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DISTRIBUTED MICROPROCESSING OF PCM
TELEMETRY PROVIDES UNLIMITED REAL TIME

ANALYSTS DISPLAYS

James F. Johnson
The Aerospace Corporation
Box 92957, M/S M6-213
Los Angeles, Calif. 90274

ABSTRACT

Invariably, during the launch of large scale spacecraft, there is a need to provide large
numbers of analysts with real time telemetry displays. This is especially true of “one-of-a-
kind” or “first-of-a-series” spacecraft. These analysts have a wide range of needs and are
specialists in many diverse disciplines. The problem is how to divide up a high speed
telemetry stream in such a way that each analyst has access to the measurements of
interest. Many large scale systems have been built to do this, but are often limited as to the
number of displays that can be supported, and are easily swamped by data requests.

This paper presents a microcomputer architecture which supports an unlimited number of
individual displays and provides each analyst with access to all measurements from which
data of interest may be chosen at will, with no affect on system throughput. In addition,
the system is inexpensive, very flexible, and relatively easy to implement.

INTRODUCTION

The purpose of this paper is to describe a technique for displaying PCM telemetry data
for a relatively large number of analysts in a real-time situation. The basic elements of the
system are described in the context of a typical application, that of a space launch vehicle.

When a “one-of-a-kind” or “first-of-a-series” space vehicle is launched, there is a need to
import a group of specialists that are already well acquainted with the spacecraft, but are
not part of the normal launch operation cadre. These specialists need particular fragments
of the total telemetry stream, and they need to pick and choose data to support and
inform their specialty.

This quest of data often disrupts and sometimes overwhelms standing systems in place to
support normal operations. It is therefore desirable to have an auxiliary display system



which easily interfaces with existing equipment, and can be installed and later removed
quickly. It is also good if this equipment is inexpensive especially if it is to be used only
for a short time. A block diagram of the system is shown in Figure 1.

The computing engines chosen to accomplish this task are a collection of AT(80286) type
personal computers. These were chosen for their capability, availability, and relatively low
cost. Each unit is fitted with dual 20 megabyte disk cartridge drives for program and data
storage and 80287 math coprocessors. As explained later, one of the units will be fitted
with a “PCM Parallel Link Interface (FIFO) card, and becomes the “preprocessor”. The
remainder of the units will become display workstations (as many as required). All of the
units are fitted with a high speed serial communications card, also described later. A
standard frame synchronizer completes the system. The frame synchronizer was included
in the system to simplify the interface with the existing ground stations.

The system described here has been used on several large spacecraft programs with
excellent results. In addition to real time mission operations is has been found useful in
factory checkout and post mission analysis applications. The application upon which this
discussion is based, has a telemetry data rate of 64 kilobits per second sending over 1200
separate measurements of fifteen different data types. These included binary, eight and
sixteen bit analog, hexadecimal, and single and double precision floating point. The
system is usable for telemetry data rates approaching one megabit/sec without substantial
change.

It should be noted that the system is designed to operate on “clean” data, that is, there is
no attempt to operate on partial frames, or to reconstruct frames. Bad frames are rejected
and missing data is flagged to prevent its use.

THE REAL TIME INTERFACE

The preprocessor is the “heart” of this system, it is responsible for pumping data
throughout. At the same time it is also recording the data stream as it is coming in. This
process is called “logging” the data. The preprocessor also broadcasts the data to all of
the display units. Broadcasting is a one-way flow requiring no response from any of the
displays, so any of them may be taken off-line without affecting the preprocessor or any
of the other displays. Thus the preprocessor is presented with a constant load
independent of how much display processing is going on. Figure 2 is a block diagram of
the preprocessor. The parallel link interface card, as it’s name implies, is the interface with
the frame synchronizer, which is a standard device used to accept the serial data steam,
searches for the “sync word” then begins to output eight bit words to the FIFO card.
This card relieves the preprocessor from having to service the word by word inputs. The
incoming words are temporarily stuffed into the FIFO registers on the card while the



preprocessor is performing its other functions. The FIFO’s are deep enough to accept
several main frames so unloading the FIFO’s is not a time critical event. Figure 3 is a
block diagram of the FIFO card. An auxiliary FIFO register is used to store frame word
counts so that the unloading is frame coherent, and can detect an erroneous or broken
frames.

As the frames are unloaded from the FIFO card, the preprocessor starts storing them in
memory in an N x M matrix where “N” is the length of the main frame (in bytes) and “M”
is the number of frames in one complete telemetry cycle. The preprocessor examines the
“frame count” imbedded in each frame so that it can be stored coherently in the memory
block. Subframing and super/sub-commutation is handled by the display processor.

When the first complete telemetry cycle has been received, it is then written to the “log
file”. A “header” is put on each block of data which includes the time the first frame of
the cycle was received and other housekeeping information. The timing of all the data
within a block can be derived from the time of the first frame contained in the block
header.

The preprocessor uses two drives for logging. It checks the remaining space left on the
device in use and when there is insufficient room for another block, a file is opened on the
free drive, and logging continues. The system operator then places a fresh cartridge where
the full one was and the ping-pong logging can continue indefinitely. At 64 kb/s, the
20 mb cartridges hold about 45 minutes of data. The beauty of this data recording
technique quickly becomes obvious: The need for huge “disk farms” are eliminated,
because only the bare minimum (raw) data is saved and is only processed when the data
is viewed.

When the full block has been received, the broadcast process is also started. The
preprocessor begins feeding the current block to the special serial card using DMA
techniques, as described in the next section.

THE DATA DISTRIBUTION SYSTEM

For convenience and simplicity, it was decided to distribute the data using a serial
communication system. Several Local Area Network systems are available, but these are
usually accompanied with substantial overhead software requirements. The ultimate
solution was to design a serial card around the Intel 8274 which supports both async and
synchronous protocols, and was fitted with a DMA controller (Intel 8237) to make the
distribution relatively transparent to all of the processors involved.



The card actually has two separate channels, so one is configured as a transmit channel
and one as a receive channel. Thus the cards are all identical and can be plugged into
either a preprocessor (transmitter) or display processors (receivers). The card’s transmit
or receive software parameters are set at load time. The RS-422 protocol was chosen
since it can drive up to one mile of twisted pair wire.

To distribute the RS-422 signal to all of the displays, a “splitter” box was designed which
simply “fans out” a single signal to eight drivers. The one-to-eight splitter boxes can be
cascaded to provide as many drive signals as desired.

This serial card can support data rates up to 880 kilobits per second. The only
requirement on this rate is that it exceed the telemetry data rate.

ADDING A SECOND DATA STREAM

After the basic system was configured and operating, it was decided that it would be very
useful to add some measurements from the Space Shuttle to the spacecraft telemetry. The
desired data was available in a low speed (9.6 kb/s) widely distributed data stream called
“Orbiter Ancillary Data” (O-A). The data comes in the standard NASCOM block format.
A special card was designed and built around the VLSI correlator and NASCOM
deblocker chip set designed for this purpose by Goddard SFC. A block diagram of the
card is given in Figure 4. The preprocessor software was revised to unload the “O-A”
data from the card in much the same way as the FIFO card above. The desired
parameters from the O-A block are then inserted into some spare locations in the basic
N x M memory block. These new measurements then appear to be part of the original
data steam and can be used in the same way.

THE TELEMETRY DATA BASE

Before describing the various ways to display data, an understanding of the telemetry
“data base” is needed. This data base is provided “on-line” at each display processor.
Each telemetry measurement has an entry in this base which describes how the raw
telemetry data is to be converted (calibrated) into engineering units, the title of the
measurement, alert/alarm limits, display units, and other pertinent information such as
which frame and word(s) where the raw data is located. Most large space craft systems
already have a data base similar to this, so it is usually a matter of editing it into a form
needed for this system. The data base for this example system is approximately 750
kilobytes in size. It is important to note that the entire data base is not loaded into
memory, only the items associated with the measurements called for in the display are
extracted from the base and loaded into memory.



THE DATA DISPLAY SYSTEM

The display processor, fitted with a serial card, is connected to the data distribution
system through it’s receive channel. A relatively small (less than 64k) program called
“Data Communication Interface” (DCI) is installed at load time. It is a “Terminate-Stay
Resident” (TSR) type. It configures the receive card for reception of the data block being
transmitted and puts it into an N x M memory space which mirrors the preprocessor
memory block. This is accomplished via a DMA process which requires only about 2%
of the display processor computing capability. The DCI program remains active, as a
background task, automatically updating the memory block whenever a new one is
transmitted by the preprocessor.

The DCI program is fitted with “hooks” to allow the display software to call it at any time
and request portions of the raw telemetry as needed for display. It also has status flags to
indicate that the block has or has not been updated since the last interrogation. It is the
responsibility of the display writer to pole DCI upon completion of the display routine to
see if a new data block has been received. Thus if a complicated display routine is running
and takes longer than the time between block updates, the display routine need not be
interrupted by the data distribution function, it will miss an update, of course. Experience
has shown that the time between updates is sufficient to complete most display tasks. The
analyst may shut off the data stream at his display to examine an event extensively before
continuing to monitor the data stream.

Most display requirements can be accommodated using a “generic window” which
provides several pages of 20 measurements per page. The structure of the window is
fixed and the measurements are called from a “list” of measurement numbers provided by
the analyst. The analyst may prepare several lists for different situations ahead of time or
can make up a new list in real time if necessary. The generic window is very useful since it
requires minimal analyst training.

The generic window described above does not provide for “derived” measurements, such
as combining several measurements in an equation. An example of this might be
converting Cartesian navigation coordinates into more easily understood orbital
parameters, or converting attitude quaternions into body referenced rotations. This
represents one of the most powerful applications of this system.

To accomplish the above, the DCI program provides an interface to the telemetry data
base, that can be called using a list of measurement numbers. The analyst can write a
custom display program either in “C” or Fortran to make these calls and construct the
desired display screen. Usually the analyst program cycles, then waits for the next block
update.



The DCI program also provides for local “logging” of the data stream. This is useful in
the case where an event is coming up that the analyst is involved. The log is identical to
the preprocessor log in that the entire data steam is preserved except that a logging
interval can be specified such that only every Nth block is saved. An analyst can thus
have his own local “history” log for later analysis. The DCI software can drive the display
either from real-time telemetry or from a log file. When driven by the log files, the analyst
has the added advantage of “backing up” through the data or advancing through the log to
a specific time. Original preprocessor logs (or copies) may be viewed at any of the
display processors. This feature is very useful for “post mission” analysis.
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FIGURE 1:  BLOCK DIAGRAM OF THE SYSTEM

FIGURE 2:  PRE-PROCESSOR



FIGURE 3:  THE PARALLEL LINK INTERFACE (FIFO) CARD

FIGURE 4:  THE ORBITER ANCILLARY (O-A) DATA INTERFACE CARD


