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Model Reference Control of Brain Temperature with 2 Degrees
of Freedom for Brain Hypothermia Treatment

Tomohiko Utsukr*, Takuya WakaTsukr® and Hidetoshi WakamaTsu®

The clinical brain hypothermia treatments by the surface cooling & warming method are experimentally
examined using optimal-adaptive and fuzzy control systems on the basis of their common structure of two kinds
of subsystems; One is for the realization of physiologically appropriate dynamics using thermal characteristic
model and the other is for the compensation of thermal characteristic change of patients.

Both control systems in confirmation of the accurate realization of brain temperature are precisely examined
under the various experimental conditions using the newly developed water-thermal controlling equipment with
resinous mannequin analogous to metabolic and circulatory system of concerning patients.

They ensure the appropriate automatic control of brain temperature with less physiological invasion to patients,
as the control deviations of brain temperature, efficiency of heating and cooling with dynamics of water tempera-
ture can be kept within the clinically permissible range during its control process. Thus, this structural type of
control systems is confirmed useful for the thermal control based on both control algorithms in its clinical
application with less influence due to characteristic change and difference of individual patients, which consequent-
ly reduces concerning their medical cost, and physical and mental burden of medical staffs.
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Fig.4 A mannequin as a control object in the experiment

Table 1 Parameters of the mannequin

Part in .Tlssue Length | Radius | Volume Heat. Bloo.d
o in each Form bt | ) (ml) production | perfusion
v part (W) (ml/min)
Skin | Hemisphere 104 204 0 39
Head Skull | Hemisphere 101 826 0 0
Brain | Hemisphere 86 1331 18.0 809
Surface Column 80 1224 0.4 64
Face i 100
Spine Column 50 785 0 0
Surface Column 60 721 0.5 13
Neck 85
Spine Column 30 240 0 0
Skin Column 130 1453 4.0 31
i Muscle Column 300 124 8840 223
i T 80 | 5697 0 4864°
lung
Skin Column 130 6924 6.5 62
Abdomen| Muscle Column 550 109 9776 ' 270
Viscera Column 80 10817 50.0 2797
Superior | Surface Column 45 4330 49
: 800 3.5 —
limbs Core Column 34 5844 151
Inferior Surface Column 60 7569 65
% 850 4.5 —
limbs Core Column 47 11648 291
mehole 78228 87.4 4864
body
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Table 2 Experiment result

Optimal- Model reference
adaptive control| fuzzy control

i\::::n of room tempera- 97 27°C 97 86°C
Mean of control error 0.042°C 0.062°C
Range of control error —0.31~0.17°C | —0.28~0.29°C
Mean of Tugas (7) 24.89°C 25.37°C
Range of Tuges' () 19.92~31.30°C | 20.39~31.79°C
Mean of Tu3aiéo" (i) 27.05°C 19.86°C
Range of Tsaiér" (i) 5.000~45.00°C | 12.49~31.79°C.
Mean of Twater (%) 24.60°C 19.96°C

Range of Twater (7) 10.74~34.51°C | 12.59~32.71°C

Mean of rate of change in
blanket-water tempera-| 0.02750°C/sec
ture

0.02820°C/sec

Range of rate of change in
blanket-water tempera-
ture

—0.6386~
0.6559°C/sec

—0.1158~
0.08972°C/sec

Maximum of efficiency for

. . 1459 W 2947 W
heating and cooling
WMeany” iof eficlency’ 108! " aydteing 355.3 W
heating and cooling
Mean of v () 1.560°C —5.446°C
i —1.859~ —6.316~
Rengeat. vl 5.651°C —5.001°C
Median of a(7) 0.2222 0.9337

Quartile deviation of @(7) | 0.1781~1.931 | 0.7021~1.194
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