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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.
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® Fast terminal sliding mode control
" Nonsingular terminal sliding mode control
® Nonsingular fast terminal sliding mode control
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! Lorenz system

2 Chen system

% Sliding mode control

* Terminal sliding mode control
® Integral sliding mode control

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

A il g =536 il (e 5 St (A e S L it g RS e 5 (B e JS CS  e op2T U S
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

SEEL DLl 5 e e 3 32 e (lalaalad pe ) g
b Sl pabilad o A5 05 Sl DUl b conlin (el 5 ol
plad & Sl (g e Mehigr (oS 5 oS U RS Gl (b
I8 gy i SV s Olo ez 1 pllan J 28 lal
33 43 0 S Cnlad e ) g 3 (e iy 5 S o dlie
5 Alie ol g edir e S5 B, Ol lawlie skies L
B ey S5 e e ST IS sl
3 p ey SA e SRS Gy dhsl 4 by Sluas
GAS sy it Sl ok 0357 55 IS
erlio 3 Shas 5 L 030l (IS s (g5) p 05 S
gl lie oyl 5 ed o b oS xS

ol e ¥ e 53 & Al e Sy ol 4 Ui il
Qe dS 4 byp Dby ¥ i 50 338 e o el
F i 3 b 00087 olgiey diadpr JISEH e 5 54
S s Jola B i cpmmen 5 338 b 1yl (Gileand =t
el aalllas o gy ) ol

s Ao gi T

345 a3 oo 451 680 53T s & 1 0 S LSS s
e Sl 4 gl o s> dolee 4w fuld S (sl
sl [WV] Sl o G mn 36,7 5 &I S Loy o5 bl o Cute

DAL, i 5315 () dlaly 87— 55,T (Sealss
X +b X +bX +hX +b X" =0 ™

opl s rt,,;tjuu,T,a; Loy oS JelS tags elal

s 5 68T OVl (sl slaessdone I (S 93 e
oy Sy g ba byl pslie 035 a5 )3 b DASIYV] das s 55
IS S LT el s e e 2 6% 55T 5 Shee (V)

Cﬁn\ﬁ)&b)yn\;u}.&bgﬁéwuw
b,=-0.8,b, =1.1b, =0.45b, =1 ™

ooty e Nl 038 15 53 L5 () daly 4 5 L
- e ol Sy SWsles X = X, X = X, X = X
Oropad 35 g 53k Ll L e 5 (¥) dasly ) p0n Ol
.C,..w‘a.l.fl:a.:))T\ J.i.iﬁw)‘tée;ﬁ
X, =X,
X, =X, )
7 3
X, =-bX, -bX, -bX, -bX:

% Arneodo and Coullet

23 gl Ceand 3y 5l A6 5 250 e ebs 55 e i 054
Wil IS IS GV S S g 5 e J S
DF] el Sl Sl Comdl 51 gt 53 iy ol @5 S
Seslizal by Jiwe s (B e slads) S8 b laly
e B0 LS 53 3l s g, ol 3 S e EET)
315 e (JES (e 015 o (el K ety Ol 8 0T
23 8 s

23 b OV Cgllae (g5l J 287 5 shten dlas ol o
5 s L Bl Coak e O gman il ) gl
ol e 5 ol S s Ky by EAT e
- b eign JISS e a5 e 0t 1S ks
sl dlie ol 53 0L sl 6l s ol 52 OT 28 e 87 555
LU 6o bl (e 5Lyl 5 glatess ol Sl 03 S
gty JSE iy 5 e S e kS U ST
e 5l eSS s ol o3 edialgiiy A mhe o 535
53 e IV 1 s 1 b 1Sl 5 Sl 5 G5 e 250
5 Sl ok slgi dlie ol 55 b sl (gl oS 548 e S ks
2 Ky A b Gl S 21 0T O I O
3o oshe 4 oMo w.lwl )l Olalazel gl 5 Ceglie s
Sl & Loy ol sl ps $Salys ) e ST Al o
glwl g b oS’ S onlepaols (o s OT s 83358
S 5 dlie cpl s L4 sl sl (ANFIS) s e (556
skt Al e —5b S gl ptewss S
bos asbe 03p 4 ol plaal & gt $Salus I i3
ST e 53 Sl g s oS Y 2SO B
5 G Sl S| ol 6 Kb Wi S S
5 Ses 500 shiady 33 8 o w1 il wpaT Ghyls Jb- e s
S o 0555 20 S Sl b Ole) s o e 5 SIS
dal s ostizal JISl Jlis 5 540 de 0l 18T ol b ol
3,13 3575 1SS A 53 el o S gt OISl 25 S 55 s
o DS 2 53 o gy LB oMo o555 0 ol e )
e 5lab JS 53 s Ll e by 02, S AT
ol A3l Cllae ety Jlise L S s ylpen 5 bl A5
34 Wil o8 Sl e (sla Jila 55 OT 0 5885 ol
Al 02y S ol O L

Oy gl 5 ol S VL e Ol Sy ol L1
e it B e Ol e 4 487 s s 0yl OT K
Sl omae =556 el 5 Jlael e @ man ol 03 S
03 G3lslhl 4 538 (oalgii B cpbaal SCalys o ) shates

! Intelligent integral terminal sliding mode control
2 Adaptive neuro-fuzzy inference system

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S ¥
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

:[)T BE S

X =[X, X, X, b(X)=[001]

0 1 0
W)
fx)=|0 0o 1 |x
08 -1.1 -045

siodgn IS Jluo 5 B3 do J 8 ¥

035 osllae Bld 5l 68 Sy Jiwe 5 (S5 e J ST
Sl s (ol izl 5 Coalad pude 4 nlie el (i 0L
- S o Alten 0T okee Sk Lol ol 2 3 1l 5 (b
Gl Al 5 Sl llaal S5y IS Slaptenn 53 & 3L
s ol ede wssh @b 8 S b g,y 0T I3 2alS
$0ls8 53 5 @l 55 )13 5L e I G5 i Jia 4y ¢ J S
Sl sl (sl psbaal $SCalys Ghls andllas 35 g0 s &S
Mol b cnl 53058 o3latal plal ide o )8 S ot
BSyhgr o3 b S pate sy e BA e ) e0b)s
" sy i o MBS Jle 5 (B e sy sz 4 e
e

daly S okt ) data IS e 5 5580 e g )
P e S (5 5 S Sl o slgity S e g b
S ool s SV 1 o o b 1SS 5 S (55 e
Loy lareny 3 45 o nlone 5535 025 S iy ol sla el
5 OV Clhe s Ol dile 0ud S5 (J xS Sl ples
23 el Gl 5 ot s, Eol s IS 5o K o Sl
Ao o liSY RS S el e 53 3 se Sl gl i
T ks (e —(536 gl e 5 JSEI a5 554
P B Ba b Al se —(3b sl e 33 8 e
e GRe )3 (e pokal Slap 5 51 (S D g e pshasl
Oroper AL el (b ALl el e 5 OSLY
IR a3 e a8 U2 by alila Bl Sl
ol by Skl Sl ¥ S 0 8 e Dol i 4 1 K
s e 0L | (galgtiny oS 5 S J S

Jboe i (8 o d 287 ¥

A A RS Gl Sl Al gl gladle o
Al iy S 4 Sl g e oS o el os e
A e J S e By 5 ossT J ST 6l [Ve] dlas s
53 0lj b pitel a4 o (ot b Glapts S| (oS 51 Dl 5
a0 ) 03 Sl ek 03 0 (ol LIRS 5 gamel ) s
Lol o il gt ST Sl ol A (5 el

-45‘)|\j:})):.wliggéjééé‘ub‘ufscﬁn}gb)y}‘_;fs

e X=X X, X e s slaad

s[0 O 0]T ) gt odd oo 5 (e e bl sl

Cel[X, 0 0] S e s b s[E ol

Cosa R S Sl L
0 1 0

sl 38 b sy A= 0 0 1

b -3b,X. b b

3

Ll (F) alasly &y o0 1 (o Al slre oY) dslas
A +0457 +1.11-0.8+3X2 =0 (F)

ek oS 5,5 odalie OlF o s Sl Jadr LS5 L

e IS I 0 BLSI Ll Ll (R i ol
o S¥olee alaz oo g &3 (o Gileslbl 5 opal J 8
o ) sl (ol p3lie 53 8 a5 53 L omen 5 e

AT el s ()

SIS ST e 1) IS

X, =X,
X, =X, ®
X, =0.8X,-1.1X, -0.45X, - X* +u(t)
IS4 au(t) Jas IS waSJms ok
it OE e sl Ol ol s e 4 8 L5 53 (P) dslas
2o LSS e a5 by o
u(t) =u, (t) +u,(t)
u (t) = X/

*)

255 e 534 V) dlaily Do) 5oty Ll 5 oo o 0l 2l

X = £(X)+b(X)(u, (1) V)

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

A il s —(5 6 gl 5 il 5 e 0 b it g KSH Jlie 5 (B e ST S 5 e 5T I
Sl ot oLl 5o (Sles a5 (sl e

L S(X) s h(X) pls olgr N=3 5 O) gt s
W38 5 (10) 5 (V) Laulyy Oy

Py P,

h(X,, X,) =-aX® -bX 4"

Py P,

S(X)= X +aX® +bX . e

oo P <O 5 AL e 58 5 ke oolael O 5
An i slact @, D

@5 55 (1Y) daly oo IS 058 S Sose 5

al g pglia Il o350y DL 5 sl sl 53 e 05

[Vo]s

et IS S LIS T

o€ 55 Jolt S ey (A Lo eSS ol b
RS 056 (o s el B e Ol fols bl
st S S SBEl T Ba) 5o olgiy A el
338 o0 3 an (W) ey &y gty c17) sl s (51 5 5L
X, =X,
X, =X, 0%
X, = F,(X)+U, . 1)

LY L3
S(t) = X, () +aX,* +bX,” av)

+ (e X, +¢,x/)dt

(Waaly 55 il psbaal b F(X) 09) iy )
P, <0, P, <O, b3k s Cute sliel Py 0y P,y 0, sl s
o b sl bl (@,0,C,C F s s il
538 o i 555 o2 S LS w8 sl

IS A o 5 (oS 5 OV) daly s (B jme 55 el
I X P e e e o S
4:.'9;}1&1):1<,8<2 ;)T):JC...»HM&%J?JE):M
S U JS 086 51 oS 5 By ol JRS 056 Ll sdd
Qb3S sy dal SIS i G353 4e IS 5 ANFIS
AT ity s 54U

oy S OT Grie OV sl 5 o 03 87 i 55 L
-UJLGA(V\)

L;.'Lb.a ;}:'_)*J cb.w ‘<q> Ab.") L;b?_n.'ﬁ W Ls‘)" [\b])) odld

555 0208 [ g
UlTSM
UANFlS
gl

— 1

L pn SN Jlon 5 (530 e oS Y58 S ol Sy S

Xl = f,(X)

Xn-l = fnl(L) @)

X, = f (X)+d(t)+Af +u

@) < 7. [Af| < a
S(X)=X,-h(X,,..X,;) X(@©)=0 D)

() Gslusl by &8 Gl at gy A (X X ) &

g aJ)}Tﬁ Iy
n-1
N(X X 0) < Ko + Ly D [X] an
i=1

Aed e glacsB K, L 0T )3 &S
adaly 53 eddiy 5 IS 056 Gb (4) gt cily, ) G
v\o:“‘)-u‘?(\')@‘)gﬁjﬁjchodﬂa)}v\?ﬁﬂ&lﬁ)))‘(\“)

ut) =-f,(X)+v(t) an
0T ys S

V() = Ky, 1+ Y| £.(X) sgn(s)

i=1

K>max{L,1} S=#0

\¥)

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S Y
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

— Yy
uANFIS - "

A

23 T b odds 03 pades JL_<?~ oea Foym) abaly o

Ll 3 eslizal b Jlom bl o (Al e =556 el (i

T Sy (1) ), (YY) 5 W)
P P,

. al -1 b Py

S(t) = fa(l) +ﬁ qu‘ X2 +& quz X3

a q,
s
+ Clxl + CZXl T Ujrsve = f+ U, irsmc A

= f +uANFIS +uITSM = f-f +UIITSM

=€+Uy,

a5 (YF) dasly 015 oo (V) 5 (Y0) Ll 4y a9 b 0l 1L

=55

S(t)<e+u (Ye)

ITSM
Ll edgr oS 5 a8 J 2 s adile SL Sy Jl-
-4 Ujrgy K158 5l dlw s sEA e J s IS Lo
Tl S35 4 pr I Seon 58 8 8 a5 53 (Y0) dlaly &0

"ﬁ»...é;c:ﬁdde:)j"-(\)@)bg)}bbws(t) :0 ULJ'J

IRV INVAPE
Uirsi = ~Kirsw S9N(S) Kirsw >0 (¥o)

Tl S35 4 R OBy sl B S IS
dal g Sy (Y9) dasly gt OT (555 OT (rlsdS 5 3540
T

U =V +U, =- K sgn(S) %)

HTSMC ANFIS ITSM

Aoligh (JITS1 Jlan § (038 do (Solasl DLSI
ny v._:‘a.:‘.} olas Wl ol eb)jT J:r.) BE &SN W uuLw\ 2

6 ST (Slapt (Sla s DLy B (YD) J S I
3,05 (W) abat, S(X (1)) =0 A e 41, (19)
OVF) daly S50 4 g SVslan & G550 )3 =) dpdB
el SN e 5 53 b o(Y0) sl b llae J 27 056
G e Bl (Y4) daly Sygw 4 i slas 5 (W) daly
(V) sy a8 Jion 258 gl 4 680587 (o

Lyb n | Sad (sl ok yaieiie

S(X(1) =0 (V)

b, b,
. al feiE) b Reie)
S(t)= £,(X) + P xX 5 X, 42 x® X,

a, a, OA)

B
+C1X1 + szl + l"IIITSMC (t)

3B I g ez Uy (1) I8 S 0T s &
Sypot S dibpe JS5 sy A4 L J S 5 ANFIS
Sl ol 0sls Olis (\9) Ah:b

+u (\4)

u ITSM

imsme = Yanris

5ae ~ 63 el (e oges 035 S B ol L
folsds cup b o s 4 536 e ol V] s
.U:la@ U}na.a 33 L e i3 4e gazen dgi S9) g ol &

s ol SR> s e (5 p skl Sy fe
Slp Capde @l S sl Ol b & Sl oyl ediasiles
gl (e Lo 5 (€ as sl 555 5 s 52505 Sl
L ode ol o Sl dalg sy A e -3

1S s [Y] 55 0 i £(6 > 0) sl

le| =|ff|<e )

ol ot 8 8 k5 53 dlie ) 53 6 e sla S5 b
b F ol Sleasdms ~1b s ol ot f,(X)
b s & s (V) daly Oy gags 0355 035 B
P,

Py 2
al =S b 2
o f () + xS X, 4Pex s X,
(¥y)
q, q,

+¢ X, +¢ X/

e 1 () sl b ds5 e —(5 56 Gu:,»\r;“,ﬁ)ft

ol ol e o sps @8 s J S I Uy s S
1 odile Bl <SCalys 015 oo eclad Jlos! s 4 1y 0 035 5
383505 3 Slae gorme S 53 3 sad L Uy Sleslinul by oa
3 Cl:;:.n‘r:.w:...'faj\; ;}q-jr:..._..ncjl.u\ic\: Syl a7
0313 i35l ba ars 5 —635)5 4 semme ol LIl ¢ Alss ae
Olej 5 e Olaj SRI3 1S o sl sl BT 25k
e 338 plol S8y il e )3 SV 1 Kes
33,5 o B SRS e il (e 53 0 03ls 3 peT S
-5t 5o OT 135 ¢ IS Jie 3 3540 o 0dliS'J 287 Olejon
s Lo 5 45 Ll (Glos 035 it I U /2l 2355

s n 03] i T b & ads ee— (551 Cl:.‘.:..»\

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

fr il g =536 il (e 5 St (A e S L it g RS e 5 (B e JS CS  e op2T U S
Sl J s ( olo) 59 e Sle) a) o)l L

V =85 <S[sK, _, sgn(S)] )

daily & 015 e cpl s 2l S.5GN(S) =S| 0T s o
sl s (¥F)
V < S[-Kirgy SIN(S) + €] = -K ry |S|
+£S <-Krou [S]+|S||¢]| )

< |S|['K|TSM +|5|]

(s T 6 Jas 0o 51 (09) alasly O3 b 53 31 (6,57 J1 Kl
.

VIV <K, +lefif St V)
0

LoY) bty oSS 4wl V(T) > 080 4 am g5
b momen T 00 1 Kaa b5 0T Sk 53 51 (8.5 o s

ey (FA) a5 4 015 0 K gy >|€| AP

Too

(YA)
hS |V 0

ITSM | | T

Sl 3sd e 1L San io 4 (FA) dasly g5lil Culy o b
oy b Gilles cplply A el filaze jho 4 55 0T G O b
G e ol gl 3 55 o aeS STOW}#M (YA)

s dal g | Ken S(1) =0 i) e 40 6580 55T ot

(Sl (nae — (S5 k! s 3g0T 9 SUS Lo
e eI I ALEA A 1 ) (PN E I i PP
&S (635y5 4w shyls dlas ol a5 Sl QY@‘S\JB sk
4 o182 Ml o) il e DYl Oles

il (VR) el y Oy s
Rule(i) :if X is A and X is B,
and X_isC then f = p X ALY
+9 X, +rX, +5,
oslizel S0 Sl Sl 536 2 515l 56 8 sl s
Z:ﬁM\}iij)yQUQy@)ﬁcrﬁu
A e Dapde @l 5l e 63505 4Y opl s il &Y
‘A}Ld;ﬁ)ggﬁf@ccb”@qszj))wjleiunélﬂ;l

(F2) daly Sym X (53555 b Blie glgs 5 @ bppe Ll

056 L (19) (s golbly U1 ) shten =) duidd OLST

ol Sl 338 o ol 5L 5l 55 31 (Y0) IS

A3 el e e B S ST (YA) sl B 5L b s
ssbgr s S

V:352>o (YA)
2

w\:ﬁ‘yub)mwg_}yl.oudb Mwbu\;

P,
. . ap, q*j'i
V =SS =S[f(X)+—LX" X,

% (¥4)

bpz q'l
X,* X, +¢ X, +cX +u
q,

1TsMC ]

gl gt J 8 IS paame I8 IS 0T 3 &
S i JZS Jl 5 B e S S5 Ak s —556
el 0l 031 OLiS (‘“' ) AJQ{\) Q)}.ﬁh‘

+Uu (\D]

u ITSM

imsme = Yanris

(o Lo 5 48 Cl (glods 035 B U pyg S

S g o8 03) %ﬂdWTJkQ&Ew&_SJGC&‘

3 P,
al =1 b .
fof(X)4EXE X, 22X X,
q, q, )
+¢, X, +¢, X/
Upprs = - o

A

(et 33 0k 035 et S Olan fouey) aul, 5 o

RC g I S

pzl
S(t)—f(X)+ap1X X, 4+ 2Py e
a, a,

s Yy
+C1X1+CZX +uIITSMC ( )

X

3

=f+u =f+u +Uu

1ITSMC ANFIS ITSM

=f-f+ Uirsm

Sl el (Y0) ey 3l eslizal b by

S(t)=ff +u_,

S|.I:-f|-"-uITSM S((:-"-UITSM (r?)

AT e s (10) oy &) ot B 5L b Grkn o) 5l

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S s
Sl Jl dew (oo, 59 e Sle) a) ol L

aE aEk aOS,i a04,i aO?;,i ao?,i 6Ol‘i

Kk

(FV)
ac,  do,, 0o, 0o, 00, 0O OC,
oT BE) ny
0, ; 1
aOzli
’ (FA)
00, -
00

A3y Bl 056 blas sy ST ess 4 p g 0¥ Grhe sl
ol (FQ) Al &y s o S
125

Z Wi W,
D _ _8 A (F2)
- ( 125 ) -

125

802vi ZW (Z Wj)z

00 i 0 w. -W.

i i _ i
- (125 )_ 125

8021i ZW (Z WJ)Z

:Q&N‘(b\)@‘)&)ﬂ@d)‘ﬂiyﬂwrj;%yw

11 A, ®V)

601.| A AeR(A) ASR(A).A #A,

0o,

LSLAAF}W e-\.l’.fdbr.&.a Aj ER(AM) YL d}.ﬁﬁ BL ny
quﬂL&SMsdJ&l)@}}BumJb’qfwiéﬂ
4 e s Sluje paeme Giie w3 alwl Al

dly Soso 4 pss 4 psm Y blie Slass ol adsl sla il

L e (OY)
3 ZW’ "
~ =-(y;-0) f [T A
K (Qow,)" MDA ®v)
00,
' oc,
iy Sosar p93 4 Coed pam Y Bl b sl sg Gl
aE -W, a0 i
P - (y 0) 125 H AJ' 61' o)
C (zwj)z AR (A ). Aj %Ay C,

j=1

135 5 raloes 4l gl (sl eyl 4 sl &Y Griadsl J-

B,(Xz)’C|(X3) ;“i}& c‘}; L Lﬁ:ﬁ)} 4‘:5" L;‘f' < J“‘;’L@
il S5 en 4
0, = HA(X,) = exp(-((X,¢) [ 0,)") o
o Y ol bl s bgelyl 4o seme{C, 0} &
Ar g e adsl gla alil
)JSw\éhj)jtshdti.:wgféilya‘u’.}fir‘gbﬂiy
BU0 5633557 L (oatnm (5l Atn (315 ST ad Uslan
Cols pal 5 0GB IY0 T 1 plS (sl S pue

0,, =W, = uA(X)uB (X,)uC (X,);

(FY)
i=1,..125
Z@‘&q&aﬁa»b)@yd‘fjflr}wgy
— W ]
0,, =Wi =— i=1,.,125 .
Zw
eoler Y
o, =wif =wi(pX, +qX,+rX +s), .
i=1..125
515 66 I (sla sl Yl sla el
Islnw\rlm:wéfgﬁjfcdiy&'ﬁl‘ﬁ}fiﬁgqy
Zw.f = 125 (F¥)
O e (Al s —656 plial 0t Sl
kf“;f u‘)}“ u‘ﬁ) g}’j‘b )“ r_}l&ab &JLJ) J}Ll

5 I3 0 E Gty oS5 5 s pl 03 0,8 o Do
5 sl sl el o ol o Fe (2285 gl Sla e fil
mor gl bl Slesis daly s ssbe edliel b
] 8

Slr I35 0638 S oS 5 BseT s 03 1z 0kal F
o RS 53k s cnl 933 58 e e3lizel adsl (sla gzl oo
bl o (F9) oy ) (S lne (F0) oy o S Gt

A (x) = exp(-((x-¢,) | 5,)°) (%)

1
E = E(yk .ok)2 (£9)

(FV) daly S5 € adsl bl ol bl a5 daly

T Sk wlie sl 50, sl el sl e

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

fo il g =536 il (e 5 St (A e S L it g RS e 5 (B e JS CS  e op2T U S
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

0=A%Y %)

do b il ol yen 35 b sl S baosls J§ Sl s
daly cplply S e ) s 385 Hsb 4 Ll Sl (Ses

RN N PY (D)

Ad+e=Y *#Y)

Dl o pymn & 0 = 0 3L JUis 4 b o 1

@)=Y (y,a'60) =e'e = (y-A0) (y-A8) 6V

i=1

T sl dy esSas AAT €
6=(AAT) ATy *r)

Gy 34133 m s el abe 8l 55 603 s

olaT 35 4 s 53« sy o) (RLSE) ol 2850
ALl esSae AAT Sl & cd (San a1
@353 0303 i 65 STl 03 8 aalous 6 ST 5 5(Y
bl JS7 b g8 h) 50 058 SLSI ot 4 L (25 &
Sl Sewd e eyl e Ll S, cpl 5o (Js eliph dnlowe

noy

L sl Slape sy 03 (5550 la Jsep nl b

Sa a S

S :S k "k+1"k+1 "k
k T
1+a .S a
k+1 "k k+1 (7?)
;
9k+1 = ek + SK+1ak+1(yk+1 -ak+10k)
k=0,1..m-1
spb S s Sy=yl ,0,=0 Jy bt a gy
e 34e 6 7 5 Sl MXM sl 4 Jlea o 5le | &
K+1 ot ):AJ‘.;_JSLa sl (A g res ef)}g
b o

—~
2555 2o y-v
5 e har el Sl w020 8 555 02, S
‘u.;’ﬁJ C)’l‘ BX Cf“’ BN} C,..»\er— D50 Care 43‘.,\.'.«..'2}.& )l:é)

Joslas 5 (Sen el e Js @ Jee by sd) omer
[“F&“V]M‘adﬁ ol (o 5 4y A CU ‘_gL..a 2 (s

S Jli | b s Jo (slab 3 45T K8 (sl a5

S o bl wB b ) g o K s e oS

oo, 0 X-C _,
—=—[exp[-[—1']]
oc ac o

: ' ' oF)
[x-c] X-C,
=2—"exp[-[—7
O'i Ui
0, 0 X-C, ,
=—[exp[-[—T1]
do, o, o,
(0)
2
X-C. X-C.
= 2Pl oy
O'i O'i
gl gl eyl Sl yssp daly ((00) B OY) Lauls, b opl ol

Soisr Blr S 5 sl s oo il Sl e il

5L gl Sl Bl 51T daly s J6sla bl

Cpse 4 b e &5 s 5 IS Dl 3 sk e esliza
sl e (0F) dayl

y=0,fu)+6,f,u)+..+0 f (u) ©)

hgjwa&%uc‘jhf 9 Sl (639,59 15 u«s
S_Lnu LS‘f. -b}..?a 03} 9“1}2" -\f_b S Lzua (-}lula 6\#,’.&‘)‘;__

Ol (OV) akf Q)_,.pm.«fr.:)\: sl gl esls a 5L e zal )l
g 2
{(u;y)}yi=1.,m} V)
M & ol dolae 5 (s 5 5 5205 sl 35 oSl b
.W»)@(DA)‘\E{\)Q)};@#J:W

y, =0 fu)+6,f,(u)+..+6f (u)

=6 f(u o0 f (u .+0f(u
.y2 1 l( 2)+ 2 2( 2)+ + n n( 2) (b/\)

y, =6fu)+6,f,u)+..+61f ()

0T 55 8 WL AG =Y Sjso 4 (sl pp 55 S

Wl (08) ey pp 4 A il

f(u) - f(u)

A= : . : (9)
f(u) - f,)
et MXL o5 5505, Y snxLis, 650
dloes BB (B0) daly Soygeo 40 S5, Sl oyl 5 Jl
!

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


http://fa.wikipedia.org/wiki/%D8%A7%D9%84%DA%AF%D9%88%D8%B1%DB%8C%D8%AA%D9%85
http://fa.wikipedia.org/wiki/%D8%A7%D9%84%DA%AF%D9%88%D8%B1%DB%8C%D8%AA%D9%85
http://fa.wikipedia.org/wiki/%D8%A8%D9%87%DB%8C%D9%86%D9%87_%D8%B3%D8%A7%D8%B2%DB%8C
http://fa.wikipedia.org/wiki/%D8%A8%D9%87%DB%8C%D9%86%D9%87_%D8%B3%D8%A7%D8%B2%DB%8C
http://fa.wikipedia.org/w/index.php?title=%D9%87%D9%88%D8%B4_%D8%AC%D9%85%D8%B9%DB%8C&action=edit&redlink=1&preload=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%B3%D8%AA%D8%AE%D9%88%D8%A7%D9%86%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&editintro=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%AF%DB%8C%D8%AA%E2%80%8C%D9%86%D9%88%D8%AA%DB%8C%D8%B3&summary=%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%DB%8C%DA%A9+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D9%86%D9%88+%D8%A7%D8%B2+%D8%B7%D8%B1%DB%8C%D9%82+%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF%DA%AF%D8%B1&nosummary=&prefix=&minor=&create=%D8%AF%D8%B1%D8%B3%D8%AA+%DA%A9%D8%B1%D8%AF%D9%86+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D8%AC%D8%AF%DB%8C%D8%AF&withJS=MediaWiki:Intro-Welcome-NewUsers.js
http://fa.wikipedia.org/w/index.php?title=%D9%87%D9%88%D8%B4_%D8%AC%D9%85%D8%B9%DB%8C&action=edit&redlink=1&preload=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%B3%D8%AA%D8%AE%D9%88%D8%A7%D9%86%E2%80%8C%D8%A8%D9%86%D8%AF%DB%8C&editintro=%D8%A7%D9%84%DA%AF%D9%88:%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87/%D8%A7%D8%AF%DB%8C%D8%AA%E2%80%8C%D9%86%D9%88%D8%AA%DB%8C%D8%B3&summary=%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF+%DB%8C%DA%A9+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D9%86%D9%88+%D8%A7%D8%B2+%D8%B7%D8%B1%DB%8C%D9%82+%D8%A7%DB%8C%D8%AC%D8%A7%D8%AF%DA%AF%D8%B1&nosummary=&prefix=&minor=&create=%D8%AF%D8%B1%D8%B3%D8%AA+%DA%A9%D8%B1%D8%AF%D9%86+%D9%85%D9%82%D8%A7%D9%84%D9%87+%D8%AC%D8%AF%DB%8C%D8%AF&withJS=MediaWiki:Intro-Welcome-NewUsers.js
http://fa.wikipedia.org/wiki/%D8%B2%D9%86%D8%A8%D9%88%D8%B1_%D8%B9%D8%B3%D9%84
http://fa.wikipedia.org/wiki/%D8%B2%D9%86%D8%A8%D9%88%D8%B1_%D8%B9%D8%B3%D9%84
https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S kig
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

Af = 2sin(nx, ) sin(nx, ) sin(7X,)

ld@)| <06, |af|<2
53 e g N ZEN Jle 5 o253 e S5 4 b ol
21038 OBl 5 Sy gy JISSH i (B e oS J S

sl

(50)

pl=5'ql=7'p2=3’q2=7 %)

2S5 S e (B3 el o Sl skt
S a wb o by sl eyl o ol oks eslinad s

el s 4 8 5 55 5y g ¢ e 55
a =03a =2,a =2,a =2 &v)

S et ISl S G2 e oiS IS sl bl
kel oy 15 Sy s LloceT oy s 555 0205 Lo 5
LBl 5 mal O3y Jasl 5 53 5555 2580 b bl ol ol
o T Csty
a=4.5379,b =3.8963, K, =144.4525,
¢, =0.1020,c, =-0.7325, § =1.30

&N

daly Wl ) glaosls 46 gazee o5 el 03 8 55 i
e e 650 plinel (e T L &S ol et s (YY)
SRS g e edalin ¥ S 53 a5 glailen 35 e 05ls 55 58T
L e gt b LD sl s el eliS
Code J»K))@&gk}w\wm@guf.@\uﬁ
ol i s Bl lie IS Gl imman el 03§
S S fmal 5 sl )3 (R nlie J 257 4 506 oS S
PSS 3 e L oo s $Sale> 035 pslael 5 R 5>
RS e g 55 ol o )3 Aedipr oS S
bl o & o O3 5 ol Gl S (ol 5 Sl 03505
Sl R Sl G ol 3 ekbad B s ) e
A e s IS Slatss 5 oS 5 K s b
sl AL By o Glaslae sbea 5 LBL e L s
Jioa § (3530 e IS sl 3l gl dllia ol (287 )
Sles Jlwe 5 558 e J 28 4 by e @l il okl el 33
35m5 b IS e 535 2 V0] 55 505 8 £ e [10] s T
ok 03,51 0 JSK& 5 el 0l plowl (ol ALizEl 5 nl

Wl ot b 8 iy 15 s A el (sl plie ol

pl=5’ql=7’p2=3’q2=7 #9)

wp ol Gb Kl Gl by sddedalis LUK
oAV e Pl e b 5 O 5 Lsh e sy
S Gl b Dbl e e sl (S5
Sleon 3 sl Hibay S slaysis edsolisl Lol
ssbay SOl Sl 5 e S or HF VL s b o OSG
2 it slaslE L (ol oKaalig glay g Ol e 5 bl
Wl SIS a0 AT 5o dipd e oS dlies o N (sLd
05,5 odsl Lsh S8 05 8 55 5l 555 ST Ak Comes
0l 5 I p el 5 ST Ol o Saalig 55 Jold
0555 w08 s Al e p—’a);ﬁ‘ oo G s edias
Wy dis o sldb 53 5olas Oy pon oS diil e Kialie
Azt (5 ol (6 i Sl 5 Ly
W b
e 5 g SV i o Kile 513055 ¢ geme 4338 U
Gl sk 5 atie b 055 b WS IR gl
SOy Wl ol 4:.&;}1'4?): Jole abt Camw @ e Yl
S 53 4 sph e 88 )3 gosb wuza Wb e 4 by e
Ledss JB IS 2o oo SKam 0lej o 28 53 OV (g5l ,lly
Sy & o 345 A0S S e SUST 55 cnlie g5 ,5 ala
an ol 52 g0 dlis 51 &7 sl 3o w6 (P0) aaly > T

RS PRV a:)}T (el ol oslazuwl

#0)

5 dmes JS golael @,8,,85,8, G daly

s 5555 035 SN 4 by e sla el

Silwdnd b -F

it IRl Jlns 258 e oS ST S ) 5o

il Ll ssbe dlel IS 6808T e 655
5 el S e 5 Sl e S L s [1 -1 0]
3l | sligy 0 F s b Gl SIS 5l 3 sl plael
55 Jesl boiSJ 287 4 oyl Slazel Olgea U F 436
Mww,g‘)fjuag)wugwwuw
IS (S (e =536 el sy (oo inb g (oS 5

Wl 0 43 8 5 )3 55 D) oty g s

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al il g =536 il (e 5 St (A e S L it g RS e 5 (B e JS CS  e op2T U S
L;?\ALuJ:L?J:w;du)j}ﬁcgbj\ﬁjcéj\é-u-é

RS Cgr b 5 Jae (g Alie opl 5o edilon ks
s e OV gLyl s

33 5355 Gy (S S skl S edalie g o
SRSl ol Ol 4 b e S S RS (b
Sy s )y sl 0k 03551 # K 53 Jls 5 54 e ST
il ok 4 S 5 53 (V) alasly il s 5 23las

a=93L b=2, K, =702 vy

0 UKo b awlie 53 JES S Sl jasie &S ) skiles

ol ol el (e OV s ileylul 5 cl 5Ll

bl an LB Sb e 00b) Obej e el ol ol

23304 Jou 555 020 SN L OT (gl bl rslin pimpas

HGI PR ICIWRY

a=47023, b=47964, K =1266199 ()

o3ls OLES & Jﬁ;);ﬂJL:AJS oA e 4 by e gleans

Jhosl LI5S ot 535 2 [Y0] 3 St oy op) 5 Sl o
o5y5T Alae pl 53 oidl)l ia, b duslie Olsie 4 5 55 oi> S
Ol OVl Gt Ole) 58 o0 odalin 45 shilen (ol 0l
2 St ol & sl ool S hls el bl sl
e el e.xi:)f by dlae ol s o-\.’i@\}b a.&..fJJ;.f

dg.:al;;: Sl e e 659 Sledbl L S g3yl o

(..:..»ju)l.la.»\.:...w s —658 plimal a5l eslial (Caal s 53 ptew
- - - T 0.5 : : : -
1k J
0;
% 05 I3
-0.51 B
O b -1 g
0 2 4 6 8 10 0 2 4 6 8 10
08 Time 5 Time
0.6 B
=
0.4 {1 5
w
R s Or
0.2 4 =
o
o
0;
0.2 : : : : N : : : :
0 2 4 6 8 10 5O 2 4 6 8 10
Time Time

(NTSM) ks e =6 306 bl (s y (e e g JI S a3 (3580 e J 28750 U J 28 I 5 X X X 0V e ey ¥ ST
\J:IL:«'.&‘)}—A’JQU;M

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S
L;?\AL»J:L?ML@Q))},@«@@J\,&_}«&JB-UJ

. . . . 05
1 4
0
- -0.5
X 0.5 A Q
-1
0 | a5
r r r r 2
0 2 4 6 8 10 0
Time
0.8 T v : = 4
0.6 |
_ 2
@
0.4 1 )
)
¥ 5 0
0.2 1 €
o
@)
-2
0
0. ; ; : : 4
02 2 4 6 8 10
Time

Time

L L

2 4
Time

(NTSM) ilss s =536 gzl sy (on inign IS Jlin 5 (5580 o S 28755 U J 8 I s XX, X 0V e ey oF ST
Coanlas 'C»)yb):dﬁ,fw“ "

0.5

X1

0.8

0.6

04

X3

0.2

g 0.5

iR

Time

Time

10F

Control Signal
o1

Time

c c

2 4
Time

il by izl 5 Calad e sl 53 IS e (TSM) Ul i 2580 e J 287 5 U J S I 5 X X X ¥l e ety S
Joe 5535 0258 o 5 o Ty

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

A

Al (e~ el (e y e 5 e G b dia g I RSN e 5 (B e SRS S S e 03T U S
L;?\AL»J:L?J:w;du)j}ﬁcgbj\ﬁjcéﬂé-u-é

0 2 4 6 8 10
Time Time
100
N = 50,
c
=2
3
s O
=
S
50+
105 2 4 6 8 0 1% 2 4 6 8 10
Time Time

o by Lzl 5 Cpalad e s 53 IS s (TSM) Ul i 2580 e J 87 5 U J S I 5 X X X ¥l e ety 7 S

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

&l
P. Arena, S. Baglio , L. Fortuna, and G.
Manganaro, , "Hyperchaos from cellular neural
networks," Electronics letters, vol. 31, pp. 250-
251, 1995.
A. C. Enys, A. Tamas , evic ius and A.
Baziliauskas, "Hyperchaos in coupled Colpitts
oscillators,” Chaos, Solitions Fractionals, vol. 17,
pp. 349-353, 2003.
J. P. Goedgebuer, L. Larger, and H. Porle,
"Optical cryptosystem based on synchronization
of hyperchaos generated by a delayed feedback
tunable laser diode," Physical Review Letters,
vol. 80, pp.2249-2252, 1998.
C. Sparrow, “The Lorenz equation: bifurcation,
chaos and strange attractors,” New York,
Springer, 1982.
G. Chen, and T. Ueta, "Yet another chaotic
attractor,” International Journal of Bifurcation
and Chaos, Vol. 12, PP. 1465-1466, 1999.
S. Dadras, H. R. Momeni, and V. J. Majid,
"Sliding mode control for uncertain new chaotic
dynamical system," Chaos, Solitions Fractionals,
vol. 41, pp. 1857-1862, 2009.
Y. Hong, G. Yang, D. Cheng, S. Spurgeon, "A
new approach to terminal sliding mode control
design," Asian Journal of Control, Vol. 7, pp.
177-181, 2005.
Yang, Liang and Yang, Jianying, "Nonsingular
fast terminal sliding-mode control for nonlinear
dynamical systems," International Journal of

olas

S 15 xS -0

s i pp JS Sl 5 B e oS 5 e )

IS 6T e 1 eSS e — (536 ]
255m Ol olas coslgitng S 4151 Bas s 8 10
4 Do gl bl s S K i S e S
e S sy ol s Ogllae (1,08 el b el 5 Szl
e (A m 62505 Dbl 4 Ldd 5 Lol pglasl ot |
Lo A e S 5 i B s 55 a0 s (s
,gy,|5uﬂ5@|wavu;|&uJbi:\,du,«,:Gs;,‘d
L ola eyl Ac.wli 3y Gl gl romen Lol ol slgin
Wo pl 53 oddp ae S5y duslie Llodd dmlms 555 r"-);‘”
ok b kS S S das g 0L e A e B
OT 53 &84 o 5 el Jle 7 (540 o 0 S (5 702 2 Shes
55 g SLIE el 5 gl S i il 0 8
ool Ll Jlon g (A e By 3 @ls 5o bl e ol
Sl e Ji i (A e OT ST 53 o8 A3 pslae o2
ol ed Bl (S5 53 da3 5 g g 53 1) ALAZEL ) Somsl s
o ed O3 5 (s A 609 SleMbl 2l s s cdlis
JAS 1) s psllae 5ol 015 ol (Solys SVslas
il )y reen (3L Caws Oslle J ST Olal 4 3 508
9 A g ‘5\-“(-:-“-:-" S rems IS 4 Jlasl L6l ol s

bl 55 0 S35 5 b 0y Jas

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html

[ Downloaded from joc-isice.ir on 2026-02-21 ]

[ DOR: 20.1001.1.20088345.1394.9.3.4.1]

Al (e~ il (e e 5 e G b diad g IR a5 (B e SRS S S e g3 T U S o
L;?\AL»J:L?J:w;du)j}}ec@bj\ﬁjcsﬂé-u-é

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

P. Coullet, C. Tresser, A. Arnodo, "Transition to
stochasticity for a class of forced oscillators",
Phys Lett A, vol, 72, pp. 268-270, 1979.

A. Arnodo, P. Coullet, C. Tresser, "Possible new
strange attractors with spiral structure”, Common
Math Phys, vol. 79, pp. 573-9, 1981.

J.S.R. Jang, "ANFIS: adaptive-network-based
fuzzy inference system. IEEE Transactions on
Systems, Man and Cybernetics”, Vol. 23, No, 3,
pp, 665-685, 1993.

Zhang, Yajun, Chai, Tianyou, Wang, Hong, "A
Nonlinear Control Method Based on ANFIS and
Multiple Models for a Class of SISO Nonlinear
Systems and Its Application”, Vol. 22, No. 11,
pp. 1783-1795, 2011.

O. Nelles, "Nonlinear System Identification:
From Classical approaches to Neural Networks
and Fuzzy Models", Springer-Verlag, Germany,
2001.

C. Loganathanl, K.V. Girija, "Investigations on
Hybrid Learning in ANFIS", Int. Journal of
Engineering Research and Applications, Vol. 4,
Issue 10, pp. 2248-9622, 2014.

D. T. Pham, M. Castellani, "The Bees Algorithm:
modeling foraging behavior to solve continuous
optimization problems”, Proceedings of the
Institution of Mechanical Engineers, Part C:
Journal of Mechanical Engineering Science, Vol.
223, No. 12, pp. 2919-2938, 2009.

R. Gholipour, A. Khosravi, H. Mojallali, "Bees
Algorithm  based Intelligent  Backstepping
Controller Tuning for Gyro System", The Journal
of Mathematics and Computer Science, Vol.5,
No. 3, pp. 205-211, 2012.

S. Khari, Z. Rahmani, B. Rezaie, "chaos control
using fuzzy controller based on combination of
intelligent terminal sliding mode and state
feedback controllers ," international journal of
engineering & technology sciences, vol. 03, issue
04, pp. 317-336, 2015.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Robust and Nonlinear Control, vol. 21, pp. 1865-
1879, 2011.

S. T. Venkataraman, S. Gulati, “Control of
nonlinear systems using terminal sliding modes,”
Proceedings American Control Conference,
Chicago, IL, U.S.A., pp. 891-893, 1992.

X. Yu, Z. Man “Model reference adaptive control
systems with terminal sliding modes,”
International Journal of Control, vol. 66, pp.
1165-1176, 1996.

X. Yu, Z. Man, “Fast terminal sliding mode
control for single input systems,” Proceedings of
2000 Asian Control Conference, Shanghai,
China, July 2000.

X. Yu, Z. Man, “Fast terminal sliding-mode
control design for nonlinear dynamical systems,”
IEEE Transactions on Circuits and Systems, vol.
49, pp. 261-264, 2002.

Y. Feng, X. Yu, Z. Man “Non-singular adaptive
terminal sliding mode control of rigid
manipulators,” Automatica, vol 38, pp. 2159-
2167, 2002.

X. Yu, Z. Man, Y. Feng, Z. Guan “Nonsingular
terminal sliding mode control of a class of
nonlinear dynamical systems,” Proceedings of
2002, IFAC 15th Triennial World Congress,
Barcelona, Spain, 2002.

S. Khari, Z. Rahmani, B. Rezaie, "Designing
fuzzy logic controller based on combination of
terminal sliding mode and state feedback
controllers for stabilizing chaotic behaviour in
rod-type plasma torch system," Transactions of
the Institute of Measurement and Control,
d0i:10.1177/0142331214568607, 2015.

K. Konishi, M. Hirai, and H. Kokame, "Sliding
mode control for a class of chaotic systems"
Physics letters A, vol. 245, pp. 511-517, 1998.

Journal of Control, Vol .9, No 3, Fall 2015

WAF L o oylad A tlor J 25 alone


https://dor.isc.ac/dor/20.1001.1.20088345.1394.9.3.4.1
http://joc-isice.ir/article-1-281-en.html
http://www.tcpdf.org

