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SUMMARY OF RESEARCH

The Air Transportation Technology Program at Princeton Univer-
sity, a program emphasizing graduate and undergraduate student
research, proceeded along four avenues during 1983:

® Voice Recognition Technology for Flight Control

® Guidance and Control Strategies for Penetration of
Microbursts and Wind Shear

® Application of Artificial Intelligence in
Flight Control Systems

e Computer-Aided Aircraft Design

Areas of investigation relate to guidance and control of commer-
cial transports as well as general aviation aircraft. Interac-
tion between the flight crew and automatic systems is a subject
of principal concern.

Computerized voice recognition of pilot inputs could play a
major role in future air transportation. This capability has
particular significance for single-pilot instrument-flight opera-.
tions, where one pilot is required to perform all the tasks nor-
mally assigned to two or three persons in a larger aircraft. The
tasks that can be carried out using voice command are varied; as
a generality, they can be characterized as the jobs that a cap-
tain might ask the co-pilot to do, e.g., tuning radios, maintain-
ing contact with air traffic control, holding altitude, and per-

forming system status <checks. Graduate student Chien Huang
conducted flight tests in which the DME radio of Princeton's
Avionics Research Aircraft was tuned by voice {1}. Tuning was

accomplished by sending digital signals from a microprocessor,
which received inputs from the pilot via the microphone and voice
recognition board. Initial developments were extended to include
the statistical evaluation of the system when used with different
vocabularies, operators, and background noise conditions.

Recently, it has become apparent that severe downdrafts and
resulting high velocity outflows present a significant hazard to
aircraft on takeoff and final approach. This condition is called
a microburst, and while it often is associated with thunderstorm

PRECEDING PAGE BLANK NOT FILMED 51




52

A

activity, it also can occur in the vicinity of dissipating con-
vective clouds that produce no rainfall at ground level. Micro-
burst encounter is a rare but extremely dangerous phenomenon that
accounts for one or two air carrier accidents and numerous gen-
eral aviation accidents each year (on average). Conditions are
such that an aircraft's performance envelope may be inadequate
for safe penetration unless optimal control strategies are known
and applied. While a number of simulation studies have been
directed at the problem, there are varied opinions in the flying
community regarding the best piloting procedures, and optimal
control strategies remain to be defined.

Graduate student Mark Psiaki has undertaken a study of gui-
dance and control strategies for penetration of microbursts when
encounter is unavoidable. It appears that the scale of meteoro-
logical activity that presents the greatest hazard for transport-
type aircraft is quite different from that for general aviation
aircraft. Nevertheless, preliminary investigation has revealed
commonalities in control laws that reduce altitude response to
microbursts {2}. Professor Stengel also contributed to the
National Research Council report on the subject {3}.

Undetected system failures and/or inadequately defined recov-
ery procedures have contributed to numerous air carrier incidents
and accidents. The infamous DC-10 accident at Chicago's O'Hare
Airport, in which loss of an engine pod, subsequent loss of sub-
systems, and asymmetric wing stall led to disaster, provides a
prototype for the kind of tragedy that could be averted by intel-
ligent flight control systems. (An intelligent contrecl system is
one that uses artificial intelligence concepts, e.g., an expert
systems program, to improve performance and fault tolerance.)
Although many methods of modern control theory are applicable,
the scope of the problem is such that none of the existing theo-
ries provides a complete and practical solution to the problem.
At the same time, heuristic logic may be applicable, but it has
vet to be stated in satisfactory format.

As a first step in our investigation, graduate student Fran-
cois Dallery has completed an M.S.E. thesis on reconfigurable
flight control systems {4}. In this work computer simulations
verify the ability of relatively simple logic to detect and iden-
tify failures in flight control systems and in the airframe
itself. Graduate student David Handelman is continuing this work
with the design of a knowledge-based reconfigurable flight con-

trol system that will be implemented using parallel microproces-
sors.

Work was continued on the Princeton Aircraft Design System
(PADS), a modular interactive graphics computer program for the
design of aircraft. The objective is to facilitate the design of
aircraft configurations ranging from general aviation and glider
aircraft to supersonic transports and other high-performance air-
craft. Two students produced reports on various aspects of the
PADS computer program, which is implemented in the APL computer




language using Princeton University's IBM 3081-based Interactive
Computer Graphics Laboratory facilities ({5,6}. Seniors John
Schneider and Brian Holasek completed program modules for three-
dimensional display of aircraft configurations and for the design
of wing and tail components.

Additional documentation of prior work occurred during the
year. A paper on the use of fiber optics in flight control sys-
tems appeared in the IEEE Transactions on Aerospace and Elec-
tronic Systems {7}, while a summary of work on flying qualities
criteria for single-pilot instrument flight was presented at the
SAE Business Aircraft Meeting and Exposition {8}.

The NASA grant supporting student research in air transporta-
tion technology has inestimable value in helping educate a new
generation of engineers for the aerospace industry, and it 1is
producing research results that are relevant to the continued
excellence of aeronautical development in this country.
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