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5.4. Data Handling Subsystem.

At the heart of the data handling subsystem is the DMU (Data Multiplex Unit), which performs
the tasks of multiplexing or providing a variety of engineeand scientific values from all
onboard systems. By using a time-sharing technique, this data can be made available to the ground
station over a RF link and to the OBC, which needs this data to perform calculations and, based
on the results, send attitude control commands to the stabilization and control system.

There are two completely redundant data multiplexer units. The DMU 1 was used for the whole
spacecratt life.

The basic portion of the DMUW;alledthe dataplexer, contains theamanalog and digital
multiplexers,the spacecraft clock, aniching and control signdbgic all in one box. Also, the

DMU uses several submultiplexer units which expand the data handling capacity of this system.
There are six sulbenmutators (subcoms): three analog subcomsgdgital subcom and two
experiment subcoms.

The analogdatainputs arerouted to areight-bit analog-to-digital (A/D) converter. The A/D
converter is a successive approximation typening atthe rate of 160,006omparisons per
second. The conversion time for an 8 bit word is 50 microseconds. So, the maximum conversion
word rate is identical to the maximum word transmission rate through the dataplexer for telemetry
and computer (80 Kbps). The range of analog signal voltage input is from 0 volts to 5.1 volts.

Formats.

The dataplexer selects digital or analog data samples from various spacecraft equipment in a time
sequence controlled by a format memory. Each data sample is transformed into an eight-bit data
word and transferred to a serial data bit stream. One complete sequence is called a minor frame
and is 128 words in length. Each word is dedicated to a particulacsfaparameter. Switching

the telemetry format changes these parameters. However, certain words in the minor frame are
dedicated to certain spacecraft parameters that must be observed regardless of the type of
operation ideing performed witlthe spacecraft. Thed$eed word parametersyhich always

appear in the same location, include frame sync words and information such as the contents of the
frame counter, the spacecraft clock, variable format memory contents, and the spacecraft status
bits. As there is a need to look at more than 128 telerobamgnels, someords in theminor

frame are set to represent a different group of fixed telemetry points or channels. This process is
calledsubcommutating. A major frame is defined as 256 minor frames. All submultiplexer data
samples are included in each major frame.

The IUE ground station has the option of specifying what type of data will be received at any time
depending on what type of operations are being performed. On the one hand, there are four fixed-
format and one variable-format to supply telemetry to the ground system and, on the other hand,
two fixed, one variable and a computer controlled input (Direct Read Table, DRT) formats are
availablefor the OBC. Thdixed formats use ROMnemories whiclcannot be altered after
fabrication, whilethe variableformat can be loaded withany desired sequence of dataplexer
addresses to compose a format. In the DRT case, theh@8Be dataplexer addresses in its

own memory.
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The OBC receivesiot only the dataspecified specificallyntended for the OB®ut it also
receives a copy dhe specifieddata selected fdransmission to the gund. The data input to

the OBC’s memory islone byway ofthe Direct Memory Access (DMA) on a prioritized time
sharing basis. The DMA also provides the means by which the DRT addresses are output to the
DMU.

The ROMs available for ground telemetry and their uses are as follow:
> Format 1A. It was only used during the transfer orbit.

> Format 1B or Camera format. Three-fourths of deatme isdevoted to camenadeo
data. This format was used when reading or preparing the cameras.

> Format 2A or Operational format. This format contained a balance of housekeeping and
science data and was used routinely.

> Format 2B. It was only used for dumping the OBC memory.

There are also two ROMs used to format data to the OBC. The two ROMs are identical except
that ROM 3A provides FES 1 data and ROM 3B provides FES 2 data. In 1985, the change to the
2 gyro/FSS control algorithm required the use of the DRT format by the OBC in order for it to
receive the necessary data for this control algorithm.

The figures 5-22, 5-23 and 5-24 show the normal formats used in the last mission years.
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Figure 5-22. Direct Read Table (DRT).
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Figure 5-23. Format 1B (Camera format).
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Indirect addressing (IA) is used as a method to conserve hardware and software space. As it was
noted earlier, more than one udévice has been designed to perfah@same function, for
example there are two FES units, two PAS units, two OBC units, four camera units, etc. The data
words allocated to record one of thesets may also be used with the redundant unit. The
method by which this is possible utilizes the indirect address method which specifies indirectly the
address of the unit to be sampled. In other words, this approach minimizes the need for changing
an entire format for an experiment having several channels of outputs.

Telemetry and computer sample rates.

The maximundatasamplerate (SRATE) through thenultiplexer is 80 Kbps with 40 Kbps
maximum telemetry data rate and 40 Kbps maximum data rate to the OBC. The DMU is used for
both telemetry and computer data-collecting functions, so the input data are split into 2 serial data
bit channelspne for each use. The computer and telemgtannelsvould receive alternate
words from the multiplexer ithe telemetnybit rate were raximum. Inthis casethe ratio of
computer-to-telemetry words, called the multiplex ratio (MXR) is 1:1, for low telemetry bit rates,
the MXR is greater thathis and can be selected ¢oundcommand ashe rest of the DMU
parameters (bitate,indirect addressing, encoding, ground telemetry format, computer format,
etc).

The figure 5-25 shows the possible combinations of MXR and SRATE.
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Although there were many possible combinations of MXR and SRATE, some of them proved to
be the source of many problems during operations, so some restrictions were implemented.

> The 40 Kbps telemetry data rate resulted in faulty data decommutation and was suspected
of causing OBC crashes; for this reason, operations were limiteddbg0on November
15, 1978.

> The OBC data rates of less than 20 Kbps were not normally allowed because they resulted

in less accurate attitude control.

> The MXR parameter was not permitted to be equal 4 because this caused problems with
the DMU.

Operations were usually conducted using 20 Kbps for computer telemetry and 20 Kbps or 5 Kbps
(when the signal strength was very low) for ground telemetry.

In addition to the normal mode of transmittidgta, another method, known @mvolutional
encoding exists othe IUE. It iscommonlyreferred to as the convolveldta modeUsing a
complex algorithnwheretwo bits are telemetered for eadata bit,this mode camproduce an
effective 3 dB gain in signal strength. Since convolved data effectively reduces the amount of data
dropouts, it was the nominal mode used during the IUE mission.

5.4.1. The DMU anomaly.

The DMU anomalywas a problem related with erroneous fluctuations in telemetry data. Some
telemetry wordswith values betweed60 and 191 weresported as 159lso, somevalues

around 12%4vere changed t63. The 159 wrongalues affectethoth engineering andcience

data, whilethe second onenly occurred in dew channels andias never observed stience

images. As all corrupted values were always analog ones, it was assumed to be a malfunction of
the A/D converter of the DMU.

The corruption of specific data points, in particular the reaction wheel tach values, in telemetry
was first noted on October 24, 198dd continued to be observed on a frequent but sporadic
basis. At this timethe values ofthe tachs as received by the OBC DRT format were placed in
telemetry, which showed that the OBC was also receiving corrupt values (159s). The corruption
only appeared sporadically when the telemetry format was 1B.

On January 11995 the SWH-alignment valuavas observed to be corrupted. This parameter
had a normal value of 127, its value when corrupted was 63.

On January 6, 1995 tle®rruption of data was observed with the DMU set to format 2A. When
it happened, the DMU and OBC had reached very high temperatoead 25.6° C and 55.8°C,
respectively, for several hours.

A few days later, the 159 corruptedlue alsoappeared in science imagéew operation
restrictions werepplied to avoichigh OBC and DMU temperatures. As the OBC was also
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receiving bad data, aaim concern was that the spacecraft attitude control coukffeeted

(some analog values were used by the OBC to determine if its direct read was in synchronization.
If the data was determined to not be in synchronization, no attitude programs would be permitted
to run).

During the rest of the IUE life, the corrupted data continued appearing in some spectral images,
but this problem never affected the spacecratt attitude cohtriconclusions reached about this
problem are as follow,

> The corruption is directly associated with the DMU and OBC temperatures, as is shown
in the figures 5-26 and 5-27.

> The corruption seemed not to be dependent of the radiation environment, as could be seen
in the figure 5-28.

> The frequency of corrupted data increased with the time spent in format 1B. The format
1B exercises the A/D converter mdrequently tharthe format 2A. The tablbelow
shows the results of a test conducted to check this dependency on November 22, 1995.

> The images dichot seem to begin to beorrupteduntil the level of corruption in the
engineering parameters reached values up to 60 %. The engirdsgangprruption is
computed as theumber of pointgorrupted over the totauring thetime considered.
The image corruption is measured as,
(n° (159s) - n° (168:170))/standard deviation

The figure 5-29 shows this effect.

Image n° Time spent in 1B Time spent in 2A since Average around 159 159s
the last time the s/c was | (148-158 and 160-170)
in 1B
LWP 31732 26 m - 79 85
LWP 31733 26 m 7m 82 119
LWP 31734 26 m 14 m 78 121
LWP 31735 26 m 22 m 77 212
LWP 31736 30 m 5m 71 522
LWP 31737 29 m 2m 69 633
LWP 31738 29 m 130 m 77 254
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Operational restrictions.

The appearance of corruptedlemetry values had made it necessargesdrict the operating
temperatures of the OBC and DMU. A Flight Operations Directive (FOD) limited the OBC and
DMU temperatures to 54.6° and 26.1° respectively since January 17, 1995.

The limits imposed orthe OBC were intended to prevent the DMdm reaching the
temperature where the rate of data corruption becomes excessive. The DMU temperature follows
the OBC temperature trend closely but with a lag time; therefore restricting the OBC temperature
should prevent the DMU temperature from reaching its critical point.

5.4.2. DMU radiation monitor.

The DMU Radiation Monitor is a type of “free running”’experiment on board the spacecraft. The
purpose of the package is éxaminethe damaging effect of radiation in space on certain
COS/MOS types of chips. These chips are similar to thesé in the data and command systems
on board the satellite.

Each of the eighthips was monitored for about five minutes, during a monitor sequence, with
data collected every 0.512 sec on all chips. A complete period of all eight cycles appears on the
figure 5-30.
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Figure 5-30. DMU Radiation monitor sequence output.
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Cycles 0, 1, 4nd 6 produce fluctuating voltages which are graphed along with historical data.
Cycles 2, 3, 5 and 7 are constaatues andare displayed in historicagjraph form. Abrief
explanation of the cycles accompanies each graph.

. Cycle 0.(Figures 5-31 and 5-32)
32 cycles of an exponential rise and fall between an approximate 5.20 v and ground.
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Figure 5-31. Cycle O output.
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Cycle 1.(Figures 5-33 and 5-34)

32 switchings between off and device threshold of a PMOS unit.
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Figure 5-33. Cycle 1 output.
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Figure 5-34. History of the Cycle 1 output.
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Cycle 2.(Figures 5-35)
The reading of a low threshold device at a continuous threshold.
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Figure 5-35. History of Cycle 2 output.

Cycle 3.(Figures 5-36)
The operating threshold of a COS/MOS device.
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Figure 5-36. History of Cycle 3 output.



Cycle 4.(Figures 5-37 and 5-38)
32 switchings between off and device threshold of a low threshold device.
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Figure 5-38. History of the Cycle 4 output.
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. Cycle 5. (Figure 5-39)
The reading of a high threshold device at a continuous threshold.
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Figure 5-39. History of Cycle 5 output.

. Cycle 6.(Figure 5-40)
The voltage of a PMOS8hip goingthroughsmallchanges, as it advances through 32

states.
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Figure 5-40. History of Cycle 6 output.
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. Cycle 7.(Figures 5-41 and 5-42)
Measures degree of COS/MOS saturation of an N-channel device.
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Figure 5-41. Cycle 7 output.

Cycle 7

voltage (volts)

-0.10

-0.20 : : : : : : : : : : : : ; ; ; ; ! !
1978 1980 1982 1984 1986 1988 1990 1992 19394 1996
Epoch (year)

Figure 5-42. History of the Cycle 7 output.

In summary, all of the chips have deteriorated 3 % or less except for the chip utilized during cycle
five. This chip has deteriorated approximately 13 % since launch at a slow rate of approximately
0.02 to 0.04 volts per year.



