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ABSTRACT Objective: To realize the detection of T-wave interval with the Wavelet Transform. Methods: R-peak was located by
using modulus maxima algorithm on the 23 scale. According to the R-peak as well as the empirical values of T-wave beginning and
T-wave end, the temporary T-wave intervals were identified on the 24 scale. The T-wave modulus maxima pairs of every beat were found
in those temporary T-wave intervals. And then the T-wave morphology was determined on the basis of modulus maxima pairs' quantity
and plus-minus. As different T-wave morphologies correspond with different detection methods of the T-wave beginning and T-wave
end, classification detection of T-wave interval was used to improve the detection accuracy. Because this algorithm is regarded as the pre-
liminary work of the T-wave alternans detection, it was evaluated on the QT Database. Results: Simulation results show that this algo-
rithm can successfully distinguish the morphology of each T-wave. And T-wave interval detection can be more accurate based on this
method. Conclusion: In this article, the modulus maxima algorithm is used to detect the T-wave interval, considering the different T-wave
morphologies. Using this algorithm can make simulation results reach our expectation, meanwhile, easy to calculate and to realize.
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Table 1 T-wave morphologies Classification
T-wave morphology Sign of modulus maxima Number of modulus maxima
Only upwards Negative 1
Only downwards Positive 1
Biphasic positive-negative Positive-negative 2
Biphasic negative-positive Negative-positive 2
Normal Negative-positive-negative 3
Inverted Positive-negative-positive 3
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Fig. 1 Relationship between T-wave morphologies, wavelet transform, modulus maxima and T-wave Interval
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Table 2 Results of T-wave Interval detection

Record Sel103 Sel100 Sele0704 Sele0607
No. of heart beat 5 12 27 3 11 22 9 18 27 1006 1008 1012
T-wave morphology* + + + - - - +- +- +- -+ -+ -+

T-wave Results 4.27 10.285 23535  2.355 8.54 16.78 6.525 12915 19.275 5199 53555 56.685

beginning  Annota-
4.272 10.292 23.54 2.352 8.524 16.768 6.528 12.916 19.28 51.996 53.564 56.676

(ms) tions
Results 4.46 10.48 23.735 2.57 8.76 17.025  6.755 13.15 19515  52.17 53.73 56.86
T-wave
Annota-
end(ms) i 4.456 10.476  23.728  2.588 8.756 17.044  6.756 13.152 19.52 52.16 53.748  56.856
ions

*Note : + Normal - Inverted +- Biphasic positive-negative -+ Biphasic negative-positive
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Table 3 Validation with QT database

Amount of heart Detection rate (%) Error value (ms)
Record
beats <12ms <20ms Mean Std
Sel103 T-wave beginning 30 66.67 80 35 18.9
T-wave end 30 46.67 76.67 7.2 2.4
Sel100 T-wave beginning 30 26.67 56.67 9.8 22.8
T-wave end 30 66.67 -0.5 27.1
Sele0704 T-wave beginning 30 93.33 100 0.37 6.3
T-wave end 30 83.33 96.67 3.6 6.8
Sele0607 T-wave beginning 30 63.33 -5.7 25.1
T-wave end 30 56.67 80 -11.6 21.2
(References) , 1995, 14(1):59-66
1] T T [ Li Cui-wei, Zheng Chong-xun, Yuan Chao-wei. A detection method

, 2005, 22(5):951-955

Zhao Jie, Hua Mei. The algorithm of detecting the T-wave alternans
(TWA) based on the maximum of T waves [J]. Journal of Biomedical
Engineering, 2005, 22(5):951-955

[2] Eugene Lepeschkin, Borys Surawicz. The measurement of the Q-T in-
terval of the electrocardiogram[J]. Circulation, 1952, 6:378-388

[3] Algra A. An algorithm for computer measurement of QT intervals in
the 24 hour ECG. computer in cardiology [M]. Piscataway, NJ: IEEE
Computer Society Press, 1987, 117-119

[4] , : [l
15(1):15-18
Fan Xiao-dong, Zhu Ze-huang. An algorithm for locating ECG key
points[J]. Beijing Biomedical Engineering, 1996, 15(1):15-18

[5] , . QT [J].
19(3):625-628
Wang Li-chuan, Chen Yu-quan. QT detection based on wavelet trans-
form [J]. Chinese Journal of Sensors and Actuators, 2006, 19 (3):
625-628

[6] , . T [J].

, 2009, 28(1):69-73

Wang Sha, Hu Guang-shu. T wave detection based on wavelet trans-
form[J]. Beijing Biomedical Engineering, 2009, 28(1):69-73

[7] Pablo Laguna, Roger G. Mark, Ary Goldberger, et al. A database for
evaluation of algorithms for measurement of QT and other waveform
intervals in the ECG [M]. Piscataway, NJ: IEEE Computer Society
Press, 1997, 24:673-676

[8] Mallat SG, Hwang WL. Singularity detection and processing with
wavelet[J]. IEEE Trans. on IT, 1992, 38:617-643

[9] . Cortex [D].

, 2011:7-62

Tian Jie. The real-time ECG processing and detection technology

, 1996,

, 2006,

based on Cortex[D]. Jinan: Shandong Normal University, 2011:7-62
[10] ) , . T [1.
, 2010, 27(2):1751-1754
Wang Juan, Huang Zhong-chao, Liu Zhun-cheng. Study of T-wave
end detection with geometric method [J]. Chinese Journal of Medical
Physics, 2010, 27(2):1751-1754
[11] , , .EGC [J].

of ECG using wavelet transform [J]. Chinese Journal of Biomedical
Engineering, 1995, 14(1):59-66

[12] : QT [D].

, 2006:47-63

Wang Li-chuan. A study and application of using wavelet transform
in the automatic measurement of QT interval[D]. Hangzhou:Zhejiang
University, 2006:47-63

[13] L.Burattini, W.Zareba, A.J.Moss. Correlation method for detection of
transient T-wave alternans in digital Holter ECG recordings [J]. Ann.
Electrocardiol, 1999, 4(4):416-426

[14] . ) . T QT [31.

, 2011, 30(3):352-356

Wang Da-xiong, Gu Yong-gen, Xu Geng, et al. The strategy of T
wave detection and QT interval extraction [J]. Chinese Journal of
Biomedical Engineering, 2011, 30(3):352-356

[15] Zheng Yan-li, Hu Guang-shu. QRS complex detection by the combi-
nation of maxima and zero-crossing points of wavelet transform [J].
Proc. 20th IEEE EMBS Annual Intern Conf, 1998, 1:156-158

[16] , , MATLAB

[91. , 2004, 21(11):48-50

Chen Xi-ping, Mao Hai-jie, Li Wei. Study on choosing mother
wavelet for signal singularity detection based on MATLAB [J]. Com-
puter Simulation, 2004, 21(11):48-50

[17] Zhang Qing-hua, Manriquez Al, Medigue C, et al. An algorithm for
robust and efficient location of T-wave ends in electrocardiograms[J].
IEEE Trans Biomed Eng, 2006, 53(12):2544-2552

[18] Monasterio, V. Laguna, P. Martinez, J. P. Multilead analysis of
T-wave alternans in the ECG using principal component analysis [J].
IEEE Trans Biomed Eng, 2009, 56(7):1880-1990

[19] , : [

, 2007, 14:484-485

Wang Zhu-xia, Zang Shun-quan. Signal singularity detection based on
wavelet transform modulus maximum [J]. Computer Knowledge and
Technology, 2007, 14:484-485

[20] Mads P. Andersen, Claus Graff, Egon Toft. New descriptors of
T-wave morphology are independent of heart rate[J]. Journal of Elec-
trocardiology, 2008, 41(6):557-561



