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PC-BASED TELEMETRY AND COMMAND FRONT-END FOR A
DISTRIBUTED SATELLITE CONTROL SYSTEM

Mary Ellen Orsino and Michael Williams
Avtec Systems, Inc., Fairfax, Virginia

ABSTRACT

Satellite Control Systems require a front-end component which performs real-time
telemetry acquisition and command output. This paper will describe a fully networked,
PC-based telemetry and command front-end which supports multiple streams and is based
on Commercial Off The Shelf (COTS) technology.

The front-end system is a gateway that accepts multiple telemetry streams and outputs
time-tagged frame or packet data over a network to workstations in a distributed satellite
control and analysis system.  The system also includes a command gateway that accepts
input from a command processor and outputs serial commands to the uplink.  The front-
end can be controlled locally or remotely via the network using Simple Network
Management Protocol.  Key elements of the front-end system are the Avtec
MONARCH-E PCI-based CCSDS/TDM Telemetry Processor/Simulator board, a
network-based, distributed computing architecture, and the Windows NT operating
system.

The PC-based telemetry and command gateway is useful throughout the lifecycle of a
satellite system. During development, integration, and test, the front-end system can be
used as a test tool in a distributed test environment. During operations, the system is
installed at remote ground stations, with network links back to operations center(s) for
telemetry and command processing and analysis.
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INTRODUCTION

This paper describes an innovative, PC-based satellite data acquisition and command
front-end which takes advantage of the state-of-the-art in networking, computing, and
software technology. The telemetry front-end is a gateway that accepts multiple telemetry
streams and outputs time-tagged frame or packet data over a network to workstations in a
distributed telemetry analysis system. The system also includes a command gateway that
accepts input from a networked command processor and outputs to the uplink. Key
elements of the front-end system are:

• A PCI-based CCSDS/TDM Telemetry Processor/Simulator board,
• Distributed computing architecture based on the TCP/IP network protocol,
• Remote operating capability using Simple Network Management Protocol (SNMP),
• Easy integration with existing satellite telemetry analysis and command processing

software.

Satellite Control Systems require a front-end component which performs real-time data
acquisition and commanding. These front-end systems have historically been built on
complex, proprietary bus and computing architectures in order to provide real-time
decommutation and parameter processing. These closed architectures eliminate the ability
of these systems to “ride the wave” of continual increases in computing power and make
them difficult to program.  As PC-based front-end systems began to evolve, however, they
were limited by outdated bus technology (ISA) and network technology (Ethernet) which
severely limit throughput. With the recent development of the Peripheral Component
Interconnect (PCI) bus and development of telemetry products on that bus, we are now
capable of processing multiple high-speed data streams on the PC. Another enabling
technology is the availability of mainstream, multitasking operating systems for PCs that
are processor independent.  This allows us to take advantage of advances in processor
speeds even after the system is developed.

With the reduced cost of high speed (greater than 100 Mbps) networking, the higher speed
of the PCI bus, increases in processor power, and advances in software technology, it is
now possible to create a distributed satellite control system based on COTS technology.
In the front-end system described, application specific hardware is limited to the PCI-
based CCSDS/TDM Telemetry Processor/Simulator board(s), a bit synchronizer (if
required), and  IRIG time card.  Command processing, decommutation, and parameter
processing are performed in software by workstations which are connected to the front-end
by a high speed network. The system can be controlled locally or remotely via the network
using SNMP. The use of standard network protocols (TCP/IP) and inter-process
communication (IPC) mechanisms (sockets and RPC) facilitate integration with existing
telemetry analysis and command processing systems.



SYSTEM ARCHITECTURE

The front-end system is based on the architecture of a standard PC.  A block diagram of
the front-end processor is shown in Figure 1. The PC contains PCI and ISA I/O busses as
well as the standard PC peripherals and I/O ports. The application specific interfaces
include a PCI Frame Synchronizer/Telemetry Simulator with Reed-Solomon
Encoder/Decoder card for each telemetry stream, and a Time Code Processor. All of the
hardware elements in the front-end system are available commercial off the shelf (COTS).

The front-end system acquires the telemetry data streams using PCI-based Frame
Synchronizer/PCM Simulator cards. A block diagram of the PCI card is shown in Figure 2.
Each PCI board receives PCM serial data and clock from a bit synchronizer and outputs
frame data to the PCI bus. The card performs frame synchronization using an adaptive
strategy, serial-to-parallel conversion, and Reed-Solomon decoding at current rates of 25
Mbps (100 Mbps and higher rates will be available in the near future.)  Frame data with
time-stamp and quality annotation is transferred at 132 MB/sec into the PC memory for
further processing. This board is more like a network interface card than traditional frame
synchronizer / decom cards in that it provides a stream of frame data to the PC rather than
individual raw measurements and tags. Because of this flexible stream architecture, the
card can support both time-division multiplexed (TDM) framed telemetry as well as
packetized telemetry.

The CCSDS/TDM Processor/Simulator is a bidirectional board which can also support
Telemetry Simulation, Command Output, and Bit Error Rate Testing. As a Telemetry
Simulator or Command Output, this PCI-based card reads frame data from PC memory
and outputs serial clock and data at up to 25 Mbps. In addition, the output channel
performs Reed-Solomon encoding, interleaving, CRC encoding, sync marker insertion,
pseudo-randomization, and convolutional encoding. The board also supports bit error rate
testing and data quality monitoring for testing and pre-pass verification functions.

ENABLING TECHNOLOGIES

PCs currently support several processor alternatives in addition to the Intel x86 family,
including the Power PC, DEC Alpha, and MIPS processors. Many PC architectures also
support symmetric multiprocessing. This provides the flexibility to select a CPU subsystem
for the front-end PC which offers the best performance and price for a particular
application.



The Peripheral Component Interconnect (PCI) bus has been universally accepted as a high
speed I/O bus for both PCs and workstations. The 32-bit, 33 MHz PCI bus provides
transfer rates up to 132 MB/sec, and future 64-bit, 66 MHz PCI implementations will
provide transfer rates up to 528 MB/sec. PCI is a multi-master bus with an arbitration
scheme that is designed to set deterministic limits on bus latency. The high bandwidth and
limited bus latency make PCI an ideal choice for the multi-channel front-end where several
bus masters can be contending for the bus. PCI also offers interrupt sharing and auto-
configuration which alleviate many of the resource conflicts that are present in ISA bus
systems.

The overwhelming popularity of PCI has resulted in a wide range of low-cost, high-
performance peripheral adapters for video, networking, and data storage. The front-end
system can include network adapters for Ethernet, Fast Ethernet (100 Mbps), or
Asynchronous Transfer Mode (ATM) depending on the requirements of a particular
application. The front-end system uses a SCSI interface to control the local data storage
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Figure 1:  PC-based Front-end Processor Block Diagram



Figure 2:  PCI-Based CCSDS/TDM Processor/Simulator  Block Diagram

media.  The front-end can support logging of multiple telemetry streams at very high rates
by assigning one storage device to each stream. This eliminates the “thrashing” of the disk
that can occur when logging multiple streams to one disk.

The front-end system software uses the Windows NT operating system. Windows NT
supports multitasking with multiple execution threads, symmetric multiprocessing, and
standard IPC mechanisms such as sockets and Distributed Computing Environment
(DCE). Concurrent processing of multiple telemetry streams requires an operating system
that supports fixed priority execution threads. Support for standard IPC mechanisms is
required for seamless communication between tasks on the front-end and tasks on other
platforms. Windows NT also provides many COTS applications for software development,
data-base programming, data analysis, and data display.

TELEMETRY GATEWAY

The front-end system can process both TDM framed telemetry as well as CCSDS
packetized telemetry. For each TDM telemetry stream, the front-end performs minor frame
synchronization,  time-stamping, and major frame synchronization. For each CCSDS
packetized telemetry stream, the front-end performs frame synchronization, error detection

SD

TT

PCI
Interface

Reed-
Solomon

Error
Correction

Chip

Correlator

F
I
F
O

F
I
F
O

F
I
F
O

Reed-
Solomon
Encoder

F
I
F
O

RD

RT

Transmitter
FPGA

Frequency
Synthesizer

Receiver
FPGA

Serial Input Logic

Serial Output Logic

Serial Input Channel

Serial Output Channel



and correction, time-stamping, virtual channel sorting, and packet extraction. The front-end
also logs time tagged frame data to disk and multicasts time tagged frame or packet data to
the network.

In the front-end system, frame synchronization, error control, and time tagging are
performed in hardware. The remaining functions such as decommutation and parameter
processing are performed in software by the front-end PC and by other workstations in the
system. This approach differs from traditional front-end systems which perform
decommutation in hardware and parameter processing using proprietary embedded
processors. Processing the telemetry streams in software using a distributed, open
architecture provides the ability to support multiple high rate streams and the flexibility to
support both TDM framed telemetry and packetized telemetry.

The telemetry gateway can distribute entire frames or portion of frames to workstations on
the network. This selective forwarding capability is useful when the front-end is connected
to the processing workstations via a wide-area network connection which may not have
enough bandwidth to transmit the entire telemetry stream in real-time. The remaining frame
data can be transferred from the front-end disk archive to the processing workstations after
the satellite contact is complete.

COMMAND GATEWAY

The front-end system acts as a command gateway in addition to its telemetry gateway
functions. The command gateway receives commands from a networked command
processor. The commands are then packetized and encoded as necessary, then sent to the
uplink hardware for transmission to the satellite.  The command gateway supports real-
time transfer and store and forward modes of operation.  In real time transfer mode, the
front-end system outputs serial commands to the uplink as they are received from the
network. In store and forward mode, the front-end system accepts command script files
from the network.  The front-end system outputs serial commands to the uplink based on
the transmit time in the command script file.

SIMULATION AND TEST SUPPORT

The front-end system can be used to support testing as well as telemetry and commanding.
PCM simulation can be used for system self-test and pre-pass checkout. In addition, the
CCSDS/TDM Telemetry Processor/Simulator boards can be software/firmware configured
to support bit error rate testing and data quality monitoring for more rigorous testing.



SYSTEM APPLICATIONS

The PC-based telemetry and command gateway is useful throughout the lifecycle of a
satellite system. During development, integration, and test, the front-end system can be
used as a test tool in a distributed test environment. During operations, the system is
installed at remote ground stations, with network links back to operations center(s) for
telemetry and command processing and analysis.

The PC-based, multiple stream telemetry front-end is shown as part of a distributed
Satellite Control System in Figure 3. The system contains command processing and
analysis and display workstations which are connected to the front-end via a high speed
network. The telemetry front-end is a real-time data acquisition system that accepts
multiple PCM serial streams and produces data in a format that is usable by the rest of the
Satellite Control System. The front-end acts as a “telemetry server” for the rest of the
system so that data analysis and display can be distributed across multiple workstations.
The display and analysis workstations receive time tagged frame data and perform
decommutation, parameter processing, and real-time display. As a command server, the
front-end receives commands from the networked command processor, and outputs them
to the uplink hardware.  The front-end system can be configured using a local GUI or
controlled remotely via the network using SNMP.

The recent improvement in network technology to support multi-media applications
provides the bandwidth necessary to support a distributed Satellite Control System. A
number of options are available that overcome the limitations of standard 10 Mbps
Ethernet. Switched Ethernet provides higher throughput by actively routing traffic between
network segments, thereby reducing collisions. Several varieties of 100 Mbps Ethernet
have emerged to support high bandwidth networking applications. Asynchronous Transfer
Mode (ATM) is also available for both local and wide area networks. ATM is well suited
for this application because of its high bandwidth, low latency, and support for multi-cast,
point-to-multipoint connections at the physical layer. Support for multi-cast at the physical
layer eliminates the retransmission of data over the network which occurs when multi-cast
is implemented at higher layers in the protocol stack. The use of standard network
protocols such as TCP/IP makes the underlying network hardware transparent to the
system software. This provides flexibility in designing the network architecture to support
different applications and performance requirements

 The use of standard network protocols and IPC mechanisms simplifies the integration of
the front-end system with existing satellite control software and with COTS analysis and
display packages. As long as the analysis and display software can receive data from a
network, it can be used with the front-end system. This facilitates the use of open-ended.
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Figure 3: Distributed Satellite Control System

development tools for analysis and display such as LabVIEW, Visual Basic, and
RTWorks.  The modular software architecture also decouples the graphical user
interface from the front-end system. The GUI for setup and control can run as a task on the
front-end system or as a task on a remote system.

CONCLUSIONS

A fully networked, remotely operated telemetry and command front-end system provides
flexibility and cost savings to satellite control systems. The front-end system can be
located at a remote ground station, with the satellite operations and telemetry monitoring
and analysis personnel working from the satellite Operations Center. With recent advances
in computing, software, and networking technology, this capability can now be developed
as a PC-based solution.  A PCI-based telemetry and command processor provides a solid
foundation for such a system, offering current data rates of 25 Mbps per channel, and
future rates upwards of 100 Mbps.  These advances are used to create a PC-based, fully
networked telemetry and command front-end gateway system.

MONARCH-E is a trademark of Avtec Systems, Inc.  Windows and Visual Basic are trademarks of
Microsoft Corporation, LabVIEW is a trademark of National Instruments, and RTWorks is a trademark
of Talarian.


