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SHERREMEESE

ImeE kK4o#

(PEBEBRE 5 R AR AR R EHE S ZRE, b 100190)

BE R TRA - BRAREGFHIMEIEFERANS B ERRENBE RS LB
MR EHIANETHEFER, WHEEEFER, BERAHER. RINMA
GRS RGE T — MG R @AY X RE A A, & E T AE RS
ETRGEBEAZME: (1) MEERK B ERRREEZERETHRHE, Gl T REHT7
AFE B FTEEA, JREMEAFRRIEER 1R, (2) WEEKHN E EERREER
ZEIGAE T AR E ERIRRUE EZEI TR, ST REHITTBRK T FME, I
LA E B X TRRLEY; ) MBEMRALRAHE, ST RAEBF T
B

X#A ZHIEKRRL, BREH, @FRA, JETERE.

MR(2000) £E4%E  90B15, 68M14

1 5]

ULAER, T MR £ 8 ARG — 3 R 2 3T R R, T N 4l
{E AR MR TE 1 EE R T PAT A, A58 5 WA R TOE 5 WA, #E AR 45 21 1,
3C (6] BFFE T W40 T8 1 T B ELERT IR 2 2 ER RGN BRTER], 2R REHE
FVRAEMITEFRAEEE, Gl T ERGTERF. HRAEHF &, FrEE RS2
FEE. MT A mm (RERZAETEE) M, SLRBRK, BRSREHWHE —
THYMER R R, HEA—ERFREWER T, IREBRAMUERR LERE MK
e, T EALE T2 M SERR R B0 3 [10] 32 F REBLAE K 7 R 4 T R AR W IMUT &
SRR FTERMFE. S BT THREBEFERANEZ B ERRSE, Hil 7877 @F M LA
R 1BRETES KM T —A R B RE RS, mAREBEGTERFE—1
FA 1 T8 B TR SE A k. SE IR A . X RO B R TE— A AT, IRMER
Bl @R A FEEAE, TH b TR E A IR AR, 3C (6] R 89 X PR AL B #Y J7 ik L it
AFE
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BEXT IR, A< SO 3C [11] #4548 R 28 40 Fh R T ERBERS WSS, R 28 17 AT 1
R, RIMTEREBIEM HER . FR, FBRAEREmMWES T 4, 28T =
B 1) HBRPHE EARBUE R ZBIRAE T, i) FERTr B ERRIUE R RZE %
ETHERERE ERRBEEZE T, i) BMNRETEFRAE. XMER 1), 80712k
L ATER IR 45t T RS J7 R 0 SR, FEZ AR M ARIE IR 1 &, | T7E—
AT-EE R, P48 HE RS MR TR TR, B, ASOR3C (6] Hr Ry 45 RS T LR
7, TR A B T — R4, MEIR i), 1% W T M%7 B F 8 S0
M, I T I RME—EE X THLEE. ERFREHELAERRAS TN, XEE
iii), B SC[10] 3y T — B R A RS, HEXEENS M T ELEBUE mAUER A .

AXHRWAWHEMT. B2, ROFIANEREAMS, HHE T A CERTH
. 25377, LATELIAPAHIGIE, RE0HM= %ﬂifﬂ%’ﬁ:—ﬁ Ll ARG EF
FAF B ATHM T L0 ERL. 5 5 WX SCHAT T B4

AR TIES. Iy RRA2EERN LK N g5, T RRBAEE. 4
TR A, AT KRR AWNEE, w(A) KR AT, BEmE X X Fm X 1y 2 5% Xt
—ANBENLE R € A o- I F, € € FFIR € LT F AW, & = —minfe, 0} M—RHEHLE
' {6, e A}, oA e AL TR o- &L o{[é\ € B], B € B, A\ € A}, H B F /8 —4E Borel
o- &L

2 [E)EEfEE

2.1 EBEigHEXRHES

NTIRERAR T E, BOFIAWTARE L2 mAERE G = {V, &, Ag} B—4 =7
H, Hbv={1,2,-- N} BV, "I RRE HEEK, & RBE, A GHm
WAREERRE. G MR AE A (G, R, B (5.0 FANE EEK G BG F6E GEGE
. Fi DA EERBAETRESICHE N = {j € V(i) € &} WEEB j,i €V, a; >0 H
aij >0 4 HMNY je N, N, FuuEHRK i AABTHE. WRE-AFEHERELETL, HE
VB —ATEHAARET A, BARMNKXATEABET L. RV EEEERE
T, MRV P H AT "5151’]?]3)%17 w, AR ATNTFRX A7 4N IR

—HN3H (i1,12), (i2,13), -, (ip—1,0%) FRAT R 00 B i B—KF MR WRIEZEH
i,j €V, N i B j AR, AR G HmEEN. ArMEXE—-REME, ©FHMN
HF—ANEVTS  ERATEAAMNE-TEBETR. GHERME M TEERY, HEE &
TEMA M. —AREEN A E— 85— L.
2.2 SR FIEEE

A 307 JE — B T ¥R R BE AL T PE AR 8 T G2 18] — B AR L 2 ) A X 4% Y s ]
il i A H BRI F R

;ti(t):ui(t), ’L'=1,27~-~7]\/'7 (1)

Heftzi(t) e RES i A ERERE, w(t) e RES i A ERAERIA. L X(¢) =
[z1(t), 22(t), - an ()]
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B0 A EEERT R AR E A EERNEEN
yji(t) = z;(t) + ojiwsi(t), Jj € Ni, (2)

o yt) TELES « AN H EERXTE § A H ERAPIRES 2;(t) FrER W, {wit),i,) =
1,2, N} ZAMEMZARHER S, o5 >0 ZBRAERE.

WR wi(t) € of{wi(s), yji(s), jE€N;, 0<s<t},Vt>0,i=1,2,--- N, RAKNFEIE
HEEEHSA {w,i=1,2,-- N} R—AET =G B84 0

MAA AR BI RS (1)-(2), — Bk, ROMTHH—AFEILANRRLSE. PriffEHE
A5 ) ) 0 AR e -SRI 24 | o AT A, {55 P B AR G R S TR A AR 2 B T Y 4 R T
—B THERATEMEG A SCEE ST 2 R S

EX 10 EHAR) WR B < oo, B o, # Jim Bla() - 2 = o
i=1,2,--- N, WIENHKAE EERREH X(t) BB & .

£ 20 (SR 1 BR) MR o, 8 L o) — o, as., 0= 12 N, IR
FF X () 358 LUBER 1 .

3 WsEN R
KT 3 [5,6], TR 40T 8 7045 =X il
0, N;=0,
wilt) = { a(t) 3 aij(wii(t) — mi(t),  Ni#£0, 3)
JEN;
Hea(t) B—ANBEBELAE R RE, T4 F HE 5 R 5L
4 L = (lij), ij = aij, © # j, li = — zz:v aij, Hi = (ai101i, @202, -+, ainoN;), FoH
JEN;

0ji =0, j & Ny, H = diag(Hy, Ha, -+, Hy). MRS AXHI (3) FRELE (1)-(2) 7
X () = a(t)LX(t) + a(t)Hy(t),

ﬁqj Wi(t) = [wli(t),w%(t), ... 7wNi(t)]T’ n(t) _ [w}f(t),wQT(t), o 7w%(t)]T_ XE—AH N2 Z&
FHEFEIKEI RS, BN T FEM Ito MblLigsas g 1218

AX (t) = a(t) LX (t)dt + a(t)GAW (1), (4)

Hr

G = diag( Y (aop) [y (aNjUjN)2>a
JEN1 JENN
W) = (Wi (t), Walt), -, Wy (£))T & N 4kl Browian 353,

EREE L RITMNE, EX ALK RIERMOMERE, FKEFC (11, ROTUE L BE
WEZREH (1,2, N} EELER RS RS (REiCH (V) BEFTMERIE. RIER
WD REEM LR O AR ¢ &/ —BARRM Y ALY {2} (UF — P EEFMAK
C = (ly,ly,- -, la), ARG ZBER S, TEEANGIHSC [11] B 45 RAE AR AT 51 2.
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5138 1M % G & —RAERA, N
i) (Y} FFAEME—RIBERIME © 4% 7L =0. A, m>0HBHMY ieC;

) AFAENEA AL @ = (Ly, 8) A o7t = () B

Hor LfasE, B L @A FHEM R A 5L 3. R
A Z(t) = (21(t), 22(t), -, an(0)T = STIX (), Z(t) = (22(t), z3(t), -, 2n(t)T, Bfi1H

dz1(t) = a(t)adW (t), (5)
AdZ(t) = a(t)LZ(t)dt + a(t)GAW (1), (6)

Bt 071G = () a & 07'G W4T, ROLT (11 09315 5, R

S5 2 B O aH—BUAERK, X(0) BRI CHEER 1) BR, Y ECELE 25,
L tl—i{EoElzl(t) — 22 =0 ( lim z1(t) — 2{°, as.), FH tli)rgoE||Z(t)||2 =0 (t]ilgo Z(t) =0,
as.). JEE,  lim BJX (1) - 25 1N||2 =0 ( lim X () = 21y, as.).

B, MAZMEFERBE E|X(0)]* <oo. BJF, RMNHHMT 4 MEB:

Al) g é«“ﬁ~1§ﬁ$ﬁi1‘»’ﬂ‘;

A2) [;" a(s)ds =
A3) [ a*(s)ds < oo
A4) h ( ) =0.
H (5) T%E'r t
z1(t) = z1(0) +/0 a(s)adW (s).
{z1(t), Fo} B—=AB, Ko Fo=o(Wils), s<t,i=1,2,---,N), A3) BHET [; a(s)adW (s)
T 3E E HY

T 1N ( ) BIREG (1)-(2), % AL-A3) oL, W lim B|X(t) — 2" 1n]* =0,
Ht 2* =7X(0) + [;° a(s)adW (s).

iE o (5) #1A3) 15
2
sup E|z1(t) —supE’/ s$)adW (s) + 21 O)‘
>0 >0
§2Zm amaﬂ / (s)ds + 1 E| X (0)]? < oo,

oo c1 > 0 . aﬁ{zm Fi} BB, BFBA lim Blza(t) — 55 =0 Ha(t) - 27
a.s., Ht 200 = 72(0) + [3° a(s)adW (s).
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BAERATEY lim B|Z(1)|? = 0. ¥ L BasE, #AE7E Q >0, # QL+ LTQ = -
P V@) = Z0TQZ(W), M

AV (t) = —a(t)Z()TZ(t)dt + 2a(t) Z(t) " QGAW (t) + a?(t)tr(QGG T )dt
< —Aia(t)V(t)dt +2a(t) Z(t) " QGAW (t) + a?(t)tr(QGG T )dt, (7)
N
Hb Av & Q BB RFHEM. MR [15] % 42 T [16], (EESE T > 0, F1E Kr > 0,

E sup [Z(s)|? < Kr(1+ E||Z(0)]?) < o0
0<t<T

[5
t
2 ~ 2
E/O a2(s)|1 Z(s)|Pds < oc.
N}
E/ (5)QGdW (s) =
X (7) XX ¢ R4, RIFBURER

<——/ d8+02,

Ht e = [ a?(s)tr (QGGT)dt < co. Hi Gronwall-Bellman A2 17 1

1 t
EV(t) < coexp ( — E/ a(s)ds) — 0, t— oo.
0

# lim B Z(6))% = 0. 4 2 = 27°, d513 2, RATH 52 Hg 550,

FI2 # AL-A3) ML, W X () LK 1. N
i ORAEGIE 2, ATHTEIEH hm z1(t) = 2%°, as. Ml ll,IEOZ(t) =0, as. BT

21(t) — 2§°, a.s. CFEEHE 1 ﬂmwww Tﬁﬁaﬂ] HIEH Z(t) — 0, a.s. ¥R EH 1 3EH
iy (1) K, BITAE

= — t T S t S T G S ta2 S)Ttr GGT S
V() = V(0) A UZ<>md+zL<><>mmwm+A (5)tr(QGGT)d
A V(L) — Jo a?(s)te(QGGT)ds, M V(t) B Lh. HL b, XEHM s <t
EW@—V@ug:ﬂ—/ mﬁ%>mw+/amﬁvw@wmu4go
H V() > 018 V(s) > — 57 a®(s)tr(QGGT)ds. AT

sup EV(t)~ < /00 a?(s)tr(Qtr(QGGT)ds < oo,
0

>0



1358 2 & B % 5 ¥ % 29 &

H—

sup B[V (t)] < sup[2EV(t)~ + EV(t)] < 2 / h a?(s)tr(QGTG)ds + EV(0) < oo.
t>0 t>0 0
B, Bt 2 13) L BEE VB V() — VE, as, KTV () — VA [ a?(s)tr(QGGT),
as. S, Hl BV — 0 A/ V@) & 0CHERKE, B V() — 0, as, AT
Z(t) — 0, as.

1 T EHE MAEREE, & ERCRESE RNt TS
— PR Z N Kushner-Clark #94% f, B UEZ% 4 ZIE M R4 MR 1 fg g e 0. HiEs:
i T, RS A H— R A &, RATHE T — A 5HEHL Lyapunov B ¥CH
Ky LB, JFA R 3 M LR SUE BHEN T ARG R 1 &R .

Wi e 1, WATHE R A1)-A3) & RGBT 7 R IMEER 1 &R 580 50
M T A 3 IRRAT, AT, A1)-A3) R AR IR 7 s F Y 6 B A

EE 3 BRREPHELEIcC,jeV, [EF omu >0 FHABI 3) TR (1)-(2), M X(t)
BRI E 2 ALY A1)-A3) L.

I FEAERDERRAMCTEEE 1 IR A . TN PSR LB,

B 14 WABEW AL) Z2HER. BIEGATHERM, WHWREE 3 FEHR 10 &
TR FIEWI R AR —FE O, X (¢) #A T REIX B 07 B A

I G EZPEF—NIMLE, REIEH io. MAH 5) RIVEF W THHF RS

i, (t) = 0,
{ AX (t) = a(t)LX (t)dt + a(t)G(t)AW (),

Hep X(t) = [21(0), -, @ig—1 (1), Tig11 (1), - iy ()T, L, G RXF X () $EF7A T AT 9 4 5
BRI T L, G WM. B X () EHEMIEAF TR E T BR ERR, X(¢) Rk
SKEIH 7R, B lim X () = 3L B, B oy, (0) # 7%, W X (1) RAGSFIH 7R

(1) G REIMILA, HESEHEHAMENE, R i, i B, (0) = 0,25, (0) = 1, I
BENET RORANEY R, MBI 3), HATAH 2, (0) =041 =2, (). I, HE X(2)
NREIK B T7 A .

(II) G BAEMLEWEAEFASHAN U LIET S, HG /AR R RAHZH T
Bl Gl Go. B G Ml Go B H—BH FHERW. FARR, ELHEETHERME G, 65,
ENAMRE, HEEMNSHAGFESAMIE. FHABK 3), BiTH

dX1(t) = a(t)L1 X1 (t)dt + a(t)G1dW (1),

dX2 (t) = a(t)LQXQ (t)dt + a(t)szW(t),

H Xi(t) (i=1,2) & G/ lREBE, L, G UERFEN «, a; WHI X,;(t) HFFTATHE
T ) 4 A5 B R AH B A R s i, 512 2 e B 1 7%

Jim BX0(1) - il 2= 0. o =71X,(0) +/ a(s)ardV (s),

Jim B|Xa(t) - w3l 2= 0. w5 = 72X5(0) +/ a(s)and IV (s).
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T a0 (0= 1,2), RATATEBGE X ) Xi(0) 1 of # 23, W, X(1) FAELFH I .
2 BATEW A2) 1 A3) fIEHE. EREE ZO)TQZ(t) > MZ)TZ(t) (M 2 QY
B/NFRAEME). ROUT e 1IEWFH (7) X, &ITE

EV() ~ EV(0) > —1- / s)ds + /t 2()tr(QGTG)ds

2——/asEVsds
Alo

i Gronwall-Bellman A% = 7] 15

BV (1) > BV(0)exp ( - Ail /O a(s)ds). (8)
Bl EV(E) -0 A >0 [[°a(s)ds = co. FHEEAIEN A3) 0 E 4. RIEFHE 2, ¥
K]

I,
E(/OOO a(s)adW(s))2 < 2[E(—7mc(0))2 + E(7rz(0) + /000 a(s)adW(s))ﬂ < 0.

H—JH,

o0

E(/Ooo a(s)adW(s))2 —aTa/O s)ds =372 3 (o) /O a2(s)ds.

% JEN;
W€ C, o5 >0, RIFIH 1, BATH o7 ZJ:V (aijoji)? > 0,8 [ a®(s)ds < oo.
7 JEN;

E 2 MRABBATEH AL, RINME C B2EKREE (V) ME—EER. RH#E (Y2} W5 /D
R LG AR AR R, CE—EBEXLBEZHFEERRZREFNAET
ARG B —2. By, C HiE EER—EARKE C o E EERMFER, mC
ZHM B ER— R MR C hREEE EERMFER. FRAlH, 7E Leader-Follower fAIHr,
C & —4HEM, B Leader. 2 2 &2, 24 C EP H AR 15 B 52 B W7 1 Y,
HRIE X (t) ¥o7 R, Mk AL-A3) Z2AER. X4 L MFIMW A% B ¢ H V45 E) &,
C={1,2,--- N}, E¥ 28R T 3C[6] e 3.4 FI, &H 2% 6] WEHE 3.4 .

E3 EREIEC, jeV, i o; >0, HIEFE ieC, jeV, A oy =0, NATIRIE
BIEE, Al) fl A2) ZONER), T A3) NUNE L.

T4 REEFicC,jeV, #HEF 0, =0, Al), A2) f1 A4) for, MABI (3) B FR
g8 (1)-(2), W X (t) o] LB+ 07 B A

EHRTER 0 =0ieC, jef{l,2,--- N}, &IF

o= (Wl /Z(alj0j1)2a"';7TN [2 (aNjO’jN)2> =0
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B G)BE ) =2 (0).~
THEAEHR EIZ(1)|* — 0. # (7) 13

EV(t) < —% /Ot a(s)EV (s)ds + /Ot a?(s)tr(QGGT)ds.

FH Gronwall-Bellman A% 17 18

EV(t) = EV(0)exp [— % /Ot a(s)ds} +tr(QGGT) /Ot exp [— % /St a(u)du} a’(s)ds
2 () + L(t).

B8R, L(t) — 0. ANVMAEIE L(t) — 0. FEEF

[ow (- 1 [ awan)] = e (- 1 [ atwan)atsas
1 a(t) — 0 &1, F7E cs > 0 EAXPAL ¢ > 0, F alt) < cs, FEIER € > 0, F4E 10 > 0,
R FTAH > to, H alt) <. B,
n() = ( /O i /t:)tr(QééT)exp E % / t a(u)du] a*(s)ds
< C4/Ot°d exp [— %/ja(u)du} +>\N5/t:d exp [— %/:a(u)du}
—afew [~ 50 [ ata] —ew [ - 5= [ata]}

elt- o[- L [ awad ),

ﬁ':'j Cqy = C3)\Ntr(QééT). EE An >0 fﬂ—af

1t 1/t
li - du| =0, 1 - du| =0.
e R R Ry gt

B, e @EEY, KI5 L) — 0. RUTFEHE 1 @IER, 75 E|Z(0))2 - 0. FhEl
M2, X(t) WS .

4 N ETE 3 MEME 4 ROVEE, Y C P EEEREREESIE R, HREY T
W, A3) RARTREM. B, % C d [l HWIRIE B AR F R 5 b, 31077 A
— AN ERER AR, IR o) = L, UBHER 7B, FE, FEOEE 6 &R
17, REFE 3 M 4 AL BT T A AR E R R ) B4 1. SR AN, 5 ) 45 o T3 35 W 75,
W FE AR 4 50, BB AL FA2) BBE R R B T4 0

FIE5 B oy =0,v(,0) €& MAHN (3) FRL (1)-(2), MEFLE «*, #75

Jim | X(t) — 2" 1y ] =0

% HALH AL) 1 A2) AL
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I FAME. MRS 2, RATHFIES lim 20 (8) = 22° M lim Z(1) = 0. dE R
B, ) H# a=0H6)FH G=0 B z1(t) = 2(0). MEHE 1IREE X V(E), KUT
(7) %
AV (t) < ———a(t)V (t)dt.
AN
T H 8 SR 7R

V(t) <V(0)exp ( - )\L /Ot a(s)ds) — 0.

N
H V() — 0, AT lim Z(t) =0.
VB, XT AL, OV T2 F 3 fE A M & 4R M 3 Fig ol #6478,
AIERIER] A1) BB, FERAERATR. 2T A2), REOT 8) 4

1

V()2 V(0)exp ( - Ai /O t a(s)ds).

H V() — 0 A >0 875 [;° a(s)ds = oo.

EE6 RiXo;=0,VieC,jeV, EFEIEC,jeV, #Fo,; >0 AWM 3) 3
A4 (1)-(2), % X (1) JEIHTTEE, WAL fA2) L. #E—28, HHFET, lim at) =73,
na=o0.

O LEAL A LR 3R, BT 234, Rk a A0, Wi R
Ji, EREH 4 BRI Lo (1) AW 0, T X (1) A 77 . X 52 BBBFE, Ha=0.

4 FEES

HR—AMANEEHENERNE G=WV,EAME 1), Hi v ={1,2,3,4}, A =
(@ij)axa, 13 = a1q4 = ag3 = a1 = az; = a3 = 0.7. HE 1 &, G &FH —HAEHW, HMG
R EERN C = {1,3,4}. BREAGWHYIHERE R X(0) = [4,3,1,5]", #EAF WA 158 EH
031 =041 =013 =0.3. W HER C H 7 ERRIAE B 52 2158 5 B 1975 4.

2 3

B 1 4R A

BLAEFA N R P (3) J& B9 PR PR R e b AT 0 AL 1 50, |ATIERUE 3 22 a(t) = 0.25,
W REHCIRESWE 2(a) BrR. WLAEH, MFRGERARE. HK, ROTEDE R
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a(t) = D A1)-A3) #L, B 2(b) FHABE RS 4 P4 MBI SE R #9 % E.

WIE, BITEREFREE alt) = 4=, R AL) 1 A2) BSL, H A3) AL, B 3(a) £
P36 2R GE AN RE OB B — S LR B L

12

0 100 200 300 400 500 600 700 800 900 1000
t/s

B2 (a) BRI a(t) = 0.25 B H EERAPRERL

4.5

3.5 F

X() Si o
2.5

2L

1.5}

1

0 100 200 300 400 500 600 700 800 900 1000
t/s

B2 (b) MAME a(t) = S w8 ERERENL
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4.5+

3.5}

X 3¢

0 100 200 300 400 500 600 700 800 900 1000
t/s

B 3(a) C FHERZIGETHSE EERRENL

3.5}

X 3

2.5}F

1 . . . . . . . . .
0 100 200 300 400 500 600 700 800 900 1000
t/s

B 3(b) C 1 H EWRZE RS THE B EEHRARERL

A—IH, BOIHBEFRFRERN 012 =032 = 0.3. WH, C FHEHRFIMAEER
REGFE R, T C 25 A ERRBAEE 2B R, RATVIEBUE F M a(t) =
Kl 3(b) RWIIF R GEHT 4 AP S L EIEF i W H.

5 ZRiE

AR FE T — A T F0 0 T 5 REATLAE {7 W 7 1Y 3 SR ] — B 22 19 S5 I 2% Y s ] 22 ]
X BB A MR I S H WP, WHAS AR, FHEEACHEL. &
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EHADREMNERGE T —AMET A EES, 0 EEERPHE EHRRRERER
ZEN R T, ST MSLIBRE G A BLBEN T, BIET RAGEE. A, XH
BAMLHE BT BRI — R B2 3 ERMEREE, & a2 mhm—&ks h &
S8 7 [7] 2 1) A0 2% 2 S5 T DR X S o R0 04 A — 2 B 9T

2 £ X W
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CONSENSUS CONDITIONS OF MULTI-AGENT
SYSTEMS WITH UNBALANCED TOPOLOGY
AND STOCHASTIC DISTURBANCES

WANG Bingchang ZHANG Jifeng

(Key Laboratory of Systems and Control, Institute of Systems Science, Academy of Mathematics
and Systems Science, Chinese Academy of Sciences, Beijing 100190)

Abstract Consensus conditions of multi-agent systems with general directed communica-
tion topology and Guassian communication noises are investigated. Here the topology includes
not only the balanced graphes but also unbalanced graphes, and the latter is the main concern
of this paper. By using the results of Markov chains, a communication class of network nodes is
given. By considering the influence of the noises, the consensus conditions are provided: (1) for
the case where the information received by some agents in the communication class corrupted
by noises, a sufficient and necessary condition of mean square consensus is given. It is shown
that this condition can also ensure almost sure consensus. (2) For the case where no information
received by the agents in the communication class is corrupted, but the information received
by some agents outside of the communication class is corrupted, a sufficient condition of mean
square consensus is obtained, which is shown to be necessary in some sense. (3) For the case
without noise, a sufficient and necessary condition of consensus is presented.

Keywords Multi-agent systems, consensus control, communication noise, unbalanced
graphs.



