E=HERES KA
Control Theory & Applications

932 B3 M
2015 3 H

Vol. 32 No. 3
Mar. 2015

DOI: 10.7641/CTA.2015.14020
B AR KA I 5 W K R 22 B R A R S ]

Ehete, RUAM, KoK
(UK FRRIAES TREESE. I R 250061)

OB AR RE T M A P 22T THI R B T S 22 0 e R 28 0 110 I v . R34 X 4 3 40 o 1) B, ELAS AR 4K
JEWCEN 5 DA AR5 I, 43 3075 2155 I IE SN 55 A 5% 1 W R R 4 1, IX AN 4 78 4R T R BE IR 45
Fag AT IRFIREAN N 290 4 =38 Z TR I R AR SCIAAZ O 5 22 R S8 AR R iceati J5 F2 R ME— 1T 5 ok 1 )
RS, BhAh, SO UL T A A AT Le L AT AR ). S5, SR IRAE T T AR ER S 5 SR IR A

KR TR RS EFE PG BAF I &R

FE S LS TP273 XERFRIZES: A

Consensus of higher-order multi-agent systems with
unknown communication delay
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Abstract: This paper is concerned with the consensus problem for higher-order multi-agent systems that are at most
critically unstable. Under the assumption that the topology is directed and every agent receives neighbors’ information with
an unknown communication delay, we obtain both the delay-independent condition and the delay-dependent condition for
consensus, which reveal the relations among the agent dynamics, communication delay and network topology. The key
technique is designing the consensus gain based on the unique definite solution of a parametric algebraic Riccati equation.
In addition, it is shown that the communication delay can be time-varying in some cases. The effectiveness of the theoretical

results is demonstrated through numerical examples.
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2(n7)* [V (0:(s)) + V(d:(s — 7). (14)

MBS VO € [—71, 0] #H V (5t + 0)) < nV (5,(¢),
Mo > Ly —E5E 5. Ba, SHAR%R12)
—(14HH

NG (1) PAG(1) <
(1+ h)[(1 + ho)(IInY* + rya) +
<1+h1 ()2l nV (1) +

4(1+E)|f| (ny)* TV (:(t)) £
QN(hb h2v )TQWV(S'(t))a

Her|f] £ max{|fi|, i=2,--- ,N}, H
QN(h1,h2,’Y) =
{(T+h)[(1+ho) Iy + (1 + i_j ym?n?] +

4(1 + hll)\f|2n2}fy2 + (14 hy)(1 + hy)rya.
F5)E
V(6:(t)) < —y[1 —n(1 —20"" +
1) on (hy, ha, 7))V (8:(1)).
P TR TG HRANE I HL R, ho, v S DURIE
1—n(l -2 +1")on(hi, ho,v)T?n > 0.

B A T
1
< n(l—20~1+1*)rya’
SALE | ! — 2 > 057 &

n(l =201+ I*)rya
At W 3 >72 Hn(l =207+ 1")rya =

= +4At—juﬁﬂj
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1

n(l — 25_1 —+ l*)T’NOé < m
WARAFAER = R, ho = hi LMl

n(l =207 + 1)1+ h) (1 + hi)rya <
I
TEH2AL TR+ AL
By = v {lifg
n(l—20" +1){(1 + h*)[(l + )y +

1
(1+h*) w4+ 5 )Ifl2 Ty <
1 1
T To At
\ . 1.
I, KHRAn(1 —2671 +1%)on (b}, h3,7*) < —
0
2 2
sty = 5T > 1, g
1
n(l - 25—1 + l*)QN(h)lka h;ﬁ*)m'z <
L 4+
- : 1.
8 27 s
,nn3|f¥4_fblﬁtﬂhm oi(t)=0,i=2,--- N, HI

ElF R IsH). ﬁ

FES AR, R AR A S I O,
e LIS R 22V ] R ) 48 0 R REAR 5 Rt , DRI
LA AT I PR ) 4 A

E 6 WIRAERE[D T Lg) 2T X A AR, T T T
YA I (VIR A By SRV A AR (. =i b, AR () A AR
WIHAA= 07D 1Lg]® = diag{0, \g, - - , An}, WIFETF
WX (2), ZHREAR R GE(D) IR SN T I 2R B0(6) 1 [H)
AHUETE, HPAS(E) = 6(t) — 8(t — 7(8)). % FRMFEN]
JE BT R E H 2 SE A A R 4 M 45 34 G S TG In) TN, ST
Bk (181 7] AL RE (D~ Lo nl 5t A Ak I H AL T AR R A
WA S DRI, AR SR 25 OB SR (18] s K I S
HIEIE.

AR IS T A M AR TRFIEAE 4 4 O TE.

it 1 E T Esm ok, m R AR BT
FEIEAEI N0, 2 R Gk RS () AEPML(Q2) FXIEE
A FHHEAE IR B eIk 2 ).

UE BT TR AR R A BT A R EAE Y O mT A4S
Flo = —tr(A?) = 0. XMEEH FIHET > 0, FE(EH

" ) 1
Hafifdr < B, e
\/n 1 =201+ I*)rya

HE2[AUE LR T, A7 S8y KA UE ).
UEEE

5 {iHEA)F(Simulation results)
TBBE R e A (K13 A Ny

Tl (t) Tl (t) O
il e e R
BHHAE, PR R 1), I HRiccatiJ7 F4(3)11)

I — 1 R i

Ply) — 4 4
(7) P y
4 2
A A I R R B SO A
o1 2 N
u;(t) = N [—% 7] ];[xj(t — 1) —zi(t))].

ST B sE, AR AN

B 1 BB AT AN REAR, e 8] IR AH B
BRERHAMEG = {Vl,gly-Al};EﬁT KIG, 48
P 5 Laplacian £ FE73 71 A

0110 2 -1-10
1011 1 3 -1 -1
A= 1101$”Lg1* 1 -1 3 —1
0110 0 —1 -1 2

TR, A 1) Gy AL Sl ). 200 B vk 3 mT DAAS
B, M (DT Lo, M AE R AN, = 1, Ay = 4/3
5\ = 513, BHAEH] IS 2 B AR
Y eIBfEINT = 1, ¥{Ex, (0) = [-5,6]T, 22(0) =
[—4,12]T) 25 = [7, —9]"Flzy = [8, —5]T. L [H] P
Wb, By = 01556 = 1. T HIANEZE R4 6, (1)
=0, 1= 1,2, B1-34H T2, 3, 4 MR ZE RGN

03

0,(1), =1, 2

1 1 1
20 40 60 80 100 120 140 160

t/s
1 ZE2MNMRERS

Fig. 1 The second error systems

T T T T T
(0
a — 0x(?)
& ﬁy@]erm»W»*A»~ |
& _
2
3L 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160

t/s
K2 H3MRERSE
Fig. 2 The third error systems
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— du(®)
N ﬁ54z(t) N
n T 1 N
RIS RIS
N 2o
_15 1 1 1 1 1 1 1 —8( 1 1 1 1 1
0 20 40 60 80 100 120 140 160 0 50 100 150 200 250 300

t/s

K3 HAMRERS
Fig. 3 The fourth error systems

Bl 2 AR REARIINGS, H I3 A
I E Gy = (Va, &, Ag), Ho T Tl iUV, = {1, 2,3},
WEE, = {(1,2),(2,3),(2,1),(3,2)}. B, EG, &
SRIETE I D[ DS ' Lg, ) WAEREFIEME N, = 151
A3 = 2.

B RAE, B SRAT A 7 rh AN 2.
TER2, o =1, WAV B E T =
0.6124. L M RIAERE[ Dy ! Lo, |2 vl 6 Mk, Bz
ok, AU AR IS (8) = 0.5 x sin® ¢, fEH2, B
ZHy = 0.04.

Kla—625H T RSB BPREA S AR ZE 2
ESWIOE7/RIN

1 1 1 1
50 100 150 200 250
t/s

4 IMBCFEPIRAS
Fig. 4 The weighted average state

1 1 1
50 100 150 200 250 300
t/s

K5 2 MRERS

Fig. 5 The second error systems

t/s

K6 H3MRIERS
Fig. 6 The third error systems

6 451 (Conclusions)

ASCIIFIE T 52 AR AR I3 52 00 (143 S a] g By
ZRRER RG] ) . 24 R G R A 5 A P A
P 1H HLA 1) Fh 0 Ay oimade i B, TR R AR S5
I 288 4 1 53 ) 25 H 17 e 37— ks RO AR5 T s i 14
RIS AT PRI, BRSNS Rdn e 2 R 48
W RAE A P TR R 24 3 b R A2 IR R s TR 2 T —
LIRS H AR
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