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ABSTRACT

The emergence of encrypted PCM as a standard within DOD makes possible the
correction of time skews between diverse data sources. Time alignment of data streams
can be accomplished before decryption and so is independent of specific format. Data
quality assessment in order to do a best-source selection remains problematic, but
workable.
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INTRODUCTION

There has been a trend in test ranges toward use of remote telemetry data relay sites to
ensure continuous coverage. It is desireable to be able to construct a composite data
stream for real-time or nearly real-time display. The growing use of encrypted pulse code
modulation (PCM) and progress in custom microelectronics together motivate a
re-examination of how data-stream merging might be accomplished in a robust manner and
with a minimum of operator intervention.

The current investigation is biased toward format independence insofar as that goal might
be practical. By minimizing the effort required to set up for new test projects, a ground
station improves its ability to economically support a rapid turnover of such projects. Time
alignment of streams can be accomplished before decryption. Unfortunately, reliable
assessment of data quality may require an examination of the data after they have been
decrypted and decommutated. There is a realistic hope for the future in adopting error
control codes (ECC). Such codes placed on encrypted data would provide a measure of
data quality and make truely format-independent merging a reality.



BACKGROUND

Best source selection of data before decommutation has been in use at the Atlantic Fleet
Weapons Test Facility (AFWTF), Puerto Rico, for several decades. No time skew
correction has been attempted. The data quality indicator is receiver quieting, as evidenced
by amplitude of the detected signal. Receiver output level calibration is normally
performed before each test.

 An elaborate attempt at pre-detection merging was made at Vandenburg AFB, California.
If successful, the scheme would have accommodated “analog” formats in addition to
PCM. Regrettably, the effort was terminated.

The closest form of data merging to that advocated by this paper was attempted by Hunter
Research, Inc. for PMTC, Point Mugu, California. Available documentation does not
permit an indepth review of the automated best-source selector (ABSS), but it was
apparently using time skew correction circuits at least superficially similar to those
discussed in this report. The ABSS attempted to work with plain-text PCM data and to
extract data quality information from within each stream. In Phase I, majority voting was
attempted. In Phase II, frame sync quality was examined. The Hunter Research contract
ran from 1990 to 1993.

Most test ranges appear to have successfully applied computers to data merging on a
frame-by-frame basis. Such a method is dependent on application of detailed knowledge
about the data format. While one cannot argue against the success of such a powerful
technique, it would appear that there is a place for methods that require less time
investment.

PROPAGATION TIME DELAY

There will be significant time skew between data received locally at a telemetry ground
station and data relayed from a remote receiving site (Figure 1). The communications link
from the remote site to the ground station is assumed to transmit data at essentially the
speed of light. Additional delays that might result from digital multiplexers are not within
the scope of this discussion. For example, assume a distance D from the ground station to
the relay site of 15 km. The maximum time skew between direct and relayed data will be



FIGURE 1.  Relay Geometry.

 If PCM data at a bit rate of 2 Mbps is assumed, then the maximum data skew will be 200
bits. In general, time delay between direct and relayed streams is variable, and dependent
on test item dynamics. The phase relationship between the two signals will also be
continuously variable. Total time skew could be viewed as the time integral of the
difference in Doppler-shifted bit rates observed at the two receiving sites.

A MERGING SYSTEM PROPOSAL

Figure 2 depicts a minimal modification to a best source selector switch. The difference is
that all streams entering the switch would be time aligned and there would be no data
corruption due to switching between misaligned streams. This approach is advocated for
its conceptual simplicity. There are two implications of the design that appear to be
inevitable, asynchronous clocking and seek-center mode.

Asynchronous Clocking.  It is necessary to force phase coherency upon data streams that
have an arbitrary phase relationship. This requirement is created to avoid read/write
conflicts at the delay memory. Further, asynchronous clocking creates the opportunity to
enter or delete read cycles, thereby single-stepping memory delay without resetting the
memory pointers. The operational impact of asynchronous clocking is that an output bit
sync must be avoided. Data and its asynchronous clock must both be taken to a decryptor 



or an archival recorder. Asynchronous clocking is characterized by loading edges that are
time aligned to a common internal reference clock running faster than the incoming data
clocks.

Seek-Center Mode.  To prevent a slow upward or downward drift in the average delay
magnitude of all delay modules (Figure 2), it is necessary to alter the operation of each
delay module when picked as having best current data. When so picked, the delay module
must have its tracking loop inhibited and must slowly adjust its delay magnitude to
half-scale, probably mechanized by adding or deleting read cycles as mentioned above.

FIGURE 2.  A Merging System.

DELAY MODULE

Assuming two perfect data streams, one a reference and the other an assigned input, the
only active task for the delay module is to acquire initial alignment. FIFO pointers will be
initialized according to a delay value found by a digital correlator (Figure 3). The two data
streams will continue to track each other even if the delay between them changes with
time. In practice, the first-in, first-out (FIFO) memory was implemented in conventional
random access memory (RAM) so that the address pointers would be accessible.



FIGURE 3.  Minimal Delay Module.

In a real situation, there will be corruption of the data streams and of the clocks. Clock
corruption, or “slips”, will cause an alignment error that must be identified and then
corrected. The degree of effort expended on getting a fast realignment should logically
depend on how much improvement would result. If the delay is less than error extension
due to encryption, then there is no justification for sophistication beyond basic operability
(Figure 3). There is no point in trying to reacquire alignment before loss of correlation due
to error extension (about 100 bits) has cleared. Because reacquisition in a minimal
configuration will require an interval equal to the delay period, same additional circuitry
may be justified if delay period is appreciably greater than 100 bits.



Methods for rapid acquisition have been envisioned (Figure 4). The one actually
implemented for testing contains continuous comparators that search for stream slippage
several clock cycles ahead and behind the reference. Small temporary corrections can be
made until the FIFO delay is updated. In addition to this scheme for “single-stepping” back
into alignment, it would be possible to reset with minimal data loss. It is not necessary to
zero the write counter address (write pointer) after each reset. The write counter could be
allowed to run freely, and a new read counter address (read pointer) could be derived as
the sum of current write address and the 2’s compliment of delay value.

FIGURE 4. Delay Module With Fast Skew Correction.

The digital correlator used for testing is a TRW 1023. It is now manufactured by Raytheon
as a TMC 2023. The correlation interval of 64 bits allows the true correlation peak to
stand out clearly from background noise. The digital correlator is scanning total delay
range continuously to keep a best current delay value stored in a register.



DATA QUALITY ASSESSMENT

Before decommutating the diverse data streams, the potential data quality indicators
include the following:

a. Receiver AGC
b. Receiver video amplitude
c. Receiver deviation
d. Bit synchronizer S/N
e. Error control codes

Receiver diagnostic signals will have a varying degree of sensitivity to multipath, but all
will probably require some type of pre-test calibration. Bit synchronizers built by DSI,
Inc., have had an optional soft decision board that produces a diagnostic signal varying
with S/N. Such a feature would hopefully be free from pre-test calibration, but its ability to
recognize multipath degradation is unknown. While not currently in use by DOD, error
control codes would make possible data quality assessment. Both block codes and
convolution codes make possible the derivation of a data quality diagnostic.

A discussion of the examination of frame sync patterns has been avoided so far because
the ideal of format independence would be compromised. Nevertheless, this may be one of
the best indicators of data quality that is currently available. The construction and
operation of diagnostic hardware could be made reasonably simple.

 CONCLUSIONS

DOD adoption of encrypted PCM as a data standard has brought the ideal of format-
independent data merging closer to reality. An examination of skewed data streams will
show only one major correlation peak to enable alignment. The construction of suitable
circuits has been demonstrated.

Data quality assessment remains a problem. All practical techniques require some operator
intervention. Receiver quieting and frame sync quality stand out as perhaps the most robust
indicators at this time.

Error control codes could be a source of data quality information in addition to improving
data quality. Merging of such data would be truly format-independent and could be
accomplished with automatic ease.


