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RECORDER PARAMETERS AFFECTING BIT ERROR RATE

G. R. McKELVEY
ITT-Federal Electric Corporation

Vandenberg Air Force Base, California

Summary   Instrumentation magnetic tape is the primary storage medium employed to
store PCM telemetry data representing billions of dollars of expended effort. Considerable
data are lost in the recording and playback processes which could be retrieved through
proper equipment alignments. The major contributors to the data losses are discussed, and
the test methods used to determine the resultant loss for each factor are explained. It is
shown that equipment alignment becomes critical as PCM bit rates approach one megabit.

Introduction   Serious recorder incompatibility problems have been demonstrated in
studies conducted by SAMTEC. Recurring User complaints and the difficulties
experienced by the SAMTEC Telemetry Data Center in processing non-SAMTEC
originated tapes provide further evidence that the recorder incompatibility problem
requires continued attention.

In an effort to demonstrate the extent of degradation due to recorder interplay problems
and incorrect recorder setup procedures, three tests have been conducted to document the
effects of incorrect recorder alignment. These tests, conducted at the Telemetry Receive
Site (TRS), were designed to simulate as closely as possible actual recording conditions;
and the results are expressed in terms of bit error rate degradation.

The following presents a listing of the degradations from optimum or maximum output
which may be expected when the reproducer is not correctly aligned to the recorder.

Variable
Decrease from

Optimum Output Conditions at 345 kbit NRZ-C

Reproduce head azimuth
misalignment

1.5 db Azimuth misaligned three arc
minutes

Bias misadjustment 0.7 db 7 db overbias

High bandedge equalization 0.6 db Down 12 db at upper bandedge

Total 2.8 db



Taking the listed parameters in sequence, reproduce head azimuth misalignment of three
arc minutes may result in a 1.5 db loss in signal-to-noise ratio at the lower bit rates. Losses
in excess of 6 db have been demonstrated when reproducing the FAIR II, 950 kbit data,
with head azimuth error of only 1.5 arc minutes. This indicates that azimuth adjustment
becomes extremely critical as the bit rate increases. Azimuth variations which exceed three
arc minutes, have been observed on mission tapes. This misalignment is due to a difference
in record head azimuth settings throughout the ranges. Until this interrange problem has
been solved, the playback head must be aligned to each tape to be played if optimum
results are to be obtained.

There are currently several methods of azimuth alignment in use - any one of which will
produce the desired results. A preferred method would be to record some type of signature
to insure correct playback alignment at the data reduction stations. One such signature is
referred to as the Lissajous pattern method. A 13.5 kHz sine wave is simultaneously
recorded on two nonadjacent tracks of each head stack at 15 inches per second. Upon
replay the two signals from the odd (even) head stack are fed to an oscilloscope, one to the
vertical amplifier, the other to the horizontal input. The resultant Lissajous pattern is then
examined for a phase difference between the two signals. A straight line, 45 degrees in the
first and third quadrants, indicates correct head alignment. A phase difference of 90
degrees (indicated by a circle in the Lissajous pattern) is caused by a head misalignment of
approximately one arc minute. The frequency of 13.5 kHz at a record speed of 15 ips is
used because the resultant Lissajous display of a straight line, or circle tilted to the right,
would indicate a head alignment within IRIG specifications. Another effective method is to
peak a high bandedge signal by viewing the signal with a spectrum analyzer or
oscilloscope and rocking the reproduce head back and forth to produce a maximum output.

Bias misadjustment of 7 db contribute to a 0.7 db loss in signal-to-noise ratio; and high
bandedge equalization down 12 db contributes another 0.6 db loss. The loss contributed by
these last two parameters is highly dependent upon the type of signal being recorded. In
the case of high band equalization, the data loss will increase with the data bandwidth and
would be especially destructive to pre-D recordings of 950 kbit PCM telemetry. Overbias
also reduces the signal-to-noise ratio at the reproducer output at the high end of the band.

Totaling the previously described degradations in output which can occur in the recording
and data interchange process, we arrive at a total of 2.8 db signal-to-noise ratio loss. If the
misalignments were to occur simultaneously or exceed the nominal values listed, the data
supplied to the User would be degraded during intervals of marginal input signal levels. It
should also be noted that the severity of the overall crossplay compatibility is compounded
when dub tape recordings are considered; and many range Users receive dub tapes as
prime data items.



Bit Error Rate Variations Due to Reproduce Head Azimuth Alignment   This test
measured the degradation in bit error rate which may be expected when reproduce heads
are not accurately aligned to the record head.

The test equipment and system under test are arranged as shown in Figure 1. The signal-to-
noise ratio in the receiver second IF is adjusted to produce a bit error rate of approximately
1 x 10-4 errors. A 108 kHz signal is recorded on Tracks 1 and 5 of the recorder and is used
to determine head alignment as previously outlined (Lissajous technique).

Initial BER readings for both pre- and post-D data were recorded at zero degree head
misalignment. The reproduce head azimuth was then changed in one minute increments
(corresponding to a 90 degree phase shift in the Lissajous pattern), and the error rates
recorded for misalignments up to ±4 minutes of arc.

Figure 2 is a plot of the results. Pre-D data was observed to exhibit little change in BER
through the interval of ±1 minute of arc (approximate IRIG specifications). However,
beyond this range the BER increases rapidly to the point that it is no longer measurable.
The results from the 950 kbit data show that, if IRIG specifications are not met, severe
data degradation results. A misalignment of 1.5 minutes resulted in a loss of almost 6 db at
the 950 kbit rate. Figure 3 is a spectrum photograph of post-D recorded NRZ-L data, taken
directly from the reproducer output, and shows the recorder baseband requirements of this
type data. Figure 4 shows the effect a four minute head misalignment has on a recorded
white noise input. The noise improvement in this data is a result of the improved filtering
obtained due to the head misalignment, and points out the need for better receiver filter
characteristics if wider than optimum filtering is used during the recording process.
However, if optimum filtering were used during the initial receive/recording period, head
misalignment, beyond IRIG specifications, may degrade the data. Since optimum filtering
is seldom achieved, it is assumed that a judicious amount of head misalignment would
ordinarily improve the data, as compared to the original receiver data. It is not a good idea
to perform video filtering by means of azimuth misalignment in an operational
environment. This filtering should be done by a low pass filter at the tape recorder output.
The azimuth should be set at the correct angle and left there.

Figure 5 is a spectrum photograph of input noise (bottom trace) and reproduce noise (top
trace) from a correctly aligned VR-3700 tape recorder. The reproduce head azimuth was
adjusted one minute beyond IRIG specifications (180 degrees Lissajous). The input
(bottom trace) and output (top trace) spectrums photographed are shown in Figure 6. This
azimuth change resulted in a 5 db decrease in recorder S/N as measured at 1 MHz; and a
2 db decrease in the input signal, which has resulted in a BER change of from 10 to 40
errors per million bits of data.



Recorder Bias and Equalization Tests   The equipment was configured as in Figure 1,
and bit error rate recorded as a function of signal-to-noise ratio under various conditions of
recorder bias and playback equalization. Figure 7 is a graph of the BER curves generated
as a result of recorder bias changes. Figure 8 shows variations in BER due to equalization
changes. These two figures show, in general, a spread of less than 1 db across all
conditions. It should be noted at this point that dropouts which cause error register overrun
were not considered in these data; i.e., the data in these two figures give average bit error
rate probabilities from which dropouts, which result in large error bursts, were excluded.
With the equipment used for these tests and under the conditions as noted, there is no
strong dependence of BER probability on these setup parameters of the tape
recorder/reproducer over relatively wide ranges., provided that dropouts are neglected.
Also, effects of degradation due to dubbing are not presented.

Dropouts are extremes in amplitude adulation ot the tape reproducer output caused by gain
variations due to head tape spacing fluctuations, fluctuations in density of magnetic
material an the tape, skew, etc. These gain variations do not affect the signal-to-noise ratio
recorded on the tape, but they do affect the signal-to-noise ratio in the tape reproducer
output because of noise added in the reproducer amplifier.

There are three tape parameters which affect the reproducer output signal-to-noise ratio
due to reproducer amplifier noise. These are: record level, reproducer head azimuth
alignment, and bias. Reproduce head misalignment always reduces reproducer output
signal-to-noise ratio, generally at the high end of the baseband. Overbias also reduces the
S/N at the reproducer output at the high end of the band. Record level determines the
magnetization on the tape. IRIG record level is that level which produced third harmonic,
40 db down, relative to the fundamental. By recording at a higher level, more
magnetization can be obtained but with increased distortion. In predetection recording of
PCM/PM or PCM/FM, distortion of this sort is not important so long as zero crossings of
the carrier are not affected. Some improvement in BER probability may be obtained by
recording pre-D at 3 db overbias and increasing the record level 3 db above IRIG.
However, if it is desired to record in a much larger IF bandwidth than is required to pass
the modulated wave with the objective of bandlimiting during data reduction, then the
degree of nonlinearity in recording is important since it tends to “freeze in” the noise.
Thus, optimum record level depends on the mission and type of signal being recorded.

Conclusions   The parameter which most affects the recorded bit error rate of a PCM
telemetry signal is reproduce head azimuth alignment. This factor may contribute as much
as 6 db to the total degradation imposed by the record/reproduce process. Other factors.,
such as improper bias and high bandedge equalization, contribute to the total
recorder/reproducer losses to a lesser extent at the lower’bit rates (100 to 400 kbps) but
should not be disregarded because of this effect. High bit rate (950 kbit) pre-D PCM data



is severely affected by any loss in high bandedge signal-to-noise ratio as would result from
azimuth misalignment, excess bias, or improper reproduce equalization.

The results of this study have shown that the IRIG recorder/ reproducer specifications are
sufficient for Range usage, but that any deviations outside these specifications may cause
serious data losses during intervals of marginal signal levels.

These data losses are further compounded when the effects of tape dubbing operations are
considered. It is, therefore, necessary that Operations personnel take into consideration
these losses when producing data or dub tapes for the range User.

Appreciation is extended to the Drs. M. H. Nichols and W. R. Hedeman and Mr. R. B.
Pickett for their invaluable assistance in preparing this paper.

REFERENCES

1. Nichols, M. H., Summary and Analysis of Data on Tape Recording of PCM
Obtained at TRS on 12 - 14 May Inclusive, 2682 Idle Hour Lane, La Jolla, California,
92037, 28 June 1971.

2. Nichols, M. H., Effect of Tape Dropout on Pre-detection Recording of PCM, 2682
Idle Hour Lane, La Jolla, California, 92037, 9 July 1971.

3. Pickett, R. B., Report 30-70-63, Tape Recorder Interplay Problems, ITT-Federal
Electric Corporation, Systems Performance Analysis Directorate, P. O. Box 1886,
Vandenberg Air Force Base, California, 93437, 28 August 1970.

4. Pickett, R. B., Report 30-70-100, Tape Recorder Incompatibility Considerations,
ITT-Federal Electric Corporation, Systems Performance Analysis Directorate, P. O.
Box 1886, Vandenberg Air Force Base, California.-93437, 30 December 1970.



Figure 1  Equipment Configuration





Figure 3 Figure 4
NRZ-L Data Spectrum   Noise Spectrum

Four Minute Head Misalignment

Abscissa: 200 kHz/Division   Ordinate: 10 db/Division

Figure 5 Figure 6
Noise Spectrum Noise Spectrum
Correct Azimuth Azimuth Misalignment of Two Minutes

Top: Reproduce Output Top: Reproduce Output
Bottom: Record Input Bottom: Record Input

Absicissa: 200 kHz/Division   Ordinate: 10 db/Division






