THE RUSSIAN ACADEMY OF SCIENCES

The Mathematical Sciences Branch of the Russian Academy of Sciences
The National Committee of the RAS for Pattern Recognition and Image Analysis

THE RUSSIAN FOUNDATION FOR BASIC RESEARCH
THE FOUNDATION FOR ASSISTANCE TO SMALL INNOVATIVE ENTERPRISES

The Institution of the Russian Academy of Sciences “Dorodnicyn Computing Centre of the RAS”
(Moscow, The Russian Federation)

St. Petersburg Electrotechnical University “LETI” (St. Petersburg, The Russian Federation)
INFORMATION RESEARCH AND DEVELOPMENT, Ltd. (Moscow, The Russian Federation)
BIOSIGNAL, Ltd. (St. Petersburg, The Russian Federation)

10™ International Conference
«PATTERN RECOGNITION and IMAGE ANALYSIS:
NEW INFORMATION TECHNOLOGIES»

PRIA-10-2010

December 5-12, 2010
St. Petersburg, The Russian Federation

CONFERENCE PROCEEDINGS

Volume 11

[IOAVTEXHVIKA
M3AATEABCTBO

Caukr-IlerepOypr 2010

St. Petersburg, POLITECHNIKA, 2010



VJIK 004.93 (082)
BBK 32.97543

137

The Editorial board
Chairman

Yu.l. Zhuravlev, Professor, Full Member of the RAS (Conference Chairman)
Vice-Chairmen

I.B. Gurevich, Dr.-Eng. (Conference Vice-Chairman)

H. Niemann, Professor (Program Committee Chairman)
A.P.Nemirko, Professor (Local Committee Chairman)
Scientific Secretaries

Yu.O.Trusova, Dr. (Scientific Secretary)

O.D.Yur’eva, Dr. (Conference Committee Scientific Secretary)
Members

V.M. Kutuzov, Professor (Conference Vice-Chairman)
I.G.Persiantsev, Professor (Program Committee Member)
V.V.Sergeev, Professor (Program Committee Member)
Yu.G.Vasin, Professor (Program Committee Member)
V.V.Yashina, Dr. (Conference Committee Scientific Secretary)

The papers are published as they were presented by the authors.

10™ International Conference on Pattern Recognition and Image Analysis: New
Information Technologies (PRIA-10-2010). St. Petersburg, December 5-12, 2010.
Conference Proceedings (Vol. I-IT), Volume II, SPb.: Politechnika, 2010.

ISBN 978-5-7325-0972-4

The Proceedings include peer-reviewed papers of the 10" International Conference on
Pattern Recognition and Image Analysis: New Information Technologies (PRIA-10-2010),
conducted by the National Committee for Pattern Recognition and Image Analysis of the Russian
Academy of Sciences, by the Institution of the Russian Academy of Sciences “Dorodnicyn
Computing Centre of the RAS” (Moscow, the Russian Federation), and by St. Petersburg
Electrotechnical University “LETI” (St. Petersburg, the Russian Federation) with financial and
organizational support of the Mathematical Sciences Department of the Russian Academy of
Sciences, of the Russian Foundation for Basic Research, of the Foundation for Assistance to Small
Innovative Enterprises, of the Biosignal, Ltd. (St. Petersburg, The Russian Federation), and of the
Information Research and Development, Ltd. (Moscow, the Russian Federation).

VJIK 004.93 (082)
BBK 32.97543

ISBN 978-5-7325-0972-4 © Papers authors, 2010
© The National Committee for Pattern Recognition

and Image Analysis of the Russian Academy of Sciences, 2010

© The Institution of the Russian Academy

of Sciences “Dorodnicyn Computing Centre

of the RAS” (Moscow, The Russian Federation), 2010

© St. Petersburg Electrotechnical Uuniversity “LETI”

(St. Petersburg, The Russian Federation), 2010



Semchenkov A.A., Kalinichenko A.N. Mathematical Model for Constructing Electric

Potential Distribution Charts for Electric Impedance Mammography .............c.cccccocccvvveveeccnnn. 347
Shigarov A.O., Fedorov R.K. An Algorithm for Page Segmentation ................ccccceeevveecveeeunennnnnn. 351
Tsvetkov A.V. Microfiltering Membrane Parameter Determination as an Example of

Complex Background and Morphology Image Segmentation ................c.cccccecercucvencuinceenensecnnns 355
Vasin Yu.G., Osipov M.P., Tomchinskaya T.N. Interactive 3D Model of the Urban

Landscape of Nizhni Novgorod's HiStOrical CEnter .................cccueeeeeeeveeieeeirenieecreeseeeeseenseesseees 359
Vasin Yu.G., Zherzdev S.V., Bryliaev A.V. Graph Problems Solving in Conditions of Scarce
ReSources of MObBile DEVICES ...........cc.cccueieiiiiiiiieiieee ettt ettt 363
Vassilieva N., Gladisheva Y. Text Detection in Chart IMAges .............c.cccccecueveeeerceinennennenaenn, 365

Vengrinovich V.L., Zolotarev S.A. Hull and Hull-Voxel Reconstruction of Images as a Means
Of ANGIYZING TREIF SIFUCTUF@.........oeceeveeeeeeeiee ettt e e stae e et eeetaeessaeessseeennseeesseeenseens 369

Vil'kin A.M., Safonov 1.V., Egorova M.A. Bottom-Up Page Segmentation Based on Texture
FPOATUFES ... 373

Voronin P., Vetrov D. Intermodal Registration Algorithm for Segmentation of Mouse Brain

TIUAZES ..ottt e e et e e e ettt e e e e att e e e e bt tee e e ataeeeeannteeeeanne 377
Yakovlev S.Y., Murynin A.B., Kryzhanovsky K.A., Safonov .V. Imaging Based Techniques

for Quality Evaluation in Production of Elastic Foamed Materials ..................ccccocevuvvencucnncnne. 381
Yuzhikov V. Skew Angle Detection for Manuscript IMAZES ...............cccveeeeeeeceeeecieeeieeeeieeenneens 385

Zharkikh A.A., Gurin A.V., Plastunov V.J. Histogram-Preserving Exactly Reversible Audio
File Embedding MethOd ....................ccoocueiiiiiiiiiieiiiece ettt ettt es 389

Zharkikh A., Pavlov L. Property Analysis of Audio Signals Self-Similarity Based on
Differential and Integrating Algorithms of Fraction Order ..................ccoeuecveeeieeeceeenceeeeieeenne 395

Zolotukhin D.A., Safonov 1.V., Kryzhanovsky K.A. 3D Reconstruction for Scanning Electron
MICFOSCOPE ...ttt ettt et ettt e et e e et e e e bt eesateeenbeeenbeeensneesnees 399

Zuev Yu.Fh. About Supplementation of the Analysis of Variance and Cluster Analysis of Lipid
Composition Changes for Estimation Its Reliability at Small Samples................cccccoceueevcuveencunnnn. 403

Gurevich 1., Myagkov A., Nedzved A., Yashina V. Extraction of Neurons from Images of

Mouse Brain Sections on the Base of Automated Selection of Connected Morphological

Exhibits

Bakhvalov Y.N., Shokhin L.I.  System of the Augmented Reality "Through the Looking

12



EXTRACTION OF NEURONS FROM IMAGES OF MOUSE BRAIN
SECTIONS ON THE BASE OF AUTOMATED SELECTION OF
CONNECTED MORPHOLOGICAL FILTERS
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This paper reports on an ongoing work on the development of the algorithm for
automated selection of connected morphological filters for image segmentation
purposes. A measure of similarity between two image partitions is proposed. It is used
to select exact filters from given classes of connected morphological filters in such a
way, that the partition, derived by a watershed-based segmentation algorithm, has a
maximal similarity measure with the given partition. This technique is used to extract
neurons from images of mouse brain sections. Experimental investigations confirmed
that the developed technique supports automated processing and analysis of section

images.

Introduction

Now and in foreseeable future an image is one
of the main tools to represent information in
scientific researches, particularly in medicine
and biology. Thus development and
application of modern mathematical apparatus
for automation of image mining becomes one
of the breakthrough challenges for theoretical
computer science. Paper authors developed
theoretical basis [5] and elements of
information technology [3] for automated
morphological analysis of lymphoid cell nuclei
of diseased hemoblastoses, which were
fundamentals for creation of system for
automated diagnostics of oncological blood
diseases. This paper is devoted to development
of mathematical tools that supports automatic
extraction of experimental data for filling a
model of preclinical stage of Parkinson's
disease (PD) [1].

The disease is characterized by a progressive
degeneration of dopaminergic (DA-ergic)
neurons [9, 15] in the substantianigra pars
compacta (SN) leading to a dopamine (DA)

depletion in the striatum. As a result,
parkinsonian patients lose the ability to control
their movements. Construction of the
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experimental models is crucial for the research
of neurodegenerative disease pathogenesis.
Application of the developed method allows
one to estimate quantitatively a) a
degeneration of DA-ergic neurons in the
substantianigra and their axons in the striatum
after specific neurotoxin administrationion and
also b) a functional condition of remained
dopaminergic neurons and axons. The model
shows differences of DA-ergic neurons
features between experimental (the group of
animals that were injected by the toxin) and
control (the group of animals that were not
injected by the toxin) groups.

The initial data is digital images of the
immunostained sections of various brain areas.
DA-ergic neurons were labeled on serial
sections (a thickness of 20 microns) of the
substantianigra (Fig. 1), and their fibers
(axons) on sections of the striatum by
immunohysto-chemestry for tyrosine-
hydroxylase (TH) (TH is the specific enzyme
of DA synthesis). Experimental data has been
received from digital images of neurons. An
approach to the analysis of digital image of
distal parts of axons (terminals) is proposed in

[4].



The proposed method provides automated
analysis of digital images of DA-ergic neurons
and allows one to estimate their number and
significant features.

The proposed similarity measure is described
below in Sec. 2. Section 3 reviews the results
of the method application.

Similarity measure of image partitions

We use the following common definition of
image partition [13].

Definition 1 (Partition).Let E be an arbitrary
set. A partition D of E is a mapping x —
D(x) from E into 2E such that

1. forallx € E : x € D(x)

2. forallx,y € EXE:

D(x) =Dy)orD(x)ND(y) =0
D(x)is called the class of the partition of the
origin x.

To measure the similarity between two given
partitions D; and D, we propose to calculate
the average value of the information gain
criteria IGain(D,(x),D,(x)) [2], used in
information theory and machine learning to

measure the difference between two
probability distributions, in the following way.
Let P(x) = |D1 (), N(x) = |(D, vV

D)) = D1 ()],  p(x) = |(Dy ADy)(x)I,
n(x) = |D,(x)| — [(D; AD,)(x)|. Let also
P

H(P,N) = — 1 -

(PN) = —prylo82 5y
NN
P+N S’ P+ N

Then the information gain for the given class
of the partition of the origin x will be:
1Gain(D;(x), D, (x)) = H(P(x),N(x)) —
p+n P+N—-p—n
5oy H(PG),n() TN
X H(P(x) — p(x), N(x) — n(x)).

And the final measure will be the average
throughout all pointel of the image definition
domain.

As an example we provide a similarity
measures between different image partitions
from the Berkeley segmentation dataset [6].
See fig. 2 and table 1.

s e | e B e

Fig. 2. Image partitions
(from left to right D ... Dg)

Table 1. Similarity measure values
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[Gain(Dy, ...) | IGain(...,D;)
D, 0,071227 0,011381
Dy 0,009677 0,007626
D, 0,069097 0,011868
D 0,069372 0,009748
Experiments

In our experiments we used the classes of
connected morphological filters [10, 11, 12]
derived from levelings [7, 8]. Let us remind
these notions. A connected operator acting on
a function [10, 11] is atransformation that
enlarges the partition of the space created
bythe flat zones of the functions (zones with
constant values). As the consequence all the
contours presented in an image are either
suppressed or remained the same, while
applying the connected operator. The most
known examples of such filters are openings
and closings by reconstruction [10, 16]. F.
Meyer proposed to extend last filters to
operate simultaneously on image peaks
(maxima) and valleys (minima). They are
called leveling [7]. Basic properties and
extensive examples of leveling can be found in
[7, 8].
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Fig. 3. Neuron somas mask image
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Fig. 4.Inner and outer markers of objects

We used parameterized families of extensive
leveling which are constructed from different
marker functions:

e crosions and dilations of the initial
image with a structured element — flat
disk of a given size;

e attribute (area, height, volume) filters
of the initial image with a given
parameter.

Then, we derive families of connected filters,
which are defined by two parameters, as the
difference between two leveling of a given
family. After filtering of the initial image we
find markers of objects as regional extremes

(maxima and minima) and calculate
background markers using distance
transform[14, 16]. Then the watershed

transformation [14, 17] is applied to the
modulus of gradient of the filtered image
modified with respect of markers [16].Ds a
result we get the partition of the initial image.

We provide an example of parameters
selection by means of the proposed similarity
measure. In fig. 3 there is the mask of neuron
somas, obtained manually. Fig. 4.presents
object inner and outer markers, when using
area attribute filter (described above) with the
highest similarity to the given partition. And
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finally, corresponding watershed lines are
shown in fig. 5.

o
s

Fig. 5.Watershed lines superposed on the initial image
from fig. 1

Conclusion

We proposed a measure of similarity between
two image partitions. It was used to select
exact filters from given classes of connected
morphological filters in such a way, that the
partition, derived by a watershed-based
segmentation algorithm, has a maximal
similarity measure with the given partition
Experimental investigations confirmed, that
the developed method supports automated
processing and analysis of SN section images
and helps to define characteristics, which are
essential for preclinical stage PD model
construction.

Software implementation of the developed
mathematical methods allows one to speed up
significantly the research of PD at the cost of
automation of experimental data model filling
and automation of model investigation by
means of computer experiments. The obtained
results constitute the important stage of
researches of dopaminergic nigrostriatal
system at developing PD, which will allow

research of compensatory mechanisms.
Hereafter it will allow compensatory
mechanisms studying with the purposes of its
management.

The future investigations include finding the
ways to combine automatically selected filters
to construct robust segmentation procedures.

This work was partially supported by the
Russian Foundation for Basic Research Grants
Nos. 09-07-13595, 10-01-90013 and by the
project of the Program of the Presidium of the
Russian Academy of Sciences ‘“Fundamental
Sciences to Medicine 2010”.



References

. Albin R. L., Young A. B., Penney J. B. The
functional anatomy of basal gangliadisorders //
Trends Neurosci— 1989.— Vol. 12.— Pp. 366-75.

. Dubner P. N. Statistical tests for feature selection in

KORA recognition algorithms // Pattern Recognition
and Image Analysis.— 1994.— Vol. 4, no. 4.— P.
396.

. Gurevich 1., Harazishvili D., Jernova 1., et al.
Information technology for the
morphologicalanalysis of the lymphoid cell nuclei //
The 13th Scandinavian Conferenceon Image
Analysis.— Vol. 2749 of LNCS.— 2003.— p. 541—
548.

. Gurevich I. B., Kozina E. A., Myagkov A. A,
Ugryumov M. V., Yashina V. V. Automating
extraction and analysis of dopaminergic axon
terminals in images of frontal slices of the striatum //
Pattern Recognition and Image Analysis: Advances
in Mathematical Theory and Applications.—
2008.— Vol. 20, no. 3.— p. 349-359.

. Gurevich I. B., Yashina V. V., Koryabkina 1. V.,
Niemann H., Salvetti O. Descriptiveapproach to
medical image mining: An algorithmic scheme for
analysis of cytologicalspecimens //  Pattern
Recognition and Image Analysis: Advances in
MathematicalTheory and Applications.— 2008.—
Vol. 18, no. 4.— p. 542-562.

. Martin D., Fowlkes C., Tal D., Malik J. A database
of human segmented naturalimages and its
application to evaluating segmentation algorithms
and measuring ecologicalstatistics // Proc. 8th Int’l
Conf. Computer Vision.— Vol. 2.— July 2001.—p.
416-423.

. Meyer F. Levelings, image simplification filters for
segmentation // Journal of Mathematicallmaging and
Vision.— 2004.— Vol. 20, no. 1-2.— p. 59-72.

410

8. Meyer F. Levelings and flat zone morphology //
ICPR.— 2010.— p. 1570-1573.

9. Ogawa N., Mizukawa K., Hirose Y., Kajita S.,

Ohara S., Watanabe Y. Mptp-inducedparkinsonian

model in mice: biochemistry, pharmacology and

behavior // Eur Neurol.—1987.— Vol. 26 Suppl

1.—p. 16-23.

Salembier P., Serra J. Flat zones filtering, connected

operators, and filters by reconstruction// IEEE

Transactions on Image Processing.— 1995.— Vol.

4.—p. 1153-1160.

Salembier P., Wilkinson P. Connected operators. a

review of region-based morphologicalimage

processing techniques // Signal Processing

Magazine, IEEE.— November2009.— Vol. 26, no.

6.—p. 136 - 157.

Serra J. Lecture notes on morphological operators.—

electronic publication, FirstFrench-Nordic Summer

School in Mathematics, Lake Erken , Sweden, July

2001.

Serra J. A lattice approach to image segmentation //

J. Math. Imaging Vis. —2006.— Vol. 24, no. .— p.

83-130.

Soille P. Morphological Image Analysis: Principles

and Applications.— Berlin:Springer, 2004.

Tipton K. F., Singer T. P. Advances in our

understanding of the mechanisms of

theneurotoxicity of mptp and related compounds // J

Neurochem.— 1993.— Vol. 61.—p. 1191-1206.

16. Vincent L. Morphological grayscale reconstruction
in image analysis: Applicationsand efficient
algorithms // IEEE Transactions on Image
Processing.— 1993.—Vol. 2.—p. 176-201.— 5 —

17. Vincent L., Soille P. Watersheds in digital spaces: an
efficient algorithm based onimmersion simulations //
IEEE Trans. Pattern Anal. Machine Intell. — June
1991.—Vol. 6, no. 12.— p. 583-598.

10.

11.

12.

13.

14.

15.



