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ABSTRACT

The increasing complexity and volume of the information needed to support flight test
missions has led to a need to expand the capability of current test data management
systems. While the abilities currently exist to collect and manage calibration and
telemetry information in an automated fashion, new requirements have emerged to
link this data with other systems and to expand the functions and devices supported.
Coordinating and directing the overall flow of information required for a successful
flight test is a very big task. It calls for a view into flight test planning and scheduling
activities, test objectives and methods, and the requirements for viewing and
processing the test data in real-time and postflight.

To meet this challenge, the Automated Test Data Management System (ATDMS) is
being developed at the Air Force Flight Test Center (AFFTC), Edwards AFB,
California. This paper describes the critical information and interfaces that the
ATDMS will manage to bring cohesion to the management of flight test support data.
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THE CONTEXT: THE FLIGHT TEST PREPARATION PROCESS

Flight Test is a very important - and very expensive - portion of the Test and
Evaluation activities that support the acquisition of new aircraft capabilities. The data
gathered during flight or ground test forms the foundation for major acquisition
decisions, and the accuracy and efficiency of the testing process is vital to the entire
acquisition effort.



A successful flight test mission represents the culmination of an enormous cooperative
effort by dozens of people from many organizations and specialties, each contributing
information and expert knowledge. Information from people doing mission planning,
flight test engineering, aircraft instrumentation, telemetry system setup, range support,
mission control room setup, data analysis and other activities must be coordinated and
combined before the test can take place.

All of the work done by the separate groups joins like pieces of a quilt to accomplish
the fundamental tasks - deciding what is to be tested and how to measure it, preparing
the aircraft and the support resources for the test, conducting the test, analyzing and
storing the data that results from the test, and feeding those results back into the
planning process. Unfortunately, the various squares of the quilt are not as neatly
joined at the seams as one would hope, and the work they represent is performed with
strongly varying degrees of efficiency.

HISTORY

Several systems at the AFFTC have been used in attempts to sew together parts of the
overall test support process with automation. In this section we review three of the
existing projects with which the ATDMS project will be working. There are a number
of other efforts under way that will improve various facets of the test process, but
these three are the most ambitious and the most well known, and all have experienced
notable success. The ATDMS project will build on the work done so far.

The Flight Test Management System (FTMS) was implemented to support the B-2
Test Program as a tool to aid flight test data processing in planning and accomplishing
the test mission, and in tracking test status. It can track multiple vehicles, many test
objectives, and over 10,000 measurements per mission. It is used in preparing the
real-time and postflight data processing system, preparing the test vehicle
instrumentation system, and ensuring that the test vehicle and the ground station are
loaded with identical information. The system maintains a log of test point status and
can produce statistical analyses of test progression. The system maintains data base
information on flight test work orders, test operations, mission plans, aircraft status,
data products, and instrumentation.

The Test Instrumentation Management System (TIMS) provides tools for the
instrumentation engineer to document the instrumentation system configuration, build
the Pulse Code Modulation (PCM) data formats, load the programmable units onboard
the aircraft, and perform the preflight and postflight checkout of the instrumentation
system. It is a multiproject support effort, and will ultimately provide a common



instrumentation information management tool for the majority of the flight test
projects at the AFFTC.

The heart of the TIMS is a data base which manages information on the
instrumentation samples to be gathered, measurands to be produced, instrumentation
configuration on the aircraft, and programming and software setup of both the
instrumentation system and the ground support units, including a telemetry data
processor, strip charts, and displays. The associated TIMS programs use the data base
information for planning support, to generate and load programs, to distribute
instrumentation data, and to provide basic data acquisition and display functions.
TIMS provides a workstation environment that enables a project to both connect to
AFFTC resources while testing at Edwards, and to also bring the same information
with the aircraft to remote locations where the test support environment may have to
be brought in with the plane.

The Aircraft Information Management System (AIMS) is, like TIMS, a project that
provides services to many different flying projects at the AFFTC. The AIMS was
designed to improve the accuracy of the results of various first generation data
processing systems (1GDPS) by providing them with consistent setup information,
and to eliminate duplication of effort in flight test projects where more than one
1GDPS is used. The AIMS also provides the ability to retrieve the information that
was needed to support any past test mission as well as the most current. It provides an
audit trail as well as the ability to rerun data processing when needed. The AIMS file
contains all the calibration and documentation data needed for each test aircraft over
the life of the project. The AIMS has been supporting major flight test programs since
1991, and will be adding support for more projects by interfacing with the TIMS
during 1993. The TIMS/AIMS interface has the capability of sending output from a
TIMS workstation directly to the AIMS program via a network link, speeding the
overall flow of data substantially.

The AIMS has met its goals of shorter setup times; less manual work, and lower error
rates, but other benefits have materialized as well. Automation of the process has
yielded side benefits through improved communication between groups, and a better
view of the test support process as a whole has emerged from the comparisons of the
two existing AIMS supported projects. This has led to improvements in the overall
first generation process. It is this synergism that ATDMS hopes to expand to more
phases of the test support process [1].



CRITICAL INFORMATION

Basically, the Flight Test Process is an information gathering and managing process.
Information is the critical commodity in Flight Test: information about what the test
objectives are, about the configuration of the system under test, about the status of
airborne data collection and telemetering system, and about the state of preparedness
of ground support systems to remotely monitor the test. The degree of speed and
accuracy with which this information is disseminated translates directly into the
efficiency - and cost - of the flight test program.

This information is distinct from the actual data (system measurements) gathered
during the flight. It relates more to the questions "How?" and "What?" of testing than
the "What happened?" and "Does the system behave as expected?" questions. It is
vital to the process of preparing for a test and measuring what has been accomplished.

At the AFFTC, Developmental Test and Evaluation (DT&E) is the primary process.
The system under test is required to meet certain specifications related to its intended
operational mission. It must fly so high, so fast, carry so much weight, find and
destroy certain classes of targets, etc. The goal of DT&E is to send a system to the
operational testers (OT&E) that is capable of performing the intended mission, with
reasonable development, operation, and maintenance costs.

For each specification, a test is planned. Each test consists of one or more test points,
specific flight conditions (altitude, mach number, weight, angle of attack, etc.),
aircraft system states (autopilot off, flaps at one-half, throttle at 50 percent, radar in
single target track mode, etc.), maneuvers (wind up turn, pitch doublet, missile launch,
etc.), required measurements (pitch rate, airframe stress, fuel consumption, etc.), and
success criteria (navigational accuracy within 100 feet, bomb delivered within 20 feet
50 percent of the time, maximum range of 5,000 nautical miles with 60,000 pounds
load, etc.). Each test is described in a formal document, typically called a Test
Information Sheet (TIS). It represents the critical information that tells flight testers
what is to be done. It is the basic information about everything that is supposed to
happen in the flight test process, but it is not all the information required.

The process of preparing onboard instrumentation systems for a test creates additional
information that is required to support the test and to interpret the results.
Instrumentation engineers set up which measurements are to be collected for a
specific test and generate other critical information relating to the decommutation and
calibration processes required by ground test support systems.



A major DT&E Flight Test Program at AFFTC can have tens of thousands of test
points and their associated TISs, instrumentation system calibration and
decommutation information, and data display and data product details. Each Test
Point, its TIS, and associated information dictate what the objectives of the test are,
what configuration of the system under test is required, what measurements are
required onboard and from the supporting test range, and how much data, at what
rates, in what units, presented in what displays, and with what products required for
analysis. A Flight Test Project measures its progress by counting test points defined
(completion of TISs), test points flown (data gathering requirements satisfied), and
test points completed (data analyzed, success or failure decided).

Flight test engineers supplement the basic information in the TIS by adding details of
how test results are to be displayed, during real-time test monitoring, and in postflight
data products. Screen display formats, units of the data displayed, plot layouts and
titles, etc. supplement the basics described in the TIS to make the test results easy to
use to determine test success or failure. The flight test engineers concentrate their
attention on the aircraft being tested, and from their viewpoint the actual work needed
to create real-time displays and postflight data products happens "in the background,"
preferably invisibly.

CRITICAL FUNCTIONS AND INTERFACES

Test data management involves several primary functions and the critical interfaces
between them. A somewhat simplified breakdown of functions is as follows:

Planning component
Setup information management component
Information processing component

Between these functions are critical data interfaces where information is transformed
from a form meeting the needs of one user to a form that meets the needs of another.
Figure 1 is an overview of the critical interfaces to be addressed by ATDMS.

The flight test Mission Planning Function is a multi discipline endeavor which
works to define test and test support requirements including test objectives and
procedure definition, test asset scheduling and configuration definition, and data
product definition.

Defining test objectives involves planning all the activities and testing necessary to
verify and validate that vehicle specifications are met and that the system is ready for
operational use. The exercise of defining flight and ground test requirements has



Figure 1 ATDMS Critical Interfaces

always been complex, time consuming, and man-hour intensive. It involves evaluating
test objectives and test points (TIS points) and determining the optimum sequence of
testing and method for testing. The process must consider flight safety, aircraft
limitations, test constraints, range support requirements, instrumentation requirements,
aircraft configuration, and data output requirements as a minimum. The test planning
process must be flexible and able to make changes on short notice, and it must use an
extensive knowledge base to assure safe and efficient conduct of the test program.

After the test is planned, test asset scheduling begins. This includes the interface to the
AFFTC Range and test support organizations for such things as frequency allocation,
range airspace, chase aircraft, vehicle tracking, fire trucks, etc. Asset configuration
definition is necessary to assure test and support systems are in the proper
configuration to support testing at the time needed.



General data product definition should occur before testing, but can be an iterative
process as the testing proceeds. Describing the final data products to be obtained from
the flight test process can function as a sanity check for all the other activities in the
test mission planning function.

The Setup Management Function coordinates requirements defined in the Mission
Planning Function with instrumentation, range systems, and data operations. It is not
often recognized that the total assortment of hardware, software and people that
provide test data support can be as complex and dynamic a system as the aircraft
itself. A modern mission control room can have a multitude of displays, strip charts,
workstations, and archival systems that all need to be set up and linked with the
incoming telemetry stream (or streams) from the data acquisition system, which itself
must be properly set up. Similar work must be done to process the data from tapes
recorded on board the aircraft and from other sources.

At a facility such as the Ridley Mission Control Center at the AFFTC all resources
must be rapidly reconfigurable to support the differing requirements of multiple flying
projects. For the real-time environment, support must also be provided for last-minute
changes in the data being transmitted. Speed in ground support setup is becoming ever
more crucial to provide flexibility to test programs, even as the complexity of the task
increases.

The Information Processing Function is the glue that binds the test information
sources together and allows effective management of the flight test process. Currently,
information is passed from one source to another through a variety of methods which
are not consistent between the test programs. Large volumes of data are still being
transferred via hand-carried media, and managers check on the progress of test
information preparation by phone calls and mail. Manual procedures like these are
prone to errors and delays.

OTHER CRITICAL ISSUES

The previous sections have discussed some of the particular kinds of information and
interfaces that the ATDMS system will be dealing with. There are some additional
issues that affect the flight test process as a whole.

In earlier years, paper records were good enough to manage all the test support
information, but as the aircraft grew more complex, so grew the number of things one
needs to know to set up the test. The overall process was broken into the jurisdiction
of specialty areas, and many of these groups began using data bases to track their
information, exchanging the relevant subsets with other groups via paper reports. This



process has grown increasingly unwieldy, but many groups have invested so much
time and money in their individual data stores that this method of doing business has
become entrenched. In many cases, the data base solutions chosen are quite different
and have difficulty exchanging data.

Another challenge is the need to speed up the most time-critical data flows. This is
essentially an optimization problem, in which the availability of information needed at
the end depends on the performance of many asynchronous tasks. The current method
is for each information component to await the arrival of all data from all predecessor
tasks before beginning its portion of the job, whether all this was needed or not.
Increasing interconnectivity may permit a change from this passive model to one
where the different software applications actively notify each other of their status, and
request only the exact information needed to complete the task at hand.

However, if we are to arrive at a time when each sort of data is distributed in a
"just-in-time" fashion, as and when it is needed by partner organizations, much
thought will need to be given to ensuring that the latest information is always
available when needed, in some area available for query. This may require more
changes to existing data base systems than would be cost-effective, so other
approaches to speeding the information flow must be considered.

The changing nature of the computer industry and the Department of Defense (DoD)
information technology environment has led to concerns that many systems under
development will be "obsolete before complete." Dealing with change is the most
significant challenge for ATDMS.

Another issue concerns the conflicting claims of generalization versus customization.
Each aircraft and each Combined Test Force (CTF) face unique challenges, and
operate with distinctly different budgets and organizations. Projects - rightly - want
software and hardware solutions that work sensibly with their way of doing business,
and are highly suspicious of "one size fits all" solutions. On the other hand, from the
AFFTC perspective, projects have a great deal in common in what must be done and
how it needs to be accomplished, and support can be provided much more efficiently
within a common framework. A challenge for ATDMS will be to isolate the truly
common work while developing a set of interface tools that can be customized to meet
the needs of each project.

THE ATDMS APPROACH

The ATDMS approach is to cooperate with existing automation efforts in an attempt
to capitalize on their knowledge and successes so far. The ATDMS project will be



developing a network of "partner" organizations that each have one or two squares in
the quilt of work, and will work with them to find ways to assist the overall flow. In
particular, ATDMS will be looking at the use of heterogeneous networking techniques
to access and distribute data. The essential question to be asked in each area is "Does
it make economic sense to automate access to this data?" and the answers will guide
the establishment of priorities.

The ATDMS will also develop automated tools to tackle two particularly important
areas, test planning and data system setup. These two functions are the ones in which
automation improvements will have the most dramatic impact on the overall process,
and where the most can be learned in the immediate future.

To improve the Mission Planning Function, the ATDMS project is exploring the ways
automation can assist the interface between test objective management and test
procedure management. A prime value in this activity is that the data that can be
captured here are essential to the test support process as a whole. Automating part of
this process will enable planning data to be linked to other test support activities
without requiring as much valuable time from flight test engineers. To be useful to
mission planners, automated tools should support at least the following functions:

Keep a record of test points and their status, what is required to clear them, and
track test points by flight and by specifications.

Maintain a data base of aircraft operating limitations, test constraints, and
defined maneuvers, and use this to identify possible test points.

Provide a simulation capability, and possibly an expert system based planning
aid, for preplanning test flights.

Be able to generate aero charts, maps, test cards (pilot cards), and flight reports.

Be able to compare aircraft instrumentation and configuration status for what is
required to complete a test point versus what is available

Specific asset scheduling and configuration requirements vary with each test program,
but this is an area which appears to lend itself to some level of standardization and
automation, and a number of such automation projects are under way at the AFFTC.
The ATDMS project will link mission planning with these information sources to
improve the accuracy of the process.



Setup Management improvement is of prime concert to the ATDMS project, and will
be the focus of effort in its early years. The improvements in the overall process that
have resulted so far from the AIMS project have led to the expectation that the
expansion of this automation capability will have significant impact on time and cost.
Both TIMS and AIMS primarily address the linking of the data acquisition system
setup with the flight vehicle information. The ATDMS will expand the range of this
function to include a wider range of mission control room assets, such as real-time
displays, and will investigate other improvements in data management and control.
The goal is a rapid and accurate flow of information about setup for flight test.

Another focus area for the ATDMS will be the integration of new data formats and
new kinds of data recording into existing test support systems. Exciting new
technologies for onboard data acquisition and processing are in progress for the next
generation of Air Force vehicles, with possibilities for substantially higher volume
and complexity. Moreover, the new aircraft systems will be able to completely
transform the data they are recording and processing with ease during a mission,
sharply increasing the need for swift ground response.

As the other interfaces discussed in this section are automated or the data are
otherwise captured, it becomes possible to build a "supervisory" interface that can
collect and display information on the process as a whole. The ATDMS project will
provide an automated, distributed system that allows for tracking of, instant access to,
and automated control and monitoring of the information processes. Delays can be
reduced by orders of magnitude and errors can be minimized. Moreover, the
information collected here is the very basic data needed to use Total Quality
Management techniques. By looking at and measuring the steps in the overall process,
bottlenecks, and error-prone interfaces can be identified and improved.

The ATDMS project is looking at ways to provide the needed access to the
information the partner organizations need to share without time-consuming manual
preparation and translation of files. Recent advances in distributed computing make
direct query access possible between heterogeneous hardware and software platforms
and between data base products, but all is far from rosy. There are serious questions to
resolve concerning access permissions, configuration control, and security. Many of
the existing data stores were designed for a "stand alone" world in which there need
be no distinction between public and private data, and the state of the data base was of
concern only to its local users. True interoperability will also require a better mapping
of terminology and of process step definitions between the various partner
organizations.



The ATDMS project is addressing the obsolescence issue by advocating the use of
standards in all aspects of design, and by designing for maximum portability and
scalability. A major design factor for the ATDMS is that the software it uses, both
commercial and locally developed, should be as independent of a particular hardware
platform as possible. The primary target systems will be workstations that meet the
relevant DoD "open systems" standards, with locally developed code written in Ada
for reliability and portability. A second major design criterion is that the ATDMS
should scale up to meet the needs of the largest flight test program, or down to be
within the budget of the smallest.

The ATDMS personnel expect to work closely with the Advanced Data Acquisition
and Processing Systems (ADAPS) project [2], and will provide an initial limited
capability to support their data system setup needs in mid-1994. Additional
capabilities and integration with other systems will follow, with initial operational
capability in 1996 and full operational capability in 1999.

CONCLUSION

The preceding paragraphs describe some of the challenges that the ATDMS faces in
improving the flight and ground test process for large aircraft test programs. By
identifying the interfaces and issues, we hope to stimulate discussion of these points in
the flight test community.

The ATDMS will increase the synergism between the development efforts that now
are concentrating on different phases of the flight test process. It will facilitate
communication between the various groups and disciplines who combine their efforts
to complete a flight test program. The increased communication will make the overall
flight test process more efficient, less costly, and more responsive to customer's needs.
By providing tools to collect metrics on the overall test support process, improvement
efforts can be concentrated where they will do the most good.
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