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Adaptive Observer-Based Consensus of Fractional-Order Multi-
Agent Systems in The Presence of Actuator Fault: Event-Triggered
Scheme

Fatemeh Gholamil, Mahnaz Hashemi, Ghazanfar Shahgholian

Abstract: This paper addresses the distributed event-triggered control design for a class of
fractional-order strict-feedback uncertain multi-agent systems in the presence of unknown actuator
fault by employing backstopping strategy. To reduce the communication burden and unnecessary
waste of communication resources, an event-triggered control signal is designed. In the design
process, considering that the information of followers” states is not measurable directly, the fractional-
order neural adaptive state observer is introduced to estimate them. The adaptive neural laws are also
proposed to eliminate the undesirable effects of the unknown nonlinear functions. Then, an adaptive
fault strategy is applied to compensate the loss of actuator faults. Besides, based on the Lyapunov
fractional-order stability approach and graph theory, unlike the existing results, a distributed event-
triggered adaptive observer-based control architecture is designed to ensure that all the closed-loop
network signals are ultimately bounded.

Keywords: Adaptive control, Event-triggered control, Fractional-order systems, Multi-agent
systems, Neural networks, Strict-feedback systems.

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

b Ve el i o3l =011 335 13l 5 S Olectige ezl o 287 ales ool s rOSSa s ege sy 5


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

S i-sl gy b L Sles e i 53 (5 S e eledkr (slapt Al Sodalin e plax! v
ol:ls.al.: M ‘L_g“-:’h )Lg.a 4643\1"— 4bld

ok 1)) J S sl SGs s i o5 ol old gy sletis
Sla ot 5 oo WIS st aledin Slaptec (6l Lo
63,8 St 1 (b o ST 5ls S st 2 olotis
S5l [YF] ol o 05y Slabagl g2 Y] Sl 2 gl e
sthte Sl gt L OIS a1y 0 b 5 [YO] (elaw 5 5 (onlam s
el (63,05 Wt S35 g1 ellan gl s 38 Je et 8
g @y @36 il Seaslin b ([¥5] s
5 15wl 3,50 pLal Shas i )3 oo 4 o Julotir
LSS Sl L Sl s (5113 andllan 5550 Jlole i s (ol
st Ot (B O (o 12 J 287 s s fed & el 03
Slp s ks b0l glor! odiS S ([YV] s .l
03,0 4l Cusgdone AS phm 3 SSSG el O
Gl ol ol Kes Ol ods 11 o8 s 55 (ol 0k 1 b
Jﬁl};g,\b,”l,&jl‘p:*“cﬁuoujjjjjlasu;wl‘}:l:q;uc)‘js
YA] 3535 5 oo (b yme ol SLIS il 4 amie S il e
glor dlie Jo (51 asein Ol b (Al e J 287 o2, 831 35
LYL 4o o ot codd 4B S 5 53 a0
il Shoe oo 5 o lasl J 28 Sla g ¢ JolS Sl 3 pons
O el SLaeSialts o B S (e LSSl osDle
Wl 0 03
Ll alediz (slagtm §5Lde 51 (2 520 sla3 S sy (30 )
3 S olie fudlas OVsle ((dslar fdl s Yl
Gl 4,5 15 0okl 5y 50 (6 mS 45y il o> S Voles iman
4 Ol Sl (Goles ar s (Zonly b iy Sllail skt 4 [Y4]
Sl e dle Ol 4 Clodd o (ST 45 0 Slapte
S S M) o, Y S - sl
O3 Sl gn & STy ST 55 (i Oscb Sla 2 b y3 25
Loly oS = 53Tk 5 eSb 55 8 e Sk el 158 3 i
bl [¥Y] b e 5 3T Sadasac o 35 2
GrS 450 Gt Sype & Ol5 o 1y o 5 Y] (S S
) AV 6 S 4 0 Glagn 0351 5 58 5 4 4 5 L3 s (S5l
@8 513 sp sose 5 esle Sty (5l gt p s
(S Sliia G Sy 5l Fa s St 4 s Lyl
W Glednr Glagta Gl e old iS5 IS Gt
b § 6 oS 43 e ook gt (51 Loctos 01 5 03| o
b el gt @l 0t w5 IS o s YF] 55 sl
Ky ol okt ) EUSE S shacSenlis | 5,5 4
Slaptoss ©lp Y0] 5o 5 Glas edd mi5 JS F
A e oS P S PP s el 0kd 18 et Jeles
35 Sl b alodin s b (6 S 450 (s Sl 0l 55
VY] ol s 55 wlul a4 Sl ol 1,1 8 U1 Sl

doddo -

S e S Sb RS lasysls B aS b sl sladle )
Jots IS el 53 Cosmme o] S5 4 sl 4 Sl sl
b T wlg e Ol S s sl gy 4 81 VY] Sl o
L;uﬁuu)&;:,wcumwwbwuﬁg&,ﬁ”;{
2o JAST s o dFd] das e s 1 (G55 B e 5 AL
b4 Gluloe (..MK» S ol Ol Sl s e s sl
I (0313) Jluyl 5550 53 slas, £ LAt il
G VAT e s & 68 0ln s [FV] 355 0 (5,8 prana
sl balbgy (e J B8 gy 53 ekl el Ol Mo &) 50
L L 015 G5 K ) 4 S S S (Sla i sl
Bl s s g0 (J RS s 4 di adl (e 510G

93 s 2 sllan 3 Shes Lo 5 (55l s 0550l 505 (55
S sl @ 5 3550 g 03 7 B3 BB Sl S s e sl
o S S 03 5 5 e g NV Sl 518
s 507 s St g b 5 225 ¢ K8 S JT S s il e
Nas 53555 4 cnlio & s sl 53 Slos U5 22 4 peie
> B N A
J_U:J_lﬂb‘.@\ﬁﬁj):ﬁébju@drf@ﬁ‘@)ﬁ
23204 oA S5l 5 cop i CbBL Y RS S5l
S o3 b as IS I 55T Gl IV e o 533 5 0
Iy s oS J S g eslitul Cus jadeil Iy )l ST Ot
o 031 JEl 55 03557 1 s 3 Shes & A (0 i (5500
JUIS™ L (sligy Cysgudme 4 4 5 | s (Slao S 257 5 Shae
Gl olg) &S e 3,055 by (Sl o oUl5 5 (bl
ROW PRSP Wy o

35050 g p alodiz Glagtacm 53 o Koo 5k 3l 4 e 5 L
€308 5 Sl sl alodin lagtos sl YU s 0dd S5
Loly &8 o dile gxio g (mdly laedsdy 51 (6ol 0550l !
Sl s S35 5 iy O3 Slalagl g8 (razraas Sl (VF]
23 GO Cupde 5 N0ANP] el 5 ks, slaysks
s o de ale i 0t &S Do 4 W] O, St
IS hledr Glapton (SHlie J 257 55 oge Jilow dlor
SNl Consss fole a8 ol ) ploar! sl o) ol Lo
AS 0555 355 s O Las SN slacnds a1 555
oS e e S 4 ble p ol ST Cansy S sla S @
Sty s i 31 Jaloriar (gla gt ¢ Lol alis [VAGA] 3455 (KO0
oo 3o 03 7S 5oty Caliine (glagacn Salys gl 5 la ule
Bl5 Comdy 63k AL s Salys [V VY] el 3 815
UGB sl aS o, e sl ek Slapten 216

St Sl 2gdome lates 6l WS iy SRS Sl

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

v S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘itbb Slge Ld)&'ﬁ PNAH

Selo i (St (1 sl s e oS 28 b [FY]
l{wuﬁjsg-fd\.@loﬁw)ﬁwbsbsﬁbdﬂfgf
xSl 4 IS Cow 4Kl s Sledbl Jsls ([FY]
S8 4 daledr gt Hlge J 287 alies [FY] Holil e
e S5 b et (6,805 Gl b ok e
(“i’ﬂ. IS e p (63555 S5l 03515 ST 5 5l 55 (31u00el
5 Al 1) eliS 28T Sleyjsna ulS LS e 4T ekl J
350 e 93 S5 G pan Al Lel 3L A U 5y b ol )
Sl pslaal s o wl 5 B Sy et Sl ol anflle
By S U 28 [P 3 sl 0 eslizul olad 4l Wl e
kel Gl gt Hlen dlis 15 Ol S b ikl e S
S5 sl Lok Ol 3 A Sl aslinl o a0 sl (5 8 45 0
Jold oy 3550 Golodir (Glapt 5 Lol ol S Aoy il )
e S S s o b w5 5 0t (5,8 o5 sl
Sodalin 5 oslinal e Ldb o 2wl o B 51y 2lad 4y o
T S RGN PR - S e Sl s gl I
2 e oS USRS (63955 S Lyl slaw Sals
LS radd Ll (oo (3l oS SRS S 55 e sl B
ot 551 San Ol ) Codoms 4k 4 Wil (o5 g Jalpe den
ST RS (b s (5 (St 4 0ST dlad i
e 1 BT Sotalin e oS sl ) okt 5 5
AE AT Sl e L omsl (6 S 40 ootz sls
ROWNEY

SF el 5 ksl e o gos B 5 51 68 e b elin oyl )
bl sl (s 0 55 oS JAS o8> s i
w5 o Jale i (slagtnn sl S sl gy e e
A ol Mgty ST s el e b o 8 g S

:@\ﬂjcfi@:ﬁf@tﬂiwﬁn):dﬁn&ilwléhé)ﬂ‘}

Sl olsy p (soe helal s pload J ST 51l &S -l
Al o o3ls B 28 o b (S 4 ulodinr (Slaga
1 bl b g5 6 48 553 pm o3lind Su bl oS 1 kT ol
S o (68 sl (Bl e ) e 1AL s a ialS

ladamdy SNl sph0 3 e S5 b ST -0
s e b ol Tl s 533,555k b 51y Sl
sl ity aalS 5,08 55 6ol Cyssdme opl s esde 5 ol
o Jole Sl SIS e S 00,5 s 4 gl ST
b et sl S 45 e S e Soalin S
S 45 o elodin gt S ISt @l 1 2555k s~
oS )

“FF] S 45 m Sl 2 ETC (slaz b b aslin )3 -
s 93 el okia § L 3 55 Shee e candllae 1yl s [F

Loyl L (S 4 gt 5y BB 13S0 5 pl Sl
vjas.ﬁ';éur;..,u65,S@Yuﬁ;ﬂ);%,.x}b&\ﬁ)\f}u
Gl Sl (Kol ot 8 8 5 s Al b 55 55 ks
02 oks w8 s il s e Sy ) el o e
53355 Sl gy ST 55 Sl s dts 5 ol oy ol
PP S A ek Gt Gl oS U ST (b s
S o3 B lie (Gla s gt o 5 Jalso SV a3 oS 3 5 e
Jolse SVl 4 s (ae 3)lpe SIS0k 53 ax Slds
0 SVl (6805101 6l camlis Sl guin STT L 5 Sl Ko i
JAS F0] 53 s i 53Vl Cad il 0SS (sla s
Gl b (S 450 o5t o Slagtus S WIS K ol plar
s Sl od B8 5 5s Gy sl b s Sles 5 S
b ol bl 0 03 (paded s s Lo g pumali gla a6
3 A o es 53 Jalse SVl ol okd 55 lie ol OV
Wged Jolo a glaosls SI b 7 5 plel g oslie O g0 4y (pimpen
Slp sl Sy 4 Sl Glaay LB 5y 5 sdd (gyls
S 0T s 4oy ool 3 23 f e Jlyl ule Oles oS xS
oo 53 Al g o Syl baesls disb s JTodyl 1 pbes (slaJUS
oes (B3l 5l ezl Wl 0 FL S GlaT
Sylgn 3l F 534S 8,5 )15 Cllasl slaod s plu b s Sloj b
Coud Sk ML b s (S5 5 Sles Cands 4 e il
s €005 53 Olion (6 gm0 31 (905 ST Sy 358 U
S s S S el s 5 s Jo (51 el 0 )
Jlo b (58 a5 pp (o5t b Slapies 1y (see 1 S0 E
S a5 b St Sl Sl oaT iy e il
b il 8 (b FV-Fr] (e sl lacSialys b el
éjbbduwrijeﬁa;)lquliﬂ r:.:))il\
36 Ghte Glaptun b ae Sald Sl oalinl b (g eyl (o 2
S ol 0T il J 2857 slag b oul ey ol b Kl oy &5
3Bl s 5 6,8 o3Il gl (s gb 4 Jalse ol
b e DY G5 o3l 6l b sbaots] 3 (S esy !
G S s e sl 4 e LAl S Sodalie
L;;ﬁ,\f,_f\;\,,,wrﬁpwtythy;,w,;auat)\yu
sl el ke 4 slasy e oSS ([FV] s il e
Sl plarl 4 bz sl IS Gl S (sl Sl 5se
b opmel (ot 5 (oS 45 0 Slaptcs S Slas Sl 5 2)
Sl ol 43 S 15 ) 3590 S o 1S o Sledbl Jals
sty 35 Gl S (b sslgtn ST US55 sl
3y g sl Rl o ol ol ol 03 S et g
kB 2l Jolse o J S IS GlesSasn Gl Al Jolse 8l

238 o U o Kk 53 Dliabil

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

iy ot Sl oo sy 53 6 S 4 e rledkir Gl s Sodalin ) re plax! vy
ol:ls.al.: M ‘L_g“-:’h )Lg.a 4543\1‘— 4bld

L

"MaN)E)= T rwz Ny

b ol Blses sae G Z 5 dmes Sote sacb N M &

(f)

355 g a8 5 Dy e M-S Y

LN ey Ny M 3=
sM —N ®)

sM 44

sl SM 5 N iis sliael @l [FRFO] Y

™
2
Ol ST odias olzs AFG(Z) 457 okt dnlona (9) alasly oy guo 4 S

- oK @b OLS sl e3,5T 5 15 < p<min(z, zM)
ol St i o C 5 7 Lalits sae

C
<=
E(M,N)(Z)_l+|z|’ ®

u<larg(Z)|<z,|Z|=0
K X(M) = DY) Xy O €R™ v ¥ o
KT st PeRMM s sl s Jen ls ot

HAOW | SO S-S P

%%D-I(-Z(X_T OPr) <xT OPSD RO @

CB N 45 b 58 45 e Joil s dslaal ST FO] ¥ o
il 51 W) el b V(L) sy
SDA ()< 1)+, 2

:ati'Tm%_;u;.ﬂbgézo s 0Ty a8
V (t) <V (0)E (—yt“)+d£,t >0 @)
(a)1) Yz

R AR C,d=max{l,C} oT ;5 cul 45,
RO

P

55 St 2 33 8% 0l 4 Y pene s 1S (55 5
stz (sl ot 55 alen Jolge o DB OL 2 5 DL
S s s 1S SSG={V, A E} 1] 5,5 eslical
SIE s Sl es w8 s N
e 5 5 Jalse | Gleesame V ={V, 1P =12, N}

sy E g{eij =12,.N,j =12, N,i#j

Sigs 5 Sl s, eij =(vi,vj)eE oy e WadL
(ol oo ABL ails s | Jele 4 T Jolesl Sl Usls

s e kiS S 6B g 4 pltS ks e, ETC
el om0 (DLl 53 &S WS o Fedomy |y b dnl 5 (Ml
kS J S 5 by 8 e ) plS a b sla Ml
5 "llg s 55 opl adlas ol 3wl w3 8 sk
N Ay Sl s 53 00l 385 )13 @S 3 5 el st 8
(oae o Sodalin 5 Slas s 0, 3 Ky ol 5 oS ol
oz Gt 1 0l w55 e 0L ETC 5 S5 oS
.\;.,,lo.\;:,atj\u;n!\,.mzwéﬁfejumﬂéﬂfgf

it 3 sl (L) Sledie .l 5 ol 4 aall 3 i ksl
T,%ﬁ,:.@h&m,lrrh,;molﬁ.cMIMTp;
e el 05 0l OT (o Jowi 5 4525 5 oS J 8 (10
h)édg%CﬁWﬁN““3‘)‘&%&3{)46)‘“4:73@\5
ROWPRERIFPES

Solgdy 5 ey ST

ssba s ol 5o eslinul 550 (BL 5 LIl 5l i onl 5o
Wh odd 550 (IS e (1B 53 ot S e

F35 $mS G =Y

a8 e e S S5 5 Sl 31 (el 3 s 5 ol 5o
Sl 2 O SLU e (oIl caalsl 55 5 e 5587 (6 S
sl 0l @141 (6 S 45 4

gy 6@ >0 5,051 558 58 G V] [FO] ) R 8

ol oh 5 5 e 4 X(E) 0L

1 4 x"@
= dr, )
Pt F(M—a)jo(t_z_)a—m+1 ‘

oy = sde M ol s i ke O RIEEY R Y
'bﬁgs‘&;“ij";‘;i}@)}w@blfcuf m-1l<a<m

r(P) ="~ tat, M

X(t) 0ls i s 6 51 Y k5 5587 5 S Gk 51,
D Sl 25 sl 4
0N =St 4+ _
lo Dt X({t)e >tdt =

-1 )
saX (5)- 5 s@—k 1, (K) )
k=0

S-S &bl X(E) Y o5 X(S) G bl 5o o8
Gl (J 28 Gla gt 5 6 S 45 50 Ol 53 63,15 S ol 555!

el 0 s y25 aslsl js oS
o Ol oo 4 bl 53 b oS o RO]]Y iy

54

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

w S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘itbb Slge Ld)&'ﬁ PNAH

AT ESd il b (6 S 45 0 5 Jale ol | (Saliys il
Wl ok e g5 5 ) g 4
a _
DX 1O =X; 2 O+1; 10 ,1)

DIx; J)=u; O+F; H(i o) 7
yi (t):Xi ,l(t)

Xji,2 :[Xi']_’Xilz]T eR? S Feaip 0<a<l S
56 w554 Yy ER, U R i e s,
ot Vk=12 &, fi,k(°) Aib e Jole el s~
o ol ol Rlas oo Sl 55 Jols el el o 2

Dyhe Ol 25D se

u, (t)=zcivi t) )

*
Rlas LIS J2als b 0<Kj <1 S eb dt2t 4,
oo sl Slos (6355 I Vj il o Sote 5 mali b

(e 03 Ry el 03 (ali Jil‘.;):g._ﬁ._ptjé) O t*‘&ilﬁ
Wl 0 (o 5 5 Syt 0 ol b andllan 3,50 Jolodin

D% 1) =X ,®

D% o) =Gy(xot)) 0"
yO(t) = Xo,l(t)

2ty Xo =[Xg1 K01 s stactle X 5 Xy o
as g 0L 1y s b sl w6 Gy (X0) 5 8,

WSS b i ol s ol s 1 8 Slaal
03 gloxrl s o sl 3lss g (e Al ae 0l
1S 10 S 4 bl o a5 8 (6 S 45 e elo iz Slapn

5 SIS D g 4 s ail J S S 5 IS plas-)
An SIS (6 el e das

Gl bl i sl s plarl (sl Sodalie glos-¥
R i Gl l 5188 oy s la Sl 4 e 505 mal
Tty

DSy Sl Db 4 ey ¢ 8 SV

kS J S b s &S sla s B Coldal 4 glows (sl
SINCHIEPREN- S IS

SR Lo g s Sy g0 4 sy Jelge BB 53
s Jolse 033 Y S5 0l ol (5,5 0510 B e sl
e o 53 0 w5 5 oS J ST (b 6

sl o Ly o y3 Gyls gy 350 ls g 1S 5

B G - Y S L

aMa:t:QWA:[aijJGRNXN b Jole Soslre o SLe
Oroeen s AL IS, 8 €E iy Slculay #£0 o7 s S
.3)1.\5:)>.-Jiubl;4{ j&bjléqufwdiy au =0
oo s Nj sl b (.ti}m bole Glatluer 4o pems
4 oY e e cdolsl ya Sl sl (o a Ni ={j|aij ;tO}
oT 53 & ez uw L=D-A <o,
5 el el s s sl D:diag(di)RN xN
-d; =ZjeNi &j

s sl OIS Gib Sl s 5 s bl e oLl
‘\7:{0,1,...,N} OT 43 a8 ol ol Jto G:{V, E}

"0" ,Ec € :i=0,1,...,N,j=O,1,...,N,i¢j}

g 4 oy Syslme e il Sl Ly ele s OLE
F1b >0 0T s o oat _;«i,,:Bzdiag(bi)eRNXN
ol i 53 5 Al By zes iy s a el e S i
L oot &5 s Ll g 1,5 &Kl bi =0 o,
S Ak wbls 3 g (s b a) Jole &G Jilts STl s g
B b3 3 g s G Jole a4 4l |

wr S Cul G 01T Sl glas sammn ) Uiy St ps ¥ L w0
Pl Bl g Sae Al e o 08T 0T e )

s Shacs -Y-r

A poln 53 pges B B Ulgny o g e Gl
3 el s b w5 (S 03 8 b s e i
ool e S 15 aslizal sy5e (IS (slagten S| (55be
Soh Ensaeg LQ o tbweprn g5y 5 F(X) ey

AFV] S g0 4 (e eSS (oagee
f(0)=2 p(X)+&(X), vxeQcRT 09
*
sljs,ls B :[Vl’VZ""’Vq] OT 5348 ok 03 i

- - - — .
&b s @(X) = (%), 0, (%), pq (] eJlos] 5 ot
o gl JS‘»S(X) st aY ool (>1 b
.J.Aéd.a olas ‘)

5 e b (51033 oo ) 03,58 as sazme (55, ) 5
OT 52aS Sl atlov 55T 515 (V) (bacg sl o a5 (gl 31~
* *

s e 5 el sl € 5 &

*

—
(=)
—

* *
<¢, e e, VX e, o)

Lo Oy =Y

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

S i-sl gy b L Sles e i 53 (5 S e eledkr (slapt Al Sodalin e plax! vF
ol:ls.al.: M ‘L_g“-:’h )Lg.a 4543\1‘— 4bld

)Jﬂj&)ﬁnb.&fsdb-fa.lﬁum‘_;\.hég.:a\.iiéc)‘,.lé;na‘ﬂ\{

[F*‘I Sl 0l gs"‘jj’ JAL& wﬂ‘l
ay v AT A
DX 1O =X; 5O+6 16 (X3 )+K; ey

ay _ AT - (\Q)
DX o) =u; O+6 o4 o (i, 2)+k; ooy

5;00 =%, i=1..N

SV i Ko () 5 K () fi s el sl S

¢I,k(xl,k) Jgs."‘“"‘gf:‘%‘ijﬁ)"ﬁei,k} Xi,Z} Xi,l

25 Zope 4 (18) dols 031 A8 o nae S 5 85 Sl
Pl 0 s 433

s _ Ao TA
Dt xi_Aixi+Kiyi+‘Pi 9i+Biui(t), -

,=Ci %,
I P R I | I S ¥, S, S I
O =10, 10 o1 o 6,=16 1,6 )1 o o2 8
QJ}JQJ{GML&#&UG”J‘JI:.@‘
_ T_ _3
ei(t)_[ei,l’ei,z] _xi(t) xi(t), ()
dslea Jost b K = K2 5 X =Xi 2 o ol ot
il ot 1)) 5 K 4 Fedalin ol Sl s alslas (YY)

D%, = D%x. —DZ%. = Ae. +W¥] 8. +A. (V)
t t 1 t 1 11 | I | 1

~ * A ~ ~ T _
o8 gl s, 6’| —HI —6’| _[Hl,l’HI,Z] of 4o &
ol Gy DS b 0S|l e S el gla el
D she 8 3 55 ) s 4 a8 Ui

T
Vio=§

Pe.. (YY)
11
(YY) s ok w10 o gL &b GS i b

oks Jol (Y0) datly 5 (g5l (YF) L3 (YF) (ol L
1wl
DEVi,0 =€ (AT R+ RAE +
2T PTG +2eT R A,
2 (¥o)
<~Ain @QpJe; |+
2e] P.wl 4 +2el P,
bl Qf el opis slie o S S /lmin(Qi) of 45 &
5 S sleals ((¥0) daly 53 [Y0] &KL sslesl Jloe! 1 oslizul

T oo Cals

o (V0) alaly b gmae 405l oslizul L fi k(-) el b
G PN 03}
P *
fik Gik) =T Gisk |G )+
(\0)
*T ~
R O Y S Y ¢i,k()_A(i,k) (s S
T
Aen e S5 (635,55 X k :[Xi 1% 2]
sl s 5 Loty (VY) sty 53 (10) sl (5,1 b

o]

D%x. .(t)=x (t)+9*T¢ X. )
t iV T2 i1% 1V
+5i,1'
T (%)
o _ * A
Dx; o )=y O+6 4 (i 2)
+§i,2’
yi(x):Xi,l(t)
23508 o 33U 23 Sy 4 OlS 0 |y B s aaily
D%, =A x. +K.y, +¥! ¢*
t | I 1 171 [
+Ai +Biui (t) %
AT
Vi =G X
ZQT):‘S

_ki,l 1 _ . B .
A :{_ki,z 0:|YBi =[01] K =k ki,
41050 0

0 4,052

il A - T, .
G =004 =19; 2.0, 5T g =D % 1

R SR N
6 =166, ¥ =

A b ens polie Sl 03 e L U e ¢l

s e gy ool SFIFA] ABL e b e bl
T T

WSebeQ =Q >0 »¢l. R =R>0

AiT P +P. A =—Q, OA)

s J " 1t

S S 4 o Sl Fovalin Sl -

WQ)}J@JA@OM@}#M&E,&)}S@@TJ
S Sodalie b 1l 3 el o 23 530S J 287 b (5l

sb a8 Ly 8 o3Il L e Ve s (gl (g mS 45

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

ve S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘itbb Slge Ld)&'ﬁ PNAH

(1) ety 55 Seaslin glas (g 5 (1) ol & a5 b

PR
Dtazi’l:(d.+b.)(z. 2+qll+9 ¢ )"

E a0 0§ 19, (¢ )= DFxy (m
okl b (FD) &y g 40 (63l J 87 IS ¢

_ Al 1,
1=k %% %0
| |

. )
(24
{Z 3; (X j,2+91 191,28 By X0,1}

W\XJZJBM 2}&,.‘5:}«;2"1>0 Q\JJAf
o 4y 5 e il Sl ((PF) el 5 (Y0) Ay S5 L
T e

D 1(d+b)(rllIl 2+

-
i,2+9 1¢ 1% ) $)

N

:g;,ﬂ\aug\sg;lﬁ;b}i;@a};gucuo;\

1.2 1 -7
Vit=ohiat 2r19|19|1+
V)
1 g il &
or . | 1 1
2rj’11 j J J

~ * A A
5&%91,1291,1—91,1,%1 Hl,l_gl,l ol BE) 4{
b e el rj,1>0 P ri’1>0,wu5u;¢1)g¢¢;

wabr::bl}é(“V)A.]a.:bs\a.d?jb..-\.‘.&:@ow‘)

a, AT ~Na)
DfV; 15%10{ %4 r,lgllDt Gi1-
i,
. g s A
| 1t
fpj1 J il

o skl iy & (1) g 5Leasls o(YA) S (¥9) 6,1

Dt V; 1 <z 1{(di +0)(-7i,Z, + 2, +6, +

éiT,l¢i,1(Xi‘1) Z a (9]- 1¢J 1(XJ 1)
J ’ )

‘e, )}
1.2 (¥e)

1 0

_Teu 1Dt 6, 1
i1

N
_ I ap
I RS R

i=1"1

T

2 eTd <l <l “

RAN

*
(Y0) 53 (YY) 5 (¥8) 1 i .;M\HAi H < p; RINTE S

T o Sy 55 (G 5lansl

DaVl 0~ -4 mln(Qi)_z)HeinJrHPiH2 'Oi*2+

2 20~12
PRIl el
| | |
Sodalin ol >1b 53 Gilulir Jol 5525 ple & ey b
45 o oS J S K (68 45 p o b s MAS (o,
ks b Fodalin ol Olabl gl colia (5,8

(YA)

sl

S8 4 o oS J S (b V-t

4ty 4l J S 0t I o 5 0SS b
oS J S dal s s dal s @l ide 5 el 5 Ol en Doy se
el ol (b o8 3 S gy 4 5 L okd 55 el e
S90S IS (b 5o p5 Sl o8 N i

o] el

%i1 = 2 (17X, 17 % 1) (¥
J_

G2 %2 " 1 )

Mips t9 sl gl Zjp ok 35 s sl Zjg
08 4 ¢ D)o JES b el 53 s (g5l 0SS
OMPREC

ot (Y8) ol 51 (5 o8 45 0 6,8 Grie L1 S P67 @

D%: z a (D“

(Z
t 41T i1~ 0 X0t

i=1 (*Y)
[24 (24
b (B %17 By %)
el 0T s a5 bl o(¥Y) L3(VY) (1K
D%z, = z a. (%, + o (x)-x.  —f. ()
toil i |2 1907 2 L
j=1" e a9
(24
00 5+ f 105, ) =8B
(el 0 Jolo 5 alaily ((PY) aaly s 5L L

N
Dtazi,lz(.z 4 +0)(05 o+ G 105 )=
¥e)

Za(x
j=1 "

DR

1205 0,1

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

iy ot Sl oo sy 53 6 S 4 e rledkir Gl s Sodalin ) re plax! ve
ol:ls.al.: M ‘L_g“-:’h )Lg.a 4543\1‘— 4bld

¢S 5 Lol 5 (FF) & (F0) Jlael Lol oo o M s
:('i)‘-‘ Vlo(t) 038

Dfzi 2 :Vio(t{n)*ViO(t)*
. m (FA)
KioVio ) =7 97 5

Sose 4 B LU Wl

12 1 T ; 5.2
Yi2moh2 e %2t e A
1,

()

P F R PG ri’3 >O,ri,2 >0 o« cul ol (w5
ol (00 alaty 0T 53 (FA) (1080 5 (F8) aslan 1 3o L . itues
Pshs

bf* Vi, 2 <7, Z(VIO(tI )=Vio®- kplvlo(tlm)

25,2+ 01 p%1,281,2)-
©)
01 141,28 ) -117; L0 ,DFE -
~ O A
ki 1% 3PP A
(5");(0\);.4)‘,.;4;&;\;6&]‘.4‘)\;6;\.«))3)4; l_,s‘u_,.f\

3-\.}%@9\5&'\
o
Dtgi,2 |2|2(/i (Xlﬂz) i,2 'B|20|2 @V
a . N
Dt £i,2 =5 3%,2"0 % 3% 3P 2 @n
FEEP R I P NN 'Bi,3>0 R ﬂi,2>0 s
k2 5 s (67) 53 (07) 5 (1) 6,
o _ 2 m
D'V o < 771.22{ 572, Qi) -
=T . "
QO)=0 27 2i 2(%i 2+ er)
1 B A
bi,28; 202+ Pi3piPi
S (oolging atns adl> J}fr:“ﬂd)lugggulalhja
255t
L dil> (5ol —£-Y
A Al gy p g Al S GO i) ) 5
22 el alodin (S 45 0 Sl ptns Sl sl 4 1) dpdB
SIS cou 1y @, Sl b6t el 5 Klas coe sl
Cos oT ekl S5, Y s b ST K b s s
JiS 056 5 (0Y) 5 OV) «(FY) «(Fr) (6,8 4 Gk o018
S s LIS pls o 5,5 Sl Ol 0 (FY) 3l 558 e
CHES 26 SB0IS Sl e g 4 iy ail IS
db;aMUﬁA sl ol G))S LS sl el pogdle Ll

Clie Ozl b ee S8 el gl el ol gl

e Dl 25 S e 4 Gd 5l
A _ N
D 01=5 1% 10 b4, 104 - |1ﬁ| %y )

s
D05 1="1% 12,10~ rlﬁjljl

(FV)
Lol o b sl Bi1>0 ﬂj1>0 <
s n ol ) Jemil s dslael (¥4) L3(F1) 5 (F4) 1K1

DIV, 1 <=7, (@, +b)z 1+ +b)z,

1 |2|1

@ +b;)e; o2; -2 1JZ %2 «n

;5T ;T
ﬂllellgllJr Z ﬂjlaljajl il
.J}fﬁb;aw\bﬁg‘}]ﬁr)b(ﬁgw)ﬁﬂ\{v\ﬂ):
oaT s 5 bl (1) 5 (6 S 45 50 68 Grin L3P g0 B
|

Dt"‘zi’2 :ki,aiVio(t )+9 2%, 2(%j 2)+
(FY)

ki, 2ei,1~ D' 7 1

S5kl Pj =P f’i a5 3l oalizal b o FY) ey bl

5}‘:’6‘;}"\"
a _ .5 my, AT o (o
Dt Zi,2_ki(p|—pi)vio(ti )+0i,2¢|-2(l|v2)+

ki 2€i,1~ D 77j 1

(FF)
m my, AT o
=Vio &) =k v (G )+9 ¢i,2(5i,2)+
_pa
6,251 0 71
b ) S a Gle oS J xS I el i 4 s
"}“i'gs”

N a
Vie®) =7 oZ; 5~ |,2¢i.2(li,2)‘ki,2ei,1*Dt nig o

(§35)9 (U AaL 6‘«."")‘% lebli Tia >0 & i &1,

W PR B R S SR N KSR -3
vo=Q M), teft™ "0 =0, (F#)

Jole (sl oS J 28 Sl ys 0l tim(m:O,l,Z,....)4§
et lim M=o tio <ti1

m s
o << <L bsli

m .
dloes (FV) ddaly olsl ti Olej o gl &S5 -l g, O 56

Lo dd

= Inf {t > tim HQi ®)-Q, (tim)
t

> smi } (FV)

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

w S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘itbb Slge Ld)&'ﬁ PNAH

4.2 2)H <l &
i b s il (S8 IS (1S DS sk o

((5Y) 5 (0Y) sy al s cte s ol sla el

el it Y 3 a0 sl |

a2
|

Q)- 277(0I +b, )*

m|n

@=_min { >0,

=1.,N Amax Fi)
j=1..N

2(fi L~ +b, )—ﬁ}o,(fi ,~05-05(d; +b, ))>o

o Bl a3 Pm}

2
£= Z{]\F’iH 2+ 1ﬁ1\ zauﬁ PGE
N 2 1 2 1.9
+j§l+§ﬂ.’ +§ﬂi,3pi +§9ﬁi}

Pl 0daT s s (O0) 51 35 (5 S 4 po Jamil s> Alslaals
Dt“v O +aV () <& )

@S ey ail SaJUS pls F o bl 55 el

S s O’-'-‘ 4 g-\.&\adn Q:'-\}lgi
V() <V(O)E, 1 (-ut¥)+dS /@ ((#%)

aﬁqﬁ}ﬂ—&?ﬂ\ﬁﬁc\."’): C jd ZmaX{l,C}S

Cws 5 sl slunl Colg (o S 4 Ol 0315 Joo b [OV] ol

1wl s e
N 2
i§12i11$2d§/w (50)
LR <206 gy ) o
i=

L pj oAl ors M 2SS AL (P)) T

s o1 Kan S (79) 5(50) sle (sslusls I das o Ol

d,b\);&;?u@ubmméuw,nu@j&g;,
ol 0 s J ST (6l eyl ol Ol L lose

JO¥] 558 o Olzl ZENO Sl 5148 5 55 Culf Lb o ol o
S 45 o ke Sy Sl eslizal Lt € [’[:n,tm+1) sy
bt 5 [QiO-QieM| =| DD HQ)] 55
al) (58 450 IS Gy 5 Lol jen g gdn ol 35 5o

C«N‘)\}E}ﬂ)

\Qi(t)—Q.(t.m)\<@I_ t-0% puQi@dr )

Moo S1b1 1S 55 s (210 0157 & (b e (sla by
S gh o ljgua
L mb g ail S S S golbl DUl gl 1Ll

ek 8 53 5

N
V)= X { O(t)+ z v k(t)] (¥)
i=
6\.&6}@\;}‘0)\.&»‘}J}eb}fli\:jcu)ldr.fufwb
V)
2ot () 5(FY) ((YA)
N 2 2
DEV SZ-71{—(/1min(Q-)—Z)HG-H -7 (d'+b')2i‘1—
| 2 i, 2 Hp H
(di+bi)zi,22i,l(di+bi)ei,22i,2_
#Y) N ((60)

- _57 2.
Zi,ljzlaijejl 9I,22i,2¢i,2(x'v2)+

. oN T .
Biabiafa 2713101051+ Zilz(Qi(tim)_

Qi)+ Bi 201 203 2+
b (s5bsl 31 eslizl b ol pmal Ll sy e Sl s w0

:mfs‘g;m‘)by“‘?bJﬁ@”“";‘}&”“";‘jj-"{‘j))

7o < s la Filp 1o ©)
Bia%1% 1= 55(%1 34119 I
N N N TN
ﬁ|2|2|2‘ Eﬂi,ZiZ ﬁZ 2
o)
jT 9., <- Z a ,B 2+
a.p..0..0., <-——
-%1 ij1%1.0%1 2 - Jl
j= j=
L3 A ? ®A)
- ) OA
2E uﬂjl il
- oA 1 L2 1 2 N
Fi 3PPy <=5 3P 55 8P e

25 deiles dalaat (80) ety 52(09)-(09) Ml L

G PR wbu:

2
D7V < > F (Qi)_z_%(di *h)- szi HeiHZ

mln
i=1

—(r. -, +b.)—ﬂ)zi21

(e @)l | A7y ?

~ 2
sl o

N

5

&)

2+1
271

*

%1

2 N 4 2
+ X —a.fB..|0
j=12 TR P

Biall

L
2 ij 1

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

iy ot Sl oo sy 53 6 S 4 e rledkir Gl s Sodalin ) re plax! VA
ol:ls.al.: M ‘L_g“-:’h )Lg.a 4643\1"— 4bld

Olas W) ) gl JKa 55 (g5luans BB el Fa sF3F2 e
~Olen (ol 0k 0313 O () S5 55 plearl s Shas .ol 0l 0315
RO HCH VA I S P R W PP c.,;l,.af«;,f
(F) UKo 53 s Lyls 1) oy il Sl o5 e 5 08 18
45 550 e odaline Lol 0l 0315 DL 5w Jolse sl CL«}-‘ sl
oMl DU 3 Jool ol oisS A6 a8 03 5 415018 g lal (sl
a5 Ol g e (F) 5 (1) ela JSKo 53 ok ol 0lis LB
3 255 Sl pler! s o 4 536 (3lgriy J 38555 0l
ple pim )3 AST S Sl (o (6 S 45 (Slaptanm
35 Ll 03y 5y Jalge Gl aes (S o3Il Ok ks
el ot o 3 Jale a8 I 55 (0) S

calse IS I Gl 5a 53 sl o s Sl eslizal s &
Al el o A (614G a g () S 53 0l 511 (sla sl g
IR I (sla by St sl a8 G b ) (6551 o e
=Sl 5304 3 Oloj di g S L s lie 53 (I 287 oSs s (Julse
el o J 28 I (sl

o ol Sl ) Sy

Agent Dynamic
50.6
X11| [0 1[ }T
= X X
506 | [0 ottt X2
1 X1,2
NN
+ +| lut
xLz2 1
0.6
Dx21| 10 by ]
506 | [0 o/*2 X22
2 X2,2
AN
+ + lu2
x2,125in(x122) 1
0.6
Dx31| T0 1[ ]
= X X
506 | [0 o X3t *32
X732
3 2
X 31sin(x 319 0
+ ! +[ }ug
2 . 2
X31°-x31 sin(x 3,2°)
0.6
Dxa1| o by i
506 | [0 o4t X42
4 X4,2
X4,1sin(x4,1) m
+ + lua
X 4,2 1

el S 55 st DEI(D(W)) !
DFa(h(w)) < a*ahQ(h)Dv’l\/(h(W)) A

e J €N o2 €« DEQj(7) =Nj+ Aj o2lrte

0Q; 0Q;
=5 - Dfia* 5 Dfgjat

Xi,1 Xj1
0Q; . 0Q; . 20Q;
Tm' (i 1+~ D6i o= Dffxi,d + #9)
di1 2

oXi,d

Ni

aQ;
D{%j, 2+ - D@&j 2+
2 0%j,2

1 ’

il w53 LIS plad F) dslee bl 87 1T S
5 Sl 3doe 0a R &S 3 4d o0 blital Lsd oo 5gdoes dis
el Sy 5 (Sslesl ol Sl )bsﬂ‘Da(Qi(r))‘sci

LN

_m%e V)
Fg+p 7t ©i

Qi -] <
318 Wl ed gt 5l 5y ((FY) 3l 5,5 &K o 56 bl

i (D —0-(tM —op:) =0 s+, M+l
t—>lt?]+1(‘Q'() Qilti )‘ i) s o

— (V1) alaly oV Wslas 5 Sl cpl 28 L35 )3 b el Ll 5,

u\a_T@ Cwd
1 a
i< m+1_.m : vy)
1 1"(q+l) (t| t| ) Cl
148 3Ly Ol o o(VY) dslas )
1o
tF”l—tP"z[r(aﬂmij >0 vr)
Ci

anlsl )3 9h 0 Olal g, Jule a5 S el SIS e pla g
Wl 0 ey (V) JSCS 53 g il (s p Sl 5S T

te

.’

g il e S S S

oD 35 n 4 £ 53 (V) dpdr S 4 (S5l e o) 81

Oly () g D)5 4y ba ey 5 b fule Dl ad gl Ll 2 el
s 4 (olgitey oS U5 sl b (I8 BB 2 Shes & W53
el 0 OBl () o ille Shee oo sla byl 5,57 0
Ol (1) IS8 3 gilwacd (51 ois a8 55" 4 SleMbl Jsls ol €

Sz n b Jolo sler s L p Ly Jols &8 o ol

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

va S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
OlLlials Jitab o ebla jlgs o Me acbls

> — — s zalyl 5 adgl oyl 50Y Jgio
r 111=119=113= 91 =2y =T 3= 31 =F37=33=T41 =V 4=V 43=10
[3 Bu: [312= [313= [321= Bzz= l323= l331= l332= [333= [341=
T T Be= Bes=1
time (sec) time (sec) T =7 =7 =7 = 25
100 = 150 — P 11 21 31 41
50 —_— E wa T =1t =1 =1 =10
o ] 12 22 32 42
oo T 5
fime (sec) _ time (sec) o X, (0)x,(0) =X,(0) =x,(0) =[0.2,0]
Jole a8 & S %
@
A
sk\ 0001 1000
s A\ 1000 0000
RN 1 a A= B=
g R e o s s i e g 2 o o S 0100 00O00O0
53 — 4 s 0010 0000
% T T e T e P e e e 3
= 1 2 1 000
- | 3 5_[01 00
0010
OO ; IlO lIS 2‘() 2‘5 3‘0 3‘5 4'() 4‘5 50 0 O 0 1

time (sec)

o e el S _
bole sle See oo (la el e

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

2oy Adent Without fault Fault of loss of efficiency

i g t<3 3<t<6 6
7 - 1 Ki=1 Ki=0.2 Ki=0.1
0 10 2[)”“’w km}o 40 50 0 10 Ztt)mc (MS)U 40 50 2 K2:1 KZ:O.G K2:0.3
3 K3=1 K3:0.2 K3:0.2
4 Ks=1 K,=0.5 K,=0.1

0 10 20 30 40 50
time (sec)

Estimated states

20
time (sec)

30 40 50

A 1 >

Ll e 5 s Jolo o3 glacSl Y e

osls Ol Jole o (gl s Ll gl byl o(8) S5 s
JAS IS 53 e 155l Ol La el ol 3l o3zl L S ol
Gl 5 a3 d ail J 28 S (ool Sl & ol planl
SO1S UK ol 3l e el os b3y o 3 Shes 5 Klas
Sahee Blial fedd 03) o B Gola la el 055 Ste 5 601
e sl o e o Bl ol plan (S5l 4 4 5 b
SN g e F [ F el B sl s el 1
350% 33 s pde) s ek gy pde OIS or b ol SIS
S 531 (Gl ol s fole (51 28 IS JIge Sl
2505 L3l ) d il I S

S Bl S 4 ki 03] i a4l Sea
DL (V) IS8 55 (oalgiy 6 oS 45 0 (s s Sotali 5, b
>‘J5Jﬁ@;¢dﬁff})alJMabﬁQw@ucﬂ\.w\e&ub
ol Slacss Hpdm o L) JA5 S8 ol dlg e oleiy
anlin 3l 5 s e 3,5 5y OBl s el posdle S rands
Sl 2alS 1y Jale o J ST I Sl 5550 Slebs Wl o0

Tracking

Tracking errors

e oIS e

o A r Pl wen
AN NN N

0.5 i ] ' . ,I‘

AVARANARANA AN
° J v Y \ / 1! .
S A A AN W A
\} 1 \/ YERYERY] \\; 1/
Ll v v V ) \ J
: o 5 10 15 20 “mez(ssec) 30 35 40 45 50
s le plexliy IS

time (sec)

glort sl ¥ I

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

S i-sl gy b L Sles e i 53 (5 S e eledkr (slapt Al Sodalin e plax! A
ol:ls.al.: M “sa..i:h )Lg.a 4643\1‘— 4bld

A).:/'\, TN <

Qlﬁj&f,ﬂ}ﬁ})(uﬁ)
ﬂw:ﬁ})})))bc}b‘::/\t}g

- Breaker

Teanstfiormer
Generator l

Taoud

[OF] Colgm b b acile &G oy e L 3 505:(3) I

S 5 4o A

e ksl e 4 51 5y e oS J 1S S dlie oyl o
s (S 4T r eledir (Slapton I (sleas 1y Sodalin
5 S elul BB, il OT 55 o el ol 0305 drm 5 oS!
CRE b o 8 5 53 lajan 55b & e lil (sla s 15
¢y b s 5 68 45 e o Sotaliioolad wly e
JB e glaldl Gla b 5 el gla b o alae C5 5 4
ool l sl o A8 s claeSalys gl (6,8 oIl
ol b eaiSTJ ST oS el enls Ol (O S s 5 4 e
@R 5 g il e 53 I oS (6l oS Ly 5ukome
(g 53 S o et By gdome 28 Doy |y (2bsy slalles
ol &4l (onlginy JJ:SW&I)KQ:\: Ol 6l ilwand s
i Ol Dy g0 4 aleen Julse oy o3ls JUasl cdllaa ol s Lol
e 5550 o8 s Ous (63,0 Gl gy pl Sl 0ds o 5
S 335 gy p el Jlast s 1y Jalge o Sloj b Ol oo
Jolse oS e pLbl ot oy 85 51 58 sk sl K0
LA S 3dme 43 015 0 ol (U287 UK 1S 0357 3 500n0)

S g0

&y

[1] D. Alibeigi, E. Abbaspour, B. Fani, H. Samet, "An
intelligent multi-agent based approach for
protecting distribution networks", Technovations
of Electrical Engineering in Green Energy System,
vol. 1, no. 1, pp. 36-62, June 2022.

[2] F. Mohammadzamani, M. Hashemi, G.
Shahgholian, "Adaptive control of nonlinear time
delay systems in the presence of output constraints
and actuator’s faults", International Journal of
Control, vol. 96, no. 3, pp. 541-553, March 2023.

S dus o (6 jludud —0-)

o3 dlie cpl ys el 11 J 285 S, o 0als 0lii ) shate 4
s baglin )3 Jole o oS J 287 gla Sloy S0 sl J2alS
S Slamlie luand i3 5 ol 53 ([OF] dlis Ol 4t sy
N S VS SIS PO TS (e RPN Yy
o bl 15 ges ool [OF] Wlie 53 od 5 e Culgin b b anile
35 Sl i e ESaly 3 sl 0 e () S 55 e o
NI AT S G NS ST

0.95
D, "o, = +f,

F I)max 1
D%, =T _Tsm(gor) )

P P
+—"+—2cos(et)+f,+u
L L

o515 ale Sl s 2 s ledia F s LoT e
KIPNT ‘Pm QS5 Sl S Pmax (Ommmed dias e O
ol Syt I aals odias OLis Pa,@.:u

8 s alia luand gl el pled cgSluand e
S 5 Gleyasn sles Ll ol Ol /40 (S 45 e b
b alie 5o Aie al 53 0ds B ime sl 558 s oS S
Ol 1y ot &yl o€ s S8 o8 ol wil 2alS Sds 4 o[OF]
.M:d

Sk Lol o glaz 3 Shee W JSE 55 cnl 2 05
o al,l o€ L [0F] 02 eSS Ol s gy Sl Sles
J._J;@Af(.,él.&):o‘jsaéjé@Lﬁjl.@h&w&»:\&)j@;ﬁ
o s Slas sl (e oS I8 Ol di s b Slon 5%
4 Ol diwsy IS L awlis 3 pay Jolo e Sb3) )3 plex
IS o plaxd sl OIS (2l 4 zeie o ol Bl alS”
SYian g e IS Gl o remen Ll sdd Sl 2w
Lfo‘jsﬂjii.)é}wj‘.M&)ZJJMQULM‘};‘S“)\JOLAJM}:%
5 IS ey RIS oS U S o Slal ) s
:lb)ﬂﬁdﬁfdb)ga.‘q-lélb}:I.b'-)‘ﬁl:aiq\:ui.alf\i
st 2 I e e WIS e dis ool S aals ST
SialS b gyl 5138 sty o e oS ST sla Sl
3 0l 4) plort sl OIS 2alS 5 oeS U 28 Slossse sldes
Dy aedlas b oyt v._la..i L Joe o (CL».?I s il el

.3 gad

Sl 55 &S a5 S5 55 ()

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dor oJ =8 als


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

A S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘i'l.h Slge L@)EG PNAH

[15] H. Liu, P. Weng, X. Tian, Q. Mai, "Distributed
adaptive fixed-time formation control for UAV-
USV heterogeneous multi-agent systems", Ocean
Engineering, vol. 267, pp. 113240, Jan. 2023.

[16] Y. Yu, J. Guo, C. K. Ahn and Z. Xiang, "Neural
adaptive distributed formation control of nonlinear
multi-UAVs with unmodeled dynamics”, IEEE
Trans. on Neural Networks and Learning Systems,
vol. 34, no. 11, pp. 8555-9561, Nov. 2023.

[17] Z. Peng, D. Wang, Z. Chen, X. Hu and W. Lan,
"Adaptive dynamic surface control for formations
of autonomous surface vehicles with uncertain
dynamics”, IEEE Trans. on Control Systems
Technology, vol. 21, no. 2, pp. 513-520, March.
2013.

[18] C.E. Ren, L. Chen, C.L.P. Chen, T. Du, "Quantized
consensus control for second-order multi-agent
systems with nonlinear dynamics",
Neurocomputing, vol. 175, pp. 529-540, Jan. 2016.

[19] C.L.P. Chen, G.X. Wen, Y.J. Liu, F.Y. Wang,
"Adaptive consensus control for a class of
nonlinear multiagent time-delay systems using
neural networks", IEEE Trans. on Neural Networks
and Learning Systems, vol. 25, no. 6, pp. 1217-
1226, June 2014.

[20] Z. Zhang, F. Hao, L. Zhang, L. Wang, "Consensus
of linear multi-agent systems via event-triggered
control”, International Journal of Control, vol. 87,
pp. 1243-1251, June 2014.

[21] A. Zhang, D. Zhou, P. Yang, M. Yang, "Event-
triggered  finite-time consensus  with  fully
continuous communication free for second-order
multi-agent systems", International Journal of
Control, Automation and Systems, vol. 17, pp. 836-
846, April 2019.

[22] D. Liu, G.H. Yang, "A dynamic event-triggered
control approach to leader-following consensus for
linear multiagent systems”, IEEE Trans. on
Systems, Man, and Cybernetics: Systems, vol. 51,
no. 10, pp. 6271-6279, Oct. 2021.

[23] L. Yan, T. Stouraitis and S. Vijayakumar,
"Decentralized ability-aware adaptive control for
multi-robot collaborative manipulation”, IEEE
Robotics and Automation Letters, vol. 6, no. 2, pp.
2311-2318, April 2021.

[24] D. Wang, Q. Zong, B. Tian, F. Wang, L. Dou,"
Finite-time fully distributed formation
reconfiguration control for UAV helicopters",
International Journal of Robust and Nonlinear
Control, vol. 28, pp. 5943-5961, Dec. 2018.

[25] S. Li, X. Wang, " Finite-time consensus and
collision avoidance control algorithms for multiple
AUVs", Automatica, vol. 49, pp. 3359-3367, Nov.
2013.

[26] Y. Li, K. Li and S. Tong, "An Observer-Based
Fuzzy Adaptive Consensus Control Method for
Nonlinear  Multiagent Systems", IEEE Trans. on

[3] K.R. Kumar, S. Maheswarapu, "Optimal power
flows with security constraints using cubic lattice
structured multi agent based PSO algorithm by
optimal placement of multiple TCSCs", Majlesi
Journal of Electrical Engineering, vol. 8, no. 4, pp.
1-26, vol. 2014.

[4] T. Liu, Z.P. Zhong, "Event-based control of
nonlinear systems with partial state and output
feedback”, Automatica, vol. 53, pp. 10-22, Mar.
2015.

[5] F. Mohammadzamani, M. Hashemi, G.
Shahgholian, "Adaptive control of nonlinear time
delay systems in the presence of output
constraints", Journal of Intelligent Procedures in
Electrical Technology, vol. 10, no. 40, pp. 3-12,
Winter 2020.

[6] R. Obermaisser, "Event-triggered and time-
triggered control paradigms", Springer Science &
Business Media, vol. 22, Sept. 2004.

[7]1 W.P.M.H. Heemels, K.H. Johansson, P. Tabuada,
"An introduction to event-triggered and self-
triggered control”, Proceeding of the IEEE/CDC,
pp. 3270-3285, Maui, HI, USA, Dec. 2012.

[8] J.Sun,J.Yang, S. Li, W.X. Zheng, "Output-based
dynamic event-triggered mechanisms for distur-
bance rejection control of networked nonlinear
systems", IEEE Trans. on Cybernetics, vol. 50, no.
5, pp. 1978-1988, May. 2020.

[91 X. Ge, Q.L. Han, L. Ding, Y.L. Wang, X.M.
Zhang, "Dynamic event-triggered distributed
coordination Control and its applications: a survey
of trends and techniques”, IEEE Trans. on Systems,
Man, and Cybernetics: Systems, vol. 50, no. 9, pp.
3112-3125, Sept. 2020.

[10] T.F. Li, J. Fu," Event-triggered control of switched
linear systems", Journal of the Franklin Institute,
vol. 354, pp. 6451-6462, Oct. 2017.

[11] S. Payandeh-Najafabadi, M. Hashemi, "The
adaptive sliding synchronization of uncertain
Duffing-Holmes fractional-order chaotic systems
with dead-zone", Journal of Vibration and Control,
vol. 30, no. 19-20, pp. 4486-4497, Oct. 2024.

[12] G. Shahgholian, "An overview of hydroelectric
power plant: Operation, modeling, and control”,
Journal of Renewable Energy and Environment,
vol. 7, no. 3, pp. 14-28, July 2020.

[13] Z. Liu, J. Wang, C. L. P. Chen, Y. Zhang, "Event
trigger fuzzy adaptive compensation control of
uncertain stochastic nonlinear systems with
actuator failures”, IEEE Trans. on Fuzzy Systems,
vol. 26, no. 6, pp. 3770-3781, Dec. 2018.

[14] P. Hernandez-Leon, J. Davila, S. Salazar, X. Ping,
"Distance-based formation maneuvering of non-
holonomic wheeled mobile robot multi-agent
system", IFAC-PapersOnLine, vol. 53, pp. 5665-
5670, Jan. 2020.

Journal of Control, Vol. 18, No. 2, Summer 2024

VE T Ol oY o5lad A dor o 5 alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

iy ot Sl oo sy 53 6 S 4 e rledkir Gl s Sodalin ) re plax! AY
()\:.liau M ‘L_g“-:’h Slge 4543\1‘— PNAH

[38] M.K. Shukla, B.B. Sharma, "Backstepping based
stabilization and synchronization of a class of
fractional order chaotic systems", Chaos, Solitons
& Fractals.vol. 102, pp 274-284, Sept. 2017.

[39] F. Zouari, A. lbeas, A. Boulkroune, J. Cao, M.M
Arefi, "Neuro-adaptive tracking control of non-
integer order systems with input nonlinearities and
time-varying output constraints”, Information
Sciences, vol. 485. no. 24, pp 170-192, June 2019.

[40] S. Song, B. Zhang, J. Xia and Z. Zhang, "Adaptive
backstepping hybrid fuzzy sliding mode control for
uncertain fractional-order nonlinear systems based
on finite-time scheme", IEEE Trans. on Systems,
Man, and Cybernetics: Systems, vol. 50, no. 4, pp.
1559-1569, April 2020.

[41] F. Wang, Y. Yang, "Leader-following consensus of
nonlinear fractional-order multi-agent systems via
event-triggered control”, International Journal of
Systems Science, vol.48, pp. 571-577, Feb. 2017.

[42] M. Shi, S. Hu, Y. Yu,"” Generalised exponential
consensus of the fractional-order nonlinear multi-
agent systems via event-triggered control”,
International Journal of Systems Science, vol. 50,
pp. 1244-1251, April 2019.

[43]J. Yuan, T. Chen, "Switched fractional order
multiagent systems containment control with
event-triggered mechanism and input
quantization”, Fractal and Fractional, vol. 6, no. 2,
pp. 77, Jan. 2022.

[44] T. Chen, J. Yuan,” Command-filtered adaptive
containment control of fractional-order multi-agent
systems via event-triggered mechanism", Transa.
of the Institute of Measurement and Control, vol.
45, no. 9, pp. 1646-1660, June 2023.

[45] 1. Podlubny, "Fractional differential equation”,
Academic Press, San Diego.1999.

[46] R. Gorenflo, A.A. Kilbas, S.V. Rogosin, "On the
generalized mittag-leffler type functions”, Integral
Transforms and Special function, vol. 7, pp. 215-
224, Oct. 1998.

[47]M. Wei, Y.X. Li, Sh. Tong," Event-triggered
adaptive neural control of fractional-order
nonlinear systems with full-state constraints”,
Neurocomputing, vol. 412, pp. 320-326, Oct. 2020.

[48] X.Y. Zhang, Y.X. Li and J. Sun,"Observer-based
robust adaptive neural control for nonlinear multi-
agent systems with quantised input.”, International
Journal of Systems Science, vol. 55, pp. 1270-
1282, Jan. 2024.

[49] Z. Yongliang, X. Li, S. Tong. "Observer-based
decentralized control for non-strict-feedback
fractional-order nonlinear large-scale systems with
unknown dead zones", IEEE Trans. on Neural
Networks and Learning Systems, vol. 34, no. pp.
7479-7490, Oct. 2022.

[50] H. Lili, H. Yu, X. Xia, "Fuzzy adaptive tracking
control of fractional-order multi-agent systems

Fuzzy Systems, vol. 30, no. 11, pp. 4667-4678,
Nov. 2022.

[27]1D. Liu, Z. Liu, C. L. P. Chen, Y. Zhang,
"Distributed adaptive neural fixed-time tracking
control of multiple uncertain mechanical systems
with actuation dead zones", IEEE Trans. on
Systems, Man, and Cybernetics: Systems, vol. 52,
no. 6, pp. 3859-3872, June 2022.

[28] C. Zhou, Y. Wang, M. Lv, N. Wang, "Neural-
adaptive specified-time constrained consensus
tracking control of high-order nonlinear multi-
agent systems with unknown control directions and
actuator faults", Neurocomputing, vol. 538, Article
Number: 126168, June 2023.

[29] M. Hashemi, G. Shahgholian, "Distributed robust
adaptive control of high order nonlinear multi agent
systems", ISA Transactions, vol. 74, pp. 14-27,
March 2018.

[30] I. Doye, H. Voos, M. Darouach, J.G. Schneider,
"Static output feedback o control for a
fractional-order glucose-insulin system",
International Journal of Control, Automation and
Systems, vol. 13, pp. 798-807, Aug. 2015.

[31] S. Song, B. Zhang, X. Song and Z. Zhang, "Neuro-
fuzzy-based adaptive dynamic surface control for
fractional-order nonlinear strict-feedback systems
with input constraint”, IEEE Trans. on Systems,
Man, and Cybernetics: Systems, vol. 51, no. 6, pp.
3575-3586, June 2021.

[32] Y. Cao, Y. Li, W. Ren and Y. Chen, "Distributed
coordination of networked fractional-order
systems”, IEEE Trans. on Systems, Man, and
Cybernetics, vol. 40, no. 2, pp. 362-370, April
2010.

[33] T.J. Freeborn, "A survey of fractional-order circuit
models for biology and biomedicine”, IEEE
Journal on Emerging and Selected Topics in
Circuits and Systems, vol. 3, no. 3, pp. 416-424,
Sept. 2013.

[341H.Y. Yang, Y. Yang, F. Han, M. Zhao, L. Guo,
"Containment control of heterogeneous fractional-
order multi-agent systems", Journal of the Franklin
Institute", vol. 356, pp. 752-765, Oct. 2019.

[35] T. Ma, T. Li, B. Cui, "Coordination of fractional-
order nonlinear multi-agent systems via distributed
impulsive control”, International Journal of
Systems Science, vol. 49, pp 1-4, Jan. 2018.

[36] J. Bai, G. Wen, A. Rahmani, Y. Yu, "Consensus for
the fractional-order double-integrator multi-agent
systems based on the sliding mode estimator”, IET
Control Theory and Applications, vol: 12, no. 5, pp
621-628, Dec. 2018.

[371 X. Zhang, S. Zheng, C. K. Ahn and Y. Xie,
"Adaptive neural consensus for fractional-order
multi-agent systems with faults and delays”, IEEE
Trans on Neural Networks and Learning Systems,
vol. 34, no. 10, pp. 7873-7886, Feb. 2022.

Journal of Control, Vol. 18, No. 2, Summer 2024

VET Ol oY o5lad A dlor o= alone


http://joc.kntu.ac.ir/article-1-1009-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-01-30 ]

AY

S sl 2 b Sles o g 53 5 S 45 0 alo iz (gt ks Sodalin e plesrl
;)L:J.EALZ Lol cga‘i'l.h Slge L@)EG PNAH

with partial state constraints and input saturation
via event-triggered strategy", Information Scienc-
es, vol. 646, Article Number: 119396, Oct. 2023.

[51] F. Mohammadzamani, M. Hashemi, G. Shahgho-
lian, "Adaptive neural control of non-linear
fractional order multi-agent systems in the presence
of error constraints and input saturation”, IET
Control Theory and Applications, vol. 16, no. 13,
PP. 1283-1298, April 2022.

[52] W. Chaoyue, Z. Ma, Sh. Tong, "Adaptive fuzzy
output-feedback  event-triggered  control  for
fractional-order nonlinear system", Mathematical
Biosciences and Engineering, vol. 19, no. 12, pp.
12334-12352, Jan. 2022.

[53] Y. Liu, H. Zhang, Y. Wang, H. Liang, "Adaptive
containment control for fractional-order nonlinear
multi- agent systems with time-varying
parameters”, IEEE/CAA Journal of Automatica
Sinica, vol. 9, no. 9, pp. 1627-1638, Sept. 2022.

Journal of Control, Vol. 18, No. 2, Summer 2024 VEY Ol oY oplad A o o 257 Als


http://joc.kntu.ac.ir/article-1-1009-en.html
http://www.tcpdf.org

