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Abstract:

This manuscript presents a mode estimator for the Switched Subcutaneous Oral Glucose Min-

imal Model (SSOGMM), a mathematical model that describes the glucose-insulin dynamics in individuals
with type 1 diabetes mellitus. The proposed mode estimator enables the estimation of switching modes
in the SSOGMM before parameter estimation. This facilitates the estimation of metabolic parameters
in the SSOGMM. The effectiveness of this estimator is demonstrated through numerical experiments on
parameter estimation, using time-response data from the UVA/Padova model, which has been approved
by the United States Food and Drug Administration as a substitute for animal trials in pre-clinical testing.
These experiments were conducted using data from ten subjects, and in each case, the results indicate that
the parameter estimation can be performed with high accuracy.
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Fig. 1: The block diagram of the SSOGMM.
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Table 1: Parameters of SSOGMM

Symbol Explanation Nominal value Unit
k- Meal transport rate 0.08930 1/min
ka1, k2 Meal absorption rate 0.01193 1/min
q1, 42 Switching parameter dimensionless
f Fraction of intestinal absorption 0.90000 dimensionless
BW Body weight kg
ka Subcutaneous insulin transport rate 0.02000 1/min
ka Plasma insulin transport rate 0.9088 1/min
% Distribution volume of insulin 0.06005 L/kg
Sa Fractional glucose effectiveness 0.01000 1/min
Gy, Basal glucose concentration mg/dl
Vo Distribution volume of glucose 1.6000 kg /dl
D2 Remote insulin transport rate 0.02000 1/min
ST Insulin sensitivity 1/min per mU/L
Iy, Basal insulin concentration mU/L
Uins Basal insulin infusion rate mU/min
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Fig. 2: Blood glucose response from UVA /Padova
model and second derivative of blood glucose are com-
pared with the mode transition timing. The mode
transition follows the bilinear switching model de-
scribed in [10].
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Table 2: Training conditions of the neural network

The number of learning data 68816
The number of test data 17204
Batch size 500
Optimization algorithm Adam
Loss function MSE

Overfitting prevention Early stopping
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Fig. 3: Structures of constructing the mode estimator and the parameter estimation.
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Fig. 4: Mode estimation results by the mode estima-
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Table 4: Root Mean Squared Error (mg/dl)

Subject number | 51 52 53

%) o6 o7 58 99 60

Case 1

1.69 094 1.11 1.85

299 198 120 1.13 1.09 1.05

Case 2

206 094 1.11 230

299 198 120 1.13 1.09 1.06
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X OHEFEfE% Table 5 1IZ/RT. 7272 L, #MEIDOHIKIOD
728, Z 2T Subject: 51, 59 DFERERT. Fi=,
UVA /Padova & 7LD MFEEICE & THRIED V5 —3%
SEARMZE (RMSE) % Table 4 1278, £— FHEESR
ZRWSE (Case 1) TS, YID#ZELET MK
DE— FAFREIN TV EHE (Case 2) LIZIXFRFED
FEETNRI XA —=ZHEDRRETHH Db b, I
B, Subject: 51 @ KXl 500 77 OfHEICR &5 E—
F OFHEFIC X D, Subject: 51 @ RMSE (ftho &
WHARTEL TV EE X 505, Subject: 59 D
&, Case 1 ¥ Case 2 DE— FH#EEMEIZEAT v I T
—¥LTBD, THIMFEEIIBWTS Case 1 ¥ Case
2 T—H LRGN,

6 &bHDIC

AFETIE, SSOGMM DE— FHEESRDOREREZITWL,
BEOIMMEHE, BF, ARV RERBDF—Z0 5
SSOGMM D87 X — X HEEEEREITIR o 7. BIEHE
BRCIX, T— FH#EESREHWE AT X —ZHEENE—
FEHOPUDEZSNLGE L EXNTIZIZFAFOH

Table 5: Estimated parameters

Parameters | Subject: 51  Subject: 59
k. 0.037 0.145
ko 7.4x1073  17.7x1073
ko 0.028 0.021
T« 0.132 0.112
0 0.870 0.668
ft 0.9 0.9

BWT 76.3 66.6
kq 0.032 0.014
kel 0.059 0.021
Vi 0.159 0.429
Sa 4.8%x1073 4.9x1073
Gl 151.3 140.8
Vo 2.38 4.63
P2 0.003 0.023
St 2.32x107*  1.12x107*
I 18.1 19.3

The daggar symbols indicate fixed parameters.
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Fig. 5: Blood glucose predictions from identified SSOGMM dynamics using caluclulated mode (blue line) versus
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