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The basic model

ke

s Problem: Reaction of the CVS to an ergometric
work-load (bicycle ergometer, 75 Watt for 10 min.)

s Focus: Control loops

s Data: . Heartrate (every 2 sec.),
s mean arterial systemic pressure (every 2
sec., Finapress)

s cardiac output of the left ventricle (irregu-
larly, Doppler-echocardiography)

F. K. and R. O. Peer, A mathematical model for fundamental regulation processes in the

cardiovascular system, J. Math. Biology 31(1993), 611-631
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Model structure:
compartmental model
non-pulsatile flow
autoregulation
barorezeptor-loop
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CasPas = Q¢ — Fs, Qe=H - Lovweeth)o

ap(H)Pas+ke(H)Sy

cvsPos = Fs — Qr, ke(H)=e™ (R~ (D) g, (H)=1—k¢(H)
Capljap = Qr — Fpa

Cvppvp = Fp — Qe

Se 4+ YeSe + apSe = BeH,

S'rr — 'yrSr + oSy = BrH,

. 1
Rs = E(Apesk(FSCa,Oz _ M) _ (PaS o PVS))?

H = u(t) ...baroreceptor loop !

z(t) = F(x(t), q) + Bu(t)




FK., S. Lafer & R. O. Peer, A model for the cardiovascular

system under an ergometric workload,Surveys on

Mathematics for Industry 7 (1997), 239 - 250
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Lower body negative pressure:

LBNP  hips ribs

Lower Limbs Abdomen Thorax

M. Fink, J.J. Batzel & F. K., Aspects of control of the cardiovascular-respiratory system during
orthostatic stress induced by lower body negative pressure, Math. Biosciences 206 (2007),

273-308




Controller

n: PasUp, PvsUp
PaCO2, Pa02
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Cardiovascular part:

Cas,upl_‘.)as,up = Qp — F5 — FS,Upa
CasoPasio = Fa — Fsjo — CasioPLaNP:
cvsloPusio = Fsjo — Fv — cysioPLenp
— éysjo(Pusjo + Plane) — Vi, (ribs case)
cvsupPusup = Fv — Qr + Fsyp — Vi, (hips case)
Cappap = Qr — Fpa
chPVp = Fp — Q.
Capacitance ...V = f(P), Compliance ...c = f/(P)

unstressed volume ...V, = f(0)

Special case: V = ¢P + V
 AtanicCoas Symposum an e Mathematal Sinces in Bigy and Bomedicne, Ao 426, 2000 Radgn NG _p1oa




Respiratory part:

Va.co,Paco, = 863F, (Cyco, — Caco,)
+ Va (Pco, — Paco,)
Vao,Pao, = 863F, (Cyo, — Cao,)
+ Va (Po, — Pao,) »
Vrco,Cvco, = MRco, + Fs (Caco, — Cyco,) ;
V10,Cvo, = —MRo, + Fs (Cao, — Cyp,) »




Va = u2 (t)a
Vi = us(t), — V|,...unstressed volume
Apesk = ual(t). — Rs = ApeskCy0,




Choose u(t) such that:

T(u(-), 2 = /O (2. (Pas(t) — P2)? + u(t)?) dt — min
w(o) — wrest
— u(t)= K(x(t) — "), K = —-B'X,
XA+A'X — XBB'X+C'C=0
where A = (0F/9) (=, q), B = col(0,...,1),
C — (an,O,...,O).

u(t) is the optimal control for the linearized system

z(t) = Ax(t) + Bu(t), y(t) = Cx(t).




/0 (qa(PaS,Up(t) o Pats,up)2 * av (PVS,Up(t) _ P\ts,up)2

+ qco, (Paco,(t) — P ;,002)2 + g0, (Pa,0,(t) — P, ;,02)2

+ qru (8)? + qaua(t)? + qzus(t)? + q4u4(t)2)dt

_)O




Choose tsiart < teng and consider the problem:

tend
min J (z,u) = / (qczl,s (Pas(t) — P2")" + U(t)z) dt
Lstart
e 2
+ < (Pas(tena) — PE°")
subject to

:B(t) — .'F(CB(t), U(t)) , L€ (tstarta tend)a

£L (tstart) — L0,

i ne old
Choose new tstart and teng, Where in general 200 < 25 ...
M. Mutsaers, M. Bachar, J. J. Batzel, F. K. & S. Volkwein, Receding horizon controller for the

baroreceptor loop in a model for the cardiovascular system, Cardiovascular Eng. 8 (2007)




z(t) = f(x(t)) + g(x(t))u(t), t > 0,
x(0) = 0,

y(t) = h(x(t)).

A nonlinear, stabilizing feedback law:

u(t) = F(z(t))

A. Isidori: Nonlinear Systems Theory, 3rd ed., Springer Verlag, Berlin 1995.




Neural network:
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Measurements (dot-dashed) for Pys, H, Q, and model-output (solid). Parameter identification

was done only with measurements for Pys and h.
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Measurements (dot-dashed) for Pys, H, Q, and model-output (solid). Parameter identification
was done with all measurements.
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Measurements (dot-dashed) for Pss, H, Q, and model-output (solid). Parameter are the same as

those obtained for LQR using all measurements.




Simulation results of transition with parameters after estimation
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= Simulations P,
= Simulations H
== Measurements P,
== Measurements H

Measurements and model output for Pys and H. Parameters are the same as for previous slide

Time (minutes) —

except for the control parameters and ¢, ¢ which were identified anew.
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