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FOREWORD
Attempting to present an overview of all the research findings made by the
Institutes of the Polish Academy of Sciences in the past few years, even just those
of greatest import and potential impact, poses a very difficult task. In keeping
with the Academy’s mission, its Institutes pursue a broad range of fundamental
research, and illustrating such research in the form of a unified-format
questionnaire is extremely difficult, in some cases even impossible.
We fully realize that the Academy’s Institutes can boast many significant
achievements in basic research that are of great impact and significance for
Poland’s and Europe’s technological advancement, the emergence of new
technologies, and the development of modern products.
The catalog now in your hands – presented at COPENMIND: Copenhagen
Exhibition of Research, Technology, Innovation – represents a continuation of
the publication Selected Research Findings of an Innovative Nature put together
in 2007 in connection with a seminar organized by the Polish Embassy in
Luxembourg. This year’s catalog likewise follows a similar scheme, containing a
selection of the most significant and recent findings achieved in research pursued
by Institutes of the Polish Academy of Sciences, which stand out in terms of their
applications or application potential.
Some of the achievements presented herein have indeed already found
successful application in practice. Others, after supplementary research is
performed, stand every chance of being harnessed in the production of new
products or establishing new technological processes. They may also be used in
developing new and modern methods for characterizing products or materials.

Wojciech Stec
Władysław Włosiński
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SILICON SOLAR CELL TECHNOLOGY

The Photovoltaic Laboratory of the Institute of
Metallurgy and Materials Science (Polish Academy
of Sciences) has developed an industrial technology
for monocrystalline and multicrystalline silicon solar
cells, yielding an efficiency in the range of 14-15%
for monocrystalline silicon solar cells and 12-13%
for multicrystalline silicon with TiOx antireflection
coating. The solar cells can be used for standard PV
modules in the typical power range 25-50Wp which
can be applied in different PV systems.

prices in the range of EUR 4-9/Wp, depending on size
and type. Based on the learning curve of large scale
manufacturers, this price may reach a level of EUR
1/Wp by 2020. Achieving this will require continuous
work on production scale and R&D.

Table 1 presents the typical electrical parameters of
the solar cells.
Table 1. Electrical parameters of solar cells 100 cm2 with TiOx ARC for AM1.5 spectrum
Fig. 1. Multicrystalline and monocrystalline silicon solar cells (M. Lipiński)

Si

Isc[A]

Voc[mV] FF[%]

Eff[%]

Cz-Si

3.3

603

76.2

15.0

multi-Si

2.9

580

76.8

12.6

Table 2 presents the typical electrical parameters of
solar modules made of IMIM solar cells.
Table 2. Electrical parameters of solar modules for AM1.5 (module size 41 x 91 cm)

Si

Isc[A] Voc[mV] Imp[A] Vmp[V] Wmax[W]

Cz-Si

3.4

21.8

3.15

17.5

55

21.4

2.95

17.0

50

Fig. 2. Solar PV module from multicrystalline silicon solar cells (M. Lipiński)

multi-Si 3.25

Poland is obliged to meet European standards on
pollution and to significantly increase the harnessing
of renewable energy sources. Photovoltaics (PV) offer
the most environmental-friendly technologies for
energy production, providing clean, quiet, reliable
electricity from sunlight.
At present, module prices are in the range of EUR
3-5/Wp, while complete systems are installed for

CONTACT DETAILS
Aleksander Krupkowski Institute
of Metallurgy and Materials Science,
Photovoltaic Laboratory,
Polish Academy of Sciences
ul. Reymonta 25, 30-059 Kraków
phone: 48 (012) 637-45-80
e-mail: office@imim-pan.krakow.pl
Author
Marek Lipiński
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NANOCRYSTALLINE MULTILAYER COATINGS FOR
CARDIOVASCULAR DEVICES PRODUCED BY LASER
TECHNOLOGY

Heart transplantations are carried out only in
cases of irreversible damage to the heart muscle.
But instead of replacing a heart unable to cope with
pumping blood, another alternative could involve
adding an additional heart, such as the device
presented here. However, the human organism
does not accept intrusive foreign bodies. One of
the greatest challenges from the point of view of
materials engineering, therefore, is to identify a
material causing the least possible interaction with
the aggressive environment present inside the
body, which should furthermore be characterized by
satisfactory mechanical behavior.
Titanium and its compounds such as TiN and
Ti(C, N) have been targeted for such use in covering
implants made of polyurethane, due to their good
bio-parameters and mechanical properties. Such
coating has employed the method of pulsed laser
deposition (PLD), which takes place at a relatively
low temperature, in vacuum conditions or in a lowpressure gas environment with a precisely controlled

Fig. 1. Elements of the heart assist system deposited by laser technology (B. Major)

6

chemical composition. The polyurethane element
is placed in a special vacuum chamber, close to a
rotating disk made of pure titanium. When the coating
process begins, four laser beams are fired at the disk.
In reality, each beam is a series of extremely short light
pulses lasting merely 10 nanoseconds, which hit the
target 50 times per second. The energy density on the
surface of the titanium disk becomes so great that
each pulse causes a small amount of the material to
evaporate rapidly in the form of plasma. This plasma
is deposited on the nearby polyurethane element that
will form part of an artificial heart. The process can be
carried out at room temperature in order not to destroy
the delicate and temperature sensitive polyurethane
element of the artificial heart ventricle. As a result,
an extraordinary thin film on the order of 50 or less
nanometers is obtained and its thickness is precisely
controlled. The deposited layers are uniform, have a
nanocrystalline structure, adhere well to the substrate,
and are characterized by flexibility and high chemical
purity. Engineers from the Institute of Metallurgy and
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Fig. 2. Transmission electron microscopy;
microstructure TEM of cross-section of the
titanium nitride, 50 nm thickness coated
polyurethane elements (B. Major)

Materials Science, the Polish Academy of Sciences, in
cooperation with the Foundation for Cardiac Surgery
Development in Zabrze and Laser Center Joanneum
Research Ltd., in Leoben, Austria, are working to
establish prototypes of an artificial heart ventricle.
The thickness of titanium nitride ranges up to
50 nm on a polymer base. The 3D coatings on
elements of biomedical systems are of dimensions
300 x 300 mm and weigh up to 2000 g. The material
is innovative in producing flexible coatings of
increased biocompatibility (based on titanium
nitride) on polymer elements.
The coatings will be applied on elements of an
implanted heart-supporting ventricle developed
Fig. 3. Prototype of the heart assist system (B. Major)

within the framework of a long-standing project (the
Polish Artificial Heart).
The scale of production will be a few dozen items
per year (depending on demand). The cost of the
ventricle is EUR 3000, that of the whole system
approx. EUR 30 000. A patent procedure is in progress
for this system with improved biocompatibility due
to coating. The respective documents and partner
agreement have been signed.

CONTACT DETAILS
1) Aleksander Krupkowski Institute
of Metallurgy and Materials Science,
Polish Academy of Sciences
ul. Reymonta 25, 30-059 Kraków
phone: 48 (012) 637-45-80
e-mail: office@imim-pan.krakow.pl
Author
Bogusław Major, e-mail: nmmajor@imim-pan.krakow.pl
2) Foundation for Cardiac Surgery Development
ul. Wolności 345a, 41-800 Zabrze
phone: 48 (032) 373-56-61
Author
Roman Kustosz, e-mail: romankustosz@frk.pl
3) Laser Center Joanneum Research Leoben
Leobnerstrasse 94, A-8712 Niklasdorf, Austria
Author
Juergen M. Lackner, e-mail: juergen.lackner@joanneum.at
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A NEW CONTROL APPARATUS FOR INDEPENDENT LUNG
VENTILATION

The concept behind this project was to develop
a new kind of a control apparatus which, once
connected to any type of ventilator, could enlarge its
scope of application – ranging from the conventional
ventilation of both lungs, the independent, separate
ventilation of each lung, to the ventilation of two
patients by means of only one ventilator. Single lung
pathology, or other causes giving rise to differing
mechanics of each lung and leading to perfusion/
ventilation mismatching, require subtle, precise
control and monitoring of each lung ventilation and
pressure generated during ventilatory treatment.
These requirements are met by the new medical
apparatus developed under the Eureka project
No. E!3126 (2004-2005), as this device integrates a
feedback-controlled divider of ventilation between
lungs and tidal volumes and a pressure monitoring
system for each lung.

Typically, independent lung ventilation requires
the use of two synchronized ventilators permitting
the selection of different ventilation modes and
the application of selective positive end-expiratory
pressure (PEEP). Synchronization is mandatory
(particularly when using a respiratory rate < 30/min)
in order to avoid mediastinum shift, which in turn
may impede venous return.
This apparatus constitutes a unique solution.
The first patents obtained in the United States
and Europe are dated 1986 (No. USA 4598706,
No. EU. 00118850). The apparatus is now under
clinical tests, and its production depends on interest
shown by anesthesiologists. It is protected by Polish
patent No. PL 179784 (6.02.2001).
Dimensions: 16 x 26 x 30 cm.
Weight: 3 kg.
Price: EUR 10 000.

A new control apparatus for independent lung ventilation (M. Darowski)

CONTACT DETAILS
Institute of Biocybernetics and Biomedical Engineering,
Polish Academy of Sciences
ul. Trojdena 4, 02-109 Warszawa
phone: 48 (022) 659-91-43
e-mail: ibib@ibib.waw.pl
Authors
Marek Darowski, Jarosław Glapiński, Marcin Rawicz, Barbara Stankiewicz
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SACCADOMETER – SYSTEM FOR EARLY DIAGNOSIS OF
CENTRAL AND PERIPHERAL NERVOUS SYSTEM DISEASES

The Saccadometer system is the outcome of
cooperation between the Institute of Biocybernetics
and Biomedical Engineering (Polish Academy
of Sciences), Cambridge University, and OberConsulting Poland. It provides a good example
of successful collaboration between the scientific
and technical communities, yielding a novel and
technically advanced product. The aim of the
workgroup is to equip all general practitioners with
the Saccadometer device, to allow them to detect
central nervous system disturbances at the earliest,
pre-symptomatic phase of disease development.
Within the perspective of the next few years, the
Saccadometer is expected to become a diagnostic
device comparable to the stethoscope. The
Saccadometer constitutes a complete laboratory
for eye movement diagnostics, yet fits into the
palm of one’s hand. It provides for the possibility of
individually modifying the diagnostic experiments,
and also allows for the immediate statistical analysis
of examination results and their presentation in
a simple form that is clear for both physician and
patient.
Saccadometers are now in regular use at centers all
over the world: apart from five clinical investigations
going on in the UK at Addenbrooke’s Hospital, the
Brain Repair Centre, Papworth Hospital, Southampton Hospital and the Hammersmith Hospital,
London, where they are evaluating cerebrovascular
and cardiac surgery, degenerative neurological
disorders (Parkinson’s and Huntington’s disease)
and liposomal storage diseases, traumatic brain
injury, and migraine, another device is being used in
Innsbruck to look at cerebral complications following
liver disease, one in Maastricht to investigate the
effects of subthalamic nuclear stimulation in human
Parkinson patients, and one in Karachi to gather
screening data from large numbers of neurological
out-patients. Others are being used in Sweden and in
New York to monitor the progression and treatment

of Gaucher and Sandhoff patients, in Sri Lanka for
Parkinson sufferers, and still others are being used at
Cambridge and in Melbourne, Australia, for scientific
studies of saccadic control.
Eye movement measurement is performed using
the direct infrared oculography approach. The eye
movement stimuli are generated using four miniature
laser projectors of red and green colors. 12 different
diagnostic experiments may be executed. Results are
stored in internal memory, with data transfer to PC
using optical fiber and USB connection. The device
is battery powered (2 x AA, 1.5V), with full optical
isolation of the examined person from the PC when
used for data backup. Measurement parameters
can be adjusted fully automatically and the device
is immediately ready for measurement-taking once
applied to the subject’s forehead.
The Saccadometer measuring system constitutes
a combination of a unique eye movement measurement method with a saccadic reaction stimulator. It
utilizes the latest achievements in optoelectronics,
microprocessor technology, and automatic signal
analysis methods. The Saccado-meter is the
world’s first fully integrated diagnostic system for
the examination of saccadic refixation reaction,
offering high metrological quality of eye movement
measurement while fitting in the palm of one’s
hand.
Weight: sensor – 95 g, control unit – 115 g.
Dimensions: sensor – 10 x 6 x 2.5 cm,
control unit – 11 x 6.5 x 2 cm.
The Saccadometer system forms the basic
component of the Brain-Watch system, designed for
monitoring the central nervous system in the course
of its physiological ageing. The Brain-Watch system
also aims to detect neurodegenerative diseases
at their earliest, pre-symptomatic development
stage. It can be used as personal equipment, for
example by a person threatened with Huntington’s
or Alzheimer’s disease. The measurement system is
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based on the patented eye movement sensor in the
Cyclop configuration (Bertec Inc., Columbus, USA).
Full implementation of the Brain-Watch system is
expected to generate demand for this type of device,
comparable to the demand seen for automatic
blood pressure monitoring. The Brain-Watch system
can be also used in the sporting field for follow-up
of head injury implications, altitude sickness, or the
excessive G-environment experienced in military

aviation (reduction of blood perfusion in the brain in
the G-LOC condition).
Estimated price: EUR 4000.
Joint research project by:
Institute of Biocybernetics and Biomedical
Engineering, Polish Academy of Sciences
Ober-Consulting Poland (Poznań)
Advanced Clinical Instrumentation Cambridge, UK
Prof. Roger H.S. Carpenter (Cambridge)

SACCADOMETER – system for early diagnosis of central and peripheral nervous system diseases (J. Ober)

CONTACT DETAILS
Institute of Biocybernetics and Biomedical Engineering,
Eye Movement Research Laboratory,
Polish Academy of Sciences
ul. Szeherezady 132, 60-195 Poznań
phone: 48 (061) 862-16-83
Authors
Jan Ober, e-mail: jan.ober@ibib.waw.pl
Jacek Dylak, Wojciech Gryncewicz, Roger H.S. Carpenter
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TIME-RESOLVED OPTICAL TOMOGRAPHY FOR EVALUATION
OF OXYGENATION AND BLOOD PERFUSION IN HUMAN
BRAIN TISSUE

This prototype device is for measuring oxygenation
and blood volume in tissue, based on near infrared
spectroscopy. The instrument is equipped with
picosecond diode lasers, optomechanical switches
for changing the position of light sources on the
head, a set of fast photomultipliers for detecting light
remitted from the tissue, and an 8-channel system
for time correlated single photon counting.
Laser light is transmitted into the head surface by
18 optical fibers and the remitted light is collected by
8 fiber bundles.

Time-resolved optical tomography for evaluation of oxygenation and
blood perfusion in human brain tissue (M. Kacprzak)

The constructed instrument is one of the most
complex devices in the world allowing for optical
brain oxygenation assessment, yielding 4 x 4 maps
of oxygenation/perfusion of the cortex for both
hemispheres simultaneously.
Dimensions: 60 x 60 x 150 cm.
Weight: around 100 kg.
This device may potentially be applied at the
bedside for assessment of brain tissue perfusion,
especially in acute stroke. At the moment the device
is at the stage of scientific testing, optimization of
parameters, and verification of its clinical usefulness.
The aim of the testing is to compare results of
blood perfusion assessment obtained from optical
tomography, SPECT, and MRI.

CONTACT DETAILS
Institute of Biocybernetics and Biomedical Engineering,
Polish Academy of Sciences
ul. Trojdena 4, 02-109 Warszawa
phone: 48 (022) 659-91-43
e-mail: ibib@ibib.waw.pl
Authors
Michał Kacprzak, Adam Liebert, Roman Maniewski
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THE TELEMED MOBILE TELECARE SYSTEM

The telematic system TeleMed, which was designed
and developed in 2004, aims to support intensive
insulin treatment in diabetic patients. TeleMed
enables quasi-continuous patient-physician contact
over the course of the day.
The prototype TeleMed system was applied during
the treatment of 13 newly diagnosed type 1 diabetic
patients. Each patient used the system for 3 weeks.
Use of the TeleMed system made it possible to shorten
patient hospitalization, i.e. leading to the application of home telecare, a mode of treatment much
more comfortable for patients than the standard
procedure. The results obtained during application
of the system with the newly diagnosed diabetic
patients were very good; patient acceptance of the
system was high. Medical information regarding the
course of insulin therapy was provided by the system
with no delays, in the form of automatically generated
SMS messages many times a day. This information
was analyzed by the physician, in parallel to
his/her usual daily duties, to assess the patient’s state
and to adjust the treatment, if necessary. Graphical
visualization of the results of the treatment, which
was available on the diabetologist’s clinical and home
workstations, facilitated the complete evaluation of
the treatment.
Costs of applying the TeleMed system are very
low while shortened hospitalization yields a direct
economic effect.
The prototype TeleMed system is an original
invention, with a patent pending. In the authors’
opinion, application of the system should not be
limited to newly diagnosed diabetic patients, but
could be particularly helpful in the case of unstable
diabetes, which is difficult to control using standard
treatment methods.
At the core of the TeleMed system is a package of
an original software implemented on Nokia mobile
communicators and physician’s workstations. The
price of a single copy of the software package is
closely related to the type of the mobile phone used

12

and the scale of the implementation (it cannot be
estimated without this information).
The system was developed within the framework
of research project No. 8 T11E 015 19 (2001-2004)
granted by the Polish Ministry of Science and
Higher Education, entitled “Design, development,
and assessment of the effectiveness of short-time
applications of the telematic system supporting
intensive insulin treatment of newly diagnosed
diabetes, based on a mobile teletransmission
module.”
Patent pending No. P 359740 since 16 April 2003,
entitled “A method for monitoring and registering
the patient’s state in the case of remote care, in
particular during intensive insulin therapy.”

Mobile telecare system TeleMed (P. Ładyżyński)

CONTACT DETAILS
Institute of Biocybernetics and Biomedical Engineering,
Polish Academy of Sciences
ul. Trojdena 4, 02-109 Warszawa
phone: 48 (022) 659-91-43
e-mail: ibib@ibib.waw.pl
Authors
Piotr Ładyżyński, Jan M. Wójcicki, Piotr Foltyński
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INSTALLATION FOR THE WET METHOD OF FLUE GAS
DESULFURIZATION

A collaborative R&D program of the Institute
of Chemical Engineering in conjunction with the
Institute of Non-Ferrous Metals in Gliwice has
resulted in the development of a flue gas desulfurization process, based on chemisorption of sulfur
dioxide in a limestone suspension. Sulfur dioxide is
removed from flue gases in two spray absorption
towers integrated with two suspension tanks. The
products of the reaction of sulfur dioxide with
limestone are oxidized to sulfate using air spared into
suspension tanks. In this process the desulfurization
product is synthetic gypsum, which can be utilized
as a raw material for further processing. It is also
possible for flotation waste to be used for flue
gas desulfurization. The main features of the
installation are: two steps of desulfurization in spray
towers integrated with two suspension tanks, two
independent circulation loops of the absorption
suspension, varying gas velocity in the spray towers
and varying pH of the suspension in the tanks. The
basic technical and economic parameters of the
installation are as follows:
Technical parameters:
1. throughput: 20 000 – 400 000 Nm3/h
2. SO2 removal efficiency: >95%
3. sorbent utilization (CaCO3): 1.7 kg/kg SO2
4. max. inlet SO2 concentration in flue gas:
5000 ppm
Economic parameters:
1. production scale depends on the demand
2. turn-key installations are offered
3. installation has been presented at the Poznań
International Fair and at the International Fair
of Environmental Protection in Katowice, as well
as offered by the Science and Technology Park,
Technopark Gliwice
4. the installation and technology are protected by
patent No. PL 178199 “Wet method of flue gas
desulfurization”

5. advantages of the installation:
high efficiency of flue gas desulfurization
almost complete sorbent utilization
flexibility of operation, independent of flue
gas flow rate and sulfur dioxide concentration
ease of control
ease and reliability of operation

Installation for flue gas desulfurization at the heating plant ZACh Metalchem in Opole

CONTACT DETAILS
1) Institute of Chemical Engineering,
Polish Academy of Sciences
ul. Bałtycka 5, 44-100 Gliwice
phone: 48 (032) 231-08-11
2) Institute of Non-Ferrous Metals
ul. Sowińskiego 5, 44-100 Gliwice
phone: 48 (032) 238-02-00
Authors of the patent
Jerzy Buzek, Wojciech Wasilewski
Jan Mrozowski, e-mail: Janmr@imn.gliwice. pl
Implementation
Manfred Jaschik, e-mail: mjaschik@iich.gliwice.pl
Jan Mrozowski
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RULE-BASED SYSTEM FOR EXTRACTING COMPLEX
TEMPLATES FROM MAMMOGRAM NOTES

This system, an application employing the general
IE system SProUT (DFKI, Saarbruecken) adapted to
Polish, seeks to extract as much precise information
as possible from mammography reports, i.e. brief and
compact texts accompanying radiological images.
For the purpose of mammography description
analysis, data processing has been split into several
modules: spelling error correction, IE proper
using a set of rules, post-processing (removing
duplicate analyses, deleting irrelevant information,
etc.), extracted data aggregation according to a
domain conceptualization model, and finally data
summarization. The information aggregation process
is difficult, as a single report may contain several
mammographic findings. In order to create their
separate descriptions, we have implemented several
heuristics that group extracted attribute-value pairs
into a consistent description of a finding.
The texts analyzed are original doctors’ notes,
which contain quite a few errors (misspellings,
missing Polish diacritical marks, quite a few nonstandard abbreviations). Almost all these errors are
due to poor typing skills (performance errors) and
they very frequently concern important domain
specific names, lowering system recall. To overcome
this problem, we have implemented a spelling error
correction program which automatically corrects
misspelled texts from a limited domain. It is based
on calculation of the Levenstein distance and uses
domain-specific knowledge: a domain dictionary and
a bigram model built based on a manually corrected
part of the data. Special features taken into account
include the specific issues of typing Polish diacritical
symbols and the keyboard distance between the
individual characters.
The domain model is AVM-encoded and represents
only the mammographic concepts relevant for the
processing task: breast composition, types of tissue,
finding, diagnosis, recommended examinations, etc.
Most concepts are organized into a relatively flat

14

hierarchy, but some of them (e.g. tissue types) form
a complex, multi-inheritance structure (57 multivalued attributes have been defined). A SProUT
grammar containing about 200 rules has been
written to fill all attribute values.
The XML file with the results of the IE process is
cleared of unnecessary information: morphological
features, repeating values, etc. The next processing
stage consists in automatic annotation of the main
blocks of the report and segmentation of the data
they contain. Every report is firstly divided into three
main parts: breast composition, findings, and general
diagnosis with further examinations. Both the
breast composition and findings blocks are further
divided into segments. The breast composition
blocks require further annotation of the types of
dominant and remnant tissues, their localization and
concentration. The findings blocks are segmented
into pieces describing one particular finding each
(or several findings with the same description). The
rules for inserting the start- and end-of-block tags
identify the ANAT_CHANGE attribute (and in some

Selected Research Findings from the Institutes of the Polish Academy of Sciences
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cases also INTERPRETATION) and go up and down the
file, accepting all attributes which can occur many
times and stopping before the second occurrence of
an attribute which can occur only once within one
change description (e.g. location).
At the final stage, a compact summary of the
report is provided. It consists of three attributes,
corresponding to an overall diagnosis, its reliability,
and an indication if any findings have been detected.
After post-processing, the templates are prepared
for insertion into a standard relational database.

2008

This research represents the first attempt at
processing narrative medical data in Polish with rulebased information extraction techniques. It allows
for automatic creation of a database from free text.
The extracted data is complex, establishing values of
more than 60 attributes.
This is a prototype system that needs further
work for deployment. It may be used by radiologists
specialized in mammogram examinations. The
obtained databases could be used for screening and
statistical purposes.

CONTACT DETAILS
Institute of Computer Science,
Polish Academy of Sciences
ul. J.K. Ordona 21, 01-237 Warszawa
phone: 48 (022) 836-28-41
Authors
Agnieszka Mykowiecka, e-mail: agn@ipipan.waw.pl
Małgorzata Marciniak, e-mail: mm@ipipan.waw.pl
Anna Kupść, e-mail: aniak@ipipan.waw.pl
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BEATCA-TECH – NEW CLUSTERING TECHNOLOGY FOR
SEARCH ENGINES WITH DOCUMENT MAP-ORIENTED
INTERFACES

Map-oriented representation of document
collection, although already offered by several
applications (e.g. Micropatent), is still waiting for a
fundamental breakthrough from the technological
point of view, as both speed and map quality still
pose important issues to be resolved.
Our invention, implemented in an experimental
search engine BEATCA, seems to be a promising
step in the right direction. Based on the well-known
WebSOM (self-organizing web maps), GNG (growing
neural gas) and AIS (artificial immune systems)
technologies and taking advantage of fuzzy
approaches to clustering and hierarchical clustering
ideas, we have developed a fundamentally new
vision of the clustering process for Web documents,
yielding high map quality in reasonable time for
document collections with millions of documents.
The approach has so far been investigated for three
languages: Polish, English, and German, and we
hope that extension to other languages will be also
possible.
The essential point of the invention is to harness
the contextual characteristics of documents. Rather
than viewing a document as a member of a huge
document collection, we consider it in the context
of a set of closely related documents (a typical
collection of a million documents would be split
into some 400 contexts), with documents possibly
belonging to several contexts (fuzzy membership).
This ensures that not just the general characteristics
of a document are taken into account, but also those
that apply specifically to its topical area and would
be otherwise missed in a multitheme search engine.
Moreover, we do not consider documents as
isolated points in the document space (which
generally would lead to spherical document clusters
with poor topical relatedness within the cluster),

16

but take into account in the clustering process the
typical pattern of document usage (via histograms
of terms within contexts).
Remarkably, the approach used in this invention
results in a number of advantages:
■
significant reduction in document space
dimensionality (via local subspace inspection)
can be obtained without undercutting the
quality of document clustering and searching
(where the clustering quality is measured both
with internal and external measures, like preclassified documents),
■
significant acceleration of the clustering
process,
■
no loss of quality with incremental clustering
under topic shift, new topic emergence, and
massive document addition compared to “fromscratch” clustering, coupled with a significant
increase in processing speed,
■
automated document and site labeling
improvements,
■
automated selection of a typical document from
a document cluster (as opposed to “centroids,”
which are of questionable quality in terms of
cluster characterization),
■
an entirely new opportunity for document
collection indexing (30% savings of index
space due to better compression of clustered
document indices),
■
opportunities to incorporate personalization
features into the clustering process (via
histogram characterization of users instead of
“point-in-space” characterization).
The new approach also includes improvements
to the basic technologies (WebSOM, GNG, AIS)
themselves, which profit (in terms of quality
and performance) from the improved dictionary
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optimization as well as from the floating local-global
search within the clustering process.
The new technology can find fruitful applications
in the construction of both complete map-based
search engines and of their parts related to
document clustering, document labeling, cluster
visualization, cluster maintenance under the flow of
new documents and document changes, as well as
in other applications, where clustering of textual and
non-textual documents plays a significant role – for
example bringing order to collections of scientific
papers, musical manuscripts, or radio program
archives. Other applications lie in domains like
visual content management, e.g. of administrative
documents, both from the Internet and Intranet, and
in supporting fiscal officers (tax investigators) for
whom identifying matching documents and finding
typical and atypical ones constitutes a valuable
source of information.

This technology has been experimentally implemented on a Java programing platform. The
experimental system can work with 0.5-2 GB RAM,
with disk space requirements depending on the size
of the collection.
The adaptive clustering capabilities are superior
both in terms of speed and cluster quality to known
technologies generating networks of clusters,
including the base technologies used, i.e. to WebSOM, GNG, AIS (in particular aiNET).
The BEATCA experimental system can be used
immediately, “as is.” However, we are working on
further improvements and extensions, in particular
seeking to obtain fully distributed clustering systems
(parts of which are ready), to move significantly
beyond the current mark in the number of
documents (envisaging benchmarks of 100 Mio and
1000 Mio docs). Financial issues should be addressed
individually with the Director of the Institute of
Computer Science, Polish Academy of Sciences.
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VERICS MODEL CHECKER FOR VERIFYING REAL-TIME AND
MULTI-AGENT SYSTEMS
VerICS is a novel symbolic model checker based on
SAT-solvers for verifying real-time and multi-agent
systems. VerICS enables testing of various classes of
correctness properties – from reachability of a state
satisfying certain conditions to more complicated
features, expressed by formulas of (timed) temporal,
epistemic, or deontic logics.
Three model checking methods have been
implemented in VerICS: two symbolic ones and
one consisting in generating abstract models. The
SAT-based symbolic verification methods involve
bounded model checking (BMC) and unbounded
model checking (UMC). The BMC module searches
for counterexamples for formulas of the universal
fragment of a logic exploiting a translation to the
SAT-problem and using SAT-solvers (a SAT-solver
is a program for solving the SAT-problem, i.e, the
satisfiability of propositional formulas). UMC is
capable of handling the whole language of the logic.
Timed automata are used to specify real-time systems
(RTS) and multi-agent systems (MAS). The models
of RTS and MAS enable us to interpret formulas
involving temporal (timed) operators (to express
time constraints of systems), epistemic operators
(to reason about what agents know), and deontic
operators (to reason about the correctness of their
behavior). Fig. 1 shows the architecture of VerICS,
consisting of the following five main modules:
■
Estelle to Intermediate Language (IL)
translator, which handles specifications written
in a subset of Estelle (the standardized language
Fig. 1. VerICS Architecture

for specifying communicating protocols and
distributed systems);
■
IL to timed automata translator, which, given
an IL specification, generates the corresponding
network of timed automata or the global timed
automaton;
■
BMC module, which implements bounded
model checking-based verification for the
classes of properties shown in the figure. The
SAT-solvers MiniSat or RSat are used;
■
UMC module, which provides implementations
of unbounded model checking verification
methods. The module is integrated with a
modified version of the SAT-solver ZChaff ;
■
Splitter module, which performs reachability
verification on abstract models generated for
timed automata.
VerICS has been implemented in C++; its internal
functionalities are available via an interface written
in Java. The current distribution can be downloaded
from http://verics.ipipan.waw.pl. The experimental
results prove that in many cases VerICS is able to
handle relatively large examples taken from standard
scalable benchmarks, allowing one to expect the
same in case of real world systems. A comparison
of VerICS to other model checkers shows that in
some cases it performs better than the other tools
available in the RTS/MAS verification market. The
main advantage of VerICS lies in its capability to find
counterexamples for false formulas effectively due
to its BMC module. Certain false formulas can be
verified in models composed of up to a thousand
modules. No other model checker or other technique
can handle this magnitude of state spaces.

CONTACT DETAILS
Institute of Computer Science,
Polish Academy of Sciences
ul. J.K. Ordona 21, 01-237 Warszawa
phone: 48 (022) 836-28-41
Authors
Wojciech Penczek + 10 collaborators from the VerICS group
e-mail: penczek@ipipan.waw.pl

19

2008

Selected Research Findings from the Institutes of the Polish Academy of Sciences
ENGINEERING SCIENCES

GRADESTAT 3.0 – AN IMPLEMENTATION OF GRADE DATA
ANALYSIS METHODS AND MODELS

The overbearing quantities of data available
nowadays and the need to rapidly synthesize
information contained therein call for computer
assisted solutions. Harnessing the unique algorithms
of multivariate data grade analysis, the GradeStat
application created by the Institute of Computer
Science, Polish Academy of Sciences, provides
versatile support for this information synthesis
process. The grade methods (i.e. the methods based
upon models that are transformable to copulas) are
distinguished by their precision, their coherent and
innovative conceptual structure, and – in addition
– a unique method of data visualization. The current
version of the application enables advanced decision
supporting analyses, the evaluation of the results, the
creation of syntheses and well-structured reports,
and also the visualization of the surveys (Fig. 1).
The GradeStat application implements algorithms
which can be used to analyze data in many fields
of knowledge: medicine, demography, psychology,
economics, engineering, cryptography, linguistic
engineering, or to analyze dietary preferences.
GradeStat has often yielded valuable results where
different previous tools failed. Paper by H. Sutherland, R. Taylor, and J. Gomułka describes how Grade
Correspondence Analysis improved the matching
of independent data sources on households
expenditures and incomes, and how the resulting
data was used in the analysis of the distributional
impact of fiscal policy proposals [1].
The GradeStat 3.0 application implements grade
methods and models and has its “computational
engine” moved to a dll-library, which enables grade
algorithms to be used in external programs. It has a
graphical interface switchable between English and
Polish. Its main features are: visualization of grade
parameters (for example pairs of concentration
curves), overrepresentation maps unique for the
grade methods, the creation of charts, histograms,
scatter-plots, and charting concentration/maximal
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concentration curves. The user can input or import
data as objects/variables table (size limited only
by computer memory), calculate some simple
descriptive statistics, determine matrices of similarities and dissimilarities, optionally disable or impute
missing data, perform Grade Correspondence
Analysis (GCA), and cluster datasets with Grade
Cluster Correspondence Analysis (GCCA). The
procedures for detecting outliers and dividing a set
into monotonically dependent regular subsets are
particularly important.
A demonstration version (Fig. 2) of the application
is available for download and examination at
http://gradestat.ipipan.waw.pl.

Fig. 1. MW – an example of results of grade data analysis
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GradeStat is an application which makes low
hardware resources demands and has been created
using Microsoft® Visual C++ with MFC. The singleuser system is designed for use on standalone
computers running under any Microsoft Windows
32-bit system and also works on any computer
running Unix/Linux with the Wine environment. The
source code consists of about 35 000 lines of code.
GradeStat uses memory and disk space efficiently:
after compilation binaries take only 1.7 MB and need
three MS C++ libraries (2.1 MB in size). Computational
algorithms are separated into a GradeAPI.dll library,
and can therefore be used in external applications.
Medical, demographical and psychological data, dietary preference data, data from linguistic
engineering, the results of a telecommuting survey, and the quality of texts and pseudorandom
sequence encryption have been analyzed using the
GradeStat application. The fundamentals of grade
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methods and models have been presented in a
book [2]. A license for the GradeStat application is
available together with a Polish book [3]. Individual
licenses for using the application may be obtained
from the Institute of Computer Science, Polish
Academy of Sciences.
[1] Sutherland H., Taylor R., Gomułka J. (2001). Combining
Household Income and Expenditure Data in Policy Simulations.
Cambridge Working Papers in Economics 0110, Faculty of
Economics, University of Cambridge.
[2] Kowalczyk T., Pleszczyńska E., Ruland F. (eds.) (2004). Grade
Models and Methods for Data Analysis: With Applications for
the Analysis of Data Populations. Studies in Fuzziness and Soft
Computing. Vol. 151, Springer-Verlag.
[3] Książyk J., Matyja O., Pleszczyńska E., Wiech M. (2005). Analiza
danych medycznych i demograficznych przy użyciu programu
GradeStat. Instytut Podstaw Informatyki PAN, Instytut ‘Pomnik
- Centrum Zdrowia Dziecka,’ Warsaw.

Fig. 2. MW – screenshot of gradestat
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ELECTROSPINNING OF NANOFIBERS FOR BIOMEDICAL
APPLICATIONS

Electrospinning of nanofibers is one of the
cheapest and the most promising methods for
fabricating nanostructured materials. Nanofibers
are already successfully commercialized in filtering
applications and are now being intensively researched for tissue engineering. Non-woven nanofibrous scaffolds are recognized by cells as native
Extracellular Collagen Matrix (ECM), being colonized
to form artificial tissues or organs from the donor’s
own cells. Nanofibrous materials can also be used
to help in nativation of ceramic bone implants,
in regenerating the skin base, and for internal or
external biodegradable wound dressings. They are
of very wide potential application in drug delivery
systems (DDS), and current research indicates they
may also be extended to protein drugs.
For nanofiber products, production scale, material
cost and production investment are ultra low, while
the price of the final material (as price to weight ratio)
and added intellectual/research value are ultra high.
Production via spin-off firms. Promotion may be
targeted at a specific group of physicians via medical
bulletins and conferences, with possible Internet

sales. Recently researched protein based or mixed
based materials are of very high novelty and can be
patented for many therapeutic biomedical systems.
Website: http://fluid.ippt.gov.pl/nanofibers/

AFM image of electrospun nanofibers (A. Szczepankiewicz)
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HIGH-FREQUENCY CODED ULTRASOUND IMAGING SYSTEM

This system consists of a μScan module, a portable
PC computer, and a scanning head. The unit
is equipped with high-frequency transducers
(20-35 MHz) and enables imaging of a 7 x 7 mm
area of tissue at a resolution of 50 μm. The device
features coded transmission resulting in extended
penetration depth and high image quality even for
higher ultrasound frequencies.
The software/hardware enables switching between the different excitation schemes, offering
the unique possibility to optimize signal transmission to a given application in real time. Portability,
low power consumption, and low cost were achieved

by applying the latest semiconductor technology
and fully software-based RF signal processing.
Main fields of application include: dermatology,
ophthalmology, and cosmetics.
Once certified, the developed system can be easily
placed into production. The price of a complete
system should not exceed EUR 10 000. Owing to
the device’s versatility a full family of apparatus can
be developed by changing transducers and the
application software.
Module size: 230 x 280 x 50 mm
Module weight: 2 kg

μScan (M. Lewandowski)
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EXPERIMENTAL VALIDATION OF NUMERICAL CODES FOR
CASTING PROBLEMS
This research has developed experimental
benchmarks to validate existing numerical models
of solidification that are extensively used in the
casting industry. Our validation methodology
is based on detailed experimental analysis of
the laboratory-scale solidification process using
transparent analogue fluids. Transient data on
velocity and temperature fields are collected using
thermochromic liquid crystal tracers. These data as
well as details on solidification front and free surface
geometry are used to validate numerical codes used
for solidification problems.

This methodology is low-cost when compared
against costly validation used in industry. It is applicable for testing the impact of flow configurations,
inlet/outlet location, mould geometry, and filling
speed on the casting process (temperature uniformity, interface shape, and propagation speed). This
know-how available for R&D groups in foundries to
improve numerical models employed there.
Website: http://fluid.ippt.gov.pl/pivtmovie.html

0,5 mm/s

Validation experiment showing detailed temperature and velocity fields during the mould filling process (T. A. Kowalewski)
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NEW ULTRASONIC METHOD FOR MEASURING THE
RHEOLOGICAL PARAMETERS OF ISOTROPIC AND
ANISOTROPIC (E.G. LIQUID CRYSTAL) LIQUIDS

Modern industry exhibits an increasing need to
measure the viscosity of working liquids in real time,
such liquid viscosity estimation being especially
significant in the electronic, electrotechnical,
aeronautical, automotive, chemical, food, cosmetic,
and pharmaceutical industries. This new ultrasonic
method for measuring liquid viscosity meets all the
requirements of contemporary industry. It may be
used to test such liquids as motor oils, lubricants,
bio-fuels, polymers, liquid crystals, and physiological
fluids.
One advantage of the established method is that
measurement is computerized and semi-automatic,
enabling continuous (real time) monitoring of the
rheological parameters of a liquid during the course
of technological processes; another is that only a
small quantity of an investigated liquid is necessary
for measurement. Other advantages include: the
possibility of measuring the viscosity of liquids
at high pressures (up to 8000 atm), the absence

of moving parts, high sensitivity, and low power
consumption. By comparison, the disadvantages of
extant mechanical methods for measuring liquid
viscosity include: the presence of moving parts,
difficulty of computerization, long measuring time,
large dimensions, and requiring a large amount of
the liquid investigated.
Method parameters:
Measuring frequency range: 1-10 MHz
Viscosity range: 10 mPas – 10 Pas
Weight: approx. 4 kg
Dimensions: similar to those of a typical personal
computer.
Anticipated production scale: a few dozen units
per year.
Promotion methods: presentation at exhibitions
accompanying scientific conferences, international fairs, websites.
Estimated price: approx. EUR 80 000.

Oscillogram of ultrasonic pulses obtained during measurement of liquid viscosity using
the established method (P. Kiełczyński)
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SEMI-ACTIVELY CONTROLLED MAGNETO-RHEOLOGICAL
CLUTCH AS A VIBRATION DAMPING UNIT FOR POWER
GENERATOR DRIVES

This device is meant to adjust the stiffness of a
magneto-rheological (MRF) clutch in real time in order
to eliminate or minimize torsional vibrations which
cause the overloading of the electro-mechanical
system – a qualitative change as compared to
existing stiff clutches.
The diameter of designed clutch roughly matches
the diameter of the shaft, while the weight depends
on the mechanical system (~10kg).
The device has potential applications in compressors, turbogenerators, and fans, as well as in crushers,
mining machines, etc. Also among potential endusers are clutch or gear wheel manufacturers. The
authors are experienced in the MRF based control of
dynamical systems applied to aircraft landing gears.
End products may be successfully promoted through
the “INTECH” Foundation Supporting the Transfer of
Smart Technologies.
Website: http://smart.ippt.gov.pl/

Semi-actively controlled response to extreme loading and
corresponding control signal (A. Mróz)
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HYBRID LASER-MECHANICAL METHOD FOR MODIFICATION
OF SURFACE LAYERS OF METALS

This hybrid process combines laser alloying
with the burnishing process, both performed
simultaneously at the laser station, to reduce the
surface roughness being formed during laser processing and to induce compressive stresses. The process
is performed on carbon steels and Al alloys that are

alloyed with cobalt stellite powders by a CO2 laser with
maximum power of 2.5 kW. The results of experiments
have shown that the new hybrid method allows for
the generation of compressive stresses in the surface
layer of the alloyed material, the reduction of surface
roughness, and an improvement in wear resistance.

Fig. 1. Stereometric view of one-track laser alloyed surface (J. Radziejewska)

Fig. 2. Stereometric view of surface layer after hybrid treatment. Laser alloying and
simultaneous burnishing (J. Radziejewska)
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NON-INVASIVE ACQUISITION AND INTEGRATION
OF 3D MEDICAL IMAGERY FOR THE PURPOSES OF
DOCUMENTATION AND DIAGNOSTIC SUPPORT IN
ORTHODONTICS

Examining plaster models of teeth and evaluating
facial features are basic examination techniques in
orthodontics. They are often sufficient for patients
with no major pathologies. More advanced diagnostic
stages require the use of X-ray images: pantomograms
and cephalograms, and, in more complicated cases,
reconstruction based on sets of CT slices. X-ray
imaging is invasive and should not be carried out
without medical justification. On the other hand, laser
scanning – using Class I and II laser light according to
EU standards (EN 60825), as well as visible-spectrum
structured-light scanning – can be considered noninvasive. This project proposed a scanning strategy
using a Konica Minolta VI-9i. A method was also
developed for the registration and merging of the
partial scans into a 3D photograph of the face.
Another strategy was developed for the scanning
of plaster models, preserving the patient’s dental
occlusion. The data can therefore be used for
computer-assisted analysis of facial features and
dental models. However, these sets of data are
3D images of separate structures, representing
geometrically disjoint areas.
A method was proposed to integrate these data by
using additional scans of the face, and of the models,
with a reference object added. The reference object,
in the form of a simplified facial arch, allows us to
reconstruct the relationships between the occlusal
plane and the patient’s facial features. In order to
bring the partial scans into register (i.e. a common
coordinate system), invariant areas are used,
defined for pairs of scans (Fig. 1). After removing
the intermediate scans (those with the facial arch) a
3D image is left of the face and the teeth, with their
relative position correctly represented.
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Fig. 1. Integrating a 3D photograph of the face with digital tooth models using the
facial arch (A. Tomaka)

This integration can be verified for those patients
whose X-ray data are available, such as cephalograms
or CT scans (Fig. 2).

Fig. 2. Verification of the integration using cephalograms (A. Tomaka)

Associating 3D photography with laser scans of
plaster models expands our diagnostic possibilities,
making available measurements which were
previously only possible using radiological imagery.
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Moreover, the analysis is carried out in three
dimensions, which allows individual teeth to be
positioned in the volume of the face. The symmetry
of medial-lateral and anterior-posterior position of
teeth and the inclination of the occlusal plane can all
be analyzed (Fig. 3).
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The method was developed in cooperation with
the doctors from the Chair of Orthodontics of the
Silesian Medical University, and has already been
applied for diagnostic purposes.
Integrating a 3D photograph of the face with
digital tooth models is a technique which introduces
a new quality to orthodontic examinations. It allows
a digital 3D documentation of the patient to be
created without the use of invasive X-ray imaging.
It also allows the patient’s condition to be analyzed
in 3D, which is helpful in diagnostics and treatment
planning.

Fig. 3. Analysis of the inclination of the occlusal plane (A. Tomaka)
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A FAMILY OF IMAGE COMPRESSION TRANSFORM AND
CODING METHODS FOR EMBEDDED DEVICES

Digital images are an irreplaceable medium of
human communication. For mobile devices, the
ability to efficiently process and display them is
crucial, as it leads to better user experience, hence
product popularity. This type of equipment has a
wide range of performance capabilities and features,
in terms of both hardware (processing speed,
memory) and software (native programing interface).
The problems of introducing images into such
devices are not new, as the theory for such methods
is already well established; however, this also
means that respective algorithms and performance
comparisons are scattered across available literature,
with rather theoretical descriptions, leaving a
possible application with high expected time to
market.
The transform and coding test platform developed
by the Multimedia Systems Team of the Institute of
Theoretical and Applied Informatics (Polish Academy
of Sciences) aims to bring efficient and top-of-theline image coding facilities to a range of embedded
systems. The components of the platform are as
follows:
1. implementation of signal transforms (i.e. DCT,
DWT, contourlet, various options),
2. implementation of entropy coding methods (i.e.
arithmetic, Huffman),
3. implementation of standard-conforming packages (JPEG, JPEG-2000, CCITT G4),
4. pre- and post-processing methods for improving
image quality.

The architecture is revised on a regular basis, to
assure it remains up-to-date.
The solution is targeted at cell phones, mobile
equipment, digital circuit boards, remote equipment,
etc. It enables a fast design process, either for
prototypes or released commercial applications,
for custom or standard image coding methods,
in tandem with performance and image quality
analysis.
The platform consists of a set of methods
(outlined above). Each of them has a prototype
implementation, while most of them also have
one or more specialized, optimized codes for some
dedicated device. The range of this solution allows
for:
gauging the target performance of the device,
■
including maximum possible image quality,
developing a C language family of prototype for
■
visual verification of coding performance,
specialized implementation, i.e. DSP, VHDL, cell
■
phones,
verification and testing.
■
The platform has been designed with both the
commercial and research viewpoint in mind; it has
already been successfully applied in marketing
solutions offered by BAPis GmbH and Breakpoint
Sp. z o.o.
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SOFTWARE FOR COMPUTER NETWORK AND INTERNET
MODELING AND PERFORMANCE EVALUATION

This research project consists in the development
of analytical, numerical, and simulation methods
together with the implementation of the necessary
software for the modeling and performance evaluation of computer networks, especially the Internet.
The software is based on several mathematical
methods: Markov chains of very large state space (on
the order of millions), diffusion approximation, and
discrete event simulation. The developed models
include realistic description of telecommunication
traffic intensity and may be used for evaluating the
efficiency of planned network configurations and
the quality of service (time of transmission, loss ratio)
mechanisms being introduced in Next Generation
Internet.
The computer programs are mainly implemented
in the C++ language. They may be run under
both Windows and Unix systems. The software
implementing complex Markov chain models
exhibits parameters (number of states, computation
time) comparable to other programs of its type,

e.g. PEPS (France) and MARCA (USA). The programs
based on diffusion approximation models using
partial differential equations to model the dynamics
of flows in computer networks are, to our knowledge,
unique. The advantage of the developed version of
discrete-state simulation software is that it allows us
to balance dynamically the capacity of processors
used in a distributed network performing simulation
processes. The software parameters depend essentially on the size of the analyzed mathematical
model of the network, and on the other hand on
the computers used. The Institute of Theoretical
and Applied Informatics of the Polish Academy of
Sciences is installing a large computational cluster
to enhance the possibilities of this software.
The developed computer programs are not
commercial but may be used for the expert evaluation
of the performance of large computer networks in
cooperation with the Institute of Theoretical and
Applied Informatics.
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NEW HEAT CYCLES FOR MICRO CHP STATIONS

One of the most promising trends in the
development of the energy sector is the notion
of distributed cogeneration, i.e. simultaneous,
small- and medium-scale production of heat and
electricity from renewable energy sources – mainly
biomass, but also by converting water, solar, and
wind energy. Distributed cogeneration reduces the
proportion of fossil fuels used as primary energy
sources, while simultaneously significantly boosting
the use of bio-fuels and other sources of renewable
energy. It likewise stimulates the development of
green-energy-related new technologies, the raising
of ecological awareness, and the professional
motivation of rural residents.
While there are various operational technologies
that may be used in decentralized cogeneration
systems, in our view the most promising is the
application of the Organic Rankine Cycle (ORC) in
micro combined heat and power (CHP) cogeneration.
With the new unit, electric power is produced as
a by-product of the normal supply of heat to the
premises, a micro CHP station being of a size similar
to a conventional refrigerator. Electricity is produced
by a generator driven by a micro-turbine, operating

on the vapors of low-boiling liquids. The power of
such a micro-turbine ranges from several to tens
of kilowatts. The advantage of the micro CHP lies in
its compactness, obtained through implementation
of modern materials and the latest microtechnologies, as well as in its capacity for fully
automated operation.
The Institute of Fluid-Flow Machinery has been
working to analyze the micro CHP unit thermodynamic cycle in terms of the selection of working
fluid, the calculation of thermodynamic parameters,
and the determination of basic dimensions of
the heat exchangers (Fig.). Such analysis is carried
out with consideration of the internal efficiency
of the turbine, pump, and boiler. This work has
led to the development of a new criterion for the
selection of fluids working on sub- and supercritical
parameters.
The unit has electrical power output up to 5 kW and
heat power output up to 25 kW, is able to operate on
different fuels including biomass and coal, and offers
electricity generation from heating energy. At least
2 mln potential devices can be anticipated in the EU.
Price: EUR 2500. Highly varied fuels may be used,
including lower-price fuels of low heating value.

Laboratory setup for ORC

CONTACT DETAILS
Robert Szewalski Institute of Fluid-Flow Machinery,
Polish Academy of Sciences
ul. Fiszera 14, 80-952 Gdańsk
phone: 48 (058) 346-08-81
e-mail: imp@imp.gda.pl
Authors
Jarosław Mikielewicz, Jan Kiciński, Sebastian Bykuć,
Eugeniusz Ihnatowicz, Krzysztof Kossowski,
Dariusz Kardaś, Dariusz Mikielewicz, Grzegorz Żywica

32

Selected Research Findings from the Institutes of the Polish Academy of Sciences
ENGINEERING SCIENCES

2008

NEW DESIGN OF TURBINE STAGE BEFORE EXTRACTION
POINT

Experimental investigations carried out in low
pressure turbine stages show that there are intensive
leakage flows in the exit stages over the unshrouded
blades. These leakage flows are the source of leakage
losses. Vortical flows forming in this part of the turbine
disturb the main flow through the blading system,
blocking the extraction of steam to the regenerative
heat exchangers.
The proposed new design consists in introducing
a specially shaped ring located in the tip section of
the channel, which directs the steam from the main
flow to the regenerative extraction.

■
■
■
■

The advantages of this design are as follows:
eliminating vortical flows downstream of the
stage,
eliminating the process of leakage mixing with
the main steam,
applying high energy leakage flow in the usually
underheated first regenerative heat exchanger,
decreasing the erosion of rotor blades in the exit
stage by removing water droplets that emerge
within this region.

The new design is relatively simple and cheap as
compared to other competitive solutions of seals,
which are implemented in high-load shrouds of
moving rotor blades.
The proposed solution has been thoroughly
investigated, including the necessary heat-andflow numerical calculations as well as strength
calculations. Experimental investigations were carried out on special model test rigs and on real
turbines, checking the behavior of the rings during
turboset operation.
The ring that directs the steam to the extraction
chamber strengthened by a number of rigs is fixed
to stationary elements of the turbine. Its diameter
reaches 3 m. The stiff profile of the ring made of
steel pipe of diameter 50-60 mm is not sensitive
to vibrations and erosion/corrosion-type damage.
This is especially important for start-up and shutdown stages of turbine operation, during which the
elements of shroud sealings used alternatively are
damaged.
Work on the new design was initiated in 1991. The
design is protected by two patents of the Institute

Fig. 1. New design of turbine stage before extraction
point (conceptual diagram, photo of a ring mounted in a
turbine) (A. Gardzilewicz)
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of Fluid-Flow Machinery, No. 160 805 and No. 171
215, registered at the Polish Patent Office in 1993
and 1998, with POSTEOR Sopot as co-owner of the
patent and license investigations. This research
and the advantages of the new design have been
presented at many conferences in Poland, the US,
Germany, Russia, and Ukraine.
The design was implemented in 1993-2007 in
30 turbines operating in Poland, plus 6 turbines in
Ukraine. They are 200 MW turbines. In the 10 power
stations where the design was implemented, gains
were estimated at 400-800 kW per turbine unit at
an expense of less than EUR 25 000. The rings were
mounted during routine check-overs.
Backed up by relevant calculations, the license
was sold to Alstom Power, which introduced the
design upstream of the extraction to a modern
blading system of the 230 MW turbine. There are
over 20 turbines of this type in Poland. The cost of the
design’s introduction was estimated at EUR 100 000,
which is five times less than the cost of introducing
new shrouded rotor blades, with the comparable
effects of power increase.

Fig. 2. Ring position concept in a turbine stage of
ALSTOM Power design (A. Gardzilewicz)
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NEW MICROWAVE DEVICE FOR HYDROGEN PRODUCTION
VIA PLASMA REFORMING OF HYDROCARBONS

The recent boom in crude oil prizes, coupled with
decreasing oil resources, has led to burgeoning
demand for new methods of production of hydrogen
for use as an environmentally friendly fuel, e.g. in car
engines. These facts encouraged us to investigate
the production of hydrogen via methane reforming
using an atmospheric-pressure microwave plasma
generator operated at high flow rates of methane
(up to 175 l/min).
The figures shown here illustrate a laboratory
setup with a microwave plasma generator for
hydrogen production, a sketch of the microwave
plasma generator, and photo of microwave plasma
in which hydrogen is produced.
Due to a high methane flow rate (175 l/min) and
improved microwave plasma generator geometry,
our microwave system exhibits better parameters
of hydrogen production than those obtained with
conventional catalytic methods (methane conversion into hydrogen – 100 %, hydrogen mass yield
rate – up to 900 g [H2] / h, energetic hydrogen mass
yield – up to 400 g [H2] per 1 kWh of electric energy
used). Moreover, the absence of oxygen compounds
(CO, CO2, NO, NO2) as by-products in the off-gas is an
additional benefit of our method.
Our proposed atmospheric pressure microwave
plasma generator for hydrogen production via
hydrocarbon conversion is expected to be of low cost
(the present cost being 1.3 USD/kgH2) and effective,
and thus promising for applications in distributed
hydrogen production.
Research results have been published in international journals [1, 2, 3]. The microwave plasma method
for hydrogen production is being patented [4].
The proposed microwave plasma device, with a
volume about 20 m3 and a production rate of about
20 kg of hydrogen per hour, is proposed mainly for
distributed hydrogen production, i.e. production
at small sites scattered throughout the country.
The cost of hydrogen production using the proposed

device is about USD 2 per 1 kg of hydrogen produced.
There is no emission of oxygen compounds (CO, CO2,
NO, NO2). Expected cost of the device: approx. USD
200 000. Scale of production depends upon market
demand.
Laboratory prototype:
Mass: about 90 kg
Microwave frequency: 2.45 GHz
Microwave power: from 0.6 to 6 kW
Waveguide standard: WR-430
Treatment of gases at high flow rate (200 l/min
and more)
Hydrogen mass yield rate: ~1kg/h
Energetic hydrogen mass yield: ~600 g/kWh
Hydrogen production cost: ~1.3 USD/kg[H2]
No emission of oxygen compounds (CO, CO2,
NO, NO2)

Fig. 1. Laboratory microwave unit for hydrogen production via plasma reforming of
hydrocarbons
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Proposed commercial device for distributed
microwave plasma hydrogen:
Volume of the device: about 20 m3
Hydrogen mass yield rate: ~20 kg[H2]/h
Hydrogen production cost: ~2 USD/kg[H2]
Patent application: “Method and circuit for
hydrogen production” P 385055 [WIPO ST 10/C
PL 385055]
Commercial device for distributed production
of hydrogen developed by Praxair Inc. in 2007:
Volume of device: about 21 m3
Production method: methane steam reforming
Production: about 5 kg of hydrogen per hour
Hydrogen production cost: approx. USD 4 per 1 kg
of hydrogen.

[1] Jasiński M., Dors M., Mizeraczyk J. (2008). Production of
hydrogen via methane reforming using atmospheric pressure

Fig. 2 Sketch of the microwave plasma generator

microwave plasma. Journal of Power Sources, vol. 181, issue 1,
41-45.
[2] Jasiński M., Dors M., Mizeraczyk J. (2008). Microwave
Discharge Generator Operated at High Gas Flow Rate. Przegląd
Elektrotechniczny, vol. 84, issue 3, 77-79.
[3] Mizeraczyk J., Jasiński M., Zakrzewski Z. (2008). Microwave
plasma sources. American Institute of Physics Conference
Proceedings, vol. 993, Melville, New York, 287-294.
[4] Jasiński M., Dors M., Mizeraczyk J. (2008). Method and circuit
for hydrogen production. Patent application, P 385055 [WIPO ST
10/C PL 385055].

Fig. 3. Photo of microwave plasma used for hydrogen production
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