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MULTIMISSION SPACECRAFT DATAPLEXER

RAFAEL COSME AND DONALD LOKERSON
NASA, Goddard Space Flight Center

Summary.   A low power, small size, building block type of central data system has been
designed for use in a number of explorer type missions. The Data Multiplexing Unit was
designed to satisfy a wide range of requirements among the several spacecraft. The
resulting design includes preprogrammed Read Only Memories (ROM’s) to generate the
telemetry format tailored to the particular mission requirements. The relatively small size
and low weight and power dissipation attained was largely due to the use of PMOS
technology. The addition of sub-commutators in groups adequate to meet the particular
spacecraft requirements allows low data rate experiments to be time multiplexed into a
single main input channel for a more efficient data collection and processing operation.

Introduction.   A typical data management system is shown in Figure 1. It consists of a
Data Multiplexing Unit (DMU), including one or more sub-commutators, one or more
scientific instruments and related electronics, spacecraft housekeeping instrumentation,
command receiver/decoder, a transmitter, and, in some missions, an On-Board Computer
(OBC). The DMU, acting as the central multiplexing unit, receives commands via the
command receiver/decoder to set up its mode of operation. It generates synchronization
pulses to the experiments and in turn samples the experiment lines according to a pre-
selected format. The data handling unit can feed data to the OBC and in turn receive
requests from the OBC for specific data, and finally it converts all the data into a form
suitable for transmission to earth.

The purpose of this article is to describe this data multiplexing unit, also designated as the
Dataplexer, which has been designed for the International Ultraviolet Explorer (IUE), the
International Sun-Earth Explorer (ISEE) and probably will be used on other small
spacecraft presently in the study phase. The Dataplexer was designed to satisfy a wide
variety of requirements among several spacecraft. The resulting design includes
preprogrammed Read only Memories (ROM’s) tailored to the particular mission
requirement. Figure 2 represents the basic telemetry format generated by the Dataplexer. It
consists of a minor frame of 128 eight bit words where words 60 thru 63 are dedicated to
Dataplexer parameters such as spacecraft clock, command register status, memory read
out and frame counter. Words 123 thru 127 are dedicated to frame sync and coding read
out. Other required or desirable features of the dataplexer as listed in Figure 3.



Figure 4 represents an artists conception of the IUE data multiplexing unit. In consists of
redundant Dataplexers, Subplexers, and power converters. The complete unit is 13 inches
by 6 inches by 8 inches in size, weighs approximately 16.5 pounds and dissipates
approximately 2.5 watts. The relatively small size and low power dissipation numbers
attained are due largely to the use of PMOS large scale integrated circuits. All the PMOS
devices used were designed at Goddard primarily for the DMU.

Figure 5 represents a block diagram of the Dataplexer. The crystal clock drives fixed rate
and telemetry rate count downs. The variable format memory register (VAM) and the
ROM’s for fixed format operation drive the digital and analog input commutators, the
analog to digital converter and sync pulse generator. The A/D output, digital data or status
bit register serial data are fed into the input register and then to the convolver and channel
coder. The command input register is a 16 bit shift register designed to receive data either
serially or in parallel from the ground or the OBC via the command decoder. The data
received is held in the register until the beginning of a minor frame when the information is
transferred to a control register causing the Dataplexer to switch to the new mode
determined by the bit configuration related to format, selection, sample rate, and multiplex
ratio. These items will be discussed in more detail later. One important feature of the
command register is that it can be pre-programmed during dataplexer fabrication to cause
the system to start at a preselected mode when power is first turned on. The spacecraft
clock consists of a Pierce crystal oscillator running at approximately 640 KC followed by a
countdown chain that divides down to approximately one cycle every seventy-nine days.
The highest frequency expected on IUE is 160 KC. The input sample rate is variable from
160 KC down to 1.25 KC by selecting one of eight binary outputs from the main clock
through an eight bit commutator. The telemetry bit rate can be further reduced by selecting
one of eight binary outputs from the sample rate countdown. This latter operation is called
the OBC/TM multiplex ratio. Thus, the Dataplexer is capable of operating from 80 KBS of
information down to 16 BPS. Some important features of the spacecraft clock are: it can
be reset by ground command, it can be slaved to an external or redundant clock, and it can
slave an external or redundant unit continuously every half second when telemetry rates
are changed by ground command. The sample rate mentioned earlier is the rate at which
experiment data is accepted by the Dataplexer. The multiplex ratio determines the number
of samples selected for use by the OBC versus the number of samples selected for direct
transmission to ground. The telemetry bit rate is the rate at which the data is telemetered
and its period is equal to or longer than the sample rate depending on the multiplex ratio.
For example: data telemetered at 40 KBS, 1:1 ratio means that the data is sampled at
80 KBS; one sample is fed to the OBC while the next sample is telemetered at 40 KBS.
Thus one telemetry word is read out two sample words.

The Dataplexer uses six PMOS fixed ROM’s of 1024 bits organized in 128 words of eight
bits each which are pre-programmed during chip fabrication. In addition to the fixed



ROM’s the Dataplexer contains two 128 word by 8 bit storage registers designated as
VAM’s which can be programmed by ground command and perform the same functions as
the fixed ROM’s. Four of the fixed ROM’s and one of the VAM’s are dedicated to the
telemetry formats. The remaining two of the ROM formats and one VAM are dedicated to
the OBC formats. The outputs of all the devices mentioned above are connected to a
common address bus which addresses the input and output commutators. There is a
computer direct address interface connected to the bus to allow the OBC to directly
address the bus when desired normally only during the computer time. The formats that are
to be operating at a given time are selected by ground command. It should be pointed out
that only one of the VAM’s can be used while the other is available for reloading by
ground command. Since the Dataplexer will be used in several missions requiring a variety
of formats the mechanical layout was designed such that the ROM’s can be replaced or
installed with minimum effort even after the Dataplexer has been fabricated and tested.

The Dataplexer accepts three types of inputs: (1) digital, 8 bit serial, (2) analog, 0 to +5.1
volt, and (3) bi-level single bit flags. The IUE complement of building blocks consists of a
32 input analog multiplexer, 16 output analog word gate commutator, 32 input digital
multiplexer, 32 output shift clock multiplexer, and 32 output digital word gate multiplexer.
Each digital input has a corresponding shift clock and word gate. Each even numbered
analog input has a corresponding word gate. The word gates can be enabled or disabled
depending on the users requirements. The address present at the address bus determines
the input and corresponding output control signals as follows: bits 1 thru 5 select one of 32
lines, bit 6 selects between digital or analog, bit 7 determines if a word gate is present or
absent and bit 8 is not used to control the commutators. However, bit 8 is used for indirect
addressing in the fixed ROM’s and for parity checking in the VAM’s. Some desirable
options available in the commutator are: 16 of 32 analog lines can be wired to operate as a
subcommutator where the lines are sequentially addressed a minimum of once per minor
frame; any of the 32 analog inputs can be wired to drive thermistor sensors by supplying a
reference voltage through an internal voltage divider network that connects to the
thermistor. The experiment input/ output interface includes a number of timing signals
available to the users and a 24 bit parallel input register to accept housekeeping single bit
flags. The data stored in the parallel input register is telemetered during words 60 thru 63
once every four minor frames.

Analog data sampled by the commutator is fed to an eight bit, 0 to +5.1 volts, successive
approximation analog-to-digital converter. The conversion rate can be one of two rates:
maximum clock rate of 160 KC to minimize the effect of noise, or equal to the sample rate
which has the advantage that if degradation due to radiation limits the frequency of
operation, the conversion rate can be reduced with the sample rate to minimize the
possibility of errors. This option must be selected prior to final Dataplexer fabrication. The
resolution of the A/D converter can be refined further by taking the remainder voltage after



the last comparison is made. The residual voltage is amplified and fed back into the A/D
converter through another input channel, for a high resolution additional conversion of the
data. The digital output of the A/D converter is fed to a shift register where it is time
multiplexed with the incoming digital data and the fixed words which are inserted in the
format at the non-programmable time. It is important to note that no experiment data
should be sampled during words 60 thru 63 as it will be overriden by housekeeping data.
All output of the register is serially shifted to the OBC. In addition, during telemetry times
only, it is parallel transferred to another register where it is shifted, at the telemetry bit
rate, to the coder.

Several methods of coding are available in the Dataplexer: (1) Error detection (Block), (2)
Error detection and correction (Convolutional), and (3) Coherent subcarrier. In the Block
code mode, a 16 bit hamming code word is read out preceeding the sync word at the end
of every minor frame. Bit error detection can be performed with minimum impact on
information data bandwidth. In the convolutional code mode, the coder generates two bits
of code for each bit of data. As a result the output bit rate is twice the value of the
information bit rate. The parity bit is transmitted first followed by the complement of
another parity. Proper sequential decoding of the code bits results in an improvement in bit
error rate equivalent to at least a 5 db increase in transmitter power. In the coherent
subcarrier mode, when a bit rate below 1024 BPS is selected the output will automatically
switch to a 1024 cycles per second coherent subcarrier. This mode is used to enable the
ground stations to keep lock on the sideband data without carrier interference. The method
of coding is selected by ground command except in the case of the coherent subcarrier
option which can be automatic or wired in during assembly. All the data regardless of
coding is fed to the split phase generator where it is converted to split phase PCM and fed
to the transmitter.

The DMU was designed to accommodate any number of subplexers (illustrated in
Figure 6). The digital subp1exer consists of two subcommutators. The analog portion has
32 inputs which like the Dataplexer can be wired for thermistor inputs. The digital portion
has 32 inputs and in addition has 32 shift outputs and 32 word gate outputs. Each
commutator is controlled independently. The analog subplexer consists of two 64 input
commutators which can be operated independently or as one 128 input commutator. The
option is wired in during assembly. The subplexer outputs are connected to the Dataplexer
inputs in the same way as any experiment. Control signals such as word gates and shift
clocks are also connected to the Dataplexer in the same manner. Other timing signals are
received from the buffered sync outputs of the Dataplexer. As mentioned earlier each
subplexer consists of two independent subcommutators. Each subcommutator can be
addressed as in the case of the Dataplexer by the telemetry format during telemetry time,
the OBC format during computer time, or directly by the computer during computer time.
The control circuit for each subcommutator consists of two separate counters. The parallel



outputs of the counters are connected to the inputs of a ROM where the address is
selected. The output of the ROM is connected to the address bus. As in the case of the
Dataplexer, the address present on the address bus determines the input line to be selected.

Figure 7A illustrates the experiment input interfaces. The zener diode and resistor network
are used for protection from transients or accidental shorting to a high positive voltage
which would prevent proper commutator operation. Figure 7B illustrates the experiment
output interfaces. The output diode is used to allow for more than one output to be
connected together and to prevent any positive voltages from feeding back into the
commutator and causing crosstalk between the lines. Figure 7C illustrates the buffered
timing signal interfaces available to the users. Figure 8 illustrates the types of redundancy
built into the Dataplexer to reduce harness and reduce weight when only partially
redundant systems are in the spacecraft.

The Dataplexer just described has its speed limitations where its maximum operating input
shift rate is believed to be approximately 160 KC. Future developments include the design
of an identical Dataplexer using CMOS technology and synchronous counters. It is
anticipated that this will improve speed substantially.
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2.  Typical Telemetry Format
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5.  General Block Diagram of the Dataplexer
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6.  General Block Diagram of Subplexers
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7A.  Interface Drive Considerations for Dataplexer Inputs

7B.  DMU Output Characteristics

7C.  DMU Output Characteristics (Sync)

8.  Power-Off Redundancy
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