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1. Introduction to the department
ELEC
1.1

INTRODUCTION TO THE LONG TERM STRATEGY OF THE
DEPARTMENT ELEC

‘ELEC’ stands for “Fundamental Electricity and Instrumentation” (in Dutch: “Algemene Elektriciteit
en Instrumentatie”) and the name corresponds to the educational and research tasks and
objectives of the department. The main research activity of the department is the development of
new measurement techniques using advanced signal processing methods, embedded in an
identification framework. When we make a measurement, we have to make a number of decisions:
firstly a model for the considered part of reality is proposed (e.g. for a resistance measurement
Ohm’s law can be selected, describing the relation between the voltage across the resistor and the
current through it); next a number of measurements is made (e.g. a number of current and
voltage measurements); finally the quantities of interest are extracted from these measurements
by matching the model to the data. Often an intuitive approach is used. However, in the presence
of measurement errors this can lead to a very poor and even dangerous behaviour: the user
wouldn't remark that something is going seriously wrong. This is the major motivation for the
development of the identification theory. It offers a systematic approach to ‘optimally’ fit
mathematical models to experimental data, eliminating stochastic distortions as much as possible.
As such it can be considered as the modern formulation of the measurement problem, and for that
reason the identification approach is the “fil rouge” in most of the activities of the department.
Each measurement (or identification session) consists of a series of basic steps:
•

Collect information about the system;

•

Select a (non) parametric model structure to represent the system;

•

Select the model parameters to fit the model as well as possible to the measurements (this
requires a “goodness of fit” criterion);

•

Validate the selected model.

Most of the research activities of the department are related to one of these problems, but this
does not narrow our focus. At this moment we deal with a very wide scope of application fields:
•

Systems covering the frequency range from a few mHz up to 50 GHz,

•

Linear systems and non-linear systems,

•

Lumped systems and distributed systems.
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We applied the measurement and modelling techniques to the identification of electrical machines
(frequency range 0.01 Hz till 1 kHz, linear models, 2 inputs and 2 outputs), mechanical vibrating
systems (frequency range below 5 kHz, linear or non-linear, up to 2 inputs/2 outputs), electronic
circuits and filters (frequency range up to 5 MHz, linear and non-linear models, single input/single
output or multiple input/multiple output), underwater acoustics (frequency range up to a few MHz,
1 input and 2 outputs), distributed systems (telecommunication lines, up to a few hundreds MHz),
microwave applications (frequency range up to 50 GHz, non-linear, 6-port measurements). Since a
few years we apply those methods also to the analysis of biological samples used as records of
global climate change. For some of these applications the efforts are focused on the development
of new measurement instruments (measurement of telecommunication lines, non-linear microwave
analyser), for others we focused completely on the development of new data processing and
modelling techniques, or even worked on the underlying fundamental theoretical aspects.
To cover this wide application range, we make use of an extensive measurement park. Most of it
nowadays consists of VXI-based data-acquisition systems, although we have also some classical
instruments like network and spectrum analysers. All these instruments are computer controlled in
TM

a Matlab

environment.

1.2

RESEARCH TEAMS OF THE DEPARTMENT ELEC: OVERVIEW OF THE
5 TEAMS

1.2.1

Team A: Automatic Measurement Systems, Telecommunications and Laboratory
of Underwater Acoustics.

•

Identification of distributed systems

•

Incorporation of knowledge engineering in complex measurement problems

•

Application of information theory in data telecommunication by wire problems
(xDSL)

•

Modelling and Identification of transmission lines and wireless channels (LOS and NLOS)

•

Wireless local loop

•

Signal processing techniques related to measurement in Earth Science problems

•

Development of PC and PXI based instrumentation

•

Underwater acoustic studies

•

Environmental G.I.S. development

•

4G communication

•

Navigation techniques, including but not limited by, applications for Location Based
Services

•

Positioning Techniques using the cellular network (focus on GSM)

•

Proactive Location-based Services (LBS) using multiple positioning technologies.
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1.2.2

Team B: System Identification and Parameter Estimation of Linear and NonLinear Systems

•

Study and development of basic concepts on identification theory

•

Identification of linear and nonlinear concentrated and distributed systems

•

Experiment design

•

Time and frequency domain system identification

•

Development and distribution of a system identification toolbox

1.2.3

Team C: The study of Microwave Systems

•

General nonlinear measurement techniques

•

Development of a measurement system for nonlinear microwave devices

•

Modelling high frequency nonlinear systems

1.2.4

Team D: the IMEC/VUB-ELEC Laboratory for Microwave Microelectronic
Measurements and Modelling (4M)

•

Efficient system level simulation techniques

•

A high frequency non-linear network analyser

•

Identification and modelling techniques for both linear, non-linear and mixed analog/digital
systems

1.2.5

Team E: Identification of Biogeochemical Signals & Systems (IBiSS)

•

Pre- and post-signal processing of solid substrate measurements

•

Parameter estimation and constrained optimization of climatological and ecological models

•

Validation of environmental models

The department ELEC is attached to the Faculty of Engineering of the “Vrije Universiteit Brussel”
(Brussels Free University).
Address:

Vrije Universiteit Brussel, Department ELEC, Pleinlaan 2,
Building K, 6th floor, B-1050 Brussels, Belgium

Secretariat:
phone: +32 (0)2 629 29 47 or 27 67,

e - mail:

Telefax: +32 (0)2 629 28 50

jlievens@vub.ac.be
Ann.Pintelon@vub.ac.be

WWW-environment: http://wwwir.vub.ac.be/elec/
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1.3

STAFF OF
F ELEC (ST
TATUS 01//01/2010))

1.3.1

General dire
ector

Johan Sch
houkens (head
d of the departtment) received the degree of
o Electrical Eng
gineer,
and the degree of doctor in applied scie
ences, from the
e Vrije Univers
siteit Brussel (V
VUB),
B
in 1980
0 and 1985, re
espectively. Un
ntil September 2000 he was a
Brussels, Belgium
Research Director
D
of the Fund for Scien
ntific Research - Flanders (FW
WO) and part time
lecturer at the VUB in the
e Electrical Mea
asurement Dep
partment (ELEC
C). Presently he
h is a
full time prrofessor at the same departm
ment (ELEC). His research intterests are in the field
of identifica
ation of linear and nonlinear systems.
32 (0)2 629 29
9 44
Phone: +3
e-mail: Johan.Schoukens
s@vub.ac.be

1.3.2

Team A: Au
T
utomatic Measurement systems, Te
elecommuniications and
d Laboratory
y
of Underwater Acoustic
cs

Leo Van Biesen
B
(coordin
nator of team A)
A was born in
n Elsene, Belgiu
um, on August 31,
1955. He re
eceived the de
egree of Electro
o-Mechanical E
Engineer from the
t
Vrije Unive
ersiteit
Brussel (VU
UB), Brussels in 1978, and th
he Doctoral deg
gree (PhD) from the same
university in
i 1983. Currently he is a full senior profes
ssor. He teache
es courses on
fundamental electricity, electrical
e
measurement techn
niques, signal theory,
t
computterm
communication, underwater acoustics
a
and
controlled measurement
systems, telec
Geographic
cal Information
n Systems for sustainable
s
dev
velopment of environments.
e
His
current inte
erests are sign
nal theory, mod
dern spectral e
estimators, time domain
reflectomettry, wireless lo
ocal loops, xDS
SL technologies
s, underwater acoustics,
a
and expert
systems for intelligent ins
strumentation.. He has been chairman of IM
MEKO TC-7 from
m
0 and Presidentt Elect of IMEK
KO for the perio
od 2000-2003 and the liaison
n
1994-2000
Officer betw
ween the IEEE and IMEKO. Prof.
P
Dr. Ir. Leo
o Van Biesen has been presid
dent of
IMEKO until September 2006.
2
He is also
o member of the board of FIT
TCE Belgium a
and of
gium.
USRSI Belg
Phone: +3
32 (0)2 629 29
9 43
e-mail: lvb
biesen@vub.ac
c.be
Mussa Bsh
hara was born
n in Tartous, Sy
yria, on Februa
ary 4, 1966. He
e studied electtrical
engineering
g at Damascus
s University, where he gradua
ated and obtained his B.Sc. in
Electronics in 1990. He obtained his Ma
aster degree in signal process
sing and inform
mation
security at university of posts
p
and telec
communication
n, Beijing (Chin
na) in 2000. Cu
urrently
he is working as a PhD sttudent at Vrije Universiteit Brrussel, ELEC de
epartment. His
s
eals with positioning technolo
ogies focusing on WiMAX nettworks.
research de
32 (0)2 629 29
9 46
Phone: +3
e-mail: mb
bshara@vub.ac
c.be
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Wim Foub
bert was born in Geraardsberrgen, on Febru
uary 14, 1983. In July 2006, he
received th
he degree of Electrical Engine
eering (option E
Electronics and
d Information
Processing)) from the Vrije Universiteit Brussel
B
(VUB). He joined the department E
ELEC in
December 2006, as a PhD
D student. His main research
h interests are on the design of new
on channel models for xDSL systems.
s
transmissio

32 (0)2 629 29
9 79
Phone: +3
e-mail: wffoubert@vub.ac.be

Carine Neus was born in
n Anderlecht, Belgium,
B
on Ma
arch 16, 1983. She graduated as an
E
(Burge
erlijk Elektrote
echnisch Ingenieur), option Telecommunication in
Electrical Engineer
July 2004 at
a the Vrije Universiteit Bruss
sel. Carine join
ned the departm
ment ELEC as a
research as
ssistant on Octtober 1st, 2004
4. Her main research is on th
he estimation o
of the
line capacitty with Single Ended Line Tes
sting (applied to
t xDSL techno
ologies)

32 (0)2 629 29
9 79
Phone: +3
e-mail: cneus@vub.ac.be
e

Indira Nollivos Alvarez was born in Guayaquil, Ecua
ador, on Decem
mber 18, 1976. She
obtained he
er BSc. in Ocea
anography and
d Environmenta
al Sciences at the Maritime
Engineering
g and Marine Sciences
S
Facultty - ESPOL (Ecuador, 2002). In September 2002,
Indira startted a two-yearr Master progra
am in Water Re
esources Engin
neering (KUL and VUB
universities
s, Belgium), which was comp
pleted successffully in Septem
mber 2004. She
e is
currently working
w
in a Do
octoral program
m for the design and impleme
entation of a
‘Knowledge
e Based Spatial Decision Support System’ ((DSS) for the Chaguana
C
River Basin
in El Oro, province
p
of Ecu
uador. Her main interests are
e in the fields of
o Decision ana
alysis,
expert systtems and Baye
esian network models.
m
32 (0)2 629 36
6 65
Phone: +3
e-mail: ino
olivos@espol.e
edu.ec

1.3.3

Team B: Sy
T
ystem Identification and
d Parameterr Estimation
n of Linear and
a
Nonlinea
ar
Systems

Johan Sch
houkens (head
d of the departtment) received the degree of
o Electrical Eng
gineer,
and the degree of doctor in applied scie
ences, from the
e Vrije Univers
siteit Brussel (V
VUB),
B
in 1980
0 and 1985, re
espectively. Un
ntil September 2000 he was a
Brussels, Belgium
Research Director
D
of the Fund for Scien
ntific Research - Flanders (FW
WO) and part time
lecturer at the VUB in the
e Electrical Mea
asurement Dep
partment (ELEC
C). Presently he
h is a
full time prrofessor at the same departm
ment (ELEC). His research intterests are in the field
of identifica
ation of linear and nonlinear systems.
32 (0)2 629 29
9 44
Phone: +3
e-mail: Johan.Schoukens
s@vub.ac.be
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Kurt Barbé Kurt Barbé was
w born in Aalst on April 25,, 1983. He rece
eived the degrree in
cs (option Stattistics) and the
e PhD degree in
n electrical eng
gineering from the
Mathematic
Vrije Unive
ersiteit Brussel (VUB), Brusse
els, Belgium, in
n 2005 and 200
09 respectively
y.
Presently, he is working as
a a post-docto
oral researcherr at the VUB, department
d
ELE
EC. His
ests are in the field of System
m Identification
n, time series and
a
its finite sa
ample
main intere
properties.

32 (0)2 629 29
9 46
Phone: +3
e-mail: kb
barbe@vub.ac.b
be
John Lataire was born in Etterbeek (B
Belgium) in 198
83. He graduatted as an Electrical
n Electronics an
nd Information
n Processing (p
profile Measure
ement and Mod
delling
Engineer in
of Dynamic
c Systems) in July
J
2006 at th
he Vrije Univers
siteit Brussel. In August 2006 he
joined the department EL
LEC as a PhD student.
s
His ma
ain interests arre the measure
ement
g, weakly nonliinear dynamic systems.
and identification of slowly time varying

32 (0)2 629 29
9 42
Phone: +3
e-mail: jla
ataire@vub.ac.be
Lieve Lauw
wers was born
n in Jette, Belg
gium, on March
h 15, 1982. She received the
degree of Electrical
E
Engin
neering (option
n Photonics) in 2005 from the
e Vrije Universiteit
Brussel (VU
UB), Brussels, Belgium. In Au
ugust 2005 she
e joined the de
epartment ELEC
C of
the VUB as
s a PhD student. Her research
h interests are in the field of nonlinear systtem
identificatio
on.

32 (0)2 629 29
9 53
Phone: +3
e-mail: Lie
eve.Lauwers@v
vub.ac.be
Ebrahim Louarroudi
L
wa
as born in Antw
werp (Mortsel),, Belgium, on May
M
29, 1985. He
received th
he degree of Electromechanic
cal Engineering
g in July 2009 from
f
the Vrije
Universiteitt Brussel, Brus
ssels, Belgium. He joined the department ELEC as a PhD
Student in October 2009.. His main interests are the m
measurement and
a
frequency
domain ide
entification of liinear periodica
ally time-Varyin
ng systems.

32 (0)2 629 36
6.66
Phone: +3
e-mail: Eb
brahim.Louarro
oudi@vub.ac.be
e
Anna Marc
conato was bo
orn in Trento, Italy,
I
on April 8th, 1980. She
e received the B.Sc.
in Mathema
atics and the M.Sc.
M
in Telecommunication E
Engineering fro
om the Univers
sity of
Trento, Italy, in 2002 and
d 2005, respec
ctively. In 2009
9 she was awarded a joint Ph
hD
m the Universitty of Trento, Ittaly, and the V
Vrije Universiteit Brussel, Belg
gium.
degree from
From Septe
ember 2009 sh
he has been a post-doctoral rresearcher at Department
D
EL
LEC,
Vrije Unive
ersiteit Brussel,, Belgium. Her main research
h interests are in the fields off
nonlinear system
s
identific
cation and mac
chine learning.

32 (0)2 629 36
6.66
Phone: +3
e-mail: An
nna.Marconato@
@vub.ac.be
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David Rijlaarsdam was born on the 31st of Decemb
ber 1982. In 20
008 he obtaine
ed his
d
in Mechanical Enginee
ering (cum laud
de) from the Eindhoven University
MSc. / ir. degree
of Technolo
ogy with prof. dr. H. Nijmeije
er, studying synchronization between coupled
nonlinear dynamical
d
syste
ems. Currently
y he is studying
g for a PhD at the Eindhoven
n
University of
o Technology with prof. dr. ir. M. Steinbuc
ch and at the Free
F
University of
Brussels with prof. dr. ir. J. Schoukens,, where he worrks on modeling and control o
of nano
s in close coope
eration with th
he Embedded Systems
S
Institu
ute and
scale positiioning systems
FEI compan
ny. His researc
ch interests inc
clude system id
dentification, nonlinear
n
dynam
mics
and control.
32 (0)2 629 28
8 44
Phone: +3
e-mail: D.J.Rijlaarsdam@
@tue.nl

Griet Monteyne was borrn in Vilvoorde
e, Belgium, on January 19, 19
985. She gradu
uated
echanical Engin
neer (Burgerlijk
k Ingenieur) in
n July 2007 at tthe
as an Electtrotechnical-Me
Vrije Unive
ersiteit Brussel (VUB), Brusse
els, Belgium. In
n October 2007
7 she joined th
he ELEC
department of the VUB as a PhD studen
nt. Until October 2009 her re
esearch was in
on with the dep
partment ANS (Advanced Nu
uclear Systems) of the SCK-C
CEN
collaboratio
(Belgian Nu
uclear Research Centre) in Mol,
M
Belgium. Currently her work is related tto
geothermal heat pumps. The object is to
t model the th
hermal dynamic behavior of tthe
u of noise an
nalysis techniqu
ues.
surrounding geology by use
32 (0)2 629 29
9 49
Phone: +3
e-mail: Grriet.Monteyne@
@vub.ac.be

Rik Pintelon was born in
n Gent, Belgium
m, on December 4, 1959. He
e received the degree
d
echnical-Mecha
anical Engineerr (burgerlijk ing
genieur) in July 1982, the de
egree
of Electrote
of doctor in
n applied science in January 1988, and the qualification to
o teach at univ
versity
level (geag
ggregeerde voo
or het hoger on
nderwijs) in Ap
pril 1994, all fro
om the Vrije
Universiteitt Brussel (VUB), Brussels, Be
elgium. Until Se
eptember 2000
0 he was a Res
search
Director of the Fund for Scientific
S
Resea
arch - Flanders
s (FWO) and pa
art time lecture
er at
the VUB in the Electrical Measurement Department (E
ELEC). Presently he is a full time
professor at
a the same department (ELE
EC). His main rresearch interests are in the ffield of
parameter estimation / sy
ystem identific
cation, and sign
nal processing.
32 (0)2 629 29
9 44
Phone: +3
e-mail: Rik
k.Pintelon@vub
b.ac.be

Jonas Sjöberg received the M.S. degree in Engineerring Physics in 1989 from Upp
psala
a
the Ph.D. in 1995 from Linköping
L
Univ
versity, both in Sweden. He h
has
University and
held visiting research pos
sitions at ETH Zurich,
Z
Switzerrland, TU Wien
n, Austria, Tech
hnion,
el, and currenttly at Vrije Univ
versiteit, Bruss
sels, Belgium. He has served as an
Haifa, Israe
Associate Editor
E
for Contrrol and Control Engineering P
Practice (1999--2008), and he
e
regularly se
erves as intern
national progra
am committee member at intternational
conferences. He is Profes
ssor at the Dep
pertmant of Sig
gnals and Syste
ems, Chalmers
s,
g, Sweden, sin
nce 2001. He is
s Programme D
Director of the Automation an
nd
Gothenburg
Mechatroniics education program.
p
His re
esearch interes
sts are in Mech
hatronics, and
Mechatroniic related fields
s, such as Sign
nal Processing, and Control. Within
W
these fie
elds,
interest foc
cus on model based
b
methods
s, simulations, system identiffication, and
optimizatio
on for design and product dev
velopment of Mechatronic
M
sys
stems. Currentt
applications are, for exam
mple, Automotiive Active Safe
ety and Hybrid Electric Vehicles.
32 (0)2 629 36
6.66
Phone: +3
e-mail: jon
nas.sjoberg@v
vub.ac.be
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Laurent Vanbeylen
V
was
s born in Elsene, Belgium, on
n January 6, 19
983. He gradua
ated as
an Electrica
al Engineer in Electronics
E
and
d Information Processing
P
in 2005
2
at the Vrije
Universiteitt Brussel. Laurrent joined the department ELEC in August 2005, as a PhD
student (on
n FWO-project FWOAL317). His
H main intere
ests are the stu
udy of block orriented
nonlinear systems,
s
includ
ding identificatiion and stabilitty analysis.

32 (0)2 629 29
9 46
Phone: +3
e-mail: Laurent.Vanbeyle
en@vub.ac.be

Mattijs Va
an de Walle was
w born in Bon
nheiden on the
e 25th of Octob
ber, 1979. He
received an
n engineering degree
d
in electtronics from the ‘De Nayer instituut’, Sint
Katelijne Waver,
W
Belgium
m, in 2002. Afte
er teaching electronics and te
elecommunicattion at
the Vrij Tec
chnisch Instituut (VTI), leuve
en, for two yea
ars, he took up
p studying again to
receive the
e degree of elec
ctrical enginee
er from the Vrijje Universiteit Brussel (VUB),,
Brussels, Belgium,
B
in 200
07. Currently, he
h is working a
as a PhD resea
arch student att the
VUB, deparrtment ELEC. The
T
aim of his research is the
e analysis of flu
utter in a non-linear
framework.
32 (0)2 629 29
9 79
Phone: +3
e-mail: Ma
attijs.Van.de.W
Walle@vub.ac.b
be
Anne Van Mulders was born in Jette on
o September 19, 1984. In July 2007, she
received th
he degree of Me
echanical Engineering from tthe Vrije Universiteit Brussel. She
joined the department off ELEC in Septe
ember 2007 as
s a PhD student. Her main res
search
o nonlinear sy
ystem identifica
ation.
interests arre in the field of

32 (0)2 629 36
6 65
Phone: +3
e-mail: An
nne.Van.Mulders@vub.ac.be

Dhammika
a Widanage was
w born on No
ovember 3rd 1
1983, Kuwait City,
C
Kuwait. His
research in
nterests are in the fields of sy
ystem identifica
ation, in partic
cular the effects of
nonlinearities on process models, multiple input multiiple output sys
stems and of co
ontrol.
search done in the Systems Modelling
M
and
He was awarded a Ph.D. in 2008 for res
up and graduated with a Firs
st-Class Honours in Electronic
c and
Simulation Research Grou
Communica
ation Engineerring in 2004 (BEng - Bachelorr of Engineerin
ng) both from the
t
University of
o Warwick, UK
K. From June 2008
2
he has be
een a Postdoctoral Research Fellow
in the System Identificatiion and Parameter Estimation
n Research Tea
am in the
nt of Fundamen
ntal Electricity and Instrumen
ntation at the Vrije
V
Universite
eit
Departmen
Brussel.
32 (0)2 629 29
9 46
Phone: +3
e-mail: ww
widanag@vub.a
ac.be

1.3.4

T
Team
C: Th
he study of Microwave
M
S
Systems

Yves Rolain (coordinattor of team C)
) (1961, Belgiu
um) received the
t
Electrical
g (Burgerlijk In
ngenieur) degrree in July 1984, the degree of computer sc
ciences
Engineering
in 1986, an
nd the PhD deg
gree in applied sciences in 19
993, all from th
he Vrije Univerrsiteit
Brussel (VU
UB), Brussels, Belgium. He is
s currently a re
esearch profess
sor at the VUB in the
department ELEC. His ma
ain interests arre microwave m
measurements
s and modelling
g,
cessing and parameter estimation / system
m identification..
applied digital signal proc
32 (0)2 629 29
9 44
Phone: +3
e-mail: Yv
ves.Rolain@vub
b.ac.be
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Alain Bare
el was born in Roeselare, Bellgium, on July 27, 1946. He received
r
the de
egree
in Electrical Engineering from
f
the Unive
ersité Libre de Bruxelles, Belg
gium, in 1969, the
ate degree in te
elecommunicattions from Rijk
ks Universiteit Gent (State
Postgradua
University of
o Gent), Belgiium, in 1974, and
a
the doctorr of applied scie
ence from the Vrije
Universiteitt Brussel in 1976. He worked
d as assistant and
a
Lecturer att the Vrije
Universiteitt Brussel (VUB). Currently he
e is 10% active
e at the departtment as Professor
emeritus and teaches mic
crowaves.
32 (0)2 629 29
9 49
Phone: +3
e-mail: ab
barel@vub.ac.b
be
Mohamed El-Barkouky
y was born in Cairo-Egypt
C
in 1976.
1
He received his BSc an
nd MSc
degrees in Electrical Engineering from the
t
department of electronics
s and
communica
ations, Ain Sha
ams University (Cairo-Egypt) in 1998 and 2003
2
respective
ely. He
was appoin
nted as a teach
her assistant in
n the same dep
partment betwe
een 1998-2004
4.
Since Nove
ember 2004 he
e joined Departtment ELEC at the VUB for hiis PhD together with
the Inter-U
University Micro
oelectronic Cen
nter (IMEC). His research foc
cus is on Oscilla
ator
circuit design based on Micro
M
Electro Me
echanical Syste
ems(MEMS) re
esonators.
32 (0)2 629 29
9 53
Phone: +3
e-mail: Mo
ohamed.Elbark
kouky@vub.ac.be

Liesbeth Gommé
G
was born
b
in Diest on
n October 20, 1
1982. She
graduated as an Electrica
al Engineer, option Photonics in July 2005 at
a the Vrije
orking as a PhD
D student at th
he department ELEC.
Universiteitt Brussel. Presently she is wo
Her main in
nterests are in the field of ad
dvanced RF calibration and instrumentation
setups.
32 (0)2 629 28
8 68
Phone: +3
e-mail: Lie
esbeth.Gomme
e@vub.ac.be

Koen Vand
dermot was born on the 10th of June 1981
1 and received the degree of
Electrical Engineering
E
(Bu
urgerlijk Ingenieur), option E
Electronics in 2005 from the V
Vrije
Universiteitt Brussel (VUB), Brussels, Be
elgium. In August 2005 he jo
oined the deparrtment
ELEC of the
e VUB as a research assistant. His main res
search interestts are on the design
of new mea
asurement and
d modelling me
ethods for micrrowave multipo
ort devices with focus
on the nonideal behaviou
ur.

32 (0)2 629 29
9 53
Phone: +3
e-mail: kv
vdmot@vub.ac..be
Wendy Va
an Moer was born
b
on the 12tth of July 1974
4 and received the degree of
Electrical Engineering
E
(Bu
urgerlijk Ingenieur), option T
Telecommunica
ation in 1997 frrom
the Vrije Universiteit Brus
ssel (VUB), Bru
ussels, Belgium
m. In August 1997 she joined
d the
V
as a resea
arch assistant a
and in Decemb
ber 1997 she re
eceived
department ELEC of the VUB
holarship. She received her PhD on June 1, 2001. From 01/01/2002 till
an IWT sch
31/12/2004
4 she received an IWT post-d
doctoral schola
arship. Presenttly, she is a part-time
lecturer at the Vrije Unive
ersiteit Brussel and is workin
ng as a post-do
octoral research
her of
the FWO (R
Research Found
dation-Flanderrs) on new mea
asurement and
d modelling
techniques for RFICs with
h focus on the nonlinear beha
aviour.
32 (0)2 629 28
8 68
Phone: +3
e-mail: We
endy.Vanmoerr@vub.ac.be
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1.3.5

Team D: Th
T
he IMEC/VUB Laboratorry for Microw
wave Microe
electronic Me
easurementts
and Modelling (4M)

Gerd Vand
dersteen (coo
ordinator of team
t
D) was b
born in Belgium
m in 1968 and
received th
he degree in ele
ectrical engine
eering from the
e Vrije Universiiteit Brussel (V
VUB),
Brussels, Belgium,
B
in 199
91. In 1997, he
e received his PhD in electrical engineering,
entitled “Id
dentification of Linear and No
onlinear System
ms in an Errors
s-in-Variables L
Least
Squares an
nd Total Least Squares Frame
ework”, from the Vrije Univerrsiteit Brussel// ELEC.
During his postdoc, he wo
orked at the micro-electronic
m
cs research cen
ntre IMEC as Principal
n the Wireless Group
G
with the
e focus on mod
deling, measure
ement and sim
mulation
Scientist in
of electronic circuits in state-of-the-art silicon technollogies. This res
search was in tthe
n with the Vrije
e Universiteit Brussels.
B
From 2008 on, he is
s
context of a collaboration
EC within the co
ontext of meas
suring,
working as Prof. at the Vrije Universiteit Brussels/ELE
a
analysis of complex linear and nonlinea
ar system. With
hin this contextt, the
modeling and
set of syste
ems under consideration is extended from micro-electron
nic circuits towa
ards to
all kinds off electro-mecha
anical systems.
Phone: +3
32 (0)2 629 29
9 44
e-mail: gv
vanders@vub.a
ac.be/Gerd.Van
ndersteen@vub
b.ac.be
Lynn Bos was born in Vilvoorde, Belgiu
um, on August 16, 1983. She
e graduated as
s an
hnical Engineerr in Electronics and Information Processing in 2006 at the
e Vrije
Electrotech
Universiteitt Brussel (VUB), Belgium. In August 2006 she
s
joined the ELEC departm
ment of
the VUB as
s a PhD student. Her residenc
ce is at the gro
oup NES (Noma
adic Embedded
d
Systems). of IMEC (Interr-university Mic
croelectronic C
Centrum) in Leu
uven. Her rese
earch
o analysis, mo
odelling and de
esign automatio
on of analog
interests arre in the field of
discrete-tim
me systems.
6 65
Phone: + 32 (0)2 629 36
ac.be
e-mail: Lynn.Bos@vub.a

Ludwig De
e Locht was born in Leuven,, on Decemberr 31, 1979. He graduated as an
a
Electrical Engineer
E
in Elec
ctronics and In
nformation Proc
cessing in 2002 at the Vrije
Universiteitt Brussel (VUB). In August 2002 he joined the departmen
nt ELEC as a re
esearch
assistant. His
H residence was
w until Decem
mber 2006 at tthe group WIR
RELESS of IMEC
C in
Leuven. Th
he purpose of his
h research wa
as to give an analog designerr insight in the
e
nonlinear behaviour
b
of po
ower amplifiers
s for communic
cation systems
s. This has bee
en
achieved by
y developing the appropriate
e simplified me
ethods. In Dece
ember 2002 he
e
received an
n IWT scholars
ship, and he ob
btained the deg
gree PhD in No
ovember 2007.
Actually he
e’s working as a post-doc. res
searcher at the
e dept. ELEC.
8 44
Phone: + 32 (0)2 629 28
e-mail: Ludwig.De.Lochtt@vub.ac.be

Zhi LI was
s born in Chang
gChun, China on
o Jan 25, 198
81. She receive
ed the degree in
i
Communica
ation Engineerring from JiLin University, China, in 2004. She
S
obtained her
Master deg
grees in Artificia
al Intelligence in 2005, and S
Science in statistic in 2006, in
Katholieke Universiteit Le
euven.
Since Oct, 2006, she is working
w
as a Ph
hD student at Universiteit
U
Bru
ussel, IIHE
he joined into ELEC
E
departme
ent, using meth
hod of system
department. Currently sh
on to do photon detector data analysis.
identificatio

32 (0)2 629 36
6 65
Phone: +3
e-mail: zhi.li@vub.ac.be
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1.3.6

T
Team
E: Ide
entification of Biogeoch
hemical Sign
nals & Syste
ems (IBiSS)

Maité Bau
uwens was borrn in Butare (R
Rwanda), on De
ecember 18, 1982. She receiived
the degree in biology, option environme
ental biology, iin July 2005 from the Vrije
Universiteitt Brussel (VUB), Brussels, Be
elgium. In Nove
ember 2005 sh
he joined the
department ELEC of the VUB.
V
Presently
y she is working
g as a PhD research student under
d Frank Dehairrs (Dept. Chem
mistry/VUB). He
er
the supervision of Johan Schoukens and
on with the CALMARS projectt and is focused
d on applicatio
ons of
research is in collaboratio
hniques in the climate recons
struction.
system identification tech
32 (0)2 629 27
7 66
Phone: +3
e-mail: ms
sbauwen@vub.ac.be

Veerle Bee
elaerts was bo
orn in Brugge, Belgium, on February
F
27, 19
981. She gradu
uated
as a bio-en
ngineer in Chem
mistry in 2005 at the Vrije Un
niversiteit Brus
ssel (VUB), Bellgium.
Presently she
s
is working as a PhD resea
arch assistant under the supe
ervision of Joha
an
schoukens,, Frank Dehairs
s and Rik Pinte
elon. Her resea
arch is in collab
boration with th
he
CALMARS project
p
and is focused
f
on identification of biochemical
b
sys
stems and sign
nals.

32 (0)2 629 27
7 66
Phone: +3
e-mail: vb
beelaer@vub.ac
c.be

Anouk de Brauwere wa
as born in Etterrbeek, on Dece
ember 12, 1980. In June 200
03 she
received th
he degree of Ma
asters in Chem
mistry from the
e Vrije Universiteit Brussel. Ac
ctually
she is work
king as a PhD student
s
at the Faculty of Scie
ences, at the department of
Analytical and
a
Environme
ental Chemistry
y being superv
vised by Prof. W.
W Baeyens and Prof.
J. Schoukens. Her current research, in collaboration w
with the departtment ELEC, is
ation of
focused on the application of system identification to the modelling and quantifica
cesses in the ocean.
o
mixing proc
32 (0)2 629 32
2 64
Phone: +3
e-mail: ad
debrauw@vub.a
ac.be

1.3.7

T
Technical
an
nd Administtrative Stafff

Wim Delco
ourte Wim Delcourte was bo
orn in 1962 (Be
elgium). He gra
aduated as an
Industrial Engineer
E
(Industrieel Ingenie
eur) in 1987. S
Since May 1989
9 he is with the
e
department ELEC of the Vrije
V
Universite
eit Brussel (VU
UB full time tenure). He is
e for the design
n of electronic measurement instruments fo
or research and
responsible
education, for the repair and maintenan
nce of complex
x measurement instruments and
a
computers.. He also takes
s care of the management
m
of the computerrooms of the fa
aculty.
32 (0)2 629 29
9 52/29 14
Phone: +3
e-mail: wd
delcour@vub.ac.be
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Lorenna Gassiot
G
was bo
orn on the 2nd of August 197
73 in Nueva Im
mperial, Chile. S
She
received he
er diploma in jo
ournalism from
m the Ringier Journalistenschule in Zürich in
n
1998. In 20
006 she receiv
ved a BSc. in Po
olitical Science
e from the Univ
versity of
Gothenburg
g, Sweden. Currently she wo
orks as part-tim
me secretary att the ELEC
department.
32 (0)2 629 29
9 79
Phone: +3
e-mail: lga
assiot@vub.ac.be

Jenny Liev
vens was born
n on Decemberr 12, 1953 (Bru
ussels, Belgium
m). She gradua
ated
from secrettary school in 1971. Since Oc
ctober 1971 sh
he is with the department
d
ELEC
(actually pa
art-time). She is mainly resp
ponsible for the
e general secre
etariat and
accounting of the departm
ment. Besides,, she organises
s the social acttivities for the E
ELEC
members.

32-(0)2-629.29
9.47
Phone: +3
e-mail: jlie
evens@vub.ac.be

Johan Patttyn was born in 1974 (Belgium). After 2 years of engineering studies h
he
joined the navy to becom
me a radar tech
hnician. Since d
december 2009
9 he is with the
e
V
Universite
eit Brussel (full time tenure). He is respons
sible for
department ELEC of the Vrije
nd also is involved in the maiintenance and repair of the
Rapid PCB Prototyping an
f the studentts lab's.
instrumentts and circuits for

32 (0)2 629 29
9 52
Phone: +3
e-mail: Johan.Pattyn@vu
ub.ac.be

Ann Pintelon was born in
i October 196
63 (Belgium). IIn 1985 she received the MS
P
Educattion (VUB). Sin
nce 1990 she h
has been with the
t
departmen
nt ELEC
degree in Physical
at the Vrije
e Universiteit Brussel
B
(VUB) on
o a GOA contrract (Measurem
ment, Modelling
g and
Identificatio
on of Dynamic
c Systems), and
d since 2008 she
s
working on “Methusalem””:
Centre for Data Based Mo
odelling and Model Quality As
ssessment (4/5
5 tenure). She
e is
ponsible for the
e scientific rep
ports of the dep
partment ELEC
C (annual reporrt,
mainly resp
web-pages ELEC, …); the
e management of the infocen
ntre (library, pu
ublication list, …); the
on of conferences and works
shops; hosting of visiting
administrattive organisatio
researchers
s; and adminis
strative supporrt to the associated editors off IEEEInstrumenttation and Mea
asurement and Automatica in
n the dept. ELE
EC.
Phone: +3
32 (0)2 629 27
7 67
e-mail: An
nn.Pintelon@vu
ub.ac.b
Sven Reyn
niers was born
n in 1973 (Belg
gium). He has several years of
o ICT - experience in
multination
nals, including several interna
ational mission
ns (France, Gerrmany). Since 2006,
he is working at the Vrije
e Universiteit Brussel
B
(full tim
me tenure) at th
he departmentt ELEC.
a
h is responsiblle for the healtth and availability of
he
As system and network administrator
ment servers and
a
network.
the departm

+32 (0)2 629 29
2 52/29 45
Phone: ++
e-mail: Sv
ven.Reyniers@v
vub.ac.be
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Jean-Pierrre Weemaels was born in 1952 (Belgium)). He received the
t
degree of
Electrician in 1970. Since
e 1973 he is with the Vrije Un
niversiteit Brus
ssel (VUB), and
d since
H is responsib
ble for the orga
anisation of the
e
1985 he is with the department ELEC. He
student lab
bs: design, maintenance and repair of the instruments an
nd circuits. He a
also
designs printed circuits. Since
S
July 2006
6 he’s working part-time.

32 (0)2 629 29
9 52/29 45
Phone: +3
e-mail: jpw
weema@vub.ac.be

1.3.8

Professor Em
meritus

Ronny Van
n Loon. Born in Antwerp, 19
940, he obtaine
ed a degree in Physics at the ULB,
and a PhD in Science at the
t
VUB. He joined the VUB in 1970 as assiistant, then Pro
ofessor
ulty of Applied Science. In parallel with the teaching activities, he had
at the Facu
research an
nd logistic activ
vities as a med
dical physicist at the universiity hospital AZ-VUB:
from 1982 on in the Radiotherapy depa
artment focusin
ng on EC grantted projects in
Hypertherm
mia, from 1989
9 on in the Rad
diology departm
ment involved in dosimetry and
quality assurance. He dire
ected the subg
group QUARAD
D (“Quality in Radiology”),
R
a team
t
y improvementt in radiology. This
involved in dosimetry, radiation protecttion and quality
cting in Belgium
m as reference centre for the Quality Assura
ance of the tec
chnical
group is ac
aspects of breast cancer screening. Prof. Van Loon is the Past-President of the Belgian
hysicist Associa
ation, and mem
mber of the Boa
ard of the “Fed
deral Agency off
Hospital Ph
Nuclear Control” and the “Belgian Socie
ety of Radiopro
otection”. He was
w delegate off the
and coordinates a cooperation
VUB in the VLIR-cooperattion and Development Cell, a
n
project in Hanoi
H
(Vietnam
m) and in VLIR International T
Training progra
amme on Mediical
Physics. Un
ntil September 2005, he was still 10% activ
ve at the deparrtment ELEC as
professor emeritus.
e
He allso conrtribiute
es to the IAEA's (Internationa
al Atomic Energy
Agency) teaching program
ms on radiation
n protection in medical applic
cations of ioniz
zing
P
he is scientific advis
sor at the “Belgian Museum of
o Radiology”,
radiation. Presently
Brussels, and he is active
e as a voluntarry researcher a
at the dept. ELE
EC. In Octoberr 2008,
d the title of “D
Doctor Honoris Causa” from tthe Hanoi University of Techn
nology.
he received
Phone: +3
32 (0)2 629 27
7.67
e-mail: ronnyvln@vub.ac
c.be
Alain Bare
el was born in Roeselare, Bellgium, on July 27, 1946. He received
r
the de
egree
in Electrical Engineering from
f
the Unive
ersité Libre de Bruxelles, Belg
gium, in 1969, the
ate degree in te
elecommunicattions from Rijk
ks Universiteit Gent (State
Postgradua
University of
o Gent), Belgiium, in 1974, and
a
the doctorr of applied scie
ence from the Vrije
Universiteitt Brussel in 1976. He worked
d as assistant and
a
Lecturer att the Vrije
Universiteitt Brussel (VUB). Currently he
e is 10% active
e at the departtment as Professor
emeritus and teaches mic
crowaves.

32 (0)2 629 29
9 49
Phone: +3
e-mail: ab
barel@vub.ac.b
be
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1.3.9

List of phone numbers and e-mail addresses (Status 01/01/2010)

NAME
K. BARBÉ
A. BAREL
M. BAUWENS
V. BEELAERTS
L. BOS
M. BSHARA
A. DE BRAUWERE
W. DELCOURTE
L. DELOCHT
M. EL-BARKOUKY
W. FOUBERT
L. GASSIOT
L. GOMMÉ
J. LATAIRE
L. LAUWERS
z. LI
J. LIEVENS
E. LOUARROUDI
A. MARCONATO
G. MONTEYNE
C. NEUS
I. NOVILOS ALVAREZ
J. PATTYN
A. PINTELON
R. PINTELON
S. REYNIERS
D. RIJLAARSDAM
Y. ROLAIN
J. SCHOUKENS
J. SJÖBERG
L. VANBEYLEN
L. VAN BIESEN
K. VANDERMOT
G. VANDERSTEEN
M. VAN DE WALLE
R. VAN LOON
W. VAN MOER
A. VAN MULDERS
J.P. WEEMAELS
D. WIDANAGE

1.3.10

PHONE
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2
+32(0)2

629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629

29
29
27
27
36
29
32
29
28
29
29
29
28
29
29
36
29
36
36
29
29
36
29
27
29
29
28
29
29
36
29
29
29
29
29
27
28
36
29
29

E-MAIL
kbarbe@vub.ac.be
abarel@vub.ac.be
msbauwen@vub.ac.be
vbeelaer@vub.ac.be
lynn.bos@imec.be
mbshara@vub.ac.be
adebrauw@vub.ac.be
wdelcour@vub.ac.be
Ludwig.De.Locht@vub.ac.be
Mohamed.Elbarkouky@vub.ac.be
wfoubert@vub.ac.be
lgassiot@vub.ac.be
Liesbeth.Gomme@vub.ac.be
jlataire@vub.ac.be
Lieve.Lauwers@vub.ac.be
zhi.li@vub.ac.be
jlievens@vub.ac.be
Ebrahim.Louarroudi@vub.ac.be
Anna.Marconato@vub.ac.be
Griet.Monteyne@vub.ac.be
cneus@vub.ac.be
Indira.yadira.nolivos.alvarez@vub.ac.be
Johan.Pattyn@vub.ac.be
Ann.Pintelon@vub.ac.be
Rik.Pintelon@vub.ac.be
Sven.Reyniers@vub.ac.be
D.J.Rijlaarsdam@tue.nl
Yves.Rolain@vub.ac.be
Johan.Schoukens@vub.ac.be
jonas.sjoberg@vub.ac.be
Laurent.Vanbeylen@vub.ac.be
lvbiesen@vub.ac.be
kvdmot@vub.ac.be
Gerd.Vandersteen@vub.ac.be
Mattijs.Van.de.Walle@vub.ac.be
ronnyvln@vub.ac.be
wendy.vanmoer@vub.ac.be
Anne.Van.Mulders@vub.ac.be
jpweema@vub.ac.be
wwidanag@vub.ac.be

46
49
66
66
65
46
64
52/29 14
44
53
79
79
68
42
53
65
47
66
66
49
79
65
52
67
44
52
44
44
44
66
46
43
53
44
79
67
68
65
52
46

PhD-students from other departments, universities, institutions...

•

BSc Hernan CORDOVA, ESPOL, Equador: Promoter: L. Van Biesen

•

MSc Indira NOLIVOS, ESPOL, Equador: Promoter: L. Van Biesen

•

ir. Arnd GEIS, IMEC-Leuven, promoter: Y. Rolain, co-promoter: G. Vandersteen

•

ir. Mirko SCHOLZ, IMEC-Leuven, promoter: G. Vandersteen and D. Linten (IMEC)

1.3.11

Industrial Partnership

•

Dr. ir. Alain GEENS, BelV

•

ir. Frank LOUAGE, MSc Zobeida Cisneros Barros; Address Systems N.V.

•

Dr. ir. Luc PEIRLINCKX, Phonetics Topographics, Belgium

•

Lic. Marc PERSOONS, Tresco Navigation Systems

•

ir. Serge TEMMERMAN, SEBA service nv (measuring instruments for telecom. cables)

14

Introduction to the department ELEC

•

Dr. Frank UYTDENHOUWEN, Banama-Telecom

•

Dr. ir. Marc VANDEN BOSSCHE, Dr. ir. Frans Verbeyst; NMDG Engineering bvba

1.3.12

National or international contacts

1.3.12.1 Visiting professors/researchers
•

Laszlo BALOGH, Budapest University of Technology and Economics, Department of
Measurement and Information Systems, Budapest, Hungary: 25/8/2009 - 4/9/2009;
11/5/2009 - 14/5/2009; 5/10/2009 - 10/10/2009. Several periods to prepare and present
his PhD (promoter Prof. Rik Pintelon and Prof. Istvan Kollár) “Model Fitting in Frequency
Domain Imposing Stability of the Model”

•

Medishetty BHAVYA, Indian Institute of Technology, Electrical Engineering, Kharagpur,
West Bengal, India: 16/5/2009 – 15/7/2009: Doctoral school VUB - dept. ELEC:
Identification of Nonlinear Dynamic Systems

•

Robert BITMEAD, University of California San Diego, Dept. of Mech. & Aero Eng., California,
USA: 24/4/2009. Presentation “On Resampling and Uncertainty Estimation in Linear
System Identification”

•

Miguel CASTAÑO ARRANZ, Luleå University of Technology, Luleå, Sweden: 16/5/2009 –
21/6/2009: Doctoral school VUB - dept. ELEC: Identification of Nonlinear Dynamic Systems

•

Anthony M. D’AMATO, University of Michigan, Department of Aerospace Engineering, Ann
Arbor, MI, USA: 16/5/2009 – 21/6/2009: Doctoral school VUB - dept. ELEC: Identification
of Nonlinear Dynamic Systems

•

Bart DE MOOR, Katholieke Universiteit Leuven, Fakulteit der TW, Departement
Elektrotechniek, Leuven, Belgium: 18/2/2009 until 20/2/2009. Microsymposium on system
identification

•

Wim DE MULDER, Ghent University, Belgium: 16/5/2009 – 21/6/2009: Doctoral school VUB
- dept. ELEC: Identification of Nonlinear Dynamic Systems

•

Erliang ZHANG, Université de Technologie de Compiègne, LRM (UMR CNRS 6253),
Compiègne, France: 1/3/2009 until 21/3/2009

•

Barnabás GARAY, Budapest University of Technology and Economics, Department of
Measurement and Information Systems, Budapest, Hungary: 2/9/2009 - 4/9/2009.
External examiner of the PhD thesis of Laszlo Balogh (promoter Prof. Rik Pintelon and Prof.
Istvan Kollár) “Model Fitting in Frequency Domain Imposing Stability of the Model”

•

Michel GEVERS, Université Catholique de Louvain, CESAME, Louvain-la-Neuve, Belgium:
18/2/2009 - 20/2/2009. Microsymposium on system identification

•

Pepe GILCACHO, Katholieke Universiteit Leuven, ESAT, Leuven, Belgium: 9/2/2009 9/3/2009 and 16/5/2009 – 21/6/2009. Doctoral school VUB - dept. ELEC: Identification of
Nonlinear Dynamic Systems

•

Younghee HAN, University of California, Dept. of Mechanical and Aerospace Engineering,
CA, USA: 16/5/2009 – 21/6/2009. Doctoral school VUB - dept. ELEC: Identification of
Nonlinear Dynamic Systems

•

Hakan HJALMARSSON, Royal Institute of Technology, Dept. Signals, Sensors, Systems
(control group), Stockholm, Sweden: 18/2/2009 - 20/2/2009. Microsymposium on system
identification

•

Matthew S. HOLZEL, University of Michigan, Department of Aerospace Engineering, Ann
Arbor, MI, USA: 16/5/2009 – 21/6/2009. Doctoral school VUB - dept. ELEC: Identification
of Nonlinear Dynamic Systems

•

Maulik JAIN, Indian Institute of Technology Roorkee, India, 16/5/2009 - 31/7/2009
Research in the frame of Identification of Nonlinear Dynamic Systems

15
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•

Istvan KOLLAR, Budapest University of Technology and Economics, Department of
Measurement and Information Systems, Budapest, Hungary: 20/4/2009 - 24/4/2009;
2/9/2009 - 4/9/2009; 9/10/2009 - 10/10/2009. Promoter PhD Laszlo Balogh

•

Per LANDIN, University of Gävle, Center for RF Measurement Technology, Gävle, Sweden:
16/5/2009 - 31/7/2009 Research in the frame of Identification of Nonlinear Dynamic
Systems

•

Lennart LJUNG, Linköping University, Dept. of Electrical Eng. – ISY, Linköping, Sweden:
18/2/2009 - 20/2/2009. Microsymposium on system identification

•

Adam NARBUDOWICZ, Ghent University, Belgium: 16/5/2009 – 21/6/2009. Doctoral school
VUB - dept. ELEC: Identification of Nonlinear Dynamic Systems

•

Pasquale NAPOLITANO, University of Perugia, department of Electronic and Information
Engineering, Perugia, Italy: 13/7/2009 - 28/7/2009

•

Senay NEGUSSE, The Royal Institute of Technology (KTH), Stockholm, Sweden: 16/5/2009
– 21/6/2009. Doctoral school VUB - dept. ELEC: Identification of Nonlinear Dynamic
Systems

•

Aditya PAPPULA, Indian Institute of Technology, Electrical Engineering, Kharagpur, West
Bengal, India: 16/5/2009 – 15/7/2009: Doctoral school VUB - dept. ELEC: Identification of
Nonlinear Dynamic Systems

•

David RIJLAARSDAM, Eindhoven University of Technology, Eindhoven, The Netherlands:
16/5/2009 – 21/6/2009. Doctoral school VUB - dept. ELEC: Identification of Nonlinear
Dynamic Systems

•

Jan ROHAC, Czech Technical University in Prague, Faculty of Electrical Engineering, Prague,
Czech Republic: 5/10/2009 - 31/12/2009: Seminar: “Introduction of the Dept. of
Measurement at CTU in Prague”

•

Jonas SJÖBERG, Chalmers University of Technology, Signals & Systems: 12/5/2009 15/5/2009 and 1/8/2009 - 30/6/2010: System Identification

•

Paul VAN DEN HOF, Signals, Systems and Control Group, Department of Applied Physics,
Delft University of Technology, Delft, The Netherlands: 18/2/2009 - 20/2/2009.
Microsymposium on system identification

•

Miroslav ZIVANOVIC, Universidad Publica de Navarra, Dpt. Telecommunicaciones,
Pamplona (Navarra), Spain: 15/9/2008 - 31/1/2009 and 28/9/2009 - 31/1/2010.
Presentation “Harmonic modeling for audio signal processing”

1.3.12.2 Scientific missions
•

•

Kurt BARBÉ
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Finite record effects of the errors-in-variables
estimator for linear dynamic systems”

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper “Finite record
effects of the errors-in-variables estimator for linear dynamic systems”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Asymptotic properties of transfer
function estimates using non-parametric noise models under relaxed
assumptions”

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Three ways to do temperature reconstruction
based on Bivalveproxy information”

Maite BAUWENS
16/03/2009
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Veerle BEELAERTS
06/03/2009

06/03/2009

Participating at the VLIZ Young scientists’ day, Bruges, Belgium, 2009

19/04/2009

24/04/2009

European Geosciences Union, General Assembly 2009, Vienna, Austria,
19 – 24 April 2009: Presentation of poster “On the construction of a
time base and the elimination of averaging errors in proxy records”

04/05/2009

05/05/2009

Participating at the Workshop: “Bivalve biomineralisation: Archival
potential and proxy incorporation”, Brussels, Belgium, 2009

12/06/2009

13/06/2009

Participating at the International symposium: “Developing countries
facing global warming: a post –Kyoto Assessment”, Brussels, Belgium

25/08/2009

25/08/2009

Nederlands instituut voor onderzoek der zee, Marine ecology, Texel,
The Netherands: collecting research material

30/09/2009

02/10/2009

Nederlands instituut voor onderzoek der zee, Marine ecology, Texel,
The Netherands: measurements at the lab

30/11/2009

30/11/2009

Participating at the Young researchers meeting, Earth system science,
Brussels, Belgium, 2009

13/02/2009

2009 IEEE International Solid-State Circuits Conference, ISSCC 09,
USA, San Francisco: Presentation of paper “A Multirate 3.4-to-6.8mW
85-to-66dB DR GSM/Bluetooth/UMTS Cascade DT ΔΣM in 90nm Digital
CMOS”

Lynn BOS
07/02/2009

•

•
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Stephane BRONCKERS
18/01/2009

22/01/2009

9th Topical Meeting on Silicon Monolithic Integrated Circuits in RF
Systems (SiRF09), San Diego, CA: Presentation of paper “The impact of
substrate noise on a 48-53 GHz mm-wave LC-VCO”

06/06/2009

10/06/2009

IEEE RFIC 2009, Boston, Massachusetts: Presentation at tutorial
workshop “Self-Interference and Co-Habitation Considereations in
Complex SoC and SiP Integrated Circuits”: “A Novel Methodology to
Predict the Impact of Substrate Noise in Complex Analog/RF Circuits”

16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Tracking in WiMAX Networks depending on RSSbased measurements”

18/03/2009

19/03/2009

WPNC09, 6th workshop on Positioning, Navigation and Communication
2009, Hannover, Germany: Presentation of paper “Tracking in WiMAX
Networks Depending on SCORE Measurements”

23/05/2009

29/05/2009

2009 Fifth Advanced International Conference on Telecommunications,
AICT 2009, Venice/Mestre, Italy: Presentation of paper “Fingerprintingbased Localization in WiMAX networks depending on SCORE
measurements”

08/06/2009

13/06/2009

ICT-MobileSummit 2009, Santander, Spain: Presentation of poster:
“Cell-ID positioning in WiMAX networks Analysis of the Clearwire
network in Belgium”

15/06/2009

21/06/2009

VIII Semetro. 8th International Seminar on Electrical Metrology João
Pessoas, Paraíba, Brazil: Presentation of two papers “Potential Effects of
Power Line Communication on xDSL Inside the Home Environment” and
“Tracking in WiMAX Networks depending on the available RSS-based
information”

06/07/2009

11/07/2009

IEEE Mobile WiMAX Symposium 2009, California, USA: Presentation of
paper “Tracking in WiMAX Networks Using Cell-IDs”

06/09/2009

11/09/2009

IMEKO XIX World Congress, September 6-11, Lisbon, Portugal:
Presentation of paper “Available measurements in current WiMAX
networks and positioning opportunitie”s

Mussa BSHARA
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30/11/2009

•

European Microwave Week 2009, Rome, Italy, 2009: Presentation of
paper “A 7GHz FBAR overtone-based oscillator”

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Modeling and validation of the parameters of a
quad cable for DSL applications”

10/06/2009

IEEE RFIC 2009, Boston, Massachusetts: Presentation of paper “A
Compact Low Power SDR receiver with 0.5-20MHz Baseband Sampled
Filter”

16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Modeling the baseband output envelope of a
Microwave detector”

02/04/2009

02/04/2009

Zaventem, Rohde & Schwartz Belgium: Participation seminar: “Vector
Network Analysis Accurate characterisation of nonlinear RF and HF
components in time and frequency domain”

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper “Baseband
identification and RF validation of a nonlinear feedback model for a
crystal detector”

07/06/2009

12/06/2009

International Microwave Symposium (ARFTG 2009), Boston (USA):
Presentation of poster: “RF validation of a nonlinear feedback model
for a crystal detector”

16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Extracting Information on Time-Varying Systems
using Multisines”

28/05/2009

28/05/2009

Participating at the IAP VI/4, DYSCO study day, Faculté Polytechnique
de Mons

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Extracting a non-parametric
instantaneous FRF of a linear, slowly time-varying system using a
multisine excitation”

29/07/2009

06/08/2009

Université de Technologie de Compiègne, Laboratoire Roberval, Centre
de Recherche de Royallieu: Measurements at the lab

14/09/2009

18/09/2009

14th Belgian-French-German Conference on Optimization, Leuven,
Belgium: Presentation of paper “Instantaneous Frequency Response
Estimation of Time-Varying Systems using Multisine Excitations”

30/09/2009

02/10/2009

European Research Network System Identification, ERNSI workshop,
Vorau, Austria, 2009: Presentation of paper “Non-parametric
Instantaneous FRF of a Class of Time-Varying Systems”

Wim FOUBERT

Arnd GEIS
06/06/2009

•

•

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

02/10/2009

16/03/2009

•

27/11/2009

Mohamed El-Barkouky
28/09/2009

•

IEEE GLOBECOM 2009, Honolulu, Hawaii, USA: Presentation of paper
“Localization in WiMAX networks depending on map-supported path loss
model”

Ludwig DE LOCHT
27/11/2009

•

04/12/2009

Liesbeth GOMMÉ

John LATAIRE
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27/11/2009

•

•

27/11/2009

IUAP/ PAI DYSCO study day, Leuven-Heverlee, Thermotechnisch
Instituut: Presentation of poster “Non-parametric instantaneous FRF of
a class of Time-Varying systems”

16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Estimating the parameters of a Rice distribution
using a Bayesian approach”

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper “Estimating
the parameters of a Rice distribution: a Bayesian approach”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of two papers “Identification of Nonlinear
Feedback Systems Using a Structured Polynomial Nonlinear State
Space Model” and “Modelling of Wiener-Hammerstein Systems via the
Best Linear Approximation”

30/09/2009

02/10/2009

European Research Network System Identification, ERNSI workshop,
Vorau, Austria, 2009: Presentation of paper “Estimating the parameters
of a Rice distribution: a Bayesian approach”

09/11/2009

10/11/2009

Participating at the 4th Annual Symposium of the Benelux Chapter of
the IEEE Engineering in Medicine and Biology Society (EMBS),
University of Twente, the Netherlands

31/10/2009

IEEE Nuclear Science Symposium and Medical Imaging Conference,
Orlando, Florida, USA, Presentation of paper: “3D Nonlinear Least
Squares Position Estimation in a Monolithic Scintillator Block”

Lieve LAUWERS

Zhi LI
25/10/2009

•

Ebrahim LOUARROUDI
27/11/2009

•

•

•
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27/11/2009

IUAP/ PAI DYSCO study day, Leuven-Heverlee, Thermotechnisch
Instituut: Presentation of poster “Identification of periodically timevarying systems”

Anna MARCONATO
06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Identification of Wiener-Hammerstein
Benchmark Data by Means of Support Vector Machines”

30/09/2009

02/10/2009

Participating to the European Research Network System Identification,
ERNSI workshop, Vorau, Austria, 2009

01/04/2009

03/04/2009

Knoxville, Tennessee, USA, Participation IAEA Meeting: “Consultancy
Meeting for the Coordinated Research Programme on Advanced
Surveillance, Diagnostics, and Prognostics Techniques Used for Health
Monitoring of Systems, Structures, and Components in Nuclear Power
Plants”

27/11/2009

27/11/2009

IUAP/ PAI DYSCO study day, Leuven-Heverlee, Thermotechnisch
Instituut: Presentation of poster “Behavioral modeling of the thermal
dynamics of borefields for geothermal applications”

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Identification of a Wiener-Hammerstein
System Using the Polynomial Nonlinear State Space Approach”

Griet MONTEYNE

Johan PADUART
06/07/2009
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Rik PINTELON
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium: Chairman
of session “Identification”

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper
“Nonparametric Noise Modeling in the Presence of Exogenous Inputs”
and Chairman of the Sessions “Mathematical Modeling II”and “Inverse
Problems”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Multivariate continuous-time operational
modal analysis in the presence of harmonic disturbances” and chairman
of two sessions

27/11/2009

27/11/2009

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium: Chairman
of session “Advanced application modeling”

02/04/2009

02/04/2009

Zaventem, Rohde & Schwartz Belgium: Participation seminar: “Vector
Network Analysis Accurate characterisation of nonlinear RF and HF
components in time and frequency domain”

07/06/2009

12/06/2009

International Microwave Symposium (ARFTG 2009), Boston (USA):
Presentation of poster: “Wave Distortion in Multiplying, Switching or
Sampling Mixers” and Member of ARFTG Technical Program Committee

27/11/2009

27/11/2009

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

13/02/2009

2009 IEEE International Solid-State Circuits Conference, ISSCC 09,
USA, San Francisco: Presentation of paper “A 57-to-66GHz Quadrature
PLL in 45nm Digital CMOS”

Yves ROLAIN

Karen SCHEIR
07/02/2009

•

•

Johan SCHOUKENS
16/03/2009

18/03/2009

Participating at the 28th Benelux Meeting on Systems and Control, Spa,
Belgium

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper “Upper
bounding the variations of the best linear approximation of a nonlinear
system in a power sweep measurement” and Chairman of Sessions
“Mathematical Modeling”, “Analog & Mixed Signal II”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of two papers “Analysis of the Nonlinear Induced
Variability in Linear System Identification” and “Wiener-Hammerstein
Benchmark”

23/08/2009

26/08/2009

European Control Conference 2009 - ECC’09, Budapest, Hungary:
invited plenary presentation “Nonparametric preprocessing in system
identification: a powerful tool”

27/11/2009

27/11/2009

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of two papers “Estimates of an Upper Limit of the
Number of Parameters in Nonlinear Model Structures”

27/11/2009

27/11/2009

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

Jonas SJÖBERG
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LeoVANBIESEN
19/03/2009

20/03/2009

Participating at the 2nd International Conference on Biofuels Standards,
Standards and Measurements for Biofuels: Facilitating Global Trade, 1920 March 2009, Brussels, Hilton

11/06/2009

22/06/2009

Meeting at the Centro Español de Metrologia, Madrid, Spain

15/06/2009

21/06/2009

Participating at the VIII Semetro. 8th International Seminar on
Electrical Metrology João Pessoas, Paraíba, Brazil and visit to INMETRO
Brazil

Wendy VAN MOER
16/03/2009

18/03/2009

Participating at the 28th Benelux Meeting on Systems and Control, Spa,
Belgium

20/03/2009

20/03/2009

Zaventem, Rohde & Schwartz Belgium: Participation seminar: “New
technological innovations merge with our renewed building”

02/04/2009

02/04/2009

Zaventem, Rohde & Schwartz Belgium: Participation seminar: “Vector
Network Analysis Accurate characterisation of nonlinear RF and HF
components in time and frequency domain”

04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of paper “Best Linear
Approximation: Revisited” and Chairman of Session “Calibration III”

28/05/2009

28/05/2009

Participating at the IAP VI/4, DYSCO study day, Faculté Polytechnique
de Mons

09/11/2009

10/11/2009

Participating at the 4th Annual Symposium of the Benelux Chapter of
the IEEE Engineering in Medicine and Biology Society (EMBS),
University of Twente, the Netherlands

28/09/2009

02/10/2009

European Microwave Week 2009, Rome, Italy, 2009: Presentation of
paper at Workshop ‘Advanced Nonlinear Characterization of RF and
Microwave Components’: “Nonlinearity Spotting for Dummies”

09/12/2009

10/12/2009

KTH School of Electrical Engineering, Stockholm, Sweden: Opponent of
Per Landin for the presentation of his PhD “On radio frequency
behavioral modeling, Measurement Techniques, devices and validation
aspects”

Anne VAN MULDERS
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Comparison of two nonlinear optimization
methods for black box identification”

28/05/2009

28/05/2009

IAP VI/4, DYSCO study day, Faculté Polytechnique de Mons:
Presentation of poster “Optimization methods for nonlinear black box
model identification”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Two nonlinear optimization methods for
black box identification compared”

30/09/2009

02/10/2009

European Research Network System Identification, ERNSI workshop,
Vorau, Austria, 2009: Presentation of paper “Reduction of polynomial
nonlinear state-space models by means of nonlinear similarity
transforms”

27/11/2009

27/11/2009

IUAP/ PAI DYSCO study day, Leuven-Heverlee, Thermotechnisch
Instituut: Presentation of poster “Reduction of polynomial nonlinear
state-space models by means of nonlinear similarity transforms”

Laurent VANBEYLEN
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Blind Maximum Likelihood identification of
Wiener systems with measurement noise”
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28/05/2009

28/05/2009

Participating at the IAP VI/4, DYSCO study day, Faculté Polytechnique
de Mons

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of paper “Blind maximum likelihood identification
of Wiener systems with measurement noise”

30/09/2009

02/10/2009

European Research Network System Identification, ERNSI workshop,
Vorau, Austria, 2009: Presentation of paper “Estimation of the
probability of stable operation over a given time interval for discretetime nonlinear state-space models”

27/11/2009

27/11/2009

Participating at the IUAP/ PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut

Koen VANDERMOT
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Estimating a Power-Scalable Linearized Model for
Amplifiers”

02/04/2009

02/04/2009

Zaventem, Rohde & Schwartz Belgium: Participation seminar: “Vector
Network Analysis Accurate characterisation of nonlinear RF and HF
components in time and frequency domain”

28/05/2009

28/05/2009

Participating at the IAP VI/4, DYSCO study day, Faculté Polytechnique
de Mons

07/06/2009

12/06/2009

International Microwave Symposium (IMS2009), Boston (USA):
Presentation of paper “A Power-Scalable Linearized Model for RF Power
Amplifiers Starting from S-Parameter Measurements”

Gerd VANDERSTEEN
04/05/2009

08/05/2009

I2MTC 2009 - International Instrumentation and Measurement
Technology Conference Singapore: Presentation of two papers
“eSYSID: A proposal for a flexible electronic SYStem IDentification test
bench” and “Characterization of sigma-delta modulators using ARMAX
identification methods”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of two papers “Bootstrapped Total Least Squares
estimator using (circular) overlap for Errors-In-Variables identification”

23/08/2009

27/08/2009

The 19th European Conference on Circuit Theory and Design (ECCTD
2009), Antalya,Turkey: Invited paper presentation: “Qualification and
Quantification of the Nonlinear Distortions in Discrete-Time Sigma-Delta
ADCs”

Mattijs VANDEWALLE
16/03/2009

•

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Nonlinear analysis of flutter”

Dhammika WIDANAGE
16/03/2009

18/03/2009

28th Benelux Meeting on Systems and Control, Spa, Belgium:
Presentation of paper “Effects of Overlapping and Windowing on the
Estimation of the Frequency Response of a System using White Noise”

06/07/2009

08/07/2009

15th IFAC Symposium on System Identification (SYSID 2009), St. Malo,
France: Presentation of two papers “Errors in Frequency Response
Estimates Using Overlapping Blocks with Random Inputs”

30/09/2009

02/10/2009

European Research Network System Identification, ERNSI workshop,
Vorau, Austria, 2009: Presentation of poster “Assigning the Nonlinear
Distortions of a Two-Input Single-Output System”
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1.6

LIST OF THE MOST IMPORTANT MEASUREMENT EQUIPMENT

1.6.1

Signal Generators

•

HP E1445A VXI Arbitrary Waveform Generator, fmax < 40 MHz (3x)

•

HP E1340A VXI Arbitrary Waveform Generator, fmax < 42 MHz (3x)

•

Synthesizer/Function Generator, Agilent 33120A (2x)

•

NI 5411 AWG

•

Noise Source, HP 346B, 10 MHz-18 GHz

•

Agilent, 4142B, DC power supply

•

HP E1434A VXI Arbitrary Waveform Generator, 4 channel source, fsmax: 65 KHz

•

HP, Signal Generator, HP 83650B, 45 MHz - 40 GHz

•

Tektronix, AWG710, 4 GHz

•

Tektronix AWG 7052, 5GHz Arbitrary Waveform Generator

•

Rhode & Schwarz, Vector Signal Generator, SMIQ06B, 300 kHz - 6.46 GHz

•

Agilent 33250A, NI 5411

•

Agilent 81101A, Pulse generator, 50MHz

1.6.2

Spectrum Analysers, Impedance Analysers, Network Analysers

•

2 channel Dynamic Signal Analyser, HP 3562, 100 kHz (2x)

•

Impedance Analyser, HP 4192A, 5 Hz - 13 MHz

•

Vector Impedance Meter, HP 4193 A, 0.4 - 110 MHz

•

Spectrum Analyser, HP 8566B, 100 Hz-22 GHz

•

µwave Network analyser, HP 8510 B, 45 MHz - 50 GHz

•

µwave Nonlinear Network analyser, Agilent 85120A K60

•

Noise Gain Analyser, Eaton 2075 B, 10 MHz - 1800 MHz

•

Network Analyser, HP 8753 C, 300 kHz - 6 GHz

•

Spectrum Analyser, HP 8565 E, 9 kHz - 50 GHz

•

PNA Network Analyser, Agilent, 5 0MHz - 50 GHz

•

Impedance Analyzer, Agilent E4991A, 10MHz - 3GHz

1.6.3

Digitizers

•

4 channel digitizer, Nicolet 490, 200 MHz, 8/12 bit

•

4 channel Digital Sampling oscilloscope, HP 54120T, 20 GHz, 11 bit

•

1 channel, HP E1430A VXI ADC 10 MHz, 16 bit (10x)

•

1 channel, HP E1437A VXI ADC 20 MHz, 16 bit (4x)

•

2 channel, HP E1429B VXI ADC 20 MHZ, 12 bit (2x)

•

8 channel, HP E1433A VXI ADC 196 KHz

•

2 NI 5911 flexres digitizer
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•

1.6.4

TDS 3032 digital phosphor oscilloscope

Miscellaneous

•

Dual programmable filter, Difa PDF 3700, 100 kHz

•

Dual adjustable filter, Wavetek, 100kHz

•

Logic state analyser HP 1645A

•

µwave power meter, HP436A, 10 MHz- 18 GHz

•

4 VXI racks +4 MXI controllers + Digital cards
(2x Agilent E4841A + 1 Agilent E4805A)

•

HP E1450, VXI timing module

•

HP E1446A, VXI power module generator

•

Wafer Probe Station

•

Polytec Optical Fibre Vibrometer
Velocity range (Doppler interferometer): 1, 5, 25, 125, 1000 mm/s/V
Displacement range (Fringe Counter): 2, 8, 20, 80, 320, 1280, 5120 μm/V

•

2 PXI mainframes + MXI controller + embedded controller

•

Custom-built measurement setup for making geo-referenced GSM network measurements

•

4 hTC P3600 smart phones (equipped with 2G, 3G, Bluetooth, WiFi and GPS)

•

2 JRC DGPS 200

1.6.5

Underwater Acoustics

•

Raytheon V860 echosounder

•

B&K hydrophones, amplifiers etc.

•

Panametrics transducers (500 kHz, 1MHz)

•

D-GP5 Beacon Receiver KODEN (KBR-90)

•

2 watertanks + positioning system

•

Anritsu BTS Master MT8222A, High Performance, Handheld Base Station Analyzer

1.7

FINANCIAL SUPPORT 2009

Sponsor
(project leader)

Duration
project

Activity

Approx.
amount
(in €)

DWTC232
(R. Pintelon)

2007-2011

Dynamical systems, control and optimization
(DYSCO)

400000

FWOAL356
(R. Pintelon)

2006-2009

Measurement, modeling and control of nonlinear
slow varying dynamical systems

203600

IWT419
(J. Schoukens)
FWOAL420
(L. Van Biesen)

2009-2013

LeCoPro Learning Control for Production Machines

2007-2010

Design and evaluation of DSL systems, with
exploitation of common mode signals

196600

2008-2011

Scalable compact macromodels for general
microwave and RF structures

138800

FWOAL434
(y. Rolain)
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Sponsor
(project leader)

Duration
project

Activity

Approx.
amount
(in €)

FWOAL454
(J. Schoukens)

2008-2011

Iteratief leren van model en regelaar voor sterk
niet-lineaire systemen

FWOAL483
(G. Vandersteen)

2008-2011

Analysis, modeling and design of multi-rate
discrete-time sigma-delta circuits

23280

FWOTM420
(Y. Rolain)

2007-2009

Advanced Calibration and instrumentation set-ups
for non-linear RF components: scholarship Liesbeth
Gommé

11160

FWOTM423
(R. Pintelon)

2007-2009

Measurement and modelling of weak non-linear,
slow time varying dynamical systems: scholarship
John Lataire

FWOTM445
(W. Van Moer)

2007-2010

Identfication of multiport nonlinear microwave
systems: post-doc. Wendy Van Moer

12000

FWOTM449
(A. Debrauwere)

2007-2010

Quantification and understanding of biologically
mediated oceanic carbon export from the upper
ocean and through the water column, using a
multidisciplinary approach.

12000

HOA9
(J. Schoukens)

2006-2009

Identification of Biogeochemical Signals & Systems
(IBISS)

HO13
(R. Pintelon)

2007-2011

Een geïntegreerde aanpak voor het opmeten en
modelleren van elektrochemische reacties: een
nodige voorwaarde voor het vergaren van
betrouwbare data.

IWT295
(Y. Rolain)

2006-2009

Measurement And Modeling Of Multiport Nonlinear
Systems At Microwave Frequencies: Schollarship
Koen Vandermot

IWT296
(Y. Rolain)

2006-2009

Substrate Noise Coupling In Analog/Rf Systems:
Schollarship Stephane Bronckers

134880

IWT297
(Y. Rolain)

2006-2009

Design Of Analog Cmos Circuits For Millimeter
Wave Applications: Schollarship Karen Scheir

134880

IWT340
(Y. Rolain)

2007-2010

Design Automation, Analysis And Modeling Of
Multi-Rate Analog Discrete-Time Systems:
Schollarship Lynn Bos

134880

IWT410
(L. Van Biesen)

2008-2010

iSEED-Innovation on stability, spectral and energy
efficiency in DSL

170884

Legal Expertise
(L. Van Biesen)
License Identification
Toolbox (J.
Schoukens)
NDA29
(L. Van Biesen)
NDA65
(A. Barel)
NDA240
(G. Vandersteen)
NDA367
(W. Van Moer)
OZR1728
(R. Pintelon)

Since 1995

Expert to the court

Confidential

Since 1994

Identification Toolbox

Confidential

Since 2004

Cellular positioning

Confidential

Since 2005

Confidential

2008-2018

Mutual non-disclosure agreement (NDA) :project
for a RDS TMC reciever box
NDA – Secrecy Agreement

Confidential

Since 2009

NDA – Secrecy Agreement

Confidential

2007-2011

OZR Matching Funds IUAP 6: Dynamical systems,
control and optimization
(DWTC232_P6-UCL05_IUAP P6/04).

2009-2010

Measuring and modelling of dynamic systems.

2009-2010

Data driven modelling.

OZR1731
(R. Pintelon)
OZR1733
(J. Schoukens)
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138800

11160

320000
17500

134880

20000

7828
15500
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Sponsor
(project leader)

Duration
project

Activity

Approx.
amount
(in €)

2009-2010

Physical telecommunication studies.

2009-2010

Measuring, modelling and simulation

2009-2010

Measuring and modelling of microwave systems.

2007-2013

Center for Dat Based Modelling and Model Quality
Assessment

751100

WDGO647
(J. Schoukens)

2007-2011

Coaching PhD Griet Monteyne “Application of noise
methods for PWR's”

183373

WDCO16
(R. Van Loon)
WDV12 GAMAX kft
(J. Schoukens)

2004-2009

Lectures IAEA (Nuclear Energy Society, Vienna)

Since 2000

Graphical user interface for the frequency domain
system identification toolset

OZR1734
(L. Van Biesen)
OZR1735
(G. Vandersteen)
OZR1736
(W. Van Moer)
OZRMETH1
(J. Schoukens)

1.8

AWARDS

1.8.1

Grade of Fellow (IEEE)

18464
663
8000

2564
Confidential
2/3 ELEC
1/3 patent
fund

The Institute of Electrical and Electronic Engineers, Inc. elected the grade of fellow to:
•

Johan Schoukens: for contributions to frequency domain system identification and the
integration of measurement, signal processing and estimation theory (1997)

•

Rik Pintelon: for fundamental research in frequency domain system identification and its
applications in instrumentation, control and signal processing (1998)

•

Yves Rolain: for contributions to measurement and modeling of nonlinear microwave
devices (2005)

1.8.2

Belgian Francqui Chair ULB - 2006-2007

Prof. Dr. ir. Johan Schoukens: “Identification of linear systems in the presence of nonlinear
distortions: a frequency domain approach”
Linear models are at the basis of many engineering activities. The aim of this course is to identify
these models from experimental data. In real life, nonlinear distortions violate the ideal linear
framework. Two solutions are discussed to extend the classic linear modelling approach. First the
linear framework will be extended to include these distortions using best linear approximations and
nonlinear noise sources. Alternatively, the nonlinear distortions will be explicitly modelled.
Lectures (see pdf-files at http://wwwtw.vub.ac.be/elec/ELECcourse.htm):
•

Inaugural: System Identification from data to model

•

Lesson 1: Frequency Response Function Measurements

•

Lesson 2 : Impact of Nonlinear Distortions on the Linear Framework
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•

Lesson 3: System Identification (pdf-file) Lesson 4 : Identification of Linear Systems

•

Lesson 5: Identification of Nonlinear Systems

1.8.3

Awards granted by the VUB, on the proposition of the department ELEC

•

Title of Doctor Honoris Causa to Prof. P. Eykhoff (Technische Universiteit Eindhoven) on
April 4, 1990 (VUB, Brussels)

•

Medal of Excellence to William Hewlett and David Packard on March 3, 1995 (VUB, Brussels)

•

Medal of Excellence to Joseph F. Keithley on June 4, 1996 (Gothic Town Hall of Brussels)

•

Title of Doctor Honoris Causa to Prof. M. Gevers (Université Catholique de Louvain CESAME) on November 28, 2001 (VUB, Brussels)

1.8.4

Distinguished Service Award from IMEKO

The International Measurement Confederation extends to Prof. Leo Van Biesen this Distinguished
Service Award:
•

As recognition and appreciation for his valuable contributrion to the international exchange
of scientific and technical information relating to developments in measuring techniques,
instrument design and manufacture and in the application of instrumentation in scientific
research and in industry.

•

For his continuous support in IMEKO as member of several TCs, delegate of the Belgian
Member Organization to the General Council, President Elect and Chairman of the Technical
Board from 2000 to 2003, President of the Confederation from 2003 to 2006 and Past
President and Chairman of the Advisory Board from 2006 to 2009.

1.8.5

Doctor Honoris Causa

Prof. Em. Ronny Van Loon received the title of “Doctor Honoris Causa” from the Hanoi University of
Technology, in October 2008, for his personal contributions to the VLIR HUT IUC program in
particular and the development of Hanoi University of Technology in general over the past 10 years.
Thanks to his tremendous efforts as a key promotoer since the establishement in 1998, the VLIR
IUC programs with HUT has vigorously developed and reaped fruitful achievements, significantly
contributing to the expansion of international network and international academic exchange at
Hanoi University of Technology.

1.8.6

Member of the “Royal Flemish Academy Of Belgium For Science And The Arts”

Prof. Dr. ir. Johan Schoukens has been elected in December 2009 as member of the “Royal Flemish
Academy Of Belgium For Science And The Arts” for the section “Technical Sciences”.

1.8.7

Paper awards (2009)

Mussa Bshara and Leo Van Biesen received the “Top Six Achievement Award “Winning Paper” for
the paper “Potential Effects of Power Line Communication on xDSL Inside the Home Environment”
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presented at the VIII Semetro. 8th International Seminar on Electrical Metrology João Pessoas,
Paraíba, Brazil June 17 - 19, 2009
John Lataire and Rik Pintelon received the “2008 Award Winner-Measurement Science” for the
article “Noise level estimation in weakly nonlinear slowly time-varying systems” published in
Measurement Science and Technology, Vol. 19, No. 10 (2008)
Mussa Bshara and Leo Van Biesen received the “Best Paper Award” for the paper “Fingerprintingbased Localization in WiMAX networks depending on SCORE measurements”, presented at the Fifth
Advanced International Conference on Telecommunications, AICT 2009, Venice/Mestre, Italy, May
24-28, 2009
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2. Short Description of the Research
Projects/ Team
2.1

TEAM A: AUTOMATIC MEASUREMENT SYSTEMS,
TELECOMMUNICATIONS AND LABORATORY OF UNDERWATER
ACOUSTICS

2.1.1

Introduction to Team A

The activities of team A directly related to fundamental electricity, deal with the set-up of computer
controlled measurement systems, the design of new intelligent instruments, the processing of the
measured data (DSP and algorithmic treatment) and the implementation of A.I.- techniques in
instruments for the automatic interpretation of the acquired measurements. The technical
applications areas are quite diverse and cover areas in the field of electrical and electronic systems,
but a lot of special care is also given to earth science applications.
This team is also active in telecommunication projects and studies, which deal with voice coded
transmissions (telephony) and with robust coded digital transmission (ADSL, VDSL).
Communication channels are modelled, with emphasis on the physical layer.
Moreover, in the field of underwater acoustics important research projects are developed since
1985. Fundamental as well as applied research is carried out in the field of the modelling of marine
systems, marine acoustics, sub bottom profiling and sediment classification.
Prof. Dr. ir. L. Van Biesen has been the Belgian delegate in the board of IMEKO since 1993 and
chairman of the Technical Committee TC-7 on Measurement Science since 1994, up to 2000, has
been vice-chairman of the Technical Committee TC-19 on Environmental Measurements since 1999,
President-Elect of IMEKO (2000-2003) and was the President of IMEKO (2003-2006), and currently
acts as Post-President of IMEKO (2006-2009)
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2.1.2
2.1.2.1

Short Description of the Research Projects of Team A
Localization in WiMAX NetworkS
(Mussa Bshara)

The available measurements in the current WiMAX networks are the RSS-based values (the RSSI
and the SCORE) and the Cell-ID. Therefore, the positioning was obtained by processing those
measurements. For ground-truth purposes, a study on the GPS accuracy was conducted in the
Brussels environment and the different error sources were discussed based on realistic
measurements. To obtain the ground-truth reference points, taking into consideration that the user
is on the road, the GPS readings have been corrected in two ways:
•

Mapping the GPS reading to the closest road segment. This option does not correct all the
errors and it performs poorly in high density road areas, where the mapping could occur on
a wrong road segment.

•

Using particle filters. This option
performs better than the previous one
because it has the potential of
correcting all error types.

With regard to using RSS-based values, two
approaches were used:
•

The classical approach (OH model),
where the RSS-based measurements
were used to estimate the ranges to
known position points (the BSs) and
then obtain the positioning by
triangulation. In this regard, a path-loss
model for the Brussels urban area was
developed for the frequency of 3.5 GHz.
This approach was improved by using
two path-loss exponents depending on
road information.

•

Fingerprinting: This approach is very
powerful and gives good accuracy. The
offline database was built using RSSI
values.

Figure 1: Tracking using particle filter depending on RSS
measurements

Tracking was performed using Particle filters in two cases:
1. Off-road tracking, where no road information was used.
2. On-road tracking, where the user is on the road and the public road network information
was used. On-road tracking was discussed in a separate chapter due to its importance in
many applications and due to its contribution in improving the positioning accuracy.
Using the public road information led to a notable positioning accuracy improvement as shown in
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Figure 1.
Positioning depending on Cell-ID was approached first, by analyzing a WiMAX network (the
Clearwire network in Belgium), to have a clear understanding about the actual cell size (which
affects directly the positioning accuracy). Secondly, the positioning depending on the classical CellID approach was followed. Lastly, a new approach that depends on all the detected Cell-IDs by the
user’s terminal at certain times instants (not only the serving BS) has been developed. An HMM
filter was used with the new approach to track users in wireless networks depending on Cell-IDs.
The potential positioning capabilities of WiMAX networks is also discussed, and special attention
has been paid to the promising accuracy expected by using the timing adjust feature.
The results in this part are promising and form a good contribution to localization in wireless
networks, not only from positioning accuracy point of view but also in offering a good view on
positioning in WiMAX networks and the ability of these networks to position their users and, in
consequence, to provide LBS to them.

2.1.2.2

Power line Communications (PLC) impact on VDSL2 and vice-versa
Mussa Bshara, Leo Van Biesen, Jochen Maes*, Mamoun Guenach* and Michael
Peeters*
(*) Bell labs Antwerp, Alcatel-Lucent

The focus has been on studying the effect of using the broadband power line communications (BPL)
on xDSL service inside the home environment.
In this regard, extensive measurement campaigns were performed to measure the coupling
between the two networks. The coupling was found (practically and proved theoretically) to be
higher than the usual capacitive and inductive crosstalk due to the radiation caused by the
common-mode currents. A solution was provided to mitigate this coupling to acceptable values for
proper xDSL operation. A study on xDSL service degradation in presence of BPL is also performed.
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The results in this part are very important especially to whom who intend to deploy BPL services,
and also to xDSL and BPL modem manufacturers

2.1.2.3

Design and evaluation of Multiple-Input-Multiple-Output channel models for
DSL systems
(Wim Foubert and Leo Van Biesen)
Digital Subscriber Line (DSL)
technology provides broadband service
over ‘twisted pair’ copper wires of the
existing telephone network. Current

Figure 2: Definition of the DM signals and the CM signal

DSL systems make only use of
differential mode (DM) signals, which

refers to the electrical voltage difference between the two wires of a twisted pair (see

Figure 2). However, in most countries there
are two twisted pairs that enter each house. In next generation DSL technologies, all four wires will
be exploited. In this way, two differential mode signals and an additional common mode signal can
be defined. This new signal is the voltage difference between the references of each twisted pair.
In the differential mode, the currents in the two conductors of the twisted pair are in opposite
direction. In the common mode, they are in the same direction and another twisted pair stands in
for the return path. In this way, the common mode signal is invisible for the differential mode
signal on each pair. The common mode signal can also be seen as a differential mode signal but
now one uses four conductors instead of two. Using also the common mode signal in addition to
the differential mode signal, the capacity can be three times higher than the conventional
differential mode only capacity!
In order to use also the common mode signal, we need reliable transmission line models which
take also this signal into account. The derivation of the
new models is based on the multiconductor
transmission lines (MTL) theory. This theory is only
valid for uniform line segments. Figure 3 shows how the
Figure 3: MTL equivalence for a twisted pair

behavior of a twisted pair can be approximated. The
representation contains a resistor R, an inductor L, a

conductance G and a capacitance C. For our model, good approximations for the different physical
parameters are indispensable.
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This problem is decoupled. First we consider the transversal propagation to determine the
resistance R and the inductance L. A quasi-static approximation, derived by Belevitch [1], is used
to describe the transversal fields in the cable. Beside the skin effect, also the proximity effect is
taken into account. This series impedance has been
validated with measurements as described in [2]. In the
longitudinal plane, the considered line lengths are of the
same order of the wavelength. A numerical approximation
technique will be used to obtain accurate results for
multiwire lines.

Figure 4: The Measurement setup

Since the four parameters are known, we will use them to
model the S11 parameter of a quad. The simulated S11 curve can be verified with S11 measurements.
Therefore, a setup, consisting of four parallel copper wires, was built (Figure 4).
The multiconductor transmission lines theory is only valid for uniform line segments. But, if we
want to allow wire twists, strands and variations our cable is not uniform at all. To overcome this
problem, the system will be split up in very short line segments. Each segment is considered to be
uniform and is represented by a transmission matrix. The overall cable description is obtained by
multiplication of the different matrices. In this way, it’s easy to increase the number of pairs,
change the twist rate, stranding or isolation just by changing one or more parameters in the model.

References
[1] V. Belevitch, Philips Research Reports “Theory of the proximity effect in multiwire cables”, pp. 16-43, 1977
[2] W. Foubert, P. Boets, L. Van Biesen, C. Neus, “Modeling the Series Impedance of a Quad Cable for
Common Mode DSL Applications”, Proceedings I2MTC-08, pp. 250-253, May 2008, Victoria, Canada

2.1.2.4

Loop make-up estimation of DSL lines with reflectometric measurements
Carine Neus, Yves Rolain, Leo Van Biesen, Jochen Maes*, Mamoun Guenach*,
Patrick Boets* and Michael Peeters*
(*) Bell labs Antwerp, Alcatel-Lucent

Although fiber is being deployed steadily in the telephone network for broadband services,
complete penetration will take several decades, particularly to smaller businesses and residences.
This motivates using the omnipresent copper telephone network as efficiently as possible during
the transition period. This is already widely done by the telephone operators, by rolling out xDSL
technologies (ADSL, ADSL2+, VDSL2,...).
In the provisioning of xDSL services, the quality of the loop between the central office and the
customer plays an important role: DSL signals are attenuated and distorted during transmission
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through this loop, particularly at high frequencies. The capacity (i.e. maximal bit rate) will be
different for every customer, because each loop has its own peculiar characteristics.
If the loop make-up and the noise characteristics are fully known, then the DSL’s bit rate and the
performance level can be estimated with high reliability. The goal of this research is to determine
the make-up of the subscriber loop from measurements solely at the central office side (Single
Ended Line Testing), i.e. to find the length of each cable section and the cable type.
This is done from the central office, by sending a signal on the subscriber loop under consideration
and measuring the reflections. Analysing these reflections allows determining the loop make-up.
Besides the limited a priori knowledge of the loop, there are several other factors which complicate
the identification process: dispersion, high attenuation, power constraints, non-idealities,...
Moreover, if the measurement is to be done by DSL-modems (preferred implementation), the low
frequent information is missing.
In this study, we first examined the physical causes that complicate the identification of the loop
make-up. Secondly, we investigated how the measured data can be enhanced by additional
processing in the frequency domain.
This research was carried out in the framework of the IWT project iSEED (Innovation on Stability,
Spectral and Energy Efficiency in DSL), in cooperation with Alcatel-Lucent Bell Antwerp. The overall
innovation goals of this project are to reduce the energy consumption of DSL lines, to improve the
line testing capabilities, to stabilize and improve the quality of DSL lines and to increase the DSL
rate.

subscriber loop

central office or

customer

remote terminal
voltage

Ingoing
signal

Reflections

time

Figure 5: Basic principle of reflectometry

2.2

TEAM B: SYSTEM IDENTIFICATION AND PARAMETER ESTIMATION
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2.2.1

Introduction to Team B

The main interest of the identification team is situated in the development of new identification
methods and their application to real life problems. The team is involved with many aspects of the
identification theory:
•

experiment design

•

development of estimators

•

modelling problems

The identification of linear and nonlinear systems is studied.
Throughout our work we make the following choices:
•

use of periodic excitations whenever it is possible, use random excitations if it is imposed
by the user.

•

use of non parametric noise models to characterize the stochastic disturbances

•

use of an errors-in-variables framework: all measured signals are assumed to be disturbed
by noise.

•

believe your data, not your prejudices

It will not always be possible to act along these clear principles, but whenever we face a choice,
they are an important factor in our decision process.
Another important aspect of our general approach is that we start the process by gathering system
knowledge from the measurements. This gives in a very early phase of the identification process an
idea of the global complexity of the modelling problem. For the linear systems this phase boils
down to the non parametric measurement of the frequency response function, which is usually of a
high quality due to the periodic excitation approach. It contains a lot of information about the
system. For nonlinear systems the situation is not that clear, and a number of ideas are under
study at this moment.
IDENTIFICATION OF LINEAR SYSTEMS
In the eighties, ELiS, an estimator to identify single input single output (SISO) linear dynamic
systems in the presence of uncorrelated input/output noise, was developed at the department
ELEC. In a next step this estimator was generalized to multiple input/multiple output systems in
the presence of correlated input and output noise.
Since linear dynamic systems are used as a basic modelling tool in a very wide range of
applications, it is clear that this work has a lot of applications. We applied this modelling approach
to chemical problems (traction batteries, diffusion processes), power engineering (electrical
machines, power transformers; fault localisation on a cable), mechanical problems (flutter analysis,
flexible robot arm) measurement area (compensation of the dynamics of an acquisition channel,
modelling the dynamics of a sensor), and signal processing (design of digital filters). In all these

38

Short Description of the Research Projects/ Team

applications the identified transfer function model was an intermediate step, for example leading to
a better physical insight in the structure of the DUT, or to be used to improve the quality of the
process control.
Nowadays we are further developing the estimators, making them more robust and user friendly,
resulting in a wider applicability of ELiS. Moreover a lot of effort is spent to generalize frequency
domain identification methods so that they also can be applied under exact the same conditions as
time domain methods, but still offering the advantages of using a non parametric noise model.
robustification:
•

what happens if the true model is not contained in the considered model class, for example
when non linear distortions or unmodelled dynamics are present

•

what can be done if no noise information is available

•

identification of high order systems, identification of an over parametrized model

•

generation of improved starting values

user friendly:
•

is it possible to extract the noise information from the same measurements that are used
to identify the system without user interaction

•

is it possible to guide the inexperienced user to a good solution of his identification problem

•

development of fully automated processing methods: from raw time domain data to
validated models (including automatic detection and processing of the periodicity of the
signals; extraction of non parametric noise models; model selection; model validation)

generalization:
•

identification of MIMO systems: design of excitation signals, development of new
algorithms, constraint estimation (stability, positive definite systems)

•

identification of continuous time models using arbitrary excitations

•

developing a general theoretic framework linking time and frequency domain identification

•

generalization to other fields like electrochemical reactions (÷s) and microwave systems
(Richardson)

IDENTIFICATION OF NON LINEAR SYSTEMS
In the last 10 years we started to study more intensively identification of non linear systems. It is
not a good idea to define the class of models under study by a negation. Just as it is an impossible
task to make a study of the zoology of the ‘non elephants’, it is impossible to grasp all non linear
systems in one framework. We should be more specific and give a positive definition of those
systems that we will consider. In this project we focus on those systems where a periodic input
results in a periodic output with the same period as the input (we call it PISPOT systems). This
excludes a lot of phenomena like chaos, bifurcation, but it is still a wide class, including hard non
linear systems like clippers, relays, deep saturation etc. Selecting a specific model structure for
these system is still a very complex task. Not only the non linear behaviour should be properly
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characterised, also the dynamics should be captured. This requires that many choices from the
user, compared to the linear problem, that it is not a good idea to start immediately with a
parametric model when identifying a non linear system. Too many questions would remain
unanswered. For that reason, we prefer to start with a non parametric representation of the
system, trying to get a first insight in its behaviour. Only in a second step, we will eventually move
to a specific parametric model that might be well adapted to the given problem, using the
previously gained insights to select a dedicated model structure.
Our work on identification of non linear systems is split in two parts. In the first part we study the
impact of non linear distortions on the linear identification framework. In the second part we aim at
modelling the nonlinearities.
Linear modelling in the presence of nonlinear distortions
Linear models are successfully applied to a wide range of modelling problems although they are
based on very restrictive assumptions. The real world is not linear, and hence intrinsically the
theory is not applicable. However, in practice, the linear approximations are useful and offer
important advantages:
•

They result in useful models that give the user a lot of intuitive insight in his problem.

•

Many design techniques, that can not be easily generalised to nonlinear models, are
available.

•

Nonlinear model building is mostly difficult and time consuming, while the additional
performance that is obtained might be small. So it is not obvious that the gain in model
performance warrants the required efforts to build a nonlinear model.

•

No general framework is available for nonlinear systems as it is for linear systems. Often
dedicated models are needed, complicating the development/use of general software
packages.

For these reasons we work on a generalised linear framework that can be used in a nonlinear
environment. Using this framework it is possible to get:
•

A better understanding of the impact of nonlinear distortions on the model.

•

Optimized measurement techniques that reduce the required measurement time
significantly.

•

Generalised uncertainty bounds that describe the model variations due to the nonlinear
distortions. This allows for a better balanced design that accounts for the model limitations.

•

A lower risk of being fooled by the classical linear identification methods that are widely
used in commercial packages.

•

Simple design rules that help to reduce the undesired impact of nonlinear distortions on
practical designs.

The whole approach is based on the observation that for random excitations, a nonlinear system
can be represented under very mild conditions by a linear system plus an additive noise source.
The linear system GR(jωk) gives the best linear approximation of the output for the considered class

40

Short Description of the Research Projects/ Team

of excitation signals, while the noise source ys(jωk) represents all nonlinear effects that are not
captured by the model.
Identification of nonlinear systems
Non linear modelling is extremely difficult. The major reason for this problem is the enormous
variability that exists. Even when we zoom in to for example Volterra systems, there are still many
additional degrees of freedom compared to the modelling of linear system. The only model
structure question for SISO-transfer functions is the order of the numerator and denominator. For
SISO-Volterra systems, the situation is much more complicated, because the model uses multiple
frequency variables that can appear in any possible combination. Hence no simple prior structure
selection is possible. For that reason it is our strong belief that the parametric modelling step
should be preceded by a non parametric one. First the user should get an impression of the non
linear behaviour, and only in the next step he can propose a parametric model structure.
For that reason we studied and still look at a number of non parametric methods like: Restoring
force method, the power transfer method, the non parametric Volterra models.
For the parametric modelling we follow different approaches: non linear block-structured models
and non linear state-space models
•

Non linear block-structured models consists of linear dynamic blocks combined with static
non linear blocks. In its most general form feedback loops can be present. The major
advantage of this structure is that it still provides some physical insight in the system, and
it uses a ‘small’ number of parameters. The major disadvantage is that it is extremely hard
to find good initial estimates for the individual blocks.

•

Non linear state-space models cover a large class of non linear systems with a very rich
behaviour. They can be considered as a potential candidate for ‘black-box’ modelling of non
linear systems. The major advantage of this structure is that it is much easier to find
reasonable initial estimates for the structure for systems with a dominating linear
behaviour. The major disadvantage is the large number of parameters that are used. These
models provide also less physical insight.

•

Finally we study also dedicated non linear structures to model a number of typical highfrequency components like mixers. For these systems we use either Volterra-based
descriptions, or dedicated block-structured models.

METHUSALEM: Centre for Data Based Modelling and Model Quality Assessment
This is a project setup by the Flemish government to give long term stability to established
research groups. The project runs for 7 years, with a budget of more than 500 000 Euro/ year.
The ultimate goal of the project is to set up and maintain a centre for system identification,
summarized in the motto: “From data to model”
The aim of this centre is to develop, acquire and disseminate advanced system identification
methods.
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Structure of the project
This project follows three lines towards this long term goal:
•

Development of advanced identification methods for dynamic systems: Development of
robust and user friendly methods for the identification of (non)linear dynamic systems. This
is the home base of the identification team, and it consists of a ‘natural’ continuation and
extension of the activities of the team over the last 20 years.

•

High risk new challenges: Start-up of completely new high risk research lines that need a
substantial development compared with the existing theory and methodology. It consists of
two sub-projects:

•

2.2.2
2.2.2.1

o

Development of a ‘non-asymptotic’ identification theory: How to deal with modelling problems where the number of data points is in the same order as the number
of parameters?

o

Identification in the presence of noise and model errors: Development of a new
paradigm that balances/tunes noise disturbances and model errors.

Learning, dissemination, networking: The aim is to acquire and disseminate actively
knowledge from/to other fields by offering one year research grants for visitors.
o

Learning: On the one hand we want to acquire system identification methods that
are developed in other fields like statistics, econometrics, and are unknown within
the control- and measurement society (learning), by hosting specialists of these
fields for longer periods.

o

Dissemination: On the other hand, many scientific disciplines face the problem of
extracting mathematical models from experimental data, while this does not belong
to their core business. Here, we want to give an active support to transfer sound
identification methods to these groups, by hosting and paying PhD-students of external (VUB-)groups for a longer period.

o

Networking: Extend the existing international network of post-doc and senior researchers by combining short term and/or long term visits.

Short description of the research projects of Team B
Good short record confidence regions for system identification
(Kurt Barbé and Johan Schoukens)

Introduction
A large field of applications like biological, biochemical and biomedical systems, deals with the
problem that measurements are very expensive and hence only short records are available, see for
instance [1].
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The desirable properties of these statistical
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models often rely on asymptotic results
which are only valid when the number of
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measurements tends to infinity. In practice,
the number of measurements is fixed and
hence it is important to check a method’s
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robustness with respect to finite or short
W

sample effects.

Figure 1: Geometry of the different tests:

LR

and

W

denote the Likelihood-ratio and the Wald test

Similarly when looking at different

respectively and Rao’s test is the slope in gray.

estimators, we like to select the best
confidence regions that capture the actual parameter values with a user-defined confidence. In this
setting, the best confidence region is the smallest in size such that the number of possible false
values is minimized, [2].
Interval estimation is the area of estimation or identification theory focusing on constructing good
confidence regions
The problem is well

for a given problem.
Rao-

studied for large

sample problems,

however solutions for
LR-

short record
involved, [2]. We can

To the authors best

study the robustness
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of the optimal “large
regions with respect

problems are more
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Figure 2: Left: 95% confidence interval for the
parameter

,

robustness has only

. Right: 95% confidence interval for the
system parameter .

to short data records.
knowledge, this
been studied for very

particular problems, [3], [4] , and hence no practical guidelines for the user are available.
Three likelihood based confidence regions
A confidence region can statistically be defined as the acceptance region of a statistical test, see
[2]. Since, the likelihood function captures all the information of the observed data, likelihood
based statistical tests are asymptotically optimal. Indeed, three popular statistical tests are: Wald’s,
Likelihood ratio and rao’s test, see [5]. The three tests are likelihood based and are asymptotically
equivalent, but its finite sample behavior can be quite different. The difference between the
different tests is illustrated in Figure 1.
Conclusion
We studied the robustness of asymptotic methods to construct confidence regions with respect to
finite sample effects. The geometry of the different methods show that one should discriminate
between a confidence region of a system parameter (which is in general an internal point of the
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parameter space) for which the score region should be used and of an estimate of the noise
variance (the noise variance has a physical bound at zero) for which the LR region should be used
as illustrated in Figure 2.
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2.2.2.2

Accurate Oscillometric Blood Pressure Measurement: an Experimental
Approach
(Kurt Barbé, Wendy Van Moer, Lieve Lauwers, Danny Schoors*)
* Dept. CHVZ, VUB-UZ Brussel, Laarbeeklaan 101, B-1090 Brussels, Belgium

Introduction
One of the most popular medical instruments is the automatic blood pressure meter (BPM). A lot of
medicine cupboards contain one and a lot of people use it on a daily basis. Although this
measurement instrument is commercially available and widely spread, physicians refuse to use
them, due to the poor accuracy of these instruments.
A classical automatic blood pressure meter is based on the oscillometric principle, which records
the oscillations in the cuff pressure during the measurement (see Figure 6 [1]). Out of this
oscillometric waveform a mean arterial pressure as well as a systolic and diastolic pressure is
deducted. Each manufacturer of blood pressure meters has developed his proper algorithm which is
most of the time patented. However, in general, the systolic and the diastolic pressure are defined
as a certain percentage of the mean arterial pressure, [2]. The mean arterial pressure is defined as
the maximum of the envelope of the oscillometric waveform.
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In order to obtain more accurate
measurements, a more robust algorithm
must be developed which also takes into
account the physical phenomena behind the
oscillometric waveform. The final goal is to

Figure 6: Oscillometric blood pressure waveform

develop a validation procedure for
automatic blood pressure meters.
Measurement Campaign
Measuring is knowing. And before one can start to develop a new algorithm, accurate
measurements are needed. Therefore the following measurement campaign will be conducted. The
blood pressure of 100 patients will be measurement by an automatic blood pressure meter as well
as by the classical Korotkoff method [3], where a physician listens through a stethoscope to the
Korotkoff sounds. This is referred to as the auscultatory method. In a first measurement, the
oscillometric method will be used on the left arm and the auscultatory method on the right. After 5
minutes the measurement will be repeated but the arms will be switched. This is to omit the
difference in blood pressure that exists between both arms. The patients will be selected so that no
confounding effects among the patients are possible. The auscultatory measurement will be
considered as the golden standard.
Mathematical algorithm
Instead of defining the systolic and diastolic pressures as fixed percentages of the mean arterial
pressure, we shall use the definition where the systolic and diastolic pressures are defined as the
inflexion points of the envelope of the oscillometric waveform, [4].
This brings us to two major theoretical challenges: (i) Can we parametrically estimate the inflexion
points in a maximum likelihood framework from the sampled envelope of the oscillometric
waveform? (ii) Can we link , by physical laws of pressure, the inflexion points to the Korotkoff
sounds which are induced by turbulences in the arteries?
The first problem implies that there is a need for a statistical model for the oscillometric waveform.
The second problem is difficult because we are dealing with non-Newtonian fluids in particular
blood.
Conclusion
In this paper, we discussed a seemingly simple modeling problem to identify the systolic and
diastolic blood pressures. To apply oscillometric measurements for more sophisticated medical
applications a proper statistical framework should be defined. Furthermore, the relation between
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oscillometric measurement and the classical Korotkoff methods should be fully explored to being
confident that the physician and the automated method are measuring the same quantity.
References
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2.2.2.3

Frequency domain behaviour of slowly time-varying systems
(John Lataire and Rik Pintelon)

The frequency domain behaviour of time-varying systems is not easy to interpret. Even when
excited by a stationary signal, a time-varying system's response is non-stationary, which
complicates the frequency domain analysis. However, when using multisines as excitation signals
and when considering a finite record length, a frequency domain approach can provide readily
extractable insight into the time-varying behaviour of the system. Assume that the system is
described by the block schematic in Figure 7, where
systems and

,…,

,…,

are linear time invariant (LTI)

are user defined basis functions. The multisine

is applied to the LTI

systems and results in amplitude scaled and phase shifted multisines at the inputs of the timevarying gains. These multisines are thus multiplied by time functions, yielding convolutions in the
frequency domain.
These are convolutions of, on the one hand, discrete
spectra and, on the other hand, the spectra of the time

u(t)

functions. Intuitively, this convolution scales, phase
shifts and copies the spectra of the time functions
around each excited frequency.
If the time variation of the system is slow (w.r.t. the
dynamics of the system), the spectra of the time

G0

b0 (t)

G1

b1 (t)

G2
.
.
.
GN p

b2 (t)

+

y(t)

bN p (t)

functions are highly concentrated around the origin. For
,…,

being polynomials in ,this gives skirt like

contributions around each excited frequency in the
output spectrum of the system, as illustrated in Figure 8,
top.

Figure 7: The system considered consists
of a parallel connection of LTI systems
,…,
gain,

, each followed by a time-varying
,…,

.

and

denote the time

domain input and output signals
respectively.
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From this knowledge, two main items were elaborated.
Noise estimation. For slowly and arbitrarily time-varying systems, the basis functions
,…,
are approximated well by polynomials, yielding hyperbolic spectra. As a
consequence, the residuals from the least squares fit in a sliding window of the output
spectrum as sums of hyperbolas gives a good estimate of the disturbing noise. This
estimate is obtained from the data of a single experiment and was thoroughly discussed in
[[1]].

•

Instantaneous frequency response function (FRF)
estimation. The fit of the output spectrum as shifted
versions of the spectra of the basis functions
immediately allows the computation of the output
spectra of each LTI system in Figure 8. As such
,…,
are obtained non-parametrically at each
excited frequency. From this, the instantaneous FRF,
defined as the FRF of the system one obtains by
fixing the time-varying gains at some time instant
, is obtained in a straightforward manner, as
discussed in [[2]]. The resulting estimated
instantaneous FRF is illustrated in Figure 8, bottom.
The noise variance on the estimated FRF can be
computed too (not shown in figure).

7 is approximately equivalent to an ordinary differential
equation based model with time-varying coefficients, as
given by

(dB)
F RFinst

In addition, it was shown how the proposed model in Figure

output spectrum (dB)

•
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Figure 8 (Top): The output spectrum of a timevarying system excited by a multisine consists
of skirt like contributions (grey dots) centred

where

and

) are slowly varying functions,

described for instance by polynomials in . The occurring
model errors can be estimated.

around the excited frequencies (black
arrows). (Bottom) The evolving instantaneous
FRF is computed from information extracted
from the skirts in the output spectrum.
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2.2.2.4

Estimating the parameters of a Rice distribution using a Bayesian approach
(Lieve Lauwers, Kurt Barbé, Wendy Van Moer and Rik Pintelon)

In various engineering applications, the user is confronted with periodic signals that are heavily
disturbed by zero-mean Gaussian noise. This phenomenon is for instance present in Magnetic
Resonance Imaging (MRI) [1], [2], telecommunication [3], sonar signal analysis [4], …
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When a periodic signal is corrupted by zero-mean Gaussian noise, it is well-known that the
amplitude measurements of the disturbed signal follow a Rice distribution [5]. The Rice distribution
of the periodic signal and the standard

is fully described by two parameters: the amplitude
deviation (std)

of the Gaussian noise source. To estimate these two parameters from amplitude

measurements only, we propose a Bayesian approach.
The idea of a Bayesian approach is to incorporate relevant, known information about the measured
signal into a mathematical framework. Using prior knowledge and starting from the known
Maximum Likelihood (ML) principle [6], a new type of likelihood function can be constructed. Hence,
the so-called Maximum A Posteriori (MAP) estimator is used which is defined as

ML

MAP

2.5

2.5

2

2

A - estimate

A - estimate
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Figure 9: The amplitude estimates given by the ML (left)
and the MAP (right) approach for different starting values.

MAP

with

|

max

|

the so-called posterior density function [8]. In the Bayesian approach, this function

plays a similar role as the likelihood function of the ML framework [7]. The mathematical details
about the proposed Bayesian estimator can be found in [9].
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Now, the MAP estimator and the ML estimator are compared via simulation experiments. First, we
verify the importance of the chosen starting values for both the ML and the MAP approach. For a
Rice distributed data record with
uniformly chosen in the window

=100, =2, and =1, 1000 random starting values were
1 around the true solution. The same initial values were

2,

tried out for both approaches. The estimation results are shown in Figure 10 and Figure 10 for
and , respectively.
The ML approach clearly leads to 2 solutions: the true solution and a false, meaningless solution.
For the chosen window

1 , it can be calculated that the ML estimator reaches the false

2,

solution in 63% of the trials. Hence, the ML approach strongly depends on the quality of the
starting values. For the Bayesian approach, there exists only one solution for

and . Hence, the

MAP estimator always converges to the true solution.
Next, the performance of both estimators is studied in Root Mean Square (RMS) sense for different
Signal-to-Noise Ratios (SNRs). The amplitude

is varied from 0 to 5, and the std

is set to one.

For each amplitude level, the ML estimator and the MAP estimator are first calculated for 10.000
different Rice data sets and then averaged. The results are given in Figure 11. From the RMSE
plots, we can distinguish three regions
0.25
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MAP

RMSE(σ)

RMSE(A)

1

0.5

0
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Figure 11: The RMSE of

with a different behaviour for both

ML
MAP

0.2

estimators.

0.15

Furthermore, it can be seen that the

0.1
0.05
0

RMSE curve of the MAP estimator
1

2

3

SNR
(left) and

(right) as a function

of the SNR for the ML and the MAP estimator, using 100

decreases monotonically as a function of
the SNR, while for the ML estimator, the
RMSE curve shows a different trend. The

explanation lies in the fact that the ML approach results in two solutions for

and .

To conclude, we proposed an alternative approach for the two-parameter estimation problem of the
Rice distribution. We have shown that the Bayesian approach overcomes the drawbacks of the
existing the ML approach, while keeping the
ML

good properties of the ML estimator. No

MAP

2

2
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applicable for a wide range of SNRs. This

1
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makes our approach highly user-friendly.
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2.2.2.5

Estimating nonlinear dynamics in nonlinear state-space models.
(Anna Marconato, Jonas Sjöberg, Johan Schoukens)

This project aims at developing methods for estimating nonlinear state-space models of the form

x(t + 1) = f ( x(t ), u (t ))
y (t ) = g ( x(t ))

(1)

based on a combination of ideas from the statistical learning community used to solve nonlinear
regression problems on one hand, see e.g. (1) and (2), and methods to handle dynamics from the
system identification community on the other hand.
The proposed approach consists of the following steps:
•

model the dynamics of the system

•

estimate the nonlinear states

•

model the nonlinearities

1.Model the dynamics of the system
We start with the best linear approximation of the nonlinear system

x(t + 1) = Ax(t ) + Bu (t )
y (t ) = Cx (t )
which can be captured by applying classic system identification techniques.
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The nonlinear dynamics in Eq. (1) are then described as f x t , u t
g x t

Cx t

g x t

Ax t

Bu t and

f x t ,u t

so that only the deviation from the linear model needs to be modelled, which

has been proposed by several authors, see e.g. (3) and (4).
2.Estimate the nonlinear states
Eq. (2) is used to generate approximate data x t

for the relation x t

1

f x t ,u t

so that

regression methods can be applied in the next step that models the nonlinear terms in the statespace model. These nonlinear state estimates x t are obtained by a weighted fit between the linear
model on the one hand and the data on the other hand. This can be formulated as a Kalman
filtering problem where, in the noise-less case, the Kalman feedback compensates for the nonlinear
distortion, or it can be formulated as by the following least-squares problem

min ∑ ( x (t + 1) − Ax (t ) − Bu (t ) ) + λ ∑ ( y (t ) − Cx (t ) ) .
2

x (t )

t

2

(3)

t

3.Model the nonlinearities
Given x t

regression methods are employed to estimate both functions f x t , u t , and g x t

using the methods of the statistical learning community. Several possibilities of nonlinear functions
can be considered, such as Neural Networks or Support Vector Machines for Regression.
Remarks
The obtained initial estimate of the non-linear model Eq. (1) can be further fitted to data using a
gradient based method which takes the dynamics into account.
The described initialization procedure has several advantages, as (i) the separation between
system dynamics and nonlinear terms makes it possible to identify them independently; (ii) many
nonlinear estimation techniques can be tested rapidly on the obtained regression problem.
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2.2.2.6

The use of neutron noise analysis techniques for the determination of the
moderator temperature coefficient of a pressurized water reactor
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(Griet Monteyne, Peter Baeten*)
*SCK-CEN
Background
The moderator temperature coefficient (MTC) is an important safety parameter in a Pressurized
Water Reactor (PWR). It reflects the reactivity feedback of a change in temperature of the water
(moderator). It is defined as the change of reactivity induced by a temperature change of the
coolant, divided by the core average coolant temperature change1. The reactivity of the reactor
represents the deviation from the perfect balance of neutron production and neutron absorption.
Progress

1.5

Hot leg
Turbine

We studied how

1

measurements could be
performed using the
standard neutron and
temperature sensors of the
reactor. So far the MTC

Chambers

PT200
Hot leg

2 Ionization

meaningful neutron noise
1s

6

2

PT200
Cold leg

was never experimentally

1

estimated with the

Pump
Cold leg

required precision and
accuracy, for example, with an

Figure 12: Scheme of measurement setup Doel 4

accuracy of 5%.
For the study, measurements were made in Belgium at the Doel Nuclear Power Plant, Unit 4. A
scheme of the measurement setup is shown in Figure 12. Temperature sensors and ex-core
ionization chambers were measured during more than 15h.

Figure 13 shows the amplitude of the MTC
estimate calculated by dividing the cross power
spectrum of the neutron flux variation and the
temperature variation by the auto power
spectrum of the temperature variation. The
standard deviation of the MTC estimate at these
frequencies indicates that the result is
1

"Calculation and Measurement of the Moderator Temperature Coefficient of Reactivity for Water Moderated

Power Reactors, an American National Standard", ANSI/ANS-19.11-1997, American Nuclear Society (1997)
Figure 13: MTC estimate by use of temperature
variation and neutron flux variation measurement
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meaningful. Moreover the estimate is in the range of the expected amplitude of 45.1 pcm/˚C.

However, further analysis showed that the temperature variation measurement lags behind on the
neutron flux variation measurement. Since the water flows from the cold leg to the reactor, we
would expect that the neutron flux variations would follow the temperature variations. It indicates
that the neutron flux variations are causing temperature variations, which are transported to the
cold leg temperature measurement in ~10s. This transport time corresponds to the expected time
for a complete water cycle as shown in Figure 13.
From the analysis of the measurements we can conclude that:
•

The most popular estimation techniques applied during the core period of the contract,
showed us to be unable to model the behaviour of the system due to the presence of a
feedback mechanism. Why? The presence of feedback makes the analysis impossible since
no periodic excitations are used and there is no access to the reference signal.

•

Based on the expertise of the department ELEC (VUB), we tried the Box-Jenkins estimation
method (which should be the only method able to take feedback into account in this case).
But it appeared that even the Box-Jenkins-method cannot be used to estimate the MTC in a
reliable way from measurement data since the model orders of the system are not known.
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2.2.2.7

Nonparametric Noise and FRF Modeling of Dynamic Systems Excited by Periodic
Signals
(R. Pintelon, K. Barbé, G. Vandersteen, and J. Schoukens)

a. The local polynomial approach for suppressing the (noise) transients
Figure 1 shows a general setup for measuring the frequency response function (FRF) of a linear
time invariant (LTI) system using a periodic excitation. The LTI system can be measured in open
(black lines) or closed (black and gray lines) loop, and the actuator and controller may behave
nonlinearly.

P

periods of samples each of the input and output signals are measured under

steady state conditions. Hence, the measured input-output discrete Fourier transform (DFT)
spectra of the

p th period are given by

U [ p ] (k ) = U 0 (k ) + NU[ p ] (k )
Y [ p ] (k ) = G ( jω k )U 0 (k ) + N Y[ p ] (k )
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for p = 1, 2, K , P , where X (k ) is the DFT
spectrum of x(t )

X (k ) =

1

N −1

N

t =0

∑ x(t )e

−j

2πkt
N

U 0 ( k ) is the DFT spectrum of the periodic

part of the actual input of the LTI system;
G ( jω k ) is the true FRF of the LTI system;

and N U[ p ] (k ) , N Y[ p ] (k ) are the input-output
errors depending on the generator, the controller, and the process noise sources, and respectively
the input and output measurement errors. Modeling the input-output errors as filtered discretetime or band-limited continuous-time white
noise, the DFT spectra N U[ p ] (k ) and N Y[ p ] (k )
can be written as
N U (k ) = H U ( jω k ) EU[ p ] (k ) + TH[ pU ] ( jω k )
[ p]

N Y (k ) = H Y ( jω k ) EY[ p ] (k ) + TH[ pY ] ( jω k )

Figure 14: : Measurement of the FRF G ( jω ) of a linear timeinvariant (LTI) system in an open (black) or closed (black
and gray) loop set up. r (t ) is the signal stored in the
arbitrary waveform generator; n g (t ) , nc (t ) , n (t ) ,
p

mu (t ) ,

and

m y (t )

are respectively the generator, the controller, the process,

[ p]

the input measurement, and the output measurement noise
sources. The actuator and the controller may behave
nonlinearly.

where H X ( jω ) , X = U , Y , is a rational

function of jω , representing the noise dynamics, E [Xp ] (k ) is the DFT of the unobserved (bandlimited) white noise source ( var(E [Xp ] (k )) = O( N 0 ) ), and

TH[ pX] ( jω ) is a rational function of jω representing the
leakage (transient) error of the DFT. The latter decreases
to zero as an O( N −1 / 2 ) .
From this analysis it is clear that the steady state
response of a system to a periodic input is still subject to
noise transients. For lightly damped systems these noise
transients can significantly increase the variance of the measured frequency response function
(FRF). In this project we developed a method that suppresses the influence of the noise transients
Figure 15: Root mean square (rms) value of
the difference between each signal period
and the last signal period (dashed line:
input signal; solid line: output signal).

(leakage errors) in nonparametric FRF and noise (co)variance estimates of dynamic systems excited by
periodic signals. The method is based on a local
polynomial approximation of the noise leakage errors on

the FRF. Since the proposed procedure is robust to plant transients (additional terms TG[ Xp ] ( jω ) in
the input-output equations) the method can be applied to the first two signal periods of the
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transient response. For lowly damped systems this may result in a significant reduction of the
experiment time.

b. Measurement example: flexural vibrations of a steel beam
A steel beam (density 7800 kg/m3, length 61 cm, height 2.47 cm, and width 4.93 mm) under freefree boundary conditions is excited in its transverse direction by a periodic force applied at 10 cm
from the end of the beam. The force (excitation) and acceleration (response) at the excitation point
are measured with an impedance head. The generator and acquisition units all operate at the same
sampling frequency f s = 10 MHz / 29 ≈ 19.531 kHz . A crest factor optimized multisine excitation

r (t )

consisting of the sum of F = 306 harmonically related frequencies kf s / N ( k = 1 , 2, …, F and

N = 1024 ) in the band (0 Hz, 6 kHz], with equal harmonic amplitudes, is applied to the steel beam
via a mini-shaker. The rms-value of the resulting force signal equals 99 mV, and the first 50
periods of the force u (t ) and acceleration y (t ) signals are measured. Subtracting the last signal
period from the other signal periods and calculating the rms-value of the residuals over each period,
it follows (see Figure 2) that the system reaches steady state (the system transients are below the
noise level) after about 14 periods. Therefore, the last P = 36 measured periods are used for the
analysis under steady state conditions.
The top row of Figure 3
compares the FRF
estimate using the local
polynomial approach with
the classical approach
(rectangular window, no
suppression of the noise
transients), and the
overlap method with
Hanning window. It can
be seen that the noise
variance of the
rectangular window
estimates is almost
everywhere significantly larger than that of the overlap method and the local polynomial approach.
Note also that the noise variance of the overlap estimates is at least 0.5 dB larger (and much more
in the neighborhood of the resonances) than that of the local polynomial approach (see the light
gray lines of Figure 3, top
right plot). Both

Figure 16: Estimated FRF estimated and its variance - steel beam. Top row:
steady state measurements (last 36 periods). Bottom row: transient
measurements (first 36 periods). Left column: FRF (bold black); variance
rectangular window (light gray); variance overlap (thin black); and variance
local polynomial approach (dark gray). Right column: ratio (bold black); and
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(light gray).
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observations indicate that the noise leakage is important this experiment. It can be explained by
the lowly damped resonances in the FRF.
To verify the robustness of the methods w.r.t. system transients, the same calculations are
repeated on the first P = 36 measured periods. The results are shown in the bottom row of Figure 3.
It can be seen that the variance of the overlap and the rectangular window FRF estimates using the
transient measurements (bottom row) are much larger than those using the steady state
measurements (top row). This is not the case for the local polynomial FRF estimates: except at a
few frequencies, the variance using the transient data almost coincides (only 0.5 dB larger) with
the variance using the steady state measurements. It nicely illustrates that the local polynomial
approach is much more robust to system transients than the overlap and the classical methods.

2.2.2.8

Nonparametric preprocessing in system identification: a powerful tool
(J. Schoukens, G. Vandersteen, K. Barbé, R. Pintelon)

The aim of system identification is to provide a mathematical model for a dynamic system starting
from measured inputs and outputs. Consider a linear dynamic discrete time system
(1)
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as shown in Error! Reference source not found. with
1 ), and

white noise. In the standard identification problem, a linear dynamic model is

identified for the system
|

|

the backwards shift operator

, together with a model

of the disturbing noise source

to describe the power spectrum

. In the more general case, also the input measurement is

disturbed with additive noise. A lot of the standard identification literature is focussed on the
parametric identification problem, aiming to deliver a parametric plant and noise model,
respectively

,

and

,

, with

the model parameters. This work is mainly done using a time

Figure 17: Time domain representation of the
simplified problem

domain formulation. In the more recent frequency
domain formulation, the parametric noise model

is replaced by a nonparametric noise model, describing the noise
Ω

at the

by its variance contribution

frequency. Additionally, the parametric plant model

nonparametric frequency response function (FRF) representation

,

,

can be replaced by its

Ω . This leads to a full

nonparametric approach of the identification problem.
Even if parametric modeling is the final goal, the nonparametric modeling step can be a very
interesting intermediate step for many reasons. Nonparametric methods are non-iterative and
require no user interaction. As such they are an easy and fast possibility to get a first impression of
the complexity of the modeling problem, providing the
user with the FRF of the plant and the power spectrum
of the disturbing noise. This allows the quality of the
measurements to be verified at a very early stage of
the experiment, giving the user the opportunity to
improve the experiments if necessary. It is even
possible to check for the presence of nonlinear distortions and to analyze their level and nature
before starting a more demanding parametric identification process. The FRF is also a very
attractive tool for model validation/selection purposes.
Measuring the FRF of a linear dynamic system together with its variance is an old problem that is
considered to be well solved and completely understood. The major disadvantage of the
nonparametric approach is the presence of leakage that is intrinsically linked to the time-frequency
domain transform. Even in the absence of disturbing noise, the FRF-measurements can be
corrupted by these errors due to windowing effects: only a finite length record can be measured
and processed. One possibility to get around these problems is to measure an integer number of
periods of the steady state response of the system to a periodic excitation. This requires that the
systems transient response decayed well below the noise level, which is done at a cost of lost
measurement time since the transient information can not be used. Moreover, in many applications
the user wants to stick to random excitations, sometimes for technical reasons, sometimes by
tradition in a given application field.
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Until the 80’s, leakage errors on FRF-measurements were studied at the input and output signal
level, without considering the linear system relation between the input and output. Later on the
importance of this relation was recognized: in FRF-measurements, the errors are due to unknown
past inputs and missing future outputs. Both effects are highly structured, with smooth frequency
characteristics. It is this key observation that leads to a new analysis of the existing methods, and
to new better performing methods to measure

Ω

and |

Ω | . The major disadvantage of

some early attempts to solve the problem is their assumption that each processed (sub)record is
longer than the dominating part of the impulse response. In this project, two other approaches
were followed to remove the leakage errors. In the first approach, ‘non-smooth excitations’ called
‘rough’ signals were used to separate the ‘smooth’ leakage part from the rest of the signal. The
second approach relies on the use of periodic signals.
Spectral analysis methods, that model the power spectrum of a random signal, can be viewed as a
special case within this framework where the system

in (1) is zero. This allowed the classical

windowing methods to be considered in the same framework. It turned out that windows basically
differentiate the signals to remove the smooth leakage errors, so that only the rough noisy part
remains. This is done at the cost of an additional interpolation error because measurements at
neighbouring frequencies are combined. Different windows make a different balance between the
leakage and the interpolation error.
The next Table gives a schematic overview of the problems that were studied in this project, as a
function of the available measurements:
measurement of the input, and

, ,
,

,

the exact or disturbed

the disturbed measured output

Available signals and
nature
,

the reference signal,

Results

rough signals

Ω ,

Experimental
conditions

Ω

Section

OE and open loop

4, 5, 6

rough signals

Ω ,

Ω ,

Ω

EIV and feedback

13

periodic signals

Ω ,

Ω ,

Ω

EIV and feedback

8, 9, 10, 11, 14

random signal

7

Ω

The conclusions of this project are summarized here. We studied a series of classical nonparametric
estimation methods for the FRF, the disturbing noise power spectrum, and the spectral analysis of
random signals. Starting from a better insight in the smooth behaviour of leakage errors, a
characterization of the leakage and interpolation errors of the classical windowing methods is made.
In a next step, improved methods were proposed that reduce significantly these errors. It turns out
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that the local polynomial method provides high quality estimates for rough excitations that include
amongst others random noise signals and multisine signals. As such it combines the best of the
random excitation and periodic excitation approach: 1) It keeps and even increases the frequency
resolution of the analysis because there is no need to measure multiple periods or split the
measurements in a series of sub-records. 2) The method works on random, deterministic, and
periodic excitations. For periodic excitations, it is no longer necessary to wait until the transients
disappeared, the polynomial method uses all information in the signals, including the transients.
This allows the FRF to be measured on the full data record, and make use of the more advanced
periodic possibilities on that part of the record where no visible transient is present. 3) The
polynomial method is user friendly. It is not necessary to force the user to set tuning parameters in
the method. Only in extreme cases, like the mechanical example, it might be necessary to tune the
number of frequencies

that is combined.

The major disadvantage is the increased calculation effort: at each frequency a (small) set of
equations has to be solved. As such the polynomial method replaces measurement time by
increased computation power requirements. While the latter becomes cheaper over time,
measurement time remains expensive.
It can be concluded that extremely good nonparametric estimates can be obtained before starting
the parametric estimation step in the identification process. This provides the user very valuable
information to judge the complexity of the problem at hand, and to verify the quality of the
experimental data in an early phase. It also simplifies popular identification methods like BoxJenkins because the parametric noise model can be replaced by a nonparametric one such that the
model order selection is restricted to the plant model only. Moreover, making use of the frequency
domain implementation, it is possible to focus the method on arbitrary user selected frequency
bands, without affecting the estimated noise model.
For these reasons, we strongly believe that nonparametric methods will take a more dominant
place in the future system identification techniques.

2.2.2.9

Upper bounding variations of best linear approximations of nonlinear systems
in power sweep measurements
(J. Schoukens, T. Dobrowiecki, Y. Rolain, R. Pintelon)

In many engineering applications, linear models are preferred, even if it is known that the system
to be modelled is nonlinear. Therefore, it is not only important to understand the properties of this
linear approximation, it is also important to know the validity bounds on the approximation. It is
well known that the output

of a nonlinear system can be replaced by the output of a linear

system + a nonlinear ‘noise source’ (see Error! Reference source not found.). The signal
captures that part of

that can be described by the best linear approximation

frequency response function:
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Ω
(with

,

Ω /

(1)

Ω

the cross- and auto-spectrum). The ‘nonlinear noise source’

with power spectrum

Ω captures all the remaining errors, also called ‘stochastic nonlinearities’:
Ω

Ω

Ω
/

The variable Ω stands for the discrete Ω
properties of the linear approximation

Ω

Ω

or continuous time Ω

and the error term

For the purposes of this project, it is enough to notice that
it is not independent of

!). For random inputs,

(2)

Ω
2

frequency.The

have been extensively studied.
is not correlated with

(although

looks like noise, and it is very hard to

distinguish it from disturbing (measurement) noise for an unexperienced user. For Gaussian noise
excitations,

Ω and

Ω are completely determined by the power spectrum of the input

.

For signals with a non-Gaussian distribution, also the higher order moments should be specified.
It was shown before that the representation (2) is robust: Riemann equivalent excitations like
Gaussian noise and random phase multisines result in the same equivalent linear representation of
the nonlinear system. This shows that the alternative ‘linear representation’ in (2) of a nonlinear
system is a robust one, making its use in the daily engineering practice very attractive. A major
varies with the input power. In this project we

problem is that the best linear approximation

study how and under what conditions it is possible to bound these variations starting from
measurements of the power spectrum

Ω that

can be quite easily measured, without needing long

Figure 18: Equivalent representation of a nonlinear
system

experiments under varying experimental conditions. If the conditions, that will be specified later,
are met, a single experiment can provide all the necessary information. This completes the picture
for the instrumentation and measurement engineer. Within a single experiment, it becomes
possible to measure the best linear approximation

, to characterize the nonlinear behavior, and

to bound the impact of the nonlinearities on the variation of the measured FRF (frequency response
function) for changing levels of the excitation (without changing the shape of the power spectrum!).
With this information, it becomes possible to make
a robust design, using linear tools in a nonlinear
environment.
The conclusions from this project are that it in
general it is not possible to bound the dependency
of the best linear approximation on a scaling of the
input signal, starting from measurements of the
stochastic nonlinearities. There exist nonlinear systems for which the stochastic nonlinearities are
zero for the specified class of excitation signals. However, it was possible to identify important subclasses of nonlinear systems for which an upper-bound on the variation of the best linear
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approximation under a power sweep can be given. This subclass of nonlinear systems covers for
example saturating amplifiers. To upper bound a wider class of nonlinear systems, it will be
necessary to use nonstationar excitation signals.
2.2.2.10 Estimation of the probability of stable operation over a given time interval for
discrete-time nonlinear state-space models
(Laurent Vanbeylen, Anne Van Mulders, Johan Schoukens)
This work is concerned with determining the (un)stable behaviour of discrete-time nonlinear statespace models when excited with a random input signal. For this kind of models, it may happen that the
(in)stability properties depend on the stochastic nature of the random input. E.g. the system can
show a stable behaviour at low amplitudes (variance), and an unstable behaviour at high
amplitudes. In between, there can be a transition zone between low and high probabilities of
instability. In the phase plane, this can be interpreted as a stable equilibrium in the neighbourhood
of the origin (i.e. a bounded Region Of Attraction [ROA]) and the input disturbing the state in a
random way. A low input amplitude causes the states to stay inside the ROA with high probability,
Figure 19: Instability: interpretation based on a
Region Of Attraction (boundary shown in black) in

while a large one may be more likely to push the state out of the
ROA, and hence cause unstable operation with much higher
probability. This idea is illustrated in Error! Reference source not

the state space.

found..
In this context, the question whether the given model will be likely to behave stably or not for a
given class of input signals on a certain time interval

0, … , , and starting at a given initial state

0 becomes relevant. This work allows to answer
this question, in the case of a normally distributed
input with a small variance and with a power
spectrum determined by the user, viz. the th
frequency component's variance is specified as

0,
with

(1)

0 . The state transition function, of the form
1

,

(2)

and its derivatives are assumed to be known.
Suggested approach
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The probability density function (pdf)

of the state

at the provided time instant ,

can be calculated as the integrated form of a higher-dimensional joint pdf based on all states and
inputs:
,

with

1

…

rewritten as

,

,

and

1
,

|

,

(3)

,

,

with

0

…

1

; the integrand can be

a known Gaussian pdf based on (1), and

known Dirac delta distribution imposing each state evolution equation (2) at

0…

,

|

a

1. If the

input variance is small, the (very high dimensional) integral can be well approximated at any point
of the state space via the Laplace integration method. This, in turn, requires the solution of a
constrained optimization problem. After integration of the state pdf over a domain, one obtains the
probability that the state has remained inside this domain. Taking the domain equal to the ROA
yields the probability of stable operation until time instant .
Simulation example
The method is illustrated by means of a 2-dimensional example in
Error! Reference source not found..

2.2.2.11 Nonlinear
analysis of flutter
(Mattijs Van de
Walle, Johan
Schoukens, Steve
Vanlanduit*)
*Dept. MECH, Vrije
Universiteit Brussel
Flutter is an aerolastic phenomenon that makes
Figure 20: Contour lines of the estimated log

structures oscillate when surrounded by a moving

px(τ)(x(τ)); it is seen that random realizations

fluidum. Flutter can lead to fatigue and/or failure on

stay in the high pdf region

the wings, flaps and fuselage of an airplane. Laborious

testing needs to be done on aircraft to ensure safe operation within a certain flight envelope. While
flutter is inherently nonlinear, most models use a linear framework to predict the critical speed at
which oscillations might occur. The aim of this work is the construction of a
nonlinear model to more accurately predict the onset of oscillatory behavior, on
the basis of wind tunnel test measurements.
Experimental setup
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Figure 21: Cantilevered setup
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In a first step, we built an experimental setup with which we can create flutter under controlled
conditions. This first setup, shown in figure1, is a cantilevered airfoil. The sections we use for this
Figure 1:has
Cantilevered
setup
experiment are hotwire-cut out of polystyrene. A computer controlled hotwire machine
been
made to aid with the cutting of airfoils. To keep the sections from producing lift at zero angle of
attack, we solely use symmetrical NACA airfoils. Because the velocity of the wind tunnel we have at
our disposal is limited to 50 m/s and because of safety reasons, we want the wing to get unstable
at as low a wind speed as possible. Therefore, a system has been devised that allows the modal
properties of the wing to be altered. It consists of a rail on which small weights can be fixed. By
tuning the distance from the weights to the aerodynamic centre of the airfoil, the frequency of the
first torsional mode can be brought closer to the frequency of the first bending mode. When wind is
applied, these modes get even closer to one another and because flutter occurs when these modes
start to couple, a lower flutter speed is achieved through the use of this tunable system. To
measure and tune the modal parameters of the setup, a shaker and laser vibrometer are used.
When actually under test, the shaker cannot be used because once the airfoil gets unstable, the
vibration would damage the shaker.
Figure 22: Actively controlled setup

As a second step, we are currently building a setup
that also allows the use of forced excitations. The
setup is shown in Figure 22. Conceptually it is closely
tied to a standard two degrees of freedom (DOF)
configuration that is often used for flutter research.
The advantage of the proposed setup is that instead of
using linear springs to characterize the airfoil’s pitch
and plunge stiffness, it uses linear motors. Not only
does this allow us to choose the stiffness of the pitch
and plunge motion, but the linear motors enable us to
impose an arbitrarily chosen excitation signal upon the

airfoil. In doing so, we hope to better understand the flutter phenomenon and characterize its
nonlinear behavior [1].
Conclusions
We are able to create flutter in a reproducible manner with the cantilevered setup. We also have
control over the speed at which it occurs. At the moment of writing the actively controlled setup
has not been finalized.
References
[1] R. Pintelon and J. Schoukens, ‘System Identification: a Frequency Domain Approach’, IEEE Press, 2001
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2.2.2.12 Nonlinear Optimization Methods for Black Box Identification
(ANNE VAN MULDERS, MARNIX VOLCKAERT*, JAN SWEVERS*, MORITZ DIEHL*,
LAURENT VANBEYLEN, JOHAN SCHOUKENS)

* K.U.Leuven
This research on black box model identification is part of a project on Iterative Learning Control
(ILC) [1]. The idea is to determine the input of a (strongly) nonlinear system based on the desired
output and a nonlinear model. The final goal is to improve the performance of the ILC method. The
step discussed here is how to estimate this nonlinear model. Optimization methods are used to
minimize the nonlinear cost function of the Maximum Likelihood estimation problem. The most
straightforward way is to estimate the parameters without estimating the states explicitly, using a
standard optimization method such as Levenberg-Marquardt. Another possibility is to use a
constrained optimization method which estimates not only the parameters, but also all or a
selection of states by adding an extra constraint equation.
Model Structure
The model structure is a conventional discrete-time state-space model extended with polynomial
nonlinear terms. It is called a Polynomial Nonlinear State-space Model (PNLSS) [2]. The PNLSS
model equations are shown below:
1

,
,

Herein, the upper equation is called the state equation and describes the evolution of the states.
The lower equation is called the output equation and describes the output as function of the states
and inputs.

and

contain monomials in

and

. The matrices

and

contain the

coefficients associated with these monomials.
Identification
The parameters of this nonlinear model are estimated, given the exact input and the noisy output
measurements. The states are assumed to be unknown and in order to solve the problem we
minimize the least square error between the measured and modelled output. The performances
(least square errors) of two different optimization methods for estimating the parameters of the
PNLSS model structure are compared.
Initial Estimates
In both cases, the initial estimates for the linear parameters ( , , , ) are found by a two-step
procedure [2]. First, the Best Linear Approximation (BLA) [3] of the system is estimated. The BLA
minimizes the output error in least squares sense. Secondly, this nonparametric model is converted
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into a linear parametric state-space model using the Frequency Domain Subspace identification
method [4].
The nonlinear parameter matrices (

and ) are initialized to zero.

Nonlinear Optimization
All methods intend to minimize the same least squares cost function

with

the difference

between the modelled and measured output.
In an unconstrained method (A), the free variables are only the model parameters. Since this
cost function is nonlinear in the parameters, a nonlinear optimization method is used: the
Levenberg-Marquardt method [5].
In a fully constrained method (B), both the model parameters and all the states are free
variables. A constrained Gauss-Newton method Error! Reference source not found. is used to
iteratively update the parameters and states. The Gauss-Newton method is modified in order to
overcome singularity problems.
A partially constrained method (C) uses the model parameters and a selection of the states as
free variables. It is a trade-off between the two other methods. The increased number of equations
of method B (compared to method A), slows down method B and can cause computer memory
problems if the number of data points is too high (for instance 10000). On the other hand, method
B has the advantage over method A to be robust in case of unstable models because the constraint
equations prohibit the states to diverge. This property also ensures robustness when at some
instant during the iterations, the parameters enter an unstable region. For certain selections of the
states, method C will be robust as well, while less free variables are required than in method B. As
such, the advantages of methods A and B can be combined.

Recently started work
Current research focuses on how to reduce the number of parameters of a PNLSS model by means
of nonlinear similarity transforms. A state-space representation of a system is not unique. By
means of a state (similarity) transform, a new model with the same input-output behaviour can be
obtained.
For nonlinear models, such as the PNLSS model, both linear and nonlinear transformations can be
used to create a new model that fits within the same model class (i.e. preserving the same
nonlinear degrees and model order). The benefits of these transformations can be to generate
parsimonious representations for (non-parsimonious) PNLSS models obtained from systems of
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block-oriented type (e.g. Wiener-Hammerstein). Finding the right nonlinear transformation can
greatly reduce the number of parameters.
References
[1] D. A. Bristow, M. Tharayil, A. G. Alleyne. A Survey of Iterative Learning Control. A learning-based method
for high-performance tracking control. IEEE control systems magazine, vol. 26, pp. 96-114, June 2006.
[2] J. Paduart. Identification of Nonlinear Systems using Nonlinear Polynomial State Space Models. PhD Thesis,
Vrije Universiteit Brussel, 2007.
[3] R. Pintelon, J. Schoukens. System Identification: a frequency domain approach. IEEE Press, New Jersey,
2001.
[4] R. Pintelon. Frequency-domain subspace system identification using non-parametric noise models.
Automatica, volume 38, issue 8, pages 1295-1311, 2002.
[5] R. Fletcher. Practical methods of optimization. John Wiley and Sons, 1991.
[6] H. G. Bock. Numerical treatment of inverse problems in differential and integral equations. Birkhäuser,
1983

2.2.2.13 Assigning the Nonlinear Distortions of a Two-input Single-output System
(Dhammika Widanage, Johan Schoukens)
In a multiple-input multiple-output (MIMO) nonlinear system the nonlinear contributions from each
input to each output may vary significantly. The nonlinear distortions are composed of
contributions that are either purely due to each individual input or a combination with some of the
inputs. A three stage experimental design method valid for a wide range of nonlinear systems is
developed that detects and classifies, in the frequency domain, the level of these nonlinear
contributions. For systems that require nonzero operating points, the contribution from each input
and their combinations is conditioned by the operating levels. Periodic broadband excitation signals
with several harmonics suppressed are used as the inputs to reduce the noise contributions and
evaluate the nonlinear distortion levels present at the suppressed harmonics. Alternatively, each
input signal can be designed with a
harmonic specification such that the
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single-output electronic filter are shown in Figure 23
The results illustrates that the dominant nonlinear contribution from both inputs is more dominant.
In this method the signals for the two inputs must have the same input harmonics and be retained
for the application in the subsequent stages.
Reference:
[7] Widanage, W. D. and Schoukens, J. [2010], “Assigning the nonlinear distortions of a two-input singleoutput system”, IMAC XXVIII: A Conference and Exposition on Structural Dynamics , Jacksonville, Florida
U.S.A, February 1-4, 2010, Paper No: 56

2.3

TEAM C: THE STUDY OF MICROWAVE SYSTEMS

2.3.1

Introduction to Measurement, Modelling and Identification of Microwave Systems

The current trend in the microwave world is to build systems with extremely high performance
demands to meet the challenges of modern telecommunication applications. As a result, both the
linear and the nonlinear operation of these devices has to be modelled with accurately, but with
models that are numerically cheap to evaluate. The linear models that are still used for the
mainstream developments of circuitry, are very good at describing the small signal behaviour
components, subsystems and systems. However, there is an ever increasing demand for nonlinear
models that are easy enough to use and to understand, but nevertheless are capable to describe
power efficiency or harmonic distortion under realistic operating conditions. The main goal and the
common denominator of the work performed in this team is ‘to measure, understand and model
devices and systems that operate at RF and microwave frequencies’
To reach this goal a two-layered approach is proposed:
•

Gain insight in the device behaviour
This step can be put in parallel with the frequency response extraction or the S-parameter
measurement if only the class of linear systems is considered. To be able to extend this
towards nonlinear systems, a restriction of the class of allowable nonlinear systems is
needed.
The Periodic In Same Period Out (PISPO) system class is wide enough to contain
(saturating) nonlinear amplifiers, mixers, and even voltage controlled oscillators. A system
belongs to the PISPO class if a periodic excitation waveform results in a periodic output
with the same periodicity.
Appropriate data preprocessing and the adequately obtained measurement data allows a
trained user to understand the mechanisms that govern the general behaviour of the
Device Under Test (DUT). From an identification point of view, this approach is essentially a
non-parametric modelling step.

•

Extract a parametric model for the device
This can be put in parallel with the extraction of a rational transfer function model for the
DUT in the linear case. To be of practical use, this model has to integrate seemlessly in
existing simulation frameworks. Special caution is to be used here to avoid that the model’
user lives up to non realistic expectations. It happens all to often that models are ‘sold’ as
soap, leaving it up to the user to detect whether or not the response of a pile of numbers
can be trusted.
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Fortunately, this can be circumvented by a trustworthy validation step. To this end, the
model output is compared with the measurements as obtained during the estimation of the
first layer model. Differences between model and measurement can then be used to decide
whether or not the proposed model structure meets the user demands based on a fair,
quantified comparison norm.
The contributions of the team all contribute in some way to the realisation of this long-term goal.
The different contributions are first put in perspective below, and next are described in some more
detail.
•

Instrumentation setup contributions
The complete characterisation of a nonlinear system is much too ambitious goal to realize
in a single step. Often, it will even be questionable whether it makes sense to chase this
goal at all. Most applications of nonlinear devices use the device for a limited range of
possible operating conditions, and if the model is capable to predict the device behaviour
under these contraints, the demands of the user are fulfilled.
The most common boundary conditions involve the selection of the signal class, the
impedances that are provided at the ports and the biasing levels. To measure nonlinear
devices or components, it is of vital importance that the setup is able to mimic real
operation conditions during as closely as possible. Thereto, highly flexible instrumentation
setups are required.
A flexible non-linear network analyser was developed to this end. The device combines the
advantages of reconfigurability and ease of use and provides an efficient and easy to use
data handling capability.

•

Instrumentation calibration contributions
As for today, the instrument fully handles the waveform calibration for two- and three-port
measurements in CW regimes. Additional contributions in the phase calibration allow to
calibrate and verify waveform measurements for the modulated and pulsed operation.

•

Modelling contributions
In the framework of linear time invariant systems, a black box errors-in-variables approach
is proposed that does not rely on circuit descriptions. In the end, the proposed black-box
approach delivers models that properly describe the linear dynamics of the DUT, detect the
presence of modelling errors and have by far better numerical properties than their circuitbased equivalents. On top of that, the model extraction operates almost automatically.
In the non-linear non-parametric range of models a ‘energy-transport’ model is proposed
that yields simple, yet effective, ways to estimate the dominant non-linear energy
transport mechanisms that are present in the behaviour of the nonlinearity. Using this
approach allows to increase the users’ level of confidence in the model and mostly avoids
the otherwise tedious problem of model structure selection.
Parametric models that cover a wide range of frequency and power were then identified
based on this previously obtained knowledge of the dominant influences in the model.

The different projects covering this topic in more detail are presented below.

2.3.2
2.3.2.1

Short Description of the Research Projects of Team C
Advanced calibration and verification setups for nonlinear RF-devices
(Liesbeth Gommé, Yves Rolain)

The measurement and characterization of the nonlinear behavior of devices and components are
one of many challenges an RF designer has to meet and in which the large-signal network analyzer
(LSNA [1]) plays a key role. The LSNA can be considered as an absolute fast Fourier transform
(FFT) analyzer for RF waves. As for all RF measurement instruments, when performing LSNA
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measurements systematic errors arise due to imperfections of the measurement instrument. In
order to remove these errors a calibration of the LSNA is required.
The current state-of-the-art for the calibration of the phase distortion of waves composed of a
carrier and its harmonics relies on the well-established step recovery diode (SRD) method [1]. This
method cannot be used for spectra containing spectral lines that do not lie on a harmonic grid (f0,
2f0 ...) whose basic frequency is the pulse repetition frequency f0. As a consequence, it cannot be
used to calibrate a narrow band modulated signal.
In this work phase calibration techniques for narrow band modulated signals are conceived that
allow calibrating the phase distortion of the LSNA on a dense frequency grid.

2.3.2.2

Envelope detection for phase calibration
(Liesbeth Gommé, Yves Rolain)

A crystal detector, for example, the HP 420C, can be used as a reference element in this context,
because it translates the envelope of the RF signal to IF frequencies, which allows digitizing the
low-frequency output signal with a high-accuracy ADC, and the detector induces a limited and
known linear distortion of the envelope. Assuming a perfect detector, this process is independent of
the carrier frequency and it does not distort the envelope: hence it does not influence the relations
between the spectral lines of the modulation signal. If the detector and a LSNA are now hooked up
simultaneously to the same signal source, the knowledge of the envelope can be used to calibrate
for the phase distortions of the LSNA. In the case of a realistic crystal detector, the crystal detector
itself will introduce phase distortion; hence, a model for a realistic crystal detector must be
identified from measurements.
A baseband model of the crystal detector is estimated to predict the device output when excited
with a modulated RF-signal. The model contains a low-pass filter in the forward path and a highpass filter followed by the nonlinearity in the feedback loop of the block oriented structure as is
shown in Figure 24: a. Nonlinear feedback model of the detector, b. Physical representation of the
identified detector modela.
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Figure 24: a. Nonlinear feedback model of the detector, b. Physical representation of the identified detector model
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In order to validate the baseband NL FB model for RF inputs, one can choose to solve the
differential equation adhering to the model structure [2]. The model structure is translated into an
equivalent schematic, shown in figure 1b. The input signal is r(t) and the output signal is y(t).
The performance of the method that solves the differential equation of the physical equivalent
system of the model structure is investigated and gives very good results with regard to predicting
the magnitude and phase behavior of the detector output spectra and the detector output
waveform [2].

2.3.2.3

A custom designed waveform generator for phase calibration
(Liesbeth Gommé, Yves Rolain)

A pulse train as a calibration signal
In order to perform a signal based phase calibration for a modulated signal we need to construct a
test signal that contains a large number of spectral components in a frequency band with a high
spectral resolution. We will use a pulse position modulated signal as a broadband periodic signal
containing a high density of spectral lines. This signal is composed of a sequence of broadband
pulses and is designed to exhibit a very flat amplitude spectrum. By means of simulations, we
confirm that the generator scheme is able to provide the desired reference signal. The high bits of
a Pseudo-random-bit-sequence (PRBS) are used as a trigger signal for generating the pulse [3].
PRBS sequences are generated by shift registers with feedback. Moreover, the PRBS-generator is
designed to be programmable with regard to the length of the shift register, allowing generation of
many PRBS-sequences related to a different period and hence a different frequency spacing :
The period of the PRBS equals,
the frequency spacing is

2

1

, where n is the length of the shift register and

. The variable n is programmable in our design.

Measurements
The entire generator was built as a System-on-Chip (SoC) using Standard Cmos Logic cells
integrating all components into a single integrated circuit. The PRBS signal is measured using a
sampling oscilloscope (Figure 25.a) and a scanning spectrum analyser (Figure 25.b). In Figure 25.c
the measured pulse train spectrum is depicted for a bit length 15, 17 and 18, giving rise to a
frequency spacing of respectively, 15.26 kHz, 3.815kHz and 1.907kHz. All figures are obtained
using a PRBS clocking frequency of 0.5GHz.
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Figure 25: a. Measured PRBS waveform for a shift register length of 7bit, b. Measured PRBS spectrum up to 2GHz
for various shift register lengths (black:7bit, light grey:9bit, dark grey:10bit), c. Measured pulse train spectrum up
to 50kHz for various shift register lengths (black squares:18bit, round markers:17bit, x markers:15bit)
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2.3.2.4

Best Linearised Models For RF Systems
(Koen Vandermot)

The purpose of this research project is to develop measurement-based black-box models for
nonlinear microwave systems, in particularly amplifiers, mixers [1] and differential amplifiers.
For the design of telecommunication systems, designers rely on models of the different
components of their system. For amplifiers there exists already a model that is easy to create out
of input and output signals: the Best Linear Approximation [1]. However, since this model is an
approximation of the behavior of the system, it is only valid for the chosen class of signals: the
class of the gaussian noise signals with a fixed power spectrum (rms value and coloring are fixed)
[2]; and the chosen class of systems: the class of the Periodic Input Same Period Output (PISPO)
systems. However, certain very often utilized RF systems (e.g. mixers) are not included in this
class of systems.
Consequently, the BLA will not model the behavior of these systems accurately and a new
approximate model is hence needed. Therefore, the Best BiLinear Approximation (BBLA) is defined.
Note that in earlier research, this model was called the Best Mixer Approximation (BMA)[3]. Just
like the BLA, this approximate model is only valid for the chosen signal class: still the class of the
gaussian noise signals with a fixed power spectrum (rms value and coloring are fixed); and the
chosen class of systems: the class of the Periodic Input Commensurate Period Output (PICPO)
systems. The extension of the BLA towards the BBLA already shows that a BLA-like approximate

71

50

72

Annual report ELEC 2010

modelling approach is not only restricted towards systems with a dominant linear behavior like
amplifiers and filters. Beside a restriction on the system class, there exist also a restriction on the
excitation signals. For the BLA (and also for the BBLA), the applied excitation signals must belong
to the class of the Gaussian noise-like signals with a fixed power spectrum. This hypothesis limits
the applicability and useability of these linearised models.
However, under this hypothesises the BLA (and BBLA) is not a general (scalable) model for the
considered system since this approximate model still depends upon various other system
parameters (e.g. DC bias points, reflection factors, ...). When one of these parameters is changed,
a different system behavior will be obsereved, and consequently, a different SISO BLA (or a
different BBLA) will result. However, during the simulation of an RF transceiver system, these
system parameters are often changed by telecommunication system designers to obtain a more
performant transceiver. Hence flexibility of the model with the system parameters is a very usefull
feature. Remember also that once a BLA (or BBLA) is estimated for a given component, this model
will only be valid for Gaussian noise-like signals with the same fixed power spectrum as the
excitation signal used for the estimation. In order to optimize telecommunication systems, the
models included in the simulator must not only allow the telecommunication system designers to
change the system parameters of the different components, but also the power spectrum of the
utilized telecommunication signal. Therefore, the BLA (or BBLA) model needs to be extended
towards a scalable model. To do so, a domain in the multi-dimensional space of system and signal
parameter values for which the model is valid, has to be defined. This multi-dimensional space has
to be representative for the normal operation of an RF transceiver. In order to simplify the
reasoning, only a dependency upon the power of the excitation signal is assumed first. As a
consequence, a one-dimensional segment in the space of power values is selected. The limits of
this space are given by the limiting values for the power of the telecommunication signals that are
utilized in normal operation of an RF transceiver. With this range of power values, there exist three
possible ways to obtain a model. First, it is possible to estimate the nonparametric BLA (or BBLA).
To do so, the BLA (or BBLA) is estimated for a two- dimensional segment in the space of frequency
and power values. Otherly said, the estimated BLA (or BBLA) is function of the selected power and
frequency sample . Hence, a two-dimesional data array (or ) (i.e. a two dimensional array of
nonparametric BLA (or BBLA) models) is obtained. In the simulator this data array has to be
interpollated. The quality of the interpolation will depend upon the number of frequency and power
samples that has been chosen. However, this means that a lot of models for one component need
to be inserted in the simulators. To reduce the number of parameters, the BLA (or BBLA) is
estimated as a parametric model in function of of the frequency, but still nonparametric in function
of the power [4]. To do so, the parametric BLA (or BBLA) is estimated for a set of power samples
within the considered power range. Hence, one LTI system model (or an ideal frequency converter
model in the case of the BBLA) is obtained for each power sample . Otherly said, the estimated
BLA (or BBLA) is function of the selected power sample , but valid for all frequencies within the
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considered frequency range. Hence, a one-dimesional function array (or ) - i.e. a one-dimensional
array of parametric BLA (or BBLA) models - is obtained. To parametrize this type of BLA (or BBLA)
also in the power dimension, the poles and zeros (which are hence the parameters ) of these
different BLA’s (or BBLA’s) are calculated. By interpolation, it is then possible to track how the
different poles/zeros move over the changing values of the power. By bringing these tracks
together in a high-level model, the behavior of the component is characterized over the considered
power range. However, this method is suboptimal, since first an estimation of the LTI behavior (or
ideal frequency converter behavior) has to be made for each power sample to obtain the different
parametric BLA’s (or BBLA’s), and afterwards, a second estimation has to be done for finding the
tracks of the poles/zeros. To overcome this problem, a third method is proposed. In this method
the goal is to estimate a BLA model (or BBLA model ) that is parametric in function of frequency
and power, in one step [5]. This method can then be extended towards multiple parameters. In
this way, a simple and widely applicable model for the filter, amplifier and mixer components in the
RF transceiver can be found, that is often called a metamodel.
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2.3.2.5

New Measurement and Modelling Techniques for RFIC’s
(Wendy Van Moer)

The purpose of this research project is to develop measurement based black-box models for
multiple port nonlinear microwave systems. Even if most microwave systems are designed to have
a linear behaviour, they are often used in their nonlinear operation region. Hence, the
nonlinearities cannot be neglected. Measuring these nonlinearities requires an adapted
measurement instrument: a Large Signal Network Analyser (LSNA). Based on these nonlinear
measurements and their stochastic properties, validated models for the nonlinear behaviour can be
obtained. To reach this goal, some fundamental contributions are necessary on different aspects:
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the considered system classes, the measurement
instrumentation, the calibration and the modelling.
Instrumentation : Nonlinearities are becoming very 'hot'!
After some years of hesitation, the high-frequency
measurement world now finally has acknowledged the
need to measure the nonlinear behaviour of a device or
system correctly. Pushed by the modelling world, which
clearly needs good 'nonlinear' measurements to obtain
good 'nonlinear' models, some 'nonlinear' measurement
instruments were developed. Two different approaches to

Figure 26: Measurement setup

design a measurement instrument that is able to measure the nonlinear time domain waveforms
correctly can be followed: a sampler-based methodology or a mixer-based methodology. A
sampler-based measurement instrument uses samplers to perform the down conversion of the
high-frequency signals to the IF spectrum and is hence based on the harmonic sampling principle.
The Large-Signal Network Analyzer (LSNA) is a good example of a sampler-based measurement
instrument and was the first instrument on the
market that was able to measure the nonlinear
behaviour of a device or system. A mixer-based
measurement instrument uses the heterodyne
principle to down convert the RF signals to the
IF spectrum. This principle can be found in the
Nonlinear Vector Network Analyzer.
Both types of instruments are commercially
available and have some advantages and
disadvantages.
Best Linear Approximation

Figure 27: Out-of-band BLA of the amplifier in linear
regime(upper black curve) and compression (lower
black curve). The grey stars on each curve represent the
in-band BLA out of the multisine experiment.

Measuring the out-of-band Best Linear
Approximation

A very easy and quick approach to gain inside into the linear as well as the nonlinear behavior of a
device-under-test, is the Best Linear Approximation. The BLA is a linearized model of a nonlinear
system and consists of a linearized transfer function combined with a noise source that describes
the stochastic nonlinear contributions. Recently, the theory of the BLA has been extended to the
out-of-band BLA. A measurement method (see Error! Reference source not found.) to extract
the Best Linear Approximation (BLA) of a device-under-test, in-band as well as out of the
frequency band where the device is excited (see Figure 27), was developed. The excitation used in
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the proposed measurement procedure is based on the superposition of a single sine wave and a
multisine. The measurements are performed by a classical vector network analyzer (PNA-X).
A behavioral model of a nonlinear device is obtained in- and outside the excited band without the
need for specialized measurement equipment that is able to measure the nonlinear behavior of a
system.
Measuring source-pull free nonlinear distortions: a multisine approach
A method is developed to measure the nonlinear distortions generated by a device-under-test (DUT)
out of the frequency band where the device operates. The method accounts for the presence of
nonlinear distortions in the input signal due to spectral impurity of the generator and/or nonlinear
source-pull. The compensation method is based on the knowledge of the out-of-band Best Linear
Approximation. The latter requires experiments with a small sine wave signal superimposed on a
large signal multisine. The method compensates for the nonlinear distortions present in the input
signal of the DUT and, hence, results in a source-pull free level of the output nonlinear distortions.
This is important when determining an accurate adjacent co-channel power ratio (ACPR). The
proposed measurement technique is based on a vector network analyzer (PNA-X) combined with a
broadband multisine excitation of the DUT.

2.4

TEAM D: THE IMEC/VUB-ELEC LABORATORY FOR MICROWAVE
MICROELECTRONIC MEASUREMENTS AND MODELLING (4M)

2.4.1

Introduction to the IMEC Laboratory: Microwave Microelectronic Measurements
and Modelling

The long-term strategy of this team is to build a center of excellence in “Microwave, Microelectronic,
Measurements and Modeling” (4M) through the cross-fertilization of the expertise of dept. ELEC at
the VUB in microwave measurements and modeling with the analog chip design expertise of IMEC
in RF microelectronics.
The combination of state-of-the-art analog chip design with the use of advanced modeling tools is
a clear win-win situation:
•

The analog design gets additional design support during the development stage. An
example is the detection of the dominant nonlinear contributions within a design.

•

The new modeling and measurement techniques can be developed and tested using
realistic assumptions and specifications.

The current focus is the extension of the nonlinear analysis to complex analog circuits such as
complete receivers, PLLs, discrete-time systems and sigma-delta loops. Most techniques extend
and use the concept of the Best-Linear-Approximation (BLA) of a nonlinear system. This BLA allows
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approximating the nonlinear system with a linear, frequency dependent, transfer function plus an
additive noise source to represent the nonlinear distortion.
The specific characteristics of different types complex system require the adaptation of the
standard Best-Linear-Approximation. Mixer and complete receivers are characterized by a
frequency conversion, while the classical BLA is only valid for time invariant systems; PLLs need to
be analysed in the phase domain; discrete-time systems suffer from spectral aliasing and sigmadelta loop shape the quantization noise using its loop characteristics. Hence, each technique results
into dedicate techniques.
The development of various chip realizations of the above mentioned circuits guarantees that the
correct assumptions are considered during the development of the modeling and measurement
techniques. This assurances the applicability and provides the necessary test cases for the
developed modeling and measurement techniques.
Advanced circuit-analysis and modeling
The aim of this activity is to extract more information using well designed excitation signals than
by using classical excitations. High-quality simulation results can be obtained using commercially
available simulators and commercial design kits. This includes both high-level simulators (such as
MATLAB and Simulink) and spice-like simulators, such as SPICE, spectre (cadence) and ADS
(Agilent).
The nonlinear analysis of both weakly and strongly nonlinear circuits has been studied in the past
by applying specially designed multi sine excitations. This enables the qualification and
quantification of the even and odd nonlinear distortions. It also enables the continuous quality
monitoring of the simulations and the determination of the best linear approximation of nonlinear
time-invariant system using transient.
Recent research extended these results from nonlinear, time-invariant continuous-time systems,
towards more complex systems.
•

A Phase-Locked-Loop (PLL) can be considered as a complex feedback loop. One of the key
components is the Voltage-Controlled-Oscillator (VCO) within this loop. New identification
and measurement techniques were developed to characterize this component in an
accurate way.

•

The dominant nonlinear distortion in a complete receiver can be identified using a set of
multi sine-based experiments. Using a hierarchal approach makes it possible to pin-point
the responsible transistor in a complete receiver chain.

•

Mixer can be described using a Best-Mixer-Approximation, which takes the frequency
conversion of the mixer device into account.

•

Discrete-time analog systems (such as a sample-and-hold and switched capacitor filters),
possibly suffer from frequency aliasing. The use of dedicated multi sine excitations enables
the full characterization of such systems.

•

The nonlinear analysis of sigma-delta loops is currently under investigation using the
realized multi rate cascade DT SD modulator.
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2.4.2

Short Description of the Research Projects of TEAM D

2.4.2.1

Applied System Identification
(Gerd Vandersteen)
The goal of this team is to interface between practical applications and the state-of-the-art

identification methods. This is essential in different aspects.
•

Discover new areas: The identification of new applications stimulates the development of
new identification techniques, fitted on the problem at hand.

•

Keep focus: The different applications (and their assumptions/constraints) provide a good
insight in the applicability of the various identification methods.

•

Dissemination: The state-of-the-art identification methods will be disseminated more easily
by applying them on practical examples.

The goal of this team originated from the former team “Microwave, Microelectronic, Measurements
and Modeling” (4M), whose target was to apply the identification methods specifically onto
microelectronic circuits through a collaboration with the microelectronic center IMEC. The current
goal of the team still includes microelectronic applications, but is no longer limited to it.
The current focus is the extension of the nonlinear analysis to complex systems. Most techniques
extend and use the concept of the Best-Linear-Approximation (BLA) of a nonlinear system. This
BLA allows approximating the nonlinear system with a linear, frequency dependent, transfer
function plus an additive noise source to represent the nonlinear distortion.
The specific characteristics of different types complex systems require the adaptation of the
standard Best-Linear-Approximation. Mixer and complete receivers are characterized by a
frequency conversion, while the classical BLA is only valid for time invariant systems; PLLs need to
be analyzed in the phase domain; discrete-time systems suffer from spectral aliasing and sigmadelta loops shape the quantization noise using its loop characteristics. Hence, each application
results into dedicate identification problems and solutions.
The current applications are in the field of
•

Microelectronics, including sigma-delta modulators, complete RF receivers and
microwave PLLs;

•

ESD-protection measurement and modeling, for protecting electronic circuit against static
discharge;

•

Enhancing the resolution of PET scanners, using 3D position estimation in a monolithic
scintillator;

•

Geothermal application, for modeling and control of borefields for geothermal heating.

2.4.2.2

Advanced circuit-analysis and modelling
(Gerd Vandersteen)

The aim of the advanced circuit analysis and modeling is to introduce the Best-LinearApproximation (BLA) paradigm within the design phase of electronic circuits. This BLA
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approximates the nonlinear circuit with an equivalent linear one and an additive noise source. This
enables the designer, who replaces his nonlinear circuit with this BLA, to reuse the commonly used
linear analysis techniques to determine the properties of the system.
Recent research extends known results from nonlinear, time-invariant continuous-time systems,
towards more complex systems such as feedback loops and/or periodic time-varying systems.
•

The dominant nonlinear distortion in a complete receiver can be identified using a set of
multisine-based experiments. A hierarchal approach makes it possible to pin-point the
responsible transistor in a complete receiver chain.

•

Mixer can be described using a Best-Linear-Approximation for periodic time-varying
systems, which takes the frequency conversion of the mixer device into account.

•

Discrete-time analog systems (such as a sample-and-hold and switched capacitor filters),
possibly suffer from frequency aliasing.

•

The nonlinear analysis of sigma-delta loops can pinpoint its dominant nonlinear
contributions.

An illustration of the latter approach is given below, where the different nonlinear components are
replaced by their BLA. Afterwards, the impact of the different nonlinear noise contributions to the
output are computed and compared (shown in Figure 29).

Figure 28: Schematic representation of how the Best-Linear-Approximation paradigm can be used to determine
the dominant nonlinear contributions

Figure 29: The identification of the main nonlinear contributors depends on the applied frequency. At low
frequencies, the nonlinearities of integrator 1 are dominant, at high frequencies, the quantizer.

2.4.2.3

Study of a downconverted multirate cascaded RF BP ΔΣ modulator
(Lynn Bos)
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Nowadays, transistor scaling in deep submicron technologies leads to inexpensive and high
performance digital circuits. Analog design, however, is challenged with the ever increasing
parameter variations and reduced supply voltages. In a receiver, this trend pushes the analog to
digital conversion closer to the antenna by moving the classical analog signal conditioning to the
digital domain.
The best topology for this software receiver seems to be an RF BP ΣΔ converter [2]. Nevertheless,
to be competitive with the classical receiver approach, the resolution needs to be increased by
enhancing the sampling frequency and/or order. Since the sampling frequency can be raised
maximally to about 10GHz, increasing the order of noise shaping seems the most realistic solution.
To avoid the stability issues of high-order single loop ΔΣ converters, a cascaded structure is
preferred. To reduce the power consumption of this second stage, the quantization noise of the
first stage is downconverted using an IQ demodulator and decimated before being digitized by the
second stage. A complex-valued Nyquist ADC is preferred for the second stage leading to a
downconverted Leslie-Singh architecture as shown in the figure below.

Figure 30: Architecture of downconverted multirate cascaded ΔΣ modulator

The following accomplishments were realized this year:
•

Development of an online calibration procedure to derive the filter coefficients of the digital
cancellation filters which inherently compensates for the analog process variations;

•

Development of a high-level model to determine the resolution in function of the
specifications on the different blocks of the second stage;

•

A sensitivity analysis to quantify and qualify the sensitivity to analog mismatches;

•

A first prototype in 90nm CMOS technology to validate the assumptions made in the highlevel analysis
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2.4.2.4

Discrete-time SDR receiver systems
(Arnd Geis)

Miniaturization and the requirement for low power consumption of mobile communication terminals
demand for integration of RF-front-end and digital baseband logic in one System on-Chip (SoC).
Additionally, multi-mode operation is expected to be the answer for the ever increasing demand on
wireless connectivity. This ultimately leads to a Software-Defined-Radio (SDR) which is capable of
tuning to every center frequency of interest while supporting a wide range of channel bandwidths
and interference scenarios. The frequency range of interest for SDR typically extends from the UHF
band for DVB applications up to 6GHz for WiFi.
The poor analog performance of deep scaled CMOS becomes an excruciating burden for the design
of analog front and baseband. In contrast to traditional receiver architectures, a discrete-time
receiver benefits from scaling by exploiting the high time resolution and superior matching
properties for signal processing in the charge domain.
In discrete-time systems signal processing is implemented via finite-impulse-response (FIR) and
infinite-impulse-response (IIR) filters for anti-alias filtering and selectivity, respectively. Filter
performance is dominated by capacitor matching, channel conductance and switch transition rather
than the analog properties of the transistor making it attractive for deep scaled CMOS and beyond.
Two approaches of sampling based multi-band receivers were investigated and implemented. The
first approach was based on a traditional continuous-time front-end and novel sampling based
baseband stage [1]. The second approach, shown in the picture below, is the full implementation of
a flexible RF-sampled discrete-time receiver chain comprising the following building blocks:
•

Programmable front-end → multi-band, multi-gain Low-Noise-Amplifier (LNA)

•

Wide-tuning range frequency synthesis → dual-band VCO [2]

•

RF-sampling and down-conversion (mixing/sub-sampling) stage → integrating band-pass
sampling stage with embedded FIR/IIR

•

Discrete-time baseband signal processing →flexible rate decimation and filtering

•

Discrete-time variable-gain amplification (DT-VGA)

The system was validated in measurements which show a frequency range of operation ranging
from 600MHz up to 3.5GHz and supported channel bandwidths ranging from 500kHz to 20MHz. A
programmable gain range of more than 60dB was achieved. An in-band IIP3 between -13 and 3dBm was measured via standard compliant interference test-cases for GSM, UMTS and WiMAX.
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2.4.2.5

Advanced nonlinearity analysis of a 6GHz wideband receiver using a multi-tone
analysis
(Ludwig De Locht)

Modern integrated radio systems require highly linear analog/RF circuits. Two-tone simulations are
commonly used to study a circuit’s nonlinear behavior. Very often, however, this approach provides
only a limited insight. To gain insight into
the nonlinear behavior, we use a multi-tone
analysis to locate the main nonlinear
components (e.g. transistors) both for
weakly and strongly nonlinear behavior.
Figure 31: The analyzed 6GHz wide-band receiver

To illustrate the proposed method on a complex circuit, we designed a 6GHz wide-band receiver in
a 90nm digital CMOS technology.
From an analysis using the best mixer approximation, one can easily find that the mixer is the
circuit contributing most to the overall nonlinear behavior. Therefore, the mixer is further analyzed.
It consists of a transconductance stage, followed by a
switching stage.
From the result of this analysis (Figure 33), one can
directly conclude that transistor M4 contributes the
most to the overall nonlinear behavior.
Figure 32: The simplified schematic of the mixer
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Figure 33: Behavior of the different transistors in the mixer. (+: ideal mixer behavior,
o: odd nonlinear, *: even nonlinear)

The techniques presented in this research allow the designers to analyze the linear and nonlinear
behavior of complex circuits by means of the best mixer approximation. Using the best mixer
approximation, the behavior of the nonlinear circuit is split into different contributions, one for each
nonlinear component, such as a subcircuit or a transistor. By the use of the best mixer
approximation, we can handle frequency translating circuits like mixers. The technique works for
both weakly and strongly nonlinear behavior.

2.4.2.6

Design of analog CMOS building blocks for 60GHz phased-array communication
– Karen Scheir

The newest generations of CMOS devices are fast enough for operation in the millimeter-wave
frequency range. The speed, combined with the low cost potential, make scaled CMOS the ideal
technology for commercial high-frequency applications, like short distance communication in the
60GHz band.
Amongst the challenges for the analog circuit designer, we find the implementation of beamforming,
the minimization of area- and power consumption, the realization of the required large LO tuning
range and the implementation of baseband filtering with a high cutoff frequency.
The work that has been carried out in the first three years of this research work can be categorized
into three main topics:
•

In a first phase of this research work, we developed a general design approach, based on
the use of analog circuit topologies with millimeter wave features, the use of lumped
inductors and the cascading at 60GHz without interstage matching to 50Ohm.

•

In a second part, we addressed the wideband quadrature LO generation at 60GHz. The
solution that we propose consists in using two QVCOs with a frequency selector, in
combination with an injection-locked prescaler.

82

Short Description of the Research Projects/ Team

•

The third important research topic focused on the implementation of beamforming by
means of a phased-array system with variable LO phase shifting.

Our main focus this year has been on the implementation of the baseband lowpass filter. This filter
requires a cutoff frequency of 880MHz in the case of one channel, and a cutoff frequency of
1.76GHz in the case that two channels are bonded together to further enlarge the capacity.
The solution that we propose is based on the use of
two separate filters, each implemented with Sallen
based active elements.
A demonstration chip of this solution has been

140µm

840µm

and Key biquad sections with super source follower

implemented in a 40nm CMOS technology. The

280µm

micrograph of this chip is shown in Figure 34.

1080µm
The measured transfer functions of both filters are

Figure 34: Micrograph of the 40nm CMOS chip
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Figure 35: Measured transfer functions of the two 40 nm CMOS filters. (The black line indicates the ideal transfer
function that was targeted.)

2.4.2.7

System-level ESD characterization
(Mirko Scholz)

Several ESD characterization methods exist at both device and circuit level. Standardization
organizations developed many standards to ensure the comparability of testing results, including
the Charge Device Model (CDM) and the Human Body Model (HBM) for component-level ESD
testing. In addition, various system-level ESD characterization methods exist. All system-level
characterization methods simulate ESD stress on electronic equipment which contains several or
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many electrical components. The characterization methods for system-level and component-level
ESD stresses exist in parallel, without having a real correlation between their testing results.
ICs used in products usually fulfill the component-level ESD robustness requirements. However,
they can fail under ESD system-level tests carried out by the system vendor. To enable the IC
manufacturer to predict the ESD performance of their products under system-level stress
conditions, a new measurement method, the Human Metal Model (HMM), has been published.
To study the correlation between component-level and system-level ESD testing, an on-wafer HMM
measurement setup has been developed. With this setup typical ESD protection devices like diodes
and snapback devices, manufactured in advanced CMOS and high voltage MOS technologies, have
been characterized. The results are compared to ESD testing on the same devices but using HBM
stress [1, 2]. To correlate the results a correlation factor is defined: CF =

VHMM
⋅100% ; where VHMM
VHBM

and VHBM are the maximum pre-charge voltages before failure during HMM testing and HBM testing.
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Figure 36: Leakage evolution (left) and current waveforms (right) right before failure during HBM and HMM
testing, device: 90nm CMOS diode, correlation factor: ~ 31%

Based on the results two orders of magnitude for the correlation factor have been obtained [3]: 30%
to 40% for device failure due to thermal heating and below 30% for device failures due to
overvoltages during ESD stress. For protection devices, manufactured in high voltage MOS
technologies, a correlation factor around 60% has been found. This high factor can be explained
with the different transient device behavior under different ESD stress conditions. The obtained
correlation factor ranges are a valuable input for the ESD protection designer. They can be used to
dimension an ESD protection already during the design phase of an integrated circuit.
References:
[1] M. Scholz, D. Linten, S. Thijs, M. Sawada, T. Nakaei, T. Hasebe, D. Lafonteese, V. Vashchenko, G.
Vandersteen, P. Hopper, G. G. Groeseneken, “On-wafer Human Metal Model measurements for systemlevel
ESD analysis”, in Proc. EOS/ESD Symposium, 2009, pp. 405–413
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measurements for system-level ESD analysis on component level”, in Proc. RCJ ESD Symposium, 2009
[3] M. Scholz, S. Thijs, D. Linten, “ESD characterization –standards, challenges and trends”, Tutorial in Proc.
Taiwaneese ESD conference, 2009
[4] Scholz, M.; Linten, D.; Thijs, S.; Sangameswaran, S.; Sawada, M.; Nakaie, T.; Hasebe, T. and
Groeseneken, G., “ESD on-wafer characterization: Is TLP still the right measurement tool?”, IEEE
Transactions on Instrumentation and Measurement, Vol.58, No. 10, 2009, pp. 3418-3426

3D Nonlinear Least Squares Position Estimation in a Monolithic Scintillator Block
(Zhi Li)

In recent years continuous detectors have shown to be a quite
interesting alternative to simultaneously improve energy resolution
and sensitivity without degrading the spatial resolution in PET
scanner. Existence methods, such as Maximum likelihood or Neural
Network, all required the acquisition of reference data sets or need
to calibrate a lot of parameters. This can cause a problem if the
measurement conditions changed. Our goal is to develop a
nonlinear least square estimation method to predict the 3D 511
keV gamma ray interaction position simultaneously by modeling the relation between the
scintillation light source position and the measured photo detector pixel signals.

Figure 37: Schematic representation of the rays and reflections used during the 3D position estimation.
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2.4.2.8

Behavioral modeling of the thermal dynamics of borefields for geothermal
applications
(Griet Monteyne)

This work is related to geothermal heat pumps for central heating and/or cooling. It is one of the
most recommendable methods for heating buildings via so called green energy.
Current controllers don’t explicitly take the dynamic behavior of the source-side (the borefields)
into account. The object of this work is to model the thermal dynamic behavior of the surrounding
geology of the borefield. This model can then be used to develop an optimal control strategy that
also prevents the exhaustion of the heat from the soil on short and long term.
It is important that both the fast and the slow
dynamic behavior of the soil are well modeled.
The system dynamics of a ground coupled heat
pump is characterized by very diverse time
constants. The conductive heat transport between
the soil and the fluid is characterized by small
time constants (with an order of magnitude of
several minutes). On the other hand, the thermal
diffusion in the soil is characterized by large time

Figure 38: Heat transfer from the earth to the heat

constants (with an order of magnitude of years). An

pump

additional problem is that diffusion phenomena can only be approximately described by a rational
form in the s-domain (with s the Laplace
variable, see Figure 39: Different rational forms).
In order to get more accurate results rational

Rational(

Rational(

models in the √ -domain have to be used.
There are more challenges to be faced. Only a
limited amount of measured quantities are easily
accessible for the user. The measurement time

Figure 39: Different rational forms

is limited as well as the possible excitations.
Several other identification problems have to be

considered, for example, MIMO identification of the thermal diffusion in multiple borefield
installations, dealing with missing data, ...
The model will be validated by use of simulations as well as measurements on an operational
thermal installation.
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2.5

TEAM E: IDENTIFICATION OF BIOGEOCHEMICAL SIGNALS &
SYSTEMS (IBISS)

2.5.1

Introduction to Team E

The long term goal of this team is to build measurement based models for environmental systems.
The current trend is to build more complex models in order to simulate the ‘real’ world, while a
‘good’ model is not necessarily the most complex model. On the contrary, it only needs that
complexity, which is supported by experimental measurements. It has to be able to describe all
significant variation in the data, without modelling the stochastic measurement uncertainties.
These models are used for two purposes: (i) to extract the maximum amount of significant
information out of noisy measurements; (ii) to make future predictions.
Suppose, for instance, that we have a climate model with a set of estimated parameters and an
experimental record. Now, I would like to bring in an additional physical process, which would
make the model more realistic. What will happen?
With every modelled process, some model parameters are associated. Tuning these parameters
will match the extended model better on the record. So, our model has become more realistic.
However, uncertainties are associated with these additional model parameters and these additional
uncertainties will lower the prediction horizon of the model. So, a higher complexity could be a
disadvantage for a model. Briefly, a first step in the search for a good climate model is the
determination of its complexity. To reach this goal, the modeller needs the experimental data.
On the other hand of the spectrum, experimentalists are measuring climate/ ecological changes in
the past. However, the past cannot be directly measured. Instead, proxies in sediments, biogenic
carbonates, ice cores etc.… are measured and consequently, the history is revealed as function of a
distance, while we would like to have a time series. The latter can be introduced by comparing the
measured record with a model, containing the time. The simplest models can be 14C-dating curves,
but any model containing time can do the trick. So, at this stage, every experimentalist will need
models and modellers and some evident questions arising are: which model to choose? How are
the model parameters tuned (on a record, not yet dated or on a previously dated one)? How are
errors propagating trough this interaction between models and measurements?
These two examples show that a horizontal orientated approach, with specialists in measuring and
others in modelling, has its limits. For this reason, we have chosen to approach some important
questions in environmental reconstruction and prediction in a vertical manner, where we follow the
information stream from the bottom up, from the experimental set-up, the calibration of the
instrument, dating the records, over tuning the model parameters, till the selection of the
appropriate model. Such a quantitative formulation of the measurement problem is precisely what
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has been developed in the system identification community and our first short term goal is the
introduction of this approach in the community of environmental sciences.

2.5.2
2.5.2.1

Short description of the research projects of team E
Nonlinear multi-proxy approaches for temperature reconstructions.
(Maite Bauwens, Frank Dehairs and Johan Schoukens)

Introduction
To improve our understanding of the climate process and to assess human impact on current
global warming, past climate reconstruction is needed. The chemical
composition of a bivalve shell is strongly coupled to the environmental
variations and therefore agrological shells are potential climate archives. The
nonlinear nature of the relation between environmental and proxy
composition however makes it hard to predict, e.g. the temperature, from the
chemical composition of a shell. To obtain a salinity-robust temperature reconstruction method we
argue for the use of a nonlinear multi proxy model. The motivation for using this type of models is
twofold: Firstly, by using a multi-proxy model salinity related variability in a given proxy can be
compensated by information contained in a separate proxy. Secondly, observed nonlinear relations
between specific proxies and water temperature motivate the use of nonlinear models.
Comparing three methods
We compare the ability of three nonlinear system identification
methods to reconstruct the temperature from the chemical
composition of a shell. One of the two is based on intuition and
tailored for temperature reconstruction using bivalve shells. The
other is a new system identification approach, Weight
Determination by Manifold Learning (WDMR), and based on
manifold learning. The third approach, Support Vector
Regression (SVR), does not rely on an assumption of a manifold
in the proxy space. The comparison demonstrate that all
nonlinear multi-proxy approaches are potential tools for climate
reconstructions, although there is a preference for manifold based methods especially WDMR that
results in smoother and a more precise temperature reconstruction.
The use of WDMR for proxy evaluation
In a second study we developed a WDMR multi proxy model based limited datasets of trace
element records (Mg, Sr, Ba and Pb) in the shell of the common blue mussel Mytilus edulis.
Different proxy combinations were evaluated over a salinity range between 15 and 32. Our findings
highlight Mg is the most powerful paleothermometer and also that reconstruction performance is
significantly improved by using multi-proxy models. Using all four proxies and a nonlinear method,
called Weight Determination by Manifold Regularization, gave a root mean squared error of
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±2.91ºC over the investigated range of salinities. In comparison to the exiting paleothermometry
methods and considering the wide temperature range this result is promising.
Conclusions en prospects
The WDMR-method has been proven to result in good temperature reconstructions for Mytilus
edulis. However, preliminary tests on other datasets do not always provide the expected
performance. In future we will investigate the limits of the method in order to define how and when
the method can be used.

2.5.2.2

Averaging-errors in solid substrates
(Veerle Beelaerts)

Introduction
Environmental conditions of the past can be reconstructed, as some archives, such as rocks, ice
cores, sediment layers on the ocean floor, also some organisms store environmental information
during their life-time [1],[2],[3]. These sources of environmental information stored in natural
archives are called proxies.
Proxies are measured on a distance scale, mostly in the direction of the growth axis. Because all
environmental archives grow at a different speed, the different proxy records need a common axis,
mostly a time axis, on which they can be compared. The methods described in [4] and [5]
estimate a time axis, assuming that the signal on a time scale is harmonic. The identification of the
proposed signal model, without any restriction, chooses the best parameters irrespective of the
order of the data observations. In other words, two subsequent observations can be inversed on
the time axis. Both methods are especially vulnerable to this when the number of parameters is
relatively high and thus when the noise sensitivity is larger.
Approach
This time inversion problem is solved by implementing a constraint optimization. The constraint
which is built from the physical constraint of the growth rate, i.e. growth rates cannot be negative.
This means that the growth rate needs to be evaluated and thus an expression for the growth rate
needs to be established.
The distance-time relationship is nonlinear and can be expressed as follows:
(1)

,

2

where t is the time,
is the distance, and
,

is the fundamental frequency,
,

is the spatial frequency expressed in m-1, x

is the non-linear phase distortion, modeled as:
(2)
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a

b

Figure 41: Time versus distance. a: time without a constraint optimization. b: time with a constraint optimization

Figure 41a shows the unconstrained results. Time as a function of distance is not monotone
increasing, this means that time inversions are present. Figure 41b shows the constrained results.
Here time as a function of distance is monotone increasing, which means that no time inversions
are present. It can be concluded that the constraint optimization has successfully removed the time
inversions.
References
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2.6

SPIN-OFF: NMDG Engineering

Contact Person:
Marc Vanden Bossche
Director
email: marc.vanden_bossche@nmdg.be

2.6.1

Vision

NMDG is committed to becoming the market leader in “next-generation characterization and
analysis tools” for the high-frequency electronics and communication market. Secondly NMDG
wants to be the preferred partner of test engineers who need to improve and accelerate their
design and test processes, yet face the challenges of non-linear component behaviour.
In order to change the design and test paradigm, NMDG is developing, selling and supporting nextgeneration products focused on fast, complete and accurate characterization and analysis of highfrequency active and high-speed digital components. These products combine existing instruments
with new hardware supported by reliable and easy-to-use software, while being fully integrated
with the customer’s processes. To anticipate the ever-growing complexity of design, the need for
realistic models and in order to eliminate the effect of the measurement set-up on product
specifications, these products will be seamlessly combined with simulation tools.

2.6.2

At a glance

NMDG is a young, dynamic high-tech company offering next-generation characterization and
analysis tools and services to a wide range of customers in the high – frequency electronics and
communication market. NMDG provides these customers a competitive advantage by reducing
development time and cutting test costs while improving yield and reliability.
Leveraging the experience of a team of highly qualified high-frequency measurement and
simulation technology professionals, NMDG is presently focusing on four revenue generators:
products, characterization services, measurement-based behavioural modelling services and
system integration services.
A close and personalized interaction with the customer is of paramount importance to NMDG.

2.6.3

Markets

The markets covered by NMDG solutions reach from “sand” to “system” and correspond to the
markets that were penetrated by the S-parameter measurement capability.
“From Sand”
Using realistic and complete measurement information, provided by the NMDG products and
services, semiconductor manufacturers can verify, improve and certify their large-signal models,

92

Short Description of the Research Projects/ Team

before releasing their design kits. This is a guarantee for design cycle reduction. By gaining
complete insight in the behaviour of their transistors through the extension of their present sourceand load-pull systems with measurement capabilities from NMDG, power amplifier designers and
manufacturers can achieve new performance levels with their components. Also, using the
products of NMDG in combination with the proper tuner solutions, source- and load-pull
measurements become a matter of minutes increasing the throughput of testing components.
“To System”
By extending vector signal generator – analyser set-ups with the NMDG products, it is possible to
characterize and analyse single-ended and differential devices, possibly in a non- 50 Ohm
environment.
Amongst others, measurement-based behavioural models can be created for chip manufacturers
improving the simulation accuracy and reducing model uncertainty in the design cycle.
Finally, NMDG is convinced that its products will play an important role in the high-speed digital
market place as it adopts future RF techniques.

2.6.4

Products and Services

Based on accurate characterization of HF active components under realistic conditions, the NMDG
solutions streamline the R&D development and test processes, which result in:
•

High measurement accuracy and efficiency

•

Faster designs and testing

•

Significant cost savings

2.6.5

Large-Signal Network Analyser Products together with Maury Microwave

The MT4463, a product sold worldwide by Maury Microwave and empowered by NMDG,
characterizes the non-linear behaviour of RF, microwave and fast analogue switching components
in a network analyser sense, based on large-signal network analyser technology. The MT4463 goes
beyond pass/fail tests where classic measurement approaches fail to give insight. The instrument
aids in understanding what occurs at the component level under near realistic circumstances.
The large-signal network analyser measures the complete voltage and current
or incident/reflected wave behaviour under small- (Sparameters) and largesignal conditions. Independent of the type of component, from transistor to
system, a one-tone or periodic modulation can be applied under mismatched
conditions while the complete behaviour is measured and represented in
different ways.
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In contrast to the almost complete measurement capabilities of the MT4463,
the VNAPlus, also presently sold worldwide through Maury Microwave, is an
entry-level add-on kit for Agilent PNA’s to provide it with complete harmonic
characterization capability.
Both the MT4463 and the VNAPlus can be combined with the Maury tuners and
the Maury Automated Test System (ATS) software to operate in a non-50 Ohm
environment.

2.6.6

Characterization Service

Make sure your transistor libraries pass the "design test" using certified design kits.
The NMDG characterization service enables the user to explore the capabilities of a largesignal
network analyser without having to invest in the MT4463 and VNAPlus.
The NMDG characterization service allows to:
•

Study the true and complete high-frequency behaviour of components under realistic largesignal RF excitation and mismatch conditions

•

Eliminate the uncertainty of the impact of the measurement environment

•

Investigate the reliability of components under realistic high-frequency conditions

•

Reduce the design time by making sure that the designers use LSNA-certified models

Also available are:
•

Hot S-parameter measurements

•

Stability analysis under hot conditions

•

Measurement of impedance of sources, oscillators under hot conditions

•

Conversion matrices

•

Characterization of frequency translating devices, e.g. mixers

•

In-circuit measurements using high-impedance probes

2.6.7

Measurement-based Behavioural Modeling Service

Simulate your active HF components under mismatched conditions fast and accurately.
The Standard Service includes:
•

Extraction of a measurement-based behavioural model at the specified fundamental
frequency for a given input power range and a range of termination impedances

•

Predicts the complete voltage - current or incident - reflected wave behaviour at the input
and output port of the component, taking into account the effect of source and load
impedance

•

The bias circuitry is assumed to be part of the component

•

Modulation prediction is possible under quasi-static assumption
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•

Connection into ADS from Agilent Technologies

•

Components can be connectorised, in fixture (incl. de-embedding) or on wafer

Through customization of the measurement set-up and adaptation of the algorithms, it is possible
to extend the behavioural model with some harmonic information and to analyse the effect of
memory effects through the bias circuitry.
NMDG also provides services to connect measurements into different simulation environments and
to integrate them in the design process.

2.6.8

HF Measurement System Consulting

NMDG extends your measurement set-ups or develops set-ups beyond the capabilities of regular
instrumentation to characterize and analyse active HF components in R&D and test environments.
The customer benefits from NMDG’s unique expertise in HF active component characterization,
instrument control, algorithm and GUI development.
NMDG's expertise takes away the burden to develop, adapt and support measurement systems,
and makes sure that your engineers stay focused on design and manufacturing.

2.6.9

LSNA History

Large-signal network analysis (LSNA) provides complete and accurate characterization of nonlinear devices under realistic operating conditions using one measurement set-up with a single
connection.
These measurements reveal device characteristics which could not be seen before with other
commercially available equipment.
The technology provides a step-by-step analysis of the device behaviour with increasing signal
complexity, to qualify and improve transistor models and improve system level designs. The largesignal network analysis technology specifically addresses the non-linear large-signal measurement
needs of the semiconductor R&D and manufacturing customers to characterize amplifiers,
transistors and other active components in cell phones, base stations and aerospace/defence
equipment.
Many years of research work by the Hewlett Packard and later Agilent NMDG team at Agilent
Technologies in cooperation with different research institutes led to what LSNA technology is today.
Under license from Agilent Technologies, the technology resulted in the commercial realization of
the MT4463. This product is currently produced and sold worldwide by Maury Microwave with the
help of NMDG. The latter also provides presages, installation and post sales support while
continuing development of future generations.
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2.6.10

About NMDG

NMDG’s ground breaking technology had its origins at the department ELEC of the Vrije Universiteit
Brussel in the eary nineties when some employees took part in the creation of the large-signal
network analyser technology at that department. The concepts and processes to calibrate and
measure non-linear high-frequency active components have earned a worldwide recognition.
In order to offer better, more complete products NMDG continues its research and development via
partnerships and co-operation with leading academic and research institutes.
In July 2006, NMDG attracted an important research grant from the Flemish government through
an IWT project. This helped the initial acceleration of the company.
During the summer 2007 a venture capital seed funding enables the company to accelerate its own
product development plans, including research and development of large - signal network analysis
tools for RF, microwave and high-speed digital components. This will also allow expanding its
commercial team while strengthening relationships with its customers and partners.
For further information, please visit us at: www.nmdg.be
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3. Education
3.1

THE INTRODUCTION OF THE BACHELOR-MASTER STRUCTURE

Since the academic year 2004-2005 the “bachelor - master” structure (replacing the candidate licentiate structure) has been introduced. The initiative for this thorough interference in the
programmes of higher education was the Bologna Declaration. The Ministers of Education of 31
European Countries gave in 1999 the start to uniform the higher education in Europe. Although the
Bologna process creates convergence, the fundamental principles of autonomy and diversity are
still respected. The aim of the Bologna Declaration is to improve in Europe the exchangeability of
degrees, the free mobility of students, quality assurance and a flexible study package by
introducing credit systems.

3.2

COURSES LECTURED IN THE FACULTY OF ENGINEERING

3.2.1

Lectures and practical courses
Lectures and practical courses2

Credits

Elektromagnetisme - Prof. A. Barel
Electromagnetism
3rd Bachelor of Applied Sciences and Engineering (compulsory)

6

Gevorderde controletechnieken - Prof. R. Pintelon
Advanced Checking Techniques
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd Electronic and IT Engineer (optional)

4

Identificeren van dynamische systemen - Prof. R. Pintelon
Dynamic Systems Identification
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd Electronic and IT Engineer (optional)

4

Netwerken en filters - Prof. R. Pintelon
Network Analysis and Synthesis
3rd Bachelor of Applied Sciences and Engineering (compulsory)

7

Systeem- en controletheorie - Prof. R. Pintelon
System and Control Theory
3rd Bachelor of Applied Sciences and Engineering (compulsory)
3rd Bachelor of Applied Sciences and Engineering (optional)

6

Hoogfrequent elektronica en antennes - Prof. Y. Rolain
High-frequency Electronics and Antennes
1st Master of Applied Sciences and Engineering : Electronics and IT-Engineering (compulsory)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)

6

2

The language of tuition of all these courses is Dutch
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Lectures and practical courses2
Meten en identificeren - Prof. Y. Rolain - Prof. J. Schoukens
Measurement and Identification
1st Master of Applied Sciences and Engineering : Electronics and IT-Engineering (compulsory)
2nd Master of Applied Sciences and Engineering : Biomedical Engineering (optional)
3rd Electronic and IT Engineer (compulsory)
3rd Bachelor of Mathematics (optional)
2nd Master of Applied Sciences and Engineering: Chemistry and Materials (optional)
2nd Master of Applied Sciences and Engineering : Electro-Mechanical Engineering (optional) 3rd year
Chemical and Materials Engineer (optional)
3rd Electro-Mechanical Engineer (optional)

Credits

7

3

Bio-informatica en datamining - Prof. J. Schoukens
Bioinformatics and Datamining
2nd Master of Applied Sciences and Engineering : Applied Computer Sciences (optional)
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd Electronic and IT Engineer (optional)

4

Meten en modelleren van niet-lineaire systemen - Prof. J. Schoukens
Measuring and Modelling of Nonlinear Systems
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

4

Statistiek voor ingenieurs - Prof. J. Schoukens
Probability and Statistics
2nd Bachelor of Applied Sciences and Engineering (compulsory)

3

Systeem- en controletheorie - Prof. J. Schoukens
System and Control Theory
3rd Bachelor of Applied Sciences and Engineering (compulsory)
3rd Bachelor of Applied Sciences and Engineering (optional)
3rd Bachelor of Applied Sciences and Engineering (compulsory)
3rd Bachelor of Mathematics (optional)
2nd Master of Applied Sciences and Engineering: Chemistry and Materials (optional)
3rd Chemical and Materials Engineer (optional)

6
5
3

Capita selecta Telecom - Prof. L. Van Biesen
Capita Selecta Telecom
2nd Master of Applied Sciences and Engineering : Applied Computer Sciences (optional)
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

3

Industriële meetomgevingen - Prof. L. Van Biesen
Industrial Measurement Environments
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

4

Navigatie en intelligente voertuigen - Prof. L. Van Biesen
Navigation and Intelligent Vehicles
2nd Master of Applied Sciences and Engineering : Electro-Mechanical Engineering (compulsory)
3rd Master Electro-Mechanical Engineer (compulsory)

3

Physical Communication - Prof. L. Van Biesen
1st Master of Applied Sciences and Engineering: Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Applied Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Computer Science (optional)

6

Signaaltheorie - Prof. L. Van Biesen
Signal Theory
1st Master of Applied Sciences and Engineering : Electronics and IT-Engineering (compulsory)
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Lectures and practical courses2

Credits

nd

2 Master of Applied Sciences and Engineering: Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (compulsory)

5

Stage: elektrotechniek - Prof. L. Van Biesen - Prof. I. Veretennicoff (dept. TONA)
Traineeship: Electrical Engineering
2nd Master of Applied Sciences and Engineering : Applied Computer Sciences (optional)
2nd Master of Applied Sciences and Engineering : Biomedical Engineering (optional)
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
3rd year Electronic and IT Engineer (optional)

6

Stem, beeld, navigatie en telemetrie - Prof. L. Van Biesen
Voice, Image Coding, Media and Systems
1st Master of Applied Sciences and Engineering: Computer Science (optional) (optional)
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

6

Toegepaste elektriciteit - Prof. L. Van Biesen
Basic Electricity
2nd Bachelor of Applied Sciences and Engineering (compulsory)
3rd Bachelor of Applied Sciences and Engineering (compulsory)

7

Transmissiemedia en -systemen - Prof. L. Van Biesen
Physical Communication
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (compulsory)
2nd Master of Applied Sciences and Engineering : Applied Computer Sciences (optional)

4
6

CAE-tools voor het ontwerp van analoge elektronische schakelingen - Prof. G. Vandersteen
CAE-tools for the Design of Analog Electronic Circuits
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

4

Design en karakteriseren van hoogfrequente (niet-lineaire) systemen - Prof. W. Van Moer
Design and Characterisation of RF and Microwave Nonlinear Systems
2nd Master of Applied Sciences and Engineering : Electronics and IT-Engineering (optional)
2nd Master of Applied Sciences and Engineering: Photonics Engineering (optional)
3rd year Electronic and IT Engineer (optional)

4

Elektronisch meten en regelen - Prof. W. Van Moer
Electronic Measurement and Control
3rd Bachelor of Applied Sciences and Engineering (compulsory)
2nd Master of Applied Sciences and Engineering: Civil Engineering (compulsory)
3rd Civil Engineer (compulsory)
3rd Bachelor of Computer Science (optional)
2nd Master of Applied Sciences and Engineering: Computer Science (optional)
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3.3

MINOR “MEASURING, MODELLING, AND SIMULATION OF DYNAMIC
SYSTEMS” OFFERED WITHIN THE 2ND MASTER ELECTRONICS AND
INFORMATION TECHNOLOGY
Course (Dutch or English)

Credits

An introduction to system identification - Prof. J. Schoukens

4

Measuring and modelling of nonlinear systems - Prof. J. Schoukens

4

Industrial measurement environments - Prof. L. Van Biesen

4

Identification of dynamic systems - Prof. R. Pintelon

4

Advanced control methods - Prof. R. Pintelon - Prof. J. Swevers, KULeuven

4

CAE-tools for the design of analog electronic circuits - Prof. G. Vandersteen

4

Design and characterization of high-frequency (nonlinear) systems - Prof. W. Van Moer

4

Bio-informatics and datamining - Prof. J. Schoukens - Prof. Y. Moreau

4

Design of new systems and products is a complex process with a central role for the engineer. A
good physical insight is combined with experimental results to come eventually to the best
products (lowest price, good quality, no pollution) to concur the competition. Each step in this
design process requires dedicated tools. We should collect good experimental data, often collected
under poor conditions (course: Industrial measurement techniques). From these measurements a
wide variety of models is extracted for the designer (course: Identification of dynamic systems)
that should meet many requirements. Sometimes the models are used in simulation tools like
‘Spice’, or they are used to measure parameters that are difficult to access directly, like the
damping of a wing, the time constants of an electrical machine. Models are also at the basis of
control design (for example the active suspension of a car). A lot of commercial software packages
are available on the market to support the design process, but using these tools without
understanding can result in a bad or poor design or even create dangerous situations. In a
simulation package, many user parameters are set to default values that are not always suitable
for the specific situation, and this can jeopardize the results completely (course: CAE-tools for the
design of analog electronic circuits). During the design, it is very tempting to rely on linear models
because they are very intuitive, easy to use, many rules of thumb are available, and it is not too
difficult to extract them from measurements. However, nature is not linear. What is the quality of
the design under these conditions? Is the stability analysis of the controller still valid? How to
design a controller in the presence of nonlinear distortions? How is the bit-error-rate of a high
speed communication link affected by a nonlinear amplifier? The courses Measuring and modelling
of nonlinear systems and Advanced control methods help to answer these questions. These ideas
are practically applied in microwave designs where transistors are often pushed in their nonlinear
operating region for power efficiency reasons (course: Design and characterization of highfrequency (nonlinear) systems). As an engineer, we are overwhelmed with information that is often
out of the scope or our interest. The course on Bioinformatics and datamining opens a new
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scientific field that is directed to the problem how to extract the desired information out of
enormous amounts of data. How can we turn data into information?

3.4

WORKSHOP INFORMATION AND COMMUNICATION TECHNOLOGY
(“ICT”)

A workshop named “ICT” has been introduced in the fourth semester of the Bachelor of
Engineering at the Faculty of Engineering VUB. It is the consequence of the introduction of a
Bachelor-Master structure into our old european “Polytechnic School” engineering education
structure.
At VUB, the bachelor programme, which counts 6 semesters, is identical for all the engineering
students except that semesters 5 and 6 are specific to the speciality they choose.
Several workshops illustrating these specialities
Water Tower

have been introduced in the semester 4 during
the academic year 2002-2003. One of them is
the “Workshop ICT”.
Prof. Jacques Tiberghien (Dept. INFO) and Prof.
Alain Barel (Dept. ELEC) are the promoters of
Users

the new workshop and with the help of the
technical and academic staff of the Dept. INFO,
ELEC and ETRO, the workshop have been
designed and run for the first time between
February and May 2003.

Underground water tank
Figure 42: Installation of Water Tower

3.4.1

The task.

Design the control of a water tower as a “project based learning” pedagogy.
A water tower is a very simple installation which delivers drinking-water to the inhabitants of a town through a
distribution network [
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Figure 42]
It is obvious that building a large water tower brings two advantages: the distribution is passive,
i.e. it continues to work even when there is no more electric power available and the distribution
pressure shows only small variations with the volume of water left in the tower.
The owner or the operator of the water tower must manually or preferably automatically care to
keep the level of water in the water tower as constant as possible in spite of the fluctuations on the
flow of water imposed by the users.The task of the workshop consists in the design of the
automatic control system that commands the approvision pump of the water tower.
Four reduced scale laboratory water towers have been build and foreseen with the same sensors and actuators as
the real water towers [

Figure 43]
These sensors and actuators are connected to a computer (a PC) which is in charge of the control.
No deep theory about control is requested in this workshop, only common sense is needed to write
a good working control algorithm.
The students are grouped in entities of 6 to 7 working on the same project.
All groups have to reach the same goal, but have to choose their equipment:
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• which type of sensor or actuator
• which type of electronic interface
• which type of PC and software

Each group can spend a fictitious credit of 10 k€ to buy the chosen equipment.
The evaluation of each group is based on the obtained technical performances during a test run
and on the amount of credit used.

3.4.2

Aim of the workshop and pedagogy.

The aim of the workshop is to show the students a broad overview of the different aspects of
electro technics in its ICT taste and initiate them to the first possible and simple applications of
basic concepts of mechanics, electricity and
chemistry already learned in the semesters 1
to 3.
Also we choose to do it as a project-based
learning pedagogy because it opens a lot of
human aspects of the engineering job, like
the ability to express (oral and written), to
work in group, to manage a work plan and to
manage a timing.

Figure 43 : Scale laboratory water tower
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3.5

COURSES LECTURED IN THE FACULTY OF SCIENCE AND BIOENGINEERING
Lectures and practical courses

Credits

Berekenbaarheid en informatietheorie3 - Prof. L. Van Biesen
Computability and Information Theory
1st Year Master of Applied Sciences and Engineering: Computer Science (compulsory)

6

Geographical Information Systems - Prof. L. Van Biesen
2nd year Master of Ecological Marine Management (compulsory)
2nd Year Master of Applied Sciences and Engineering: Applied Computer Science (optional)
2nd Year Master of Science Ecological Marine Management (compulsory)

3

Theory of Computation and Information Theory - Prof. L. Van Biesen
1st Year Master of Applied Sciences and Engineering: Computer Science (compulsory)

6

3.6

NATIONAL AND INTERNATIONAL COURSES

3.6.1

National courses (since 2003):

3.6.1.1

Identificatie van systemen (Identification of Systems)

Organised by: University of Gent, “Instituut voor permanente vorming”
Location:

IVPV - UGent, Technologiepark, 9052 Gent-Zwijnaarde

Lectured by:

Johan Schoukens and Yves Rolain

Dates:

7, 14 and 21 December 2004

Meten en modelleren is een basisactiviteit van vele ingenieurs: modellen worden gebruikt tijdens
het ontwerp, in simulatoren en in eindproducten. Het modelleringsproces is een complexe activiteit
die in 4 grote delen kan worden opgesplitst: verzamelen van de experimentele data; opstellen van
een model; in overeenstemming brengen van een model en data; validatie van de resultaten.
Systeemidentificatie biedt een systematische, optimale oplossing en wordt in deze module
bestudeerd, met als toepassing the identificeren van dynamische systemen. Hierbij wordt de
klemtoon gelegd op het aanbrengen van de ideeën, ondersteund door uitgewerkte Matlab
illustraties.
De behandelde topics zijn
• Systeemidentificatie: wat? waarom?
Een verhelderend voorbeeld
Goede schatters/slechte schatters, wat mag je ervan verwachten?
• Niet-parametrische identificatie van frequentieresponse functies
Basisidee: van tijdsignaal tot frequentierespons (FRF)
Experiment design: keuze van de excitatiesignalen, ruisgevoeligheid, uitmiddelen
Nietlineaire distorties: detectie, kwalificatie en quantificatie

3

The language of tuition of this course is Dutch
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• Parametrische identificatie van de transferfunctie
Basisidee: van data tot model
Tijdsdomein- en frequentiedomein-identicatie
• Identificatie van tijdsvariërende systemen
Basisidee
Balans volgsnelheid/ruisgevoeligheid

3.6.2
3.6.2.1

International courses (since 2003):
Characterisation of Multiport Systems through 3-port LSNA Measurements

Location:

Seminar at NIST, Boulder, CO, December 2003

Lectured by:

Wendy Van Moer

# attendees:

20

3.6.2.2

The use of multisines

Location:

Seminar at NIST, Boulder, CO, December 2003

Lectured by:

Daan Rabijns

# attendees:

20

3.6.2.3

GIS training in SEAFDEC, Thailand

Location:

Samut Prakan SEAFDEC/Training Department, Thailand, Bangkok, 2005

Lectured by:

Tesfazghi Ghebre Egziabeher

The theme of the course was interrelated to the use of Geographic Information System for Fishery
Management. Participants of the course were members of the Southeast Asian Fisheries
Development and Training Center (SEAFDC/TD), who were professionally engaged in the fishing
industry.
3.6.2.4

Measuring, Modeling, and Designing in a Nonlinear Environment

Location:

tutorial workshop organized at I2MTC08, Vancouver, Canada, May 2008

Lectured by:

Yves Rolain, Ludwig De Locht, Rik Pintelon, Johan Schoukens,
Wendy Van Moer

Topics:
• Best linear approximation and design: A perfect marriage (L. De Locht)
• Measurement of the Best Linear Approximation of Nonlinear Systems (W. Van Moer)
• Impact of nonlinear distortions on the linear framework (J. Schoukens)
• Frequency Response Function Measurement in the Presence of Nonlinear
Distortions (R. Pintelon)
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3.6.2.5

VUB - doctoral school on Identification of Nonlinear Dynamic Systems

Location:

Dept. ELEC, Vrije Universiteit Brussel, Building K, 6th floor

Lectured by:

Ludwig De Locht, Rik Pintelon, Johan Schoukens, Gerd Vandersteen,
Wendy Van Moer

# attendees:

16 (8 different nationalities) in 2008 and 14 (9 different nationalities) in 2009

The department ELEC of the VUB, organized a 4 weeks doctoral school (from the 26th of May till
the 20th of June in 2008 and from 16th May till the 21st of June in 2009) to give an intensive
training on advanced modelling and simulation techniques of (non)linear dynamic systems, starting
from experimental data. Half of the time has been spent on courses/exercises, the other half on a
project to get hands-on experience. The material teached during the courses and exercises has
been put into practice during a clearly defined project, in order to get hands-on experience. The
course covered the following topics:
• A basic introduction to system identification,
• Identification of dynamic systems,
• Measuring and modelling of nonlinear systems,
• Simulation tools for nonlinear systems,
• Design and characterization of high-frequency (nonlinear) systems (optional: intended for
those with an interest in microwave systems).

The next doctoral school on Identification of Nonlinear Dynamic Systems4 will be organised in June
2010 (from the 6th of June 2010 till the 2nd of July 2010). Participation to this workshop offers a
number of advantages. Besides the training, it can also be the start of a collaboration. To some of
the participants we can offer a one year grants to start a research collaboration, or even a full four
years grant for a (joint) PhD.
Interested candidates are invited to send their curriculum vitae, together with a short motivation
why they would like to follow this course, and this before the 17th of February 2010. They can also
express their interest in the possibility for a longer cooperation. Please do not hesitate to contact
us if you would like to have more information: email: ldelocht@vub.ac.be or
johan.schoukens@vub.ac.be.

4

http://wwwtw.vub.ac.be/elec/doctoralschool.htm
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4. Bibliography5
4.1
b1.

BOOKS
Identification of Linear Systems: A Practical Guideline to Accurate Modeling
J. Schoukens, R. Pintelon
Pergamon Press - London, 1991 (ISBN 0-08-040734-X)
The book is concentrated on the problem of accurate modelling of linear time invariant systems. These models can be
continuous time (Laplace-domain) or discrete time (Z-domain). The complete experimental procedure is discussed:
how to create optimal experiments (optimization of excitation signals), how to estimate the model parameters from
the measurements, how to select between different models, etc. These problems are thoroughly discussed in the first
section of the book. A profound theoretical development of the proposed identification algorithm is also made in this
section. The second part consists of detailed illustrations of the proposed algorithms on practical problems: modelling
an electronic, electrical, acoustic, mechanical system. Finally the book is completed with a practical guideline to help
the user making the correct choices.
The book is intended for all those dealing with “practical” modelling problems and have to combine measurements
and theory. A second group of interested people are those involved with identification theory.

b2.

System Identification: A Frequency Domain Approach
Rik Pintelon, Johan Schoukens
IEEE Press, Piscataway, NJ, 2001 (ISBN 0-7803-6000-1)
How does one model a linear dynamic system from noisy data This book presents a general approach to this problem,
with both practical examples and theoretical discussions that give the reader a sound understanding of the subject
and of the pitfalls that might occur on the road from raw data to validated model. The emphasis is on robust methods
that can be used with a minimum of user interaction.
System Identification: A Frequency Domain Approach is written for practising engineers and scientists who do not
want to delve into mathematical details of proofs. Also, it is written for researchers who wish to learn more about the
theoretical aspects of the proofs. Several of the introductory chapters are suitable for undergraduates. Each chapter
begins with an abstract and ends with exercises, and examples are given throughout

4.2
p323.

JOURNAL PAPERS (SINCE 2009)
Fast calculation of confidence intervals on parameter estimates of least-squares
frequency-domain estimators
T. De Troyer, P. Guillaume, R. Pintelon, S. Vanlanduit
Mechanical Systems and Signal Processing, 23 (2009), pp. 261-273
The least-squares complex frequency-domain (LSCF) estimator - commercially known as the PolyMAX estimator nowadays is used intensively in various modal analysis applications. The main advantages are the very clear
stabilization diagrams and even more important, the speed. In this paper it is shown that confidence intervals of the
modal parameter estimates can be derived without major additional calculations, if the frequency response functions
are uncorrelated an noise information (e.g. the coherence function) is available. This approach is also applied to the
iterative quadratic maximum likelihood (IQML) estimator, indicating strong analogies to the maximum likelihood (ML)
estimator. The algorithm is evaluated by means of Monte Carlo simulations.

p324.

A new FIR filter technique for solvent suppression in MRS signals
Jean-Baptiste Poullet , Rik Pintelon, Sabine Van Huffel
Journal of Magnetic Resonance 196 (2009) 61-73
A large water resonance is usually present in MRS signals. Time-domain quantitation methods require a good
suppression of these components in order to obtain accurate parameter estimates. In this paper, we analyze one of
the most successful methods for solvent suppression, the maximum-phase finite impulse response filter (MP-FIR),
and identify its drawbacks. A new filtering method is proposed to overcome the limitation of MP-FIR.

5

More publications of the department ELEC can be found on:
http://www.vub.ac.be/infovoor/onderzoekers/research/team_pub.php?team_code=elec
or http://wwwir.vub.ac.be/elec/Papers%20on%20web/index.htm
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p325.

On the Elimination of Bias Averaging-Errors in Proxy Records
Veerle Beelaerts, Fjo De Ridder, Nele Schmitz, Maite Bauwens, Frank Dehairs, Johan
Schoukens, Rik Pintelon
Mathematical Geosciences, Volume: 41,Issue: 2 ,pp. 129-144 Published: FEB 2009
Knowledge of and insight into past environmental conditions can be obtained by processing and analyzing proxies.
The proxies need to be processed as precisely and accurately as possible, otherwise the conclusion of the analysis will
be biased. A calibration method which reduces bias errors in the proxy measurements due to averaging is presented.
Sampling with nonzero sample sizes causes an averaging of the true proxy signal over the volume of the sample. The
method is applied on a linear synthetic record which results in an optimal correction for frequency components
ranging from the dc-frequency (DC) to one half of the sample frequency (f s /2). Next, the method is tested on nonlinear synthetic data where the signal is reconstructed reasonably well. Finally, the method is applied to a real vessel
density record of R. mucronata from Makongeni, Kenya, and to a real delta deuterium record of ice core EDC from
dome C, Antarctica. The method discussed in this paper is a valuable tool for the calibration of proxy measurements;
it can be applied as a correction for low resolution measurements and expanded to other types of samples and
proxies. Working with small sample sizes (high resolution) amounts to working near the detection limit, where the
signal-to-noise-ratio is low. This correction method provides an alternative in which low resolution measurements can
be upgraded to minimize the loss of information due to larger sample sizes.

p326.

Design and characterization of an RF pulse train generator for large-signal
analysis
Liesbeth Gommé and Yves Rolain
Measurement Science And Technology, 20 (2009) 025106 (12pp)
In this paper an RF pulse train signal is introduced that can serve as a reference signal for the phase calibration of
the large-signal network analyser (LSNA) under modulated excitations. Hence, the pulse train generator is specifically
designed to fulfil the requirements of such a calibration signal. The design and characterization of the RF signal
generator are discussed in this work.

p327.

An Improved Broadband Conversion Scheme for the Large-Signal Network
Analyzer
Wendy Van Moer and Yves Rolain
IEEE Transactions on Instrumentation and Measurement, Vol. 58, No. 2, Februari 2009, pp.
483-487
The key component of a large-signal network analyzer (LSNA) is the downconvertor, which allows the transformation
of the measured RF spectrum into an IF spectrum by using the harmonic sampling principle. However, a drawback of
the harmonic sampling principle is that, for broadband signals, a ÒdescramblingÓ of the measured IF spectral
components is necessary after downconversion. In this paper, the classical twoport LSNA is adapted to allow direct
conversion of broadband signals. The necessary hardware adaptations are explained, and the improved broadband
conversion is shown on some significant measurement examples.

p328.

Quasi-Analytical
Bit-Error-Rate
Analysis
Technique
Using
Best
Linear
Approximation Modeling
Gerd Vandersteen, Yves Rolain, Koen Vandermot, Rik Pintelon, Johan Schoukens and
Wendy Van Moer
IEEE Transactions on Instrumentation and Measurement, Vol. 58, No. 2, February 2009, pp.
475-482
The bit-error-rate (BER) estimation of communication systems can be very time consuming when dealing with
complex communication systems and complex modulation schemes such as orthogonal frequency-division
multiplexing (OFDM). The signals of such modulation schemes have crest factors (also known as peak-to-average
power ratios) that strongly depend on the transmitted symbol. This paper describes a quasi-analytical method to
compute the BER, which takes the probability density function (pdf) of the crest factor into account. For each crest
factor, the BER is computed using either a Monte Carlo estimate or a quasi-analytical method, which uses the Best
Linear Approximation (BLA) model to determine the signal-to-distortion ratio. This BLA model determines a best
linear model (in least-squares sense) of the nonlinear system, together with additive noise sources that comprise not
only additive noise but also stochastic nonlinear distortions. This best linear model also includes the compression
characteristics introduced by the nonlinear system. The proposed quasi-analytical BER method is demonstrated on
measurements of an asymmetric digital subscriber line (ADSL) modem driver and on system-level simulations of an
OFDM wireless local area network (WLAN) system. The results show that the technique achieves similar accuracies
with almost two orders of magnitude fewer simulations than without taking the pdf of the crest factor into account.

p329.

Measurement of non-linear distortions in the vibration of acoustic transducers
and acoustically driven membranes
J.R.M. Aerts, J.J.J. Dirckx, R. Pintelon
Optics and Lasers in Engineering 47(2009) 419-430
Different methods exist to quantify non-linearity, and recently a new method was proposed that uses multisines to
determine output response level, noise level, and level of non-linear distortions simultaneously from one single short
experiment. We used heterodyne virbrometry to measure the vibrations of a membrane while it is stimulated
acoustically, and to determine the non-linear distortions in its response with this new method of analysis. We
demonstrate the method on an electrically driven earphone. Analysis of the sound output and optically measured
vibration deliver comparable results, and clearly detect non-linear distortions. Next, we apply the method on an much
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smaller, as to be expected on an elastic membrane, but they can still be detected with the vibrometer. This technique
can be used to investigate the non-linearity of acoustically driven systems such as the middle ear.
p330.

Advantages of Odd Random Phase Multisine Electrochemical
Measurements
Yves Van Ingelgem, Els Tourwé, Orlin Blajiev, Rik Pintelon, Annick Hubin
Electroanalysis 2009, 21, No. 6, pp. 730-739

Impedance

Electrochemical impedance spectroscopy (EIS) is a powerful technique to study electrochemical processes and to
perform screening tasks. Recently an integrated measuring and modeling methodology for EIS based on a multisine
excitation signal was developed. A key issue in this methodology is the data analysis, allowing us to rapidly quantify
the reliability of the measured data. In this paper, a comparison is made between classical single-sine and the
proposed multisine measurements on the same system. The fitting of the impedance data obtained by single-or
multisine excitation and using different weighting factors is also discussed. In addition to the advantages reported in
earlier work, it is concluded that, of all investigated frequencies, the odd random phase multisine excitation yields the
highest quality data in the shortest measurement time.
p331.

Design of a sampling strategy to optimally calibrate a reactive transport model:
Exploring the potential for Escherichia coli in the Scheldt Estuary
Anouk de Brauwere, Fjo De Ridder, Olivier Gourgue, Jonathan Lambrechts, Richard
Comblen, Rik Pintelon, Julien Passerat, Pierre Servais, Marc Eskens, Willy Bayens, Tuomas
Kärnä, Benjamin de Brye, Eric Deleersnijder
Environmental Modelling & Software 24 (2009), pp. 969-981
For the calibration of any model, measurements are necessary. As measurements are expensive, it is of interest to
determine beforehand which kind of samples will provide maximal information. Using a creterion related to the Fisher
informaion matrix as a measure for information content, it is possible to design a sampling scheme that will enable
the most pecise parameter estimates. This approach was applied to a reactive transport model (based on the
Second-generation Louvain-la-Neuve Ice-ocean Model, SLIM) of Escherichia coli conentrations in the Scheldt Estuary.
As this estuary is highly influenced by the tide, it is expected that careful timing of the samples with respect to the
tidal cycle can have an effect on the quality of the data. The timing and also the positioning of samples were
optimised according to the proposed criterion. In the investigated case studies the precision of the estimated
parameters could be improved by up to a factor of ten, confirming the usefulness of this approach to maximize the
amount of information that can be retrieved from a fixed number of samples. Precise parameter values will result in
more reliable model simulations, which can be used for interpretation, or can in turn serve to plan subsequent
sampling campaigns to further constrain the model parameters.

p332.

Estimating a Nonparametric Colored-Noise Model for Linear Slowly Time-Varying
Systems
John Lataire, Rik Pintelon
IEEE Transactions on Instrumentation and Measurement, Vol. 58, No. 5, May 2009, pp.
1535-1545
This paper proposes a methodology to easily extract some valuable nonparametric information on linear slowly
timevarying systems, which have been excited by multisines. More specifically, it is first explained how time-varying
systems behave when excited by multisines and how a rough nonparametric idea of the speed of variation of the
instantaneous frequency response function is estimated. Second, a nonparametric model of the disturbing colored
noise on the measured input and output signals is estimated. The methodology circumvents the need for repeated
experiments, which are, for time-varying systems, usually difficult to perform. The estimation of the disturbing noise
is mandatory when identifying dynamic systems within an errors-in-variables framework. The estimated noise model
is intended for system identification performed in the frequency domain, where a nonparametric noise model is easily
implemented. The noise model is estimated independently of the parameters of the time-varying system under
consideration. The estimate of the speed of variation of the instantaneous frequency response function gives some
insight into the measured system. It might actually provide an idea of which poles or zeros are actually moving and
which are not.

p333.

Robustness Issues of the Best Linear Approximation of a Nonlinear System
Johan Schoukens, John Lataire, Rik Pintelon, Gerd Vandersteen, and Tadeusz Dobrowiecki
IEEE Transactions on Instrumentation and Measurement, Vol. 58, No. 5, May 2009, pp.
1737-1745
In many engineering applications, linear models are preferred, even if it is known that the system is disturbed by
nonlinear distortions. A large class of nonlinear systems, which are excited with a ÒGaussianÓ random excitation, can
be represented as a linear system GBLA plus a nonlinear noise source YS. The nonlinear noise source represents that
part of the output that is not captured by the linear approximation. In this paper, it is shown that the best linear
approximationGBLA and the power spectrum SYS of the nonlinear noise source YS are invariants for a wide class of
excitations with a user-specified power spectrum. This shows that the alternative Òlinear representationÓ of a
nonlinear system is robust, making its use in the daily engineering practice very attractive. This result also opens
perspectives to a new generation of dynamic system analyzers that also provide information on the nonlinear
behavior of the tested system without increasing the measurement time.
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p334.

A comparative study of methods to reconstruct a periodic time series from an
environmental proxy record
Anouk de Brauwere, Fjo De Ridder, Rik Pintelon, Johan Schoukens, Frank Dehairs
Earth-Science Reviews, 95(2009), pp. 97-118
The past environment is often reconstructed by mesuring a certain proxy (e.g. d18O) in an environmental archive, i.e.
a biogenic or abiogenic accreting structure which gradually accumulates mass and records the current environment
during thhis mass formation (e.g. corals, shells, trees, ice cores, speleothems, etc.). Proxy analysis usually yields a
record along a distance axis. However, to relate the data to environmental variations, the date associated with each
data point has to be known too. This transformation from distance to time is not straightforward to solve, since
accretion mostly proceeds at a varying and unknown rate. To solve this problem some hypotheses about the growth
rate or the time series must be made. Depending on the application, different assumptions may be appropriate,
resulting in or requiring a particular method to perform this transformation. The actual method used can hugely
influence the final result and hence the interpretation of the data in terms of frequency and timing of events.
However, no comparative study has been made so far, and most of the existing methods haven’t been thoroughly
assessed. Therefore, this paper aims to evaluate and compare the most popular methods. To keep the review
manageable the scope was limited to those records where it can be assumed that the time series is periodic.
Examples of periods include tidal, seasonal and ENSO (El Ni–o Southern Oscillation) cycles, and even cycles of
thousands of years could be considered, as long as they are resolved in the measured record. Six methods to
reconstruct the time base for periodic proxy records are comapred in this review. Their performance in the presence
of stochastic and systematic errors is tested on simulations and linked to the methods’ underlying assumptions. As a
final comparison, all methods are applied to a real world example. The goal of this overview is to provide an objective
structure and comparison of the methods mostly used, so that the users are aware of the underlying assumptions
and their consequences.

p335.

Nonparametric preprocessing in system identification: a powerful tool.
Schoukens J., Vandersteen G., Barbe K., Pintelon R.
European Journal of Control (2009), 3-4, pp. 260-274
In this paper, we study the properties of existing non-parametric methods for estimating the plant and noise transfer
functions of a linear dynamic system. The analysis is based on the recent insight that leakage errors in the frequency
domain have a smooth nature that is completely similar to the initial transients in the time domain. This not only
allows us to understand better the existing clasic methods, but also opens the road to new better performing
algorithms. The paper includes the output error setup, the errors-in-variables setup, and measurements under
feedback conditions. Eventually, some of the methods are illustrated in the analysis of a vibrating metal beam.

p336.

Blind maximum-likelihood identification of Wiener Systems
Vanbeylen, L., R. Pintelon and J. Schoukens
IEEE Transactions on Signal Processing, Vol. 57, No. 8, August 2009, pp. 3017-3029
This paper is about the identification of discrete-time Wiener systems from output measurements only (blind
identification). Assuming that the unobserved input is white Gaussian noise, that the static nonlinearity is invertible,
and that the output is observed without errors, a Gaussian maximum-likelihood estimator is constructed. Its
asymptotic properties are analyzed and the Cramér-Rao lower bound is calculated. A two-step procedure for
generating high-quality initial estimates is presented as well. The paper includes the illustration of the method on a
simulation example.

p337.

Estimation of Nonparametric Noise Models for Linear Dynamic Systems
Johan Schoukens and Rik Pintelon
IEEE Transactions On Instrumentation And Measurement, Vol. 58, No. 8, August 2009, pp.
2468-2474
This paper studies the measurement of the power spectrum of the output noise of a linear dynamic system, starting
from the known input and the measured output. Two methods are proposed and analyzed: 1) a classical coherencebasedmethod and 2) a newly introduced Taylor method. To analyze the properties of both methods, recently obtained
insights into the structured behavior of leakage effects on frequency response function measurements are used. It
will be shown that the Taylor method gives superior results.

p338.

Experimental Analysis of the Coupling Mechanisms Between a 4 GHz PPA and a 57 GHz LC-VCO
Stephane Bronckers, Gerd Vandersteen, Ludwig De Locht, Michael Libois, Geert Van der
Plas, and Yves Rolain
IEEE Transactions On Instrumentation And Measurement, Vol. 58, No. 8, August 2009, pp.
2706-2713
The coupling of the transmitted radio-frequency (RF) signal of the power amplifier (PA) in the sensitive
voltagecontrolled oscillator (VCO) remains a major problem for system-on-chip (SoC) design. Coupling between these
two circuits may cause malfunctioning of the system. This paper analyzes the different coupling mechanisms between
a 4 GHz prepower amplifier (PPA) and a 5Ð7 GHz LC-VCO designed in 0.13 “m technology. Different experiments are
carried out to reveal the dominant coupling mechanisms. Insight into these mechanisms leads to the proposal of
proper countermeasures.
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p339.

Optimal Settings for Measuring Frequency Response Functions with Weighted
Overlapped Segment Averaging
J. Antoni, J. Schoukens
IEEE Transactions on Instrumentation and Measurement, Vol. 58, No. 9, September 2009,
pp 3276-3287
This paper investigates the measurement errors involved in estimating frequency response functions - and related
quantities such as the coherence function - from weighted overlapped segment averaging, a technique that has
become a standard in modern data analysers due to its computational advantages. A particular attention is paid to
leakage errors, for which this technique has freguently been criticised. Our main result is that a half-sine or Diff
window with 2/3 overlap achieves the best compromise to reduce leakage errors in the case of stationary random
excitations, and this is independently of the system frequency response function. This conclusion is to be contrasted
with the customary habit of using a Hannig window with 1/2 overlap. The same reasoning confirms that a rectangular
window without overlap minimizes measurement errors in the special case of multi-sine excitations. Moreover,
practical formulas are provided to the reader for computing the bias and variance of the frequency response and
coherence functions in the general case.

p340.

Fault Detection on Critical Instrumentation Loops of Gas Turbines With
Reflectometry
Carine Neus, Patrick Boets, Leo Van Biesen, Rudy Moelans, and Guido Van de Vyvere
IEEE Transactions On Instrumentation And Measurement, Vol. 58, No. 9, September 2009,
pp. 2938-2944
This paper deals with the testing of instrumentation loops (ILs) in gas turbines during scheduled maintenance. To
both guarantee safe operation and save costs on periodical changing of cables, an innovative measurement device
that monitors the status of the IL and indicates whether a replacement is necessary, has been developed. The goal of
the research described in this paper is twofold: First, the cable network is checked for faults with timedomain
reflectometry by comparing the recorded reflectogram with a reference reflectogram. Second, the sensor state is
investigated by calculating its impedance through one-port scattering measurements. For this, a de-embedding
technique is described to remove the cabling influences. Changes in the reflectogram or the impedance point to aging
or a fault and indicate the location of the defect, so that specific actions can be taken to replace the malfunctioning
cable or sensor.

p341.

Time domain model validation of a nonlinear block-oriented structure
Liesbeth Gommé, Yves Rolain, Johan Schoukens and Rik Pintelon
Measurement Science And Technology, 20 (2009) 105106 (9pp)
A crystal detector is studied as a valid candidate reference element for the phase calibration of the large-signal
network analyzer (LSNA) for modulated excitations. However, one cannot use a crystal detector straightforwardly as
a phase reference element, since a crystal detector inherently introduces phase distortions. Hence, the identification
and validation of a parametric black-box model of the detector is needed. In this work, a nonlinear feedback model
for a crystal detector is constructed: the model contains a low-pass filter in the feedforward path and a Wiener
system in the feedback loop. The model is estimated from baseband data and needs to be validated for use with
high-frequency signals: the model needs to be extrapolated to RF frequencies, which is quite an arduous task. The
validation of the extrapolated model is performed using two approaches: (i) the RF narrow band modulated signal is
applied to the extrapolated model structure and the output signal is computed; (ii) the physical representation of the
model structure is translated into its differential equation and by means of this equation, the low-frequency output
envelope is computed for RF input signals. The second approach requires a slight modification of the extracted model
compared to the model used in the first approach, with respect to the function describing the static nonlinear
behavior. The deviation between the modeled output envelope and the measured output envelope is evaluated for
both approaches. The method (ii) that computes the output of the detector in the time domain by means of solving a
differential equation that characterizes the identified nonlinear feedback model gives the overall best results for
predicting the magnitude and the phase of the detector output spectrum and the amplitude behavior of the time
domain output waveform. The mean deviation in magnitude between the modeled and measured envelope equals 2.6
dB. This approach significantly outperforms the first method (i) as the mean deviation between the phase of the
modeled and measured envelope equals 8.2..

p342.

Using ANOVA in a Microwave Round-Robin Comparison
Kurt Barbé, Wendy Van Moer and Yves Rolain
IEEE Transactions On Instrumentation And Measurement, Vol. 58, No. 10, October 2009,
pp. 3490-3498
This paper describes a procedure for comparing calibrated nonlinear radio-frequency (RF) measurements performed
on a nonlinear device by five different measurement laboratories. The device under test (DUT) is a nonlinear active
semiconductor device that is designed to generate a maximum number of harmonic tones. The goal is to obtain a
simple automated method that detects if some laboratory had measurement problems during the measurement
campaign. The developed comparison method is based on the analysis of variance (ANOVA) technique.

p343.

Measuring source-pull free nonlinear distortions: a multisine approach
Wendy Van Moer, Rik Pintelon and Yves Rolain
Measurement Science And Technology, Vol. 20 (2009) 125104 (7pp)
This paper presents a method to measure the nonlinear distortions generated by a device-under-test (DUT) out of
the frequency band where the device operates. The method compensates for the nonlinear distortions present in the
input signal of the DUT and, hence, results in a source-pull free level of the output nonlinear distortions. This is
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important when determining an accurate adjacent co-channel power ratio (ACPR). The proposed measurement
technique is based on a vectorial network analyzer (PNA-X) combined with a broadband multisine excitation of the
DUT. Results obtained from a microwave amplifier are reported.
p344.

A Methodology to Predict the Impact of Substrate Noise in Analog/RF systems
Stephane Bronckers, Karen Scheir, Gerd Van der Plas, Gerd Vandersteen and Yves Rolain
IEEE Transactions on Computer Aided Design of Integrated Circuits and Systems, Vol. 28,
No. 11, Nov. 2009, pp. 1613-1626
Substrate noise problems in a system-on-a-chip hamper the smooth cohabitation between analog and digital
circuitries on the same die. Solving those problems will shorten the time to market. This paper presents a
methodology that gives designers the necessary insight to solve this substrate noise problem. The methodology
combines the strengths of the electromagnetic simulator, the parasitic extractor, and the circuit simulator. Its main
assets are the ease of use, an acceptable simulation time, and a good accuracy. Moreover, this methodology does not
need doping profiles that are hard to get hold off. The proposed methodology is demonstrated on two challenging
examples: a 48-53-GHz LC voltage-controlled oscillator and a dc-to-5-GHz wideband receiver designed, respectively,
in a 0.13-mum and a 90-nm CMOS technology. The substrate noise coupling mechanisms are revealed for both
examples in a simulation time of less than 2 hours. The methodology is successfully validated by measurements
performed on real-life prototypes of those examples with an accuracy of 1-2 dB.

p345.

A 2.4 GHz Lower-Power Sixth-Order RF Bandpass Delta Sigma Converter in CMOS
Ryckaert, J.; Borremans, J.; Verbruggen, B.; Bos, L.; Armiento, C.; Craninckx, J.; Van der
Plas, G.
IEEE Journal of Solid-State Circuits, Publication Date: Nov. 2009 Vol. 44, No. 11, pp. 28732880
A sixth-order RF bandpass DeltaSigma ADC operating on the 2.4 GHz ISM band, which is suitable for RF digitization is
presented. The bandpass loop filter is based on digitally programmable Gm-LC resonators that can be calibrated
online to adjust the RF center frequency. By sampling below the input Nyquist frequency, the clock in the system was
reduced to 3 GHz, allowing a large reduction of the power consumption. Implemented in a standard 90 nm CMOS
process, the IC achieves 40 dB and 62 dB of SNDR and SFDR, respectively, on a 60 MHz bandwidth with 40 mW of
power consumption leading to a FoM of 245 GHz/W (4.1 pJ/conversion step). This implementation paves a possible
way towards direct RF digitization receiver architectures.

p346.

Localization in WiMAX Networks Depending on The Available RSS-based
Measurements
Mussa Bshara, Leo van Biesen
International Journal on Advances in Systems and Measurements, Vol. 2, no 2 & 3, year
2009, pp. 214-223
Recently, localization in wireless networks has gained a lot of interest; especially after some of the most interesting
positioning application areas have emerged in wireless communication. The most important are the Federal
Communications Commission (FCC) and the European Recommendation E112, both of which require that wireless
providers should be able to locate within tens of meters users of emergency calls. In this paper, fingerprinting-based
localization depending on the available RSS-based measurements is of great interest because of their availability
during the normal operation of the standard modems, and the simplicity of obtaining them. The obtained results
show that using the available RSS-based measurements to locate users in WiMAX networks is feasible and provides
the required positioning accuracy for most of location-based services (LBS), if fingerprinting-based approaches are
used to obtain localization. The available RSS-based measurement in the current WiMAX is called SCORE. The term
SCORE is used by modem manufacturer to indicate the quality of the connection between the base station (BS) and
the subscriber station (SS). However, using the actual received signal strength (RSS) values gives higher accuracy
than using SCORE values, but obtaining them is more difficult and not feasible using the current modems.

p347.

Continuous-time operational modal analysis in the presence of
disturbances—The multivariate case
R. Pintelon, B. Peeters, P. Guillaume
Mechanical Systems and Signal Processing Vol. 24, No. 1 (2010), pp. 90-105

harmonic

Recently [R. Pintelon, B. Peeters, P. Guillaume, Continuous-time operational modal analysis in the presence of
harmonic disturbances, Mechanical Systems and Signal Processing 22 (5) (2008) 1017Ð1035] a single-output
algorithm for continuous-time operational modal analysis in the presence of harmonic disturbances with time-varying
frequency has been developed. This paper extends the results of Pintelon, et al. [Continuous-time operational modal
analysis in the presence of harmonic disturbances, Mechanical Systems and Signal Processing 22 (5) (2008)
1017Ð1035] to multi-output signals. The statistical performance of the proposed maximum likelihood estimator is
illustrated on simulations and real helicopter data.
p348.

Fingerprinting Localization in Wireless Networks Based on Received-SignalStrength Measurements: A Case Study in WiMAX Networks
Mussa Bshara, Umut Orguner, Fredrik Gustafsson, Leo Van Biesen
IEEE Transactions on Vehicular Technology, Vol. 59, No. 1, January 2010
This paper considers the problem of fingerprinting localization in wireless networks based on received-signal-strength
(RSS) observations. First, the performance of static localization using power maps (PMs) is improved with a new
approach called the base-station-strict (BS-strict) methodology, which emphasizes the effect of BS identities in the
classical fingerprinting. Second, dynamic motion models with and without road network information are used to
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further improve the accuracy via particle filters. The likelihood-calculation mechanism proposed for the particle filters
is interpreted as a soft version (called BS-soft) of the BS-strict approach applied in the static case. The results of the
proposed approaches are illustrated and compared with an example whose data were collected from a WiMAX
network in a challenging urban area in the capitol city of Brussels, Belgium.
p349.

Odd random phase multisine EIS as a detection method for the onset of corrosion
of coated steel
Tom Breugelmans, Els Tourwé, Yves Van Ingelgem, Jan Wielant,Tom Hauffman, René
Hausbrand, Rik Pintelon, Annick Hubin
Electrochemistry Communications 12 (2010) 2–5
In this work, odd random phase multisine Electrochemical Impedance Spectroscopy (ORP-EIS) was used as a
detection method for the onset of corrosion of coated steel. The possibility to use ORP-EIS as a rapidscreening test
for corrosion was investigated. It is concluded that the detection of a non-linear behavior combined with a nonstationary behavior during the onset of corrosion can be used as a criterion in a rapid-screening test for corrosion of
coated steel.

p350.

Estimation of nonparametric noise and FRF models for multivariable systems—
Part I: Theory
R. Pintelon, J. Schoukens, G. Vandersteen, K. Barbé
Mechanical Systems and Signal Processing 24 (2010) 573–595
This series of two papers presents a method for estimating nonparametric noise and frequency response function
models of multivariable linear dynamic systems excited by arbitrary inputs. It extends the results of Schoukens et al.
(2006) [1] and Schoukens and Pintelon (2009) [2] from single input, single output systems with known input and
noisy output observations (= output error problem), to multiple input, multiple output systems where both the input
and output are disturbed by noise (= errors-in-variables problem). In Part I, the theory is developed for linear
dynamic multivariable output error problems. The results are supported by simulations. A detailed comparison with
the classical spectral analysis based on correlation techniques shows that the proposed procedures are more robust.
In Part II (Pintelon et al., 2009) [3], the method first is applied to nonlinear systems, and parametric identification
within a generalized output error framework. Next, it is extended to handle errors-in-variables problems, and
identification in feedback. Finally, it is illustrated on four real measurement examples.

p351.

Estimation of nonparametric noise and FRF models for multivariable systems—
Part II: Extensions, applications
R. Pintelon, J. Schoukens, G. Vandersteen, K. Barbé
Mechanical Systems and Signal Processing 24 (2010) 596–616
This is Part II of a series of two papers on the estimation of nonparametric noise and frequency response function
models for multiple input, multiple output systems excited by arbitrary inputs. Part I (Pintelon et al. (2009)) [1]
develops the methodology for linear dynamic multivariable systems with exactly known input and where the output is
disturbed by stationary noise (=output error problem). The contributions of Part II are the following. First, it is shown
that the proposed method can be used for nonlinear systems and for parametric identification of the system
dynamics in a generalized output error framework. Next, the methodology is generalized to handle noisy input–
output data (= errors-in-variables problem), and identification in feedback. Finally, the approach is illustrated on
simulations and real measurements examples.

p352.

Estimation of the equivalent complex modulus of laminated glass beams and its
application to sound transmission loss prediction
K. De Belder, R. Pintelon, C. Demol, P. Roose
Mechanical Systems and Signal Processing 24 (2010) 809–822
The complex modulus E(jω) characterizes the visco-elastic behavior of a material. Using a system identification
approach, this modulus can be measured via broadband modal analysis experiments. The technique is applied to
determine the equivalent complex modulus E(jω), with its uncertainty bound, of multilayer glass beams from
transversal vibration experiments in free-free boundary conditions. This property is related to the effective complex
bending stiffness of the laminated glass specimen, and is further used for predicting the sound transmission loss of a
multilayer plate. The data are rationalized in the terms of the linear visco-elastic properties of the polymer interlayer.

4.3
c689.

CONFERENCE PAPERS (SINCE 2009)
The impact of substrate noise on a 48-53 GHz mm-wave LC-VCO
S. Bronckers, K. Scheir, G. Van der Plas, Y. Rolain
9th Topical Meeting on Silicon Monolithic Integrated Circuits in RF Systems (SiRF09), San
Diego, CA, January 19-21, 2009
Substrate noise problems continue to harass the design of a System-on-a-Chip (SoC). It is not obvious for the
designer to identify the dominant substrate noise entry points. This paper proposes a new approach to gain insight in
and predict the impact of substrate noise on mm-wave circuits. The approach is validated by measurements on a
CMOS 48-53 GHz LC-VCO, designed in a UMC 0.13 “m technology.
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c690.

A 57-to-66GHz Quadrature PLL in 45nm Digital CMOS
K. Scheir, G. Vandersteen, Y. Rolain, P. Wambacq
2009 IEEE International Solid-State Circuits Conference, ISSCC 09, USA, San Francisco,
February 8-12, 2009
A 57-to-66GHz quadrature PLL in low-power 45nm digital CMOS achieves a large tuning range with 2 QVCOs and a
tunable injection-locked prescaler. The circuit has quadrature outputs, consumes 78mW from a 1.1V supply, achieves
a phase noise of -82dBc/Hz at 3MHz offset around 61.6GHz, and has a reference spur level of -42dBc.

c691.

A Multirate 3.4-to-6.8mW 85-to-66dB DR GSM/Bluetooth/UMTS Cascade DT
DSM in 90nm Digital CMOS
L. Bos, G. Vandersteen, J. Ryckaert, P. Rombouts, Y. Rolain, G. van der Plas
2009 IEEE International Solid-State Circuits Conference, ISSCC 09, USA, San Francisco,
February 8-12, 2009
A multimode multirate 2-1 cascade ADC achieves a dynamic range of 66/77/85dB for UMTS/Bluetooth/GSM with
6.8/3.7/3.4mW. An optimal power/performance trade-off is obtained by relaxing the sampling speed of the 1st stage
and appropriately increasing that of the 2nd stage. Implemented in 1.2V 90nm CMOS with an area of 0.076mm2, the
energy per conversion-step is 1.7/1.4/6.6pJ.

c692.

Estimating the parameters of a Rice distribution: a Bayesian approach
Lieve Lauwers, Kurt Barbé, Wendy Van Moer and Rik Pintelon
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 114-117
The problem of detecting a periodic signal buried in zero-mean Gaussian noise is present in various fields of
engineering. It is well-known that the amplitude of the disturbed signal follows a Rice distribution which is
characterized by two parameters. In this paper, an alternative Bayesian approach is proposed to tackle this twoparameter estimation problem. By incorporating prior knowledge into a mathematical framework, the drawbacks of
the existing methods (i.e., the maximum likelihood approach and the method of moments) can be overcome. The
performance of the proposed Bayesian estimator is shown through simulations.

c693.

Finite record effects of the errors-in-variables estimator for linear dynamic
systems
Kurt Barbé, Rik Pintelon and Gerd Vandersteen
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1525-1530
The frequency domain Errors-In-Variables (EIV) estimator for linear dynamic systems is generally formulated as a
weighted least square estimator, where the weights used are the estimated noise (co)variances. In this paper, we
study the finite record influences on the uncertainty of the EIV estimator for using the estimated weights.
Furthermore, we discuss when a significant influence can occur and derive a practical method to circumvent this
problem without the need of introducing a parametric noise model

c694.

eSYSID: A proposal for a flexible electronic SYStem IDentification test bench
G. Vandersteen, L. De Locht, J. Schoukens
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1309-1314
The experimental verification of identification techniques is the ultimate step in showing its qualities and weaknesses.
For research purposes, the main problem is the reproduction of measurements done by other groups to validate a
new method or excitation. For teaching purposes, on the other hand, it is extremely important that the students can
put the system and/or method under study into different configurations. Having a realistic, reproducible and flexible
test bench is, however, not an easy mission. This motivates the development of an electronic SYStem IDentification
test bench (eSYSID). This paper provides a first architectural study of a digitallyprogrammable analog test bench.
The analog system basically describes the nonlinear state-space equations using nonlinear functions and integrators.
The initial architectural structure is described to give the potential users the ability to evaluate the possible use of the
test bench. Hence, this paper can be seen as a study of the eSYSID under development, with the intention to gather
realistic use-cases from various research groups in the field of instrumentation, measurement and identification.

c695.

Baseband identification and RF validation of a nonlinear feedback model for a
crystal detector
Liesbeth Gommé, Yves Rolain, Johan Schoukens and Rik Pintelon
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1605-1609
In this work the identification and validation of a block-structured nonlinear Wiener system, that is captured in the
feedback path of a closed-loop system, is studied. The technique is applied to the identification of a crystal detector.
First, nonparametric initial estimates are generated for the linear dynamic blocks and the static nonlinear system.
Next, a parametric model is identified. The extracted model is then validated using microwave measurements
performed on the crystal detector. This requires the solution of the differential equation corresponding to the physical
representation of the identified model.
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c696.

Nonparametric Noise Modeling in the Presence of Exogenous Inputs
R. Pintelon, J. Schoukens, and G. Vandersteen
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1520-1524
This paper presents a method to estimate a nonparametric noise model for multiple input, multiple output systems
excited by arbitrary inputs. It is an extension of the method described in [1] for single input, single output systems.
It is shown that the proposed procedure is more robust than the classical spectral analysis based on correlation
techniques. The theory is supported by simulations and a real measurement example.

c697.

Upper bounding the variations of the best linear approximation of a nonlinear
system in a power sweep measurement
J. Schoukens, T. Dobrowiecki, Y. Rolain, R. Pintelon
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1514-1519
In many engineering applications, linear models are preferred, even if it is known that the system is nonlinear. A
large class of nonlinear systems, excited with random excitations, can be represented as Y = GBLAU + YS with GBLA
the best linear approximation, and YS a nonlinear noise source that represents that part of the output that is not
captured by the linear approximation. Because GBLA not only depends upon the linear dynamics, but also on the
nonlinear distortions, it will vary if the input power is changed. In this paper, we study under what conditions (class
of excitations, class of nonlinear systems) these variations of GBLA can be bounded, starting from the knowledge of
the power spectrum SYs. Since SYs can be easily measured using well designed measurement procedures, it
becomes possible to provide the designer with an upper bound for the variations of GBLA, leading to more robust
design procedures.

c698.

Characterization of sigma-delta modulators using ARMAX identification methods
G. Vandersteen, M. Jain, R. Pintelon
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 1485-1489
Sigma-delta modulators are becoming increasingly more popular in electronic circuits since they make optimal use of
the high-speed capabilities of novel technologies. Such SD-modulators can be characterized via their signal and noise
transfer function. These transfer functions are primarily used during the design of the modulators and hence, their
pole/zero locations give valuable information about the system under test. The equivalent model with a signal and a
noise transfer function is basically an ARMAX model. The identification of ARMAX systems is well studied under
relatively general conditions. However, SD-modulators are designed such that they violate various of these general
assumptions. This paper gives an overview of the properties of SD- modulators and compares the pros and contras of
both time and frequency domain identification techniques for ARMAX systems. Finally, it is shown that only a
modified frequency domain approach is capable to identify the SD-modulator. This technique is illustrated on a
realistic low-pass SD-modulator, showing an excellent agreement between the estimated noise transfer function and
the noise transfer function predicted using linear system theory.

c699.

Best Linear Approximation: Revisited
Wendy Van Moer and Yves Rolain
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 110-113
Up till now, the Best Linear Approximation (BLA) has always been determined in the frequency band where a deviceunder-test (DUT) operates. For the development of complete high-level design models, however, it is mandatory to
know the BLA outside this frequency band. In this paper a measurement technique is proposed to extract the in-band
as well as the out-of-band BLA of a nonlinear microwave amplifier. The proposed measurement technique is based on
a classical vectorial network analyzer measurement combined with a broadband multisine excitation of the DUT.

c700.

Identification of Weakly Nonlinear Systems Based on Support Vector Machines
Anna Marconato, Andrea Boni, Dario Petri, Johan Schoukens
I2MTC 2009 - International Instrumentation and Measurement Technology Conference
Singapore, 5-7 May 2009, pp. 122-127
In this work we analyze the application of Support Vector Machines for Regression (SVRs) to the problem of
identifying weakly nonlinear systems. Examples of simple linear and nonlinear systems are considered, taking into
account both non-recursive and recursive models. When defining the SVR estimating function, several kinds of
kernels are employed, and the effect on the accuracy performance of reducing the training set size is studied.

c701.

Fingerprinting-based Localization in WiMAX networks depending on SCORE
measurements
Mussa Bshara, Leo Van Biesen
2009 Fifth Advanced International Conference on Telecommunications, AICT 2009,
Venice/Mestre, Italy, May 24-28, 2009, pp. 9-14
Recently, localization in wireless networks has gained a lot of interest; especially after some of the most interesting
positioning application areas have emerged in wireless communications. The most important are the Federal
Communications Commission (FCC) and the European Recommendation E112, both of which require that wireless
providers should be able to locate within tens of meters users of emergency calls. In this paper, fingerprinting-based
localization depending on SCORE measurements has been addressed in WiMAX networks. Fingerprinting is a good
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way to overcome signal propagation peculiarities caused by the propagation environment. And using the SCORE
values is of great interest because of their availability during the normal operation of a standard modem. The
obtained results show that using SCORE values to locate users in WiMAX networks is feasible and provides the
required positioning accuracy by most of location-based services (LBS) if fingerprinting-based approaches were used
to obtain localization. However, using the received signal strength (RSS) values gives higher accuracy but obtaining
them is more difficult and not feasible using the current standard modems
c702.

A Linear dynamic borehole model for use in Model based Predictive Control
C. Verhelst, G. Vandersteen, J. Schoukens and L. Helsen
International Conference on Energy Storage, Effstock, Stockholm, June 2009
Controlling borehole dynamic response and maximizing efficiency requires an accurate dynamic model to develop an
efficient control strategy. Therefore, it is tested to what extent a simple linear model is able to predict the dynamic
response of the mean fluid temperature in a single borehole to a given heat input. Three model types are proposed,
which have been identified and evaluated through detailed TRNSYS simulations by using model Type 557. The first
model type proposed is a state-space model derived from a one-dimensional resistance-capacitance (RC) network.
The second and third models are rational transfer functions in the Laplace variables and √s respectively. The resuls
reveal that RC-models best describe the time scale covered by the identification data. √s rational models have
superior predicting and extrapolation properties, due to the fact that diffusion phenomena, which are long term
effects, mathematically lead to transfer functions in √s.

c703.

A Compact Low Power SDR receiver with 0.5-20MHz Baseband Sampled Filter
A. Geis, J. Ryckaert, J. Borremans, G. Vandersteen, Y. Rolain, J. Craninckx
2009 IEEE Radio Frequency Integrated Circuits Symposium (IEEE RFIC 09), Boston,
Massachusetts June 7-9, 2009
A flexible low power receiver chain based on a wideband front-end in combination with a novel triangular-wave
integration sampling baseband section, with strong embedded anti-alias protection, is proposed for multi-mode SDR
receivers. The 90nm CMOS receiver operates from 200MHz up to 5.5GHz with a clock-tunable baseband bandwidth
from 500kHz to 20MHz. It has 5.5 to 6dB NF, -0.9dBm IIP3 and 20 to 65dB of gain. Current consumption is 14.5mA
from a 1.2V supply.

c704.

A Power-Scalable Linearized Model for RF Power Amplifiers Starting from SParameter Measurements
Koen Vandermot, Yves Rolain, Gerd Vandersteen, Rik Pintelon, Francesco Ferranti and Tom
Dhaene
International Microwave Symposium (IMS2009), Boston (USA), June 7-12, 2009, pp. 745748
A method is proposed to estimate the ‘best linear approximation’ of RF power amplifiers excited by spectrally rich
signals under variable input power levels. Since the input-output behavior of these amplifiers is not only a function of
the frequency, but also of the input power, a 2-dimensional model that linearizes the behavior will be needed. The
proposed method estimates a 2D rational model in the frequency variable jw and the input power R. The proposed
approach is suitable for the experimental characterization of existing RF power amplifiers.

c705.

Wave distortion in Multiplying, Switching or Sampling Mixers
Y. Rolain, J. Dunsmore, J. Schoukens, W. Van Moer, G. Vandersteen
73rd ARFTG Microwave Measurement Conference, Spring 2009, Boston (USA), June 12.
2009, pp. 16-20
Conceptually, engineers tend to replace mixers by multipliers, controlled switches or samplers. It is clear that these
models lead to very different signal processing operations and therefore are in general incompatible. In the special
case that the mixers are used as frequency translation devices and one is interested in the first lower or upper
conversion band only, the equivalence between these models is shown for general multiple tone input signals.
Distortion of the shape of the converted temporal waveforms is shown to occur. Fortunately, this distortion does not
jeopardize the measurement results obtained by mixing or sampling waveform measurement front ends as the
envelope of the modulated signal is shown to be insensitive to the type of distortion at hand.

c706.

Modeling the baseband output envelope of a Microwave detector.
Liesbeth Gommé, Yves Rolain, Johan Schoukens and Rik Pintelon
73rd ARFTG Microwave Measurement Conference, Spring 2009, Boston (USA), June 12.
2009, pp. 16-20
The current state-of-the-art for the calibration of wave spectra containing spectral lines that lie on a harmonic grid
(f0, 2f0...) relies on the well-established step recovery diode method [1]. The challenge in narrow band modulated
measurements resides in the calibration of the instrument’s phase distortion for such signals. A crystal detector (HP
420C, [2,3]) is studied as a candidate reference element for the phase calibration of the Large-Signal network
analyzer (LSNA) for modulated excitations as the detector translates the envelope of the RF-signal to IF frequencies.
A realistic crystal detector itself will introduce phase distortion, hence the identification and validation of a parametric
black-box model of the detector was undertaken. In this work a nonlinear feedback model for a crystal detector is
constructed: the model contains a low-pass filter in the feedforward path and a Wiener system in the feedback loop.
In the first part of the paper the model extraction is discussed. The model is estimated from baseband data and
needs to be validated for use with high frequency signals: the model needs to be extrapolated to RF frequencies.
Therefore the physical representation of the model structure is translated into its differential equation in section 4. By
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means of this equation the low frequency output envelope is computed for RF input signals and compared to the
measured envelope in section 5.
c707.

Cell-ID positioning in WiMAX networks Analysis of the Clearwire network in
Belgium
Mussa BSHARA, Rudi VERSCHRAEGEN and Leo VAN BIESEN
ICT-MobileSummit 2009 Conference Proceedings, Santander, Spain, 10 - 12 June 2009, 6
pages
Base station identification, or cell identification (Cell-ID) is the first method used by operators to provide locationbased Services (LBS). The advantage of using this method is the simplicity and the low cost implementation and
processing. However, this method suffers from the low accuracy as the user will use the best (the strongest) signal
available which considered to be generated by the closest BS. Due to the propagation environment and multipath
components, this assumption is not always true. The transmitted signal could reach far places and the cells could
become very big especially in open areas. In this paper, we study Cell-ID localization inWiMAX networks in Belgium
by studying the already deployed pre-WiMAX network in Brussels capitol city, Aalst and Gent regions.

c708.

Potential Effects of Power Line Communication on xDSL Inside the Home
Environment
Mussa BSHARA, Leo VAN BIESEN and Jochen MAES
VIII Semetro. 8th International Seminar on Electrical Metrology João Pessoas, Paraíba,
Brazil June 17 - 19, 2009
Power line communication (PLC) is a recent and rapidly evolving technology using the existing electricity power lines
for data transmissions at high rates (higher than 1 Mbit/s). As these lines have not been designed for high data rate
transmissions, they will produce unintentional radio frequency emissions that may adversely cause high interferences
in a wider frequency range than their own bandwidth (due to frequency harmonics and the statistical properties of
noise like interference). Digital subscriber line technology is currently used to deliver high data rates to users that are
using the existing telephone lines. The lines of the two networks (the electricity power distribution and the telephone)
are found close to each other in residential places and offices (sometimes in the same duct). Therefore, service
providers are concerned about the influence of the PLC transmission on the delivery of services over VDSL2, where
the two technologies overlap in frequency range. In this paper, the interference on telephone lines caused by PLC will
be studied. Electrical measurements are presented that show the impact of PLC on xDSL in various scenarios. It is
demonstrated that readily available in-line radio frequent interference filters are effective solution to minimize the
interference levels.

c709.

Tracking in WiMAX Networks depending on the available RSS-based information
Mussa Bshara, Umut Orguner, Fredrik Gustafsson and Leo Van Biesen
VIII Semetro. 8th International Seminar on Electrical Metrology João Pessoas, Paraíba,
Brazil June 17 - 19, 2009
Tracking in WiMAX networks is gaining a lot of interest; especially after that the mobile WiMAX became one of the
emerging technologies promoting low-cost deployment and evolving to provide IP-based services of high mobility
including providing location-based services (LBS). Therefore, locating users in a cheap way that depends on the
available network resources is becoming more and more interesting and an active topic for researchers. In this paper
we consider the problem of tracking in WiMAX networks depending on the available RSS-based information. The type
of the information and its accuracy plays an important role in positioning accuracy. The provided examples show that
the available RSS-based information with the help of already available data (street maps), allow to achieve plausible
results.

c710.

Analysis of the Nonlinear Induced Variability in Linear System Identification
J. Schoukens, K. Barbé, L. Vanbeylen, R. Pintelon
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, 634-639
This paper analyses the variance of linear models that are identified in the presence of nonlinear distortions. The best
linear approximation to a nonlinear system, driven by a Gaussian distributed random input, is identified in least
squares sense. Even in the absence of disturbing noise, the estimated model will vary from one realization of the
excitation signal to the other. In this paper it will be shown that the variance of the nonparametric frequency
response function (FRF) can still be obtained from the experimental data using the classical variance formulas.
However, for parametric estimates , an increased variance is observed. The contributing terms to this additional
variance are studied in this paper.

c711.

Identification of Wiener-Hammerstein Benchmark Data by Means of Support
Vector Machines
Anna Marconato, Johan Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp 816-819
This work presents the identification of a Wiener-Hammerstein system by a learning-fromexamples approach, namely
the Support Vector Machines for Regression, on the basis of a set of real-life benchmark data. A multi-objective
optimization procedure based on genetic algorithms is employed in order to select the best model that describes the
input-output relationship of the considered system. Training sets of reduced size are employed to analyze the effect
on the accuracy performance.
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c712.

A Multivariate Orthonormal Vector Fitting based estimation technique
Francesco Ferranti, Yves Rolain, Koen Vandermot, Luc Knockaert, Tom Dhaene
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 1632-1637
This paper modifies a recent robust parametric macromodeling technique called Multivariate Orthonormal Vector
Fitting (MOVF), to handle noisy data in an output error estimation framework. The new method provides accurate and
compact rational parametric macromodels based on measurements in the frequency domain. The performance of the
multivariate method is shown on simulation as well as on real measurements.

c713.

Errors in frequency response estimates using overlapping blocks with random
inputs
J.L. Douce, W.D. Widanage and K.R. Godfrey
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 599-604
Statistical errors in frequency response estimates depend on the form of the time window used to define data blocks.
These errors are distributed along the individual blocks in a manner which is characteristic of the window used. A
theory, valid for a wide range of systems and windows, is presented to derive this distribution. When overlapping
blocks are used to reduce the variance of the estimates, the errors in adjacent blocks may contain both correlated
and uncorrelated terms. The correlated terms may be of differing signs which reduces the sum of these terms and
hence the variance of the final estimates. Simulation results are presented for both the rectangular (‘do nothing’)
window and the Hanning window and particular dynamic systems, chosen to demonstrate the salient results of the
analysis.

c714.

Wiener-Hammerstein Benchmark
J. Schoukens, J. Suykens, L. Ljung
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France
This paper describes a benchmark for nonlinear system identification. A Wiener- Hammerstein system is selected as
test object. In such a structure there is no direct access to the static nonlinearity starting from the measured
input/output, because it is sandwiched between two unknown dynamic systems. The signal-to-noise ratio of the
measurements is quite high, which puts the focus of the benchmark on the ability to identify the nonlinear behaviour,
and not so much on the noise rejection properties. The benchmark is not intended as a competition, but as a tool to
compare the possibilities of different methods to deal with this specific nonlinear structure.

c715.

Multivariate continuous-time operational modal analysis in the presence of
harmonic disturbances
Pintelon, R., B. Peeters, and P. Guillaume
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 384-389
In recent work Pintelon et al. (2008) a single-output algorithm for continuoustime operational modal analysis in the
presence of harmonic disturbances with timevarying frequency has been developed. This paper extends the results of
Pintelon et al. (2008) to multi-output signals. The performance of the proposed maximum likelihood estimator is
illustrated on real helicopter data.

c716.

Identification of Nonlinear Feedback Systems Using a Structured Polynomial
Nonlinear State Space Model
Harnack, G., L. Lauwers, R. Pintelon, J. Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 332-337
In this paper, we propose an identification procedure for nonlinear feedback systems by introducing a new type of
model structure. The idea is to combine the advantages of two different model structures: the Polynomial NonLinear
State Space (PNLSS) model and the block-structured feedback model. By imposing structural information to the
existing PNLSS model, we obtain a flexible model with a lower number of parameters compared with the
unconstrained structure. The structured-PNLSS model consists of a linear block in the feedforward path and a PNLSS
block in the feedback path. The presented identification procedure for the structured-PNLSS model is applied to
input/output measurements of a nonlinear device.

c717.

Identification of a Wiener-Hammerstein System Using the Polynomial Nonlinear
State Space Approach
Paduart, J., L. Lauwers, R. Pintelon, and J. Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 1080-1085
In this paper, we apply the Polynomial NonLinear State Space (PNLSS) approach to model a
nonlinear system with a Wiener-Hammerstein structure. To obtain good initial estimates, the best linear
approximation of the system under test is first identified. Next, this linear model is extended to a polynomial
nonlinear state space model to capture also the system’s nonlinear behaviour. The identification procedure is applied
to measurement data.
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c718.

Blind maximum likelihood identification of Wiener systems with measurement
noise
Vanbeylen, L., R. Pintelon and P. de Groen
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 1686-1691
This paper is concerned with the maximum likelihood identification of discrete-time Wiener systems from noisy
output measurements only (blind identification). Prior work has been devoted to the blind identification of Wiener and
Hammerstein systems in a noiseless situation. Applying these methods to output-noise corrupted data unavoidably
results in biased estimates. Fortunately, the bias could be proven to be small for high signal-to-noise ratios.
Nevertheless, it is clearly desirable to have a method which is consistent at any noise level. Therefore, this paper
extends the existing method, by assuming a second (independent) white Gaussian noise source added to the output
before measurement. Due to the presence of an extremely high dimensional integral in the expression of the
likelihood function, the problem is very hard in practice. The `curse of dimensionality' is avoided by approximating
this integral by Laplace's method for integrals. The paper includes the illustration of the method on a simulation
example, showing that the bias is possibly lower than in the method that ignores the presence of noise.

c719.

Extracting a non-parametric instantaneous FRF of a linear, slowly time-varying
system using a multisine excitation
Lataire, J., and R. Pintelon
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 617-622
Before identifying a dynamic system in general, or a linear time-varying system in particular, any qualitative
information about the system’s dynamic behaviour is always welcome. This paper proposes a non-parametric method
for extracting information about the instantaneous dynamics of a slowly time-varying system. It is shown how an
estimate of the instantaneous transfer function is obtained from only one well-designed experiment. Also bias error
bounds on this estimate are determined. The system must be driven by a multisine excitation and the method
assumes that the considered system is described by a linear ordinary differential equation whose coefficients are
varying piecewise linearly with time. It is assumed that these variations are slow w.r.t. the time constants of the
system.

c720.

Asymptotic properties of transfer function estimates using non-parametric noise
models under relaxed assumptions
Barbé, K., R. Pintelon, and J. Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 1139-1144
It is well known that under very general assumptions the discrete Fourier coefficients of filtered noise is
asymptotically independent circular complex Gaussian distributed, based on a generalized central limit theorem (CLT).
The standard results on the consistency and the asymptotic uncertainty of the frequency domain Errors-in-Variables
(EIV) estimator are derived under the assumption that the Fourier coefficients are circular complex Gaussian
distributed and independent over the different frequency bins. In this paper, we shall study the influence of this
assumption on the consistency and the efficiency of the frequency domain EIV-estimator. We show that a slightly
stronger form of the CLT is needed to preserve the classically obtained uncertainty bounds if independent complex
Gaussian Fourier coefficients are not assumed. Our analysis reveals that the classical derived asymptotic uncertainty
bounds are valid for a very wide class of distributions.

c721.

Bootstrapped Total Least Squares estimator using (circular) overlap for Errors-InVariables identification
Vandersteen, G., K. Barbé, R. Pintelon, and J. Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp, 1568-1573
The identification of linear dynamic system in a frequency domain Errors-In- Variables (EIV) framework often
assumes the knowledge of a nonparametric noise model prior to parametric identification. This noise model can be
extracted for periodic excitations using various sample mean/sample variance techniques starting from at least P =
4measured periods. The use of overlap and circular-overlap methods were recently introduced to increase the
efficiency of the sample maximum likelihood (SML) estimator. This enabled halving the number of required periods
while maintaining the efficiency loss of 1.46dB for P = 2 periods with respect to Maximum Likelihood (ML) estimates
with known covariance matrix. In this paper, the overlap and circular-overlap methods are applied to the sample
BTLS method. A Monte Carlo analysis on a typical low-pass system shows that the efficiency loss with respect to the
ML is only 0.12dB when P = 2 periods are available. In addition, the example shows that the efficiency loss for P =
1.2 periods is smaller than the loss introduced by the circular-overlap SML with P = 4 periods.

c722.

Modelling of Wiener-Hammerstein Systems via the Best Linear Approximation
Lauwers, L., R. Pintelon, and J. Schoukens
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp 1098-1103
In this paper, we focus on the nonlinear modelling of Wiener-Hammerstein structures. The most difficult step in the
identification process of such block-oriented models is to generate good initial values for the linear dynamic blocks.
Here, good initial estimates are obtained by using the Best Linear Approximation of the system under test, which can
easily be extracted from the data. The idea is to write the linear dynamic blocks as a linear combination of basis
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functions containing the poles and the zeros of the Best Linear Approximation. Next, these initial values are further
tuned via a nonlinear optimization procedure. The proposed identification method is applied to real measurement
data.
c723.

Two nonlinear optimization methods for black box identification compared
Anne Van Mulders, Johan Schoukens, Marnix Volckaert, Moritz Diehl
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 1086-1091
In this paper, two nonlinear optimization methods for the identification of nonlinear systems are compared. Both
methods estimate all the parameters of a polynomial nonlinear state-space model by means of a nonlinear leastsquares optimization. While the first method does not estimate the states explicitly, the second estimates both states
and parameters adding an extra constraint equation. Both methods are introduced and their similarities and
differences are discussed utilizing simulation and experimental data. The unconstrained method appears to be faster
and more memory efficient, while the constrained method is robust towards instabilities.

c724.

Estimates of an Upper Limit of the Number of Parameters in Nonlinear Model
Structures
Sjöberg Jonas E. , Schoukens Johan
15th IFAC Symposium on System Identification (SYSID 2009), July 6-8, 2009, St. Malo,
France, pp. 122-125
An approach to estimate the plausible number of parameters in a nonlinear model in an identification problem is
considered. By suggesting a series of experiments using periodic input signal, estimates of the disturbance variance
and the nonlinear distortion can be formulated. With these estimates an expression for a reasonable number of
parameters is obtained. This is useful help when a user has to choose between different types of nonlinear model
structure which differ largely in their number of parameters.

c725.

Tracking in WiMAX Networks Using Cell-Ids
Mussa Bshara, Umut Orguner and Leo van Biesen
IEEE Mobile WiMAX Symposium, July 9-10 2009, California, USA
There is some skepticism regarding the practical implementation of a tracking system that depends on cell
identification (Cell-ID) information. This pessimism is due to the fact that tracking systems are known to require high
positioning accuracy, while Cell-ID positioning is known as being Òlow accuracyÓ positing technique. However, using
the Cell-IDs in a different way (a novel approach) than in current positioning will allow the implementation of a
tracking system capable of providing sufficient positioning accuracy for many locationdependent applications.

c726.

On Climate Reconstruction Using Bivalve Shells: Three Methods to Interpret the
Chemical Signature of a Shell
Bauwens Maite, Ohlsson Henrik, Beelaerts Veerle, Barbé Kurt, Schoukens Johan and
Dehairs Frank,
7th IFAC Symposium on Modeling and Control in Biomedical Systems (including Biological
Systems), Aalborg, Denmark, 12-14 August 2009
The chemical composition of a bivalve shell is strongly coupled to the seasonal variations in the environment. The
nonlinear nature of this relation however makes it hard to predict, e.g. the temperature,from the chemical
composition of a shell. In this paper we compare the ability of three nonlinear system identification methods to
reconstruct the temperature from the chemical composition of a shell. The comparison shows that nonlinear multiproxy approaches are potential tools for climate reconstructions with a preference for manifold based methods that
results in smoother and a more precise temperature reconstruction.

c727.

Nonparametric preprocessing in system identification: a powerful tool
J. Schoukens, G. Vandersteen, K. Barbé, R. Pintelon
invited plenary presentation at the European Control Conference 2009 - ECC’09, 23-26
August 2009, Budapest, Hungary, pp. 1-14
In this paper, we study the properties of existing non-parametric methods for estimating the plant and noise transfer
functions of a linear dynamic system. The analysis is based on the recent insight that leakage errors in the frequency
domain have a smooth nature that is completely similar to the initial transients in the time domain. This not only
allows us to understand better the existing clasic methods, but also opens the road to new better performing
algorithms. The paper includes the output error setup, the errors-in-variables setup, and measurements under
feedback conditions. Eventually, some of the methods are illustrated in the analysis of a vibrating metal beam.

c728.

Qualification and Quantification of the Nonlinear Distortions in Discrete-Time
Sigma-Delta ADCs
Gerd Vandersteen and Ludwig De Locht
European Conference on Circuit Theory and Design, ECCTD 2009, Antalya, Turkey, Aug.
23-27, 2009, pp. 759-762, 2009
Sigma-delta modulators are becoming increasingly popular in electronic circuits, pushing these circuits to higher
sampling frequencies, higher bandwidths, complex feedback/feedforward structures and even complex-valued loop
filters. The top-down refinement during a sigma-delta modulator design gradually introduces and verifies circuit nonidealities such as the finite gain-bandwidth or the finite slew-rate of the amplifiers. However, a bottom-up analysis is
more difficult: The complex feedback structure and the quantization noise shaped by the feedback loop makes it hard
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to pinpoint the nonlinear contributors. This paper1 shows how to qualify and quantify the sources of distortion within
a sigma-delta loop starting from SPICE-like transient simulations with a random-phase multisine excitation. The
linear and nonlinear distortions are then analyzed using the concept of the Best Linear Approximation. This technique
is demonstrated on SPICE-like transient simulations of a discrete-time sigma-delta ADC.
c729.

On-wafer human metal model measurements for system-level ESD analysis
M. Scholtz, D. Linten, S. Thijs, M. Sawada, T. Kakaei, T. Hasebe, D. Lafonteese, V.
Vashchenko, G. Vandersteen, P. Hopper, G. Groeseneken
2009, 31st Electrical Overstress/Electrostatic Discharge Symposium. EOS/ESD 2009
Anaheim, Ca, USA, August 30 - September 4, 2009
ABSTRACT?

c730.

Available Measurements In Current Wimax Networks And Positioning
Opportunities
Mussa Bshara and Leo Van Biesen
XIX IMEKO World Congress Fundamental and Applied Metrology September 6-11, 2009,
Lisbon, Portugal, pp. 580-585
In this paper, we consider the practical issues related to positioning in WiMAX networks depending on the available
measurements. The network under study is the Clearwire network deployed in Brussels capitol city. The focus lies on
making the available terminal-based measurements, study the possibility of using these measurements in positioning
and provide a comparison between these measurements depending on the accuracy achieved and the dificulty to
obtain them.

c731.

Metrology Education In The Curriculum Of The Accredited Bachelor In Engineering
Programme Of The ‘Vrije Universiteit Brussel’
Leo Van Biesen
XIX IMEKO World Congress Fundamental and Applied Metrology September 6-11, 2009,
Lisbon, Portugal, pp. 10-14
The Bologna process has induced an important change in the curricula building of the university bachelor and master
programmes towards a sustainable, transparent and quality driven European education system. In Belgium,
engineering education has completely been revised. The transformation of the former system, leading to the degree
of academic engineer after 5 years of study, into the typical Bologna 3+2 structure leading to the academic degrees
of respectively Bachelor in Engineering and Master in Engineering has created opportunities to completely reconsider
and restructure the Engineering education at the Vrije Universiteit Brussel. One of the main objectives of the new
programme has been to meet the requirements with respect to the education output contained in the ÒDublin
descriptorsÓ and that of present-day society at large. In this paper we will report on the experience in this
transformation and we will focus on lecturing metrology in the bachelor of engineering programme in particular.

c732.

A 7GHz FBAR overtone-based oscillator
M. El-Barkouky, G. Vandersteen, P.Wambacq, Y. Rolain
European Microwave Week 2009, Rome, Italy, 28 September - 2 October, 2009
Film bulk acoustic wave resonators (FBARs) prove to be good candidates for designing lowÐpower oscillators in the
lowÐGHz frequency region. To boost the use of FBAR resonators to higher frequencies, we demonstrate an oscillator
that uses an overtone frequency of the FBAR. A 7GHz oscillator is built on a PCB using a commercial pHEMT transistor
as an active element and surface mounted passive components. The FBAR is wire bonded to the PCB. The measured
phase noise of -110dBc/Hz at 1MHz offset. To the author’s knowledge this circuit is the first realized FBAR overtonebased oscillator on PCB

c733.

3D Nonlinear Least Squares Position Estimation in a Monolithic Scintillator Block
Li Zhi, Mateusz Wedrowski, Peter Bruyndonckx and Gerd Vandersteen
IEEE Nuclear Science Symposium and Medical Imaging Conference, Orlando, Florida,
October 25-31, 2009

The 3D interaction position of a 511 kev gamma ray in a monolithic scintillator can be determined by nonlinear least
squares fitting of the measured light distribution at the exit surface to an underlying model. This model is based on
solid angles of direct detected light and reflected light, combined with a background due to diffuse reflection. The
advantage is that this method does not rely on training data or detector parameter calibration and it estimates x, y
and DOI simultaneously. Simulating a 20x20x10 mm block of LSO mounted onto two adjacent S8550 Hamamatsu
APD matrix, we achieved an intrinsic resolution over whole block of 0.81 mm, 0.98 mm and 1.30 mm FWHM in x, y
and DOI direction.
c734.

Localization in WiMAX networks depending on map-supported path loss model
Mussa Bshara, Leo van Biesen
IEEE Globecom 2009, 30 Nov. - 4. Dec., Honolulu, Hawaii, USA
This paper considers the problem of improving localization accuracy in WiMAX networks by adjusting path loss model
exponents depending on public road network information. First, localization depending on path loss model is
discussed; the used path loss model is a common one, obtained for an urban environment. Second, the road
network information is used to improve the accuracy by adjusting the path loss exponents for better range estimation.
The results of the proposed approaches are illustrated and compared on an example whose data were collected from
a WiMAX network in a challenging urban area in the Brussels capitol city.
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c735.

Climate Reconstruction and Bivalve Shells
Henrik Ohlsson, Maite Bauwens, Lennart Ljung, On Manifolds
48th IEEE Conference on Decision and Control, Shanghai, China, 16th -18th of December
2009
To estimate the past climate, for example the ocean temperature 1000 years ago, one has to turn to naturally
occurring climate recorders. There exist a number of climate recorders in nature from which the past temperature
can be extracted. However, only a few natural archives are able to record climate fluctuations with high enough
resolution so that the seasonal variations can be reconstructed. One such archive is a bivalve shell. The chemical
composition of a shell of a bivalve depends on a number of chemical and physical parameters of the water in which
the shell was composed. Of these parameters, the water temperature is probably the most important one. It should
therefore be possible to estimate the water temperature for the years the shell was built, from measurements of the
shell’s chemical composition. In this paper, we explore this possibility. We do this by first observing that the chemical
measurements lie on a one-dimensional manifold parameterized by the water temperature. This manifold is then
utilized in the regression to obtain accurate estimates of past water temperatures.

c736.

A 0.5mm2 power scalable 0.5-3.8GHz CMOS DT-SDR receiver with 2nd order RF
band-pass sampler
Arnd Geis, Julien Ryckaerty, Gerd Vandersteen, Yves Rolain
ISSCC 2010, IEEE International Solid-State Circuits Conference, San Francisco, CA,
February 7-11, 2010
We present a highly flexible receiver chain based on RF-sampling and discrete-time signal processing in the charge
domain for SDR applications. A switched inductor variable gain front-end provides multi-band low noise amplification
and RF-selectivity with reduced area penalties. Strong selectivity at RF was obtained through a novel second order
decimating bandpass filter. Decimation filters with programmable number of taps offer flexible rate decimation. A
power scalable discrete-time baseband filter was implemented in order to minimize static power consumption. The
90nm digital CMOS implementation achieves a noise figure of 5.1dB, a variable gain range of more than 60dB with
1dBm IIP3 and +50dBm IIP2. This is achieved for power figures competitive with dedicated solutions. The receiver,
frequency synthesizer excluded, occupies only 0.5mm2.

4.4
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ABSTRACTS (SINCE 2009)
Estimating the parameters of a Rice distribution using a Bayesian approach
Lieve Lauwers, Kurt Barbé, Wendy Van Moer and Rik Pintelon
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Detecting a periodic signal corrupted by zero-mean Gaussian noise is a problem that arises in various fields of
engineering. The amplitude of the disturbed signal is known to follow a Rice distribution which is characterized by two
parameters. A Bayesian approach is proposed to tackle this twoparameter estimation problem. The idea is to
incorporate prior knowledge into a mathematical framework. The performance of the proposed Bayesian estimator is
shown via simulations.

a202.

Comparison of two nonlinear optimization methods for black box identification
A. Van Mulders, M. Volckaert, J. Swevers, M. Diehl and J. Schoukens
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Since most real-life systems are to some extent nonlinear, linear models are not always sufficient for users purposes
such as Iterative Learning Control (ILC). The black box model structure used here is capable of describing a broad
class of nonlinear systems. The maximum likelihood estimation of the model involves the minimization of a nonlinear
cost function. Two optimization methods are proposed. The first method (unconstrained) estimates the parameters
without estimating the states explicitly, while the second (constrained) estimates both states and parameters by
adding an extra constraint equation. The model structure is a conventional discrete-time statespace model extended
with polynomial nonlinear terms. It is called a Polynomial Nonlinear State-space Model (PNLSS).

a203.

Blind Maximum Likelihood identification of Wiener systems with measurement
noise
L. Vanbeylen, R. Pintelon, P. de Groen
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
This paper is concerned with the maximum likelihood identification of discrete-time Wiener systems from noisy
output measurements only (blind identification). It extends the prior developed methods for the blind identification of
Wiener (and Hammerstein) systems in a noiseless situation, which, applied to noise-corrupted (output) data
unavoidably results in biased estimates. Due to the presence of an extremely high dimensional integral in the
expression of the likelihood function, the problem seems very hard at the first glance. The ‘curse of dimensionality’ is
avoided by approximating this integral by Laplace’s method for integrals. It turns out that the method works
successfully.

a204.

Modeling the baseband output envelope of a Microwave detector
Liesbeth Gommé, Yves Rolain, Johan Schoukens and Rik Pintelon
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
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The current state-of-the-art for the calibration of wave spectra containing spectral lines that lie on a harmonic grid
(f0, 2f0...) relies on the well-established step recovery diode method [1]. The challenge in narrow band modulated
measurements resides in the calibration of the instrument’s phase distortion for such signals. A crystal detector (HP
420C, [2]) can be used as a reference element in this context, because it translates the envelope of the RF-signal to
IF frequencies and induces a limited and known linear distortion of the envelope. In the case of a realistic crystal
detector, the crystal detector itself will introduce phase distortion, hence the identification of a model for a realistic
crystal detector was undertaken. In this work a validated parametric black-box model for a crystal detector is
constructed. A black-box model is estimated from baseband data and needs to be validated for use with high
frequency signals. Therefore the baseband model needs to be extrapolated to RF frequencies.
a205.

Estimating a Power-Scalable Linearized Model for Amplifiers
Koen Vandermot, Yves Rolain, Gerd Vandersteen, Rik Pintelon
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
The input-output behavior of RF amplifiers is not only function of the frequency but also shows an input power
dependency. Here a linearized 2-dimensional model will be estimated by a Maximum Likelihood Estimator.

a206.

Nonlinear analysis of flutter
Mattijs Van de Walle, Johan Schoukens, Steve Vanlanduit
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Flutter is an aerolastic phenomenon that makes structures oscillate when surrounded by a moving fluidum. Flutter
can lead to fatigue and/or failure on the wings, flaps and fuselage of an airplane. Laborious testing needs to be done
on aircraft to ensure safe operation within a certain flight envelope. While flutter is inherently nonlinear, most models
use a linear framework to predict the critical speed at which oscillations might occur. The aim of this work is the
construction of a nonlinear model to more accurately predict the onset of oscillatory behavior, on the basis of wind
tunnel test measurements.

a207.

Modeling and validation of the parameters of a quad cable for DSL applications
Wim Foubert, Carine Neus, Leo Van Biesen, Yves Rolain
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
New digital subscriber line (DSL) technologies are developing in order to meet the ever increasing bandwidth demand
of the users. One very promising approach injects ‘common mode’ signals that superimpose a signal on two regular
differential pairs. This technique requires new reliable models for the telephony cables. The models are based on the
Multiconductor Transmission Lines theory. In this abstract it is shown how the parameters of a quad (cable with four
conductors in a square formation) can be modelled. Measurements have been done for the validation.

a208.

Tracking in WiMAX Networks depending on RSS-based measurements
Mussa Bshara, Umut Orguner, Fredrik Gustafsson, Leo Van Biesen
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Tracking in WiMAX networks is gaining a lot of interest; especially after the mobile WiMAX became one of the
emerging technologies that promote low-cost deployment and evolving to provide IP-based services of high mobility
including providing location-based services (LBS). The SCORE values are RSS-based values, used by the standard
WiMAX modems to evaluate the connection quality between the subscriber station (SS) and the available base
stations (BSs). The advantage of using the SCORE values is the possibility to obtain them for all the available BSs
simultaneously and without adding any extra software or hardware. But the disadvantage lies in their low accuracy
comparing to the received signal strength (RSS) values.

a209.

Extracting Information on Time-Varying Systems using Multisines
John Lataire and Rik Pintelon
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
In this work, some advantages of using multisines as excitation signals for the identification of time-varying systems
are highlighted. The systems considered are described by linear differential equations whose coefficients are varying
linearly with time.

a210.

Three ways to do temperature reconstruction based on Bivalveproxy information
Maite Bauwens, Henrik Ohlsson, Veerle Beelaerts, Kurt Barbé, Johan Schoukens and Frank
Dehairs
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
The reconstruction of seasonal variations in the paleoenvironement is possible thanks to the bivalve shells that are
commonly found back in archeological sites and that are sensitive environmental recorders [1]. To do these
reconstructions we look to the chemical composition of a shell along his growth axis. When a certain element or
isotope can be related to an environmental parameter it is called a proxy for that parameter.

a211.

Finite record effects of the errors-in-variables estimator for linear dynamic
systems
Kurt Barbé, Rik Pintelon and Gerd Vandersteen
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Transfer function modeling is a key step in many practical engineering problems such as: the measurement and
design of amplifiers, the calibration of sensors, the (physical) modeling of devices from (noisy) input-output data . . . .
The identification of such systems is generally formulated as a weighted least squares (WLS) problem,
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a212.

Effects of Overlapping and Windowing on the Estimation of the Frequency
Response of a System using White Noise
W. D. Widanage, J. L. Douce and K. R. Godfrey
28th Benelux Meeting on Systems and Control, Spa, Belgium, March 16-18, 2009
Errors are introduced when estimating the frequency response of a system, when using random inputs with block
overlap and time windowing. The sources of these errors are studied in the absence of external noise. The sources of
errors for the bias and variance of the frequency response are identified to be due to the Fourier transforms of the
end effects that arise due to nonperiodic signals, and a time varying error over the period of a block that is
dependent on the the type of window. Using a pure time delay as an example for the system, it is shown that there is
a limit to the improvement achievable in reducing the variance as the block overlap is increased.

a213.

Non-linearities in proxy space: Three methods to deal with the non-linear
behavior of proxies in calcareous marine skeletons
Bauwens Maite, Ohlsson Henrik, Beelaerts Veerle, Barbé Kurt, Schoukens Johan and
Dehairs Frank
EGU, Vienna, Austria, April 19th-24th, 2009, Geophysical Research Abstracts, Vol. 11,
EGU2009-0 (Poster Presentation)
The reconstruction of seasonal variations in the paleo-environement is possible thanks to the bivalve shells that are
commonly found back in archeological sites and that are sensitive environmental recorders. To do these
reconstructions we look to the chemical composition of a shell along his growth axis. When a certain element or
isotope can be related to an environmental parameter it is called a proxy for that parameter. Many elemental and
isotopic have been proposed as potential temperature proxy. But the same problem is showing up over and over
again: a certain elemental shows a good linear correlation with temperature, but at the moment that the intrinsic
variation has to be explained, the incorporation of the proxy seems to be much more complex than assumed in the
first instance. Two observations gave us the idea to use a new type of models to reconstruct temperature. In first
instance we observed that all proxy incorporations were always influenced by more than one environmental
parameter, which automatically implicate that the reconstruction of an environmental parameter should be done with
more than one proxy input. A second observation is that some proxy-environment relations seemed to be non-linear.
We propose to do climate reconstructions based on Non-linear multi-proxy models. We will present our own intuitive
approach to do temperature reconstructions and we will compare our results to two recognized engineering
techniques: Manifold learning and Supported vector machines. These three methods are validated on shell data of
Scheldt estuarine environment using high resolution measurements of Mg, Mn, Ba, Sr and Pb on a LA-ICP-MS. The
site specificity is tested for all methods using shell-data from 4 different sites along the Scheldt. Time specificity is
checked by reconstructing the temperature corresponding to a shell that grew in another year. The best
reconstructions are computed with the manifold learning algorithms, but the simplicity and high precision of the
intuitive approach made it a very attractive alternative in the pale-climatology research field. The study shows also
that temperature reconstruction are possible with non-linear multi proxy approaches, but with moderate precision
since all methods seem to be sensible to site and time specificity.

a214.

On the Construction of a Time Base and the Elimination of Averaging Errors in
Proxy Records
Beelaerts Veerle, De Ridder Fjo, Bauwens Maite, Schmitz Nele, Pintelon Rik
EGU (European Geosciences Union) General assembly 2009, Vienna, Austria, 19-24 April,
Abstract published in Geophysical research abstracts, Vol. 11, EGU 2009-2019-2
Proxies are sources of climate information which are stored in natural archives (e.g. ice-cores, sediment layers on
ocean floors and animals with calcareous marine skeletons). Measuring these proxies produces very short records
and mostly involves sampling solid substrates, which is subject to the following two problems: Problem 1: Natural
archives are equidistantly sampled at a distance grid along their accretion axis. Starting from these distance series, a
time series needs to be constructed, as comparison of different data records is only meaningful on a time grid. The
time series will be non-equidistant, as the accretion rate is non-constant. Problem 2: A typical example of sampling
solid substrates is drilling. Because of the dimensions of the drill, the holes drilled will not be infinitesimally small.
Consequently, samples are not taken at a point in distance, but rather over a volume in distance. This holds for most
sampling methods in solid substrates. As a consequence, when the continuous proxy signal is sampled, it will be
averaged over the volume of the sample, resulting in an underestimation of the amplitude. Whether this averaging
effect is significant, depends on the volume of the sample and the variations of interest of the proxy signal. Starting
from the measured signal, the continuous signal needs to be reconstructed in order eliminate these averaging errors.
The aim is to provide an efficient identification algorithm to identify the non-linearities in the distance-time
relationship, called time base distortions, and to correct for the averaging effects. Because this is a parametric
method, an assumption about the proxy signal needs to be made: the proxy record on a time base is assumed to be
harmonic, this is an obvious assumption because natural archives often exhibit a seasonal cycle. In a first approach
the averaging effects are assumed to be in one direction only, i.e. the direction of the axis on which the
measurements were performed. (the abstract is not complete, se publication)

a215.

Instantaneous Frequency Response Estimation of Time-Varying Systems using
Multisine Excitations
John Lataire and Rik Pintelon
14th Belgian-French-German Conference on Optimization, Leuven, Belgium, September 1418, 2009
In this work, the advantage of using multisines as excitation signals for the non-parametric estimation of the
instantaneous frequency response of linear slowly time-varying systems is demonstrated.
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Multy Proxy methods to reduce the salinity impact of temperature proxies in
marine bivalves
Bauwens Maite, Ohlsson Henrik, Beelaerts Veerle, Barbé Kurt, Schoukens Johan and
Dehairs Frank
VLIZ Young Scientist Day abstract book, Oostende, Belgium, 27th November 2009 (Poster
Presentation)
The chemical composition of a bivalve shell is strongly coupled to the seasonal variations in the environment. The
nonlinear nature of this relation however makes it hard to predict, e.g. the temperature, from the chemical
composition of a shell. In this poster we compare the ability of the classical multiple regression method and three
nonlinear system identification methods to reconstruct the temperature from the chemical composition of a shell. The
comparison shows that nonlinear multi-proxy approaches are potential tools for climate reconstructions with a
preference for manifold based methods that results in smoother and a more precise temperature reconstruction.

4.5

WORKSHOPS (SINCE 2009)
w110.
Tracking in WiMAX Networks Depending on SCORE Measurements
Mussa Bshara, Umut Orguner, Fredrik Gustafsson, Leo Van Biesen
WPNC09, 6th workshop on Positioning, Navigation and Communication 2009, Hannover,
Germany, March 19, 2009
Tracking in WiMAX networks is gaining a lot of interest; especially after the mobile WiMAX became one of the
emerging technologies that promote low-cost deployment and evolving to provide IP-based services of high mobility
including providing location-based services (LBS). Therefore, locating users in a cheap way that depend on the
available network resources is becoming more and more interesting and an active topic for researchers. In this paper
we consider the problem of tracking in WiMAX networks depending on SCORE observations. The provided examples
show that with efficient measurement data processing and with the help of already available data (street maps),
plausible results can be achieved.

Non linear multi proxy methods for temperature reconstruction, Non
linear multi proxy methods for temperature reconstruction
Bauwens Maite, Ohlsson Henrik, Beelaerts Veerle, Barbé Kurt, Schoukens Johan and
Dehairs Frank
Workshop on Bivalves biomineralisation: Archival potential and proxy incorporation,
Brussels, Belgium, 4-5 May 2009 (Oral communication)
w111.

w112.
The Correction of Averaging errors and creation of a Time Base
Veerle Beelaerts, F. De Ridder, M. Bauwens, R. Pintelon, F. Dehairs
Workshop on Bivalves Biomineralisation: Archival potential and proxy incorporation,
Brussels, Belgium, 4-5 May 2009
Proxy measurements are prone to averaging errors introduced when sampling along an accreting structure along its
growth axis. Calibrating the proxy records to eliminate these errors is an essential step in processing the information.
Here an existing method which corrects for averaging effects is tested on an otholit record and a bivalve record.
w113.
Optimization methods for nonlinear black box model identification
Anne Van Mulders, Marnix Volckaert, Jan Swevers, Moritz Diehl, Johan Schoukens
Poster presented at IAP VI/4, DYSCO study day, Faculté Polytechnique de Mons, 28 May,
2009
Engineers often use linear models, but they are in many cases insufficient. The model structure used here is capable
of describing a broad class of nonlinear systems. It is a conventional discrete-time state space model extended with
polynomial nonlinear terms and is called a Polynomial Nonlinear State-space Model (PNLSS). In order to estimate the
parameters of this model, a nonlinear least squares optimization method is used. The optimization method can either
be free of constraints, or constrained. If constraints are added (based on the state equations), the optimization
method will estimate not only the parameters, but also the states corresponding to the selection. The algorithm used
here allows the user to select which constraints should be added. Depending on the amount and choice of constraints,
the algorithm is more robust towards unstable systems but rather slow (many constraints), or faster but less robust
(few constraints). Thanks to the constraints, it is even possible to model unstable systems that are stabilized inside a
feedback loop.

A Novel Methodology to Predict the Impact of Substrate Noise in
Complex Analog/RF Circuits'
Stephane Bronckers
Presentation at tutorial workshop ‘Self-Interference and Co-Habitation Considereations in
Complex SoC and SiP Integrated Circuits’, organised by IEEE RFIC 2009, Boston,
Massachusetts June 7-9, 2009
w114.

With the integration of RF, mixed signal and digital building blocks on a single die, combined with the trend of
increased frequencies (both in the RF and in the digital circuitry), it is essential to consider various on-chip coupling
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effects in the early design phases of the RF SoC or SiP. Additionally, provisions should be made for mitigating the
impact of peripheral interactions (e.g., package, antenna), as well as the potential for self- interference, such that
these are either eliminated or can be resolved on the fabricated product without hardware redesign. The focus of this
interactive workshop will be on resolving self-interference problems: on-chip coupling effects, chip-package co-design,
substrate issues, coupling-aware RFIC floor planning, digitally assisted solutions for interference problems, design
practices, modeling and CAD/EDA capabilities to address coupling effects. Recognized companies and partnerships
active in the semiconductor industry will present actual issues encountered in their designs and the solutions/ designpractices used to address them. Interactive discussions will be facilitated to exchange valuable ideas for the benefit of
participants and the industry at large.

A Novel Methodology to Predict the Impact of Substrate Noise in
Complex Analog/RF Circuits
Stephane Bronckers
Presentation at tutorial workshop ‘Self-Interference and Co-Habitation Considereations in
Complex SoC and SiP Integrated Circuits’, organised by IEEE RFIC 2009, Boston,
Massachusetts June 7-9, 2009
w115.

With the integration of RF, mixed signal and digital building blocks on a single die, combined with the trend of
increased frequencies (both in the RF and in the digital circuitry), it is essential to consider various on-chip coupling
effects in the early design phases of the RF SoC or SiP. Additionally, provisions should be made for mitigating the
impact of peripheral interactions (e.g., package, antenna), as well as the potential for self- interference, such that
these are either eliminated or can be resolved on the fabricated product without hardware redesign. The focus of this
interactive workshop will be on resolving self-interference problems: on-chip coupling effects, chip-package co-design,
substrate issues, coupling-aware RFIC floor planning, digitally assisted solutions for interference problems, design
practices, modeling and CAD/EDA capabilities to address coupling effects. Recognized companies and partnerships
active in the semiconductor industry will present actual issues encountered in their designs and the solutions/ designpractices used to address them. Interactive discussions will be facilitated to exchange valuable ideas for the benefit of
participants and the industry at large.

Nonparametric preprocessing in system identification, a powerful tool
w116.
Schoukens J.
Presentation at the Open and Interconnected Systems Modeling and Control Celebrating
Jan Willems's 70th Birthday, K.U.Leuven, ESAT-SCD, (Signals, Identification, System
Theory and Automation) , September 16-17th 2009, Bruges, Belgium
In this presentation we present a nonparametric method for estimating the plant and noise transfer functions of a
linear dynamic system. The method is based on the recent insight that leakage errors in the frequency domain have
a smooth nature that is completely similar to the initial transients in the time domain. This not only allows us to
understand better the existing classic methods, but also opens the road to new better performing algorithms. The
presentation includes the output error setup, the errors-in-variables setup, and measurements under feedback
conditions.

Nonlinearity Spotting for Dummies
w117.
Wendy Van Moer
Presentation at the workshop ‘Advanced Non-Linear Characterization of RF and Microwave
Components’, European Microwave Week 2009, Rome, Italy, 28 September - 2 October,
2009
The modelling and characterization of nonlinear microwave devices and systems like power amplifiers, mixers and
oscillators has been a hot topic during the last few years. The evolution of characterization techniques has opened
the way to more refined modelling approaches, allowing for memory effects and complex device dynamics, while the
progress in modelling framework has in turn stimulated the development of new and unconventional characterization
techniques. At the same time, the increasing demand of multiport characterization has fostered the development of
multi-port and differential load-pull measurement techniques. The purpose of the workshop is to present an overview
of the state of the art in this field with contributions on recent developments from some of the top research groups
operating in Europe and in the USA. The presentations will focus on advanced load-pull techniques, large-signal
characterization in the presence of broadband signals, characterization and modelling of memory effects, not to
mention the emerging topic of noise measurements in large-signal conditions.

Reduction of polynomial nonlinear state-space models by means of
nonlinear similarity transforms
Anne Van Mulders, Laurent Vanbeylen, Johan Schoukens
European Research Network System Identification Workshop (ERNSI 2009), Vorau, Austria,
September 30 to October 2, 2009
w118.

A state-space representation of a system is not unique. By means of a state (similarity) transform, a new model with
the same input-output behaviour can be obtained. For nonlinear models, such as the polynomial nonlinear statespace (PNLSS) model, both linear and nonlinear transformations can be used to create a new model that fits within
the same model class (i.e. preserving the same nonlinear degrees and model order). The benefits of these
transformations can be to generate parsimonious representations for (non-parsimonious) PNLSS models obtained
from systems of block-oriented type (e.g. Wiener-Hammerstein). Finding the right nonlinear transformation can
greatly reduce the number of parameters. Up to now, we are not aware of an existing solution (in literature). We will
present our ideas by means of a simple example.
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w119.
Estimating the parameters of a Rice distribution: a Bayesian approach
L. Lauwers, K. Barbé, W. Van Moer, R. Pintelon
Presentation of poster at the European Research Network System Identification Workshop
(ERNSI 2009), Vorau, Austria, September 30 to October 2, 2009
The problem of detecting a periodic signal buried in zero-mean Gaussian noise is present in various fields of
engineering. It is well-known that the amplitude measurements of the disturbed signal follow a Rice distribution
which is characterized by two parameters. In this poster, an alternative Bayesian approach is proposed to tackle this
two-parameter estimation problem. By incorporating prior knowledge into a mathematical framework, the drawbacks
of the existing methods (e.g., the maximum likelihood approach) can be overcome. The performance of the proposed
Bayesian estimator is shown through simulations.

Non-parametric Instantaneous FRF of a Class of Time-Varying Systems
w120.
John Lataire, Rik Pintelon
European Research Network System Identification, ERNSI workshop, Vorau, Austria
September 30 to October 2, 2009
Slowly time-varying systems can be informally seen as systems with slowly evolving instantaneous transfer functions.
This poster proposes a definition of an instantaneous transfer function, based on 'frozen' models of time-varying
systems. It is demonstrated how the use of multisines as excitation signals provide insight into the nature of the time
variation by simple inspection of the resulting output spectrum. Furthermore, a non-parametric estimate of the
evolving instantaneous FRF (Frequency Response Function) is extracted from data of a single experiment.

Estimation of the probability of stable operation over a given time
interval for discrete-time nonlinear state-space models
Laurent Vanbeylen, Anne Van Mulders, Johan Schoukens
European Research Network System Identification, ERNSI workshop, Vorau, Austria
September 30 to October 2, 2009
w121.

This work is concerned with determining the (un)stable behaviour of discrete-time nonlinear state-space models. For
this kind of models, it may happen that the (in)stability properties depend on the nature of the (stochastic) input
signal. E.g. the system can show a stable behaviour at low amplitudes, and an unstable behaviour at high amplitudes.
In between, there can be a transition zone between low and high probabilities of instability. In the phase plane, this
can be interpreted as a stable equilibrium in the neighbourhood of the origin (i.e. a bounded Region Of Attraction
[ROA]) and the input disturbing the state in a random way. A low input amplitude causes the states to stay inside the
ROA with high probability, while a large one may be more likely to push the state out of the ROA, and hence cause
unstable operation with much higher probability. In this context, the user may ask him-/herself the question whether
the given model will be likely to behave stably or not for a given class of input signals on a certain time interval t =
0,...,T, and starting at a given initial state. This work allows the user to answer this question, in the case of a
normally distributed input disturbance with a small variance and with an arbitrary power spectrum provided by the
user. The state transition function, of the type x(t+1) = f(x(t),u(t)), and its derivatives have to be known. The
probability density function (pdf) of the state at the provided time instant T can be approximated at every point of
the state space via the Laplace integration method. This in turn requires the solution of a constrained optimization
problem. After integration of the state pdf over a domain, one obtains the probability that the state has remained
inside this domain. Taking the domain equal to the ROA yields the probability of stable operation until time instant T.
The method is illustrated by means of a simple example.

Assigning the nonlinear distortions of a two-input single-output system
w122.
W.D. Widanage, J. Schoukens
European Research Network System Identification, ERNSI workshop, Vorau, Austria
September 30 to October 2, 2009
In a multiple input multiple output nonlinear system the nonlinear contributions from each input to each output may
vary significantly. The nonlinear distortions are composed of contributions that are either purely due to each
individual input or a combination with some of the inputs. A three stage experimental design method valid for a wide
range of nonlinear systems is presented that identifies, in the frequency domain, the level of these nonlinear
contributions. For systems that require nonzero operating points, the contribution from each input and their
combinations is conditioned by the operating levels. Periodic broadband excitation signals with several harmonics
suppressed are used as the inputs; to reduce the noise contributions and evaluate the nonlinear distortion levels
present at the suppressed harmonics. Experimental results for a two-input single-output system are presented
demonstrating the effectiveness of the technique.

Non-parametric instantaneous FRF of a class of Time-Varying systems
w123.
John Lataire en Rik Pintelon
Presentation of poster at the IUAP/PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut, November 27, 2009
Slowly time-varying systems can be informally seen as systems with slowly evolving instantaneous transfer functions.
This poster proposes a definition of an instantaneous transfer function, based on 'frozen' models of time-varying
systems. It is demonstrated how the use of multisines as excitation signals provide insight into the nature of the time
variation by simple inspection of the resulting output spectrum. Furthermore, a non-parametric estimate of the
evolving instantaneous FRF (Frequency Response Function) is extracted from data of a single experiment.
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Reduction of polynomial nonlinear state-space models by means of
nonlinear similarity transforms
Anne Van Mulders, Laurent Vanbeylen, Johan Schoukens
Presentation of poster at the IUAP/PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut, November 27, 2009
w124.

A state-space representation of a system is not unique. By means of a state (similarity) transform, a new model with
the same input-output behaviour can be obtained. For nonlinear models, such as the polynomial nonlinear statespace (PNLSS) model, both linear and nonlinear transformations can be used to create a new model that fits within
the same model class (i.e. preserving the same nonlinear degrees and model order). The benefits of these
transformations can be to generate parsimonious representations for (non-parsimonious) PNLSS models obtained
from systems of block-oriented type (e.g. Wiener-Hammerstein). Finding the right nonlinear transformation can
greatly reduce the number of parameters. Up to now, we are not aware of an existing solution (in literature). We will
present our ideas by means of a simple example.

Behavioral modeling of the thermal dynamics of borefields for
geothermal applications
Griet Monteyne, Gerd Vandersteen
Presentation of poster at the IUAP/PAI DYSCO study day, Leuven-Heverlee,
Thermotechnisch Instituut, November 27, 2009
w125.

This work is related to geothermal heat pumps. This central heating and/or cooling system pumps heat from or to the
ground. It is one of the most recommendable methods for heating buildings via so called green energy. Current
controllers don't explicitly take the dynamic behavior of the source-side into account. The object of this work is to
model the thermal dynamic behavior of the surrounding geology. This model can then be used to develop an optimal
control strategy that also prevents the exhaustion of the heat from the soil on short and long term. It is important
that the slow dynamic behavior of the soil is well modeled. The system dynamics of a ground coupled heat pump is
characterized by very diverse time constants. The conductive heat transport between the soil and the fluid is
characterized by small time constants (with an order of magnitude of several minutes). On the other hand, the
thermal diffusion in the soil is characterized by large time constants (with an order of magnitude of years). An
additional problem is that diffusion phenomena can only be approximately described by a rational form in the sdomain (with s the Laplace variable). In order to get more accurate results rational models in the ?s-domain have to
be used. There are more challenges to be faced. Only a limited amount of measured quantities are easily accessible
for the user. The measurement time is limited as well as the possible excitations. Several other identification
problems have to be considered, for example, MIMO identification of the thermal diffusion in multiple borefield
installations, dealing with missing data, ... The model will be validated by use of simulations as well as measurements
on an operational thermal installation.

Identification of periodically time-varying systems
w126.
Ebrahim Louarroudi ,Rik pintelon and John Lataire
Presentation of poster at the IUAP/PAI DYSCO study day,
Thermotechnisch Instituut, November 27, 2009

Leuven-Heverlee,

In the last century, the LTI (Linear Time Invariant) assumption and the corresponding system identification
techniques have been utilized successfully in practice. However, in some applications the considered real-life systems
do not satisfy the time invariant condition. For that reason it is convenient to extent the framework of LTI-systems to
theories whereby system properties might evolve over time. There exist a width range of applications where the
treatment of time-varying systems is indispensable. Consider for instance structures that are subject to increasing
damage, pitting corrosion of metals, metal deposition, biological systems or even time invariant systems with a timevarying setpoint. All these examples cannot be treated in the classical LTI framework. Therefore, we need a more
systematic approach that is able to handle such time-varying processes. Two fundamental principles exist that
underlie this time variation. Namely: i) The time behavior is dictated by the random nature of the system. Hence, the
system properties change actually witch time. Concrete examples are: pitting corrosion in metal structures,
(bio)chemical process, etc.; ii) The time variation is caused by external parameters, the so-called scheduling
parameters. Examples are: flight flutter analyses with the flight speed as scheduling parameter, a moving robot with
the length of the robot axis as external parameter, etc. When the time variation is forced experimentally (see ii), one
can choose between periodically, arbitrary (non-periodically) or hold (piecewise constant time variation)
configurations for the scheduling parameter(s). In this poster a rough introduction is given on linear time-varying
(LTV) systems with (periodically) time-varying scheduling parameters. The advantage of the hold configuration for
the external parameter is the shrinking of the complex modeling process (only LTI-models must be identified), at a
cost of an increase in experimental time against the first two approaches. The purpose of using non-constant piece
time variation (periodically or non-periodically) is to reduce the experimental time, with the drawback that a more
complex system model should be identified with respect to LTI-systems.

4.6

PRESENTATIONS ORGANISED BY THE DEPT. ELEC

1. Human Metal Model - system-level ESD stress on component level
Mirko Scholz, IMEC-Leuven, February 27, 2009

Electrostatic Discharges (ESD) are one of the main threats in modern microelectronics. Therefore it is essential to
study and simulate real world ESD events already during the technology development and the design of
microelectronic products. In this talk, ESD as an electrical phenomenon is introduced shortly. Next, an overview on
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ESD testing methodologies and their applications is given. More in detail, commonly used component-level ESD
testing methods are presented together with their application and measurement setups. In the second part of the
talk I will introduce my PhD work. The topic of my PhD work is about a novel ESD testing method called Human Metal
Model (HMM). HMM applies system-level type of ESD stress on component-level. One of the challenges for the
practical application of HMM is the development of a suitable measurement setup for on-wafer and package-level
HMM ESD characterization. To understand fully the transient response of a device or circuit under HMM stress, a
suitable method for the measurement of voltage and current during a HMM stress and also the required calibrations
methodologies need to be studied. Thereby also the theoretical background of the used techniques will be evaluated.
In a later step, the results of the HMM characterization are correlated and compared to ESD testing results which
have been obtained on system-level. With the new HMM testing method the ESD designer is enabled to bridge the
currently existing gap between component- and system-level testing.

2. On Resampling and Uncertainty Estimation in Linear System Identification
Bob Bitmeat, University of California San Diego, Dept. of Mech. & Aero Eng., California,
USA, April 22, 2009
Linear System Identification yields a nominal model parameter, which minimizes a specific criterion based on the
single input-output data set. Here we investigate the utility of various methods for estimating the probability
distribution of this nominal parameter using only the data from this single experiment. The results are compared to
the actual parameter distribution generated by many Monte-Carlo runs of the data-collection experiment. The
methods considered are collectively known as resampling schemes, which include sub-sampling and the Bootstrap.
The broad aim is to generate an empirical parameter distribution function via the construction of a large number of
new data records from the original single set of data and then to run the parameter estimator on each of these new
records to develop the distribution function. The performance of these schemes is evaluated on a difficult, almost
unidentifiable system, and compared to the standard results based on asymptotic normality.

3. Harmonic modeling for audio signal processing
Miroslav ZIVANOVIC, Universidad Publica de Navarra,
Pamplona (Navarra), Spain, October 5, 2009

Dpt.

Telecommunicaciones,

Audio signal processing is based on different representations of non-stationary signals, in order to produce
meaningful transformations of sound (music or speech) waveforms. It usually consists of three steps: analysis (sound
to representation), synthesis/modification (of the representation) and resynthesis (getting back to a sound). The
analysis step identifies and extracts high-level sound parameters, such as: harmonics, fundamental frequency,
spectral shape, note boundaries, voiced/unvoiced segments etc. Therefore, it brings the signal representation closer
to our perceptual understanding of a sound. From the sound description provided by the analysis, the
synthesis/modification step transforms the existing and/or creates new sounds according to specific needs, such as:
sound source recognition and separation, coding, storage, enhancement (noise suppression, equalization, reverb
removal) etc. The quality of the output sound, however, will strongly depend on appropriate parameter election and
their correct estimation in the analysis stage.
Three general approaches are in prevalent use today for single-source audio signal analysis: non-parametric,
parametric and statistical. The non-parametric methods make use of the Short-time Fourier Transform or some other
conveniently chosen time-frequency representation in order to localize the signal parameters’ variations along the
time grid. The parametric methods are based on a specific sound signal model, composed of the harmonic and
stochastic (residual) part. The statistical methods regard the audio signal as a random process and look for the most
probable time-evolution of the signal parameters.
The parametric methods represent the best trade-off between the computational cost and quality of signal description.
They capture correctly the time-variations in the harmonic model even for low signal-to-noise ratios. However, if the
number of parameters is large or they have not been chosen properly, the algorithm will suffer from modeling errors
and large calculation time. In order to cope with this scenario, we propose a time-variant harmonic model based on
the assumptions of continuity and slow variation of harmonic parameters within the analysis time-window. These
assumptions are valid for most real-world audio signals. The proposed model describes harmonic parameters’
variations by means of a single polynomial and a constant fundamental frequency within the analysis time-window.
In addition, the model is linear-in-parameters, which allow for the use of linear least-squares approximation for
parameter estimation.
However, there is still a large class of audio signals which cannot be handled by a straightforward application of the
aforementioned methods. Those are multi-source or polyphonic signals, which render the analysis very difficult due
to the overlap of information from different sources. We discuss the problem and propose an approach to source
separation in the framework of time-variant harmonic modeling.

4. Introduction of the Dept. of Measurement at CTU in Prague
Jan Roháč, Czech Technical University in Prague, Faculty of Electrical Engineering, Prague,
Czech Republic, November 13, 2009

Department of measurement is one of twenty departments that compose the Faculty of Electrical Engineering at the
Czech Technical University in Prague. The Dept. of measurement consists of seven research groups that provide a
wide range of undergraduate and graduate courses and are responsible for PhD. branches of study “Measurement
and Instrumentation” and “Air Traffic Control”. Main areas of interests of the research groups will be introduced,
however, the main focus will be put on the group of aircraft instrumentation.

4.7
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1. TDR Based Transfer Function Estimation of Local Loop
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Tom Bostoen, Patrick Boets, Leo Van Biesen, Thierry Pollet and Mohamed Zekri
European Patent Office, Application No./Patent No. 01400832.0-1246
2. Method and Apparatus for Identification of an Access Network by Means of 1-Port
Measurements
Tom Bostoen, Thierry Pollet, Patrick Boets, Mohamed Zekri and Leo Van Biesen
European Patent Application, Application No. EP 1 248 383 A1
3. Method and Apparatus for Identification of an Access Network by Means of 1-Port
Measurements
Tom Bostoen, Thierry Pollet, Patrick Boets, Mohamed Zekri and Leo Van Biesen
United States Patent Application Publication, Pub. No. US 2002/0186760 A1
4. Method for Matching an Adaptive Hybrid to a Line
Tom Bostoen, Patrick Boets, Leo Van Biesen and Thierry Pollet
European Patent Office, Application No./Patent No. 03292891.3
5. Interpretation system for interpreting reflectometry information
T. Vermeiren, Tom Bostoen, Leo Van Biesen, Frank Louage, Patrick Boets
European Patent Application, Application No. EP 1 385 724 A1
6. Interpretation system for interpreting reflectometry information
T. Vermeiren, Tom Bostoen, Leo Van Biesen, Frank Louage, Patrick Boets
United States Patent Application Publication, Pub. No. US 2004/0019451 A1
7. Localisation of Customer Premises in a Local Loop Based on Reflectometry
Measurements
Tom Bostoen, Thierry Pollet, Patrick Boets, Leo Van Biesen
United States Patent Application Publication, Pub. No. US 2004/0022368 A1
8. Localisation of Customer Premises in a Local Loop Based on Reflectometry
Measurements
Tom Bostoen, Thierry Pollet, Patrick Boets, Leo Van Biesen
European Patent Application, Application No. EP 1 388 953 A1
9. Signal Pre Processing for Estimating attributes of transmission Line
Tom Bostoen, Thierry Pollet, Patrick Boets, Leo Van Biesen
European Patent Application, Application No. EP 1 411 361 A1
10. Signal Pre Processing for Estimating attributes of transmission Line
Tom Bostoen, Thierry Pollet, Patrick Boets, Leo Van Biesen
United States Patent Application Publication, Pub. No. US 2004/0080323 A1
11. A method for determining bit error rates
Vandersteen Gerd, Verbeeck Jozef, Rolain Yves, Schoukens Johan, Wambacq Piet, Donnay
Stephane
VUB/IMEC US60171854/US 2001 0044915 - US6678844, granted 13 January 2004
12. A method for determining signals in mixed signal systems
Wambacq Piet, Vandersteen Gerd, Rolain Yves, Dobrovolny Petr
VUB/IMEC US60138642 - EP1059594, granted 13 October 2004
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Etude de la Production et des Conditions de Propagation d'Ondes de Choc Créés
par un Plasma de Décharge
Jean Renneboog
Doctoral Dissertation, Université Libre de Bruxelles, 1967
Promoter: P. Baudoux (ULB)
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Doctoral Dissertation, Vrije Universiteit Brussel, April 1976
Judging-committee: G. Maggetto (VUB), Verlinden (VUB), Hoffman (RUG), C. Eugène (UCL)
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Maximum Informatie Extractie door middel van een Optimaal Frequentie Domein
Experiment
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Promoter: J. Renneboog (VUB)
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Foutdetectie op Electrische Lijnen met behulp van een Digitale Behandeling van
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Leo Van Biesen
Doctoral Dissertation, Vrije Universiteit Brussel, April 1983
Judging-committee: G. Maggetto (VUB), A. Barel (VUB), Baert (RUG), C. Eugène (UCL), Goossens, Kirschvinck, J.
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Time Division Multiplexing in Optical Fiber Networks
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5. Location of the university (VUB)
and the dept. ELEC
Getting to the department ELEC of the “Vrije Universiteit Brussel”

5.1

ARRIVAL BY CAR:
Take the “Ring” and exit at
the crossing with the
motorway E411 direction
centre of Brussels. At the end
of the motorway, take the
viaduct (go straight on), and
at the second traffic lights,
turn on right (“Triomflaan”),
the VUB is situated on the left
side of this road, starting from
entrance 6 (see next map).

5.2

FROM THE BRUSSELS NATIONAL AIRPORT AT ZAVENTEM:

From the airport, every 20 minutes the rail shuttle quickly takes you to the North Station in the
centre of Brussels. At the North Station (“Bruxelles Nord”), you take the train to Etterbeek
(direction Etterbeek or Louvain La Neuve) and get off the train in Etterbeek, which is 10 min.
walking distance from the VUB. You only pay € 3.90 for a first class ticket, and € 2.50 for a second
class ticket (a taxi or cab from airport to the University is about € 50.00).
More information and timetables of the Belgian railways: see http://www.b-rail.be/E/index.html
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5.3

ARRIVAL BY TRAIN:
Change in “Bruxelles Nord” and
take the train to Etterbeek
(direction Etterbeek or Louvain La
Neuve)
http://www.b-rail.be/E/index.html

5.4

ARRIVAL BY SUBWAY
(€ 1.60/TICKET):

Take line 1 direction “Hermann-Debroux” and
get off at “Petillon”, which is also 10 min.
walking distance from the VUB.
More information about Brussels subway: surf
to http://www.stib.be/index.htm?l=en

The dept. ELEC is located in building K,
6th floor.
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