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An Estimation Method of a Linear Dynamic System

by Means of Bispectrum Analysis

Susumu TacHI*

A method is proposed for estimating the
system function of a time-invariant linear sys-
tem without simultaneous recording of input
and. output waveforms, i.e., without using a
cross-spectrum. Observed input and output of
the system studied are contaminated with
Gaussian noise, and the input and output noises"
are correlated. The input to the system is
supposed to be composed of a periodic signal
and Gussian noise.

The auto-bispectrum of the cbserved input
waveform and the auto-bispectrum of the
observed output waveform are used to identify
the phase characteristics of the system. In the
identification the term corresponding to the
system’s transportation lag is elimianted and
only the term expressing the phase dispersion
among the frequency components is identified.
The amplitude term can be estimated, but this
term is interfered by the noise.

The merit of this method is that data can
be obtained quickly under the optimum meas-
uring conditions since no simultaneous meas-
urement at two points and neither trigger nor
synchronization of any type to process the
. signal are necessary. :

This method may be useful, for example,
for clinical studies, such as the diagnosis of

~arteriosclerosis, for which a catheter is too
dangerous to use and instead a pressure semsi-
tive -transducer should be used externally at
the sacrifice of accuracy, and the measurement
should be done easily and quickly to diminish

the pain of the patient. ,

The bispectra of arterial pressure waves at
two points along an artery were calculated to
determine the phase characteristics of the
arterial-blood-press&ure transfer function. A pre-
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liminary experiment showd that the phase
characteristics of the artery of the left arm
resembled those of the right arm.

The phase characteristics of the arteries of
arms are distinctly different from those of the
aortas.
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Fig.1 Linear system to be identified. z(¢) and y(#)
are observed signals of input and output
of the system, respectively. s(f) represents
the periodic component of the input. #:(Z),
ni(f), and n.(f) are Gaussian noises, and
ni(f) and n,(f) are correlated.
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Obligque lines
indicate the area
where the sum-
mation is taken.
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Fig.3 Feeler pin of arterial pulse pick-
up must be located just on the
artery measured.
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Fig. 4 Observed waveforms at various points of the
body. These records are analyzed by means
of the bispectrum analysis.
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Fig. 5 Relative phases between the harmonic

components of the observed waveforms.
The abscissa shows the harmonic numbers,
and the ordinate indicates the relative
phase of the component. This figure shows
the results of the left side of the body.
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Results of the right side of the body. The
representation is the same as in Fig. 5.
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Phase term of the system function of the
artery (time lag according to the trans-
portation is subtracted). The thick lines
show the results for the aortas, and the
thin lines indicate the results for the ar-
teries of the left and right arms (solid and
dotted, respectively).
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