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ABSTRACT

This paper discusses the performance of predetection recording of pulse code modulation
(PCM) telemetry signals. The topics discussed include bit rate versus predetection carrier
frequency, effects of receiver and demodulator bandwidths on data quality, and
demodulation at tape carrier frequencies versus upconversion and demodulation.

INTRODUCTION

Several methods exist for the recording of PCM telemetry signals. These methods include
predetection (Pre-D) recording, postdetection (Post-D) direct recording , postdetection
frequency modulation (FM) recording, and high density digital recording (HDDR). These
methods are illustrated in figure 1. The main advantage of predetection recording is that
the signal is recorded with the minimum of data processing of any of these methods.
Therefore, it is less likely to have been degraded by equipment malfunctions or operator
error.

Tests were performed to characterize the performance of predetection recording for
various combinations of:

1.  PCM bit rate
2.  Prerecording intermediate frequency (IF) bandwidth
3.  Postrecording IF bandwidth
4.  Modulation type: frequency modulation (FM) or phase modulation (PM)
5.  Demodulation at tape carrier versus upconversion before demodulation

The test setup appears in figure 2. The measurement interval was 106 bits at low bit error
rates (BERs). The performance of the various combinations was compared at a BER of
10-4.



TEST RESULTS

Tests were conducted using both PCM/FM and PCM/PM and a variety of bit rates,
receiver IF bandwidths and predetection carrier frequencies. The data in figure 3 show that
the BER performance of 300 kb/s non-return-to-zero level (NRZ-L) PCM/FM is the same
with either a 450 kHz or a 900 kHz predetection carrier frequency. The BER performance
of the predetection signals with 500 kHz receiver and playback IF bandwidths was
approximately 1 dB better than the BER performance of direct receiver video with a 500
kHz IF bandwidth. The reason for this is that two 500 kHz bandwidth filters in series
result in a filter with a bandwidth of approximately 400 kHz. This increases the actual IF
SNR by 1 dB and therefore improves the BER by approximately 1 dB. The words in the
legends above the BER plots have the following meanings:

MOD TYPE Modulation Type
IF BW Receiver IF Bandwidth
PBK Playback Demodulator IF Bandwidth
VID Demodulator Video Bandwidth
PEAK DEV Peak Deviation in kHz or Degrees
RCD IPS Recorder Tape Speed in Inches per Second

This effort was funded by the member organizations of the Telemetry Group of the Range
Commanders Council.

An entry of 0 in the legend for the figures means part of the test setup was not used for this
data, e.g., no recorder was used for the data in figure 3.

The data presented in figures 4 and 5 show the effect of receiver IF bandwidth and tape
recording on BER performance. The degradations due to widening the receiver IF
bandwidth were approximately 0.5, 1.1 and 2.3 dB for the 1.5, 2.4 and 4.0 MHz
bandwidths respectively. The recorder/reproducer caused a degradation of no more than
0.3 dB. Figure 6 shows the effect of varying the receiver IF bandwidth at a bit rate of 900
kb/s and a predetection frequency of 900 kHz. The BERs with the 1000 and 1500 kHz
bandwidths were very similar while the 2400 kHz bandwidth caused approximately 0.5 dB
of degradation and the 4000 kHz bandwidth caused approximately 1.8 dB of degradation.
The degradation with the 4000 kHz IF bandwidth is mostly caused by noise folding back
across zero hertz and increasing the noise power in the playback demodulator’s passband.
This is illustrated in figure 7. The higher amplitude trace in each group is the noise with a
3000 kHz IF bandwidth and the lower amplitude trace is the noise with a 1500 kHz IF
bandwidth. The noise power is the same with both filters for frequencies between 9.6 and
10.4 MHz and 900 and 1300 kHz. However, the 3000 kHz IF bandwidth causes the noise
power between 500 kHz and 800 kHz to increase by 1 to 2 dB. The predetection



downconverter also does some lowpass filtering. The unmodulated carrier level Was 0 dBc
for these plots.

Figure 8 shows that using a 900 kHz predetection carrier with 900 kb/s NRZ-L PCM/FM
data causes a degradation of approximately 0.2 dB when compared to the BER
performance using a 1.8 MHz predetection carrier frequency. This slight degradation may
well be preferable to doubling the tape speed so that the 1.8 MHz predetection carrier
could be used. Figure 9 compares the BER performance of upconversion and
demodulation (500 kHz PBK) to demodulation at tape carrier (360 kHz PBK). This data
shows that upconversion and demodulation performs a few tenths of a dB better than
demodulation at the tape carrier frequency when the bit rate is much less than the tape
carrier frequency. The data in figure 10 show that upconversion and demodulation
performs approximately 1.6 dB better than demodulation at the tape carrier frequency
when the NRZ PCM/FM bit rate is equal to the predetection carrier frequency. Most of the
degradation is due to excessive bandpass filtering in the tape carrier discriminator. The
bandwidth is only 720 kHz (900 ± 40%) which degrades the BER by more than 1 dB.

The data in figure 11 show that using a 1200 kHz predetection carrier frequency with 1200
kb/s NRZ-L PCM/FM performs 1 dB better than using a 900 kHz carrier when 1500 kHz
bandwidths are used in both the receiver and the playback demodulator. The difference is
1.8 dB when the receiver bandwidth is 2400 kHz. The data in figure 12 show that a 1200
kHz predetection carrier performs 2 to 3 dB better than a 900 kHz carrier for 1200 kb/s
NRZ-M PCM/PM (±90E). Comparing the data in figures 11 and 12 one discovers that
PCM/FM requires less IF SNR than PCM/PM under these conditions.

Figure 13 presents data for biphase level (BI0/-L) PCM/PM (±75E) for demodulation at
900 kHz and at 10 MHz (PRED = 0) . Demodulation at 900 kHz degrades the 300 kb/s
performance by 0.3 dB and the 600 kb/s performance by 1 dB. The difference in BER
performance between 300 kb/s and 450 kb/s is approximately 0.5 dB while the difference
between 300 kb/s and 600 kb/s is approximately 1.8 dB.

CONCLUSIONS

1. The NRZ bit rate should not be greater than the predetection carrier center
frequency.

2. The BI0/ bit rate should not be greater than one-half the predetection carrier center
frequency.

3. The receiver IF bandwidth should not be wider than twice the predetection carrier
frequency.



4. The best data quality is achieved when the predetection playback signal is
upconverted before demodulation.

5. The process of recording and reproducing the telemetry signal degrades the data
quality by no more than 0.3 dB.

FIGURE 1.  METHODS FOR RECORDING PCM TELEMETRY SIGNALS

FIGURE 2.  TEST SET-UP



FIGURE 3.  BER VERSUS IF SNR FOR 300 kb/s NRZ-L PCM/FM



FIGURE 4.  BER VERSUS IF SNR WITH AND WITHOUT RECORDING



FIGURE 5.  BER VERSUS IF SNR WITH AND WITHOUT RECORDING



FIGURE 6.  BER VERSUS IF SNR FDR SEVERAL IF BANDWIDTHS
 



FIGURE 7.  NOISE POWER SPECTRAL DENSITIES for IF and PRE-D SIGNALS



FIGURE 8.  BER VERSUS IF SNR FOR 900 AND 1800 kHz PRED



FIGURE 9.  BER VERSUS IF SNR FOR 300 kb/s NRZ-L PCM/FM



FIGURE 10.  BER VERSUS IF SNR FOR 900 kb/s NRZ-L PCM/FM



FIGURE 11.  BER VERSUS IF SNR FOR 1200 kb/s NRZ-L PCM/FM



FIGURE 12.  BER VERSUS IF SNR FOR 1200 kb/s NRZ-M PCM/PM



FIGURE 13.  BER VERSUS IF SNR FOR BI0/-L PCM/PM


