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Summary    The singular feature dominating the design of a space base command
system is without question the requirement for an extremely low probability of an
erroneous command. In view of the expected number of commands to be transmitted
during the lifetime of a space base mission and of the expected cost of an erroneous
command, it was concluded that the message error probability should under no
circumstances exceed 10-18 for any extended period of time. The command link,
however, was to be operative at signal-to-noise ratios as low as 8.35db (single energy per
information bit to single-sided noise spectral density). At this signal-to-noise ratio, the
probability of a bit error without coding would be 10-4.

Other requirements influencing the command system design include the requirement that
it be capable of serving as a command message relay between the ground and as many as
15 ancillary vehicles and that it also accept for transmission to any of these vehicles
messages originating on-board the space base itself. The system is required to handle
messages with differing priority levels at a rate of up to 1000 18 bit command per
second.

The command system which evolved from these requirements can be separated
functionally into three basic components: the ground-link decoder, the command
controller, and the cross-link encoder.

The command controller is designed to perform a variety of functions. It must be capable
of accepting commands originating either on-board or on the ground and arriving via the
up-link; it must generate the required acknowledgement and route the commands to their
proper location; it must store those commands intended for subsidiary vehicles, transmit
them in order of priority, wait until their receipt is acknowledged, and retransmit those
not acknowledged within an acceptable length of time. Since the average delay between
transmission and acknowledgement should be significantly less than the maximum delay
(the round-trip time via synchronous satellite between two antipodal satellites can be as
large as 1/2 second), the transmission del-ay could be effectively reduced by tailoring the



interval between transmission and retransmission to the actual round-trip propagation
time. This was accomplished by utilizing a “coherent acknowledgement” procedure, in
which each vehicle in the command system network acknowledges each received
command, even those not intended for that vehicle. This enables the processor to keep a
running record of the transmission delay associated with each vehicle and to know
precisely when a transmitted message should have been positively acknowledged. The
ground link decoder and the cross-link encoder were both designed around the same
coding scheme. Of the several techniques investigated, a concatenated coding scheme
was found to offer the greatest throughput with the least amount of hardware. The
scheme involves the concatenation of a (15,9) Reed-Solomon outer code (over GF (24))
with an (8,4) binary biorthogonal inner code. The demodulated signal is quantized to
three levels, with one level recognized as “one”, a second as a “zero”, and a third,
indeterminant, level identified as an “erasure.” The inner decoder is designed to correct
one error or up to two erasures. If a word is found to contain more than one error, more
than two erasures, or any combination involving both errors and erasures, it is not
decoded. The outer decoder then treats these undecoded words as symbol erasures, and
will correct up to two such erasures. Any outer word containing more than two erasures,
or any detectable errors, however, is rejected, and a retransmission initiated. The
resulting decoder is only slightly more complex than the encoder and is accordingly
exceedingly simple relative to a decoder designed to exploit the full error and erasure
correcting capability of such a code. Yet, the scheme described does achieve the desired
reduction in message error probability with a message rejection rate of less than 0.5% at
threshold.

It was estimated that the complete space base command system could be packaged, using
C-MOS LSI technology, in a volume of 37.5 in.3, weighing 4.8 lbs., and requiring only
5.5watts of power. The decoder itself would require only about 6 in.3, 0.8 lbs., and 1 watt
and hence would be capatible with even the simplest of ancillary vehicles likely to be
associated with the space base.


