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Abstract: In the paper, two nonlinear estimation methods based on chaotic theory, surrogate data method and Lyapunov
exponents, are used to distinguish the difference of PP wave intervals (time series of the pulse main peaks). After brief
introduction of the corresponding algorithms, two typical different healthy state signals of PP wave intervals are
compared by using the two methods. The obtained results demonstrate that the signals are distinguished effectively in
quantitative way. With surrogate data method, which is applied to identifying the existing chaos of PP intervals of pulse,
it is proved that the series of PP intervals of pulse are chaotic. Largest Lyapunov exponents of PP wave intervals are
calculated. The largest Lyapunov exponents of the two kinds of signals are both positive and different from each other.
The chaotic character of arrhythmia is much more significant than that of healthy state.
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Figure 1. Extraction of five feature points of human pulse
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Figure 2. Scattered plotsin different healthy states: (a) Healthy state; (b) Unhealthy state (arrhythmia)
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Table 1. Calculation results of some PP intervals with surrogate
data method
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Op 0.0161 0.0231
U 0.6143 0.9838
a 0.0965 0.1184
x 6.2017 8.1167
P 5.5846¢-10 4.7912e-16

Table 2. The nonlinear parametersof PP intervalsin different
states
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