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ABSTRACT

This paper describes a Multi-Function Telemetry Input Module (TIM). The TIM module includes a 30
Mbps PCM frame synchronizer, a time code translator/generator, a PCM simulator and a tunable bit
synchronizer all on a single PCI card. The module uses a generic architecture including: high density
Field Programmable Gate Arrays (FPGAs), look-up table memory, dual port A/B data buffer memory
and a full function PCI interface. The FPGA and the logic function of the card are downloadable via the
PCI interface. This allows a single module to support many hardware functions in a telemetry front-end.
The TIM is an integral part of a PC-based Advanced Telemetry Processing and Display System. This
concept for hardware design ushers in a new generation of flexible downloadable telemetry products.
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INTRODUCTION

For years it had been generally accepted in the flight test telemetry community that the Personal
Computer (PC) platform lacked the performance capabilities to sustain real-time operation in a telemetry
processing system. Telemetry systems are among the most intensive real-time data processing
applications. A telemetry system may be required to process multiple streams of data at bit rates in
approaching, or even exceeding, 20 Mbps. It is not unusual in a complicated application for aggregate
input rates to exceed many millions of bytes per second for extended time periods.  Further complicating
the issue is the fact that many different processes must be simultaneously performed on the data to
satisfy the requirements of the program.



Early PC based systems suffered from limited performance due to low speed PC processors and rate
restrictions of the ISA bus. Processing high rate multi-stream applications was virtually impossible. To
combat this deficiency, manufacturers developed special proprietary buses to move data in real time.
Although these systems were much better than their predecessors, they were inflexible and expensive.

Fortunately, the PC environment continued to evolve over the past decade to the point where a real-time
telemetry processor architecture is now possible. Readily available Pentium class processors of today
have crossed the 800 MHz line with dual processor configurations and will soon be at 1 GHz. These
faster processors, along with the growing popularity of multitasking operating systems like Windows
NT, and the introduction of the Peripheral Component Interconnect (PCI) bus, have at last made it
possible to implement a true real time data acquisition, processing and display system on a standard
commercial off-the-shelf networked (COTS) platform. 

The PCI bus architecture, introduced by Intel in 1991, brings the peripheral functions closer to the host
processor. The first generation 32 bit PCI at 33 MHz supports peak transfer rates up to 132 M
bytes/second. PCI also has other options defined that support a wider 64 bit bus, and/or a faster 66 MHz
bus clock rate that can double (264 Mbytes/second) or quadruple (528 Mbytes/ second) the original rate.
The PC industry has embraced the PCI bus, and PCI bus hardware is now readily available. Industry has
also embraced Windows NT. NT based software packages are being developed worldwide. Both PCI
and Windows NT are quickly becoming the development platform of choice making proprietary buses
that move high rate data no longer required.

Contributing to the high recurring system cost is the cost of hardware associated with the specific
functional elements (i.e. Frame Synchronizers, Bit Synchronizers, Time Code Units, Simulators, etc).
With the extraordinary innovations in the integrated circuit industry over the past few years and with the
availability of high density field programmable gate arrays (FPGAs) it is now possible to place all of
these functional elements on a single PCI module without the high up front cost and inflexibility of
ASIC chip developments. Since the chip configurations are downloaded, these parts are extremely
flexible. To change the internal logic circuitry of the part, and therefore its function, the circuit
download file simply needs to be modified. In addition, a wide variety of VLSI chips are available that
provide the entire PCI bus interface. All of these contributing factors bring down the cost of the system
due to the reduced number of cards and card space required to populate a higher end system.

This paper focuses on the hardware architecture for a generic Telemetry Input module (TIM). GDP
Space Systems was placed under contract in 1999 to provide a Telemetry Input Module along with an
Advanced PC Based Telemetry system to Eglin Air Force Base. This next generation architecture will
lead telemetry into the new century.

GENERIC TELEMETRY INPUT MODULE

The Telemetry Input Module (TIM), illustrated in Figure 1, is based on a generic architecture including
a high density Field Programmable Gate Array (FPGA), 128 K Bytes of look-up table memory, 256 K
bytes of data buffer memory, and a full function PCI interface. The plug-and-play module supports both
PCI Target mode and PCI Bus Master mode. In the Target mode the module supports both Memory



Mapped and burst mode transfers. In the Bus Master mode the module supports DMA style burst
transfers at full PCI bus bandwidth.

 Expansion daughter cards are supported through a connector on the TI Module.  This allows special
functions to be added without having to perform costly re-layout of the baseboard.  The FPGA core is
downloadable with the module logic personality either from an on-board PROM or directly over the PCI
bus.  This allows module configuration at runtime, maximizing flexibility while minimizing recurring
costs.  With this hardware configurable approach, along with the generic architecture, the TI Module can
perform many system functions using a library of downloadable "hardware logics".

Figure 1   Generic Telemetry Input Module

In addition to the primary PCM telemetry input required by the ATPDS system, other module types can
also be supported through the download of logic personalities.  Capabilities such as: CCSDS packet
telemetry handling, parallel input/output, multiple frame synchronizers, and data quality monitor logic
personalities can also be downloaded.  Along with the PCM logic personality, the CCSDS and parallel
I/O personalities will be discussed in this paper.
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PCM TELEMETRY INPUT APPLICATION

Figure 2 is a representative block diagram of a Telemetry Input Module in a PCM Telemetry Input
application (TIM001).  The module functional logic blocks include a PCM Frame Synchronizer /
Decommutator (30 Mbps), Time Code Translator (IRIG A, B, & G), PCM Simulator (30 Mbps), and a
Bit Synchronizer (20 Mbps) daughter card.
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Figure 2   PCM Telemetry Input Module (TIM001)

Frame Synchronization/Decommutation:  The frame synchronizer functional logic block detects,
synchronizes, and buffers frames of data from the serial telemetry.  The buffered frames of data are then
passed on to the host processor over the high speed PCI bus interface for further processing. This
functional block operates over a range of 1 bps to 30 Mbps and supports both IRIG 106 class 1 and the
more complex class 2 formats.  A class 1 format contains fixed minor frames of data within a fixed
major frame.  A class 2 format may contain any one (or more) of the several allowable class 2 features.
Each frame synchronizer can handle a minor frame and a recycle or ID subframe. The architecture of the
TIM001 also supports chaining together multiple modules to support multiple independent subframes
and asynchronously embedded formats.  This architecture allows for the most cost effective approach
that will allow synchronization to the simplest frame format and still maintains the ability to process the
more complex formats with minimal card level impact.



Telemetry data is unique in that it is a continuous
stream of data with no handshaking and no possibility
of "retransmit on error".  A telemetry input module
must process the data as it is received, correcting, or at
a minimum accommodating, errors which have
occurred due to link anomalies.  The frame
synchronizer functional logic block possesses a
flexible synchronization strategy that optimizes the
process of synchronizing to a real-time data stream in
the presence of burst and/or continuous noise.
A state diagram of the synchronization strategy shown
in Figure 3 illustrates the process by which
synchronization is achieved. The user provides
programmable parameters that define each state of
operation: permissible bit slips, number of frames to
go to lock, and number of bad frames before dropping
lock.  Programmable strategy allows the
synchronization process to be optimized for best data
recovery in the presence of noise. Upon successful
synchronization to the input telemetry stream, the frame synchronizer decommutates the data samples.
This involves demultiplexing the original encoded digital values that were used to create the data stream.

The decommutator section of the frame synchronizer accommodates programmable definitions of word
select/reject, bits per word (for varying length samples), word orientation (MSB or LSB first), and
parity.  Further processing continues with organizing the retrieved data into current value buffers for the
data displays, and time history buffers for recording received data.

Data buffering is accomplished with up to 256 k bytes of dual port RAM.  The RAM is logically
partitioned into two buffers that provide a “ping-pong” buffer architecture maximizing RAM
throughput.  Each buffer used to store multiple frames of PCM data, with each frame of data containing
both the raw PCM data and a  “frame status block.”  The frame status block provides data quality and
time code information for the associated frame of PCM data.  By appending data quality and time code
information to the PCM data, the system software is no longer required to collect quality and time
information from hardware registers in ‘real time’ for each frame.

Time Code Translator: Time stamping telemetry data is an integral part of telemetry data processing,
data display, recording and playback.  The Time Code functional logic block (TCT) operates as a
translator or a generator. In the translate mode the TCT accepts and synchronizes to IRIG A, B, or G
time.  In the event that the time source is lost the unit automatically switches to the flywheel mode to
maintain a time reference.  In the event that an IRIG time source is not available, the TCT can be set to
the generate mode.  In the generate mode the TCT is preset to the correct time.  The unit then maintains
the time based on an internal clock source.  The time word output of the TCT is inserted into the data
buffers every minor frame.  The time is also available to the PCI bus and can be read by the host
processor.

Figure 3   Sync Strategy State Diagram
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Simulator: The simulator functional logic block operates as a PCM simulator that provides the system
user the ability to produce a serial data stream at bit rates from 1 bps to 30 Mbps programmable in 1 bps
steps. The simulator function operates by outputting data stored in memory by the ATPDS application.
A flexible buffer architecture and interrupt scheme allows seamless operation of the logic function.  The
system software supports the generation of both simple and complex formats.  The simulator logic
function supports the output of a variety of PRN patterns as well as waveforms.  An output code
converter generates NRZ-L/M/S, Bi�-L/M/S, DM-M/S, RZ, RNRZ-9/11/15 fwd/rev. bit codes.

In addition to using this function as a full function PCM simulator, it can also be used to provide a
known data stream for the health check of the module during the start-up/diagnostic mode.  In this mode
a simulated data stream is output from the module and looped back through the bit synchronizer.  The
test data stream is then decommutated on the card and verified by the system.  The ATPDS application
reports to the user health status of the card and the system.

Bit Synchronizer: For the PCM input application a high performance bit synchronizer is provided as a
daughter card (See Figure 4.) This function accepts PCM input and recovers the coherent zero degree
clock. Data and clock are then passed to the Frame Synchronizer functional block where the data is
decommutated. The proposed bit synchronizer is primarily a digital implementation (80%).  The
remaining 20% of this functional block are the analog front end-filters and the AGC. Our unique digital
PLL approach allows quick lock to the incoming stream and is ideal for a noisy environment.  Although
the frame synchronizer and the simulator portions of the TIM module are designed to operate at rates in
excess of 30 Mbps, the bit synchronizer functional block is designed to operate to 20 Mbps, to within 1
dB of the theoretical curves.

Figure 4   Bit Synchronizer Block Diagram
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The bit synchronizer functional block also supports the decoding and encoding of all the standard IRIG
PCM codes (NRZ-L/M/S, Bi�-L/M/S, DM-M/S, RZ, RNRZ-9/11/15 fwd/rev).  Three selectable inputs
are provided: one TTL, one RS-422, and an internal loop-back from the on-board simulator.  The loop-
back input is used as a simulator input during validation operations, and as a test input for the power-up
module health check.  During power-up, a test data stream is looped back through this port and verified
at the output of the frame synchronizer to determine if the module is operational.   Three outputs are
provided.  They include an internal TTL data and clock output to the frame synchronizer function, an
external data and clock output provided for any decryption requirements, and a tape output.

Real-time DAC Output:  Parallel data is output over the Auxiliary I/O port along with word and frame
number to external digital-to-analog converter cards (DAC002).  Decommutated words are selectable on
a word-by-word basis to be output directly to the DAC002 modules providing true real-time analog
output capability to the system.

FPGA CORE FOR CCSDS APPLICATION

A downloadable FPGA Logic Function core, shown in function form in Figure 5, is available to support
the processing of CCSDS packetized telemetry data.  This core can be configured and downloaded into
the TIM high density FPGA at run-time.  The front-end of this logic block includes a frame synchronizer
that locks to the CCSDS transfer frame.  Derandomization and Reed-Solomon decoder logic blocks
could be provided (if required) to perform forward error correction of the data.  A CRC checker is
provided to perform the required CRC check on the CCSDS frame.  The TIM module strips the data into
its virtual channels and presents them to the ATPDS as independent data streams.

Figure 5   CCSDS FPGA Logic Core
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FPGA CORE FOR PARALLEL INPUT/OUTPUT APPLICATION

A Parallel Input/Output downloadable block is shown in Figure 6.  This block supports the input and
output of parallel data in the system.  Access to the look-up table on the TI Module is used to
correlate/tag the data.

Figure 6   Parallel Input/Output FPGA Logic Core

CONCLUSION

The PC Based Advanced Processing and Display System (ATPDS) along with its flexible downloadable
hardware implementation is the next logical evolutionary step in telemetry systems.  It uses to its
advantage recent advances in hardware and software while simultaneously realizing lower acquisition
and life cycle costs.  The described system is flexible, scalable, and maximizes use of commercial off-
the-shelf (COTS) PCs and third party hardware, software, and middleware.

At the heart of the system is the generic Telemetry Input Module (TIM) that provides the platform for
downloadable logic-cores.  The generic architecture of the TIM allows it to be configured to provide a
wide variety of hardware functions to the system.  Although only the primary telemetry logic functions
were discussed in this paper (i.e. PCM Frame Synchronizer/Decommutator, Time Code Translator,
Simulator, Bit Synchronizer, CCSDS Synchronizer, and Parallel I/O), it is readily apparent that the
possibilities for module and system architecture like this are endless.  The ATPDS along with its
reconfigurable Telemetry Input Module will lead telemetry into the new century.
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