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Introduction

* Problem: automatic glucose level control in diabetes treatment.

«  Other techniques have been tested over time:
— PID controllers (see [5])
— PD controllers with pole assignment strategy (see [6])
— MPC with self-tuning controller (see [7] and [8]).

« Topic: optimal control system based on the linear quadratic control (LQC)
problem theory for insulin delivery in a type | diabetic patient.

- +Servocontrol'and Regulatory approach.
— Test on Ackerman’s linearized model.
— Test on nonlinear Bergman’s minimal model.
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Mathematical Model

Ackerman’s Model

* Nonlinear interaction between glucose and insulin:

G(t) = f1(G, H) + p(t)
H(t) = fo(G, H) + u(t)

 Linearized model:

- (7 TR o ()
g(t)

y(t) A Tl O} [h(t)}

e (G(t): glucose concentration value (mg/dL), H(t): insulin concentration
value (mU/L)

« g(t) =G(t) = Go, h(t) = H(t) — Hy

e my =0.0009 m, =0.0031, m3; = 0.0415 (given by experimental data [9])
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Mathematical Model

Bergman’s Minimal Model

* Bergman’s minimal model is defined by the following equations:

G(t) = —PiG(t) — X()[G(t) + Gy + d(2)
X(t) = —PX(t) + P3I1(t)
I(t) = —n[I(t) + I;)] + iu(zt)

Wi

e G(t): glucose concentration value (mg/dL) (Gb basal glucose value);

e [(t):insulin'concentration value (mU/L) (Ib basal insulin value);

e~ X(t): proportional to the insulin concentration in the remote compartment;
» . d(t): external glucose disturbance;

e u(t): exogenous insulin.
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Controller

Servocontrol Approach

* Minimizing the objective function

1w = [ nloa(t) — o0 + pu* (e 0
« Solution: given by

u(t) = —RIBY(Px(t) + p)
with P solution of the Riccati equation

PA+ AP~ PBR'BTP+Q=0 (ii)
and u retrieved by

(PA+ AP - PBR 'B"P+Q)z(t) = (PBR'BT — ANy +Qzp  (iii)

solving
p=—(PBR'BY — AN 1Qzxp
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Controller
LQC problem: how to get (ii) and (iii)

« The (i) is equivalent to the general cost function of the LQC problem

J(u) = %eT(tf)Se(tf) + % f[eT(t)Q(t)e(t) + ut (t)R(t)u(t)]dt

to
[0 0 _2n O _ _ _
WhenS—[O O]’Q_[O 0],R—Zp, to = 0, tp="o0.
«  With optimal control law
u(t) = —R(t)" B(t) " A(t)
where the costate is

A(t)= P(t)x(t) + u(t)

with dynamics
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Controller
LQC problem: how to get (ii) and (iii)

General LQC
Problem Solution

Ab) = Po(l)+ it | A(E) = P@)2(t) + u(t)

B(t) =Ar(t) + Bu(l) - C—— u(t) = —R(t)'B(t)* At
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Controller

Regulatory Approach

* Minimizing the objective function
1w = [k + o)t

« Solution:

u(t) = —R™'BYPx(t)

with P, again, solution of the Riccati equation:

PA¥ATP—_PBR'BTP+Q=0
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Simulation

Simulation Parameters

Model Parameters Simulation Parameters

Ackerman’s Model |+ my; =0.0009 . Kie [ 0.2021
e
* m,=0.0031 —2.1023
. mg = 0.0415 ©on=1
e p=10

From [9]
Bergman’s Model * P=0 « =1

« P,=0.025 - p=40

s P;=10.000013

e V=12

® Gb =81

° Ib = 15

« n=0.09

From [3]
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- State observer: (t) = A&(t) + Bu(t) + Kely(t) — C&(t)]
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Simulation

Ackerman’s Model
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Simulation
Bergman’s Minimal Model
« Bergman’s Minimal Model:

G(t) = —PiG(t) — X ()[G(t) + Gp) + d(t)
X(t) = —PX(t) + PsI(¢)

: 1
I(t) = —n[I(t) + L] + —u(t)
Vl 350 , ; ; _‘Glucf)se
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. P 250
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Conclusion

* In this work we provided and tested an optimal control solution to the
problem of glucose level regulation in type | diabetic patient.

* We could test robustness using a Monte Carlo simulation (see [1]).

— However, the LQR build on the linear approximation of the Bergman’s model
works pretty well on the original nonlinear system, this already shows a certain
degree of robustness.

« Choose carefully the weighting factors. Glucose oscillation under the
equilibrium value are'synonymaous of hypoglycemia.

« This control law does not contain a feedforward term which is actually
present in the traditional open-loop treatment.

« This control system does not consider the sensor and actuator models.

* It requires continuous glucose measurement and this may not be easily
achievable (also the comfort of the patient should be always considered).
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