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Ultra-High Resolution  
Electrocardiography

Introduction

Development of the new UHR ECG method is carried out ac-
cording to the fundamental scientific concept adopted by the team 
of one of the leading scientific schools of the Russian Federation, 
“Radioelectronic and information means of assessment of phys-
iological parameters of living systems” headed by Professor, Dr. 
K.V. Zaichenko - extraction of the maximum amount of informa-
tion from the obtained UHR ECG. The scientific team of this school 
initiated the development and subsequent elaboration of the UHR 
ECG method based on the application of the latest achievements 
of radio-electronic, radar and information technologies. Due to 
this, one of the main ideas of UHR ECG method is solved and im-
plemented - expansion of amplitude and frequency ranges of elec-
trocardiac signals processing with ultra-high resolution, which 
allows to increase the degree of detailing of useful components 
of recorded signals and provides the possibility of deeper study 
of electrophysiological processes occurring in the cardiovascular 
system (CVS) [1]. This is a significant UHR ECG advantage over 
other known ECG methods. Comparison of signal registration 
characteristics (amplitude and frequency) of various existing 
electrocardiographic methods with the new UHR ECG method is 
shown in Figure 1.

The main differences of UHR ECG from all other electrocardi-
ography methods existing today are as follows. Firstly, in known 
traditional methods, signals are recorded in different frequency 
ranges from 0 to 100, 250 and sometimes up to 300 Hz, while in 
UHR ECG, signals are recorded in the frequency range from 0 to 
2000 Hz and more, if necessary. Secondly, the possibilities of pro-
cessing low-amplitude components of ECS have been significantly 
improved. At that, the minimum limit of the amplitude range in 
UHR ECG today is about decades nanovolts. And, thirdly, when de-
veloping the UHR ECG, the authors’ team of the scientific school, 
when creating both hardware and algorithmic and software 
means of primary and secondary processing of UHR ECS, strives 
to use the latest achievements of radio-electronic, radar and infor-
mation technologies [2].

Case Reports

The most important task in the analysis of UHR ECS is the 
development of a set of methods to search for pathological pat-
terns indicating the appearance of signs of ischemia. In particular, 
when using information technologies for biomedical data pro-
cessing, one has to face the problem of measuring parameters of 
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physiological signals that characterize the shape of their separate 
informative fragments. For example, when processing electrocar-
diograms, it is necessary to obtain a sufficiently accurate repre-
sentation of the amplitudes and durations of the P waveform, QRS 
complex and ST-T segment, etc., reflecting the work of atria and 
ventricles of the heart during the cardiac cycle. Inadmissible dis-
tortion of such fragments in the process of computer processing 
leads to incorrect interpretation of the signal [3,4]. To improve 
the accuracy of time reference of analyzed complex quasi-periodic 
bioelectrical signals, the task of creating methods of their precise 
time synchronization, necessary for detailed analysis of their fine 

structure, has been set. To solve this problem, we develop proce-
dures, algorithms and programs for searching and highly accurate 
estimation of the time position of characteristic points of such 
signals using radar techniques for measuring the delay time of re-
flected signals (range to the target) [2]. Such high-precision syn-
chronization is required for precision estimations of the variabil-
ity of rhythms of quasi-periodic processes [4] (e.g., heart rhythm, 
Figure 2) to enable joint processing of a set of individual cycles 
of such signals, e.g., synchronous accumulation and three-dimen-
sional ECS mapping (only in areas adjacent to QRS complexes - 
this limitation is caused by heart rhythm variability) 

Figure 1: Comparative characteristics of existing electrocardiography methods.

Figure 2: Heart rhythm variability.

Figure 3: Three-count (a and b) and five-count algorithms (c).
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According to the methods proposed in [2], we have synthe-
sized various precision multi-counting synchronization algo-
rithms using digital processing of ECS [5]. To implement them, it 
is necessary to generate a series of samples of signal emissions 
of the UHR ECS (Figure 3) with the subsequent mathematical 
calculation of the time position of their characteristic points se-

lected for synchronization of processes. The optimal processing 
algorithm for a particular signal emission should be synthesized 
taking into account its shape, its variability from cycle to cycle and 
characteristics of its asymmetry. Figure 3 shows different types of 
samples formation in the three-count algorithm (a and b) and in 
the five-count algorithm (c).

Figure 4: Process of ECS scaling by R-peaks.

Figure 5: Scaling process of individual sections of an arbitrary cardiac cycle and possible vectors of their scaling.

Figure 6: Result of modeling of synchronous accumulation of ECS throughout the cardiac cycle.

The application of special statistical processing of estimates of 
the time position of selected characteristic points of signal peaks 
obtained by separate algorithms [2], provides not only high syn-
chronization accuracy, but also adaptation to the individual form 
of emissions, including their asymmetry.

Results and Discussion

Investigations have shown that in order to enable inter-period 
processing of a set of quasi-periodic bioelectric signals through-
out their cycles in order to reveal the dynamics of processes at 
their individual time segments, it is necessary to bring all these 
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cycles to a single averaged duration. For this purpose, we have 
proposed a method of time scaling of UHR ECS with the calcula-
tion of the optimal value of the average duration of cycles.

Figure 4 shows a graph explaining the process of scaling of 
ECS signals by R-peaks, which shows a cardiac cycle with calcu-
lated average duration (curve 1) and a cardiac cycle undergoing 
scaling (curve 2). The arrow shows the scaling vector, in this case 
the compression vector.

In the case of complex forms of signal realizations and in the 
presence of several characteristic signal emissions in them, time 
scaling within separate time segments of cycles looks optimal. 
Figure 5 shows the processes of scaling of such separate sections 
of an arbitrary cardiac cycle and possible vectors of their scaling, 
which can be, according to the calculated optimal procedure, vec-
tors of compression or stretching, indicated by the corresponding 
arrows.

One of the most efficient methods of inter-period processing 
of a set of quasi-periodic bioelectrical signals is the method of 
synchronous accumulation, which significantly increases the sig-
nal-to-noise ratio in the presence of intensive noise. This makes 
it possible to select such low-amplitude components, the identifi-
cation of which is either difficult or impossible using convention-
al methods. To date, the synchronous accumulation method has 
been used in high-resolution electrocardiography and high-fre-
quency electrocardiography (Figure 1) to process ECS, as already 
mentioned, only in the immediate vicinity of the QRS complex due 
to limitations caused by heart rate variability.

Application of the developed method of temporal scaling of 
quasi-periodic bioelectrical signals based on ultra-precise syn-
chronization methods allows synchronous accumulation of ECS 
throughout the cardiac cycle. An example of modeling of such ac-
cumulation is shown in Figure 6.

Conclusion

The developed method makes it possible to study with high 
accuracy the interperiodic characteristics of electrocardiac sig-
nals throughout their cycle, including previously inaccessible ar-

eas outside the QRS-complex zone. This method is applicable for 
any quasi-periodic random processes.

Development of new high-precision synchronization algo-
rithms, new hardware solutions in the field of acquisition and 
recording of electrocardiac signals [4,6] and new methods of syn-
chronous analysis of ECS SVR is carried out by the authors’ team 
in order to develop more effective approaches and techniques of 
secondary processing. This makes it possible to detect signs of 
pathological changes in the cardiovascular system [4], when clas-
sical methods do not give tangible results.
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