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Abstract

In this paper, the consensus problem of high-order multi-agent system with delay is considered.
Via constructing Lyapunov function, the result of high-order multi-agent system consensus is ob-
tained when the delay is smaller than a certain value. Finally, a numerical simulation is used to
verify our main result.

Keywords

Multi-Agent System, Delay, Consensus, Lyapunov Function

BiEmM S8R RG RN —EYE

X % X B
[ B R Ko S B 2 fe, E Kb

Email: wenhaol2@nudt.edu.cn

Wk HEA: 2017411 H24H; SHHEE: 20174812 H12H; KA HE: 2017412 19H

R

ANELABALIKRENZSHEEREN —BERNEEZNHLAIN-INBENFEREN R EE, E80T
LyapunoviR ¥ 71E, RE T « MFREABERN . REMER—BHENER, BEFHARENERIE
AILHER.

P340

ZHERMERS, MR, —F, Lyapunovigil

WEFIH: CE, T WSS m R RGN —8ED]. MR, 2017, 6(9): 1098-1104.
DOI: 10.12677/2am.2017.69133


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2017.69133
https://doi.org/10.12677/aam.2017.69133
http://www.hanspub.org

i%) EEH%

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5]

BB R A AR AEE BB OR B B R AR 55, T 2 B AR R G0 0 AT DU 2 AR B AR S B A2
H5E1E, MRBRERMNTS. B, Z2EBEREWZRNHT BN B EKTFHAT .
W28 [R5 . KB A BEAE & ANk, gl T ARZ FE RO . — SRR IRREE R s, — N2
REfA R AT B REAR I EA B LIRS T — 8, 22 WML [ A 1E. Bt R ES%
FIFERE[1] [2].

2 ReAR — SR R UK 2 R E— I A i R AT I[3] [4] [5] [6] [7], (HAERELCHF BT, o
M 2 B EE RGN — B E AL R S BN, M SEEE RATRE, R — MR R IR EE i B
fERE ), EXFIAEET, SEFEPGEE RSN, AMUHEEEATRAR O A, i HERET
eI BE[8]. Ak, Ren Z8ESC[8] & H T U N AR i 2 2 Be ik KRG I 7T T RGN —
FOPE )

ik

B
N
—~
—
A
|
A
w
—~
—_
SN—

@
EM(t)=u;(t), i=12-N.
S, (1) R 2
b()=c Y e (£ (1)-E() i=12-N. @)

ZH C> ORI IE, o RAHBEIRE, G=(G;) RKBAFE, KILBATLAE %A

j=1, j=i k=1
Nx

GiELH G =(8,5,G), Hl, E=(4.5..&), ¢cExE, G=(G;) - BiJE, BR[Ot
AT EIREN 2R R G, a7 HIA s Bt B %A
TS b R FH AR SRR 7 B A5 S (%) P 328 b S EDORE %o T8 A B RO R PRI, 5 s 380 e TG 2 3R ek i

BRI, BEOCEREE[L0) M N R E b gIN TR . e b, AR T, B 2R Rk
F2 40 i B3 A BT () 3B A S A2 LI [A) AE AR (R sE M [11], DRI AT 7 B s B 22 8 ek R e i) — 2k
A, R AR o ASCFER T EA W AN m B 2 R RS

a(t)=&

F0=80 ®

EM(t)=u(t-7), i=12-,N.
o, gt RS Y, (1) WMRQ)FTR, ¢ RREER,
SO MR, ANSCET Sl K A G (3) B — Bk AL N -1 R IERN R LR R e I, Pl

1 HiE Lyapunov iZ A [12], 3RS TAEALBESEIR ¢ NTIEASEER, REGEQ) AR —BEE K. &)aH]
HUB TG I T R AR, 3 AN REAAK B b ) RE A R 8 AT LLIE B — 2t .

DOI: 10.12677/aam.2017.69133 1099 IR Esid


https://doi.org/10.12677/aam.2017.69133
http://creativecommons.org/licenses/by/4.0/

E, FR

2. MEAAKSIE

NTHERAGE)—FE, sl AT — 2R E X[2].
RS Lo F % B RGR(IS A m B SLHE, BEXHE TR I, RE@ IR 2 (O (k=12,-,m)
2
lim|[& (t) - &5 ()] =0, ¥i, =12, N,

N

N T W R G (3) I — Btk S848h T 3C[9]5€ X Laplace % [ L=(LU)NXN Ali=-Y L, L=G,i#]-
i=1, j#i

SIS P AR N (2) W] AR S B T T
ui(t—r):—CiLijiakff(t—r), i=12,---,N. (4)
[E—=
BT L — A Xt A R SEXT AR Laplace FERE, 12 N AR 4,4, Ay » WA
O0=A4<h<<A. 2 (t)z(gil(t)""":im (t))T ’

01 -0 0 0 - 0
A EER TS I
00 1 0 0 0
00 0 o a o,
PR Hs 2R BE(3) Fe b
N
n (t)=Cn, (t)-cX_L;Dn;(t-7), i=12N, (5)

j=1

b, gy (t) e R™ RRATE. B4 =(n ) WRGE)T S
n(t)=(1,®C)n(t)-c(L®D)n(t—7). (6)
i T L A& Laplace fib%, #UF/EPIMRE P [13], {573 PTLP=A=diag (4,4, -+ Ay ). HILAT7H
(PT®1,)i(t)=(PT®C)n(t)-c(PT®D)n(t-7)=(1, ®C)(P' ®I,)n(t)-c(A®D)(PT ®D)7(t-7).
) =(PT @1, )n(t)=(a.¢7 . Cl) s W ()i
S(t)=(1,®C)¢(t)-c(A®D) (t-7). @
B
é;i(t)zcé,i(t)_Cﬂ’ngi(t_T)’ =12, N. 8

Hi5E 1A B R AE, SRABLTSC[2] € #E 4.2 MR AT A3 ik 51 2.
SIEE 1: gREEE, NE)E M — BRI 78 70 EAA AR RGUB)HIME ¢, (1) T2

lim|g; (t)|=0, i=2,---,N. (9)

t—oo

3. FELR

T2 AT R
EHE 1: HHPMEC—cAD (=23, N )FRHEZ 3 2 Routh-Hurtiwz 2045, T 2483 - 39 2

DOI: 10.12677/aam.2017.69133 1100 IR Esid


https://doi.org/10.12677/aam.2017.69133

i%) EEH%

O<r<r, I, RHEG)EK—FM, X8 TO:min2<i<N{2(||C||+||C/Fl)iD||)||C/lD||}>O’ p, NHEFEC —cAD

(i=2,3,--, N ) FRFAEE ) B /Mt
MERR: 5IE 1 g, HFIEM R GG RIME ¢ (1) W2 (9). ik, %E X Lyapunov BREATE:

V(X)=(XT,X), X eR", B, v(X) AR EMIEEERI. WHEREa>05E L
v, ={X [v(X)<a}.

T4 =B R GE(8) IR &, (1) i L (9)-

B—L: EWNER a>0,r>0, #HfFES 26 (a,7)>0, 4 "K,"i (t)||<5i (a,7),te[-7,0] I, R5(8)
E’Jﬁ@ ()f[ TT]J:(WE

G(t)ev,, i=2,3,N. (10)

HIL B, MMER a>0,7>0, U5 =(1+]cAD|r )7l el ()" >0, 1 ||g‘,’i (t)||<é)‘i (a,7)te[-z,0] I,

HLREMte[0,2], RL@)PM 0 Bt 1415
£ (1)=¢(0)+],C& (s)-cADS (s—7)ds.
NIEE]
Je: =5+ (1Tl 5)] o4 Dlo) s < 5(1+ 4D )" < (e

[H I (10) BT
BB WAt -2r <SS, FAEa> 0175 & (t) edv, & (s)ev, » MIXMER 6 >0 # /7 1E 7, >0,
Hr<g B, REE@)MIMF (1)L

Iz () -¢ (t-7)|<e]s (t)], i=23-N. (11)
HIE PR WAL, X o FE7E, JFH

sup ||<;

Vo _
t2rcsal ! (S)" = m - ||§l (t)"
%M'Eﬁ*?ﬁﬁ‘]iﬂﬁ H 2 45 (8) T 12
|6 (D) -<i(

—cAD¢ (s—7)ds| <

e([c+leaDl) sup_[¢i (s)|<=([c]+lez Dl ¢ ()]

HOGTR £>0, Bz 2 (|C|+|c4D])” BIfHAL)MRAL.
B=P: HE DM IPMERR, WEv(X) R WILN & SEN

dv(jit(t)).=<( C& (6)-eAD; (t-7)) &, (1) +{¢ (1) €4 (1) -e4Dg (t-7))

)-
=(6(0) €T, (1) ~(ca¢ (1) DT (1) + (& (1) .C4 (1)
~(6(0)"eaDg (1)+(c4&, (1) D76 (1) ~(cA¢T (t-7)D".4, (1))
+H&()" 02D (1)~ (& () e4Dg (t-7))

<=p e (O +2zferpllé (O =(2¢c4P]-p ) (O]

DOI: 10.12677/aam.2017.69133 1101 IR Esid


https://doi.org/10.12677/aam.2017.69133

E, FR

BIE, 4 (2¢]cAD||-p,) <O, XMERMO<r<z Mli=23 N, #H

dv (¢ (t) )
MEOL e ol
WL, Ky 2 p - 25cA D> 0 . KXEIRE RLO) MR ¢ (1) HAL(O). EHE.
4. WAELEHL
(KR 2 40(6) 1) Z- fif A2 W I AR e 1 1 24 AN Y RS0 (3) vk e — ik o PRIIE, 3 HLX 3R 48 (6) I 2 A R
1 -1 0 010 0 0 O
IR E AT AIEAT R, NILIE R (6) L L=0 1 -1}, ¢c=1, C=|0 0 1|, D=|0 0 O|%&
0 -1 1 00O 1 E E
2 2 2

5yt 5 Laplace FiFE L IMAEZHFFAR A 1 1 2, H C—cAD 45 C - D A1C-2D i & Routh-Hurwitz ¥

B, BB (4, p) = (LY2) s (A ps)=(2)s 7 = mm“42WMMiWHMD“ mﬂ%%}éc
WU = Y4, W 1 TR T B R 8)MRIMEE), W 1 FR.
AR BT W bk, i e =2 @) R il S, I RS@ 4, (1)
A ©) (LE 2).
%N%n&ﬁvﬁﬁﬁME%,%%@%ﬂﬁﬁ~ﬁﬁ,ﬁ%%%@lﬁ%%%@ﬁﬁ~ﬁﬁ%ﬁ

ﬁ%ﬁoﬁﬁfzgmonmwﬁﬁﬁMEﬁ,%%@I ST BOhE . BI IR, RATRIIE
&+wnw%ﬂmwﬂzméﬁi#%%%ﬁ%%%@ﬁﬁ#ﬁﬁ%%ﬁﬁ%,E%Eﬁ%ﬁﬁﬁm

4

r— C31

32|

33

A1/

0 5 10 15 20 25 30% 5 10 15 20 25 30
@) FHEE 2, =1, FHEN(L,1,8,0, &0 ) = (2,1,3) INRGI@)RIRHIENE (0) FHEE 2, =2 » BHEN (L, &0 &) = (1,2, 3) ITRGEB) HIRFAIEIE

Figure 1. The trajectories of system (8) when 7= %

ELr:%N%%@%%%E%

DOI: 10.12677/aam.2017.69133 1102 IR Esid


https://doi.org/10.12677/aam.2017.69133

i%) EEH%

20 300 T T T T T
150 _Cn _C31
—sz 200+t C32-
100 T osfy
50t / \ 100}
O”Ww\\f ! \ l 0
_50— N \/‘\ \JI
-100 Vo 14 -100f
-150 1
-200¢t 1
-200¢ 1
235G 5 10 15 20 25 3030% 5 10 15 20 25 30

(©) FHIEE 2, =1, BUEN (L1, &0 &) = (2,1,3) FRGE)HIMFIIEIR (d) FHIEE 2, = 2 » BUEA (L., &40 &) = (L 2,3) IRGE)HIFRIEHZR
Figure 2. The trajectories of system (8) when = %

B2 =2

=3 A Z 4 (8) YRR R EI 1R

JE RS 42 L Hopf 4 R4 SBUR WML HIL, (8 H ATRA BERREAEIE B4 FAED], R F b3
fTEEHEAT 0 T 1 o
EEUH

E X BREI 2SR, TH%MS: 11401577,

SEHk (References)

(1]
(2]
(3]

(4]
(5]
(6]
(7]
(8]

(9]

[10]

[11]

MR, s, . 2R RGN FREESIERIIM] Jba Bl d AR, 2017.
BESCR, mOGHE, BREDE, WikE SE R RGN AR AEGIM]. JbE: BEHE R, 2016: 218-219.

Hong, Y., Chen, G. and Bushnell, L. (2008) Technical Communique: Distributed Observers Design for Leader-Following
Control of Multi-Agent Networks. Automatica, 44, 846-850. https://doi.org/10.1016/j.automatica.2007.07.004

Hu, J., Hong, Y. and Gao, L. (2007) Tracking Control for Multi-Agent Consensus with an Active Leader and Variable
Topology. Automatica, 42, 1177-1182.

Ren, W. (2007) Second-Order Consensus Algorithm with Extensions to Switching Topologies and Reference Models.
Proceedings of the 2007 American Control Conference, New York, 11-13 July 2007, 1431-1436.

Ren, W. (2008) On Consensus Algorithms for Double-Integrator Dynamics. IEEE Transactions on Automatic Control,
53, 1503-1509. https://doi.org/10.1109/TAC.2008.924961

Ren, W. and Atkins, E. (2013) Second-Order Consensus Protocols in Multiple Vehicle Systems with Local Interactions.
AIAA Guidance, Navigation, and Control Conference and Exhibit, San Francisco, 15-18 August 2005, 1-13.

Ren, W., Moore, K.L. and Chen, Y. (2007) High-Order and Model Reference Consensus Algorithms in Cooperative
Control of MultiVehicle Systems. Journal of Dynamic Systems Measurement & Control, 129, 678-688.
https://doi.org/10.1115/1.2764508

Yu, W., Chen, G., Ren, W., et al. (2011) Distributed Higher Order Consensus Protocols in Multiagent Dynamical Sys-
tems. IEEE Transactions on Circuits & Systems I: Regular Papers, 58, 1924-1932.
https://doi.org/10.1109/TCSI.2011.2106032

Yu, W., Chen, G., Cao, M, et al. (2013) Delay-Induced Consensus and Quasi-Consensus in Multi-Agent Dynamical
Systems. IEEE Transactions on Circuits & Systems |: Regular Papers, 60, 2679-2687.
https://doi.org/10.1109/TCSI.2013.2244357

Atay, F.M. (2013) The Consensus Problem in Networks with Transmission Delays. Philosophical Transactions of the
Royal Society A, 371, 20120460.

DOI: 10.1267

7/aam.2017.69133 1103 IR Esid


https://doi.org/10.12677/aam.2017.69133
https://doi.org/10.1016/j.automatica.2007.07.004
https://doi.org/10.1109/TAC.2008.924961
https://doi.org/10.1115/1.2764508
https://doi.org/10.1109/TCSI.2011.2106032
https://doi.org/10.1109/TCSI.2013.2244357

E, FR

[12] Gopalsamy, K. (1992) Stability and Oscillations in Delay Differential Equations of Population Dynamics. Springer
Netherlands, 214-218. https://doi.org/10.1007/978-94-015-7920-9

[13] Horn, R.A. and Johnson, C.R. (2013) Matrix Analysis. Cambridge University Press, Cambridge.

L
Hans XM
KPR ZR IR 3
1. FTIFHIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

NRFIRAELLSE: [ISSN], % AHAT] ISSN: 2324-7991, EPn[ if)

2. FTFFENM T T http://enki.net/
LEf R BRSCRR AL E” HEN, BN SCEARE, B A

PeRgiE S http://www.hanspub.org/Submission.aspx
HATFIIEAS : aam@hanspub.org

DOI: 10.12677/aam.2017.69133 1104 IR Esid


https://doi.org/10.12677/aam.2017.69133
https://doi.org/10.1007/978-94-015-7920-9
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aam@hanspub.org

	Higher-Order Consensus in Multi-Agent System with Delay
	Abstract
	Keywords
	时滞高阶多智能体系统的一致性
	摘  要
	关键词
	1. 引言
	2. 预备知识及引理
	3. 主要结果
	4. 数值模拟
	基金项目
	参考文献 (References)

