate the information in Table I. Here the probability of
observing error counts that are in error by a given percentage are tabulated for a true
error count of twenty. The chance that a count will be # 12 is 3.9%. If the dwell time
were decreased to allow a true error count of five, a similar calculation shows that the
probability that a count will be # 3 has increased to 26.5%.

Many data points are needed to evaluate the PCM/FM performance of a versatile system
such as Tel 4, and repeated tests are needed to keep the performance estimates current.
Such evaluation should not only measure the performance level, but should also establish
methods of testing and analysis that can be repeated to determine performance trends
throughout the operational life of the system. To process the many data points rapidly,
and in a way that will provide a hi6h level of accuracy, a regression analysis has been
used. A preliminary analysis shows the region of most interest, between bit error rates of
10-3 and 10-6 , to be well approximated by a second-degree polynomial. With this
performance model, the error rate (BER) is related to the signal power (P) or the signal-
to-noise ratio (S/N) as follows:

(3)

(4)
The regression analysis gives a best fit for the data and provides a measure of precision
for the data collected during any particular test. The best fit, obtained in this manner,
permits a uniform and unprejudiced comparison of test results. The least squares solution
for the regression coefficients minimizes the sum of the squared residuals,              .



An example of the results obtained with the regression analysis is presented graphically
in Figure 7. The means for six data points at each RF level are shown with a smooth
curve sketched through them. A computed error rate, from the regression analysis, is
shown for each signal level at which data were collected. Table II contains information
that has been extracted from a printout of the analysis program. Measured error rates
(MER) can easily be compared with the computed rate (CER) that is obtained from the
regression analysis. The percentage deviation of the measured error rate is also tabulated
to reveal the scatter of the data points about the regression line.

The analysis of data that have been accumulated provides initial estimates of some
performance uncertainties. Time effects within a day, from day to day, and over periods
of time in the order of one month and six months may introduce variations of about 1 to
1.5 db. Frequency effects and variations in the performance of different subsystems may
cause uncertainties of 1 or 2 db. Future test objectives will emphasize improved
estimates of significant uncertainties such as these.

Multiple-Link Performance    Estimates of data quality may not be valid, if several
links are to be received simultaneously at high signal levels. Whenever multiple signals
are present in a wideband RF system, any amplitude nonlinearity in the transfer
characteristics of the system can generate in-band intermodulation interference and
degrade performance. The magnitude of the intermodulation interference depends upon
both the characteristics of the system nonlinearities and the power level of the received
signals [3] .

The interference that is produced by nonlinear elements in a wideband RF subsystem
can, in effect, increase the threshold level for frequency-modulated signals. Bit error
rates for a PCM/FM link will be increased by an amount that corresponds to the decrease
in signal-to-noise ratio. However, it has been shown [4] that a judicious selection of
carrier frequencies will minimize the effect of this self -generated interference. The
selection which produces a minimum level of interference power within the spectra
occupied by the selected carriers and their respective sidebands is considered to be
optimum.

For an input signal containing link frequencies f1, f2, ..., fn, the intermodulation products
of fi ’s are in general given by

(5)

where a, b, c, etc., are integer coefficients. Nonlinear responses and a crowded spectrum
can make it necessary to choose the link frequencies so as to minimize the in-band
intermodulation interference defined by Equation (5), if desired system performance



levels are to be attained. The general solution to this problem has been obtained by the
geometrical argument of assigning frequencies to vectors in an abstract vector space [4] .
Sets of frequencies obtained by this technique are not unique and may be rigidly
translated within the band or to any other portion of the spectrum without affecting their
intermodulation characteristics.

Comprehensive tests were implemented on two tracking antennas under field conditions,
using frequency sets that had been selected to reduce the effects of intermodulation
interference. The primary objective of these tests was a direct measurement of the effect
of intermodulation interference on PCM/FM error rates during the simultaneous
reception of ten S-band links. One antenna system was equipped with automatic gain
control on the preamplifier. The other provided a “Bypass” mode of operation for the
reception of high level signals.

The most essential features of the test configuration are presented in Figure 8. The
outputs from 10 signal generators were combined in a network of linear, passive
components. The combined signal was then delivered to the RF subsystem under test,
where any amplitude nonlinearity would be manifested by the generation of new
frequency components. The victim link receiver was tuned to the frequency of the victim
link generator and the video output was patched to the input of a synchronizer. The
regenerated PCM train was then compared with the PCM train that had been used to
modulate the victim link generator. A bit-by-bit comparison of the two-bit trains was
made and differences were counted by the error counter. A second baseband simulator
was used to modulate the other nine generators. This avoided an unrealistic correlation
between intermodulation interference, falling within the passband of the victim link
receiver, and the victim link sidebands.

Eleven receivers were used with spectrum display units to permit continuous observation
of each spectrum and to monitor the signal generator tuning. Ten of the receivers were
operated with crystal controlled first and second local oscillators to assure precise
frequency settings. Each generator was tuned by reference to the tuning meter on the
receiver which was assigned to receive the particular link. The eleventh receiver was
used, in the variable frequency position of the first local oscillator, to tune through the
band. This permitted any signal or interference spectrum to be viewed without disturbing
the other receivers.

The bit train that was used to measure error rates simulated realistic random data and
included a sync word for each 770 bit frame. The bit rate, deviation, IF bandwidth, and
video bandwidth settings were 400 kilobits per second, 150 kHz, 500 kHz, and 250 kHz,
respectively. The data bits for each frame were generated by “reading-out” random
numbers which had been stored in the simulator memory. Before testing a set of links for
degrading effects, a control run was made to establish a normal level of performance for



a particular set of conditions. This reduced the amount by which the desired measure of
degradation was affected by unrelated and uncontrollable or uncontrolled changes. This
“normal” error rate, as a function of signal level, for the victim link was determined for
power levels as high as -40 dbm at the input to the preamplifier assembly.

Initial tests were conducted on the antenna without preamplifier automatic gain control.
Normal performance for a 2211.5 MHz link with the preamplifier operating, is defined
for this system by the “control” curve of Figure 9. Having established the normal
performance for a selected link, each generator was set for an input level of -40 dbm.
Error rate measurements were again made for the selected victim link and were repeated
for reduced victim link levels. The repeated measurements resulted in a new performance
curve, relating victim link error rates to the victim link level. For this curve, the victim
link level was expressed as the difference between the victim link level and the -40 dbm
level of the nine “interfering” links. The results obtained in this manner, using the 2211.5
MHz link as the victim, were used to plot the curve labeled “-40 dbm.” It can be seen
from this plot that a 10.3 db difference between the nine interfering links and the victim
link results in a 10-5 error rate. At this point the victim link, for which error rates were
measured, has been reduced in level from -40 dbm to -50.3 dbm. Although this is still a
relatively high level, the error rate is increasing very rapidly with reductions in level as
though the system noise level had been greatly increased to define a new threshold level
for signal reception. The interfering link levels were held at -40 dbm while data points
were obtained for this entire curve. The degradation of performance under these
conditions is approximately 46.4 db, the difference between 5 the -40 dbm curve and the
control curve for an error rate of 10-5.

The third curve of Figure 9 was obtained at power levels just above the normal threshold.
A power level corresponding to an error rate between 10-6 and 10-5 was selected by
reference to the control curve. All generator attenuators were set to inject this power
level into the preamplifier assembly input terminal. The victim link power level was not
changed, while the power levels for each of the nine interfering links were increased.
Victim link error rates were measured for the different interfering link levels. The
resulting curve is labeled “low level.” At a 10-5 error rate, the difference between victim
link and interfering link levels is seen to be 26.7 db. Under these circumstances, the
degradation of performance is the difference between the victim link power level and the
power level for a 10-5 error rate under the “control” curve conditions, about 1 db.

The system was also tested in a “Bypass” mode. The preamplifier is biased to a non-
amplifying point on its characteristic for this mode of operation. The result is a reduced
sensitivity; but very little degradation of performance was observed. With the interfering
links set for input levels of -40 dbm, the error rate for the victim link was essentially the
5 same as it was for the single-link test. At an error rate of 10-5 , a degradation of 0.2 db 



is indicated by the data plots of Figure 10. The low-level test did not reveal the sharp
threshold that can be seen in Figure 9.

Similar measurements conducted on the antenna with automatic gain control resulted in
the performance of Figure 11. The curves show that the noise threshold produced by the
intermodulation products has been decreased by approximately 20 db, relative to the first
antenna. This substantial improvement in performance indicates that the latter system
may be capable of handling multiple link reception without significant data degradation
even at high signal levels.

Conclusions    Performance standards are evolving from the tests used to evaluate
Eastern Test Range telemetry stations. A modeling concept is being developed to relate
the test experience to station capabilities in various mission-oriented configurations. The
models will be useful in predicting performance levels, with confidence intervals, for
specific mission criteria. This concept is being extended to include a complete
specification of anticipated data quality. The results of this test program would be useful
in the development of an IRIG standard for telemetry station performance.
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TABLE I
ESTIMATES OF MEASUREMENT ERRORS

BASED ON A POISSON DISTRIBUTION
AND A TRUE ERROR COUNT OF TWENTY

(1)  Probability mass function values
(2)  Distribution function

TABLE II
SUMMARY FROM A REGRESSION ANALYSIS OF PCM/FM

ERROR-RATE DATA



FIGURE 1.  A SIMPLIFIED REPRESENTATION OF THE TEL 4 SYSTEM

FIGURE 2.  AN ARRAY OF MISSION-ORIENTED, AND SIGNAL-
STRUCTURE DEPENDENT, CONFIGURATIONS OF TEL 4



FIGURE 3.  TEST CONFIGURATION FOR MEASURING TEL 4
PERFORMANCE WHEN RECEIVING A PAM/FM/FM LINK

FIGURE 4.  AMPLITUDE NOISE LEVELS FOR DATA FROM A
SIMULATED PAM/FM/FM LINK



FIGURE 5. DEPARTURE FROM LINEARITY FOR
PAM/FM/FM RECEPTION

FIGURE 6.  CONFIGURATION FOR ERROR-RATE MEASUREMENTS
WITH A SIMULATED PCM/FM LINK



FIGURE 7.  A COMPARISON OF MEASURED ERROR-RATE MEANS
WITH THE RESULTS OF A REGRESSION ANALYSIS



FIGURE 8.  FUNCTIONAL DEPICTION OF THE CONFIGURATION USED TO MEASURE
DEGRADATION UNDER MULTIPLE-LINK CONDITIONS



FIGURE 9.  A COMPARISON OF SINGLE-LINK AND
MULTIPLE-LINK PERFORMANCE



FIGURE 10.  MULTIPLE-LINK PERFORMANCE IN THE BYPASS MODE



FIGURE 11.  TEN-LINK PERFORMANCE FOR TWO RF SUBSYSTEMS




