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Abstract : For the brain hypothermia treatment based on the cooling system of cold water blanket,
nursing staffs manually regulate the temperature of circulating water and realize the brain
temperature schedule prescribed by clinicians. However, some undesirable effects are caused by the
manual temperature operation of water-cooling blanket. This study proposes the effective method for
automatic regulation of brain temperature. First, a patient-blanket biothermal system is proposed as a
first-order lag model, of which constants are determined from the clinic experience. Simulation
experiment of its feedback control is carried out to verify its dynamical characteristics. Then, an
adaptive control mechanism is introduced to regulate brain temperature corresponding to practical
therapy, where the developed transfer function model is considered as a reference model. At the
same time, an optimal tracking control is applied to the transfer function model in order to determine
water-temperature as a controlling input. Finally, the possibility of automatic regulation of the brain
hypothermia is given by the control of brain temperature of a multi-compartment biothermal model
regarded as a practical patient-blanket system. Thus, the proposed control mechanism is confirmed
to regulate the brain temperature automatically to follow up the reference temperature course given
by clinicians beforehand, even if there occur possible environmental changes inclusive of individual
difference of a patient in a practical clinic system. This suggests that the adaptive control mechanism
is useful for its clinical application to the hypothermia treatment.

Key words : brain hypothermia treatment, biothermal model, optimal control, adaptive
control, automatic control system
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Automatic adaptive control of brain temperature for brain
hypothermia treatment
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Fig.1 Automatic control system of brain temperature.
The broken line means the manual conirol signal flow, and the

Temperature

solid line indicate the signal flows in the automatic control system,
of which mechanism is supported by software. The routine loop of
manual control is essential for the safety in automatic regulation of

brain temperature in hypothermia treatment.
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Fig. 2 Reference temperature course of brain
hypothermia.

The 32-hour brain hypothermia is scheduled as 4 stages of every
8 hours. The duration and the level of brain temperature are

prescribed by clinicians according to the patient's states.
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Fig.3 Dynamical brain temperature response of the
transfer function to the step input.

Parameters K, L and r are determined from the tangential line of

the largest gradient of the brain temperature curve.
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Fig.4 Simulation result of brain temperature by PID-
regulation.

The brain temperature course obtained from the simulation
experiment completely agrees with the reference one. Some
violent changes in the input T are theoretically due to the
differential mechanism of PID-regulator. The medical staffs
similarly work according to their experience, which corresponds
to the way given by PID control law.
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Fig.5 Block diagram of model reference adaptive
control for brain hypothermia treatment.

The output of the P-B biothermal system is adaptively controlled
to follow up the reference brain temperature course given by
clinicians using the signal synthesis mechanism. The control
algorithm given in the arca surrounded by the dotted line
corresponds to the control mechanism illustrated in Fig.1.
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Fig.6 Simulation result of brain temperature by model
reference adaptive control.

The temperature courses of the reference and P-B
biothermophysical models agree with the given brain temperature
course. Some dynamic changes due to the deviation of physical
property of the biothermophysical system are absorbed by the
proposed adaptive control mechanism. The transient response of the
brain temperature between the black bold arrows is caused by the
change in cooling effect of blanket. The upper figure is the enlarged
illustration of the part indicated by the white block arrow.
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