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ABSTRACT

In the given paper the new approach to the usage of
nonlincar models for qualitative classification has been
presented. The method is oriented on classification of
texture images and stochastic signals. The wave packet
decompositions of the initial sequence were interpreted
as input and output signals of virtual nonlinear system.
The peculiarities of nonlinear transfer characteristics
were than considered for performing a qualitative
classification. This technique was applied to classification
of gastritis on the base of IR spectrograms of the mucous
membrane, x-ray CT and x-ray images of the bone
trabecular structure, affected with osteoporosis. It was
shown, that the proposed method requires much smaller
resolution and it is also more sensitive to the changes in
the initial sequence.

Keywords: Nonlinear identification, Volterra kemnels,
wave-packet decomposition.

1. INTRODUCTION

Stochastic processes (signals) find their
application in almost every natural system. This fact very
often makes them an object of research. In terms of
information theory, signal acquired from the system can
be mterpreted as a message, transmiited to the receiver.
The recetver's main role is to "read" the message correctly,
in other words, to identify some distinctive characteristics
of the message (signal) and classify 1it. The correct
classification of the information received plays one of
the most important roles in further processing. In case
of medical data processing we would most often speak
of correct diagnostics. Therefore, choosing the proper
method of signal classification would increase the probity
of the results received and quality of the analysis as a
whole.

Current methods of data classification are based
on linear and nonlinear models. Linear models are most
often simple enough. They can be easily simulated and
analyzed, but these models are quite rough and unsuitable
for the complex processes. On the other hand, the usage
of nonlinear models lacks simplicity, but it does provide
an exactness and accurateness of the results obtained.

In the given paper we presented a method of
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qualitative classification of the stochastic signals and
images, which is based on nonlinear models and wave-
packet decomposition.

2. METHOD

Let's consider three grained texture images (Fig.1.). To
increase the sensitivity of the processing procedure, it was
proposed to analyze the texture image by the cut. The cut
should preserve the spectral information of the image
however it will lose information of any objects that are on
the texture.

Fig.1. Three grained texures.

The taken cuts S(A) of the presented images are

shown on Fig.2. In case of stochastic signals, it would be
convenient to use AR models[1] for describing them, i.e.

M
S(A)=) PS(A,_)+a(d, ) ik-L..N. (1)
=l

In terms of the model (1), observable data S(A) can be
interpreted as an output of a linear system excited with a

stationary white noise a(/lk). This approach is very

efficient when the processes, being si’i'i'xulatcd. are
stationary. However in many cases these signals are non-
stationary. It means that the input of our system must be
nonstationary as well. In this case we should use another
approach to specify the input of the system so that the
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requirements mentioned above were satisfied. To achieve
this, the wave packet decomposition[2] was used. It was
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Fig.2. Slices of the grained textures,
presented on the Fig. 1.

shown by Mallat S.[2], that the wave packet decomposition
(till the 2 level )could be presented as it is shown on Fig.3.
H and G are special high and low pass filters respectively.
They play a role of the basis functions in wave-packet
decomposition. Further analysis of S(A) was conducted
in terms of “input-output” model shown on Fig 4.
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Fig 3. Wave packet decomposition of given S(A) data;

H and G are lowpass and highpass filters respectively;
12 — dyadic downsampling.

It was assumed, that S, (1) and S,,(A) are the input
and output of the model respectively. Practicability of
this approach has following grounds:

. S, (A)and S ,(A) are sharing the same “genetic root”
(i.e. S(A) ) and have concerted Fourier spectra. It ensues
from the idea of wave packet decomposition.

2. S, (M)andS Eh(?L) are non-stationary alternating-sign
sequences, which envelope curves are correlated. This
fact is the main reason for using model, presented in Fi g.4.

The main idea of the analysis is the connection
between S, (A) and Sgh(?t) through functional second order
Volterra series. As long as the second order Volterra
kernel F(7,,7,) is an image it should reflect the changes
in the signal, making them more obvious for a visual
observation. This fact specified the choice of the second
order Volterra kernel as a major informative characteristic
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for the qualitative classification. The kernels of the system
with arbitrary input and output sequences can be calculated
in the frequency domain by non-parametric method of
Powers[3].
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Fig4. Hypotimtica_l model to form S, (M)
L - nonlinear operator, characterizing the system
excited with S, (A).
Volterra kernels, calculated for the grained textures(Fig.1)
are shown on Fig.5.
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Fig.5. Volterra kernels, calculated for textures,
shown on the Fig.1.

3. APPLICATION OF THE

PROPOSED METHOD

The proposed method has been applied to qualitative
characterization of different stochastic processes, 1n
particular to characterization X-Ray CT and X-Ray images
of a coxa, affected with osteoporosis and IR spectrograms
of gastric mucos membrane. X-Ray CT images of coxa
are presented on  Fig.6. The main advantage of using X-
Ray CT images is that they give the full information of the
bone topology, revealing the local changes of trabeculae.
This fact makes the diagnostics of osteoporosis on the base
of the tomographic images very effective, especially, on
the beginning stages of the disease development. X-Ray
CT images, shown on Fig.6. present coxae of a woman at
the age of 45. The right coxa (b) is affected more deeply
with osteoporosis than the left one (a). This fact has been
proved by earlier clinical analysis. White lines show the
places wliiere the cuts have been taken from the image for
the analysis. It should be noted, that only the oscillating
component was used for the analysis because it is
responsible for the trabecular bone structure. Therefore,
only this component should be analyzed for osteoporosis
diagnostics. The Volterra kernels, calculated by the



proposed method form these component are shown on
Fig.7. Considering calculated kernels, it can be seen that
the peculiarities of the kernel topology reflect the

Fig.6. X-Ray CT images of the human coxae, affected
with osteoporosis.
a) normal coxa: b) affected with the desease.

changes in bone trabecular structure and therefore they
can be used for osteoporosis diagnostics. The proposed
method was also applied to the diagnostics of
osteoporosis on the base of X-Ray images. One of the
classical methods for osteoporosis classification on the
base of X-Ray images is an X-Ray densitometry
techniques, which are based on dual energy x-ray
absorptiometry[4]. This approach gives good results, but
the resulting images could not be processed any further,
because the brightness of the pixels is connected to the
density of the bone and any nonlinear transformation
would destroy this brightness/density relationship.
Therefore, the method, which could be applied to the X-
Ray images acquired with a usual x-ray camera, would be
of a great use.On Fig.8. there are two X-Ray images of
the left coxa of a person suffering from a quickly
developing osteoporosis. The treatment began in 1997 but
the drug therapy failed to stop the disease development
and in two years the coxa was replaced with prosthesis. It
was assumed that a cut of the X-Ray image (the projection
of trabecular structure on a plain surface) should contain
averaged sizes of trabeculae. Therefore, local changes in
trabeculae bone structure should be reflected in local
characteristics of oscillating component of a slice. From
looking at calculated images of second order Volterra

Fig.7. Second order Volterra kernels, calculjted for the

X-Ray CT images, presented on Fig.5.
a) kernel culculated for the normal coxa;
b) kernel calculated for the i1l coxa.

b)
Fig.8. X-Ray images of the coxa,affected with oste-
oporosis. a) Year 1998;b) Year 1999.
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kernels (Fig.9.) it can be noticed that the topology of the
image changes as the disease develops. To our mind, the
pecuharities of the topology of the kernels cohere with
the trabecular structure — the less uniform kernel is, the
thicker trabeculae are.

The proposed method was also tested on gastritis
classification on the base of IR spectroscopy data
(Fig.10.) of the gastric mucos membrane. In comparison

Fig.9. Kemnels, calculated for the X-Ray images.
presented on Fig.7.
a) Year 1998; b) Year 1999

with other methods of testing for gastroenterological
diseases, IR spectroscopy is the most harmless and easy
to be conducted. The use of the proposed method gives
very good results, especially, when the calculated kernels
were further processed (Fig.11.)[5]. Contrasting images
on Fig.11 gives us an opportunity to perform qualitative
distinctions of Volterra kernels for “normal” and
“affected” cases.
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Fig.10. IR spectrograms of gastric mucos membrane;
a) normal; b) gastritis;
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Fig.10. Kemels, calculated for the IR spectrograms %
presented on Fig.9. a) normal case. b) ill case.

4. CONCLUSION.

It has been shown that the proposed method proved to be
sensitive enough to be successfully applied to the analysis
of trabecylar bone structure on the base of both X-Ray
CT and X-Ray images. The results of IR spectroscopy data
analysis have also proved that this method can be
effectively used for gastritis diagnostics. Nonlinear
approach and wave-packet decomposition, implemented
in the method, make it effective in analysis of complex
stochastic processes, especially, when the physico-
mathematical model of the processes being studied is very
complex.
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