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FOREWORD
Welcome to the Twenty-Third IEEE Conlerence on Decision and Control, the annual meeting of the IEEE

Control Systems Society. The CDC is held in cooperation with the Society for lndustrial and Applied Math-
ematics and, for the first time, with the Operations Research Society of America.

This is a CDC with many distinctions: lt is the first to be held in Las Vegas; it is the largest in terms of
technical sessions and contributed and invited papers; and it is the IEEE Centennial year CDC. The operating
and program committees have made every effort to make this an interesting conference. lt is thanks to you,
the authors and attendees, that the promise of the Program will hopefully be fullfilled.

The Program features three plenary sessions and a luncheon. The two traditional plenary talks highlight
two unofficial themes of the Conference. The lirst talk is by Professor Thomas M. Cover. His topic is related
to control under uncertainty, which has been receiving increased emphasis recently, in view of the many
papers on robust, adaptive, and stochastic systems. The second is by Arne P. Rasmussen, whose manu-
facturing systems topic provides the setting for two invited sessions on production and industrial processes.
It is of high interest in both industry and academia in all engineering disciplines. The third plenary session,
with Dr. Stephen Kahne, who willdiscuss the history of controls and the Control Systems Society, commem-
orates the IEEE Centennial. The luncheon features President J. Boyd Pearson's address and Professor
Harold W. Sorenson as masler of ceremonies. Awards will be presented, including Outstanding Transactions
Papers, Distinguished Members, IEEE Fellows, IEEE Centennial Medals, and culminating in the presentation
of the IEEE Field Award in Control Systems Science and Engineering.

The Program Chairman Dr. Michael P. Polis and his committee had a very difficult task in selecting
papers and sessions in view of the record number of invited sessions proposals and contributed papers
submissions. Even the sixty-one technical sessions could not accommodate all the good papers or invited
sessions which were submitted. Mike and his committee organized an excellent program, and I take this
opportunity to thank them for a superior job.

The CDC is preceded by a tutorial workshop on Microprocessor-Based Digital Control System Design,
organized by Professor Gene Hostetter. Dr. Kenneth M. Sobel complemented this theme by organizing several
industrialexhibits involving mini- and micro-computers in controls, as well as textbooks and software packages
related to the systems field. We thank Ken and the exhibitors for their contributions to narrowing the gaps
between theory and practice in this area.

The publication ol the Advance Program and the CDC three-volume Proceedings were the responsibility
of Prolessor Frank L. Lewis, who produced as complete and error-free a Proceedings as possible. Many
thanks to Frank and to Finance Chairman Professor Kenneth A. Loparo and Registration Chairman Professor
Hassan K. Khalil, who watched out for the many painstaking details that are essential for the success ol the
Conference.

The success of our Publicity Chairman Dr. Sol W. Gully is attested to by the record number of submissions,
and is hopefully to be followed by a record number ol attendees. Last, but not least, the efforts of the Local
Arrangements Chairman James H. Beggs will be apparent as the conference unfolds. His efforts range from
providing smoothly run sessions and interesting social events to guided attractions of the Las Vegas area
and its surroundings (including a trip to Death Valley).

Finally, special thanks are due to Ms. Elizabeth R. Ducot, who maintained an excellent and accurate
CDC mailing list, and to Mrs. Annie Rogers for her support to the program committee.

ln closing, the operating and program committees join me in welcoming you to this exciting CDC and
hope that you, the contributors and attendees, will make it a successful conference.

Abraham H. Haddad
General Chairman
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lnstitute of Technology
4.154 30
Evaluation ol Three Adaptive Control Procedures for
Multiple Drug lnfusion
K Lau, H Kaufman, V. Serna, and R. Roy, Bensse/aer
Polytechnic lnstitute
4.30*5.00
Rapid Tuning of a Fuel Gas Saturator Control System
Using Nyquist and Bode Arrays
R.S Baheti, General Electric Co., Schenectady. NY

5.00 5:30
Optimal Suspension Design with Microcomputerized
Parameter Optimizing Damper 400
K C. Cheok, N.K. Loh, and H.D McGee, Oakland
University

SESSION WP3: Ballroom F
ANALYSIS AND SYNTHESIS OF NONLINEAR INPUT-
OUTPUT RESPONSES
Organizers: D Normand-Cyrot, C.N.R.S., E.S.E

France, and S. Monaco, University of
Rome, ltaly

Chairman: S Monaco, University of Rome, Italy
Co-Chairman: D. Normand-Cyrot, C.N.F.S., E.S.F, France
2 30-3.00 (t)
Structure for Nonlinear Systems 4Oz
S Boyd and L.O. Chua, University of California, Berkeley
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369

409

413

416

375

315

320

324

335

342

381

387

322

392

394

353 4 004.s0 (t)
The Separation Principle for Nonlinear Compensator r
A J. Krener, University of Cailfornia, Davrs
4 30*5 00 (r)
The Matching ol Nonlinear Models via Dynamic State
Feedback
M Di Benedetto and A. lsidori, University ol Rome, Italy
5.00-5:30 (t)
Feedback Decoupling of Rotational Disturbances lor
Spherically Constrained Motions 421
C. Byrnes, Harvard University
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5:30 6:00 (l)
Optimal Feedback Regulation: A Negative Property
M. Fliess, C.N B.S E.S.E., France

SESSION WP4: Ballroom G
SIGNAL PROCESSING
Chairman: M.N. Karim, Colorado State University
Co-Chairman: B. Ducot, M/f
2.30-3:00
An On Line ldentification Method Using lnstrumental
Variables and Deconvolution
S. Kollias and C. Halkias, National Tech. lJniv. of Athens,
Greece
3:00 3:30
A Kalman Filter Solution of the Inverse Scattering
Problem with a Rational Reflection Coefficient
B.C Levy, MIT
3:304:00
Convergence Analysis of Ladder Algorithms for AR
and ARMA Models
S. Olcer, IBM Zuilch Research Laboratory, Switzeiland
4:004.30
Nonlinear Observability and Mixed-Coordinate Bearing-
Only Signal Processing
C.S. Hwang and R.R. Mohler, Oregon State University
4:304:45
Signal Estimation for Second-Order Vector Difference
Equations
A.l, lskanderani and N.H. McClamroch, University of
Michigan
4:45-5:00
Signal Subspace Algorithms for the Location of
Multiple Moving Sources
A. Nehorai, Systems Control Technology, /nc., and G Su,
Ministry of Defense, Singapore
5:00-5:15
Tracking of Multi-Maneuvering Targets in a Dense Multi
Return Environment
K.S.P. Kumar and H. Zhou, University of Minnesota
5:15-5:30
ldentification and EMG Signature Discrimination for
Posture Mapping in Real-Time for Controlling
Stimulation in Paraplegics
D. Graupe, llT, K.H. Kohn, Unlyersity of lllinois Medical
School, S. Basseas, E. Naccarato, and W. Dwyer, Itlinois
lnstitute of Technology

SESSION WP5: Conference Rooms 1-2-3
VOLTAGE VAR MODELING AND CONTROL FOR
POWER SYSTEMS
Organizers: M. llic-Spong, University of lllinois, and R.J

Thomas, Cornell University
Chairperson: M. llic-Spong, University of lllinois
2:30-3.00 (t)
Optimal Secondary Voltage-VAR Control Using Pilot
Point lnlormation Structure
.1.S. Thorp, M. llic-Spong, and M Varghese, Cornell
University

3:00-3.3C (l)
Reducing Cluster Size for Gomputing Remedial
Adjustments for Voltage and Loading Violations on the
Power System
S.Y. Lin and J. Zaborszky, Washington University, and G.
Huang, Texas A&M University

s s)-s 45 (r)
Reactive Power Simulation and Control for Electric
Utilities
W.L. Snyder, Jr., Leeds and Northrup Co , North Wales,
PA

3:454:00 (l)
Power System Security Assessment: Monitoring of
Contingent Voltage Levels
L.H. Fink and K. Carlsen, Carlsen & Fink Assoc., lnc.,
Oakton, VA; R Fischi, Drexel University, and H B Puttgen,
Georgia lnst. of Technology
4:004:30 (l)
Nonlinear Decoupling in a Class of Quadratic Two
Time Scale Systems with Application to Synchronous
Machine Models
P W Sauer, S. Ahmed-Zaid, and M.A. Pai, Universtty of
lllinois, Urbana
4.30 5:00 (l)
Load Flow Feasibility and the Voltage Collapse
Problem
F.D.O. Galiana, McGill University, Canada
5 0o-5 30 (t)
Steady-State Voltage Stability Regions of Power
Systems
C.C Liu and F.F. Vtlu, University of California, Berkeley
5:30-6.00
Modelling and Control of a 180-MW Power System
J van Amerongen, Delft University of Technology, H W M
Barends and P.J. Buys, Prov Ge/derse Elek. PGEM, and
G. Honderd, Delft University of Technology, The
Netherlands

SESSION WP6: Conference Rooms tl-${
OPTIMAL CONTROL AND FILTERING ALGORITHMS
Chairman: R.K. Liefer, USAF Armament Laboratory,

FL
Co-Chairman: G.J. Bierman, Factorized Estimation

Applications, Inc.
2.30-3:00
Efficient lterative Algorithms for the Numerical
Solution of Optimal Control Problems
S.A. Belbas and l.D Mayergoyz, University of Maryland
3:00-3:30
Eigenfactor Solution of the Matrix Riccati Equation-A
Continuous Square Root Algorithm
J Oshman and l.Y. Bar-ltzhack, Technion, lsrael
3:304:00
Contributions to the Study of the Periodic Solutions of
the Riccati Equation
E. Sernik and A. Arapostathis, University of Texas, Austrn
4.004:30
Computational Aspects of the Matrix Sign F' nction
Solution to the ARE
G.J. Bierman, Factorrzed Estimation Applications, lnc.,
Canoga Park, CA

4.30 5.00
Optimal Digital Feedback Control Systems Counting
Computation Time of Control Laws
T. Mita, Chiba University, Japan
5:00-5.15
Deterministic Optimal Control Problem with Final State
Constraints
S.A. Belbas, University of Maryland, and S.M. Lenhart,
University of fennessee
5:15 5:30
Gain Correction in Optimal Filtering Using Floating
Point Arithmetic
E.l. Verriest, Georgia lnstitute of Technology
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5.30-5.45
Kalman Filter Design Using the Levinson Algorithm
and Output Statistics
N.O. Speakman, USAF Armament Laboratory, and T.E.
Bullock, University of Florida
5:454 00
Use of Cholesky Square Roots Amidst the
UD-Factorization lmplementation of Kalman Filters in
Real-Time Airborne Tracking Systems
R.M. Yannone, General Electilc Company, Utica, Ny

SESSION WP7: Conference Rooms 11-12
ANALYSIS OF QUEUEING NETWORKS AND RELATED
SYSTEMS
Organizer and Chairman: J. Walrand, Llniversity of
California, Berkeley
2.s0-2 45 (t)
On Simulating to Estimate Derivatives of Performance
Measures in Discrete-Event Systems
P.R. Kumar, M/f
2:45-3:00 (l)
Perturbation Analysis is Exact lor the M/G/l Queue
R. Suri and M Zazanis, Harvard University
3:00-3:30 (l)
An lnequality with Applications to Percolation Theory
and Reliability Theory
H. Kesten, Cornell University
3:304:00 (l)

-) Linear System Theory for Discrete Event Systems' G. Cohen, P. Moller, J.-P. Quadrat and M. Viot, Ecole
Nationale Superieur des Mrnes de Paris, France
4:004:30 (l)
Approximation of Hamilton-Jacobi-Bellman Equation in
Deterministic ControlTheory. An Application to Energy
Production Systems.
E. Rofman, lNRlA, France
4:304:45 (l)
New Stochastic Orderings for Markov Processes on
Partially Ordered Spaces
W.A. Massey, AT&T Bell Laboratories
4:45-5:00 (l)
A Distributed Algorithm For Solving rP=n
D. Mitra, AT&T Bell Laboratories
5:00-5:15 (l)
On the Performance of Multiple Access Systems
T. Berger, Cornell University
5:15-5:30
The Reversed Process and Product Form Solutions for
Markovian Queueing Networks
A.A. Lazar, Columbia University

SESSION WP8: Conlerence Rooms 13-14
CONTROL OF DISTRIBUTED PARAMETER SYSTEMS
Chairman: J. Lagnese, National Science Fooundation
Co-Chairman: D.J. lnman, SUNY, Buffalo
2:30-3:00 (SIAM)
The Optimal Projection Approach to Designing Optimal
Finite-Dimensional Controllers for Distributed-
Parameter Systems
D.S. Bernstein, Lincoln Laboratory, MlT, and D.C. Hyland,
Harris Corporation, Melbourne, FL
3.00-3.30
Controller Design for Distributed Systems Based on
HankeFNorm Approximations
R.F. Curtain, Ryksuniversiteit Gruningen, The Netherlands,
and K. Glover, Cambridge Univ.

3304:00 (SIAM)
Optimal Monotone Control
E.N. Barron, Loyola University of Chicago
4.004:30 (StAM)
Compact Operator Controllability and Wbakly
Recurrent Unitary Groups
R E. O'Brien, Fairchild Space Company, Germantown, MD
4.s0-5 00 (stAM)
Boundary Control and Stability of Linear Water Waves
R M. Reid, Michigan Technological University, and D L
Russell. Universily of Wisconsin
5:00-5 30
On State-Space Models for Systems Described by
Partial Diflerential Equations
S.H Zak, Purdue University
5.30 6.00
On the Causal Factorization Problem
G. Conte, Univ. Genova, ltaly, and A. Perdon, Unlv
Padova, ltaly

SESSION WP9: Conference Rooms 7-8
COMPUTER-AIDED TECHNOLOGY: CONCEPT,
PROSPECT, SYSTEM IMPLEMENTATION AND
DEVELOPMENT
Organizer: J Choi Naval Coastal Systems Center,

Panama City, FL
Chairman: A. Rosenfeld, University of Maryland

2:30 3.00 (l)
High Resolution Techniques for Computer-Aided
Classification
J.M. Alsup, Naval Oceanic Systems Center, San Diego,

3:00 3:30 (l)
Gomputer-Aided Detection, Localization and
Classification: An Overview
J Chor Naval Coastal Syslems Center
3.304 00 (t)
Knowledge Base Systems in Computer-Aided
Technology
J.F Gilmore, G/f
4.004:30 (l)
lmage Understanding Systems
R. Nevatia, University of Southern California
4.30-5:00 (l)
A Proposal for an lntelligent Interface for Man-Machine
Systems
S.M. Halpin, Army Research lnstitute, Leavenworth, KS
5.00 5:30 (l)
Computer-Aided Design of Complex Computing
Systems
B D. Mercer and A.A. Ross, Naval Postgraduate Schoo/,
and J. Trimble, ONF
5 30 6:00 (l)
Computer-Aided Classification and Recognition
A. Rosenfeld, University of Maryland

SESSION WP10: Gonference Rooms f10
CONTROL OF LINEAR SYSTEMS
Chairman: B. Green, G/f
Co-Chairman: P.J. Antsaklis, University of Notre Dame
2:30-3:00 (SIAM)
Almost Disturbance Decoupling with Bounded Peaking
H. Trentelman, Mathematics /nslllule, the Netherlands
3.003:30
Further Results on the Synthesis ol Linear Systems
A.C. Antoulas, Rice University
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3 30 4.00
A New Design Technique for Linear Multivariable
Feedback Control Systems
A. Narayana and T E Diaferrs, University of Massachuselts
4 004 30
Disturbance Decoupling by Eigenvector Assignment-
An Application to Gust Alleviation
J.F. Magn and O Flerail, Cenlre d'Etudes et de
Recherches de Toulouse, France
4 304 45
Control Design Using Polynomial Matrix lnterpolation
P J Antsak is and R Lopez, University of Notre Dame
4 45-"5 04
Design of Low Order Controllers via Selection of
Sensor and Actuator Locations
A Yousuff . Drexel Universrty
5.00 5 30
Output Feedback Control with Almost Disturbance
Decoupling Property: A Singular Perturbation
Approach
A Saberi, Washington State Universrty
5 30 5.45
Pricing Mechanisms in the Control of Linear Dynamic
Systems
A W Berqer, AT&T Bell Laboratories
5.45 6 00
Compensator Structure and lnternal Models in
Tracking and Regulation
P J Antsaklis and O.R. Gonzalez, Unrversrty of Notre
Dame

SESSION WP11: Ballroom C
FAILURE DETECTION AND FAULT-TOLERANT
SYSTEMS
Chairman: B Friedland, Singer Co
Co-Chairman: R -W Liu, Unrversity af Notre Darne
230 245
On the Solution of the Zakai Equation for the Process
Diagnostics Problem
K A Loparo, Case Weslern Reserve University and Z S
Roth. Florida Atlanttc Universttl
245 300
Decentralized Fault Detection in Large-Scale Dynamic
Systems
R A Gopa a Rao and N V swanadham, lndtan lnstitute of
Science, /ndia
304 315
A Signal Alignment Algorithm for Failure Detection
Systems
D T Horak and D M. Goblirsch, Bendrx Aerospace
Technology Center, Columbia. MD

315 330
The Effects of Hardware Faults on Signal Detector
Performance
G.G L Meyer and H L Weinert, The Johns Hopktns
University
3 304.00
The Nonlinear MMSE Filter for Partially Observed
Systems Driven by Non-Gaussian White Noise, with
Applications to Failure Estimation
A Makowskr and W S Levine, University of Maryland. and
M Asher, Business & Technologrcal Systems, /nc

400415
Sensitivity Considerations in the Design of lnstrument
Failure Detection and lsolation Systems
F.J. Alexandro, Jr and J -W Tsou, Unrversity of
Washington

4.154 30
Redundant Command Generator Tracker Control
Technique for Self-Repairing Flight Control Systems
T Sadeghi, Fairchrld Republic Co., Farmrngdale, NY
4 304 45
An Efficient Filter for Abruptly Changing Systems
H A P Blom NRL, Amsterdam. The Netherlands
445 500
Preferences Among Liletime Distributions of Systems
ol Components
W.E Stein and R Dattero, Texas A&M Universtty, and R C
Pfaffenberqer, Iexas Chrrstran University
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SESSION TAl: (SIAM) Fallraom D
LARGE SCALE COMPUTING-TUTORIALS
Organizers and Chairpersons: Jane Cullum, l4M T.J.
Witson Researclr Cenier, and A. Laub, Universitv of
California. Santa Barbara
B s0-9 s0 (t)
How Will We Use the New Supercomputers? *

P. Frederickson. Los Alamos National Labaratorv

THURSDAY MORNING
DECEMSER 13,1984

10:30*11 40
An Approach to Adaptive Control/Observers lor
Multivariable Systems
E. Emre. Iexas-Iech lJnrversrtv

e s0 t0.s0 (t)
Designing Algorithms in Linear Algebra tor Ditlerent

cr' ComputerArchitecturesu* J.J. Dongarra, Argonne National Laboratary
t 0 s0-1 1 30 (t)
$parse Malrix ComPutations
M.T Heath, Oak Rrdge Natianal Laboratory
11 30 11 45 (t)
The National Science Foundation's New Initiative in
AdvancEd Scientific ComPuting
J W Connolly. NSF

SESSION TA2: Ballroom E
ADAPTIVE CONTROL_THEORY636 "-' .' '
Chairman: A. Chakravarty, Boeing Aerospace Colp.
Co-Chairrnan: F,D. Betl, Macquarte University, Australia
B 30-9 00
Adaptive Stabilization of Linear Systems with Unknown

- High-FrequencY Gains
D R. Mudgett and A.S. Mor$e, Yale University
9 00-9 30
A Globally Convergent Adaptive Pole Placernent
Algorithm Without a Persistency of Excitation

638 Requirement
R. Lozano-Leal and G.C. Goodwin, Universif.y of
&ewcast/e. Australia
I30-10 00 (t)
Multivariable Adaptive Model Algorithimic Control 675
W.E. Larrmore, S. Mahmood and R.K. Mehra, Sclenflfrc
Sysfems, lnc.
10:00-10:15
Model-Algorithmic Adaptive Control for Nonlinear
Eystems 681
K. Harris and F.D. Bell, Macquarie University, Australia

1O 15-10:30 (l)
LQG Adaptive Control of Armar Plants by LS Multistep
Predictors 693
C. Mantredi, E Mosca and G. Zappa, IJniversrta di Fi{enze, ttaly

661

651
685
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THE ROLE OF DUA],TTY IN SYSTE11 IDENTIFICATION
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Abstract

The d.urlity rule is applied to the ldentiflcatlon
of a spatially varying paraneter which appears in an
elliptic equation. Three kinds of error functiqnals
are consid.ered and. oreliminary computationaf res-
ults are given for two of them.

1. Introduction

The distinction between controf and observation I
as well as the one between optimal control- 2 and
id.entification J is to some extent formal rather
than substantlal . Although a control or 'rdirect"
problem is more easily stated, identification or
rrinverse" problems can be refated. to the former by
applying the duality ru1e, which has its weakest
setti-ng in cathegory theory, as it coufd be shown
by starting e.g. from Goguen and Varelars approach {
0f greater interest to control theory and to state-
space systems i-n particular ls however the analytical
fornula.tion of this ru1e, which consists of introcl-
uci-ng an auxiliary state vector , the solution of the
acljoint system. Given a state equation, which may be
either linear or non-finear, ord.inary or partial
ili.fferential, equipped with some ad.equate i.nitiaf
and/or bounilary conditions, Greenrs forrula aflows
the ad.joint state vector to be deflned.. Regardless
of the non-linearity affecting the primal systent
the adjoint state equation is always linearr as a
consequence of the variationaf procedure fo1lowed.

To be more specific we shaff restrict ourselves
to a parameter identification problem for an el1ip-
tic partial differential equati-on subject to non -
homogeneous bounclary conclitions of Dirichlet type.

2. The Primal sYstem

We denote by p(.r.) the solution of :

.(*,y) grad p(x,y) ) = r(*,y) ; (x,y)in DccR2
(z.r)

= e(xry) (x,y) :.n ?D:= S

(z.z)
where D is a bouniled d.omain of R2, the boundary of
which is S; "( . r. ) i= the parameter function i
f(.,. ) and g(. r. ) are gi-ven functions.

(Z.r)r(z.z) moaer a number of physi-cal systems,
among which the steacly state ffow of a monophasic
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non-compressible f1uid (e.g. water) in a confined
isotropic porous medium. In this case a(.r.) stands
for transmissivlty, f(.r.) for the d.ischarge rate,
p(.r.) tor aqul-fer pressure.

The standard theory of e11lptic equationsS
shows that the search for p(.r.) in ttl(O) i. a
well-posed. problem if C 1s smooth enough and if :

f(.,. ) in H-l(D)
c( ., . ) ir, 111/z1s;

r(.,.) in Aru:= {a l" i" r(D(r), a(x,y)>o ,

rf (",y) in D ) ,

(z.t)
(2.+)

(z.s)

there Hs(.) are Sobolev spaces of ord.er s.
We stress that a strict positivlty constraint
anplies to a(., . ) .

l. Some error functionals and. the relatecl
ad.joj-nt s.ystems

Let us now assume some infornation on p(.r.),
i.e. a function thereof, i-s aval1a.bl-e and that
a(.r.) is unknorn. Of course (z.t) ana (z.z)
are unsuitable as such to yield. a(.r.)rgiven
p(.r.), f(.r.) etc., because a(.r.) is acted
upon by a first order differential operator and
because the boundary conditlon (Z.Z) affects
p(.r.). If (2.1) were taken for a transport
equation for a(.r.), then boundary conditions for
it ought to be given on a subset of S, saX 51:
such that characteri-stic lines originated. at
points on 5a could cover the whole of D. As this
kind of condition is not physically realisable, we
must keep the originaf one and work at the p(.r.)
system, which contains a non-linear refationshlp
between a(.r.) and p(.r.). The a(.r.) we 1ook for
shaLl then be a solution in the least squares sense
as we wifl show presently.

fnfornatlon on p(.r.) results from observations
carried out on the systern. We are interested in
comparing three types of "clistributed'r observation
laws, denotecl by C., rC2rCj respectively, which
yielcl some functions- of p(. r. ) having the whole
of D as a support. Actually none of these laws has
a physical counterpart, because practicaf measurem-
ents are always carried out across some subdomains
say DiC Dr 1 - i e Is centered at poi-nts (xiryi) in
D ancl having areas much smaller than D.



1,tre let :

c1 : = lD, i . e. crn (x:y) =p(x ry) , v (x ry) in I
cz , H](D) 

--_--.+ 
(u.(l)ti

p(xry) l----+ c2o(x,y) :-grad p(*ry)

Je-r := 
"to 

a - ")2 aD ,

J"2 ,= ,fo lnru p - grad ul 2 at ,

'1 , ,Cr, til(l).- 11-i(D)- p(*,y) l---->Clp(xry):= div(b(xry)grad p(*ry)
b(.,.) in Aru (1.:)

Every identification problem consists of corlpar-
ing some measured quantitles wj-th the computed ones:
physical insight suggests that the former belong to
the range of an observa.tion map, such as one of the
above. By ass;:ming tha,t both measured and computed
quanti-ties belong to the same regularity class e

in ad.dition to being physlcally homogeneous, it
makes sense to introduce the following mean squar-
ed absolute error functionals, which are linked to
maps C, rC2rCJ respectively .

u-a). !o:vbinAru , (;.rr)
L

where the bra (.1: (u ) , . i-s tl.e gradi-e;rt of Ji ( . )
with nespect to b(., . ) evaiuated at a( . e .) e

usually an efenelt ot fl(D), given the duality be-
tween to(. ) anil Ll(. ) .

Now the duality rufe enables us to write these
gradients as functions of p(.r.) and, where needed,
of the sofutions si(.r.) of the adjoint systems
we shalf define presently.

As the standard variationaf proced.ure (see e.g.
Sect. { of 7) shows, minimisation of J, is equlv
alent to :

- solving (z.t) r(z.z) ,
- solvi-ng the O, - adjoint sysiem :

div(a grad ur) = -z(o - z)
(r.rz;

n. l. = o

- satisfying the variational inequality :

(sr"a p . grad qt, b - ) ! o, s b in Aru .

(: ' r3;
Minimj-sa.tion of J, can be also restated. in

terms of the solution of the lr(. r. ) adjoint systen
and of a varia.tioral inequality. The former is
needed because Jrs as well as Jr: does not depend

expllcitly on b( . ,. ). ff we consider b( ., . ) and
gratl p(. r. ) "" independent variabl-es in the funct-
i-onal differentiation proced.ure, we get the ad.joint
state equation:

b grad q^ = 2(grad p - grad z) in D- '2 (r.ra)

By the help of some vector algebra we can prove
that solvinC (1.14) is a well-posed problen if
a condition at a single point, (;rt), on the
boundary S is given 2 .

q2(r,t)=0, (i,y)ins, (t.t-5;

whlch rnakes sense at least if q2 in Co(i'). fir"
variational inequality characterising the mlnimum
of J read.s :

2

fo"O-p(") . (t - u ) as - .f *uu p(a).grad qr(a)lrs Z n JD

(r-") dD>o:vbi_nAru (l.tO)
It d.iffers from (1.13) because of the bound.ary
integral term.

Finally the equation error functional J.:
since it contains b(.r.) explicitly, the 'duality
rule helps in proving that no ad.joj-nt systen is
needecl to write Jl(.), the gradient with respect
to b(.r.). After ' some straightforwarcl computat-
ions the latter is shown to read :

(:.r;

(t.z;

,(ti("),t-

J . := f (al"(t srad. z) - r )2 al ,C] JD
where z(. r. ) i" the measured quantity, i.e.
of the data set together wlth f( ., . ) , e( ., . )
doma.in georoetTy.

J " i-s the wefl-known I'squared output error"
funct*onatl Je2 depends on comnuted and measuted
gradients, whereas J", is the so called squared
"equation error't funcIiona1 or rrresidual" (5rp.11).
A11 functionals depend explicitly on the data and
implicitly or explicitly on the unknown, a(.r.).

We now define the functlonafs :

Ji r= J"i * " J" ; c>0 i i=Ie? or ) t (r.z)

where J" i-s the regularising term. Tn all of the
three cases we shall deal with :

r"'=xA"d lltlli,u ' ,r.u,
rnu"" *OrU is the index functicn of ArU :

ifbinA ad

<r) elsewhere
solving the identification problem in
uares sense amounts to finding u(.r.)
which minimises Ji(.) :

J. (") = inf x. (b)aa binA ad

(l"rO; i-s equivalent to
ineouality :

. =J'o"u 
L

Then
least sq
Aad(D)

(r+)

(:.0;

a part
and the

( l.s)

the
in

(r.ro)

the following variational
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rj(.) - Jrrr- - t,l, d.-, (.) as -

-z feraa(v - f).erad z (.) dD,
D

where w :- aiv(t( ., . )gud "(.,.))

(t. r7;

4. Iunctional mlnimisation : the infinite
dimensional case

Let us briefly conslder existence and uniqueness
of minimislng elerle:rts. For J, and Jrr existence is
insured by addltlon of the J" term. Uniqueness can

not be proved because both functionals are not
convex. 0n the contrary, J^ is conved as it can be

1easily shom. This properti makes J. an interesting
functionaf to work with (see be1ow, Sect. 6).

In order to construct a rninimising ele,rettt, we
use the functio,raf gradients introduced above. A
constrained minimis,;.i;ion algorithm base,l on the
steepest descent plus projectlon may then be consid
ered, wL:ich upda.tes the est:in,ate ak ,t the k-th
lteratl.on by the following rule :

kr1 k k k..a = P(a - s Jl(a )) (a,r)
kwhere s^ i= an adequate upd..ting step and p(.) is

the pro jector on A ,. fn generaf (+.f ) is hor,tever
meaningless (see 'o ".*. Sect. 4 of 7). rf we
required more regularity for all quautities appear-
ing e.g. in (1.li), by setting :

grad p(...), grad or(.:.) in lt(l) ( +.2)

and similar constraints for the operands in (1.f6)
o. (1.17), we could read e.g. (l,ll) as an in-
equality for an inner product in f,2(l) made up

of eleilents belonglng to Lo(D). Slnce however Lo(.)
is not cfosed in l?(.), we lack a basic hypothesis

for the convergence of the sequence {ak }aefinea oy
(+.t) [o be proved (see e.g. Ch. 1 of d). This .at
ter therefore needs some further i-nvestigation.

Another iten which deserves our attention ls the
way mlnimising elements depend on data, on ,(.r.)
1n particular. Thls property is also ramed "stab-
i1ity" or I'continuity". Some resufts on the contin-
uous dependence of a(., . ) on z(., . ) ,when the fatter
is slightly perturbed., are availabfe in the realm
of Tichonovrs regularisation theory (Ch. 2 of 6),
see e.g. 9. fh" effects of larger variations in
z(.r.) could be eval-uated by applying Sokolovskyts

10method -', which has originally been developed for
d.irect problerns.

where "(.) --) Jr(a) is injective

1. Discretisation : generaf remarks

The inconclusive result about convergence of the
infinite dimensional gradlent method is however of
litt1e relevance when the identification problems
listed in Sect. J are restated in finlte dinonsion-
a1 spaces. Since the dualit;r rule afso works in the
finite dimensional spaces which aplroximate the ones
introduced in Sect. 2 (see e.g. Sect.5 of 7), tnu
exact gradie:rts of JdlrJd2rJdl, the discretised
counterparts of the functionafs defined ty (i.Z),
are easily written. In this setting an updatlng 1aw
such as (+.t), which we rewrite :

k+l -,ka = P lad d''d
makes sense and

ked. Here a is
ci

K / K\\s .Tr(a ))d di' d"

convergence of the {u|} "url 
be prov" \ clJLthe dlscretised. a.

The flow charts of the a1gorithms whicn minlmise
frnctionals ,T to ,T,, can be easily generated .d1 d.J 7 -'LaIior J.- Lhe iead,er rnay re fer e.g. to ' t'- and to the

d1
literature quoted therein. Sinilar procedures apply
to J-- and J--. A11 of them need an initi,al estimated,2 d {" o.of the unknorm , ul(.r.), i.e. a set of as many

d

elements a.s there are ncdes in the discretised dom-
ainD.

d
Tf ihe furcLioraI is not convex *n. {":} ceq']ence

converges towards an element which depends on the
initipl esti.nate. In principle at least JU, should

not suffer from this drawback, although in practice
an initi-a.l estimate too "far awayrr fron the exact
vaLte (jn the A -(D ) norm) ofl,en gives rise r.o aad' d
slow convergence rate .

An essential check to be performed. during minim-
isation 1s the compa.rison between the attained
value of J\. at the k-th step anC a reference va1ue,d1
say v (> o). ls soon a.s :

(r.r)

6.2)
The flterature (see e.

some hints on how to

kJ 4vdi
computation is discontinued..
g. Ch. I and 2 of 5) gives
evaluate v.

The main contributions to v come fron :
- da.ta noise, i.e. measurement errors,
- discretisation errors, owed to approximat-

ions of the partial d.ifferential operators
appearing in the primal and adjoint state
equations,

- discretlsation errors of functions, e.g.
gradients, defined on or near the bounda-
ry.

When computer experiments are performed on test
examples, the exact solutlons of rvhi-ch are known,
the first contribution is neglegible and the next
two can be thoroughly investigated,.

+)on the set K

254

Giovanni Franco 
footnote added

Giovanni Franco 



6. Discretisatlon: computational tests

The idea behlncl computatlonaf tests is something
we ca 11 I'meta-d.ua lity'r .

0n one hand we have meta-duality between :
- the infinite dimensional and
- the finite d.imensional

settings of a given identification proble;n. The for
mer provides a high 1eve1 symbolic manipulation 1".n
Suage : by which quantities appearing in the latter
are deaft with and computer codes are developed.

0n the other hand. there is a meta-d.uality relat-
ionship betr,reen :

- the finite dimensional problem and
- the computer irplementing the algorithm.

The latter is i;he physical system of which the
former claims to be the model.

In both of these meta-duality rela.tionships
comespondence is far frm being conplete: an exampb
is given by rules (4.f) vs. (f.l). Nonetheless it
1s worthwhile lnvestigating how computer codes based
on the theory briefly nresented above perforrn in
some cases.

At present ffe are interested in comparing ninim-
isation of J _ vs. Jdl dl
We choose a. rectangula.r d.omain and a set of funct-
ions p( ., . ) ,f( ., . ) ra(., . ) of polynomial or of expon
entiaf type, which satisfy (Z.f). We let the bounda
ry condltion (Z.Z) hofd and assume noisefess d-atat
i.e. z(xry)=p(xry) everywhere in D. We discretise
the domain with a rectangular grid having 42 +'o 234
nodes in tlre extreme casesr hence we have as many

unkno.nm vafues of a, (xry) to identify. We already
TT.I2 d

know that the algorithm based or Jdf identi-
fies a.(.r.) in a satisfactory way after 30 to lOO

iterations if lnitial values .l(*ry) ,"u the same
d

tl (" ry) in I , and l'ange a.pproximately betr,reen one
d

tenth and ten times the average of the exact solu-
tion over D.. Resufts for J-- will be available soon.ddl

One feature which appears with both functionals
will help us in evaluating discretisation errors
and computing v of (f.:). Tf we let ":(.r.) consistd'
of sarnples of the exact solution, we find that both

order of magnitu&,11J and J
d1 dl are, within the same

as large as the squared errors made when the a.lgor-
ithm sta.rts with the average value of the exact sol-
ution. l4oreover, 1f the number of grid nodes in D-

d
increases about ! times, totfr ;], "na .ll, decrease

by one to two orders of magnitude. This is due to
the finite difference scheme which approximateiy
solves (z.f),(z.z) ana (1.12), when tua i. worked

at and to the fow order ldei,rton formula (see e.g.
Ch. XV of 1l) ,.,="d. to estimate all d.erivatives
whlch appear in (1.17). As the nunber of iterations

kkincreases both JU, and JU, decrease' (typlcally

two to three orders of magnitude when k-30). This
means the gradient algorithm lncorporates some self
correcting or noise filtering features : actually
discretisation errors contribute to overall noise
a s we 11 a s d.a ta errors d.o .

The finite difference schene jr-rst mentioned. is
solved by Gauss-Seidelts iterative proceduret which
stops when :

where n is the itera.tion number (not to be confused.
with the main loop index k) and u is a givei positive
quantitye the "iteration errorrr. In sorne cases the
absolute 'restimation errorrr :

(5.1)

(6.2)

for n such that (6.tr) trold.s, may be unrelated. to u.
-B -2u = lO " may yield t = 10 -, which then affects the

kvalue of JUa and the algorithm convergence rate.
This remark ha.s been made to stress the need. for

accurate direct problem solvers when inverse ones
are deaft with.

Concfus ion
A nurnber of open problems appear to exist in the

field. of parameter id.entificati-on, although this is
by no mea.ns a newly born subject.

Duali-ty, as we have seen, is a valuable toolt
which must however be used in connection with other
methods if some und.erstanding of inverse problems
is to be galned.
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