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DETERMINATION OF CHARACTERISTIC POINTS OF ELECTROCARDIOGRAMS USING 

MULTI-START OPTIMIZATION WITH A WAVELET TRANSFORM 

Abstract. The description of the main steps of the method for determination of the coordinates of the extremums of non-

stationary periodic signals is given. This method is based on multi-start optimization using the wavelet transform. The main steps of 

the base form of multi-start optimization method with using the wavelet transform are given. The results of investigation of noise 

stability and error for the search of extremums of asymmetric and multi-modal test functions for such method are given.  The main 

steps of extremum search by such method in new method for determination of the coordinates of the extremum of non-stationary 

periodic signals are implemented.  This method is implemented for automated electrocardiograms (ECG) diagnostic systems in tele-

medicine. This method allowed us to determine characteristic fragments coordinates for electrocardiogram. The procedure for esti-

mation of the characteristic fragments coordinates and intervals between them is based on this multi-start optimization method with 

using the wavelet transform. The main steps of this procedure are described. The error in estimating the duration of the intervals 

between ECG characteristic fragments was estimated and the noise immunity of such estimation with increasing the noise level was 

evaluated. The relative error in estimation of the intervals duration between characteristic fragments was less than 4% in the case of 

the signal-to-noise ratio in amplitude up to 10. These results allow recommending the developed method for implementation in in-

formation technologies for automated decision support systems, including telemedicine, in condition of increasing noise level in ECG 

signals. For further research, it is planned to develop a methodology for estimation the remaining parameters of characteristic 

fragments and complexes in ECG, reducing the edge effects during the estimation of the extremums coordinates. 

Keywords: multistart optimization; wavelet transform; electrocardiogram; arrhythmia; diagnostics 

Introduction. An important task of modern in-

formation technologies in various applied areas of 

medical diagnostics is the need to create methods for 

analyzing non-stationary periodic signals. 

Such signals are characteristic of diagnostic 

systems based on the analysis of electrocardiograms 

(ECG) in such an applied field as telemedicine. In 

such systems at the stage of registering signals and 

transmitting them over communication lines, the 

signal is distorted by noise. In systems that analyze 

signals only in the frequency or time domain, when 

the spectra of the useful signal and noise overlap, the 

reliability of the diagnostic solutions may decrease. 

Therefore, an important modern trend is the 

analysis of such signals using wavelet transform.  

This approach allows us to localize the characteristic 

fragments of the ECG signal by using the important 

property of the wavelet transform – to change sign 

when passing through the signal extremums. This 

last property allows us to determine the coordinates 

of the characteristic fragments and/or to determine 

the coordinates of the extremums of the signal. 
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This data can be used to determine the classifi-

cation vector and diagnostics in the decision support 

system. 

Characteristic fragments will be called the peri-

odically repeating sets of local extrema (minima and 

maxima) of the ECG signal that are traditionally 

used for diagnostics in this applied area (Fig. 1). 

Characteristic points (CP) will be called the extre-

mums of the curvature functions of the ECG signal. 

Analysis of the coordinates of the chemotherapy is 

one of the important components in obtaining a di-

agnostic solution in the decision support system. 

When determining the classification vector 

based on wavelet ECG processing, several solutions 

with conflicting features have been proposed. For 

example, a number of authors proposed that the us-

age of the result of ECG wavelet processing as a 

classification vector directly leads to a decrease in 

the diagnostic speed. The use of intervals for this, in 

which characteristic regions of the ECG signal are 

located, requires large data sets processing, which 

also reduces performance, and for some tasks, for 

example, the detection of arrhythmias, can lead to a 

decrease in the reliability of diagnostics. 

At the present stage, several solutions with con-

flicting features have been proposed for determining 
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the classification vector based on ECG wavelet pro-

cessing. For example, a number of authors suggest 

using ECG wavelet processing result directly as a 

classification vector. This approach leads to a de-

crease in the speed of diagnosis. Using the intervals 

in which characteristic regions of the ECG signal are 

located as a classification vector requires the pro-

cessing of large data sets. It also reduces perfor-

mance, and in some tasks, for example, when detect-

ing arrhythmias, it can lead to a decrease in the reli-

ability of diagnosis. 

In a number of works, to improve performance, 

the classification vector is reduced. The characteris-

tic points of the ECG signal are determined by gra-

dient search and fixed threshold processing. But this 

approach is characterized by low noise immunity 

and sensitivity to local extremes. In the case of the 

diagnosis of cardiac arrhythmias, it can lead to a de-

crease in the reliability of the diagnosis. 

To analyze noisy and multimodal functions, the 

authors developed a multi-start optimization method 

using wavelet transform. This method in the basic 

setting is characterized by high noise immunity and 

low sensitivity to local extremums and the starting 

point of the search. 

Literature review.  Analysis of existing sys-

tems and methods in the application field  

Methods for the analysis of non-stationary peri-

odic signals are sufficiently developed and are wide-

ly used in various applied fields of medical diagnos-

tics. For example, in telemedicine systems [1] when 

analyzing local features of a pulse signal [2] and 

when analyzing electrocardiograms (ECG) [3-11] 

(Table 1) that method are necessary. 

Important features of the software of such soft-

ware systems are the ability to recognize characteris-

tic ECG fragments and characteristic signal points, 

measuring and analyzing changes in the intervals 

between them. 

ECG signals are usually distorted by noise. 

These noises occur during the registration of signals 

and during data transmission over communication 

lines, which is typical for such systems. Therefore, 

the traditional study of such signals based on the 

analysis of only time or frequency characteristics is 

a set of separately tunable complex algorithms [12]. 

Such approaches under conditions of overlapping 

spectra [13] of the useful ECG signal and noise can 

lead to a decrease in the reliability of diagnostic so-

lutions [5]. 

New methods are actively being developed, that 

are aimed at identifying new features of the ECG 

signals characteristics of various groups of diseases 

[23-24]. For example, an approach aimed at pro-

cessing the ECG signal in the phase space [23], 

when reconstructing the signals, uses the averaging 

of consecutive ECG cycles in the time domain. This 

approach requires the analysis of large data sets, but 

can lead to a distortion of the values of the parame-

ters of the diagnostic signs of the ECG [24]. 

Table 1. Existing software systems for analysis 

and interpretation of ECG signals 

Name Manufacturer Key features 

ECG 

interpretation 

software C 

[6] 

Schiller 

(Switzerland) 

Analysis of heart 

rhythm changes 

(more than 100 ECG 

interpretation 

options) 

Signal-

Averaged 

ECG 

Software 

(SAECG) [7] 

Schiller 

(Switzerland) 

Analysis of heart 

rhythm changes 

Heart Rate 

Variability 

(HRV) 

Software  [8] 

Schiller 

(Switzerland) 

Analysis of heart 

rhythm changes 

Marquette 

12SL [9] 

GE Healthcare 

(USA) 

Arrhythmia 

Detection, ST 

Segment Analysis 

Cardiosoft 

[10] 

GE Healthcare 

(USA) 

ST segment 

analysis, automatic 

measurement of 

ECG intervals, 

arrhythmia analysis, 

noise filtering 

FP-804 [11] Fukuda (Japan) Analysis of changes 

in PR, RR and QRS 

intervals 

Telecard 

[25;26] 

TREDEX 

(Ukraine) 

Analysis of heart 

rhythm changes  

The use of wavelet transform (WT) with the 

ability to analyze local features of the ECG signal in 

the time domain allows us to overcome these limita-

tions to a large extent [3; 12-15]. Often, with the sup-

port of a diagnostic solution, the results of processing 

with WT are used directly as a classification vector 

[15]. This approach leads to a decrease in perfor-

mance due to an increase in the dimension of the clas-

sification vector. For example, determining the inter-

vals in which the characteristic areas of the ECG sig-

nal and the wavelet functions (WF) scale are located. 

At the same time, it is assumed that the range of WF 

scales in a particular person during the day is un-

changed [16-17]. This approach is justified in the 

analysis of large sets of signals, for example, when 

using the Holter monitor, when the number of ECG 

cycles can exceed 100,000 [16-17]. Performance can 

be improved with small sets of analyzed signals, bat 

that can lead to incorrect diagnostic decisions.  
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To ensure high performance [5], the dimension 

of the classification vector is reduced by determining 

the coordinates of the characteristic points of ECG 

fragments (Fig. 1). 

They are determined by evaluating the extre-

mum of the signals according to the value of deriva-

tives and threshold processing of their period values 

[13]. The procedure for determining derivatives is 

characterized by low noise immunity [18-19], and 

the assessment of the period with a fixed threshold 

with high heart rate variability, for example, with 

arrhythmia [16-17], can lead to a decrease in the re-

liability of diagnostic solutions. 

To search for the extremum of noisy polymodal 

functions, a multi-start optimization method using 

WT (MOWT) was developed, the noise immunity of 

which was proved by the authors [18-19]. 
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Fig. 1. A standard ECG waveform with 

PQRST complex 

The purpose of the article. In this work, by bas-

ing on the method for searching the extremums of 

non-stationary periodic signals with using a number 

of stages of the multi-start optimization method with 

wavelet transform, the method of search of ECG 

characteristic points coordinates and of the intervals 

is developed. This approach will automate the re-

ceipt of the classification vector, increase the noise 

immunity and reduce the sensitivity to local extre-

mums during classification with the data obtained 

during diagnosis. 

Main part. Method for finding the coordinates 

of the extremum of periodic signals 

In this work as a result of studies of noise im-

munity, convergence rate and error, it was concluded 

that to estimate the direction of the search for the 

extremum coordinates in (2), it is necessary to use 

symmetric and non-stationary wavelet functions –

Haar’s wavelet [18]. 

According to the basic iterative scheme of the 

multi-start method with wavelet transform, the coor-

dinate of the extremum is estimated as 

]))1[],[((][]1[][ −−−= ncnxQWTnncnc k , (1) 

where: γ[n] – iteration step; n – number of itera-

tions; k – number of a start; 
kWT determines the 

direction of movement to the extremum and is calcu-

lated according to: 

]))1[],[(( −ncnxQWTk
= Nkkk GGG ,,, 21  , (2) 

where: jkG determines the direction of movement to 

the extremum and is calculated according to: 




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1
k

k

s

i

s
i

kjjk iiacnxG , 
(3) 

ks – length of the WF carrier; a – step of discretiza-

tion of the WF; (i)
– WF at the k start (Table 2); 

N,,1j = – the dimension of the parameter vector. 

]))1[],[(( −ncnxQWTk = Nkkk GGG ,,, 21  , (4) 

determines the direction of motion to the extremum, 

where 


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+=
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1
k

k

s

s
i

kjjk iiacnxG , 
(5) 

In (5) 
k

s (an even number) is the length of the 

carrier WF at the k-th start, a is the WF sampling 

step, ( )
k

i is the WF on k-th start (Table 2, Fig. 2),  

1   , ,j N=  is the dimension of the parameter 

vector. 

So, for example, at 1 start, this is the Haar 

wavelet function, which is defined as 




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
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At subsequent starts, except the last one, and –

at the next stages – unsteady WFs from the indicated 

class (Fig. 2), which are obtained according to the 

scheme given in Table. 2. The main stages of the 
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basic method of multi-start optimization with wave-

let transform are given below. 

Table 2.  WF parameters for MOWT methods 

Number of 

start 

k 2 3 4 5 6 7 

WF scale k
 1 2 3 4 5 - 

Carrier length  k
s 20 10 6 4 4 2 

Type of func-

tion 
k

i ( )

( (
1

1
k

i  +( )

1 1

1 1

if i

if i

 =

− = −

,

,

Method MOWT with the initial data: 
1
 – error 

of searching the optimum in the start (determined at 

the priori studies of the goal function); 
2

 – error of 

searching the optimum for the application problem; 

max
k – the maximum number of starts, is imple-

mented by the following steps. 

а 

b 

Fig. 2. The impulse response and for WF )i(2
(а);  )i(3 (b) to evaluate the search direction 

Step 1. There are defined: c[0] – the initial ap-

proximation to the optimum coordinate, 1[ ] – itera-

tion step, a form of WT and WF, a – a sampling step 

of WF, 1
s – the carrier length for WF in the first 

start, number of the start k=1, number of the iteration 

n=1. 

Step 2. The search direction is estimated on a 

base of (4, 5) at a point closer to the optimum coor-

dinate for the start k. Under k=1 a weighted sum 

with the WF 
1
( )i at the point c[0] (n=1) is used to 

evaluate the direction of the search. The carrier 

length 
max

L of the wavelet function 1
Ψ (i) is deter-

mined by analysis of the objective function. The in-

tegrated nature of this WF can reduce the sensitivity 

towards local extremums and select a segment of the 

objective function, which includes (with a high 

probability) the global optimum, and (often) with a 

high error of determine its coordinates. 

Step 3. The search is running for the optimum 

of ( , )Q x c according (3) and 
max

k k , otherwise 

search is stopping. 

Step 4.  If the coordinate [ ]c n – found on itera-

tion n – differs from the optimum position 1[ ]c n −

not more than the value of the error 1
δ , the search 

ends at the current start, otherwise the increment 

1n n= + is making with a following transfer to step 

2.  

Step 5.  If 1k > and the optimum coordinate –

found at the k-th start – differs from the result of the 

optimum at the start 1k − not more than 
2
δ then a 

process is stopping; otherwise (
max

k k ), the num-

ber of start increases as 1k = k + to evaluate WF for 

selecting the search direction (for 
max

1 < k < k – WF 

( )
k

i (see Table 2), with 
max

k = k the search direc-

tion is evaluated by the discrete differentiation (k=7 

in Table 1)) and a process is switched to a step 2. 

Experimental studies of this optimization meth-

od are carried out, and the rate of convergence, the 

value of the accuracy and robustness are evaluated.  

To estimate the error of the extremum deter-

mining by the method MOWT with both WF 
1
( )i

and WF 
3
( )i the asymmetric test function 

2
1
( ) xmf x x e=  is synthesized 

with 500 500( ; )x  − , where 0 0,005m =  is the 

adjustment coefficient of the asymmetry. Authors 
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established that relative error of defining the opti-

mum 
1
( )f x with WF

1
( )i , under the sampling step 

a=50 and the carrier length of the WF
1

10s = , does 

not depend on the initial search point. Moreover it’s 

directly proportional to the asymmetry factor, and it 

equals 0.34 % for the maximum studied coefficient 

m=0.005 (Fig. 3a curve 1), and the absolute error 

equals 0.3. For evaluation with 
3

Ψ (i) these errors 

are equal 0.1 % (see Fig. 3, a curve 2), and 0.08, re-

spectively.  

Fig. 3. Relative error (d) of asymmetry coefficient 

(m) at determining the extremum:  

a curve 1 – with WF (
1

i ( ) ); a curve 2 – with 
3

i ( )

The velocity of convergence for the method 

MOWD was compared with the gradient descent 

method using the test function “Rosenbrock valley” 
2 2

2 2 1 1
100 1( ) ( ) ( )f x x x x= − + − . This function for 

2 048 2 048x  −( , ; , ) has a global minimum 

2
0f x =( ) at the

1 2
1, 1x = x = . Sampling step WF 

a=0.0005 and the carrier length 10
k

s = were adopt-

ed. Thus, the method MOWT enabled to reach the 

extremum up to 1.7 times faster (for the number of 

iterations) compared with the gradient descent 

method. 

The sensitivity of the method MOWT towards 

the local extrema at the search starting point was 

studied. For this purpose we used the Shvefel’s func-

tion (with the false global minimum)  

3
418 9829f x x x= + − ( ) , ( sin ) , 

where 500 500x  −( ; ), the global minimum 

3
0f x =( ) at х=420,9829.  

The starting point in this case was selected ran-

domly and the gradient descent method searched the 

local optimum as the closest one to the starting 

point. As the result the method MOWT enabled to 

reach the global minimum with accuracy 210δ − in 

123 cases out of 150. Meantime the global minimum 

was not found by this method when the values x for 

the start point were selected out of the inter-

val 420 470( ; )x − . 

In the first step the noise immunity was investi-

gated using de Jong 1 function 2
4
( )f x x= for 

205 205( ; )x  − supplemented with a noise. The 

noise has the normal distribution with zero mean and 

standard deviation ( )SD of 0 up to 40000, a maxi-

mum value of the function was
4

42000( )f x = . As a 

result it was established (for the signal/noise ratio in 

amplitude lower than 1.05) the MOWT method ena-

bled to reach a domain of the global minimum with 

an error 210δ − .  

Thus, experimental studies have shown the de-

veloped method MOWT has the following ad-

vantages:  

– sensitivity to local extremum and the starting 

point of the search is reduced;  

– minimum relative error is reduced for evaluat-

ing the search direction with WF ( )
k

i and 1k > ;  

– optimum is reached in 1.7 times faster (for the 

number of iterations) in a comparison with the gra-

dient descent method (for “valley” functions);  

– noise immunity of this method is estimated. 

When the relation signal/noise by amplitude is 

larger than 1.05, the area of a global minimum is 

reached. The most noise-resistant is the assessment 

by convolution with WF 
1
( )i .  

Received results allow us recommend the de-

veloped method for a wide range of practically im-

portant optimization problems in case of the asym-

metric goal functions with the high level of a noise. 

Method for determining the coordinates of 

the extrema of unsteady signals 

The determination of the coordinates of the ex-

tremum is carried out on the basis of the first stage 

of the basic MOWT method with the estimation of 

the direction of motion to the extremum of the cur-

vature function using the Haar wavelet function. 

The initial data for this are: 1 – the error in the 

search for the optimum start (determined at the stage 
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of a priori research of the quality functional); 2δ – 

the error in the search for the optimum of the applied 

problem. 

Step 1. The following are set: c[0] – initial ap-

proximation to the optimum coordinate in the first 

period; ]1[ – step; a – WF discretization step; 1s – 

the length of the carrier WF first start (i)1 ; 
s – 

the step of changing the length of the WF (i)1

carrier when determining the range of coordinates of 

the extremum; start number 1=k ; iteration number 

;1=n −1A value of the minimum amplitude of the 

recorded extremum; R – the initial approximation 

to the value of the duration of the interval between 

the recorded extremes. 

Step 2. The direction of the search is estimated 

by (2) at the point of approximation to the optimum 

coordinate for start k. For this, the weighted sum 

with the Haar WF (at the point at) is used). The 

length of the carrier for the WF is determined in the 

analysis of the objective function. The integral na-

ture of such airspace allows one to reduce sensitivity 

to local extremes and to distinguish a segment of the 

objective function, where, as studies have shown, 

the signal maximum is most likely to be found in the 

studied period. At this stage, the mark of evaluation 

is checked according to (3) 





−=

+=
2

0
2

k

)()],[Q(
s

1
k

k

s

i

s
i

kjjk iiacnxG . 

In the case of a sign change, on the basis of the 

known property of estimates of the direction of the 

search on the basis of the gradient, change the sign 

when crossing the optimum, at this stage the range 

of changes in the coordinates of the extremum is 

determined as ][]1[ nccnc − 
.  

Step 3. The search is performed for the opti-

mum coordinate ranges ),( cxQ by (1) at  k until 

the end of the data sequence being studied, other-

wise it will stop. 

Step 4. The coordinate of the extremum in the 

study period is assigned a value ].1[ −= ncc

Step 5. The value ),( cxQ is compared with 

1A
. If 

1),( AcxQ 
, the coordinate of the period 

extremum is recorded as RR [kk] and its coordinate 

as сс[kk] (here kk is the number of the period under 

study in the sequence). 

Step 6. The length of the carrier 
ks is com-

pared with half the length of the interval between the 

extrema: when 
2

  sk

R
 the carrier length of the 

WF is determined as 
skk ss +=+1
; when the 

length of the WF 
2

  sk

R
 , carrier to search for the 

extremum of the next period is determined as 1s . In 

this case, due to the integral nature of the Haar WF, 

as the carrier wave length increases, the coordinate 

of the next search step shifts to the extremum of the 

next period. If the length of the carrier exceeds half 

the length of the period at a subsequent extremum 

with smaller amplitude than the previous one, the 

search may go in the wrong direction. 

Step 7. The initial approximation to the coor-

dinate of the extremum of the next period is deter-

mined as with c[n] = c [kk] and the transition to step 

2. 

Method for determining of the ECG charac-

teristic points and the intervals between them 

The main stage of determining of R-peaks and 

intervals between them at multi-start optimization 

with wavelet transform based are given below. 

Stage 1. Wavelet transform of the analyzed 

ECG signal. To reduce the noise level of the ECG 

signal, when searching R-peaks with preserving in-

formation about the frequency and spatial localiza-

tion of QRS-complexes during automated processing 

and taking into account the recommendations [21], 

the Dobeshi WF is used in the work. 

Stage 2. Determination of the spatial coordi-

nates of R-peaks by searching for the coordinates of 

the extrema of periodic signals using the developed 

method. The signals from the MIT / BIH Arrhythmia 

Database [22] were investigated as such signals. 

Stage 3. Determination of the intervals between 

the R-peaks for the subsequent evaluation of the sta-

tistical characteristics of the ECG signals, classifica-

tion and diagnostic decision making. 

The main steps of the MOWT method are de-

scribed above. In the initial data the following are 

additionally specified: s – step for changing the 

length of the WF carrier (i)1 ; −1A threshold val-

ue of the amplitude of the extremum; R – initial 

approximation to the length of the interval between 

extrema. 

The determination of the coordinates of the ex-

trema is carried out in this sequence. 
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Step 1. Search for R – extrema (R – peaks) 

(Fig.1). 

Step 1.1. When searching for R – peaks, the 

starting length of the WF carrier is 31 =s . 

Step 1.2. The analysis is carried out in accord-

ance with (1) with the assessment of the sign of the 

WT before the end of the signal under study. When 

the value of the WT sign changes, ),( cxQ it is 

compared to 1A . 

Step 1.3. The condition 
1),( AcxQ 
is 

checked. If 
1),( AcxQ 

- the amplitude of the ex-

tremum of the period and its coordinate are recorded. 

Step 1.4. The carrier length of the wavelet 

function is determined for further search the extre-

mum. When 
2

  sk

R
 the length of the carrier WF 

skk ss +=+1
; when 

2
  sk

R
 the length of the 

WF carrier for the next period is determined as 1s

and the transition to step 1.2 is carried out. 

Step 2. Search for Q – signal extremes. 

Step 2.1. When searching for Q – minima, the 

starting length of the WF carrier 21 =s . 

Step 2.2. The starting point of the search for Q 

– extremum in the interval is defined as 4−= RR

(here R is the coordinate of the R peak obtained in 

step 1) and the signal is analyzed according to (1) in 

order to evaluate the sign of the WT. 

Step 2.3. If the WT sign changes, the we are 

fixed amplitude and the Q-extremum coordinate, the 

interval number is increased by 1, and search return 

to step 2.2. 

Step 3. Search for S – extrema (minima) (Fig.1) 

of signals. 

Step 3.1. When searching for S – minima, the 

starting length of the WF carrier is 21 =s . 

Step 3.2. The starting point of the search is S - 

extremum in the interval with 5+= RR (here R is 

the coordinate of the R-maximum (obtained in step 

1)) and the signal is analyzed according to (1) in or-

der to evaluate the sign of the WT. 

Step 3.3. If the WT sign changes, the amplitude 

and the S – extremum coordinate are fixed, the in-

terval number is increased by 1, and go to step 3.2. 

Step 4. Determine the coordinates and amplitudes 

P and T of the extrema (similar to steps 2 and 3). 

The developed algorithm was investigated in 

the analysis of electrocardiogram signals with the 

MIT / BIH Arrhythmia Database [22]. 

The relative errors in the determination were as 

follows. Relative errors for the coordinates of R-

peaks no more than 1.4 %, for the coordinates of P-

peaks they are no more than 1.6 %, for the coordi-

nates of T-peaks no more than 1.7 %, for the coordi-

nates of Q and S troughs no more than 1.2 %, for the 

length of RR intervals – no more than 2.4 % are. In 

the study of noise immunity, the relative error in de-

termining the length of the RR intervals is less than 4 

% at a signal-to-noise ratio in amplitude of 20 ... 10. 
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Fig. 4. ECG signal at different stage of analysis: 

a)  input ECG signal; b)  approximation 

coefficient at 3 level of WF Daubechies 1 

Conclusions. The paper presents a method for 

determining the coordinates of the extremums of 

non-stationary periodic signals based on multistart 
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optimization with wavelet transform. The proce-

dures for evaluating the determination of the coordi-

nates of the PQRST peaks and the intervals between 

them for electrocardiograms, which are based on this 

method of multi-start optimization with wavelet 

transform, are presented. The error in estimating the 

duration of the intervals in the studied set of signals 

under the conditions of the noise is investigated. The 

relative error in the duration of the intervals between 

R – peaks was less than 4 % for a signal to noise 

ratio in amplitude of up to 10. For the well-known 

Pan – Tompkins algorithm, this value is at least 5 % 

[25; 27-28].  

Relative errors for the coordinates of R-peaks 

not more than 1,4 %, for the coordinates of P-peaks 

– no more than 1,6 %, for the coordinates of T-peaks 

– no more than 1,7 %, for the coordinates of Q and S 

troughs – no more than 1,2 %. 

Thus, we can conclude that the developed 

method for the coordinates of extremums determin-

ing has an noise immunity and error which meets the 

requirements of this applied task. 

These results allow us to recommend the devel-

oped method for decision support systems infor-

mation technology, including telemedicine, in condi-

tions of increasing noise level in the ECG signal. 

With further research, it is planned to develop a 

methodology for the remaining parameters of the 

QRS ECG complexes, assess the influence of the 

magnitude of γ[n] on the efficiency and eliminate 

the influence of edge effects on determining the co-

ordinates of the extremums. 
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ВИЗНАЧЕННЯ ХАРАКТЕРНИХ ТОЧОК ЕЛЕКТРОКАРДІОГРАМ З  

ДОПОМОГОЮ МУЛЬТИСТАРТОВОЇ ОПТИМІЗАЦІЇ З ВИКОРИСТАННЯМ ВЕЙВЛЕТ-

ПЕРЕТВОРЕННЯ 

Анотація. Приведений опис основних етапів методу визначення координат нестаціонарних періодичних сигналів. Цей 

метод заснований на мультистартовій оптимізації з використанням вейвлет-перетворення. Приведені основні етапи базової 

форми мультистартового методу оптимізації з використанням вейвлет-перетворення. Приведені результати дослідження 

завадостійкості, погрішності пошуку екстремуму асиметричної і мультимодальної тестових функцій. Основні етапи 

пошуку екстремуму з використанням цього методу використані для визначення координат екстремумів нестаціонарних 

періодичних сигналів. Цей метод використаний для діагностування на базі електрокардіограм у телемедицині. Цей метод 

дозволив визначити  координати характерних фрагментів для електрокардіограм. Методика оцінки координат цих характерних 

фрагментів електрокардіограм та інтервалів між ними заснована на мультистартовій оптимизації з використанням вейвлет-

перетворення. Описані основні етапи цієї методики. Проведена оцінка погрішності оцінки довжини  інтервалів між 

характерних фрагментів і оцінено завадостійкість такої оцінки при зростанні рівня шумів. Відносна погрішність визначення 

довжини інтервалів між характерними фрагментами склала менше ніж 4% при відношенні сигнал/шум по амплітуді до 10. 

Ці результати дозволяють рекомендувати розроблений метод для використання в інформаційних технологіях для 

автоматизованих систем підтримки прийняття рішень в різних областях, уключаючи телемедицину, в умовах зростання рівня 

завад ЕКГ сигналу. Для подальших досліджень планується розробити методологію оцінки інших параметрів QRS і PT 

комплексів в ЕКГ, знижуючи вплив крайових ефектів при оцінці координат екстремумів. 

Ключові слова: мультистартова оптимізація; вейвлет-перетворення; електрокардіограма; аритмія; діагностика 
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ОПРЕДЕЛЕНИЕ ХАРАКТЕРНЫХ ТОЧЕК ЭЛЕКТРОКАРДИОГРАММ С  

ПОМОЩЬЮ МУЛЬТИСТАРТОВОЙ ОПТИМИЗАЦИИ С 

ИСПОЛЬЗОВАНИЕМ  ВЕЙВЛЕТ-ПРЕОБРАЗОВАНИЯ 

Аннотация. Приведено описание основных этапов метода определения координат нестационарных периодических 

сигналов. Этот метод основан на мультистартовой оптимизации с использованием вейвлет-преобразования. Приведены 

основные этапы базовой формы мультистартового метода оптимизации с использованием вейвлет-преобразования. Приведены 

результаты исследования помехоустойчивости, погрешности поиска экстремума асимметричной и мульти модальной 

тестовых функций. Основные этапы поиска экстремума посредством этого метода применены для определения координат 

экстремумов нестационарных периодических сигналов. Этот метод применен для диагностики электрокардиограмм в 

телемедицине. Этот метод позволил определить координаты характерных фрагментов для электрокардиограмм. 
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Методика оценки координат этих характерных фрагментов электрокардиограмм и интервалов между ними основана на 

мультистартовой оптимизации с использованием вейвлет-преобразования. Описаны основные этапы этой методики.

Проведена оценка погрешности оценки длительности интервалов между характерными фрагментами и оценена помехо-

устойчивость такой оценки при возрастании уровня шумов. Относительная погрешность длительности интервалов 

между характерными фрагментами составила менее 4 % при отношении сигнал/шум по амплитуде до 10. Эти результа-

ты позволяют рекомендовать разработанный метод для применения в информационных технологиях для автоматизиро-

ванных систем поддержки принятия решений в различных областях, включая телемедицину, в условиях возрастания уровня 

помех ЭКГ сигнала. Для дальнейших исследований планируется разработать методологию оценки остальных параметров 

характерных фрагментов и комплексов в ЭКГ, снижая краевые эффекты при оценке координат экстремумов. 

Ключевые слова: мультистартовая оптимизация; вейвлет-преобразование; электрокардиограмма; аритмия; діагно-
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