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Feedback Linearization and Intelligent Combination Control
Method to Blood Glucose Level Control Based on Palumbo Delayed
Model

Vahideh Heydari, Ali Karsaz

Abstract: Diabetes is one of the important issues in the medical field and determination of
appropriate rate of insulin injection in order to regulation of blood glucose level is vital for diabetics.
In this thesis the problem of tracking of desired plasma blood glucose by using subcutaneous insulin
administration is expressed. Mathematical model is used in this thesis for glucose-insulin regulation
system was based on Palumbo delayed nonlinear model and is one of the most comprehensive models
in recent years. The control method is used by Palumbo based on feedback linearization is one of the
most complete control methods in this field. The main problem of this method was locus location of
the desired closed-loop poles issue based on trial and error. Locations of closed-loop poles away from
imaginary axis can cause reduce of oscillations and increase of steady state error that in insulin
injection issue is considered a fundamental problem. To fix this problem, in this paper for the first
time employing combination of the fuzzy logic controller optimized by genetic algorithm with
feedback linearization method as hybrid method is used to regulate the blood glucose level in diabetic
patients and stabilization of blood glucose level three diabetic patients with different initial glucose
level is simulated. One of the advantages of the proposed method is very high robustness controller
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against the uncertainty and disturbance. Finally, the simulation results of proposed control methods
are compared with the control method based on Palumbo poles location, which indicates the
phenomenal functioning of the proposed controller for tracking of desired blood glucose level at the
lowest possible error in the presence of uncertainty or without the uncertainty.

Keywords: Fuzzy logic, Genetic algorithm, Insulin injection rate, Glucose-Insulin regulation

system, feedback linearization.

IS oL 0T 5 Shee amlie 5 (5l Jasacd 35, 5 eslizal
Olsie 40 48 oyl gy o3 5 ¢ adly S (G5l oy e
s b g S I Gs) sl els 8 s xS IS
Sy Sy 4 Olg o ray opl Sl dea 1 [F] Cl ok
45l 8 2500 oLl Y Dlalone a5 a5l o (S 28
5 Sz S s..—u;J\ﬁy Gladle 55 3405 68 Goijls &
Gl A Gl bl ol s 4 ke Sl le oS ol oS
e [PRCIO PCT Y PRP o P VO PR [ PO W P
by ooy (LMIS) * ot 5o sl g6 2a) 2 oe 220s8d)
25 S dab 55 4 s oG5 ST SRS 06 I eslinal
G s 8 e 5s [B] ol iy 45 4 GHE sdey SN gl
L sloesls b lize ooyt S S (s (gl o L) ke
4 by e s kel U glaesls .cnl ol &1 VJL... 3130 50 e39, 93
3331 Dldny S e 5 gl G5 S S il K, sile
iy 3 Wlie ol s e <5 S Rennes s Nantes e oKl
Sl el i Sl e S5 55 5L s 5 Sl e il
— 636 (oS J 1S S [F] sl ous s5lizl e glalid 5 s
ok 4, b 4 e Ol 05 S8 o J 257 g oS85
535 &S5 ﬁ):@‘ L5 odd w56 ) Sl eslinul bl
(5 oot S0 5 gy 8 e Sl e (B
Ol gl 4 Subs 4 Y 33 O S sl (55l
TGS il gl gl (b8 U5 5 e V] 335 o g
(ohiE ede s 3o Jle Olgis 4 S8 Juss 2aleT 5 s (HE)
4 s Sl ) el Fl Dl ST eed e B 6l
S e 03057 o Pl o YoF slaesls ¢ o5l 5 gladda
Ly 5 ol Sl g a3 Chile [, Se o8 5l 5 (ST
35 Je 6 Jols ade ol Ll S 13 ey 2ppe Codzy
6 Je 6K 5 gl i Jie G oz W) gliaios
Olje & aty HE Calies laciao s 5 ol il dig) (slabaione

e b sladide (6,81 4 bl o LSy o gl 5 ST

7- Palumbo

8- Linear Matrix Inequalities
9- Hepatic Insulin Extraction
10- C-Peptide

doudo -

AR )50 53 Gl s o ) (S e Pl 6K ol
SRl 5 gh s g (590 Oode amsl 53 e las e
Lo O 3l edaedljs o s ol sl W U5 (il @ D
U5 gl s 5 oks 8 pslie dpudl oo a3 O
omb ol ool i S Wl ) s ek 5 Sles Wiy o
So3gdoma AL o Calidee ‘_;Lar}:&lga bug O LS C]a,.ﬂ 03,47
2 dska 5L alws 0 S e VNNt O 5 e b
Ves ks o) g Sabs Jol g s el b Al e 2
Jo Sl g S g 53 O GUlS 5 e e Zols ()l 5o S
23 O B Ol Soe GYsb GBI L e a8 05 S8
(S5l bl (ool Opmer (Sl 20lse a4 e O
3B abs 4 Ve S AL 55 8 r Dlasl 5 350~ (B slacssles
[V ls 555 0 A5 O e sl J 257

S o gl =55 I8 s (62 S5l (2L e 058G
(ool ladde oy 5 ol 51 SO S Jde Jls 487 sl ot
daz 51T Jke ooy o i lade 1SS s Je
Goipls 55 4 ToaVls e s odomy sl s 2 gladde
3 5 it 5o Giladite Gl lme a5 b ol is SYlae
Tl JAS S oo J RS la sy 0556 il o sl
anlsl 53 el ok &1,) Calides by ladie y ste 05 S S5
L g el 6 g sm b i e SV I (S o 4

e G g 56 255 5 PID oS J 28 S5 G b S
G Sl eslizl b o Gl s 21 b 16 E 4 e L
i S S oy &G 5 05 S M o (S 51 (s i
[Tl Ll 1) edaals 5o by slad sho 285 Wil 5 oo o 5l Goo 5
Gl a8 bl eVl e o, b csle 8 8 L s
Je J 287 51 s Jali o 03 8 slgiy 1o b (gla gt (51

b Tt Y] sl Tl ool ol i 5 T A o e

Bergman

- Sorensen

- Dallaman

l_
2
3- Kuang
4
5- Adaptive Reference Model
6

- Modified Smith Predictor

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://fa.wikipedia.org/wiki/%D8%AF%DA%AF%D8%B1%DA%AF%D8%B4%D8%AA
https://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B3%D9%88%D9%84%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%D9%88%D8%AE%D8%AA_%D9%88_%D8%B3%D8%A7%D8%B2
https://fa.wikipedia.org/wiki/%DA%AF%D9%84%D9%88%DA%A9%D8%B2
https://fa.wikipedia.org/wiki/%DA%AF%D9%84%D9%88%DA%A9%D8%B2
https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

4l 5ol 6l ey (e 035 S e J ST g i g 5 S0 (e s S 5 S

Sl e (ot o

Fu ;\;\_;,Muﬁ@t&\eawuﬂwﬂ_@@;u%&
b lie 53 e ol 53 53,8 o)Ll (S50 5 puali L OT isllas
s Sles e 3 Jesil a3 SYslae Uf.x:,;_’i ‘5J:$L' sldi sl
s s e bl el e s OVslae Ll wil 2alS O pllae

el Oy BB 5 g 4y el Sl

dG(t) : Tgh
T:_KXgll(t)G(t)-’—W ")

B0 9 1o Jrusa) 0

ey
f(G)=—C ®
1Sy
G
d(t) = Asin(wt) + B[u(t-To) -u(t-Tp) - u(t-T2) ©

+U(t-T3)+u(t-Tg )-u(t-Ts )]+C exp(-a(t-Tg ) )+v(t)

IR Gl b Jlesl SEf(G) o b w5 Ll 0
S o e 1y etanll ) 1 sl o 5 05 S S b
2l olel Olalizel 5 J 287 (634)5 Olge 4 o e d(t) s uft)
b s b e sl bl ) s 53 Lk e 5 5 5o
bl el (sl J285 056 Gl O Gl 0dd (oo 5 smally
23 olde ol omals s oy mlaw 51 VL sledly 0 SIS
Shos JH sl Gio5 G Sl e oa) S AL e Jle i el
N8l oSl

Bl (3daa Slaalis gk lls S b J 287 (nes
SISl lallas (e Coalid oo cla el okl oo
gl S N 4 e e g5 5l SR 5 5 03 0
5 S S B35 3l (AL DL (i Juog 5 plab SIS
Sl ez 2o90 B DA (15 S Sy il e olE ede s
(e Slaodes 5 3555 el Sl (A6 Coalad pde (giluand
S oMo bt SLa0ke 5 Laatels b gl 5 aly ¢ st w6
B (sl Coalad pe A3 03 S5k 5 s V(L) (S ks 5
ol o3 5 Bl sdly (L) dide sla bl 51 S i )
2 5n Ol G5l el gl 23w 53 b il ol gads palie &S
V7] sl 6556 e bl o gl = 55798 s ol ) gl

o s
(MM) Ladly 3 550 40 05 S8 ke G(t)
(PM) Ly 3 3 5 g0 il il I(t)
a3l Lo 5 o gl 4 sl s 055 S ol 5 Kygi
(min_lpM_l)
45 gl 31 Jirs 5 5 5SS Ol sl e s Toh
(min_l(mmollkgBW)) s 3L Lo 5 o Ol o

5 S o @bl 3 1 gl L5 383 Dl 5 o gl =SS (i
TAT 538 gn 21 3 0 &SI i 10 o553 4 i 01l

1 5 S (LPV) | ot ke byl (o8 287 o 2
4 kS YRS ol 5l Ooda el sk (b 0t S i
V-1 RN SO PPN U - CH SRR W R
5 Ol3 L ke o b Salys (35 s b S ksl ol
3313 1000 slow 05 S S o (it 4 (6 elsly Cnlad e Jles
A3 Dl s ol Conle (el 8l (oS 5 Joe S (4]
Sl e S &SN Sl el sds S W SSL s
S olsT @l g0 8 slgiin Jlaasl e (5,5 031000 ¢ gl
Sl oK V] ol akd Jlesl b Sleys gla iy, ide
208 A8 STl g Al 5l AL Ol s 2alS (6l S S
lehwj‘)uual.@la,,sy\C,;qb;
"o el S il S H, pslie oS U RS O rl o
INT(SM) ® ! £ &S 5 (IFL)

S F Y g il sdd a3kl 35 O s 4 dlie
5 sl -5 b e Sl edd Wl S, lade
s Ol gl syl s 8 (5L e Jeedl s SYolee
33 0T 51 g ol 0 &) (o3lgiiy J 1S 50, W ide )3 .l
booobs @ Mo Sley a6l prew Jbo (Sl b B 2
EE O S s alg 3 el 0ds S )l Calee (sla el
Sl ol gy oolging J ST gy 5l el

Ol gudl - 3ol (Loby Jue Y
S A i e (51 0556 S G S S| S
DIY]VAY Jle s 8 0 Polds Jute 2 Jols 05 S 1) o sl
Jde VF] Y+ 08 Jle 5 &K Jde IF]14A0 Lo 53 cpudy s ik
bt sladie Ll gladle 3 aisb s VO] YoV Jlu s aVs
390 i Ol Sl paseis o b Sl W 4 o5l
ol @) Sl dde 5 cllie opl 55 ol 48 8 13 Oliioes 4> 55
Aoz 1 VP] Sl 0 oalizal YooV Sl 5 01,00 5 saedl ow g
Jslee ¢ il 5B Oloj Blod cladie plo 4 o Jbe ol sbil5e
3 el 5 0le3 b 05 S e 85 VL Ole Sl ol
obs olan $Salys s b giledie 4 81 il e sdaddl )
> Shes o 4 Wl 338 o e o 5 325 Ol 5 4 e
obe S e ol 53 ¢ gl =5 s 58 5385 5 5 nc

6 Olg o Jte ol bl K05 51l odd oslizul (5,5 b 5L,

- linear Parameter varying
- Hypoglycemia

- Hyperglycemia

- Insulin Feedback Loop

R W N R

- Safety Mechanism

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

5ol 6l ey (e 035 I e J ST g i g 5 S0 (e s S 5 U S A

Sl e (gt o

23w 8(6(01(0),6(t-7,)) o 8.5 s,

')

S(G(t).1(t).6(t-7g )=
-Kxgiu(t)[-KXgiu(t)G( )+T9h} %

KxgiG(t)[Kxi ' (0*% f (G(tﬁg ))j

o SIS 5 AT NIl e sl s 55
peols W) gl p 5 4 OT Sl & 5 5

) [el(t)} _ F(t)—qref (t)} "
es(t) G(t)—Gref (t)
. é(t) ey (t)
*0 ‘[emJ _Lz(t)} v

é(t):{g } M‘S 0.6(t- Tg)) ()
(t)

~KgiG (1) (u(t)+d(1)) -G o ©

A
KxgiG(t)

Calg 3 s 13 Ut $Salys i g1 (10) 5 () Ly,

gy 5 V() T e s 4 01) bl 03 4 J 587 0518

BE &S Sl ol ub&;‘ Y) 64.]44\) Q)y 4 bd> (6399 Q‘;,&

w;u@bx;uﬁSglamaf,@ﬁ&w}fgwgﬁ;,T

.u%dﬁf)}wﬁeW(\?)é@b):H

é(t) = {8 ﬂe(t) + mVa) - MGM (t)

0 \Y)
—L} KxgiG(t)d(t)

v(t)=Cref (t)+Re(t) 2]

H {g ﬂ HR on
&(t) = He(t)—m Kygi (e(t)Gref () (1) OB

}.Xiéjfcjkn""q Jb)b&‘)&h)r«]hbj&})‘ﬁt

S ealgin o b dwlie Sy suadl ) Olsie o dllis ol 5o
Cde 4 R ocle Obesl b I8 gloetsl B IV] 558 e 3L 0T
ol (on 8 50 ) gon o o i il (s (a5 3
u&b‘uby&m?}@w)gdawgéw‘oﬁww

Slaal 5 Dbl g Ll g oo olsy 85 )3l Cg S il o R

(LIKgBW) 0 558 55 58T 5 g

(min™1) Uyl et 0 05 5 5 xi

(min_l(pmollkgBW)) £33 36 3 gl b 5 5 S Tig max

(LIKGBW) o sl 35 ST & 5 Vi

(MIN) oS3l 51 o il 7 53 3 30 S5 T
(PM/MIN) wiss o 55 s o omdl 5 u(v)

S 31 o 4y o gl 285 0T 3 o Loy S 51 e "

(MM) ot Sl

Loy 3 33 50 S5 5 Shae sl S Jodll oSe 15 i

Solgan J 5 gy T
S il g oSS K 6,880 b it ol s
Go kS J S Olsie 4 sl J 28T g, 5 $S5-56 J 2SS,
;ﬁ?dﬂgﬂg;l:?t&ﬁd“é})ﬁé;
O S ok sy el a5 Gk S s Ol 0
Sty U5 s 81t 15 gl =5 58 g S5 g1 S

_____________ .
i dft)
1
e PRE ey '
1
- ' A\ 5l

1

: o

! elly s b
e i
1
1
1
S A S :
1

Lot S

ek pp =Sl o s oS 5 ST (Ssk ol S ) S
il =5 S oS o g5lgriy

fG) a5 o iom ol g o Sk (5l o g,

03 ol shte pl (sl 3,8 or 1B sl 355m (V) (silasl, 5o

oks b 8 oSud Y(H)=G(t) 55 5 338 o otalie ) S

b e 055 5558 o s p o8 ol ) O o 55 2

(e 32 5 82503 Ol lalasly (8L gt 4 Tl ST Lo,
238 e 55 Sppe s 5L

y(t)=G<t>z—Kxgi|<t>e<t>+TVgg“ ®

(1) = 6 (1) = S (C() (1) 6(t—rq))
K () (u(t)ra(0)

(9]

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

# 5ol 6l ey (e 035 S e J ST g i g 5 S0 (e s S 5 S

Sl e (ot o

Bl 5l plaly sl s, b e 8 Jie gl el )l
o . e e " . . .
;»:3}“4‘;541))&)}wg;ﬁu&u”hé})x@limwuh{ﬁ
J6 Gb jlb pale Ll okeT Cwd 4 Calies Hlay 4w (gl

KXgi}Tg ‘Kxi ‘Vg Y Omen &thia‘)b_. g ‘_;j:faj\ub'\

*
UM)L.{U VI 9 G O o LA‘):A)LL. S okl 03 e
aﬁ@@éﬂ.}d{\jjwb\ﬁ-rigmax jTgh le.hjhbb_')aaﬁ
L;LAC..:a]aé C'LG Y 6:% di'j) S glae o r S .[\V] £
41.«:-;‘}...;}\;1 6"‘4«) JMW}J‘)E)L@{)J&E(& 46;.“)\;1
el ol A:é;JEJ> Tigmax }Tgh ‘KXgi‘KXi L;Uh):ﬂbli
I o (golow CtS 53 Dpls slowl Col b melyly pl 5 Lk
P 3 5 e 5 5YL Caaal b olaw Sla ke plo & S
el G b ol oS 28T Gl (s s S5luad

*:'“”‘°&MJ165}J}JW‘°‘N4€L§P‘)E

Tgh=Kxgi!bGhVg (V%)

/4 V4
Tigmax=KxilpVi 1{(;2} /[GE] V)
G G

G(r)=G0(r), | (T)=|0(‘L’),‘L’€[—Tg ,OJ

4 0lgn U odd oslinwl Calibes Hlow aw (ool 5 dllds ol s
W el ST ) b ealgi ) Samslie

G =561IMM  ley ol sl 055 558 Ol 1V 8590
b e SR Gl 0o YL e Ol &S Wl
Tk o5 Larlh iy B sy sl ib 4. 7MM
S Wb (Kygil 1074) o puil Cslie Jasls 5 BMI=de
~ay 3,5 oS Az gn DL 5 03 Jlaji Sl a8 o gl i 5 55 Sl
GRS ()50 53 e ol el ok Vs a3 (ole 4 (S50
DAL Lo Lls 5515 53 g5 ubis 4l oDle (bl wsll 055
okd Ol A) Gl 53 Slew ol 65 b (ast b Jo sla el
ol

Conlad pe (oldE edey 5 S Gl (gledls S
b 55 ol en 4 (glad Coaad oo 5 aly Coabad pide (o g
ol ot a3 S ki 53 OA) dlasly las (g3ue slia

Gy, = 5.611mM B=0.2 pMmin

5

Kygi=311x10° minpM™ c-02 pwmin

5- Intra Venous Glucose Tolerance Test
6- Body Mass Index

G JAS padse 53 e ) bl Jlasl S5 st & L
g Al ST s O 53 el G5 e 4 0 5SS
Sl ol 2 S S ae S5 & Mg e 636 eSS el
a3 0Ll oJ xS Ol
LS g5 (636 Sl a3l eSS b b 5o
S (Slag3 s sl o oslinal g 5SS 5 (635,555 Jold
o SE L op S Ol s 5B oS

a6(t)

SIS s a0 S s 55 5 G(t)-Gref (1)
Y s Gb sl U(t) sl GF ES S8 eSS
Slp 636 el FroGlul s 5 (S5 w s el

Sl by H 0 g s 35,5 Ol LU 6,15

oA 635035 Obe (556 del Y g

G-G

ref
NH|{NM|NL| Z |PL{PM| PH | PB
Gdot

NH NH| NH |NH|NH|NH| Z NL | NH

NL NL| NL |[NH|NH|NL| PB Z | NL

z Z | NL|NH| Z |PB|PB|PL]| Z

PL PB| Z |PL|PB|PB| PB | PM | PB

PH [PB| PL |PM[PH|PL|PM | PH [PH

odns 0l 5 4N, Z, P, B, H, M, L slasle ¥ Jsir 5
L L) Big (o) Positive «(,a0) Zero (i) Negative
Al e (o) LOW 5 (Jaw 2) Medium (51, ;) High

S5 ate oKT 5 81 656 wels 5 St Ol o
sl (PL) e o8 di—ft) 5(PB) e ks G(t)-Gref (t)
G5 4 sl 35 45 ae cul 4 553 0 (PB) 5L st u(t) o&T
2,00 5k 6ol (bt o s

Oman (S5 sla Shae (3lgity oS53 p—“v_)}i“ S 03
7 Shes (S Soge 4 G5 e D e A8
5303 S 5105 Y slaw 5 bl ods 4B § 5 )3 gl 53 &) e
3303 g JEe oy Jud T ) St g5 Ol s
Loy ol wg 3B IS Bss oS 5 S weslgiy SRS
S o ooy g St 3l s rs ) 5 555 o S
el 0 o3lizl O gllae O

s S0 (85l —F

- Mamdani

- Mutation

- Crossover
- Elitess

B W N

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

5ol 6l ey (e 035 I e J ST g i g 5 S0 (e s S 5 U S v

Syl e (ot ol

Error of G{t}-Gref{t)

Fitness value

Stop Pause

T T T T T T
i..| === Blood Glucose Error with Fuzzy Controller

: Blood Glucose Error with Fuzzy-GA Controller
Blood Glucose Error with Palumbo Controller
Blood Glucose Error with Hybrid Controller

0.025

0.02 -5

0.015

<4
=4

i i i i
150 200 250 300 350 400 450 500 550 600
Time {min)

e 3 e S LS Dl OBl (gl o IS
Vbl R0 -15] L 58" s 2,
e ¥ S 53 Slew ol sl &S5 v;,_,,isl SL, b ol e

.b“&-ﬂ‘“

Best: 1.03465e-05 Mean: 1.03465e-05

* Best fitwess
* Mean fimess

06

=
=
T

=
W
T

0.2r

01F

0 4 n n " n 4 n + " +
[+] 5 10 15 20 25 30 35 40 45 50
Generation

V slewr 1 65 02 S (S5 @b s e oF S

Olge & ol iy n Wb o Sn ol oS Sl a6 bl s
05 S e 5 sl 05 S e M Jolo (sl
.M‘aﬂﬁ;#JJﬁjQ)}.ﬂyf-f

1T 2
3 (ko ks kg ks) = min = [ [G(t)-Gref (1) ]t
To (o)

te[O,T]

sy e oo Ky sk sl mll

991, 66t 1)

r:.r_)}iji Je.w): ny -\M::L:sa Ls)b Lsa.»\..SJJZS BE) U(t) L5>-5)>

15 oo ses L s I Sl s el pl o gy oS5

2 K sy kg gl s

Cugde mlg g bnul ys Al (Bl e 3 Ly gie
E5 s 0 S 5 w0 SE OV ot lasnsss

Copie @l Jlsse g S (Bl e 53 0 SISl s

Typ = 0003 min”(mmol / kgBW)  To=100min

V, = 0.187L /kgBW T1=200 min
Kyi=1.211x10"2 min~1 Tp=300min

T max =153 min L(pmol /kgBW)  T3=400min (A
1, =93.669 pM T4=500min

G =9 mm T5=600 min

Tg=24 min Te=250min

y = 3.205 W=0.1Hz

V. = 0.25L / kgBW 40,01 min~t

A=0.1 pMmin 1 v(t)~N(0,0.1)

adsl Hlas Sl (2l gl Dspe 4 5 IS
35 5 Sope 4 ATMM b jliie & 5.61IMM Ly 5,8
el o 4§ L
Gref (t)=4.7+(5.611-4.7).exp(-0.01t) 44

S 5 ey SIS Ol sl S w5 Y sl S
s R0 05] b s bt ol sl e
o s ::dee sdaline 457 5 sbolen dias o 0L T, R:[O -1.5]
S o) DS e Sl ol & 035 Gl Sy pe 4 536 B
R Mae 4 a5l J 287 gy 5o bl s pmome olel
Gl pedl iy ¥ USKE 3 ke Olge 4 ol e WS Ol e
s LR G%Jlmvp,;ﬂéb)“;ﬁ,@.\;usu@
52 A ey bl al S sl gl g okl s 4 s
L5 (sl Ol oS 5 U8 as 48 33,8 o odalin ¥ 5 Y JSCo
Sy sodlllG s Slae Kby ol ol &8 das o OLES ) i 5 Sl
ARl o 3Lty (IS

T T T T T T T T T
H } | = Blood Glucose Error with Fuzzy Controller
==== Bleod Glucose Error with Fuzzy-GA Controller
== Blood Glucose Error with Palumbo Controller
== Blood Glucose Error with Hybrid Controller

0.025

°
8

=4
=4
o

e
2

0.005pta- 4ot - Lt Ly

Error of G{t)-Gref{t)
o

00051 Ll

i i i i | i | | |
150 200 250 300 350 400 450 500 550 600
Time (min}

o3 o S L SIS Ol ¥l gl Y S
Volew sl R=[0 -0.5] 4 J 8" sba b,

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

v sl b de e 0 S8 e SRS g dad g 5 S (G5 s S 5 RS

Sl e (ot ol

Gl Y Jsdr 53 add S35l ol bl 355 e Jol oS5
el (5,88 w0 b6 5 0L T el

i 555 gl ety (o s lalonla oo Jlast A JSCo
Gokaz0las 4 JS das e 0L o gl =SS T ot
ple Bld b e e 0\ Jley 05 S sl sileslul
o) 05 S o 345 0 sdalin 4 5 b0kes LSl gr onlid
Ll oo SL SOLIMM (gosgumes 53 28 gy sl O Hlow
Ay e gl 4 oS U RS lesl L e ol 7 (b s
dbs ) g S5 e S5 2lSa G getiS xS
Dhay AS o Job g okd aigr (536 U2 gy o b s kS
oo WS oo s 1) e S OSGl ao b 5 gl 58
5 dadsn RS ey 50 p bl 508 s 4 oS 5 JRS
gl 4 L 0 S mlae JolS 55k 4 SO (il s IS
oSS gosllldp > Shee Kby ool € Llayr g e
4 sl sl 0 S b (i Ve IS s bl e (oolenty
Al 305 F 5 godns DL 1Y IS el ol 3l L 5
A2l o) Sl 6l

0.4 T
— Step Uncertainty
03 e L Sinusoidal Uncertainty
‘White Noise Uncertainty
02 H Exponential Uncertainty
Sl

i i i i i
0 100 200 300 400 500 600
Time (min)

Al =S S a5 s 0o lasl ol ps A JS

= Plasma Glucose without Controller
== Plasma Glucose with Fuzzy Controller
""" Plasma Glucose with Fuzzy-GA Controfler
=== == Plasma Glucose with Palumbo Controller

Plasma Glucose with Hybrid Controller
=== Reference Glucose

Gl

i i i
0 100 200 300 400 500 600

oS U 28 Jlael L 5 S5 o o los 4 IS
Vobo s kel pte Bl

G S8 wl o 3L e 0l (8 55 el 0P 5 o
oSN sl b s 5 5 2505 o s ol 5 S 5a Y 57 @
s e OLES 1y oS

T T
NH NM NL Z PL PM PH PB

Degree of membership

015 01 005 0 0.05 0.1 0.15
G{t)-Gref(t)

S 5 S IE Jolis @3558 Sy e ol 0 S
Vsl sl €55 02,80 Jlest & G(t)—Gef (1)

Degree of membership

0015 -001 0005 0 0005 001 0015
Gdot(f)

Jls! L Gdot(t) ;,lfolﬁ;at,:@,),g.t}.;wc\}: 7 S
Vole sl 8555 02 S

Degree of membership

. L L . . . . . L L
-5 -10 -5 0 3 10 13 20 25 30
u(t)

Jlast L U(L) J8 63555 b 5 636 (s 5 S oo ol 5 Y S
Ve sl o855 02, S
5 sl glaosl Kos andllas 5550 sl 33 gl Col S5 a ¢y

3l w02l Sl ins 5 Skd 4 sy Sy e ol

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

ol b Je 0 5 IS e U g i 5 S0 (5 it S 5 RS vy
Sl e (ke ok

Kxgi=10_5 min~tpm 1 ()

el gl &g 4 (S ey Lo e S IS

Sypo 4 ATMM b ldis & 7.856MM S48 catsl i
el ol 45 8 i s 5

Gref (t)=4.7+(7.856-4.7).exp(-0.005t) ("

ﬁd‘j&fﬁﬁﬁdhﬁ:ﬂ)b)-\:{do-uws)‘}bow

s bl odias 0L VY I sl glie L5 e sles
“JAS Jasl 03 ¥ Slas 05 S o 555 0 dalin b
g.f..‘ ny Jb— BE RGO RPYH N él—\ 7.856mM God9d>es 3 oS
BIFYVER ) ) AT E gl 4 oS Y ST Jlasl Ll
2303 O 55 4 ¥ Dlan 6l o o el 4 05 S S8 ebas (i

el ol

e Plasma Glucose without Controller
Plasma Glucose with Fuzzy Controfler
""" Plasma Glucose with Fuzzy-GA Controller
== === Plasma Glucose with Palumbo Controller
Plasma Glucose with Hybrid Controller
== == = Reference Glucose

i i i i I |
0 100 200 300 400 500 600
Time (min)

oS J 28 Jlesl L 08 S mlaw (i 1Y IS

Y)Laﬂhgljgﬁa:x]ajr.kﬁ.bw}

""" Plasma Glucose with Fuzzy-GA Controller

sma Glucose with Palumbo Controller
Plasma Glucose with Hybrid Controller

== === Reference Glucose

A9 e eneeed feeemmed T s SRttt IS i

P e

P
FEtntet

.-.._‘_:"_-.__ -

H H : .
486kl doceoooon. decocooon. I docoooa e T ]

565 570 575 580 585 500 505 600

Time (min)

(213 o5 ) ¥ Slan 6l 2 05 S8 el (i 1Y IS
ot el ces s sl slos wliie G 655 a5 51 555 50 ley F3 590
QW@#MJLNYU\C)A#Q&J%QM‘j‘MJL&:{
S ey ol S el ke b Tl 5 4 55515 Sleys

3 Sl ail S ™ ol u:‘}.w;‘ Q«A}\ﬁ.&‘\{gl’- BE] La:; ity

4715 l: ____________ Plasma Glucose with Fuzzy-GA Controller
1 B == === Plasma Gluicose with Palumbo Controller
Plasma Glucose with Hybrid Controller
47145 ¥ == == = Reference Glucose

s i
i i i i i i
422 424 426 428 430 432 434
Time (min)
. o e é e .
(@158 )N Slew sl 05 558 elaw i 1)+ ST
6
Injected Insulin Infusion Rate with Fuzzy Controller
==nun Ipjected Insulin Infusion Rate with Fuzzy-GA Controller
gl T Injected Insulin Infusion Rate with Palumbo Controller
Injected Insulin Infusion Rate with Hybrid Controller
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
E b s i
g’ i
= i
1
i
................ P
}
iy
159
iy
g
I
M
i
A

Gy (oS 5 IES o) el G i V) JSE

Vol @l sy plo b anlias 5o

Ll o33 sl Dle aliin Gy &S558 i 51 i) 50 5lay (3550
me &S Al a1l Sl Sy st 0,3 ol sl e glie e la
el s Sl 5 5 Bl o Jas b s Sisde Sl U Wy
Sl e Saeyse Ol eas I S0 Llg e BWSI pl Ll ol
Oy oS il Tl JSOIT L a8 sl bl
S50 gl sy Sl ol 55 S e B o gl Clin 5 S
S S e gl b 4 gl O SHE b a0
T s LS o i il oles sl 2ol (Fp ole ) 15200

D] sl g 3l s 050 o 3 4 U

Gp=7.856 MM Ip=204.11 pM

1- Cortisol
2- Catecholamines

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

wr 5ol 6l ey (e 035 S e J ST g i g 5 S0 (e s S 5 S

Sl e (ot o

e slrs e RS a5 sl Ol o5
pde Blod Osky slay 4w 1y s fllan (SSle 5 s Sla e
el okl daloee SLEZE 5 (6 eyl ol oo sl 55 5 onkad
RS oy s bt o e 38 RS0 s edsd ol bl
22 Al Lls sadl J ST S5 b anlie jo 1y s o ST (S5
G b amlin 53 (o5 5 JES G s Sles 3 s oss 0 st
25 53 5 Canlad pe Blod Oty o jlms 93 o sl J 257
S 0 o ol ol ol dalone oy an 1y Coalid pte
ALazEl 5 (g il Coabd pde ilis )3 (oalgiiy Bas $YL Cwslie

Ak o

5 oo e Sl o SIS o 3 sl Oljn X Ul

=S IS sy J s - JES . S
i ks

(lginy) [\A] oS5 s
380x10 " | 550x10 0 | 152x107° | 273x10 % | MSE s
4 V ke

3.74x10 0.0018 0.0017 0.0079 MAE
5.47x1076 3,O4x1075 0.0031 0.1625 MSE clls
¥l
0.0011 0.0051 0.0310 0.3965 MAE -
2.076><10_5 1.009x10™4 0.0206 0.2036 MSE s
¥l
0.0028 0.0093 0.1048 0.4369 MAE ”

#5 olem 4 S o SIS o s sl Ol e ¥ U

JWULSPUECM(”JW)J

=S 5 dES sl S —sib s » IS s
SN
(ki) [YA] S5 s
5.03x10 °
3.92x10 " ' 327x10 0 0.0012 MSE slls
A
378x10 7 0.0016 0.0025 0.0207 MAE
10210
5.31x10 0 Hex 0.0082 0.1575 MSE sl
Yook
0.0013 0.0028 0.0846 0.3916 MAE
451x10 "
8.21x10 > oL 0.0298 02018 | MSE | us
Yol
0.0151 0.0078 0.1221 0.4353 MAE

1- Mean Squared Error
2- Mean Absolute Error

95§55 obs a5 0o canmel e Cndy 3 e ol S
M@J:*;J}‘)L‘:‘st‘f“)liu’fw}ui‘))‘;‘“‘ o.uié‘}
DALl o (B i 05 b eyl s Lol 5 7 0 4 87

Gp=10.37mM 1H=48.95 pM

Tig max=0.242 min™%( pmol /kgBW ) )

(2l Gl D) g 4 e 53 tiles e S UL

v ATMM b Jltis & 10.37TMM S8 cadsl i
RCI PR 3K G NS SCTPS

Gref (t)=4.7+(10.37-4.7).exp(-0.005t ) YF)

a¥ s 0 S K o byl e 0L VF S

35 n oalin S ) bOlr il gr onlad pe Ll b o o ebaw
Gossdos 53 JES Jlsl Oy ¥ b 05 SE g
oS J S Jlasl b jltis ool 87 b= 53 .ble s 3L 10.37mMM
4 05 5 S o i s pai 10 S 53 ey r o o e

.@‘a&a:‘:b\.ﬁicﬂj “r)l'“'.:’ts‘ff'}‘ch‘”

=== Plasma Glucose without Controller
Plasma Glucose with Fuzzy Controller

""" Plasma Glucose with Fuzzy-GA Controller

== == Plasma Glucose with Palumbo Controller
Plasma Glucose with Hybrid Controller

| === Reference Glucose

G{mM)

i i i i i
0 100 200 300 400 500 600
Time (min)

S J 28 sl b o5 S8 o o a5 VF ST
Viuﬁsljc,:.&j?»Jé\,J}

""" Plasma Glucose with Fuzzy-GA Controller

== == Plasma Glucose with Palumbo Controller
Plasma Ghicose with Hybrid Controller

== == = Reference Glucose

G{mM)y

L L
363 570 373 380 383 300 305 600
Time (min)

(s s ) ¥ Sloy sl 055 58 el (o lai V0 ST
s 3 @iy JES Glads) s Shes samlin 4 idu pl 5o
Olje 5 43 SRS G iy i ) S Olsiear seally J 87
S F g% cladsde o ol ol aculoes Lo S5, 31 S5 a (gl st

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

5ol 6l ey (e 035 I e J ST g i g 5 S0 (e s S 5 U S vF

Sl e (gt o

[3] Z. Tashakorizade, N. Naghavi, and S. K. Hosseini
Sani., “Glucose regulation in type 1 diabetes mellitus
with model reference adaptive control and modified
smith predictor,” Iranian Journal of Biomedical
Engineering, vol. 8, pp. 159-171, 2014.

[4] M. S. Akhyani and H. Khaloozadeh, “Optimal
glucose-insulin regulatory system in typel diabetic
patients based on the nonlinear time delay models,”
Iranian Journal of Control, vol. 8, pp. 31-41, 2015.

[5] P. Latafat, P. Palumbo, P. Pepe, L. Kovéc, S.
Panunzi, and A. De Gaetano, “An LMlI-based
controller for the glucose-insulin system,” European
Control Conference, pp. 7-12, 2015.

[6] N. Magdelaine, L. Chaillous, I. Guilhem, J. Y.
Poirier, M. Krempf, H. M. Claude, and E. L.
Carpentier, “A long-term model of the glucose—insulin
dynamics of type 1 diabetes,” IEEE Transactions on
Biomedical Engineering, vol. 62, pp. 1546-1552, 2015.

[7] V. Heydari, A. Karsaz, A. Noori, and R. Heydari,
“Fuzzy-genetic control of blood glucose level in
diabetic patients based on palumbo delayed model,”
International ~ Conference on  New  Research
Achievements in Electrical and Computer Engineering,
2016.

[8] F. Piccinini, C. Dalla Man, A. Vella, and C.
Cobelli, “A model for the estimation of hepatic insulin
extraction after a meal,” |EEE Transactions on
Biomedical Engineering, 2015.

[9] H. Colmegna. Patricio, R. S. Sanchez-Pefia, R.
Gondhalekar, E. Dassau, and F. J. Doyle, “Switched
LPV glucose control in type 1 diabetes,” IEEE
Transactions on Biomedical Engineering, vol. 63, pp.
1192-1200, 2016.

[10] Y. Pu, D. C. Samuels, L.T. Watson, and Y. Cao,
“Randomness in the hybrid modeling and simulation of
insulin secretion pathways in pancreatic islets,”
Tsinghua Science and Technology, vol. 20, pp. 441-
452, 2015.

[11] P. H. Colmegna, R. S. Sanchez-Pefia, R.
Gondhalekar, E. Dassau, F. J. Doyle, “Reducing risks
in type 1 diabetes using H_ control,” IEEE

Transactions on Biomedical Engineering, vol. 61, pp.
2939-2947, 2014.

[12] R. N. Bergman, L. S. Phillips, and C. Cobelli,
“Physiologic evaluation of factors controlling glucose
tolerance in man,” J.Clin.Invest, vol. 68, pp. 1456-
1467, 1981.

[13] J. T. Sorensen, “A Physiologic Model of Glucose
Metabolism in Man and Its Use to Design and Assess
Improved Insulin  Therapies for  Diabetes,”
Massachusetts Institute of Technology, 1985.

[14] J. Li, Y. Kuang, and C. C. Mason, “Modelling the
glucose-insulin regulatory system and ultradian insulin
secretory oscillations with two explicit time delays,”
Journal of Theoretical Biology, vol. 242, pp. 722-735,
2006.

alie 55 @olgity oS 5 U S sy 5, Sles 5 s Ao yn 0 Jsul
Conbad e ) g 3 5 omlad pte Llod 05 5l gy L

“.“:’d‘jf””“i’)" ;‘.:ALECA;.B\:JQ)J{
Slez
(%) MAE (%) MSE | (%) MAE (%) MSE
76 92 78 93 \
53 47 78 82 Y
93 81 70 79 Y
& 5 om0

Sl 05 S mha ooy JES i e ol
50 Gded GoF Gk ) @l eSS b Cslas
S Jols oS 5 S ras sl bl 8.5 515 )z
de Gy SRS IS Olsie 4 $Kds (G5lo o 5 iadpn
Lol 4 See slay 4 05 S o (55leslbl el 5B
") O5SE S (il o pa SIS e 4 Dslize sl el
sl Ll e 2 Je (gileas sl Aedps ST Gle
Sl &K Ol 4 oolgiiy oy M el U Sl aan g
338 o e b3 Olley 05 S e (a5 (ol 63,08
d O A3 025 5 J RS UG ol SRS s S T )
Gl Ol o Alin s 1) Dol (sl byl b Cobs 4 Se Hlay
Sl dexr 511 Ohley o el (6 o 4 0iS U287 O
238 s golgiia bas
O3 3 Shas 5 g o> G Sols (2 5 o o 1 Silod @l
3 GG Lok pde el 53 5 o AD Lokl pis Ll
oo b amlie 53 S5 RS B, lp ) e Ve i
A oy 03p e Kb ol das 0l sl J S
SOl gl Bl or o 4 Soalad oo Bl il )3 (oolgiiy
oS J S gosliB g 3 Shae (godins OlE ode] s 4

Abbgn N3 b (S5 g (Sl 53 s3lgiy

&y

[1] I. Pagkalos, P. Herrero, C. Toumazou, and P.
Georgiou, “Bio-inspired glucose control in diabetes
based on an analogue implementation of a p-cell
model,” IEEE Transactions on Biomedical Circuits and
Systems, vol. 8, pp. 186-195, 2014.

[2] M. Al-Fandi, M. A. Jaradat, and Y. Sardahi,
“Optimal PID-fuzzy logic controller for type 1 diabetic
patient,” IEEE  International  Simposium  on
Mechatronics and its Applications, pp. 1-7, 2012.

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons



http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4156126
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4156126
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.P.%20Latafat.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.P.%20Palumbo.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.P.%20Pepe.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.L.%20Kov.AND..HSH.x00E1%3Bc.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.S.%20Panunzi.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7330517&newsearch=true&queryText=An%20LMI-Based%20Controller%20for%20the%20Glucose-Insulin%20System
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7330517&newsearch=true&queryText=An%20LMI-Based%20Controller%20for%20the%20Glucose-Insulin%20System
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Claudio%20Cobelli.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Claudio%20Cobelli.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Patricio%20H.%20Colmegna.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ricardo%20S.%20S.AND..HSH.x00E1%3Bnchez-Pe.AND..HSH.x00F1%3Ba.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ravi%20Gondhalekar.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Eyal%20Dassau.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Frank%20J.%20Doyle.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yang%20Pu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.David%20C.%20Samuels.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Layne%20T.%20Watson.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yang%20Cao.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=5971803
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ricardo%20S.%20S.AND..HSH.x00E1%3Bnchez-Pe.AND..HSH.x00F1%3Ba.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ravi%20Gondhalekar.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Eyal%20Dassau.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Frank%20J.%20Doyle.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6851161&queryText=Reducing%20Risks%20in%20Type%201%20Diabetes%20Using%20H%E2%88%9E%20Control&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6851161&queryText=Reducing%20Risks%20in%20Type%201%20Diabetes%20Using%20H%E2%88%9E%20Control&newsearch=true
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=10
https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html

[ Downloaded from joc-isice.ir on 2026-02-19 ]

[ DOR: 20.1001.1.20088345.1395.10.1.6.6 ]

vo 5ol 6l ey (e 035 S e J ST g i g 5 S0 (e s S 5 S

Sl e (ot o

[17] P. Palumbo, P. Pepe, S. Panunzi, and A. De
Gaetano, “Time-delay model-based control of the
glucose—insulin system, by means of a state observer,”
European Journal of Control, vol. 6, pp. 591-606,
2012.

[18] P. Palumbo, P. Pepe, and S. Panunzi, “Robust
closed loop control of plasma glycemia: a discrete-
delay model approach,” Mathematical Biosciences and
Engineering, vol. 12, pp. 455-468, 2009.

[15] C. Dalla Man, R. A. Rizza, and C. Cobelli, “Meal
simulation model of the glucose-insulin system,” IEEE
Transactions on Biomedical Engineering, vol. 54, pp.
1740-1749, 2007.

[16] P. Palumbo, S. Panunzi, and A. De Gaetano,
“Qualitative behavior of a family of delay-differential
models of the glucose-insulin system,” Discrete
Continuous. Dynamical. Systems.Series. B, vol. 7, pp.
399-424, 2007.

Journal of Control, Vol. 10, No. 1, Spring 2016

YFA0 Sle o) oslea )+ o oJ 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1395.10.1.6.6
https://joc-isice.ir/article-1-380-en.html
http://www.tcpdf.org

