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Fig. 1 Linear (undamped) oscillator in time do-
main and phase space. In the phase plane
plot of the amplitude p is plotted against
its first derivative (dp/dt). Since the
signal is periodic the trajectory forms a
limit cycle in the phase space.

dp/dt

Fig. 2 Phase plane plots of the arterial blood pressure
waveform in an adult mongrel dog. Bifurca-
tion of the atractor was shown, and banding
and forbidden zone are observed.
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CHAQTIC

RANDOM

Time domain Return map
Fig. 3 Analysis of the Periodic, Chaotic and random
system by the use of the return map. Return
maps represents the relation between a given
point in a time series plotted on the x axis, and
the next point in the time series plotted on the
y axis.
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X(t+T)

- P "X
Fig. 4 Return maps of the arterial blood pressure
waveform. Banding and forbidden zone, con-

sistent with a chaotic system, was shown.
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ORIEMRAE, % ORRIIHEROFETIZ K Z <

X(1]

5

Time domain

Fig. 5 Schematic illustration of the reconstruction
technique in phase space. The dimension of
the attractor is the number of independent
quantities needed to specify a point on the at-
tractor. We define the k-th order conditional
probability distribution of a coordinate x, as
the probability of observing the value x given
that x, was observed time t after, x, was
observed time 2t after, and so on.
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Fig. 6 Phase portrait of the arterial blood pressure

waveform embedded into three dimensional
phase space. Banding and forbidden zone,
consistent with a chaotic system, was shown.
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Fig. 7 Phase portrait of the arterial blood pressure
waveform embedded into four dimensional
phase space and projected into three dimen-
sional phase space.
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Fig. 8 Phase portrait of the arterial blood pressure
waveform embedded into four dimensional
phase space and projected into three dimen-
sional phase space according to the principal
component score.
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Fig. 9 Lyapunov exponent calculated from the
arterial blood pressure waveform.
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Fig. 10 Fractal dimension of the arterial blood
pressure waveform.
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In order to analyze the cardiovascular regulatory
system, nonlinear mathematical techniques were used
to describe graphically the hemodynamic parameters
behavior. By the use of the methodology of the
embedding, arterial blood pressure waveform was
embedded into the four dimensional phase space and

three dimensional phase space. Four dimensional

phase space is proved to be enough by the correlation
dimension analyzing technique and the principal com-
ponent score. The results suggest that the car-
diovascular control system may be the higher order
system, suggesting dynamics compatible with deter-

ministic chaos.

Key words: Chaos, Fractal, Embeddings, phase plane plots, Lyapunov exponent,

Correlation dimension
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