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=Abstract=

The Preload-Responsive Regulation of Cardiac Qutput in Total Artificial Heart
Using Dual Adaptive Controller

Sang Hoon Lee*, In Young Kim**, Hyuk Ahn*** Byoung Goo Min**

This paper proposes an adaptive technique for the cardiac output regulation of a pendulum
type electromechanical TAH, This techinque, which consists of two RLSE’s and two PASTC’
s, performs its controllability over the TAH so that the m(RAP) and m(LAP) values re-
main close to their desired values under the assumption that the variation of m(RAP) and m
(LAP) are dominated by the variation of C.O. and the difference between the left and right
ventricular output, respectively. To evaluatle the performance of the proposed control system,
a simulation is performed by using a human model which contains physiologic, drug and
treatment, artificial heart and noise models. As a result, dual adaptive controller showed
that abnormal m(LAP) and m(RAP) could be recovered to the normal range within 10 min-
ute and maintained desired value in steady state.The operation of this controller prored to be
robust in spite of the rapid variation of human status.
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7. Simulation Results (desired m(LAP) and M(RAP), 10 mmHg and 5 mmHg)

a) m(LAP) >} 20mmHgo] 3L m(RAP) 7} A AFR]2 # <

: bmmHg

b) m(LAP)7} A4z o] 3 m(RAP) 7} 10mmHg¢l 3¢

> 10mmHg

¢) m(LAP)>} 15mmHgo] & m(RAP) 7} 10mmHg¢o) 8-
: 10mmHg

d) m(LAP) 7} 5SmmHgo| = m(RAP) >} 10mmHg?l 2%

a) m(LAP) : 20mmHg, m(RAP)

b) m(LAP) : 10mmHg, m(RAP)
¢) m(LAP) ; 15mmHg, m(RAP)

d) m(LAP) : 5mmHg, m(RAP)

: 10mmHg

e) m(LAP)7} 20mmHg©] 3 m(RAP)7} 3mmHg?) 7%
! 3mmHg

: 3mmHg

kg FAe Aeojste 2% m(LAP)S) =9 qu
2% o), m(RAP)S} A3 W5 JPAE
Ast= 5 7] (mechanism)o] Axz A3} %
AL FAS opdelx 2Tstn Al EHolH A
# A4Ee Az T FHTE & 5 e, A
Aaeel s kdE FHEAL veFa g
= A A FAARA HAT 4 A
&8} od
A,
3 o2

oA Ag el Aol Wilejis B =
At E 44z B8e O 4
A g Aoy7)e AL nazi
o 4 9le Ao

oleldt AL thgT AL Aol 283 9
Wz Ea 9l

we

°ol&

2 7}

e) m(LAP) : 20mmHg, m(RAP)
f) m(LAP)>} 6mmHge) 2 m(RAP) 7} 3mmHgQl # %
f) m(LAP) : 6mmHg, m(RAP)
g PASTCY wh8% vheldl Zez, FxAdHs)
AdE GAEA HAAE %213}1 AEE 2
Fx 3k
Prassure 150
(l'rlmHg)130 o
110 - AoP
90
70
59 PAP
z0 - S A ___J\(...__ .
10 =
RAP
-10

a 20 40 60

time (min)
Of 9 BAGHS £ Watd] B Ao)x)
299 W
Fig 9 Response of the Control System to Inst-
antaneous Physiological Changes

80 0o

5. & o @E

B oM 2709 5= el PASTCE A3
of AFTAFE Aol N2uE F48 Fm(LAP)
S} m(RAP)7} w]A 4=l Aefoy Haql 4
HE FolerAg AEHe]l4dE Fold sl
Bokeh $A shle] PASTCRMS Ab&3dle] m
(LAP)Y m(RAP)E Aolgt 7 $ojli= o4z
Z7be] dote] AAAE B 4439tk qH

"l"

49—

B} 259 A EdolHd mrlnct B Ax4
Fe A vehile QA meg sfulsied algs)
Q7 AR, A Y {AT Aol HAY £+ gl
= Aol AlAHY FHo] Lolselat 7R

2) PASTCe #%Fzo A zo) o)y i
AR 2E ZA=2 st A7) dlFd Has
oA AEH AZH A AR Rojdo] Lz}
=, °]& R R R R e
£ A Bl o %5kl #aldglch

3) AATF== MIMOQl A)&mlol} o] 5 279
SISOQl Alx§loz lio] F&3te 34 MIMO<)
Al2WE AEHew moh F4 g 23 9
Al TS 9lm, o2 Qg e o3
2 Zaol Alaw FA o ZhW o] Zr1x|gl )

)FFshche Ao 24E 22 Aoy
o] 7] widel AA AFAF FEA BT A

s
Kb

|



—EI@Q;‘% D148, 5 1%, 199345 —

B FAMEE HAY F d& Aot
5) A AAZke] m#sle] =¥ mismatcho] F3

% ZAolch

g 2 m=FelA Aojtiien Agalm e
Aol AAelvd, R7)7| A4 o FAHo] AojolH&
A 2Et7) a)Sel o] Aol 1?4 Jorgt ¥ad &

AREE d@7hAol dow, o5F HEA A

o2 g3 e AEo Alq'

D 4343 4T 4 ¥ $442 FUe
529 A7) e BARAE, o Aot A5
Wl sl FEAY slgie]E e HEs gldle

=487 #AE §A9 + 9l

2) Fshol Wl Gapo] mellolob ek
F8A 9] A 8 (peripheral resistance) ©|

$ FHsrl Fr1Eb, sensitivity curves] F3&
WA "ok wakad o)o] B)238E m(RAP)
A Aot datelok ek =g AA DA F
353 AT B0l Hatsho} sho, o
m(RAP) m(LAP) ¢ 4357 sko] W-$she]oh
& guolstn], Ao} Aadoln ojefdf 4gle] wb
e 5lof ok gt

3) A4AY 2EEY Wl Heshe
& (integrated) gl o] A|Ag]o] FZy|oje}

A% asold seelse) T BAE 4
doz FdeE Aol A, Habd fumy
logico] v} 417 3] Zefel] o7 Ao Ala®le) 75
o] £7Hh

4) 44 AFAZY TAEAN AHeH o

shep
77

34
ahet.

o] %

- o Eeke] Aolrt e AT WHEA Gt
°F dte, ol & #Hste] wWe EgAH W FEAY
o] ksl ofof et

6. % 2 &2 &

1) B.C. Meclnnis, J.C. Wang, “Adaptive Control
the Artificial Heart”, IEEE
Fronteers of Engineering in Health Care-1982.
2) T. Shimooka, Y. Mitamura, T. Yuhta,
gation of Parameter Estimator & Adaptive

System for

Investi-

Controller for Assist Pumnp by Computer Simu-

lation”, Artificial organs, Vol 15, No.2, 1991.

T. Kitamura, K. Matsuda, H. Akashi,
“Adaptive Control Technique for Artificial
Hearts”, IEEE Trans. on Biomedical Engineer-
ing, Vol. BME-33, No.9, September 1986.

4) B.G. Min, H.C. Kim, $.H. Lee at al,
Moving-Actuator Total Artificial Heart (Kore-
an Heart)”, Artificial Heart 3, Springer-
Verlag, Tokyo 1991.

5) A,G. Guyton, “Medical
Saunders, 1981.

6) S.M. Toy, J. Melbin, A. Noodergraaf, “Reduced

Models of Arterial Systems”, IEEE Trans. on

Biomedical Engineering, Vol. BME-32, No 2,

February 1985.

J.E Randell,

Simulation”,

1987.

S. Takatani, H. Harasaki, S. Suwa, $. Mura-

bayashi, R. Sukulac, G. Jacobs, R. Kiraly, Y.

Nose, “Pusher-Plate Type TAH System Oper-

ated in the Left and Right Free-Running Varia-

ble Rate Mode”, Artificial Organs, Vol.5, No.2,

1981.

P.E. Wellstead, D. Prager, P. Zankei :

Assignment Self-Tuning Regulator”,

IEE, Vol. 126, No. 8, August 1979.

A. kamiya, T. Togawa, T. Kobayashi, W.H.

Gibson, T. Akutsu :

Factors on Cardiac Output Regulation during

Artificial Heart Pumping”, IEEE Trans. on Bio-

medical Engineering, Vol. BME-22, No.3, May

1975.

K.J. Astrom, B. Wittenmark :

trolled Systems Theory & Design”, Prentice

Hall, 1990.

Aodd, e, o 4E, VAT, T 4

AA gekEAE Ag AgAA, W% &
<A = 369 A 7E 19873 79

3)

“Design of

Physiology”, W.B.

“Mierocomputer and Physiological
Raven Press, New York, 2nd ed,

7

8)

“Pole
PROC.

9)

10)

“Effects of Unphysiological

11) “Computer Con-

12)



