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Chapter 1

SCIENTIFIC ACTIVITY OF
THE INSTITUTE

1.1 Computational bioelectromagnetism

S. Wincenciak, J. Starzynski, J. Korytkowski, B. Sawicki, R. Szmurto, M.
Chojnowski (PhD Student), P. Ptonecki (PhD Student)

Various magnetic formulations for biomedical applications; pre- and post-
processing for data and results (visual presentation including animation);
electric thermal coupled fields and eddy current problems (3D). Synthesis,
efficient techniques for sensitivity analysis; the optimization algorithms for
nonlinear problems; identification of source functions and boundary condi-
tions (application for electroencephalography); optimal shape design; mate-
rial structure identification. Computer modeling of the bio-effects of elec-
tromagnetic fields on the human body; simulation of magnetic and electrical
stimulation of the brain. Effective algorithms of realistic models creation for
bioelectromagnetism. Problem oriented scientific software development.

1.2 Average models of active power filters
K. Mikotajuk, A. Tobota

Two time-varying models for single phase voltage source structure of ac-
tive power filter have been developed. The first model adopts the time-
varying transformer. The second proposed model adopts a time varying
capacitor. The relation between time-varying transformer and time-varying
capacitance has been established. Average models simplify analysis and make
easier to understand the system’s behaviour under steady state and transient
conditions. Such models speed up simulation and can be used for control and
design purposes. The numerical examples of third order and reactive funda-
mental harmonic generation illustrate the proposed method.



1.3 Research in the area of neural networks

S. Osowski, A. Cichocki, K. Siwek, T. Markiewicz, M. Warowny (PhD Stu-
dent)

Study of the properties and applications of neural networks (n.n.) of MLP,
SVM and RBF type, application of n.n. in synthesis and design of electrical
circuits, location of faults, predictive properties of neural networks - appli-
cation to load prediction of power electro-energetic system. Self-organizing
neural networks of Kohonen type and their applications. Neuro-fuzzy sys-
tems - study of self-organizing and supervised learning rules and application
in identification and prediction. Blind separation and deconvolution of sig-
nals - development of new effective learning rules and its applications. PCA
neural networks - learning algorithms and applications. Support Vector Ma-
chines (SVM) networks for classification and regression and their applica-
tions. Biomedical signal processing, arrhythmia recognition on the basis of
ECG, EEG signal processing for epilepsy recognition and prediction, recogni-
tion and classification of blood cells in leukemia on the basis of bone marrow
aspirate, computer aided support for cancer cell recognition on the medical
images, data mining of biomedical signals and images, ensemble of classifiers.

1.4 Optical, electrical impedance tomography
S. Filipowicz, T. Grzywacz (PhD Student)

Implementation of piecewise constant level set framework in elec-
trical impedance tomography

The problem of the image reconstruction in Electrical Impedance Tomog-
raphy is a highly ill-posed inverse problem. The iterative algorithm is based
on a combination of the level set methods and the finite element method. The
shape representation of the boundary and its evolution during an iterative
reconstruction process is achieved by the level set method. The Mumford-
Shah algorithm sets the formulation and minimization problem in the image
processing, to compute piecewise-smooth optimal approximations of a given
object. The proposed model follows and fully generalizes work, where there
was proposed an active contour model without edges based on a 2-phase seg-
mentation. The idea of the level set method is merely to define a smooth
function , that represents the interface.
Quality of imaging in multipath tomography

Today tomographic measurement techniques allow fairly accurate mon-
itoring of the test objects. The work presents the problem of obtaining
high quality tomography images and of simulation researches of the complex
shape objects. This discusses an application of ultrasonic tomography in
construction the velocity images of flowing gas in circular pipe An ultrasonic
flowmeter was assumed for measuring the average velocity of the gas in the



axial direction inside the pipe.Chosen methods made it possible to obtain
tomographic images that accurately map tested phantoms.

1.5 Singular multivariable and parameter dis-
tributed systems

Z. Trzaska

Effective algorithms and computational procedures for analysis, synthe-
sis, identification and design of singular dynamical multivariable systems;
analysis and design of manipulators; studies of systems with distributed pa-
rameters; criogenic systems, fault diagnostic systems, geometrical approaches
to dynamical system problems, electrical car drives; fundamentals and appli-
cations of the Fibonacci hyperbolic trigonometry and Fibonacci polynomials;
direct and inverse problem solutions for 2-D and N-D systems.

1.6 Simulation of power system
loaded by the high power nonlinear load

W. Brociek

Modeling of the elements of power system, interaction of the system and
nonlinear load of quickly changing parameters (arc furnaces, traction substa-
tions), electromagnetic compatibility of the high power nonlinear load and
power system in dynamic conditions, analysis of higher harmonics using sim-
ulation languages including PCNAP and PCSPICE, quality of the delivered
energy under non-sinusoidal conditions.

1.7 Software modeling group (SMoG)

M. Smiatek, S. Drejewicz, W. Nowakowski, A. Ambroziewicz, J. Bojarski,
T. Straszak

The main area of interest of the SMoG is modeling of software. The
group is mostly engaged in research around object-oriented software devel-
opment methods and their applications. SMoG’s area of concern are also
CASE tools that try to realize the ideas of MDD (Model Driven Develop-
ment) and which enhance the possibility of using UML (Unified Modeling
Language) as a universal "lingua franca" of software engineering. SMoG re-
search activities are often related to the field of meta-modeling, such as issues
which pertain to the creation of MOF-based definitions of languages. Other
SMoG's research interests include scenario-based requirements engineering,
model transformations and software reuse.



Throughout 2009, SMoG has realized the ReDSeeDS project. The main
objective of the project was to create a system (language, tool, reuse process)
where software reuse is based on building and retrieving of so-called software
cases (large compound artifacts) that can be reused between domains. This
work was partially funded by the EU: Requirements-Driven Software Devel-
opment System (ReDSeeDS) (contract no. IST-2006-33596 under 6FP). The
project was coordinated by Infovide, Poland with technical lead of Warsaw
University of Technology and with University of Koblenz-Landau, Vienna
University of Technology, Fraunhofer IESE, University of Latvia, HITeC e.V.
c¢/o University of Hamburg, Heriot-Watt University, PRO DV, Cybersoft and
Algoritmu Sistemos.

1.8 Research in the area of methods and sys-
tems for testing magnetic materials

S. Tumanski, J. Oledzki, T. Winek

Parameter identification approach to magnetic material testing, adaptive
techniques in testing magnetic materials, e.g. adaptive control of demagne-
tization, of measurement process, adaptive digital synthesis of magnetizing
current waveform. Methods of identification of two- and three-terminal net-
works in the harmonic current circuits when model accuracy in a frequency
range is specified, computer parameter identification supplemented with an
automatic selection of a model structure of adequate accuracy. Sensors of
magnetic fields, magnetic fields measurements, construction of magnetome-
ters, measurements of power frequency magnetic and electric fields, nonde-
structive testing of electric steel sheets. Computer controlled measurement
system of magnetic fields. Computer aided processing of measurement data.

1.9 Large area, distributed measurement sys-
tems as a tools for environment protection

A.Michalski, £.. Makowski, A.Kalicki, Z. Staroszczyk. B. Dziadak

The main stream of scientific works contains to main groups: flow meters
in open channels and monitoring of the concentrations of petroleum deriva-
tives in fresh water or drainage. Study of the features of electromagnetic
method, development of new generation of electromagnetic flow meter dedi-
cated for industrial open channels, optimization of primary transducer (coil,
electrodes) based on the finite element idea and generalized Newton algo-
rithm, designing small measurements systems based on one chip microcom-
puters. Measurement algorithms and signal processing for electromagnetic
flow meters. One of the most important problems in environmental pollution



protection is the monitoring of drinking water quality. The aim of the pro-
posed system is to protect sensitive country areas from this kind of pollution
with the use of GSM/GPRS accessed mobile observation points (MOP). The
basic version of the MOP is equipped with the GPS position locator, sensi-
tive hydrocarbon contamination probe and a GSM/GPRS connection with
a central www accessible server. The dedicated system server collects data
from mobile GSM /GPRS accessed observation points, and delivers it through
the Internet the information on potential pollution to the authorised www
clients. The moving observation indicates property, and the countrywide
GSM operator coverage makes the system flexible and universal, allowing for
“on request” installations of MOPs in pollution sensitive areas.

1.10 Time-frequency and time-scale analysis of
signals

R. Rak, A. Majkowski, A. Josko

Traditional frequency analysis is not appropriate for the observation of
properties of non-stationary signals. It is for the fact that the time resolution
of the Fourier series representation is not very good. Thus, there is a need
for an analysis implementing the joint time-frequency signal representations.
The time-frequency representation family is very large. In this project practi-
cal aspects of some representative methods are implemented including short
time Fourier transform, Gabor transform, Wignera-Ville transform, Cone-
shaped transform and also the wavelet transform. What makes the wavelet
analysis interesting is that individual wavelet functions are quite localized in
time scale (or space) and simultaneously in frequency (or characteristic scale).
Unlike sine and cosine, which define a unique Fourier transform, there is not
one single unique set of wavelets. In fact there are infinite variety of possible
sets. Which one is the best it depends on a particular application. Wavelet
analysis owes its efficiency to the fast pyramid algorithm described by Mallat.

1.11 Human computer interaction and visual
perception

D.Sawicki, mgr inz. L.Stelmach (PhD Student), mgr inz. M.Augustynowicz
(PhD Student), mgr inz. B.Neuman (PhD Student)

New methods of data presentation and modern interface design in human
computer interaction. Development and future of HCI. Human vision and
visual perception. Color perception and its influence on interface. Ray trac-
ing application. Simulation of the wave properties of light using ray tracing.



Material appearance and optical properties of the shape. Description of the
light reflection.

1.12 Virtual laboratory and distributed mea-
surement systems

R. Rak, A. Majkowski, T. Winek, M. Godziemba-Maliszewski

The main purpose of the investigations is to develop a remote measure-
ment laboratory as a Virtual Laboratory operating by Internet with simplifi-
cations deriving from the requisites of distance learning. It includes the fea-
tures of a complete Learning Management System (LMS) with experiments
on actual measurement instrumentation. The primary objective of a LMS is
to manage learners, keeping track of their progress and performance across
all types of training activities. The LMS manages and allocates learning
resources such as: registration, classroom and instructor availability, instruc-
tional material fulfilment, online learning delivery.

1.13 Features extraction, selection and classifi-
cation of EEG signal for brain-computer
interface design

R. Rak, A. Majkowski, M. Kotodziej, A. Josko, £.. Oskwarek

The main aim of the investigation is to introduce a new method of feature
extraction from EEG signal for brain-computer interface (BCI) design. In
recent years, we can observe a growing interest in brain-computer interfaces.
The main advantage of the communication between brain and computer is its
“directness”. The brain activity is processed into information understandable
by a computer, omitting all indirect factors such as muscles. The applica-
tion of BCI is primarily to allow contact with paralyzed people. At present
the main factors that restrict the wider use of brain-computer interfaces are:
low speed of information conveyed by brain-computer technology and prob-
lems with acquisition of EEG signals. Although there are many ways of the
brain activity examination, the most widely used is electroencephalography
(EEG). To enable brain-computer interface construction an efficient method
of feature extraction from EEG signal is needed. We propose a feature ex-
traction method based on higher order statistics (HOS) calculated for the
details of discrete wavelet transform (DWT) of EEG signal. The next aim of
the research is to check whether the efficient brain-computer interface can be
build using only 2 channels of EEG signal. Limiting the number of electrodes
is supposed to simplify the use of the interface and reduce the cost of the



EEG signal amplifier. This would also facilitate the analysis, processing and
classification of signals.

1.14 Power system time-frequency properties
investigations: LTI/LPTV modeling, impe-
dance and transfer functions identification
and measurements

Z. Staroszczyk, P. Figon (Ph.D. student), P. Irzmariski (Ph.D. Student)

The research concerns multiphase power grid time and frequency domain
description in the acoustic frequency range, oriented to system voltage har-
monic and non-harmonic distortions limitation. Classical LTI (linear time
invariant) and LPTV (linear periodically time variant) models are used for
grid modeling, and parameters of such models are experimentally identified
with the use of developed instrumentation. That way valuable, useful models
of the grid are obtained, which are used in simulations serving for proper sys-
tem conservation and modernization. DSP methods and algorithms oriented
to accurate power system transfer functions measurements in the noisy, nat-
ural conditions are developed. The focus of research is on invasive methods
of the large and multipoint active power system treatment.
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Chapter 2

Publications

The results of the scientific activity of the Institute of the Theory of Electrical
Engineering and Electrical Measurements, Warsaw University of Technology

have

been published in 46 journal papers (20 in international journals of

Journal Citation Reports list, 19 papers in journal of Philadelphian list and

7 in

other, either national or international journals), and 35 contributions

of the proceedings of the national (17) and international (18) conferences.
Below there is a list of papers published in 2009 as well as list of books and
book chapters published by the scientific staff of the Institute in the year

2009

Following you will the following lists of publications:

Papers in international journals of Journal Citation Reports list,

Papers in international journals of Philadelphian list (journals with no
impact factor),

Papers in other journals,
Works published in conference proceedings,
Books,

Books parts and chapters

Papers in international journals of Journal Cita-
tion Reports

1]

Barttomiej Grala, Wojciech Koztowski, and Tomasz Markiewicz. Pri-
mary cns meningiomas treated with neurosurgery in the military insti-
tute of health services in Warsaw recognition of tumor cells by image
analysis. Virchows Archives, 455:441, 20009.
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2l

[5]

(6]

17l

18]

19]

[10]

[11]

[12]

Barttomiej Grala, Tomasz Markiewicz, Wojciech Koztowski, Stanistaw
Osowski, Janina Stodkowska, and Wielistaw Papierz. New automated
image analysis method for the assessment of Ki-67 labeling index in
meningiomas. Folia Histochemica et Cytobiologica, 47(4), 2009.

Zhaoshui He, Andrzej Cichocki, Yuanqing Li, Shengli Xie, and Saeid
Sanei. K-hyperline clustering learning for sparse component analysis.
Signal Processing, (89):1011-1022, 20009.

Zhaoshui He, Andrzej Cichocki, Rafat Zunek, and Shengli Xie. Improved
focuss method with conjugate gradient iterations. IFEFE Transactions
on Signal Processing, 57(1):399-404, January 2009.

Wojciech Koztowski, Cezary Jochymski, and Tomasz Markiewicz. Quan-
titative investigation of the neuroendocrine cells in superficial and deep
gastric mucosa inflammation. Virchows Archives, 455:387, 2009.

Michat Kruk, Stanistaw Osowski, and Robert Koktysz. Recognition and
classification of colon cells applying the ensemble of classifiers. Comput-
ers 1 Biology and Medicine, 39:156-165, 2009.

Tomasz Markiewicz, Bartosz Grala, Monika Warowny, Stanistaw Os-
owski, and Wojciech Koztowski. Recognition of tumor cells by im-
age analysis in oligodendroglioma at Ki-67staining. Virchows Archives,
455:402, 2009.

Tomasz Markiewicz, Cezary Jochymski, Janina Stodkowska, and Woj-
ciech Koztowski. Automated recognition and counting of the immunore-
active neuroendocrine cells in chronic gastritis (the preliminary study).
Folia Histochemica et Cytobiologica, 47(4), 2009.

Tomasz Markiewicz, Stanistaw Osowski, Piotr Wisniewski, Wojciech
Koztowski, Janusz Patera, and Robert Koktysz. Comparative analy-
sis of the methods for accurate recognition of cells in the nuclei staining
of the Ki-67 in neuroblastoma and er/pr status staining i. Analytical
and Quantitative Cytology and Histology Journal, 31(2):49-63, 20009.

Stanistaw Osowski, Robert Siroic, Tomasz Markiewicz, and Krzysztof
Siwek. Application of support vector machine and genetic algorithm for
improved blood cell recognition. IEEE Transactions on Measurements
and Instumentation, 58(2):2159-2168, 2009.

Stanistaw Osowski, Krzysztof Siwek, and Ryszard Szupiluk. Ensemble
neural network approach for accurate load forecasting in the power sys-
tem. Applied Mathematics and Computer Science, 19(2):303-315, 2009.

Stanistaw Osowski and Artur Wiliniski. Gene selection for cancer classi-
fication. Compel, 2009, vol. 28, pp. 231-241
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[13]

[14]

[15]

[16]

[17]

18]

[19]

20]

Mariusz Ptuska, Andrzej Czerwinski, Jacek Ratajczak, Jerzy Katcki,
Lukasz Oskwarek, and Remigiusz Rak. Separation of image-distortion
sources and magnetic-field measurement in scanning electron microscope
(sem). Micron — The Tnternational Research and Review Journal for
Microscopy, 40(1,/2009):46-50, 2009.

Mariusz Phuska, FLukasz Oskwarek, Remigiusz Rak, and Andrzej Cz-
erwinski. Measurement of magnetic field distorting the electron beam
direction in scanning electron microscope. IEEE Transactions on In-
strumentation and Measurement, vol.58(1):173-179, January 2009.

Krzysztof Siwek and Stanistaw Osowski. Two-stage neural network ap-
proach to precise 24-hour load pattern prediction. Lecture Notes in
Artificial Intelligence, LNAI-5572:327-336, 2009.

Jacek Starzynski, Robert Szmurto, and Andrzej Michalski. Computer
aided design tool for electromagnetic sensors. [EEE Instrumentation
and Measurement Magazine, 12(3):28-33, 6 2009.

Robert Szmurto, Jacek Starzynski, Stanistaw Wincenciak, Bartosz Saw-

icki, and Andrzej Rysz. Numerical model of vagus nerve electrical stim-
ulation. COMPEL, 28(1):211-220, 2009.

Artur Wiliniski, Stanistaw Osowski, and Krzysztof Siwek. Gene selection
for cancer classification through ensemble of methods. Lecture Notes in
Computer Science, LNCS- 5495:507-516, 2009.

Michat Smiatek. Current issues in teaching software modeling: Educa-
tors symposium at models 2008. Lecture Notes in Computer Science,
5421:371-374, 20009.

Bartosz Swiderski, Stanistaw Osowski, Andrzej Cichocki, and Andrzej
Rysz. Single-class svm and directed transfer function approach to the

localization of the region containing epileptic focus. Neurocomputing,
72:1575-1583, 2009.

Papers in international journals of Philadelphian
list (not JCR)

1]

2l

Wiestaw Brociek, Robert Wilanowicz, and Zygmunt Filipowicz. Fre-
quency characteristics of the power line with nonlinear load. Przeglgd
FElektrotechniczny, (4):62-64, 2009.

Grzegorz Brodzinski, Remigiusz Rak, and Andrzej Majkowski. Klasy-
fikacja wybranych zaklocen ksztattu przebiegu czasowego napiecia
sieciowego z wykorzystaniem transformacji falkowej i sieci neuronowej
svin. Przeglgd Elektrotechniczny, 2 2009.
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13l

4]

(6]

17l

18]

[10]

[11]

[12]

[13]

Marcin Kotodziej, Remigiusz Rak, and Andrzej Majkowski. Interfejs
moézg-komputer — wybrane problemy rejestracji i analizy sygnatu EEG.
Przeglgd Elektrotechniczny, 2009.

Phillip Marketos, Stanislaw Zurek, Anthony Moses, Stawomir Tumarnski,
and Harshad Patel. Correlation between surface magnetic field and
Barkhausen noise in grain oriented electrical steel. Przeglad Elektrotech-
niczny, 85(1):111-114, 20009.

Tomasz Markiewicz and Stanistaw Osowski. System for automatic blood
cell recognition in leukemia using Support Vector Machine. Przeglgd
FElektrotechniczny, 85(4):28-30, 20009.

Andrzej Michalski, Zbigniew Staroszczyk, and Bogdan Dziadak. Se-
lected aspects of wireless sensor network for petroleum derivative mon-
itoring system. Przeglgd Elektrotechniczny, (4/2009):1-3, 4 20009.

Andrzej Michalski and Jacek Jakubowski. Metoda dekompozycji na
mody empiryczne w eliminacji szuméw pradu cewki przeptywomierza
elektromagnetycznego dla kanatu otwartego. Przeglgad Elektrotechniczny,
(11):111-114, Listopad 2009.

Andrzej Michalski, Krzysztof Kwiatos, Zbigniew Watral, and Jan
Sienkiewicz. Analiza wptywu cewki wzbudzajacej na rozktad pola mag-
netycznego w przeptywomierzu elektromagnetycznym. Przeglad Elek-
trotechniczny, 11(11):67-72, Listopad 2009.

Andrzej Michalski, Zbigniew Watral, Jan Sienkiewicz, and Krzysztof
Kwiatos. Problematyka pomiaru predkosci przeptywu cieczy metoda

ultradZwickowa w naturalnych matych kanatach otwartych. Przeglad
FElektrotechniczny, XI(11):73-78, Listopad 2009.

Stanistaw Osowski. Sztuczne sieci neuronowe — podstawowe struktury
sieciowe i algorytmy uczace. Przeglad Elektrotechniczny, 85(8):1-8, 2009.

Krzysztof Polakowski, Stefan Filipowicz, Jan Sikora, and Tomasz Ry-
marczyk. Jako$¢ obrazowania w tomografii wielosciezkowej, Przeglad
FElektrotechniczny, (12), 2009.

Tomasz Rymarczyk, Stefan Filipowicz, Jan Sikora, and Krzysztof Po-
lakowski. Applying the level set methods and the immersed interface
method in eit. Przeglad Elektrotechniczny, (4):68-70, 2009.

Tomasz Rymarczyk, Stefan Filipowicz, Jan Sikora, and Krzysztof Po-
lakowski. A piecewise-constant minimal partition problemin the image
reconstruction. Przeglad Elektrotechniczny, (12), 2009.
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[14]

[15]

[16]

[17]

18]

[19]

Krzysztof Siwek and Stanistaw Osowski. Prognozowanie obcigzen 24-

godzinnych w systemie elektroenergetycznym z uzyciem zespotu sieci
neuronowych. Przeglgd Elektrotechniczny, 85(8):28-32, 2009.

Robert Szmurto and Jacek Starzynski. Specimen-specific finite element
models of human head obtained with mesh morphing. Przeglgd Elek-
trotechniczny, 2009(4):47-49, 2009.

Andrzej Tobota and Kazimierz Mikotajuk. Sliding mode observer for
active power filters. Przeglad Elektrotechniczny, (2):37-40, 2 2009.

Stawomir Tumanski. Spintronika i jej zastosowania pomiarowe w kon-
strukeji czujnikow. Przeglad Elektrotechniczny, 85(2):93-98, 2009.

Stawomir Tumanski, Stawomir Baranowski, and Stanislaw Zurek. Com-
parison of digital methods of the control of flux density shape. Przeglqod
FElektrotechniczny, 85(1):93-95, 2009.

Artur Wilinski and Stanistaw Osowski. Hierarchical approach to the
optimal gene selection for cancer recognition on the basis of microarray
gene expression data. Przeglgd Elektrotechniczny, 85(4):50-52, 2009.

Papers in other journals

1]

2l

3]

4]

[5]

Piotr Czyzewski, Leszek Moszczynski, Stanistaw Osowski, and Tomasz

Markiewicz. Ocena stanu stempla w procesie wykrawania. Przeglgd Me-
chaniczny, LXVIII(11):30-33, 2009.

Andrzej Michalski, Zbigniew Watral, and Jan Sienkiewicz. Problemy syn-
tezy pol elektromagnetycznych na potrzeby budowy przetwornika pier-
wotnego przeptywomierza elektromagnetycznego do kanalu otwartego.
Biuletyn Naukowy WAT, vol. LVIII(1/2009):. 383-393, 2009.

Krzysztof Polakowski, Jan Sikora, and Stefan Filipowicz. Tomography
control of the workflow of pulverized coal used in electrical power gener-
ation. Academic Journals, Poznan University of Technology, 2009.

Tomasz Rymarczyk and Stefan Filipowicz. FElectrical impedance tomog-
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