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Design of Respiratory Control System Using Volterra Series
Based on the Method of Reproduction of Disturbance

Hidetoshi Waxamarsu® and Toshiyuki Kiramorr**

A method of controlling nonlinear systems
using Volterra series is applied to the control
of respiration. This method is based on the
description of a respiratory system by discrete-
time Volterra series. The control system is
synthesized by the connection of an input-
observer and a dynamical compensator, which
are used respectively, for the reproduction of
an input-function hard to be measured (meta-
bolic rate change) and for the generation of
a controlling input (air ventilation rate
change). It provides an accurate and quick
output control of alveolar COz-concentration
by the manipulation of an air ventilation rate,
eliminating the effect of any undesirable
irregular metabolic rate change on the output.
Key Words : respiratory control system, Volterra
series, reproduction of disturbance, nonlinear
system
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Fig. 3 Dynamic characteristics of respiratory control system for the step-like change in metabolic rate
(a) given metabolic rate change My=m(l—exp(—0.5(p—1)r)) (p=1, v=0.5[min])
There occurs metaholic rate change at time 0.5[min].
(b) reproduced waveform of metabolic rate change Mp

(e¢) air ventilation rate change U used as a controlling input
(d) alveolar CO.-concentration change : controlled output Xe » (solid line) and non-controlled

output Xu,p (broken line)
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Fig.4 Dynamic characteristics of respiralory control system for the step change in desired alveolar

COy~concentration (r=0.125[min])

There occurs change in desired value of alveolar CO.-concentration at time 0.125[min].
(a) air ventilation rate change U7 used as a controlling input
(b) alveolar COs-concentration change: controlled output Xe »
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