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And Beyond ...
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Data System Technology Division Advanced Programs, SSEP

Goddard Space Flight Center Ford Aerospace Corporation
Greenbelt, Maryland 20771 Seabrook, Maryland 20706

ABSTRACT

While most current ground based space telemetry acquisition systems are designed for and
support data rates up to a few megabits per second (Mbps), NASA’s Tracking and Data
Relay Satellite System (TDRSS) can support downlink rates up to 300 Mbps. In addition,
the Advanced TDRSS (ATDRSS) is expected to support rates up to 650 Mbps. These high
data rates will be required to support NASA’s future large scale operational programs such
as the Space Station Freedom and the Earth Observation System.

At the Goddard Space Flight Center, a prototype Frame Synchronizer card is under
development which will operate at a minimum of 300 Mbps while providing a full suite of
programmable functions such as 32 bit correlation, search-check-lock strategy, bit slip
tolerance, fly wheeling, etc. In addition, cumulative quality data generation, on-board self
diagnostics, and status/control processing are all integrated in this single card design. This
level of functionality and very high data rate is made possible by the design of NASA
application specific Gallium Arsenide (GaAs) Very Large Scale Integrated (VLSI) circuits
to support space telemetry data system standards specified by the Consultative Committee
for Space Data Systems. This paper will describe functions performed by this card and its
supporting VLSI components.

INTRODUCTION

Future NASA space missions will require greater and greater amounts of communications
bandwidth. Complex spacecraft, such as the Space Station Freedom and the Earth
Observation System, will support many high and low resolution instruments collectively
capable of generating terabytes of data per day. Due to the high cost of link resources, this
data will be multiplexed and sent at very high rates through TDRSS to a centralized
communications facility, the Data Interface Facility (DIF). The DIF will provide a common
interface between space elements and distributed ground facilities through the use of
standard protocols specified by the Consultative Committee for Space Data Systems



(CCSDS). In order to support very high downlink data rates, the DIF will require new data
handling systems capable of operating at rates in the hundred’s of megabits per second.

Goddard Space Flight Center’s (GSFC) Mission Operations and Data Systems Directorate
(MO&DSD) has developed a functional component approach to meeting the space
telemetry acquisition needs of both current and future missions. The goal of this approach
is to create a library of functional modules that perform common telemetry functions. The
components can then be configured on a standard platform for a user specific data
acquisition system. The reusability of the functional components lowers the cost of data
acquisition and makes these capabilities available to a wider range of organizations and
budgets. Some common data capture functions that have been implemented using this
approach are frame synchronization, NASA Communications (NASCOM) Block
processing, Reed-Solomon error correction, and packet processing.

As an initial step in the development of very high rate functional components, GSFC
MO&DSD is applying advanced technologies such as application specific GaAs VLSI
circuits to develop a generic High Rate Frame Synchronizer (HRFS) capable of operating
at rates up to a minimum of 300 Mbps. The design of this card is modeled after an existing
low rate CMOS Frame Synchronizer (20 Mbps) card currently used in a number of
advanced data handling systems. In the past, the CMOS Frame Synchronizer card has
demonstrated the feasibility of integrating a fully functional generic frame synchronizer on
a single card design. The HRFS maintains this same high level of physical and functional
integration while demonstrating a greater than ten times improvement in data throughput.

HIGH RATE FRAME SYNCHRONIZER OVERVIEW

The HRFS, represented in Figure 1, is physically implemented on a 9U VME card. One
third of the card is a commercially available single board computer used as the Channel
Controller Card (CCC). The remainder of the card is a custom logic card that is interfaced
through a side connector on the CCC.

The CCC contains a Motorola 680x0 family microprocessor, zero wait state Random
Access Memory (RAM), and VME bus arbitration logic. The CCC acts as a dedicated
processor that controls the setup, self-test, status collection, and operation of the custom
logic card.

The custom logic performs the hardware functions necessary for high speed correlation,
frame synchronization, quality accumulation, and real-time trailer appendage. It can also
generate simulated telemetry data at high rates for full speed self-testing. The custom logic
card can be functionally partitioned into six subsystems: Data Pipeline Input Multiplexer,
Telemetry Frame Synchronizer, Output Interface, Quality Accumulator, Data Simulation
Generator, and Controller Interface.



Figure 1 - High Rate Frame Synchronizer

Prior to operation, setup and control information is transferred through the Controller
Interface to all the other subsystems. The setup information configures the generic
subsystems to operate according to a specific mission’s requirements. The setup
information includes the frame length, sync patterns, sync tolerances, search-check-lock
tolerances, slip tolerances, and the CRC polynomial coefficients. Simulation data that
resembles mission data is also transferred to the Data Simulation Generator for self-testing
at full performance levels.

The Data Pipeline Input Multiplexer provides a programmable interface between external
serial data sources and the Telemetry Frame Synchronizer. During self-testing, the Data
Pipeline Input Multiplexer connects clock and test data from the Data Simulation
Generator to the Telemetry Frame Synchronizer.

The Telemetry Frame Synchronizer (TFS) accepts serial clock and data and outputs fully
synchronized telemetry frames. The TFS can be programmed to perform a complete
search, check, lock strategy with slip windowing and CRC check. Additionally, the TFS
can correct inverted and reversed frames. The TFS maintains a status word indicating the
sync mode, sync errors, slip amount and direction, CRC error, and data type
(forward/reverse and true/inverted) for each received frame. Status events are output to the
Quality Accumulator. The TFS delivers parallel synchronized data, framing control signals,
and status information to the Output Interface.

The Output Interface appends hardware generated real-time quality trailer to the
synchronized frames. It then selects the output path and controls the transfer of data to the
next processing system.



The Quality Accumulator can accept control strobes from the TFS and CCC. It
accumulates 16 status counts for up to 224 events (over 16 million). The counts are read
periodically by the CCC and formatted into a complete status block. The status block can
be displayed on a terminal connected to the CCC or communicated to a higher level
system controller.

The Data Simulation Generator (DSG) provides a complete self-testing of all functions on
the High Rate Synchronizer Card with high speed simulation data (300 Mbps). During
self-testing, the DSG provides independent output of a serial test telemetry data stream.
The DSG can be programmed to provide any type of data (forward, reverse, true or
inverted) in any format for a known number of repetitions. By comparing the status results
for the test run against known correct results, the CCC can determine if the card is
functioning properly before activating it for operational data. The Telemetry Frame
Synchronizer, Quality Accumulator, and Data Simulation Generator are implemented using
application specific and commercial VLSI components. These subsystems and their
constituent components are discussed in more detail in the following sections.

Telemetry Frame Synchronizer

The Telemetry Frame Synchronizer subsystem, represented in figure 2, primarily consists
of five VLSI circuits: two ECL Correlator chips, one GaAs Telemetry Frame Synchronizer
chip, and two commercial 2K x 9 BiCMOS SRAMS.

Figure 2 - Telemetry Frame Synchronizer Subsystem



The serial clock and data from the Data Pipeline Input Multiplexer are fed in parallel to
each of the two ECL Correlator chips (ECC). One correlator is programmed to search for
the forward synchronization pattern while the other is programmed to search for the
reverse pattern. Each correlator searches for both the true and inverted cases of the sync
pattern. Sync indications, clock, and serial data are aligned and output to the GaAs
Telemetry Frame Sync chip.

If a sync pattern is matched within a programmable tolerance, a sync is signaled to the
GaAs Telemetry Frame Sync (GTFS) chip along with the number of sync errors. The
GTFS chip can be programmed to accept or reject any of the four sync indications from
the forward and reverse correlators (FT, FI, RT or RI) and can be enabled to selectively
correct inverted data and/or sync. Once a sync indication has been accepted, the GTFS
begins its preprogrammed synchronization strategy.

The GTFS implements a completely programmable search, check, lock, flywheel strategy.
Upon finding sync, it creates a sync pattern search window around where it expects to find
the next sync indication. The sync pattern search window allows for the programmable
detection and correction of long and short slipped frames of up to 3 bits. Optionally, the
GTFS chip can be enabled to implement a Best Match strategy. The Best Match strategy
causes the GTFS chip to select the first sync pattern with the least errors before creating its
sync pattern search window.

The GTFS implements a double buffering scheme to allow for proper status collection and
time correction of reverse data, if desired. Two commercial 2K x 9 BiCMOS SRAMS are
used to properly buffer frame data. The GTFS independently addresses each RAM;
simultaneously reading from one while writing to the other. The GTFS can actually
interface a variety of memory devices due to its programmable read and write pulse
generation. Data read out of the RAMs is immediately output on a selectable 8 or 16 bit
bus along with a valid data signal and framing control signals.

Status information is collected for each frame and includes the type of frame processed
(FT, FI, RT, RI), the mode of the GTFS (search, check, lock, or flywheel), sync pattern
errors, and slip errors. CRC error detection can be enabled for both forward and reverse
data and included in the status information. The status information is available to the CCC
or can optionally be appended to the end of frames as they are output from the GTFS chip.
The GTFS chip also delivers pulsed status events to the Quality Accumulator for counting
cumulative quality information.

ECL Correlator Chip - The ECL Correlator chip is a semi-custom application specific
VLSI circuit implemented using a 6000 gate Fairchild ECL gate array. The ECC can be
programmed to correlate a programmable sync pattern of variable width from 4 to 32 bits.



The ECC correlates for both true and inverted cases with individual programmable sync
error tolerances. Unary to binary conversion logic provides binary outputs of the number
of errors found during each clock cycle.

GaAs Telemetry Frame Synchronizer Chip - The GaAs Telemetry Frame Sync chip is a
semi-custom VLSI circuit implemented using a 15,000 gate Vitesse Fury series gate array.
In addition to the functionality outlined above, the GTFS chip can be configured to handle
variable sync word sizes (8,16,24, or 32 bit) and frame lengths (from 16 bits to 32 kbits).
The GTFS chip can also be configured to output data either always or only during certain
modes and can be programmed for separate slip coverage during Search/Check and
Lock/Flywheel modes. The CRC detection circuitry features a programmable polynomial
of degree 16 and choice of set or clear encoder initial states.

The GTFS chip accepts serial ECL clock and data input and provides a TTL compatible 16
bit bidirectional microprocessor interface and a 16 bit frame data output interface. The
GTFS chip is designed to operate at rates up to a minimum of 300Mbits/sec, and will
dissipate one fourth the power of ECL devices of similar integration levels.

Quality Accumulator

The Quality Accumulator consists of single Spectrum Accumulator chip. The Spectrum
Accumulator is a full custom VLSI device originally developed by John’s Hopkins Applied
Physics Lab for the accumulation of sensor instrumentation events. It consists of sixteen 24
bit counters each with programmable increment, clear, and inhibit controls. Toggling rates
for each of the counters is in excess of 40 MHz.

The Quality Accumulator collects status events including the number of frames received
and the number of frames with slip errors. These counts are periodically gathered by the
CCC for channel quality and status monitoring.

Data Simulation Generator

The Data Simulation Generator consists of the GaAs Test Generator chip and commercial
dual-ported RAM. This chip set provides for the independent generation of self-test data
for the High Rate Frame Synchronizer. Simulated mission data is downloaded from the
CCC to the dual-ported pattern data RAM.

The GaAs Test Generator (GTG) chip is a semi-custom VLSI circuit implemented using a
15,000 gate Vitesse Fury series gate array. It features a TTL compatible 16 bit
bidirectional microprocessor interface and a 16 bit memory interface with a 24 bit address
space. The GTG can be programmed to invert and/or reverse pattern data, and transfer a



known number of frames or blocks through either a serial interface or through a 16 bit
parallel interface. Once enabled for output, the GTG begins its programmed sequence and
acts like an independent source of data. Output data rates in discrete increments from 1
Mbps to at least 300 Mbps can be programmed into the chip.

For extensive self-testing functions, the dual ported pattern data RAM can be accessed
during GTG operation by a control processor (i.e. the CCC). The GTG can also partition
the pattern memory into two separate buffers. In this way, a control processor can update
one partition while the other partition is being output. Complete updating of the entire
partition or selected updating of data fields (i.e. VCDU-ID field, VCDU counter field,
etc.) allows for the simulation of an extensive continuous data pattern.

Through the Data Simulation Generator, the complete card or a single function on the card
can be tested without external test apparatus. Hardware and software problems on the card
can readily be diagnosed and reported to a monitoring system prior to processing actual
data.

HIGH RATE FRAME SYNCHRONIZER SPECIFICATIONS

C Synchronization and buffering of CCSDS frames at rates up to a minimum of 300
Mbits/sec.

C Fully programmable frame synchronization strategy
C Frame quality generation
C Realtime quality trailer generation.
C Complete quality and accounting functions.
C Microprocessor controlled through a multitasking “C” environment.
C Full at speed self-test capability.

CONCLUSION

This paper describes a generic very high rate frame synchronizer being realized through
the application of multiple semi-custom GaAs and ECL VLSI devices designed at GSFC
MO&DSD. This effort is built upon several years of team effort and the success of earlier
CMOS implementations.

The High Rate Frame Synchronizer will find application in NASA’s Second TDRSS
Ground Terminal (STGT) and possibly in other NASA telemetry acquisition systems such
as the Data Interface Facility of the Customer Data and Operations System (CDOS). The
High Rate Frame Synchronizer Card will also serve as a basis for future frame 



synchronizers operating at ATDRSS data rates reaching 650 Mbps. Achieving these rates
will require further integration of high speed logic into denser GaAs gate arrays and
increasing the pipelining in the design.

NOMENCLATURE

ATDRSS Advanced Tracking and Data Relay Satellite System
CCSDS Consultative Committee for Space Data Systems
CDOS Customer Data and Operations System
CMOS Complementary Metal Oxide Semiconductor
CRC Cyclic Redundancy Check
CCC Channel Controller Card
ECC ECL Correlator Chip
DIF Data Interface Facility
DSG Data Simulation Generator
ECL Emitter-coupled Logic
FI Forward Inverted
FT Forward True
HRFS High Rate Frame Synchronizer
GaAs Gallium Arsenide
GSFC Goddard Space Flight Center
GTFS GaAs Telemetry Frame Synchronizer
GTG GaAs Test Generator
I/O Input/Output
Mbps Megabits per second
MO&DSD Mission Operations and Data Systems Directorate
NASA National Aeronautics and Space Administration
RAM Random Access Memory
RI Reverse Inverted
RT Reverse True
STGT Second TDRSS Ground Terminal
TDRSS Tracking and Data Relay Satellite System
TFS Telemetry Frame Synchronizer
VCDU Virutal Channel Data Unit
VLSI Very Large Scale Integration
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