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Synchronization of Chaotic Fractional-Order Genesio Tesi -Coullet
Systems via Fractional-Order Adaptive Controller

Ali Fayazi, Hossein Ahmadi Noubari, Hasan Fatehi Marj

Abstract: This paper presents a fractional-order adaptive controller based on sliding mode
control for synchronization of commensurate fractional-order chaotic systems. The adaptive
controller is a fractional PID controller, which the coefficients will be tuned according to a proper
adaptation mechanism. Fractional PID coefficients are updated using the gradient method when a
proper sliding surface is chosen. To illustrate the effectiveness and performance of the controller,
the proposed controller is implemented on chaotic fractional-order Genesio Tessi and Coullet
systems. Performance of fractional-order PID adaptive controller (P*I"D*) based on synchronization
error, and control signal is compared with the conventional adaptive controller (PID) and sliding
mode controller (SMC). The simulation results show the efficiency of the proposed controller.

Keywords: Fractional-Order Adaptive Controller, Sliding Mode Control, Chaotic Fractional-
Order Genesio-Tessi and Coullet systems, Master and Slave System, Synchronization.

o sb ol a3~ 01l 335 1) 5 J S Oledige ezl o =S Al AL Je oL s edge s 5


mailto:a.fayazi@vru.ac.ir
mailto:noubari@ece.ubc.ca
mailto:.fatehi@vru.ac.ir
https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

L;,Sm;fg‘i:.&axf_‘dﬁfj\e:w.»lp;J;;S.JWS}&TLg,SQ,‘dLAM@LﬂQh}u Y

Cfﬁuygéﬂ}isw‘ynyl}é&

S0bejen 5 s T U8 dlas YV )3 .Gl okl vy 9 (6 S 4 pa
el 0 s (5 S Sl b (25 (SIS s 6K (55
45 0 ks PIDouiSJ 287 6 (40 o (slie  lie 1 5
Glpis S5lelser Sz OLE gy 5l sl b (5,8
Sl & ooy ol 05 ol 0dd slgiiy SIS 5 ol g o557
D, sl o o s Sl Sl et (58 450 S
AL Er s A e 6 Bl Ll o s 53 8T
Gels 056 &G Lo 5 LS g 3l eslizel L PID Gl cnlie
b s 59 4 mlie
p.\.u:éu.)éjm\;l);.w\ev\.b G s Do 4 dlie ol
3 68 Slbus @ by al alis 5 8 Rlas S0 o
A g ol 0 513 5 (T Slaie (I o
e 33 G5Ol jar g (oS 4 e (el oS U 2ST (1
Je ool idw 53 23503 5 o0 (68 ESalys b Ol 15 5 Olies
238 o G S 5 (i i 05T e 53 (Sl
5 57 s Oleos (s (G5laOljar dlas (GGlo 4 4y o2y
LIS 5 i Old b oS 33 S5LuOljon (omen
Conds B OLL o Sl @l olanl golgidy Sy Sl eslid

RS PRV =™ C’ r...:..& Jf"i‘f)é odaT
S8 Shos (S0 Y
Gl Gl 5 s VY

jEJdeﬂf%jfﬁfd‘ﬁ“;d»;&&&fﬁu

1Y),
dq
ot 1a>0
ath: 1 ,q=0 ¥

J:(dr)‘q . q<0

o el sl bl i 4 by @ ol g 58 w50 G 0T 5o
24l oS S S e Slee 5l ol Shes
s S S el D R e e 1 8 o5
ol SIS She ol D Ree i saq gl
a0l ol 35,8 o 0y G2 1 Jsmmn 55bas 7 i ylas

el 55155 O Sl §

5 Riemann-Liouville
% Grunwald-Letnikov
" Caputo

doddo -

OFUS Sladons )3 oopr sl HB § oS 430 Sloubus
(FOC) oS 45,0 S8 5 )8 sl ans 55 (o st 4 0305 ode
O Dlikos 4o 8 53 e fad s O Olsie & JES peligs 5
SYlan 487 sl 0L Oliatils Tt [Y5)] ol okt = Jae LI
OT g 450 Sl pinlin 5 O FLE (slo ety )36 (6 oS 45 0
b s 65 Sl o 5 g a8 5150 55 5 ST o
ESalys b Sk )33 g 50 (Sla g SST) LB g0 ok <S>
b 8 53 oo T G030 (u B L 03 S
Lo $Salys [F] S ol &S > [¥] eblie 51 (5555
S35 5 [F] S5 Sagm b B2l (3 ol )55 [0] Jonbie
Sl 5o 9saT B, ds Wt Sl ds opl 55 -y
3 Sy 5458 0B S e i 5 sl ko
S 51 6okt 33 35T ol ok oalie . g 3Ll ¢l
33 G3lailejor rman 5 58T e S5 53505 3525 6 oS
5 omal Pl s S St b Glapta 53 2537 (s
= et (S 3lOle jad 4 Ol 50 OT (a3 3057 oukas 1l 5508
JAS 3 ge Soda K ges oylal el Sl s ys 55T gl
SLoles & 6T 2l L 5 (0557 GOl s 03503 b e 53T
4 Vsane 0L g SRS (Sl 65 430 (Slapes ol Jsane
$lale PID oaiS'd 287 .yl U S 45,0 gla odiSTd 1S
ol 3Ol sle Sole W 5 oyl Ja8 el 5o Vb
S g bzl by T b Sl (gl J ST sl p oS S
okd slgiiy ol JAS Ldr eSS 056 Sl e
S Sl gmie (Bls 63,08 ladal s 1 (g5l 55 s Lol (il
G sl B S e b eslizel 0328 5k PID oS
Gl JaS Calibe gla s (lJaolS 5 LSS by (63leOljen
V] s il o 2y Jold 08T (Sl (S5luile jon
b o€ s DTl ey dA] 636 U sl
QW F] Jlb 858 e JmS” Y] 358 e a8 MV ] Cae
RO INEPRRFLTY BF-NE Nty

DS U8 5 e S S St 1 (55le0lejan e 5
GOl jas (61 oo 5 it J ST 056 & sl 5 (58 o
D511 558 o eslial 5,08 Salus b 55T EryC—

old Cey (S AT e osb] Sl S5Ok jan 1#] s
ol alyl F}S G S Oluon e 33 S5l jan V] Sl

- Lgbsr:m:w 3 s &K sl il jer dlus ¥4] 5 .l

! Synchronization

2 Impulsive Method
% Backstepping

* LU

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

Y L;rfgfgirlajaxfJ/.:.'fjlo:\.é:..»\b.d;;&M@ﬁTdrfgfdhwdjbob}u

Cfﬁuygéﬂ}isw‘ynyl}é&

e e & - ) .
23 0dd oy 2 ot O =0, =...=(, Sl g Sl
93 Sl bz (51a 203 b (6 ST 45 5 s S5 3 pme (V)
el T lizels (gla el b (5 S 4 o e S0 gl

bl

G S 45 o Ut gl oI LT Y=Y

~pe 03 LeliSJ 28T (b s Ll o e S S ol
St SO 53 gr 488 93 i o) 03 L o 5 S sl
S S 45 0 gt SO LLES ) 5o Ll ol 7 o (58
Sl ) add Sl odh iy enlial 5 T lize (sla zalyl L
bl 3 3ph o ke e Gl el L6 ST 4T e (Slapts
Y a5 1) el ol b S 45 Slapien 0L

Wl r.:.al_,s’-
A5 3 5 25 S5 g e T g

Dix=Ax, x(0)=X, W

3 STl Sl brs s gl ot 2l 0<Q ST 0T 3 &8
e Al A ens pslie aes gl 5 bya S L

LYglast

|arg(4)| > a7/2 @

e 2l U 30 Gl ol G5 b2 ol
My i [AIG(A)] > Q)2 S1ecy) 053 S o S o
5o [Arg(A) =A7/2 T 3l a0 & Sl o35 polis 5 .l
4 oMl a3t VIS8 5 S e o | ML 5 ol

Wl el enls Sl 0< g <1 )l

pi@
Stable
Stable Unstable
gr/2 o
—qr/2 ”
Stable
Unstable

Stable

00 <1 w50 b s (6 S 45 o s Sl 2 L 03 50kme 1) JSCE

S 53 1y enlize (Sla el b (ST 43 0 e &

! Commensurate Orders

2 Incommensurate Order System
% Commensurate

4 Incommensurate

&Lb»;}.ijsddje:bblﬁ&&)f-d&)@;ﬁw—\@,)’s

IOl S s s 5
1 d" ¢ f(7)
RLDOf (t) = — d Q)
DO I'(m-q) dt™ ja(t—r)l‘(m"‘) ‘

q 3~ sn e s ol m s m-l<q<m OT b3 4S
Sl Ll oy e w5 T() s o
d?f(t)

dt*

ol a5 o 51 F () wb o8 e DO (1) =

VPl okt Ol 5 oy b O S-S e ¥ iy 85

DI (1) =

() 3ol () 7

TY0)cwt od 0Ly 5 alaily b 55 8 iVl B

;thf(t):
1 j~ f™(z)
r(m-q); (t-2)""%
dr
dt™
oNY b ol g ,'ljzf)}.c;w;.uwjjl m o7 ,s &

dr, m=1l<g<m )

f(), g=m

335 0 Ol ) aaly Gilae 58 (6 S Rha

e RS
L{ e }_s L{f(®) kzz(;s o,

m-1l<g<meN

2 Bl mmo e lagria LB g5 ~0le Gt OV,
S adgl Ll s Gl 4 s e b g8 S WY us

(..ulb
L{dqf(t)}=SqL{f(t)} ()

dt¢

sls (1) daly 53 S Grte Slae Gl 4 o5 b aslsl s
- S 0 40 5l S Gt Rl 0l 4 DIX(E)
D) 0Ll Bl i (s (6 50 e S5 IS LS 50
S 5
{qu(t) = AX(t) + Bu(t) w

y(t) =Cx(t)

W sl s e yeRP s ueR” xeR" &

CAER™ 5 wil ot (s Sl 5 S2505 Sl

sbas s B q=[0,0,,...,G,] 5 CeRP" BeR™

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF ojlad Ao o] 287 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

L;,Sm;fg‘i:.&axf_‘dﬁfj\e:w.»lp;J;;S.JWS}&TLg,SQ,‘dLAM@LﬂQh}u f

Cfﬁuygéﬂ}isw‘ynyl}é&

_dqlxl _
dtCh
d*x,
dt® |=JIX ()

On
d™x,

L dt* |

bE b (0P e uS1S eSS
25 b Bt Sl e Sy X=X, X0 X

ASL 1

larg(4)| > ﬁ (%)

det(diag([ﬂ’\"ql Mz 4 Men ])_J) —0 s at, A

e b O 5 Uj St Cpln 5 Se S M 0y

i e 5 S s e eias 0L diag([my my, ... m, )

m, 0O --- 0
. 0 m,
diag(m m,..m = . . )
0 0 ---m

n

el ol oMl o 53 s G (6 S Ol S a2 e

Covd Wilgge @bl eapdoe 53t ol el S
3 S 4 Ol & Sl e a5 5,815 G g0
Bl g5 or OLSS Jarl 53 OT e 4550 Oy b gl 3 e &
03 S alp b T s eolbl Les Bl e Bl
Loy il olad Ot oIl 4l (68 i (Sla gt
Lol Condy 68 i m Glaptem 53 68 Sl bl i
5o 25T Slapten Al pl 53 58 Al o LOT LG

ol ol gy it (Sl a5l b (6 S

S5 48 0 (Gl o™ J 8 (T
st & 58 e PID oS o8 (1l 2y S ol 00
55 Giledlijer imer 5 Oluer 58T (s 55 (Gleilejer
ol 03l eds ) (S Sals b Olenn b (05T (s
S L 5 b G5 056 G LPID oS 2857 ol 2
RS g 33 e g Al (S5 L a dloms OIS

¥ Joml ods peends ks PID o8
Al .ut},'.rl,,u'tﬂjdl,-pélﬁéjuou}w

! Commensurate fractional-order chaotic system

D% = f(x) )
25 e Jo b gt dsls bl X €R", 0<q <1
LT
f(x)=0 an
ol ol STl o Sl b s e S0y Bl )
Ll ok dbos J3ls B ol 53 S AT LT3 5l s
ox

I["?)YV]v\lfujl‘)(ﬁ)@b)éa-\fh;‘abﬂ

A, K sy 5w N Ls,..SLQ»-v.;Mfw

d%x

dtql = allxl +3.12X2 +"'+a1nxn

dq2X2

dtqZ =ag1X +ayoXy ++-+axnX, Oy
dqnxn

dtqn =ay X +apXo + -+ Xy

S e & e e 0 S S M ST (25.0<q <1
-s ABL g, Lo bt (U
o =Vi/u, U, v) =L u,v €2t fori=12,...,n K5k
Gl B8 prucw 4 bye A(A) aaieis dblae (Zondy ol )2
33,8 oy 5 4,
A(A) =
AM—ay A, ey,

Mg
—a,, AT —ay, - -a, ar)

n

Man
—ay —a,, e A —a,

n
S Ol 4 S e ML () o s el oT
s 5> det(A(A)) =0 dsles sla iy m bs 7y 4er S el
5 wakie gl A(S) A8 Gue |arg(/1)|>%
S ol (O) ot aasiia ol dlex L det(A(4)) =0
A3 1y 5 celizel (68 el b (o b ptes S [YALs 53
¥8]a 5
d%x
dtqi

= f, (X, %,,...,%,) fori=12,...,n 0"

3 L gt Dl B X =[X], X, X ] 4 25 b

Lol 5 Oy sea LGl J ol ‘_g)‘l..ndlzs-r:m,u

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

o L;rfgfgirlajaxfJj.'fjluu:..»\b.d;;&mgﬁTdrfdgdeaMdjbob}w

Cf@&&»;éﬂ}isw‘yny@&

o (Soalys gl 4 a5 b (58 Salys LPID oS’y 8
Wl g Oyse

Upp (t) = K D%, (t) + K, D’e, () + KD e, (t) ()

Sl g o2yl eslizal UPID (i 5 Upy =U 0T 55 o
O3l LI L Cwl maly b walg by Obsl S s,
g w43, PID SUzS @ =0,A=-1u=1
-J 58S al3T 4y 4§,.:..‘:..~4{J:,abbqwd)-u: Blol b opl ply .oils
SRS S b 55 Gt Jes @30T 5 A sl i S
4 58 oS ES Gl eyl o2 gons L LSls el L S
Wl i Sy

-1<a <0
-1<A<-2 xY)

0<u<l

Aol Yo ol b I s 050 e st 4
S N

DMy, =D"x, +...+k,D%, +ke )
S S 5 Do 4 (SN e e

S=Y.— ¥, (YF)

(o> s ol s o el Jb S =0 ljla 354 e
Yo =Yr )

1l el (YF) 53 (Y0) (6,1 ol U

D"e, +---+k,D%, +ke =0 (¥$)

Wl 5 Doy O s aaly L sldd e b

qu1 =8,

D, =e

. 2 3 =D'E=AE (Yv)
D, =—ke, —ke, —--—ke,

ol wl B s gl by s sl A

e s (TN 5w 0lf e h E Guibs A sl

250k 25
0 1 0 0
0 1 0
A=| : : oo (YA)
0o 0 0 o0 1
-k -k, -k, -k,

Lol s 5 DL 6Sals L Olas (0557 ot 551 J 91 Il
463 5 al e Olge 4 e G Bl e Oslize 4l
o g Ot ot O g
3 Dslite Salis b Olens ;b 53T e 33 :£90 >
S 34l e Ol 50 4 s 80 LBl 0 sl 4l Ll 5
el Ul 3 e O 4
GloiSJ 8 b Coda J S o8 s 51 G I 53 s s
) s e Sl Sl 55, Jsins Ol Se & s S il e
i g S UES b e &l al i s
Blon 1y 6 Salys U N e i 55 codd iy 3

(S B 9 e 5 4 s Ol 4 5 4 ) SVl

qul =X;
D%, = X,
. (\A)
D, = f,(X,t),
qul =Y,
Dy, =y,
: (\4)

Dy, = f,(Y.t)+u(t)

5 Y =V Yo Vel 2 X=X x| S
72 0<q<l 5 bl s peee 5 Al e o -
b Gl e $SCalys e e (Y 1) 5 f(XT)
“Oljer S S el S IR O u(t) b 5
dal g oal 3 (galgii oS 28T Lo 5 g 5 il SlapReee 5L
A

“Oloser sl U() ol J8 U & Oy e &
S e s ) Sl

e=x-Y, fori=123,...,n (Y+)

el odd osls e Y S 3wty il s (STsk ol

PID Controller

Adaptive
Low

S 432 PID (las 08 287 sty il s (S5 25 Y S8

! Master
2 Slave

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF ojlad Ao o] 287 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

L;,Sm;fg‘i:.&axf_‘dﬁfj\e:w.»lp;J;;S.JWS}&TLg,SQ,‘dLAM@LﬂQh}u 7

Cfﬁuygéﬂ}isw‘ynyl}é&

sy sl IS 56 oIl 5o PID ol s adsl al i s
SN 055 G SVsls 3 0 =1 sl bl
3G S b Gl 058 6 il 61y YAl fol Gl
) <o 4 PID omszséﬂfﬁgm‘ot,.ﬂ\»j;uL;\ﬁ

1 gd o gl&sﬂ‘

T > R
o

q-1
q-2 2)
q

S dal g el 5Oy 4 Gedad O 8B Ol gea (FO) e 5 cpl 4
Kp =—75e,()
. t
Ky =8 e()dz )

d
K, =-7S—eg,(t
D /4 d'[el()

(O la bl SBT3 50 e edalin B Lilss 4 ar gL
spoms ol ks dal g el sl Gl 056 V) il 4 5 A
;Lﬁtqﬁg,.\_mWd;t;Téuﬂl,gétﬂsuu@j.Lili
L aSd .l 0 Jlosl (65lo aud 3 s gutons ol dl .Sl 0
Lozl ol o polie oy jtelin 51 (G last 5 mw 2gy 5 ealizul
el 0l Ol 0SS (6 S

i (90T (S pups ol d (S y20 -F
Ay 9 (o
G S 5 i 958 T s 93 (Sales DYl

I Y] ks ,s (1) 5 (FA)

X=X,
X2 =X (*A)

; 2
Xy =a X +a,X, +a,X; + X,

Yi=Y,
y2=y3 (Y’*)
y3 =b1y1+bzy2 +b3y3 _y13

cag =3 =-045<0 5l & e s ol

s, ay=-1<0,bh=08>0 , ap=b,=-11<0
s (50T (R S i 1 gad s g OW 3 I 052 T
ma el Wt 3 (23T Sl O 8IS 5 (o8

Y PNV-PR PRI % ) (S-SR

E=|. (Ya)

Sarles b gt ol b2 Ky palie i sl
Sl S Gl & ab wals Loyl ([arg(A)|>q7/2) s u8
D5 bs 6l 3,8 Al e i 4 e ltie T —> 00
25 oge 4l OHL ml e lS U S Gl el sk o
S s S

V(=250 =

Db i g Ay O en A b LS
V(t) =S(t)S(t) <0 (1)

:ﬁ)lzygbﬁé)l}ﬁa)yp
fim$S(t) >0 1)

PID ol e sl bl Gl 351800 655 4 0 61
b on Jlael iR b 05 S xS kit 4o 0ol § 5y,
3 ol o (6531 e N OL31 S (e 025 S
W.[W]MJ_(JAMuMd;f%IFG_\)i&A@;;);
S LT el Sty oS 28T Lol b el 056 ol Sl
5l (V) 5 (V8) Sl oslinal L [# ] st b 0y ¢SS 3.8

AT o Sy
S(t): yn _yr: Dliq(Dq(yn))_yr:

DRF () U ) =Y,

(203 S s () s b oS L
S(t)S(t) =
SE[ D (F (Y, 1)+ Upip () -V, |

(¥fF)

adaly Sy g0 4 PID s 0L gy 3l eslinal b Culgs 5o

R BIIES

85S 8SS AU -a(pe
=y -, O Moo __gptapee (1))
P oK, OUpip Ky
2SS 35S OUpip -4 (p*
=y 22 o B2 Fhib - _,sDM(D (M) (re)
! oK, OUpp 0K, 1
oSS 8SS OUpyp

=y = =—ySD"(D%e,(t
D 75KP 7auP|D Ky 4 (D ey (t))

e g bl s Sl 850 5 eliS s (V) )3 ) &S

S 3L 5 il Dbl 33 8 sl e sy e Ll 2

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

v L;rfgfgirlajaxfJ;Sjlo:\.é:..»\\fd;;&wgﬁTdrfgféhwdjboh}w

Cfﬁuygéﬂ)}‘sw‘yn&;él}&

x2

131 4 (5 S ESKaliy s b (o grier (o 55T i Sl 0 S

1
05-
o0
A
d
05 %
EN 05
12\1\ e
— ~
08 T yd
06 U:r-—. —
x1 02 05 x3

0=0.86 (o131 4 6 S Sealys LIS 0t 52T 2 518,19 S

S O bl ks e aalin 50 oSS 4 a5 L

u’.w:xm.:?&)_ZTM%,TQ(’FY”))(\CY));L.\.ZM»}W
Jeo oMl Gy go3ls Cs 1y 55 53T Sl SIS
a3 (sl oSS s Shes b)) skte 4 S
Oleos 53T (w55 Gileiljen gz 3letin o2, S
e 33 S5Ol jen romes 5 Dolite adsl polie b (ud= s
osly Sslize sl slie b SIS 5 i gt Oleos b o337

Al dal g gl
Silwdns -0

5 ol ol plowil Lt S o 1 e3linal L (6308 (g5l S

Slapton 4 by o 6 oS 45 g0 Jouil sy SVslae de goms o 5
ol L' S-Sty oS Jo 5 CRONE i1 ancr 51 5 5 4l
e Sl 3 Bl add eslisal ) Tl b B8
5 el ol s 5 (e plul (5l sl )l
oy Sl 53 8 (61 s ey 5 DL Ll 5 ol o

3 Ol o 4ty polie dloms (511 il oa gy polie ol )T

! Runge-Kutta solver
2 Fixed step size

IS e 35T D3l e F S

(F) i 4 1) SIS 5 (i sl Sl (5 S Ssliy>
ﬁ,_f@,lmp(\‘\);
D%, =X,
D%, =X, (F+)

q _ 2
DX, =aX; +a,X, +a;X, +X,

DYy, =Y,
Dy, =y, (FV)
qu3 =b1y1+b2YZ +k—"s,y3 _y13

‘5ur;.f.~);@,.ﬂ,l:§,¢;;u‘5\ﬁq Godgdos (A) a5 b
AT o Gy (FF) 5 (FY) 5 5 4 SIS 5 (god s
g >0.9262 (FY)

g > 0.8656 (V)
(S Saly> b SIS g (oo = g e S dnis I3 gl

oals ol § 50 JKs 53 0=0.86 5 =091 ljle sye

PR

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod Ao 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

L;r.fmgfd&:.ﬁa&:f_‘dﬁfj‘uu:.»llfd;j@r@s}iTéfSQfdbwéjboh}u A

Cfﬁuygéﬂ)}‘sw‘ynyl:éulﬂ

10 : . : : .
ofW\/\/\/\/\/\/\/\/\/W
5 | \ . ! \
o s i is 20 25 30 35 o as 50

Yoty
§

o B 10 15 20 25 30 a5 a0 s 50
20 : : - - - : '
F OWNMA/\W/
20 . \ . . \
o s 10 15 £ 25 30 35 a0 s 0
i

bods (5leDlojon 5 5 4l ot Sl (gla it Sl ey v ST
1=2'5€C )5 o 45 0 oy oS J 257 Jlos]

10 : . : : .
04’\/\/\/\/\/\/\/\/\/\/\/\/\/‘
5 | \ . ! \
o s i is 20 25 30 35 o as 50

Yoty
§

o5t s % s w s w45 m
20 ‘ , . ‘ . : .
: °W\/\/\/\/\/\/\/\/\/\/\/\/
o ‘ . ‘ ‘ ,
I T I B T Y

0k3 (3LuOlejon 55 5 4l ot Sl sl iin Sloj ey A S5
122 S€C ;3 (5,8 45 o ks 0SS Jlas! b

O dlb L 033 8 s stalin A 5V cla S 51 S 65 0les
3 54l e o (gla iz T=2S6C damd 55 J S IS
4 bye ilibjes gl aS o JUs o 4 | jim
)Aé%ﬁf&#ﬂ”J}Sﬁcwuf&:ﬁoijs
Al 0k 0305 0La5 4 IS

s e el LSS 4 by SRS IS e
Sl ol 0305 Ol Vo JSKo 55 (6 S 45 o ke oS 257 5

1
0]
a
2
s

@
5
H
n
48k
&
H
a
8

t{sec)

oSS Jlasl b g g ol o b (gla it (sl R S
S S 45 (kd oSS g o ks

FPID
PID

uly

[} 5 10 15 20 25 E 35 40 a5 50
t(sec)

S U S g o il oS U S by o J S IS ) S
G S 45 o (ks

P B R P P ST SEPR PN RCC PESPJPY
Wb el g @lghy oS TS bl @l ebeT ey
Sl oS S5 5 (PID) s 30 oS U8 0o sl

el 3 sgtn ol o 53 (sl (PUMDY) (S 4 e

iz Olas (53T 0l 55 (5luOlejon V=D
G Salus b T

T o5t T Gapts 3550 53 S ol pfege JI S
Oljan cplply ol adsl plie 4 gt (ol ol 355
Coesl (gls Sglite adsl Ll b Olees 058 T 0t 53 (6L
b i iz Olnd (2527 o 55 (S3Lollojan jshte o .ol
Olge 4 6503 5 4l e O3 4 1) s &K (5 8 Sl
s g 4 L U) S8 IS 5 88 55 g (e
St S5ludlejer Lo 28 IS U(L) oS o Lo
~e SOl o oS J ST (b S Ooda AL e 5 5
© oS e o s el Gl (Rl pl ABboe 9 s L gl
S o 53 5 sladal, ) s

qui =%

DX, =X, (FF)

D%, = —x, —1.1x, — 0.45%, + X*

qul =Y,
D%y, =V, D)
D%, =-y, 1.1y, —0.45y, +y,” +u(t)

54k i ez 58T s 53 6l S5l At gla el
s % S Salys L I
adsl ol .l ous Sl & =18, =-1.1,8, =-0.45
Cose a4y Doli e e gl b
B [ %,(0),%,(0), %3(0) ] =[ ~1.0038, 2.3548,—0.086 |
crmen st bl [ Y5(0),¥,(0),Y5(0)]=[~1,0.5,0]
ilan (PUMDY) (6 8 45 0 i otiS U 557 ol adyl palie
Aoy § Slsesl ) g

Jol b (gl oS I 287 4 b gy e 5k 4t Sla el palie ) St

Simulation 7 | ko(0) | K, (O) [ ko) | @ | A |H

Parameters

Value 0.1 5 5 5 -0.7 [-1.2]0.98

e 33 Tl sl it Sl el 55 0 A 5V b S
“J 7S 5 PID) s 43 0 ol oS U287 4 by g 5
-~ 0l §=0.98 clil ety PU'DY) S 5,0 ks oS’

L

Journal of Control, Vol. 5, No. 4, Winter 2012

1P Glins; oF ojlos Ao 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

q L;rfgfgirlajau\;fJ;Sjlu:\.é:..»\\fd}f)&JM&)&Tdrfy&féthjboh}@

Cfﬁuygéﬂ)}‘sw‘ynyl:éulﬂ

o o 20 £ @ 50 &0 70 a0 a0 o
s . - - . . - .

i DWVWV\‘WW\AJ\/\/\-’\/\J\
o o 20 30 a0 0 0 7o a0 %0 00
® . - - - : : . . .

sk |

P D\WWW"\N\N\NWV\-
o 10 £ £ a0 50 &0 7o a0 50 o

\see)

bgéjuou}@,ﬁ,qgwdusuﬁm@u;@g:wJi.:
1=2 SeC ;5 (5 S 45y ks o liSJ 1S Jlas! b

O Jleb b 033 8 a odalia) Y 5 VY gla S5 51 oS 6 8 0les

33 b R S sla e T=2S6C dd 55 J 287 S

JAS 4 by e 5ol jon sl S o Jbis 55 4 5 Sodes

IS 9> S 45 pp eSS U S e 45 pp ks oS

) ol 00> OLES VY

o 1w = s 4 s e 70 8 s 10
5 T T T T
. A
e —\/\AWW‘V!' Yoo
R R
10 . . ‘
. A
= Ahhaad
0 . , ‘ , ‘ ,
o w4 @ s s e

oS J 28 Jleel b 55 4l oo Sl (sl e oy sl Y IS
S 45 o (ol oS U RS 5 s e
Gl Sl s b3 e alise W S 51 6 S 0kes
AL (oS e e (el oS S Sl (lelle e
o a8l U ) (5 Sl b T o 5 el |
© oo s al Glpte Sl o Ola e o S Gl ol
S oS 430 Sl oS S s 43 0 il oS 1S S
Wl ol aua ¥ J g 53 (ST Doy geots (S 5A e oS 1S
Sl 4 33 e AU S 4 b (Sleblijes b roes
ol o o305 0LENVF S 55 = 0.98

2

I T T S - s T T Y
) . . . . : .
=4
- e
2
4 °J/V\I—J\/\/\/\/\'J\/\—/\/\MW
T T e - I
ey

gau@uouﬂm,ngauéuﬁ;&@u;@g:w‘}g
A e oS J 28 Jlesl

“JAS (B L 0SS 4 by SRS IS s

\Ot}gﬁjédﬁuféfﬁawd%}c:m&:«bﬁam

ROV PR U\ E A

Oluner & dﬁTM}) SolwObejen  Y-0
G S Salys b IS 5 (oo g

ESalys b SIS 5 (o i s 93 (S5l jar ) slite &
Wl el L OIS 0T e oS
(e 5 &l e Ol 4 [%,(0), %,(0), %,(0) |=[0.22,0.21,0.61]
sl ol L e el
22 35 e U5 4 [,(0), ¥,(0), 5 (0)] =[0.1,0.41,0.31]
— ot s 4 U (L) IS 63550 cnlply sl 0ks 43 8
e ($5Le0le s g (S5 I U (L) oS o BLS1 5
GHilejar oS Y28 (b 5l Os il e 5m s wl Gl
4o o al Glagten (gl ply Kb 5 5wl e
S o A3 5 Gy S 4 S

D% =X,

DX, = X, (£9)

D%, =0.8x, —1.1x, — 0.45x, — x°

Dq)ﬁ =Y,
quz =Y, (YV)
D%y, =-y, 1.1y, —0.45y, +y,” +u(t)

G S Sl d b g gtz s (81 (S5l b sla sl
bl B s gllas (5 S &Atﬂb\{d;wdhﬂl)lﬁ'}
&Mdﬁﬁf&ﬁuﬁd}jvﬂﬂ @)‘ﬁbw.w‘um

lodss & Sl ¥ Jad

r}}&&é'ﬂﬂﬁd}{@kﬁf6}@%6“P'JE$QL&&:YJ}v\?

Simulation 7 k@) | ki Q) [ ke(O) | @ | A |H

Parameters

Value 0.1 5 5 5 -0.5 | -1.2 (0.98

Sk oS IS w Lgie gim 5wl e S5Ol jer il
4 0=0.98 (il 4 58 450 ok oSS 5 s 45 0
el 0 0305 OLENY )Y (gla ISKE y i 5

o 10 20 30 40 50 80 70 80 20 100

R P R N P T RN &
122 S€C ;5 e 45 o ks oS J 18 Jles|

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod Ao 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

L;,Sm;fg‘i:.&axf_‘dﬁfj\e:w.»lp;J;;S.JWS}&TLg,SQ,‘dLAM@LﬂQh}u \e

Cfﬁuygéﬂ}isw‘ynyl}é&

0 o S I ity Blod 4 (608”45 0 kst PID oS
3 Sdas 250 o oS U 2S5 s 45 o ks PID oS’ 28
S S S IS I aals & 5le0b an sl 5 3,515 S e
3 S50l jon S Blod 4 (558 a0 28 S a1
Lal 3,513 (5 pmlin 3, Shos (53lgieg oS 28 4 S 5kl
5 o (ol 0187, 4y Lo 0T J 287 IS el
IS el 0T 55 & (g5le0le jan Pilows 51 (535050 53 ol ol ol
o sl ol godar oS 2S5 eslinal 05 pls el J S
L F e e e A 1
23l (g S 4 o (S 5 oo 45 e el (A e oS

3 g0l Aoy 9 i

&y
[1] Ma. Chengbin, Fractional Order Control and Its
Applications in Motion Control. A Doctral
Dissertation, Department of Electrical
Engineering, The University of Tokyo, 2004.

[2] O. Valério, Fractional Robust System Control, PhD
thesis, 2005.

[31 IS. Jesus and JA. Tenreiro Machado,
“Implementation of fractional-order
electromagnetic potential through a genetic
algorithm,” Communications in Nonlinear Science
and Numerical Simulation, Vol. 14, No. 5, pp.
1838-1843, 2009.

[4] T. Sottinen, “Fractional Brownian motion, random
walks and binary market models,” Finance
Stochastics, Vol. 5, pp. 343-355, 2001.

[5] ZF. Dholkawala, HK. Sarma and SI. Kam,
“Application of fractional flow theory to foams in
porous media,” Petroleum Science and Engineering,
Vol. 57, Issues. 1-2, pp. 152-165, 2007.

[6] R. Hilfer, “On fractional diffusion and continuous
time random walks,” Physica A: Statistical
Mechanics and its Applications, Vol. 329, Issues.
1-2, pp. 35-40, 2003.

[71 MT. Yassen, “Controlling Chaos and
synchronization for new chaotic system using
linear feedback control,” Chaos, Solitons
&Fractals, Vol. 26, No. 3, pp. 913, 92, 2005.

[8] C. S. Chen, H.H. Chen, “Robust adaptive neural-
fuzzy-network control for the synchronization of
uncertain chaotic systems,” Nonlinear Analysis:
Real World Applications, Vol. 10, pp. 1466-1479,
2009.

[9] S. Li, Z. Ge “Generalized synchronization of
chaotic systems with different orders by fuzzy
logic constant controller,” Expert Systems With
Applications, VVol.38, pp. 2302-231, 2011.

[10] M. Haeri, M. Dehghani, “Robust stability of
impulsive  synchronization in  hyperchaotic

— FPID

——SsMC |

ult

50 60 70 80 90 100

:mdﬁjwwumdﬁbyféﬁd@\aﬁ&
A e oS YRSy (S 45 o ke

GOl jar oy 033 8 o i VF S 51 ST 6 S 0kes
b bl ol iy (galgiiy 0diSTd ST 4 S G558 e oS 1S
SJ S s IS IS ity & 358 r iV VO S 4 kg
68 55 s PUMDM) o3ty oS U 287 4 Cod 853 oS
S kel oS U S s S8 I ity polie el 5
M@ﬂhoddﬁf}éﬁﬁr&#odd}f‘w
.Cﬁw‘o.\iwun\cdj&)Jé{Q)y

Sl 4 5 5 0l Gl g Gl Silay o o 08T sl o It

LSJ-«S“J;“GE:JGJMLSJJLSJPlD)CMAJf ;a...]a_»'n "o.,\.'..'.fdj;;f
SMO) &30 ue 0iS™J 287 (p“|’\Du)

q
9=0.98 | q=0.96 | g=0.95 |g=0.93
Controller Type

e; | 0.0403 | 0.0225 | 0.0172 (0.0183
PID e, [ 0.3439 | 0.1836 | 0.1389 [0.0769
e; | 3.5146 | 1.9931 | 1.6026 (1.1237
e; | 0.0234 ] 0.0162 | 0.0148 [0.0152
FPID e, | 0.1467 | 0.1127 | 0.1155 (0.1023
e; | 1.1291 ] 0.7339 | 0.6789 [0.4359
e; | 0.0043 | 0.0038 | 0.0035 [0.0030
SMC e, | 0.0044 | 0.0039 | 0.0037 (0.0032
ez | 0.0331 ] 0.0315 | 0.0308 [0.0225

4 s ST S 4 by e J S IS ity F s
e st 255 PUDM) 6 S 3 o st oS0 28 (PID) s
SMO)_ 233

q
q=0.98 | g=0.96 9=0.95 | g=0.93
Controller Type

PID 23.1487 | 22.1743 | 21.5946 |20.4491
FPID 11.5679 | 10.5274 | 10.0259 | 8.0398
SMC 101.5685|100.0968 | 98.7933 |96.3575

S5 dxib —F

o Sl (6 S 45 o ks PID ouiS™J 28 oS5 Wlas ol 5o

L (s i Olat (0527 ot 53 (5L Ol jon 6l (5540
Olns b (2551 (s 53 (S5l Olojod izmas 5 (5 S Sl
'LJJ—:SQ‘QC)L“&).LN%@Lﬁ.%:f@‘kd;}gﬁ—w

Journal of Control, Vol. 5, No. 4, Winter 2012

WAL Ol s oF oylad Ao o] 28 aloee


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html

[ Downloaded from joc-isice.ir on 2025-10-16 ]

[ DOR: 20.1001.1.20088345.1390.5.4.1.2 ]

A} L;rSA:JfgirlaiaxSJj:.'f)'lo:\.é:..»\b.d;;&M@ﬁTdrfgféhM‘sjbob}u

Cfﬁuygéﬂ}isw‘ynyl}éf—

[23] K. Miller, B. Ross, An Introduction to the
Fractional Calculus and Fractional Differential
Equations, A Wiley-Interscience Publication, San
Fransisco, 1993.

[24] 1. Podlubny, Fractional Differential Equations,
Academic Press, New York, 1999.

[25] M. Caputo, “Linear models of dissipation whose
Q is almost frequency independent-11” Geophys,
JR Astron. Soc, Vol. 13, pp. 529-539, 1967.

[26] D. Matignon, “Stability results for fractional
differential equations with applications to control
processing”, in: Computational Engineering in
SystemsApplications, in: IEEE-SMC, Vol. 2, pp.
963-968, 1996.

[27] E. Ahmed, A. M. A. El-Sayed and H. A. A. El-
Saka, “Equilibrium points, stability and numerical
solutions of fractional order predator-prey and
rabies models”, Journal of Mathematical Analysis
and Applications, Vol. 325, No. 1, pp. 542-553,
2007.

[28] W. Deng, C. Li and J. L, “Stability analysis of
linear fractional differential system with multiple
time delays,” Nonlinear Dynamics, Vol. 48, pp.
409-416, 2007.

[29] M. S. Tavazoei and M. Haeri, “Chaotic attractors
in incommensurate fractional order systems,”
Physica D, Vol. 237, pp. 2628-2637, 2008.

[30] W. D Chang and J. J Yan, “Adaptive robust PID
controller design based on a sliding mode for
uncertain chaotic systems” Chaos, Solitons &
Fractals, Vol. 26, No. 1, pp. 167-175, 2005.

[31] R. Genesio and A. Tesi, “harmonic balance
methods for the analysis of chaotic dynamics in
nonlinear systems” Automatica, Vol. 28, No. 3,
pp. 531-548, 1992.

[32] A. Améodo, P. Coullet and C. Tresser, “Possible
new strange attractors with spiral structure”
Communication in Mathematical Physics, Vol. 79,
No. 4, pp. 573-579, 1981.

systems,” Communications in Nonlinear Science
and Numerical Simulation, Vol.14, pp. 880-891,
2009.

[11] Jian-Bing Hu, Han Yan, Zhao Ling-Dong.
“Synchronization in the Genesio Tesi and Coullet
systems using the backstepping approach,”
Journal of Physics, Vol.96, pp.1-6, 2008.

[12] zh. Hao, Ma. Xi Kui and Liu. Wei Zeng,
“Synchronization of chaotic systems with
parametric uncertainty using active sliding mode
control,” Chaos, Solitons & Fractals, Vol. 21, No.
3, pp. 1249-1257, 2004.

[13] M. S. Tavazoei and M. Haeri, “Determination of
active sliding mode controller parameters in
synchronizing different chaotic systems,” Chaos,
Solitons & Fractals, Vol. 32, No. 2, pp. 583-591,
2007.

[14] M. S. Tavazoei and M. Haeri, “Synchronization of
chaotic fractional-order systems via active sliding
mode controller,” Physica A:  Statistical
Mechanics and its Applications, Vol. 387, Issue 1,
pp. 57-70, 2008.

[15] H. T Yau, “Design of adaptive sliding mode
controller for chaos synchronization with
uncertainties,” Chaos, Solitons & Fractals, Vol.
22, No. 2, pp. 341-347, 2004.

[16] C. Li, X. Liao, J. Yu, “Synchronization of
fractional order chaotic systems,” Physical Review
E, Vol.68, pp. 067203, 2003.

[17] W. Deng, C. Li, “Chaos synchronization of the
fractional L0 system,” Physica A: Statistical
Mechanics and its Applications, Vol.353, Issues.
1-4, pp. 61-72, 2005.

[18] J. Wang, Y. Zhang, “Designing synchronization
schemes for chaotic fractional-order unified
systems,” Chaos, Solitons & Fractals, Vol. 30, No.
5, pp. 1265-1272, 2006.

[19] L. Pan, W. Zhou, J. Fang, D. Li, “Synchronization
and anti-synchronization of new uncertain
fractional-order modified unified chaotic systems
via novel active pinning control,”
Communications in Nonlinear Science and
Numerical Simulation, Vol. 15, No. 12, pp. 3754-
3762, 2010.

[20] J. Lu, “Synchronization of a class of fractional-
order chaotic systems via a scalar transmitted
signal,” Chaos, Solitons & Fractals, Vol. 27, No.
2, pp. 519-525, 2006.

[21] Z. Ge, WR. Jhuang, “Chaos control and
synchronization of a fractional order rotational
mechanical system with a centrifugal governor,”
Chaos, Solitons & Fractals, Vol. 33, No. 1, pp.
270-289, 2007.

[22] A. J. Calderon, B. M. Vinagre and V. Feliu,
“Fractional order control strategies for power
electronic buck converters”, Signal Processing,
Vol. 86, No. 10, pp. 2803-2819, 2006.

Journal of Control, Vol. 5, No. 4, Winter 2012

VP Glis oF ojlod Ao 0,28 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.4.1.2
http://joc-isice.ir/article-1-70-en.html
http://www.tcpdf.org

