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ABSTRACT

The main purpose of this paper is to the distributed formation tracking for fractional order multi agent
systems with the leader-follower approach. First, it discusses the Lyapunov candidate function used to
check the stability of the controlled system. The introduced candidate function is based on the properties
of the matrix representing the desired system graph of the system. In this phase, the Lyapunov direct
method is used to determine the stability of fractional order systems. Then, using sliding mode control,
a decentralized controller design for tracking in fractional multi agent systems is presented in which it
introduces and verifies the introduced control inputs. In the model, the input system is also considered
as a disturbance type, and the control efficiency designed in turbulence mode is shown. In this section, it
is shown that the controller introduced in the previous section has a desirable efficiency due to the
sliding mode control. In the second section, the stability of the system, such as the first section, is
investigated. at the end of this paper, several simulation examples are developed for controlling the
performance of the controller.

Keywords:

Formation tracking
Multi agent systems
Distributed control
Shding mode control
Fractional order systems

Gl G g ele (gl (gl oad nl Gy | eyl L oS Gl S
2 09 ghagy ol [B6] wjls Ban opl & o) p (o paieie
g Sl alale Wiz Glopins gl dbgipe Pl 5 SIS @)k (235
il Jo3le o diopui b Jole s sl paseia i3, (b 1 Bee
@ bodele G p (a0l gl 18 (b g g al, BELLL
5yls ogllas 2Ll
@ il on SIS a5l (e 8T Oj90 )5 Koo i L
Glp lole Jos g ] A oS5 als [9] )2 wigad plsie
s Ol 2 Pl elen a e adie Sladele Slus b slaptecs
bl U5 ) e el 50 5 (egel (o) el 00

donio -1
By o lasle a5 sl pae s sud g (S5l J 1S
5 S M Ked S it a8 & e s &S00S b Kialas
wans el (o g 55 yate 8 gloouS J S &b ol I

s S pl bl o o8 Sllhe fi (25l S5 A 0
[5-1] il ble o Bl 42 bgije ol 435 O g0 (Sialen
Elg ana; po (S5l JuS a0 a8 O jse sl ek edas
Sl J 7S e 0 ke Sus sl (glaaee; ) (S Lol atiboe
G5 el ] JRS & b el oS 5 iales il
ol 3353 00 s IS 2090 & Bites ata) (ol o 85 200


http://www.SId.ir

Archiveof SID

9lite (b 33 Suo IS5 35539, 508 A5 pe Alole X (5l akuamn )3 b b3y

Vblfad 3 Sioge Sy
m-1
L{x@(6)} = s*x(s) - Z sak=1x () 3)
k=0

Azl X(s) = L{x(0)} = [T e Sx()dt &5 J>
sl wcadsns 2 aa € (0,1] b pl jo a5l 4 ang b

ol oyl B 4 ala IS5 & 3) alad iy

L{x@ ()} = s%X(s) — s*1x(0) )
45 gt slp Bl pites By 3 SML oyn Slp
ol 4 a8 [19] el sads 00ls prasi (635 4550 (GlBpius & oo
3 g0 4S (g puS 45 po Sl eiins s,

S A g s Sy & (S o Sl e (59)) 12 o)
1 oghce 4 Tl Sie b = (0,0, ., )T Jols alak
o sl aisls sz V(E(8) U5 & glatuge 5 pdy iie 2
S 03,11 1, (6) g (5) alg, bog o

ayllxll° < V(tx() < ayllx||*? (5)
DV (tx(t)) < —aylx||< (6)

Fadedd e bys V(£2(8)):[0, 4 0) XD 5 R (gl a5 234
EZ gy 4l Jols a5 ool lazds D © R™ g o3,41 » X (54,
DBl es Sute slaculi d g @y, 0,030 52l 0 € (0,1)
2929 [to, t] o3l o Sliie aeag(t) o f(E) &le sl ST 1 S
a1y (7) alayly S8 T renY onl o g8 e cplaly aisl azsls
25 o0 0>
a
DE(f(0.9(0) < kz WIRICH 0 )
=0
S pis j3 Jgore juin¥ 0aild Jlosliul a5 col fpl Coenl Pl 4SS
My 9 S (o0 000z | Al (555 4500 Slopton ln oo 45 0
@b o5l lp ojlaoe S s ) (el Sl ol b o8
w8 oy 3 Sl 5 g S ad e Slapmecs Sl S 500 SeibL
120] cel oo
w2 g0 e B) alal, £ 2 Ly Sloj b o sl ol
EtﬁD?x’(tJ < x(O)EDFx(L), a €(0,1] (8)
BB (D) all, a(t) ER™ oS 28y el 12y, raog 4 32 S
| (_JS"‘"’
1
S 6DE(T(Ox(0) < 2T () SDfx (2),
a €(0,1] ]

S1,5 e lai-2-2
Dlaled 0 &5 LALT gra 5,58 p slasaie sl @ i3y 5 ol
S ol sad Sslas g e DVlail (leleazz (glaptos
el azdly olazsl o )ls snes

et B 5708 S b e 5 o Jole 56 b bl SIS o
N oo GLE Sy ophige ools ot ®l o b g5 Jole it o
V= (0, 1y,..0) ol 0 o sgbe BaalG=(VEAL of
P WL y) Jb ez cwls Jb asgeme ESV XV g oo 5 (cacgome
A= Jos ol jo vy g vy Jole Sledlbl el s Fily S5

2 Mittag-Leffler
3 Leibniz

4 Node

* Edge

el 0ol 3ae [10] [0 pad 45 o s &l

S csl 5ol sl slagis, 3 B8 n e Gl S
Ay 90 alele Wiz Slaptucs Glasgezme 0 sils ooly 5 Ak sl
iy alele Wiz (glo s slp 5 (nl SHI211] jo ool i35 13
o9 Gl oht 5 B3l omee [13] o el ond solizod pge
ody Gl b Jos po ol sut (2Ll oy b e 2]
P 2l blog 5l (095 5 blenlas aile ot 5, 4 5, (29t
Sl sladue @l bl sans & g5 nl 5l alapie 5 550 o,
sdezm Slapiers 3335 53,5 Jon Ty 68 Gl Dol szt oo
2 [14] el 435 |13 axgi 0,90 abele sz glapiugw 0 oy 4
A ey 0,90 0bj Jlws Gl altns (508 40 alale w2z slopTan
s [17,16] 15 5 Gy soslo alis [15] o Jlo Slsie 4 o5 o)
g oyn b g Colad pue g g Slalezdl 585 a5 0 L Bl
sl 034

poe Jlie ;o pglie 5 (bl sl (b9, 253 % SRS
Wz Septanw j3 gy ol Jle lore 4 dloe MLAREN g Conalad
ol 608 oy 1 [18] 55 (5 4 1o alile

Shlad g8 adpe alile w laptens 3 )Nk o)z 2
gy sl 00 &5 abogy o Sl Fam 3 s 85 4 a7 65 b (65l
Jihie g8 i Glapi bl yn @l Sl i
S a h nd g ey laptens lp el &5 allise ey 005
119] a3l po St o1 5,5

alsle wiz slapms sl Gl (2o, Alis 9,90 50 bl 0
Pl Slp B ae SIS ) 3l bl 0 0gdige Sou S 450
4 g a8 pbles Sloaile pgo (Ao ;0 090 g oslinl oanS” ] 8
&l A 0yee 0anS 18 (Bl b g o 0 005 e &l SIS
plez Ui o Swl sad sl s Adye able wix el
oad (2l eants 18 amt sanlie g gilo and sln Jle ol

..).);64 A.‘.U GhREe> pxl u:‘.\_:u Il uLzL» 0 .os.:bge A.'.l)l

B Sl -2

S 78 bl -1-2

b S Gin o 00l ol adgl e (6 pmnS a0 St 5o
Jlas bul jlasl Sopd sesgie oatms oLt Wlg o' ggls s
191l 39 o ooliziol allis oyl 3 Sl Fiie pggie

cDex(t) = F(ml_ 5 : G f(j;ffr)m dr 15

S wbbos gumo gl aa M g id> Jade o a (1) dal; o oS

GEDE Gy ) o cwl lEam-l<a<moals e g e
DAl G Blie Ad e & g Fall @ b oo e glas
T(D) = Sygo 4 o] s o 45 355 e 3ls L T() S5 & LEE abs
iy P b ke 2 gly @) alal, cosls g ol [Pl dt

2l

I'(p+1) =pI'(p) 2)
JB 3 akl, IS0 4 ALY bad fpls g8 Grde i 0
el deslons

! Caputo

08 o lasis 18 0,93 1397 (LT (yurae e/ SRS D [T


http://www.SId.ir

OSe 9 Loge Jung

Polie i 3] S A5 35539, 115 08 4l s dlole 3iy i@l 33 GialT (1b3)

25 B osee &l sl aaldl o cileald o8 e e e ile
Dy o0 iy

Dgdge w35 i o L Y(E) ERT gy 9 nly Gide b 13 o
el JE A alaly > 1 Sley Sub o gl e

1
5 EDF (YT O (©) <y OADEY®) an

5k e
Yoy = sA = diag(a, 2, ...2,)"
2298 g0 a2 (12) alal, o512, 2 0 5 (11(0). 720D, - 3 () T

N SO

YT OAY(©) = 34530 + 5230 +
TIRAC (2
el gl LB (13) alad, 22 o Bolo s
%ciD‘:(yT(r)Ay(t)) < A @©gDEy ()

+Azy2 (t):gﬂl?YZ (t) +ot ﬂnYn(f)(inyn(t)
=y (OASDEY(O) (13)

Dyl on Sy 32 add 398 ol Bl Jo

x(t) € piy i gaiugy b STt 2ty bl cul o gl 2-3 anad
olem a4 azgi b1 (14) alaly solucl ols5 s ol sl azsls 3929 R®
:o)S ULJ ‘5)0.,5 Olng:-

%tfpg (xT@OMx(®) < xT(OM EDEx () (14)

Al oo (pme Sole g ile M g €(0,1] &5 J> o

Olis e e ol wiil fpme Cite pn ile M a5 4 angs b LSl
@5 5,9k 4 5)lo 0929 P E R ¥ selaalS, oyl ols

PMPT = A = diag [(A1, A2, ..., A)] (15)
aslol o 0bl o M Sl oy polie g (g8 cwople A a5 b= o
A3 oo 4z (16) aka,

!

g (xT(t)Mx(t)) = %tgog‘ (xT(t)pTApx(:))

= %g’; D& ( (Px(t))TA(Px(t))) (16)

1-3 o) 51 (A7) ada); (sglusl 0e5 o0 o2ls L3 13 Px(t) = y(t) aslsl ;o
1RO oo Azl
1 1
5 EDE (T @Mx(0) = 5 EDE (YT (O1y(®)
T
<Y OAEDEY(E) = (Px(1)) AGDEPx(D)
=xT(&)PTAPEDEX (L) = xT ()M EDEx(L) (17
V’(t,x(t)) = 5w Babl) opl Al ca ssd ool el 0
e )Aé[xT(t)Mx(t)]' = xT(OMx'(t)

S b Seolod (38,5 S o b o @599 GiulT (2boy-2-3
b uls
JAS b g la Jele Salns o (a5 8 L cend ool o
15 oty 1550 B &y g (8l s34 o

Ao (18) alaly Syao 4 g ML (6 S Al e aele iz e

L Jele oledbli Jale 31 adlige 'S pglme u o [ay] € RN
Wbl 42l ogrgl arf ) o )ocaz Jb 45 ixe ool 4 S ol
i = 0)lyad rizan 090 0 (25 € =0 Spge (ol o8 0 50 >0
0.
slaes el oY Glacys el L b ole gaSis g5l Joe 5 e
AL sn b g ly e sle B o o] bLs )| gogem g o Lale
Bt Y e e b glite a8 Jasl i, ol
osi 5 Blize o4 SIS ples w4 g e o Sl g Ll S
bodasse b= [ly] € RV dl¥ i sile o o o) sladile LU
23,5 o iy s (10) ala, &js 4, G = (VE A) BIF
li = Z a;;

IU' = —ai}‘ Vl;t}
JEN;

S0 B (g ke g Do 30 (Y el S oy
B9b (558 wilgi e

Sote dad 5 )i g o BT S Gln Lot il
& el i oy ke Ky ol Jilas el ol 5 ASlge (ppas
bl aly ol b Bz oy o

508 aseie Xo(8) b o Sl g ¥y el b e, Jole allie ol yo
s 45 0t e Vg a8 olyad 4 G SIS olen G LS Lty o i

ij €1, ..N (10)

ablge G sloS lo 50,5 ol o bl ) (soazms

& byye o glone o lo b (T (2ls) )z sl Wi 0l
A adlie 5l8 9B € RV Djgo w4 iS5 e G ) 2l
By G el g hioe ools Glai by TEN S5 @ )] g5kad olis
b paie bl il Lo, oyt aleas Jole b al, Jule o5
iy sgy L) gz Sy wSbe by =a >0 S5 @ by
abbon o Lol b g5 lalne alys ail

et § Sz g dbgye S5 & et 55 [20] 42
Cdo M =L+ B o ple olSST .ol bl S5 g gym 0 Jold 45wl o
395 &y e e polie O jslne e le Slaasls STl npe g (ne
RE IR WETE FEIIVIRNCE IR &

M e 8505k ek g T (2b3)-3
S di g dole wiz Gt ;3 Gl (Gho; Baa Cad ol 0
RN USRI JCH WS PIPCIRUN I - X S IO SO
S Ayl e S gy p (e oS (S8 (53955 ) L L
=t Sy Jol pad 50 a3l et B 555e B sad xws woal
3 G a8 e Slapts sl Sbld it Byl prees s 5l00
2o V(e 2(0) = 5xTOMx(E) JS5 & Slld 03l b b mo o
b wy sl o g sladele Salus cload (558 als!
15 i ozl Lo ol Saaliss 5 anlsl 5 395 e azla y eaniS S
s Sl 3 By, 5o 0ad (>l eanS [ S g sgd e a8 S L

3l oo 8315 et Wd

L 5306 &b b y20-1-3
Spge & wslhe ompe Bgbl) ol &b oy cwnd ol o
Sa M jle @l ol o 0n e Sleziy V(L x(D)) =%xT(t)Mx(£)

* Orthogonal

08 o plesis 18 0,95 1397 ybLT (e Suilo s

! Adjacency matrix


http://www.SId.ir

Obas g Hege Jung

polio oo 38 S JpHS 35539 16 p dsipo Alole iy Slpiaans 03 GinlT (Rb3)

:JB..“J
ve(tx(e) < T ()ME(t) = FT(E)M(—aMz(t)
—psgn(M(t)) — f(tx(6))1 = f(t.he(t))1)
< —adpmin X" (OME(E) = BIME(O) |1 + ke |ME(D)I4
+hIMEDNl; < —adinXT(OIME(L)
—(B —ky — k)DIME(Dl; < —adpinX" (E)ME(L)
= =2 adpminV(t,%(5)) (26)

12 ol )0 58 ade Slapuna ;o Bgbl) i Sy 2 (Siee
ol 4 S m 009l 1y T obo; byd g Sl Il s b
4 (21) 1S S b (18) alafy e B2 Ky +hp 1)3 L o ias

S e g S iliT S,

GHLEE] (38,8 S5 50 b (s e lp Gal)] (2bo, -3-3
=9
2 @B Galezel 3 Ysans el JB (Sapd slooway 251 50
)l ALzl 588 L bl b e 3ppte ol Sl
el odls 5 SGa 3 Combls 4 s al> e SO

A 5o QT) alaf, JS5 4 a6 ol b ) s ledale Sl
gl oe 49,5
x () = w () +d;(£), i €N @7
S o 0w plo gy press 2 0,5 plazeldi(E) &5 23y
b |di(O] £ D s 45 5 39ums
o S12 1, J..,_Iﬂ by diew 2h aal, JooS gilE 83 4kl
O3 bl BIS s B2k +hy +D 51 ats s gis (18) abad,

Al Jate g Cox
28) alal, 27) alwl; w0 1) JA5 5055 6 ARl b .l
D9 oo A
29w = dy(t) - az a; [xi(®) = 5:0) = (he(®) = B (®))]
Jj=0
~psgn (Z ayj [x,(6) =%, &) = (hy(2) - hj(t))])
j=0
ijeN 1#] (28)
-0 4 (29) alad, %(£) = 2(8) — hy() — (%0 (2) — ho(£)) Sl L
Ded
FE(t) = x* () = h* — (x§(t) — h§)1 = D(D)1
—aM(t) -  (sgn(Mx(®))) - F(tx(0))1
—f(t.he(8))1 (29

Al ge D(O) = [dy(£), dy(0), .., dp(D)]T 29) dlasl; j5 &5 > ;o

st T BB B0) alad; 42 o g L8 al> e Bgbld 03l a4 gl
va(tE(t)) < ' (HME(t)

= 2" ()M ((0)1 - aMz(t) - Bsgn(ME(2)) D

—f(tx0(£))1 = f(t.he(£))1)

< —adpn X (EME(E) + DIME(D)I, — BIME(D)I,

e IME(O ||y + ko l[ME@,

< —ad i ET(ME(L)

—(B = ky =k, = D)|[ME()II;

< —ady XT(ME(L)

= =2 Al V (£.2(1)

(30)

1-2 o) 55 a8 (g8 a0 Slapimnw ;0 Sgbld s (o9, 2 e
2o onl 4 A e 00,51 1y BilE byb g Sl pRs b lyie
4 (21) s0zS S L QT ahaf, atepn B2k +hy +D bys L oS

33

Py e 435
xXO)=w(), i €N (18)
o205 oolizul EDEX(E) sl> 4 %[0 51 Lules slp &5 Jo o
Al dS (69958 8 e Sl S S G (D ER s X (L) ER
a3 e slid Jale
D (8o (19) alal) O j30 @ i (] 0 sl
22 () = £t %0(8), (1) = (£, ho(1)) (19)
s f(Ex(D) 5 sol, ] 5 Sl ho(8) 5X0(0) & Jo o

sIf(Exo@)| ke U & sgame only f(E x0(1)
it Ste lacub kyg ky o5 |F(E ho(D))] < Ky
Sty o dm y 5lab o Lo ele 45 Cuslodd b3 byl o 43 S5
el prasd B S5,5 oy b gomn gl mls &5
oSST sl 3, 20) akl, Lo ol adgl luls o gl B0 Gy
el Jya BB oo g il b,

Jim [l (€) = xo(8) = (hi(8) = Aol =0 ieN (20)
oo gul)] (geaS oy H = [h{.h], .. h]T e R™ T s oS
el st >l b

Q1) b, IS5 4 (553 e 55 0ud g8 iyl 4 s e

S

w(t) = —az aj [xi(t) —x;(t) - (h[(t) - hj(t))]
=0

—psgn| Y ay |60 -5 - (k© - ©)]

j=0
i#j (21)
polie saims olis il j EN sl cte ey el b

sy Jole ST ol e (U Qg 2B o0 prames S5 (39 (o Sle
Al oo oo O ygo ol 0 908 JLol Jule 4 1) Sledll
2l e ad glo S Vg el Jaze L3l BLF G aSy) @ axg L
42 o) Gk oS ol (L5 plgie g M = L+ B a5 albios ol
il o s s oo e M
o, alis 21) alal; sasS ;S ((18) abal, i gl 593 a8
At e B B2k Hhy byn bl Al
1385 oo 7 lae (22) alal, (18) 45 (21) alayl, (6,3l Lol!
x%(t) = —aMx(t) + aMh(t) + aB(x,(t)1)
—aB(hy()1) — Bsgn(Mx(t) — MA(t) — B(xo(£)1)
+B(hy(£)1)) 22)
b e x(8) = [, (). x5 (8), . 2, ()] s M =L+ B &5 Jl>
s (23) abal, %) = x,(6) — he(8) — (x0(8) — ho(£)) Sl b
:\39..11‘59
F(t) = x%(¢t) — hY — (x&(t) — hE)1 =
—aMx(t) - B (sgn(Mx(2)) ) - £ (txo(1))1
—f(tho(®))1
45 59l 4 P € R JUgSi )| s sile 3,0 352
M2 = PA2PT > A,inPAPT = AinM (24)
2gd e 4z S 155 3 1, (25) alad ) Ggibld 3 5el mls
1
V(tx(®) = 5 £ T(OME(e) (25)

algi (26) adal, S5 a4 Wl e s G B Ry Hhy 4 4>y b

(23)

08 ol 18 093 1397 LT o) SR\ A A


http://www.SId.ir

Ublen g Jege Sng

polio o jil Jo IS 35539) 15 S Agi e alole 35y sl pisamn )3 b T (2L

/O\A

3 / 4

1] — 2
Fig. 1 Example 1 graph with four agents

Jele ez b gyl s G151 g5

L L L
-5 0 5 10 15 20
X

Fig. 2 Formation tracking four agent for example 1 with leader path
8l e oo & gl o ol e )] s 2SS0

0 2 4 6 8 10 12 14 16 18 20
t
Fig. 3(a) The trajectories between the followers xi; and the leader

ol g Xy b Jale fm yome (AN 3 IS0

o 2z 4+ & 8 w0 2 14 % 1w 2
t

Fig. 3(b) The trajectories between the followers xi, and the leader

by g Xl ‘slk‘_].al.:,;”._:_,._-....u (o) 3 ,JS.&

08 o plesis 18 0,95 1397 ybLT (e Suilo s

W5 e g e B8lg

Silwdns -4
At Jio 30 4 Ll 5 6,108 (350 g YU p3 eud ) mls o sl
Sy E57 9 U s e T e S a2yl

Llpl 15 lp ol ool a8 )5 ke o 1 IS5 4 SIS 0 bag
fxo®) = flho(®)) =3a=148=15 32 =092 ,olic5-3 a.id
g d ol ez lp B 0p0e bl ol ead b F s o 11T

1wl a0 5,8 (31) alayl,

h‘l = [0,2] " hz — [2,2]
hy=[0,—1] , hy=1[2,-1] 31)
(2) abal; IS5 4 (2l gom g0 Jale 52) b Jale (sl adgl polin g

(%0(0)35(0)) = (L1 , (x(0).y,(0) = (-1.3)
(22(07:(0) = (-26) , (x5(0)33(0)) = (5,~5)
(x4(0),74(0)) = (-2.3) (32)
t= slagle; o () slocdss Jlogel ] ;0 a5 2 JS& @ axg b
canlio IS0 ko ool ead ools oylis ele L= ¢l {0,5,10,15,20}
)] e @ ol 4 s o ba el ol o (igllas T oS 055 00
e 3G SS 5 S e s, 1) ey gl esd (S g
o gllas 4 gl S5 50 g cnl 00l gy ey e ol pen 4 Lo Jole
b Sghgs ssnlie 48 spla ohen g el sl ealy tgles Ll 5 b Jale
 sely 5 & ele e i ujai &5 ogllae )] 4 a2
obl L clize &) b gluie 4 bable gl 5 WS o0 b,
S oo Jon (a5l on gllas
Dgd e azd,d 05 S Sso 4 Jele i BT ae Jlie o Ll
Syton 435,55 5 33) el S5 4y gy Az el ol 53

d;(t) = [sin(t),cos (L)] »

10 = 0,...,n (33}

Bgh e azd S i sa=1, f=2 ks 3-8 audb ool 03,05 lp
I8 gl bl 5 g adbioe J3 Jle ke les 5,8 30e a5
ol 34) d“'“'.")
(x0(0).y5(0)) = (1,0) , (x1(0),31(0)) = (=2,1)
(x2(0),y2(0)) = (0,— 1) , (x3(0),y5(0)) = (2,1)
(24(0).74(0) = 32) , (x5(0),y5(0)) = (=4,4)
(%6(0).75(0)) = (4.-3) 349
138l ge 35) alal; &0 @ b Jale (sl a8 5 s 50 gllas 0l
hy=[052] , hy=[152], hy=[0,1]
hy =[2,1] , hs =[0.5,0] , he=[1.5,0] (35)
wooad >l eans§ i plancl jgas 5 ssd e csalie 6 54 o
o |51 Y 8l ol gl Y iy ang mesgllua BB oy
Jole b b ele slias olyan 4 o ole yaune Jod Cuomd isle 35ls s
52l s ol e 4 by Jole e T gla S0 5 izl sal pny gl
sobs tiles ol g b Jale oy ollas 8 jeln JC5 48 gl 00l s
ELETVIEN u,..ﬂ)] 4 dazg boogd e cdnlis aF job len g ool 00l
wboy oazdl buls o ) paly asd a4 b dele e Sl 0 Gy 8
oot Glalyl b caline a5) cull s polie @ b ale glas 5 w5 e

S oo Jos (3 o


http://www.SId.ir

UllSat 3 Joge Jung

poliie i 33) S U5 35529, 15 08 agi e alole i (gli el 23 iubT (L)

20 T T T T T T T T T

Fig. 7(a) The trajectories between the followers xi; and the leader
ooly g Xy gla Jole s pnne (W) T JSCH

bl " v ! .

Fig. 7(b) The trajectories between the followers xi, and the leader
ool 3 X sl Jale ot s ()7 JSC

—r1 0,

K - =x2,40,

Fig. 8(a) The errors between the followers xi; and the leader
sl g Xl o ele s sl (2D 8 S5

& 5 400 -5
590 lole aiz (6 slaailels 5l slazus (ol (Do, Gaio nl o
s laeiann ;o 38157 pagbe g iyyai fleslinil b cd S 5 )y
5853 (slapus jo u:"r‘j).‘ by sabate &y BlgT  me by e o lele

35

4
—t 0,
. - 2,0,
..... x3,40,
- — XU‘
2R
15
2 |z "
- ,
= |3 Pid
LIy
&
i
L
I
1
i
2
3
o 2 4 [3 8 10 12 14 16 18 20

Fig. 4(a) The errors between the followers xi, and the leader
‘._,_.ab 9 xfl L_gbahj.nlc O élh:; (a4 JS.J.I

6 T T T T T T T T T
[ — 0,
- =x2,0,
e senne X300, 7
i —=wxd 20,
i
2N
?«. .l -
. 0f
=\
A
[y
b N
£
o ff 1
-E L s L L L L 1 L L
0 2 4 [ 8 10 12 1 16 18 20

Fig. 4(b) The errors between the followers xi, and the leader

):"hl) 3xt’2 ‘sLmJal: o ‘_;Lh:.'- (u)4 JS..:.
0

5 6
Fig. 5 Example 2 graph with six agents

Bl 2 bpgs Jlte BLF S S5

20 T T T T

5 0 5 10 15 20
x

Fig. 6 Formation tracking six agent for example 2 with leader path
B e T I ;J:'-’-'J] s, 6 sl

08 o leis 18 093 1397 LT o) SR\ A A


http://www.SId.ir

Archiveof SID

UblSed 9 Hoge Jung

Polio A 33 So UpKS 35520, 15 panS i e alole Sy o pinmn 23 GiubiT (A2LS)

[3] G. Xiong, S. Kishore, Discrete-time second-order distributed consensus time
synchronization algorithm for wireless sensor networks, EURASIP Journal
on Wireless Communications and Networking, Vol. 2009, No. 1, pp. 623537,
2008.

[4] Y. Xu, W. Liu, J. Gong, Stable multi-agent-based load shedding algorithm
for power systems, JEEE Transactions on Power Systems, Vol. 26, No. 4, pp.
2006-2014, 2011.

[5] L. Zhao, Y. Jia, J. Yu, I. Du, Hw sliding mode based scaled consensus
control for linear multi-agent systems with disturbances, Applied
Mathematics and Computation, Vol. 292, pp. 375-389, 2017.

[6] X. Dong, G. Hu, Time-varving formation control for general linear multi-
agent systems with switching directed topologies, Automatica, Vol. 73, pp.
47-55, 2016.

[7] S.-M. Kang, H.-S. Ahn, Design and realization of distnbuted adaptive
formation control law for multi-agent systems with moving leader, JEEE
Transactions on Industrial Electronics, Vol. 63, No. 2, pp. 1268-1279, 2016.

[8] A.Mahmood, Y. Kim, Decentrailized formation flight control of quadcopters
using robust feedback linearization, Jowrnal of the Franklin Institute, Vol.
354, No. 2 pp. 852-871, 2017.

[9] L. Han, X. Dong, Q. Li, Z. Ren, Formation-containment control for second-
order multi-agent systems with time-varying delays, Neurocomputing, Vol.
218, pp. 439-447, 2016.

[10] [10] . Li, J. Li, Adaptive iterative learning control for coordination of
second-order multi-agent systems, Tnternational Jowrnal of Robust and
Nonlinear Control, Vol. 24, No. 18, pp. 3282-3299, 2014.

[11] H. M. Guzey, T. Dierks, S. Jagannathan, Hybrid consensus-based formation
control of agents with second order dynamics, in Proceeding of, IEEE, pp.
4386-4391.

[12] W. Ren, Consensus strategies for cooperative control of vehicle formations,
1ET Control Theory & Applications, Vol. 1, No. 2, pp. 505-512, 2007.

[13] 1. Seo, Y. Kim, 8. Kim, A. Tsourdos, Consensus-based reconfigurable
controller design for unmanned aerial vehicle formation flight, Proceedings
of the Institution of Mechanical Engineers, Part G: Journal of Aerospace
Engineering, Vol. 226, No. 7, pp. 817-829, 2012.

[14] Y. Cao, Y. Li, W. Ren, Y .Chen, Distributed coordination algorithms for
multiple fractional-order systems, in Proceeding of, IEEE, pp. 2920-2925.

[15] Y. Cao, W. Ren, Distributed formation control for fractional-order systems:
Dynamic interaction and absolute/relative damping, Systems & Control
Letters, Vol. 539, No. 3, pp. 233-240, 2010.

[16] J. Chen, Z-H. Guan, T. Li, D.-X. Zhang, M.-F. Ge, D.-F. Zheng,
Multiconsensus  of  fractional-order uncertain  multi-agent  systems,
Neurocomputing, Vol. 168, pp. 698-705, 2015.

[17] C. Song ,J. Cao, Y. Liu, Robust consensus of fractional-order multi-agent
systems with positive real uncertanty via second-order neighbors
information, Neuracomputing, Vol. 165, pp. 293-299, 2015.

[18] C. Ym, Y. Chen, S.-m. Zhong, Fractional-order sliding mode based
extremum seeking control of a class of nonlinear systems, Automatica, Vol.
50, No. 12, pp. 3173-3181, 2014.

[19] Y. Li, Y. Chen, I. Podlubny, Stability of fractional-order nonlinear dynamic
systems: Lyapunov direct method and generalized Mittag—Leffler stability,
Computers & Mathematics with Applications, Vol. 59, No. 5, pp. 1810-1821,
2010.

[20]W. Ren, Y. Cao, Distributed coordination of multi-agent networks: emergent
problems, models, and issues: Springer Science & Business Media, 2010.

08 o plesis 18 0,95 1397 ybLT (e Suilo s

4% T T T T T T T T
—H:-KUZ

3 = =x2,x0, 1
. dz—:D:
—--r-lz-lD.
2 —=x5,00,
- w2610,

st iy

Xi5-x0,

Fig. 8(b) The errors between the followers xi, and the leader
2l Xy gladele o sl () 8 JSa

a1 e Wl o0 (S5 4 a5 Sl (GlasS & Ly ol g 8 e
S 69555 sl sl jo S Sbs, | ol g o elgs )] e
LU G yile iy o b o eols Lt b o me iy ol by celiio
S 550 o o Josn M el iy 5 il Jae L ke
Slapia @lp Sl mdies g5 5l )l (oo e o5 2,
2% 39580 i 45 03 03l (LS (pizren S (0o lpan 1) (S 4 e
Sl sud ools las oo 1) Cellae o Slee 50 Slizél (68959 jeax
sloans” Ju5 (b ar (i B e 0%, 5 eolanl b as
ol g ail plie plezdl asile oaisS e dal,d 4y o 45 il

o | ..\.QT_,IS 3 QLJ S L 0 5 S04,

&rip-6
[17 A Amini, A. Azarbahram, M. Sojoodi, $SH_{\infty }5$ H « Consensus of
nonlinear multi-agent systems using dynamic output feedback controller: an
LMI approach, Nonlinear Dynamics, Vol. 85, No. 3, pp. 1865-1886, August
01, 2016.
[2] F. Xiao, L. Wang, J .Chen, Y. Gao, Finite-time formation control for multi-
agent systems, Automatica, Vol. 45, No. 11, pp. 2605-2611, 2009.

WWW.SED.ir


http://www.SId.ir

