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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.

ol 31 (KT 5 S0 4 (5 o el a5 el 05 43
(23 Ol O 8 | bl gn J S guntign 53 il o 5553
Tt le gl nal) s Jslize Hluw (Seolus (gla bl (ol )l
Ll g5 0 (Se3n s S S ns il nede okl g s
Sladie 52 s Ghginies Sos Jalse 5 aon Ll 5 (o S L
Ll G £y (ks Olilag 055 A3 J ST 5t 4 (o s (Sals
do ¢ Ws gl =S8 Jto (g g il S HE ke
3 4 oS il Sl ek sl 28 5 [F] o5 ol
w5 3550 (2 Ololen 0 (505 58 085 b iy Gllait 5 Sl
05SE el 85I RS 5 (S catige slaos g 53 Ol
D35 it iy 53 e ol pell 2 (8 50 S8 el Koy
o bl )3 8 Sl ol slgiiy K p 8 (2l Osles O A3
Wl 0 sy we pl 3 hg Uas sl | Sy e
w5 o (sl " S e pslie siS U 28T b 0] s
palin J S 3 S gy el 43 8 D pp0 S £ b3 Ole 05
A3 s ) S S o e ba el o llanl D S o
IS 035 2l Bl gr (S5 e el o 5 8 5
4 Sl (Ken Jor )3 5035 5l 5eal S s (o1 b pslis J xS
ol (e 0SS (b l[F] s il T G5
[0] e wsle 5 dlin ol 53 ccanl o €151 ey s Ja o€ s
Jbe (5 23530 o gl 358 @t o S i 5 (Sl jl L
0 2550 s (O] OVl 0 3 B 55 8, e
o gy 1 (Sealys Sl il o Slej 5B lls 5 55 ey
2685 4T s 4 03,3 51 LB 8815 slao 208" 15 [7] 5 (0] o
33 b S sl S 55 shls sy 53 el — S8 ke

el polie eSS (b (V] 55 il e b el 151 ) s

dodo =)

Ll Ol L3 e ol (n Fmls S S ek sobe

ey 1] ol 0 S8 Sl e (a5 Sl 0T 5SS
2 (’Jf&:ﬁv'*“'Ul’.u 03 gdoe 53 1) O3 B b il 5 3 Oy
3 phe el (25 ey Olsie 4 55 ol )ls K (s
S8 SIS ol Sl 5 g g 03zl 3 Oy Ul Cubs 6 ley
RIB o) S b Sl B0 S e ol 55 5l Bl
(i il O Caliee slasl sl (Bolse sl el LS
3T 5 b oles £ 3 4 olen al [V] 355 4S5 Clae!
57 Ol by Sladshe o pu 155 558 or (sl Tp5 >
(Al 5 31 0% 53 O g5 8 Sl S0 a5 (g 58) () gl 0505 5
4 A J RS O A8 e 15 e 3 g e el 5 Bl RalS
Sl 5o 5 b [¥] b i g5 il s £
el Js il il i3 4 538 sdadlf ) S a2 5
(@ly 53 Akl blshe by SIS Cla 4 536 ols mi g
35 3 odd g el 4 S ley O bk slao S
Lr]ias o 1y sl & o il 5555 05kl 5 dins oo OLaS Zunglia
@3 Sope & sl G5 Gk S g8 abs Ol s
s 4 G5 0l 02 503 0B Slams 03 5ome 53 15 O - B e Ol 5 e
b ol (S Je sy b sler 3 by G5 G b5 K e
5 Y] el oLl peites s 4 0T 5L By o S
230l g s Hloy b3 4 (5L oS U S 5 e slas S
22 32 Obley O A3 by S5 s 4 (GoF ey
ol oS 28 b ) pl 13,8 p S s sl 03 gious

d,:s.@\Wdftgg&@pobuﬁo,suﬁm)}mw

® 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 oY o)lad VP A o] 28 dloes


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

8% S laode s 5 pim 53 6K 5 (B3 Olslen 05 B pslie e S il J S
gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

o,;.u;r._la;:MW};,;#J.\AJQ;@M};W.@!@;
AL e (83,15 Ol e ol ys 0ts &1y o s ¢ b e
(oS 1 ot e laeSalys 3t ST S Skl s o
5 350 sl oy o b J 875055 Sl enlinel ol DU 5
oy kS 2 b VY] 3 [IYA0] el 48 8 515 Dl
Auﬁalﬁ.wumm)\&C,;sqt{>gt)uﬁg,s.mmmé|ﬁ
s J g 5 ol 0kt 8,8 a5 53 mel 65 8 BB a8, Jte
33 Gl oLl S8 s ol il ks il s Jsls
Olabntin 4y s (23 Sloy 2 Sl 08 2 Je Dz 3,165 ol
JaS b dlas ol 55 ol otte gla unsl (gols Hlew 35
S J 2 b IV ol ergy Dl $Sis el s oS
I35 Ola (M ke s) (sl SLae ) g 3 oy 55000
23 e S8 gy Sleslamal s 4 il ol 8151 Gy 5 ey
Veslie s Shes (gols dlia ol 3 odd il o8 (K b S 5
ok 4yl (J S e M e Ol o) Ken 0T 05N il oo
S 5 (gboy slas [2al) 83 il Bl 47 (ol ol LS
BB Sy e dlie ol 53 b (AL ey O A3 ks
oslizul b fki.,i oS J 1S b [VF] sl gkl (gla asl
gl Sl opl oSl o &) (830 (st 2 (S 28T 5 )
3 8o 4 laws shaie 4 (o 1b 51 e a s g S 4 e sl
Olse 4 slay (S en olie Glaodey . Conl ol oslinal g J xS
Lok 4§ L 53 disl e o gllaal 51 gyls ST sl ilasi
E5 B eSS s Dbl g sllali D 2 sl
o3l J 287 IS 53 adle b slor 4 &S gyl 3156 L gLl
oy oS 28 L ks wl,f oS J 287 5 Shes Lgsl 3 ol ok
L awlie ys [VY] s 55 05 B g b I OLS oS ald aslas
Sl 92 5 helai 36 oS 1S b Vo] 5 syls [VF] Jls
s ool 3 el B 5 Dppo b Ohles 0 S J S
ool (656 T 81 018) 6 e el (sl bl
S o s Wlodd 03] Cpadwi bast  Sojgo 4 Gulay GlaO B
b ol 53 o8 doe il o (53 o8y lae ol s ot 8

ﬁ‘?‘}i&ﬁéﬁ)#A{‘Caﬂ\a.\..iﬁ\)‘&)jg_rw:)}-b))

S 4 K g ks Dbl 0 A3 S ol 'l Sodalie
o 45 e o e Joe G Wl ) 3 0 €11 S Sl 0 3 8
s 4 el 53 )l Glvan o8 e 8 Je b ST LB
4l Sodalive ol b tpts SVl 4 s o 2> S pe
s vl 8 8 e 800 L SVl ped bt
b b G 53 T pdler Jol lin ple
S 6555 oy Olejan Sppar o Sodaliin 5 oS S
Sl e o e J S [A] sl 5 515 b5l 35
350 sl G5 el S g5 2 Ollen O 4B J S
Slazl Ol 4 olde glede s Wlis ol 55 ol 455 15 anlllas
2 S oS ES (bl e los 8 5 L 5 e
2 Sen T SRS ) oE s el Bl T
J‘luu;..»\Jgsy.wla&%iéffwﬂ{gs)l.\ilijjéﬂ
JAS e 53 Vb Slley JSa (B0 ol 3 o6 s
O 8 oo (g o360 iS S b d[4] sl eas O b,
el 485205 50 0 e i e e S 5 (A3 Ol
daodel Sose & oL s bl 36 eSS
3 Bled 35 55 i Ol Wi U ST ol Ko (gm Sl il o
1) 636 sloediS’J 28 (NS o) O by (61 557 ol
2SS b V] 53 S 0 S 5 s IS e
st 851 S ¢ g5 (2l ey 05 S () e 4 il (550
oS 5 bt e i pl g5 ey 3 ESCalus ol
b aglie )3 &8 il o byl o b ol smel ) s
B 85 55 yskte 43503 65 IS Sl ol 5,0 Ve L
P53 £ 5 638 61 sl (o cpmal wl 5 B 3 508 S
ook 3litl Godas 518 L oS5 3 K f 8 638 Sl Gl 4
A 05 g " e e ol il eSS o1 b [V] Ll
‘Amdiﬁf”;mJa.@u,\;m,lag@;&g;)uﬁojs
o 3l o3l b Bl o Gunsl GDls 5 53 a5 (o e &
o Slaye ol 02, S s 5 it Vo S s p
Ll Gl Lok 035 et 0 el (sla bl HEIENET)

D30 e Sl bl S Wbl Ok Aoki e diS 1S b

" Regressor

8 Weighted Least Square Error

® Strict-Feedback

10 Robust Performance
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12 Fractional-Order Error Surface
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® Model Based Control
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® Model Reference Adaptive Control

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

@\;\zéum,),&,);eg@;@g;gl)uﬂo,surjuﬁwﬁggtwdﬁf YA
gol;b:rt..:)s‘@ﬁqgsuxu)m‘fgu&;w;

Jolim Jute (sl omals D31 (3Ll i ¢ s 4G (55 50T
035 55 e i Sl 4 oS ($146,8 4 ol 45 5 S g 05
3 3 gl Oy JKd jzelyly oG b plad a2

ROWPRE WSS PY PP S P g

3 M slaodes ST pslin kst a0l o Sl eslisal L (2

S 3 Sles el g gla el O g2 4 (6 5ledute (sl

el Bl S

Jke £33 P 53 1wl 4 sl ol ys Clae 451y 6 g
S e oS I 28 ol b e s 93 Ll ok a5
o g 4 0T ol DUl 5 O a8 J S 55k 4 eae
Sl 5> o 4 dlis Glupes 5 (leand Sl oty 8 25
)Joz\.é.:,»‘:)}.e&lil«é.;}urj S gy 93 Sl 0 il oty 5 05lgr
sl ol &1yl e

Roidloo 5 ol & e ool 53 0 35,15 4 slasles
wgame b R™ (s b i sldel 45 germs ozl
3de o310l otiasols [X] [ Shas Adl o sde N b i slayls
Amin( Rhos ol X )15 gntdil o omsOLES X5 X i
(o325 S 0 85 3) 035 e p S 58 0ins0L55 ) (Amax(+))
W i sy s gl g eslgl s ol Cwl ex g b e Sl gl

el o 05l &Lu TQ)}J

O 2 Joe =Y

4 il S I s e 3L 6l s oSl
S 358 o 5k 630a VAL ans bl 5 LS 5 aS s Slides
JWJ#@J»&\.&&fﬁJmﬁu4{6/.;2\;_,&).»4:\,1;’,?}‘
s2b3 sl 0553 Ol s 0 a0 Jute ol 51 e [F] 5500 & gl
w3 sley 4 G5 e O 0ims0lts Joe K03 v

Golos 33 Hlaw 0 51 Vs H5 00l CJJm e slade s
A s Gl s 4 (2l ey s SIS ST sla bl
sz A ot b Gadie Sl (5 s el il ot 8 8
3208 Ol LaouiiS J 287 (1 b 53305 (St s 4 eVl 5
o3I ol b Bl S (8 Jleis Jile il
b 2l 5l 6ol ummen g AL iosle b Hlay o gladae
33 &fﬁ P d.s\pji_s G Sl lilonss Ood OT s 8 50
i 2V (S oy Sl 8 s - e sladile b e e

[V] \:,..»\a.»\..&d:b‘ﬁjQ)}ébﬁjd#dl’éwﬁ)v)w

ol o oks osliul (5 S a5 o sl sk g 3 ol Sen i3
okl OT (6ol gy 5 08 IS (o1 b Ol Fodkomy o s
L3l Ol 5l S S 505 511 (‘gﬂ b e J S sl
G I s S e 9 (Gl g (Sl ¢oilee g,biw
Slroas’d S 5l Mg Slania |Is 4o€us o) V8] ol O llas
ol ol Ay e b (@Mg S J S o1l s (g5l
oS J 1S b 5 Ol Hlew i las sl OV .l
WSS g5 s Olleny 0 43 U S [VY-10] Ve s 18y
b 636 (slapiunn 3l o3l 53 ol 0355 ok Ol ¢@ 5505
b st laa¥ G0y sl o 5 6 (il s G
IS 5 oty Dl oonel @l B sl 638 T B 8
oKT- 51 il b e laaY (slals 5 slan il 3l &S ol
S o I o el g L 5 g s 4 s
23 g o [Vo] 4k s ol oS’ J 1S
bk sl 6l e opl s (B ek Sl Lola 4 4 5 L
G JAS by e Sl il eSS
S BiaeT Gl eyl sl 2alS 5 55 p (e S0 Sl o
b sl o st 6 28 Sleslinal s 4.l okl &) e
& el ol ol oks o o8y 3,055 53 bl iy ST
(omas &S 5 anT Gl gl sl ialST 5 S5, Sl eslizal Ls
ot 4 e Sk S o5 w5 1 BT Osy ISl Gk il B
St sl Gl sl Jilio o€ ulely sl ol o
Sl 5 SKsy el el Lol s @yl [\V-V] e
4 S ol S0 D) e 4 e dil IS e 5L
3l cpl Jold oolgiiey S5 b ST ol oy S
|
SVl el 3 e e uSTT s Sl le s 4 (Ll
6Jbabl¢i)d§$s@ﬁm4§aﬂa:u;»|(l§ﬁéﬁ;§;)§i})
Lob odsl gl i cpl 55l odd oS 287 Sy
S Olizie ol en 4 &K Sl o J S5 S5 5 eslinad
Sl s b oS J ST (b sl 3 o3l 5 s 6
sl 0k
Sl odd (55 s JAS sl Sss L1 (o
S (B 4 bl eme oS Pl ke slaeSalys
3,05 3 ealizal b ,b odsl sl ) opl Sl ol oS guloes

sl el sl aL?.b_; ol o 4 ik e cbss

2 Explosion of Complexity

1 Virtual Control

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

Y4 S laode s 5 pim 53 6K 5 (B3 Olslen 05 B pslie e S il J S
gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

IV] sles 31 515 6 g0 bl 08 5 Jits (sl malyb 2(Y) J st

Sl Gous Hlnde s>l g
X - mg/dl O S e
“ME A0l
X, - uU/ml

OL A8 o el

X3 - uU/ml O o el e
Aol 5

D1 0 1/min A3 Jen

A
sl 228 S

P2 0.15 1/min aais I B )5
)

Ps 0.000028 mL/ it

pU.mMin% | il a5

Da 0.2 1/ml Sl BoF E S
sl s b mlaw
Gy 90 mg/dl B
RYEaNt
wbs b chle
I, 15 ul/ml Slewdy o sl
O
45 gl lkie
Gy 300 mg/dl o
o5
Clale adyl e
Iy 20 uU/ml 23355 el
O sledly
SAS 3505
w® | 0<u(t)<30 | HU/ml
/min (a5 o gl
ol @l -¥

w755 Sl e 9 b T
Je DI (sla e oS 287 Josla flowi 5 (1 b ot
X= by Sope o S gla B s 8, il
L glae g S (sl Lok 38 5 o [1, %2, X3]"
1l 0l g 55U 5 Dy s 4 i(F) Yl

{x =f(x)+ gx)u+w(t), )
y = h(x),

S o sl g =10,0,11"

5 ol b plazel Lls ,w(t) = [d(D), O,O]T (il

(R s A OO = X1 S

fx) = [-p1x1 — x1%, + D1Gp,  —D2X; + D3X3 — P3lp,

—PaX3 + P4Ib]T

.@\WMUU’J&}@[}?J(:JH

G(t) = —pi(GE) — Gp) — GOX(E®) +d(D), (V)
X(6) = —p2X () + ps(U(D) — 1),
[(t) = —=pa(I(t) = Ip) +u(t),

505 A5 Bl Olpe L Jsl el s dsles ¢35 daly 53
Al e O B Bl 5 et Ol ST SO 53 dslee

- I . Y .
3555 G« a8 p Jlasion (Seals dute 51 (6,50 g0 o slate &
.s;MlL;)}fédjleT

S el (AL/MIN) oy 0o 51 055 48 Sl 5 d(E)

IV sl o Gy jm5 55 sl ) b ilazbl Ol e 4 (62955 0!

d(t) = aexp(—bt), ()

Kbt eyl 5 ote slie hyls By @ sl eyl G il 53
X(t) = e Cum bl (MiN) aids e, 0L
25 oo & (V) aly (1) = x3(8) 5 x2(8), G(E) = x;

RS PR f*lf)"'

%1 () = —py (1 () — Gp) —x,(D)x2 () +d(t), (¥
X2(t) = —paxa(t) + p3(x3(t) — 1),
H3(t) = —pa(x3(t) — Ip) +u(t),

44 Wl U(E) IE) ()5 o gl e Y

2B b sl 0 O3 o gl i 4kl IS 3555 Ol
SMRe by n St o505 edge 4 1) G gl D ga5 58 25
23 0% B 5358 Ol e edes 3 a0 plazet 31 U(E) ol
u8) G ey e ¢ a8 Jula s 5 b [F] 558 (a5 s pebane
Ve (MG /dl) Sloms o3 gdomn 55 b Sl 05 0y 45 Oles o7 (Lol
o shls O A3 o s S p b SIS 5,8 vt
D3 o s 5 ol g sl Cn s 53 5l s L
o B G5 L 3 e L g AT L s 3,
Sis et (Mg /dl) o as gllas Chle gl i oy e

Llod 5))}T (\) d}d’- BE [V] t-ja u"'l“”‘}' 4(*’) 4.]4.:‘) L;LAJZA‘)L_

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

@\;\zéumw,..:,)mg@;@g;gl)uﬂo,surjuﬁwﬁ,;g?wdﬁf Y
gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

.:ﬁmﬁﬁg}lb)h\iajl Slosgdome 53 Hlew 055 A3 (LAl

Al 13018 a4l IS ple5 (&

S i S 0o J 5 o YT
G (S0 Sl o gy el ot ST b ) st

L;:)))SGU)UW@}_),)N(J\)LM%))G&:JJ__,’J‘)UJ
olr aie Gt o Ghe Sl b ailsl 350 al JS
23 Dy ol )35 5 L (F) pmeli SIS s s

RS PR 43‘)\

y® = LPh(x) + LyLY P h(2)u + Lyh(),

y® = LPh(x) + LyLY Ph(x)u + Ly h(x) +

dx3

Lyh(x) = [6h(x) ah(x) Bh(x)][ l — o,

Dl b Ly h(X) 5

Lyh(x) =

X2 0x3

[6h(x) dh(x) 0h(x)] [d(t)]

d(®),

G o(§) daly s Lgh(x)o,\.z e S 4 Sl oleT s 4

C"““"’\";'J"’l’j‘)abb(?)Wg,s")j’)‘é(}auf
= L3h(x) + LgLh(x)u + L3, h(x) + D)
d
2 (Lyh(x))

Wl 0l dsloes 5 Sy g0 4 L]Z;h(x)qf

oV

12h(x) = Ly (Lrh(x)),

dt(‘r—l)

45,0 ol 03 dslaa 3 b 51(F) alasly 5o gl ke ) o B
s ldaed(tg) =a bya b d(t) = —b d(t) L= Js
s el oo s 2yl @y b ST

Olse 4 gMe sdey Jue 5l =Sl N oogad
e Sl e s (W)l 45,0 Sloj Gt «(W(E)) i)
Al gr a5 101,58 (W(T)) £33

ol 5 (1) 0 A8 Sk ()05 43 e Y (o B
(i Ol Dy g0 4 e (gla S Sl eslizal L (K1) 0T Ol i
iz (g, 031 6

ERRCE R R S SV ST
oS 1 ol Sl ke Lo 5 0 o 5 2S5 5 3 Oyl 1
1S 614558 4 Adb o ol e ode s s peam 45 (F)

r=1, )

LR, > 1L

5 e e 5 o a5 e V] e Y 0y
y® = Dy 4y o bl 35 i 55 05 (F)
wtoaz 0 LPh(x) + LyLT P h(20)u

il 25 alaily D) g0 4 (F) e (g 2 ) (S Il a5 e e

y = Leh(x) + Lgh(x)u + Ly, h(x) *
B3k 5 e S Grie alel th(x)cb () daly 5y &S
() ok
%
Leh(x) = [52 22 20 e S,

—Dax3 + pylp
= 1(=p1x1 — X1%2 + p1Gp)-

) daly ol Lgh(X) ol e sde

)

P1X1 — X1 X5 + p1 Gy
AL, h aLsh aLsh
= [ gx S gx @ gx (x)] [ P2Xxz + P3x3 — p3lp |,
t 2 : —PaX3 + Palp

= pixy + 2p1x1X; — PGy + X1%5 — Py GpXa + DaXy Xy — P3xyX3 + P3lpxy

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

) S laode s 5 pim 53 6K 5 (B3 Olslen 05 B pslie e S il J S
gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

s s 5 il b (Liph(2)) e cp) g il o5 41
R
d .
= Lwh(x)) = d(®). 0%
NS s e (V) daly 5 LgLph(x) oas io s «
Wl ol am 55 Doy ge & (g

¥ = L3h(x) + LyLzh(0u + Ly,h(0) + (o)

2 (Lwh(®).

(o)

s ngfh(x) s el 53

B3h(x) = Ly (12h(2)),

_ [6Lfch(x) aLfch(x) aL}h(x)]I

Oxq dx;, Ox3

oty & pse 4 LgLph(x)
(Y)
LyLeh(x) = L, (th(x)),

_ [E)th(x) dLgh(x) Bth(x)] [8] —0

axq 9%y 0%
ol b Lgh(x) 5
Ov)
L%,h(x) = L, (L,h(x)),
_ [aLwh(x) AL h(x) aLwh(x)] Idgt)l o
0

0xq dxy dx3

(%)

—D1Xy — X1 X5 + p1Gy
—D2%2 + P3X3 — P3lp |,
—DaX3 + Palp

= —pixy — 37X, +pPG, — 2p1xy X5+ 2pFGpX; — PiXiXF — X1X3
+P1%5 Gy + P1P3ly Gy — 3Pp1D2X1X, — P2X1 X5 + P1P2X2 Gy + D1P3X1 X3
+P3x1X2X3 — P1P3X3Gy — P1P3lpX1 — P3lpXi Xy + P1P3Gplp + 2p1p3xy X3
— 2p1p3lpxy — 2p,xy x22 + 2p3x3x1x; — 2pslpxix; — P§x1x2 + D2P3X1X3
—D2P3lpX1 + P3PaX1X3 — PalpPsxy + P1P2Xx2 Gy — P1P3GpX3

S s 253 a3 A Ol & ol S5 4 p5Y i 0y
Aot o 5165 4 el 035 0iS U 28 (o1l )3 Sl 5 e
3 8 o osllae Sliie 1 1S 6 055 A5 e o) Rer e el
18 8 ) el Ol or o)l 51 (68 et
§ =¥+ 245 + 12y )
U 035 oS 5 8LS1 men 5 oY) 3 (10) dlaly K- b
Wl odaT Sz bl
§ = L}h(x) + LgLih(X)u +u —u — oY)
209 + 223 + LLh() + -5 (L h(x))
23 Eose 4 S LU b e b5 skt 4
v, = %SZ, i)
QJ}@Q&}JL@L_—]@U&LAL(\'V)AL{U)\:JL&‘L{.C,..w\a.,\..itibla
S P - B Tt

v, = (YF)

s (m(2) —u+ Lh() + 5 (L)),

ol ok alonn 5 dlaly Sy 4 LgLPh(X) s 5
LyLth(x) = (W)

0
EEEI H:_xlps
1

aXl 6x2 0x3
5 e e L h() ccalresde
L3, h(x) = Ly (Lih(x) = 0N

0xq 0xy 0x3

L% h(x) dLZh(x) OdLZh(x) d(t)
[ ]| o' =0
0

dZ
5ol bos (Lwh (%)

d .d
— (& Lwh(x)) = ab®exp(—bt) 09
oo 4 P mhe Ll ol dilona
s=¢&+ 21+ Ae ()

Qr»\.éu,Udﬂ )‘Jj.ayd ja\.;\{@ €=y_yd &S ol f‘,}a

~\:,.~"‘

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

@\;\zéumw,..:,)mg@;@g;gl)uﬂo,surjuﬁwﬁ,;g?wdﬁf Y
gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

V=V1+V2, (\‘Y)
1055wt 015 o (FY) ol 16,8 e b oSl 0l (i 5

V<s0To() +|slk’ —su—~kk—

1
L6

1

T2

Bw.

(FF) adasly () sy 53 Y (D)) VJ,&Q Sbsls bl

1wl Hl 3,

T <1l(soT 24l (¥

50" @p(z) < ™~ (50 (p(z)) +on
<Ll +1in,
2n 2
2 * *

e b M5 [@(2)]° S Pl " = pllO7]|7
aly (1) 53 (FF) (1 b (Gl Gy 53 F o) el o 1 b
Dy g dnmD p )

V<520 +in+|slk" —su—~kk— 0

2n 2 1

1
2

Do

ol ol b 5kl LS I
u= isz’ﬁ + ksign(s) + ¢, *7)
@ pal gl Ty K pal sl e K G ey 5
Cadle 3 Il w6 STGN(-) 5 (I 550 ) (b e el3k €
Al o
ol 53 5l (FB) 5 (F9) (6,10
V<—c¢s?+ V)

1 5. =1 108 1 .

—s?& + |s|lk +=n——kk - —&&.
2n 2 T1 T2
@‘a.\.&f‘jbﬁ)b)ym&.lﬁﬁ\}i
{5’ = T_ZSZ - 7'252(5', ¥A)
2n

i& = 1"1|S| - 7'151];, ARV
p3lie) LS Aol & by e (b Cte gl bl 825 618
daly 53 (F9) 5 (FA) Lalsy (ol lr b ks (Gos 8 (65l
ol ol Ml:u J".) ‘53\“,\5 *v)

. 1 _ .
V< —cis? 4o+ 6,k + 5,56, )

S (FY) a0l glacs sbusl «((Cal) o g) &KL Jool ol

!

8]}]2<_ﬂ122 +ﬁk*2 (FY)
= 2
5,86 < -2+ 2"

128 5wt 0155 n (F) 3 (FY) g, (o 13K |

8 M(2) = Lih(x) + 245 + Ay + LyLih(u+u
Al e Z = [, X5, X3, U]T 5 el
328 Srm B o) S ealil L OIS o |y T(Z) pomals w6
135 oradn (G S 3 ¥ o) (ol e S
m(z) =0"T¢p(2) +¢ (o)
Ko ol gbagy Sb, 05 = [6’{,...,9;]T‘(va> bty s
S w5 on @)= [0 9,(@D)] e
€] S 7250 4413018 5 (e S (Silud s sl €5 e
L] ol
Wl 5 5 adaly (YF) 5 (Y0) Lals, S 5 L
v, = (Y#)
s(079@) + & — u+ LLh() +5 (L,h(x)).
e sy SIS eas b (Giledie gl ST 4 a5 L
1wl 0kl dl5) 55 (6 slusl chiinn H1500 S
LR + L k() +e| < ke, OV
Sl o558 (6 sleals 3l eslial b sl o e 5 pumali elyb KT oS

1088 o 015 o0 () gy 53 D)

s (s + L3,h(x) + ;—:2 (Lwh(x))) < o

|s (8 + L3,h(x) + ;—:2 (Lwh(x)))| ’
< |s|k".

D30 5 il s dslasl o(Y9) 55 (YA) Lalsy (510500 b

o]

V, <s0Tp(2) + |s|k* — su. (Y9
C@\Aﬁf‘k(r')ﬂh{b Q)ﬁh@yl{tg%.‘bl{cl}'cjsﬁ
V, = — k> + &2, )
211 21y

T=gks bl bl T=w*—@ k=k —k &
%2 ~ 2
S Sl Ty Ty b i @ =p 6] p ]9
g by () daly 5168 Grie b il or (Gl oo ) (b
b IT ol 505y s 25 b b W W7 = 0 Cies
el 0k a5l (Gl gy 53 Y 53 plaly (nae
1 ~A

V, = ——kk -~ &. )

T1 2

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

rY &\;\;5umw,..:,)>e§i@;_&g;obuﬁo,s,uswuﬁ&&&;&#J,:f

gol;b:rt.:)s‘@ﬁqgsuxu)m‘@gué{;w;

= LimiL,y(t)

Cay Tyl slie (ol 3L I 28 5 ooy opl 5 o(FY) daly ulul
L 2 Vg 4V (E) je ) Sos o 015 2 O35 8y 20

INEE PN PSR (%

ngLn(ajLL)'\a;liu‘J.:bq:&aljlg;;f;)&}))aZf. o yaud
dilo IS e (5L (F) 5 (FA) Gy 5l 55 LS 3Ll
il 03 300 o Dy 50 9> el 035 LSS ol 13018 i
palie 3,555 51 eslizal o) oks Syl Golas il 3 LK 3Ll
O 43 8 3,5 Ll SV I el 01 or (WS sl (5L
SLIE o b3 5 ol okt | Sn O gllae e 4 ilree )50 4
Az 1500 S dts adl>-

J;l»d.xﬁwgbs,'lslry 45,0 Grie 53 10 O g
aﬂﬁ&@%ébéQ:QY:&nﬁd}fd@‘%ﬁ
“-“QM&@)ﬁ’)ﬁ&fﬂf‘bd*&T&b?'w‘
S s ol o 53 s GlaeSalys ey i o Sl e
el oz alb

Jslie (mae a8t & Tl S50 p3Y &S5 ) 1N 0y
Ly Ll Sope 4 e B sy K o5 pde s 4 DY )
el {0 eaind CoblB iy e (J S e 3 S IS
Jaltze slaoB s 53 K5 (s gm 1,1 383 0 41, M(2)
S oy e St G035 s pole 5SS B s«
UL sl sl esy onl 5Hdl dalys il lods ol b oS xS
Sl o> el & (Rl (rme ladS 3K 1 ealind
Jube gla umel D1 (L0l o omae Si ((2550T (slaally
g B Gl 4 S SIS 4l B D g0 a8 il
o30S 5 e 3 B gy ISl byl 6 b e S5 05
Sl b Lalsl js il ol Sleygya Gubd 056 s

SAS 2 Sl p umal w6 a5 (gl o pllael S 1 pslin ks

sl 4Bl ralS
Silwams -F

GO (S lw dul V-

2 e (b3 e 0 A @l ey OLE (V) B (1) (sla S
4 (M ode s (3 pan 5 g 3 pslie ks e S oS xS
Al (ol Sl Ol e

V< (FY)
. 1 5, 172, 1 ~9
—min{2¢;, 1181, 726,} 7S +2—r1k +Zw +
v
S1p92 2 2 1
2k +to @ +on

ol sl bl Ly i L 0 ST
a; = min{2¢, 1164, 71,6,}, (FY)
{az = %k*z + %w*z +§n,
Wl ok Jool (FF) 3 5L bl
V<—a,V+a,. (¥9)
) S S e Kb ks U S sl 1) 4y
5 (07 pslie SLail o Ol s 5,54 056 ((F9) J 28T 056 5 (e okl
G301 o 5 o (YA) (e (saaSt L0 s p 5 O3 &5
o5 &S5 £ 5 (23 sley (JAS e i ail IS plus
25 o Kam conl posde 358 (F) 8 el HalS” Joko Lo 5 0.t
SUla 55 g = 90) Cllas jldie 51 (slosgdons & Olen 055
NG R W)
18 5 4 Ol g0 (FF) Janil s alslasl Jo b 1L
V(t) < V(ty)exp(—ay(t —ty)) + Z—j - (£8)
Zexp(—ay(t = to)).
a5 Ol 8 o (FO) (g 5lunli 4 Colg o S 4 Olaj 0313 faa b
s S
Lim, oV (t) < Z—j (¥%)
5 O30S L plad) il s ail 287 0t 055 n ]
2 Y ) SIS gl a0l S e S o5
DAz 25 GGl (FF) dal) ulal il oo (G Sy

o]

. a
LimiLo|s(®)| < |2—,
aq
- Limy_|é(t)
+ 22e(t) + 2%e(b)|
a
< 22 (FV)
aq

, 1 a
let—woly(t)_ydl S/’{_Z Za_lu

a,

1
— <= [2-5
lyal) < PP a

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

SHE laode s 5 pim 53 6K 5 (B3 Olilen 05 B pslie e S il J S

L;l;,b:(u,;‘@ﬁqq;‘gﬂxu)mﬂﬁéué{;\f;

\ad

30

N
W
o

[\
]
[e]

—
W
(e}

0

G (mg/dl)

—

]

o
T

W
[}
S

100

200

300
Time (min)

400

500

600

e ade s (5 jume b sl ze oS J 1S sl 53 G Il e (V) S

0.01

X (uU/ml)

O 1 L L L
0 100 200 300 400 500 600
Time (min)
M ooy O e b ks me oS U 257 5 g 5 X(O) I e 1Y) JSC
40 1
35 i

E30 .

=)

S5+ -
20 8
15 : : : : : '

0 100 200 300 400 500 600
Time (min)
&‘v\g a&)dwbwwaudﬁs)fp})b I(t)d‘?—ﬂ;ﬂ(r)u&t’
5
_
Sal ]
g 4
E3; .
=)
EN ]
g
=
ERIN 1
O L L L 1
0 100 200 300 400 500 600
Time (min)

cstE ooy 5 pan b ke e oS S gl 55 Ry 5 ol el 1(F) S

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

VEY Ol oY oylad OF o oJ =5 aloe


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

¥o S laode s 5 pim 53 6K 5 (B3 Olslen 05 B pslie e S il J S
gol?b%t.:,,"@ﬁqq;s@xu)wmfgu&;\,a;

5 ol Sen oSS Cpllan s Shes 5 1k e ol s 4
() 5 () gl S 5 .l 03l 655 Shusllas jldia 1 1S 4 0
o deiS s 4 301 iy 4 eS L Je Sl sla e Ko
gl Sldie) late O STL 5 o el Ol e (F) S 55 Lot
4 (W3l (uU/ml/min )0 S u(t) <30 o LL oyl gen Hlow 4 Ay 5
o313 Shales () JSK& 53 A pelaw .ol o 03l UL (2b> lay
Ao SIS S 4 Gl sl ol Sen KoLy o ol o

.cd‘“

\e}
T

Sliding surface

ool 33y gos 4 (M)=(V) (sla IS5 53 a8 e Il (gl ke

sdes O pan b 5 b (b slen O A8 Cllas (5 5L S S
O 43 (V) US55 Sl on g aidn Voo JIYe Sljesl o olie
Jds 4 azds Yo e o3l 5 il sdd osls Ol iy slas e
Y03l s 5 A8 e 2l g5 055 B oS S5 Slas
o ol aBl ol O B gldE ooy (o ume 5 4 aids Voo
Sl G5Ol sl ekd (b pslie Gkt 056 5 oS 1S
a3 Voo Sl ey o Asls O A8 2alS s e oS ol g O sllael

(=}

1
—

(=)

100

200

300

400

500

600

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

Time (min)
(gME edey 5 pm b Al e o diS U ST ) g 53 B e 1(0) JSC

N
1

. -

—pll6]?

W
T
I

Estimated parameter
—_ \S]

100 200 300 400 500 600
Time (min)
csmmal O3 (G5l O (gl ke s oS ST el 03 i el 2(9) S

(=]
S

100

80

60

40

20

Estimated parameter

0 - I L L
0 100 200 300 400 500 600

Time (min)
cstE oo s DT il s e A 0l 035 B e el (V) S
I3 4l s enls Olis lde edey Ol ledl e sk ) i
& = 7 o Gols 06 el odks 033 uB Gt bl o) UK s

23t B bl i Ve JIT Glefell oo e ooy O e b Gl el (V) K s i o olES st 4 (FA) dlal

f\}r}@a&{d}fcﬁ)@)@@.w\ °'>}’.ui‘Ji,L5‘J">°'L:‘

Journal of Control, Vol. 16, No. 2, Summer 2022 VY Ol oY ojlad V8 o o] 287 dloes


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

@\;\;5m,\;,),~.ﬁ,);e§i@;@gmbuﬂok,\spuﬁﬂ&gg?wdﬁf \rd
@QJ(u,s‘L;:l{quduxu)Mﬂﬂ&u&;\f;

8 exp(—0.05(t — 20)) (A(t — 20) — A(t — 100)),

a(t) = 0,

o &1yl o8 s &S 5L 3 015 o (A) 5 (M) (sl Ko 1l 03
dusln 53 o suidl Cnlie Hlan G55 Ly 5ol S Ol s dlas ol s
035 b Hlay O LS r_Ja.J 4 556 [A]ys ot &1, saeE s

R
S o -8
b Ohlay 5> 0 A5 BT o gl 4 (S5s)sm slay T3
Ly opl 53 eTH8 (laoiSJ 287 Wyl oot 8 5 ooy ble
21507 53 ol 3 5 o it S48 (R sl OB, L
Gl o 93 o8 o b (Serlys Jobe i (50 6,8 s
2 e s eSS ) ol el et 3 8IS ol
Sl ok oty (8 sme S 8l S0 (5l (5 S
Slao S J 28 L alin 53 ol o 5 (b (Sl o o
oo & il e o5 I eslinal Lol ek Syl o8y
035 e (5ol (sl mali (b5 geT (sla eyl Jol 0z, S
Sl obsle g sl gl S alS ate 4 .l ol
s bl Ol & Q65 4l ok (b pglie ks
O B i o 5 s dil L plT (65130187 B 5L
S5 305, T Lgml s 30 Cilews 1) osllas 03 gudoms 53
2385 & Goland ml (Sl 5 e 1B e Al 4 odd 4l

ROV PR INEAY

A ke iy M6 0y osllanl ST (50 53 g 0ok
8 5 55 (FA) alaly Oy g 4y sloy (b pan (oM sl s 13,15 05

RGN PN
20 <t <100, (FA)
t <20,t > 100,

@ el ol oss dols iy mb sas0l A() mb
o\,@oyﬁ@,;w%omuﬁ;ﬁw‘@u@

238 ol s 4 ol edey e 3 2b>

Slawlio (G lodms —£-F
33 las ol yseis g1l J xS o€ s 65 0ol Ol shate 4
S O B 0o skt 4 glanslie luand [A] g e b a e
23 Sl ) s Sl 485 Do e 0o s O3 an b 2L
pled oleand cpl 03 el 0t 0 ST  peai 4 () 5 M) s S
el o8 2 e 5 LaodiS U ST gl polie (b sla il
oA 3 S5 sy 3 5 [A] 03 el ald Sl [A] =
A5 (i it 4 ol b on s S ol 4 (B 5 oSS
Sl 15 (4) 5 M) (sla JSC 511487458 Do sl 0k o3lizal O g5
25 ol Ken Oloj 2l o Wl opl 45 0ds b oS S
Sl o 035 (e el ol s el o O llas liie 4 0 5>
A [A] e 53 o Jomys sl o dlin il () sl
Sope 4 ot ) (ol s S ol e o (B 5 LS
e S T s (6 S el 0 Ol Ol b s ol i 5 o
4 A s s wilen o 115,05 3 slag 4 Sy F o]
Cwlo3p6 (Lr:lnljn) 39d 55 [A] @-f):gfi%béﬁ)}iﬂo\ﬁ
G5 el e SIS i o8 s 3 o T o
e L3151l & b o (61 655 4 bl VU Sl o &

mU
L3 u'(i,}:’ é\.ﬁg;i:}.bu J:.b 4 30 (L.m

) 53 g g

in

NN W
S o ©
G S

_
o o O

T T T

= Super Twisting SMC ||
=== Classical SMC

Insulin injection rate (mU/L.min)
o

1

| | |

}
(3]

0 100 200 300

400 500 600 700

Time (min)

(D

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

\n% &\;\;5um,),~.ﬁ,ﬁe§i@;@L_mwﬁgk,\spuﬁs&&;&#J,:f

@QJ(u,s‘dagqus@xu)ML@éu&;\f;

140
120
100
80
60
40
20

G (mg/dl)

T T
= Super Twisting SMC|_|
===Classical SMC
e il
500 600 700

Time(min)

()

.[A]@f_;fféugjii})):c(t)uuxx—“@)g@);y,ﬂv(dl:m)p

0 100 200 300 400 500 600
(D
140 ‘
—G—al,
=120 - .
=
on
g
O 100
80 Il Il Il 1 1
0 100 200 300 400 500 600

<&_)>

Time (min)

(o3lrie 5 8005 53 GO e (5 iy 5 o il 5 (1:0) IS

Diabetes, obesity and metabolism, vol. 20, no. 10,
pp. 2458-2466, 2018.

[4] A. Roy, R. S. Parker. "Dynamic modeling of
exercise effects on plasma glucose and insulin
levels." IFAC proceedings volumes, vol. 39, no. 2,
pp. 509-514, 2006.

[5] A. Abu-Rmileh, G. Winston, D. Zambrano. "Internal
model sliding mode control approach for glucose
regulation in type 1 diabetes". Biomedical signal
processing and control, vol. 5, no. 2, pp. 94-102,
2011.

[6] A. Abu-Rmileh, W. Garcia-Gabin, D. Zambrano. "A
robust sliding mode controller with internal model
for closed-loop artificial pancreas”. Medical &

&lr

[1] T. Daisuke, Y. Xiao, F. Hu, F. Lewis. "A survey of
insulin-dependent diabetes—part I: therapies and
devices." International journal of telemedicine and
applications, vol. 43, no. 11, pp. 1617-1632, 2008.

[2] A. Ciancio, R. Bosio, S. Bo, M. Pellegrini, M. Sacco.
"Significant improvement of glycemic control in
diabetic patients with HCV infection responding to
direct-acting antiviral agents." Journal of medical
virology, vol. 90, no. 2, pp, 320-327, 2018.

[3] N. Revital, E. Dassau, T. Segall. "Adjusting insulin
doses in patients with type 1 diabetes who use
insulin pump and continuous glucose monitoring:
Variations among countries and physicians."

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

@\;\zéumw,..:,)mg@;_&g;gljuﬂo,surjmwﬁggtwdﬁf YA
@QJ(u,;‘d;pT@suﬁu)w‘@éu&;\f;

output-feedback control for large-scale stochastic
nonlinear systems." IEEE transactions on systems,
man, and cybernetics, part B (cybernetics), vol. 42,
no. 6, pp. 1608-1619, 2012.

[19] Zhou, Qi, Peng Shi, Shengyuan Xu, and Hongyi Li.
"Observer-based adaptive neural network control
for nonlinear stochastic systems with time delay."
IEEE transactions on neural networks and learning
systems, vol. 24, no. 1, pp. 71-80, 2012.

[20] Khalil HK, Grizzle JW. Nonlinear systems. Upper
Saddle River, NJ: Prentice hall; 2002 Jan.

[21] Kim YH, Lewis FL. "Neural network output
feedback control of robot manipulators”. IEEE
transactions on robotics and automation. vol. 15,
pp. 301-309, 1999.

[22] G. Tao, PV. Kokotovic. "Adaptive control of
systems with actuator and sensor nonlinearities".
New York, John Wiley & Sons, 1996.

biological engineering & computing. vol. 48, no.
12, pp. 1191-201, 2011.

[7] A. Nath, R. Dey. "Robust observer based control for
plasma glucose regulation in type 1 diabetes patient
using attractive ellipsoid method". IET systems
biology, vol. 13, no. 2, pp. 84-91, 20109.

[8] S. Ahmad, N. Ahmed, M. lyas, W. Khan.
"Supertwisting sliding mode control algorithm for
developing artificial pancreas in type 1 diabetes
patients". Biomedical signal processing and
control, vol .38, pp. 200-211, 2017.

[9] S. T. Dinani, M. Zekri, M. Kamali. "Regulation of
blood glucose concentration in type 1 diabetics
using single order sliding mode control combined
with fuzzy on-line tunable gain, a simulation
study". Journal of medical signals and sensors, vol.
5, no. 3, pp.131-140, 2015.

[10]R. Zamani Forooshani, M. Siahi, A. Ramezani.
"Adaptive type-2 fuzzy control for regulation of
glucose level in type 1 diabetes". IETE journal of
research, pp. 1-11, 2019.

[11] E-O. Meriyan, A. Cinar, L. Quinn, D. Smith.
"Adaptive control strategy for regulation of blood
glucose levels in patients with type 1 diabetes".
Journal of process control, vol. 19, no. 8, pp. 1333-
1346, 20009.

[12] Sh. Hassan, A. Raja. "Closed loop blood glucose
control in diabetics." Biomedical research, vol. 28,
no. 16, pp. 7230-7236, 2017.

[13] S. Deirdre, R. K. Munje. "Backstepping SMC for
blood glucose control of type-1 diabetes mellitus
patients”. International journal of engineering
technology science and research, vol. 4, no. 5, pp.
1-7 2017.

[14] H. Heydarinejad, H. Delavari. "Fractional order
backstepping sliding mode control for blood
glucose regulation in type | diabetes patients”.
Neurocomputing, vol. 12, pp. 187-202, 2017.

[15] H. Heydarinejad, H. Delavari, D. Baleanu. "Fuzzy
type-2 fractional backstepping blood glucose
control based on sliding mode observer."
International journal of dynamics and control, vol.
7,no. 1, pp. 341-354, 2019.

[16] Chen Z, Huang F, Yang C, Yao B. "Adaptive fuzzy
backstepping control for stable nonlinear bilateral
teleoperation  manipulators ~ with  enhanced
transparency performance"”. IEEE transactions on
industrial electronics. vol. 67, pp. 746-756, 2019.

[17] Wang, Min, Shuzhi Sam Ge, and Keum-Shik Hong.
"Approximation-based adaptive tracking control of
pure-feedback nonlinear systems with multiple
unknown time-varying delays.” IEEE transactions
on neural networks, vol. 21, no. 11, pp. 1804-1816,
2010.

[18] Zhou, Qi, Peng Shi, Honghai Liu, and Shengyuan
Xu. "Neural-network-based decentralized adaptive

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html

[ Downloaded from joc.kntu.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.20088345.1401.16.2.3.7 ]

[ DOI: 10.52547/j0¢.16.2.25 ]

¥4 S laode s 5 pim 53 6K 5 (B3 Olslen 05 B pslie e S il J S
@QJ(u)s‘d:pT@suxu)w‘@gué{;\,a;

4 e RO J Grie il o R S sl g5, p o155
VLA = PREQX) S50 00 SISl b F(X) (513 1 S
:wtgmqjgﬁjo)y@(th%;u
LY (%) = h(x),
LPh(x) = Ly(L$ ™V h(x)),
LPh(x) = VLEPh@)f(R), i=12,.
Jp 25 oke Bl solsp Ole & G(X) 51 alis (1455 o
!
LyLeh(x) =V (Lf h(x)) g(x).

i ATl (coles sle oly) ¥ o w
E> by 6y pdigite 5 iie b V(X():R" > R 45
V(x(t) < —a V(x() + ssbwl $1 a3y, x€ER",
OO PRTI g

V(x(6) < V(x(to))exp(—ar (t — to)) +
21— exp(-ay(t — 1))

26 015 L S Sl ls0 S X (D) o ien K3 0

ML@ Tl ‘sLh]‘;AbLl as aq peomeR el

(SIS (b sl ) A Cwvgny
ol yls 95 a el V1 ( F51gd che5 (S9lml) )
il s daly(X,Y) € R
2Ty < 2Tyl < ||I] 11y
(%, ¥) Eolgsnds 515 55 2 sl LTV 15l (S9luol) ¥ !
Wl 13 5 el R
Ty < x| +51lyll2
g 45 gon &G 655 2 f(K) s gy 5 i w6V Y
oz sbaaSs Slostinal by K 5 s U € R™M sl 1501 57 5
ol s Culi a6l e 5 (s P (e S350 4 Y b ot
Wl odd 03) o i p5 e a f(X):U > ReEe>0

f(x)=06"9(x) +e
JTo.lg_\&Lho)'))‘:ﬂe* € RIJMAQs:))})‘:ﬁx € U4§

P(X) =5 i oY 5 by, sl Pl as S
s b g S sl )l [‘P1(x):---:‘Pp(x)]T5Rn - RP
Sosed

—uNT (x—
-’ m)],lz 1.7,

@1(x) = exp [— =
l
= . T.-— .
e Nk Sl S e Wy = [“l,l""':ul,n] Of o &8 il
ob B o €5 (o sS wb Slae Ol il oins 0L Cpegm S
- ~T
fX) =0 @(X) 50 4 f(X) el 16 )& ol el
Sy omae b ol slacsss s,y cu i B € RV oz 0L
el 0k dalome Gk 318 3 b
JTesl sloss s, X EUCR" a3l & [V ¥ o9
o'

el Sl sl byl €75 M oS sl o H01 S €IS €5 m

S S b el b o gl 5 lad pae Kb 6

RV
25 okl (o S Wl b olad nae S5 sl [TV £

P <p
ML&@NQYJJU&Q}J;)‘Mp&@\ﬂ}ja‘)\w

S5 Olen e 5 R(X) il ISl s 12 w5 2ty ol
o Leh(x) st f(%) 4 oo h(X) w6 J G220 f (%)

S S w5 Ol oo 1y 558 g0 0305
@b eSS h(X):R™ > R w6 V-] (J Gado) | iy &

6)‘),3 Ql.L:n f(x)fRn _>Rn ERE™ uﬁ,ﬁ ﬂu\i&‘b})&n‘

8 Compact Set

t Kuchi Schwartz Inequality
2 Young’s Inequality

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

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


http://dx.doi.org/10.52547/joc.16.2.25
https://dor.isc.ac/dor/20.1001.1.20088345.1401.16.2.3.7
http://joc.kntu.ac.ir/article-1-789-fa.html
http://www.tcpdf.org

