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Instrumentation Engineering Division
Engineering Directorate

Western Space and Missile Center
Vandenberg Air Force Base CA 93437-6021

ABSTRACT

The Western Space and Missile Center has requirements to record high bit rate PCM
telemetry data in both predetection and post-detection formats. Recording time is
inadequate using standard wideband instrumentation magnetic tape recorder/reproducers.
Using double density recording technology, recording time can be doubled, but results in
some degradation in recorder performance. This paper discusses the effects of double
density recording on recorder performance and on the quality of high bit rate telemetry
data.

INTRODUCTION

Recording of telemetry data in support of missile launches from Vandenberg Air Force
Base requires instrumentation magnetic tape recorder/reproducers with a recording time of
at least 15 minutes. In the past the recording time was not a problem because the standard
wideband recorders with a bandwidth of 2 MHz at a tape speed of 120 inches per second
(ips) were adequate for the required data bandwidths. However, the high bit rate
predetection recording requirements of the Peacekeeper and other Range programs
require a recorder bandwidth of slightly less than 4 MHz.

A bandwidth of 4 MHz can be obtained at a tape speed of 240 ips, but recording time is
limited to about 10 minutes using the largest available reel size of 16 inches with 12,500
feet of tape. Therefore, the feasibility of using double density recording techniques was
investigated, including 4 MHz at 120 ips and 2 MHz at 60 ips using a 14-track format on
one inch wide tape.



CONSIDERATIONS

The primary difference between standard wideband and double density recorder/
reproducers is the heads, which have much narrower gaps for the shorter recorded
wavelength (1). The electronics are basically the same as used for the 4 MHz at 240 ips
recording, except the reproduce equalization is shifted down one speed, i.e., the 4 MHz at
240 ips equalizers are now the 4 MHz at 120 ips equalizers, etc. The main areas of
concern are the reduced signal-to-noise ratio (SNR) from the speed reduction and the
greater susceptibility to tape dropouts due to the shorter recorded wavelengths. Another
important consideration was the head track width to be used. Both 25 mil and 50 mil track
widths were considered. The advantages of the 25 mil track widths are:

a.  Increased individual track azimuth error tolerance (2). As seen in Figure 1, a
misalignment of 1.5 minutes of arc results in a 10 dB signal loss or 50 mil tracks, but only
2 dB on 25 mil tracks.

b.  Reduced low frequency crosstalk due to the increased distance between adjacent
tracks on tape, i.e., .045 versus .020 inches as seen in Figure 2.

c.  Allows the use of in-line 14-track head configuration, which has the advantage of
eliminating inter-head skew and improving time-base-error and flutter by positioning heads
next to the primary tape drive. Head costs are also reduced since the 14-track head is the
same as the odd stack of the 28 track system. The trade-off is an increase in high
frequency crosstalk because the tracks on the head are closer together, i.e., .070 versus
.140 inches as seen in Figure 2. The disadvantages of the 25 mil track width are:

a.  Reduction in SNR of 3 to 6 dB (3).

b.  Increased dropout susceptibility.

It should be noted that these disadvantages are in addition to the SNR reduction and
dropout susceptibility already noted as a result of double density recording. However,
some of this performance can be gained back by using higher output tape with fewer
dropouts. Therefore, tests of the double density technology for recording and
reproducing actual telemetry data are important.

TEST DESCRIPTION

WSMC recording requirements were simulated using a PN test pattern per IRIG
Document 118-719, Volume IV, paragraph 2.1.1.3. The configuration for the bit-error rate
(BER) tests is shown in Figure 3. Tests at 120 ips included predetection recording of a



1.6 MBPS NRZ-S PCM signal phase modulated on a 2.1 MHz carrier and post-detection
recording of 2.0 MBPS NRZ-S and bi-Phase-L signals. For the 60 ips tests, one-half of
these bit rates and frequencies were used. Four manufacturers recorders were tested,
three using in-line heads with 25 mil track widths (odd numbered head of 28 track system)
and one using interlaced heads with 50 mil track widths. Set-up was 2 dB overbias, flat
frequency response ±3 dB and normal record level (1 percent third harmonic distortion).
Noise was added to the PCM signal until a BER of 1x10  was obtained without the-6

recorder in the loop and the amount of degradation noted. The degradation corresponds
to the amount the SNR must be increased to bring the error rate back to 1 x 10-6

Other tests included wideband SNR, slot SNR, and crosstalk. Wideband SNR was
checked with and without a bandpass filter. Slot SNR was measured at upper bandedge
(UBE) using a 1 KHz slot. Crosstalk was measured at 4 Khz and UBE. Some additional
measurements were made at 3 MHz to determine the improvement in crosstalk as the
frequency was decreased from upper bandedge (UBE). The effect of crosstalk on BER
was also evaluated.

The final test was dubbing tapes from actual operations onto a double density and
standard wideband recorder. A tape containing 1.6 MBPS NRZ-S predetection data
recorded at 240 ips was dubbed onto a double density recorder at 120 ips and a standard
recorder at 240 ips and the frame synchronization status compared. Also, a tape
containing 345.6 KBPS Bi-Phase predetection data or a 900 KHz subcarrier recorded at
120 ips was dubbed onto a double density recorder at 60 ips and a standard recorder at
120 ips ana frame synchronization status compared.

TEST RESULTS

Results of the double density tests are given in Table I. The data is an average of the
tracks tested. All recorders are engineering prototypes except the most recent recorder
from manufacturer A, which is a production model: Recorder D was the only recorder
configured with 50 mil interlaced heads.

The wideband SNR’s have improved significantly over the last few years. BER
performance is excellent. The production recorder had no degradation in BER of the
critical predetection recordings.

Crosstalk data from the production recorder is given in Tables II, III, and IV. As
expected, low frequency crosstalk is excellent due to the in-line head configuration,
measuring 15 to 20 dB better than an equivalent wideband recorder. On the other hand,
crosstalk at UBE is poor on some tracks at 120 ips, but improves significantly as the
frequency is lowered as seen in parenthesis, Table III and in Table IV. To determine the



effort of the high frequency crosstalk on data quality, all 14 tracks were recorded
simultaneously at 120 ips with 1.6 MPBS predetection data. No degradation in BER was
found. Strip chart recordings of the frame synchronization status of the tape playback of
the 1.6 MBPS predetection data are given in Figure 4, and the 345.6 KBPS data in
Figure 5. Very little degradation in data quality of the tape dubs was noted. The high
energy tapes used for the double density recording were cleaned and certified prior to use
to reduce dropouts.

CONCLUSION

Double density recorders are acceptable for recording predetection and post-detection
PCM telemetry data. Telemetry data can be recorded and reproduced using in-line heads
with 25 mil track widths with no degradation in BER. Their use should be considered
when longer recording time is required. When dropouts are a concert, the tapes should be
cleaned and certified prior to use.
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FIGURE 1 - LOSS VS MISALIGNMENT ANGLE

FIGURE 2 - HEAD CONFIGURATIONS



FIGURE- 3 - BIT-ERROR-RATE TEST CONFIGURATION



FIGURE 4 - SYNCHRONIZATION STATUS, 1.6 MBPS DATA

FIGURE 5 - SYNCHRONIZATION STATUS, 345.6 KBPS DATA



TABLE I - DOUBLE DENSITY TEST RESULTS

TABLE II - LOW FREQUENCY CROSSTALK

TAPE SPEED:  120 IPS REFERENCE FREQ:  4 KHZ
TEST FREQ:  4 Khz BANDWIDTH:  200 KHz

SIMULTANEOUS RECORD/REPRODUCE



TABLE III - HIGH FREQUENCY CROSSTALK
TAPE SPEED:  120 IPS REFERENCE FREQ:  4 MHz (3MHZ)
TEST FREQ:  4 MHz (3 MHz) BANDWIDTH:  3 KHz

SIMULTANEOUS RECORD/REPRODUCE

TABLE IV - HIGH FREQUENCY CROSSTALK
TAPE SPEED:  60 IPS REFERENCE FREQ:  2 MHz
TEST FREQ:  2 MHz BANDWIDTH:  3 KHz

 


