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Coordinated control of the consensus of a multi-agent system
based on the inclusion principle

MA Chen, CHEN Xuebo

(School of Electronics and Information Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract; Within the concept of the inclusion principle, the motion consisteney of a multi-agent system is consid-
ered. By using the system inclusion conditions, an overlapping deviation model of the overall system is expanded in-
to a larger space such that each pair of the neighboring agents of the expanded system network topology can be trea-
ted as a basic unit of the overall system overlapping, and those pair-wise agents can achieve their own consensus re-
spectively. Then integrate all of the consensus control laws of the agent pairs into the recurrent reverse order, and
contract it into the original space according to the relevant inclusion conditions. The locomotion consensus coordina-
ted control of the multi-agent system is constructed in this way. This method may effectively deal with the changes in
the topological network of the system, including specific circumstances including the quantity variation of the a-
gents.
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Fig.1 Network topology of a multi-agent system, N=20
MG (6) ik i) R Ge Sh A AR A AR,
Hfx = [d, v, d, v, dy Vzo:IT'ﬂzﬁ‘:]/?\

GHPRESZ R, u= [u, u, u, " AR eI
¥ A,y = (Y Yu © Yo .V20JT =

[d, v, - dy vzo]T ER ARG b AR i, X
FERL AT LU R G, — D B & LIRSS 1) 3 25
A AR REVRIA] B SCIB— 5 A IR AE HOR S A P A
B ES b — I RS RHE R A

1 2m i RGUIRS S ALy

A, 0 0 0 B, 0 0 0
.o a4, 0 o 0 B, 0 0
o o . 0" o 0o - ol
0 0 0 Ay 0 0 0 B,

c, 0 0 0

00200}

Y“lo o 0 l*

0 0 0 G,
(7)

Krp



554 10

ThfR G5 TR0 JRU B 22 RE AR — BCE D U 4 il - 471 -

A, 07[B, 0]1[c, 0] \
o[ 2] S Jemnrenten
SN HIAIS 0 2 AT R P T 4L R o
TG, T PATR R L) — N A i
FOIRZS R o T AR A0 TR et (1), o
T HIRAIERE A, = A, = 0, BLUIE A A XY ]
B L IEAE AR SR BRI A R 56K -, 52
BT S — e T AN AR
VEBITE RGO B A L),

V =blkdiag( [I,1,1,] ,[LLL] ,-, [IIJIIILL] -, [Ll,] )"
U = blkdiag( [1,1,1,] /3, [LL1,] /3,

ARG i B R RN 4 AR B B 2 A
A (9) AL, FR G0 B A 4 B SOk ik
PERY A0S 0L, 31X BLRT A S IR SCk [ 17 ] i X
(6),Hp

P((Ni-j+1),G-1-26-1)-1)), =1,

{P([N(/'— D-i+1,G-D-26-DD,=1
K55 P (m,n), Fm P AL FHFE TR
B AMEE R RE T LIS RSOk 12-13] 0 X AERD
AARYE (4) () BAEZERERZNY TR RS,

2 FZAE A — B R A

FIEZ PR R G 2 (7) |, ] B bR 2
oA BRI AR RN 28l Ry O, HL AR IR R 585
W EIRE—2 HXTEEME Y TR RS, L
HP AT RGN HEA AL, ZIRSCER[ 9] thie
HE A B — SRS AT AR R AT 1) — SR A
il

w =f =
alj[ -(d, - dj) -c;(v, - Vj>] +(-rd. -rpy)
Pj=1,2, N, (10)
K. f R NRIERGIE S — BRI, f 2N
PRI R BRI AR 5 BB 0, % S8 a,
¢, r A r A B, AT AT DA (1) B33 Btk
SRBFEFFRER
K, =
(a; +1)4 (ay, +1,)4 - a4 - agc
- a;4 (a; +r)4  (a;c +rl,):|
(11)
RIAT 4534 i 28 58 iR A R AT il FE oy

K, = blkdiag(K,)]z Ky Ky oo ’KI)16,20)

- ajicj4

ilP == I}DiP (12)
Ty B A R SRR [ 12-13 ] e G TR

AR & 1 Frs B 28 4540 9T R R 4 T &
GEXHEERYE Y AT LS
Sij:S127S347SM7SAS’SZS’S157S5675267S37’S787
4895389550 5950 5840580 10556,10 555,105 95,11 57,11 5
1,12590,12 598,12 5512,13 510,13 50,1355 13,145 10, 14 5
159515, 12,16 98111169 816,175 813,175 8 12,175 817,185
14,18 59131855 16,19 59 15,10 55 10,20 5 517,20 s S 16,20 (8)
B ARG (3) AT DL £ R GUR SR 9 R
Wi A et

11

S
S
N
S

(9)

FA G il P I R 2 TR AR R G (R B
i 2 MR A S A B 0P RGOSR A5
SR X M AT A, X B T R G RIR
AR R X IO ) £ L 2 AL 2 SR g O, DA T AR B2 Y
PhRAMEAR T O,

IR T AR AL 5 A A R ) I R T
P (12) Wi [l S 8], b SCRR[ 12-13 147

R.K=K,V,
RPSLRT 5 2R Ge B R A i 4 B K T DL

REEHP M K, i3,

S b, 2 BT SR ) ) — B o
u = — Ke, HEARZEHG 55 MU0 — oMU SCHk 4,
O] R AR IR ), 22 BSUAE 45— IR g A
PRI EE L, X TR R I — ML 2
GEL5 1Y) Laplacian HERER AR LS FHFNEE R, 10
WA E AT 2 L 190 4% v 45 4 1 94 B T I Sy e o
37, TS ST 72 LA S A B Ry e B o
B R SR T B L

3 fFE B

B IEE 1 PR 2R IR RS, & ek
I RE S AATEAR B A5 H 29 R A A R e AR A 715 B A8
e, HRTE— BRI (10) i 5 TE R S,
FAETFRGE MG FHES B, RG0S 2=
BRI (7) R REIR 1 7E 1 < ¢ < 10 s INTE « Bl
oy il Y52 8] — AN IE AL RIS, R b A S
B B B R EER, 235 R a; = 10, ¢, =
1,r,=r, =10,/ MATLAB {} E4n[&l 2,

CLR - —_
—pre L
' . . Ilm o .
H N P S S
T gt Py
- — I e
ey .

o0 v 0o kEqntildIntE

(a) B BEMALBS fii 22 1 24



<472 - O &R

AR

R M
i
— |

LI I O S [ S B T
vy

(b)) B BV fi 22 Hh 26
B2 N=20 B % 5 HEM RS HINm AL B 2%

Fig.2 Response curves of the multi-agent system, N=20

B2 ||Ad] = (Ad: +Ad}) ", | Av || =
(Av;, + Av;)"? IR BEARAL RS 5 P i 22 1 2k
AN PR AUER R 5K BT AR, AT
AL ZRGAA IR A 20 h THsh &
VERITERIREIR 1 1 i RE AR A (0 RS A 2 A2 Ak i
Fiey o 137 ph 2 i ) W A X R R B A 2 .4 1 S
SERER | HEAE , Z SR AR B, At
My 17 2R A SRR X BN 22, IF ELI Sl i R 2 Bt
HRREIR 2.4 F1 5 45 A 5 AR REAAR SC B A A L
FIRT T T8 9 ), 100 P 7 SRR 18 0 28 AR Ay v R G
PR AR REAAR AT L3 $H 90 5l 3 Fi A9 52 M) 30 52 B AR
RGPS E A B2 L, SRR, fE4
SRR O 5 248 T LIAR PR M 3] 4 o] Ji 8- Al 07
BAERAE RULAA SR I DT A . 75 —T7
T, FHTARSCRY 7 2 T T A0 5 i, P &4
T RGN PRERIFEHES AT LR FRGE M 2% 1 4 b
SRR, U HIEA T RGN B B I AR AR R 58
TG0 . SCHR[ 17-18 JEEXS T R GEAES N, 8 i A4y i
— RGN AT L EEE 7L 3 i iR R GE M 4 4 1
Ak, X B TR E A 1 s B L8 T in A —> 8
R R, HAL AT LARAE B, AN Ok — e, s
R GETE UG MR FAT 258 R 1A 5] 2 AR 25 1) o0 2%
NG L RE M RN E 3 Brs, 4 EE
PR 21 BYIAA S T RGN T s 01 S P
S 3 DT RGN HEAE R R G T RGAEIH U
Jral(8) HIREE . AR¥ESCHR [ 17-18 ] IAHIC 2, B
XK AE EEEF LR B TR I AR R LA AR I B R
INFERE | A2 4544 722 A s W HT T R Ge 6 3 1 B
B Y WA, B R OSCE R B RS
T Rk AN PR IA

R RGN TG AL TR RIs TR, B RE R
21 ALK 7B 2 REMR 17 .18 1 20 — N IE A
RSl B REMA 21 AR B 2 B — U i3 3l 4%
Hilh S S, TEAIRINE 4, X AR e
R I 52 4 20 Ay ik o {1, A1 T 3 B 28 A i 14 81 35 i )
TRIE ., eI 17 18 1 20 1 5 G5 W4 o 1 o fo7 il
VEIARSEA , LA A% 5 3 3 70 Tk i ) o 7 i 4 o AR
FAAL, I ELS R REAR 21 ftyma 7 il 26 A2 Ak 7 1) #H I

AL BE P A i IO 1 2 8 SR AR R4 R4S A
HRAG DA TR T A — E B 22 531, 3X 55 181 2 7R A 45
JEIAR B, LA EOT EA R TE M 2 P Fh 4
PR TR O T, AR G4 SR AT LAAR PR i 3 3 1o - Ay
(DAL

B3 mRFHMN—NEEE, V=21
Fig.3 Add one more agent to the former system, N=21

n._x

n

I} I-I:: ..\'H__
- |-

-

I

S e T L PN T3
-

LI

(a) B REMALFS fin 22 1 25

I1he
Lo
e _— T = ]
1

L - T T R R I Bl |
P

(b) % Be 1A 8 i 2 il 2
B4 N=21BKSEEEERSERINE #h 2k

Fig.4 Response curves of the multi-agent system, N=21
4 HRE

ARSCAE AL I B T 5 B 2 e IR R SE Y
18— BRI, 38 X R G B 22 T R AT
JE RN RV B BT A PR A RS
Il xRS AR, T LS B AR G 00— EUrE
Pl DT Z BB AR AR SO 171 2 iz )
ol b0 B IR B AT R G B R IR AL, ST
HH AR R A ) P 2 A 45 1 o0 78 25 4 A R S T S
(4,16 A S R AR BB R 7 s 2 Bl N R GRS
P P B B EL, 55— 7 T, A FUR A SO F
AR — SR RD R, 56T B 4, 35 D B 6 6 1 A [+
AT P T A EEE A2 23 ) 22 i B0 LA R R 45 S5 A 1Y

s,



%4l

ThfR G5 B TR0 IO 22 RE AR — BCE Db U 42 il - 473 -

SE W

[1VBGEA, Bk, JLZE O il 1) e & e [0 ] . 4 T
2, 2010, 17(suppl) ; 1-8.

DUAN Zhisheng, HUANG Lin. Several harmonic control
problems and their applications[ J]. Control Engineering of
China, 2010, 17(suppl) : 1-8.

[2]JUSTH E W, KRISHNAPRASAD P S. A simple control law
for UAV formation flying, 2002-38[ R]. Institute for System
Research, University of Maryland, 2002.

[3]JADBABIE A, LIN J, MORSE A S. Coordination of groups
of mobile agents using nearest neighbor rules [ J]. IEEE
Transactions on Automatic Control, 2003, 48 (6) . 988-
1001.

[4]OLFATI-SABER R, MURRAY R M. Consensus problems in
networks of agents with switching topology and time-delays
[J]. IEEE Transactions on Automatic Control, 2004, 49
(9) . 1520-1533.

[5]OLFATI-SABER R, FAX J A, MURRAY R M. Consensus
and cooperation in networked multi-agent systems[ J]. Pro-
ceedings of the IEEE, 2007, 95(1) ; 215-233.

[6] TANNER H G. Flocking with obstacle avoidance in switc-
hing networks of interconnection vehicles[ C]//IEEE Inter-
national Conference on Robotics and Automation. [ S.1.],
2004 . 3006-3011.

[7]TANNER H G, JADBABAIE A, GAPPAS G J. Flocking in
fixed and switching networks[ J]. IEEE Transactions on Au-
tomatic Control, 2007, 52(5) : 863-868.

[8] OLFATI-SABER R. Flocking for multi-agent dynamic sys-
tems; algorithms and theory[ J]. IEEE Transactions on Au-
tomatic Control, 2006, 51(3) . 401-420.

[9]REN W, ATKINS E. Distributed multi-vehicle coordinated
control via local information exchange [ J ]. International
Journal of Robust and Nonlinear Control, 2007, 17 ( 10/
11) . 1002-1033.

[10]CHEN X B, STANKOVIC S S. Decomposition and decen-
tralized control of systems with multi-overlapping structure
[J]. Automatica, 2005, 41. 1765-1772.

[11]CHEN X B, STANKOVIC S S. Overlapping decentralized
approach to automatic generation control of multi-area pow-
er systems[ J]. International Journal of Control, 2007, 80
386-402.

[12]CHEN X B, XU W B, HUANG T Y, et al. Pair-wise de-
composition and coordinated control of complex systems
[J]. Information Science, 2012, 185; 78-99.

[13]BRE. ARG & AN M. st Bhg i
Ak, 2012: 12-17.

[14] BRI, LIRS S E I 22 RO R SO E [ C//

55 20 Ja b R 2 U08 SCRE. RiE, PR, 2001 553-
558.
CHEN Xuebo. Modeling and simulation for car-string ve-
locity and distance hias systems [ C]//Proceedings of the
20" China Control Conference. Dalian, China; 2001; 553-
558.

[ 15]STANKOVIC S S, STANJEVIC M J, SILJAK D D. Decen-
tralized suboptimal LQG control of a platoon of vehicles
[C]//The 7" Balkan Conference on Operational Research.
Constanta, Romania, 2005 12-15.

[ 16]STIPANOVIC D M, INALHAN G, TEO R, et al. Decen-
tralized overlapping control of a formation of unmanned aer-
ial vehicles[ J]. Automatica, 2004, 40. 1285-1296.

[ 17]CHEN X B, MA C. Coordinated control of a four-area pow-
er system under structural perturbation[ C]//The 9" Asian
Control Conference. Istanbul, Turkey, 2013.14-17.

(18152, BrElE. HERRGMEHSFEREMWARII]. &

GiRl# 5H0F, 2013, 33(11) : 1301-1320.
MA Chen, CHEN Xuebo. Dynamic of interconnected sys-
tem information structure constraints[ J]. Journal of System
Science and Mathematical Science, 2013, 33(11) . 1301-
1320.

fEEE T
Ihfs, 55,1988 AR Ak

FEMFIT 0 N B R G A M 4

o RFFERIBILS R

BRI, 53,1960 428, 4%, Tt
A, I [ Bl s sl Rl
TORTR, TR M ERR
Gt R BESE . BRI 5
PRI, ZRFARIBLZHE,
HAREAAR T 13,




