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Average consensus of a class of second order multi-agent systems with
multiple communication delays
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Abstract: This paper discusses the average consensus problem of multi-agent systems with multiple communication delays.
The stability criteria of the network dynamic is analyzed by constructing Lyapunov-Krasovskii function, and the tolerant
upper bounds of communication delays can be obtained through solving feasible linear matrix inequalities(LMIs). In order

to relax the conservativeness, free-weighting matrices method is employed in the main results. Numerical examples and

simulations results show the effectiveness of the proposed method.

Key words:
1 5 =

AR, 2 8 Bk — S0 B OB T B 241
i NP U IR 22—, AT S5 2 T

2 AR REMR AT REAH pR SR I B AR B, SR Bk Py
WP 2 B REAR R g8 AR — B A S i, JF HoAE
B EURR] TR B8 U R OB R S
ZiCICTIN:E I RS € o2 7ER S R T VS | DS R P K
IR A i G B BN [ SN <K S R0 N R
LRI B AT, 2R RSOOSR, HT,
—HUEHIE CAEZ LA N R G A T L g A
SRAEPI AT R AL P [ e HEOT LR R 15 4k 3 4% 1)
DOV Z A GURATE] T T2 . BAERZ M,
TR REAAAS Bl A 1) 25 B A A i 2 52 PRA%E A 3%
IAFAE, W BOME ] BB AN A5 R I ST X R 48
We Sk BE KR M. AT CAT K SCER I R AT A
I 4 1) 22 48 RE 1A AR SE AT S I 40 PFU 121, 4423

average consensus; Lyapunov-Krasovskii functional; linear matrix inequality; free-weighting matrices

kg ARUABICR I 3 P e 43 B v, ARSI Sy AT Tk, SC
R (7135008 T & A RFR BN GE I R T ) 2 8 g
A I 245 () ~F- 35— S0P In) B, 5T GerSgorin [ 4 &
PG RGN — B RS 28, 81X
— SR T, WS T O BRI AR I A R X B
AR I IE A 0 22 B e AR — Bl SO AR E .
R VL RE S 4 R G SO — BT o VR A N
FE b T BT 2K, AR H IS H T [ E 30 F5 4,
X2 R A 23 A1 U] e 1 40 &5 4 77 B SR SL I 2 A
Lyapunov bR %, 115552 X e 43 A HE R U3, 5 i
3T, [9] 3 T H 46 BE 18 AN TE AR & e vE VA
T Lyapunov-Krasovskii B £, £ T3t 45 1 0HFR 0
UG ) 2308 D9 2% PRI A 040 B T~ Matlab 585057 T H
7 H Wr Lyapunov-Krasovskii B8 54 i FL A5 A7 767 7 1
PIAL A, [10-11] K H LMI J5 543 5l e T T8 m fil
Ir) 22 R REAA 194 28 BT F0 VI (0 B RIS I S 7. T IX
RITVEL RS E A #2780 2 A, A A iR PR 57

I#5 B HA: 2010-06-04; f&[E HEA: 2010-08-07.
HEE: EHPFERIFITIH (A2820080247); [H K 2 & FLRiHT 5T H (6138101001).
1EEREIN:

ili, A8 RAT A A R R e R AT

FRIRA(1981—), 55, 1L, W2 R R ik — B Be 5 T 0T oE; SO i(1965—-), %, ¥z, 1l /L7



1486 ¥ +) 5 P E 3 26 %
PG HAFAERE— 2D BRI ATRE. [12) %) —Fir 2 & gEAA Jim [[Gi(8) = (0] =0, i,j € T, (4)
RYAFE AR IEN B 0P 19— BRI T | = 6 0)

. JEAN, T — SO T & A7 A 0 — Jm () = o 3 (w:(0) + 24 ),
SO AR % ) 8, dnfar AN B SENS B R g U4 DL B _ 1,21
S P09, g Gl =0,iel ®

AR F LM 7 3 8 J0 AR B A S — By
ZRRAR RGO — Bk 1) 8, % SCHR [12] ORI R
WU 22 /2045 I AE v 8 e T 3E— 28 1 i, JF 5
{4 F 7 1) Lyapunov-Krasovskii B 34 & J7 2 PA B AR
I S SR 4R ) DR ST ) R R 1 3RAS ARG
MIERSFVE, TN B EASCHE o RELARTO) DAL IR B R [ 1)
I SiE 5 R

TG, SCH IR AT 53 s 0 R B )
YRR, D > 0K HBED L I 1, 18R ) &
[1,1,..., 1%, %5 ® £ /K~ Kronecker 6 L. Bt A4b, 3L
Pt I AR I 4E 7 () 3T 5 A 7.

2 Bk
2.1 ELSER

T, 28 AR I AS B G Z AT L — AN I
HHE G = (v,¢, A) Kffik. L v = {v, 09, ,
v b B S, B AP S B THREST =
{1,2,--- ,n}; e C v x v NEIMILLE, (vi,v;) I ET
;A= [aij] h AREFE I, HAE 67 T % Qg (1 HUE
Pl ) 3 AR 6 B, B (v, 05) € € <= ai; > 0. ]
WYi € Taz = 0, 50 THER,j € T, Hi # j,
f aij = aj; WL, WHT [ AR g JG ) &L I, Jin)
Bl ] LU AR 2 A 1] R — bR fa1.

A v B EEAR T U AR G XA

Ni={v; € v+ (vi,v5) € €}, (1)
%z € RAT R v BPRASE (s & soRESEE B,
MG, = (G ) I8 REMEN z = (21,20, 2] ", i
it h G M2 R RetE R4
22 FH—HMEE5 B

AT U V0 S N TR) sl HL AT I 1) — 2 g
PR ZR G- 1) — S ). e B ReAR @ I B AR A

&= Giy G =i @
R HITCAHS A5 R A A A B b 3UA
ui(t) =
—kiGi + Z aijlzi(t — 1) —zi(t —7i5)], ()
vjEN-;

oAby R REAR § RV REAR ¢ [0 AR AS GBI — Sk
PR (3) BEME WL SR AR — B B AR () R I—
SOPE A 24 ELAOCS B RE AR AR AL

Jim [lz:(t) — ;)] =0,

L (o= 2C k1 + i, W2 = 11, (1,29, oy, T,
Cal, W =R Z B BEAR R G Bh SR AT R IR A W R AR
e 2151

=T, Nz~ (L @ U)&(t — %)

k=1
o [k1/2 ky /2 ];U [ 0 0];
ki/2 —ki/2 2/ky1 0
EXIREZ WG 71 € 735, 0,5 € L. WAN, Ly, = [lnij] 55
AHFEMER R RN 20 # jyme = 75 N, Ly =
;7.11 # e # i, iy = 0, Mi o= I, Iy =

> i
j=1

(6)
Hrp

—Qigs

KT U1 MG DL, 2 R BeR RGN HIE N
=1, 0)Z Y (L @U)&(t — 73),
k=1
s=o(t). @)
Hor: ZL’“ = L, J& T —414 1 & ¥ Laplacian 41

k=

B, o (t) %ﬁ%i?ﬁ?l‘%*@ﬂ‘]@ﬁﬁ% Rl
EX A aE) A7 BT RS HAl AT
T AR — N [l B8 AT, W2 P iR S 1.
EX2TCP ) HRE G = (y,¢,A) T
Ao 2~ IR, 2 HAYCY LN BE R H R A A, 4 4
deg, (Vi) = degy, (vi). HEIG = (v,e, A) &P,
N HACY H AT U P, B L

Zaij = Z(L]’i, Vi el.
J J

TE X IUUCHATHRE)  #T7FEF € R 4 Tl
RERE, 24 HACY 1T F = 0 F1 F1,, = 0 B0

I HEZ AR RGN G g,
) 3 Laplacian %5 B L /2: DHFELAIRRE n — 1;
2) M HBE L 0 — AR AE AR, JCAH B 1 REAE 1) 504
1,5 3) o n — TAMKRAEAE B AT 1E S350, R, 45 G
) B, W) ICARE AR 34k 1E SE R

5138 201 XF58 42 K 1) Laplacian 4 F4
n—1 -1 -1
1 -1 -1
L= ,
-1 -1 - n—1

A B 4 L WPRFAL ) 58 B 4 B AR B, 00 2k — A e



5510 3] REAR F: A SN ABEHEN—R N Sk A 4T — K 1487
ACHRE. T4 e AT f@}%ﬁlﬂé F € R™ ", {74E % (- + Y [NéOJ)]T;
ETRE, — F O(n-1)x1 ] 8) i=0 j—it1 j=1
O(n—1)x1 0 Dok =
o BRI B

3 I SEA QAR E AP
AR HE IR BN R S (6) SCBLF I — EhE
fRRE e FIE. FE4 th A5 2 i, AR R

Bi&1 —MEHEARSN I%’E%]‘EEEJEE
1, H A Pl A T 1.
Big2 HAAEm MNMEGERE (1 <m<n(n-1)),

ERSNURS
IIEO<T1<TQ<"'

BRig3  A7AE A ASEAE N IE (7 = 755 = 705,

,m, AT TR, B

T ST, t=1,2,--

< Tm.

i,j € D), NIEWHE N0 < 7 < 7, M EAL b Z 30 [
HOLS p<fn
EE1 XT%Z;EE%/\HTLE’J;IBM%H” ek R

45 (6), Wi e 1 AR 2. 4 e W T M
m), FAFAE S I YR

P:PT>0 Qi=QF >0,i=1,2,---,m;
R(”)—[R(”)] >0,

(Z - 1727

Mg Mg - Mg,
i Vi)
M(”) _ * 11 im > O,
% x . NI,
i=0,1,-,m, j=1,2,-,m, Vi <m,i<j

LA K A AU RE NS (p = 0,1, - -

, M, Z:0717"'7

m, j =1,2,---,m, Vi <m,i<j), #1501~ LMI
3
f200 QOl fzOm
5 « D o i
0= <0, )
* *

M(u) Méf) Mé;%) N(w)

% Ml(zlj) M(ij) D)
&) — : : : : > 0.
B I
* * * R(ij)
(10)
N I:':'
Qoo =PI +I"P+> Qi+ > N+
i=1 j=1
m m
Y>3 (m-rI TR

=0 j=i+1

~ PUx + i Vo) 4 Z NS 4 Z
—k+1

SN (5 - ) TR
i=0 j=i+1
Yo m-mMG k=12 m
i=0 j=i+1
} k=1 i k=1 T
e = Qe+ YN+ 3TN+
i=0 i=0
S (7 - m)ULRD U+
i=0 j=i+1
m - (K m  (k T
>N YT I+
j=k+1 j=k+1
m m
oY m-mME k=12 m
=0 j=i+1
k=Y, (77U RDT+> N "
=0 j=i41 =0
-1 o m ~
Z[ng”)] + Z Nl(kj) +Z[N(lj)]T+
=0 Jj=k+1 j=l
DIDIRCEEII I
i=0 j=i+1
l=12,---,m, k=2,3,--- ,m, YVl <m,l <k;

I'=FEX(I,®)E.,
Upy=EL(Lr@U)Ey, k=1,2,---,m,
E.y J 564 I Laplacian %5 FF JE 22 45 1F A5 T % N AR AIE
) SRR R, TSR — S D 3) M 2 R RE ik R 4
(6) RERS WD SEI 38— 2L

UEBH 5 %SGR (7] (0 DA, AR Ave(z) B 1A
RA G, W & RN &(t) = Ave(&)1 + 0(t). Hir:
Ave(z) A BE 1] 5 (2 (5)), 6(t) IA—Em & Btk
Al DLAF B R 2R 2 R AR AR & 4L (6) Wi I I S E
Ave(z) SA—E M EI(t) — 0(t — oo) FHEENY. HEif
Xt 2 B HE R R Gu ke Mk o T nl LURE A g e T o
i AR e 1 P A

m

0(t) = (In @ D)3(t) = > (L @U)S(t — 7). (11)
k=1
Jy ik, #i&E U R Lyapunov-Krasovskii 12 B :

V(t,6) =

ST ()P(t) + i L; 5t

d(s)ds+



1488 ¥ +) 5 * £ 26 %

>0 . Lw JRDb(s)dsdd. (12) D718 (0Qib () — 87 (¢~ T)Qud(t — 7)) -
1=0 j=i+1 i=1

:H:':P m m =

a 5T (s)RUIG(s)ds + - %)
P:PT>07 QZZQ?2051:17277m’ iz—%j—zi;lL_TJ ZZ%]Z;LI

(t) — [p(#NT | — s

RYW =[R™]*>0,i=0,1,--- ,m, [(In®F)5(t) Z(Lk®U)5(tf%k)}Tx
J=L12-- m, Yi<m,i<j k=1
I 5 P R[5 i Le o U3 - 1)+
Hi#E Newton-Leibniz 23 2, X T-&i& 4k A HAUGHE k=1

BE NS (p = 0,1, ,m), B FRAL: Z Z 2{Z5T(t—fp)Néij)}x

[ 50-m]

t—7 . -7
[5@ —m) ot —7) - [ 5(s)ds} —0. (13) m m
N M) e, (p) —
L4 7 = 0. JEAh, A TAERE £ A ;jz;l( REAR )
M(U) M(U) . M(;Jz)
© A (£)R¢1(2) Z Z f 62 (t,5) 2 (t, 5)ds
M(lj) — 1 Im > 0’ =0 j=1+1
% % (16)
* * * Mg% Hrp
i=0,1,---,m, j=1,2,--- ., m, Vi <m,i<j, Ea(t, s) = [€1(), 0T (s)]7,
ﬁ . . -QOO -(201 ‘Q(Jm
Z Z (7 — ﬂ-)flT(t)[M(“) _ M(ij)]gl(t) -0, 0_ x 1 - D
i=0 j=it+1 o I ’
a4 x ok x Qnm
e M(%J) Méij) Méij) Néij) 7
&a(t) = 070,07t = 70), -+, 67t = 7)) " e MO ) N
HTrf(t) f ft)ds o, B(i) — . .
Zm: i (O MEDe (1) = * x oo MU NSD
=0 j=1i+1 L * * * R(U) |
L y MR Qe EE SN
>y [T omigmds.  as)
=0 j=1i+1 I QOO —
XV (,6) K2, Fn b 13) M (14) o 25 X Al m m ,
m % Pl + (Lo )P+ Qi+ Y N+
i=1 j=1
V(t,6) = m  m )
m NN F-A)UI.eDN"RD I, e I)+
20T () PO(t) + ) 0T (H)Qid (1)~ i=0 j=it1
m = i i ( - Tz MO”) Z (O]
> (=)0 (t - 7)Qid(t — 7)+ i=0 j=i+1
Z’:”l m ) . o, = —P(Ly @ U) + Z N4
3 [(%j—ﬂ-)éT(t)R(ij)é(t)— S
o k) ©i)yT
—7; . L v 01
ft ) 5T(8)R(”)6(s)ds] = ZN +Z [N,
t—7; i=0 k=1
20T (t) P [(In ® D)3(t) = > (L @U)d(t — 7) |+ YN (F-m)In® N)TRY(L, @ U)+



5510 9 KRR F: BEHSANEBEHEN KX N EHRAZATFY RN 1489
f:f:ﬁ_%) P 1 TR (16) ATILI, (EHEV (1,6)
.50 M K= 12 fry i e A 4 (15).

=i+1
k—1

Oy = Qk +ZN,£”€) +Z

(7j — ) (L @ U) ' RU(L

ngkj)—f— Z k])
j=k+1

L@ U)+

INNgE
1M3*

Jj=

-

<
Il
Ea
T

NE
NER

i=0 j=i+1

Q= > (F-7)(LieU) R (L, e U)+
i=0 j=i+1
k—1 ] -1
SN D N
i=0 i=0 j=k+1

lj _

PILASEED DD DNCESOLT
j=l i=0 j=i+1

=12+ m k=2,3,--- ,m, Vi <m,l <k.

SR, WRAERE 2 < 0 H 009 >0, =0,1,---
=1,2,---,m, Vi <m,i < j, MV < 0. HiH5
IE1ﬂ%ﬂ,%ﬁﬁiLmU%ﬁ%E@,mﬁ%lfizﬁiﬁ(m)
] VEﬁanE%ﬁ%
1) 026 (t Z Zj
i=0j=i+1

&1 () EE; QB E; &1(t)~

Z Z L y "X (1, 5) ELET 89 B, ET ¢y (t, 5)ds

=0 j=i+1

) 1Yy ]

52 (t, )@y (t, 5)ds =

0 O@2n—1)x1

&1 (t)Ee PRAGE

O1x(2n-1) 0

m

DD S IR

=0 j=1+1

P 0p,_1yx1
l 01 (2n-1) 0
Hob @ F0 09) 53K (9) A1 (10) A RS & A A, 75
BEYLWIR 2, WS AR B o
EX(I,® INE, = diag{E} (I, ®
E;F(Lk ®U)

ET¢&,(t, s)ds, (17)

I')E.,0},
E. = diag{E_; (L, © U)E1,0},
k=1,2,---

i E, € R®D N E, eR?”EPﬁFA SAE AR N [
REAIE ) 52 BT A B LR 5 A5 2K (9) 1 (10) Bar, T
A=A /NM e > 0, L V(t,8) < —€llst)]>
PR, 22 A — S0 B 6(t) BORa e 4 o, T2 % R
RS (6) At Mg HTT SLI 3 —2L O

]_J*f‘ /\ﬁﬁ”ﬁ%%%uﬁk"ﬁi%éf:{%f/\

Lyapunov-Krasovskii v BA, & 450w 15 4 Ul #bh
N B 21815 I LE 1) 2 8 B R G B

) — Uk p RS e A

i1 X TAAAEZ AT B 2 R Rk &R
25 (7) FAUJ AT 5 o (¢) $5 28 T AT 30 0 45 44, 3 A2 AR
WRMERE 2. i 7 M (i = 1,2, m), 4777
TEE G 4 A LA

P=P">0,Q;=Qf >0,i=1,2,---,m;
R = [RGNT > 0,
M wag? g
Az o prta)
M(”): * 11 im >07
* * :
x x oo NIGD)
1=0,1,---,m, 7=1,2,--- ,m,Vi<m,i <},

LK% e BUERE NS (p=0,1, - -

m, 7':0’]-7 , 1M,

§=1,2,---,m, Yi <m,i<j), HEU T LM
Doo fz01 DOm
~ * 011 Dlm,
2 = . <0, (18)
k k
Mééj) Méu) Méii) Né%-J)
% Ml(w) Ml(;J) Nl(w)
$id) — : : : >0
* * M,(,ﬁ% Nf,fj)
B " " R(ij)_
(19)

Ho: Qoo Qok(k = 1,2,...,m), Qu(k = 1,2,--- ,m),
Q(l=1,2,---,m, k=2,3,---,m, ¥l <m,l <k)
AT 385389) F(10) e XA Uy, = EX (Lis®
U)Eer, s = o(t), k = 1,2,--- ,m. R —E
W G3) M2 B RS (7) REMEHTIT S BT — 2L
2 N T RRARRR E FIHE R S AR, e B R
W 1R 8 2 A I RE AR e %) 22 8 R A &R 4813
B RS PRI, AR S5 18 A IS S AH SC/I S AR A

TR HIASE FIHE. 2m = LI, A5 2 A 5l
A (¥ B 2 R AR R LIRS E FIGE, RN SE W] LU
(AL INIERR IR

55 LR F B SRABL, T T g R A A I AR I AE

i 2 A R AR AL [ S0 AN RN g b 2 AR 0
M RARE FIE.

TEIB2 N TAFAE AN AR I A 1) B 2 g



& ® % 26 %

1490 # Ll
R AL (6), W B 1 FIMR 3. he w7 M, 4
HAE S G YERERE
P=P">0,Q=Q" >0,
R T >0, 0= [M“ M] >0
* M22
DL B A FE Ny R No, 44540 R LMI o7
) (20 20
2 | B ] < )
=22
[ Mll MIQ Nl
é@) = * Mgg NQ 2 0. (21)
|« « R

=
-E-

~

EW = Q+ Ny + NT + 7014,

E0 = _PL— Ny + NI + 7M1,
=(1) _ _(1

Zpy” =
L=FEYNLE,,

E.q 358 4> Laplacian &7 B 35 2205 1E AE By 6F B 4y AiE

I B R R R, SR — B il (3) I 2 B e A R 4
(6) REAGHRT I LB -4 —HL.

UEBT E B2 SE 1 AR I AL

it Lyapunov-Krasovskii 72 B

V(t,8) =8 (t)Po(t +j

j f 8" (s) RS (s)dsd.
xtﬁjz%%cTﬁLtM\ (20) A 21). BT 5 i,
g, O

HEIE2 0T AR AN AR N GE (1) T 2 R e
TR RGE (T) MOIHAT 5 o (¢) 35 52 10 I 0 40 45 H, 37
ARV T FHER I 3. 4508 W T M, AATAE TG YE
EAYSELE

_ )0+ FLTRL — Ny — NI + 71,

AL, H

T (5)Qd(s)ds+

* 22
DL AR P N1, NQ, AF 1500 LMI %Az
[ =) =)
= =11 =12
=) _ ' 5(1)] <0, (22)
=22
[ Mll MlZ Nl
E@ =1 &« My N, | >0. (23)
x % R

Hrp: D 2D H :;3 [ 2 (20) F 1) 9 5E X L
= ELL,E.1, E. A5¢4 W Laplacian i IR IE(E
JIT 6 ISR AIE 1) 5 (P JE . USR] — B il B) I 2
PR R G (7) Ree i SE -3 — 3.

E3 5 ICHR[10] AN R, s B 2 RO HE 1R 2 AR X I

TEAR 2 1) b FAEAT TR, ] DA BT o 50l 1
R FIHE AEAE R 4 1.
4 BUEEH S0 5L

Z I8 1 4 A s T T L B
HiBErp L& 0% 0,1.

21 21 2
41:::13 41:::13 4®3 41:::13
G G G, G
E1 49EEBEER

B 53 PR 23 08 AT BN TEA I AE
(m = 1) [} B 2 87 RE AR R AL I e 30 $h A D) e 4 b
TOL N B 28— S SR VF IR A5 I S F 5

TR PR 1P G AR HAT A TR I 4E (1
B 2R ARG I E AR R A R, £ B) Matlab
LMI T EAR, R4k 52 21 2 W SBACKARANR] by H1 o 16 e
FOVF AR I AE b (IR 1), B0 BN LE (= 0)
T, 1E k= 1,2, 40, A SCT7 V545 2 1 4E B 57y
50 0.257, 0.555, 1.272, 73 F3E SCHR [17] Fr 4 H
HAE 0.260, 0.575, 1.371. JbAh, B3 1 AT 0L, 254 68
R GE S VRN AE b 55 AR 3 B2 IR 5 ey 0
BREORR. R T RE— DI UE E B 2 i1 45 I IE A 1k,
X ky = 1 H AT I AR I 4E 7 = 0.249] sin(0.5¢/0.249)|

S AR

#1 BEEHIMER TR LR

i 0 0.5 0.9 [E=¥
ki =1 0.257 0.249 0.249 0.249
ki =2 0.555 0.499 0.499 0.499
ki =4 1.272 1.157 0.999 0.999

—agentl
--------- agent2
—-—.agent3
-.-agent4

position/m

0 10 20 30 40 50

(a) PrEATREHALLE

—agentl

20 agent2
! - —.agent3

¥ —.-agent4

velocity/(m/s)

0 1I0 2IO 3IO 4IO 50
t/s
(b) AR ST
H2 BEEFEMERTESBEHENRETH Bt



%510 3

AR & BA S dEn ke —£ =9

R B T 3 — B 1491

1) By 22 R0 R A R GOIR A8 it (0 A0 1 R AT T 5
B A B RN 2 B, i, 2(0) =2 1 -1 —2]7,
C(0)=1[0 0 0 0T, &5 KR 24 HeMA R G T LLSLIL
fER2 DB LR —AE {Gy, G, Ga} J BT
T U140 F A5 0T AT AR A I ZE 16 B 2 3 A &R
G0 V35— Bk L ARPEHE R 2 7T LUAS k= 21
AN 264N BT ARV IIAS I E B (W 2). 4R
W, AR SCAF B I G B ST L SOk [12] B AT A
LR 7 . b, e 2 i 40, Z R Rk R LA
A1) Lyapunov-Krasovskii 32 b, JiT AFEAT )3 (5
SO SEEE ) — Bl W A R AR E T =
0.382]sin(10¢)| 1) B 2 B GEAA RGOIRAS A B 510
REFRAT T, MY R Gy — Ge — Ga —
Gy — Ge — -, UVHRIEIBE N 1s, W 3 FToR, BEH,
z(0)=[21 —1 —2]T,¢(0)=[0 0 0 0]T. B LR
IOAUE T HE R 2 (AT Ak, TRAE, 3 R LA JCAth i SiE
DUBHT U E I BRI 4518, PR TR IEASF A,

x2 UHBIAIMER THIRE LR (k1 =2)

i 0 0.5 0.9 iy

SCHR [12] 52 BE 2 0.134 0.079 0.020
it 2 0.432 0.382 0.382 0.382

—agentl
......... agentz
—-—.agent3
—-.-agent4

position/m

0 10 20 30 40 50
t/s
(a) ALEAR R R

——agentl
......... agent2
—-—.agent3
—-.-agent4

velocity/(m/s)

0 10 20 30 40 50
t/s
(b) AR AL R

3 VMREIMER TRABERER RETH -84

B2 R e R A P AN IEAE I E 2
REAR RGEIAG V-1 — SO AAVFRTEAE I SE 5. 1B+
K1 Go 1 B 22 R e A4 22 G 1) ] 5 3 A5 4 4
G5, I ky = 2. BOCTBEBIIER: 71 = T2 = 723 =
Tog =Ty =03, 7o =Tgy = Tig = 743 = T3 = 0.6. 5
191 1 2881, £t B Matlab 119 LMI T AR, R4 2 221 7]
0, BAT IS N A 1) 2 B BEAR R GE BAT AT, I

%
b, izae S BRI IENE O CR 1, ky = 2,0 = 0) AHELRT
REZX I I 4 b PR, 4 (5 b k0 00
UET BT R e e, tei, 2(0) =2 1 —1 —2]%,
¢(0)=[ 00 0.

—agent]

2N agentz
E . -—.agent3
= hY —.-agent4
2 0 X
~ Y4
% |4
<) 1
& 5l

0 10 20 30 40 50
t/s
(a) PrEAR R

—agentl

2 '\ ......... agen‘[z
i -—.agent3
N —-.-agent4

velocity/(m/s)
o =2

0 10 20 30 40 50
t/s

(b) HJEAT R
B4 EEHIMERTEAZNEENEMRETFY—HT

5 &4 ®

A SR N 23 B I V09T T AT 2 AT I
TR 2 8 e Ak R G134 — BUME R E PR O T3k
EBCARH o ARG FRY P S AR 0 4k, 5 TN ) e AU o AR,
Tk 5 AT SCHR I B A R BT 3 0 v BT AR ) R
SPVE, ELRT RIS AR D [ 58 # 0 F0 D) e 4 25 AR I
R P . HOAE S AN07 L5 R IGAE T 7 A 2
PE. DB A AT LLR S8ty 550 5 B Ay 3
Lyapunov-Krasovskii b £, LAMIHE— 2 FRAK 78 70 2 1F
FIER ST . S5 4b, 3w LR B SO RS AR 7> #r B
FIEEE LN 2R R RGN — 2

S 3k (References)

[1] Porfiri M, Roberson D G, Stilwell D J. Tracking and
formation control of multiple autonomous agents: A two-
level consensus approach[J]. Automatica, 2007, 43(8):
1318-1328.

[2] Su H, Wang X, Lin Z. Flocking of multi-agents with a
virtual leader[J]. IEEE Trans on Automatic Control, 2009,
54(2): 293-307.

[3] Lin J, Morse A S, Anderson B D O. The multi-agent
rendezvous problem: The synchronous case[J]. SIAM J on
Control and Optimization, 2007, 46(6): 2096-2119.

[4] Casbeer D W, Beard R. Distributed information filtering
using consensus filters[C]. 2009 American Control Conf.

StLouis, 2009: 1882-1887.



1492

* e 26 &

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(18]

[19]

[20]

(21]

Bauso D, Giarre L, Pesenti R. Distributed consensus
protocols for coordinating buyers[C]. The 42nd IEEE Conf

on Decision and Control. Maui, 2003: 588-592.

Jadbabaie A, Motee N, Barahona M. On the stability of the
Kuramoto model of coupled nonlinear oscillators[C]. Proc
of the 2004 American Control Conf. Boston, 2004: 4296-
4301.

Saber R O, Murray R. Consensus problems in networks of
agents with switching topology and time-delays[J]. IEEE
Trans on Automatic Control, 2004, 49(9): 1520-1533.
Bliman P A, Trecate G F. Average consensus problems
in networks of agents with delayed communications[J].

Automatica, 2008, 44(8): 1985-1995.

Wang W, Slotine J. Contraction analysis of time-delayed
communications and group cooperation[J]. IEEE Trans on
Automatic Control, 2006, 51(4): 712-717.

Sun'Y G, Wang L, Me G M. Average consensus in networks
of dynamic agents with switching topologies and multiple
time-varying delays[J]. Systems and Control Letters, 2008,
57(2): 175-183.

Lin P, Jia Y M. Average consensus in networks of
multi-agents with both switching topology and coupling
time-delay[J]. Physica A-Statistical Mechanics and Its
Applications, 2008, 387(1): 303-313.

(L#EF 1484 W)

Liu Y, Wu X, Zhu J J. Omni-directional mobile robot
controller design by trajectory linearization[C]. Proc of the
American Control Conf. Denver: IEEE, 2003: 3423-3428.
Tony A A, Zhu J J, Michael A B. Flight control of
hypersonic scramjet vehicles using a differential algebraic
approach[C]. Proc of AIAA Guidance, Navigation and
Control Conf. Keystone: AIAA, 2006: 1-20.

Filoktimon  Repoulias, Evangelos  Papadopoulos.
Dynamically feasible trajectory and open-loop control
design for unmanned airships[C]. Mediterranean Conf on
Control and Automation. Athens: IEEE, 2007: 1-6.

Tony M A, Zhu J J, Abraham K I. Six-DOF trajectory
tracking for payload directed flight using trajectory
linearization control[C]. Aerospace Conf. Washington:

AIAA, 2009: 1-20.

[12]

[13]

(14]

[15]

[16]

(17]

[22]

(23]

[24]

(25]

Lin P, Jia Y M, Du J P, et al. Distributed leadless
coordination for networks of second-order agents with
time-delay on switching topology[C]. 2008 American
Control Conf. Seattle, 2008: 1564-1569.

Tian Y P, Liu C L. Robust consensus of multi-
agent systems with diverse input delays and asymmetric
interconnection perturbations[J]. Automatica, 2009, 45(5):
1347-1353.

Xiao F, Wang L. Consensus protocols for discrete-
time multi-agent systems with time-varying delays[J].
Automatica, 2008, 44(10): 2577-2582.

Lin P, Jia Y M. Consensus of a class of second-order multi-
agent systems with time-delays and jointly-connected
topologies[J]. IEEE Trans on Automatic Control, 2010,
55(3): 778-784.

Wu M, He Y, She J H, et al. Delay-dependent criteria
for robust stability of time-varying delay systems[J].
Automatica, 2004, 40(8): 1435-1439.

Lin P, Jia Y M, Du J P, et al. Average consensus control
for networks of second-order agents with fixed topology
and time-delay[C]. Proc of the 26th Chinese Control Conf.
Zhangjiajie, 2007: 577-581.

Aguiar A P, Joao P H. Trajectory-tracking and path-
following of underactuated autonomous vehicles with
parametric modeling uncertainty[J]. IEEE Trans on
Automatic Control, 2007, 52(8): 1362-1379.

Emeterio A R, Arturo Z R, Victor S. Global trajectory
tracking though static feedback for robot manipulators
with bounded inpus[J]. IEEE Trans on Control Systems
Technology, 2009, 17(4): 934-944.

Ofelia B, Edgar N S. Takagi-sugeno fuzzy scheme for real-
time trajectory tracking of an underactuated robot[J]. IEEE
Trans on Control Systems Technology, 2002,10(1): 14-20.
Wei R, Randal W B. Trajectory tracking for unmanned air
vehicles with velocity and heading rate constraints[J]. IEEE
Trans on Control Systems Technology, 2004, 12(5): 706-
716.



