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Abstract
Some current trends of the use of non-linear time-frequency fil-

tering approach to ECG signal processing are discussed herein. A 

brief review of an application potentiality of non-linear filtration is 

offered for long-term ECG signal processing. Possible problems 

of long-term monitoring, related to measurements interference 

and noise of ECG signal, are revealed. To eliminate the revealed 

problems, in further research, an implementation of a process-

ing system using the non-linear-threshold time-frequency filter-

ing method is planned. It is expected to improve an accuracy of 

cardiac data processing considering features of interference and 

measurement noise of different intensity.
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tions makes it possible to study and identify clinically 
relevant biomarkers of cardiovascular abnormalities, 
which cannot be detected during a short-term record-
ing of the ECG signals at rest [1,3]. 

An ECG signal is a non-stationary multi-compo-
nent, complexly structured, signal, which is individual 
for each biological object [6]. In practice, on the basis 
of the analysis of some multi-component (local) areas, 
the functional state of the cardiovascular system is as-
sessed. The non-stationary of an ECG signal is deter-
mined with the variability of the local areas of the P, Q, 
R, S, T waves, that is attributed to the biological origin 
of the detectable signal [6]. Moreover, the local areas of 
the P, Q, R, S, T waves and their combinations, accord-
ing to their diagnostic significance, are usually called 
the QRS complexes, the PQ, ST, TP segments and the 
RR, PQ, QT, ST intervals [6] (see Figure 1 herein).

Features of ECG signal interference and ECG 
signal filtering

It is known that the procedure for ECG signal long-
term recording is characterized by the presence of addi-
tive interference and noise of physiological and electri-
cal nature, which may differ in their intensity, spectral 
characteristic and distribution [1-3]. The problems as-
sociated with intense interference of the ECG signals 
are very diverse [2.5]; their presence significantly re-
duces accuracy of the detection of amplitude and time 
parameters of the ECG bio-signal morphology [2.6] 
and produces an imitation of false heart arrhythmias 
(abnormalities) [7]. Increasing accuracy and effective-
ness in the detection of the morphology ECG signals 
primarily depends on the decision on what filtration 
method should be used [2]. To date, for the long-term 
ECG signal recording, mainly employed are filtering 
algorithms by Wiener, Chebyshev and Butterworth, 
which are capable to exclude minor interference and 
noises and which were imported from the convention-
al short-term recording technologies, however, these 
conventional approaches [5,8] have some disadvan-
tages as discussed below. Such approaches to the long-
term processing analysis lead to the rejection of the 
diagnostic areas due to interference and distortions of 
the amplitude-time parameters of the ECG signals. In 
general, the percentage of the rejection of inacceptable 
long-term ECG recordings due to interference has in-
creased from 3.7% to 12.7% [7]. Thus, to reduce the 

Introduction
The analysis of long-term processing of electro-

cardiography signals (ECG) at the present time is 
an actual task in the area of modern technologies of 
data processing. A long-term study of ECG signal in 
practice is carried out on the basis of portable devic-
es, which allow recording a diagnostic signal under 
physical activity of an individual [1-4]. A long-term 
recording of the ECG signals under the above condi-
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Figure 1. ECG signal components

rejection percentage rejection of the recorded cardiac 
cycles, it is a challenging issue to design and develop 
some fresh interference filtering algorithms, having 
considerable promise, which allowing increasing the 
accuracy of the detection of the morphologies under 
the lowest distortion of the ECG signals.

Our analysis revealing the specific feature of the in-
terference enables one to improve the decision-mak-
ing on the selection of the best method of filtering 
interference in ECG signal processing. During the 
long-term recording of ECG signals, following types 
of interference can be identified: power line interfer-
ence, muscle noise, movement artifacts and baseline 
wander. All these types of the interference (except for 
the power line interference) have an a priori unknown 
wide frequency spectrum overlapping with the fre-
quency spectrum of the ECG signal. Especially sus-
ceptible to overlapping is the spectral characteristics of 
the ECG signal during long-term recording. Intensity 
of the overlapping varies depending on physical activ-
ity. Intensity of the physiological interference during 
the recording changes depending on physical load, age 
of a person, movements of the recording electrodes 
and movements of a biological object. In addition, the 
spectral density shows a non-Gaussian distribution in 
the frequency range of this interference type [2]. 

The use of linear filters under overlapping frequen-
cy spectra does not allow filtering out the ECG signal 
without distortion. A non-linear filter makes possible 
to process the signals under the conditions of overlap-
ping of the frequency spectra of the interference with 
a signal [9]. One of the promising approaches to the 
processing of ESG signals is an application of non-lin-
ear threshold filters based on the time-frequency rep-
resentation of the signal [2.10]. The peculiarity of this 
method consists in a decomposition of a signal to em-

pirical modes (frequency components), the filtration 
of individual components (interference, noise) and the 
subsequent reconstruction of the analyzed signal in 
the time-frequency domain. In doing so, it is assumed 
that when using such methods for long-term process-
ing, gain in the accuracy in detecting the morphology 
of the ECG signals under minimized distortion of the 
amplitude and time parameters is obtained.

Empirical modes are multi-component constituents 
of a signal, which are amplitude- and frequency-mod-
ulated, varying with time [11]. For the long-term pro-
cessing of the ECG signals, in some papers first pro-
posed has been an application of a non-linear threshold 
filter by Nonnegative-Garrote type, based on the 
time-frequency representation of the signal [1,2,10]. 
This method is designed for sequential extraction of di-
agnostic information from the TP segment of the ECG 
signals. But at the same time, it is known that because 
of the physiological and clinical specific features during 
the long-term recording, the reference points of the TP 
segment on the ECG signal morphology are not always 
detectable. In some situations this segment is gener-
ally missing at all, for example, under the ventricular 
extra systole and other arrhythmias [4]. In such cases, 
the application of this approach for the purpose of the 
long-term monitoring of the cardiovascular conditions 
leads to difficulties in identifying the ECG signal mor-
phology due to the missing TP segment. 

In order to overcome this drawback, based on the 
Nonnegative-Garrote approach, we have selected the 
most promising types of adaptive threshold filters, 
which are based on Hard Threshold (1), Soft Threshold 
(2), and Non-linear Exponential Sigmoid Function (3) 
[12,13]. The formulas (1), (2), (3) show the equations of 
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the selected non-linear threshold filters, namely, a hard 
threshold filter, a soft threshold filter (2) and a thresh-
old filter based on the exponential sigmoid function (3).
where dj,k are the processed threshold level coeffi-
cients j, T – a threshold, which determines the level 
of interference.

As to the above listed types of the threshold filters, 
at present they are widely used in wavelet filtration of 
the ECG signal. A peculiarity of the combination of the 
selected types of the threshold filters according to the 
method of empirical modes allows processing of the 
ECG signals on adaptive a posteriori basis, that is al-
ways justified for the purpose of the processing and the 
analysis of diagnostic signals and that requires less com-
puting resources. In this case, there is no need to use 
a priori information of the maternal wavelet functions.

Conclusion
Thus, based on the topical issues on the ECG signal 

processing, in the future it is planned to implement 
the method of the non-linear time-frequency filtering 
to improve the accuracy of the signal morphology de-
tection during the cardiac data processing and there-
by improve the accuracy of diagnosing diseases of the 
cardiovascular system in the time-frequency plane.
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