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Summary. The article proposes the method of setting the time moments of biomedical signal disruption,
in particular, the electroencephalographic (for establishing the time moments of the appearance of the processes
of the speech process) and the electrical probe signals (for setting the time moments of the beginning and the
end of the polymerization process) based on the application of the sliding window. The parameters of the
window (its width and the value of the shift step) are substantiated. The results of elaboration of EEG signals
within the sliding window are analyzed and it is established that the maximum accuracy of setting the time
moments of the appearance of the disorder will be achieved in the case of the maximum overlapping of the
previous and next windows, that is, with a minimum displacement value (in the case of discrete sequences, the
minimum displacement value will be equal to the sampling period).
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The statement of the problem. Detection of changes in the properties of biomedical
signals, that according to the system-signal concept are the means for transferring of
information about the relative parts or systems operation [1], is one of the common problems
of biomedical information analysis and processing. A lot of applied data processing problems
obtained by the biomedical information collection systems, such as the Golter’s monitoring
systems, electroencephalographic complexes, systems of polyanalysis, biometric systems,
etc., are reduced to it. Making comparison with radio engineering, the abrupt changes in the
properties of biomedical signals that occur at unknown moments of time, can be expressed by
the term "disruption™ [2, 3]. Data about the probability distributions of values of the analyzed
process before and after possible disruption are input data for the solution of the problem.
Herewith, classical methods for the disruption detection are based on the appliance of
algorithms for calculation of cumulative sums [2,3] what allows to detect single disruption of
a random process and to obtain the assessment of the maximum credibility of coordinates
abruption. However, it is necessary to identify the sequence of the analyzed function
abruptions in most applied problems of biomedical data processing [3]. Hence, the problem of
developing the method for determination of such sequences in the structure of biomedical
signals is important.

The survey of available investigations. The processing of biosignals in medicine
assumes the description of the biosignal on the base of certain mathematical model with
following transformation of obtained representation into the required form. The final step in
the processing is distinction and usage of informative content of the signal. There are two
widespread approaches to mathematical modelling of biosignals, particularly deterministic
and stochastic. According to [1,4] a biosignal cannot be treated as deterministic process
because it does not contain any diagnostic information for such case. The stationary model is
known for stochastic approach [1, 4]. The popularity of its application is explained by
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availability of developed methods and procedures of correlation-spectral analysis, simulation
and imitation. Such model describes only the spectral distribution of oscillations' power [1],
but does not contain any means for the assessment of phase-time structure of the signal. For
biosignals the changes of phase-time structure often reflect moments of occurrence of early
changes in the performance of organs or systems, namely time moments of disruption
appearance.

The analysis of biosignals of different types, namely that are described in [6 — 9], has
shown that the adequate representation for diagnosis (state recognition) problem is their
stochastic nonstationary process. It is found that disfunctions caused by pathology states lead
to appearance of nonstationarity in biosignals with their preserving as piecewise or local
stationary processes, or to the change of nonstationarity type. Therefor the representation of
biosignals as stochastic nonstationary process is adequate to the problem of medical
diagnostics. The mathematical apparatus of energy theory for stochastic signals was applied
for modelling of some types of biosignals in [6 — 9], herewith biosignals were represented as
periodically correlated random process.

The reasoning of the method for electrical cardio signal (ECS) processing in the
problem of detection of the appearance of coronary heart disease (CHD), particularly the time
moments of appearance of CHD, is done in [10]. The method of assessment of structure
change of ECS as human organism respond on dosed physical loads is described in [11]. The
method of voice signals processing for the problem of detection of voice apparatus organs
diseases and the technic for determination of time moments of some diseases appearance are
reasoned in the paper [12]. The way how to recover the communicative function of human
language by means of time moments detection of speech process' features appearance in the
structure of electrical-myograph and electrical encephalograph (EEG) signals is described in
the article [13]. The technic of assessment of polymerization process for stomatological
matter by means of receiving and processing of electrical probe signals and time moments
detection of polymerization process termination are described in the paper [14]. All
mentioned above methods contain the separate problem od time moments detection of
biosignals structure changes — in other words the disruption appearance. The assessment of
availability of abrupt changes in probability characteristics of these signals' samples on a
given translated in time interval (sliding window) was carried out in that papers.

The objective of the paper. Method of biosignal disruption determination,
particularly: electroencephalographic (for the time moments detection of the detection of
speech process' features) for the problem of recover the communicative function of the speech
and electrical probe signals (for time moments detection of polymerization process
termination) for the problems of assessment the state of the dental material, which are based
on the sliding window application is, is substantiates in this paper.

The problem statement. As it mentioned above biosignals can be treated as
piecewise stationary random process. The model of piecewise stationary random process is
given in the paper [17]. If to expand this model on the class of biomedical signals with taking
into account the problem of disruption detection, then the biosignal can be interpreted as
random vector-process  Z, (t)=(&(t), &, (t),..., £ (t)) with stochastically independent

stationary components. Let [17] such process is given on the interval t e[a,b] and let the
sequence of sets B,, k =1,n is the partitioning of the interval [a,b] by points t,,t,,...,t,,

126 ISSN 2522-4433. Scientific Journal of the TNTU, No 3 (91), 2018



Vyacheslav Nykytyuk, Vasyl Dozorskyi, Oksana Dozorska

0, tegB,;
and I, (t) is an indicator function of the set B, , itis such that 1, (t) = {1’ #5¢ then the
1 € k?
following random process
‘fz (t) = Z ék (t)l By (t) (1)
k=1

is the process of disruption, and the moments t,,t,,...,t, are moments of disruption [17].

The problem of disruption detection is reduced to the determination of time moments
of appearance of stationarity type change, and correspondently to the (1) with time moments

t.,t,,..., t, of disruption appearance in the structure of such signals.

It is offered the method for determining of time moments of disruption appearance that
is based on the biosignals processing within the translated in time window (sliding window).
It is necessary for this to estimate probability characteristics within the window in the rest
time (without abruption) and when abruption is available. On the base of comparison of
probability characteristics of signal samples for these two states it is necessary to substantiate
the criterion for distinguishing of these two signals.

Let discuss two problems. The first one is the problem of disruption detection of EEG
signal that indicates the start of speech process. And the second problem is disruption
detection of electrical probe signal that characterizes the dynamics of polymerization process
of dental matter.

The results of the investigation. Detection of the EEG disruption. It is necessary to
determine the time moments of start and terminating of speech process on the base of results
of EEG-signals processing according to the offered in [13] technique of recovering of human
communicative function. The EEG-signal trace is used for the processing. This trace contains
the signs of brain activity increasing after 12" second of recording (Fig. 1).

600 T T T T T |

400

[\
o
o

Amplitude, uV
2 3

IS
)
S

-600 ! L L 1 L 1
0 10 20 30 40 50 60

Time, s
Figure 1. Registered EEG signal. Signs of brain activity increasing

The signal processing is gone within the window (shown as rectangular) that is moved
in time according to the offered method of disruption detection (the occurrence of signs of
brain activity increasing during the speech process) with application of sliding window

(Fig. 2).
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Figure 2. Motion of the sliding window along the EEG signal trace

Herewith the set of window parameters is important because their values influence on
the accuracy of time moments determination of start and stop of speech process. It is enough
to process the EEG signal within the window with width equal to 50 periods of main tone for
determining of start and stop of this process according to the fact of existing of vocal cords
oscillations before and after speech process (about 50 oscillation) [18]. The following
expression is used for calculation of the window width:

T :N

window f_

where Tingow is @ Width of a window; i of e one 1S the frequency of main tone; N is a
coefficient with value reasoned by the results of investigations in the paper [16] (N is equal

about 50). For oo of the tone = 189 HZ Tyyingow =0,26 s.

The calculation of estimations of spectral power density distribution with their
following averaging was carried out within the sliding window for the detecting of the fact of
disruption availability in the structure of the EEG signal on the given time interval (that is
determined by the width and ordinal number of sliding window). The values of such averaged
estimates were put one-by-one in time according to the ordinal number of a sliding window.
The Fig. 3 represents the trace of EEG with signs of increased brain activity after 12" second
(the availability of disruption) and the graph of change of averaged estimations assessments
for spectral power density distribution calculated within each sliding window that are put
sequentially in time. Graphs show that offered averaged assessments are sensitive to
appearance of brain activity changes in the structure of EEG signals (their disruption).

The accuracy of disruption detection will increase if the previous and next window
will overlap on some certain value 7 . The form of the change in the averaged assessed values
of the spectral power density in case when the previous and next the windows do not overlap

(7 =T, ingow ), and in case when the windows are half-overlapped (7 = 0,5T ;.4 ) is shown
in the Fig. 4.
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Figure 3. EEG registered signal (upper figure) and averaged spectral power density estimates (bottom figure)
calculated within a sliding window
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Figure 4. Averaged spectral power density estimates in the case when the previous and next window do not
overlap (a) and in the case when the windows overlap on half (b)
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It is determined as the result of the investigations that it is possible to increase the
accuracy for detection of time moments of disruption appearance (start and stop of speech
process) when the value of overlapping of next and previous windows decrease. The
maximum accuracy will be ensured when window's shift on one tick of discreet sequence of
EEG signal values. l.e. for the case of sampling frequency 500 Hz the value of shift is 2 ms.

The variation of averaged values of spectral power density VAR(I\?I p) IS used as a
criterion for time moments determination of disruption appearance (start and stop of the
speech process).

It is found that the values of variation increase on more than one order when signs of
increased brain activity are available.

VAR(M P) e = (2,9522 £10%) mxB?; VAR(M P) diruption = (83,3164 £10%).1uxB?

Correspondently appliance of sliding window for detection of EEG signal disruption
during speech process is effective, and offered criterion is sensitive and may be used for time
moments determining of start and stop of speech process.

Disruption detection of probe electrical signal. Method of indirect evaluation of the
dental material polymerization process by means of receiving and processing of electrical
probe signals is described in the paper [14, 15, 16]. According to the signal recording method
[15, 16], the electrical probe signal is the result of reflection of the series of ultraviolet flashes
from the dental material and their transformation into the impulse alternating of electric
voltage by means of the photoelectric transformer. These impulses are represented on the
common time axis as the periodic extension (Fig. 5), what makes it possible to see the
dependence of the change in the time of signal reflection the from flash to flash and to
estimate the dynamics of polymerization process (by estimating the parameters change in time

for such impulses).
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Figure 5. Representation of impulses of an electric probe signal on common time axis as its periodic extension
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It is important here to provide the possibility of the time moments detection for the
termination of polymerization process. The sliding window is offered to apply to solve this
problem, within of which the processing by means of the described in papers [14, 15] method
is carried out. It is assumed that the width of the window should be divisible to the period of
such signals, and the value of shift should be divisible to the duration of one period of electric
probe signal.

Conclusion. The actuality of the problem of the time moments detection of disrupt
changes occurrence in biomedical signals for medicine is shown in the paper and such
changes are defined as "disruption” particularly for time moments determining of signs of
speech appearance in the structure of EEG signals and for assessment of dental process
dynamics in the structure of electrical probe signals. The method of the time moments
determination for the disruption occurrence of such biomedical signals based on their
mathematical model in the form of the piecewise stationary random process using spectral-
correlation analysis methods is offered.

It is established that for processing of biomedical signals of other types, especially
electrocardiographic signals for the problem of identifying the coronary heart disease
symptoms and estimation of adaptive processes in human organism during physical activity,
the appliance of the sliding window method shows positive results.

The processing of EEG signals for the problem of determination of the time moments
of the speech process signs using the methods of spectral-correlation analysis and the method
of the sliding window is carried out. Herewith the sliding window parameters (its width and
the value of the step of shift) are substantiated. It is determined that the informative features
of the speech process are the averaged assessed values of the spectral density of the EEG
signal power calculated within the sliding window. The results of EEG signals processing
within the sliding window are analyzed and it is established that the maximum accuracy of
determination the time moments of the disruption occurrence (characterizing the speech
process symptoms) is achieved in the case of the maximum previous and next window
overlapping, that is, at minimum shift value (in case of discrete sequences the minimum shift
value equals to the sampling period).

The application of the described above method for electrical probe signals processing
makes it possible to estimate of the state dynamics of a dental process and evaluate the time
moments of the termination of the dental material polymerization process.
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BUABJIEHHS PO3JIAJIKU BIOMEINYHUX CUTHAJIIB I3
BUKOPUCTAHHAM KOB3HOI'O BIKHA

Huxkurtok Bsauecnas, lozopcskuii Bacuib, lo3opcbka Oxkcana

Teproninbcokutl HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepuonins, Ykpaina

Pe3tome. B cTatTi 00TpyHTOBAaHO aKTyaJ bHICTh 33124l BUSBIICHHS YaCOBUX MOMEHTIB ITOSIBH PO3JIAIKH B
CTPYKTYpi OIOMEIUYHHMX CHUTHAIIB, IO XapakTepu3yBaTHUMe 3MiHM y (YHKIIOHYBaHHI BiJIIOBIIHUX OpPraHiB Ta
cucreM. g miel 3amavi oOTpyHTOBAHO MaTeMaTHYHY MOJENs OiOMETUYHMX CUTHANIB Y BUIIIAAI KYCKOBO
CTAIliOHAPHOTO BHIIAJKOBOTO IMPOIECY. 3ampOlOHOBAHO CIIOCI0O BCTAHOBJICHHS YaCOBHX MOMEHTIB IOSIBH
po3nmaaku OIOMEIMYHHX CHTHANIB, 30Kpema enekrpoeHnedarorpadigaoro (Aias BCTAHOBICHHS YaCOBHX
MOMEHTIB TIOSIBY O3HaK MPOLIECY MOBJICHHS) Ta EJIEKTPHUYHMUX 30H]-CHTHANIB (JUIS BCTAHOBJIEGHHS YaCOBHX
MOMEHTIB 3aKiHUCHHs IIPOLIECY IONIMEpH3allii), M0 TPYHTYEThCS HA 3aCTOCYBaHHI METOJIB CIIEKTPAIBHO-
KOpEJSIIMHOTO aHalli3y 13 BUKOPUCTaHHSM METOJy KOB3HOro BikHa. OOIpyHTOBaHO mapaMeTpH BikHa (ioro
MIMPHHA Ta BEIIMYMHA KPOKY 3CyBY). B Mexax KoB3HOTrO BikHa mpoBeaeHo ompamtoBanHs EEIT curnamis ta
BCTaHOBJICHO, 1O iH(GOPMATUBHMMH O3HaKaMM IIPOLIECY MOBJCHHS OyIyTh yCepelHEHI OI[IHKH CepeaHbOi
TYCTHHH TOTY>KHOCTi. TakoX BHSBJIICHO, III0 MaKCHMajlbHa TOYHICTH BCTAHOBIICHHS YAaCOBHX MOMEHTIB TIOSBU
posnanaxku B crtpykrypi EED' curHaiiB, 1o XapakTepu3ylTh MPOLEC MOBJCHHs, OyAe JOCATHYTa y BHIIAIKY
MaKCHMaJIbHOTO TEPEKPUTTS TONEPEJHBOr0 Ta HACTYNHOTO BiKHA, TOOTO NPH MiHIMaJbHIA BEJMYWHI 3CYBY
BikHa (y BHUIQAKY JUCKPETHHX TIOCTIIOBHOCTEH MiHIMalbHa BEIWYWHA 3CYBY OyIe pIBHOIO TMepioay
muckperusanii EEI" curnamy). IlokazaHo mepeBard, mo iX Ja€ 3aCTOCYBaHHs 3alpOIIOHOBAaHOTO METOAY IO
OTIPAITIOBAHHS €JICKTPUYHUX 30H/-CUTHAIIB JIJIS 331241 OIIHIOBAHHS CTaHy CTOMATOJIOTIYHOTO MPOIIECY, 30KpemMa
OIIHIOBaHHS JWHAMIKH Ta BCTAHOBIICHHS YaCOBHMX MOMCHTIB 3aKiHYEHHS MpoOIeCcy MONiMepH3amii
CTOMATOJIOTIYHOTO MaTepiay.

Kniouosi cnosa: GiomeOuunuil cucHan, eiekmpuyHuil 30HO-CUSHAJ, KOB3He 6IKHO, NONiMepu3ayis,
enrekmpoenyeanocpagiunuil cucHal.
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