
Meeting Real-Time Telemetry
Processing Requirements of the 1990s

Item Type text; Proceedings

Authors Johnson, Gary G.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:14:20

Link to Item http://hdl.handle.net/10150/614704

http://hdl.handle.net/10150/614704


MEETING REAL-TIME TELEMETRY PROCESSING
REQUIREMENTS OF THE 1990s

Gary G. Johnson
Air Force Flight Test Center

6510 Test Wing/TSDI
Edwards AFB, California 93523

ABSTRACT

In 1986, a new generation real-time telemetry processing
system was installed at Edwards Air Force Base (AFB), CA.
This system, known as the Integrated Flight Data Processing
System (IFDAPS), was developed by Computer Sciences
Corporation (CSC) for the Air Force on a five-year cost-plus
development contract.

The system, as delivered, was very complex and had many of
the difficulties associated with a new development. As a
result, it needed a number of system modifications to obtain
operational status. In addition, significant hardware
components were outdated due to the longevity of the
contract, resulting in critical reliability and loss
performance concerns. This situation was most likely
precipitated by an attempt to produce a quantum leap in
real-time processing capabilities at Edwards AFB while
incompletely projecting future needs. As a result, the
system developer was unable to satisfy all the actual
requirements in a turn-key system.

Because of the initial difficulties in IFDAPS and the rapid
growth in technology, a number of incremental upgrades are
continuing to be made to the system. The most important
modification was a simplification of the system’s
architectural design. An integrated mission support system
simply failed to operate reliably and efficiently in our
operational environment which requires support of up to
eight real-time missions per day on IFDAPS.

This paper describes the major upgrades being performed to
IFDAPS to meet flight test program requirements of the
1990s. These upgrades are being accomplished as state-of-
the-art, incremental upgrades instead of full-scale turn-key



system developments. Phased developments are proving to be
more compatible with operational needs. They can be
implemented with more appropriate understanding of the true
requirements, and as a result , are developed, tested, and
put on-line faster and with a very high success rate.

INTRODUCTION: MISSION REQUIREMENTS OF THE 1990’S

Future Air Force Flight Test Center (AFFTC) test programs
require more sophisticated and higher performing real-time
and post-flight data processing systems and capabilities.
Higher performance is also required for instrumentation
systems and telemetry data communication equipment. This
need is driven by two major factors. The first factor is due
to advances in the type of testing being performed at
Edwards AFB. More dynamic and higher performance vehicle
testing requires higher data throughout systems with
specialized interfaces to handle the increase in varying
telemetry data. In addition, more sophisticated data
calculations are required to accurately describe and monitor
the performance of these vehicles in real-time, as well as
to track critical safety of flight parameters and monitor
on-board computer system data. The second factor is due to
an increase in what flight test engineers need to see in
real-time. This need is not just a Anice to have@ but
instead is driven primarily by a desire to save time and
money. For example, if adequate information is received in
real-time on certain key performance parameters, then the
overall quality of the attempted maneuvers can be
ascertained in real- time. This avoids costly post-flight
determination of the need for reruns. In addition, obtaining
real-time results for calculations, previously requiring
post-flight processing, will mean less time is required to
process test results. This can significantly speed up a test
program and hence save total program costs.

To meet the challenge of satisfying these increased
requirements, phased upgrades are currently being performed
to existing real-time data processing systems at Edwards
AFB. One system currently under an upgrade program, is the
Ridley Mission Control Center (RMCC) Integrated Flight Data
Processing System (IFDAPS), a Gould based real-time system
supporting highly dynamic graphical displays. The RMCC
IFDAPS is being upgraded with greater performing processors,
increased storage capabilities, improved display systems,
and an intelligent telemetry preprocessor for faster overall
system throughput performance. This paper primarily focuses



on the upgrades being accomplished to RMCC IFDAPS. Also, it
tells why certain development approaches are currently being
used and will continue to be used in upgrading RMCC IFDAPS.

To fully understand current RMCC IFDAPS upgrades and the
reasons behind them, three topics need to be discussed
first. The first subject describes historical background
information. The second subject depicts a high level
overview of the current RMCC IFDAPS architecture. Finally, a
more detailed description of anticipated system requirements
for the 1990’s is presented.

BACKGROUND: AN HISTORICAL PERSPECTIVE

In the 1970’s, the AFFTC supported real-time monitoring of
flight tests using a variety of data processing systems. The
primary system, which furnished some graphical displays, was
the Automated Flight Test Data System (AFTDS ). From the
outset, this system had several key operational problems
such as poor reliability, a shortage of adequately trained
personnel to operate and maintain the system, and high
maintenance costs due to obsolete system components. The
other real-time systems only provided limited strip chart
output and also consisted of rapidly aging equipment.

Eventually, as a result of concerns that existing systems
were both limited in capability and becoming rapidly more
expensive to maintain, the Air Force decided to contract for
the development of a new turn-key state-of-the-art real-time
telemetry data processing system. The development goals of
this new system were very ambitious. Since the current
support systems had many significant shortcomings, system
planners wrote a specification package covering a wide range
of requirements.

These requirements covered basic real-time and post-flight
telemetry processing needs as well as requirements for Time
Space Positioning Information (TSPI) processing, a flight
flutter analysis station , a scientific data base storage
system, and an aircraft calibration data base. Other design
requirements were levied to provide significant modularity,
reliability, flexibility, redundancy, security, and ease of
operation and maintenance. With such a broad range of
requirements, there was substantial room for different
interpretations. This resulted in significantly different
designs proposed to satisfy the requirements.



The contractor chosen for the development, CSC, proposed an
architecture of operational systems tied together via a
Hyperchannel network. This configuration allowed more
resources to be linked together as needed to support larger
project requirements. It also provided a means for switching
to other resources if a failure occurred in a given
processor. The software proposed by CSC was to be a
derivative of an operational telemetry acquisition and set-
up software package developed by CSC for Vandenberg AFB, CA.

Fully understanding and defining actual needs for a system
to be delivered five years later was difficult due to the
complexity of supporting flight test missions at Edwards
AFB. As a result, a number of the requirements levied on CSC
were overly ambitious. This stretched the state-of-the-art
into some complicated technical design choices. In addition,
some requirements were ambiguous which proved difficult to
meet. The Air Force also occasionally changed requirements
during the development cycle as it became more knowledgeable
on what the actual needs were. Refinements were, therefore,
levied as necessary onto CSC resulting in development costs
for IFDAPS growing beyond the original cost estimate.

CSC developed another system for Edwards AFB which is a
derivative of the RMCC IFDAPS: the Test Support Facility
(TSF) IFDAPS used in support of the B-2 project. The
development of this system was started in 1985. By this
time, the development of the RMCC IFDAPS had progressed far
enough in order to be able to identify a number of
shortfalls and limitations in its initial requirements and
design. As a result, the TSF IFDAPS Air Force program
managers and CSC designers benefited from the lessons
learned during the RMCC IFDAPS development. Thus, they were
able to produce a system more in line with actual user needs
and with additional capabilities and increased performance
over the RMCC IFDAPS.

The RMCC IFDAPS was delivered and installed in November
1986. After a six month period of sustained engineering
support to correct some remaining problems, the system
became operational 1 June 1987. Since that time, it has been
used successfully in support of several F-16, F-15, and
cruise missile flight test programs.



RMCC IFDAPS ARCHITECTURE

Figure 1 shows the major components of a current RMCC IFDAPS
system. The telemetry signals from a test vehicle or an
analog recorded tape are distributed to one of five IFDAPS
systems through the Data Distribution System (DADS). The
data is then preprocessed by a Front-End Subsystem (FES)
which performs synchronization, parameter identification and
time tagging, formatting, data compression, and some limited
Engineering Units (E.U.) conversions.

The Acquisition and Display Subsystem (ADS) acquires data
from the FES performs limit checks and additional E.U.
conversions, and outputs the data to alphanumeric display
devices and Strip Chart Recorders (SCRs) in one of six
Mission Control Rooms (MCRs) and to the Display and Analysis
Subsystem (DAS).

The DAS augments the computational and display capacity of
the ADS and provides the primary real-time and recall
display components of RMCC IFDAPS. The DAS provides color
graphic and alphanumeric displays and hard copies of any
display screen. In addition, Control and Storage Subsystem
(CSS) software resides on the DAS for providing an operator
interface for the mission and to provide real-time history
recording of telemetry data.

FUTURE SYSTEM REQUIREMENTS

Specific system requirements for real-time systems in the
1990’s at Edwards AFB can be categorized into the following
areas:

(A) System Reliability

The systems used to process telemetry data must    
reliably operate without failure throughout an entire
mission. Mission lengths average about 2-3 hours; however,
they can be as long as 24 hours. In addition, a Mean Time To
Repair (MTTR) of less than one (1) hour is required for each
system in order to support the heavy projected mission
workload.

(B) Performance

Higher data processing rates are required.
Projected requirements exist for supporting up to three 5



Megabits per second (Mbps) data streams for a given project.
Future projects will require up to 300,000 samples/second
(sps) E.U. data throughput rates (including derived
measurements). This increase in rates is predicated upon an
expected increase in real-time Inertial Navigation System
(INS) processing, thrust calculations, test day performance
calculations, frequency response analyses, avionics data
processing, and other real-time data calculations and
displays.

Performance increases are also required for graphic
displays. For example, screen update rates of 10 - 20 sps
with up to 2,000 sps data update rate for some dynamic data
plots are required. Also hard copy performance needs to be
increased to eliminate the display freeze time when hard
copies are performed.

The capability is needed to define 40,000
parameters of which 10,000 parameters, including derived
measurements, are active at any given time. History
recording of these parameters at test conditions during an
entire mission is required without adversely affecting
system throughput rates. Providing users with history data
they can walk away with after a mission to a post-flight
workstation is also needed.

(C) Operational Requirements

Standard operational system configurations
consisting of equivalent hardware and software resources are
required by operation personnel to avoid set-up errors and
to provide complete back-up systems.

(D) Maintenance Requirements

Requirements exist for more sophisticated
maintenance tools to troubleshoot and correct problems with
hardware and software. This need is increasing due to newer
technology components and more time critical and complex
software being added to existing systems. Dedicated
development systems are needed to effectively and
expeditiously develop and check out application software and
hardware/software upgrades.



(E) New Capabilities

Other requirements call for providing multiple
stream real-time MIL-STD 1553B data bus processing, for more
sophisticated handling and display of digital discretes, and
for processing of aircraft video display data. Users have
also asked for more sophisticated displays and for new plot
scaling and building capabilities.

RMCC IFDAPS UPGRADES

To satisfy these system requirements, incremental upgrades
are being performed to the RMCC IFDAPS instead of full scale
turn-key system developments. This phased approach allows
developments to be implemented, tested and placed on-line
sooner and avoids the costly process of developing
completely new systems. Moreover, this development strategy
avoids several of the possible pitfalls inherent in the
original RMCC IFDAPS development concept and allows us to
take advantage of proven solutions on other systems. For
example, TSF IFDAPS already satisfies a number of these
requirements as a result of lessons learned on the RMCC
IFDAPS development effort. Furthermore, this strategy
facilitates developments that meet current user needs or
reasonable projections of needs instead of guessing
requirements which may be inaccurate, subject to change, or
unrealistic.

A number of factors were considered in determining what
aspects of RMCC IFDAPS needed to be upgraded first. But the
primary initial concern was its reliability. Therefore, the
first upgrade entailed eliminating its unreliable integrated
real-time architecture. Originally, RMCC IFDAPS was
delivered as two stand-alone systems each configured as
depicted in figure 1. The other three systems were
integrated together as shown in figure 2. In the integrated
systems, the CSS software was placed on two separate
computers: CSS-X and CSS-Y. Eventually, the two stand-alone
systems were to be placed into this same integrated
configuration. In this architecture, a given ADS computer
could be tied to any DAS computer and to one of the two CSS
computers (for history recording). A benefit of this scheme
was that it provided a shared pool of disk drives connected
to both CSS computers for storing data on more than one
operation simultaneously. Also this configuration allowed
any DAS to be tied to any given ADS for a mission.
Therefore, if a DAS failed, the ADS could be tied to another



DAS in order to continue to support an operation. Similar
reconnections were possible for ADS or CSS failures. This
design resulted from an original requirement for back-up
systems in case of a partial system failure and for a
central operational control point.

Although this architecture on paper appeared to be an
excellent idea, in actual practice it failed to live up to
expectations. The flexible reconnection at times failed and
couldn’t be performed when an operation was in progress on
another processor. Also, the architecture (especially the
shared disk drives ) could not meet security requirements;
therefore, it could not support classified and unclassified
operations simultaneously as required.

Therefore, the three integrated systems were eventually
separated, one stream at a time, into three additional
stand-alone systems (see figure 1). This allowed the Air
Force to support more missions simultaneously without the
above mentioned operational and maintenance concerns.
Greater reliability was restored to RMCC IFDAPS, but at a
loss of some flexibility. Also, without the common disk
farm, the amount of history recording space available on the
systems was initially restricted to a smaller amount.
Because of this storage space restriction, and a desire to
clean-up some remaining architectural differences in the
systems, an effort is being undertaken to add more mass
storage space to each of the systems and to completely
standardize the five stand-alone systems into a common
identical configuration.

The second major problem with RMCC IFDAPS was its
performance. The projects initially supported could, at
times, over-tax the system resulting in data loss. Moreover,
certain project requirements of 1989 and beyond are expected
to be greater than what the original system hardware can
handle. Therefore, after the reliability of RMCC IFDAPS was
improved by standardizing its five operational systems into
identical stand-alone streams, performance improvements were
addressed.

To improve the system data throughput, the ADS Gould
SEL-7780 series 1.2 Millions of Instructions Per Second
(MIPS) computers were replaced with Gould SEL-6780 Concept
series 3.0 MIPS computers. This upgrade resulted in an
approximately 100 percent increase in E.U. data throughput
to 25,000 samples/second. A follow-on upgrade is currently



being worked to replace the FES by 1991 with a state-of-the-
art intelligent telemetry preprocessor. This effort will
result in providing each RMCC IFDAPS stream with the
capability to process up to 300,000 samples/second of E.U.
data to strip chart recorders and 50-70,000 samples/second
through the Gould 6780-based ADS to digital display devices.

Display upgrades, also being accomplished to improve
reliability and performance, include modifying the graphic
terminals on RMCC IFDAPS to have separate graphics and
serial text input Central Processing Units (CPUs) as
originally developed for the TSF IFDAPS. This enhancement
will allow faster keyboard response times and is expected to
provide greater overall display reliability. This upgrade is
being accomplisher in conjunction with the installation of a
new fiber-optic data distribution system for getting serial
text and parallel graphics information to displays from the
host Gould computers. This new distribution system involves
using fiber patching equipment with substantially greater
reliability as proven at other facilities.

Future upgrades are currently being planned to meet a number
of additional and improved processing capabilities. The
enhancements include rehosting display building software
onto real-time scientific workstations connected to RMCC
IFDAPS. This will off-load the intensive display building
activity and complex analysis algorithms now having to be
performed on the host Gould computers. As a result, these
computers will only be needed for generic calculations and
data traffic control. The workstations will be configured to
provide only the displays the user needs. Also, the
workstations will be provided with local storage to record
the data specified by the user. The user could then call up
the locally recorded data as required in real-time or in
play back to perform further statistical, graphical, or
numerical comparisons on the data. These actions can either
be performed on workstations tied to RMCC IFDAPS or on
separate workstations at different locations.

Other anticipated upgrades encompass providing interfaces to
avionics bus generated data and to trajectory data for
merging with telemetry data for real-time mission
monitoring. Also, envisioned is the integration of
instrumentation calibration updates automatically to RMCC
IFDAPS through a the use of a network to instrumentation
data bases at test aircraft locations. Additional
enhancements will be undertaken to take advantage of



the explosive growth in technology to provide more capable
systems at decreased cost.

CONCLUSION

On the RMCC IFDAPS effort, the Air Force attempted to obtain
a new generation real-time telemetry data processing
capability as a result of a single turn-key development
effort. This effort was less than fully successful due to:
the Air Force specifying several vague requirements when not
all of the projected requirements could be fully understood
or described, changing requirements as actual needs became
better known, and stretching the state-of-the-art in order
to meet overly complex AFFTC mission support goals. The TSF
IFDAPS, built upon lessons learned from the prototype RMCC
IFDAPS, and RMCC IFDAPS incremental upgrades are, on the
other hand, proving themselves to provide more responsive,
cost effective solutions.

Therefore, usually incremental upgrades will be performed to
existing AFFTC systems such as RMCC IFDAPS to meet new
requirements. However, some requirements may be better met
by undertaking a brand new development. In any case, heavy
use of prototyping should be used. That is, build a
prototype system, check it out, and then let the users work
with it for a time. Then go back and build upon or modify
the prototype to meet the expanded and better defined user
needs. This process of build a little, analyze the result,
refine the needs for the system, and then build some more
can be iterated until the true requirements are met.
Sometimes, this development approach leads to a system that
has some problems in meeting refined user needs. When this
does happen, we need to be willing to scrap the current
development and start over. Finally, when new state-of-the-
art technology evolves, we must be ready to capitalize on
it. By utilizing this development approach the AFFTC plans
to keep abreast of the needs of testing 1990’s technology
air vehicles.

 





Figure 2.  IFDAPS Integrated Architecture


