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Algorithm of real-time QRS complex detection for the GPRS mobile ECG telemoni-
toring system

ZHU Ling-yun' , WANG Zheng-guo' , WU Bao-ming' , CAO Chang-xiu®, CHU Wei', ZHU Xin-jian' , YAN Qing-guang',
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Abstract; Objective To develop a real-time QRS complex detection algorithm of dynamic ECG signals
for the GPRS mobile telemonitoring system. Methods Before the first and second derivatives of ambulatory
ECG signals were processed by moving average method, the signals sampled from CM5 monitoring lead were fil-
tered with the average of continuous four ECG sample signal points. The R waves could be detected precisely by
local minima of second derivatives and Q & S waves were located correctly by cross-zero points of first deriva-
tives of ambulatory ECG signals in a short-time searching windows. The QRS recognition thresholds, which
could revise themselves according to the detected values and vary with the analyzing signals, were designed in
this paper. Results With a polynomial computation complexity, the novel algorithm insensitive to baseline
draft and noise caused by mobile communication filtered power-line interference and most of muscle noise and
reduced the search time below 0.02 s during detecting each Q wave, R wave and S wave. For the normal and
clinical patients, this algorithm correctly detected up to 99. 8% of the QRS complex of ambulatory ECG signals.
Conclusion The algorithm can meet the need of real-time QRS complex detection and analysis for the GRRS
mobile ECG telemonitoring system.
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From top to hottom of each group, the signals denote respectively raw ECG signals, filtered signals, first and second derivatives of ECG signals and the sym-

bols " x " indicate the location of each R wave detected by algorithm. The raw ECG signals of group A, B and C are respectively disturbed with the noise

of power line interference, baseline drift and muscle contraction
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Fig 1 Effect of R wave detection of ambulatory ECG signals
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Fig 2 Effect of QRS complex detection of dynamic ECG signals with

various noise
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Tab 1 QRS detection results of simulative dynamic ECG signals

Type of Total QRS P 1 Failgli le'recll
et complex (i) Cheits) detection ratio of
( beats) i ( beats) detection( % )
Repose 337 0 0 0 100. 00
Walk 3348 0 0 0 100, 00
Exercise 4 804 4 5 9 99.81
Jog 4916 2 2 4 99,92
Total 16 445 6 7 13 99,92
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Tab 2 Real-time QRS detection of dynamic ECG signals for clinical

patients

Clinical situation Total QRS 1 Failed Correct
of dynamic complex hP KN detection ratio of

ECG ( beats) (beats) (beats) ( beats) detection( % )
Sinus arhythmia 1 484 0 1 | 100. 00
Atrial premature beats 1 202 0 0 0 100. 00
Ventricular premature beats 2089 0 0 0 100. 00
Bigeminy & trigeminy 1 531 0 0 0 100. 00
Low voltage 2 356 0 0 0 100, 00
SVT 1819 0 0 0 100. 00
Atrial flutter & fibrillation 1 100 0 0 0 100. 00
Myocardial ischemia 3 635 0 0 0 100. 00
Left bundle branch 1503 0 0 0 100. 00
Preexcitation syndrome 1097 0 0 0 100. 00
Sinus rhythm 2315 3 2 B 99.70
Total 20 131 3 3 6 99.97
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