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This recent volume contains a collection of pa-
pers presented at the STAM Symposium on Con-
trol Problems, held on July 22-23, 1994 in San
Diego, California. Organized by the “Society for
Industrial and Applied Mathematics” (SIAM),
in cooperation with the “Institut National de
Recherche en Informatique et en Automatique”,
the Symposium highlighted industrial control
applications that incorporated recent mathe-
matical and technological developments. The
Symposium brought together leading experts
from industry and academia, to present new re-
sults and trends in modern control theory, with
an emphasis on industrial control applications.
The presentations were selected especially for
their practical significance in problem-solving,
and all of them had sound mathematical back-
ground. Control theory is an interdisciplinary
field, encompassing contributions from classical
engineering disciplines, theoretical engineering
and various areas of mathematics. The papers
of the reviewed volume are as much introspec-
tive as prospective as regards real-world indus-
trial problems. The n#ain themes addressed are
listed below:

e Applications of Control Techniques (in the
aerospace and automotive industry, the en-
vironmental science, manufacturing pro-
cesses, the petroleum industry).

e Optimal Shape Design in Aerospace Appli
cations.

¢ Optimal Design of Micro-optics.

e Robust Control and H,, Methods.

The paper Automatic Differentiation: Obtain-
ing Fast and Reliable Derivatives— Fast by

C. H. Bischof and co-workers, introduces auto-
matic differentiation for computing derivatives
of large computer codes. This topic is of spe-
clal interest in sensitivity analysis, inverse prob-
lems, multidisciplinary design optimization, etc.
Arter reviewing various methods for differenti-
ating codes, the ADIFOR automatic differen-
tiation tool is briefly described, and some of
its applications to large industrial and scientific
codes {groundwater transport models, compu-
tational fluid dynamics, and mesoscale weather
model applications), are highlighted, thus illus-
trating the effectiveness and performance of the
approach, in comparison with divided differ-
ences and hand-coded derivatives. Sparsity in
automatic differentiation as well as the related
SparsLinC library are also discussed.

The paper Modeling the Induction Process of an
Automobile Engine by P. E. Moraal, J. A. Cook
and J. W. Grizzle, addresses the problem of es-
timating the air charge inducted into the cylin-
ders of a four-stroke cycle, spark ignition inter-
nal combustion engine. Two dynamical models
of the ignition process are proposed. The first
one—a low frequency model—is used to con-
struct a real-time air charge estimator, based
on measurements of air flow from a hot-wire
anemometer, and using an appropriate compen-
sation for the slow air meter dynamics. The
second, more complete model incorporates in-
take runner acoustic and inertial effects, being
able to describe the induction process in the
individual cylinders. How to use this model
for controlling a four-cylinder engine with vari-
able valve timing is described. When perfect
knowledge of the model and no measurement
noise are assumed, the observer converges in few
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steps; when measuremeni noise 1s present, pre-
filtering of the measurements can 1mprove the
performance of the observer. The controller is
switched on after a certain number of engine
cycles in which the observer is expected to con-
verge. One specific benefit of the feedback con-
trol proposed is a significant reduction in auto
emissions during a cold-start.

The paper Applied Mathematics and Systemaiic
Automotive Powertrain Synthesis by B. K. Pow-
ell, presents some control applications in the
automotive industry, describing mathematical
modeling, analysis, and simulation for such ap-
plications. They are key elements in an iterative
process that includes the development of vehicle
hardware, system performance measures, com-
puter control software, and vehicle powertrain
system synthesis. Various performance criteria
considered include acceleration, braking, ma-
neuverability, and comfort, all subject to envi-
ronmental, energy, safety, and cost constraints.
Systematic design and control of complex pow-
ertrain systems 1s therefore a tremendous task.
The treatment is illustrated by the synthesis of a
conventional internal combustion engine power-
train system, and a hybrid electric vehicle pow-
ertrain drivetrain system (with about 30 state
variables). Real-time dynamic simulation mod-
els, with or without hardware-in-the-loop, are
used to provide information on potential system
operation, or for hardware design specifications.

The paper Estimation and Conirol of Sheet-
and Film-Forming Processes by J. C. Camp-
bell and J. B. Rawlings, presents a practical
control-design methodology that overcomes the
limitations of both the actuators and sensors
that should achieve near-optimal performance.
The triangular-shaped scanning pattern of the
sensor provides the film property information
in one lane at each sample time. A steady-state
model with large time delay is used to relate
the actnator movement to the film thickness.
A periodic time-varyving Kalman filter recon-
structs the states in all lanes of the film, given
the measurement of a single lane at a time. A
constrained model predictive controller is pro-
posed as a regulator, and stability of the com-
bined periodic time-varying filter and nonlin-
ear regulator is established. Simulation results
illustrating the disturbance rejection capabili-

ties of the proposed scheme are presented.

The paper Some Aspecis of the Mathematical
Modeling of Wavefront Controllers for Adapt-
e Optics Systems by M. Milman and D. Red-
ding, discusses an adaptive control system for
large telescopes. The need for an adaptive sys-
tem conies from the time-varying nonuniform
index of refraction of the atmosphere. The con-
trol system identifies the wavefront distorsion
due to the atmosphere and adjusts the shape
of the correcting mirror by feedback compen-
sation to reduce aberration. A detalied anal-
ysis of the errors associated with various sens-
ing strategies, like curvature sensing and Hart-
mann sensing models, 1s made, and noise prop-
agation properties of these models are also de-
veloped, Adaptive optics {AQ) systems opti-
mization with respect to actuator layout, sub-
aperture size, and sensor integration time, is
overviewed. The described technology, proven
as valuable in medium-scale AO systems, 1s ex-
tended to a large-scale system fo a Keck-class
telescope. Future large AO systems present a
big challenge to developing efficient algorithms
to make such systems feasible.

In Stability and Robustness Analysis of Dy-
namtc Inversion Conirol Laws for Nonlinear
Control of Fighter Aircraft by B.-Y. Zhang and
B. Morton, the global stability of a particular
control law—dynamic inversion—is proven, de-
spite uncertain aerodynamic functions in a non-
linear model of the piteh-axis dynamics of an
aircraft. This is the first analytic proof for this
type of control law, hased on realistic assump-
tions about the aerodynamic functions. The
results constitute an important step towards
establishing robust nonlinear stability for real
flight control systems, like the F-18 HARV air-
craft. The approach is a very promising al-
ternative to the design of control laws by lin-
ear methods-—the standard for today’s aircrafts,
but which requires extensive nonlinear simula-
tions and carefully executed flight tests to verify
the resulting scheduled control laws.

In Controlled Scattering of Light Waves: Opti-
mal Design of Diffractive Optics, D. C. Dob-
son considers the optimal design of micro-
optical devices with light-scattering character-
istics. Such devices have great advantages in
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terms of size and weight, and can be mass-
produced at low cost, and perform functions
unattainable with conventional optics. The cur-
rent applications include headmounted displays,
projection displays, flat panel displays, sensors,
image acquisition systems, optical communica-
tions components, etc. There are several model-
ing and analysis techniques allowing optimal so-
iution of this problem by numerical techniques.
The specific problem discussed is that of design-
ing a periodic interface so that the propagating
modes have a given phase/intensity pattern. A
variational formulation of the underlying wave
propagation model, specifically, the Helmholtz
equation in a periodic geometry, is described,
and an approximation by finite elements and
associated numerical 1ssues are discussed. Both
“relaxed” and “restricted” (shape design) prob-
lems are dealt with. Some practical constraints
imposed by fabrication technology as well as
their effects on the optimal design process are
highlighted. Devices based on the proposed ap-
proach have been produced.

The paper Geometric Flows for Image Process-
ing by . Sapiro, describes some optimization
techniques for image analysis. A partial dif-
ferential equation (PDE) for a planar curve-
evolution that smoothes the image by preserv-
ing the area of circumscribed regions is pro-
posed. Based on modern differential invari-
ants theory and symmetry groups, invariant ge-
ometric flows for a given Lie group are defined.
The simplest invariant flow is the geometric
heat flow. Different subgroups of the projective
group, of special interest in computer vision,
are also analyzed. Several applications, includ-
ing image enhancement of Magnetic Resonance
Imaging (MRI) data used in medicine, are dis-
cussed. The approach is promising for a range
of related computer vision and image processing
systems, including segmentation, anisotropic
diffusion of color images, histogram modifica-
tion, edge preserving enhancement, and con-
trast normalization.

The paper Application of Evact Controllabil-
iy to the Compulation of Scatlering Waves
by M. O. Bristeau and co-workers, presents a
technique (based on the “Hilbert Uniqueness
Method” of J. L. Lions) for modeling the scat-
tering of planar electromagnetic waves by ei-

ther perfectly conducting or coating materi-
als. The complex absorbing boundary-value
problem is solved in a computationally effi-
cient way by using controllability techniques for
distributed systems modeled by PDE’s. The
methodology combines a time-dependent for-
mulation, optimal control, finite-difference and
finite-element discretizations, domain decompo-
sition techniques, and a preconditioned conju-
gate gradient algorithm to solve the exact con-
trollability problem. One specific application is
into the design of aircraft and skin-coating tech-
niques for stealth aircraft. Results for a complex
2-D aircraft cross-section and some simple 3-D
shapes are given. Beside Radar aerospace and
marine applications, the technique is particu-
larly suited to scattering by nonconvex reflec-
tors, which is a typical industrial situation.

In Application of H,, Conirol to Wave Gen-
erators m a Canal, G. Joly, S. Mottelet,
and J.-P. Yvon discuss a problem of practi-
cal significance —testing the wave-response of a
small-scale mock-up of a ship during the design
process. A feedback controller for wave plane
generators in a rectangular canal is designed,
for obtaining a progressive wave at the surface
by acting on the two generators at each end of
the canal (one generator playing the role of an
aclive absorber). The system to be controlled
is infinite-dimensional (a distributed hyperbolic
system), but the controller should be finite-
dimensional.  The controller design problem
is formulated within the additive uncertainty
framework for Callier-Desoer systems, resulting
in a finite-dimensional H., mixed-sensitivity
problem, which is solved by standard techniques
of Doyle and co-workers. Robust stability and
a prescribed performance in a narrow frequency
band can be achieved by the closed-loop sys-
tem.  Numerical and experimental results for
both open-loop and closed-loop approaches are
given. The technique can be applied to obtain a
desired wave profile in a real canal using avail-
able sensors and plane-generators.

In New Directions in Industrial Conirol: In-
telhgent Control-—An Erperumental Study Ap-
plied to a Multivariable Hydraulhe System by
M. Chang and E. J. Davison, new results in con-
trolling unknown systems, subject to large un-
expected structural changes, are described. An
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“intelligent” control strategy is derived without
any use of analytical system models. The con-
troller is nonlinear and contains a switching de-
vice between several linear time-invariant (LTT)
controllers. If the process can be described by
an open loop asymptotically stable LTI model,
and there exists a solution to the correspond-
ing robust servomechanism problem, then af-
ter a finite ‘learning’ time, switching stops, the
process being controlled by an LTI controller,
and all states are bounded. Experiments with
small laboratory systems built from real indus-
trial hardware typically found in process con-
trol applications are used to prove the effec-
tiveness of the approach. The main conclu-
sion is that some practical applications, where
various catastrophic changes occur, might be
better solved using learning strategies instead
of standard deterministic strategies relying on
detailed process models.

The paper Control of Hyd’raulic Equipments of a
River Valley by H. Dang Van Mien and S. Steer,
discusses a practical control approach for wa-
ter flow in a river valley. The system must
accommodate a variety of demands, including
hydroelectric power generation, irrigation and
navigation requirements. A multilevel (hierar-
chical) system has been used for regulation of
large rivers in France, such as the Rhine, Rhone,
Durance, and Isére. A central hydraulic su-
pervision station generates the open-loop com-
mands for electricity production and upstream
to downstream predictions. The control for
each plant is carried out by a local nonlinear
controller, which maintains the levels at their
reference values when the centralized actions
are not sufficient. An interactive toolbox-—
METALIDO-—was developed and used for de-
signing the control system for this application.

The paper Identification and Control Problems
in Pelroleum and Groundwater Modeling by
R. E. Ewing and co-workers, deals with opti-
mization methods for increasing petroleum pro-
duction in oil fields. The petroleum indus-
try has well-established PDE models for multi-
phase fluid flow through porous media, but
the use of control-theoretic methods for opti-
mization of petroleum recovery is rather incipi-
ent. The size of the computational problems re-
quests sophisticated least squares approaches,

involving adjoint/co-state methods, Bayesian
constraints, regularizations and Monte Carlo
methods. Various model equations are consid-
ered: the acoustic wave equation, single phase
porous medium flow, multi-phase porous media
flow. Parameter identification methods, such as
statistical methods, output-least squares, mod-
ified Gauss-Newton algorithms, gradient-based
methods, and reduced subspace methods, as
well as specialized techniques for nonlinear es-
timation, including Monte Carlo, Bayesian and
fixed point methods, are discussed. These ap-
proaches could lead to significant gains through
improved efficiency in petroleum recovery oper-
ations. There is also a large potential in apply-
ing these methods to groundwater remediation.

The paper Optimal Strategies for Energy-
Efficient Train Control by P. G. Howlett,
J. Cheng and P. J. Pudney, presents opti-
mal strategies for real-time energy-efficient train
controls. Fuel-optimal driving strategies, as a
function of grade-profile and load that meet
time-table constraints and are feasible given
real-world engines and control systems, are dis-
cussed. Two different systems are described:
the Metromiser system, allowing fuel savings
over 13 percent for suburban railways and sig-
nificant improvements in timekeeping, and the
more recently developed Cruisemiser system,
designed for providing driving advice for freight
trains on long-haul journeys. The theoretical
basts for these systems, as well as selected exam-
ples are presented. The results can be used to
determine an optimal strategy on a track with
continuously varying gradient. Specific algo-
rithms for solving the key equations have been
developed and successfully implemented.

All papers contain mathematical treatment, nu-
merical results, and graphical representations
or illustrations. They suffice with references
for those who always love divagations in their
reading. By its comprehensive coverage, and
due to the included theoretical and computa-
tional results, related to the solution of impor-
tant practical problems, the reviewed book is
a definitely valuable guidance for mathemati-
cians, and mathematically oriented scientists
and engineers.

Vasile Sima
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