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Automatic Control System of Artificial Ventilation
for Respiratory Failure Patients

Kenji Takahara, Member (Muroran Institute of Technology)
Hidetoshi Wakamatsu, Member, Itsuro Miyazato, Non-member (Tokyo Medical & Dental University)

An automatic control system is proposed for respiratory failure patients under artificial ventilation. The whole control system
is designed as a 2-input 2-output system based on an adaptive pole-assignment method. In this study, ventilation rate and
inspired Oz tension are chosen as the input values, alveolar CO2 tension and arterial Oz saturation as the controlled values. The
control system is divided into two subsystems: one is the control system of alveolar CO2 tension and the other is the control
system of arterial Oz saturation. It is not so difficult to control alveolar CO: tension, because the dynamic characteristics of
alveolar COz tension are described as a 1-input 1-output system. On the other hand, it is rather difficult to control arterial O2
saturation, because the dynamic characteristics of arterial Oz saturation are described as a 2-input 1-output system, including
the cross effects of ventilation rate and inspired Oz tension on arterial Oz saturation. Hereby, the dynamic characteristics of
arterial Oz saturation is assumed to be represented by a 2-input 1-output mathematical model. Then, the effect of ventilation
rate on arterial Oz saturation is regarded as an offset term. In which case, the proposed method makes the control system of
arterial Oz saturation a 1-input 1-output system including the effect of ventilation rate. The effectiveness of the proposed control
system is confirmed using a dynamic mathematical model of a human respiratory system, in both conditions of rest and a changing
metabolic state.
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Tablel Parameter Values of the Controlled Object
( Type Patient)

Pac02 46.1 Paoz 56.7
Saoz 87.96 \]A 6.0
\/'CO2 0.24 \]OZ 0.30
VCOZ 3.2 V02 25
F’ICO2 0.21 PI02 150

K1 0.75 K2 0.46

30[S] Na1=Np1=2 Na11=Np12=Ny22=2
=1 dai=d22=1

Ci(z1)=1 Cx(z1)=1-0.3571
40[mm Hg] 96.6[%)]
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Fig.1 Control of alveolar CO, tension and arterial O,
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Fig.2 Control of alveolar CO, tension and arterial O, ;l
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Fig.3 Control of alveolar CO, tension and arterial O,
saturation during the change in metabolic rate
change.
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