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The article describes hybrid technology classifi cation of living systems. The essence of the approach consists 
that the diffi cult dynamic system is given in space of parametres of slow waves. With that purpose, the process of 
analyzing the condition system is breaks into a number of stages. In the fi rst stage the signal, which describes a 
condition of system, select the available slow waves. Available slow waves are determined by the wavelet -analysis 
of a signal system. In the second stage defi ne parameters of the slow waves are depend. Used for this purpose are 
the windows Fourier transformation signifi cant lines of the wavelet -plane. In the third stage, the classifi cation status 
of the system is carried out by neural network analysis of the spectral factors relevant lines of the wavelet-plane.
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Analysis of numerous home and foreign 
researches in the fi eld of complex systems 
studying, carried out during the last 10 years, 
showed that latent components of system pro-
cesses. System rhythms possess signifi cant 
information value. Such processes are not 
distinguished and not processed practically in 
modern diagnostic systems and this greatly 
reduces potential possibilities of perspective 
diagnostic systems [1, 2]. That is why it is nec-
essary to create qualitatively new methods and 
algorithms that allows distinguishing and ana-
lyzing signals in the objects characterized by 
complex system rhythms.

Experimental studies on test and real sig-
nals, That being characterize the states of com-
plex systems, showed that neither frequency 
nor time-frequency analysis is an effective in-
strument for distinguishing modulation param-
eters from quasiperiodic signal.

To distinguish informative features from 
quasiperiodic low-frequency signal, charac-
terizing parameter of its modulation, there has 
been proposed hybrid technology which al-
lows, using certain approaches to the analysis 
of quasiperiodic signal, to obtain such technol-
ogy of data processing due to which methods, 
being used, improve ways of processing from 
stage to stage, compensating disadvantages of 
former methods.

Block diagram of intelligent system for re-
alization of classifi cation method on the basis 
of hybrid analysis for slow waves signals is 
given in Fig. 1. Input signal X(t), defi ning the 
state of a complex object, enters into two pro-
cessing units: selector of system rhythms and 
synthesizer of wavelet plane.

Selector of system rhythms of unstable sig-
nal by means of Furies windowing transforma-
tion (FWT) of input signal distinguishes spec-
tral trains, defi nes their wavelet transform and 
carries out morphological analysis of bench-
mark lines in obtained wavelet-plane. Latent 

system rhythms, being available for analysis, 
are defi ned as a result of this procedure.

Some state or class of states is introduced 
into states base of living objects, It is neces-
sary to determine belonging to the state of the 
object, being under investigation on the basis 
of the analysis of object state vector X(t). It 
allows you to set a priori a priori those slow 
waves from set M which are relevant for the 
given condition. 

According to the weaving each selector of 
line numbers in wavelet-plane, corresponding 
to low-frequency modulation of distinguished 
system rhythms, transmits only limited num-
ber of lines from wavelet-plane segment, cor-
responding to this system rhythm, into the in-
put of FWT unit. Maximal number of analysed 
lines n is limited by 20 in the given system re-
alization. Besides, this number can be reduced 
up to 1 depending on the code of state A at the 
input of living objects states base.

Moreover, the selector of system rhythms 
can not detect all system rhythms available in 
data base for test state of the object (class A). 
In this case we deal with dynamic structure of 
informative features space at the input of the 
classifi er neural network of direct propagation 
is used as such classifi er in the given system. In 
connection with the fact that space of informa-
tive features is dynamic, base of neural network 
models have been introduced into classifi cation 
system. This model changes the structure of neu-
ral network depending on the fact that rhythms 
are detected by the selector of system rhythms. 
Models base of neural network is controlled by 
binary outputs of the selector.

FWT is fulfi lled on every distinguished line 
in wavelet-plane. If the number of signifi cant 
lines is less than N, then corresponding FWT 
units are not used, and this is accomplished 
by means of commutator of informative fea-
tures, which turns off outputs of corresponding 
FWT units from inputs of neural network. In 
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the same way, units of informative features are 
not used if corresponding system rhythm is not 
included into totality defi ning test state. If the 
corresponding rhythm is not detected, then all 

the outputs of FWT units become disconnected 
from all the inputs of neural network. The base 
of neural network models is obtained in me-
dium Matlab.

Fig. 1. Block diagram of intelligent system for realization of classifi cation method on the basis of hybrid 
analysis if slow waves signals

Let us illustrate technology of forming indi-
cation space meant for identifi cation of complex 
system on the example of system rhythms anal-
ysis, presented in electrocardiosignal spectrum. 

FWT of electrocardiosignals (Fig. 2.) is the se-
quence of wave trains, coordinates of which on 
frequency axis correspond to frequences divis-
ible by main harmonic of electrocardiosignal.
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Fig. 2. FWT electrocardiosignal (on the left) and diagram of one train of spectral waves (on the right)

Fig. 3. Fragments of the development of wavelet-plane of spectral train FWT ECG according to lines (A) 
and three least correlated lines of wavelet-plane (B): 
L – Length of wavelet-plane line; i – Number of wavelet-plane line; 
j – Number of wavelet-plane column number, (i – 1) L + j – Number of WT read-out

A set of slow waves, relevant for this state, 
is chosen for each state of a living object, and 
selector of slow waves determines accessible 
slow waves. (Fig. 3.) gives the example of 
wavelet structural analysis – transformation of 
FWT train of electrocardiosignal in (Fig. 2.)

The least correlated wavelet lines – planes 
of FWT ECG spectral train (Fig. 2.) are ana-

lyzed for search of accessible slow waves. 
Fragments of the development of this wavelet-
plane of spectral train according to lines and 
three least correlated wavelet-plane lines are 
given in (Fig. 3.) Accessible slow waves, be-
ing present in the current signal are determined 
by means of morphological analysis of these 
signals in slow waves selector.

(Fig. 4.) Gives electrocardiosignal wavelet-
plane, which comes into the input of selectors 
for lines of slow waves wavelet-plane. It has 
been obtained according to 11000 read-outs 
of signal ECG, digitized with the frequency 
100 HZ. The plane contains 800 lines and has 
boundary frequencies 40 HZ. And 0,125 HZ.

For each allocated slow wave the block 
of informative signs which arrives on corre-
sponding inputs of a neural network of direct 
distribution is formed. The network acts as a 
binary classifi er for each current vector of sys-
tem state and given state at the input of objects 
state base.

Evaluation of effi ciency of proposed meth-
ods, algorithms and means of intelligent sup-
port for decision making was executed on the 
example of intelligent system for diagnosis of 
psychosomatic diseases. Coronary disease (CD) 
has been chosen as a psychosomatic disease. 

As a result of carried out researches, there 
were formed learning and control extracts for 
checking suffi ciency of methods and algo-
rithms for decision making, based on the anal-
ysis of system rhythms of living out approba-
tion of proposed methods and means based on 
representative control sampling on the exam-
ple of coronary disease diagnosis.
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Fig. 4. Wavelet-plane of electrocardiosignal with slow waves sector of the second order A2 (A1 – Area of 
slow waves of the fi rst order)

The analysis indicators of the quality of clas-
sifi cation models of the decision-making based 
on an offered method showed, that they concede 
all for two percent to indicators of the quality 
Received on the basis of an expert estimation. 
Comparative characteristics of expert assess-
ments of risk of cardio – vascular complications 
and estimates obtained on the basis of the pro-
posed models of intelligent systems allow us to 
recommend received technical and algorithmic 
solution for practical use in diagnostics of func-
tional state of cardio-vascular system.

Work is executed within the limits of reali-
sation of the Federal target program «Scientifi c 
and scientifi c and pedagogical shots of innova-
tive Russia» on 2009–2013. 
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