[ Downloaded from joc.kntu.ac.ir on 2025-11-02 ]

[ DOR: 20.1001.1.20088345.1399.14.2.7.7 ]

[ DOI: 10.29252/j0c.14.2.89 ]

J RS e

I

? ISSN (print) 2008-8345

c ISSN (online) 2538-3752

E - . el s IS
A= 4% umip ATAA Ol oY olad O F Al oy

b ool (s g (S pud” A po (S ST (J A 9y &0 ()b
6%4{3}0@}*’4&9&&5&&)@%‘5}@5““))“
r&KJjOW‘YQch‘é;&g,ﬁ

pjafari@ece.usb.ac.ir sl s 5 Ot o&iils ¢ 5 5uslS 5 Gy o ige 0S5 Lkl
teshnehlab@eetd.KNtu.ac.ir « ousb ¢yl s axl s oxio olils o J 257 05 5 (G5 omnrligo 84515 ool "

matavakoli@eetd.Kntu.ac.ir « o sb p i i sl imis o815 J 57 05 8 (5 owelige 0dSCi13 5L sl "

VAVAY/Y o dy WWAV/e A/ s ity WYAVYe Y icsl s

o525 4 M b (slaaia) 51 (K w4 ls ol s o ikt ol 53 (68 45 0 Ol 5 BB U 05 0l O

Y Ll el D)o 53 (men Lol 0 (b (s3dae (S 45 (SRS Sla s bl ped el ot ST ki
1y LA 35 b pmal o J ST ColB LaodiS U7 g5 al 457 ol ook o0l LSS 6 iled (636 slaeiS U 25 sl
Sl S 4 b ol om0V 550 655 g 5 5 e b ke (6508 08T 5SS e () 53 > er 4l
LU wb Sl ookt b g od gy sy il s (S5 35 r L)) ST e Gl S ol WIS S S
ok 030l (636 s 5 25 33T (slo )l (s (gl (6 S 45 o S 08 S0 g op el Gl 51 B (6 S 45 0
o3lial b ey 355 00 ST 41 (36 s 3 5 5 e (5 by 5 sl e (510 55 6 80 pslie Gy 0556
23 3kt oy 3 Shee 5 2T gl 3 s dal s rends a ail> s - Gl 6 S 45 0 5L ad

2 3 gm 0305 DL LA ol yam 4y g 2§ el st b (6 S8 o s J S

(el S 45 o Slapns 5 5 S 45 0 A e 5 s ks (53 oS S 1SS Olols”

Designing of a Control Approach for Uncertain Fractional Order
Systems with Indirect Adaptive Fuzzy Controller and Frational
Order Sliding Mode

Pouria Jafari, Mohammad Teshnehlab, Mahsan Tavakoli-Kakhki

Abstract: Todays according to the noticeable growth of the fractional order calculus in
engineering sciences, this field has converted to a beloved context for researchers especially
Control engineers. There have been designed various fractional order control methods
accordingly. Also, it has been proved that adaptive fuzzy controllers are capable of controlling
uncertain systems with disturbance if necessary, conditions have been provided. For this reason,
in this paper, an indirect adaptive TSK fuzzy controller with fractional order sliding mode control
is introduced to control a certain class of nonlinear fractional order systems. The fractional order
stability of the closed-loop system is studied and based on a fractional order Lyapunov function
candidate; fractional order adaptation laws are obtained. The fractional order adaptation law is
proposed to adjust the free parameters in the consequence part of the adaptive TSK system. In
addition, a robust adaptive law is proposed to reduce the influence of approximation error between
true system functions and TSK fuzzy controller. Hence, using the fractional order Lyapunov
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theorem, the Mittag-Leffler stability of the closed-loop system is guaranteed. The numerical
simulation shows validity and effectiveness of the introduced control strategy for fractional order
nonlinear models that perturbed by disturbance and uncertainty.

Keywords: Adaptive TSK Fuzzy controller, Fractional order sliding mode, and Uncertain

Fractional order systems.
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2 Fractional order Hierarchical Terminal Sliding mode Control
(HTSC)

! Fractional Order Adaptive Controller (FOAC)
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