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component area using TCA. In each significant MECG component, the template is formed and subtracted,
the residue in the MQRS region is filtered by a wavelet filter. This allows the R-peaks of the FECG to be
retained when superimposed on the MECG.

d) The ICA procedure is applied to the signal with the removed MECG. The mixing matrix is
defined on a short training interval (30 seconds by default), and then applied to the entire record (this is a
drawback of the algorithm, if the signal is long, the mixing conditions can change, but usually it works
well). By default, the definition of the mixing matrix is made in the initial part of record, but it is possible
(manually) to select any part. In some cases, this greatly improves the quality of the extraction. After the
ICA procedure is completed, the channel with the FECG component is automatically detected.

In the case, if in addition to the FHR parameters, the signal shape in different leads is interesting, the
analysis procedure can be continued (steps 7-10 of the program).

2) FECG shape estimation. Here, the procedure repeats the first steps, but with other values of the
parameters of the algorithm, which make it possible to preserve the waveform as much as possible.

a) Prefiltering. The initial signal is filtered in the 1-100 Hz band. Here we have a priori information
about MHR and FHR, so the filtering procedure (including power line interference) can be performed
much more efficiently than at the first stage.

b) MECG cancellation. It is done by the adaptive subtraction of the MECG template.

¢) FECG enhancement. The improvement in the quality of multichannel abdominal FECG can then
be performed in two ways.

- If the quality of the source signal is good, the effective filtering of the multi-channel signal using
an algorithm similar to nonlocal median filtering [4] with averaging (our original fast algorithm) is used.

- If the quality of the abdominal signal is low, we use the ICA-based algorithm of FECG extraction.
The procedure looks like this: direct ICA> specify component (components) of FECG for multichannel
signal reconstruction > ICA™. In this case, the quality of the extracted FECG signal can be much higher,
but the loss of small parts of the FECG form is possible.

d) Measurement of the parameters of the FECG in all channels and the mapping of the averaged
FECG QRS. The averaging interval can be selected at any part of the recording and from 1 s to 2 minutes.

This paper presents the new NI-FECG-based fetal monitoring system, designed at
KhAI-MEDICA, Kharkiv, Ukraine. The main part of the system development — new methods and
algorithms of the abdominal signal processing. The effectiveness and good performance of the proposed
signal processing algorithms is confirmed by extensive simulations and experiments on real-world ECG
data. A lot of clinical experiments shows, that using the developed devices and analyzing software we can
obtain more than 80% of qualitatively good FHR records without the necessity of any correction from 20
weeks of gestation onwards. There is a slight decrease in records SNR between 28 and 33 weeks of
gestation, but the signal quality remains acceptable. The system now is in clinical trials. Using the
developed hardware and software were recorded more than 1,000 abdominal ECG's. More than 350 NI-
FECG records were presented in Physionet Database (Massachusetts Institute of Technology) as Ukrainian
ECG’s [5].
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software, significantly expand the diagnostic capabilities of modern medicine. The method makes it possible to
increase the informative value of diagnosis of the neuromuscular apparatus of man by matching the parameters
of the electrical stimulation signal with the physiological characteristics of the stimulated muscle.

To solve many biomedical problems modern information technologies are used, which allow to take
into account various features caused by the complexity of the task formalization.

Automated systems for measuring and processing biomedical information using modern software
significantly expand the diagnostic capabilities of modern medicine. This also applies to electromyography
- a method for studying the neuromuscular system by recording the electrical potentials of muscles.

The analysis of the EMG itself is the subject of electromyographic semiotics, which establishes a
connection between certain characteristics of potentials and the physical, physiological and pathological
phenomena corresponding to them. An EMG analysis includes an assessment of the shape, amplitude and
duration of the action potentials of individual muscle fibers and motor units (MU). With a weak muscle
contraction the activity of the motor units can be traced; with a more intensive reduction of the EMG, it
reflects the activity of all or a significant number of motor units.

The method of visual assessment of EMG and its assignment to one of the generally accepted types
according to the classification of Yu.S. Yusevich has a certain diagnostic value, however it requires an
analysis of the degree of saturation of the EMG bioelectric potentials, which is detected only by
quantifying the signal [1]. During therapy, the length of time for contractions and the intervals between
them should be individualized for each muscle so that pronounced fatigue does not occur [2].

Traditional methods of analyzing the total electromyogram are based on the calculation of statistical
parameters (arithmetic average amplitude and frequency of potentials) and visual assessment of the
general form of EMG in accordance with the classification of Yu.S. Yusevich [3].

When using non-parametric methods for calculating the spectrum of a random process, only the
information contained in the signal samples is used, without any additional assumptions.

Periodogram is an estimate of the spectral power density obtained from the N samples of one
implementation of a random process. The periodogram can be calculated by the following formula [4]:

2

W ()= ﬁ > e @y

The division by the sampling frequency f, is necessary to obtain an estimate of the spectral power
density of an analog random process, reconstructed from samples x (k).

If a weight function (window) with coefficients w (k) is used when calculating the spectrum,
formula (1.1) is slightly modified — instead of the number of samples n, the denominator should contain
the sum of squares of the window coefficient modules. The resulting power spectrum estimate is a
modified periodogram [5]:
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The periodogram is not a consistent estimate of the spectral power density, since the variance of
such an estimate is comparable to the square of its expected value. With an increase in the number of
samples used, the periodogram values begin to fluctuate more and more quickly.

Unlike an electromyogram, a spectrogram contains information about the time-frequency structure
of an EMG signal, allowing you to visually evaluate the frequency content of a signal and the dynamics of
its spectral components over time.

The spectrogram allows you to assess the ability of a muscle to concentric tension, namely:
concentric muscle tension normally corresponds to a long-term maintenance of amplitude at the same
level, while in pathological processes affecting the neuromuscular system, muscle tone may not be
maintained, as a result of which bursts and amplitude drops during muscle contraction.

The analysis of the structure of the nonstationary EMG signal (including the temporal localization of
its spectral components) and the dynamics of its parameters in the process of muscle contraction is carried
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out on the basis of a spectrogram that implements the graphical visualization of the amplitude, frequency
and time components of the biomedical signal. It is possible to assess the ability of the muscle to
concentric stress on the spectrogram.

To improve the accuracy of analysis and standardization of diagnostic criteria methods for the
automatic processing of an EMG signal are being developed. One of them is the spectral analysis of EMG
by the Fourier transform method.

Therefore, an automated system is proposed for determining the parameters of electromyographic
signals, which includes a device for portable removal of EMGs, devices for preliminary signal processing
and interfacing, as well as a computing device that includes a software module for calculating the required
parameters of the EMG signal.
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This work is devoted to modern methods of image processing in multiple myeloma. Recently, one of the
most important areas of development of computer technologies in medicine is the processing of digital images:
image quality improvement, restoration of damaged images, recognition of individual elements. Recognition of
pathological processes is one of the most important tasks of processing and analyzing medical images; as it is
known that early diagnosis of various pathologies, including cancer, significantly increases the chances of
patients recovering.

B03MO0XHOCTH paHHEN ¥ TOYHON JMArHOCTUKHU B ITOCJIEHUE TOJBI PE3KO BBIPOCIH. B 3HaunTenbHON
CTEIEHH 3TO CBSI3aHO C Pa3BUTUEM Pa3IMUYHBIX METOJIOB HMcclenoBaHus. Pacrno3HaBaHue MaToIOrHYeCKUX
IpPOLECCOB SBIAETCA OAHOM M3 HauOojee BaXHBIX 3agady OOpabOTKM M aHaIW3a MEIUIMHCKHX
n3o0paxkeHuid. Ilpu 3TOM, KaK M3BECTHO, PaHHASA JUATHOCTHKA PA3IUYHBIX MATOJIOTUI M, B TOM 4YHCIE,
paka, 3HaYUTENIbHO YBEIMYMBAET IIAHCHI TALIMEHTOB Ha BBI3I0POBJICHHUE.

MHOXeCTBEHHas: MUEJIOMa - 3TO OIyXOJIb MMMYHHOW CHUCTEMBI, IPU KOTOPOH B KOCTHOM MO3re
HAaXOJAT aHOMAJIbHbIE IIa3MATUUYECKUE KJIETKH, SBJISIOIINECS Pa3HOBUIHOCTBIO OENBIX KPOBSIHBIX TEJell,
KOTOpBIE€ B HOPMAJIbHOM COCTOSIHUM BBIpaOaThIBAIOT aHTUTENA AJsl OOpHObI ¢ MHPEKUMAMU WM APYTUMH
CIIOBaMH 3TO paK KpOBH, BBbI3BaHHBII MOHOKJIOHAJIbHOW, 3J0Ka4eCTBEHHOH TpaHcdopmarueil
IUIa3MaTHYECKUX KIIETOK.

IMo3ausis cragms NaHHOTO 3a00JEBaHUS XapakTepu3yeTcs y OOJBIIMHCTBA MALMEHTOB Pa3BUTUEM
OCTEOJINTUYECKUX TOPAKEHHUH, BEI3BAHHBIX AUCOATAaHCOM MEXIY 0CTe00JacTaMU M OCTEOKIACTaMHU.

OCTEOKIIETOUHBIE MOPAKEHUS KOCTH, PA3BUBAIOIIUECS C MHOXXECTBEHHOM MHEIIOMOM, SIBIISETCS
OJIHMM U3 HauOoJiee XapaKTepHbIX IPU3HAKOB MHOKECTBEHHONW MHUeENIOMBI (puc. 1).

MHOX€eCTBEHHAs: MUEJIOMa MOJKET MOBJIUATh Ha KOCTU WJIM MSTKHE TKaHU OOJIACTH BCErO ONOPHO-
JBUTATEeNIFHOTO ammapaTa, MpH YCJIOBHUH, YTO BCE TEJIO OyIeT MOKPHITO mopakeHMsMH. OJHAKO aHAIN3
HPOJOJIBHBIX T10CIIEA0BATEIbHOCTE O0BEMOB MYJIBTUMOJAIBHBIX HM300paXKEHUI C IIUPOKUM IIOJIEM
3peHUs U IPOCTPAHCTBEHHBIM Pa3pEIICHUEM OKOJIO | MM SIBJISIETCSl yTOMUTEIBHOM NIPOLEYPOH.

BeisiBieHHe Bcex NOBPEXACHHWH B TAaKOM OrPOMHOM Ha0Ope JaHHBIX, TOYHOE H3MEpPEHHE |
OTYETHOCTb UX PACIOJIOKEHHsSI B aHATOMMYECKOW CHUCTEME OTCYeTa, MOBTOPHAs MICHTU(UKALMS MECT
HOpaKeHUs Kak B 000MX MOJAJIIBHOCTSX, TaK U MpU 00Jie€ paHHUX WU MOCIEIYIOIUM CKaHUPOBAaHUEM, a
TaKXe OIIEHKAa M3MEHEHHH KaKk Ha MECTHOM, TaK M Ha IJI00aIbHOM YpPOBHE SIBIISETCS 3HAYUTEIHHOM
npo0aeMoil Ui MOATOTOBICHHOro pajuosnora. MakTUUECKH MMEHHO 3Ta AMAarHOCTHYecKas Ipolriema

28-30 sucronana, 2018 r. 263 M. Xapkis, XHYPE



