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The Design of Hyperbolic Sliding Mode Controller based on State
Observer for Formation Tracking of Uncertain Multi Agent Systems with
Unknown Leader Input

Mojtaba Zaeri Amirani, Noshin Bigdeli, Mohamad Haeri

Abstract: Formation tracking for uncertain leader-follower multi-agent systems is considered in this paper.
It is assumed that the leader trajectory is unknown to followers and there is also uncertainty in the model of each
agent. The main purpose of this paper is to design a controller that achieves formation tracking for the multi-
agent system which is robust against the model uncertainties each agent. For this purpose, a state observer based
hyperbolic sliding model controller with finite reaching time has been designed. The designed observer is an
Integral Chain Differentiator observer. The observer has been designed to be able to robustly estimate the system
states in spite of parametric uncertainties in states and just via measurements of agents’ positions. Formation
tracking, on the other hand is achieved via employing tangent hyperbolic sliding surfaces in the sliding mode
controller. The analytical investigations and the simulation results are representative that the reaching time to
sliding surface is finite and related to the controller parameters. Besides, the control input is limited and the
chattering is not observed in the inputs and states.

Keywords: Leader-follower multi-agent system, Formation tracking, Hyperbolic sliding mode control,
Integral chain differentiator.

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

b Ve kol i ol 011 335 13l 5 S Oledtige azel o 57 alos S b5 1O s edgs iy 5


mailto:n.bigdeli@eng.ikiu.ac.ir
https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

2 pslasl (63555 b 5 palaal ale dior i 53 (LT Gb3) S S Sup) 0l p Jde (551 de J xS A

Z P . ETRY
A doma ¢ S b5 ¢Sl 615 (s

Lgi e Slatalad pie 4 o 5 25l e Jole A o 1 )
A S I ST S st i B sl Jule Sl 4
Ll ok b S S a1l 3o Oy OLj L I
b S ss il [ Site N B ooy Sarssodd (b Sass
lataalss pde e 1) i Sl il g2 S 0d o1 b (5148
sk e Jolge Camdge 6, S 05101 plul LS 5 ke (g jrlyl at Ll
CIFE B e 6 68 L 55 e S U ST AST Ll gl
03 edge 1y palael 63955 b SRIT oLy 4y ( S
4 Oy Oloj &S s oo Ol 0 el 55l acd g o e
(et el 2SI ST o eyl S (b g s guome A 5A) el
Al o K o B I 5 (63555 5 35 35 IS (53505
G055 G 1Al Y ide 53 &S Conl O jgeanl 4 dllas Hlsle
oS Y mS LB Y tu 3 Sl oaT dlis (g o5 ol ok 4 31 S
EECERTOCI PR DU g JF5 P RHERCH I P PSP S S SO
i b S5 s A Shes )y 8l 2l 4b
el 03 03,557

o 9 Al i &5 Y

o sy OIE 4l Sl 4 jatine sk el Caad
.::f@&lﬁd;mg;aiﬁwj@l
SIS sy )Y

e 3 1y Jolge Ol DL 5 el (KSs 1 E
il O1E cbe § slan il Julge slin S o Ol Jlole i
Sopon BeF wseme il Ny Lle sl S
2580 0LV(G) ={v,,v,,...v }

G =(V(G),W(G),(G)) )

el O1LE Ll s sazn e 6(G) ={£,3 (V) dolae s

) s dils o8 g Ol Jlail & LS dly 5 b
Sl 05 Ll e b ;l&ﬁ(gu =(v,v,)i, jefl2,. N}
Wik s ge £ Jb S p5 nosls L W(G) b adl 05 Lk
)Jfl ~-"‘f“‘.s‘a’u=0 oy d\ﬂfcﬁswlj¢0 Syge opl 53
03 9V g O BT il Ll b, (0, 20,3V, jeN
2 L S W(G) (555 e ile el Y g 050 31 S S s o
O b S o poni [y 10 & 5Labo S a 0le 035 8” Cenl NXN
s N ={v, eV(G):ig, €&(C)}o,sme (V) o5
b (N ={0]) 5t slalen mn 4 ool ale a3 00
Sygonl 53 S wsl asls s Klees 5 1) o, Lilg s
N ol b Al e sy ele o | il ST ol 4 0 #0

.::J.f)bg;e‘g}l;qf;}.ﬁsz\“ﬁ)zﬁj

dondo —
Llad 813 55l a5 3590 ] Gladle 53 el diz (sl e
L&bkduwﬁbpd;wuudwyé ARY
aws dw 4 Hltle Bl 4 2T J a8 ol 21T J 87 dbs
AT oleme sy Sl V] gy — s Sltle (el 2355 o s
bosmlr ol 51 o b b DD, e gl 51l
R3S S PT Hls 1y 35 ol VS 5 S s s S
Ollaxl 5 ool s w0 LT J ST 5 plarl o i 51 eslizal
.[/\N];,....\J‘..Llj'éld\:-)s.x;f@:l;u_\ws‘ﬁd{@_\/l{éﬁj%
S s 1 ST i Sl (SKen (2T ST Cils a5 L
“ s S A Y Y]s s s plaxl 0l 0L b e 21T
glaxt J S 056 &K ol Slaliael L gl a5 e e Lz gla
L (Slapis Gl p Tl 0 slgiiey Yo s g SIS sl
St Clos (b [V O] 55 ploar! bl p S 287 ¢ p33 43,0 Jole
@35 Sarny &85 IS 02, S VL 4 Jule dr (slagten
oo iz ot sl LT (ol i 3 p gm0, [V 3 oks
T3 &8 e e i Slr ol 0 gy 1 VY] 55 (Sl
slei D3 sl gme 51l b 2T 287 02, 80
S e 5128 slaisy 168 ol S5 0L Clotys 8
S Jolso S 38> (Salis o 4 Ds 4 S G B
2815 or Jolso 51 n Jae 53 alad o 3 68K Dy
e Dl (5 altuee Jo ) slate 3L gm0 )T J 875 Shes
L OKel ol Kasgy ) eslizal ol 4 8 15 a5 5550 sy
Q.:Aéc_'iQ&n\d.\.ﬁ&ﬁ:’-hﬁ:l}&h@.}]ﬂjrd&n\i@)}QA{:))T‘;V.M}
[0 VF] 55 la el cpeind bl p oy J 287338 a3 el
035 maiw Rty Lo 5 blgj 5 el 0T 15 & .Clods 1 b
23 (T3 ATE3908 3y ey Sl o SIVF] L5 men 5h e
ar g ol Gadle 53 Sl ol szl Sbsy 5 21T J 87 aie
C]a,w.[\V] Sl by 5 ST J a8 6l a3 de a gab )
Salys Glaaalsd e 038 L5 53 05k [WA] 3 0ds w55 A
Lablie gl 58 o J a8 51 [Ye 18] s Sl o 48 8 i o
ufﬁl)T 4 b Cws Gl sl ol eslial 5o als SLiLize]
i Lol S IS (hls 5 e (Y153 0L b ke
alf.a‘\id.ijjd.uﬂjwaﬁljlL&Q:éhwrw:ﬁj\{dw
il by el pl s ol 515 135 aa[Y1] 55 pwae S0
A el B 55 e adanl g a lodin e )
i La gy 5 ool pslael bag s (51 oty &S o oen 4 Sl OT
Jolse 50 a e 55 Canbad pols imman ST o I3 1) a,

&IJTJFYSE:)5@“5lavu§JJx§f!chJ.\A.A)béﬁ-)

3 Leader

! Directed
2 Undirected

Journal of Control, Vol. 18, No. 3, Fall 2024

VEF Sl Foyled OA dor J 25 alone


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

v R sl (5355 b5 predael ele it 53 (8T Gbs) g - STy al p Jds A L J S

A domn o JI 5 (Gl 5 1 (e

b sl axsls 1y ol ekl 53 uaslie U154 550

b Szt YIS iy e Sy oS il oS J S

38

i K oo o K5y 1oAY
$Salys Sizte NS opmiy o Sasy b

Babp b S 55 (0) Sppo (1) 5 (1) a5 b gt

X: =V,
{-G ° :6={01...,N} ®
Vg = fo (X5, V6) +Ug

osls e T (X V) bt Conlad oo (1o o7 o lgmend
Sl b fG(XG’VG) L;':’)"JA"’“X-SJ‘;“{@‘)’)’ Ll el

Y] 5 oo b
%e =V
Vg = &g e, <1 ®)
A ay . A, » Q4
aG:_%(XG_XG)_%VG_Jae
g g g

r r r

235 Jol e b sl bl (XG0 V) o
» S Sl 5 asb e K, S bl &l S5 4 5y
o 53 5 S5y (Serlys anaiie dslae oo ol osls O ) Con gy
S Lo si plal il ol Sl G b 51 OT (o K
Sl s aaduiio alslas o 03557 V G go 55 S Kugy o Kea

Sl ewdsle o)

(s3+%sz+%s+%):0 (Cl-v)

&

r r r

s L ST L 5 Sl gy em (CAIV) (Y] wa g5 L
A3l e (V)
S oS’ + a5+, =0 (V)

W) o&T LEL e (O-Y) Gldes L 4{;;)}“’ BEWARY

el Hl 3
lim&, = X,
&0
limv, =vg W
&0

!_iﬂgés = fo(X6:V6) +Ug
J&bs&é&t&:}w&tﬂ;amcp‘}iw«{@j\{
238 2 0 (1) 5 ()55 oy ale o (s (51 aind

& =68 =Xg
€, = fo(Xs:Ve) +Ug X8, = XGb ®
G=012,..,N

Al Cay 25 Y=Y
@8 55 s ol s s &K 5 5 N L ol i (e
e Sl ol s Ll g O e L Ly LSl o
33 8 Lo 51T Jalse 5168 Sl s 53 onlad e 3 g 5 ==
2315 a s Al g o lag i Ll 310 (Sl lnsn mon oS ol el
L 5 L1 oMl S e Sl ag e il wdls 3 SKlaes
$3505 30 bl 05y ay 05,57 Jbis sl S (o JUin 1) ba s,
ors S g e BN oS S (S o ) )
ol 4 5 IS 53 o [YY] Conlouks oslizul [ Sinze I Sl
o 55 )5 Wl o Sl (S SIl5E 2 e 6K
r—“».uf\“ Dhee glg Sl 4 Oy Ol O o 5 Lo
Sl b g o gl 1y by Cuols ST osde odds 1 b I8
oo o (Salos la el l 53 1y ol i (s (ST
S s () by 5 (D) ey Selus Jbe jle s pslie

ssi e a8 8 55 [YF] 3 e wlyl e wlel 2 Y 5X glacg !

Hlcwi e &S
Yo=Y ™
Vo = a, X, + BNV +Ug
X. =V,
S ji=1..,N D)
Vi =a,X + BV U

Azed o SSLVo 5 Vi 5 o ge SSSLE X0 5 Xi e daslsy ol 03 oS
Conkad pte glyls gla sl w5 B s J ST 82555 55 Uo s Ui
bl Jolo 24 by e

T S5 S5l 1

338 sl Jolge plas (gl Camb g 5 S g ezl S G550 52
i Jole p Camye s 338 o Jole alodin i 51T
5 Lo S Uik s AT 4 ik 1458 4 Al O Leas &
glort o pdy ) g o o IS 4 i il St g 5 S o |
I¥F]33.8 o0 Ol (F) SVslae oy goo ) Cumdgn 5 St Ll5
lim(x, (t) =% (1)) =, (1)
lim(x, (t) = x (1)) = x, (t)

(X (1)) Jlaie sl ol o8 = b 5o (2T & 55w 52

()

o g sy N Bl Ol b ize T BT 5 sl e ho il
ol 5l (X (1)) Slie cmes S 0 Ol 15 s b uls
e opl 55 Jalse $Salys s o Sialed s b Jule ja o plls
Sl tm 5 550 2ol T U287 53 a8 4T il o (F) 5 (V) O sy
S oS IS sla (53505 I Sl Jolge S 5 e
ESalys sl 1y sllan o o 5 Condpn 4 il (5148 4 L Jolpe
pe hls Jolse 51K n $Salys Sl (s S 3wl Julo
"t I e Sl e (e e diST J ST I B kel

Journal of Control, Vol. 18, No. 3, Fall 2024

VFY 5ol o sled A Ao o =S dons


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

2 pslasl (63555 b 5 palaal ale dior i 53 (LT Gb3) S S Sup) 0l p Jde (551 de J xS f

Z P . ETRY
A doma ¢ S b5 ¢Sl 615 (s

OA) dolan 355 0305 51,3 (W) 53 (VF) J 28 056 &S 550 o
2y Jool

V = 5(fo (X6, Vo) + [ o (%6, V) + X
~28, — A8 (- (tanh( j 6. -
ksgn(8)] - x{ + Ae,, +
A, (L (tanh j &.))
V= 5(( o (X Vo) = fo (X6 V) -
(&, —&, )~ A, (6, (L (tanh [, )") - (4)
e, (1-(tanh j 6,_)%) —ksgn(s))

SO (1) oKT sl S 87 S i w8, & Gys0 o

OA)

Wl 15 (YY)
iimélG =6, (¥+)
!gimézs =8, xy)
lim( e (X, Ve) — fo (Xe, V6 )(0) =0 (")

23V <ks[<0 S b a0l 8 (TN-(19) war s
:ﬁ)‘}w.@‘)‘}ﬁ@ng)‘-\il{:%ﬁ

2 (Yv)

1
Vs—k\sl\=—k72V5

1l v.:.a\j;- (Y¥) dasly g5lwesl b

1

dt < —%v 2qv (Yf)
1l ol (YF) ey 1 (s SIS

¢ <t, +¥v (t.) )

G by il A e 4 Oy Ol EP T 3
Bl sl Ti(to)=tr-to
22 (¥%)

T,(t,) < TV (t,)

Sl o ¢
G Gl T S dis sl (5l s ol (e ol o
b Sl ol oles 4 s Gl aeT ile diz s
5 Sl 0Ll e lie ol 53 BT Lleds 455 k5 55 (o5l
oS J S il e ol pe s Jelse Sl oS m oSl
35Ol b it (LT Oles 7 (J 28 Csllan 18, eds 1 b
23 LT a8 S o @l 3 1) Julse 51 ja glaalsd pus
OT 5k pn) S o s 3,8 o 513 (0 2050 XY amio
S by sl e rmen ol o b me (TV) 53 50 63Ul

el 03 Oy (YA) 3 g 516K (sl 4 515 i e (F) 53

&, =X, 00
é,= X,

L AG =[)20,)21,)22,...,)2N]
A

Xy =X (t) = X, (1)
X, =A+B

=z

- § oIt 0-x O-x0-x,01 O

j=Li%]

Il
W

B= o, [(% (1) = %;, (1) — (%, ()]
iLi%]
i=1..,N
Wl ol o3ls asled Xt b ,uny &S o s (V1) dslae s
wb‘jéﬁdﬁ@ﬂ.&ﬁawdﬁf@-‘}—v—v
Sl S,
b ol o e TS g i i o 4 Sles
))Qﬁkﬁ(&bﬁ)&ﬂﬁf})ﬁf\kdb&fd}f%lﬂ‘o.k.i'
31 sl A8l 3> 1y o e S 03,8 Uiz (U15 ¢ Jol s Juke
- o Szt ISl ooy Sl Koy el 58 Jde J 87
B e Sl e o bl pe 4 a5 L 1) (9bs) IS LS
oz 5 Sy p SIHE Jols V) 3580 da o7 1T 51 [YY ]S
CJ: 3 gd>e 5\.1:> J¢l> oS JJ“.‘S ‘Mb‘selk:-di’;h—wu

i bl (53 s e e [YP]350s oV o) Sen

z

=

fo s Gl s ar 5 LT o Cants () 23 4 55 bl
AL ol e Coalad e L L g LBL e s )3 K8 ST (S5 3
ol B (b Slie 55 e 8 5 5 55 (VF) 3 4 J 87 056

._ujf@ ol (T SYslre

Se =€, + A€, +ﬂztanh(J.elG) ay)

S5 =6, +48, +Atanh([e,) 0w

Ug = (— o (Xg Vo) + %, — A6, —
izéle @a- (tanh(f élG ))2 -k, sgn(éxe )
GOl S Y-y

(F)

b ad 8l 55 (10) ¢ 4 O pLU gl LIS ml
\Y; :ESZ (\0)
2
V=s$=s(¢, +Ae, +
Je, (L-(tanh [&,))

gh g Jeolm (VW) dsles (V8) 55 (4) dolas 6, 0315 15

(%)

V =5(fg(Xg,Vg) +Ug — X + A8, +

av)
A8, (1—(tanhfé1a)2)

Journal of Control, Vol. 18, No. 3, Fall 2024

VEF Sl Foyled OA dor J 25 alone


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

0 R sl (5355 b5 predael ele it 53 (8T Gbs) g - STy al p Jds A L J S

é P . (.
A domn o JI 5 (Gl 5 1 (e

real
= mmE estimate

S 4 ¥ k4 -50

0 500 1000 1500 2000 0 200 400 600
Time Time

Glly 33 iy L Cpadi p & Caltben ppolie Ol 1wy Y IS
.Mdl’-r..ﬂ..:ujé X y e
Lot b ot 55 S 5 Camige S Y ) LSS s
o b S 4 by s e s g s 18Rl s 5
Vgl S 3 & 4 S 0len il ods asuie €STIMALE s 5
3 S e e a2 e ka5 8 e salia Y
Wl g s Slee Ja5 02, S a5 958 o Jol bl
33 0dd odalie by ar g Sl (655,06 455 pl S5 bnnl y3 il
V) dslee) Koy avatniie dslas 4 4 5 L Ol 0 Y ) lSs
Saats; O ol asetin dslae pl 514" 4SSl 3l plo! (Ll
S 3l Ol Olg e 1 5 syl Ko £, 4 Kugy dabie abslas
wlsl p3 el 358 o mie Kugy ol Jlpla & il
Cﬁﬁlﬂﬁ(-‘-"db" a,p, j‘éﬁ»,&.;r‘zd&ul:)‘}b g, =0.001
Ol Jolse 51 S5 6l (@, B,) (mls polas \ Jaule 53 il e
Ll 0

Jolss 51 S5 p glaalh pute 1) gl

Leader | Followerl | Follower2 | Follower3 | Follower4
a forx -14 -1+Cy -11 -1+C, -12
B, forx -1.2 -1.2+C2 -1 -1.2 -1
a fory -1 -1 -1 -13 -0.9
B fory -1.1 -11 -1.2-C; -1 -1.3

b e (€2=0.1sin(0.01t)) «(C1=0.1c0s(0.01t)) V Jsut 5>
S A e el A2 B 8 s 2 e g el p sl
(g))vd&ﬁ)(do\'ﬁja ISy 95X e slinly 5o b Jule 5
IS 5ol Jole 51 n I 58 (6355 e (sl ol 03 Lol
ol ol 0315 u:u_Lu (.:) 9 (C) i\

[x. ] [100sin(0.01t)
| _ cos(0.01t) o)
Y, 100c0s(0.01t)
B2 -sin(0.01t)
105in(.1t+M)
- N
S cos(.1t+ M)
%, N
- _ (YA)
Yio | | 10cos( 1t+ M)
v, N
_Sin(l1t+M)
L N J

3B Ol a3 A (A b 5X ) e Sl 53 Camdge 5 o
Al o P Oles sl 53 48 Ly o sl JL N «(YA) alaly 3 i ls
S o Ol by Jale pnosled 1457 AL o 05led (113 5 b Cpimmen
Dl BT 5 24 3k o ol i e LTS s e
dLs 1y sllae ol 5 (s ol s ) O luas Lo o
S ots b 6l 6.8 4 lghale emnokd b (650 5l 53 [VV] S
2L S Olg ay s dm codd e S O L bl
- b by, &S oply ode Syse ol 5o il ailh 65,6
oled 5,0 (Gle ad ol 5o S e U S5 1 e,y )10 (63, 55
WY 5y e 1s (g s oty Sy 5 Comdgn s Fojled )
3P 5, Y am LY 5, (¥ 5, 9) 5m L)Y 5, o(F 5,0 5 50
Al o wleen (F 5,0 9) 5,0 LF 5,0

Y X el 53 53 Jalse 51K pn SKalys gla byl ol slia
@8 s (o, =10, =-12) Sy 5 odd o5 Ay en b
) ey S e e S gy i e 4 s e
bodsl (@, =—15,8 =—-08) & dl 3 (&) Caes lie
ST o arg by oS 4 85ha ol okeT Y 5 W2 s 5
s (B DMl 4380 L) wlie oa LY 5 X sl Sl s
o3y sl Xy goen (glul s @uwcw)}@fﬂéﬁé‘ﬁlqdibé
el 0l

& =01

umu o estimate O

real
estimate

0 500 1000 1500 2000 0 200 400 600
Time Time

Sl 3 oty Condsn ad £ ke pslie Qbsl 1wy p 1) IS8

'Mdl’(";‘?")b X ygoen

Journal of Control, Vol. 18, No. 3, Fall 2024

VEY 5l Fojled A Ao oJ 287 alons


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

2 pslasl (63555 b 5 palaal ale dior i 53 (LT Gb3) S S Sup) 0l p Jde (551 de J xS 4

-
A doma ¢ S b5 ¢Sl 615 (s

IS 55 a0l 1y sbsy 5 2T S a8 XY asmis 55 S >

725035 Js s (0) 5 (Pl 4 55 b .l ol 0313 2o le (8)

2L Jolse 25555 O LT S oo 5 8.8 Sso o 4
u;-\,l,AMJffgﬁwwm,}mg‘ogg,;.wnuyu
cb}‘j)uW[“f]ffjﬁclda\;owdj‘fcg|fbaﬂ
‘;;)\gg\e‘:};@e.\ﬁwSﬁ}éw.ﬁw\aﬁo))jT9J§.:)J

4o 038 Js & 5 3,8 e IS8 BT 6 g A e

w1 W w a &%

Time

"

.Jﬂ-&@@)ﬂ&uﬂ)}

]

»

" 3
Time

‘5\ﬁ[v9]@.fu:,~acbjmuml{,,u;fd;sa,{\u P IS

s a £ 55 s g gk 6l o) 5 T IS

S 5 4omaii-0

s (5l Jobe st Bl (glapalad pte b ablia (s ey

el e ol 55 plarl ol od 3 8 5 s (BT b,
Jo ol odd a3 8 a5 s 2T (glsy s (5l 5 oty sl L
JAS 058 (b e (535 5 53 LIl o s 3 Jole o b
Ll ok (b 3 gdoe Oy Olj b Jdda 558 de ulal
5l S g Eel (S p s SIS0 ) e 1 eslinad

g o2 S Gl ealizal canlsl 53 s ph e Gl S 51

by e s sl s a5 S0 i 612 55

.JJ;@D%‘F}};J‘W‘;‘S‘J{C.\A

IimUVG(s) =5X;(S)

lim a;(s) =5"X(s)

tolabl

(AT)

(A8)

P - uL:.r BRIyt (A8) K] (A?) 4(A4) v_'Ln) Joles

Tim % (1) = %, s)

1im v, () = X5 (1) = Vo 1)

(A9)

(A10)

!iTOéG (1) =%s (1) = fo (X6, Vs) +Ug

or

fG (XG 'VG) = JiTO(éG (t) - Ue)

(All1)

-400

Followerl
Follower2
Follower3
Followerd
0 500
2 a
r 200 €
100
=0
-100
-200
500 1000 0 500 1000
Time Time

y}X)}xﬁdu.wb).:bdﬁbbé;fééjjjjjﬂchurﬁ

33y s (GNP K J5 X o glinly 53 b Jule s g

s 5 Camgn el 0 o3l (2l (2) F IS 53X ) soen sl
osls Ll () F K 5 (L) F UKo 55 i i a 55 Y gmee sl 53
(F) JS& 51 ods Oly (F) dolme 53 & planl O (g o Conl 0k

éj;d' EBEY th.;-\ :}.ﬁ:‘sa sdalive a5 %;QL«A 3‘}‘.’"\‘-’«5" C))_}.ﬂ

G a5 o3 K sk 5 3pde SIS (53555 Lol 8L

200 400 600 800 1000

3,15 pls Ol ks 5o
i}

Leader
~— Followerl
Follower2
— Follower3
Follower4/

200 400 600 800 1000
&

200 400 600 800 1000

Time

200 400 600 800 1000

Time

.u,ﬁuﬂjgf.s,.tu,,w,;uwu:wg

200
Leader
Followerl
150 Follower2 |
Follower3
Follower4
100 -
50 [
a
ol
50 |
-100 |-
150 . . . .
-150 -100 -50 50 100 150

XY domins 53 ooy 5 T J S 0 S

Journal of Control, Vol. 18, No. 3, Fall 2024

VEF Sl Foyled OA dor J 28 alone


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

v R sl (5355 b5 predael ele it 53 (8T Gbs) g - STy al p Jds A L J S

A domn o JI 5 (Gl 5 1 (e

bl (A2) dslas 05 S o3l b

R, (s)(s° + 257 + s+71)_7§ X, (5) (A3)
gl’ gl’ Sr I'
lim () =% (5) (Ad)

S@fwu‘j@(AZ),lg_ﬁ\ja,)&;

Ve (s)(s? + L5 %24 Gy By (o) (A5)
e & &s e
ag(s)(s+ L+ %2y “p:%xe(s) (AB)
ALY
lim g (5) = s%5 () (A7)
!rim)éG(s) =5%%,(8) (A8)

lim %6 (t) = X5 (5) (A9)

1im Vg (t) = %, (1) = Ve (t) (A10)

I_in}’ae t)= Xq )= fG(XG’VG) +Ug
or (Al11)
fG (XG ’VG) = Jiml(ée t)- UG)

Wl 25 g 4 S sy s 4 Sl S3ap5Y
8

X5 (5) _ &

a
Xs(s) (s*+ 3sz+ §s+%)

I' r r
watiio dolas & Sys0 35 5 Shoh o) Kan Adcnl ol
Gy 8 Sl o 03> OLES ([YO] 3 . AaL 2958 (AL2) Jlas GU

(A12)

a, a
w\f,)},a(svu s*+ 2s+—) sl x> €, €(0,1)
S E

I' r

.MQE})}A(S +a35 +a23+a1)6\41.s:.-u\;g-;|.bjé);‘
S eIl aly Ko gy o) Kan o 015 0 & oo Slisl L1
2 5 250 oS S S dty il e Gloj b1 S S
Y sbely 53 sl 4 015 oy arss geed 33,5 (0 513 (A) i

SIS

a
X (s) _ 5r3

Xs(5) (s® +a‘352+ 28+a1)
r r r
4.,4:';.':..4dszL;)y):Lgﬁjfl;};@ljiwjzl:halﬁU{

(5‘;,’ S Sl o 05l olis L["b] BE) JJ'»L R (A12) JLE.U‘ CU

(A12)

a,
ol ayen (24287 +—s+—) sl x> g, €(0,1)
{;‘

T r r

A5 ey (S0 48,57 +8,5+8)) slaler k> S Lt 5 S
S oslulaly Ko gy ol Kas o 015 0 & oo Sliusl L1
R R R e R R SR S S

Y slialy 55 gty 4 015 oo 1y ay cmen 35,5 o 155 (A) alal

S SIS
b diw 4> phuww (21K OWT iCwgn
SR9) 389

(5) Siztn J Sl o iy Sl K255 ¢(0) g 51 11) 48
3303V 3 Xg S W o s To(Xe Vo) & 6l ls
il g >0 u;u;e\;ﬁl)gsb@,;);.r_f@fl,bw
dalee il 2958 (CAIFY) daiiio SVslas 5 035 ¢S S 3
.:}L@a:))TJg(/\)

ol

X (glly 53 $Salys 033 O @ a5 b s Laly, (Sl ol
Sl s JB S 55k 0 85 5 53 X sl 51 g5 SUTY

S s 5 S 41y bU e SYsle il o Y (slial

R =Vg

\76=é e <l
;=L -L,-L,

Lr——(x —Xg) (A1)
o,

LzzﬁvG
(22N

=24,

J};M\)’ﬁ)ﬁ)‘)y-\);’%}JQL’CJVDMJWV&M

Vs (s)
X (s)= .
U5 (s) = aG(s) 6, <1

$8(8) = L1( )= L, (s) - ()
(A2)
I-1(5)——f(>< ()= %(8))

Lz (S) = :;‘7(; (S)

r

Ly(s) = 24 (s)

Journal of Control, Vol. 18, No. 3, Fall 2024

VFY 5ol o sled A Ao o =S dons


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

2 pslasl (63555 b 5 palaal ale dior i 53 (LT Gb3) S S Sup) 0l p Jde (551 de J xS A

A doma ¢ S b5 ¢Sl 615 (s

follower formation control of autonomous
underwater  vehicles  with  event-triggered
intermittent communications”. IEEE access, 6,
27902-27911.

[14]Chen, Y. Y., Zhang, Y., & Wang, Z. Z. (2017). “An
adaptive backstepping design for formation
tracking motion in an unknown Eulerian
specification flowfield”. Journal of the Franklin
Institute, 354(14), 6217-6233.

[15]Rosaldo-Serrano, M. A., Santiaguillo-Salinas, J., &
Aranda-Bricaire, E. (2019). “Observer-based time-
varying backstepping control for a quadrotor multi-
agent system”. Journal of Intelligent & Robotic
Systems, 93, 135-150.

[16]Xie, W., Ma, B., Fernando, T., & lu, H. H. C.
(2018). “A new formation control of multiple
underactuated  surface  vessels”. International
Journal of Control, 91(5), 1011-1022.

[17]wWang, X., Yu, Y., & Li, Z. (2021). “Distributed
sliding mode control for leader-follower formation
flight of fixed-wing unmanned aerial vehicles
subject to wvelocity constraints”. International
journal of robust and nonlinear control, 31(6),
2110-2125.

[18]wang, J., Han, L., Dong, X., Li, Q., & Ren, Z.
(2021). “Distributed sliding mode control for time-
varying formation tracking of multi-UAV system
with a dynamic leader”. Aerospace Science and
Technology, 111, 106549.

[19]Gonzélez-Sierra, J., Rios, H., & Dzul, A. (2020).
“Quad-rotor robust time-varying formation control:
a continuous sliding-mode control
approach”. International Journal of Control, 93(7),
1659-1676.

[20]wWang, J., Xu, Y., Xu, Y., & Yang, D. (2019).
“Time-varying formation for high-order multi-
agent systems with external disturbances by event-
triggered integral sliding mode control”. Applied
Mathematics and Computation, 359, 333-343.

[21]Fei, Y., Shi, P.,, & Lim, C. C. (2020). “Neural
network adaptive dynamic sliding mode formation
control of multi-agent systems”. International
Journal of Systems Science, 51(11), 2025-2040.

[22]Alemu, A. E., & Fu, Y. (2017, May). “Sliding mode
control of electro-hydrostatic actuator based on
extended state observer”. In 2017 29th Chinese
Control And Decision Conference (CCDC) (pp.
758-763). IEEE.

[23]Dong, X., Zhou, Y., Ren, Z., & Zhong, Y. (2016).
“Time-varying formation tracking for second-order
multi-agent systems subjected to switching
topologies with application to quadrotor formation
flying”. IEEE ~ Transactions on  Industrial
Electronics, 64(6), 5014-5024.

[24]Olfati-Saber, R., Fax, J. A.,, & Murray, R. M.

&y

[1]Wang, J., Yan, Y., Liu, Z., Chen, C. P., Zhang, C., &
Chen, K. (2023).” Finite-time consensus control for
multi-agent systems with full-state constraints and
actuator failures”. Neural Networks, 157, 350-363.

[2]JAmirkhani, A., & Barshooi, A. H. (2022).
“Consensus in  multi-agent ~ systems: a
review”. Artificial Intelligence Review, 55(5),
3897-3935.

[3]Shi-Cai, L. I. U., Da-Long, T. A. N., & Guang-Jun,
L. I. U. (2007). “Robust leader-follower formation
control of mobile robots based on a second order
kinematics model”. Acta Automatica Sinica, 33(9),
947-955.

[4]Lewis, M. A., & Tan, K. H. (1997). “High precision
formation control of mobile robots using virtual
structures”. Autonomous robots, 4, 387-403.

[5]Balch, T., & Arkin, R. C. (1998). “Behavior-based
formation control for multirobot teams”. IEEE
transactions on robotics and automation, 14(6),
926-939.

[6]Xiong, T., Pu, Z., & Yi, J. (2017). “Time-varying
formation finite-time tracking control for multi-
UAV systems under jointly  connected
topologies”. International Journal of Intelligent
Computing and Cybernetics, 10(4), 478-490.

[7]Wang, R., Dong, X., Li, Q., & Ren, Z. (2019).
“Distributed time-varying formation control for
multiagent systems with directed topology using an
adaptive output-feedback  approach”. IEEE
Transactions on Industrial Informatics, 15(8),
4676-4685

[8]Wang, R., Dong, X., Li, Q., & Ren, Z. (2018).
“Distributed time-varying output formation control
for general linear multiagent systems with directed
topology”. IEEE Transactions on Control of
Network Systems, 6(2), 609-620.

[9]Zuo, Z. (2015). “Nonsingular fixed-time consensus
tracking for second-order multi-agent
networks”. Automatica, 54, 305-309.

[10]Ni, J., Tang, Y., & Shi, P. (2019). “A new fixed-
time consensus tracking approach for second-order
multiagent systems under directed communication
topology”. IEEE Transactions on Systems, Man,
and Cybernetics: Systems, 51(4), 2488-2500.

[11]2uo, Z., Tian, B., Defoort, M., & Ding, Z. (2017).
“Fixed-time consensus tracking for multiagent
systems with high-order integrator
dynamics”. IEEE Transactions on Automatic
Control, 63(2), 563-570.

[12]Chu, X., Peng, Z., Wen, G., & Rahmani, A. (2018).
“Distributed fixed-time formation tracking of
multi-robot ~ systems  with  nonholonomic
constraints”. Neurocomputing, 313, 167-174.

[13]Gao, Z., & Guo, G. (2018). “Fixed-time leader-

Journal of Control, Vol. 18, No. 3, Fall 2024

VEF Sl Foyled OA dor J 25 alone


https://joc.kntu.ac.ir/article-1-984-en.html

[ Downloaded from joc.kntu.ac.ir on 2025-07-04 ]

4 o sl (53355 b5 prelael ale i ot 53 (2LT gbs) S b Sy al p Jda a5 J S

A domn o JI 5 (Gl 5 1 (e

(2007). “Consensus and cooperation in networked [26]Yao, D., Li, H., Lu, R, & Shi, Y. (2020).

multi-agent  systems”. Proceedings  of  the “Distributed slidir)g-mode t_racking control of

IEEE, 95(1), 215-233. second-order nonlinear multiagent systems: An
event-triggered approach”. IEEE Transactions on

[25]Wang, X., & Cai, L. (2017). “Aircraft navigation Cybernetics, 50(9), 3892-3902.

based on differentiation—integration

observer”. Aerospace Science and Technology, 68,

109-122.

Journal of Control, Vol. 18, No. 3, Fall 2024 VP ol Fosled A o 28 alns


https://joc.kntu.ac.ir/article-1-984-en.html
http://www.tcpdf.org

