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ABSTRACT

The Telemetry Data Distribution System (TDDS) solves the need to record, archive,
and distribute sounding rocket and satellite data on a compact, user-friendly medium,
such as CD-Recordable discs. The TDDS also archives telemetry data on floppy disks,
nine-track tapes, and magneto-optical disc cartridges.

The PC-based, semi-automated, TDDS digitizes, time stamps, formats, and archives
frequency modulated (FM) or pulse code modulated (PCM) telemetry data. An analog
tape or a real-time signal may provide the telemetry data source. The TDDS accepts
IRIG A, B, G, H, and NASA 36 analog code sources for time stamp data. The output
time tag includes time, frame, and subframe status information. Telemetry data may
be time stamped based upon a user-specified number of frames, subframes, or words.

Once recorded, the TDDS performs data quality testing, formatting, and validation
and logs the results automatically. Telemetry data is quality checked to ensure a good
analog source track was selected. Raw telemetry data is formatted by dividing the data
into records and appending header information. The formatted telemetry data is
validated by checking consecutive time tags and subframe identification counter
values (if applicable) to identify data drop-outs.

After validation, the TDDS archives the formatted data to any of the following media
types: CD-Recordable (CD-R) Disc (650 megabytes capacity); nine track tape (180
megabytes capacity); and erasable optical disc (499 megabytes capacity).
Additionally, previously archived science data may be re-formatted and archived to a
different output media.
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INTRODUCTION

The PC-based Telemetry Data Distribution System (TDDS) with CD-Recordable
(CD-R) Archival was developed from the need to record, archive, and distribute
sounding rocket and satellite data on a compact, user-friendly medium. Original
design objectives included selecting a standardized, user-friendly distribution media;
developing a PC-based data acquisition system with five megabits per second
recording and NASA 36 time stamping; and developing a prototype archival and
distribution system. Although automated equipment set-up and operation were also
required, they are only briefly discussed in this document. Media standards were
researched and a prototype telemetry data acquisition system with CD-R archiving
was developed.

Historically, the Wallops Flight Facility (WFF) Telemetry Digitizing Station has used
a PDP 11/60 computer to digitize scientific data stored on fourteen-track analog tapes.
WFF distributed experimental data to users on nine track digital tapes. To prevent
degradation, magnetic tapes require large, climate-controlled environments. Even with
precautions, over time, magnetic tapes can decompose. Composition changes in glues
and polymers usually cause substrate degradation. Transporting fourteen-track analog
and nine-track digital tapes was, and continues to be, expensive and cumbersome.
Many tapes are required to archive ten to twenty minutes of telemetry data. The tape
machines needed to record and access data are prone to malfunctions and require
regular maintenance. Also, accessing serially recorded nine track data is extremely
time consuming. Despite these disadvantages, magnetic tape has dominated the mass
storage arena. This dominance evolved from a widely-used set of international
physical and logical format standards. Physical format standards define media
dimensions and measurable characteristics. Logical format standards specify data
organization, such as file and directory structures. A widely-used, internationally-
accepted standard allows easy data exchange among different computers and
operating systems.

CD-ROM and CD-R discs also have a well-defined standard and the data access
equipment is economical. Data integrity for CD media exceeds specifications for all
other digital data storage. With error encoding, CD media have acceptable bit error
rates between 10 and 10 . Manufacturers quote ten year data archival with very-12 -18

little, if any, degradation. A working group of the Special Interest Group on CD-ROM
Applications & Technology, SIGCAT, has been established to address life expectancy
and other issues which affect optically-recorded data stability. Additional life



expectancy information may be obtained from the Compact Disc-Reliability &
Integrity of Media (CD-RIM) working group. CD-RIM is a government-owned CD
media testing agency. CD-RIM is composed of NASA, the National Institute of
Standards, the Naval Air Development Center, and other government agencies.

Interoperability among operating systems and computer platforms is accomplished
through use of the CD-ROM's ISO 9660 volume and file format standard. Any
operating system with the appropriate CD-ROM extensions can access a CD-ROM or
CD-R disc with an ISO 9660 format. CD-R discs adhere to the same physical format
standards, ISO/IEC 10149, which define the media size, reflectivity, track location,
and data/error codes. The CD-ROM logical format, ISO 9660, defines the volume
labels and file structures. The Philips/Sony Red Book and Yellow Book define these
standards. The Yellow Book standard defines single-session recording. The music
industry established the standard for Compact Disc-Audio (CD-A), the music
industry's primary distribution media. A CD-R standard, the Orange Book, allows
multiple recording sessions. In January 1991, the CD-R disc was selected as Wallops
Flight Facility's new data distribution media standard. Today, most personal
computers and workstations are equipped with CD-ROM readers.

FIRST OPTICAL ARCHIVE SYSTEM: WORM

In September 1990, an optical archiving system prototype was developed. The initial
design goal was to realize a maximum five megabits per second recording rate. The
first optical archiving prototype consisted of:

(1) an eight bit, data record/reproduce prototype ISA board;
(2) a DOS-based, 286 AT/ISA bus personal computer;
(3) a 600 megabytes magnetic hard drive;
(4) a Write-Once Read-Many (WORM) optical drive;
(5) a PCM simulator; and
(6) a custom-designed software control program.

This system could record and reproduce a serial, NRZ-L data stream to and from the
magnetic hard drive or WORM drive. The system used input output (I/O) port
hardware addressing.

Limited system performance was attributed to the operating system software, control
software, slow access times of the mechanical recording drives, and the 8.33 MHz
bandwidth of the AT/ISA bus. Note, after development of the second prototype, I/O
hardware addressing was also credited with limiting system performance. The system
exhibited data throughput rates only up to 500,000 bits per second. WFF decided
WORM media was inappropriate for distribution requirements. WORM technology



did not have a well-defined set of standards. During this period, CD-R recorders were
not economical. In-house CD-R recorders cost $100,000 and a blank 580 or 640
megabytes recordable disc cost $35. CD-ROM readers, which also read CD-R discs,
started at over $1000.

The next task included solving the problems which were limiting the system's
recording rates; selecting a suitable distribution media; developing (in-house) a PC
board to merge a NASA 36 time tag into the data stream; and developing an
operational archiving system.

SECOND OPTICAL ARCHIVE SYSTEM: CD-RECORDABLE

CD-ROM's well-established standards and proven performance made CD-R
technology a desirable distribution media. By December 1991, CD-R recorder prices
fell from $100,000 to $12,000. The CD-R technology was selected to fulfill WFF's
media distribution requirements. At this time CD-R recorders had 150 kilobytes per
second transfer rate and could not record real-time data. Before encoding a CD-R, a
complete data file had to reside on a hard drive. The data file had to be pre-mastered
before being transferred to a CD-R disc. Pre-mastering and CD-R archiving a 580
megabytes file could take two hours.

By May 1992, a prototype CD-R Archiving and Distribution system was developed
and consisted of:

(1) a 640 megabytes, solid state memory (SSM) device with a SCSI I interface;
(2) a 32 megabytes IDE hard drive;
(3) a serial/parallel recording prototype board with NASA 36 time code

insertion;
(4) a Telemetry Data Processor (TDPlus) frame synchronization board;
(5) a JVC CD-R recorder (Personal Rommaker);
(6) hardware control and data formatting software;
(7) a 50 MHz 486 AT/ISA personal computer;
(8) a PCM bit synchronizer;
(9) FM discriminators;
(10) a 64 channel FM digitizer;
(11) a matrix switch and patch panel;
(11) two, nine-track tape recorders;
(12) a PCM simulator;
(13) a function generator;
(14) an analog tape recorder;
(15) a time code translator;
(16) a function generator;



(17) a voltmeter;
(18) and a bit error rate tester.

The entire system was capable of recording, formatting, and CD-R archiving a serial
NRZ-L, 1 megabit per second data stream. Every minor frame was time stamped
using an on-board, 1 millisecond resolution, NASA-36 time code translator. Without
first producing a nine track tape, the PC-based CD-R archiving system could produce
a binary, telemetry encoded, CD-R disc. However, formatting software also enabled
nine track digital tape production.

The solid state memory device captured data before subsequent CD-R archiving.
Although the solid state memory device was more than adequate to satisfy design
requirements, I/O hardware addressing and the 8.33 MHz AT/ISA bus limited the data
record rates. The system needed additional modifications to meet WFF's telemetry
requirements. CD-R production time needed to be reduced and the number of CD-R
copies had to be increased. More software development was needed to provide
additional data formatting and data quality verification. IRIG G, with ten
microseconds timing, was desired to provide better time code resolution. Also, support
was required for time code sources other than NASA 36 and frame status information
was needed. To support most of WFF's experimenters, the native IBM PC/clone
binary format required changing to accommodate Motorola type processors, such as
the Macintosh, and Sun workstation platforms.

Implementation of the following system enhancements led to the current Telemetry
Data Distribution System. In March 1995, a quadruple disc, quadruple speed, CD-R
recorder was added to the TDDS. After pre-mastering a data file, the quadruple speed
CD-R recorder allows the simultaneous production of four CD-R discs within fifteen
minutes. Additionally, the source code was re-designed to use C++ object-oriented
programming techniques.

 TELEMETRY DATA DISTRIBUTION SYSTEM

The Telemetry Data Distribution System (TDDS) digitizes, time stamps, and formats
FM or PCM telemetry data. The TDDS can accept data from analog tape, Metrum
BVLDS Super VHS tape, or a real-time, four megabits per second data source (format
dependent). The TDDS currently consists of two computer systems. The Master
computer automates some equipment configuration and operation. The Solid State
Memory computer controls all subsequent functions described in this document.

The telemetry format determines the time stamping frequency and its contribution to
the effective output bit rate. For a constant input bit rate, smaller frames require more



frequent time stamping than larger frames. Time stamping increases the total amount
of data and thus the effective output bit rate. Slower data playback rates have allowed
data recorded at higher rates to be time stamped, formatted and archived to CD-R disc.
Metrum BVLDS recorders support data recording rates of up to 32 megabits per
second. The TDDS has produced CD-Rs with telemetry data originally recorded at 10
megabits per second on Metrum tapes. Typically, sounding rocket data rates have
ranged between 100 kilobits per second and 5 megabits per second.

TDDS divides CD-R archiving into five semi-automated steps. User intervention is
required prior to CD-R archiving. The five steps include:

(1) recording raw, binary, unformatted telemetry data;
(2) testing the unformatted telemetry data (initial data and time source

verification);
(3) processing the raw telemetry data to produce a formatted file;
(4) validating the formatted file (logging frame and time errors);
(5) CD-R archiving (pre-mastering and CD-R encoding).

The user creates an ASCII file describing the telemetry format and parameters needed
to control the record, test, process, and validate processes. During the record process
the solid state memory device acquires and buffers the digitized and time stamped
data. Next, the test process checks the unformatted telemetry data. Time tag
information and visual indicators of frame quality are displayed. Invalid frame
synchronization patterns and subframe patterns are identified and counted. The counts
are logged to an ASCII text file. The digitized science data is subsequently processed
into records. During this processing, frame synchronization patterns are stripped out,
the WFF DITES II (CD or TDDS nine track) header information is appended. The
formatted science data is then stored on a 1.2 gigabytes, SCSI II hard drive. The
validation process identifies and logs time tag and subframe identification errors.
Consecutive time tags and subframe identification counter values (if applicable) are
compared to identify errors within the formatted data file. Error indicators and specific
block locations, which identify the location of every subframe or time error, are
logged to an ASCII file. The final step archives the formatted data to the user's choice
of CD-R discs, nine track digital tape, or magneto-optical disc. The telemetry format
file and the test and error log files are archived to CD-R disc. An additional file is
added which explains the contents of all files on the CD-R. Previously archived
science data may also be re-formatted and archived to a different output media.



HARDWARE DEVELOPMENT

Based upon prior in-house development and additional system requirements, WFF
specified a hybrid single board decommutator which General Data Products then
developed commercially. The hybrid board permits time stamping from an external,
parallel binary coded decimal (BCD) time code, frame-by-frame status information,
and memory based hardware addressing. To support additional time codes, a time
code translator which provides parallel BCD time code was added. The TDDS
currently supports NASA 36, IRIG A, B, G and H analog timing sources. Independent
of the input time source, the resulting output time tag maintains a constant 64 bit
format. The output time tag incorporates a 16 bit time synchronization pattern and
four, 16 bit time words. The TDDS process step extracts time synchronization
patterns.

The hybrid board adheres to IRIG 106-93 PCM Telemetry Standards for Class I
telemetry. Some features for Class II telemetry are also supported. Frame
synchronization patterns may have any combination of bits masked. Additional hybrid
features include: 1) multiple subframe time stamping; 2) multiple minor frame time
stamping; 3) word-based time stamping; 3) frame based recording without time
stamping; 4) frame lock or check data acquisition; 5) most significant bit or least
significant bit aligned data sources; and 6) user-selected, pass/drop words for the
output stream. Recording is currently implemented over the 16 data bit, 11 MHz
AT/ISA bus. Data is transferred from the hybrid frame synchronization board in 16
kilobyte buffers.

SOFTWARE DEVELOPMENT

The software to support the TDDS was developed in-house using a combination of
assembly, C, and C++ languages. The software suite consists of four programs:
Record, Test, Process, and Validate. The high level logic of these programs is written
in C. C++ and assembly languages are used to implement the low level interface to the
raw telemetry stream. The classes include the Stream Definition File and the Raw
Telemetry Stream.

The Record program acquires the time stamped telemetry stream by interfacing with
the hybrid board. The program is interrupt driven and accesses the board using
memory mapped I/O.

The Test program assesses the raw telemetry data quality. It reads the frames from the
recorded raw telemetry stream and counts the number of frame synchronization and
frame identification errors. It also sums the indicators in the time tags which indicate



major frame and minor frame lock, search, and check errors. In addition, if the data is
simulated, the bit patterns within the data words can be checked against a known
matrix. The TDDS performs quality assurance testing using simulated data. Whenever
the data file contains too many errors the operator may decide to adjust equipment or
select another track and reprocess.

Following the successful testing of a raw telemetry stream, the Process program
formats the data for output. Process reads the frames from the raw telemetry stream
and formats the data in the WFF DITES II format (CD-R or TDDS nine track tape).
This formatting arranges the frames into data blocks and adds a volume and data block
headers. The program maps the time data into a three or four word format, depending
upon the output medium. The TDDS CD-R format supports a four-word output time
code with up to 10 microsecond resolution. Comparatively, the TDDS nine track tape
format supports a three-word output time code with a 1 millisecond resolution.

As a final quality assurance check, the output data file is checked for errors. Validate
reads the blocks from the processed telemetry file and checks for frame
synchronization errors, frame identification errors, and timing errors.

During operation, the automated TDDS software suite requires no input from the user.
All setup information is obtained from a user-created setup file. The setup file
describes the raw telemetry stream and other configuration parameters. The programs
interface with the setup file through the Stream Definition File class.

The other class implemented in the system is the Raw Telemetry Stream class. This
class is responsible for reading and internally buffering the data stream. Upon
successive calls to the class, it searches the data stream for the next valid frame.
Independent of the actual word size of the underlying telemetry stream, the class
returns 16 bit data and time words to the calling program. Interfacing to the raw data is
implemented as a class to shield the calling programs from the complexities of
manipulating the data. The class provides a well-defined interface to the calling
program. A benefit of this approach is that it allows internal changes to the class (for
example, to enhance the search algorithm) without requiring source code changes to
the calling programs. The code was optimized using C++ inline functions and a small
amount of assembly language coding for low level byte manipulations.

CURRENT & FUTURE TDDS MODIFICATIONS

Current TDDS modifications include: adding a best data source select monitor to
improve data quality; upgrading the solid state memory computer to achieve increased
data processing rates; and continued hardware development to increase PC based data



recording rates. During the record process, the best data source select monitor will
accept and, based upon their signal to noise ratios (SNR), transmit the best data source
to the TDDS.

Data processing tests were conducted to compare different computers. A 66 MHz 486
IBM PC clone, a 66 MHz Pentium computer with a PCI-to-SCSI interface, and a 90
MHz Pentium computer with a PCI-to-SCSI interface were compared. The 66 MHz
Pentium computer exhibited little improvement over the 66 Mhz 486 computer.
Compared to the 66 MHz 486 IBM clone, the 90 MHz Pentium computer reduced the
data processing time by 50 percent. To realize increased data recording rates,
additional developments may include modifying the TDDS design to use the PCI bus
architecture. With 32 bit data transfers and a 33 MHz clock, the PCI bus is designed to
operate at 132 megabytes per second. Other desktop solutions are low end
workstations which use the Windows NT operating system, incorporate PCI local bus
architecture, and use processors with a 200 MHz or greater clock speed. The PC
market has recently experienced remarkable increases in microprocessor performance
and overall system performance. Currently, 120 MHz Pentium computers are
commercially available. As better technology rapidly enters the market, higher end
processors will become more economical.
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