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ABSTRACT

Fractional-order sliding mode
control,

nonlinear adaptive law,
chaotic Lorenz system,
chaotic Chen system,

uncertainty.

In this paper, stabilization and synchronization problems of chaotic Lorenz and
Chen systems in the presence of uncertainties have been addressed. using fractional-order
sliding mode control based on nonlinear adaptive law The Lorenz and Chen systems are
third-order dynamical systems that have chaotic behavior for certain parameters. The
proposed control laws is composed of two parts including sliding mode control and
adaptive control laws. First, by assuming that the instantaneous information of the
nonlinear part of the chaotic dynamics is not available, a linear regression equation
including a nonlinear part is formed. Using the Lyapunov stability theorem and fractional-
order calculus, an adaptive law is developed to instantly estimate the nonlinear part. In
addition, by defining the sliding surfaces based on error signals and satisfying reaching
laws to ensure the closed-loop stability, sliding mode control including equivalent and
switching controls are derived. The final control law is obtained by combining sliding
mode and adaptive controls. The main aspect of the proposed approach is the ability to
overcome the unmatched uncertainties and nonlinear effects of the chaotic dynamical
system as well as steer the state variables to the sliding surface for any arbitrary initial
conditions. The proposed method can be extended to a class of dynamical systems that
can be decomposed into linear and nonlinear parts. This method cannot be verified for
delayed systems. The performance of the proposed algorithm has been assessed by
stabilization of the Chaotic Lorenz system and synchronization between Chaotic Lorenz
and Chen systems.


http://dorl.net/dor/20.1001.1.23223146.1400.8.2.3.4
http://dorl.net/dor/20.1001.1.23223146.1400.8.2.3.4

S8 450 Sl paT gt 51 S (G5lulljon 5 S5leslbl @l (o b Gulss 056 5 (s S 450 (B0 e U287 (10

25 63T 5 e 5 o0 S ple f-

doao—)

3 b St 53 slos 28 IS8 4 0T & das e Ol o b lacSCalys (53, 48,50 50 Sl

5 odeBg 63l Olgea T (@l b s iy Olge CuT bty wddE s Bl e BBl i
17 ST 55T (laotooly cog ol s o 030> Lo ol 2yl D ST 0 e 5 58 5 n 1k 525 50 ey B
Lo g 21 42508 Cno ol el galad lslon &5 Jatals 58 o 53T ki e 5 (oobad Sl ol ot 8 sl
Sl 1SS S ot 5 Nph oo ST sl b slaojl 3 ohitel ) oty 7 ge JSB 53 e S S oS sl 0 Ol
4 Bt 658 pl Gy s S (e Sy gt oS ol ol ST s S 15 ol B ga BT Lo
GR3)ken 3 55 0 b g Gl cad sl Tl 55 8 58T i oSG Jlasl bl )3 bl oo el gl Lol 4y o ok
355 g0 ol 5 ST pAT (bl dily 5 ol ¢ pital s 42 samme &0 (655 4l 4 o 8 (Sl (e K

]

Ly Jrdio ST 3T (s 42 0155 g0 DT (2 e 3 457 it 15 550 2 ST 58T Conle 51 (305 lae (51 g

355 o)l 0] STy 18T (SG AU lote 5 [F] ST 8T (b 5571 (] ST 35T (oluah] s Y] (slalen ¢ 5 ]
Sl 5y 058 | ol (el Eow 3 ool (5Ol e 5 (5leylbl STl 5T S pts 0] = 53 (glol alis
Serlys gl 4 STl paT e 6 55 o) Son o33 Eoms 53 5 e 4y a5 gty ST 3T (Sla LS 3 5udomen ails
303 Llodd Jl3, 55 5 e 5 16 oSl 1 (5 S 45 m Sl 53T (Gl gt ot (sladle 3 . K3 S paT (rw

5l )l (6 S 45 e zale LSl S s 50 5 O o ,me oSTLsaT Gl o 45T sl ediesls Oli

S 5HV] s el ‘@Jf(‘?é‘ G S 45 m S 58T Glaptunn (5leilean 5 (5l 4o )3 (6oL Slaiss

& (Sl Jolout 1) ol obolital (5 S 45 0 ST 33T peboliie Olin b (ST g 801 Jio (61 iy ikss o8y
dilo ol 5 ol 0l Ol (63505 pLEI S I gusasw&"&swau(w Sl domde ,l 5 550 (,\J?ti;&.,s
L;,-uoiﬁ‘gﬁL;bimdﬁzﬁ,umm,:s;t[ﬂ,;.@uuwW&:A@r,wuu;s%;\wwgw
Caalaipe (YL OIS poasnd b ol pos 3 gudome Olo3 o Kot Ll subioslil DB ) gl 53 (5 S 45 0 &S L 33T 2
OT 53 o Lol 43 513 4 55550 s o8y J 28 S8 a4 (5Lu0lejor als [3] 55 ool iy ol 8 S 525 )
3 e Sl 3wl zan 5 s5llul [V0] 55 ol b Splonil (556 Glate S8 4y s EKalis> pslaal idu e
G 056 51V ] 3 il bl ot ket o8y U287 ST 4 el (gl el b (6 4 0 ST 5T (sla s
o 0T 55 o odboslizal (S a3 0 ST s 93 (S5Le0lejob g ksl J 28 0205 St 5 511 (5 50l
35 oAb 5ol an VY] 55 ol a8 S plnil onlin Sl b 0diS'J 287 Olonil (s ity (63,5055 (Sl 2 &S
G55 5 e o J S 056 0T )3 68 48 815 o 535 g0 (5 45 0 ST phT s 93 Ol b e (sla sl

el ol Szl o LU

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S8 450 S paT gt 51 S (5lulljon 5 S5luslbl @y (o b Gulss 056 5 (s S 450 (B0 e J ST (10

25 63T 55 e 5L om0 S ple

A

03 ks b s e e Jold (6 ST 4 e ST 5T Gl I ST (g5Le0be e (sl (B34 e J ST IV s

Jalae J 287 i 5 Combibpids YL O1ST s 5 (e (35408 25w 50 51 J 257 0 56 ol sdionliial oo s ) s
d 5 sl plazel Sarsy 5 b5 de ST Gl SIVF] s ol 0 [S85 m SCalys st b 1 O s
(V0] 55 3 5d oo |, Sen Thoo 4 _iloms jsboas 3Lzl i gllast OT 53 oS ol 0dd oslinal ks (g 5lu0le jab aali p ¢S
Olsie o STl 2T s 53 .ol 4Bl Giond (6316 Giedss J 87 SUST 4 (93505 o s b 5 i )3 (SOl jad alies
shekas J 28T 06 ¢ J 1S asl p yn s Salis oyl Slalazel 5 Calises (5,8 45 0 s (sl die Sl415 5 m— e
V9] 55 o odkBioslial (63555 sast o Dl 51 L gl sn (813 (6 S 45 0 gitn sl 056 5 Coababpide oy, (s 550
SV LS ol okosliad ST 33T ot 53 (5l jor aalip 53 3 3umn o3 gl Ko (1 Jlie i (553 o J 257 51
w3 Soloil oyl Slalazil 5 (g el )l Slalanbipde 5 o )3 SLaOl i 50k 03] (rednd (AT (glo godh 4y Coalaipite

sl

ST (Gt 5lOleson Sl p el s Gadar sla eyl Jolis 87 o580 mlaw b (L3540 e J 287 SI[VY] s

oulioslitnl (g S 45 0 S 52T (i 33 G5Ol o gl (2580 e J ST 51 55 [VA] 53 el oioslisil (g uS 43 5
Slpos s S omae IS V] s lsd 0 05 sl bl (Gloged 4 b a 53 (6 l)l L;Lac,:,.bé(.\s sl
~ Ol o alts G (1 p3lie S IS ¢t el stioslinel (g ST 45 o STl 3T s slals Sl s et
ﬁ\;mlgt;.”,:,ﬁdﬁfgjdzrwMJ,:fﬂ[h],;.gwlou@\}@ujﬁsujaffu&;bp,;@u
gfau,ig,,giijt‘W.g;,ﬂlavumu;w\@)uc,uuu;\,L;,u\,ggfks(»,pjadﬂquSue};T
Oloj 53 <Ko ks Sl 31 L2alS (5l (63,50 55 comomad ol 0ddoslizl (5,8 011 BB 8 slacdlo pad (gl 4l ialS

W;;wbg,;\;‘ma,utuom@@yuﬁ;\);45(,@Jﬁfoﬁuﬁwdﬁfsub{w,cw

OIS 31 BT a5k (a5 de I8 5 e slag ) S s oDl s (5 el (slalaliiode | g 55 atail>
Sl b ST Glagtmr (51 o (515 (i 2303 HLit 53 & Sl e st b S 5 Combadpde SV
Gl Ll s s Slae Sl L S oo o3liml mel VL OIS a1 67 oo gy ¢ o3 o b Sl iCaml 1583 oy
058 L B e IS5 S callie pl 5 6 bl (it of yon sl (5 o 6)l585 5 b (S oy
Sl S 58T ot Sla umal 5 o b D 51 45765 sbas (el 0335 OB 5L ()L 6055 2 e (b b G
gl 0 5508 e S el s (J ST il B 5 s on 03] pmaded (Slabizd ) sbas ($5le0le jan 5 (5Ll Al 53
ESaalys 53 6 Al b 5 6 AL nlibpds IOl jer rads SAB olgitey J ST 2,K005 60815 0 e 02 2

.cﬂ\_,,,uuJq,:;);M,wWg,ﬁaﬂwﬁbjd,\,ggwget,wgfg,:u,sqfwaa

3 loll Gisd (gl p (ot 8 Gudal 056 5 oled pw mes b Syt (6 S 40 e (S5 e J 2SS edllas ol o

DR 93 & e Saliy > ESSE y Sy ol rlel 3 58 r 3Ll 5 55 (6 S 45 o STy T (a5 3Le0le jun

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S8 450 Sl paT gt 51 S (G5lulljon 5 S5leslbl @l (o b Gulss 056 5 (s S 450 (B0 e U287 (10

25 63T 5 e 5 o0 S ple fY

b (st b e (or (Aelsl U ST 058 5 Bl st (o e gl (B e ST e oSl (o e (o
48" s b Slagtms | (M 5l 3l 2,005 e ol ) 2 2 (b e DSl S
W e (9 b (83505 03 5B L Gt Gl 5 ol dra g BB Bl (o b 5 (e it 55 4 oSS L6
S l )y (b g S 3y e Salys st b o e 4 36 o 4 @3l oy S
513 Bl L Slalaalibeds & Lo ol ol 5 US o el D SLU (65 58 XS 4 1 il
S oS 4 pp Ly saT Juke 155 0 (6,08 45 0 Dlowloms sy (Sloplil cpsd i 53 1l 5 55 4 dllie IS oL
ol R 03 (o b Gl 058 g g S 45 (B e J ST 050 L h e (Bme e S 3 9 oS

S 5b g ) (b i 53 35 68 s 5 ey S 53 gl o 5 el 5 gr S
S S Ay Sl Y

‘.Ulssﬁ-jg(z)=D§‘f(z)jbl;:.«cl:¢(.b.l:$ug&f@f&)a.s.x.ojz=x+iyﬁ.&:.al{f(z) c\:}agu

(Y] S, sk

AL 57 3 Mo b 55 g(2) = DEF(2) Grbe b bz e Sl Mo o0 f(2) S e
.mpﬁw@uébbazndul@nemqu\dw&w}DgA,‘ﬂlm °

Al plie s i@ = —n gl 4n € RT L 48N JI S5l 5 DF alons @

AL ez =05 gl OT sl (M= 1) 45 0 5l Olazie s DEf(2) @

el Ay s Shee B me@ =045 0L Slos @

S ma oy B s gl Sles @

D! [af (z) +bh(z)] =aD; f (z) +bD.h(z) )
il 135 () 5L 056 R(@) > 0,R(B) > 0 o ol ginds 43 o b (6 o8 43 o s Kl 61, @
DD/ f(z) =D’ f(2) (Y)

Sy 4 o 1,551 -Y

Sl " st Un 5l ank SIS R(@) > 0 450 b 5 S 45,0 JLSSNC s ) 6.8 IS p s b Blise
55 e s o3l 315 K f(E) Wb sl N US4 by Slanlons 0T 3 47 Sl (55185 slad! S
IV 5508 0L () S o Ol 5 0 1 I 50 2

EEOED ) = ——[(t—¢)" (e t>c nez” )

(n-1)te

' Riemann-Lioville

* Cauchy

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

v

Al Ry (E=0) 3 (M—1) BY O laas o 5l 0T Slinie 5 IFF(E) S 3505 oalie Ol 5 0 S5 daily sl
Jissd ms S 450 JSE e 5 i 3o (Bime 5 L b Olsea (M= DI =T(M) 035 5 )5 b Liss oo

sk S (F) O e

i’ff(t)éﬁj(t—r)alf(r)dr,t>c,0¢eZ+ (f)

e S5 L ST Gl 35 g0 03557 1 1y (5 S 40 S K b je Tl a5 G IS S 35 00 St
f{£) pb g mS 4550 IR (ol ) 5 g el B ke 31 e ol £(E) 0 4l game (o 1 51575 Sl

N 5o 8 25 Sy sen

t
£ (t) _L)j T f(r)dr,t>0,aeR" o)
0

S5 45 30 Fibo V-
\J.:;J\;,\jswu;.du,,ﬁau,;,;,;—ar?;wL;Ju'iit?pL;,.f«?:fg;mdlﬁob;sm,(a),;omw41,,,\)

450 3 Jgome Grin 5o S5 coman 5 oki a0 i 05 (slad) Sl 1 Soon T L g o gl 8 4 s Shae L

IN] b 0l o oty Shoe Ol o] 51 a3 o 5l Grtee Shos Olgea D™ 03,8 i 55 L5 58 Lo ol 5 e

D" =1, ("D"#1,neN )

1 Ol o o) Ay 4 a5 bl 1 S 05505 e DT S s sle

n— k
D) = f(t)—if"(o*)%,t>0 W)
k=0 .

gﬂm%c:w:d&cdgﬁl{@la%()j)bDa "‘g".'.‘g;")jd‘j“;M‘f()cu("kuj‘é:‘:*‘()fk GC)TJJAS
X E a5l s Gy g Sle g S8 45 0 e plal ) Ll HE M =1 <@ <m oS ) sba 5

D HO2D" () = d r(ml a)j(t_f ()Z)Mdr W

[Y\]w‘(*)cﬁmcw‘awsw yylfbyérfuf i 6‘}56J§\1-’u-1ﬁ

A pm- m 1 F f (T)
Def(t)= (™ “D"f(t d q
<D f (1) (t) = e a)£ R r @)

' causal

* Caputo

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple ff

2,0 f(t) &b phm a5 e Gris S IR 4 5L 5 el 5o s guoes (A) Gty a5 4y s () 53 08515 iy 5

D f(t) 2 D™ (t) = (" “D" f (t) 2. D*f (t) ()

wljlfjj)%‘)‘éﬂfmja leja.lw‘\:‘)‘wﬁjéw

D f (1) = D"f(t)+z%fk(0*) (o)
D“(f(t)—mff“)(o*)%jzc D” f (1) v

OF 9 38 G5 45 30 ST LagdT (Sl s -V
odoslu S¥slee (glus 351550 55 58 Jaw 5 5L it (612 48l V5 0 31 Sal s 65 5 pme 55 ) STl 5T 0t
VY] 355 00 i 5 (V) Sy gt 555 ) (5 S 45 5 s i3 S S1)VAPY Ul 3 s SVl 51 (3L (e O !

D*x ()= (y(t)-x(1)

D%y (t)=x(t)(b,—z(t))-y(t) )
D“3z(t) x(t)y(t)—cz(t)

A1 = b ol 58 G S 4 0 SSL i T Jue 6la 2ol )l iz (358 abasly Solitie (6 S (Slaas o @3 5 @y @y OT j3 &S

kil > 0.9941,0 = 1,2,3 & ol ol 6 ,uS 45,0 Ll 3 55 0T 035 &S 1 53T b2 5 ¢ = 8/3 5by = 28 (10

2 o odalin @y = @y = @3 = 0.995 (1l 4 Gubuan 5L35 )3 5y 5 (5 S 45 0 e STl 53T 1B ) IS
VP Canl Bl JB (V) ) oty o ST g T s (5 oS 45 0 Je

DAx(t) =2, (y(t)-x(1)
D%y(t)=(c,—a,)x(t)—x(t)z(t)+c,y(t) (\F)
D”z(t) =x(t)y(t)-b,z(t)

50—

40"

30—~

P390 G 45 0 i T Lyg T 5l L) S

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

Yo

Q;Jﬁwkift\{}:lT‘)bJLY JQ):.MI{BLZB>0.884§¢~.~|O.l|L;ffgf.h{lﬁjsg}&'\—:ﬁ}bﬁcd\—)ag

Ssh rodalie X(0)=[-9 —5 14] adsl Ll 5 581 =P, = 5 = 0.9 ljl 4 a5 5 hmam Lad 55 o (S oS

X

OF S5 495 40 b S LagdT 58, Y S
B b Gl U930 ¢ (S (o3 e ST Ogib (b -
o dlonn 2 5 5 S 5T s Sl 4 b g e (6 ST 45 e Sl il i oJ 55T 056 Gao ) liteny

Pl e 55 (00) el s SVlas &7 ST 5 5 ) shate ol sl

Dey(D) = d;:’a(t) = £t y(0), ()

0<t<T,y®(0)=y,*, k=01...m-1(m=[a])
IYF] ol Islrn 15 I K slan b 5 58 ol

St 1 (s y(9)
y(t)—g(;yo k!+1"(a)-([mds (%)

I'(a) = Ix“’le’xdx Y)
0

@anétﬁL;}\Jdﬁua}w&_w@l(v),;mf@u@bdaw(wb;mfcu6@\554{6,&
r.:.E;IL..g;.~|(F)J.sl;uc_ar..p:\.Lolleﬁ(\\’))zblfcbcﬁaa)l,;«g.C_Mlégi;,iw&ﬁéﬂf:wdlﬁgjaj@\

IYF] 55 o 20D OA) Oy gpa (V9) dal yn = 0,1,2, ..., T ¢l s t, =nh sh=T/n

o a n

(o VP (t0)) + Daaf () OA)

m-1 tk
t — (k) n+1 +
yh( n+1) éyo l_,(a+2) —

—
k! Ala+2)

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple Ak

13 g5 o0 dunloes (14) Sy sobs VP (Ensr) s olae COA) dlaly s

m-1 tk
— (k) * n+
W) = 29" =+ )ZbJM (WAS) (14
OT)J 4.§
n“*—(n-a)(n+1)" , j=0
aj'n+1: ( _J+2)a+1 ( _j)a+l ( _J+1)a+1 1 JSn
1 y j:n+1 (Y')
b = (0= j+2) ~(n- )"
jon+l a

S 53 (V1) &) oty 15 (58 45 5o s &S5 Sl (Jl

d“x

A G )

((jjt;y = fZ(Xl y: Z) (Y\)
d*z

proa f3(x.y.2)

J}Mﬂ)))b(Y“)Q)ﬂ@d‘j@b(Y\)J)O“G‘)\db‘é}é.@‘j}él«ﬁj-\.&Lgogal_l 1—123Q‘)34§

h* .
Xn+1:Xo+m|:f( n+1vy+1’znp+1) ;yl,j,n+lfl(xj1yjlzj):|

h n
+m{f ( XPas Yo n+1) ;72,j,n+1f2(leyjlzj):| v

haa
Zn+1zzo+m|:f3(xr?+1'y+p1! n+l) 27/31n+1 (Xi’yj’zj)j|

Yo = Yo

OT)J“S
Xp = X + I 1)Z§1JM (%0 Y52))
yr?+1:y0 r( 2)2521n+1 (Xj'yjizj) (Y“)
23, =12+ Ma 3)253,n+1 3( j,yj,zj)
n“*—(n—g;)(n+1)" , j=0
ogon =] (1= J+2)" (n= )" ~2(n= j+2)"" 1< f<n
L j=n+1 (¥f)

L

£ ::T((“‘ j+1)" ~(n-j)")

22 5h o s 536 (Y0) L) 3oty 558 (5 S 4 o &STL 52T 0t 5 8 Lol SLe

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S8 450 S paT gt 51 S (5lulljon 5 S5luslbl @y (o b Gulss 056 5 (s S 450 (B0 e J ST (10

fv 25 63T 55 e 5L om0 S ple

h*

xm(k+1)=xm(0)+r(al+2)[ a,(y* (k+1)-x? (k+1)) ]+ T +2)Zy1,n+1( a, (Yo (1) =%, (1))
[x:(k+1)(b1—z:(k+1))—y:(k+1)J

h
(e, +2)
r(az+2)2721"+1( (b -2, (i)~ ym(j)) (Yo)

Yo (k+1)=y, (0)+

2, (k+1)=2, (0)+ r(;iz)[ (k412 (k+1) -2 (k+1)]

r(a3+2)2731n+1( J)ym(J) cz (J))

QT):A.T
(k1) =%, 0)+ 1)25%1( &, (v (1)~ %, (1))
V2 (k+ )=, (0) Z)Zé,m( (D)(b.=2, ()= ¥a (1)) (v#)
28 (k+1) =2, o S)Zcfs,m( Yo (§)-cz, (1))

(20l3 7 S S 45 ST (e Gl S e

h%
F(ﬁ1+2)[ (v? ()= (k) +u, ()

Z]ﬁjml( ( J)_Xs(j))+u1(j))

X, (k+1)=x(0)+

F(ﬁ1+2)
ys(k+1)=ys(01 F(,Bz )[( a,)x" (k+1)—x" (k+1)z" (k +1)+cy, (k +1)+u, (k)} "
r(;2+2)27“““((cz 3,)% (1) =% ()2 (1) + .. (3)+u. (1)
zs(k+1):zs(0)+r(ﬁj3 )[xp(k+1)ysp(k+1)—bzzf(k+1)+u3(k)J
r(ﬁ3+2)Z (%) =bz (D +is (D)
QT):E

X (k+1)=x(0 F(ﬂl Zsﬁ,m(( i)-x()+uw(i))
y! (k+1) =y, (

rwz zgy,m( e ()-x(z(i)+ey()rw() o0

22 (k+1) =z, ( F(ﬂ3 253,n+1( )Y: (i)-b,z, (J)+u, (j))

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S8 450 Sl paT gt 51 S (G5lulljon 5 S5leslbl @l (o b Gulss 056 5 (s S 450 (B0 e U287 (10

25 63T 5 e 5 o0 S ple A

st i 53 4 S BB 4T (6 S a5 e S 33T (Sl 1 WS (1 (o0l 020 K oS el SE o e3Y
Sl p8T Glaptans (51 @3lgtin 3,80 55 opbpen ol itne (AL )l SLEE] 5 Conli pte 3 p b o 5
el pslan |3 51 (6 S 43 0 4573 45 0 2 5 Lot 5§ BBl ;56
NB e p3s50 o 9 5o G S 4o S paT (s 33 (G5lullejan 5 5550 ST ot (65l dliews caalsl >
ey
$39 STlagd T i (S 3slnl —V-£
s s b e 5o @kl b Caalad pde Sl G s 68 a8 ST s 5T US55 il o

S skes b o

D x(t)=a, (y(t)—x(t))+u, (t)+d,(t)
D%y (t)=x(t)(b,—z(t)) - y(t)+u,(t)+d,(t) (Y8)
D*z(t)=x(t)y(t)—c,z(t)+u,(t)+d,(t)

bl sl b Coabad et ls pd = (dy, dy, d3) «(YR) 55 dies (Y4) dlasl ) Dliziie (6 S laas o a3 5@z @y OT ys oS

3,5 o 53l g5 Sopens o s o i 93 4 Ol e 1y (YA) alasly s o s 53 OT 51 (a5 Sl g5y

A (1) 0 d, (t)

0 Ojlu
1 0fuy(t)|+] —x(t)z(t) |+|d,(t) (¥+)
0 1ju

2 (1) x(t)y(t) d, (t)

Dux(t)| [-a a 0 ]x(t)] [1
D%y(t)|=| b, -1 0 | y(t)[+|O
D*z(t) 0 0 —c|[z(t)]| |0

2388 A L

Dx (t) -4 a O X (t)
DX=| D%y (t)|,A=|b -1 0 | X=|y(t)
D™z (t) 0 0 -¢ z(t)

D“X=AX+U+f+d )
Lg\«b,d&rsguutguucwu\J\j.;;ubguég;),bgﬁjjob;@tjqutxsvpoljsgﬁ@wﬁ;

35 o $ (V) dasly S o O 5 oo 1 Sombibpite Joli (o 8 2o

f(x)+d(t)=0"X *Y)

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

¥4

058 g ol 53 .l B; € RFD sy 4w ) SKize oS de s 5l ol Gl 2yl s 5L © € RP3 (OT 55 a8
DDy o A ) D)ot d KS

U(t)=U, (t)+Ug(t) \ap)

358 o s § 5 Dyt 3 el dad J 2SO 5B U3 jre Ugg 0T 53 oS

U, (t)=-0"X (¥F)

G o s b b Gl il oS ol (B e J ST 066 55 Us coshay o Zod © pslan s 5le e © 0T 3 oS
255 s

ol (K1) s (F) K - L

D*X=AX+U, (t)-0 X+f+d (¥)

D*X =AX+U, (t)-60'X+6' X 2
Seso)le
D*X=AX+U, (t)-0' X V)

:J,z@@j:ﬂ;;,,ym;}ucb.@twsaéww;u@eRm OT 43 a8

s=D“'X+AD*X (*A)
.s_}.&@fb]aML;JJJ.\.»uﬂb‘ﬁwiﬂ.udjfdjiﬁ.@‘wi}dcb@jjQ}Jﬂj%ﬁb\iﬂcﬁ)-\-).ag
W Ol s K T 4y loes Doty i sllast ey 5l Sl 5 5L

§(t)=AX+U, + X (¥4)

LS s 1y (F) gl i b a

s(t)<-ms(t)—m,sgn(s(t)) (f+)

o J S 096 (Fr) g s b i bl 5 ysem ol 5o e S5AIST 5 LS 5d e g e 5wy 57 OT s oS
D ah o Co g (FY) O ) smas o554

AX+U, +AX <—5(t)— 17, s9n(s(t)) (V)

S )le

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple AR

U, =—AX—-AX-ns(t)-n,sgn(s(t)) (FY)
S 503 15 (F9) O 5l 6 dlidos 4 e (sl oy o ilome (o) o el 51

3
v :—Zqisiz(t)Jr%Zriéféi (1)

3 3.
V=>0qs; (t)s; (t)+ > 676, (FF)
i=1 i=1
1 Ol 5 o (F) daily 4y a5 L (FV) laly 3 8 i s L
v—Zq,sI (aI X+Ug + 4 X, ) ZrGT (F0)
QT)JA{
o 0 0| [x=X
a=A(i,1),A=|0 u 0]ix=y
0 0 m] (x=12

feols (FY) daly s ar 5 L 31 )
Uy =—a X=X -5, (t)—1,50n(s; (1)) (¥%)

255 4N (FV) &) 5ot O 5L i Glej s ) g0 () 55

V—qusI ( (t)-m,san(s; (t))-0] ) ZrGT (FV)

(g (FA) eladSSE Oy gty O 55 0 1y G5 g0 bl
3

V=24s, (t)(_ms‘ (t)=, Sgn( ))

i=1 i=1

eTe —q,5,07 X (FA)

Mm

idah vl

ZreTe 0,50 X =0 (£4)

;S; b,

3
V==Y(mks” (t)+a,ms; (t)san(s; (t)))<0 ®)
i=1

iéT (riéi —0;s; (t)X):O oY)

NP Qly"de 43y

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

o)

6, —q;5,X=0 (oY)

0 =%isx o)
r
(3 (e Sl p B3 s
©=CQRXs (oF)
‘QT DL 4{
g 0 O r 0 0 S,
Q: 0 a, 0 ,R: 0 r, 0 $S=1S,
0 s 0 0 r S,

DLk 25 ) pot 26 JRS 056 (D0l 53 Lol (OF) Gk 056 o Kom 553 D jme 5 St o)l T oomen

1wl

{U(t)=—AX—ﬂX—mS(t)—ﬂzSgn(s(t))—éTX 0)

6= CQR'XS'

Wl 0351 S8 53 5 (5 S 45 o ST s (5L (51 (g3lgnty IS 01 S5 STk

e wip i | S| s S b
EpS i
X4 _2 a5y Shogl g | K|
35} g
+
et ERENE

PP G 45 30 S UagdT hus (S3LasIl (Sl S3leidy (S (S pu5 45 0 (D3 o J ST PITLS gk W

O 9 F39 S i (SOl 3o —Y-£

55 0 A (OV) Sy gty 55 (6 S 45 p e R3S ot 350 0 48 8 L 53 5 Ol 5o

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 TS5 e 5L o0 S il oy
Dx(t) =, (y(t) - x(t)) + 1, 1)
D%y (t)=x(t)(b —z(t))-y(t)+u,(t) ov)

D*z(t)=x(t)y(t)—cz(t)+u,(t)
1l DL BB OA) &) sty o ST 5T s (6 S 45 50 ko

D% x(t) =, (y(t)-x(1))
D%y (t)=(c,—a,)x(t)—x(t)z(t)+c,y(t) (®A)
D%z(t)=x(t)y(t)—b,z(t)

S 53 5 Sosen s x5 oS Sl e Sl

DX, =A X +U+f,
1)
D/X =AX+f,
QT)JA{
Dx (t)] —a, a O X (t) 0 u, (t)
D*X, =|D?y (t)[, A, =| b, -1 0 [ X =|y(t)f.=[x(t)z(t)| | U=|u,(t)|y=a,=a;=0
o)) Lo o <) 0] [xoy®] [ww)
[ D%ix (t) -a, a 0 X (t) 0
D’X, =|D?%y(t)[.A =[c,-a, ¢, 0 |\ X, =|y(t)[.f=|xt)z(t)|.B=8=B=p
D2 (1) 0 0 | ()] [x@®)y()
g 25 (1) O sons obo) sllas (g ol o
E=X_-X, D)
s=D“*'X_-D”*X +AD'E #Y)
:%;#;:(?Y)Q)f;@\)wﬁmsbﬁ
§=—145— 1, 59n(s) *Y)

:Qﬂgﬁ)s(?\”)o)y@}:}bdﬁfojsu.m@j@f;@ﬂ&haﬁ%quZ3/11 OT 43 &S

U=U, +U, Cap)
QT )J 45
U, =—0'X, %)

A X +U, —A X, —f +AE =-ns-n,sgn(s) (50)
S )le
U, =—A X +A X, +f, —AE-ns—1,50n(s) %)

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

oY

bl plpy 26 d a8 06 oo

U=-A X +AX, +f, —AE-ns—n,50n(s)-O" X, V)

Sl s -0
Sopen sl luls sk 4Ll God S A gt ST et Glolbl ml el
Lo oy 0 b bl whaaolsl 8(0)=0 5 (x(0) y(0)2(0)) = (213)
S st i 4 s sh e Lo h opemed Aledalisizg =10,77, =0.01,4,,, =20, =0.02,Q=201,,,R =1,
S T s Sl ke a8 0350 on ol B IS8 )3 487 ) sb0les (4Bl 5 531 Ao 53 00 Ol s 0 s 4 436 ) 0o
(o gy ol 48 Sl B Y 1 28 s ) Ko ol 5 L5 Ton ot S oS8 o5 alod 608 550 55 45 0
53 30 ey ey all Glagealy 45T 8L 5 Ol 5 o0 45 )b (Tanl 057 Sl Cosbalpde DT 4 ol ) ol
L;uﬁ;u@\,,md\,iw,u).mu&@T.\?ﬁwQL,\,,u@u,foujj\@pmgﬁuwfj\m4,.;.:*193(..@
28 S5 GBS @ S a e Lo S edalin 0 IS8 53 015 oo 1y (S (5Lb 55 e 4y gl Jaal 3 51
i 53 0300 a3l alisd )3 co gD Lilodd | K Jino 4 0l CbIE L A iy 5y VL atals 311,08 Ll 5
IS8 53 i e (ole Hlly 5l S e i (oS (AL Slej 03l 53 Lol Sk a7 e sl o 2
Copn A s RoaDslew s (B Ao U ST ol ol b S e ail e (L e SNV
o) 53 55 o pl g s Tos &y o sbas 5 0lej 58 s il o i ot (SaJUw o 2 L sl

MM,!)})&:AL%JW(A&JAU‘SE}J:SWM&S@éb}dﬁﬁ@bﬁgb)b)b))@(&)jj

Db g odalin A IS 5 (ol Gubs O 56
4 T T T T T T T
E —X
35 R —
2 2
36 1
25 ]

1 1 1 1

1.2 1.4 1.6 1.8 2

G . S

0 0.2 0.4 0.6 0.8
time [sec]

&Q}k&hﬁ%f&)#;b})ﬁwwb ‘slbxéloé}h)ldg‘lg: £ USS

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple of

'

y 05 058 X

Bl 5l o pé Curlad pus Hga 30 (Smdw (SLad 1O F3g) phuaw (S3lwslgl L0 KL

10 T T T T T T T

0 -

control signal

_80 | | | . . I . | |
] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

time [sec]

Bl Sl i Capalad pis ygas 38 Sloslnl (I 5 (Sl UK 1 IS

sliding surface

0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]

Bl UL i Zald pos sgam 30 (S 3loolisl ol 33 3 gt Y K

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

0b 25 63T 55 e 5L om0 S ple
l T T T T T T T T T
1 b — f1 4
« 0.5H = = =fhat | |
1
0 -
A\ W L L L L L L L L L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]
E T T T T T T T T T
0 2
N 4 — f2
-5 = = =fhat, | 7|
_10 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]
4 F T T T T T T T T T =
l'I R
“_«,2|| = = =fhaty| -
0 - \ = 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]

(S Gl OB ST @ gl Selad (o pd S Sl Ge (eSS A O

odaline 4 J.i.i):fjjlaé}w Sad oo &l g 54 (G S 4d e SLJ}.:'TW}Q SOl jon mb aalsl s

5 53 S3ledlegen 5 Llods 1 Kan SLuSs 4 4l e B 51 208 Ole3e 55 w35 4ty ail (Slagiuly 0353 oo
S Dl b ol on 5l ol g e on 508 o 48 T plol VU 5 St S b s a8 1
b oalgiiny st 8 Gulad 051 45 3l 53 01y o VY 51 Sl IS w4 5 L3 S sdalin Vo S 55 Ol o |y J ST

el o Salys ot o Gla e ad 4 536 (VU > Slas oS

P -— o = Z

z

time [sec]

OF 9 529 SlagaT St GBI GHluobk en A

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S 45 S AT Glapts 51 ST (S50l jor 5 3Ll Sl b b Gl 056 2 s5n 5 oS 450 B e S b

I\ g

25 83T e 5L (g S ol
250 T T T T T
ul
200 \ - - =u2|
lnl o | W FTTTT PPN u3d
Iy
wf 1 " f
I '
_ 1 1 i
s 100 i p )
> ] ]
w
5 50 1
€
Q
© 6]
1
-50 N
1
-100 & ‘',
y v,
150 . . . . . . . . .
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]
Sk o 4ol g 33 399 eaobyd (I 5 Sl Sl 1+ S
500 T . T T T T
400
300
200
100
“_N
(0]
-100
-200
-300
400 . . . . . . . . .
0] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]
Fag) Saolyd s pd S5 P35 AWl cpess L))
300 T T T T T T T T T
250 - = = —fhaty | |
200 [
150
“_(V')
100
50 A
0 -
_50 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
time [sec]

Py Kol (s pd i pgw 4G (e Y S

Journal of Nonlinear Systems in El

ect. Eng. Vol.8, No.2 Autumn and Winter 2021

Ve Ols 5 5l oY o3lad A oy93 (G omilign 43 s (slasilolu 425



S8 450 S paT gt 51 S (5lulljon 5 S5luslbl @y (o b Gulss 056 5 (s S 450 (B0 e J ST (10

ov 25 63T 55 e 5L om0 S ple

o 33 S50l 3en Gl Bbanay J RS Glann s S okt Sl (S L ssletty w285 Shes st o
[\'D])saf(ATSMC\)&:.Bdl;:ajdi}dv\.udjszgi})cb\)a\):.;ﬁ@w\.&.a&gul}dffa;féflgﬁ-\'

2&5@%(9/\)42{\))"éﬁf&‘}é‘j})a\Ja.@HM@Jfﬁjaaa.a\.flndﬁbl

u.

(=g (Y.)-fi (X, 1)+ Dml(kiei +k;sgn(e)|e |H)+ LS +M; S, |5 sgn(S; )+ S|, i=123 (#N)
bt 5 05 Gl 056 51 Py 0T )5 &S
@=p" S (#4)

f1:a1 y(t)—X(t)) glzaz(y(t)—x(t))
f, =x(t)(b,—z(t))-y(t) , 19, =(c,—a,)x(t)—x(t)z(t)+c,y(t) )
f,=x(t)y(t)-cz(t) 9; = x(t)y(t)—h,z(t)

Pled s S 5 Do) gty G e 5 AT oo Cund (94) S et (sl JUS
5,= D" +D"? (ke +k son(e e[} i=123 VY

A o sl e 4 sl s b O1ST S Gl 8T ol e 2l p 50 < <10 <E <TG Ly, 5o

B Sl s et Al 5 Shas o e 4 i el s s Cte 6 0lie My g Ly ckyp sla
bty 5 LSS o 5 50 SSWsaT (s 53 (68 45 0 45 555 0 5 3 ATSMC B, 5 (3l 125801 o e
£33 el Lo,3 0 o 5 e 5 b 3 ph o 43S i 55 LSS 5 Ll (sla ke a5l Ll o gDy .ol @ = 095

s gr g s 4l ) alid 155 S g8 T s 4 by Z 5 Y (Slapiie $Salss 53 g

skipbnil g > Shae S ony S0 55 a (12X ize (1 (6 5lule jod 0355 gn odalin WY JSTh 55 48 5 5b0kes

V0 5 V¥ ‘5LAJ§."Z/ Sy 5 Al cpl .l eolginy g, 5l i LS ATSMC ) 55 Candd Lo oS Sl ol b e
S el s ¢\§b’* 33 o Sl sy 5 s 6 pe S8 el eolgh B (§ goe 53 5 AS 8 Gl 8
G35 23Y e G3lelesan Gl 38 oo ol pen (3L 5 Shas S3I L Z e sl g5leilejan (‘@ o594 ATSMC
st DL ATSMC s )3 55 J 28 I 1 S5 4 dom 5 L cosdlay Sl (53Lty sy 31 24 B ATSMC
S (§ iy (s Dol i alals 1 (olgiiy F95 53 pgm (J 25 IS e 53 55515 @olgidey oy 4 Cd 65855
Lsﬁ%uxfl));«d\)f%ﬂ&jl 3l Sy aS 38 0L Olg oo IS S sl iy s ATSMC g, &
31 AET 4 GLATSMC gy O (s3leriay 58055 53 ¢k 51l lp st (omels ST o5 (5l (5 24 B
3 508 ESaly> 03 pshas Sls ATSMC (ol b bl o Jlm >l o ST 53T (Glaptns (Sl s s 15 25

! Adaptive Terminal Sliding Mode Control

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple OA

Proposed Algorithm
T T T

_20 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

time [sec]
Adaptive Terminal Sliding Mode Control [25]

_20 1 1 1 1 1 1 1 1 |
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

time [sec]

[YO] (s Jlaoy (o038 S J 05 (595 9 (S0lghis s 39501 <oS™ dy X gitin (S3lwlo o AT IS

Proposed Algorithm

_20 1 1 1 | 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

time [sec]
Adaptive Terminal Sliding Mode Control [25]
T T T T T T T

time [sec]

(VO] (ks JUao y (o3 o J 357 993 9 Sl ol 39801 <oS™ dy ke (SwOlo yodd 11 E IS

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

o4 32N e 5L o S e
Proposed Algorithm
40 T T T T i T T T T
I
30 p

control signal

\

N 20 B
0@ z -
0 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
time [sec]
60 Adaptive Terminal Sliding Mode Control [25]
T T T T I‘ T T T T
[ RN -——Z
[ IEAN Z

time [sec]

[YO] B Jluo b (o038 o J 5 995 9 (S0lghiny i 9901 &XaS™ 49 Z pitie (SHlwObo yoid N0 IS

m— Proposed Algorithm
= = = ATSMC [25]

control signal
[N
o
o

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

control signal

time [sec]

(VO] (Fadd JUao y (830 o J 557 (995 9 Solgdn wh 39501 o™y ol gl (J s (sl JUSCew N IS

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021

Ve Oks 5 5l oY o3lad A oy93 (G omilign 33 s slasilolu 420



S5 45 S 8T (Slatuunns 51 (DS (5Le0le ot 5 (Sl Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 5 e 5 o0 S ple £

PR
St (GluOlejon 5 (I Blus o (61 (o o Gola 056 s (e (253 Ae J 257 51 el S e o 55
SIS ST 056 el 0l S5 ool il 5o 53 51 (53l S 05 3 5 oslinal 5 55 (6 S 45 e STl 5T
O Ba by ke J 28T 056 5 ) el e 4 e Sla il Culn 5 s a0t ()L pedl a L
A3 5 b s e e 53 4 e Sty SSE L 0T Sl O 5 s anlid pite Jols (s 8 o
Slan 2 e 3 8 (b (55 e J ST 056 lnl elalsiode Jold o b i sl s ) il K 08 8
@ aluly (o o Gkl 058 o b e e gl 5 oL, glles ilre (gl Oda b5 O SLU oL (6,8
S Ml 655 5 S o b o oot @ olgiin 3,5, 43 8 gl Al Ll gla e 5 353 e
5 Gl dlies G5 4 36 GVL 5 Shes Co 5 S5 b golgiien ‘.;J_,,i‘w.u;uowwuw s Sibanu g
s a3 (35 e ST By b ool o2 S5 Shee 55 sl 3 ol e CoaliBpde ) g 53 (5luile jon
352 (‘ibﬁ S S Slagal 5 e 1,3 L, ) vlz))i” i b osls 0L 5 A3 8 aglin (5luirle jon alis (1
S 45 50 033 DS 5 s SCaly> (o 2 Sl 1 ) AT 45 63kt o5 53 pomen (Ll Jloy g5 1 unal

il x5 S0 ST gl Sl

&y

[1] Azar, A. T., & Vaidyanathan, S. (Eds.). (2015). Chaos modeling and control systems design (Vol.
581). Germany: Springer.

[2] Gholipour, R., Khosravi, A., & Mojallali, H. (2015). Multi-objective optimal backstepping controller
design for chaos control in a rod-type plasma torch system using Bees algorithm. Applied
Mathematical Modelling, 39(15), 4432-4444.

[3] Wang, H., Weng, C., Song, Z., & Cali, J. (2020). Research on the law of spatial fractional calculus
diffusion equation in the evolution of chaotic economic system. Chaos, Solitons & Fractals, 131,
109462.

[4] Vaidyanathan, S. (2017). Adaptive integral sliding mode control of a chemical chaotic reactor
system. In Applications of sliding mode control in science and engineering (pp. 371-392). Springer,
Cham.

[5] Xu, Y. M., Yao, Z., Hobiny, A., & Ma, J. (2019). Differential coupling contributes to synchronization
via a capacitor connection between chaotic circuits. Frontiers of Information Technology &
Electronic Engineering, 20(4), 571-583.

[6] Wang, C., Liu, Z., Hobiny, A., Xu, W., & Ma, J. (2020). Capturing and shunting energy in chaotic
Chua circuit. Chaos, Solitons & Fractals, 134, 109697.

[7] Luo, S., Lewis, F. L., Song, Y., & Vamvoudakis, K. G. (2020). Adaptive backstepping optimal
control of a fractional-order chaotic magnetic-field electromechanical transducer. Nonlinear
Dynamics, 1-18.

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



S5 45 S g8 (Slatuunns 51 (DS (5Le0le ot 5 (S5l Sl o b Gala 056 n (5 S 45 0 (G2 e J ST (b

25 63T 55 e 5L om0 S ple

Al

[8] Vafaei, V., Kheiri, H., & Akbarfam, A. J. (2019). Synchronization of fractional- order chaotic
systems with disturbances via novel fractional- integer integral sliding mode control and application
to neuron models. Mathematical Methods in the Applied Sciences, 42(8), 2761-2773.

[91 Ha, S., Liu, H., Li, S., & Liu, A. (2019). Backstepping-based adaptive fuzzy synchronization control
for a class of fractional-order chaotic systems with input saturation. International Journal of Fuzzy
Systems, 21(5), 1571-1584.

[10 Shukla, M. K., & Sharma, B. B. (2018). Control and synchronization of a class of uncertain
fractional order chaotic systems via adaptive backstepping control. Asian Journal of Control, 20(2),
707-720.

[11] Behinfaraz, R., Ghaemi, S., & Khanmohammadi, S. (2019). Adaptive synchronization of new
fractional- order chaotic systems with fractional adaption laws based on risk analysis. Mathematical
Methods in the Applied Sciences, 42(6), 1772-1785.

[12] Behinfaraz, R., & Badamchizadeh, M. A. (2018). Synchronization of different fractional order
chaotic systems with time-varying parameter and orders. I1SA transactions, 80, 399-410.

[13] Nian, F., Liu, X., & Zhang, Y. (2018). Sliding mode synchronization of fractional-order complex
chaotic system with parametric and external disturbances. Chaos, Solitons & Fractals, 116, 22-28.

[14] Mofid, O., Mobayen, S., & Khooban, M. H. (2019). Sliding mode disturbance observer control
based on adaptive synchronization in a class of fractional- order chaotic systems. International
Journal of Adaptive Control and Signal Processing, 33(3), 462-474.

[15] Boubellouta, A., Zouari, F., & Boulkroune, A. (2019). Intelligent fuzzy controller for chaos
synchronization ~ of  uncertain  fractional-order ~ chaotic ~ systems  with input
nonlinearities. International Journal of General Systems, 48(3), 211-234.

[16] Modiri, A., & Mobayen, S. (2020). Adaptive terminal sliding mode control scheme for
synchronization of fractional-order uncertain chaotic systems. ISA Transactions.

[17] Rabah, K., & Ladaci, S. (2020). A fractional adaptive sliding mode control configuration for
synchronizing disturbed fractional-order chaotic systems. Circuits, Systems, and Signal
Processing, 39(3), 1244-1264.

[18] Tabasi, M., & Balochian, S. (2018). Synchronization of the chaotic fractional-order Genesio—Tesi
systems using the adaptive sliding mode fractional-order controller. Journal of Control, Automation
and Electrical Systems, 29(1), 15-21.

[19] Mohammadzadeh, A., Ghaemi, S., & Kaynak, O. (2019). Robust predictive synchronization of
uncertain fractional-order time-delayed chaotic systems. Soft Computing, 23(16), 6883-6898.

[20] Lu, S., & Wang, X. (2019). Observer-based command filtered adaptive neural network tracking
control for fractional-order chaotic pmsm. IEEE Access, 7, 88777-88788.

[21] Monje, C. A, Chen, Y., Vinagre, B. M., Xue, D., & Feliu-Batlle, V. (2010). Fractional-order
systems and controls: fundamental.

[22] Li, C., & Yan, J. (2007). The synchronization of three fractional differential systems. Chaos,
Solitons & Fractals, 32(2), 751-757.

[23] Lu, J. G., & Chen, G. (2006). A note on the fractional-order Chen system. Chaos, Solitons &
Fractals, 27(3), 685-688.

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VP Ol 5 5l Y osled Aoy 93 05 gmdige )5 b b sladlele 4,45



S8 450 Sl paT gt 51 S (G5lulljon 5 S5leslbl @l (o b Gulss 056 5 (s S 450 (B0 e U287 (10

25 63T 5 e 5 o0 S ple Y

[24] Diethelm, K., Ford, N. J., & Freed, A. D. (2002). A predictor-corrector approach for the numerical
solution of fractional differential equations. Nonlinear Dynamics, 29(1-4), 3-22.

[25] Modiri, A., & Mobayen, S. (2020). Adaptive terminal sliding mode control scheme for
synchronization of fractional-order uncertain chaotic systems. ISA transactions, 105, 33-50.

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.2 Autumn and Winter 2021 VFer Olen) 5 5mb oF o5led A o530y owikige 53 b é slaalele 4,25



