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Consensus Analysis of Multiagents with

Noninstantaneous Impulsive Pinning Control

LI Zhiyong, HUANG Zhenkun, BIN Honghua, ZHAO Ling
('School of Science, Jimei University, Xiamen 361021, China)

Abstract: The consensus problem of multiagents with noninstantaneous impulsive pinning control confined
to one agent was investigated. Based on matrix theory, algebraic graph theory and Lyapunov stability theory, two
sufficient conditions for multiagent systems to reach consensus were provided when the communication topolo-
gies were undirected connected graphs. Compared with the traditional impulsive method, the proposed method
had great advantages, it could effectively reduce the number of impulses especially when the impulsive strength
was moderate and the number of agents was large. Finally, some simulations were provided to illustrate the ef-
fectiveness of the theoretical results.
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AR TR A, RIS R T RGP TINEE . T, W28 J0hk b il s v il T i 22 1)
4. UK MRS U FELZ R AR RS, S TIAE B, KA SCEk b i kh
P 7 R AT BN B A R BRI A T kb

TESEBRI R, A EOR A R B SERIS B e i L, e ZE R R Seh, AR
EHIVF 2 SR B bR, IR AEERK A A R ZE SR ) i A S e 2R A T [/l —
H T 28 eI R G 14— SO ) AU 28 2465 [ 2 [ R — PR RO 200, PSR [7, 21] 454
S Ak R, SR T RkhAE S R T . XA E RS — R RS TRk e, R e
A—DARZAL, BIFTAE REA BRI A TERK b BB A4 284, IR 2 Bk i
SRR T FP R REM B AR Z A9 00 B T BB BeR AR 2 . O TR pRIX AR, 255 AR K il
GrOrRRE T OARSCHR T FHARBRN K A g |4 i R I 2 e IR R e — B

i NAESZ R SNAITIT, FZRSLAGIE BR bzl oy 75 1 C A REAR 4 b 2] i 25 s AR R Y
W, TR [22] fel T —2HAEBER Bk bl iR, XA -2, R Z A EIRTE,
A ST R AR T E AR DRy O BRI SR, Fee MR AR 452 ), %
AT e ASRSE, THT 2R REARASCRRN LR, 2308k [7, 21-27] WA, ACEiaE
W KPRk bR 5 1, gl T AR kb 5 | R A S R R R L — 2k, SRR T 2
BIREARGGRB]—BUER 2 N FEo 40, I T —LEARRE X RH BRI R an ki 20 BT

1 W& AR
AT H HIER AR 2 8 BeIR R R M &gt . Bk LmE 6 = (V,E,A) , HI TS
V = {’U] ,’Uz,"','U,l} ) :@E@%QE g VX V, j]uﬁ:XQBTZ%%E%A = I:aij:lnxn o % (Uj,vi) ’(U,j’vl') € E ) IJ_IIJ

a; =a; >0, BMa, =a, =0, Ha, =00 =1,2,---,n) , Wd, = Z{aij ,D = diag(d, ,d,,---,d,) €

J
R™ , T G PSRN L=D -A, W L2/l i1, = (1,1,--,1)" e R, Hh
T

oo . L L R
lrll %‘%mln E@%E, L - 1,=0, icL = |: " 21:' s Hrp L, eR, I L, +Ly, -1, ,=0, LUE SALY)
L, L,

EL (v, ,0,),(v,,0,) o, (v, 40, ) | CE, HIiE Vi3t BAHHE, MFRZES N Uilﬁ]ﬁ
o, 2, 2T R R TS 2 B — . MBI i i 5 =
(%y,%5,,x,) € R x = (x,,%,,",x,)" € R"

AR R AR M 2 B IR NS K] G SR T, FTLAA T A S 3E 1 RIA R 1 T,

SIEE 1Y hhrERE LA R ERHER 0, HARAREREIKT 0,

Rl L, RIEEm,

BN 1Y R — AR REAR AT BRI o2 5 |42 ] 10 2 B BEIR R 5
x, (1) =- i (L (1)) ,i =2,3,-,n,

%, (1) = - i(lljxj(t)),t e (t,,s,),k € N, o
j=1 1
%, () = (1 =b)x,(s;),t € [s,,t,.,],k € N,

.’)CI(S;) = xl(sk)’k € Na

xl(z;) = x1<lk)’k € No

Hf 0 <, <5, Stk € Ni= 0,1,2,-0) 5 n=2y b, RERTE] 5, ARRIIKARIRIE ; (1) € R FLAI
WA x(i0) = x(1,) o
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TR, SCHTA BYEL | - || 2SR |-, o BB e R, W |B||= (A, (B'B), [x| =
(X a))"7 o TRRPLIERE, a1 vl H, FEEESSEREV = [0,] 0y » B3 Ly, = VIV,
i=1

/ﬂ\:‘:fj.} = diag()ll,/iz,---,/in_l) ,0 < )A\l < /A\2 ST )A\n_l o &%(t) = diag(ei”,efgzl,---,ef';""') ,
xT(6) =1 x(0)/n, x(8) = (x,(8) 2 (8) ,on,x, ()T, V() = fx() —x(2) - 1,|P, Va(r) =
X () =2, () -1, o
EX 17 B s, Rk lim e, (1) = s,i = 1,20, WARRGE (1) fEs LiSBI—8lE,
F1 Sy(t) =x,(t) +s,i =120, ANL-1, =0, LI x (1) =y,(2) —s(i =1,2,
won) FRARSG (1) AIRREICT y (1) MHT RS

y.(1) == 2 Ly, (1)) ,i = 2,3, ,n,
j=1

9}1<t> == Z (lljyj(t))’t € (t,s,),k € N,

yi (1) = (1 =b)y,(s;) +bs,t € [s,,4,,],k €N,
v (s¢) = y,(s),k € N,
%(t/:) = yl<t/r)’k e N,
GHERG (2) s LR —8WEN TR (1) 720 LR -8, BT, RACHBR
24t (1),
2 AVkeN, #86 s, =t,,,, WRE (2) sESCHK [21] IR RS,
Mre (1,,s,) B, RE (1) Afbhx(e) =-L-x(e), 3CHk [28]) ATE5(BE2,
BIFE2  Vie (1,,s,), #A V(1) SV, (1 )e2 W =V, (1,)e " | Hx* (1) =x"(1]) =
x" (), Ha, N L #E/NERER
SIB3 Vi [s,,0,,], B4 V,(0) < V,(s,)e 0
WERR M+t e [s,,t.,, ) B, RS (1) nfkh
x, (1) =x,(s,) = (1 =b,)x,(s,),
-;‘\'(t) ==L, +x,(s;) - Ly ')’E(l)o
ﬂ‘j?ﬁ(t) = xl(%) Hxl(t) =0, Fﬁuml‘n =-Ly,-1,, ﬂ%ﬂ, Vz(t) = 2(5‘\7“) _xl(t) '1,1-|>T :
-%(t) =_2(-72'<t> -, (1) 'l,lfl)T 'Lzz(-i'(t) -x (1) +1,.) S_z;‘le(t) o FTUASSE AL,
W2 VkeN, ##H JV,(1,) <2./V,(1,)
ERR Y [lx () =, (g) -1, = x(e) - 2,(2,) 1, = V/Vale) , FilA
‘x*(tk) -2, (1) | = ‘12 < [x(y,) -2, (1) - 1,] /n <
I () =2, () =1,/ = Vo) / ns

(2)

(3)

(4)

A
Vi) :Hx(tk) -x" (1) '1,1H$ HxUk) -2, (1) '1,1H+ ‘%(tk) -x" (1) ‘Hlan
V,(t,) + V(1) Jn/n =2 V() o

2 FEZRKHIEHA
EE1 Tl o, € (0,1), HfifEk € NFHEEbL,6,8,6,n,m,a e R, R0 <np<7n <1,
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0 <a < /oy, ./V,(s;) $&‘x*(3};)) #0, HVk=k,, #A T4 DFMAERT: 1)0<b<bh, <

b<2n;2)0<8<t, -5, <8<+ ; 3)N<|[1-b (1 H1, , +1)/n|S<n; 4) 0<s,, 1, < +x,

UE¥:H (1) EOL%@J—‘%&'HEH{ ‘x*(s,:) ‘ ‘k = ko} $ijﬁi§_ﬁ{}ﬁ, /E\:EPHk :I_V%(tlm _Sk)VT ;E =

P-e™ b =max| |1 —b,1 ~b[| 5@ =h /o1 +bh(n=1) +b; 0 = min{n(l - n),nn| ;
w, =minlw, (7 - ag/n)ae"/[2(a +b /o -Ta+b /o-1)]} ;@ = (~Ina)/A, .
ERR T EJHECEAARETEN . Y E=k,, A

JVi(sp) < alx®(sp) s (5)
Mk=ky B, L (5) BIRMGL,

BB FA ke N H k=k,, X (5) BOL. FEIEW /V, (sp,) < afx*(s;,,) | WAL,

ML) WAL (B, = |1 - VT(1,,, -s)V'] = [V = T(1,,, s,V = |1 = T(1,,y - 5,) |
h, FTLL,

‘II—IHILIIZ—I - bk(II—IHkln—l + 1) ‘ = ‘(1 _bk>1I—lHk1:z—1 - bk‘g ‘1 - bk"
G T 0, [+ b < (1= b, [h(n = 1) + byo (6)
B
[%(si) =x" 1, IS Vi) < alx™(s0) ] (7)
ek,

L H, (G0 =2 O, ) < G IE D 1360 -2 GO, S /- T hafx® (s7) [o (8)

B [sp oty ] Hﬂ‘, B (1) A &G (3) mLZl +Ly1, _, =0ﬁ'ﬂ]—L{zlel =1, BN S
(3) W15
x(1) :eiLzz(lisk)(-’z(sk) + Ly Lyx,(s,)) — Ly Lyx,(s,) =

. . (9)
(I-VT(t-s)V') 1, ~x,(s) +VT(t-s)V'%(s,)0

ﬂgxl(hw—]) = xl(sk) = (1 - bk)xl(sl:) \4{7(31:) = -;:(Sk) N [12-15‘;(51;) + xl(si)]/n = x*(51;> s
FrEAd g3 2 Fis (9) AT, x7 (spy) = x7 (1) = lvyllvx(t/ﬁl)/n = (1:71}('5“1) +2,(4,))/n =
[1271(H1,-1u4x1(51f) + (I_Hk>'§"(sk>) +x,(t,,,))/n = [lf—l(Hkln—l(l =b)x (sp) + (I _Hx.)i'(S;:)) +
(1 _bk)xl('sl;)]/n = [11‘—1Hk1n—l(xl(sl:> -x’ (s,)) _l;lz‘—lHk(;:(Sl:) -x’ (s;)1,.) _bk<1I-1Hk1n-1 +1)
(2,(s) =x"(s0) +x7(5,)) +1I-1-;‘\'(3k7> +x,(s,)]/n = [1;5_1Hk1n-1 _bk(ll‘—lHkln—l +1) 1 (%, (s,) -
x(sp))/n = [ H(x(s;) —x"(s)1, ) 1/n+[1 b, (1, H1,, +1)/n]x" (s;) o XPR
2 (sp) =% ) |< Vi) < alx (50) [ (10)
R (b= al< la+b|< |b|+ |a] . X (6), 2L (8), L (10) Fg&E3) mrsn,
G | SCn v ath =T+ (1= =D b/l e G 1<
(m +aa,/n) |x*(s;) |,
[ (sp0) \B[z—?@ n=T 41 =b,[h(n=1) +b)/n][x" () |2 (12)
(n —aa,/n) [x" (s;) o
= (7) A= (10) AT,
hY% V2(sk> = H-”C‘(S;,) _x1(5k) -1, H: H-’e(si:) - (1 _bk)x1(51;> 'ln-lHZ
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Hi'(s/f_> _x*(sff_) -1, + (1 _bk>(x*(3/f_) _xl(sk_)) -1, +b/nx*(3/f_) -1, H$
HJ?(S,C) —x*(s,;) -1, H+I? ‘x*(sk_) —xl(s;) ‘ Vvn -1 +Z)‘x*(sk_) ‘ Vn-1<
(a+b Jn-Ta+h/u=T) e (s (13)
Ha<o/a <n(l-n)/a A5,
0 +aa/n <1, (14)
Ma<a/a <n-n/a f (14) FHI,
0 < g;-&&l/n <1, (15)

m%%¢4)'ﬂ%RSMI-thlaz;:<-1n5g/A2;-4n[gl-&&/nﬁ@%5{2(&+z Jn-1a+
b /n-1)]11/A,, FrLh

2e M (kb /n - T a+b /n-1)<(n-aq/n)a, (16)
P 2 FlG | B 3 AT,

IG) <2V () <2600 TG (17)
mglE 2, & (12) ~3X (13) F (16) ~X (17) wH, SV, (sp,) < el V) <
e M2 ) g M PN < a2 M (4 b /u =T @+ b /a = 1) [x (50| < (7 -
aa,/m)alx® () | < alx (s0,) | o FRLABCARETTAY b=k, #A (5) Wz,

mal (11) Al
X7 (e[S (v ao/n) [x7 (s0) |< (0 + a0 /n) ™ 7 (500 | (18)
Ha (14) AT,
lim " (s;) [ = im[x" (s,,) [ = 0o (19)
Ml (13) M= (19) wrH,
lim ./, (s,) =0, (20)
hma (17) M=t (20) AT,
lim /V,(1,) = lim /V,(1,,,) =0, (21)
M=t (10) A=k (19) A%,
lim [, (s;) = %" (s;)) [ = 0o (22)
R |y (s) 1= 11 = by = L (sp) [< (L +0) (g (s7) =x " (sp)) |+ e (sp) )5 BRLFC
(19) Fn=t (22) w4l
I}ig}‘xl(sk)‘=oo (23)
Hoe (,s) B, MBI ATAL 27 (1) =x7 (1) =x7 (1)) =x"(s7) , V(1) SV (g)e™ ™ <
Vit o BT x(o) IS [x(e) =27 (o) <1, [+ x™ (o) <1, = VVi(o) + [x™ (o) - 1,[< Vi) +
le* (sp) + 1,00 BREMHSE (19) ISt (21) WAL, lim () [ = 0

Mioe [s,,0,, ] B, HEI3E3 85, V, (1) $l@UQeJL“W’$IGQQ o EEH 2 (1) =x,(s,)
Vie sl TR () [< 200 —x, () <1, 1+l (0) <1, 1= V() + [lxy (0) -1, ]S
SVl (s 1, o B (20) R (23) TR, lim|g(e) | =0, lim|y (2) ] =
lim[x, (5,) [= 00
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R4 (1) 720 Bak# -2k, it (1) M (14) AT (e (s0) | [k =k} SRIREBIR,

3 OMS=0 (HE2 MRS (1) AR T 3CHk [7, 21] FIRFsEm A Bk b 42 5196 0 &
), e>0 WIRKAVFIRE, HHH b, =b=>b, o WIR/NIIESR, HaEH 1 W&G8s, Wh=h=0,
Al (18) AL, |x” (sp,) | < e BT M BKoh BN K + 1 — kg ~ [In(e/ [x" (s5;) [)]/Inn =
[In(e/ |x (s;) D 1/In[1 = b/n| o FIUMERFER T, 4 b, MEHIET n B, REG (1) f£0 L3k
BB A T Wk g b
2.1 HFEEAT X E K BRI

B 0 <b, <nk=kyky+1,k +2,,

w3 T Me (0, +0) 6§ [0,8,) .8 [0,8], HfifEk,eNFIEEDL, beRIELEVE=
ky, #BF0<b<b,<b<n HO<8<1,,, -5, <5<+o, MO<n<n<l HVEk=k, #HHn<1-

b(L, H1,  +1)/n<n, Wb H, h5EMIPREL—F, h=1-e"", 9 =1-b(h(n-1) +
(1 = (/b =) /(n =)/ b > 1,

M,b <1,
R b <n FTHIS, >0, FHEEEND >0, 2 b>1 0, H16 <8 =-[In(1 - (n/b-1)/(n -

/n,m=1-b(h(n-1)+1)/n,8, =

1)) ]/A,, A, e M 5 ] - (n/b-1)/(n=1), Fillh =1 L et < (n/b-1)/(n-1) , hin -
1) +1 <n/b, n=1-b(h(n-1) +1)/n >0,

Hh<t B, f0<h<l WAIA(n 1) +1 < (n—1) +1, FAB(R(n —1) +1)/n <b<1, #m >0, Hh
0<b<b,<bMOsh<h [ fp<n<l, FFAO<nsn<l, WHVE=k #H h(n-1) <1, HI1, <
hin-1), Fikkn<1-b1_H1, , +1)/n<n,

W2 n<b, <2n,k = ky kg + 1,k +2, .

w4 fEWS € [0,6,) 8 e [0,8], HAFTEk eNFHWEL, beRIERYE=k,, #A n<b<
b,<b<2n HO<8<t,,  —s5,<8< 0, MO0<n<n<l, HYEk=k,, #fHn<b,(1' H1,  +1) /n-1<n,
Hob: H, b, WSR3 HIE X 9 = b(h(n-1) +1)/n —1?17 =b(h(n-1) +1)/n -1,
8 = [In(1-2n/b-1/(n=1)1/A, .

ERA Mn<b<2n IS, >0, 8 <8, =-[In(l —(2n/7)—1)/(n—1))]//i”,1 ﬁ%ﬂ,e';rﬂs >
1-Qn/b-1)/(n-1), Filih =1 _e,;”_la <(2n/b-1)/(n-1) ,h(n-1) +1 <2n/b ., #n =
b(h(n=1) +1)/n-1<2-1 =1, XHin<b<bMO<h<h RO <y<n<l, WHVYk=k,, #H
h(n-1) <1, H1,, <h(n-1), Filhng<b (1, H1,, +1)/n-1<n,

E4 SR [21] ZRPTA b, =b e (0,2), 3CHk [7] ERITA b, € [n,,m,] , Kb, n, 2
HHHWLE O <n, <n, <n, FTLEM 1 XFPR5REE b, BIEK LEAR,

2.2 BMANEEKREZ k, BT

WS B x" (1) #0HV,(1,) #0, EM a € (0, +o ) , EHB, € (0, +o ) , &1, +B<
so W/Vi(sg) S alx™(s5) |, BB = max{B, B} ;B == [In(a- |x" (1,) |//Vi (1)) /50

E Hisy-t,=B=B, =-[In(a- [x"(1,) |//Vi(t)) 1/A, ATH, e ™0 < |x” (1) |/
SV (o), BIAHSIE 2 7L,V (se) < V(1) e ™0 < alx™ (1) | = alx™ (55) | o

ES BExt (1) #0HV,(1,) =0, ae (0, +0) , fEHs, € (1,, +0 ) , WH5IH2 Al 54T 5
IZEB ST, B x" (1) =0, HFER s, = +0, MRS (1) 760 Fik®|—5k,
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EHE2 Ak eNAIHED, b 0,0 e RIELO<a<a/a,, H V(1) <alx(1,)]#0,
M EY b=k, , #A T3 MR 1)0< |1 -b[<[1-b|S|1-5b]<1;2) 0<wss, —1,<
+033)8 <1y, —s, <+, MRS (1) FE0 FikBI B | %, (1) ||k =k, | SRIERERL, Hob.

a, =2 +1/n 50, = min{l,1/|[1 = F[-1} ;8 = (1 + V/n-1)2ae™ + ([1-F|+1)
Ji=1(1+aa) 38 = [-In([1-5|(1 -a@)asd,) /A, .
ERR FHEABCARGEIEN . YE=k, #A
SV (1) < alx (1) o (24)
M=k B, X (24) BRI,
BEXHEA ke N H b=k, & (24) Bor, FEIEV /V,(4,) < alx (1) | WHR7.
A BE 2 i 2 nf
o, (sp) —x" (s0) [ < Vi(sp) <e™ V(1) <27 /V,(1,) <27 -alx(1,)],(25)
i (4) A,
X" (1) —x, (1) | < V() /dn < afx (1) |/ ns (26)
HIIE 2 AT, x™ (o) = x7(s;), FTBA, |, (sp) | = [[w(sp) —x"(s)) ] +x"(sp) | =
[, (sp) —x ()] +[x" () —x,(t,)] +2,(2,) | o 8H 6] = [al< la+b]< [b] + [a] FIK
(25) ~3X (26) AT

2, (sp) [ < (1 + ag0) |2,(2,) | o (27)
6, (sp) [ = (1= aye) |x,(1,) |0 (28)
XA [y (1) [ = T () [ = 10 = | (o) [ B (1 =b]< [1 -8, [< [1-8], Bl
2 () S =B (1 + ) |2, (1) | (29)
2, (1) 1= 1 =B [(1 =) |, (1) | (30)

st (25) AL [[3(s;) —x" (5) -1, S Vi) <267 - ala (1) | o 2" (sp) = ()] 1, ]| <
1, I (sp) =, (sp) [S2/n=T-e™ ~alx ()| o XBRb[<[b,-1]+1<[1-B]+1, IE
=EL (13) Ml (27), APl
V(s =[2(s0) = (1= b, (s7) -1, ] =
xCsp) =" (s) 1, + [x7 (s) =2, ()] = 1, + by, (s7) - 1, ]IS
(i) =" () 1, I+ " (sp) =2 () ] - 1, 1+ o, | e () L, s
[(1+ V/n=1D)2ae™ + [p | Vo -1(1+a@)] - |x(1,) <8+ [2,(1)]o (31)
Ha<a,/a fla,<1/[1 -6 -1 0%,

1 -5|(1 +qa) <1, (32)

M a<a,/a, <1/a, 7JH
1 —a,a >0, (33)
A1 -b|<[1-b| <1 F12/n-1>/n>Ve=a/a >a, FILLS > (|1 -5|+1) Va-1(1 +qa) >
2\1-1}\«/n— I(l+aa) > |1 -b|(1 —q@)a, §>0, WA, -5, =8 =[~-In(|1 -b|(1 -

a,a)a/d,) /A, , BTl oMt -0 -8, < e 8 = |1 -b|(1 —aqy@)a, XHGIH3 FL (30) ~X
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