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Robust Adaptive Neural Control of the Blood Glucose for Type 1
Diabetic Patients in Presence of Meals

Zahra Kouchaki Nafchi, Mohammad Reza Yousefi, Khoshnam Shojaei

Abstract: In this paper, the blood glucose control for type 1 diabetic patients in the presence of model

uncertainties and uncertain meals is considered. In order to present an efficient control approach, it is assumed
that the dynamics describe the mechanism of the blood glucose regulation in type 1 diabetic patients are
completely unknown. Hence, based on the universal approximation property of the radial basis neural network
equipped with an adaptive algorithm, as well as using the minimal learning parameter approach, unknown model
dynamics are approximated. Then, based on the feedback-linearization approach and robust adaptive
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compensation scheme, an appropriate control method is designed to regulate blood glucose in type 1 diabetic
patients in the presence of a meal. By a Lyapunov based analysis, it is shown that the closed-loop system of blood
glucose control is uniformly ultimately bounded and that the blood glucose of diabetic patients converges to a

desired level. Finally, simulation results are shown to demonstrate the efficiency of the designed controller

Keywords: Diabetes, Feedback-linearization control, Neural network, Robust compensator,

Minimal learning parameter approach.
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® Unstructured uncertainties
% Integral sliding mode
7 Internal model

! Blood Glucose Concentration Level
2 Type 1 Diabetes Mellitus (TLDM)
% Type 2 Diabetes Mellitus (TLDM)
4 Structured uncertainties

Journal of Control, Vol. 16, No. 2, Summer 2022

VF ) Ol of o)lad VP A o] 28 dloes



8% S laode s sl 53 6K 5 (B3 Olslen 05 B pslie e S il J S
gola'bi(t.i);‘d:q;}b,és@xu)m;@éu&;lf)

O 8 o alts o5 53 (ot okl oslizl Js 4ol 4 S
AL o (83,15 Ol e ol ys 0s €1y o s ¢ b e
(oS 1 o it e laeSalys 3t ST S Skl s o
5 350 sl oy o b J 873 S0 ) Sl enlinel ol DU 5
oy kS 28 b (VY] 3 [IYA0] el 48 8515 Ol
Auﬁwﬁ.\;ﬁumm)\&:C,;Ls:,.u_;ot)uﬁg}s.ummgﬁ
s J g 5 ol 0k 8,8 a5 53 mel 65 8 BB a8, Jta
33 i oLl S8 s ol el odd il s Jsls
Olabntin 4y s (23 Sloy 2 1y 08 2 Je Dz 3,15 ol
JaS b dlas ol 55 ol ostte gla iunsl (gols Hlew 35
S Iz b IV ol ergy Dl $Sis el oS
I35 Olag (M ke s) (sl SLaE ) g 3 oy 55000
23 e J xS gy Sleslamal s 4 il ol 8151 Gy 5 ey
Veslie 3 Shes (6ols dlia ol 3 odd Syl B8 (K L S 5
ok 4yl (J S e e Ol (o) Ken 0T 05N il oo
o 5 (gbsy slas 2l 83 il Bl 47 (ol ol LS
BB Sy e lie ol 53 b (AL ey O A3 ks
oslizul b fki.,i oS 1S b [VF] sl gkl (gla asl
gk Sl opl 5o Sl o &) (230 (st 2 (S 28T )
38 es 4 laws shie 4 (o1b 51 e a 5o g S 4 e sl
Olse 4 slay S en olie Glaodey .Conl ol oslinal g J 28
Lok 4§ L 53 disl e o gllaal S 51 gyls ST oyl ilise
o5 B oS ST s Dbl g sllali D 2 sl
o3l J 287 IS 53 adle b slor 4 &S gyl 3150 L gLl
oy oS 28 L ks il oS J 287 5 Shes Lgsl 53 ol ok
L awlie ys [VY] s 55 0 B g bl I OLS oS ald aslas
Sl 92 5 hedai 36 oS 1S b Vo] 5 syls [VF] dle
s ool 3 el B 5 Dpo b Ol 0 SHE IS
ol (656 T 81 1) 6 e el (sl bl
S o s Llodd 03] Cpadwi bast  Sojgo 4 Gulay GlaO B
b ol 53 o8 die el o (53 o8y e ol s st 8

ﬁ‘?‘}i&ﬁéﬁ)#A{‘Cuﬂ\a.\.:at\j\)‘&)jg_rw:)}-b)}

S 4 K pp ks Dbl 0 A3 S ol 'l Sodaline
o 45 e o e Joe G Wl ol 3 0 €11 Je Sl 0 3 8
s 4 el 53 )l Glvan o8 e 8 Je b ST LB
4l Sodalive ol b tptis SVl 4 s oo 2> S pe
s vl 8 8 e 8000 L SVl peed bt
b b G 53 T pdler Jol lin ple
S 6555 oy Olejan Sjppar o Sodaliin 5 oS S
Sl e o e J S [A] sl 5 515 b5l 35
350 sl G5 el S g 2 Ollen O a3 J S
Slazl Ol 4 olde glede s Wlis ol 55 ol 45 S 15 anlllas
2 S oS ES (bl e ot B 5 L 5 e
2 Sen T SRS ) B s el Bl T
j‘o:b\&:ﬂ\{.w‘au\i‘%ﬁé}fw%&ﬂv\ilﬂjjéﬂ
JAS e 53 Vb Slley JSh (B0 ol 3 o6 s
O 8 oo (g (636 oS S b d[4] sl eas O b,
el 485205 g0 0 e i e e S 5 (A3 Ol
daodel Sose & oL s bl G5B eSS
3 Ble3 35 55 i Ol Wi U287 ol Ko (gm Sl il o
1) 636 sloediS’J 28 (S o) O b (6 I 557 ol
2SS b V] 53 S 0 S s IS et b
st 851 S ¢ g5 (2l Slew 05 S () e 4 il (650
oS 5 bt e i pl g5 ey 3 ESCalys ol
b aglie )3 &8 il o byl o b ol cmel ) s
B 85 55 yskte 43503 65 IS Sl ol g0 Ve L
P53 £ 5 638 61 sl ot cpmal IS B 3 508 S
ook 3litl Godas 518 L oS 5 3 6K f 8 638 Sl x4
A o5 6" e e ol il eiSTU ST o1 b (V] sl
‘Amdiﬁf”;mJa.@u,\;m,lag@;&g;)uﬁojs
o 3l o3l b Bl o (Gnsl GDls 5 53 a5 (o e &
o Slaye ol 02, S s 5 it Vo S s p
Ll Gl Lok 035 et (s el (sla bl HEIENET)

D30 e Sl bl S EMBl Ok Aoki e diS RS b

" Regressor

8 Weighted Least Square Error

® Strict-Feedback

10 Robust Performance

1 Finite-Time

12 Fractional-Order Error Surface

! State Observer

2 Separation Principle

® Model Based Control

4 Super Twisting Sliding Mode Control
® Type 2 Fuzzy Logic System

® Model Reference Adaptive Control
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