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TRENDS IN TELEMETRY FOR THE FLIGHT TEST ENGINEER

Dennis L. Smith
Veda Systems
6 Pecan Ct.

California, MD

ABSTRACT

Flight test engineers, a unique group of individuals whose
tasks are to test and evaluate aircraft in operational
environments, are faced with the problem of supporting the
complex instrumentation formats and higher data rates that
are now appearing on airborne instrumentation platforms. The
majority of off-the-shelf portable telemetry support
equipment has not kept up with the demands of the modern-day
Flight Test Engineer-Data Analyst.

BACKGROUND

Flight test engineers, faced with the high cost of flight
testing and increasingly complex instrumentation suites,
have had to rely on antiquated, cumbersome telemetry data
decommutation and processing systems. At remote locations,
such as shipboard environments or on airborne platforms,
data analysis has generally been limited to monitoring and
recording raw parameters due to the limited speed and
processing power of off-the-shelf portable telemetry
equipment.

As formats became more complex, (embedded asynchronous data,
message data, embedded 1553, ARINC data, etc.) and as data
rates increased, the flight test engineer was faced with an
even more critical dilemma of how to select and monitor the
test vehicle parameters in which he was most interested.
Limited data display capability was available, normally in
the form of raw data on strip chart recorders. Although
portable telemetry systems were becoming smaller and more
powerful, these systems were usually extremely difficult to
set up and control. The closed architecture of telemetry
systems and their proprietory bus structures did not allow
for either custom applications or the decommutation of



complex PCM formats without funding the telemetry equipment
manfacturer to develop those additional capabilities. In
addition, trained instrumentation personnel were needed to
program and maintain these complex and cumbersome systems,
increasing project costs substantially.

PROBLEM

Traditionally, the flight test engineer is in the position
of having to fill multiple roles. His biggest role is the
coordination of test flight operations, which includes
developing and writing test plans, procuring funds,
determining proper instrumentation configurations, producing
test flight cards, briefing and debriefing crews and
instrumentation personnel, and finally, producing the final
test report. Remote locations, such as on-board ships,
presents other challenges. Workspace coordination, and
allocation of personnel living quarters are just a few. His
other responsibilities include data collection and display
decisions. He must decide, depending on the capabilities of
the telemetry equipment he uses, which parameters are to be
displayed, and in what form these displays will be most
meaningful to the telemetry analysts including critical
safety of flight parameters.

Test aircraft flight hours are becoming increasingly, if not
prohibitively expensive, and the Flight Test Engineer must
ensure the validity of the data collected and displayed. It
is important that he have as much data available for
processing during testing so that tests need not be rerun.
For example, having sufficient processed data available
during a maneuver can assure if the maneuver needs to be
re-executed, it can occur during the same flight.

An individual flight test may require many different types
of data analysts. These may include structural, engine and
flying qualities engineers. Each of these analysts has their
own set of requirements and particular data to monitor. In
order to achieve this level of flexibility, a portable
telemetry acquisition and display system must be powerful
enough to drive multiple displays and graphics in real-time.

The success or failure of a test at remote locations depends
largely on the coordination and cooperation of the remote
activity, and the capabilities and reliability of the



portable telemetry system and other support equipment. In
the past, in order to complete his report, the flight test
engineer would need to have further data post-processing at
a major ground station. This would include hard copies,
additional engineering units data reduction, and other post
processing tasks not within the capabilities of the portable
telemetry equipment. This was an additional expense to the
project and may in some instances have been very time
consuming. A more ideal situation for the flight test
engineer would be to have sufficient data analyzed and hard-
copied during the remote site testing, both for quick look
analysis and for inclusion of these results in his final
test report.

SOLUTION

The future for portable hi-performance telemetry acquisition
and analysis systems is promising for the flight test
engineer. With today’s technology, especially distributed
microprocessing techniques and ultra high speed memories,
portable, user-friendly telemetry data acquisition
processing and display systems are available now. In some
cases, these new systems far exceed the capabilities of
major ground stations.

By designing with very large scale integrated CMOS circuits
and third generation 32 bit pipeline processors in a
distributed environment, portability and ground station
performance is easily achieved in a small rack-mountable
enclosure. With power consumption typically less than 100
watts and a weight of less than 50 pounds, these portable
systems fill the flight test engineer’s needs for systems
that can operate in limited workspaces, such as shipboard
compartments, airborne platforms and mobile enclosures.
Because of fluctuations and noise of input power sources at
most remote environments, power conditioning and battery
backup has always been desired for portable equipment. In
the past, a power conditioning/battery backup unit would
have been much too heavy and expensive. Integrating small
light-weight inexpensive power conditioning and battery
backup systems in with modern portable telemetry equipment
is now entirely practical.

Other areas of improvement in portable telemetry systems
include their capabilities in decommutating high speed



complex formats, asynchronchous embedded frames, and message
type data. To provide the flight test engineer with the
flexibility required by today’s (and tommorrow’s) complex
telemetry formats, software re-configurable decommutators
based on state machine concepts are among the obvious
choices for designers. Powerful engineering unit processors
are also available in single board configurations, providing
over 750,000 first order polynomial conversions per second,
with the promise of over one million in the near future.
Scaled E.U. data to strip charts is now possible with
bandwidths in excess of 10 kHz per channel.

Further advances have been made in graphic displays for
portable telemetry systems. Until recently, real-time
graphics displays were limited to crude bargraph
representations. With the new portable telemetry systems,
the flight test engineer now has graphics displays
available, such as real-time x-y plots. Plot configuration
may be parameter vs. time, multi-parameters vs. time or
cross plots (parameter vs. parameter). Cross plots are
especially useful for the flight test engineer, with an
envelope that is easily defineable during real-time
maneuvers. Typical envelopes may be altitude vs. airspeed or
longitutional stick position vs. lateral stick position.
Hi-res graphics depicting the aircraft attitude visually may
be easily created, displayed and hardcopied. For higher data
sampling and analysis, Fast Fourier Transform (FFT)
functions and other scientific analysis tools are available
to the flight test engineer.

Flight test engineers use strip charts to review previous
data points and for safety of flight. With the increased
speed, smaller size, larger capacity and ruggedness of data
storage units, extensive data bases will be available to the
flight test engineer in portable units for determining
trends, and recalling and displaying previous data points
for comparison. Previously, these functions were available
only at major ground stations.

There is an increased awareness in the telemetry community
of controlling secure data and data formats at major ground
stations. This especially applies to portable systems in the
field where the security of the equipment and data contents
may not be guaranteed. Removable high capacity cartridges
may be the answer at remote locations with no data or data



format retention on the portable telemetry systems, once the
power is removed.

In addition to the many other advances made in portable
telemetry systems, a number of the newest systems are built
up on IBM PC/AT compatible backplanes. While high speed data
transfers within these systems take place on other than the
PC data bus, there are significant advantages to working
within the PC environment, under an operating system like
MS-DOS or UNIX. First, this is a realm that is already
familiar to many flight test engineers, potentially
shortening the time required to become familiar with a new
telemetry system. Second, and perhaps more important, a
system operating within the PC environment has available to
it the full and powerful arsenal of off-the-shelf, third
party analysis and display software developed for the 8086
family of microcomputers. This latter advantage opens
possibilities to the flight test engineer that were unheard
of only a few years ago.

SUMMARY

There are now powerful portable integrated telemetry
analysis systems available to the flight test engineer to
decommutate today’s complex formats and the assurance that
these systems will be adaptable to future decommutation
schemes. With the processing power available in these
portable systems, workload is reduced substainally, complex
number crunching is now real-time, and decisions on data
validity and aircraft performance can be made in near
real-time, assuring that safety of flight is not
compromised.


