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Fig 2. Restoring the muninum distance m the constraint of PEO. Black dots
indicate sensor positions i the search volume and black dots with small
circles clashing sensors. Large circles indicate the minimurm distance of each
sensor, the gray shaded large circle for the representative of the cloud
Exemplary two new sensor positions are indicated by small detted circles
(right)

For this algorithm, a maximum number of iterations of 50 is
defined. However, this number of iterations is only reached if
the number of sensors approaches the maximum number of
sensors that the search space can hold. The sensor with
maximum number of clashes is the representative (at position
i in the search volume) of the sensor cloud (Fig. 2) and is not
moved, because its position can be expected to be valuable.
Each clashing sensor (at position & in the search volume) is

moved radially by a length £

§og+1.91), ®)
q—u

where / is actually a weighted sum according to:
i=¢.3, +(1-&)-(n-|g-i)- C))

The minimum sensor distance m is in this paper 2 cm. The
maximum violation 8, is defined as the maximum depth of
intrusion of any clashing sensor into the space of the
representative sensor. The parameter & € [0,1] regulates the
influence of &, If &= 0 the clashing sensors are moved to
the edge of the space of the representative sensor, which will
result in too close positions of the moved sensors in case they
have close to parallel movement vectors. If £=1 this is
prevented but sensor are moved over relatively large distances
and the optimization results are potentially disturbed. We
heuristically set £ to 0.05. The advantage of moving the
clashing sensors radially away from the representative sensor
is that the clashing sensors themselves are moved as little as
possible from the cloud center. At the same time, the distance
between two clashing sensors is increased.

The radial movement of sensors could potentially result in a
new cloud of clashing sensors. A subsequent radial shift
would possibly move the clashing sensors back to the first

original -A-d
velocity v
» /x
¥
original particle /
position X I
a new velocity v'

deviation due to
constraint d »

High-dimensional

new particle position x' - search space

Fig 3. Correction of the velocity of particles inthe PRO algorthm. The black
dot indicates the old particle position and the gray dot indicates the new,
shifted particle position, The new velocity (gray) is adjusted with the help of
A. Wote that particles encode rmultiple sensor positions and directions and are
thus defined in high dimensicnal search space.

cloud. This would result in oscillations when applied in an
iterative procedure as outlined above. This problem may
theoretically yield infinite oscillations in the collinear case.
Thus, we implemented a small additional random angle to the
radial shift (here set to 7°).

The snap into the grid without re-violating restored
distemces (3. in algorithm above) is realized by selecting the
closest grid node to the desired new position, which is at the
same time outside the volume occupied by the representative
SEnsor.

E  Modifications to PSO due to Constraints

From the perspective of the optimizer the fulfillment of the
constraints in each iteration results in a deviation d from the
current position x (x' =x + d) in high-dimensional space. The
current velocity vector v, describing the individual direction in
which the global optimum is expected, should then be
adjusted (Fig. 3). The new velocity v' is set using the scaled
deviation vector:

vi=v-A4i.d, (3]

where & = [0,1]. The parameter A is set heuristically to 0.5.
Keeping the old velocity (A=0) would distract the
optimization process, while the case %=1 would
overcompensate the shift.

III. NUMERICAL RESULTS

Both optimization techniques reduce the CN significantly
when compared to a regular grid with the same number of
aligned sensors (Fig. 4). In these noise-free simulations, the
optimal number of sensors s is around 20 - 30 for both TS and
PS0O. The optimal number of sensors for the regular grids is
between 36 (6x6) and 49 (7x7). The strongest gain (largest
difference between regular grids and optimized sensor setups)
is achieved for setups with low number of sensors. This is
expected because the lower the number of sensors available
the higher the information gain when optimal sensor positions
are used.
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Fig 4 CHNs of optimized and regular grid setups (3{ = all sensors aligned
with positive X-axis, ete) for a range of numbers of sensors

T8 and PSO produce very similar CNs for about s < 45
(Fig. 4). For denser sensor setups (s > 45), TS performs a bit
better. The higher CNs for PSO at higher numbers of sensors
can be explained by the difficulties PSO encounters in moving
sensors in a densely populated search wolume. Moreover,
slight differences between the two optimization approaches
can be explained by the fact that the direction discretization
was different for PSO (30°) and TS (45°). Thus, the in reality
continuous optimal sensor directions could be better explained
by one or the other discretization.

On regular grids, the CNs for the sensor directions show
significant differences. As expected for single component
sensors the Z-direction sensors exhibit best CNs, while X and
Y perform worse. When Z-direction sensors are combined
with X or X and Y sensors, yet lower CNs are obtained, which
i in line with our previous findings [7].

T8 and PSO optimized setups show similar positions and
orientations of sensors (Fig. 5). The main difference to regular
grids is that sensors tend to be placed in areas of strong
magnetic field gradient. Many of the optimal sensor positions
are close to the boundary of the search volume (see edges of
the square in Fig. 5). This indicates that the search volume
might not have been large enough.

Similar results of PSO and TS and repeated runs (results not
shown) indicate the existence of few strong minima in the
goal function. Thus, there is a potential to develop application
specific setups.

IV. CoONCLUSION

Both T8 and PSO optimization of vector sensor setups may
improve reconstruction robustness and reduce the number of
sensors while retaining information in terms of CN.

A strength of TS is its ability to handle dense sensor setups,
because sensors are not gradually moved but exchanged. A
limitation of TS is that it can only handle a combinatorial
optimization on a pre-selected set of sensor positions.

The new quasi-continuous PSO optimization incorporates

-50

-100

s o -150
0 — — 200

" o5 Z (mm)

X (mm) 50 100
Fig. 5. T® (gray/green bars) and P30 (black/Mlue bars) optimized setups of
45 sensors on top of 11x11 grid (circles) and a magnetic field map of the X
cornpotient (thin solid linesh. The sensor grid is positioned centrally in front
of the torso.

the gradient and spatial closeness information into the
optimization while being robust against local minima of the
goal function.

For future work, projection method [11, 12] based and
lower error bound [13] based sensor setup optimizations and
more extensive search volumes are planed.
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An Approach to Aortic Outflow Velocity Analysis

H. Kalini¢, S. Lon¢ari¢, M. Cikes*, A. Baltabaeva#, C. Parsait#, J. geparovié*, L. Cikes*,
G.R. Sutherland#, B. Bijnens$
Faculty of Electrical Engineering and Computing, University of Zagreb, Croatia;
*Faculty of Medicine, University of Zagreb, Croatia; #St. George’s Hospital London, UK
$Pompeu Fabra University, Barcelona, Spain

In this presentation, we present an overview of ongoing research on signal and image analysis
of cardiac Doppler outflow profiles. Morphological changes of aortic outflow profile are used
in clinical practice for diagnosis of cardiovascular diseases. A hypothesis is that cardiac aortic
outflow profiles are correlated to myocardial function. To test this hypothesis, a new method
for analysis of Doppler aortic outflow profiles has been developed. The image obtained by
Doppler ultrasound has been processed to extract aortic outflow profile and profile features
have been extracted to characterize the profile shape. Statistical analysis of 112 individuals
showed that normal cases and diseased cases have different statistical distributions, showing
that profile shape is indeed correlated to myocardial function. Furthermore, in order to
classify a patient into a normal or diseased group, it is necessary to compare the patient aortic
outflow profile to a statistical atlas representing normal cases. To create the atlas, a method
for aortic outflow velocity image registration has been developed. The proposed image
registration method can be used to construct an atlas for population comparison. The method
for aortic outflow velocity image registration is based on mutual information as similarity
measure and genetic algorithm as optimization algorithm. Current experimental results will be
presented.

Round Table Discussion

Technology Transfer Office of the University of Zagreb: An Overview of
Activities

Sven Loncari¢, FER, University of Zagreb

Technology transfer from universities and research institutes to business sector is an
important step towards the knowledge-based economy. The University of Zagreb makes
significant part of Croatian academic community with long tradition in science and
engineering with strong potential for technology transfer. The establishment of the
Technology Transfer Office at University of Zagreb is the first necessary step to make the
technology transfer process more efficient. In this presentation, a short overview of the goals
and current activities of this new office will be presented.
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Simple strategy for facilitated protection
and utilization of research results.

Bojan Benko, Ph.D.
State Intellectual Property Office
of the Republic of Croatia

Summary

This short presentation consists of two parts:
- patentability and patent protection in the field of biomedicine and

- timeline of actions that would be performed to increase chances for
obtaining protection of an invention and to gain business result out of this.

Due to the moral reasons and broad public interest, patentability of an invention in
biomedicine is particularly sensitive issue that belongs to the edge-limiting area of
intellectual property rights, burden with considerable restrictions. On the other
hand the market for biomedical products is most propulsive one, giving chance for
capitalizing high-tech invention. To cope efficiently with such dichotomy
researcher should be well informed about legal side of biomedical invention
protection in advance.

Considering existent researcher habits and views about intellectual property protection in
Croatia, it could be useful to propose simple model of managing research project and its
results with several goals:

- to observe potential invention as soon as possible;

- to make necessary improvement of the invention in the research phase of
the project;

- to avoid problems with simultaneous publication of the research results and
patent application;

- toincrease the chances for favourable licensing of the invention;
- to gain direct financial effect from the research activities;
- to build the status of preferential research group for further projects;

- to improve the image of their own research institution in scientific
community as well as in business sector.
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CARDS 2003 "Intellectual Property Rights Infrastructure for the Research
and Development Sector in Croatia"

Natasa Marsic¢
Croatian Institute of Technology

Component 1 - Institutional and legal framework

The CARDS International and Local Team have worked with the specialised Intellectual
property Unit of the Ministry of Science Education and Sports to develop generic procedures
for IP protection, valuation of commercial potential prior to publication and technology
transfer options.

Material for Component 1 has been supplied in the form of an Innovation Manual that was
distributed to the wider innovation network in Croatia.

Component 2 - Targeted Training and Public Awareness

Critical mass of key actors improved their knowledge, skills and attitudes to effectively
enforce and foster innovative capacities in the filed of IP protection and commercialisation.
Non-specialist workshops

Train the trainers workshops

Component 3 - Implementation in the R&D institutions- Pilot Project

Component 3 of this CARDS project focuses on implementing procedures for identifying,
protecting and transferring IP at selected pilot partner locations. These 9 pilot partners form
part of the IP Network that is being built across Croatia and linked to networks abroad.

Pilot project institutions:

1. Ruder Boakovic Institute/ Rudjer Innovations (www.irb.hr )

2. Faculty for Food Technology and Biotechnology (www.pbf.hr)

3. Faculty of Electrical Engineering and Computing, University Zagreb, FER,
(www.fer.hr)

Faculty of Mechanical Engineering and Naval Architecture CTT (www.ctt.hr)
Brodarski Institute (www.hrbi.hr)

University Split + TEMPUS CREATE (www.create-project.info)
University Rijeka + STeP (www.uniri.hr/step-ri)

Technology Development Centre University of Osijek TERA (www.tera.hr)
The University of Zagreb (www.unizg.hr)

A
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Science and Technology Park of the University of Rijeka, STeP Ri
Ivo Orlié
University of Rijeka, Department of Physics

Science and Technology Park in Rijeka (STeP Ri) is being established within a new
University Campus (a former military complex) in Trsat, one of the most attractive suburbs of
Rijeka. The originator of the initiative is the University of Rijeka, which will be the majority
owner. City of Rijeka and County Primorsko Goranska will enter in equity as minority co-
owners. The STeP Ri will be established under Croatian Company Law as a limited liability
company (d.o.0.).

The principal rationale standing behind the STeP establishment is an intention to
commercialize existing knowledge and intellectual property generated at the university
faculties and R&D departments and to direct the future R&D toward the projects with the
high level of commercial viability. The main goals of the STeP are IP protection and
technology transfer from university to business sector through: formation and incubation of
new companies; technology licensing to established regional, national and international
businesses: networking with similar institutions nationally and internationally and ensuring
access to existing small and medium size companies to university research and high
technology laboratories.

The range of products and services offered by the STeP will evolve around three programs: IP
transfer and protection, licensing and incubation. Beside, a range of professional services and
training programs will be offered to the STeP tenants and outside associates at a schedule
bases or on demand. Incubate companies will receive individual and shared services. Various
pre-incubating services will be offered to the researchers, university and high school students.
The STeP up-stream target markets are faculties, researchers and students as potential
technology providers and spin-off candidates and small and medium size regional companies
dawn-stream. Technology licensing program, in particularly in the field of biomedicine, is
aiming at big national and international companies. Different arrangement can be envisaged in
this area: licensing, joint venture, collaborations, joint R&D project etc.

STeP Ri will be centrally located within the University Campus in a three story building with
the net area of 3500 m2. This is an old building that will be renovated into a modern,
attractive and stimulating space that will inspire researchers.
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