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Design of event-triggered control law for consensus of fuzzy multi-
agent systems with input delay

Reza Rahnama, Ali Moarefianpour, Nima Mahdian Dehkordi

Abstract: In this paper, the design of consensus control law in leader-follower multi-agent
systems will be studied with agents with TS fuzzy dynamic model. In this study, assuming an
excitation-event mechanism for updating the control signal of each agent, while reducing the
number of control signal updates, the closed-loop system stability will be guaranteed.

Moreover, in the proposed event triggered control strategy, the Zeno-behaviour is avoided.
Each agent only sends data to other agents at the time of its trigger instants, and its control input
is updated only at the same time. The design of the control law and the excitation-event mechanism
will lead to the solution of a linear matrix inequality. The innovation of the study is in selecting a
fuzzy model for agents that can extend the solution of the consensus problem in multi-agent
systems to more nonlinear systems. Finally, the effectiveness of the proposed method is shown
through a numerical example.

Keywords: Multi Agent System, Fuzzy Agents, Event-Trigger

s sb W i ol o o5 01y 353 130 5 IS Oludige el o 28 dloes 532 0L e o 10U ls edgs iy 5


mailto:moarefian@srbiau.ac.ir
mailto:nimamahdian@sru.ac.ir
http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

6’})}):dL‘)_}':"Ul‘ts)bgsk‘L“"‘?&uWCL“"CS‘J‘"“\{})_‘&,)’JJ}SU}‘E@‘}E \Y
3,585 0bdge Lo )35 O 20 e clazay L,

Lo ble dor Glaptens plarl Gl ks w55 slbs,meS oo
33 Sl 48 8 15 adlllas 3,40 [VF] 5 515 ot b glaeSCals
Ol 3y 5 86 o e U S b5 Rlas plsl 51 (o8 5 (WY]
& sl ij:‘-\f_))—dg..-_fdﬁ@:?aGUL[\/\]@-ﬁ;J.w\aM
2 glarl s 355055 Sl 51 5k (615 5 4 sad Dol Ll
Wl o sty 3l 5SS (e g
b L 55 IS G5l 6 e Sl s O
ol 58 w5 e (B el 6K 5 53555 Slj b
Sl e a sl dale Lol dor lagrenw 53 plazl dlas J (6l
S le dlis ol ool slas 5T 5.l TS
S a el TS (656 Jde e s (63,5 i
):‘)A?L;L_\J;ASW.&S\;J(&AL;J;Q-W‘;LAJA;
Sopis @ledde Gl bl Jle 5K
B e I AB E R R IR L
Ll plaze clad o OV 5 Solaass
Sesls e ol 5= o5 51 AL plaxd 31l i
2533 Gy dom 3l 95 o S5 o Ole 5033 (515 8 e
e el 55568, 5l onl 51 Sl (6515 05
o lp oSS e 0 S il
b e s e 5 4G 3 g gl 25
38 e 4l ele b ol iz ot (g oS’ 28
2 He 5,05 5 6,50 5 63305 Sl S LTS
Tl Al e
ls g 5 353 0 S0yl oalin 5 o3y Sloia ¥ 25
RN FCR PRG-I SR RGN PREPRL ST
B L 65B baale ¢l ol 5o o e pla| 28 050
b LF 3yl elastl (b ony S 5 63555 03 Sl
S il 53 5355 e o p ok Al Eg) 28 e S (55

3,03 polasst| Eow I (5,8 s 4V

=2l Olondo -Y
G=0If Sope w5 ble N oo (b)) 5lns
KLV = {0, 0, .., Uy} 555 o osls 0l {V, E, W}
K B by e game SLEEVXV 5 lae$ 40 gores
5V o&T il s 55 U 5V sloo 8 0w (03, 77) € E 4
Solas s W = W] € RVV s glaas s L
Wi >0z (0, 1) EE $1555 e ol 13055
Il Slas aseze asls ol Wi =0 S ol
s s s Ny = (v € V|(v,1;) € B} gy

ok osls WS = diag{sy, Sz, oo, SN} s 1S e e

dodo —

A ele i glaprnn J S wsdE glaans b s
Y R P R PR B+ S I G V5T
o Glaptuw Olie & Wlg o (HBly s Slaptnn S ol
Slgy opkr (Saaler (ot D3y lpn S Loy e ¢ lole
Sl biph 8 iy 5 (Y] odd 59 g S i V]
Oy (g ploor ool gl e 5 plazrl o Jusls iz (Lot
T dloes DebI alul 0ds Gatein ¢ 2ie OV 4y bs fale aen
o8 9 plaxl g s Ok sla Jole 05,5 glax! JS5 554 5
Pl hale b (Glaptenn ploxrl (615 2L 5 SO [F] 5 [¥] 255
Lo (V] ol 5 dF] 5 [0] Jole slacSalys Calisue
el oo g 5 [A] U3
53 4L 55 e Cusgions plard J 287 as luesly sl
) S Ll Sl 5 lonn L K3 (5 1250 3 5 i
> Shes 3 dolas sl oo ille 0 B )5 (Il el 35
2 IS 580y 5 6 S ol el (551 g % e 5 S S
G SR8 o o3 Ll Aidin s 53 g 0 1 355 ¥
sy p st SIAS 5 E0a5 5 ol pise b SIES wlin b
Sl b dmylie 53 85 SN S - e Ul 45 e (ot 51
G3p 03 e Sl e JES S, (Gl 6 oS
35 6 25 ) ok sl 6l [V ] e 03 el g DL
—&ges resls 5 gme 28 s s Jlesl ket L;LA\‘,.:M:..., B
Slesis g S Oloj Slbmd 53 fule 8 ol 257 edd (gl
— 405 Juli a5 0d 6)l:j4ﬁ§ua:|:ﬁ&¢5uﬂff.:}i@
ook 4y gl 5 (ke 03 ol U3 b 5 3 010
Bl s o e Bl w55 G5 Al SLIL Y] 5[V e
G Ghy Sl gy o asd e Sl Sl S e xS
DIV 5[] 1 Gt glonts
— Sl s b Jlole iz (gl 53 3155 (e plaz] s
A S s 5 e S oS S o 2 s
5n IS s ol o ol 6 5550 ol (S5) 2 (S T Slalllas
o s 1 V] 0> S g 5 Sl S35 Ll 5 sl
P L SRl S (s 5l 5= S o 06 0T 3 oS
e 31 (5n 308 s WIS Ll 0 1) el iy (sla S
ol o b 85 53 [VF] 5 o b slaesSialiys b als i sln
(V0] 53 kS o slgiden 1y Jele 20 3,50 5 €K ok 55 0T 53 &
S 5 e Sl Jele b g oy oo i (gla gt plal s
S Sl b 8 1 L 550 3l 5 S e S 5
@B 110] 55 ods &yl i (3laacs b dlin nl > 3ltiy s
4 s 6l IS I sl Sl 31T 53 1y 5 o pllae

2 s Gl JRS S Kos sy s Ol plad

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

w 3305 03 Slo3 b L3l ale dir (Glo s plazl (sl 3l 5 =K i J 557 056 10
63,585 Obdge Lo ) 35 O 20 e claiay L,

e e s Sl 50,V € R™ lajls 5SS a1 (YY) of
S, —2xTy <xTe'x +yTey bt € € R
O

Sl L X, M >0 e e le 6l (YT E o
—XM7IX < p2M — 2pX sslsl e p > 0 Sl jldie
ROWIN

ki slagl L gla g S My s My, My 45 5 51Y410 o
Lao&KTO <7y <9(t) S7p 5 nen

M, + (772 - Tl(t))Mz + () —n)M; )
<0

Az s Sl i3,

M;+7qM, <0 , M;+7M;<0 ()

Wlw Ly &5 -V
A3y s s s Jele NI ST Jlele s g
S 0BT LTS (556 s &K g w1 Jale 0T 53 65 0,8
S OT ¢l P ouss
If 6, (t) is W and ... and 6,(t) is W, Then

{xl(t) = Apx;(t) + By () (t) + Bupw;(t)
7 (t) = Cpx;(t) + Dpu; (1) ®)

Q)}@QTc\p AJ.GEASeA&GTl{}:.h)Jchj

If9, () is WP and ...and 0y (t)is ng Then

{x'o(t) = A,x; () + Bypwo(t)
Zo(t) = Cpx()(t) #)

« U (t) ER™ ;x;(t) € R™ (slo e () dlaly )3 555 0 O
S, %0 (8) ER™ yossl Jole 3555 413,05 S sy s
ng(p =12,..,15]=12,..,9) .l o, Jole =
0i(t) = 5 Wb o3 i Oi() 5 56 slaae sarme
ol s o ot e 3 515 64 [01(8), e, B, (D]
s Wi(t) € L5[0,00) (g35,5 il wsls Ko S Slsp
51 Jole ol ezl IS (5 4 Wo(E) € £;[0, )
bl s g5 4 Z(t) ERT 57(t) ERT 5 ) Lo
¢ B, ER™™ (A, ER™T il o, Jols s 5 d
b g w5 Dy € R, C) € RT™ (B, € RP™
oS (36 5 b uly e Sle (6135055 31 o3zl b Azun

gl Jole 61 (0) (636 s Sl (S5

i=12,..,N, 5035005 aodssyy bl sliss S; o5 ol
G i OIF & by Lot sl s = Xwy;
P o S L=S-W Oy ges
Gl ole o el 5l Olge 4 B = diag{by, b, ..., by}
o s oy Sledbl 4 il Jole $1558 oatlis iy 55,0
By =0 Sygo ol 3 s by = 1oKT sl wsls
S e ol 1 Jole > Shas oo ) S (Sl o1 S

.MJ@QL&J&L&&M@U\):L\;‘})

Node i

(To'te used m iteratioa =1

o Yes deciion I
il Update x {1, ;1) b
From Event VPG4t o 5 4D

Event desacior | x —
nodes x{nT) detected? /4wl Tomodss

x(nl) Ne (dacion )

x(n) (1) [ Zerocedes | 11T
Samples H Agent 1 hold Coatroller {

i Sl 53 3l 5 =8 25 e IS (S Sk pl S o) S
el

©adgr ol Sl Dose b s plexl P B W
sl Lulys el ol ‘Ei’ﬁ”xi(t) =% =0 &
Al 18

LX,Y sle e Sl atu gy w6 K (X, V) 48 55071 o
ol Cay a5 4l

Dit(x) <y <ux)p®) <x<0({t).a<t<p
ta e 0() s D(1) 5 cwpm X 4 i PUX) 5T(X) OT 13 o

N7

Sy gs 50 0 o 5 D ul:l.:c\:d\f};dbi:ﬂ..\;:ma}:w

6(t) u(x)
k() = f ax [ faydy

s I
a<t<p m
o
k@)
. CIG))
= 4(t 0(t),y)d
O ) FOOD "
)
- o f@@®),y)dy ,a<t<p
((t)

S b Sl eSS wsS” 5 5 YY1 (Schur complement) ¥ o

S11 Si2
"y Lab ol 03l> S = [ ] <
) S Sa =

Dol S b 5 s aw oK« 81 = 811,85, =57,
L
S<0 i
Sll < 0 ,522 - 511251_11512 < 0 “
522 < 0 ’Sll - 51252_215;{2 < 0 .“l

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol o oylad 10 dor o =57 aloe


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

‘SAJJJJJdb)ﬁa-ubéjlsgskﬁ\.c-’uq-&uWtb\é‘jé\u\{})—&ﬁdfsuyﬁf‘jb \¥
3,585 0bdge Lo )35 O 20 e clazay L,

q=1,...,T‘_;\jH{Kq}‘_;:}J}@hjﬂs-UT()T):‘\f;ﬁM\}ﬁ-
(\')Alz\))‘kﬁf‘}%bfwf}g}‘om;lﬁdbaﬁ
aluad sla lole ol (615 585 03 Sl 51T Jale 457 > Ol 55 oo

o3k sad Jale S8 I ol gl S n o3liz t”(,(t;-{) ol o

Lo Salin i 3 il e ol t € [EL, EEL 1) o s
9i(6)
= e/ (t —Die;(t — 1)
+E{(t —1)¢iEq,(t — 7)
+ B (t = DiEo (t— 1)
-6 [Z wij (xi(th = 7)
JEN;
- xj(t)]{l(tlic) - T))
+ bi (xi(t,ic - T)
—_ xO(tch - T))] ¢i [Z Wij (Xi(t,l( - T)
) JEN;
- xj(t,](l(tlic) - T))
+ by (£ — 7) — xo (£l — T))] >0
(")
Sl 5 03,5 Sluyisn by 35 S5 IS § Jale 555 515,
sl gy eSS 5 cugi(t) A o byl wlan sla fole a1y 555
~ 25 e Py € R me St o 5l o3l Jole 61
sl el 6 > 0558 o1 b b &S sl U Jule (13l g,
([\b]) | b‘.»\.:})-é{.&ﬁ ol
oT y3 o8 cute;(t) = &(th) — g;(mh) & ke (1Y) dasf, 5o
gi(mh) = x,(mh) — 5 &(tp) = x;(tp) — %o (t})
Sy Ey () = Yjen, Wije1ij(t) Oske dzes xo(mh)
Oof 53 & ¢! o Jole b alaen glafole slalles § 3oz
j

3 dphe R e1i]-(f) = ¢g(t ) — Sj(t,](’(mh))

k' (th)
(1 Y=+ _— i
¢ Sj(tk,(t;c)) xf(tk’(t,’()) xo(tk,(t;c))
J — J _ J
s & imny) = % Wt grny) ~ %0 (s ()

O A St Eo; = Yjen, Wij eoi,-(t)
eoij(t)= Sy g eoij(t) Sole Wl iy Lo fele
3 g o J‘.ﬁxo(tllc)_xo(t], i)

K'(th)

5ol lip ooy oK s G I E aS s o
ST 8L 55 Wil 1y s Sl &S Sl g ale &G Sl
0 < a8 Cl T sgdomn LB 0l Jols 63555 S 65 ¥ 08
.\L.»\M&J‘)ﬁﬁ}dé)}.:;ﬂ:{hj‘[<h

mh szbﬁd}a.} Slesd CL»J)J O\A) J\u\i‘gj—diiﬁi Jaj.&‘ 4?53
— 4 gmd 03l> Jali g5 4 g (8) St s) oS 5 Wb 558 0 b5
5Qw&boﬁd)\;xdﬂub&»&QCmnl‘}al.o;}ﬁ-‘_g)l:}:
Sl glals sl gi(t) <0 SKabsle AL s 35 e,

43.55_;):} ails )‘);; J}.;; J;G 03 gd>en S )}..h ol 6)\3}4;}».:

20 = ) 1 (00 [Apxi(©
p=1

+ Bpul- (t)
+ Bpri(t)]

20 = ) 1p©@©) [G(®)
p=1

+ Dpu; ()] V)

gy gy Salys

.
500 = ) 1 (O [Apo(©)
p=1
+ Byupwo ()] )

s 1i(8) = h(8(8))/Tiy hi(B()) 0T 55 o8 5550 O
e WPE;) 5 h(6®) =TT9-, W (6;()
el WP 55 6;(8) syt

—dgai DML Jule ol 93-S o llamd 1SS s s
SAS 63355 3 05,5 Jlyl Lilalens ol & 1) 555 edd g )l5
S b Jale S o Glos JIg S e Glasisn B 0
ook b S sy S i 3 0S << <
(0=12,..),(k=d Jolo slus,cK o abl
ool ] sl s oyl ps0 enss B 51,2, ) L = oh
K =12, 8 w0l 1y ] sl sl 56K oo abis
th = 3 tzi,o:,i) = max {t} |t], S t}} clasls pman
GJ Jole sl albsy Ol op 5T i @ ‘max{t,’(',|t,£, <t}
s e DL 1y € 0l B Jele sl sl gy 0oy o 5T 5 Eh Ol
ppal Jolo 6l Sl 6SKod (56 J xS 056 oI P odss

If 6, (t) is W and...and 6, (¢) is W Then

uf(t) = Kq Z Wij (Xi(t}ic - T)
JEN;
=%ty =)
+ bi(x;(ty — 7)
— xo(th — 1))
(CY)

Sosew $b NS s S0, Al 348 0 O

u;(t) = — Z 1q(6(0) Ky Z wij (e
q=1

JEN;
— ) — () _
) x]'(tk/(t’ic) 7))
+ bi(x; (g — 1)

— xo(ti, — 1))
)

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

Vo

2359 9> GSl3 pb L3 Ll d o s plazl (51 3l 5K i J 1S 056 10
63,585 Obdge Lo ) 35 O 20 e claiay L,

%;(t) = Ax;(t) — B[ ) wy; (e;(mh—1)
+ gi(mh —1)
+ eoij(mh -17)
— ell.j(mh —-1)
—ej(mh—1)
—g(mh —1))
+ b;(e;(mh — 1)
+ g;(mh — 1))]
+ wai(t) (o)

Sl gy, (8) = Wi(t) — wo () o ,m bosss o o 55k

x(t) = [x] (), 25 (¢, ..., x{ (O]"
e(t) = [ef (1), &5 (8) , ..., e (O]
e(t) = [e] (t), €5 (¢), .., ef (O)]"
ew(t) = [en1 (1), ez (0), .. ey (O]"

E () = [ET (&), EL, (©), ... ET, (O]

Eo(®) = [EL. (0, EL, (®), ., B3, (®)]

w = [wl,wl, .. wilT

8 = diag{6y, 65, ..., 5y}

¢ = diag{epy, 2, ..., dn}

¢s = diag{S11, 8202 , .., Oy}

L=L+B (%)

Sy 4 (V) i (gllast ¢Salus (18) 5 (V) dslee oS 5 L

&) = (Iy® A)e(t)
+ (Iy ® B)E;(mh — 1)
— (Iy ® B)Ey(mh — 1)
—(C® B)e(mh —1)
—(C® B)e(mh —1)
+ (IN ® gw)ew(t)

V)
h =) anh 1> paigei abed )5 (V) Lo p)p b agd e O

g 4 (M) Sole (1,2, ...

9i(t)
= el (mh — 1)¢p;e;(mh — 1)
+ E{ (mh — )¢, E;,(mh — 1)
+ Ef (mh — 1)¢;Eq,(mh — 1)
-6 w;; |e;(mh — 1) — e;(mh — 1)
[};i J( j
+g(mh—1)+ eoij(mh )
— ell.j(mh —1) — g(mh— ‘L'))
+ bi(ei(mh -17)
+ g;(mh — T)) Td)- Z w;i (e;(mh — 1)
] [jENi '
—ej(mh—1) +¢g(mh—1) + eoi].(mh —-1)
— ell.j(mh —1) — &g(mh—1))
+ b;(e;(mh — 1) + &;(mh — T))] >0
\A)

St 5l b 5 i 533,53 03 S o (5315
ool 1y a8 UK b Jole 5 a0 GBI T Jule ol
S ale w5515 050 Dbl 5 o387 SlaySs s 5055 Sl
JRT PP (WP Y

S35 o 4y S o3l 4 b 8 ST 55 (V) byl 55 Y A gd
G158 sad 0595 Lodd (615 i sad (slaosls led Sl oplys L pd
ti':"‘g‘ Sl opl 5o gl enls Jlasl bl cbaSls 53 LLA ot
Sl ol (b5 G (61531 55 05l Jlusl & et &S sl 5 3-8 s
Psb s S oS e b e

JA 09 15 -t
U= Gl a el sm 5 s on Gl Ay e gl
s 1,2, .00, N
£i(t) = x;(£) = xo(t) on
ESalys 53 (1) 0tz 287 Salys (MK b asd o i

Sy ke i iy il (e (V) Jule

%;(€)
=)D mpO©) 1y (O©) (pxi(6)

p=1g=1
- Bpr[Z wij (i (th — 1)

 JeN;

BRI )
+ by (x; (t: — ) — x0(tE — )]
+ Bupwi(6) o)

A=Y tp(O(D)) Ap oo i bl i L6

B = Tpo1 Xie1 1y (0(1)) 14 (6(D)) B, K,

5 C=%01,(6) G,

4 O daly D = ¥y B 1 (0(D) 1 (0(D) Dy,

SO

%;(t) = Ax;(t) = B[ ) wy; (e;(t—1)

+ &g(mh—1)

+ eoij(t - 1)

- 31,-]-(17 —1)

- ej(t - T)

—¢g(mh —1))

+ bi(e;(t — 1)

+ g;(mh — 1))]

+ B, w;(t) OF)

S15 8 305 Dlbamd 55 J 28 056 a5 S g0 55 ol s 5L B
Sy 4 (V) daly 0 4d awle t = Mh

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol o oylad 10 dor o =57 aloe


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

‘SAJJJJJdb)ﬁa-ubéjlsgskﬁ\.c-’uq-&uWtb\é‘jé\u\{})—&ﬁdfsuyﬁf‘jb

3,585 0bdge Lo )35 O 20 e clazay L,

ny +1) <o

ny +1m) <o )

05,5 gt o&KT el i3, 1<, 0] =1,2,0,7 Sl &
e palie (g1 (1)) &S i p 38 o (V1) 0S8 L a ule

alaly )3 3500 Jool il Do w K s sl 5 A 0] 6

oY)
L. T
= | T | g
S /A
oA A
Ty s
Mg, Mg )
Ny, = FY + 2qL,(Iy ® R)LT + A
- + AT
I, )
= 001{77_('11\1 ® T)le] ,77(_1_1\1
® Ry)LY , AL, $56Y, L7}
MY, = —diag{fi(ly ® T) , 7i(Iy
Q Ry, 1y
- 3 & T), b5 1}
Iy = FY + A+ AT
1,
= 001{7.7'(1,\, B
QT)L) ,aNT ,aM", ¢56Y, Ly}
ng]3 = —diag{ﬁ(IN RT), 7y
Q Ry, 1y
3 & T), ¢s 1}
FU
= diag{(Iy
®P2);0'_¢ '_¢1_T¢I_(IN
®P,),0, =4+ (L) Uy ®P) Ly
+ (L) Uy ® P L7
— Ly Uy @ R(L)"
60U =[0,(LRI,), (L
® In)l _Il Il 010’0]
A=[-M —N,M —L,0,0,0 — L,N, 0]
Ll = COl{(IN ® In)! 0’01010;0 ) _(IN
.. ® In): 0}
Ly = [y ® A4),(L® B;K;),—(L
® BiK;), (Iy
® BiK;), —(Iy
® BiK;),0,0, Iy
B ® Bwi)]
Li =[Uy ® ), (LQ Dik;), —(L
® DiK;), (I
® Dil(j)!_(IN
® D;K;),0,0,0]
L, = [y ® 1,),0,0,0,0,0,0,0] (YY)

Gl S s 1 () 5 (18) Lls st Salys s 10U
Sy (S el ST DG w5 S

QT)}&@\W};J{G

—ojll - gl Kilse;(mh) = Sj(t}i'(mh)) — g;(mh)
g, SIS W G 5 b caals 3 sl ] Jole ok (5,8
O<t<n@t)<t+hz2qait)=t—(mh-1)

e 4 (W) oo i g gl a3 7)(E) = 1 5

ét) =(Iy @ A)e(®)
+ (Iy @ B)E, (¢
-n(®)
— (Iy ® B)Ey(t
- (1))
—(C®B)e(t—n(®)
—(C®B)e(t —n(®)
+ (Iy @ By)ew(t) ()

S b bl i pRes (25 5

z(t) = (Iy ® C)e(t)
+(Iy ® D)Ey(t
-n(®)
— (Iy ® D)Ey(t
Q)
—(C®D)e(t—n®)
~@C®D)e(t—n®)

Syl gy Mg b s O 50N S 5L

e’ (t —n(®)pe(t —n(®)
+E{ (t —n(©)PE,(t
—n()
+ Eg (t —n(t)PEo(t
—n(t)
— [T ® Le(t —n®)
+ (L ® Le(t —n(®)
- El(t - U(t))
T —
+Eo(t —n(®)] ¢s [
® Le(t —n(®))
+ (L ® Le(t —n(®)
- El(t - U(t))
+Eo(t—n(®)] <0 o)
g Jots
—rﬁjéﬁbk&?ﬂjlt}q‘dwﬁa-ungﬁu
SAS 056 5l Az (556 Jda shyls ba Jale 0T 534S (A) 5 (V) 5
4 S e oalimal (1)) S0 o8 bjs a5 L (Ve) 5 o slgiiy
bawy ol ) oS5 g o e N fuls 05 8 o 1) apidd
N 55 05 ol S Soyge 3k ;S0 B3 d(8) 5 (0) slaeSialys
= 12)Rl > O}Pi > 0‘T>0w¢456hwjb;l
E) ¢ = diag{¢1,...,¢N} >0.L N M sl w5l
4§i)}k’. "L“;'l‘ asls ST ¢)5 = dlag{61¢1 )y 6N¢)N} >0

by

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

2359 9> GSl3 pb L3 Ll d o s plazl (51 3l 5K i J 1S 056 10
63,585 Obdge Lo ) 35 O 20 e claiay L,

t
21,[)T(t)Nf é(s)ds
< n(pr(tk)N(IN ® R7HNTY(2)
+f ET(s)R,€(s)ds

Sk

t=n(t)
leT(t)Lf é(s)ds
.

-7
< @ =@ LUy @ T-HL P(8)
t=n(t)
+ f ET(s)Té(s)ds
t

-n
~(Y9) S 5 b5 (1) s Sl s shizal 53 (YF) 51 (5,8 G b

Sl Ol g o «(\A) 5 (YA)

V< m(0@)w(0@)pT(4Y

i 1

r
i=1j=

+ A7)y — 2T (0)z(t)
+ 22wT (H)w(t)

(Y9)
QT )b 4{

A9 = Fi + (1Y) 1y @ THLY
+(0Y) ¢s6Y
+ (L‘;j)TL"gf +A+AT
+ (7~ n(©)HY
+ n(t)H,
FU
= diag{(IN ®P),0,—-¢ ,—¢,—¢,—(y
®Py),0,-1}+ (1Y) Uy ® P) Ly
+(L)"Uy ® P LY — Ly Iy ® R (L))"

HY = LIy @ T™HIT + (Lizj)T(IN ®Ry) LY
+ 2Ly (Iy ® RLY

Hy, =My @ T M" + N(Iy ® R;)NT
ok (e (YF) 53 (Sd sl 7 B 5L wb Gin ¥ oI poll
e s W =0 6l 4 (09) (e S35 wns Ol 0

Bz < AN W iz gls o adsl Ll 2 o 5 ool Sl

Loy al o &5 s o, Jele N Jols 05,8 o oY apidd
ALY (B S 5 S s () 5 () leeSialy
0 <T< IS 3505 b N >0 (ools piseiops @ ey b
e Ste (sla s Sl S1607, e, Oy > 0 &S o o el sh
LyNM g e (=12)R;>0,P,>0T >0
s ¢ =diag{dy, ...} >0 5 ol sl L
wils 5525 Z; >0 5 ¢ 5 = diag{6;¢y , ..., yPy} >0

V(tr S(t), S(t)) = Vl (tr S(t), S(t))

S 558

Vi(t,x(®) = " () Uy ® Pe(t)

t
+ f T (v)Pye(v)dv
e

t ot
+ ft_ﬁfs eT(W)Té(v)dvds

Vo(62@) = (7- () {[sm)

— T (s)]Uy
& Ry)[e(®) — e(si)]

t
+ f T (v)st'(v)dv}
(Y0)

Sk
SkZ}RZ >0(R1>O¢P2 >04P1 >O(T>0QT)34§
.C_,..w‘tkh‘l'mh'i'f
LL s NM Gl oo 5l sl o oiiad= 5 55 sl Sl oslizal |

Cby Ol o el sl
29T (M [e(t) —e(t—n(®)

- f é(s)ds]
t-n(t)
=0

29T (N [e(t) —e(sg) — fté(s)ds]
=0 ‘

29T ()L [e(t —n(t) — et -1

t-n(t)
— j é(s)ds]
t

-n
=0 %)

QT )J 45
YT

= [eT@),e"(t —n®) e"(t
- U(t))» E{(t - U(t)): Eg(t

— (), €7 (¢ =), " (51w (©)] ¥
.U)\} S T>O E) R2>0 ‘51.3:9,‘0_'}7& b)“}mﬂ A rj L;.la
1‘&1)}]@.
t
29T ()M é(s)ds
t-n(t)

= U(tt)lPT(t)M(IN QT HM P(t)

+f ET(s)Té(s)ds
t=n(t) (YA)

1 Newton-Leibnitz

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol o oylad 10 dor o =57 aloe


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

‘SAJJJJJdb)ﬁa-ubéjlsgskﬁ\.c-’uq-&uWtb\é‘jé\u\{})—&ﬁdfsuyﬁf‘jb

3,585 0bdge Lo )35 O 20 e clazay L,

Ay @ )M Uy ®XT) =T
,(IN ®X)(M)(IN ®XT) =M
,(IN ®X)(N)(IN ®XT) =

Uy @ L)y @ XT) =1
Ay @ X))y ®XT) =

(v @ X)(Ps)Uy ® XT) = ¢5
Z; =KX,

=2

~

(Y'(.mej):}&@«a.:uje > 0}“(5‘}’
i _p=iinT
7Ly (Iy ® XRDL] + (L) Uy
® R X)L]
- (@) ety
+ 7Ly (Iy
& R Uy
®X ey
® )f_l)(lzv
® RyLY (YY)

M\J(YY))bchAi‘gHiAj u?;l"w:“‘

diag{(ly ® X),(Iy ® X),(Iy & X),(Iy ® X), Uy
® X)' (IN ® X)' (IN
R X),LLLUyQ X),1,1,1,1}

Ql)(YV)JJcHE}HE)OTaJLGJ\JJj
diag{(ly ® X),(Un ® X),(y
X), (IN ® X), (IN
X), (IN ® X), (IN
X),L1,(Iy

X)I(IN
® X)rI'I} (YY)

ST 2 ) 5 Y W3 Sleslinal LS o 0 b 5 0T o3lgil 5
b e JalS DL gty (F0) 4 (YY) 55 ) 40dd 4 51 01y oo
o e Dbl s s 4 () e Sl Slasslaels YA g
Uy @R, Uy ®X) Iy ® )T (Iy ® X)
- e Iy @ XeTX) Iy ® X)5 Iy ® X)
sk L5 Jo i LMI 150 b 5 e ) shay 31 5 oo 1) ity
s LMI 13l Lo 5 ¢ g b dliies i o (81 sy 53 ¢ IS
s o3l gy 5 YV J(CCL) bg jimn JoSa s3de 555 0,033
ol 45 S 15 oslinal 30 s ol y3 8 VAl 5L

glozt o3l (6l 55508 51 Slaml cas Do 31§ A g

— 430 b 51 1T ,[va]@lewat.\,_,,—&_fa;\gsu

®
®
®
®

—r (Sl sl gy absd gy 0y Ol 0o gh e eslital Gloygs (g yls
il B ol i 5ed 0583 03 gumus 1 ke 5wl JBld sl

S ks

ther = th + min {1;h] g,(t) = 0}

ol 3l (V) sl 965 s by (g (t) 51 EN T s o8

’M':tfsOwb};j)tAJ"}‘“\i}J_&iﬁdéwﬁCjb‘j)

L<j,L,]=12,.,1 &, (0 55 LMl L s & sk sl
e e oS U S L s ol 05 8 plal o&T il 1 5
o 3/ 45500 Hoo 05 L e(1)) &K 005 055180 o (1) sl g,
G € 3] sy ke olie ol Ky = ZX T oS e
g Jool ilme D) e

m+ml <o

mj+mi<o

e T
Ty = 171:]1 n}x]z
AT Fi mi
Mg, gy
.. T
7l =l
ﬁij — nB]1 HB]2
B ﬁii ﬁij
B2 B3

MY =FJ+A+AT
e
= col{\ALY, ALY, A", 6,15, 19, 7R, LT}
Y, = —diag {(Iy ® )T~ (Iy
®X),(Uy
= -1
® X)R, ~(Iy
&X),T, (Iy
® X)p5 ' (Uy
® X), 1€, (Iy
® Xe—1X)}
M) =Fi+a+aT
1y, = col{\FLY ,\[GNT ,\/iMT, 64,17}
Mg, = —diag{(Iy ® X)T"1(Iy
® X)'_RZJ T' (IN
® Xz Iy
®X),1}
Fii
= dlag{(IN ® 132), 0, _(l_); _(l_) ’ _(l_); _(IN
5 FijyT T Fij
® Pp),0,~4} + (L) Ly + (L))" L]
=Ly (Iy @ R)(LY"
A= [-M —N,M —L,0,0,0—L,N,0]
Zizj =[Uy ® 4:X),(L® B;Z;),—(L
® BiZ;), (In
® Biz;),—(In
® B:Z;),0,0, Iy
® Bwi)]

I = [Uy ® cx), (L® D7), —(L
® Diz;), (Iy
® DiZ;), —(In
® D;Z;),0,0,0] (r+)
X =D S o s ST
/(IN ® X)(PZ)(IN ® XT) = ?2
,(IN &® X)(Rl)(IN ® XT) = 1_?1
,(IN &® X)(Rz)(IN ® XT) =R,

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

4 23555 Sl B b 655 Lol i (6ls (s plazl (gl ol 5 00 o J 28T 056 o1 b
63,585 Obdge Lo ) 35 O 20 e claiay L,

Break;
End if
End while

i=,ik}nb‘g‘ﬁ:l%;;—&gﬁﬁ@;ﬁth?lﬁ)}ﬁlﬂJﬁ.‘»
1,2..,N
Sl 4 -1
b Sy S Osls Olas gl ende Jle 93 (i3 ol 5o
A s S el Ll o &1 3K 5wl g3lgiy
Lol ol oslitl ozt pus Sl gla (Golawals o (gl y e
)%Jﬁ)d‘b&i}‘dﬁhéﬂb%w&: A Jbe
OT 53 S 18] K s oF Ko Glae (N =4) 5, Lle
Sy 4 Lale Sl
{3’(1 =X + 0.8u
X, = —0.4x, + 0.5u — sin(x, (1)) ()
<56 TS Jle Sy 4 (FF) (s 8 s
Rule i: If xqiis u; then
x(t) = A;x(t) + Bu(t) + Byw(t) ve)
Z(t) = CiX(t) , =12 (
1 = (X3 —sin (%)) /(L2127 * o7 j5 a8 ol ules 6
sy =1 =y ex3)

o [o 1 ]
15 |0 —p, +0.1828)
0 1
42 = [o —ty + 1.4]
0.8 0] . _
Bi = [0.5] Bwi = [O]' G=[1 o )

s dB iy Jale Sslme e e s W Sl 055 &y slaes e jile

0110 1000
oo 1 11, |0 0 0 0
W_0001‘]]33_0000
1000 0 0 0 1

T= 575 4 @lspdised oy95 5 83958 50 Jie ol 55 Ll
Lol os Obsl A =19 i)l 5 h =0.06s 5 0.05s
04 = 0.013,83 = =52 (1)) &K s b a0 (sl sl )b ol
O aad loeslel Lo, 0.016,6, = 0.007,6;, = 0.01
Sope P S o sl e Sl s K eSd o g sla s Sile
K, =[-0.5263,-0.0912]
K, = [0.1081,—0.4420]

_ [11.0096 4.3041]
43041 14.6119

|
[54.1825 10.6995]
|

10.6995 59.5996

49.6933 10.4048]

ol
b2
¢s 10.4048 49.5247

JF T3 g 1 b w059 -0

e pslie 4 olies 613 g aodys Y ands 1S shailas
SNM o sbi =12)R;>0,P,>0T > 04l
S ot e 5 K o0 SRS e e s 12 Zj 5B L
AT p Bay cplals sy (70) 5 LML b 5 o @ 5L @ sl s,
el ok 4o ¥ IS 05, 831 53 J xS
B N P = I P P PSP PP -RE 3
GGy RIBILT Jale gl b oS o S o AL ails 4 5
ORI plal 15 0T 3 s Sl (glallas Sl 55 023k dal =
b o oI BG

1P w0981 gl Ologtis

h>71&, 5k, Th Gzl @
S A €T ;61,05 0, Oy cslis p3)lie @

Ov\-i';;‘u_j': duwﬁbb(v'))éLM]ng.&: o
(<j,ij=12.,7),6,,2>0

%;J@Q&W;%(ﬁ));[,]ﬂ]‘}, °

(G§<,¢,,Z;>0T>0,G=12)R;>0,P>0
joij=12,..1)

3K 25 5 S8 0 g Gla e ile gl il @
K= ZX T S

¢: = UIy®P )P, (IyQP )

J58 T B i 55531 Ad gl Oologtind
Sk 05 - S i adiyled 4 adyl o lis @
w; (tg) = uy(0) sty < 0
M 0 (gl pai s odiylods v adsl as)ldie @
. T . e E e e
Whnlem<z do (s lw ans Cgr ot a8 a5 55 Ole(T)
gi(mh) ,e;(mh — 1), Eg;(mh — 7) auloe
Whilej € N;and j # i do
E;,(mh—1T) aulse
If g;(mh) < 0 then
m=m+1 ; k=k ; t,i(=t,i(
ui(mh) = w; (t;)
Else
e((mh —1) « 0,E,,(mh — 1) «
0,E;;(mh—1) <0
m=m+1; k=k+1 ; t,=
tllc+1i ] ]
300 bl () = witir) S5 I Slosins &
loa Jole 4 Il Oledbl JL

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol o oylad 10 dor o =57 aloe


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

LS’})})iGL‘)_;:"Ul‘é)bJ‘Lc-’“’:&uWCL“"QS‘JJQ‘H\{})_S&,J’JJ}SUJJELK‘A’ A\l
3,585 0bdge Lo )35 O 20 e clazay L,

sy S el 51 a6l 0K o 5 (6515 4 ses slaole ) J9o

Vele | Y Jule | ¥ e | F e

ol e slacle; | FFF ss5 | 555 | 558

S o slaobe) fY \¥d Y fY

Jlooler 5 s ele oSSl IS o @t o507 Jlho
G (Sl s Jae slyls Jolo ja a8 0,80 i 530 S8 Gllas 5
Soge 4 (Y9]) S-S5 Sls s s
1

Mp, + Emglsin(pi) =T %)
olkd g JES Gom Tp e asl3 Pp ol 0 =0,..,4
Ll =M =1 O a0 gommn p e M, S b Lo 2315
wlods s S L5 s M = 0.5 &y g0 0 5 oyl ocins 0L M
Soge 4 0ly ) b ele glaeSialys

{"Cn:xiz
Xiz =27 + fi2 *v)
s Xp=Pi X =P 0T S 55wl
4 Ol o ) V) s e fi; = —mglsin(xy)
b TS Jus o5

Rule i: If x;iis p; then

x(t) = Ajx(t) + Byu(t) + B,,w(t)
{ z(t)=Cix(t) , i=12 (¥A)

Uy = (X1 — sin (x41)) /(L2127 * x;1) OT 5 & sls Olis
sz =1— e

0 1 0 1
Al‘[—wlo 0]'A2‘[—u2*10 0]

p=m=fa=n 0,

o By ole Spslme gl s Wl 055 Sosloe e 5le

Sy oS S

Il
or oo
R o oo

(=Nl N )

T= G54 ol paised 095 5 G505 520 e opl o . Cl
LoCwl ots Ol A =3 i, 5 h=0.003s 5, 0.002s
04 = 0.01,68; = g (V) & oo b, gla gl )l Ol
— Sl Y and 3l eslinal L 5 0.01,6, = 0.01,6; = 0.03
Soge 4P S gl e Sl s K eSSts o0 sla

K, =[0.7571 0.0875]

K, = [-2.8916 —1.1161]

# =[51.9152 —14.0714
17 1-14.0714 75.3419

® =[12.6469 —13.2910
47 1-13.2910 31.6564

0
TN
0‘0'0

Ve s b Jole byl o) S JKh

AT o Sy

o et € [=T,0) Gy sm gl fole 5 ) ol adsl Lol 2
i=«sx@®)=[ 0" ,x®=[-1 0" o,
SleMbl aled 355 0 (0 oD Lish s § 15 01,2,3,4
i=1,234 ,th cai 5 il ods Jloyl t = 0 alsd o
Soge t s sl Jale o ) S glas l 6 i 10 i)
S Slagl O S 4 e o (1) = 2, (8) — Xo(2)
Ol 1y 83308 S S I 5 05 55 Sla bole o Ll glallast
gl 1 oss 1 R Jio 4 s slallast o s 015 oo das oo

2she Jool (il sk

5 T
agent 1
o — — —agent2
agent 3
| 7 agentd
0 10 20 30 40 50 60 70 80
time(sec)
051
agent 1
0 0 S — — —agent2 —
7 agent3
05 1 1 L L L _ T agentd 1
0 10 20 30 40 50 60 70 80
time(sec)
1
- u1
30 e BT
Y
L. Yy
K] 1 1 L L L — -}
0 10 20 30 40 50 60 4180
time(sec)
=
sl fole Gl 39,5 S5 IR 55 0 D= ol s it IS
S

3 5= o5 SO 5 6,13 paped Glaole) slax ) Jgd )3
ssbiles .l oz oals 0lis £ € [0,20] 655 Jsb 53 Jule o ol
Lok 3 28 Sl &K o0 G0l sl 355 o sdalin &
Srisg 5 8K ms ol slun ul s esde Ll (65l5 S g
RIS VO] g e iy b i 3 afule 51 eSS a IS S

FOMPE-I

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

Y\

2359 9> GSl3 pb L3 Ll d o s plazl (51 3l 5K i J 1S 056 10
63,585 Obdge Lo ) 35 O 20 e claiay L,

s slaele 51 a6l 2 6 o 5 (6513 5 605 SO Y J9ua
(¥ Jkw)

Vel | Y Jole | ¥ lsle | F ol

G135 4 g g0 Beoe Beoe Beoe Do
H_(;_fa ol Y&y Anan! Yoz Yovy
S 5 4w Y

2 hole i (glagms plasl shie 4 Lt (551l &S

S 53505 b b 5GBTS o a slafole Lol 5=
St Sladibe sy il Jil (6,5 53 1y 355 bl
ol 438 0l Wie ol 55 cas e 0L VL ad e o b 8l
ol 2alS 5 s ole o gy BLLI I 6,8 sl 3 (351 2l
Sl P Ll @il Jpd S o Slas buls oS o5
B s sy pler) @ plres S 4 IS 056 S
=S 0 (gl s e 0T o b a5 s 1)1 ot pw ile (G5l
0ol> Ol S 35 e b b (S 0 5 Gy,

W28 8 13 eslinal 3550 ol ol (Sble 5 (5w 31

&l A
[1] S. J. Yoo and T.-H. Kim, "Predesignated fault-
tolerant formation tracking quality for networked
uncertain  nonholonomic mobile robots in the
presence of multiple faults,” Automatica, vol. 77,
pp. 380-387, 2017.

[2] W. Li, F. Bassi, L. Galluccio, and M. Kieffer,
"Peer-Assisted Individual Assessment in a multi-
agent system," Automatica, vol. 83, pp. 351-360,
2017.

[3] Z.-G. Wu, Y. Xu, R. Lu, Y. Wu, and T. Huang,
"Event-triggered  control for consensus of
multiagent  systems  with  fixed/switching
topologies,” IEEE Transactions on Systems, Man,
and Cybernetics: Systems, vol. 48, pp. 1736-1746,
2017.

[4] X. Wang, H. Su, M. Z. Chen, and X. Wang,
"Observer-based robust coordinated control of
multiagent systems with input saturation,” IEEE
transactions on neural networks and learning
systems, vol. 29, pp. 1933-1946, 2017.

[5] C.-E. Ren, L. Chen, and C. P. Chen, "Adaptive
fuzzy leader-following consensus control for
stochastic multiagent systems with heterogeneous
nonlinear dynamics," IEEE Transactions on Fuzzy
Systems, vol. 25, pp. 181-190, 2016.

[6] F. Zhang and W. Wang, "Decentralized optimal
control for the mean field LQG problem of multi-
agent systems," Int. J. Innov. Comput. Inf. Control,
vol. 13, pp. 55-66, 2017.

b, = 75.4914 7.6857]
2 7.6857 63.0566

b, = 167.6557 52.9531]
3 52.9531 85.4439

é =[306.3752 21.7180]
4 21.7180 275.2721

JER-RTAPEp W

O—O—0

Y e s Jule bl ol 0 JCh
EE Gl m slafele 5 ) Jale adyl Sl jlo s adsl Ll o
xo(®) =01 0]7 chse & —s5 « I, [-7,0)
‘ @ =[1 -1] @ =01 -1]"
wf o x@)=[1 -1]" s x@®) =1 -1]"
Al odd Jluyl £ = 0 aiod 55 DMl alad ST 5 5 Sl 0
ei(t) = xi(1) = Sope s 5 L e ) Mo slolls
om Sl cbalas b Lsuc_ﬂu_.u?ﬁ.:.;,:@@,.:xo(t)
Ol on o3 g DLt 1y (63558 (I8 I 5 a5 5 Sla ule
ol e sl plaxl 1 o | Sas jio & Ll (slallas o
Sl 53 g5 Jale 2 055 (00> K5l 51 &S shilen 555

Bl Sl oS o Juolp 53 g0k Slu s i3 S e

AWAN agent 1

;0 KON — — —agent2|"
agent 3
2 L —-—-—agent4

1

time(sec)

o V7 agent 1

o 0 /\/\NN-V‘*"""*'N‘**"’ agent2 [~
\/ \/ agent 3

5 : — — —agent4

0 5 10 15

time(sec)

C

i
2

10 1 IJ.A [}

0 5 10 ——-u, 15

time(sec)

‘_sl.hJJlP‘s‘}{‘séﬁjjéjzsdti:w}ez e = gl s I SS

S

Jole a6y 3l 5 =SS o Glaole) 5 (5,15 14 gad LDl Slas
S bilen ol ods S5 Y Jgdte s it € [0,15] oy95 Jsb s
—4ige Ol ) S e S o5 L0k Sla 358 (e oy
3003 SN2 30 5 G s Ol S M ad 3 el (551

sk sh =0.09 sec,T = 0.007 sec s 5 © @aolgin

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol o oylad 10 dor o =57 aloe


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html

[ Downloaded from joc-isice.ir on 2025-10-20 ]

[ DOR: 20.1001.1.20088345.1400.15.2.7.4 ]

[ DOI: 10.52547/j0c.15.2.11 ]

séj)j):db)ﬁa-ubéjbéﬁ\.c.hq-éuWtb\é‘jé\u\{})—&ﬁdﬁsuyﬁf‘jb

Yy

3,585 0bdge Lo )35 O 20 e clazay L,

triggered control," IEEE Transactions on Circuits
and Systems |: Regular Papers, vol. 65, pp. 1696-
1706, 2017.

[19]W. Zhu and Z.-P. Jiang, "Event-based leader-
following consensus of multi-agent systems with
input time delay," IEEE Transactions on Automatic
Control, vol. 60, pp. 1362-1367, 2014.

[20] S. Yang, Peng, X, "Double integral defined
functions derivation (Studies in

College Mathematics, 2006)," pp. 40-41, 2006.

[21] Y. Zi-Zong, "Schur complements and determinant
inequalities,” Journal of mathematical inequalities,
vol. 3, pp. 161-167, 20009.

[22] Y. Wang, L. Xie, and C. E. De Souza, "Robust
control of a class of uncertain nonlinear systems,"
Systems & control letters, vol. 19, pp. 139-149,
1992,

[23] X. Yin, D. Yue, and S. Hu, "Adaptive periodic
event-triggered consensus for multi-agent systems
subject to input saturation,” International Journal
of Control, vol. 89, pp. 653-667, 2016.

[24] E. Tian, D. Yue, and Y. Zhang, "Delay-dependent
robust Hoo control for T-S fuzzy system with
interval time-varying delay," Fuzzy sets and
systems, vol. 160, pp. 1708-1719, 2009.

[25] G. Guo, L. Ding, and Q.-L. Han, "A distributed
event-triggered transmission strategy for sampled-
data consensus of multi-agent  systems,”
Automatica, vol. 50, pp. 1489-1496, 2014.

[26] W. Wang and Y. Li, "Observer-Based Event-
Triggered Adaptive Fuzzy Control for Leader-
Following Consensus of Nonlinear Strict-Feedback
Systems," IEEE transactions on cybernetics, 2019.

[71 H. Meng, Z. Chen, and R. Middleton, "Consensus
of multiagents in switching networks using input-
to-state stability of switched systems,” IEEE
Transactions on Automatic Control, vol. 63, pp.
3964-3971, 2018.

[8] H.Fang, Y. Wei, J. Chen, and B. Xin, "Flocking of
second-order multiagent systems with connectivity
preservation based on algebraic connectivity
estimation,” IEEE transactions on cybernetics, vol.
47, pp. 1067-1077, 2016.

[9] K.J.Astrém and B. Bernhardsson, "Comparison of
periodic and event based sampling for first-order
stochastic systems," in Proceedings of the 14th
IFAC World congress, 1999, pp. 301-306.

[10] D. V. Dimarogonas and K. H. Johansson, "Event-
triggered control for multi-agent systems,” in
Proceedings of the 48h IEEE Conference on
Decision and Control (CDC) held jointly with 2009
28th Chinese Control Conference, 2009, pp. 7131-
7136.

[11] W. Chen and X. Li, "Observer-based consensus of
second-order multi-agent system with fixed and
stochastically switching topology via sampled
data,” International Journal of Robust and
Nonlinear Control, vol. 24, pp. 567-584, 2014.

[12] Y. Fan, Y. Yang, and Y. Zhang, "Sampling-based
event-triggered  consensus  for  multi-agent
systems," Neurocomputing, vol. 191, pp. 141-147,
2016.

[13] M.-M. Duan, C.-L. Liu, and F. Liu, "Event-
triggered consensus seeking of heterogeneous first-
order agents with input delay," IEEE Access, vol. 5,
pp. 5215-5223, 2017.

[14] D. Liuzza, D. V. Dimarogonas, M. Di Bernardo,
and K. H. Johansson, "Distributed model based
event-triggered control for synchronization of
multi-agent systems," Automatica, vol. 73, pp. 1-7,
2016.

[15] H. Su, Z. Wang, Z. Song, and X. Chen, "Event-
triggered consensus of non-linear multi-agent
systems with sampling data and time delay," IET
Control Theory & Applications, vol. 11, pp. 1715-
1725, 2016.

[16] H. Li, G. Chen, T. Huang, W. Zhu, and L. Xiao,
"Event-triggered consensus in nonlinear multi-
agent systems with nonlinear dynamics and
directed network topology," Neurocomputing, vol.
185, pp. 105-112, 2016.

[17]1 X. You, C. Hua, and X. Guan, "Event-triggered
leader-following ~ consensus ~ for  nonlinear
multiagent systems subject to actuator saturation
using dynamic output feedback method,” IEEE
Transactions on Automatic Control, vol. 63, pp.
4391-4396, 2018.

[18] K. Liu, P. Duan, Z. Duan, H. Cai, and J. LQ,
"Leader-following consensus of multi-agent
systems with switching networks and event-

Journal of Control, Vol. 15, No. 2, Summer 2021

VEr s Ol oY oylas 10 dor oJ =5 ale


http://dx.doi.org/10.52547/joc.15.2.11
https://dor.isc.ac/dor/20.1001.1.20088345.1400.15.2.7.4
https://joc-isice.ir/article-1-730-en.html
http://www.tcpdf.org

