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Flight Test:  In Search of Boring Data

Catharine M. Hoaglund and Lee S. Gardner
412 TW/TSRC

Edwards AFB, California

Abstract

The challenge being faced today in the Department of Defense is to find ways to improve
the systems acquisition process. One area needing improvement is to eliminate surprises in
unexpected test data which add cost and time to developing the system. This amounts to
eliminating errors in all phases of a system’s lifecycle. In a perfect world, the ideal systems
acquisition process would result in a perfect system. Flawless testing of a perfect system
would result in predicted test results 100% of the time. However, such close fidelity
between predicted behavior and real behavior has never occurred. Until this ideal level of
boredom in testing occurs, testing will remain a critical part of the acquisition process.

Given the indispensability of testing, the goal to reduce the cost of flight tests is well worth
pursuing. Reducing test cost equates to reducing open air test hours, our most costly
budget item. It also means planning, implementing and controlling test cycles more
efficiently. We are working on methods to set up test missions faster, and analyze,
evaluate, and report on the test data more quickly, including unexpected results. This paper
explores the moving focus concept, one method that shows promise in our pursuit of the
goal of reducing test costs. The moving focus concept permits testers to change the data
they collect and view during a test, interactively, in real-time. This allows testers who are
receiving unexpected test results to change measurement subsets and explore the problem
or pursue other test scenarios.
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Introduction

The goal of flight test is to determine if the air vehicle behaves as expected. If the aircraft
conformed to the pre-existing models and to its specification, the data would be boring,
with no unexpected results. So far, boredom has not overwhelmed any major flight test
project. Despite the increasing accuracy of models and simulations our ability to predict



flight test results is far less than 100%. The fact is that the fidelity of our test models
cannot yet match reality.

Unexpected test results can also be caused when synchronizing the many input sources
that make up the data flow for flight test. The goal is for test data systems to flawlessly
process accurate data, introducing no surprises of their own. Unfortunately, boredom has
not overwhelmed test data systems operations either.

Figure 1 shows a highly simplified view of the data flow for one common configuration
used in flight test. The aircraft being tested is one source of information about the test,
there are as many other sources as there are systems sensing and relaying the data. For a
tester to understand what is happening during the test, information is also needed about the
capabilities and programming for the airborne instrumentation, for the ground support
equipment, for the positioning information systems, and for the data communication
devices that connect them.

The challenge being faced today is how to improve the test data acquisition process end-
to-end. Looking closer at Figure 1, there are opportunities to improve the systems
acquiring the data. In three major functions telemetry is the glue that binds the reality of
the test vehicle to the virtual world of the mission control room. Telemetry from the
aircraft to the ground receiving systems relays on-board data from sensors and data bus
monitors, telemetry from global positioning system (GPS) is received and processed on-
board the aircraft to provide positioning information, and that location information can be
telemetered down to the ground receiving stations too. As a result of the enormous amount
of data being collected and transmitted, telemetry may also be the limiting data flow in the
flight testing process. The analogy is similar to connecting a fire hydrant and a fire engine
with a small diameter garden hose. There is a huge supply, a very large demand, but only a
very small flow between them. The problem is exacerbated by recent frequency sell-offs.
As a result telemetry bandwidth has become a increasingly scarce resource. This paper
explores one method of improving data flow given the increasing telemetry bandwidth
constraints.

The Growing Importance of Testing

There is no question that the air vehicles we are testing at the Air Force Flight Test Center
are more complex than ever before - as well as faster, more agile and more sophisticated
electronically. These capabilities are the direct result of software. The amount of software
code that support flight control systems, avionics systems, and even propulsion systems
has skyrocketed. Modern aircraft are flying computers - actually, they are more like flying
computer networks. The effect of this is that in order to test the aircraft, the number of



on-board measurements has increased exponentially [Schweikhard, 1991], driven by the
need to capture all interactions between the systems.

The number of possible failure modes for any given aircraft is a function of the number of
interfaces between its components. Even with thorough testing of each component,
unexpected problems can arise when the components are assembled into the system
[Brooks, 1995]. We need methods to insure that at least all the modes encountered during
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routine operation of the system hold no surprises, plus we need to test as many non-routine
modes as dollars and time permit.

The Moving Focus

Flying hours are the major expense for a test program, so as much as possible must be
squeezed into each one. While the aircraft is in the air, the real-time data systems will
display only a small subset of the possible things being measured on the aircraft itself.
Current systems are limited to being preprogrammed and then providing a fixed, static
subset of measurements. As already discussed, the number of measurements in that subset
is limited by bandwidth.

If test planning were perfect and expected data were the only test results with no
unexpected surprises, this fixed subset of measurements would suffice. However,
unforeseen conditions and genuine test phenomena frequently occur. Re-flying tests to
check out phenomena that occurred on earlier tests is common. If data systems could be
reprogrammed in real-time, in response to unexpected phenomena or data, the cost savings
could be significant because the cost of re-flying the test would be eliminated.

If test conductors were able to swap measurands into/out of active real-time displays, the
tester's need to understand what is happening would be satisfied also. As well, bandwidth,
a scarce resource, would be saved by replacing parameters rather than including all
parameters and changing that subset on the fly. Subsets could change when the focus of
the test mission changes and when something is surprising (including instrumentation
failure or an unexpected interface problem). This moving focus concept would require that
enough engineering support information be available in the mission control room to enable
real-time informed decisions about flight safety.

To make the moving focus concept a reality, telemetry systems on the ground and in the
vehicle under test will need a new kind of cooperation. The current technology supports
control room displays that provide a limited moving focus concept, highlighting data of
interest out of the transmitted data stream. However, on-board systems are not yet that
flexible. Ideally, the concept would be expanded to enable the on-board system to instantly
reconfigure the content of the transmission when a problem occurs. When everything is
nominal, a certain stream would be sent, but when a surprise is detected either in the air, in
the control room or anywhere in the data acquisition system, a focused set of measurands
could be swapped into the transmitted stream. This amounts to adding the ground system
as another node on the network of subsystems under test.



The Need for Traceability

The current technology of test planning requires a step-by-step process with strict
configuration control. This approach requires a huge amount of logistical support. As a
result, existing systems are designed for setting up once and making only small incremental
changes thereafter. The moving focus amounts to adding another node to an already
complex computer network. The additional complexity will force the development and use
of sophisticated database replication and synchronization techniques. Implementing a
moving focus methodology will also require a higher level of automation, including
algorithms to generate telemetry formats given only information about the measurements
they contain [Jones, 1996; Samaan, 1995]. It will also require better bookkeeping, since
traceability will be even more critical.

Traceability is of growing importance because the data gathered during the actual mission
serves two kinds of test analysis. In addition to the real-time envelope expansion discussed
above, any anomaly uncovered will need a deeper analysis. The understanding of the data
must include the traceability to all the manipulations and transformations that have
happened between the origination point and the end result. The pyramid-based method of
iterating to final decisions about the effectiveness of the system under test is based on
increasing levels of analysis, evaluation, and abstraction as illustrated in Figure 2 [Crouch,
94]. Each higher layer summarizes the data below it, with information loss and increasing
uncertainty as the analysis becomes more abstract.
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It is important to remember that as we move up from one level of the pyramid to another
we transform data into information. Each succeeding level in turn transforms the data
again. However, as our original diagram of the data flow for flight test illustrated, the
transformation involves the setup and coordination of many different systems - databases,
networks, telemetry systems, recording devices and presentation equipment such as strip
charts and data display workstations. The conclusions that can be drawn at each level of
the pyramid are only as reliable as the data transformations and system interactions that
produced them. The decision maker needs to be able to drill down through the layers of the
pyramid to understand all the steps that led to the final answer.

This concept is similar to the data warehousing concepts now being exploited by the
commercial sector. Just like Chief Executive Officers, flight testers need to see both the
big picture and to have access to the details in order to make informed decisions about
dynamic processes.

The Moving Focus - Implications

The moving focus concept breaks the model of the inflexible, statically instrumented test
system. It presents the test data as a flow in a network where test item and test conductor
are interactive - two communicating, cooperating nodes. This is a very different view from
the static, incrementally changing paradigm designed into most modern telemetry
processing systems. To make the moving focus concept a reality, methods for rapidly
reprogramming these systems will be required.

This change from a pre-planned, static situation where the test item transmits and the
ground system receive, to a dynamic, cooperative network model means stretching the
capabilities of the systems that automate test system and test support system setup. Our
current setup processes still have many manual, labor-intensive steps: building, validating,
and verifying control room displays and software; test article instrumentation system
checkout; network configuration; etc. For the moving focus to work, these systems must
become capable of reconfiguring the test article and the control room on the fly.

The traceability requirements of the moving focus concept will drive the need for thorough,
real-time record keeping. Instead of having to maintain a history of discrete snapshots of
the configuration of the test article and the ground-based test support systems, one for each
test, a dynamic record of every change to every system in the test network must be kept
current. This resembles the complexity and concerns of on-line transaction processing
systems, including database synchronization issues, more familiar to business managers
than flight testers. In addition, the control and configuration management of this network
has direct implications on safety of flight.



Safety and risk present the greatest barriers to implementing the moving focus. To mitigate
flight test risk, end-to-end data processing validations are conducted pre- and post-mission.
To provide this same confidence, methods and systems that can support real-time, on-the-
fly validations need to be added to the already complex test data network.

There are other proposals for improving data flow in the flight test process. One of the
most promising is on-board processing. Computers on the test vehicle could pre-process
data prior to telemetering it, thereby reducing the required bandwidth. On-board
processing really means distributed processing. Data processing could be distributed
equitably across the test network nodes. On-board data processing presents another level
of complexity including traceability, validation, and configuration management challenges.

Conclusion

The moving focus concept has been presented as a method for improving data flow in the
flight test process. This concept provides for interactive testing, with the test article and
the test conductor seen as cooperating nodes on a computer network. To realize this
concept, many systems on the network will require changes. Among them, the telemetry
processing systems will need a different intended use paradigm. Telemetry vendors can no
longer provide slow, manual system setup functions. Total telemetry system
reconfiguration may be required in a matter of microseconds. This major shift in usage
may be especially difficult to support industry wide because only a few high-end telemetry
customers who require massive data streams will benefit from the moving focus concept.

The greatest challenges of the moving focus concept are those related to validation and
configuration management. All the systems on the network that are not under test must
deliver high-confidence, highly-reliable results, without surprises. It is not possible to test
the accuracy and reliability of systems under test using inaccurate, unreliable test support
systems. The test systems need to be as error-free as possible. This kind of reliability could
be achieved through the use of automated software test tools during the development
lifecycle of the test support systems.

The pressures to reduce costs and system development time will continue to drive high-end
telemetry customers who test highly complex systems requiring massive data streams to
seek methods to optimize bandwidth. The moving focus is but one such relief mechanism
that has the added benefit of allowing the tester to understand fully what is happening
during a test. As a community, we need to continue to explore alternatives to reach our
goal: The models and simulations we use and the test support systems we build provide
boring data without surprises, leaving us to concentrate on the surprises from the systems
we test.
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