DOI;10.13878/].cnki. jnuist.2018.04.011

' Gmt o AHeaA i mag' e’

HAIESTREL M — R etk 2 BHig ik

HE

KB T AT 363 B A 4 A AF
HH— BN SRR R R LA
HEA. ARG T AF SRS HOBE,
XA G F W RA T BT B S A E
MG ERITR I ERTA R R
AR BRI %3 - A X A2, AR
LA RE XA e KM R o dr b 2
WHERR T SR 69K A St R 2Ol s 3
By AT 0K S BT BOAR 5 AR R ST
AR O, R RRET HF5E LA
W SRR R et h P A A A
L5 RINGET L5609 EEFE
KiEiE

Pl N | RO (F Y o)
1336315 6L a3 )

hE 4 %S 0231;TP13
XHERPRER A

Wrts HER 2018-05-24
BEIWE [FR A AR EEES (61703094)
EEE N
B R PR T E R RS S
52 4 fx_ysu@ 163.com
FHRAGEREER) 50, B 5,
WFFE 7 1] 2 22 % 1 VK B3 I9) 4 1. fujunjie89 @

gmail.com

1 ZRARS BUasbe , B at, 210096
2 ggloksy BAARE, 2R 1, 066004
3 BIRUMRHLRSE Ak be, AT, 210023

KA ORI

0 3|5

2B B AR GE PR 7 1) DR HCAE TR 25 20 BA 64T AL AR I 45
il L DX B o B I R D () vk A YL B2 8 T A R
P2 RTE. IR UE, 28 RER R G0 —E O A AR, d
FoRh e BAL B 0 7 SR PR o AT S B, (AR R R T R B A
(O B IR)IZ S AIAT Ay X 217 0 Al AR AR R TS B — 2 W R AR T e,
FILH TR B ARAR S S B F AT AR 2 REIR R G P [ 4 )
— SO [ R — A i 0 R AR [ P — BOME A8 1 2l e e o A
2 il e el 22 R MR s il — 50 1 0 23 REAA R LY T
PH— 2, © A SCHRARE i 40 Je U B3 19 22 A X4 il 33 vk
TE AT AR AR AR R, S 28 R R g h AP e SR sC BT,
PR B eGSR e — B S 2R IR R G b SRS AR &
YE T ALAEI , RGR I o — 8

BRI GUTE B REVRINE, B0 LT il 09 62 35 £ 1.
AR RGP AT BB BRI AR IR AE T ST
JIT2H R P B PN A0 5 45 A VR 22 AR L, AN, — 4 A R A
(FE5E A GUT ) B A 0 2 1) A2 RS A AG DN P 05340, T P T2 4 M 45
YT —dL 1 45 (A 4 O EREEE ) N—A B Az sh 21 5 — 4 H R,
LA PR R 04 5 7 by 40051 i) 22 2 4% 50 DX BT B T2
SEIRFRI B BB ] LA A5 A B S EL I, BR BT BROIR 2 B A Wi Bl
F| 1 ARSI B A R SRR A R 3 T REAETEIE A
PERIZEH, e At 2 M 2, N5 N Z ARG AR O ST A
A ANAUF B Z  1E R IR el A AP R g rh, B S R IR 22 1]
AP E A B, ] RE RIS AIOC R , U n] REZ AN A OC AR X R
FRFVA A R 45 N5 N Z B RN AT AN AU 3 PR s e
P 28 Hh AR A L T2 AR 5 1 B0 58 B A TR IE 2 R R AR IX Aol Bk
FAEGESC ., MAFEARE G R3S B R 40 Th 19 838 BLOG 2 I Rk
1.

PRI, AT 2 B B9 T 455 B BB o g A I x4 4t
GV E IS AT T 9 R rp 4 3 5 A AT e O 3 n] LA T
R B A H B B 25728 1k, 1 U R Y 3 ) 22 B AR 23 28 LAY 5



A7 1EL 241 ) M FIEIRD) 2018,10(4) :462-466

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2018,10(4) :462-466 463

A IR BERSh A FTRE 9 W B, HE AN 42404 T % 7 1)
SPIRAS XL 2B IR HA — Rtk s 1 2
BRERRGE LAk, — RN Z R BRI R ST P IR]
Pl o) Lz B Iz S

TEREHER b, A SCHETE 7475 18 B BA — B
Yesh JioA i 2B Re A R 5L, il d Bt oA U i 4%
e SR PR S e A S50 ey 00 S IR 2 P e S
A BB A A A

1 TR

2B AR GE 38 A5 W 45 7T LA a3 TE [m)
PR AR, b B SR R A ] — 19 S R, R BB AA
[ A2 B s 8 LB G = (V,6) , Hi 3y mi &
V=iv,0,, 00 HEECYXV,A=]a;] e R™
SR A ABIEHE I a, R A B (1,)) W ,a; # 024
HACY (v;,0,) e £,FmT o, \TLAREIR A o, 915
B WA S0, N EBJE RS N, FoR T R, 1948
AL IN, = (0 (0) e £ 964 N, JkER
v, TR ER R RG] BN, = {1 (y,0,) €
EFFRAMBB R AT A3, W2, (v,,0,) ¢ &,
Vi=1,2, NI a; = a; Vi, 5 G0 H I
AHELRY U FR 22 18 o JC 1w 11, 75 DU 2 A 1] 1. 7 SC
G(A) J&—PABHFEE ]y A RIS R 0y = 0V 7,7, U]
G(A) FrAESE, B, G(A) FRAFTS K. A 1) [&]
G(A) IR, X TAE AP R 0,0, €
V AAEAEAT 1) AR AE o, A1 o, S Y, B (o, ,0,)
(”i,a”iz) )T (Ui,[’yj) e EXTMAAME,G =
(Vi,&) MG, = (V,,8),6, BN G, B7 &, I
VISV, fiLE C & FER GRERETRE G = (V,,
E) AW G v, MRS N, IS, &
LT G, AR N, -

Ng =1vl (v,0,) € E,Vv, € V,, Vv, e V\V, 1,
KRV, =il v e V,y; ¢ V1.

R R TR L, = [1,] e R™,
Rl = 2 la;l ,l;==a;, Yi# j AR Gerschgorin

Gl 52 B0, L, 0 B AR R (A A 1 S5

EX 1 —DF55 A W PR =S58 P 1,
Az A 5 A AT USRI 20 BGRAS A E 1 4R Y,
MV, RV, UV, =VRIY NV, = 55T
[ —FEP R o0, H oay = 053X T
FEAE TR F RPN 8 v 0, F a; < 0. Q1R —
A EIRIR ST A1, TR B R A NP (1)

EX2 XTRZAHME G, 58 v, RS

R AL ATE G (5 AT 40 1 38 32 3 T
G h BN, = @5 700,45 o, B ERBE.

2 #RER
X N AN REIA L BB — ROz SR TR 2k 1k 22

BRER RS
% =Ax, + Bu,, i=1,---,N, (1)
FIERG TP HAZN IR E RSO, OF B GEIATAY

A PRI A7 A7 1) 18 G(A) AR M(M < N)
NG N - MABREEE. AR — B, B4 # 1Y
Rl 1,2, M BREEERRTI M + 1, N5}
BIFL= {1, , M} MIF={M+1,-- N} FRUFH
RV R ABRBER R 5 4R 015 H BRIk B H 4K
a4 AE B TS RENCEI R A BRBE 15 5 B
BE B T AR Ok [ AL B4R 2, ] LA Rk
H HABBRBEE RI(5 B

BRig 1 BN TR, FrEEb—1
DU AR T A B BB 1A ) A

RIS 40 5 BT A ) i e 1~ T S &, R
GFEWCARR A BB RME B, B AR 7 7 40
M L, 5 o et e n e ok

L 0y v
L =
sl

H L, =diag(L,,,Ly,, L) e R, L, (i =1,
oo k) EASEFAE A § A T A P
Wi B, Ly = [Lyy Ly, e, Ly ] € R(W_M)X‘M,Ls €
RO AR T M Gerschgorin [R#
AT Ly 0P A REAEAE AR AT TE A0 S0, R Ly 2 ATt
.

SIE1 R 1T, - Ly'L, AT R4
MHEZ AN T T 1.

UERR AR¥E[10,Lemma 6 ] FRATHIE, fEMRIX 1
T, & {, = [gi,lagi,za"'ogi,w-sw]T E X H i =
-L;'L,D1, 1 <is<kHPD, eR"™ EXMT
RIE T =1 B AR WX A (1 <j< N -
MY TS

PL = Ly'L, (554590, ATEW - Ly'L, 1
H— AR AN EZAVNT ST L

£0=[0 0 Q] =-L;'L, , Hh Q,
[sz} == L;Iinsi = 1,k % Q, = [‘?1,'] =
-L;'L,D, ., =-L;'L,D1, 1 <i<k,HHD, e
R"™MOEMMOCRIE T = 1) AXHARER, it g, =



Di ¥ 5 BT AR 0 — MM 28 B R R G S P R Y

464 FANG Xiao,et al.Containment control of general linear multi-agent systems with non-cooperative edges.

k
l qu 9j:l’“'9mi’ljwﬁ2 | gi,ll §1,/E\:EF'| {i,1|=
=1

> gy M9 Q =- L' L, WA R A2

HUNTT LIRBE, AT IEW, - L;'L, W84 70%
(A2 X HE 2 AR /INF 5T 1

JiF B,

R, 24 G(A) RHEF R, - Ly'L, &k
HikE, B TIOR8 2 MERSET 1.

3 aHREHBNTHE SR

FRAAAEGIEENNREZERIERS (1),
AR R &0 s KL, R RE AR H 5 AT s 2 fE
PRAEAT R B E., BT IR 0A CE  pisd
ui=cK2(|a£j|xi—aijxj), iel,,N, (2)
To

1) ¢ > 0 E—hria e 65, 6 2 .

1
= min{Re(A;) |’
XH Re(A,) RaAFF oA MK G(A) BB HLTAE
W L, (505 i MFFIEE A SEHE, Ho 1= il Re(A,) >
0,i e {1, NHLERE, L, A IEFRHIEERA
TESEHR.

2) K EFE M I 45, Ve

K=-B'P"' (4)
Horp P2 AR A SF (LMD

AP + PA" - 2BB" < 0 (5)
FRRS R T 2 fi.

5132 FEMSAMK GA) FMEIEZHE
REMAZRGE (1) A7 A AR M BN (2) —(4) ]
T, SR T B P R ST R T ARSI

1) QIR i 7E i % 8 1 K2 45 1 P iy
T 4 6 1 5 6 38 B, 0 L (1) =
x"(1),i ep,lime,(1)=-x"(1),VieqgHTpUg
EZmEE TR AR ENRLIES, B
pNqg=.

2) QUSRI BT A Y 9 1 T R S5 R AN
e, T e A U A O M2 Billime, (1) =
0,i EZFEIHPE RS H RS

TEWY R W22 SR [ 4-5].

MRIETIBE 2 LR R A 5152 LM RS

W1 WURFFSA R G IEm I, IE A4

(3)

W B A G5 MV 0 I8 2 S R N R, R g (1)
A

llirg(l a; | x,(t) —a;x,(1))=0, Vi,j
i

lim(L, @1,)x(¢) =0,

Hpr L, 2 G R F 30 R .

EFE1 FHEMFSAHME GA) ERLELZE
RER RS (1) FEMR 1R, i e 4o A 8 i
W(2)—(4) , RefE AT B BR Bl 5 4138 I E R,
T 2

limx, = (- L;'L, ® 1,)x,,

t—

Hrx, = [x],x,]" FRMFEx =[x,
xy 1" FRERREE, I EL AT LAGIE BA B B 5 4R 25 5
I N SO Pl 415 0L 14515 35 A I 5 T R
L .

R ZEBER RS BER LR N
X, =, ®A +cL, ® BK)x,,
X = Iy, ®A +cL, ® BK)x, + (cL, ® BK)x,,

(6)
oo, = [y, ]y = g,y 1
&= (lajlx,—ayx),ieF,HE=[E),
’fl\—uJ lljl”ﬁ
E=(L,®I)x, + (L, ®1n)xj . (7)

itR(6)  xF & RFHLH
£=(L,®1)% + (L, ®I,)%, =
(L, ®1,)(I, ®A +cL, ® BK)x, + (L, ®1)) -
(Iy_y @A +cLy ®BK)xf +(Ly®1,)(cL, ® BK)x, =
(L, ® A + cL; ® BK)x, +
(L, ®A +cL,L, ® BK + cL,L, ® BK)x,. (8)
H T Ly BT AT R AR AT IE S35, T LA Ly 2]
WRE R, PRIt =G (7) AR
x,= (L' ®1)¢ - (L;'L, ®1,)x, (9)
B () FRAAK(8) 15
£= (L, ®A +cL; @BK)[ (L' ®I)¢ — (L,'L, ®1,)x,] +
(L, ®A +cL,L, ® BK + cL,L, ® BK)x, =
(I, ®A +cL, @ BK)¢ + (cL,L, ® BK)x,. (10)
THIEHAEEFE L, , @ A + cL, ® BK 2 Hurwitz
o 1.
TR U e CM0 O ffige
(U"QI1)(I,, @A +cL, BK)(URI,) =
I, , ®A +cA ® BK
JEXTICE N A + A BK [ H = MMM b A



2 4 C o
A 7180 24 2 S (ARRIEID) 2018,10(4) :462-466
Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2018,10(4) :462-466 465

s B =MMEE X AOCR A (P =1, N = M) JEREFE op | B0 SRS I — A <00 5 2 308 0 S AR iR

L, HIPATAFEAE, LTI ST, Lo, 0, 0, | X0 A3 %38 4 32
AELEX BRI A P REHPTR, |05 1vg,0, ] LSRG,
(A +cA.BK)P + P(A + cA,BK)" = IR GERE A F1 B 4r5
AP + PA" - 2cRe(A,)BB' < 0o 1 0 o0 0
AP + PA" - 2BB" < 0, (11) 40 2 0 )
LI A +cA BK(i=1,- N = M) & Hurwitz 252 ). A=l 0 o o 1l° Bl
I, ® A+ cL, @ BK 7% Hurwitz 2 € ). 2 0 -3 0 1
MRAEHES 1 AT

Xy

n

X
lim(L, ® I,)x, = limdiag(L,,,L,,,*-,L;,) T

X

1o 4

Pt
,liT<CL2L‘ & BK)x, = (cL,  BK) (L, ®I,)x, =0.
NHEHMI, , @A +cL, ® BK & Hurwitz 2 2 19, T LA
}i‘i’f =0,R/.

limx, = (- L;'L, ®I,)x,. (12)

> v, -8 v

ARSI B 1, FATHRIE - Ly 'L, R TOCR A4
XHEZH/INT AT 1, BT LABRBE & AR S B e s 2
H 405 2 AR BR ZS e Be HL 0 5 R BOIR 2 3 A
i AL .

N
JEEE. 5 EEE AN 2 Fiss. N 2¢ AT LLE H | b5
4 FES5HH IRF R B % 1 R 75 43 B 0 46 (/D T4 5
G30d RS 538 B4 0 (L A (.
S | R A GA) etk ARSI R R
SRR IIE R AGA 2R, E A ER R TS 5 ZHIE

k
lim Y L,x, =0,
i=1

P EAR AR MRS AT A 1] 5]
Fig. 1 The signed directed graph of

communication topology network
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Fig. 2 Simulation result
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Abstract This paper considers the containment control problem for general linear multi-agent systems which have

communication topologies with non-cooperative edges.lt admits multiple leaders which are dynamically changing via

interactions between themselves and the neighboring leaders. A distributed control protocol is designed with the nea-

rest neighbor rule.By using the linear matrix inequality technique and the linear system control theory, it is shown

that the followers’ state trajectories can converge to the convex hull formed by each leader’s trajectory as well as its

symmetric trajectory,and the containment control problem for linear multi-agent system over signed graph can be

achieved.Simulation results are performed to verify the correctness of the conclusion.
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