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Programs Group
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El Segundo, California

ABSTRACT

Telemetry data collected during the several months of satellite acceptance testing are
voluminous. These test data should be presented in an optimum fashion to facilitate
thorough review, leading to high confidence in the quality of the satellite prior to launch.
This paper defines various telemetry data types, discusses an optimum method for
presentation of each, and summarizes an actual application of these principles. Comparison
with earlier methods is included.

INTRODUCTION

Spacecraft status and health telemetry generated during satellite acceptance testing is
voluminous, yet must be recorded, processed, stored, retrieved, and reviewed. In designing
a system to accomplish these tasks, several tradeoffs should be considered so that an
“optimum” system is defined. Items considered typically should be:

a) Presentation format

b) Availability

c) Reviewability

d) Data storage

e) Processing hardware

f) Processing software



This paper briefly examines these items and proposes a method of data definition which
aids in optimizing the entire hardware, software, and review process. Emphasis is placed
on the presentation format which enhances the reviewability of data. Application of these
principles to an actual telemetry reduction system upgrade, implemented in 1982 and used
currently, is discussed. Comparisons are made showing the improvement over the former
system.

The large volume of telemetry data generated is caused by the duration of acceptance
testing. Acceptance testing usually starts with the integration of a set of spacecraft
hardware sufficient to permit a telemetry signal to be generated, and continues until
“delivery” of the spacecraft. This period can last for several months and can generate
gigabits of telemetry.

One obvious question is: “Why look at all this telemetry at all?” The primary reasons are
to verify the operation of the spacecraft hardware and software, and to detect trends that
may imply instability or possible early mortality. Secondary reasons are to provide
diagnostic data for anomaly investigations, to train operators for on-orbit support, and to
verify ground software data bases. For these reasons, it is imperative that a coherent
method of telemetry presentation be used in order to aid operators in performing a
thorough review of data. A presentation in binary, “101010111000100101010” or in octal,
“2517 4162 3416” is extremely difficult to interpret, while “Spacecraft OK” is equally
difficult because the latter imparts no detailed information.

The optimum presentation format should contain all information contained in the telemetry
stream, but should eliminate redundancy. It should be compact enough to encourage a
complete review of all telemetry data and still have the ability to make potential problems
obvious. Implementation of these concepts will provide motivation for thorough review
and minimize data review time.

Availability implies that data is there when needed without further processing. Delays
caused by unavailable data and subsequent retrieval obviously reduce efficiency of the
review process. A “hardcopy of all data” philosophy minimizes delays.

Optimum reviewability implies that the data can easily be located, in a form that is easy to
evaluate. Any particular parameter or set of parameters should be available without sorting
through pages of printout, and should not be buried among other parameters. Engineering
units should be presented wherever possible.

Storage requirements present a more serious challenge. Most systems are required to have
an analog tape recorder for the baseband telemetry as a backup to real-time processing.
Recovery of telemetry from tape, however, requires the entire telemetry processing



system, which is usually being used for real-time tasks. Practical availability limitations
lead to the conclusion that all telemetry must be provided in hard copy as the telemetry is
generated. This also satisfies contractual requirements for permanent archival records.
Short-term storage of data on disk permits certain analog telemetry to be compressed
before being presented for review. If unusual events are noted, uncompressed versions can
be requested and presented. Interim storage may be minimized by setting the review time
as near real time as possible.

Little needs to be said about processing hardware. Today’s modern minicomputers and
even some microcomputers have enough power to process most satellite telemetry bit
streams.

Software processing complexity is generally limited by time available for development and
available dollars. Simple and standardized algorithms lead to less costly and more reliable
software.

DATA DEFINITIONS AND EXAMPLES

In defining formats and processing to achieve the desired optimization, five types of data
may be defined:

a) Slowly varying analog data

b) Rapidly varying analog data

c) Digital status data

d) Sequenced event data

e) Data requiring Processing prior to review

Slowly varying analog data can be typified by a temperature sensor output. A large
percentage of spacecraft telemetry points are of this type. Analog plots are the easiest to
review. The plots should contain all data, including any short-term deviations from mean
values. Both the horizontal time scale and the vertical engineering value scale should be
selectable by the reviewer so that if unexpected discontinuities appear, either scale may be
expanded to look at individual telemetry points. Standard algorithms written in assembly
language permit analog plots to be generated rapidly and then displayed on a CRT and/or
hardcopied. By selecting the time scale to a standard shift or 12-hour period, most
expected variations may be readily seen by examining chronological sequences of any
given parameter. These hardcopy sequences may then be mounted in a notebook by



parameter for archiving. An example of this type of plot is shown in Figure 1. Note that the
plots can contain several thousand telemetry points, thus achieving considerable data
compression.

Rapidly varying analog data can be typified by satellite bus currents or motor currents.
This type of data may be analog plotted initially like the slowly varying type on a shift or
daily basis (Figure 2). Since the rates of change in the data are higher, more apparent
discontinuities will appear, and hence more expanded plots are required to verify normal
satellite operation. An example of this type of plot is shown in Figure 3.

All analog data should be retained in an easily retrievable form until a complete review is
made of each parameter. Hard disks of the 10 to 50 Mb size are a convenient interim
storage medium. These disks permit several days of analog telemetry storage, and thus
allow several days for data review before old data is overwritten with new data, and the
ability to recall some of the old data for more detailed review is lost.

Digital status data is typified by switch positions, box off/on status or box selection. These
data are usually contained on subframes and are highly redundant. Changes are infrequent,
and the telemetry changes are generally in response to a command sent to the satellite from
test equipment. All useful information is obtained by recording changes (events) only, and
processing requirements are standardized by storing all digital status telemetry points
whenever any one of them changes. The changes may then be flagged and categorized as
either a “proper” response to a command, or an “improper” change, indicating an anomaly.
In this fashion, the volume of telemetry saved and printed is small, and the flags enhance
potential problem identification.

Figure 4 shows a printout of this type of data. Each four-line sequence is representative of
two 8-word subframes. Each word contains eight binary bits. The caret below each binary
bit implies that this particular bit is a digital status bit. The remaining bits are not of
interest in this presentation. Commands sent to the spacecraft are printed below the four-
line sequence at the approximate time that the telemetry was being generated, so that a
time correlation between the command and telemetry response is available. Each sequence
is time-tagged with Julian date and time. In each four-line sequence there will be one or
more digital status bits that have changed from the prior four-line sequence. Masks and
logic in the data processor can determine if a particular change was due to the command
issued, or if a bit “flipped” unintentionally. By reviewing this “event” format carefully, the
response of the spacecraft to commands may be checked and extraneous bit changes
recognized easily.

Sequenced event data is typified by command sequences. Such sequences are generally
asynchronous to telemetry and random in time. They do depend, however, on events



happening in the system in a predictable sequence. By recording event data as the
sequence occurs in time, a complete history is generated that will verify operation and
permit maximum allowable diagnostics in the event of erroneous behavior. An example of
this type of plot is shown in Figure 5. Each event is recorded in four lines. The top line
includes (from left to right): time tag, a command vector sent to the spacecraft by the test
equipment, two 7-character command counters, the command vector currently loaded into
the vehicle, and finally a telemetry reference word. The second and third lines are semi-
random data from which the signal level input to the spacecraft receivers may be deduced.
The last line is the binary status which represents the configuration of the command system
for the last 20 telemetry samples. Note that this format is all the data available on telemetry
to perform any required diagnostics.

The last type of data to be defined is that requiring processing by the ground system prior
to review. This data is typified by earth width measurements gathered by a spinning
satellite. As this data is dependent upon satellite spin rate which is also a telemetered
parameter, processing via a standard algorithm permits displays in engineering units.
Figure 6 is an example of this presentation. Here each of four parameters (spin rate, sun
angle, north earth width, and south earth width) is presented in an octal representation of
the actual telemetry and also in engineering units. Since this information is a small
percentage of all telemetry, all of this data should be provided in hardcopy form for
archiving.

Hardware/Software Implementation

The examples listed above were implemented on a Hewlett Packard 1000 Series
minicomputer. Peripherals included 2 Mb of random access memory, digital tape recorder,
control CRT and printer, CRT and plotter for analog plots, and a high-speed printer for all
other telemetry printouts. Two 50 Mb hard disks were included, one used for all telemetry
reduction programs, telemetry event data and payload test programs and data, the other for
storage of raw telemetry. The latter disk provided storage for a minimum of 7 continuous
days of telemetry, providing ample time for a review of all pertinent parameters plus
generation of any additional expanded plots that were required. The operating system used
was RTE-VI, capable of multitasking. HP Fortran 77 was used extensively.

Improvements

The baseline system from which this improvement effort originated consisted of an early
1970’s Hewlett Packard computer with limited speed and memory. The operating system
was not multitasking, and hence the prime task of the computer was to format the
telemetry from binary to an octal presentation and print each frame in real time.
Considerable effort was expended to provide the most “readable” format as shown in



Figure 7. Each 64-word main frame is displayed as three lines of octal bits. The start of
each frame occurs at the one-character indentation at the left margin. The spacing of
characters from one line to the next was chosen to enhance scanning the data down the
page; however, reviewers generally developed overlays to accentuate particular
parameters. This format provided all the telemetry all the time, but review was tedious and
affected motivation of the reviewer. Another form of telemetry processing was provided by
sampling the latest frame of telemetry data and then converting each parameter to
engineering units prior to printing. This format was very readable but was limited to only
one frame of data at a time and not useful for trend or diagnostic analysis.

The volume of paper generated and requiring review was approximately one and one-third
boxes (4000 pages) per day. Nearly 100 boxes were generated during a spacecraft
Acceptance Test. Approximately 2 man-days were spent reviewing each box of printout.
Several anomalous events were overlooked and only discovered months after the initial
review was completed.

The improved telemetry reduction system described herein required the generation of only
12 boxes of printout over a 7-month Acceptance Test period, of which approximately
4 months were actual electrical testing. Three boxes were analog plots, four boxes were
digital status printouts, and five boxes were sequence event printouts. Telemetry requiring
ground processing resulted in approximately one-eighth of a box. This large reduction in
hardcopy volume was also aided by selecting printout of only those parameters involved
with testing at any given time. For example, attitude control parameters were suppressed
on a shift if only payload testing was involved. Review time was reduced to approximately
2 man hours per day of electrical testing. A more thorough review also resulted.

CONCLUSIONS

A spacecraft telemetry reduction and presentation system may be optimized by defining
various data types and designing presentation formats for each type, which aids in data
compression and reduces data review time. This philosophy may be extended to other
systems that require telemetry for a measure of status and health. The data types defined
herein are general in nature and apply to most telemetry systems. Reductions in printouts
and review time can be an order of magnitude over systems where all telemetry is printed
without compression and then total review is attempted. Such an “optimum” design
provides the greatest value in terms of minimum overall cost, minimum man-hour review
necessary, minimum record generation, and most important, a thorough and complete
review of all pertinent data.



Figure 1 - Slow Variation of Analog Data

Figure 2 - Rapid Variation of Analog Data (Compressed)



Figure 3 - Rapid Variation of Analog Data (Expanded)

Figure 4 - Digital Status Event Data



Figure 5 - Sequenced Event Data



Figure 6 - Processed Data



Figure 7 - Octal Format from Earlier Presentation Method


