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Pulse wave analysis based on Windkessel model

and optical measurements of the signalsf

Yasutomo Nomura*

Pulse wave is one of the most important indices which can be monitored noninvasively.
Since the wave is controlled by the autonomic nervous system, it is dependent on various
Here the theoretical background of the
wave and several methods for measuring the optical signals in addition to our recent
studies were provided. Over 100 years ago, Otto Frank designed the Windkessel model of

factors such as physical and mental conditions.

arterial circulatory system assumed to be the circuit contained a water pump connected to

an air-chamber.

simplest model was a Resistor-Capacitor parallel circuit.

solutions were described in brief.
measuring the pulse wave remotely.

Many electrical circuits equivalent to the model were proposed. The

The analytical and numerical

Innovation of the modern technologies permit us
At present these methods are in the early stage

applied for nonverbal communication tool as a welfare technology or in-vehicle system

preventing drowsiness.

Key words : Windkessel model, pressure pulse wave, photoplethysmogram, artery, compliance,

stroke volume, systolic duration, ventricular ejection, sine wave
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Fig.1
chamber and reservoir connected to syringe pump via

Windkessel model consisting of the air
two valves. When the piston is pushed rightward
from the original condition (A), air in chamber is
When the
piston is pulled back (C), water keep flowing out

compressed (B) and water flows out.
because valve (b) stop flowing back with air
expansion.
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Fig.2 Two elements-RC parallel circuit equivalent to
Windkessel model.
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Fig.3 Typical numerical solution of the electrical
circuit equivalent to Windkessel model (A) in response
to ON/OFTF of the power supply (B).
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Fig.4 Ventricular ejection curve INN(d shown as a
solid line. Broken line denotes a minus part of the

sine curve.
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Fig.5 Typical response of blood pressure (A) to a
single ventricular ejection (B) in the Windkessel
model with parameters for healthy subjects.
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Fig.6 Pressure pulse wave in response to ventricular
Windkessel model with
parameters for healthy subjects (A) and the actual
which had the
differences (B and C) in 6 seconds.

ejection based on the

photoplethysmograms individual
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