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Sessic_)n W 7 Mobile Robot Navigation in Contéx:i: of Spatiaf
Applications [T Data Processing, Lusos Kril, Mirpylay Kulich, Libor
(16:30- 18:30) Preucsl, Petr Stepan

2 A Control Structure for an Obzervation System far
Service Robots, Peiry Moessner, Pager Weierich, Hein.
rich Miemenn

58 On Matkematical Models Related to Automated
Safety Systems for Subway Platforms, /.7, Curevich,
Y.L Zhuravlew, V.. Smetanin

Wednesday, 23.9.98

Demonstrations Dt Computer Vision Technology tq Improve Safety of

(9:00-12:30) Car Driving, M. Af, Lange
D2 Quiclety retrainable Program system for sig-

meathod (handwrittan symbolz, spoken commands),
V.V. Moutl, 4.8, Blinou, A, v Koapylow, A.4. Kastin

D3 Program system for the analysiz of 1D data of

0§ Program Sywtem of Pattarn Recognition and

D8 Qpen System fop Image Aunalysis and Process-

13 Puttern. Matching Using Distortedq Color His-

. tograms, GCepry Thimm, Juergen Lugttin
- 19 Research paths codj within an image analy-
sis and synthesis laboratary, 1. Moltedo, 0. Sulvetti,
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Session [I

Image, Signal and’
Speech Pracessing,
Analysis and
Understanding v
{11:30-13:00)

Session [IF
Applications [IT
(14:30-16:00)

43 The Test Recognition Pattern with Genetic Algo.
rithms Use, 4.8 Yunkovskaya

Ji Optimization procedures in spectral approaches
to pattern recognition problems, 5.4, Makhortykh,
M.M. Ustinin

57 Some-problems of Image Coding and Stereovision,
V.N.Kozioy

L7 Nonliniar Filtering for Solving the Problem of Vari-
ability in Speech Recognition, Alezunder M. Krot,
Mikhail A. Sheherbafon and Polina P, Thuchova

! Computation of Projective Invariants uging the
Trifocal Tensor, Eduardy Bayro-Corroehiano and Jfoan
Lasenby . .

20 The Brain Matcher, Sergio Di Bone, Stefen Huwer,
Heinrich Nietmann, Ovidio Salvetti

8 Use of Registration Methods to Correct Movement
in 3D Magnetic Resonanca Breast Tmages, Luin
Vicira, Peter Undrill, Figna Gilbert

38 An Interval Approach to Discover Knowledge from
Multiple Fuzzy Estimations, Vayun Terziyar, Seppo
Puvronen, Helen Katkove

Discussion
(16:30-18:00)

Qutlaok and Further Research
in Pattern Recognition and bmage Underscanding




‘The Braip Matcher
Sergio Dj Bona', Stefan Huwer?, 1a;
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“Target” image, thar is to find the rule thae controls the modification of the global



1 exactly the same position, so that corresponding slices may be
very different, In the MRI of the brain, for example, a slightly different fotation of the
patient’s head between two acquisitions, jeads 1o big differsnces in comesponding siices;

furthermore, in images taken over long periods of time, an evident lesion in one slice
may be minimal or even absent in the Comesponding one: thus, com:s'ponding peints in
corresponding slices may lie on reaily different positions,

Besides, usually, only morphometric characteristics are considered, that ig only
shape deformation is processed,

This paper presents the BrainMatcher project, an approach for a dara-driven
comparison and registration of digital images of the brain, The approach proposes an
innovative nayral fetwork model, based on the extension of the method proposed by (1],
The *Self Organizing Maps' ides, introduced by Teuvo Kohonen (4, is extended in
order to march homologous tomographic image pairs with big disparities, considering
both their morphometric and densitomeric characteristics, in order 10 find the {aw able
to model a growing intracranial lesion inside the brain,

[mages, censidered as regular two-dimensional arays, are manipulated assuming
that their pixels are nodes of 2 network,

The iearning steps of a2 Kohonen Map are simylageq by using a Targer imape 25
the “stimuli space’ from whicl: a cerain number of patterns is selected to pe Presented jn
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input to the nel. At every input, the net evolves in such a Way as (o tune itseif on the
stimuli space, that is (o match the Target. .

Both the pixels' position and grey level are modified. The process is split into
two phases: the stimuli space is firstly defined by the Target pixel positions, while, in a
second step, the space is defined by the Target pixel grey ievels.

Two optimizing methods are also proposed 10 improve the leaming prc;ccss: the
section and the iso-tine methods. Both have the goal to speed up the learning phase
defining specific criteria for searching and individuating the corresponding elements in
an homologous image pair. In the first case, the images are initially partitioned according
to the morphology and symmetry of the brain and then comresponding elements are
searched on restricted areas depending on the partitions themselves: in tha second case,
relevant iso-density contours are detected and the search area are found close to the
contours.

The algerithms developed have been tested on reaj complex cases: pairs of
tomographic brain slices of the same patients, containing both normal and pathologic
conditions (such as cancer or hematoma), have been processed in order to characterise
lesions and t0 derive the deformation laws thar affect anatornical structures and their
relationships. The results have been evaluated on the basis both of the Mean Square
Error (MSE) berween Target and Result images, and of the visual analysis, performed by
an expert, of the difference images between Source, Targét and result images,

Figures | shows an example of image matching. Figure {a and [b show
comesponding encephalon MR images of the same patient: Figure (a, where a hematom
is evident in the lower right region, is the Source image, while Figure Ib, taken before
the iesion appearence, is the Target image, The result image after the matching process is
displayed in Figure lc.
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Figure 1: £xampla of MR brain image matching. (a) Pathologic brain (b) Normal
brain {¢) Resuit imaga.

Figure 2 displays the computed differance between Source and target (a).and
Result and Targer (b): dacker points correspond to higher differences.

It is evident that, in case (b), shape differences, on the skull, as weil as density
differences, on the hematom, have almost disappeared. ‘

Y

(@) (b)

Figure 2: (a) Difference between Source and Target (b) Differance betwaen
Result and Target.

The BrainMaicher fias been implemented on a “Silicon Graphies X524 RISC
4000”, A database of about 200 CT and MRI brain corresponding slices (source and
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farget images) was used relative 1o 40 different patients, with the res
pixels. '

olution of 256x256

As a cancluding remark, a consideration should be done on the possibility of

using BrainMatcher to build a Comespondence DataBase (CDB), in which the maiching
laws obtained for a set of homologous image’ pairs selected a5
pathologies could be stored,

paradigms of classes of

I |

A main problem in neurosurgery is . to know accurately where certain
ncurofunctional distriets or important blood vassels have dis
fesion tias deformed a brain,

placed after a growing

Lintenia ]

Using CDB, from 3 pathologic image, a normal brain section could be

reconstructed and, vice versa, 2 nommal brain could be deformed by applying a
transformation law. I suitable additionaj information can be fused

slice, BrainMatcher can then help to build a CDB facility useful
% simulating the displacements of anatomical or functional districts
‘ intracanial lesions in the braip,

to a tomographic
for computing or

due to growing
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