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ABSTRACT

The Space Sensing & Vehicle Control Branch of the Air Force Research Laboratory and
Voss Scientific, Albuquerque, NM, are developing an advanced PC and COTS-based
satellite telemetry processing, analysis and display system known as the PC-Satellite
Telemetry Server (PC-STS). This program grew out of a need to develop less expensive,
more capable, more flexible, and expandable solutions to the satellite telemetry analysis
requirements of the Air Force. Any new system must employ industry standard, open
architecture, network and database protocols allowing for easy growth and migration to
new technologies, as they become available. Thus, the PC-STS will run on standard
personal computers and the Windows NT operating system. The focus of this work and
this paper is the Telemetry Server component, and in particular, the custom-built
decommutation board. The decommution board will be capable of processing frame
formatted and CCSDS packet telemetry. It will be capable of fully decommutating
telemetry data, converting raw data to engineering units, and providing this data to the
Telemetry Server host. Time tagged engineering units or minor frames of telemetry will be
transmitted to the Telemetry Server processor via on-board memory buffers. The decom
board uses the PCI bus, programmable DSPs, considerable on-board memory, and a
SCSI bus for local archiving. This paper presents the general architecture of the PC-STS,
and discusses specific design considerations. These include trade-offs made during the



design of the board's hardware and software, operational specifications, and graphical
user interfaces to program, monitor, and control the board.
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INTRODUCTION

In 1992, the Air Force Research Laboratory recognized the need to demonstrate new
technologies to the Air Force satellite controllers at Falcon AFB, Colorado. These
controllers are dependent upon mainframe computers for health and status monitoring of
Air Force communication satellites. The mainframes are cumbersome, difficult to
maintain, text based, and expensive. The Multimission Advanced Ground Intelligent
Control (MAGIC) telemetry analysis system was developed by AFRL engineers and
installed in Satellite Operations Center 33 (SOC33). The MAGIC architecture is based on
loosely coupled components that communicate through message passing. It maximized
the use of commercial-off-the-shelf (COTS) products, PC-based hardware, and
distributed network processing. When MAGIC was under development there were no
acceptable PC based solutions to the Front End component of the telemetry analysis
system. In particular, AFRL engineers could locate no PC boards that operated under the
Windows NT operating system and used the Peripheral Computer Interface (PCI) bus.

In April 1996, Voss Scientific was awarded a Small Business Innovative Research (SBIR)
Phase 1 program, “Telemetry Front-End Using PC-Based Solutions”. After a successful
proof-of-concept demonstration, Voss Scientific was awarded, in March 1997, a SBIR
Phase 2 program, “Development and Demonstration of PC-Based Satellite Telemetry
Server Systems (PC-STS)”. The central component of the telemetry server is the digital
signal processing board that performs the functions of telemetry decommutation,
engineering unit calculation, and data distribution. In this paper, we first provide an overall
description of the PC-STS. We then discuss in more detail the specifications and design
of the QTP board hardware and its on-board and supporting software.

PERSONAL COMPUTER BASED SATELLITE TELEMETRY SERVER

The PC-STS operates on standard personal computer hardware under Windows NT. The
system employs industry standard, open architecture, network and database. Below is the
functional diagram of the PC-STS (Fig. 1), followed by a brief description of its major
components.
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Figure 1 PC-STS

The Telemetry Server, aka “Front-End”, accepts digital, pulse code modulated (PCM)
health and status telemetry as input. The Telemetry Server performs frame
synchronization, decommutation, engineering unit (EU) conversion, and time tagging on
the raw telemetry data. Time stamped mnemonics or minor frames are transmitted over a
dedicated, high-speed network connection to the PC-STS Database Server for archival
and distribution. From the database server, telemetry data is routed to Telemetry Analysis,
aka “Back-End”, Workstations as requested by the satellite operator. The PC-STS uses
high bandwidth (Fast Ethernet at 100 Mbps) network connectivity between the Telemetry
Server and the Database Server to handle high telemetry stream data rates. Fast or
standard ethernet (10 Mbps) communications is used between the Database Server and
other system components.

The computational workhorse of the PC-STS is the Quad Telemetry Processor (QTP).
The QTP is a personal computer add-in board that is installed in the Telemetry Server.
The QTP board processes input PCM data streams at rates of 10 Mbps, including frame
synchronization, engineering unit conversions, mnemonic identification, and time tagging.
Additionally, the QTP incorporates an on-board Small Computer Systems Interface
(SCSI) controller for archival and playback of raw telemetry data streams. A Windows
NT 4.0 device driver provides communication between the QTP and application software.

Telemetry decommutation software is modular, and will run on the processors of the QTP
board, the Telemetry Server, or the Analysis Workstations. Decommutation software will



also calculate derived mnemonics and perform limit checking as specified in the telemetry
description.

Finally, Telemetry Specification (TelSpec) program provides a graphical user interface for
specifying the format of Inter-Range Instrumentation Group (IRIG) 106-type telemetry
data frames. The telemetry format description is based on the Telemetry Attributes
Transfer Standard (TMATS) defined in Chapter 9 of the IRIG 106-96 standard (Group P,
D, and C), with some extensions. Entry of the telemetry definition into TelSpec is
permitted either by manual entry, or by importing a previously defined specification.
TelSpec will also import telemetry data stream descriptions created by other systems.
Once a telemetry description is imported it will be represented in the TelSpec native
format, and can subsequently be edited by the user. The TelSpec program runs as an
independent application on any PC-STS hardware platform.

QUAD TELEMETRY PROCESSOR THEORY OF OPERATION

The Quad Telemetry Processor contains two major functional subsystems: the Hardware
Front End (HWFE) and the digital signal processor (DSP) section (Fig. 2). (Note: The
term, “Front End”, refers in this discussion of the QTP to the front end of the PC board
and not the Telemetry Server.) The HWFE performs several functions including de-
serializing the incoming data stream, word synchronization, (optionally) frame
synchronization, time decoding, and raw archiving. The DSP section performs all other
functions including measurand extraction, engineering unit (EU) conversion, change
filtering, and limit alarming. Each of the two major subsystems are themselves composed
of several subsystems discussed below.
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Figure 2. QTP Major Subsystems



Not shown, but significant is the IEEE 1149.1 (JTAG) boundary scan Built In Self Test
(BIST) subsystem. The BIST system allows extensive self- and external- diagnostics to
be performed on the board, so that, in the event a fault occurs it may be easily isolated at
the component level.

The HWFE is composed of the correlator, word map, SCSI, and IRIG time subsystems
(Fig. 3). The correlator recognizes and flags the sync word in the IRIG frame. Together
with some simple logic this performs word synchronization on the incoming data stream.
The correlation subsystem incorporates a Search, Check, Lock (SCL) algorithm in
hardware to establish word sync lock. The SCL algorithm works as follows: the system
starts in Search mode - in this mode it is seeking any occurrence of the sync pattern.
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Figure 3. HWFE Subsystems

When sync has been identified the system advances to Check - in this mode the system is
expecting the sync pattern to re-occur at the position specified in the word map
(discussed below). After a user specified number of minor frames dwelling in Check,
assuming the sync pattern is continuing to be detected at the appropriate intervals, the
system advances to Lock. In Lock this subsystems output data is considered valid by the
other subsystems and processing may continue.

The word map subsystem consists of a large memory that is used to describe minor
frames and optionally, an entire major frame. The word map contains specifications of
individual words in the minor (major) frame including size, big- or little-endian, position,
and sub-frame identification (SFID) flag. Together these specification bits allow all of the
IRIG standard telemetry format to be decoded as well as various common extensions
such as non-uniform word size, segmented sub-commutation spanning more than 1 minor
frame, arbitrary SFID position. If the word map is used to specify an entire major frame



this subsystem also performs major frame synchronization. For major frame
synchronization, this subsystem looks for a match between the minor frame SFID
(specified in the word map) and a user specified maximum minor frame number. When a
match is detected the word map is reset at the end of the current minor frame. All output
data from this subsystem is now major frame synchronized on output. The word map
memory and associated logic allow for the maximum (16384) number of words permitted
in the IRIG standard. This design is flexible enough to permit the decoding of any serial
data stream provided it contains a regularly recurring synchronization pattern no more than
64 bits in length, and separated by no more than 262,080 bits. As a result CCSDS
telemetry and others can be handled by the front-end hardware.

All raw data presented to the front end, once word synchronization has been established,
can be presented to a SCSI interface for archival storage. Although the interface expects
to be connected to a high speed AVI disk drive, the storage device is treated much like a
tape. A fixed size “directory block” is allocated at the beginning of the device. This
contains the starting block, absolute start time, and length of each pass. The remainder of
the storage space contains contiguous streams of data from each pass. This architecture
permits many different types of storage devices to be connected to the SCSI interface. In
slow data environments a tape may be used in place of a disk drive.

The IRIG time subsystem is capable of decoding IRIG A, B, G, and H time formats as
well as NASA36 and others. The time input is used to provide an absolute time reference
at the start of a pass to both the archival storage device and the host interface. During the
pass the assumption that the data rate is constant is used to provide relative time stamps
for individual words in the data stream. IRIG time is decoded by firmware running in a
micro-controller in the front end, as a result new time formats can be accommodated by a
simple firmware upgrade. The only limitation is that the data rates must be slower than 100
Kbits/sec.

The DSP subsystem consists of 4 identical units (Fig. 4). Each unit contains a high speed
Digital Signal Processor (Texas Instruments TMS320C44), and 3 memory arrays. The
first memory array of each DSP is a dual port buffer connected between the DSP and the
HWFE. These dual ports allow, to all 4 DSPs, simultaneous access to the data presented
by the HWFE without contention. Each DSP has a code/data memory that holds the
currently executing program for each DSP and its data. Finally each DSP is connected to
a large (256K x 32 x 2) segmented memory buffer which is also connected to the PCI
interface. These “ping-pong” buffers are segmented to allow the host computer to access
output data from each DSP without blocking the DSP s access. All 4 DSPs are connected
to each other via high speed serial links allowing them to cooperatively process the data
presented by the HWFE. Because decommutation is performed entirely in software, the
system is very flexible. The host computer loads the DSPs with software at run time, so



the system may be re-configured quickly. Each DSP is capable of 20 MIPS sustained
operation providing ample computing power to process the most complex IRIG frames
or Consultative Committee for Space Data Systems (CCSDS) packet telemetry, at speeds
in excess of 10 Mbits/sec.
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Figure 4 DSP and memory (1 of 4)



Figure 5 is drawing of the Quad Telemetry Processor board.

Figure 5 Quad Telemetry Processor

TELEMETRY SPECIFICATION PROGRAM

The TelSpec program is a 32-bit Windows application for specifying telemetry definitions.
The telemetry definition provides enough information for both front end, i.e., QTP, and
back end, i.e., Analysis Workstation, processing, including frame sync, measurand
processing, derived measurand computation and engineering unit conversion. TelSpec
supports definitions based on the data format portions of the Telemetry Attributes
Transfer Standard (TMATS) in IRIG standard 106-96. Several class II characteristics are
supported (longer word and frame lengths, fragmentation, format change, asynchronous
embedded formats), as are some characteristics which are not supported by TMATS
(synch pattern bit-slip and flywheeling, arbitrary word length and location).

TelSpec has four primary functions:

1. Assist in the creation of new telemetry definitions.
2. Display existing definitions (for examination or editing).
3. Import definitions that were created by other means.
4. Convert the definition to a format that can be used by the QTP and
decommutation software.

Creation of new definitions is accomplished with a variety of Windows dialog interfaces
that perform error checking automatically during the definition process. User entered
values are checked for valid input, then checked against the rest of the existing frame
definition. Frame level verification is of particular importance for word locations, because
they have several methods for placement and can be fragmented throughout the frame.
The definition of a major frame proceeds top down, following the layout of TMATS.



Once a major frame has been defined, the frame viewer can be used to display the
placement of the minor frames, subframes, asynchronous streams, and words. Moving the
mouse over a measurand location highlights all components of the word, which allows the
user to easily identify fragmented and supercommutated words. Tool tips provide
additional item information as the mouse moves over the frame. Clicking on any portion of
a measurand or subframe takes the user directly to the corresponding dialog interface. The
frame display supports zooming and scrolling, and TelSpec supports the display of
multiple frames.

The next few figures are examples of TelSpec interface dialogs. The dialog shown in
Figure 6 allows the user to describe the minor frame. Notice that the user can specify the
number of minor frames in a major frame, the size of a minor of a minor frame, its
synchronization pattern, etc. The buttons on the lower right of the Frame Definition dialog
will present the user with lists of options when double-clicked. If the user should double-
click the “Subframe IDs” button and the appropriate list item, the “SubFrame ID” dialog
shown in Figure 7 will appear.

Figure 6: Top Level Frame Definition



Figure 7: Subframe ID definition

Double-clicking the “Measurands” button in the Frame Definition dialog will eventually
lead the Measurand Definition and Measure Location dialogs shown in Figures 8 and 9,
respectively. Notice that the example measurand, “meas02”, is fragmented, and has been
defined across the major frame.

It would become rather tedious to individually enter many measurands, especially when
one realizes that a satellite may have thousands of health and status measurands. A method
will be provided to duplicate a measurand’s definition to create a new measurand.

Figure 8: Measurand Definition dialog



Figure 9: Measurand Location

Support will also be provided for specification of CCSDS format data, down to the
packet level. The user will first specify general parameters, such as the error correction
type, synchronization pattern and number of virtual channels. The user will then specify
which channels should be processed and which packets should be distributed. Support
for packet processing may be included in the future, as standards for packet definition are
developed and mature.

A telemetry format description translator will permit users to import their descriptions of
the telemetry into the TelSpec telemetry format description. We will provide a translator
which imports the data format description used by VSSS to TelSpec. We will also
provide a post processor that imports TMATS into TelSpec. We plan to implement these
translators using a “meta language” which will provide a means to specify the form (i.e.,
the syntax, grammar, and semantics) of descriptions of data formats. This meta language
will provide a means for users to describe how to translate a variety of data format
descriptions into TelSpec.

The final crucial function of TelSpec is to convert the telemetry data description into
implementation of the telemetry format description into actions in the QTP board and the
rest of the telemetry processing system. This includes setting up the correlator in the QTP
board, loading the word map which controls how the board assembles the telemetry data
into parallel words, and loading the software and data tables in the DSPs of the QTP
board. This code and data in the QTP decommutates the telemetry data into time stamped
records of mnemonic tag and values. The QTP can also provide engineering units
conversions and alarm level tagging of decommutated values. The QTP can also strip out
one or two asynchronous embedded streams from the telemetry data and send them out



as NRZL data and gated clocks. TelSpec distributes functionality to the host computer
containing the QTP board or to other components of the telemetry processing system
depending on the processing requirements and system resources.

CONCLUSION

This paper has described in this paper is the Quad Telemetry Processor that is being
developed by Voss Scientific and AFRL. This PC board combines the capability of
frame synchronizing and formatting hardware with the flexibility and processing power of
a programmable array of digital signal processors. It performs functions such as
engineering unit conversion and limit checking that are usually reserved for the host
computer.

Equally important is the Telemetry Specification program. TelSpec will allow the user to
create and edit telemetry format specifications in an easy to use graphical environment.
The TelSpec program processes user input and produces database records containing all
necessary information to generate frame synchronization, time tagged minor frames, or
decommutated data from a raw input telemetry stream. The TelSpec program also
includes the ability to provide definitions of engineering unit conversion and derived
mnemonics.

AFRL/VSSS is creating a Testbed for evaluating satellite autonomy software &
techniques. One goal is to demonstrate the ability to integrate and install “lights-out”
ground station at AFRL in 90 days using PC’s and COTS software. This goal will
require, in part, a quickly programmable Telemetry Server. The PC-STS, with its
configuration interface, TelSpec, and its ability to quickly load software onto the
programmable QTP, will be an important component in the Testbed.


