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ABSTRACT

Flight testing has dramatically changed from the freewheeling “right-stuff” aviation days of
the 40s and 50s. The computer age was just beginning. There was essentially no access to
data other than voice and radar tracking information on the ground to monitor the flights.
The advent of reliable and effective ground systems for real-time safety monitoring was
still in the future. Unfortunately, the lack of these systems played a contributing role in the
large number of accidents which killed or injured a significant number of our nation’s
pioneer test pilots.

As technology evolved, more real-time access to critical safety and performance
parameters became available to our flight test engineers on the ground. This technology
included sophisticated aircraft instrumentation of key measurements, improved telemetry
transmission and reception, and finally, enhanced real-time processing and display of the
test data to the engineers. One advantage achieved through these technological advances in
testing was a tremendous improvement in flight safety. Although accidents can still
happen, today they are very rare thanks, in part, to the ability to accurately monitor and
control a test program on the ground.

The Advanced Data Acquisition and Processing Systems (ADAPS) program is specifically
tailored to meet the needs of test engineers on the ground at the Air Force Flight Test
Center (AFFTC) Edwards AFB, California, to monitor a flight through the use of state-of-
the-art data acquisition, processing, and display technologies. This paper provides an
overall perspective of the requirements for data processing which ADAPS addresses. In
addition, the ADAPS design concept, architecture, and development plan are discussed.
The purpose is to describe how the ADAPS development effort meets the flight test end
user needs of the 1990s. The paper concludes with a section on how we can apply the
ADAPS concepts and technology to help equip the multiple Department of Defense (DoD)
test centers with a common test data processing capability.



INTRODUCTION: MISSION REQUIREMENTS OF THE 1990s

Future Air Force test programs at the AFFTC will 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 for end-to-end system performance improvement is
driven by two major factors.

The first factor is due to advances in the type of vehicles being tested at the AFFTC. More
integrated and higher performance vehicle testing will require higher data throughput
systems with specialized interfaces to handle the increased volume of 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 onboard computer system data. To be effective, the data
systems must also determine, or help determine, the key information the test user needs to
see and then package and display the data appropriately so the user can make use of it.
This is critical due to the vast amount of information available to the test engineers.

The second factor is due to an increase in what flight test engineers need to see in real
time. This need is riot just a “nice 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 high costs associated with postflight
determination of the need to refly a test point. In addition, obtaining real-time results for
calculations, previously requiring postflight processing, means less time is required to
analyze 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 under the ADAPS program to existing data processing systems
at the AFFTC, such as, the Ridley Mission Control Center (RMCC) Integrated Flight Data
Processing System (IFDAPS). The IFDAPS is a minicomputer-based real-time system
supporting dynamic graphic terminal displays. (See Reference 1 for more details on the
IFDAPS architecture).

In a 1989 paper for the International Telemetering Conference (ITC), proceedings entitled
“Meeting Real-Time Telemetry Processing Requirements of the 1990s,” I detailed a
number of lessons learned from the initial development of IFDAPS. These lessons can be
summarized as: (1) users often are unaware of data processing capabilities potential and
may therefore have difficulty in fully defining specific needs (i.e., statements of needs are
often only stated in terms of the capabilities of known current systems); (2) information



system technology changes faster than the standard government acquisition and
development process can procure a major new system; (3) vendor specific designs tend to
result from detailed, ambitious specifications; and (4) user needs and test aircraft keep
evolving beyond the scope of original system designs.

The ADAPS development approach is specifically geared to take these lessons into
account. The ultimate goal is to more rapidly build flight test data processing systems that
are more responsive to end user information needs and more easily upgradeable to meet
future test needs.

ADAPS SYSTEM REQUIREMENTS

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

1.  Performance: Higher data throughput rates are required. Projected requirements exist
for supporting up to five 10-Megabits-per-second (Mbps) telemetered data streams for a
given project. Considerably higher bit rates are expected for posttest processing of data
from an onboard recorded analog tape containing instrumented and avionics bus data.
Future projects will require up to 500,000 samples per second (sps) Engineering Units
(EU) 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 to 20 sps are needed. The data update rate of up to 2,000 sps for some dynamic
data plots is 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 simultaneously process up to 60,000 parameters which include
input, derived, and previously recorded measurements. The ability to record these
parameters at test conditions during an entire mission is required without adversely
affecting system throughput rates. Providing users with history data they can access after a
mission on a postflight workstation located in their office is also needed. The posttest
access must be coupled with minimum data access time for parameters of interest across
multiple test points/missions.

2.  System Reliability: The systems used to process telemetered information must reliably
operate without failure throughout an entire mission. Mission lengths average about 2 to 3
hours; however, they can be as long as 24 hours. In addition, a Mean Time to Repair



(MTTR) of less than 1 hour is required for each system, in order to support heavy mission
workloads.

3.  Mission Support 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 backup systems. An automated system set-up
capability is also required. For example, a means must be provided to automatically
transform instrumentation calibration information into the set-up load files for the systems.

4.  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.

5.  New Capabilities: Other requirements call for providing multiple stream real-time
MIL-STD-1553B avionics 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 interactive displays with on-line archival and dynamic
plot scaling and redefinition capabilities.

ADAPS DESIGN CONCEPT

As previously mentioned, the primary objective of the ADAPS program is to develop data
processing systems which meet these system requirements using an overall architecture
that contains sufficient flexibility to satisfy future needs. To accomplish this, four key
principles are being used in the development of the ADAPS, in light of the lessons learned
on the initial IFDAPS development.

The first principle directs system developments to be based on maximum adherence to
widely recognized DoD and industry computer systems and communication standards.
Building systems based on standards provides a significant degree of vendor independence
in the components used in the overall data system. In addition, it provides for a substantial
amount of software portability among different, standards-conforming, hardware
platforms. This not only allows us to avoid dependence on a given manufacturer for system
growth, but also provides significant cost savings due to the increased competitive
environment for acquisition of system components. Some key standards include: Versa
Module Europe (VME) hardware bus interface, Small Computer System Interface (SCSI)
peripheral interface, Portable Operating System Interface (POSIX) compliant operating
system, X/Windows display interface, Programmer’s Hierarchical Interactive Graphics



System (PHIGS) 3-dimensional graphics standard, Government Open Systems
Interconnection Profile (GOSIP) network protocol, Fiber-Distributed Data Interface
(FDDI) data transmission standard, and Ada programming language.

The second principle advocates using a distributed open architecture approach in designing
ADAPS. This design provides a number of significant benefits. It allows us to build a
system in which distinct processing functions are performed on components which are best
suited for a particular application. A distributed architecture facilitates upgrading particular
system components without needing to replace the entire system to meet new
requirements. Finally, since the architecture is open (i.e., based on recognized standard
interface protocols) the system is flexible to expand (or condense) more rapidly in
response to changing user or system requirements.

The third principle encourages the use of commercial off-the-shelf (COTS) components
and software to the largest extent reasonable. By using COTS products, built-in product
support and documentation is provided. In addition, these products, in many cases, have a
broad-based market which enhances portability of code and hardware. However, use of a
COTS product must be carefully determined. If it must be significantly changed or tailored
to meet a need, or if it is not able to meet most of the key needs in an application, then it
may be more appropriate to build a custom product. In any case, whether it’s COTS or
specially developed, a product should be based on standards to the greatest extent
possible, in order to maximize the benefits mentioned under principle number one.

The fourth principle involves the application of incremental prototyping of separate
components. In the past, we often would specify a set of requirements, award a contract
for developing a system to meet these needs, and then wait for the system to be built and
delivered. There are a number of pitfalls in this approach, if it is not very carefully
controlled. These problems include fielding systems which do not fully satisfy current user
needs since the systems often take too long to develop. These systems may also be limited
in their operational effectiveness, due to insufficient user feedback during development. At
the AFFTC, we are now using a greater degree of prototyping to facilitate testing of new
previously untried technologies before applying them in final design solutions. Also, we
encourage user feedback during prototyping to enhance and refine system requirements
and designs to more realistic user expectations. Building systems based on a distributed
architecture greatly facilitates our ability to incrementally prototype key components.
Incremental enhancements enable systems to more dynamically keep up with evolving
technologies and user needs.



ADAPS ARCHITECTURE

Figure 1 provides a high-level view of the overall ADAPS architecture. Input data consist
of either telemetered flight or ground test data (currently either Pulse-Coded Modulation
[PCM] data or MIL-STD-1553B avionics bus data) as well as space position data (e.g.,
Global Position System [GPS] tracking data). The real-time data acquisition processor
performs the following functions on this input data: (1) EU conversion, (2) derived
parameter calculations, (3) data manipulation and concatenations, (4) real-time recall, and
(5) history recording. The processed test information is then sent via a high speed data
distribution network to engineering workstations for real-time analysis and presentation to
test engineers. The engineers can also obtain access to archived data, from previous tests
at their workstations, for display and analysis via an ethernet network. The real-time data
can be locally recorded at the mission control center workstations for transfer to post test
processors for intermaneuver calculations. The results may then be displayed on the
engineer workstations in a separate display region (“window”) from current real-time data.
Engineers at workstations located at distributed test facilities will also be able to (within
appropriate security precautions) obtain data via the AFFTC local network for further
posttest analysis.

The ethernet network is also used for distributing set-up information from the system
configuration data base to the data acquisition processor, and mission control room
workstations. The data acquisition processor may be augmented with some auxiliary
processor via a Direct Memory Access (DMA) interface for additional computational
support. The auxiliary processor may be used, for example, to analyze high rate structures
and flutter data or to provide an additional expert decision support capability.

The data acquisition “processor” currently consists of IFDAPS Telemetry Front-End
(TFE) hardware and minicomputers. To meet high performance throughput requirements of
the future, state-of-the-art Telemetry PreProcessors (TPP) will serve as the data acquisition
processors.

DEVELOPMENT PLAN

Development of the basic ADAPS architecture described in the previous section is being
accomplished in the following phases: (1) Replacing display terminals with engineering
workstations on existing IFDAPS systems, (2) Integrating distributed posttest processing
and archival systems with real-time processing, and (3) Incorporating newer technology
TPPs for meeting high rate data acquisition processing requirements.



PHASE I WORKSTATION DEVELOPMENT:

The AFFTCRMCCIFDAPS systems currently consist of minicomputers which acquire
(with support from front-end hardware) real-time telemetry data. These computers then
process and record the data and build display screens for presenting the data on graphic
terminals. By early 1993, we plan to replace the graphic terminals with engineering
workstations on an initial IFDAPS system. Then over the next 1 to 2 years, all the RMCC
IFDAPS systems will have their graphic terminals replaced with engineering workstations.
This will allow greater display performance, capabilities, and analysis tools for the user. It
will also provide increased overall system performance by off- loading the display building
requirements from the host minicomputers to the workstations. The workstation displays
are being built using a graphics environment based on standards to allow transportability to
any workstation which complies with industry recognized standards. Currently, the display
software is being built using COTS products which execute under POSIX compliant
operating systems. We plan to further develop a standard environment which is written in
Ada and is tailored to meet specific DoD test range needs.

PHASE II INTEGRATION OF POSTTEST PROCESSING AND ARCHIVAL
CAPABILITIES:

Starting in late 1993, we plan to phase in an integrated archival, data base, and distributed
processing capability which is currently being prototyped. This capability will include high
rate (up to 10 megabytes per second) real-time or posttest storage to standard, low cost
archive media (such as VHS tape or optical media) at the acquisition processors (e.g. the
TPPs). The archive media can then be transported and physically loaded into a common
“juke box-like” Test Data Archive/Retrieval System (TDARS). The archived data can then
be accessed for real-time display or retrieved by engineers at distributed test facilities for
analysis. Currently Network File Server (NFS) and Intelligent Peripheral Interface (IPI)
standards are envisioned for the archive technology. The data base capability will allow
intelligent user access into the archived data. The user will be able to retrieve the data
through Standard Query Language (SQL) commands.

Also this phase will provide a posttest data display and analysis capability on workstations
located at distributed test facilities. The flight test engineers would access archived data
through a data base via a network. They would download selected time slices and
parameters to their workstations. A set of COTS software tools and customized analysis
programs would be resident on the workstations which would process and display the
requested data. The engineers could correlate the data from different flights for further
analysis. Once the data has been analyzed, engineers would import it into a COTS plotting
routine in order to generate report quality plots on a local postscript printer. The key to the
successful integration of this capability is finding COTS software that can perform the



myriad of tasks demanded by the different flight test engineering disciplines. This phase
includes integration of current AFFTC computer resources in order to provide a
completely integrated real-time and posttest architecture.

PHASE III TPP INTEGRATION:

The current RMCC IFDAPS software is very tightly coupled to its front-end hardware and
acquisition processors. As a result, expanding the current IFDAPS front-end architecture
to meet the high throughput performance needs of future advanced air vehicle test
programs, would be very difficult. Also, restructuring the front-end to make it more open
to meet any future growth needs is technically risky. Therefore, an alternative path to meet
performance and future expandability needs was chosen.

Smart, very powerful TPPs exist off-the-shelf today which can do much of the processing
traditionally done by front-end hardware and computers. They can decode input data,
perform sophisticated algorithms on it, record it, and make it available for distribution to
other devices (i.e., to workstations over networks). The TPPs communicate to external
devices and networks over a variety of standard protocols. These TPPs also provide set up
software which can be integrated into an overall program currently being developed which
will automatically set-up data calibration information on all AFFTC data systems given the
latest instrumentation calibration data.

Therefore, the next step in the ADAPS development cycle involves integrating high
performance TPPs with workstations to meet high data rate requirements. The same
technology used for distributing and displaying data on workstations developed in Phases I
and II will be used in conjunction with the TPPs. Thus, we will maintain our incremental
development approach integrity. The high-speed network will initially be based around a
memory-to-memory transfer mechanism. A broadcast FDDI technique will be considered
for future applications, once industry evolves to provide a reasonable effective FDDI
throughput.

We are currently in the process of prototyping a TPP-based acquisition system which
processes real-time data for transmission over a reflective memory high-speed network to
several different standards-based workstations for display. An initial system was placed
on-line in 1991 to support electronics countermeasure ground testing in the AFFTC
Benefield Anechoic Facility (BAF).

A high performance TPP will be competitively acquired along with a high-speed network
and engineering workstations. This equipment will be integrated together, in order to put
on- line high throughput performance TPP-based ADAPS systems beginning in 1994.



CONCLUSION: COMMON TEST DATA PROCESSING CAPABILITY

Although ADAPS development and application is currently restricted to the AFFTC, the
processing capabilities and architectural approach that ADAPS affords can serve the
common needs of multiple other DoD) test ranges. Figure 2 illustrates that at a high level,
a significant portion of testing analysis is common between test centers. Whether the
System Under Test (SUT) is an Air Force aircraft, a Navy battleship, or an Army tank,
testing the performance and safety of these systems involves the same basic data analysis
process. The SUT sensor data must be acquired, then transmitted as raw data to be
processed and displayed. The displayed evaluation information can be used either to direct
the current test or future tests or to help make program decisions based on an assessment
of the weapon system’s current performance. The ADAPS program accomplishes the
processing, control, and display functions (shaded area in Figure 2) at the AFFTC. Hence,
in line with the illustration, ADAPS developments or concepts can be used to support the
processing and display needs of multiple test centers. This falls in step with the Common
Airborne Instrumentation System (CAIS) and GPS programs which support the
instrumentation and space positioning data acquisition needs of multiple DoD test centers.

Application of a common test data processing concept across several test centers can pay
many dividends. First of all, the various test centers would have common/interoperable
data processing capabilities. Note: The data systems do not all have to be identical at all
test centers, but interoperable. Interoperability means we can interchange data and
information processing, distribution, and display developments/components between
centers which adhere to agreed upon standards and development concepts. Some of the
developments and concepts employed for ADAPS could be considered for multirange use.
A second benefit would be the ability to share knowledge and technology advancements
between test centers.

The end results of working together with other test centers for common test data
processing capabilities would be: (1) an ability to more effectively meet evolving test user
needs within an environment of rapid technology advancements and lengthy acquisition
lead times, and (2) smarter use of available Test and Evaluation development dollars.

The ADAPS program, with its development methodology and concept of building test
information systems based on (1) standards, (2) use of a distributed open architecture, (3)
appropriate use of COTS products, and (4) application of prototyping, can be expected to
meet a number of the challenges required to support common test data processing needs.
In fact, the follow-on development program to ADAPS at the AFFTC has been named the
Common Aircraft Data Analysis Capability (CADAC). The CADAC program is intended
to integrate the simultaneous processing of multiple different test data (e.g., real-time
telemetered vehicle performance and avionics data with ground base simulated



aircraft/threat data). However, CADACs most important goal is to further the needs of
DoD to standardize common test data processing. The success of this endeavor hinges on
the success of the current ADAPS effort and other efforts like it at test centers across the
country.
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LIST OF ABBREVIATIONS

ADAPS Advanced Data Acquisition and Processing System
AFFTC Air Force Flight Test Center
BAF Benefield Anechoic Facility
CADAC Common Aircraft Data Analysis Capability
CAIS Common Airborne Instrumentation System
COTS commercial off-the-shelf
DMA Direct Memory Access
DoD Department of Defense
EU Engineering Units
FDDI Fiber-Distributed Data Interface
GOSIP Government Open Systems Interconnection Profile
GPS Global Position System
IFDAPS Integrated Flight Data Processing System
INS Inertial Navigation System
IPT Intelligent Peripheral Interface
ITC International Telemetering Conference
MTTR mean time to repair
Mbps Megabits per second
NFS Network File Server
PCM Pulse-Coded Modulation
PHIGS Programmer’s Hierarchical Interactive Graphics System
POSIX Portable Operating System Interface
RMCC Ridley Mission Control Center



SCSI Small Computer System Interface
SQL Standard Query Language
SUT System Under Test
sps samples per second
TDARS Test Data Archive/Retrieval System
TFE Telemetry Front-End
TPP Telemetry PreProcessors
VME Versa Module Europe





 


