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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 I 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 

• Nonlinear interaction between glucose and insulin:

• Linearized model:

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

• g 𝑡 = 𝐺 𝑡 − 𝐺*, ℎ(𝑡) = 𝐻 𝑡 − 𝐻*
• 𝑚. = 0.0009 𝑚2 = 0.0031, 𝑚5 = 0.0415 (given by experimental data [9])

Ackerman’s Model 
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Mathematical Model

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

• 𝐺(𝑡): glucose concentration value (mg/dL) (Gb basal glucose value);
• 𝐼(𝑡): insulin concentration value (mU/L) (Ib basal insulin value);
• 𝑋(𝑡): proportional to the insulin concentration in the remote compartment;
• 𝑑(𝑡): external glucose disturbance;
• 𝑢(𝑡): exogenous insulin. 

Bergman’s Minimal Model 
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Controller
Servocontrol Approach

• Minimizing the objective function

• Solution: given by

with P solution of the Riccati equation

and 𝜇 retrieved by

solving

(ii)

(i)

(iii)
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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

when 𝑆 = 0 0
0 0 , Q = 2𝜂 0

0 0 , 𝑅 = 2𝜌, 𝑡* = 0, 𝑡C = ∞.

• With optimal control law

where the costate is

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

2

1

3

4
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5

General LQC 
Problem Solution
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Controller
Regulatory Approach

• Minimizing the objective function

• Solution:

with 𝑃, again, solution of the Riccati equation:



29/08/19Glucose Optimal Control System in Type I Diabetes
Treatment: Design and Simulation

Pagina 9

Simulation
Simulation Parameters

Model Parameters Simulation Parameters

Ackerman’s Model • 𝑚. = 0.0009
• 𝑚2 = 0.0031
• 𝑚5 = 0.0415

From [9]

• 𝐾G =
0.2021
−2.1023

• 𝜂 = 1
• 𝜌 = 10

Bergman’s Model • 𝑃. = 0
• 𝑃2 = 0.025
• 𝑃5 = 0.000013
• 𝑉. = 12
• 𝐺I = 81
• 𝐼I = 15
• 𝑛 = 0.09

From [3]

• 𝜂 = 1
• 𝜌 = 40
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Simulation
Ackerman’s Model

• Regulatory
• Servocontrol

• State observer:

0 50 100 150 200 250 300 350 400 450 500
Minutes

-50

0

50

100

150

200

250

300

350

G
lu

co
se

 =
 m

g/
dL

, I
ns

ul
in

 =
 m

U
/L

Time Series Plot:

Glucose
Insulin Supply
Target (Glucose)

0 50 100 150 200 250 300 350 400 450 500
Minutes

-50

0

50

100

150

200

250

300

350

G
lu

co
se

 =
 m

g/
dL

, I
ns

ul
in

 =
 m

U
/L

Time Series Plot:

Glucose
Insulin Supply
Target (Glucose)

300 320 340 360 380 400 420 440 460 480 500
Minutes

99.5

99.6

99.7

99.8

99.9

100

100.1

100.2

100.3

100.4

100.5

G
lu

co
se

 =
 m

g/
dL

Glucose
Target (Glucose)

300 320 340 360 380 400 420 440 460 480 500
Minutes

99.5

99.6

99.7

99.8

99.9

100

100.1

100.2

100.3

100.4

100.5

G
lu

co
se

 =
 m

g/
dL

Glucose
Target (Glucose)



29/08/19Glucose Optimal Control System in Type I Diabetes
Treatment: Design and Simulation

Pagina 11

Simulation
Ackerman’s Model

Changing 𝜼
Changing 𝝆
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Simulation
Bergman’s Minimal Model

• Bergman’s Minimal Model:

• Linearized Model

with matrices
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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 I 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 synonymous 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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