CONTINUING EDUCATIO N COURSE AT THE 2012 AIAA GUIDANCE,
NAVIGATION, AND CONTROL CONFERENCE
On August 11-12, 2012, Tansel Yucelen (Missouri S&T), Girish Chowdhary (Oklahoma State
University), and Eric Johnson (Georgia Institute of Technology)organized a two day continuing
education course entitled "Recent Advances in Adaptive Control: Theory and Applications" at
the 2012 AIAA Guidance, Navigation, and Control Conference, where a total of 31 colleagues from
academia, government, and industry attended.

- Click here for official course page
Comparing with our previous course at the 2011 IEEE Conference on Decision and Control, this
course offered a more in-depth analysis and synthesis of the proposed methodologies, more
illustrative numerical examples and flight test results, and more topics. Below you will find this
workshop's summary,detailed outline; evaluation via attendees' handwritten comments,
and photos. Please let Dr. Yucelen know by e-mail if you need a copy of our presentations and/or
simulation files that we used in our talks.

Summary
Research in adaptive control theory is motivated by the presence of uncertainties. Uncertainties
may be due to a lack of accurate modeling data combined with modeling approximations that result
in unmodeled dynamics. They may also be due to external disturbances, failures in actuation and
airframe damage. Adaptive control is also motived by the desire to reduce control system
development time for systems that undergo frequent evolutionary design changes, or that have
multiple configurations or environments in which they are operated. Model reference adaptive
control (MRAC) is a leading methodology intended to guarantee stability and performance in the
presence of high levels of uncertainties.
This course will present a review of a number of well-established methods in MRAC. Starting with
MRAC problem formulation and an overview of classical robustness and stability modifications, this
course will continue to introduce the adaptive loop recovery approach that allows the approximate
retention of reference model loop properties such as relative stability margins. The course will also
present Kalman filtering in adaptive control, in which a Kalman Filter framework is used to update
adaptation gains that enables meeting a given performance criteria without excessive tuning.
Two novel adaptive control laws are also presented: concurrent learning adaptive control and
derivative-free adaptive control. Concurrent learning is a memory-enabled adaptive control method
that uses selected recorded data concurrently with instantaneous measurements for adaptation.
Concurrent learning guarantees exponential tracking combined with parameter identification for a
wide class of adaptive control problems, without requiring persistency of excitation. Derivative-free

adaptive control is particularly well suited for systems with sudden (and possibly discontinuous)
change in uncertain dynamics, such as those induced through reconfiguration, payload
deployment, docking, or structural damage. It provides superior adaptation and disturbance
rejection properties, and computable transient and steady-state performance bounds.
The course will also discuss emerging results in connecting machine learning with adaptive control.
A special section will be devoted to implementation and flight testing of adaptive control methods,
including discussion of the pseudo control hedging methods for handling actuator dynamics and
saturation. The course will conclude with discussing extensions to decentralized adaptive control,
output feedback adaptive control, unmodeled dynamics, and unmatched uncertainties.

Outline
Saturday, August 11, 2012
1) Control system design (Yucelen)
1.1) Challenges in mathematical model construction
1.2) Fixed-gain controllers versus adaptive controllers
2) Adaptive control (Yucelen)
2.1) Indirect and direct adaptive control schemes
2.2) Lyapunov’s stability theory and derivation of adaptive control laws
2.3) Worst-case transient and steady-state performance bounds
3) Classical modifications in adaptive control (Yucelen)
3.1) σ-modification
3.2) e-modification
3.3) Projection operator
4) Adaptive loop transfer recovery (Yucelen)
4.1) Improving the robustness of an adaptively controlled system
4.2) Approximately recovering loop properties of reference systems
5) Construction of modifications using Kalman filter optimization (Yucelen)
6) Simulation study I (Yucelen)
7) Approximate model inversion-based adaptation (Chowdhary)
7.1) Adaptive control formulation for general nonlinear systems
7.2) Selection of approximate inversion model and examples
8) Neural networks and neuroadaptive control (Chowdhary)
8.1) Neural networks as general nonlinear function approximators

8.2) Neural networks as adaptive elements in adaptive control
8.3) Making a connection between machine learning and neuroadaptive control
9) Simulation study II (Chowdhary)
10) Derivative-free adaptive control (Yucelen)
10.1) An uncertainty parameterization for fast adaptation
10.2) Derivative-free adaptive control formulation
10.3) Stability based on Lyapunov-Krasovskii functional
10.4) Guaranteed transient and steady-state performance bounds
10.5) Flight control simulation and flight test results
11) Adaptation in the presence of actuators and saturation (Johnson)
11.1) Pseudo control hedging: A method to handle actuator saturation
11.2) Flight test results in the presence of actuator saturations
Sunday, August 12, 2012
12) Stability, performance, and robustness (Yucelen)
12.1) Verification and validation issues
12.2) Failures of adaptive control due to unrealistic assumptions
12.3) Novel command governor architecture for transient response shaping
12.4) Frequency-limited adaptive control for increased robustness
13) Control of uncertain multiagent systems (Yucelen)
13.1) Leader-follower networks and containment problem
13.2) Two-level local control hierarchy
14) Concurrent learning adaptive control (Chowdhary)
14.1) Concurrent learning adaptive control of nonlinear systems
14.2) Online data selection in concurrent learning: Singular value maximizing
14.3) Concurrent learning adaptive control of linear systems
14.4) Leveraging exponential stability to guarantee performance bounds
15) Simulation study III (Chowdhary)
16) Adaptive control of large scale interconnected uncertain systems (Yucelen)
16.1) Centralized laws versus decentralized laws
16.2) Fundamental assumptions, problem formulation, and theory
17) Nonparametric Adaptive Control: The new aspects of neuroadaptive control (Chowdhary)
17.1) A kernel Hilbert space approach to online selection of bases in neuroadaptive control
17.2) Gaussian process based adaptive control

18) Output feedback adaptive control (Yucelen)
19) Flight Test Results (Johnson)
20) Concluding remarks, reflections, and the future of adaptive control (Yucelen, Chowdhary,
Johnson)
20.1) Industry needs in relation to adaptive control research
20.2) Role of adaptive control and learning in autonomous systems of the future
20.3) Where do control systems fit in regards to the growing focus on safety and security of
networks of autonomous systems

Attendees' Handwritten Comments
We asked our attendees to provide their feedback after our workshop was over.
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