J S e

|
s ISSN (print) 2008-8345
c ISSN (online) 2538-3752
E

- : o 5 FIIrS
YA-TE amio Ol o) osled NOU ST,

[ Downloaded from joc-isice.ir on 2026-01-29 |

[ DOR: 20.1001.1.20088345.1400.15.1.1.6 ]

sl Sl y0 50395 31 00lial L HIV (w99 510 555 Jobo ding 03 (ywess
Sl p0 9 dirgn (53959 30 O 10k b e (S 4o Aol b Ll 4

Tl oo o o3l Il e COLNS

nkalamian@ee.KNtu.ac.ir « o b ol nai 4ol o&ils J 28 05 8 (G (owkign (55573 (6 gomils
h_khaloozadeh@Kntu.ac.ir « o sb -l s ol o&ils oJ 257 05 8 ¢ 5 gualS 5 5 gmorligo 8Kl5 oLitils |

m.ayati@UuL.ac.ir ol ¢ o&ails (oSG 05 5 oS 5uCeils skl ™

VAN PV 5 WAA/Y/YY (sl s

Lasobo 155 2 53 Ol jen (o) s alillin 015 288 o 5o CDAFT (glacm sl Ao L Oy (s a5 09 05 10N

A3 s A Olsie 4 Bl (ghlen Sl 5 1 (6olne Ll 5 oo 45 CDAFT (glaocms 5] slia (g 5les o) 585 (5ldibe 53 358 o0
23313 505 O3 31 S 550 5 ite ool b T 5 sy by OISl a1 3lukes ol S o3Il Jos 3 Ll 3 g o a3 S
J!)\:é)Lg)'LwJJm):.@\a&flkHlVd)kﬂgudbwélﬂdl:-@Ml)é\@).‘ljizu)d&n&l\):.mwjzw:
il g e ol B ) el o oslined ol 0905 b 3,8 500 bl b e b el s dles 1 )by
CDAHT (sl 5 3145 487 Il 53 4L a1 3 51 (5l (Sl 31 (Sl g i Tl 536 5 0 30 Byt 5 (55l
bl meds sl oolgiin Kog) hitad o mwd 55 (6413 pdiges Ol plp cpdir Jslee Ol b i b sladol ;s L
sgdomamal b 5 anlin ool 1 eslizal b (s3lgtin Sasy (lme 6olL ol ok Syl (Sl 5 s J S (Slacsnsss
a0 lin 3 Slas (S3luand 5 (5348 s el odd rand ST (6 S alabloun by iy R g (SIS a8 5 e (sl o

.cﬂla;\aowoujgﬁk‘u;ﬁﬂb& hy

HIV g 59 05 gdoee—asb b lae Jeol cadlann 55 (g5l u;le}undb 4 alwly LS“'.']');:{}J :6A¢1f Olods”

Sub-optimal Estimation of HIV Time-delay Model using State-
Dependent Impulsive Observer with Time-varying Impulse Interval:
Application to Continuous-time and Impulsive Inputs

Nasrin Kalamian, Hamid Khaloozadeh, Seyed Moosa Ayati

Abstract: Human Immunodeficiency Virus (HIV) weakens the immune system in confronting
various diseases by attacking to CD4+T cells. In modeling HIV behavior, the number of CD4+T cells
is considered as the output. But, continuous-time measurement of these cells is not possible in
practice, and the measurement is only available at variable intervals that are several times bigger than
sampling time. In this paper, a state-dependent impulsive observer is designed for state estimation of
HIV model. In order to model the HIV behavior, nonlinear time-delay differential equation is
employed which considers the intracellular delay. The proposed observer is based on extended pseudo
linearization technique. Even though, the number of CD4+T cells is available only in time-varying
impulse intervals, this observer is capable of providing a continuous-time estimation of HIV states. It
is also suitable for the continuous-time and impulsive control inputs. The asymptotic stability analysis
of the suggested observer is guaranteed based on comparison principle and sector-bounded condition
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under some new theorems with well-defined sufficient conditions and less conservatism. Simulation
and numerical results confirmed the efficiency of the proposed method despite the variable time-

delays.

Keywords: State-dependent impulsive observer, extended pseudo linearization, Comparison

principle, sector-bounded condition, HIV.
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