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ABSTRACT

The Advanced Data Acquisition and Analytical Processing System (ADAAPS) is a
system developed by Fairchild Weston Systems Inc. (FWSI) for Lockheed
Aeronautical Systems Co. (Lockheed). The system is implemented using the
latest technologies in telemetry front-end equipment, host computer systems and
graphical workstations. The goal of ADAAPS is to supply Lockheed with a
telemetry acquisition and processing system that can service its current needs
and expand to service its needs throughout the 1990’s.

This paper addresses three very important aspects of this telemetry system. First,
the Lockheed Flight Test Data Center’s telemetry data processing requirements
are described. Second, the basis for the system architecture, both hardware and
software, is discussed. The third, and possibly the most important aspect, shows
how the system architecture can be changed to accommodate future processing
requirements of the Flight Test Data Center.

LOCKHEED FLIGHT TEST DATA CENTER

The Lockheed Flight Test Data Center (FTDC) in Palmdale, CA, is responsible for
providing real-time and post-flight data products in support various military and
commercial flight-test programs. In order to support these missions, the FTDC
utilizes computerized telemetry systems to acquire, record, display, and analyze
telemetry data from a wide range of sources.



SYSTEM REQUIREMENTS

In order to meet the requirements of upcoming programs and satisfy requirements
through the 1990’s, a telemetry system with increased throughput and flexibility
has been designed and will be integrated into the FTDC complex. ADAAPS will
have significantly increased processing and display capacity over the current
FTDC telemetry data system. ADAAPS uses a distributed architecture to provide
a flexible platform for current mission requirements, and to allow for growth as
requirements change. Upon integration into the existing FTDC complex, which
consists of remote telemetry tracking sites, main ground station and computing
center, and a remote ground station, Lockheed will be able to meet current
telemetry needs with a growth path for the future.

Total system throughput requirements approaching one million parameters per
second dictate the use of a powerful computing system in conjunction with a high
speed telemetry preprocessor. In addition to increased throughput, the ability to
process two concurrent telemetry operations was paramount in the design of the
ADAAPS system. The system will be quickly reconfigurable to enable support of
both real-time and post-flight missions in any combination. The system will be
adaptable to changing processing and display requirements of the FTDC user
community, and will provide an array of engineering discipline oriented
workstations. These high resolution color graphics workstations are the key to
providing users the tools needed to interact with the large volumes of data
available and accomplish a powerful yet convenient man-machine interface. The
workstations comprise part of a network that includes host telemetry computer
systems, peripherals, terminals, and hardcopy display devices.

SYSTEM DESCRIPTION

SYSTEM OVERVIEW

The basic ADAAPS consists of hardware and software components, which was
configured by FWSI to meet Lockheed’s specific system growth and expansion
requirements. This system:

Accepts up to four PCM signals in the presence of noise and other
perturbations and reconstructs square-sided PCM and associated clocks for
data rates from 32 bits-per-second to 32-M bits-per-second for NRZ signals
and 16-M bits for all other codes.



Performs frame and subframe synchronization of the reconstructed PCM data
streams and provides a bit-parallel/word-serial output.

Performs frame synchronization of PCM data asynchronously embedded within
another PCM data stream and provides a bit-parallel/word-serial output.

Accepts up to two Frequency Division Multiplex (FDM) data streams,
demodulate all the subcarrier channels contained in the FDMs and provides bit-
serial/word-parallel output of the digitized demultiplexed data channels.

Digitizes up to 32 external pre-conditioned analog signals using sample-and-
hold filters at a composite rate of up to 400-K samples-per-second and
provides bit-serial/word-parallel output for further processing.

Accepts up to two MIL-STD-1553 data streams as recorded on a standard IRIG
analog tape unit in accordance with the proposed IRIG standard for recording
MIL-STD-1553 data. The MIL-STD-1553 Command, Data and Status words
are output in bit-serial/ word-parallel format.

Accepts up to two independent IRIG B time sources for time correlation of the
incoming data.

Merges the data as received from the various sources. Performs data
compression, preprocessing and tagging of the individual parameters. Creates
two composite data sets for further processing the first for data archival and the
second for supporting quicklook displays.

Archives the compressed and preprocessed composite data sets on either
disks or magnetic tape for further post-flight processing.

Provides quicklook displays for the compressed and preprocessed composite
data sets on either alphanumeric/graphical terminals and/or high-resolution
color workstations.

Provides real-time DAC output of selected channels in either raw or
engineering unit converted data.

Provides displays of the archived data on either alphanumeric/graphical
terminals and/or high-resolution color workstations.

The software system will be configured to support the hardware in the basic
ADAAPS as well as the MIL-STD-1553 and optional additional PCM and FM



equipment, but only the basic hardware items will be delivered with the system. All
system wiring and support software for the optional hardware items will be
provided so that these items can be added at a later time with little or no support
from Fairchild Weston.

Software Description

The ADAAPS software system utilizes a sophisticated Man-Machine Interface
(MMI) for entering the user-defined information and controlling operations of the
system. This MMI basically consists of forms for the operator entry of setup
information and menus for controlling the operation of the system. HELP facilities
are an integral part of this MMI in order to assist the operator during data entry
and operations control.

The FWSI software provides the following functionality:

Entry of the setup parameters for the telemetry front-end equipment using
menus and forms. This information will be stored on disk for subsequent
loading into the appropriate hardware units.

Entry of the parameter-oriented information. This entry consists of parameter
identification, location in the input multiplexes, data compression and
preprocessing algorithm selection and associated arguments. This entry also
consists of data routing, and display parameters using menus and forms for
data entry. The information is stored in a central parameter database for
subsequent use in loading the telemetry preprocessor as well as access by
real-time display software.

Allocation of telemetry front-end equipment to mission support requirements for
creating independent data sets.

Setup of all remote-controllable telemetry front-end equipment from previously
created setup files.

Control of the data acquisition operation for two independent data sets.

Record data as received from the telemetry front-end equipment on either disk
or digital tape.

Display of real-time data in either alphanumeric or graphical display formats on
high-resolution color CRT display workstations.



Display of data from a previously recorded disk data file in either alphanumeric
or graphical format on a high-resolution color CRT display workstation.

Hardware Description

ADAAPS primarily consists of three subsystems, which are:

Telemetry Front End (TFE) Subsystem,
Host Computer Subsystem, and
Distributed Network of Color Workstations.

The TFE subsystem consists of a highly modular subsystem that also allows for
significant growth and expansion and is capable of supporting missions well into
the 1990’s. The majority of the equipment installed in the TFE subsystem is part of
the EMR 8000 Series product line. This equipment was designed for
synchronizing, decommutating and processing high-speed telemetry data.

The decision to utilize the Digital Equipment Corporation (DEC) VAX-8820
computer as the host computer subsystem provides a powerful and sophisticated
data processing system. This processor selection also allows for significant future
expansion, as the requirements for telemetry ground station processing expand.

The distributed network of color workstations is based on an industry standard
Ethernet network. The system was developed for Lockheed with two 2 DEC
VAXStation 3500s.

 SYSTEM ARCHITECTURE

The basic concept of ADAAPS is to supply Lockheed with a modular system
where components can be added, deleted, or modified on an as-needed basis.

The TFE subsystem contains the hardware necessary to receive, condition and
present to the preprocessor a variety of data input formats including PCM, FM,
IRIG time and MIL-STD-1553. Each of these input links can be utilized
independently or collectively with other input links. Typical input configurations can
be as simple as one PCM link and one IRIG time link or as complicated as four
PCM links, two MIL-STD- 1553 links split over two tape tracks each and two IRIG
time links.

The preprocessor is responsible for high-speed processing and merging of the
incoming data links and the presentation of this preprocessed/merged data to the
host computer. The preprocessing can be any combination of binary, integer and



floating point compression, floating point conversion, data computation and data
output in a variety of formats. The processing is applied uniquely to each
measurement and is totally user defined.

The host computer subsystem is a general-purpose computer possessing all the
resources necessary for development and production environments. The system
can be tuned to support a wide variety of applications including compute-
intensive, I/O-intensive, real-time or a combination of these environments. The
system contains well-integrated networking, distributed computing, and
multiprocessing. It also contains extensive ease-of-use, programmer productivity
and system management features. The ADAAPS system host computer is
responsible for three primary functions, which are;

Setup and control of the TFE,
Setup and control of the current value table, and
Setup and control of the data archive process.

The setup and control of the TFE is a collection of menus and data entry forms for
the input of information necessary for the acquisition and processing of the
incoming telemetry data. This includes both the external format setup specifics
(such as bit rate, bits per word, words per frame, etc.) and the Internal format
setup specifics (such as Individual parameter processing definitions, algorithm
argument values, plot specification, engineering unit name, etc.).

The CVT maintains the most current value of selected parameters plus the
number of times the parameters high and low limits have been violated. This table
is created and maintained in a special purpose dual-port memory configuration.
This enables the table to be maintained during real-time without consuming any of
the system bus resource, in this case the VAX BI bus. The only time the data is
put on the system bus is either when the entire table is broadcast to the all of the
workstations or when an individual parameter’s measurment value is requested
for an update on a host display.

Data archiving consists of acquiring telemetry data to the computer main memory
and then writing that data to either disk or tape. The output of this process is to
support the detailed analysis of the telemetry data post flight. In order to help
speed up this analysis, two files in addition to the data files are created during real
time. One of these files, the track file, maintains a list of all data files that currently
exist on the system. The second file, the index file, contains the start and stop
time of each buffer in the data file.



Two types of data are provided to the workstations, which are the CVT data from
the host computer and specific archive data.

The CVT data from the host computer arrives at each workstation on a periodic
basis. This data is used to create a workstation-based copy of the CVT. Once on
the workstation, the data is used either to support the workstation displays or for
data analysis programs running locally on the workstation.

The specific archive data that is present on the workstation arrives as the result of
a specific request for the data playback displays. The workstation requests, from
the host, data for a list of parameters over a given time slice. The host collects the
requested data form the archive data files, assembles it into packets and sends it
to the requesting workstation.

SYSTEM GROWTH

The ADAAPS system architecture is composed of three functional areas. Each
area contains state-of-the-art electronic equipment that exceeds the current
system specification and can be either modified or expanded to meet future
increased or enhanced system performance requirements. The areas for possible
expansion are:

The TFE currently consists of eight data and two IRIG time links. This can be
expanded to a total of sixteen links, which can include as many as three IRIG
time inputs.

The EMR 8715 Preprocessor contains 5 distributed processor units (DPU),
which can process approximately 1,500,000 measurements per second. This
system can be expanded to eight DPUs increasing the estimated workload to
2,400,000 measurements per second.

The DEC VAX-8820 system contains two processors and is the equivalent of
up to 11 DEC VAX-11/780’s. This machine can be field upgraded to a DEC
VAX-8840 system which contains four processors and is equivalent to up to 22
DEC VAX-11/780’s.

The system as shipped contains two DEC VAXstation systems. The Ethernet
multicast transmission of the CVT from the host to the workstations allows any
number of workstations to be added to the network without an increase in
network traffic.





 




