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Fig. 1 Nonlinear control system of respiration
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Fig. 2 Dynamic characteristics of respiratory system

with step-like change in metabolic rate

(a) Dynamic characteristics of blood flow rate
QL/min]

(b) Metabolic rate m[{/min] reproduced by non-
linear inverse. Solid line indicates m when Q is
assumed t0 be constant whereas broken line in-
dicates m when Q is dependent on the metabolic
rate.

(ec) Air ventilation rate «[//min]  Solid
indicates compensating input # from nonlinear
dynamical compensator, while broken line constant
input #=4, 5//min,

(d) Alveolar CO, concentration xz[vol %]

(e) Mixed venous CO, concentration y[vol %]

Solid lines indicate responses with compensa-
tion, while broken lines responses with constant
air ventilation rate #=4.5//min in (d) and (e).
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Respiratory Control System with Nonlinear Inverse

to Maintain Constant Alveolar CO, Concentration™
Hidetoshi Wakasmarsu*¥, Seiichiro, Kacuer##*, Makoto NosHIRO**

The new method of controlling respiratory system to maintain constant alveolar CO, concen-
tration is proposed. The controlled system is regarded as a two-input single-output system whose
inputs are metabolic rate and air ventilation rate while the output is alveolar CO, concentration.
The metabolic rate which cannot be easily observed is theoretically reproduced by using nonlinear
inverse of the given controlled system. The contribution of metabolic rate change to the output
value of alveolar CO; concentration is theoretically calculated and it can be compensated from the
other explicit input terminal whose value can be easily set, by using the input function of air

ventilation rate obtained from the nonlinear dynamic compensator.
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