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THE PCM DROPOUT INDICATOR - A USEFUL DEVICE

J. C. Hahn M/S DA-37
Member Technical Staff
Rockwell International

12214 Lakewood Boulevard
Downey, California 90241

ABSTRACT

During test and checkout of Space Shuttle systems, data is transmitted from test sites to
processing centers via overland transmission lines and communication satellite. Loss of
data (dropouts) may take place and can be attributed to a malfunction at the transmitting
end, the receiving end or the transmission path itself. Before effective trouble shooting can
begin, the cause must be isolated to a particular area or unit. The PCM Dropout Indicator
is one of the devices used for this task.

INTRODUCTION

Test and checkout of space shuttle systems is performed at Rockwell International’s
manufacturing plant in Palmdale, California, and at the Kennedy Space Center in Florida.
Data from these tests is processed at the sites and at Rockwell’s Flight Systems
Laboratories in Downey, California. Data from Palmdale is transmitted to Downey over a
land transmission line (that includes some microwave links). Data from KSC is received
via a communications satellite. Although both FM/FM telemetry and PCM/FM telemetry
are used on the shuttle, only the PCM data is transmitted via the data links. An IRIG ‘B’
time code on a 1 KHZ sinewave carrier is also transmitted. The data link circuits and the
means for checking out the system will not be discussed here because the PCM Dropout
Indicator is not used in this process.

DATA RECEPTION AND PROCESSING

A real time data processing setup is shown in Figure 1. PCM Data from the data link is
applied to a PCM Decommutation System that extracts the data and forwards it to a
computer system which prints out the value of the parameter measured and the time the
measurement was taken (day, hour, minute, second). At the same time that the data is
being processed, it is also being recorded on magnetic tape. Later this tape may be played
back and the data may be processed in several different ways. The real time processing is



performed so that anomalies can be detected when they occur and action taken at once.
These actions may be voice communication with the astronauts aboard the vehicle or
coded commands may be sent to the computer systems on board. Certain types of data are
processed and analyzed best during playback. Power Spectral Density plots are always
made during playback. Recorded data allows the entire mission to be made again. If a
disaster occurs, this recorded data may be played back many times and analyzed for clues
as to what went wrong. A block diagram of a setup for playback is shown in Figure 2.

THE DECOMMUTATION PROCESS

Aboard the vehicle, data from the transducers is conditioned, sampled and converted to a
binary code that represents the value of the measured parameter. This Pulse Modulated
Code (PCM) has a 128 kilobit rate and consists of 100 frames per second, with 160 words
per frame and 8 bits per word.

The PCM Decommutation System consists of a PCM Bit Synchronizer and a PCM
Decommutator and its task is to extract the data from the PCM data stream. Master
measurement lists identify each measurement with an alpha-numerical tag and list the
maximum and minimum values of the parameter, the sampling rate and the word and frame
location. The word and frame location allows the PCM Decommutator to be programmed
to extract the data desired.

Front panel controls can be used for this purpose or a computer connected properly. The
readout may be in binary form, digital readout, analog form, etc.. Analog data may be read
on a meter or recorded on an oscillograph. Digital to analog converters external to the
PCM Decommutator are used to create the analog signals. The decommutation process
will not be discussed here since it varies with different equipment and is adequately
discussed in the manuals that come with the unit.

The PCM Bit Synchronizer

This unit conditions the PCM data before it enters the PCM Decommutator. Four circuits
are used as follows:

1. An AGC circuit
2. A high pass filter
3. A pulse shaper
4. A phase lock loop

A description of each circuit follows. The inability of these circuits to handle very bad data
led directly to the design of the PCM Dropout Indicator.



High Pass Filter

This filter must have sufficient band width to preserve the PCM wave forms while
removing low frequency noise.

AGC Circuit

The Automatic Gain Control (AGC) circuit accepts input PCM data with amplitudes that
vary over a wide range and present an output of constant amplitude.

The Pulse Shaper

Logic circuits work best when the input pulses are square waves. PCM data may become
distorted due to overdriven circuits, reflections, insufficient bandwidth, etc.. The Pulse
Shaper converts the input wave forms to square waves with a reasonably fast rise time.

The Phase Lock Loop

The decommutation process requires an internal clock that is synchronized to the bit rate
of the input signal and in phase with it. These two tasks are performed by the Phase Lock
Loop circuit.

The PCM Bit Synchronizer can handle poor data within certain limits. The data can be
noisy, of low amplitude, badly distorted, etc., and lockup can still be achieved. On
occasion, a significant reduction in dropouts has been achieved by passing the data through
a high pass filter and then through a ‘pulse restorer’ before it enters the PCM Bit
Synchronizer. Sometimes the dropouts have been reduced from an unacceptable number to
zero. The PCM Dropout Indicator is used to count the dropouts before and after this pre-
conditioning to determine whether an improvement has been achieved.

THE PCM DECOMMUTATOR

The PCM Decommutators used at Downey have two red lamps marked MF and SF (main
frame and sub-frame) and two green lamps marked the same way. When the internal clock
has been synchronized with the input data, the two green lamps are illuminated, the two
red lamps are out. The decommutator is said to be ‘locked up’. If synchronization is lost,
the green lamps are extinguished and the red lamps are illuminated and this condition is
referred to as a ‘dropout’. The dropout may last a fraction of a second, a minute or an
hour. Regardless of the duration, data within the PCM stream is not extracted. It is lost!



Errors may exist in the extracted data even though there have been no dropouts. These
types of errors are not covered here because the PCM Dropout Indicator was not designed
for that task.

When excessive dropouts do occur, the difficulty may be not in the data but in the PCM
Decommutation System. The substitution of another unit will answer the question.
Sometimes we have a combination of poor data and a malfunctioning decommutation
system. In such cases the substitution of another unit will not eliminate the dropouts but it
certainly will reduce the number. It is in these cases where a multitude of problems exist
that the PCM Dropout Indicator proves its worth, by counting the dropouts and revealing a
smaller total each time an improvement is made.

THE PCM DROPOUT INDICATOR

The PCM Dropout Indicator is shown in Figure 3. A block diagram is shown in Figure 4. It
consists of 2 counters, 2 readouts and two output drivers. It was built in 1976 in response
to a need. Anomalies are to be expected during the first few days operation of a
communications link. When PCM data was transmitted from Palmdale to Downey, a
distance of about 100 miles, dropouts of data were frequent. Laboratory personnel were
instructed to observe the green lamps on the PCM Decommutator and count each time
these lamps went out. This was to be done on a 3 shift schedule over 24 hours, with a total
for every half hour. The plan was unsatisfactory for a number of reasons. First, the
dropouts would sometimes occur too rapidly to be observed by the human eye, and a
sudden burst might be followed by ten minutes or even an hour before there were others.
Second, a moment of inattention by an observer and dropouts would go uncounted. All the
dropouts would appear again when the data was played back at a later data. Third,
personnel were tied up when there were other jobs that had to be done.

The PCM Dropout Indicator was built practically overnight. It operates from the same
discrete voltages that operate the lamps on the decommutator. It can count up to a
thousand main frame dropouts and a thousand sub-frame dropouts. Personnel can write
down the total every half hour, and a 24 hour profile of dropouts can be drawn up.
Portions of the transmission line may consist of microwave links, particularly if rough and
mountainous terrain has to be crossed. For instance, excessive dropouts between 11:30
A.M. and midnight might coincide with an excessive downpour of rain. A significant
increase in dropouts might coincide with the telephone company switching lines, or a
certain test starting up at Palmdale, or even a computer malfunction. A 24 hour record can
be very useful in trying to discover the cause of excessive dropouts of data. Equipment has
recently been installed that will print out each dropout with the day, hour, minute and
second it occurred. This gives a more comprehensive picture than one derived from
readings every half hour.



DATA PROCESSING DURING PLAYBACK

The setup used to play back PCM data is shown in Figure 5. The tapes played back are
those recorded from the data link and those recorded at Palmdale and the Kennedy Space
Center and delivered to the Downey facility. The recording process and the subsequent
playback can be an additional source of data dropouts. Tape recorders require daily
maintenance. The heads and entire tape path must be cleaned after each tape run (every
two hours at a tape speed of 15 inches/second). A buildup of oxide 29 millionths of an inch
thick will produce a 13 db drop in a 128 kilobit PCM signal during playback. The presence
of excessive dirt and oxide during recording can result in an almost useless tape. If the
dropouts are excessive during playback, the tape recorder should be stopped, the tape
cleaned, and the playback resumed.

A word should be said at this point about PCM data and bandwidth. The tape recorders in
use at Downey have the following characteristics:

Tape Speed Data Bandwidth Recording Time

  15 IPS
  30 IPS
  60 IPS
120 IPS

250 KHZ
500 KHZ
    1 MHZ
    2 MHZ

  2 Hours
  1 Hour
30 Minutes
15 Minutes

A 128 kilobit PCM signal recorded at 15 inches per second will resemble a train of
sinewaves during playback. At a recording speed of 30 inches/second, the output pulses
are somewhat square because the 500 KHZ bandwidth passes the 3rd harmonics of 128
KHZ which is 384 KHZ. Recording at 30 inches per second requires a larger supply of
tape and the reels must be changed every hour and the tape path cleaned. Ordinarily a
pulse that resembles a sinewave is no problem for the PCM Bit Synchronizer. The pulse
shaper will convert it to a square wave. Tapes recorded at other sites on older machines
presented a whole set of new problems. They were often stretched, had a great deal of
jitter and appeared to have been recorded at the wrong level. Older tape recorders used
tapes whose bandwidths were different from those used at Downey, and the actual record
level at the heads was different than that of a machine with a wider bandwidth. At the
time, even tapes recorded at Downey often produced excessive dropouts during playback.
It gradually was perceived that tapes recorded at 30, 60 and 120 inches per second usually
had less dropouts than tapes recorded at 15 inches per second. This was only true if other
conditions were bad. If the record level was too low, the noise excessive, and the tapes
dirty (tapes received from other sites), then a good wave shape, which meant that the tape
had been recorded at a higher speed than 15 IPS, produced less dropouts.



PRE-CONDITIONING OF DATA

A perception grew in our minds that there were limits to how bad input data could be and
still be properly conditioned by the PCM Bit Synchronizer. The setup used for pre-
conditioning is shown in Figure 6. It is important to note that when dealing with a situation
where you have excessive dropouts, that a border line condition exists and the number of
dropouts will vary during repeated playback over the same time period. If you have 125
dropouts during a 5 minute period, repeated playback may yield 121, 123, 127, 129, 132,
etc.. Therefore any pre-conditioning that is used must produce a substantial reduction in
dropouts before it is labeled an improvement. A real case involved a tape recorded at
another site. A total of 300 dropouts occurred during a two minute period. The data was
passed through a high pass filter whose cut off frequency was 8 KHZ, before it entered the
PCM Bit Synchronizer. The dropout total was reduced to 125. A ‘pulse restorer’ was
inserted between the filter and the bit synchronizer and the dropouts were completely
eliminated. Next, the filter was bypassed and the dropout total was 63. Evidently both the
filter and the pulse restorer were required. The role of the PCM Dropout indicator is to
count the dropouts. If a quick solution could be found, the dropout indicator would be
unnecessary. The ‘quick solution’ would eliminate the dropouts, eliminate the need for
counting dropouts. Improvements may come slowly and at each step the number of
dropouts reveals whether progress is being made.

The decision to use a high pass filter and a pulse shaper produced skepticism because as
everyone knew, every PCM Bit Synchronizer contained a high pass filter and a pulse
shaper. Even so, these circuits could be marginal; all equipment breaks down sooner or
later. Substitution of other PCM Decommutation proved that it wasn’t a malfunction in the
PCM Bit Synchronizer that produced the excessive dropouts, but very poor data. Units of
different manufacturers exhibited the same need for the data from the particular tape to be
preconditioned.

In addition to processing the data from this tape, the output of the pulse restorer was
recorded on tape at a higher speed (30 IPS), thereby creating a tape that could be played
back repeatedly without pre-conditioning and without dropouts.

RECORDING OF DROPOUTS

Up to now, the discussion has centered around the use of the dropout indicator to count
dropouts. Now we examine the role of the output driver stages. The recording setup in use
today is shown in Figure 7. Each dropout counted is actually a discrete voltage that lasts as
long as the dropout. As shown in Figure 7, PCM data and time code from the Data Link
are recorded on tape in the direct mode. The discrete voltages which represent dropouts
are recorded in the FM mode. This method provides a permanent record of all dropouts



that occurred in real time. Obviously all dropouts that occurred during the recording will
be repeated during playback. If data coming from the data link can’t keep a Decommutator
locked up, the situation will not be improved by the tape recorder. It could be made worse.
In Figure 8 a setup is shown for recording dropouts on an oscillograph. This setup is not
used during ordinary data playback but only when there is a problem. A comparison of
both dropout records (real time and playback) will show the presence of real time dropouts
in both records. In addition to this, dropouts caused by the tape recorder will appear in the
playback record. This test can reveal quickly whether the dropouts are caused by the data
link, or the tape recorder, or both devices.

A real case involved a 5 minute playback with 125 dropouts. The oscillograph record
revealed that only 10 of these had occurred in real time. The tape recorder was examined,
tape path re-cleaned and no improvement was obtained. Another tape recorder was tried,
but the results were the same. A curious thing was noticed, quite by accident. The
dropouts produced by the tape recorder did not appear in the same place each time an
oscillograph record was made. They were random. These dropouts never appeared at the
same times during several playbacks. One last record was made and as it started, someone
turned off a computer at the other end of the plant. The shift was over and the personnel
involved walked past as the test started. This time, only the 10 real time dropouts
appeared. The computer was turned on again, and a new record was made and the same
125 plus dropouts reappeared. EMI specialists were called in to examine the consoles and
to eliminate the obvious pickup from the computer.

PLAY BACK OF PCM DATA AT DOWNEY TODAY

In Figure 10, a setup is shown that is used at the Rockwell Facility in Downey when
playing back PCM data that was recorded from the data link. If dropouts occur, laboratory
personnel observe the oscilloscope to see if the dropouts had also occurred in real time.
This technique was established after the first flight of the space shuttle into orbit. During
the flight, data appeared at AOS (acquisition of signal) and disappeared at LOS (loss of
signal). When a request was made for data, laboratory personnel could look at the
oscilloscope and determine whether there was lockup or a period of dropouts. These
dropouts caused when the transmission from the shuttle could not be picked up, would last
several minutes. The zero voltage on the oscilloscope showed that neither the tape
recorder nor the decommutator were at fault. The signal had not been received.

A real case involved excessive dropouts during playback when the oscilloscope revealed
that there had been a solid lockup during this period. Since PCM data is recorded
redundantly on two tracks, the other track was tried and there were no dropouts. The tape
recorder was examined later. A relay on the RECORD amplifier for the track that had the
dropouts, had become intermittent during the recording period. This relay was replaced.



SUMMARY

The PCM Dropout Indicator was designed by the author in 1976 and has been in constant
use at Rockwell’s Flight Systems Laboratories in Downey, California, ever since. Models
have been shipped to other sites. It is a crude device, created to fill a need; a useful tool
when properly used. An operations environment often requires quick solutions to
problems. Often this means the rapid design and fabrication of unique devices not
available anywhere else. Other devices have been designed by the author as the need
arose. More are contemplated to solve problems that are anticipated.

FIGURE 1.  REAL TIME DATA PROCESSING

FIGURE 2.  DATA PROCESSING DURING PLAYBACK



FIGURE 3.  PCM DROPOUT INDICATOR - FRONT PANEL

FIGURE 4.  PCM DROPOUT INDICATOR - BLOCK DIAGRAM



FIGURE 5,  PLAYBACK WITH DROPOUT INDICATOR

FIGURE 6.  PRE- CONDITIONING OF DATA



FIGURE 7.  RECORDING DROPOUTS.

FIGURE 8.  MAKING AN OSCILLOGRAPH RECORD OF REAL
TIME DROPOUTS.



FIGURE 9.  OSCILLOGRAPH RECORD OF DROPOUTS VERSUS TIME

FIGURE 10. PLAYBACK OF PCM DATA RECEIVED VIA DATA LINK.


