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Distributed Adaptive Containment of Coupled Harmonic Oscillators Networks
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Abstract : A research has been conducted on the distributed adaptive containment of the networks of coupled
harmonic oscillators under fixed topologies, a containment protocol based on adaptive strategies has been proposed, and
a sufficient condition for distributed containment of coupled harmonic oscillators has thus been obtained, based on
stability and matrix theory. As a result, a numerical simulation verifies the validity of the proposed containment protocol.

Keywords : containment; coupled harmonic oscillators; adaptive control; multiple leaders

1 MRE= GUH T, SIS - BREE B (—BOPEBRER ),

T 20 eIk R G e AT v g 7 i AL, o4y AREE—EE (). AR, T aE

AR ERBE T SRR R iy TR ZHBATER, SHERRENQTEHL
SR TS I — A Sl ] B 2 B AR R i R AR R G — AP R P SCER[3 1R

B T B R S T B R IR S R 2Rl ARG S, PR T RAA R TI AR
S A B 1T RER R G R B A —2orE S AL & sl . SChk[413+)
WA 25 AT S B AR, — B AT Ay B T G EL A Ry 4 2 R A R SR

KB . 2016-05-29

EETE . Wip TR HRFIAIILE I H (2014HZX23), HIMAHE ITRWHL 4B H (15C0405, 13C020,
12C0088 ), IR FARBIAILERBIBH (2015112045 )

PEZRIAT - XUARm (1983-), 5, WIRBRFHA, IR T A, i, FEHE R E RERRE T S5,
E-mail: 1adn55555@163.com

BIEMEE 52 (1978-), Y, WImABPH, MRS Tl KA YRIG, i, =SB0 7 i Ry SO HT,
E-mail: 123643897 @qq.com



CiRE XA, %

AR T 2% 9 O 0 5 4 33

PR, 43 ) P RE A 2 RORAE R W 64
Pe, W TSR T R I A S R L, JF
Sl TR SRR RS, SCER[S5 18 A
Lyapunov faE MERLS | BB R LS, 5T
FAA FHNE T ARG 1R 7 0 2% 1 — Btk )
AR MR- REEWYHRSE, T2
PR RGBT ARG IR T &R, X TRGE
PRF MK L (—2bk ) Ta) 852 3] ok i 22 10 2
HORTE . SCHRI6 1A HH IS AH G AR, AFFE T
[ [ 2 #R b T ARG 1R 7 M 48 B[R] 25 [l . SCRR(7 ]
F 8T I AN TR TR M 2% 1 [R5 )
FFHIF Lyapunov e PEHLS 45t TURSIE 0 HT. LA
SR T T O 2% A AR B G 1S TR R T
W, bR, WA 2 OV S L R S IR
T2 JET G, SCERI81EIT 1 AN A AL ,
WESE T HE G IR T P28 i R —Febk ) i, (HOCT
IR T M4 BB S B SR A IEA Z 0L . 28
BN R R L, (A SCHR91F5E T A b
TG ISR T & hlaE, JRAH T
IR FREL . ASCHR[6-7, 919, Rl fu & ik %)
A AR T I 48 R F 254, AT AN & 58 4 o0 Al
K. B, A F LT ML P A e 205
HHEIET , MA IR M4 A 3 35 WAL & 2 6 5]
R, FEI A I RN, AR S R B B A
AT 45 Laplacian &5 [ P BB & BIF6 N FH 6
FRAEAEL, DT PR AIE AL 3 S 58 42 00 A XY o

2 RENBITE IR

FER G TR IR T LS TP 38 0 N A s AT DL

Fon
{r',-(r)=v,-(z), (1)
V(1) =—ar()+u(r),i=1, 2,-,N+ M-

s r(0), v(©), u(HeR 53RN i A5 mTE 1 2]
FIOLE | RS HIH A

o BN AR

N, MIEIEREEL, 550 26R W 2% v IR Bl 4
HHBH, HE 1,2, -, NSO R IREE
B N+1,0ee, N+M A MR g4 5o, o ERkE
HEREHF FR, SIREESGHLFR,

M2% BN AT LU E S, Hd B mE G=(V, E)

MR 2 B T 4R v ={efi=1, 2, -, N} R4
E={(&, &)|ij=1. 2, - N AL 1 GHISR A A=
(a)ESN: a=1 BHAUH(E, E)eE. KT EIBIAHRA

WATZILSCER[10-11]0 44 H) Laplacian FiFF L=(1,)#
TESN: L==ayG # )0, ==Y 1
=

EX 1 QR B — A5 s &R 25
DRI A5 A5O6T I  R REAAS S 4012 5 A0, Rk
PR BE A

AR ) 24 v BB # 55 €005 4 )2 Laplacian £ 1)
AN, L AT LA o R B E =X

e
0o oY
A L, RoREREE# B4 Laplacian 53

L, TR IR B 5 005 2 [A) RR 42 5C R BT X 1o %)
Laplacian T3

EX2 &ScR’, HXMERE x, ye S Kaelo, 11,
Ax+ (1= A)yeS, WMFS HiMEE, RS HE
X={x,, x,, - x, W/ ES X B9

AXEFLEMRAAZA6FE NG IERT
W2 ) A Fr P e, BRI AR i e, il
75 I 255 v %) R B T R N A BT R A
%,

BRi% 1 B s ER Rl 2 8] 38 15 2 E )
B, BPRIZE Y Laplacian R4 22 X% 1 0 R B &5 - Bl 2
XFFRAY o

‘\i%2 (BEXTf— MRS, 20—
FHEA A B B E X PR BE A .

SIEE 1M Ak R 2 B, WL, iEE, H
-L 'L, R eREHER, -L7'L, TN 1,

3 FEHR
XF 28 e i AN BEIR, TR AN Pk
ul.(t)=cl.(t)2ai/.(vj(t)—vi(t)) ,ieF, (2)

e, TS U FOE N A, LT A

¢(1)= ki[Za{.,(vj(t)—v,(t))) o (3)
H a, (58 SCATRL, 24 ieL B, a,=0, MM u(n)=0.

T
P =Py Tyaos™™ s Tend)
T
Vi=(Vyats Vass™™ "> Vivaad)
T
rf=(rl7 r2’...’ rN) 9

V=V, Vo', vN)T,

4

r=(ry, ry, ", rN+M)T’

v=(v}, v, VN+M)TO

HTa T IR 0, AHES 280 T8 1
SRS



34 /= 2R D | 4

2016 4F-

r(t)=r(0) cos(\/gt) + vl(O)sin(\/Et),
vi(O)=—n (0 sin(Vaut ) +v, (O cos(Vart)-

2 7,(0), v,(0) 73 B FS 4015 AR A F P £ A
JERI BT 1E
Rl thisal (2) R AENFI (3) AR
ik (1), lfs
Iy =V,

L=V,

(4)

(5)

v.=—ar,—Lv,—Ly,,
v, =—0ro
EIE 1 AR AR 2 BT, WSS ISR T
WMzg=l (1) EAETEHPNGEt (2) K& A& Fg
(3) MPERTF LRI, HLS i SR & T 2
lim (r, (1) + L' L5, () = 0,
}irg(vf(t) + L' Ly (1) =0,
L rn5vomh (4) g5,
UE hGIE L AR, B 1 R 2 W, W
L, IEE, MR, AR 278 5

e.=r+L'Lr, (6)
e,=v,+L'Lyo
K]
(¢, =F +L'Li=v,+ 'Ly =e,,
é,=v,+L'Ly =—ar,—CLy,—CLy,— (7)
aL'Lyr,=—ae —CLe,,
B
)
A= :
cN
e BRI Vi % oK BA
S 1. & (¢ —a)
V(e ,e,c)=—ae Le +—e Le + ) ———
(rvz) ) r 1 2vlv§ 2kl (8)
¥ (8) ek, W15
N 2
V=ae'Le, +e Le, +Z(ci —a)[Zaﬁ(vj —v,.)) =
i=1 i
ae'Le, +e)L(-ae,—CLe)+e.L(C—al,)Le, =
(9)

—ae' Le, .
MIEGIE 1, WL, I, 8 L3 Fa, MImalAl,
<0, Hit
0<sVie,e,c)<V,,

KV, ER Ve, e, c)IVIATE, Milie, e, c

EER LS
HH Lasalle A28 3 AT AL v ETE BT 0. Ty=0 4
Hi Y e =0, M= (7) A4
e =0=¢é =—0e —CLe =0,
K e,=0. ikii#Mlime, (=0, Hlime,(1)=0,

lim(r, (1) + L, L, (1)) = 0,
lim (v, () + L, Ly, (1)) = 0,

WIES1HE 1, H-L| L, B CEAHER, -L7) L,
BB AT AR 1o FRlE L2 AT, L7 Lor (0 B
KA TGN BT AN LA s, LT Ly ()RR
451 3 R BT IR A T A P Y A X RIE R T AE
WEERPGE (2) RAEMFEES (3) T, #E
PR T ML (1) Hp A R Bl & T S 3 4 5 3 i
TE B AL 2

HERE 1 Al 5, fER st (2) kA&
NS (3) T, A IERT ML (1) R
FIELE, AT 2% Laplacian k4 BRBE S B
X o ) F- B R RRAE AR, TN 45 B 00 da b i
W, PRUE T A SO BT i B SR 58 4 A Al
K.

4 HEME

FIREA 3 AT H A 6 AN IRBEE RS IR R T
Wz, HIRFMEARE 1 R S, a1 Mk 2

B BEERTMENHEINE

Fig. 1 Coupled harmonic oscillators network topology
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Fig. 2 Position trajectory of coupled harmonic oscillators
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Fig. 3 Speed trajectory of coupled harmonic oscillators
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