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Abstract

Fast algorithm based on digital filters is considered. It is intended to detect
normal and pathologic events in real ECG recordings. The methods for recognition of
normal QRS complexes, pacemakers stimuli and supraventricular extrasystoles are
described. The results of the data processing performed by a program based on the
described algorithm are shown.

The processing of long-period ECG recordings requires relatively
long time periods and depends on the used algorithms. On the other hand, it
also depends on the microcontroller or PC computing power. The dedicated
program products feature average processing time between 5 and 10 minutes
after which, in many cases, manual data processing has to be done. As a
result, the overall processing time grows up to one hour.

The aim of this work is to propose and describe a fast algorithm for
detection of normal and pathologic events in a real 24-hour ECG recording
where the average main processing time of the signal is reduced to 30
seconds. The great number of variations for the patterns of normal and
pathological events makes the recognition process very difficult.

To solve the problem and satisfy the requirements arising from the
nature of the ECG signal and processing time, digital filtration is chosen.
The method of digital filtration is used as a base of the algorithm, where the
output signal is given by equation (1):
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(1) Y[k]=ai[ﬁbix[k—i]—ia,[k—j]j

Where: x/k] - input data and a;, b; - constant coefficients.

To reveal the specific parts in the ECG recording, it is expedient to
use a digital filter with second order Butterworth type infinite pulse
characteristic, whose structure is shown in Fig.1.
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Fig. 1. Structure of the used Butterworth type digital filter

Where: X — filter input;
Y — filter output;
gl, g2, g3 — gain coefficients;
a(l,2,3) b(1,2,3 ) — filter coefficients;
2'1(1,2, 3) — the last value of Z;

The signal processed with this filter provides to obtain the required
filter slope and high event-detection speed typical for the ECG signal. The
algorithm of the signal processing is shown in Fig. 2.

The algorithm works with two data arrays, Buffl[n] and Buff2[n],
registered by the first and second channel of the ECG holter. The length of
the record is 24 hours. The Event[n] array is intended to save the type and
place of the discovered event. Nk is a constant representing the number of
discrete determined by formula (2).
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Where: Nk discrete number, 120 constant (set equal to 120 ms and used as
time threshold in detecting ventricular extrasystoles)

Nk = 120 ms

i=0

Buff1[i] - naunu kanan 1
Buff2[i] - nannu kanan 2
MACHB Ha cLOUTHATA
Event[i] = {0}

H
‘ M o ¢
i PaceMaker QRS Normal QRS
all)a(2), a(3) a(1),a(2), a(3)
Y[n] b(1).b(2), b(3) T (30~40)liz Y[n] b(1Lb(2), b(3) F (8-25)Hz
2(1).g(2), (3) g(1),2(2), g(3)

a(1),a(2), a(3)
Y[n] b(1).b(2),b(3) F (0~0.6)Hz
2(1),2(2), g(3)

<>

Ja

ISOLinel[1]

Buff1[i] > ISOLine[i]
W
Buff2[i] > ISOLine[i

Fig. 2. Signal processing algorithm
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In practice, quite often, ECG data recorded by different types of
pacemakers, such as unipolar, bipolar, “on demand” and more has to be
processed. This makes data processing more difficult. A common feature of
all these devices is the generation of a short pulse (width of 1-7 ms) with
each heart contraction.
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Fig. 3. Determination of the stimulating pulse place in the RR interval
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Fig. 4. Results after the signal processing

134



To find the place of the stimulation pulse in the RR interval, the
signal has to be passed through a band digital filter with band frequencies of
20-30 Hz. If the signal is greater than the preliminary set threshold (not
shown in Fig. 2 to simplify the algorithm’s diagram), we consider that a
stimulation pulse is generated at this place. Then, all signals greater than the
threshold are ignored for a time period equal to 200 ms corresponding to
heart rate of 300 beats per minute, upon detecting the event (Fig. 3). The
results of the signal processing are shown in Fig. 4.

If there is no indication of the presence of cardiostimulator, the
algorithm starts processing the signal using the band pass filter within the
range of 12-20 Hz. The difference between the levels in the same part of the
recording, processed by a detecting filter for stimulator generated pulses and
the normal QRS complex is shown in Fig. 5 (20-30 Hz) and Fig. 6 (12-20
Hz).
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Fig. 5. Detecting pulses generated by a cardiostimulator

During the analysis and detection of the normal QRS complexes,
time-frequency valuation could be applied, using the proposed algorithm for
VES detection. Ventricular extrasystoles (VES) are wider than normal QRS
complexes. Normal QRS complexes change within the range of 50-110 ms
for healthy people and depend on sex and age. For VES detection, the signal
must be processed using a low pass digital filter with frequency of 0-0.7 Hz.
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Fig. 6. Detecting pulses from normal QRS complex

The output of the filter follows the isoline of the signal recorded by the
registration device and is used as start voltage threshold — first crossing
point of the event on the graphic and the filter output signal, or end voltage
threshold — second crossing point of the event on the graphic and the filter
output signal. If the measured time is greater than 120 ms, the algorithm
determines that a VES event is discovered. The measurement is presented in
Fig. 7.
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Fig. 7. VES detection algorithm
The signal processing is carried out simultaneously on both

channels. It is enough to satisfy the requirement for the time threshold in
one of the two channels to determine that the event is VES. The presence of
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artifacts with width close to VES’s width will be recognized as a VES. The
correction can be made by secondary data analysis and the application of
various correlation analyses.

Conclusion

The method described above reduces greatly the time period of long
time period ECG recordings. The method increases the reliability of the data
processing results. The fast algorithm provides to make one or more
processing passes of the signal for secondary analysis. Analyses for
different recording lengths are possible. The method is useful in cases where
human status needs to be determined quickly under extreme conditions,
such as during space missions.
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BbP3 AJITOPUTHBM 3A OTKPUBAHE HA HOPMAJIHU U
IMATOJOI'MYHU CBBUTHUSA B EJIEKTPOKAPJIUOI'PA®CKHU
3AIIMCH C TOJIAMA ITPOABJIZKUTEJIHOCT

Cm. Tamnes, Iln. Tpenoaghunos, Il. I'enos, JI. Tanesa
Pe3iome
Pasrnenan e Obp3 aNropuThM 3a OTKPUBAaHE HAa HOPMAJIHHU M IaTO-

noruyau cwoutus B peaneH EKD 3ammc. AnropuTbMbT € 0OasupaH Ha
00paboTka Ha curHaia ¢ nudpoB GUATHP OT BTOpU pen Tun Butterworth.
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Onucanu ca eranute npu oOpaboTKara Ha CUTHaJa 3a paslo3HaBaHE Ha
HopMaiiHu QRS KoMIUIekcH, CTUMyJUpald HMMIIYJICH OT KapAHOCTH-
MyJIaTOp ¥ KaMEepHHM eKkcTpacucTtosnd. IlocturHata € BHCOKa CKOPOCT Ha
Obp30J€iicTBUE U BHUCOKA CTENEH HA JOCTOBEPHOCT Ha PE3yiTaTUTE IpU
U3II0JI3BaHE HA MUHUMAJIHHU U3YUCINUTENHU pecypeu. [lokasanu ca pesynra-
TUTE OT aHaJIM3a Ha CUIHaja C Iporpama, padoTella MO OMMCAHUS aJro-
PUTBHM.
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