
Preface

This book deals with the construction and use of rational orthogonal basis
functions in m odelling and identifi cation of linear dy nam ical sy stem s. It gath-
ers results of the research eff orts of nine sp ecialists in the fi eld, who hav e been
v ery m uch intrigued by this subject ov er the p ast 1 0 to 1 5 y ears.
S ince the early 1 9 9 0 s, the theory and ap p lication of non-conv entional basis
functions hav e attracted m ore and m ore attention in the fi elds of sy stem s and
control theory and signal p rocessing. This research ex tends the sy stem s the-
ory of L aguerre functions and K autz functions, which were introduced sev eral
decades ago. H owev er, the im p ortant contributions to effi ciently solv ing p rob-
lem s of sy stem identifi cation and ap p rox im ation using these functions were
only clarifi ed about a decade ago. S ince then, generalizations of the classic
basis functions hav e been worked out, which incorp orate a huge am ount of
freedom for design and adap tation.

D ecom p osing dy nam ical sy stem s in term s of orthogonal ex p ansions enables
the m odelling/ ap p rox im ation of the sy stem with a fi nite length ex p ansion. B y
fl ex ibly tuning the basis functions to the underly ing sy stem characteristics, the
rate of conv ergence of these ex p ansions can be drastically increased. This leads
to highly accurate m odels (sm all bias) being rep resented by few p aram eters
(sm all v ariance). A dditionally , algorithm ic and num erical asp ects are m ore
fav orable. The basis functions are ap p lied in p roblem s of identifi cation, ap -
p rox im ation, identifi cation for control (uncertainty m odelling), and adap tiv e
fi ltering. B esides p owerful algorithm s, they also p rov ide useful analy sis tools
for understanding the underly ing identifi cation/ ap p rox im ation algorithm s.

Indep endent seeds for this work were p lanted around 1 9 9 0 starting with the
P h.D . thesis of P eter H euberger in D elft, under sup erv ision and with im p etus
of P rofessor O kko B osgra, on the use of basis function m odels in identifi ca-
tion and transform ation. A round the sam e tim e, B o W ahlberg, in S weden,
p ublished his work on the identifi cation of L aguerre m odels. H is objectiv e
was to generalize the theory of L ennart L jung on identifi cation of high-order



vi Preface

finite impulse response models. This work started in a discussion with Gra-
ham Goodwin (when Bo Wahlberg was a post-doc in N ewcastle, Australia)
who pointed to the work by Guy Dumont on control using Laguerre mod-
els. A few years later, in 1993 , Brett N inness completed his Ph.D. thesis in
N ewcastle, Australia, on deterministic and stochastic modelling. Since then,
developments within the field, as well as international cooperation, have grown
steadily. Sabbatical visits of Bo Wahlberg and J ózsef Bokor to Delft, of Paul
V an den Hof and H̊akan Hjalmarsson to N ewcastle, Australia, and of Tomás
Oliveira e Silva and Brett N inness to Stockholm were all very fruitful and gen-
erated, besides new research results, also an increasingly growing enthusiasm
for this problem field, of which the interesting and relevant fields of appli-
cations were growing steadily. N ew Ph.D. students entered the area, among
them Z oltan Szabó in Budapest and Thomas de Hoog in Delft, who both fin-
ished their theses in this area and became contributors to this book. Besides
this group of people, many more colleague researchers and students were in-
volved in developing the insights and results that are reported here. This is
witnessed in the extensive bibliography that is added.

Discussion on publishing a book on orthogonal basis functions dates back to
1995, when the three editors met for a 2 -day session in the N etherlands and
produced a first table of contents. Later, the project was extended, the scope
widened, and international collaboration became more pronounced. The first
joint result of this collaboration was the organization of a pre-conference tu-
torial workshop at the 1997 IE E E C onference on Decision and C ontrol, in
San Diego, C A, which was followed by a similar workshop at the 1999 IF AC
World C ongress in Beijing, P.R . C hina, and the organization of a tutorial ses-
sion at the 12 th IF AC Symposium on System Identification, 2 000, in Santa
Barbara, C A. The written material that was produced for these events served
as a starting point for the book that is now completed.

N ine international authors have contributed to this project, which culminated
in a carefully edited and coordinated volume of 13 distinctive chapters, au-
thored by different groups of authors. The various chapters can be read in-
dependently, but the material has been carefully selected and structured to
make up a comprehensive text with a logical line of reasoning:

• C onstruction and analysis of generalized orthogonal basis function (GOBF )
model structures (C hapters 1– 3 )

• System identification in a time domain setting, and related issues of vari-
ance, numerics, and uncertainty bounding (C hapters 4 – 7 )

• System identification in the freq uency domain (C hapters 8 – 9)
• Design issues and optimal basis selection (C hapters 10– 11)
• Transformation and realization theory (C hapters 12 – 13 )

The book is written as a research monograph with a survey focus. It is meant
to be interesting for a broad audience, including researchers and graduate



Preface vii

students in systems and control, as well as in signal processing. It also offers
comprehensive material for specialized graduate courses in these areas. Con-
trol engineers may appreciate the abundance of technical problems that can
be solved efficiently by the tools developed here.

We enjoyed working on this book. We hope that you as a reader enjoy reading
it, and we welcome any feedback that you might have.

Delft, The Netherlands; Stockholm, Sweden Peter Heuberger

November 2004 Paul V a n d en Ho f

B o W a h lberg


