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Chaos Control based on Combination of Integral Terminal Sliding Mode
with a New Sliding Surface and Adaptive Neuro-Fuzzy Inference System

Safa Khari, Zahra Rahmani, Behrooz Rezaie, Jalil Sadati

Abstract: In this paper, an intelligent integral terminal sliding mode control method with a new
sliding surface is proposed based on adaptive neural-fuzzy inference. First, a terminal sliding mode
controllerusing a novel sliding surface is designed based on Lyapunov’s stability theoremfor
controlling a class of chaotic systems in presence of uncertainty and disturbance. The proposed
sliding surface is a combination of the conventional terminal sliding surface andintegral of a
nonlinear function of the states of the system. The purpose of choosing this surface includes
achieving appropriate response speed, removing chattering and robustness against external
disturbance. Then,we assume that a nonlinear part of the system is unknown and only input-output
data is available. Therefore, an adaptive neuro-fuzzy inference system is used to approximatethe
unknown part of the system dynamics.Finally, in order to enhance the performance of the proposed
method, the honey bee algorithm is utilizd for selecting the coefficients of integral terminal sliding
mode controller. The simulation results show the effectiveness of the controller due to the improved
speed,removed chattering,appropriate transient response and satisfactoryperformance in the
presence of uncertainties in the system model.

Keywords: Chaos, Terminal sliding mode controller, Adaptive neuro-fuzzy inference system,
Honey bee algorithm, Chattering.

o sb i k| s o8N gt J ST e a5 -0 1 385 131 5 ST Oludige ezl o 257 ale Sl 125 1L s odge oy 5


http://joc.kntu.ac.ir/article-1-281-fa.html
http://www.sid.ir

Downloaded from joc.kntu.ac.ir at 9:31 +0430 on Tuesday August 15th 2017

Al (e~ el (e y e 3 e G b g I RSN a5 (B e SRS S e g8 T U S YA
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

e J S (61 () e (B o ks i€ oS Slales
O r gy ol 03 8 Sl 35 ol A e il
Tt gl s Bt Sosen S e (S e B
wMMCAYB@\ﬁMﬁsﬁ-guy‘www:ﬂ
e laetls 4 o i ol premes [Vl 554 e
SAS e K L b la ol 5l eS8 el o (Gliynnn
sy 580t S8 gy oS b ALl ods @) Lasite
I sl olaal plaS oo o8 T oy 0T 51 iles glaas s 5
2 dsl ad e dlae 5 a3 e [4] 6-J~):Jlia Sl L S oo JUis
2 [V ] 55 s s 8 lesl o5 450 (ot 1 (sl e 55
S =355 &5 gt & 1) e G de s Obe s
S e GHA e o il and VL 4T e g (b s
5 e A e S s A i — 50505 L s R
@ Ser U5 S 835 Bpa s dle g B e Ol
LAl WY av]ess s e o 2 NV e
S5 0l 5 S Slel Eely o A5 a5 il Jl i 554
pealie oS b dla s () ety Sadle 5o pmes 5
—ppr Jie i G e Ol S A G ea] s LS
WS S5y 950 4 58 o)lalpss ad e Glapiems 1y s it
VI3 5t sldlo 55 cpimman [A] 5405 552 5 oS 287 ol 3 0kl
OIS 55 (Sl 35dmn OLaj ol Ko b 54l Jlie 5 o358 e s,
b SV 4 03 855 8 5 ot b (Gla e ]
i B e la gy e 5 Ll v Ol e 4
spdos Ol o Kan Sns 5l oejinl gl iy, o Olg
Lo sl b amlie )3 (oS o1 Ken e s A Ll
g Jins B de s pemes Ll e b (SH
IS 50 (iS5 gy Janml Oler o Aibio opr oe Sl
3 el o Jle 3 (3530 e J 257 Sl ) romed ol (T
e Sl 5 Sl 03 83 me 093 45 p Sl 5l B
23 e (el ol B yme a4 ld opl 5 J xS gy Y ad e sla
Olj 5 2l Ja8 Ba) By b e V] s eisl)) )
@bl s LBl bl ST a0 Glagtes 6l 3
5SS 1 [V0] e 53 a8 el ods 8 8 k5 s Sl e
do JES Ay S bl plad aams L bl il 0s 8 O by
o ran 314 (al Hlay g5 5 0T 58] 53 o b me Jlise 5 o553
5 sl 1B S 5 st Olo o Ses 4 05 6T
Yo Sl yn o Sl B3y D351 (o508 5 a8l Ll o Slize]
ol 03 K g el 39 By ol sdes (Sl I 3 ge5 oLl

.J.A}L;i"};'dAﬁéhazj)(w)éa%%@‘fﬁl{@éﬂfu:))

® Fast terminal sliding mode control
" Nonsingular terminal sliding mode control
® Nonsingular fast terminal sliding mode control

dodo — 1

5 OT HIULL 5 edoms L, Clew gl by J S

S Gl pske 53 5 (o Glapta S (Sobes 53 01513 sl 1,8
Sl ol Y13 Y] s sbeSs (N] pnae seSs dar
S 0 pT gk ol 38 15 Ol a5 )50 803 sl
sdomy 5 (B3lal a4 Gl 7 Sl g e (ool pealie
drlee &S ji;_: Sole 4 ol abd el bl g Sl
03 by sl 1) Glodamy sl layld,y Ol 5 o osle Joudl i
25 et oy Sl p3T Glagton ) il 6151 Ll sl
ST Slaptacs 4 D5 S Llokd (s 5 (Fme okl )
ol 4 by e Sy SVsls [05F]5 500 oolsl s o ¢ iy
ol b s s e Gb (Js il e eale b 4 gz
B e oty 5 (55T B, 51 b g e el e 3 et

S8 dmn il sl Sis shls 23T (Slapta
5> el sl Lalh 4 sl ol 5T G Sy o S
ol sl lls 03 (SoS b Soli (STpdT Glagtans
SOT S 10 s el s d Sl 55 0T Curdy 3l S5
oy J IS (sl 9L Glabas (il Llas o3k Coenl
“st A 3y pe SRS Ol 4 5 L oS Sl ois 8 me 5aT
S i e J oS wle sla by D o,g WOT I 015
S Wil e gbeliS S dex Gl g e JES 5B
il o) opl 53 63 gles )

=R plie J 28T 6l eole By o7 A e U S s
5 ol L dlis ol Clie JBgy &5 il e s b le
el (3ledde 53 Caalid pde b gabss 03 SIS 5 Shes
dar S gt JES° 53 a5 JB S s 2 e J xS
pte ol 52 0o fﬁu")“;i}‘“rsﬁ Ol gslwesly b ;;u
[7] 50 4l sl b oalad

wi8 s (53b5 Sl 4 B de iy s sladle s
LS oy 58 e 2 i 5580 e S sl
e SOMLL 9 3 5es Son 0T (535 4 |y i O s J 25
5 & oy (S 51 sy ol g g 35 e
i ol 56, s alie GlaBa,y eoados Ol (sl il 1 0
A e 4 Ol e A e atls gl B, Sl ede Ly
L e ol 5 Ko SlaaS 5 b 5P IS 25 e (e 5
JAS o ol S5 mhe Ca i b OT Sl eS8 o 550

e

! Lorenz system

2 Chen system

% Sliding mode control

* Terminal sliding mode control
® Integral sliding mode control
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