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The development of digital signal processing and microprocessor technology creates conditions
for improving methods for diagnosing the functional state of organs. Wavelet analysis is a modern
and promising method of information processing. In order to determine the effective optimal filtering
of the electrocardiography signal based on the wavelet transform, wavelet filtering was performed
using wavelets of different families, the efficiency of using different levels of decomposition, me-
thods for calculating the threshold and types of the threshold function was investigated. Aim. Deter-
mination of effective optimal filtering of electrocardiography signal based on wavelet transform.
Materials and methods. Cardiograms were taken for analysis. Then they were digitized and entered
into a computer for processing. A program was written in the Matlab environment that implements
continuous and discrete wavelet transform. Results. As a result of the research, 56 combinations of
noise reduction parameters were tested for three noise levels. It was found that the maximum degree
of signal purification from noise was obtained using the Coiflets 5 wavelet using a rigid thresholding
method, with a heuristic method for calculating the threshold value. Wavelet Simlet 8 has lower cor-
relation coefficient values than Coiflets 5, at 35 dB the best result is 97%, the noise level is 40 dB
the best result is 98.7%, the noise level is 45 dB the best result is 99.3%, which is generally negligi-
ble differs from the correlation coefficients of the wavelet Coiflets 5. Conclusion. As a result of
the study, the first and the present work, the following conclusions were made: the optimal level of
the wavelet decomposition of the ECG signal N =2; the maximum degree of signal cleaning from
noise was obtained using the Coiflets 5 wavelet using a rigid thresholding method, with a heuristic
method for calculating the threshold value; Simlet 8 wavelet using a soft thresholding method with
a minimax thresholding method also shows noteworthy results, slightly inferior to Coiflets 5 wavelet
results.

Keywords: ECG signal, wavelet Simlet 8, wavelet Coiflets 5, thresholding method, optimal
level.

Introduction

The development of means of digital signal processing and microprocessor technology create condi-
tions for improving methods for diagnosing the functional state of organs [1-3]. Wavelet analysis is
a modern and promising method of information processing. The wavelet analysis apparatus was deve-
loped in the early 1980 [4-6]. The results obtained in various fields using wavelet analysis have in-
creased interest in this area and contribute to its continuous development [7-9].

Wavelet analysis can be successfully used to smooth and remove noise in the ECG signal. The car-
dio signal stripped of noise components, looks clearer, while its volume is from 10% to 5% of the origi-
nal signal, which largely solves the problem of storing cardiac records [10—12].

To implement the procedure for the wavelet filtering of the CS, the method of threshold processing
of the coefficients was chosen. In the course of the work, an algorithm for the wavelet filtering of the CS
by the thresholding method was developed and implemented. There is a wide choice of wavelet bases
used for filtering signals by the thresholding method, the choice of the wavelet function and noise reduc-
tion parameters, such as the type of threshold, the level of decomposition, etc., plays a decisive role in
the operation of the method [13-15].

In order to determine the effective optimal filtering of the electrocardiography signal based on the wa-
velet transform, wavelet filtering was performed using wavelets of different families, the efficiency of
using different levels of decomposition, methods for calculating the threshold and types of the threshold
function was investigated.
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Determination of the effective filter parameters

Let us determine the signal-to-noise ratio and the correlation coefficient for each set of parameters
for the selected decomposition level N = 2.

Let's test 7 selected types of wavelet functions: Haar wavelet; Daubechies wavelet 4; Daubechies
wavelet 6; Coiflets wavelet 5; wavelet Simlet 4; wavelet Simlet 6; wavelet Simlet 8.

For each type of wavelet, we use a hard or soft thresholding method. Let us calculate the threshold
value by each of the four methods for calculating the threshold: adaptive, heuristic, logarithmic and
minimax calculation method.

Thus, for the study, it is necessary to enumerate 56 variants of possible combinations of noise re-
duction parameters for each noise level.

The calculated data are presented in Tables 1, 2, each cell contains data for three noise levels
SNR; =35, SNR, =40, SNR; = 45.

Consider the signal-to-noise ratio for all combinations of parameters; the calculation results are
shown in Table 1.

Table 1
Signal-to-noise ratios for all combinations of parameters

Soft method Hard method
rigrsure | sqtwolog | minimaxi | heursure | rigrsure | sqtwolog | minimaxi | heursure
36.740 | 36.805 | 36.829 | 36.880 | 36.770 | 36.695 | 36.697 | 36.668
Haar 38.150 | 38.078 | 38.107 38.15 38.112 | 38.146 | 38.092 | 38.094
38.620 | 38.619 | 38.638 38.64 38.634 | 38.626 | 38.642 | 38.621
39.994 | 39.886 | 40.166 | 40.028 | 39.552 | 39.881 | 39.586 | 39.796
Simlet 4 43372 | 42971 43.47 43.223 | 43.115 | 43.258 | 43.298 | 43.137
45246 | 45.278 | 45.224 | 45.276 45.17 45.171 | 45.306 | 45.181
39.964 | 39.716 | 39.836 | 39.669 | 39.614 | 39.505 | 39.877 | 39.673
Simlet 6 42.846 | 42.950 | 42.999 | 43.015 | 42.811 | 43.055 | 43.236 | 43.002
44.643 | 44.733 | 44.755 | 44.603 | 44.734 | 44.657 | 44.681 | 44.683
40.512 | 40.530 | 40.517 | 40.440 | 40.382 | 40.248 40.48 40.535
Simlet 8 44.033 | 44.264 | 43.906 4423 44149 | 43.838 | 44.054 | 43.946
46.427 | 46.535 | 46.502 | 46.544 | 46.613 | 46.363 | 46.456 | 46.458
39.958 | 40.079 | 40.058 | 39.994 | 39.751 | 40.273 | 40.021 40.16
Daubechies 4 | 43.430 | 43.400 | 43.446 | 43.616 | 43.273 | 43.582 | 43.222 | 43.237
45306 | 45.083 | 45.320 | 45.309 | 45.435 | 45.268 | 45.335 | 45.225
39.619 | 39.446 | 39.643 | 39.804 | 39.957 | 40.135 | 40.039 | 39.904
Daubechies 6 | 43.031 | 42978 | 43.194 | 43.108 | 43.153 | 43.005 | 43.237 | 42.821
45.057 | 44.874 | 44871 | 44937 | 44961 | 44.893 | 44934 | 44970
40.575 | 40.102 | 40.001 | 40.440 | 40.525 | 40.279 | 40.290 | 40.770
Coiflets 5 43.865 | 43.634 | 44.022 | 43.764 | 44.192 | 44.025 | 44.236 | 44.404
46.828 | 46.975 | 46.697 | 46.811 | 46.832 | 46.642 | 46.655 | 46.863

Parameters

As a result of the analysis of the obtained data on the signal-to-noise ratios of all combinations of
parameters, it was revealed:

— the least effective wavelet for filtering ECG signals is the Haar wavelet;

— the most optimal wavelet from the Simlet family — Simlet §;

— Daubechies 4 wavelet has a higher signal-to-noise ratio for all noise levels than Daubechies 6
wavelet;

— Simlet 8 and Coiflets 5 wavelets have the highest signal-to-noise ratios among the considered
wavelets.

Consider the correlation coefficients for all combinations of parameters, the calculation results are
shown in Table 2.
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Table 2
Correlation coefficients for all combinations of parameters
Soft method Hard method
Parameters - — - - — -
rigrsure | sqtwolog | minimaxi | heursure | rigrsure | sqtwolog | minimaxi | heursure
92.4 92.5 92.6 92.5 92.5 92.3 92.4 92.4
Haar 94.5 94.4 94.4 94.5 94.4 94.5 94.4 94.4
95.0 95.0 95.1 95.1 95.1 95 95.1 95
96.5 96.4 96.6 96.6 96.2 96.5 96.2 96.4
Simlet 4 98.4 98.3 98.4 98.4 98.3 98.3 98.4 98.3
98.9 99 98.9 99.0 98.9 98.9 99.0 98.9
96.5 96.4 96.5 96.3 96.3 96.2 96.3 96.3
Simlet 6 98.2 98.2 98.3 98.2 98.2 98.2 98.3 98.3
98.8 98.8 98.8 98.8 98.8 98.8 98.8 98.8
97.0 96.8 97.0 96.9 96.9 96.7 96.9 97
Simlet 8 98.6 98.7 98.6 98.7 98.7 98.5 98.6 98.6
99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
96.5 96.6 96.6 96.6 96.3 96.8 96.6 96.7
Daubechies 4 98.4 98.4 98.4 98.5 98.3 98.4 98.3 98.3
99.0 98.9 99.0 99.0 99.0 98.9 99.0 98.9
96.3 96.1 96.3 96.5 96.4 96.7 96.7 96.5
Daubechies 6 98.3 98.2 98.3 98.3 98.3 98.2 98.3 98.1
98.9 98.8 98.8 98.9 98.9 98.9 98.9 98.9
97.0 96.6 96.5 96.9 96.9 96.7 96.8 97.2
Coiflets 5 98.6 98.6 98.6 98.5 98 98.6 98.7 98.7
99.3 99.3 99.2 99.3 99.3 99.2 99.2 99.3

As aresult of the analysis of the obtained data on the correlation coefficients for all combinations of
parameters, it was revealed:

— filtering using the Haar wavelet showed the worst results;

— the most optimal wavelet from the Simlet family — Simlet 8;

— Daubechies 4 wavelet at all noise levels has better correlation coefficients than Daubechies 6;

— The highest correlation coefficients were obtained as a result of filtering with Simlet 8 and
Coiflets 5 wavelets.

After considering and generalizing the conclusions made on the calculated signal-to-noise ratios and
correlation coefficients, two wavelets that filter the ECG signal most effectively were identified: Simlet 8
and Coiflets 5.

To visualize the collected data and identify the optimal set of parameters for each of the two identi-
fied wavelets, a graphical data analysis program was written. Figs. 1, 2 show the result of the graphical
data analysis program.

Fig. 1 shows a comparison of the output signal-to-noise ratios of Simlet 8 and Coiflets 5 wavelets
for eight combinations of parameters presented in Table 1. The figure shows three graphs for three noise
levels SNR; =35, SNR, =40, SNR; = 45.

Fig. 2 shows a comparison of the correlation coefficients of the Simlet 8 and Coiflets 5 wavelets for
eight combinations of parameter parameters presented in Table 2. The figure shows three graphs for
three noise levels SNR; = 35, SNR, = 40, SNR; = 45.

As a result of the graphical analysis of the collected data, it was revealed:

— The highest output signal-to-noise ratio for all considered noise levels has the Coiflets wavelet 5
using a rigid thresholding method, with a heuristic method for calculating the threshold value;

— for most sets of parameters the values of the signal-to-noise ratio of the wavelet Coiflets 5 exceed
the values of the signal-to-noise ratio of the wavelet Simlet 8, which is especially clearly seen for
the input noise level of 45 dB;

— The largest values of the correlation coefficient for all considered noise levels (97.2%, 98.7%,
99.3%) have the Coiflets 5 wavelet using a rigid thresholding method, with a heuristic method for calcu-
lating the threshold value;
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— Simlet 8 wavelet has lower correlation coefficient values than Coiflets 5, at a noise level of 35 dB
the best result is 97%, a noise level of 40 dB is the best result 98.7%, a noise level of 45 dB is the best
result 99.3%, which, in general, slightly different from the correlation coefficients of the wavelet
Coiflets 5;

— Simlet 8 wavelet shows good filtering results using soft thresholding method, with minimax
thresholding method.
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Fig. 1. Comparison of the output signal-to-noise ratios of Simlet 8 and Coiflets 5 wavelets
for eight combinations of parameters
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Fig. 2. Comparison of the correlation coefficients of wavelets Simlet 8 and Coiflets 5
for eight combinations of parameters

As a result of the research, 56 combinations of noise reduction parameters were tested for three
noise levels. It was found that the maximum degree of signal purification from noise was obtained using
the Coiflets 5 wavelet using a rigid thresholding method, with a heuristic method for calculating
the threshold value.
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Conclusion

As a result of the study, the following conclusions were made: optimal level of wavelet decomposi-
tion of ECG signal N = 2; the maximum degree of signal purification from noise was obtained using
Coiflets 5 wavelet using a rigid thresholding method, with a heuristic method for calculating the thre-
shold value; Simlet 8 wavelet using a soft thresholding method, with a minimax thresholding method,
also shows noteworthy results, slightly inferior to the Coiflets 5 wavelet results.
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ONTUMAJIbHAA ®UTIbTPALIUA CUTHAJIA 3K
HA OCHOBE BEUBJIET-NIPEOBPA3OBAHUA

B.5. Caudoe™?, B.®. Tenexkun'

" fOxHO-Ypanbckuli 2ocydapcmeeHHbili yHusepcumem, 2. YensbuHck, Poccus,
2 Tadxukckull mexHuyeckull yHusepcumem umeHu akademuka M.C. Ocumu,
2. [lywaHbe, Pecniybnuka TadxukucmaH

PasButne cpencts 1udpoBoll 00pabOTKM CHTHAIOB U MHKPOIPOLIECCOPHON TEXHUKH CO3JAI0T
YCIIOBHS JJIsI COBEPILIEHCTBOBAHMS METOAOB THATHOCTHKH (DYHKIIMOHAJIBHOTO COCTOSIHHUS OPraHOB.
BetiBieTHbI aHamM3 — 9TO COBPEMEHHBIN 1 TIEPCIIEKTUBHBINA MeToa 00padoTku nHdpopmarmu. C 1enbo
omnpeneneHus 3pGEeKTUBHBIX ONTUMATIBHBIX (QUIBTPANUK CUTHANIA AJIEKTPOKapIuorpadui Ha OCHOBE
BeiBNIeT-NipeoOpa3oBaHus B padboTe ObUla MPOW3BEAEHA BEHBIET-QMIBTPANUs C HCHOIb30BaHUEM
BEHBIIETOB pa3HBIX CEMENCTB, HccienoBaHa 3 ()EeKTUBHOCTh NPUMEHEHNUS PA3IMYHbIX YPOBHEH pas-
JIO’KEHMs, CIIOCOO0B pacueTa mopora U BUI0B rnoporosoi ¢pynkiun. Llesap necinenoBanus: onpese-
nenue 3(pHEeKTUBHBIX ONTHUMANBHBIX (PHIBTPALMH CHTHANIA 3JIEKTpOKapauorpadguu Ha OCHOBE BEHB-
ner-ipeoOpazoBanus. MaTepuaJbl 1 MeToAbl. /111 aHann3a ObUTM B3SATHI Kapauorpammel. Jlanee
OHM OBLTH OIM(POBAHBI U BBEACHBI B KOMIBIOTED M 00paboTku. brina HamucaHa nmporpamMma B
cpene MATLAB, peanusylomas HempepbrIBHOE M TUCKPETHOE BelBIEeT-ipeoOpazoBanue. Pe3yib-
TaThbl. B pe3ynpraTe ncciepoBaHus ObUTH MPOTECTUPOBAHBI 56 KOMOMHALIMI MapaMeTPOB HIyMOIIO-
JIABJICHUS 7Sl TPEX YPOBHEH IIyMa. BBIJIO BBISBIICHO, YTO MaKCHMajbHAasl CTETICHb OUYHMCTKU CHTHajIa
OT 1IyMa Obliia MoJIy4eHa C MCIOoJIb30BaHHeM BeiiBiera Koiduera 5 ¢ UCOIb30BaHHEM JKECTKOTO
MeTO/Ia TIOPOTOBOM 00pabOTKH, C IBPUCTHUECKUM CIIOCOOOM pacueTa OpOroBoro 3HaueHus. BeiiBiet
Cummiera 8 nmeer MeHbIINe 3HaUeHHs kodddunmenra koppemsun, yem Kodduer 5, Ha ypoBHe
myma 35 b Hammyumnit pesynstat 97 %, Ha ypoBHe myma 40 nb Hammyumwmii pesynstaT 98,7 %,
Ha ypoBHe myMa 45 n1b Hammyummit pesyastat 99,3 %, 4TO B LIeIOM HE3HAYUTEIBHO OTIMYAETCS OT
ko3¢ ¢unnenros koppemsiuun BeliBner Koiiduera 5. 3akiiouenue. B pesynbrate nccienoBaHUS
OBLTH ClieNIaHbl CIIeyIOUINEe BBIBOJBI: ONTUMAJBHBIH ypOBeHb BeWBieT pasznoxenus OKI curnama
N =2; MakcuMaJbHasl CTETICHb OYMCTKH CHT'HaJIa OT ITyMa ObLIa MOJTyYeHa C HCIOIb30BAaHUEM BEHBIIET
Koiidueta 5 ¢ BCHOIb30BaHUEM JKECTKOIO METO/Ia MOPOrOBOH 00pabOTKH, ¢ IBPUCTHUCCKUM CIIOCO-
60M pacuera MOpPOroBOro 3HaueHHs; BeiBieT CuMMIIeTa 8 ¢ HCIOIB30BaHHEM MATKOTO METOJIa IOpo-
roBoi 00paboTKH, ¢ MUHUMAKCHBIM CIIOCOOOM pacdeTa IOPOrOBOT0 3HAYECHUS TaK)kKe TOKa3bIBAeT JOC-
TOWHBIC YIIOMUHAHUS Pe3yNbTaThl, HE3HAUUTEIBHO YCTYMHAIOLIHE pe3yapTaTaM BeriBiera Kodrera 5.

Kniouegvie cnosa: IKI cuenan, setigiem Cummnema 8, seuerem Kotigpnema 5, memoo nopozo-
601l 0OPAbOMKU, ONMUMATLHYIL YPOBEHD.
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