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Fig.4 Normal ECG signals and detection results The upper sub-figure plots the original ECG signals and the
lower sub-figure plots TRS, which are matching measure function results. R-wave candidates’ positions are
detected based on derivative and threshold using TRS and use dot markers, and then according to the R-wave
candidates, the actual R-wave positions are detected using the original ECG signals and use asterisk markers
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Fig.5 ECG signals with significant motion artifact and detection results There is significant motion artifact
in the upper sub-figure. From the lower sub-figure, it could be conduded that TRS can effectively restrict motion
artifact and baseline wander. The detection method is same with Fig.4

0 1000 2000 3000 4000 5000 6000
¢ (ms)

0 1000 2000 3000 4000 5000 6000
t (ms)

6 EBEAKRKTIKHECGIEMMMEMIMR 7E L —TEB T LUEBEBOK T3, 1 TRS 45 R T A8 TR
UFRITEL, A QRS BEHFSEH R AT VERIE 4 —30. #£ 4000 A4 H — A2, KR TR E
4) SLUATRR I EE 2 AL

Fig.6 ECG signals with large T-wave and its detection results  The T-wave in the upper sub-figure is
larger. From the lower sub-figure, it could be concluded that TRS can effectively stand QRS-complex out of large
T-wave. The detection method is same with Fig.4. There is a fault-positive at about 4 000. This shows the
importance of step 4 in the algorithm process
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Table 1 Comparison of QRS-complex detection time (Units: ms)

Time Methods

Method based on wavelet transform modulus maxima Method based on CT?
Minimum 772.3 140.7
Mean 811.0 161.0
Maximum 864.2 184.4

Pl rbont B T A8 S T/ INBEAR R A 7 VR R CT2 A QRS BRI I Ze vt fudfism/IME. “SFEFHR K
fHo AEITRTLIE H CT2 vh S ) I il R T 45 T/ N AR Al R A 7 vk

A comparison of detection time include minimum, mean and maximum time between method based
on wavelet transform modulus maxima and method based on CT? is shown in this table. It's obvious
that the time expent in the latter one is much shorter than the former one
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Abstract: A QRS detection method CT? was proposed by combining template matching with improved
derivative threshold method. Firstly, a QRS template was constructed using Gaussian function according to
ECG signals. Secondly, R wave detection was implemented using CT? The accuracy and efficiency of CT?
and algorithm based on wavelet transform modulus maxima were compared. The results show that the
accuracy equals whereas the CT? method greatly shortens operation time thus it's suitable for real-time use.
Key Words: Real-time QRS detection; QRS template; Template matching
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