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ABSTRACT

The Telemetry Systems Operation (TSO) of CSC in Lompoc, California, has been
developing telemetry systems since October 1981. Three major turnkey systems have been
developed as well as several smaller derivative systems. Each system, built for a different
end-user, was custom fit to support unique requirements and often represented several
different techniques for accommodating similar problems within different system
architectures. This paper describes the evolution of TM system architectures developed by
TSO Lompoc, and the special engineering problems solved in the course of their
development to provide the user with accommodating telemetry systems that are
responsive, expandable, and cost-effective.
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INTRODUCTION

There are many existing flight test telemetry data acquisition systems deployed that
process high speed ingest data, produce sophisticated output products and, in general
satisfy the requirements for which they were designed. Most of these systems have
evolved to satisfy requirements that have appeared over the last two decades. However,



during the last few years, performance requirements have grown exponentially, due to the
rapid advancement of the technology of the vehicle under test. As an example, flight test
telemetry stream requirements have grown in a short three year period from an ingest rate
of five megabits per second (Mbps) to ten Mbps and now to 20 Mbps per telemetry
stream. Real time processing has grown from that of simply recording data for later
processing, to a situation where walkaway data analysis products are required during and
immediately after real time tests.

The telemetry system is the user’s support tool. As the complexity and speed of the data
increases, the telemetry system must be designed more intelligently to assist the user in this
data evaluation process. As a result, CSC systems have evolved over the years to include
significant features to support the user’s real-time evaluation process. Some of these
features to be discussed include sophisticated graphic displays, user man-machine
interfaces, operator control methods, security provisions, display recall, and hardcopy
techniques. Each feature plays a different role in accommodating the telemetry system
uses.

CSC has also evaluated the addition of expert systems and other Artificial Intelligence
techniques in these flight test systems to assist the flight test engineers in analyzing this
high volume of ingested data. This assistance is becoming mandatory as data rates exceed
the human capacity to absorb the plethora of alerts, alarms, limits and statuses.

CSC ARCHITECTURES

CSC TM System architectures are built upon modular software. Portions of this modular
software, written in the high-order-language of FORTRAN, are easily transportable, while
other portions were designed to support real-time interfaces for which a lower-level
language was more suitable.

Over the course of several years, however, CSC has developed a palette of functional
modules in both software and hardware which may be used to support an upcoming
project’s specific needs. This hardware, as shown in Figure 1, consists of telemetry
preprocessors, networks, host processors, peripherals, and workstations. The software
modules consist of data acquisition, mission setup, history recording, display, and post
processing.

The overall architecture of the system depends upon a complete set of performance
requirements which may dictate either a single or multiple processor configuration. These
software modules have been fashioned to perform in either hardware framework.



CONFIGURATIONS

The simplest CSC system involves a single telemetry front end preprocessor and one host
processor, as shown in Figure 2. Here, the data acquisition, display, history recording and
mission setup software modules operate in a single processor. The basic CSC system is
implemented with Gould processors and Aydin monitor telemetry preprocessors. The
number of displays for this system is dependent on the type of displays and the required
display data rate. This single Gould processor offers the user the functional features of the
larger, integrated systems previously developed by TSO at a fraction of the cost. This
configuration is currently under development for the Air Force for the EAFB Test Pilot
School and the Utah Test and Training Range (UTTR).

Figure 3 identifies an alternate configuration utilizing two processors coupled with shared
memory. The configuration offers more processing power to support the inclusion of
14 color graphic and alphanumeric displays. It may be configured to support history
recording in either processor, and has not failed to support an operation at Edwards over a
two year period.

Figure 4 depicts a three-processor, triad system that includes a separate processor for each
of the data acquisition, display and history recording functions. This triad configuration
provides the most effective distribution of processor power to each function. Each triad
system can support up to 65K measurements with four telemetry streams per triad. EU
conversion rates are at least 300K per second. Expansion cards permit rates of 500K to be
realized. This triad configuration is the basic building block for large scale Gould-based
systems.

Figure 5 represents the integrated IFDAPS system that provides data acquisition services
for the Ridley Flight Test Center at EAFB. Processors in this system are connected by both
high-speed serial networks and shared memories. This system is designed to process four
missions simultaneously. Historical data is recorded on a centralized data base. Hardware
security switches provide physical isolation of any one or all of the stream processes such
that simultaneous classified and unclassified operations may be supported.

Figure 6 represents the advanced version of the IFDAPS system. it provides a loosely-
coupled system to provide multiple, simultaneous triad processing. Engineering Unit
Conversion data recording rates of up to 300K samples per second are provided. Historical
data is initially recorded directly to the local history processor of the triad configuration.
This data can then be moved in real-time or post flight to a storage archival data base,
which provides the foundation for access by display workstations.



Figure 7 represents the configuration of a system being delivered by CSC to the Navy at
Patuxent River, Maryland. The basis of this architecture is a triad system, where one
processor performs data acquisition, one processor performs display and history recording,
and the third is reserved for user application programs. The total configuration contains
several triads, all connected to a file system that provides a centralized data base for
mission setup. Each triad is loosely-connected to the File System by a single network
cable. This technique allows easy system expansion, or separation to support secure mode
processing.

VAX CONFIGURATION

In a move towards machine independence, CSC has been involved during the last two
years in providing a system that could easily accommodate new hardware configurations.
CSC chose the DEC VAX configuration for an initial conversion from the Gould
environment. This effort was basically two efforts in one. By rehosting from the Gould
computers to the VAX configuration, the steps taken were in line with becoming machine
independent. The conversion to the VAX environment provided a common denominator to
other processors by eliminating Gould-specific assembly language routines and Fortran
constructs.

The initial CSC system on a VAX processor was demonstrated at the 1986 International
Telemetry Conference. The architecture of that system is shown in Figure 8. This system
provided data input from a Loral ADS100 front end processor which was processed on a
DEC Microwav II and drove a Megatek 7200 display.

ACCOMMODATING FEATURES

During the evolution of the CSC architecture, several areas of special user requirements
were addressed in order to provide for a system that will be viable into the 1990’s.

a.  Man Machine Interface (MMI).  CSC has developed a man-machine interface that
will minimize user input interaction required to run a mission. This interface has been
designed to be easy to learn for the new user, yet efficiently operated for a more
experienced user. Additionally, the interactive menus may be modified to accomodate
operational requirements for a specific user. This is done by providing a table driven
system wherever possible, such that changes to the interface can be effected by changing
tables, rather than code. In contrast, CSC is developing the Navy RTPS III system, where
an existing MMI has been developed over many years and is fully accepted by the user. In
this particular case, the more advanced RTPS III is designed within the existing MMI
constructs to ensure user acceptance with little training or re-orientation.



b.  Operational Control.  In meeting differing concepts for system control, CSC systems
have accomodated both the centralized, “resource-pool”, control approach, as well as the
separate control offered to users who operate on dedicated resources. The integrated
IFDAPS offers a redundant, centralized system operation station. The advanced IFDAPS
allows user control of each individual suite of equipments. RTPS III allows centralized set-
up, with control possible in either a secure or integrated node after a flight test is initiated.

c.  Security.  Providing secure modes of operation in telemetry systems offers
interesting challenges to the system designer. In the case of the more tightly-coupled
IFDAPS system, a security switch matrix was developed which would allow the system
operator to dismember the system at critical points such as disk, network, and shared
memory interfaces. As an off-the-shelf product, the CSC security switch is used on other
CSC systems to provide an one-line disconnect of each operational stream from the
remainder of the system.

d.  User Processing.  Many telemetry users maintain their own software inventories to
support specialized analysis software. CSC provides off-the-shelf access programs and
subroutines that interface to the ingested wavetrain to allow access by these user
programs. This technique allows the user to intercept the incoming data, and perform
specialized processing, as well as recording or display of the derived results. Depending
upon the system architecture, this interface has been implemented within a single
processor, or between processors using shared memory techniques.

e.  Displays.  Over the course of several system developments, CSC has now
accommodated users who desire high-velocity color graphics, as well as high resolution
stroker displays. Interfaces vary between high-speed parallel interfaces of several varities,
as well as serial interfaces for less demanding tasks. Users may define displays using an
interactive, ICON-based, technique, allowing up to 1000 pre-defined displays to be stored
for operational use. Depending on the application, users may be accommodated using
displays from Megatek, Tektronix, Adage, Intercolor, Human Designed System or IBM
ATs.

f.  Display Recall.  Display recall is a system feature which allows the recall of
measurements to the display after their occurence in real-time. This feature allows the user
a “second look” at the display data for more exacting analysis, or for comparison with test
data from previous tests. Data may be recalled whether it has been previously viewed or
not. Implementation approaches now include recall from a local disk or recall from a
centralized data base on a separate processor over a high-speed network at rates up to
800K bytes/second.



g.  Hardcopy Spooling.  Users will typically desire to hardcopy display screens during
an operation without interruption to the displayed data or the CPU that drives that data.
CSC has solved this particular problem on the IFDAPS system by maintaining display
images in the display memory which may be rapidly output to Versatec V-80 hardcopy
devices. Should numerous display hardcopies be requested in succession, hardcopy images
are spooled to disk for output when a particular hardcopy device is free. For other
applications, CSC has developed a micro-processor ba sed frame-grabber which has been
added to the display controller. This device will capture and queue up repeated requests
for hardcopy and, without CPU intervention or display freezing, will output more than
6 pages per minute output from a Hewlett-Packard Laserjet II + printer. Both solutions are
available as off-the-shelf products, depending upon the user’s specific hardcopy
requirements.

THE ACCOMMODATING SYSTEM

In order to move ahead to a capability that will provide processing for the near term
stringent requirements, CSC has extended its research and development hand in hand with
Aydin Monitor. The target is to provide a system with expansion capabilities that represent
a quantum leap from those currently envisioned. The architecture for this system is shown
in Figure 9. The philosophy of this design is simple: by continuing to move data acquisition
processing (EU conversion, derived measurement processing) away from the host
computer towards the telemetry front end, machine independence at the host is fostered.
The host computers have more resources left to provide display processing and data
routing. Additionally, display workstations are designed to pull the display overhead away
from the host. This frees the host up even more to provide user application processing and
to provide machine independence.

The key to this architecture is an Aptec IOC24 I/O processor that provides buffering and
data processing capabilities. The IOC24 is a 24 megabyte I/O bus device that provides the
capability to process, record and display data at very high rates. The IOC24 can be
expanded by adding a bus, or by substitution of the IOC200 that provides 200 MB I/O bus
rates.

The Aydin Monitor Systems (AMS) Telemetry Front End Preprocessor has the capability
to ingest data at rates up to 20 Mbps. EU conversion can proceed at more than 500K
samples per second, depending on the number of processor cards. Additionally, the AMS
includes 68020 processors to be used to execute user supplied algorithms for EU
conversion and derived measurement processing.



CONCLUSION

The CSC design continues to move as much processing away from the host processor as
possible. Data conversion is moved to the telemetry front end processor. History recording
and retrieval is moved to the APTEC I/O processor. Display processing is moved to the
APTEC or to display workstations.

The CSC design is applicable for either Gould or DEC processors, as well as others that
conform to the same type of processing. CSC has a sufficient base of off-the-shelf
hardware and software modules that it is a simple task to customize a system to
accommodate any user’s requirements.

Figure 1.  Hardware and Software Easily Combined to Meet Specific Needs
(After Reference 1)



Figure 2.  Single Processor TM System
(After Reference 2)

 Figure 3.  Double Processor TM System
(After Reference 3)



Figure 4.  Triad TM System
(After Reference 4)

Figure 5.  Integrated Flight Data Processing System (IFDAPS)
System Architecture
(After Reference 5)



Figure 6.  Integrated System - Loosely Coupled
(After Reference 6

Figure 7.  RTPS III System Architecture
(After Reference 7)



Figure 8.  Microvax Data Acquisition Workstation
(After Reference 8)

 Figure 9.  Accommodating System
(After Reference 9)


