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Abstract

In the image analysis problem segmentation algorithms are very important. We can use classical algorithms based on morphological
analysis. But it is well known that for image having complex structure, e.g high resolution images, classical approach may fail to
achieve good results. The solution is to use multifractal analysis that gives an information about the geometric distribution of the
singularities of the image. In this work we apply the algorithm of direct calculation of multifractal spectrum for image segmentation.
Fractal dimensions for level sets are calculated by fractal signature method. Experimental results for 2 classes of biomedical prepa-

rations images are given.

1. INTRODUCTION

Image segmentation is the process of partitioning a
digital image into multiple segments (sets of pixels).
The goal of segmentation is to simplify the repre-
sentation of an image so the obtained image may
be easier to analyze. This method is used to locate
objects and boundaries in images. In each segment
all the pixels are similar with respect to some char-
acteristics or computed property such as color or
intensity.

Image segmentation is widely used in machine
vision, medical imaging, object detection, recogni-
tion tasks. In order to effectively solve the domain’s
segmentation problems this technique must be
combined with specific knowledge in the subject
area.

Classical methods applied in image segmentation
are methods of mathematical morphology: threshol-
ding, edge detection (line, curve) [6,7].

For digital images with very high spatial resolution
classical segmentation methods fail to give homo-
geneous segments and usually give very sparse
results. As it was mentioned in [9], texture approach
and fractal analysis are not appropriate methods,
but “multifractal analysis is the perfect tool to ana-
lyze a highly varying regularity from point to point”.

Multifractal analysis methods are based on a parti-
tion of the image on the set such that every of them
has its own fractal dimension. The set of these di-
mensions characterizes the image and is called

multifractal spectrum. To obtain such a partition we
should factorize the image points in accordance
with a sign. As this sign one can use density func-
tion [10], or Holder exponents [9]. The most com-
mon approach to calculate fractal dimensions is to
use capacity dimension. When using multifractal
methods we match to the image a measure and
suppose that it is distributed according to exponen-
tial law: the measure of a partition cell is approxi-
mately equal to the size of the cell in a power.
Multifractal spectrum may be obtained by calcula-
tion of the Regny spectrum and the following Le-
gendre transform [4], by using generalized statisti-
cal sum [4] or by direct calculation by using density
function [10].

The choice of the method depends on the problem.
If the task is to obtain a spectrum then it is sufficient
to compute the Regny spectrum. If our purpose is to
use the partition on the sets for segmentation prob-
lem we have to devote attention to the separating
sign choosing.

In [2] we considered the algorithm of direct calcu-
lation of multifractal spectrum based on the calcula-
tion of a density function at each point of the image.

In this work we reveal a dependence of the density
function (and ipso facto the result of segmentation)
from the measure and use fractal signature method
[1,3] which allows us to make calculations more
effective comparing capacity dimensions compu-
ting. Experimental results for 2 classes of biomedi-
cal preparations images are given.
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2. METHOD DESCRIPTION

Let & be a measure defined through pixel intensi-

ties. For e [ we denote [([][)a square of
length r with center x. We describe

(0] D) = (D) with £ D) the density
function and k some constant. The local density
function of X is defined as

log (1I(1) 1)) (1)

= lim
(D 50 log

The set of all image points x with local density « is
a level set

E,={xeR :d(x)=a} . 2)

Thus we obtain a point categorization {£, : « € R}
of the image with a multifractal spectrum defined as

{f(a):aeR}={dmM(E,): a € R}. 3)

The density function describes how locally the mea-

surement p satisfiers the power law behavior. It
measures the non-uniformity of the intensity distri-
bution in the square B(x,r).

We note that using (2) may lead to considerable
increasing the number of level sets and segmenta-
tion may be useless. So in practice one consider
sets

E(a,e)= {xeRZ,d(x)e[a,aJrg)} (4)

The measure (B(x,r)) may be calculated by

several ways. We used the sum of intensity pixels
in the square and the sum of Laplacians in the
square.

1. w(B(x,r)) — the sum of intensity pixels in
the square withy side r and center Xx.

uB) = [1(dy

H(B(x,1)
where I(y) — is the pixel intensity in y € B(x, ).

In discrete case

H(B(x,r) = Y 1(y). (5)

YeB(x,r)
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2. ﬂ(B(x,r))=j j V2(I(y))dy , where V2

H(B(x,r)
— the Laplace operator.

In discrete case in accordance with [6] we have

H(B(x,r) = Y L(y), (6)

yeB(x,r)

where L(y)=81(y)— >.1(z).

zeB(y,2)\y

It was shown in [4] that namely using Laplacian
resulted in the separation of classes of connective
tissues in accordance with obtained spectra.

The density d(x) is obtained as the slope of the
line fitted to the data {logr,log t(B(x,r))} by the
least square method. Then we take a discrete set
{a;} from aninterval (1,2) and find for each ¢, the
point set E(e;, <) (¢=0.1) according to (4).This set
contains all the pixels whose densities are close to
a..

1

The fractal dimension f(e,) is computed as the

Minkovsky dimension by the fractal signature meth-
od.

3. NUMERICAL EXPERIMENTS

The experiments were performed for two classes of
liver: healthy (a) and fatty liver disease (b). The
examples of these images are shown on Fig.1.
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Fig. 1. Liver images: a — healthy liver, b — fatty liver disease

We consider the dependence of segmentation re-
sults on the measure choice.

3.1. Measure is the sum of pixel intensities

For given images the results of calculation of
E(a,&) were the following. The sets containing
the most number of points was obtained for a = 1.6.
For a = 1.5 the set was not so dense. The rest of
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sets were almost empty. This situation is illustrated
on Fig.2, where black color means the point be-

longs to the set.
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3.2. Measure is the sum of Laplacians

In this case the density function (that depends on
the measure) generates another partition on level
sets and, as a consequence, another spectra. The
most part of the image pixels belong to E(«,¢)

Fig. 2. E(a,¢) for healthy liver: & =15 (a)
and o =1.6(b)
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Fig. 3. E(a, &) forFLD: & =15 (a)and o =1.6(h)

Multifractal spectrum:

witha = 1.0/

Fig. 5. E(a, &) fora=1.0:(a) -healthy liver,(b)- FLD

Multifractal spectrum:

a Healthy liver Fatty liver desease
1.0 0.7291 0.7509
1.1 0.4376 0.499
1.2 0.4376 0.499
1.3 0.3986 0.4804
14 0.3986 0.4804
15 0.3932 0.4878
1.6 0.4032 0.5122
1.7 0.3962 0.5172
1.8 0.3921 0.4787
1.9 0.396 0.5122
0.8
0.6 healthy
s - liver
£ 04
0.2 = = fatty
liver
0 decease

a Healthy liver Fatty liver desease
1.0 0 0
11 0.4352 0.9009
1.2 0.4352 0.9009
13 0.474 0.493
14 0.474 0.493
15 0.4988 0.5024
1.6 1.0538 0.8488
17 0 0.0591
18 0 0.1042
1.9 0 0
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Fig. 4. Graphics of spectra for the measure as the sum
of pixel intensities
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Fig. 6. Graphics of spectra for the measure with Laplacian

CONCLUSION

We presented a segmentation method based on a
direct calculation multifractal spectrum. A categori-
zation of the image points is performed by using
density function that characterizes intensity chang-
es in the neighbourhood of a given point. Two
methods of the measure calculation were consid-
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ered —- the sum of pixel intensities and the meas-
ure using Laplacian.

The experiments show that image segmentation
based on using density function is a practical tool
for analysis. Moreover, using the Laplacians leads
to better segmentation and separability of multi-
fractal spectra.
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