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Figurel Attractor of pulse wave data embedded into athree-
dimensional state-space. X(n) indicates the n-th observation.
The lag time is 30 sample times, or 150 ms.
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Figure2 Pulse wave data and its sur-

rogate. (a) original data, (b) random
shuffle surrogate data, (c) Fourier shuffle
surrogate data, and (d) period-shuffle
surrogate data. The x-axis indicates the
time. Maximal Lyapunov exponent was
calculated as 1.95, 48.81, 0.88, and
8.30(bits/0.005s), respectively.

Lyapunov exponent

Figure3 Lyapunov exponent for the original
data. In the present study, four Lyapunov exponents
were calculated; A1=1.95, A2=0.07, A3=-3.09, and
A4=-15.78 hits/0.005s. Maximal Lyapunov expo-
nent is designated as the largest one of the four
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exponents. The positive value of the maximal

210 Lyapunov exponent indicates chaos.
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Non-linear Analysis of Finger Plethysmogram Using the Surrogate Data M ethod
Kenichiro Shimizu

Health Care Center, Shokochukin Bank, Tokyo, Japan
Division of Geriatric Medicine, Department of Internal Medicine,
Keio University School of Medicine, Tokyo, Japan
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We investigated non-linearity of finger plethysmogram using the surrogate data method. Three different types of
surrogate data were considered in the present study; random shuffle surrogate data in which original data were randomly
re-arranged, Fourier shuffle surrogate data in which only phase spectrum differed between the original and surrogate
data, and period-shuffle surrogate data in which each periodic component of the original data was randomly re-arranged.
Maximal Lyapunov exponent, reflecting orbital instability of chaos, for the original data was significantly different from
that for all those surrogate data. These results indicate that pulse wave data may be determined based on non-linear
dynamics to show alow-dimensional chaos. (J. Jpn. Coall. Angiol., 2003; 43: 15-19)
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