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CP1

Nonlinear Controller Design Based on Piecewise
Linear Approximations

In this paper a general approach to the design of controllers
for Nonlinear Control systems is presented. The method-
ology uses a Piecewise Linear (PWL) approximation of the
Ordinary Differential Equations (ODEs) vector field which
describes the dynamics of a system parameterized by the
control inputs in order to exploit the linear properties of
the PWL vector field facilitating the design of an stabi-
lizing controller. The controller design can be carried out
into the PWL approximation and with mild assumptions
is possible to ensure the same asymptotic properties for
real and approximate vector fields. A measure of the dy-
namics approximation error is used to estimate upper and
lower bounds for the error between the actual and the ap-
proximated trajectories once the control vector calculated
with the PWL system is replaced into the real one. A
case study is presented in order to contrast the theoretical
results along the paper.

Andres G. Garcia
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CP1

Impulsive Synchronization of Lipschitz Chaotic
Systems

Impulsive method is suitable for digital implementation of
secure communication based on chaos synchronization. In
the present study, we assume that the system satisfies the
locally Lipschitz condition and the Lipschitz constant is
estimated a priori. We propose an impulsive controller to
achieve synchronization of chaotic systems. Moreover, we
discuss the relation between the impulsive intervals and the
controlling gain. The Chua circuit system is simulated to
illustrate the theoretical analysis.
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CP1

The Existence of a Solution to a Free-Boundary
Problem Arising in Blood Flow Modeling

We prove the existence of a solution to a free boundary
problem modeling blood flow in viscoelastic arteries. The
model equations are obtained using asymptotic reduction
from the incompressible, viscous Navier-Stokes equations,
coupled with the linearly viscoelastic membrane equations.
The reduced, effective equations are defined on the cylin-
drical geometry. The resulting problem is nonlinear with a
free boundary. The existence of a weak solution is obtained
by using the fixed point arguments.
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CP1

Constrained Maneuvering of Autonomous Space-
craft Using Potential Function Guidance

Autonomous spacecraft guidance laws constructed from
functions that satisfy Lyapunov’s second theorem of stabil-
ity or Laplace’s equation are presented. Constrained mo-
tion is specified by using the linear superposition of func-
tions that describe goal points and regions to avoid. The
methods are appealing since the motion can be visualised
as either that of a particle on an energy surface or in an
ideal fluid and are suitable for safety–critical applications.
Numerical simulations illustrate the methods.
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CP1

Delayed State Feedback Induced Periodic Motions

This paper consider a state self-feedback system where
the time delay comes from the transfer signal of the feed-
back.To investigate delay-induced periodic motion derived
from a Hopf bifurcation both quantitatively and quali-
tatively, a called perturbation-incremental scheme (PIS),
is proposed. Two example are used to demonstrate the
present method. The validity of the results is shown by
their consistency with the numerical simulation. Further-
more, an approximate solution can be calculated to any
required accuracy.
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CP2

Hereditary Portfolio Optimization in Infinite Di-
mensions

This paper treats an infinite time horizon hereditary port-
folio optimization problem in a market that consists of one
savings account and one stock account. The savings ac-
count compounds continuously with a fixed interest rate
and the stock account keeps track of the inventories of
one underlying stock whose unit price follows a nonlin-
ear stochastic hereditary differential equation. Within the
solvency region the investor is allowed to consume from
the savings account and can make transactions between
the two assets subject to paying capital-gain taxes as well
as a fixed plus proportional transaction cost. The in-
vestor is to seek an optimal consumption-trading strat-
egy in order to maximize the expected utility from the
total discounted consumption. The portfolio optimization
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problem is formulated as an infinite dimensional stochas-
tic classical-impulse control problem due to the hereditary
nature of the stock price dynamics and inventories. The
quasi-variational HJB inequality (QVHJBI) for the value
function is derived and the verification theorem for the op-
timal strategy is obtained. It is also shown that the value
function is a viscosity solution of the QVHJBI.
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CP2

Differential Game Between Manufacturer, Re-
tailer, and Bank

We consider a differential game between manufacturer, re-
tailer, and bank. The model is a nonlinear system of three
differential equations with five controls. The first equation
describes the rate of change of the total assets of the man-
ufacturer consisting of loan, value of the inventory, and
accounts receivable. The second equation describes the
rate of change of the manufacturer’s inventory. The last
equation describes a retailer’s inventory.{

ẋ(t) = K(t) + p2u1(t)π(x(t)) − γx(t),
ẏ(t) = −v(t)y(t) + u2(t)π(x(t)),
ż(t) = −w(t)z(t) + v(t)y(t), t ∈ [0, T ],

(1)

Problems of profit maximization are stated and solved. Op-
timal strategy for each player is obtained using Maximum
Principle and is also recognized as Stackelberg equilibrium.
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CP2

Scheduling Multiskill Call Centers Using Dynamic
Routing

In this talk, we address the shift-scheduling problem in
a multi-skill call centre. We propos a decision approach
plan-operation into two models: plan and operation. The
planning step we use the queuing theory models to plan
the number of agents of each type needed on each period.
Then, the operation step tries to produce the planned ex-
pectations, this is done by developing a dynamic routing
rules. Finally, we develop a simulation model to evaluate
the service level for each call type. Computation results
obtained from real-life instances are reported
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CP2

Lowering Expected Transaction Costs Via Options

A portfolio with stock and cash cannot be improved by the
addition of an option under the Black Scholes model. We
show, however, that options are useful if we add transaction

costs to the model. Specifically, for small transaction costs
of size ε, the optimal rate for transaction costs without

options is O
(
ε

2
3

)
. With options, however, we explicitly

show the optimal stock/cash/options ratio, which reduces

the optimal cost rate to O
(
ε

6
7

)
.
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CP3

Bases for the Shuffle Algebra

Combinatorics and free Lie algebras have been used to de-
scribe nonlinear control systems. Of interest are the canon-
ical projection maps defined using the convolution product
in End(A(Z)), where A(Z) denotes the free associative al-
gebra over the alphabet Z. Also of interest are the adjoint
projection maps. The kernel of these adjoint maps have
many properties that provide, in part, a change of basis
from that associated with the coordinates of the first kind
and the shuffle algebra.
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CP3

Convex Matrix Inequalities in Matrix Unknowns

The talk concerns the question of which Matrix Inequali-
ties MIs convert to Linear Matrix Inequalities LMIs or to
Convex Matrix Inequalities CMIs. The are two situations
which behave differently: one whose structure does not de-
pend on the dimension of the problem (called dimension
free) and one which does. A well supported conjecture is:
for dimension free problems every CMI results from an as-
sociated LMI. The talk will discuss this and whether or not
one can determine which MIs transform to CMIs.
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CP3

Cross Gramians for Approximate Balancing of
Nonlinear Systems

We extend the cross-Gramian method for approximating
linear symmetric systems, see [D. C. Sorensen, A. C. An-
toulas, ”The Sylvester equation and approximate balanced
truncation”, Linear Algebra and Its Applications, vol.
351-352, p. 671-700, 2002.], to nonlinear symmetric sys-
tems. We study the concept of duality and symmetry for
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nonlinear systems, see [J. M. A. Scherpen, ”Duality and
singular value functions of the nonlinear normalized right
and left coprime factorizations.”, Proceedings of the 44th
IEEE CDC-ECC, p. 2254-2259, 2005.]. A square non-
linear system is called symmetric if it is equivalent to its
dual via a change of coordinates. The duality and sym-
metry of nonlinear systems are studied here in the con-
text of a non-trivial extension of the linear case. For sym-
metric systems we define a cross-operator and cross-energy
(Gramian) function related to a nonlinear Sylvester equa-
tion. We study the relation between the singular value
functions of the cross-energy/operator and the Hankel sin-
gular values of the system, starting from [K. Fujimoto,
J. M. A. Scherpen, ”Nonlinear Input-Normal Realizations
Based on the Differential Eigenstructure of Hankel Opera-
tors”, IEEE Trans. On Aut. Control, vol. 50, 2005.].
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CP3

H-Infnity for Uncertain Systems

Abstract not available at time of publication.

Jung Eun Son
University of Florida
Dept. of Electrical and Computer Engineering
son@list.ufl.edu

CP4

Viscosity Solutions for Max-Concave Hamiltonians
and Singular Characteristics

Hamilton-Jacobi equations
of the form −mini Hi(x,∇u(x)) = 0 arise in differential
games where the minimizing player has only a finite num-
ber of options. We consider “co-dimension 1” singulari-
ties for viscosity solutions, in which discontinuities in the
derivative occur across a smooth surface. These can be
classified in a simple way, and described using Melikyan’s
singular characteristics. An example will illustrate how sin-
gular characteristics can be used to construct the desired
solution.
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CP4

Natural Observers for Second-Order Bilinear
Infinite-Dimensional Systems

We consider the observer design for a class of second or-
der bilinear infinite dimensional systems. In order to pre-
serve the physical interpretation of the second order sys-
tem, namely that the derivative of the estimated position
is the estimated velocity, we consider the observer in the
second order setting. We extend earlier results on the nat-
ural observers for second order linear infinite dimensional
systems. Within the arguments for well-posedness for the
proposed natural observer, we provide the class of second
order systems for which the proposed observer design is
applicable, and through a parameter-dependent Lyapunov
function for second order systems, the stability and con-
vergence of the resulting state estimation error (position
and velocity) are established. Extensive simulation stud-
ies of a 1D elastic structure describing cable dynamics are

included to further support the theoretical findings of the
proposed observer design.
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CP4

Zero Dynamics Boundary Control for Viscous
Burgers’ Equation

In this talk we present our recent results on zero dynamics
design applied to a viscous Burgers’ equation. The main
problem of interest is tracking of time dependent reference
signals prescribed at the ends of a unit interval. The de-
sired controls are obtained by application of a zero dynam-
ics methodology which has proven to be quite useful for
certain types of (co-located) boundary control problems.
We also provide several interesting examples. The main
obstacles encountered in obtaining our main results stem
from the lack of global a priori estimates for the boundary
controlled Burgers’ equation.
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CP4

Control of Scalar Conservation Laws with Point-
wise Sources

An explicit gradient-based algorithm is presented to steer
the distributed state of a scalar conservation law, the con-
trol variable being a set of pointwise sources. First, the
wellposedness of such equations and their linearized coun-
terparts are adressed. A specific adjoint calculus frame-
work is then developed for BV fields, nonlinear conserva-
tion laws being known to generate such irregular flows. The
efficiency of an adjoint-based gradient scheme is shown on
an application in freeway traffic management.
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The Heat and Schrödinger Equations: Null Bound-
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ary Control in One Shot

We discuss the null boundary controllability of the heat
and Schrödinger equations with a potential. This unified
approach applies not just to both of these PDEs, but also
to a one-parameter family of PDEs that they belong to.
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CP4

Determining Mechanism from Quantum Control
Data

Optimal control by closed-loop procedures produces laser
pulses which control the dynamic behavior of quantum sys-
tems in simulations and experiments. The mechanism of
interaction between laser and system is not well under-
stood. Mechanism may be quantified through an expan-
sion of the time propagation operator, and we have pro-
posed Hamiltonian encoding to calculate it. We present
the method, and recent analysis of fundamental limits to,
and the feasibility of, an extension suitable for laboratory
use.
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CP5

Circuit Modeling Approach to Analyze the Effect
of High Heat on Thermoregulatory Control Mech-
anism in Human

Physiological control mechanism cannot be understood un-
til its receptor, center of coordination and effector organs
have been identified, and until the quantitative relations
between the physical stimuli and physiological responses,
have been confirmed. The present model circuit has been
simulated using the software MULTISIM that mimics the
vasomotor control of human under heat stress. The in-
put has been taken as voltage source V2. The minimum
skin blood flow (SkBF) has been observed at 35C i.e.,
0 ml.100ml-1.min-1 and the maximum at 42C i.e., 18.6
ml.100ml-1.min-1. SkBF found to be in accordance with
the physiological process. Hence, modeling using circuit
technique could serve reasonable output.
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CP5

Reduced Models for Neural Control of Respiration

in Mammals

We have developed reduced mathematical models for con-
trol of respiration in mammals. The neural controller is
described mathematically by a set of differential equations
that represent respiratory rhythm generation in the brain-
stem and was coupled to simplified models of the lungs
incorporating oxygen and carbon dioxide transport. Both
frequency and amplitude of breathing are regulated in re-
sponse to physiological control signals (oxygen and carbon
dioxide). Some features of experimental data are captured
by the model.
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CP5

Optimal Treatment Planning in Radiotherapy
Based on Boltzmann Transport Equations

A Boltzmann transport model for dose calculation in exter-
nal radiotherapy is considered. We formulate an optimal
control problem for the desired dose. Based on this model
we develop a direct optimization approach based on ad-
joint equations. We prove existence and uniqueness of the
minimizer. Numerical results in one and two dimensions
are presented.
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CP5

Parameter Identification for Reaction-Diffusion
Equations Modeling Turing Patterns

This talk focuses on a reaction-diffusion system modeling
pattern formation in developmental biology (morphogene-
sis). Optimal control theory is used to find the parame-
ters that lead to patterns mimicking those found in na-
ture, which is an improvement on the common ad hoc
approaches applied previously. The basic approach is to
minimize a cost functional that measures the discrepan-
cies between a given state called the ’target’, in this case a
pattern found in nature, and the solution of the reaction-
diffusion system. The parameters of the system are treated
as distributed controls. The results of some numerical ex-
periments in 2-D are presented using the finite element
method, which illustrates the convergence of a variable-
step gradient algorithm for finding the optimal controls of
the system.
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CP5

Dynamics and Impact of the Immune Response to
Chronic Myelogenous Leukemia

Patients taking Gleevec have a brief but significant immune
response against chronic myelogenous leukemia (CML).
Our experiments show that these immune cells can be ex-
panded in vitro via stimulation with autologous cryopre-
served leukemia cells. We formulate a delay differential
equation model of immune and leukemia dynamics, and
devise optimal strategies of vaccination with cryopreserved
leukemia cells. We show that vaccinations in combination
with Gleevec treatment, may significantly increase patients
immune responses and eliminate CML.
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CP5

Optimal Management of Drug Resistance in Sup-
pressive Therapy

Drug resistance in HIV is overwhelmingly likely to pre-
exist the start of treatment, and the risk of resistance is
proportional to the population of the virus at the start of
drug treatment. We use models which track populations of
wild-type and drug-resistant virus to show that the current
method of replacing a failing drug regimen is non-optimal,
and may increase the risk of resistance emerging to the
new regimen. Treatment interruptions using the failing
drug regimen can be used to decrease this risk.
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CP6

Study of the Dynamic Performance of Pem Fuel
Cells

This paper presents a dynamic nonlinear model for Poly-
mer Electrolyte Membrane (PEM) Fuel Cells. A nonlinear
controller is designed based on the proposed model to pro-
long the stack life of PEM fuel cells. Since it has been
known that large deviation between hydrogen and oxygen
partial pressures can cause severe membrane damages in
the fuel cell, feedback linearization is applied to the PEM
fuel cell system such that the deviation can be kept as
small as possible during disturbances or load variations.

Dynamic PEM Fuel Cell model is proposed as a nonlin-
ear multiple-input multiple-output (MIMO) system so that
feedback linearization can be directly utilized. During the
control design, hydrogen and oxygen inlet flow rates are
defined as the control variables, and pressures of hydrogen
and oxygen are appropriately defined as the control objec-
tives. The proposed dynamic model was tested by compar-
ing the simulation results and the experimental data previ-
ously published. Simulation results show that the proposed
dynamic nonlinear PEMFC model has better transient per-
formances comparing with the linear control of PEMFC.
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CP6

An Adaptive Control of Automated Guided Vehicle
in Consideration of Mass Change

In this presentation, an adaptive control design of Auto-
mated Guided Vehicle (AGV) is proposed. This AGV can
move to all directions by using two active dual-wheel caster
assemblies. For the driving construction, the number of
input is larger than the number of output. The proposed
method can make an adaptive controller to the redundant
system. We show that this controller is valid for a change
of loading weight by simulation.
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CP6

Fractional Derivative Model of Edfa with Ase

The present work introduces fractional derivative type
model into the light amplification in Erbium-doped fiber
amplifiers area describing amplified spontaneous emission
of ions. Fractional derivative type model provides a natu-
ral framework for generalization of a Bononi type nonlinear
model in the controllable form. Simulation results of non-
linear fractional differential equations based on expansion
formula obtained by Atanackovic and Stankovic are also
presented.
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CP6

Comparison of Control Methodologies for a Bench
Mark Line of Sight Stabilization Application

This work presents control law designs for a benchmark,
line-of-sight stabilization application for Electro-optical
systems mounted on mobile platform, using representative
methodologies like Open loop shaping, H-infinity control
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method and Fuzzy Knowledge based controller. All the
controllers meet the stringent requirements of disturbance
attenuation and command following. Different method-
ologies are compared for their relative merits and demer-
its with respect to ease of design, implementation and
performance in presence of practically unavoidable non-
linearities.
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A Study on Thermal Control in Small-Scale Elec-
tricity Furnace by Thermal Regulator E5EN-R1T

In this paper, thermal control result of the small-scale
electric furnace model by the thermal regulator E5EN-
R1T is described. Based on results of ON-OFF control
in this model, proportional band can be adjusted the first
thing. Then, the authors set the values of P(proportion),
Ti(Integration)and Td(Differential) by trial-error method
on the theory(Marginal sensitivity theorem),and P control,
PI control and PID control are carried out. A pretty good
control result(P:60C,Ti:60sec, Td:30sec) has been obtained
and it is reported.
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CP7

On the Stability of Some Stochastic Integral Equa-
tions

Stochastic Volterra equations of the form:

dx(t) = f(x(t))dt +

∫ t

0

K(t− s)x(s)ds dt + g(x(t))dB(t),

are considered, where {B(t) : t ≥ 0} is standard one - di-
mensional Brownian motion and the kernel K decreases to
zero non-exponentially. We study the convergence rate to
zero of the stochastic solutions of the considered equation.
It is proved under suitable conditions that :

lim
t→∞

|x(t)|
K(t)

= ∞, almost surely.

The considered stochastic integral equations arise if we con-
sider the Black-Scholes market consists of a Bank account
or a bond and a stock. These stochastic models can also
be applied to population dynamics in biology.
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CP7

A Forward-Backward Algorithm for Perturbed
Stochastic Linear-Quadratic Regulator Problems

We consider a nonlinear perturbation in the drift coeffi-
cient of the state equation for a linear-quadratic regulator
(LQR) problem. We propose a forward-backward numeri-
cal algorithm to solve this optimization problem using the
representation theorems between forward-backward SDEs
and stochastic control problems. We identify certain regu-
larity and growth conditions for a smooth solution to the
corresponding HJB equation as well as to the FBSDE sys-
tem. We also discuss convergence and regularity properties
of the proposed scheme.
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CP7

On a Stochastic Robust Control

We consider some stochastic dynamical systems,which rep-
resents robustness that arise in controller and filter designs
and also represent a remote control system in the presence
of a network cable. The flexible arms connected by elastic
joints of the robot is also studied. In addition we introduce
a theory about the artificial intelligence. Some determinis-
tic fractional dynamical systems is studied. These systems
have many applications in robot and industry.
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CP8

Linear Quadratic Analysis of Tcp/ip Networks
Transients

In this paper we consider a transient regime analysis for
linearized models of TCP/IP networks in terms of their
congestion signaling and queueing dynamics. Assuming
the network information is known when compensating for
delays, a linear quadratic control framework is invoked to
calculate the robust control gains. The delay independent
control has performance limits for large network delays,
whereas the delay dependent control used in this paper
regulates the delay closed loop dynamics arbitrarily close.

Alexandru Murgu
BT Networks Research Centre
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CP8

Hierarchical Fault Tolerant Control of Network
Service Availability

This paper is concerned with the mathematical analysis of
a hierarchical Fault Tolerant Control (FTC) framework for
service availability in communication systems. Following
a control and optimization perspective, a modular design
procedure for diagnostic and reconfiguration algorithms
running at different levels of the hierarchy is described. A
hierarchical decision logic algorithm is obtained by invok-



34 CT07 Abstracts

ing the theoretical devices of the supervisory control theory
of discrete event systems. Numerical results supporting the
theoretical findings are provided.
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CP8

Stabilizing Controllers over Networks

This talk considers the problem of finding decentralized
controllers which stabilize a network of subsystems when
the controllers may communicate, but subject to delays.
When all of the subsystems and associated controllers un-
der consideration are linear time-invariant, a condition
called quadratic invariance allows for the parameterization
of all stabilizing controllers, and it is shown that for this
problem, that condition reduces to controllers being able to
communicate information faster than dynamics propagate.
A new invariance condition has been shown to similarly al-
low for the parameterization of all possibly nonlinear, pos-
sibly time-varying stabilizing controllers. It is shown that
this also reduces to the controllers being able to share in-
formation faster than dynamics propagate, so that if they
do, one may find all causal stablizing controllers over the
network.
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CP9

Control of a Three-Joint Underactuated Planar
Manipulator by Interconnection and Damping As-
signment Passivity-Based Control Method

We apply Interconnection and Damping Assignment
Passivity-Based Control (IDA-PBC) method to an un-
deractuated planar manipulator with the third joint un-
actuated which is under second-order nonholonomic con-
straints. We give a port-Hamiltonian representation of the
system and present the applicable condition of IDA-PBC.
We also design a desired inertia matrix and potential en-
ergy function of the closed Hamiltonian system to derive
a concrete control law. Numerical experiments show the
effectiveness of the controller.
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CP9

Vibration and Control of a Flexible Structure with
Variable Joint Stiffness

In most structure analyses, the joint stiffness is typically
neglected. For structures operating in a harsh environ-
ment; e.g., the landing gears of an aircraft, or structures
of off-shore oil platform, once the joint stiffness is reduced
to the level of links, it provides almost no support to the

system, and ensuing failure is expected. In this study, we
investigate the effects of variable joint stiffness on the vi-
bration of a simple beam structure. The natural frequency
of the beam structure is first examined at different level
of joint stiffness, from which a functional relationship can
be established and feasible control algorithms are proposed
for the future design of smart structures.

Chuan Li
Nanyang Technological University
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CP9

Variational Principles and Geometry of Nonholo-
nomic and Vakonomic Mechanical Systems

We explore mechanical systems with nonholonomic con-
straints that either satisfy i) The Principle of Virtual Work
(Dynamics) or ii) Hamilton’s Principle (Vakonomics). We
will discuss the difference between these two systems in a
geometric context, and show how either system can be de-
scribed in terms of quasi-velocities. As an illustration of
vakonomic dynamics we consider the fourth order dynam-
ical systems that arise from the optimal control of second
order nonholonomic systems.

Jared M. Maruskin
University of Michigan
jmaruski@umich.edu

CP9

Task Encoding and Control of Metamorphic
Robots

Controlled shape change is an important requirement
in many metamorphic systems, including reconfigurable
robots and biological systems. We are interested in the
problem of encoding this task in a dynamical systems set-
ting, so as to enable robust behaviors. Towards this end,
we present two technical contributions: (a) a technique
for characterizing the geometry of shape spaces of meta-
morphic robots that allows us to design dynamical control
strategies as vector fields in this space and (b) techniques
for optimally sampling such spaces, which admit a manifold
structure, enabling the application of efficient approxima-
tion algorithms for computing geodesics.

Lothar Wenzel
National Instruments Corp.
Austin, TX 78759
lothar.wenzel@ni.com

Subramanian Ramamoorthy
University of Texas at Austin
s.ramamoorthy@mail.utexas.edu

CP9

Adaptive Backstepping Design of a Two Dof
Flexible-Joint Robot Based on Function Approx-
imation Technique

In this paper a function approximation technique is pro-
posed for adaptive backstepping design of a two-link
flexible-joint robot manipulator. The dynamics of the
robot manipulator are derived with the assumption that
all matrices in this robot model are unknown. Using the
Lyapunov stability theory, a set of update law is derived to
give closed loop stability with proper tracking performance.
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The computer simulation is shown to verify validity and ef-
fectiveness of the proposed control law.

Jinsiang Shaw
Mechanical Engineering Department
National Taipei University of Technology
jshaw@ntut.edu.tw

Yin-Chieh Chang
Institute of Mechatronic Engineering
National Taipei University of Technology
koji90kimo@yahoo.com.tw

CP9

Stability Analysis of a Non-Autonomous Control
System Using the Concept of Lyapunov Exponents

A bipedal robot trajectory tracking control system is in-
vestigated. Since the biped is subjected to constraints, the
value of control torque cannot be chosen arbitrarily. A sim-
ple harmonic motion is chosen as desired trajectory, which
leads the tracking control system to non-autonomous. The
stability of such non-autonomous system is analyzed us-
ing the concept of Lyapunov exponents. Lyapunov expo-
nents spectrum is calculated based on mathematical mod-
els (of both non-autonomous and autonomous systems) and
a time series.

Caixia C. Yang, Qiong Wu
The University of Manitoba
Department of Mechanical and Manufacturing
Engineering
wycx425@yahoo.com, cwu@cc.umanitoba.ca

CP10

An Efficient Computational Algorithm for the So-
lution of Control Problems with Ill-Posed Model

The solution and analysis of a control problem involves the
solution and analysis of the mathematical model of the re-
lated system. Quite often, one can not obtain a closed form
solution/analysis for the model, and thus computational
methods are to be used. The resulting discrete system is
normally ill-conditioned. In this work, we develop a multi-
level computational approach for the solution of these types
of control problems, leading to significant improvements in
the results.

Kourosh Modarresi
Stanford University
SCCM
kourosh.modarresi@stanford.edu

Gene Golub
Stanford
golub@stanford.edu

CP10

Using The Method of Subdomains in the Solution
of Control Problems

In this work, we divide the domain of the solution into dif-
ferent subdomains, based on the common features of the
subdomain. This would allow us to use an adaptive nu-
merical algorithm in the solution of the control problems.
This algorithm would let us to take into the account the
specific features of each subdomain and treat the problem
locally. We have obtained better results using our method,

as compared to the similar results of the classical global
methods.

Kourosh Modarresi
Stanford University
SCCM
kourosh.modarresi@stanford.edu

Gene Golub
Stanford
golub@stanford.edu

CP10

Trust Region Spectral Bundle Method for Noncon-
vex Eigenvalue Optimization

We present a nonsmooth optimization technique for non-
convex maximum eigenvalue functions and for nonsmooth
functions which are infinite maxima of eigenvalue func-
tions. We prove global convergence of our method in the
sense that for an arbitrary starting point, every accumu-
lation point of the sequence of iterates is critical. The
method is tested for the H∞ controller synthesis on some
classical plants. Results are compared with those previ-
ously obtained by other techniques.

Pierre Apkarian
Cert - Onera
Toulouse, France
pierre.apkarian@cert.fr

Olivier Prot
Laboratoire MIP
Université Paul Sabatier
oprot@mip.ups-tlse.fr

Dominikus Noll
Universite Paul Sabatier
Mathematiques pour l’Industrie et la Physique
noll@mip.ups-tlse.fr

CP10

Circuit Design Problem Formulation on Basis of
the Control Theory Approach

The design process of any analog circuit design was formu-
lated on the basis of the control theory application. This
approach produces the infinite set of different design strate-
gies inside the same optimization procedure. The problem
of minimal-time design algorithm construction is defined
as the problem of a functional minimization of the control
theory. The design process is defined as a controllable dy-
namic system and the Lyapunov function of this system
serves to minimize the computer design time. Numerical
results of some electronic circuit design demonstrate the
efficiency of the proposed methodology.

Alexander Zemliak
Puebla Autonomous University
Dept. of Physics and Mathematics
azemliak@fcfm.buap.mx

CP10

Numerical Optimization Assisted by Noncommu-
tative Symbolic Algebra

We describe how a symbolic computer algebra tool (NCAl-
gebra) that can handle symbolic matrix (noncommutative)
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products is used to numerically solve systems and control
problems. Our current focus is on semidefinite programs
arising from control theory, where matrix variables appear
naturally. Our tools keep matrix variables aggregated at all
steps of a primal-dual interior-point algorithm. Symbolic
matrix expressions are automatically generated and used
on numerical iterative procedures for the determination of
search directions, showing promising results.

Mauricio de Oliveira
Mechanical and Aerospace Engineering
University of California at San Diego
mauricio@mechanics.ucsd.edu

CP11

Large-Scale Control in Porous Media Flow

Control of porous media flow, such as reservoir manage-
ment, is not a new area of research. Since the founda-
tions of reservoir simulation and management some kind
of optimization has been used in practice. However, flow
control in porous media flow has been facing remarkable
new challenges in a theoretical and practical point of view.
In this talk, issues in large-scale closed-loop control will
be discussed emphasizing model reduction applied to im-
provements in oil recovery.

Hector Klie
Center for Subsurface Modeling, UT Austin
klie@ices.utexas.edu

Mary F. Wheeler
Center for Subsurface Modeling
University of Texas at Austin
mfw@ticam.utexas.edu

Adolfo Rodriguez
Center for Subsurface Modeling,
UT Austin
adolfo@ices.utexas.edu

Eduardo Gildin
Institute for Computation Engineering and Sciences -
CSM
UT Austin
eglidin@mail.utexas.edu

CP11

Curvature of Optimal Control: Deformation of Pla-
nar Systems

The Maximum Principle provides necessary conditions for
a trajectory-control-pair to be optimal. Classical sufficient
conditions test for definiteness of second order derivatives.
Recently Agrachev introduced a curvature of optimal con-
trol, which yields elegant sufficient conditions for systems
whose control take values in a circle. We present initial
studies of this curvature as this circle continuously deforms
into a closed interval. Of particular interest is its behavior
at parameter values where conjugate points emerge with
associated loss of optimality.

Parnell Maxwell, Matthias Kawski
Dept. of Mathematics and Statistics
Arizona State University
parnell.maxwell@asu.edu, kawski@asu.edu

CP11

A Dual Method for the Two-Target Distributed
Optimal Control of a Parabolic System

We consider the problem of finding an optimal control that
drives the solution of the given parabolic PDE to a specified
target at some fixed time. Meanwhile it is desired to keep
the variation of the solution from a second target as small
as possible. We treat this problem as a multi-objective
optimization and consider three different approaches for
the solution. We compare these approaches and propose
an efficient algorithm based on the duality.

Sung-Sik Kwon
Department of Mathematics and Computer Science
North Carolina Central University, Durham, North
Carolina
skwon@nccu.edu

Jon Tolle
Department of Statistics and Operations Research
University of North Carolina at Chapel Hill
tolle@email.unc.edu

CP11

Boundary Control Schemes for Nonlinear Kirchhoff
String

A nonlinear Kirchhoff string is given as

∂2z(x, t)

∂t2
= M(‖∂z(x, t)

∂x
‖2)

∂2z(x, t)

∂x2
, x ∈ (0 , 1) , t ≥ 0 ,

z(0, t) = 0 , M(‖∂z(x, t)
∂x

‖2)
∂z

∂x
(1, t) = u(t) , t ≥ 0 ,

here M(·) ∈ C1(R+), ‖ · ‖ represents L2 norm, u(t) is the
boundary control force. We propose two new stabilizing
controllers by using z(1, t), which are related to the positive
real controllers. One of these classes generalizes a class
already proposed in the literature and the other one is new.

Shahram Shahruz
Berkeley Engineering Research
Institute
beforedeadline@yahoo.com

Omer Morgul
Bilkent Univ.
Dept. of Electrical Eng.
morgul@ee.bilkent.edu.tr

CP11

On the Controllability of Maxwell Fluids

We study the controllability of viscolastic fluids governed
by the upper convected Maxwell equation. The effects of
different fluid geometries are investigated. This is a joint
work with Professors Wei Kang and Arthur Krener.

Hong Zhou
Department of Applied Mathematics
Naval Postgraduate School, Monterey, CA
hzhou@nps.edu

CP12

A Piecewise Linear Output Error Identification Al-
gorithm

We present a novel BIBO stable Nonlinear Output Er-
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ror (NOE) identification algorithm based on High Level
Canonical Piecewise Linear (HL CPWL) functions. Start-
ing from a linear OE approximation, the model structure
allows the implementation of an identification algorithm in
which the order of the model can be easily increased during
the identification process retaining the previous achieved
approximation. We also describe the possibilities of the
hardware implementation of the identification algorithm.

Osvaldo Agamennoni
Universidad Nacional del Sur
oagamen@uns.edu.ar

CP12

On the Implementation of a Wavelet-Based Itera-
tive Learning Controller Using Cpld/fpga

The implementation of a wavelet-based iterative learning
controller (WILC) is presented in this paper. To meet the
requirements of simple hardware, fast rapid prototyping
and cost-effectiveness, we present a servo-chip design with
a wavelet-based iterative learning control scheme which is
implemented on a single Altera FLEX 10KRC-240 FPGA
(Field Programmable Gate Array). Three sub-systems
are built inside this FPGA-based servo-chip, including a
feedback controller module, a discrete wavelet transform
(DWT) module and an inverse discrete wavelet transform
(IDWT) module. To verify the efficacy of this design, an
ink-jet printer is adopted as the control target and a much
improved speed-tracking performance is observed from the
experimental verification. Simulations on Matlab are also
presented for comparison.

Jian-Shiang Chen
Department of Power Mechanical Engineering
National Tsing Hua University, Hsinchu, Taiwan
jschen@pme.nthu.edu.tw

CP12

Game-Theoretic Model-Based Approach
to Higher-Level Fusion with Application to Sensor
Resource Management

We present a hierarchical game-theoretic approach to level
2 and level 3 fusion problems. Given level 1 data of observa-
tions of individual objects and prior knowledge of the com-
position of enemy grouping, we consider the level 2 problem
by developing a Bayesian inference algorithm for determin-
ing the enemy identity. We then apply game theory toward
the level 3 problem, inferring the intent of enemy groups,
given the determined identities and prior knowledge of en-
emy strategies.

Sang Chin
SAIC
Principal Scientist
shc@alum.mit.edu

CP12

Online Parameter Identification in Time Depen-
dent Differential Equations

Online parameter identification becomes necessary when-
ever model parameters are needed in order to support deci-
sions that have to be taken during the operation of the real
system. Based on ideas from adaptive control and regular-
ization of inverse problems we suggest an online method
that works both for ODEs and time-dependent PDEs. It
allows for partial state observations and does neither re-

quire a linear parameterization nor data differentiation or
filtering. Numerical examples in context of aircraft control
are presented.

Philipp Kuegler
Johannes Kepler Universitaet, Linz
Austria
philipp.kuegler@jku.at

CP12

Temperature Data Assimilation Based on Point-
wise Transient Measurements: High Speed Vari-
ational Reconstruction

The inverse problem of temperature identification based
on pointwise transient measurements is considered. The
problem is set in a model-based data assimilation approach
that builds upon optimal control theory. The well-known
convergence difficulty of the adjoint technique near the fi-
nal instant is eliminated here by minimizing the regularized
performance index in a smooth enough functional space. A
dual formulation of the problem constructs a high-speed al-
gorithm well suited for real-time applications and enabling
parallel computations.

Frédéric Bourquin
French Public Works Research Laboratory
and GDRE Lagrange
frederic.bourquin@lcpc.fr

Alexandre Nassiopoulos
French Public Works Research Laboratory
alexandre.nassiopoulos@lcpc.fr

CP12

Explaining Learning and Its Various Types by a
Multi-Feedback Control Model

In this paper, well clarify relations existing between con-
trol, learning and modeling by presenting a computable
model integrating a set of nested loops of control. Well
first explain a 2-loops model, which will be generalized to
n loops afterwards. This will allow us to define various
categories of learning. The specific role of recursivity will
be analyzed. Well illustrate the use of this model on hu-
man learning as well as on auto-optimized microelectronics
digital chips.

Vincent Raman, Frédéric Robert
Université Libre de Bruxelles
Faculty of Applied Science - BEAMS
vraman@ulb.ac.be, frrobert@ulb.ac.be

MS1

On Regularization Concepts for Parabolic Bound-
ary Control Problems with Pointwise State Con-
straints

The presence of pointwise state constraints presents a chal-
lenge for the analysis as well as the numerical treatment
of optimal control problems. It is known that the La-
grange multipliers associated with the constraints are reg-
ular Borel measures, if the states are considered in spaces
of continuous functions. On the one hand, this restric-
tion to continuous state functions requires sufficient reg-
ularity of the controls. Without box constraints on the
control, this leads to severe restrictions on the spatial do-
main when considering controls in L2-spaces. In parabolic
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boundary control problems, first order necessary optimality
conditions of Karush-Kuhn-Tucker type cannot be shown
at all in useful spaces. On the other hand, solving state-
constrained optimal control problems numerically leads to
specific difficulties. For example, measures appear in the
right-hand-side of associated adjoint equations. In recent
years, many regularization approaches have been studied
in order to improve both the analysis and the numerical
treatment of these problems. In this talk, we apply differ-
ent regularization methods to parabolic boundary control
problems with pointwise state constraints in the whole do-
main and compare the results.

Fredi Troeltzsch
Tech Univ of Berlin
Department of Mathematics
troeltz@math.tu-berlin.de

Ira Neitzel
Tech University of Berlin
Department of Mathematics
neitzel@math.tu-berlin.de

MS1

Optimal Control Problems for PDEs with Mixed
Control-State Constraints – Multiplier Regularity
and Numerical Applications

In the optimal control of ordinary differential equa-
tions it is a well known fact that problems with mixed
control-state constraints exhibit better properties than
those with pure pointwise state constraints. A sim-
ilar behaviour was observed for the optimal control
of elliptic and parabolic partial differential equations,
(M. Bergounioux and F. Tröltzsch. Optimal control of
semilinear parabolic equations with state-constraints of
bottleneck type. ESAIM, Control, Optimisation and Cal-
culus of Variations, 4:595–608, 1999.), (N. Arada and J. P.
Raymond. Optimal control problems with mixed control-
state constraints. SIAM J. Control, 39:1391–1407, 2000.),
(A. Rösch and F. Tröltzsch. Existence of regular Lagrange
multipliers for a nonlinear elliptic optimal control problem
with pointwise control-state constraints. SIAM J. Control
and Optimization, xx(x):548–564, 2006.). For instance, the
Lagrange multipliers associated with certain mixed control
state constraints are functions of Lp-spaces. Following an
approach suggested in (A. Dmitruk. Maximum principle
for the general optimal control problem with phase and reg-
ular mixed constraints. Computational Mathematics and
Modeling, 4:364–377, 1993.) for ODEs, the talk reports on
a new and simplified technique to prove L1-regularity in
the case of elliptic PDEs. Moreover, an idea of (A. Rösch
and D. Wachsmuth. Regularity of solutions for an opti-
mal control problem with mixed control-state constraints.
2006, submitted.) is extended to derive L∞-estimates for
the multipliers, along with the proof of Lipschitz regular-
ity of optimal controls. The potential application to the
numerical regularization of problems with pure pointwise
state constraints is briefly sketched.

Fredi Troeltzsch
Tech Univ of Berlin
Department of Mathematics
troeltz@math.tu-berlin.de

Arnd Roesch
Johann-Radon Institute (RICAM)
Austria
arnd.roesch@oeaw.ac.at

MS1

Error Estimates for Finite Element Discretization
of Parabolic Optimal Control Problems

In this talk we discuss space-time finite element discretiza-
tion of parabolic optimal control problems with control
constraints. We develop a priori error analysis taking into
account space and time regularity of the optimal solution.
For the treatment of control constraints we generalize and
compare different approaches known from elliptic control
problems. Numerical results confirm theoretical investiga-
tions.

Boris Vexler
RICAM, Austrian Academy of Sciences
boris.vexler@oeaw.ac.at

MS1

Adaptive Finite Element Methods for Optimal
Control Problems with Control Constraints

We present our work on a posteriori error estimators for
the discretization- error in the cost functional or a given
quantity of interest, for optimal control problems governed
by partial differential equations with additional inequality
constraints on the controls. Afterwards we discuss evalu-
ation of local indicators obtained from the estimation for
adaptive mesh refinement. Finally we will demonstrate our
results with some numerical examples.

Winnifried Wollner
University of Heidelberg
Institute for Applied Math
winnifried.wollner@iwr.uni-heidelberg.de

Boris Vexler
RICAM, Linz
Austria
boris.vexler@oeaw.ac.at

MS2

Correction of Perturbed Optimal Feedback Con-
trollers in Real-Time

Open-loop solution of a optimal control problems are just
the first step to cope with the practical realization of
real life applications. Closed-loop (feedback) controllers,
like the classical Linear Quadratic Regulator (LQR), are
needed to compensate perturbations appearing in reality.
Although these controllers have proved to be a powerful
tool in many applications and to be robust enough to coun-
tervail most differences between simulation and practice,
they are not optimal if disturbances in the system data oc-
cur. If these controllers are applied in a real process, the
possibility of data disturbances force recomputing the feed-
back control law in real-time to preserve stability and opti-
mality, at least approximately. For this purpose, a numer-
ical method based on the parametric sensitivity analysis of
nonlinear optimization problems is suggested to calculate
higher order approximations of the feedback control law in
real-time. Using this method, the optimal controller can
be adapted within a few nanoseconds on an typical per-
sonal computer. The method is illustrated by the adaptive
optimal control of the classical inverted pendulum and a
crane system.

Christof Bueskens
University of Bremen
Bremen, Germany



CT07 Abstracts 39

Bueskens@math.uni-bremen.de

MS2

Steady State and Turnpike of Infinite Dimensional
Optimal Control Systems

In this talk we are concerned with the long-run behavior of
solutions to infinite horizon optimal control problems. We
consider optimal control systems where the state equation
is a semi-linear parabolic equation and the cost integrand
is convex. The goal is to establish convergence to steady
state and turnpike property of solutions to infinite horizon,
optimal control systems.

Arie Leizarowitz
Technion-Israel Institute of Technology
Haifa 32000, Israel
la@techunix.technion.ac.il

MS2

Optimal Control of a Servo Drive System with
Coulombic Friction and State Constraints

We consider a servo drive system that represents a typical
electrodynamic actuator. As such an actuator is very com-
mon for loudspeakers, it is called a voice-coil-motor. The
basic dynamical model comprises five ODEs for the motor,
resp., load mass positions and velocities as well as the coil
current. The control function is given by the voltage input.
The system involves static Coulombic friction that causes
discontinuities in the dynamic equation for the motor mass
velocity. We study both time-minimal and energy-minimal
controls imposing state constraints for the velocities. The
computed optimal controls were implemented on a real sys-
tem and turned out to be in perfect agreement with mea-
sured test bench results.

Oliver Zirn
University of Applied Sciences Giessen
Fachbereich Elektro- und Informationstechnik
oliver.zirn@ei.fh-giessen.de

Helmut Maurer
West Wilhelms- Univ Munster
Inst fur Num und Instr Math
maurer@math.uni-muenster.de

MS2

Suboptimal Feedback Control Design of Con-
strained Parabolic Systems in Uncertainty Condi-
tions

The talk concerns minimax control problems for linear
parabolic systems with uncertain perturbations and con-
trol functions acting in the Dirichlet boundary conditions.
The parabolic control system is functioning under point-
wise constraints on control and state variables. The main
goal is to design a feedback control that ensures the re-
quired state performance and robust stability under any
feasible perturbations and minimize an energy-type func-
tional under the worst perturbations from the given area.
We develop an efficient approach to the minimax control
design of parabolic systems that is based on certain prop-
erties of the parabolic dynamics. In this way we justify
a suboptimal structure of the feedback regulator and com-
pute its optimal parameters ensuring robust stability of the
closed-loop, highly nonlinear parabolic control system on

the infinite horizon.

Boris Mordukhovich
Wayne State University
Department of Mathematics
boris@math.wayne.edu

MS3

Well-Posedness of a Fluid-Structure Interaction
Problem Arising in Blood Flow

The speaker will talk about the existence of a unique solu-
tion to an initial-boundary value problem arising in mod-
eling blood flow through viscoelastic arteries. The prob-
lem describes the coupling between the axially symmet-
ric flow of an incompressible, viscous fluid modeled by the
Navier-Stokes equations and the motion of the vessel walls
modeled by the linearly viscoelastic membrane equations.
Assuming the physiologically relevant flow and vessel wall
data with the physiologically relevant inlet and outlet pres-
sures, this become a difficult problem to analyze due to the
competition between the hyperbolic and parabolic effects
driving the wave propagation in arterial walls smoothed out
by the small vessel wall viscosity and the viscous fluid ef-
fects. As a first step toward analysing this problem, we de-
rived a closed system of effective, reduced two-dimensional
equations that capture the main features of the original
problem to a certain accuracy. The resulting problem is
a two-dimensional, non-linear version of the Biot equa-
tions arising in porous media flows. Using energy methods
and fixed-point arguments, we obtained the existence of a
unique solution to the resulting non-linear free-boundary
problem. The numerical solutions were compared with the
experimental flow measurements, performed at the Texas
Heart Institute, showing excellent agreement between the
experiment and the solutions of the reduced problem.

Suncica Canic
Department of Mathematics
University of Houston
canic@math.uh.edu

Giovanna Guidoboni
University of Houston
Department of Mathematics
gio@math.uh.edu

Taebeom Kim
Department of Mathematics
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UFR Math
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Universit
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MS3

Finite Element Analysis of a Coupled Fluid-
Structure System

In this talk, we will consider the numerical analysis of
a fluid-structure interactive partial differential equation
(PDE) system, comprising the Stokes (or Navier-Stokes)
equations coupled to the equations of linear elasticity.
The coupling between the two distinct dynamics is accom-
plished on the boundary interface between respective fluid
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and structure geometries. Solutions of this fluid-structure
PDE are approximated by means of a certain Finite Ele-
ment Method (FEM), a FEM which in part incorporates
a nonstandard usage of the Babus̆ka-Brezzi ”inf-sup” The-
ory.

George Avalos
University of Nebraska-Lincoln
Department of Mathematics and Statistics
gavalos@math.unl.edu

Matt Dvorak
University of Nebraska-Lincoln
s-mdvorak1@math.unl.edu

MS3

The Coupled PDE System Arising in Fluid-
Structure Interaction

In this talk, a fluid-structure interactive partial differential
equation (PDE) model is considered. The PDE comprises
a coupling of the linearized Stokes equations to a vector-
valued wave equation, with this wave equation constituting
a (simplified) model for the structural component of the
dynamics. The coupling between the disparate PDEs oc-
curs on the boundary interface between the fluid and solid
media. We shall discuss how an explicit semigroup formu-
lation may be given to these linearized dynamics, by virtue
of a novel elimination of the associated pressure. We sub-
sequently proceed to give a precise characterization of the
spectrum of the fluid-structure semigroup generator; be-
sides being of acute interest in its own right, this spectral
characterization allows an appeal to the well-known cri-
terion of Arendt-Batty and Lyubich-Phong, so as to infer
strong stability of the fluid-structure semigroup; thus the
solutions to the fluid-structure PDE decay asymptotically.
(During the course of this talk, it will be shown that the
resolvent of the fluid-structure generator is not a compact
operator; thus strong stability cannot be inferred by the
classical approach of Nagy-Foias).

George Avalos
University of Nebraska-Lincoln
Department of Mathematics and Statistics
gavalos@math.unl.edu

Roberto Triggiani
University of Virginia
rt7u@virginia.edu

MS4

Application of Sparse Optimal Control Techniques
in the Aerospace Industry

Combing modern nonlinear programming algorithms that
exploit matrix sparsity with discretization techniques for
ordinary differential equations has resulted in powerful new
computational techniques for optimal control. This pre-
sentation will deal with some of the important algorithmic
issues that must be addressed when applying these new
methods to realistic applications in the aerospace industry.

John T. Betts
The Boeing Company
john.t.betts@boeing.com

MS4

Towards Accurate Costates Estimation Using

Pseudospectral Methods

Costates estimation is an important issue in computational
optimal control. Accurate costates facilitate convergence
analysis, optimality verification, sensitivity analysis and a
design of robust feedback control systems. In this talk,
we analysis the relation between the discrete KKT multi-
plies and the continuous costates in the pseudospectral di-
rect approximation of continuous constrained optimal con-
trol problems. Closure conditions previously discovered are
clarified. The effect of primal optimality/feasibility toler-
ances to the costate estimation is explained and demon-
strated via examples. The results provide guidelines to
design accurate costates estimation algorithms.

Qi Gong
University of Texas at San Antonio
Qi.Gong@utsa.edu

Michael Ross
Department of Mechanical and Astronautical Engineering
Naval Postgraduate School
imross@nps.edu

MS4

Discrete Approximations in Optimal Control

In this talk we discuss several issues on discrete approxi-
mation of optimal control systems governed by controlled
differential equations and differential inclusions with finite-
dimensional and infinite-dimensional state spaces. 1. The
first issue is about well-posedness of discrete approxima-
tions of constrained optimal control problems. We discuss
new results on consistent approximations of endpoint and
state constraints matched with the stepsize of discretiza-
tion ensuring the value convergence as well as the strong
(in Sobolev spaces) convergence of optimal solutions of
discrete approximations. 2. The second issue concerns
the fulfillment of the necessary optimality conditions in
the form of the Approximate Maximum Principle for dis-
crete approximations of constrained optimal control prob-
lem with no convexity assumptions. There are positive
and negative results in this direction, both are rather sur-
prising. 3. Finally, we discuss the possibility to use dis-
crete approximations as the driving force to derive new
results (necessary optimality, local controllability condi-
tions, etc.) for continuous-time systems by the limiting
procedure from the corresponding problems of mathemat-
ical programming.

Boris Mordukhovich
Wayne State University
Department of Mathematics
boris@math.wayne.edu

MS5

Adaptive Nash Strategies of Dynamic Games in
High Level Information Fusion

Recent advances in applying game theory to high level
information fusion are promising. In those game theo-
retic frameworks, adaptive techniques are important when
there are unknown parameters in the cost functions of
the opponents. Existing adaptations are usually consid-
ered from a perspective of systems, for an example, evo-
lutionary games. In this paper, we propose a new adap-
tive approach for linear quadratic discrete-time games, in-
cluding simultaneous and sequential games, with scalar in-
puts and state feedback Nash strategies. We consider the
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effort of adaptation under a Fictitious Play (FP) frame-
work with learning algorithms derived from conventional
adaptive control methods. Convergence to Nash strate-
gies is proved with the condition that there exists a unique
state feedback strategy, which implies that the associated
coupled discrete-time algebraic Riccati equations (DAREs)
have a unique positive semi-definite solution. Piece-wise
linearization is used to transform general high level infor-
mation fusion problems to linear quadratic discrete-time
games.

Genshe Chen
Intelligent Automation, Inc.
Senior Research Scientist
gchen@i-a-i.com

MS5

Game Theoretic Sensor Resource Management for
High-Level Distributed Fusion

We present a hierarchical game-theoretic approach to level
2 and level 3 fusion problems. Given level 1 data of observa-
tions of individual objects and prior knowledge of the com-
position of enemy grouping, we consider the level 2 problem
by developing a Bayesian inference algorithm for determin-
ing the enemy identity. We then apply game theory toward
the level 3 problem, inferring the intent of enemy groups,
given the determined identities and prior knowledge of en-
emy strategies.

Sang Chin
SAIC
Principal Scientist
shc@alum.mit.edu

MS5

Disturbance Attenuation Analysis of Sequential
Games in High Level Data Fusion

Recently, there have been increasing needs for research in
game theoretic approaches for high level information fu-
sion. In this paper, we use a zero-sum game theoretical ap-
proach to address the robust disturbance attenuation anal-
ysis of state feedback Nash strategies for Dynamic Linear
Quadratic Sequential Games (LQSGs) with uncertainties
or disturbances. For finite-horizon LQSGs, we first provide
state feedback Nash strategies with optimal attenuation
levels. Then we extend the approach to infinite-horizon
LQSGs. We prove that the feedback system is Bounded
Input Bounded Output (BIBO) stable with respect to the
disturbances. For the general dynamic games for high level
information fusion, piece-wise linearization is carried out to
transform them to linear quadratic discrete-time games.

Jose Cruz
The Ohio State University
Distinguised Professor
cruz.22@osu.edu

MS5

Cooperative Outcomes for Stochastic Multi-Player
Nash Games: Performance-Measure Statistics and
State-Feedback Paradigm

Recent theory of cost cumulant control has been used suc-
cessfully in the area of stochastic regulator problems with
nontrivial structural control benchmarks. Since optimal
stochastic regulator problems can be seen as the one-player
special case of stochastic differential games, it is interesting

to explore the idea of applying this new control paradigm
to the linear-quadratic class of nonzero-sum stochastic dif-
ferential games where there are more than two players
and each player tries to minimize his individual perfor-
mance measure. The utility of this newly developed con-
trol paradigm can be applied to multi-person and multi-
decision objective problems. For instance, a dynamic sen-
sor allocation can be cast into a stochastic multi-player
Nash game where multiple players are sensors. In this set-
ting, each sensor has ability to selfishly seek to optimize its
own local objective. As a result, one can guarantee that
the sensors will collectively operate efficiently.

Khanh D. Pham
The Air Force Research Laboratory
Space Vehicles Directorate
khanh.pham@kirtland.af.mil

MS6

Optimal Control of Mixed Immunotherapy and
Chemotherapy of Tumors

Abstract not available at time of publication.

Craig Collins
Murray State University
craig.collins@murraystate.edu

MS6

Parameter Estimation for a Model of Baroreflex
Regulation of Heart Rate

The baroreflex is an important homeostatic mechanism of
the cardiovascular system. Its purpose is to control and
maintain blood pressure by regulating heart rate, partic-
ularly during orthostatic stress (i.e. sitting or standing).
In this talk, we will give a basic outline of a mathematical
model that was designed to predict the dynamics of heart
rate regulation with respect to postural changes from sit-
ting to standing (Olufsen et al.). We will describe the pro-
cess of calibrating the unknown parameters of this model
using experimental data. In addition, we will include some
sensitivity analysis results that lend some insight into the
mechanism and its predictive capabilities.

Katie Fowler
Clarkson University
kfowler@clarkson.edu

Genetha Gray
Sandia National Laboratories
gagray@sandia.gov

MS6

Title Not Available at Time of Publication.

Abstract not available at time of publication.

Weiqing Gu
Harvey Mudd College
gu@hmc.edu

MS6

A Mathematical Model Separates Quantitatively
the Cytostatic and Cytotoxic Effects of a HER2
Tyrosine Kinase Inhibitor

Oncogene signaling deregulates cell proliferation resulting
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in uncontrolled growth. Amplification and mutations of
the HER2 proto-oncogene occur in approximately 20%
of breast cancers. A therapeutic strategy that blocks
HER2 function is the kinase inhibitor lapatinib. We de-
termined experimentally the anti-proliferative effect of la-
patinib combined with a mathematical model to interpret
the data. The model suggests that lapatinib acts by slow-
ing the transition through G1 phase whle we also find a
previously unreported late cytotoxic effect.

Peter Hinow
Vanderbilt University
peter.hinow@Vanderbilt.Edu

Shizhen Wang
Department of Cancer Biology
Vanderbilt University
emily.wang@vanderbilt.edu

Glenn F. Webb
Mathematics Department, Vanderbilt University
Nashville
glenn.f.webb@vanderbilt.edu

Carlos Arteaga
Department of Cancer Biology
Vanderbilt University
carlos.arteaga@vanderbilt.edu

MS7

Fast Solution of Nonlinear Optimal Control Prob-
lems

We discus a class of optimization algorithms for nonlinear
optimal control problems. The optimization algorithms
are based on the all-at-once approach, use interior-point
techniques for handling of classes of inequality constraints,
employ trust-region methods for globalization, and allow
a rigorous integration of iterative linear system solvers
for the approximate solution of optimization subproblems.
We present theoretical convergence results. In addition,
the numerical performance of these methods is illustrated
on test problems in which optimization subproblems are
solved iteratively using multigrid or domain decomposition
methods.

Matthias Heinkenschloss
Rice University
Dept of Comp and Applied Math
heinken@rice.edu

MS7

Regularization Approaches in State Constrained
Optimal Control of PDEs

In this talk Moreau-Yosida-based as well as Lavrentiev-
based regularization for state constrained optimal control
problems for partial differential equations are considered.
The regularization is necessary due to the poor Lagrange
multiplier regularity. We investigate convergence prop-
erties w.r.t. the regularization parameter and introduce
path-following methods for the numerical solution. For a
fixed parameter setting the proposed methods are mesh-
independent and converge locally superlinearly (the latter
in function space). The talk ends by a report on test runs
including a comparison with interior point solvers.

Michael Hintermueller
University of Graz

Austria
michael.hintermueller@uni-graz.at

MS7

Fast Optimized Wavelet Methods for Stationary
PDE-Constrained Control Problems

We employ wavelet methods for control problems con-
strained by non-linear stationary PDEs. The emphasis is
placed on the fast numerical solution of the optimality con-
ditions leading to a coupled system of PDEs. Optimized
wavelet discretizations allow to employ fast iterative so-
lution schemes of optimal computational complexity with
small absolute iteration numbers. We also demonstrate
how to employ norm equivalences in terms of wavelet bases
to evaluate Sobolev norms of any order as accurately as
possible.

Roland Pabel
Universität Bonn
pabel@iam.uni-bonn.de

MS7

Semismooth Newton Method for an Optimal Con-
trol Problem with Control and Mixed Control-
State Constraints

A class of optimal control problems for a semilinear
parabolic partial differential equation with control and
mixed control-state constraints is considered. For this
problem, a projection formula is derived that is equivalent
to the necessary optimality conditions. As main result, the
superlinear convergence of a semismooth Newton method
is shown. Moreover we show the numerical treatment and
several numerical experiments.

Arnd Roesch
Johann-Radon Institute (RICAM)
Austria
arnd.roesch@oeaw.ac.at

Daniel Wachsmuth
Tech Universität Berlin
Department of Mathematics
wachsmut@math.tu-berlin.de

MS8

Higher-Order Optimality Conditions for Nonregu-
lar Constrained Optimization Problems

We start with considering higher-order optimality condi-
tions for nonregular optimization problems with equality
constraints given in the operator form as F (x) = 0, where
F : X → Y is an operator between Banach spaces and the
Frechet derivative F ′(x∗) is not onto. Then we present op-
timality conditions for nonregular problems with inequal-
ity constraints in finite dimensional spaces when the active
constraint gradients are linearly dependent at the solution
of the problem.

Alexey Tret’yakov
University of Podlasie in Siedlce, Poland, and
System Research Institute, Polish Academy of Sciences
tret@ap.siedlce.pl

Olga A. Brezhneva
Miami University
brezhnoa@muohio.edu
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MS8

Generalized Jacobians and the Variational Differ-
ential Inclusion

In the nonsmooth Maximum Principle, the classical varia-
tional equation is replaced by a differential inclusion whose
right-hand side is the Clarke Generalized Jacobian of the
reference vectorfield with respect to the state. The solu-
tions then lead to a compact (usually nonconvex) set of
linear maps which is a Warga derivate container of the
reference flow map. We extend this result to more gen-
eral ”generalized Jacobians” and more general concepts of
multivalued differential.

Hector J. Sussmann
Rutgers University
Department of Mathematics
sussmann@math.rutgers.edu

MS8

A Sufficient Condition for Exact Penalty in Con-
strained Optimization

We use the penalty approach in order to study constraint
minimization problems in a Banach space with Lipschitzian
constraints. We discuss sufficient conditions for the exis-
tence of the exact penalty.

Alexander J. Zaslavski
Technion Israel Inst of Tech
Dept of Mathematics
ajzasl@techunix.technion.ac.il

MS8

New Generalized Jacobians in Infinite Dimensional
Optimzation Problems

In this talk a concept of generalized Jacobians for Lipschitz
functions defined on infinite dimensional spaces wil be in-
troduced. This notion extends to the infinite dimensional
setting Clarke’s generalized Jacobian which is defined for
Lipschitz functions over finite dimensional spaces. Several
properties and calculus rules are presented.

Vera Zeidan
Michigan State University
Department of Mathematics
zeidan@math.msu.edu

MS9

Comparison of Full- and Reduced-Order Models for
Feedback Control of Fluids

The feedback control of fluid flows using model reduction
techniques has been studied for the past decade. In this
study, we investigate the effectiveness of the proper orthog-
onal decomposition (POD/Galerkin) and a controller re-
duction approach. Numerical results comparing these pop-
ular approaches with Riccati equation-based linear state
feedback for control past circular cylinders and over a
backward-facing step will be presented.

Jeff Borggaard
Virginia Tech
Department of Mathematics
jborggaard@vt.edu

MS9

On Global Controllability Properties of a Swim-
ming Model in a Nonstationary Stokes Fluid

We study the motion capabilities (“straight line motion”
and “turns”) of an abstract object consisting of several
“narrow” rectangles, subsequently connected by elastic
links, which “swims” (as opposed to “being pushed or
pulled”) in the 2-D Stokes fluid. We assume that the
means by which we can affect the swimming process are
the change of spatial orientations of the aforementioned
rectangles and the direction and strength of the rotation
forces acting between them.

Alexander Khapalov
Washington State University
Department of Mathematics
khapala@math.wsu.edu

MS9

Issues in Control of Viscoelastic Flows

The lecture will present recent results on controllability of
viscoelastic flows. Constitutive models are assumed to be
of Maxwell or Jeffreys type. Both linear and nonlinear situ-
ations are examined. In contrast to the analogous situation
in elasticity or Newtonian fluid mechanics, the linear prob-
lem is controllable only within a subspace, and therefore
the linear results give no insights regarding controllability
in the nonlinear case. I shall review a number of special
cases which are accessible to analysis.

Michael Renardy
Mathematics Department
Virginia Tech
renardym@math.vt.edu

MS9

Regularity of Weak Solutions to a System of Fluid
Structure Interaction

A 3D fluid-structure interaction model in which an elastic
body is fully immersed in a viscous incompressible fluid is
studied. The interaction is realized through an interface,
i.e., the boundary of the elastic body.We establish exis-
tence of global weak solutions to this nonlinear model of
fluid structure interaction. We also establish existence of
smooth solutions in both two and three dimensions given
more regular initial data satisfying natural compatibility
conditions on the interface. This is joint work with V.
Barbu, I . Lasiecka and Z. Grujic.

Amjad Tuffaha, Zoran Grujic
Department of Mathematics
University of Virginia
at8e@virginia.edu, zg7c@virginia.edu

MS10

Numerical Approximation of Pursuit-Evasion
Games with State Constraints

We present a new convergence result for the convergence of
a dynamic programming scheme to the viscosity solution of
the Isaacs equation related to pursuit-evasion games with
state constraints in Rn. We will also give some details
on the implementation of the approximation scheme and
of the numerical synthesis of optimal controls. Finally,
several tests on the classical tag-chase game in a court with
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internal obstacles will be presented.

Emiliano Cristiani
Dipartimento di Matematica
Universita’ di Roma ”La Sapienza”
cristiani@mat.uniroma1.it

Maurizio Falcone
Universit‘a di Roma “La Sapienza”, Italy
falcone@mat.uniroma1.it

MS10

Convergence for a Curse-of-Dimensionality-Free
Method for HJB PDEs

Nonlinear, steady-sate HJB PDEs with Hamiltonians
formed by (or well-approximated by) pointwise maxima of
quadratic forms are considered. (This includes switched
linear systems.) A recent development is the discovery of
numerical methods for such PDEs, which are not subject to
the curse-of-dimensionality. These methods work through
an approximation of the associated (max-plus linear) semi-
group as a max-plus sum of semigroups associated with lin-
ear/quadratic problems. A convergence rate is obtained in-
dicating the number of iterations required to obtain a given
error (scaled by the norm squared) over the entire space.
Neither the number of iterations or the the computations
per iterations are subject to the curse-of-dimensionality. In
particular, the computational growth as a function of di-
mension is at a cubic rate. There is a ”curse of complexity”
which must be addressed. Nevertheless, these new methods
are of both theoretical and practical interest.

William M. McEneaney
Dept. of Mechanical and Aerospace Engineering
University of California, San Diego
wmceneaney@ucsd.edu

MS10

Optimal Trajectory Solutions Using Higher Order
Implicit Integration and Nonlinear Programming

Implicit integration combined with modern nonlinear pro-
gramming packages has proven to be an effective technique
for trajectory optimization. To provide greater fidelity
and robustness, enhanced procedures have been developed.
General procedures are presented for implicit integration
schemes of arbitrary order, automatic variable scaling and
grid refinement.. Computation experiences applying and
comparing these methods to interplanetary spacecraft and
aircraft problems are given. These procedures have demon-
strated substantial improvements in integration accuracy
and robust operations.

Stephen Paris
The Boeing Company
stephen.w.paris@boeing.com

MS10

The Role of Convexity in Optimal Control Theory

We consider a variational problem of the form

min l(x(0)) +

∫ τ

0

L(x(t), dx/dt)dt

where the minimization is over the absolutely continuous
arcs x(.) that satisfy x(τ) = ξ. This talk explores proper-
ties of the Fully Convex Control (FCC) problem in which

both l(.) and L(., .) are convex, but possibly nonsmooth
and extended real-valued. The strong convexity hypothe-
ses make the problem somewhat special, but as will be ex-
plained, the FCC formulation still covers Linear Quadratic
Regulator and its extensions with hard control constraints.
The FCC problem plays roughly the role that linear sys-
tems enjoy in nonlinear systems theory, and we shall ex-
plore this analogy by presenting a unifying theory of nec-
essary and sufficient conditions, duality, and a Hamilton-
Jacobi theory. New research results and directions will also
be presented.

Peter Wolenski
Dept. of Math.
LSU
wolenski@math.lsu.edu

MS11

Hybrid Monolithic Shape Memory Alloy Actuators

Abstract not available at time of publication.

Robert Gorbet
University of Waterloo
R.Gorbet@ece.uwaterloo.ca

MS11

Robust Controller Design for Magnetostrictive Ac-
tuators

Magnetostrictive materials have many advantages for use
in micro- positioning devices, but are difficult to control
due to their hysteresis and other nonlinearities. These ma-
terials are passive and this property is used to identify a
class of stabilizing controllers. A controller in this class
that optimizes tracking performance is found. The con-
troller is evaluated experimentally. The use of a similar
approach for control of other smart materials is discussed.

Kirsten Morris
Dept. of Applied Mathematics
University of Waterloo
kmorris@uwaterloo.ca

MS11

Perturbation Control Techniques for Magnetic
Transducers

Abstract not available at time of publication.

Ralph C. Smith
North Carolina State Univ
Dept of Mathematics, CRSC
rsmith@eos.ncsu.edu

MS11

Robust Adaptive Control of Conjugated Polymer
Actuators

Abstract not available at time of publication.

Xiaobo Tan
Michigan State University
xbtan@msu.edu

MS12

LQG Balanced POD for Distributed Parameter
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Systems

Developing reduced order models for use in design of
closed-loop controllers has attracted much attention in the
last five to ten years. Methods such as proper orthogo-
nal decomposition (POD), balanced truncation, and LQG
balancing have been applied with varying degrees of suc-
cess. A method was recently proposed, termed Balanced
Proper Orthogonal Decomposition, where two of the reduc-
tion techniques are combined to utilize positive attributes
of each. POD is well-suited to developing a model from
experimental or computational data. Balanced truncation
preserves system properties such as controllability and ob-
servability. In this paper, we explore combining POD with
LQG balanced truncation. The latter method preserves
properties of the solutions to the control and filter Riccati
equations. We report on the performance of this method
for systems modeled by partial differential equations.

Belinda A. Batten
Oregon State University
Dept. of Mechanical Eng.
bbatten@engr.orst.edu

John Singler
Oregon State University
Dept. of Mechanical Engineering
john.singler@oregonstate.edu

MS12

Sensitivity Analysis for Sensor/Actuator Place-
ment

This talk surveys some results for sensitivity analysis re-
lated to sensor/actuator placement for control design in
systems governed by partial differential equations. When
sensor or actuator placement is parametrized as part of the
control design problem, the regularity of the solutions to
the governing mathematical models should be carefully ex-
amined prior to sensitivity calculations. When the param-
eter of interest determines location of sensors or actuators,
the resulting sensitivity equations suffer from a loss of reg-
ularity as compared with that of the original PDE model.
This can have serious consequences if black box approaches
to sensitivity computations are used. Model problems that
illustrate some of these issues are discussed.

Lisa G. Davis
Montana State University
davis@math.montana.edu

MS12

Optimal Damping Design: An Eigenvalue Sensitiv-
ity Approach

We consider a sensitivity approach for the optimal absorp-
tion design for damped elastic systems. These systems are
generally represented by abstract wave equations with vari-
able damping coefficients. Using the sensitivity equation
of eigenvalues of the corresponding system generator, a so-
lution method is developed and analyzed for determining
the optimal design with respect to the design parameter.
Based on such a solution method, approximation methods
are also developed for construction of the optimal design.
Numerical examples are presented to demonstrate the fea-
sibility of our proposed method.

Fariba Fahroo
Air Force Office of Scientific Research

fariba.fahroo@afosr.af.mil

MS12

Mesh Independence for a Newton-Based Riccati
Solver

We consider the convergence of the infinite dimensional
version of the Kleinman-Newton algorithm for solving the
algebraic Riccati operator equation associated with the lin-
ear quadratic regulator (LQR) problem. In particular, we
establish mesh independence for this algorithm. The im-
portance of dual convergence and preservation of exponen-
tial stability (POES) with regard to strong convergence of
the functional gains and mesh independence of the algo-
rithm are discussed. These results are applied to systems
governed by delay equations and numerical results are pre-
sented using different approximation schemes.

Lizette Zietsman
Virginia Tech
Blacksburg, VA 24061-0123
lzietsma@vt.edu

MS13

Feedback Stabilisation of Navier-Stokes System:
Approximation and Error Estimates for the Ric-
cati Approach

Errors estimates related to general approximation of
closed-loop systems are provided. The feedback law in
the closed-loop system is expressed with the solution of
an infinite dimensional algebraic Riccati equation, which
is provided by an optimal control problem stated over an
infinite time horizon. The case of nonconform and semidis-
crete approximation is investigated. We give examples of
applications dealing with the closed-loop Oseen equations,
where the feedback law is chosen so that it locally stabi-
lizes, near a given steady-state flow, the solutions of the
Navier-Stokes equations in a bounded domain.

Mehdi Badra
Université Paul Sabatier Toulouse 3
31062 TOULOUSE cedex 9, France
badra@mip.ups-tlse.fr

MS13

Optimal Control of Heat Transfer with Radia-
tion Interface Conditions and Pointwise State-
Constraints

The talk is concerned with an optimal control problem
arising from the optimization of the temperature distri-
bution within the sublimation growth of semiconductor
single-crystals. The problem consists of a semilinear el-
liptic partial differential equation with nonlocal radiation
interface conditions and pointwise control and state con-
straints. First, the existence of a unique continuous solu-
tion of the semilinear state equation is established. More-
over, it is shown that the associated solution operator is
continuously Fréchet-differentiable. Based on this and the
continuity of the solution, it is possible to establish the
existence of Lagrange mutlipliers in the space of regular
Borel measures by means of the Karush-Kuhn-Tucker the-
ory. Furthermore, the associated adjoint equation with
these measures as inhomogeneity is discussed. It is shown
that this equation admits a solution in W 1,q with some
q < N/(N − 1), where N denotes the spacial dimension.
This allows to establish necessary and sufficient optimal-
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ity conditions. The theoretical results are illustrated by
numerical examples.

Christian Meyer
WIAS, Berlin
meyer@wias-berlin.de

MS13

On the Finite Element Approximation of Elliptic
Optimal Control Problems with Neumann Bound-
ary Control

A Neumann boundary control problem for a linear-
quadratic elliptic optimal control problem in a convex and
polygonal domain is investigated. The main goal is to show
an optimal approximation order for discretized problems
after a postprocessing process. It turns out that two sat-
uration processes occur: The regularity of the boundary
data of the adjoint is limited if the largest angle of the poly-
gon is at least 2π/3. For piecewise linear finite elements,
the theory cannot deliver optimal approximation rates for
convex domains. We will derive error estimates of order hσ

with σ ∈ [3/2, 2] depending on the largest angle and prop-
erties of the finite elements. Moreover, we will investigate
also the case of domains with a reentrant corner. Here, we
obtain error estimates of order hσ with σ ∈ [1, 3/2] Finally,
numerical tests illustrate the theoretical results.

Mariano Mateos
Universidad de Oviedo
Spain
mmateos@orion.ciencas.uniovi.es

Arnd Roesch
Johann-Radon Institute (RICAM)
Austria
arnd.roesch@oeaw.ac.at

MS13

Homotopy Methods for State Constrained Optimal
Control

We consider homotopy methods in function space for op-
timal control problems subject to PDE constraints and
bounds on the state. Our main focus here is on interior
point methods. We study structure and convergence of ho-
motopy paths generated by logarithmic and rational bar-
rier functions. It turns out that the proper type of barrier
function has to be chosen in order to guaranty existence
and strict feasibility of solutions in function space. Then,
for the right type of barrier functions, the convergence of a
Newton path-following scheme to the solution of the origi-
nal state constrained problem can be established.

Anton Schiela
ZIB, Berlin
schiela@zib.de

MS14

Mangasarian-Fromowitz Assumptions and Opti-
mality Conditions for Mixed Constrained Problems

The focus of this paper is on Mangasarian-Fromowitz type
conditions for mixed constrained optimal control problems
with possibly nonsmooth dynamics. We show how neces-
sary conditions of optimality in the form of unmaximized
Hamiltonian type conditions can be derived under such as-
sumptions. The Unmaximized Hamiltonian inclusion type

conditions we obtain here are distinct from well known
versions of weak nonsmooth maximum principle because
they employ a joint subdifferential instead of the custom-
ary product of partial subdifferentials.

M. Do Rosario De Pinho
Faculdade de Engenharia da Universidade do Porto
DEEC
mrpinho@fe.up.pt

MS14

Optimality Conditions for Asymptotically Stable
Control Systems

We consider infinite horizon optimal impulsive control
problems for which a performance criteria is minimized
by choosing asymptotically stable control strategies. We
present necessary optimality conditions in the form of max-
imum principle and show how they can be derived from
an auxiliary conventional (nonimpulsive) optimal control
problem with mixed constraints. As far as we know, results
of this kind have not been previously derived for problems
with trajectories restricted to the set of stabilizing ones.

Geraldo Nunes Silva
IBILCE, Universidade Estadual de S. Paulo
gsilva@ibilce.unesp.br

Fernando F. Lobo Pereira
Faculadade de Engenharia da Universidade do Porto
Porto, Portugal
flp@fe.up.pt

MS14

Regularity Properties of Optimal Control for
Mixed Constrained Problems

In this paper we investigate regularity properties (Lipschitz
continuity and differentiability) of the optimal control in
linear-quadratic problems with mixed control/state con-
straints of equality and inequality type. It is shown that
under appropriate hypotheses the optimal control possesses
the indicated regularity.

Ilya Shvartsman
Miami University
Oxford, OH
shvartia@muohio.edu

MS14

Invariance Properties for Impulsive Systems

This talk will consider a dynamical system in which the
righthand side contains a measure with state-dependent
coefficients. A solution concept that involves a graph com-
pletion will be introduced, and characterizations of the sys-
tem’s weak and strong invariance properties will be pro-
vided.

Peter Wolenski
Dept. of Math.
LSU
wolenski@math.lsu.edu

MS15

Structure of Solutions for Ergodic Type Bellman
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Equations of First Order

Ergodic type Bellman equations of first order with a
quadratic Hamiltonian are considered in the framework of
viscosity solutions. It is known that the equations have
multiple solutions even if the solutions are identified un-
der additive constants. We will show that there exists a
critical solution. We will also deduce the min-max type
representation for the critical value, which is motivated
from Donsker-Varadhan min-max formula of the principal
eigenvalue for the second order linear differential operators.

Hidehiro Kaise
Dept. of Mathematics
Nagoya University
Emaikaise@is.nagoya-u.ac.jpl

MS15

Max-Plus Integral Kernels and a Fundamental So-
lution for Differential Riccati Equations

The semigroups associated with Bellman equations are
max-plus linear. The semigroup operators have semiconvex
dual operators with representations as max-plus integral
operators. In the linear-quadratic case, the kernel of the
semiconvex dual operator is a quadratic function. Prop-
agation in the dual space is through composition of these
operators, and hence max-plus integral convolutions. This
leads to a surprising new understanding of Riccati equa-
tions where the quadratic term is sign-definite, and a new
fundamental solution for them. This fundamental solution
has a very nice control interpretation, and so leads to a
more satisfying understanding of Riccati equations.

William M. McEneaney
Dept. of Mechanical and Aerospace Engineering
University of California, San Diego
wmceneaney@ucsd.edu

MS15

Aronsson Equation and Deterministic Optimal
Control

Aronsson equation is a second order degenerate elliptic
equation that appears in L∞ minimization problems and is
satisfied by the so called absolute minimizers. We will dis-
cuss the fact that value functions in deterministic optimal
control are absolute minimizers in regions where they are
bilateral viscosity solutions of the classical Bellman equa-
tion. We will then derive Aronsson equation for value func-
tions under weaker assumptions than the standard theory.

Pierpaolo Soravia
University of Padova
Dept of Pure & Applied Math
soravia@math.unipd.it

MS15

An Overview of the Applications of Game Theory
to Importance Sampling

Importance sampling (IS) algorithms for estimating rare-
event probabilities are intimately connected with two-
person zero-sum differential games. This game interpre-
tation shows that state-dependent schemes are needed in
order to attain asymptotic optimality in a general setting.
We show that the classical subsolutions of the associated
Isaacs equation can be used as a basic and flexible tool for
the construction and analysis of efficient IS schemes. We

also present some numerical examples of rare event simu-
lation in queueing networks.

Hui Wang
Brown University
huiwang@cfm.brown.edu

MS16

Closed-loop Control of Channel Flow Using Bal-
anced Proper Orthogonal Decomposition

Reduced-order models of linearized channel flow obtained
using balanced proper orthogonal decomposition (BPOD),
a close numerical approximation to balanced truncation,
are used to develop optimal closed-loop controllers. The
models are better at capturing the input-output behavior
of the system compared to standard POD/Galerkin mod-
els. We use these models to design closed-loop controllers
to suppress transition to turbulence in channel flow, using
body forces and wall blowing/suction for actuation.

Milos Ilak, Clarence W. Rowley
Princeton University
milak@princeton.edu, cwrowley@princeton.edu

MS16

Model Reduction of Nonlinear Control Systems

We review methods for model reduction for linear and non-
linear control systems and offer a new method for nonlinear
control systems. We also present new error estimates for
both linear and nonlinear model reduction.

Arthur J. Krener
University of California
Department of Mathematics
ajkrener@ucdavis.edu

MS16

Cross Gramians and Riccatians for Approximate
Balancing of Nonlinear Systems

Abstract not available at time of publication.

Jacquelien Scherpen
Delft Center for Systems and Control
Delft University of Technology
j.m.a.scherpen@dcsc.tudelft.nl

MS16

Nonlinear Balanced Realizations

Abstract not available at time of publication.

Erik Verriest
School of Electrical and Computer Engineering
Georgia Institute of Technology
erik.verriest@ece.gatech.edu

MS17

Multigrid Algorithms for Distributed Parameter
Estimation Problems

Here I consider distributed parameter estimation related
to the inverse medium problem for elliptic, parabolic, and
hyperbolic PDEs. In this talk I will present three repre-
sentative examples, for a Helmholtz, a reaction-diffusion,
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and an acoustic wave propagation PDE. I will present the
inverse operator, and discuss the spectral properties. I will
conclude with a list of recently proposed multilevel algo-
rithms that are robust as the regularization is reduced,
achieve optimal algorithmic complexity, and can scale to
parallel computing architectures.

George Biros
University of Pennsylvania
biros@seas.upenn.edu

MS17

Towards an Optimal Control Approach for Drink-
ing Water Decontamination

When a drinking water network is contaminated, harm-
ful particles and chemicals in the fluid may be transported
into biofilms present on pipe surfaces. Effective decontam-
ination of a system with biofilms is not well understood.
We will discuss an approach for removing contaminants in
biofilms by controlling the fluid flow profile. Our control
methodology makes use of a multiscale and multi-physics
model of a biofilm coupled to a continuum model for fluid
flow.

Bart G. Van Bloemen Waanders, Judith Hill
Sandia National Laboratories
bartv@sandia.gov, jhill@sandia.gov

MS17

Inexact Null-Space Iterations in PDE-Constrained
Optimization

Upon discretization, PDE-constrained minimization prob-
lems lead to large scale finite dimensional mathematical
programs. In this talk, we focus on preconditioned iter-
ative solvers for such optimization problems. The solver
concept is based on user chosen iterative forward and ad-
joint solvers, which might be only linearly convergent and
which are intertwined with a suitable preconditioner for the
overall KKT-system. Every step of the algorithm can be
decomposed into feasibility restoration (null space restora-
tion) and a step towards optimality. An exact L1-merit
function operates as a progress measure. A convergence
analysis is presented and a report on numerical tests is
given.

Michael Hintermueller
University of Graz
Austria
michael.hintermueller@uni-graz.at

MS17

Optimal Control and Model Reduction of PDAE
Fuel Cell Models

Molten carbonate fuel cells (MCFC) are especially well
suited for stationary power plants if their process heat is
used to increase their efficiency. MCFCs will become soon
competitive compared with traditional power plants. The
dynamic behaviour of MCFCs is governed by effects from
gas dynamics, electrochemical reactions, electrodynamics
and heat transfer. These effects can be modelled mathe-
matically by a hierarchy of systems of partial differential al-
gebraic equations (PDAE) in 1D or 2D of mixed parabolic-
hyperbolic type. Integral terms appear and the nonlinear
boundary conditions are given partly by a DAE system.
These large PDAE systems of dimension between roughly
10 and 30 equations are discretized by the method of lines,

yielding huge dimensional DAEs. In order to enable real
time control of the system model reduction techniques are
needed. We choose the snapshot form of proper orthogo-
nal decomposition (POD). We will present new computa-
tionally expensive numerical results of (sub)optimal control
during load changes for a 2D dynamical MCFC model.

Hans Josef Pesch
University of Bayreuth, Germany
Chair of Mathematics in Engineering Sciences
hans-josef.pesch@uni-bayreuth.de

Armin Rund
University of Bayreuth,
Department of Mathematics
armin.rund@uni-bayreuth.de

MS18

Scalable Nonlinear Multigrid Solvers for Inverse
Reaction-Diffusion Problems

In this talk we present multigrid smoothers for saddle-point
Euler Lagrange equations related to inverse problems for
systems governed by parabolic PDEs. Due to the problem
size of these problems, we have to devise matrix-free pre-
conditioners. Due to the ill-conditioning, efficient multigrid
solvers are required. The two key components of multi-
grid are the intergrid transfer operators, and the smoother.
Here we restrict our attention to construction of efficient
smoothers for full-space formulations of the inverse prob-
lem.

George Biros, Santi S. Adavani
University of Pennsylvania
biros@seas.upenn.edu, adavani@seas.upenn.edu

MS18

Multilevel Optimization Methods for the Control
of the Transport of Bose-Einstein Condensates

The optimal control of the transport of Bose-Einstein con-
densates in magnetic microtraps is formulated and solved
efficiently by multilevel optimization schemes. The time
evolution of the wavefunction of the Bose-Einstein conden-
sates is governed by the Gross–Pitaevskii equation. This
wavefunction is manipulated through variation of a con-
trollable magnetic confinement potential and an efficient
control strategy for this potential is determined within the
framework of optimal control theory. To solve the resulting
problem a cascadic nonlinear conjugate gradient scheme
and a full multilevel optimization scheme are considered.
For a variety of magnetic confinement potentials we study
transport and wavefunction splitting of the condensate,
and demonstrate that the optimal control theory approach
allows to drastically outperform more simple schemes for
the time variation of the microtrap control parameters.

Alfio Borzi
University of Graz
Institute for Math and Scientific Computing
alfio.borzi@uni-graz.at

MS18

Adaptive Finite Elements for Parabolic Optimiza-
tion Problems

In this talk we present a posteriori error estimates for
space-time finite element discretizations of parabolic op-
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timization problems developed in (D. Meidner and B.
Vexler, Adaptive Space-Time Finite Element Methods for
Parabolic Optimization Problems, to appear in SIAM J.
Control Optim.). The provided error estimates assess the
discretization error with respect to a given quantity of
interest and separate the influences of different parts of
the discretization (time, space, and control discretization).
This allows to set up an efficient adaptive algorithm which
successively improves the accuracy of the computed solu-
tion by construction of economical, locally refined meshes
for each time step separately and of an adaptive time dis-
cretization. Numerical examples for nonlinear parabolic
equations confirm the efficiency of our method.

Boris Vexler
RICAM, Austrian Academy of Sciences
boris.vexler@oeaw.ac.at

Dominik Meidner
University of Heidelberg, Germany
dominik.meidner@iwr.uni-heidelberg.de

MS19

Riccati Synthesis for Structural Acoustic Control
Problems

In this talk, we will discuss the feasibility of numerically
approximating the minimal norm steering control, relative
to the boundary null controllability of a structural acoustic
interaction. This approximation of the optimal null control
will be the result of a numerical analysis of the appropriate
Riccati Equation. Results of convergence for approxima-
tions of both the null controller and the corresponding dy-
namics will be presented. This is joint work with Michael
Gunderson.

George Avalos
University of Nebraska-Lincoln
Department of Mathematics and Statistics
gavalos@math.unl.edu

MS19

Hamiltonian Based Riccati Theory and Fast Riccati
Solver

We develop a fast algorithm to compute the optimal feed-
back gain for the linear quadratic regulator problem. The
algorithm utilizes the relation between an invariant sub-
space of the corresponding Hamiltonian operator and the
solution to the Riccati equation and is based on the inverse
of the Hamiltonian operator. Large scale control systems
that arise from a discretization of a class of control prob-
lems governed by partial differential equations is used to
demonstrate the feasibility and applicability of Algorithm.
A sparsity and structural property of system matrices are
incorporated in Algorithm and it enables us to compute a
stabilizing feedback law for very large control systems.

Kazufumi Ito
North Carolina State University
Department of Mathematics
kito@math.ncsu.edu

MS19

Controller Design for Infinite-Dimensional Systems

There are essentially two approaches to controller design

for systems modelled by partial differential equations. In
the first approach, the full model of the system is used
in controller design. The designed controller is generally
infinite-dimensional and is often subsequently reduced be-
fore implementation. This is known as direct controller
design. In the second approach, indirect controller design,
the model is reduced to obtain a finite-dimensional model.
This finite-dimensional approximation is used for controller
design. Both approaches will be examined in the context of
several models for acoustic noise. The models vary in com-
plexity and in how different aspects of the dynamics are
modelled. The modelling has consequences has controller
design.

Kirsten Morris
Dept. of Applied Mathematics
University of Waterloo
kmorris@uwaterloo.ca

MS19

On Sampled-Data Controller Implementation for
Spatially Distributed Systems

Consider a linear, infinite-dimensional, exponentially sta-
ble plant which has impulse response given by a matrix-
valued Borel measure. Let r(t) be a vector-valued refer-
ence signal which is the linear combination of finitely many
known sinusoidals, but otherwise unknown. Suppose the
system is subject to disturbances which are asymptotic to
finite sums of sinusoidals. We design a low-gain sampled-
data controller which maintains the stability of closed-loop
system and approximately tracks r(t).

Richard L. Rebarber
University of Nebraska
rrebarber1@math.unl.edu

Hitay Ozbay
Bilkent University, Turkey
ozbay@ece.osu.edu

MS20

Progressive Strategies for Differential Games

Two controller, zero sum differential games on a fixed fi-
nite time horizon are considered. A lower game value is
defined using strategies which depend in a progressively
measurable way on past control choices for the maximizer.
Results about viscosity solutions of the Isaacs PDE im-
ply that this lower value function is the same as with the
Elliott-Kalton definition. With a smaller class of ”strictly
progressive” strategies for the minimizing controller, the
upper value is obtained instead of the lower value.

Wendell Fleming
Division of Applied Mathematics
Brown Univ.
whf@cfm.brown.edu

MS20

Numerical Methods for Regime-Switching Stochas-
tic Differential Games

This work is concerned with numerical methods for
stochastic differential games of regime-switching diffusions.
Procedures based on Markov chain approximation tech-
niques are developed. A new proof of the existence of a sad-
dle point for the stochastic differential game is presented,
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which enables us to treat certain systems with nonsepara-
ble (in controls) cases. Convergence of the algorithms is
derived by weak convergence methods. In addition, exam-
ples are also provided for demonstration.

George G. Yin
Wayne State University
Department of Mathematics
gyin@math.wayne.edu

Qingshuo Song
university of southern california
qingshus@usc.edu

MS20

Liapunov-Like Sufficient Conditions for the Guar-
anteed Capture or Evasion in Multi-Player Differ-
ential Games

In this presentation, two sequences of continuously differen-
tiable functions that represent convergent approximations
of the min and the max function, respectively, are con-
sidered. Using these functions we design pursuers’ and
evaders’ strategies that guarantee either capture or eva-
sion of the evaders. These strategies are proven to achieve
the corresponding goals using a Liapunov-like methodol-
ogy. Dynamic models for the agents are assumed to be
nonlinear which is particularly important if the agents rep-
resent vehicles.

Dusan M. Stipanovic
Industrial and Enterprise Sys. Eng.
Univ. of Illinois at Urbana-Champaign
dusan@uiuc.edu

Arik Melikyan
Russian Academy of Sciences
melik@ipmnet.ru

Naira Hovakimyan
Virginia Tech
nhovakim@vt.edu

MS21

Model Order Reduction of Truly Large-Scale RCL
Networks

Abstract not available at time of publication.

Roland W. Freund
University of California, Davis
Department of Mathematics
freund@math.ucdavis.edu

MS21

A Proper Orthogonal Decomposition Approach for
the Empirical Balancing of Nonlinear Systems with
Unstable Linearization

Abstract not available at time of publication.

Boumediene Hamzi
Department of Mathematics, UCDavis.
hamzi@math.ucdavis.edu

MS21

Optimal H2 Model Reduction of MIMO Systems

Abstract not available at time of publication.

Andrew Mayo
Department of Electrical and Computer Engineering
Rice University
ajmayo@hoss.ece.rice.edu

MS21

Balancing for Infinite-Dimensional Linear Systems

We show that balancing methods can be generalized to
infinite-dimensional linear systems. This is true for the
usual Hankel-balancing, but also for variants such as LQG,
H-infinity, bounded real and positive real balancing. The
known error-bounds generalize to the infinite-dimensional
case. However, the upperbound may now be infinite. We
give conditions under which the upperbound is finite and
one thus obtains convergence of finite-dimensional approx-
imants in the desired metric.

Mark R. Opmeer
Department of Mathematics
University of California Davis
mropmeer@ucdavis.edu

MS22

Path-Following Primal-Dual Interior-Point Meth-
ods for Shape Optimization of Stokes Flow Prob-
lems

We are concerned with shape optimization problems in
channel fluid flow problems. The state variables are sup-
posed to satisfy the Stokes system and the design vari-
ables are the control points of a Bezier curve representing
the geometry of the channel subject to bilateral pointwise
constraints. Within a primal-dual setting, we suggest an
all-at-once approach based on interior-point methods. The
resulting parameter dependent nonlinear system is solved
by an adaptive path-following technique within the frame-
work of an affine invariant convergence theory. The dis-
cretization is taken care of by Taylor-Hood elements with
respect to a simplicial triangulation of the computational
domain and automatic differentiation is used in the com-
putation of first and second order derivatives. Numerical
results illustrate the convergence behaviour of the adpative
path-following interior-point method.

Harbir Antil
University of Houston,
Department of Mathematics
harbir@math.uh.edu

Ronald H.W. Hoppe, Christopher Linsenmann
University of Houston
Department of Mathematics
rohop@math.uh.edu, linsen@math.uh.edu

MS22

Multiscale Optimization of Gas Networks

We are interested in gas flow in pipe networks. Several
models for the dynamics inside the pipe are known which
range from partial differential equations to purely algebraic
relations. Usually, the dynamics of different pipes is cou-
pled at pipe fittings and we discuss the mathematical and
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physical reasonable coupling conditions in particular for
nodes which model compressors. These nodes can be con-
trolled by prescribing the applied compressor energy. We
are interested in questions of well-posedness and existence
of solutions and discuss optimization techniques relying on
the given model hierarchy. Finally, we present numerical
optimization results for sample networks.

Michael Herty
University of Kaiserslautern,
Department of Mathematics
herty@mathematik.uni-kl.de

MS22

Path-Following Methods for a Class of MPCCs in
Function Space

We consider Mathematical Programs with Complementar-
ity Constraints in function space. Typical model problems
are related to optimal control of variational inequalities
(VIs) or parameter identification in VIs. Here we propose
a relaxed Moreau-Yosida based path-following concept for
the development of a first order optimality characteriza-
tion as well as the design of a solution algorithm. Our first
order conditions are close to strong stationarity in finite
dimensions. The proposed algorithm uses a semismooth
Newton method (with a locally superlinear convergence in
function space) for solving the relaxed path-problems. The
talk ends by a report on numerical tests.

Ian Kopacka
University of Graz,
START-Project Interfaces and Free Boundaries
ian.kopacka@uni-graz.at

Michael Hintermueller
University of Graz
Austria
michael.hintermueller@uni-graz.at

MS22

Model Reduction in Laser Welding

Laser welding is a modern joining technique for new metal-
lic materials particularly aluminum alloys. However, there
is a high risk of hot cracking. Therefore, the aim is to
avoid this undesirable effect caused by several processes
during the solidification. For modelling process there are
three main aspects which have to be considered: The ther-
modynamical, the mechanical and the metallurgical effect
by which the arising of the opening displacement caused
by transverse tensile strains can be described. Because of
the high complexity of this physical process a model reduc-
tion in the mathematical model has to be done. After that
formulation a method can now be applied to prevent hot
cracking. One possibility is to use the so called multi-beam
technique. Thereby, additional laser beams are imposed
to compensate for the strain induced by the main laser
beam. Hereby, it is important to determine the optimal
position, size and power of the additional laser beams in or-
der to prevent hot cracking. Mathematically, this leads to a
constraint nonlinear optimization problem where amongst
other constraints a partial differential equation has to be
solved.

Verena Petzet
Chair of Mathematics in Engineering Sciences
University of Bayreuth
verena.petzet@uni-bayreuth.de

Hans Josef Pesch
University of Bayreuth, Germany
Chair of Mathematics in Engineering Sciences
hans-josef.pesch@uni-bayreuth.de

MS23

State and Output Feedback Control over Packet
Dropping Network Links

We study a stabilization scheme for a discrete-time con-
trol system in which the feedback loop includes a network
link that may suffer packet drops. We study state/output
feedback stabilization schemes for linear systems of arbi-
trary dimension. We also compare it against an alterna-
tive control scheme that first uses Kalman filtering (with
intermittent observations) to estimate the state and then
applies state feedback based on this state estimate. We
conclude that, under certain conditions, the two control
schemes can have comparable performance but the pro-
posed state/output feedback strategy is considerably sim-
pler to implement.

Christoforos N. Hadjicostis, Haitao Mo
Coordinated Science Laboratory
University of Illinois at Urbana-Champaign
chadjic@control.csl.uiuc.edu, hmo2@uiuc.edu

MS23

A Real-Time Distributed Priority-Based Protocol
for CAN Networks based on Delay Impulsive Sys-
tems

We consider Networked Control Systems (NCSs) consist-
ing of a LTI plant; a linear static or dynamic feedback con-
troller; a collection of sensors that provide measurements to
the controller; and a collection of actuators that are used to
control the plant. The different elements of the control sys-
tem are spatially distributed, but interconnected through
a communication network. Due to the shared and unreli-
able channel used to connect the subsystems, the sampling
intervals are uncertain and variable. Moreover, samples
may be dropped and experience uncertain and variable de-
lays before arriving at the destination. We show that the
resulting NCSs can be viewed as a MIMO sampled-data
system with variable sampling intervals and delay, which
can be modeled by delay impulsive systems. We provide
conditions for the stability of the closed-loop expressed in
terms of LMIs. By solving these LMIs, one can determine
positive constants that determine upper bounds between
the sampling time and the next update time at the des-
tination, for which stability of the closed-loop system is
guaranteed. Based these results, we present a scheduling
test based on Earlier Deadline First (EDF) algorithm for
real-time systems. If the test passes, the stability of several
control systems sharing a network is guaranteed. Then we
present a Medium Access Control (MAC) protocol which
can be implemented on Controller Area Networks (CAN)
in real-time and in a distributed fashion which grants the
access to the network to a node with the earliest deadline.

Payam Naghshtabrizi
Univ. of California, Santa Barbara
Department of Elec. & Comp.
payam@ece.ucsb.edu

Joao Hespanha
Univ. of California, Santa Barabara
Electrical and Computer Engineering
hespanha@ece.ucsb.edu



52 CT07 Abstracts

MS23

Distributed Sensor Pre-Processing for Feedback
Stabilization, In the Presence of Unreliable Inter-
connections

Consider an unstable discrete-time, linear and time-
invariant plant, two sensors, with computational capabil-
ities, and one controller. Each sensor collects noisy mea-
surements of a linear combination of the state of the plant.
This paper addresses the design of the controller and of the
processing at the sensors so as to stabilize the plant. The
sensors are connected to the controller via two stochastic
links whose connectivity is modeled by two independent
Bernouli processes, with loss probabilities p1 and p2. We
show that it is a necessary and sufficient condition for sta-
bility that the pair (-log(p1),-log(p2)) lies in a two dimen-
sional convex region, which is uniquely determined by the
parameters of the plant.

Vijay Gupta
University of Maryland
College Park
vijay@cds.caltech.edu

John Baras
Univ. Maryland
College Park
baras@umd.edu

Nuno C. Martins
University of Maryland at College Park
nmartins@umd.edu

MS23

Feedback Control over Signal to Noise Ratio Con-
strained Communication Channels

Recently, there has been growing interest in stabilisability
and performance problems in control over communication
channels. Here we present an overview of recent results
when a signal-to-noise ratio (SNR) constrained channel is
considered. We discuss the linear time invariant (LTI) out-
put feedback discrete-time case. Our analysis closely par-
allels results in bit rate limited control. The SNR frame-
work used enables LTI stability, robustness, performance
and delay analysis.

Julio Braslavsky, Alejandro J. Rojas, Richard Middleton
The University of Newcastle
julio.braslavsky@newcastle.edu.au,
Alejandro.Rojas@studentmail.newcastle.edu.au,
richard.middleton@newcastle.edu.au

MS24

Robust Quantum Potential Profile Design for Elec-
tron Transmission

Abstract not available at time of publication.

Robert Kosut
SC Solutions
kosut@scsolutions.com

MS24

Robust Design of Slow-Light Tapers in Periodic

Waveguides

Abstract not available at time of publication.

Almir Mutapcic
Stanford University
almirm@stanford.edu

Stephen Boyd
Stanford University
Department of Electrical Engineering
boyd@stanford.edu

MS24

Robust Optimization in Electromagnetics

Abstract not available at time of publication.

Dimitris Bertsimas
Massachusetts Insitute of Technology
dbertsim@mit.edu

Omid Nohadani
Massachusetts Institute of Technology
nohadani@mit.edu

MS24

Non-Intuitive Design of Negative Refractive Index
and Nano-Scale Electronic Devices

Optimal design is used to show that electromagnetic res-
onators with almost uniform field intensity and up to twice
the energy density of conventional structures are possible
by exploiting the properties of negative refractive index
materials. Efficient computation and local optimization is
achieved by solving the underlying PDE on an unbounded
domain and the adjoint method to efficiently compute the
gradient of the cost functional with respect to design pa-
rameters. The same method has also been applied to nano-
scale electronic device design.

Philip Seliger
University of Southern California
seliger@usc.edu

A.F.J. Levi
University of Southern California
Department of Electrical Engineering-Electrophysics
alevi@usc.edu

Chunming Wang
Department of Mathematics
University of Southern California
cwang@math.usc.edu

Gary Rosen
University of Southern California
Applied Mathematics
grosen@math.usc.edu

MS25

Combinatorial Motion Planning of Multi-Vehicle
Systems

In this talk, I will consider the problem of motion planning
for vehicles with a constraint on the minimum turning ra-
dius. The motion planning problem is as follows: Given a
set of n targets to visit, m vehicles that start at distinct lo-
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cations (depots), choose at most p ≤ m vehicles and their
corresponding tours so that (1) each target is visited by
at least one vehicle and (2)the total distance travelled by
the collection is a minimum among all possible choices of
vehicles and their tours. By a tour, one must find not only
the sequence of targets to be visited by the vehicle but
also the angle at which it must be visited. I will present
approximate algorithms based on a two step procedure: In
the first step, the combinatorial problem is solved based on
the Euclidean distances between the targets and the sec-
ond step is to find the heading angles at the targets using
a dynamic programming approach.

Swaroop Darbha
Texas A&M University at College Station
dswaroop@mengr.tamu.edu

MS25

Value Function Based Control of Sensing Opera-
tions

The problem of tasking sensing assets when little prior in-
formation is known is very challenging. In such situations,
one must clearly keep in mind that the value of informa-
tion is in its ability to help win the battle. In this paper,
we present a game-theoretic approach to designing sensing
plans in order to maximize success of the overall battleplan.
Dynamic programming provides means of determining op-
timal sensing courses of action.

Ben G. Fitzpatrick, Yun Wang
Tempest Technologies
fitzpatrick@tempest-tech.com, wang@tempest-tech.com

MS25

Title Not Available at Time of Publication

Abstract not available at time of Publication.

Vikram Krishnamurthy
University of British Columbia
Department of Electrical and Computer Engineering
vikramk@ece.ubc.ca

MS25

Real-Time Optimal Motion Planning for Un-
manned Vehicles

Abstract not available at time of publication.

I. Michael Ross
Naval Postgraduate School
imross@nps.navy.mil

MS26

The LaxFriedrichs Sweeping Method for Optimal
Control Problems in Continuous and Hybrid Dy-
namics

Assuming that the Hamiltonian is strictly convex in the
control variable, we derive a pair of HJ equations in con-
tinuous time through the dynamic programming formula-
tion. The LaxFriedrichs sweeping (LFS) method is applied
to solve the coupled PDEs by successive iteration of the
optimal cost and control. The method also applies to opti-
mal control problems in hybrid systems. We demonstrate
the efficiency of the method through numerical examples

in both continuous and hybrid dynamics.

Chiu-Yen Kao
Dept. of Mathematics
Ohio State University
kao@math.ohio-state.edu

MS26

PDEs in Control Theory

We review the important PDEs that arise in nonlinear con-
trol theory and methods for solving them.

Arthur J. Krener
University of California
Department of Mathematics
ajkrener@ucdavis.edu

MS26

Numerical Method for Hamilton-Jacobi-Bellman
Equations in High Dimension

We present a novel method for solving the Hamilton-
Jacobi-Bellman PDE arising in optimal control problems
in high dimension. First the HJB PDE is solved locally
using Albrecht’s power series method. Then power series
solutions of the HJB PDE outside the local neighborhood
are patched together. For each power series solutions, we
solve a Cauchy problem where the boundary conditions are
the Cauchy data defined on a noncharacteristic surface of
the PDE.

Carmeliza L. Navasca
ETIS Lab, CNRS, France
navasca@ensea.fr

MS26

A New Discontinuous Galerkin Method for Di-
rectly Solving Hamilton-Jacobi Equations

Different to Hu-Shu’s paper in 1999, we propose a direct
discontinuous Galerkin method to solve Hamilton-Jacobi
equations. For the linear case, the method is equivalent to
the discontinuous Galerkin method for conservation laws.
Thus, stability and error analysis are valid. For both con-
vex and nonconvex Hamiltonians, optimal (k+1)-th order
of accuracy for smooth solutions are obtained with piece-
wise k-th polynomial approximations. The schemes are
numerically tested on a variety of one and two dimensional
problems. The method works well to capture sharp cor-
ners(discontinuous derivatives) and converges to the vis-
cosity solution.

Jue Yan
Dept. of Mathematics
Iowa State University
jyan@iastate.edu

MS27

Military Applications and Sensitivity Analysis of
Coupling Game

Coupling game theory can formulate some non-ideal game
cases and provide more reasonable control strategies. Tra-
ditional TU cooperative games, non-cooperative games,
and two-person zero-sum games are special cases of cou-
pling game. This paper describes military applications of
coupling game theory in a Navy research project. Ap-
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proaches to determine coupling factors in coupling games
are discussed. Sensitivity functions of coupling factors are
provided. Experiments confirm the benefits of applying
coupling game theory to non-ideal complex military situa-
tions.

Genshe Chen
Intelligent Automation, Inc.
Senior Research Scientist
gchen@i-a-i.com

MS27

Robust Cooperative Control in Multi-Player Pur-
suit Evasion Games with Communication Delays

The performance of the multiple players Pursuit-Evasion
game is often highly dependent on the utilization of the
communication network. However, it seems like that is-
sues of intermittent communications and limited available
information have not been adequately addressed. Innova-
tive approaches are requested to deal with multiple play-
ers PE control issues arising from intermittent and asyn-
chronous communications, where pursuer team members
communication is limited. To extend our robust cooper-
ative control in multiple agent PE game to environments
with intermittent asynchronous communication, we pro-
posed an Open-Loop Asynchronous Feedback Nash Opti-
mal (OLAFNO) strategy in this talk. The advantages of
OLFO are 1) OLFO is simple in concept. Open loop op-
timization assumes no further feedback beyond the initial
identification and estimates of the system states and pa-
rameters; 2) OLFO is an adaptive controller using current
estimates. We also describe a simulation to illustrate the
performance of our proposed approach.

Jose Cruz
The Ohio State University
Distinguised Professor
cruz.22@osu.edu

MS27

Cooperative Control Solutions in Multi-Person
Quadratic Decision Problems: Cost Cumulants and
Finite-Horizon Paradigm

In the cooperative control regime using cost cumulants for
the class of multi-person single-objective decision prob-
lems characterized by quadratic random costs and state-
feedback information structures, individual decision mak-
ers share state information with their neighbors and then
autonomously determine decision strategies to achieve the
desired goal of the group which is a minimization of a fi-
nite linear combination of the first k cost cumulants of a
finite-horizon integral quadratic cost associated with a lin-
ear stochastic system, when the decision makers measure
the states. Since this problem formulation is parameterized
by the number of cost cumulants, the scalar coefficients in
the linear combination and the group of decision makers, it
may be viewed both as a generalization of linear-quadratic
Gaussian control, when the first cost cumulant is mini-
mized by a single decision maker and of the problem class of
linear-quadratic identical-goal stochastic games when the
first cost cumulant is minimized by multiple decision mak-
ers. Using a more direct dynamic programming approach
to the resultant cost-cumulant initial-cost problem, it is
shown that the decision laws associated with multiple per-
sons are linear and are found as the unique solutions of
the set of coupled differential matrix Riccati equations,
whose solvability guarantees the existence of the closed-

loop feedback decision laws for the corresponding multi-
person single-objective decision problem.

Khanh D. Pham
The Air Force Research Laboratory
Space Vehicles Directorate
khanh.pham@kirtland.af.mil

MS27

Nash and Minimax, Cumulant, Stochastic Differ-
ential Games: Going Beyond the Mean

The mean value of a cost plays prominently into control
and game theory. Recently cost cumulants have been used
in both control and games. We will extend the use of cost
cumulants in games to the third and fourth cumulants, for
minimax and Nash games. A class of nonlinear systems
with nonquadratic costs are examined. Equilibria for linear
quadratic case will be found. This work was supported in
part by Air Force grant number FA9550-07-1-0319.

Ronald Diersing, Chang-Hee Won
Temple University
rdiersin@temple.edu, cwon@temple.edu


