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Highlights of Year One

The first year of activity has been productive.

e We list a total of 21 papers published or submitted by members of the
research team and that have been partially supported by our sponsors.

e We attended the annual SAAP-Industry meeting on March 5 — 7, 2002, in
Hampton, VA.

e Langley's FOSS laboratory has generated data on strain tests that is being
used as test bed for some fault signature techniques. And, in an exciting
new twist, it is pointing to a new blind identification technique for fault
detection.

e We have received a complete mathematical model of a B747 that is being
used by all the SAAP partners.

The second year should prove even more successful. We have smoothed out the
wrinkles in our collaboration methods; we have common experimental models.
And we are preparing our first Louisiana Workshop on System Safety.



Sensor Fault Detection

For the problem of sensor fault detection, currently we are developing multiple-
model algorithms with a variable structure that can intelligently detect and isolate fault
and provide some early warning of deteriorated situations. One particular algorithm in
this class, called expected-mode augmentation, has been developed over this past year. A
brief description of this algorithm and its performance evaluation are given in [1]. A
more extensive version of the description is being prepared for journal publication. We
are actively seeking ways to improve the performance of several variable-structure
multiple-model algorithms, as reported in [2, 3]. An important topic in multiple-model
approach is the design of the model set. Along this line, we have developed several
methods for the model set design that is described in [4, 5,6]. Another important topic is
online adaptation of the model set. Several such adaptation schemes have been proposed
or refined. We also started the task of "Implementing optimal decision rules for optimal
use of hardware redundancy by advanced data fusion techniques" and also starting work
on "Wald's sequential probability ratio test". First, we have conducted a fairly thorough
literature search for change point detection, including those reported in [7] for target
tracking, and tentatively identified that the solution techniques should most likely be
based on the sequential statistical procedures we developed before for target detection, as
described in [R1, R2, R3]. These procedures are based in turn on Wald's sequential
probability ratio test.
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Fault Early Warning

Research in Fault Early Warning has concentrated in the development of fault
indicators using Signal Processing Techniques (DSP) and Residual-based techniques. In
the DSP approach we have designed filters banks that decompose a given signal into any
number of equal bands. The filters have been used on faulty data created by computer-
simulated airplanes. Preliminary results appeared in [8]. There is an effort to use
simulation and simplified models to estimate the sensitivity that can be achieved with a
given filter bank. We are also analyzing the issue of false alarms that could be induced by
external signals. The design method needs to be improved to create filters that can
operate efficiently in real time. We are also developing enhanced signatures using pseudo
power signatures [9]. One effort is directed to enhanced signatures using continuous
wavelet transform and a frequency domain formulation. Partial results will appear in [10].
We are in the process of developing the necessary computational tools for this method.

Research on Residual-based techniques has focused on the design of dual loop
identification schemes for aircraft. The concept was outlined in [11]. We have developed
and successfully tested (via computer simulations) a dual-loop system-identification
scheme for general dynamic systems. Of the two identification loops, one is based on
neural networks (see [12], [13]) and the other, time-varying linear systems. Another
enhancement of the dual-loop identification technique has been achieved: that of directly
obtaining a state-space model from the experimental input-output data [14]. We have
successfully implemented this model (estimated by a time-lagged neural network using
back propagation through time) on the F-14 aircraft simulator.



Fault Tolerant Control

In the task of developing fault tolerant control algorithms, we have made some
preliminary investigations into the robust and fault tolerant control system design using the
proposed control architecture. Our numerical simulations and some simple experimental
tests have shown significant improvement of the system performance over the conventional
robust control design techniques. We have also tested some simple switching techniques
that seem to be working well. These results are reported in [15, 16]. Further investigation
of closed-loop system stability issues will be taken up in the next stage of research.
However, we have noted that the switching techniques used in our framework are
fundamentally different from the switching techniques used in adaptive control and other
nonlinear control setups. Hence the stability due to switching appears not to be an issue in
most cases. In addition to the control system design using the proposed architecture, we
have also made significant progress in many other fronts of developing robust and fault
tolerant control system design frameworks. We have developed a fast approach to
construct the robustness degradation function due to model uncertainties, which describes
quantitatively the relationship between the proportion of systems guaranteeing the
robustness requirement and the radius of uncertainty set. This function can be applied to
predict whether a controller design based on an inexact mathematical model will perform
satisfactorily when implemented on the true system. This result is reported in [17]. We
have also proposed a decentralized Heo control design technique through approximation

[18]. We have shown that a decentralized Heo control problem as well as any fixed
structured Hoo control problem can be (conservatively) converted into a model
approximation problem. We then propose some explicit parameterizations of the
decentralized controllers and the final decentralized controllers are obtained through some
convex optimization. Finally, we have developed a set of parametric optimization
techniques that can effectively design stable H, and Heo controllers for MIMO systems,
which are very critical in fault tolerant control system design, and solve multi-objective or
mixed Li/H,/Hoo optimization problems [19, 20, 21]. Examples show the performance
improvements of these algorithms over methods already presented in the literature.
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