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ABSTRACT 

Presently T-wave alternans (TWA) has become a cli- 
nical index of non-invasive diagnosis for heart sudden 
death prediction, and detecting T-wave alternate ac- 
curately is particularly important. This paper intro- 
duces an algorithm for detecting TWA using Poincare 
mapping method which is a technique for nonlinear 
dynamic systems to display periodic behavior. Sample 
series of beat to beat cycles were selected to prepare 
Poincare mapping method. Vector Angle Index (VAI), 
which is the mean of the difference between i  (the 
angle between the line connecting the i point to the 
origin and the X axis) and 45 degrees was used to 
present the presence or absence of TWA. The value of 
0.9 rad ≤ VAI ≤ 1.03 rad is accepted as a level deter- 
minative for presence of TWA. VAI via Poincare 
mapping method (PM) is used for correlation analysis 
with T-wave alternans voltage (Vtwa) by way of the 
spectral method (SM). The cross-correlation coeffi- 
cient between Vtwa and VAI is γ = 0.8601. The algo- 
rithm can identify the absence and presence of TWA 
accurately and provide idea for further study of 
TWA-PM. 
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1. INTRODUCTION 

A number of studies recently indicate that ventricular 
arrhythmias are one of the primary causes of cardiac 
death, and the microvolt T-wave alternans (MTWA) is an 
important index for ventricular arrhythmias prediction. 
TWA is a phenomenon of electro cardio variation that 
beat to beat variation of T-wave morphology and polarity 
at constant heart rate is embodied in neat cardiac rhythm 

[1]. 
In accordance with the statistical method difference of 

TWA detection, the methods with pathologic significance 
of detecting MTWA are divided into three kinds: Short 
Time Fourier Transform (STFT), symbol transform and 
nonlinear methods [2]. The Spectral method (SM) which 
is one kind of STFT is the most mature. Nonlinear me- 
thods include Poincare mapping (PM), moving average 
(MMA) method, etc. 

The article presents the Poincare mapping (PM) [3] 
based on nonlinear dynamic theory to detect MTWA and 
compares the result with that of Spectral method. The 
result is proved to be of Strong correlation between both 
of the quantitative index. The main process for TWA 
detection is as follows: marr wavelet transform based on 
the a’trous algorithm was adopted to select feature points 
from Electrocardiograph (ECG), and QT interphase mea- 
surement formula was used for improving the T-wave 
analysis window. Then spectral method and Poincare 
mapping were carried out on detecting TWA, and we can 
attain the figures of simulation results of power spectra 
and Poincare maps and their quantitative indexes namely 
Vtwa (of SM) and VAI (of PM). This algorithm was ap- 
plied in MIT/BIH Arrhythmia database and European 
ECG ST-T database, and the cross-correlation coefficient 
between Vtwa and VAI is ã = 0.8601. 

2. METHOD 

2.1. ECG Preprocessing 

Firstly, the measured ECG S was filtered, and in this 
paper, integral coefficient was used to eliminate 50 HZ 
power-line interference, and then the signal was filtered 
using threshold denoising algorithm by applying bior 2.2 
wavelet [4]. In reference to the a’trous algorithm, the 
marr wavelet transform was carried out in one to four 
scales and ja , jb  can be observed [5]. The ja  repre- 
sented wavelet detail part, while jb  represented wavelet 
approximation part. Marr wavelet is second derivative *Corresponding authors. 
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wavelet basis, so the peak points after being transformed 
were the same as those in the original signal. 

2.2. T-Wave Alternans Detection 

With the aim of detecting MTWA more accurately, this 
article adopts a T wave analysis window method that L = 
128 ECG complex was selected for TWA measurement 
and there were m = 7 sampling points in every cardiac 
cycle [6]. The starting point of the T-wave window was 
located at  after the R peak, and QT inter- 
phase measurement formula was used for determination 
of the point terminating the T-wave analysis window as 
formula:  

50 mst 

 0.39 0.05QT k RR k               (1) 

The T-wave analysis window was divided equally into 
m parts in a cardiac cycle, and the sampling interval was 
ID between two sampling points [7]. Accordingly, the 
sampling point jb  can be attained as equation: 

　　 　   (2) 1 1 1, 2, ,6ib b i ID i      





In line with the (1) and (2), 7 × L selected samples 
of T-wave can be get across L consecutive heartbeat 
cycle and 7 sampling points in a cardiac cycle. At the 
same time, we obtain a set of signal samples 

, and a new sequence with sub- 
traction between adjacent samples 

1  is formed. When 
the sequence of feature point  
was known [8], the Poincare maps could be drawn in 
two ways: one was constructed by i

 1 2, , , ,iP x x x  

2 1 3 2, ,Q x x x x   , ,i ix x 
 1 2, , , ,iP x x x  

x  vs 1ix  , the 
other was constructed by plotting second-order dif- 
ferent plots 1i i 2x x    vs  1i ix x , in which i was 
the index identifying beat number [9]. The congregat- 
ing distribution of the Poincare maps can be shown 
and the different shapes and quantitative indexes from 
which we can get the information we want. A sample 
VAI measurement between clusters to quantify TWA 
by way of Poincare map is proposed: 



   1

45
VAI degree 1, 2,3, ,

N

i
i j N

N





 


   (3)  

   2 1 1arctani i i i ix x x x             (4) 

Among them, and i  denoted the angle between 
the line connecting the i point to the origin and the X 
axis; N was the total point of Poincare map. Used for 
Matlab simulation, 45 degrees were turned into radian 
system namely for 0.7854. VAI value denoted the dis- 
persed degree of the adjacent T-wave amplitude dif- 
ference along the 45˚ line. When vector angle index is 
0.9 rad ≤ VAI ≤ 1.03 rad, TWA was present in the 

ECG signal. When VAI < 0.9 rad or VAI > 1.03 rad, 
there was no TWA. Poincare maps for T-wave detec- 
tion are shown in Figure 1. 

Spectral method (SM) widely applied to the current 
detection of TWA is a frequency domain analysis method, 
and has high accuracy [10]. This paper compared the re- 
sult of detection by means of Poincare map namely VAI 
with that of detection by way of Spectral method that is 
Vtwa, and the correlation analysis proved the effectiveness 
of PM. Spectral method for T-wave detection are shown 
in Figure 2. 

3. RESULTS 

In the article, we adopted MIT/BIH Arrhythmia database 
and European ECG ST-T database. The sampling fre-  
 

 

 
Figure 1. Absence and presence for T-wave alternans Poincare 
mapping. 
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Figure 2. Absence for T-wave alternans Vtwa = 0 and presence 
Vtwa ≠ 0. 
 
quency in former was 360 HZ while in the latter 250 
HZ. For purposes of brevity, the signal from these data- 
bases was resampled with 200 HZ so that the analysis 
became simpler. We showed part of the simulation results 
in Table 1. All the datas were from channel 1. 

From the following data in Table 1, a significant 
correlation was found between the alternans voltage 
determined by the SM and the vector angle index cal-
culated by the PM, and the cross-correlation coeffi-
cient between Vtwa and VAI is γ = 0.8601. In the Mat-
lab7.0 environment, the discrete data Vtwa and VAI in 
Table 1 were operated by means of Curve Fitting Tool. 
A curve relation was found as following equation: 

2
twa 4300 VAI 7185 VAI 3001V         (5) 

The fitting curve of Vtwa and VAI are shown in Figure 
3. The fitting curve R-square is 0.867. 

Table 1. Simulation data of some samples. 

NO 
data 

source
Initial time
(h:min:s)

Terminal 
time 

(h:min:s) 

Vtwa 
(uV) 

VAI 
(Rad)

e0127 ST-T 01:05:01 01:11:03 79.027 0.9894

e0127 ST-T 01:14:08 01:17:04 106.5487 0.975

e0119 ST-T 00:02:07 00:05:03 44.2983 0.9728

e0118 ST-T 00:20:07 00:23:03 50.1108 0.9553

e0118 ST-T 00:17:03 00:20:00 0 0.8381

e0110 ST-T 00:08:07 00:13:03 118.119 0.9752

e0110 ST-T 00:06:00 00:08:03 38.7016 0.9009

e0110 ST-T 00:06:07 00:09:03 0 0.8768

e0112 ST-T 00:04:05 00:07:07 40.0302 0.9172

e0113 ST-T 00:17:09 00:21:09 114.3358 1.0044

e0116 ST-T 00:00:03 00:03:07 82.9088 0.9844

103 MIT/BIH 00:05:06 00:07:09 73.1211 0.9617

103 MIT/BIH 00:02:05 00:04:04 169.7743 1 

103 MIT/BIH 00:10:09 00:13:02 0 0.8867

100 MIT/BIH 00:02:03 00:04:02 0 0.8736

100 MIT/BIH 00:02:08 00:04:06 0 0.8496

100 MIT/BIH 00:03:02 00:05:06 0 0.8151

100 MIT/BIH 00:06:09 00:09:03 59.5089 0.9284

100 MIT/BIH 00:10:09 00:13:02 37.5303 0.9663

103 MIT/BIH 00:04:02 00:06:03 68.981 0.9825

103 MIT/BIH 00:00:00 00:01:09 0 0.8397

100 MIT/BIH 00:00:00 00:01:09 0 0.8282

 

 
Figure 3. Vtwa and VAI curve fitting. 
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4. CONCLUSION [3] Pawel, S. and Jan, R. (2002) Poincare mapping for detect- 
ing abnormal dynamics of cardiac repolarization. IEEE 
Engineering in Medicine and Biology, 1-2, 62-65. According to a lot of the simulation data results, we ac- 

cepted that the presence of TWA by way of PM is deter- 
mined on the basis of 0.9 rad ≤ VAI ≤ 1.03 rad. Because 
of the cross-correlation coefficient between Vtwa and VAI 
0.8601, the strong correlation between VAI via PM and 
Vtwa by means of the mature method of SM is proved. At 
the same time, it is also shown that Vector Angle can be 
applied to TWA detection. SP demands the complex of 
plenty of beat-to-beat circles to detect the presence or 
absence TWA accurately. By way of PM T-wave alter- 
nans voltage between any adjacent beats can be get, and 
Compared with SP, PM is more simpler [11]. Because 
the application of PM in heart rate variability has become 
more mature, we can also get some T-wave alternans sta- 
tistical information from the area of PM [12], and then 
whether the area index can reflect the characteristics of 
nonlinear mechanics TWA quantitative information re- 
mains to be established. 
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