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Distributed Adaptive Synchronization of Networked Euler-Lagrange
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Abstract
and unknown parameters. An adaptive controller is proposed which allows for the most general quasi-strongly connected

This paper studies coordination control of networked Euler-Lagrange systems with communication time delay

communication topology with communication delay. We design a distributed controller for the case where a stationary
leader exists. We also discuss the case of a dynamic leader. It is shown that the proposed controllers can guarantee coop-
erative synchronization even if only partial agents have access to the leader. Lyapunov stability theorem and Barbalat’s
Lemma are used to prove the stability of the proposed controllers. Numerical simulation is also presented to illustrate the

effectiveness of the controller.
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M;(q,)4; + Ci(q;,9,)q; + 9:(q;) = wi(t) (1)
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. B AR IHRT A AR TR AL (v, ;) A ZE .
1 (vi,v;) € E S (v,v;) € &, WIFKE A IG m] 1 B6
PRI 2, BRZEN A K. T 1, TR v,
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qt) = —q(t) + Aq(t —7) — € (14)

Tk, BATA LU NS R
BB 1. Bk R IEEE G & — M A K
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. 1< .
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Fle(t), 0,(t) € Loo, FHEM |e;(t)] — 0. 1 Bar-
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T(s) s+ 1 — Ae—s7
B 2(s) = det(sI +1— Ae™™), K T HiH]
233 PR B T (s) HIASE P, T 20T T 2(s) RFAE
R 16 B8, X T ] BEAFAE AT E W s A
il Re(s) > 0, A e < 1. ¥ a5 /K 5 E
i ( ershgorin s theorem), W54 1% K%L T'(s) 1
bEsp =¥ U N PR R A
2(0) = det(L), HI3CHR [11] AT %N,
—N O RHER. bl s =0
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XEMR, T
rank(L) =n—1, L
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%Eﬁﬁﬂl%? Mi, EjeNi(G) €ij, Ci, Zje/\fi(@) éij
#16;. 1 Euler-Lagrange 2% (fI1E i 1 FIk i 3,
M, B Cy 4754, 0, Y7 ages, Y, aiéy; )
AR, W1R Y, AR, PrUAREEL (8) W LR
Flé e L. We(t) e LoNLy He € Lo, FTLL,
A Barbalat &3, 4 ¢ — oo I, |e;(¢)] — 0.

LLMIEW] Timy oo |g, (¢)| = limy—oc [g;(t) — g4l
=0. HT Mt — oo I, |e(t)] — 0, BT R% (14),
BT BT R GRS E T

q(t) =

M HE SCHR [13]) AT %0, WnleHl 1 Rk te 1) 42
B, LN R4

d 0
@ (—q‘+ A/ q(t + 9)d<9> =
(A E ST R4 (19) Hfaett.
PEHL Lyapunov p&EUNF:

—q(t) + Aq(t — ) (19)

—(I = A)q (20)

T

V(g) = <q(t)+A / (:q(t+9)d9> x

<q+A
/ / ()T Sq(¢)dedo
t+0

XtV (g) KRFrf:

gt + 9)d0>

(21)

V() < qt)" [-L"P — PL+7(5+

LT"PAS™AL™)] q(t) (22)

FALT 3k [13] F#EIR 5.5 HIUEIH I FE, T4l

W EE 1 PR 2) BENE L, B Q < 0, MR

4t (19) Wi fuen. /4 (14) MM THe 245

(19) WEIPLE €;(t), I €(t) € Loy HHt — oo

I, |e;(6)] — 0, T4 ¢ — oo B, g(t) — 0B,
iﬁ (13) /frﬂ ‘ZjGNi(G) eij’ — 0, {F/%&

1
Ai - n+1 Z €ij
Z aij JEN(G)
j=1

R (23) BRI IE

(23)

2 icd 38 %
A= —q(t)+ Agt—71) =
t) + Aqg(t) /

— Lq(t) A/ (24)

Tt — oo B, g(t) — 0, A — 0, FrLL Lq(t)
— 0. TR qt) AMMEN: 1) gt) — 0, B
q;(t) — gy, Vi € I; 2) TAVFE, A7 W B &G
H W A B I, Laplacian 5 FF L AVA —ANF4ERE
B, RF (R ME— AR A 1, FrPAm & q(t) &
oG T, W g (t) — q;(t). Bl g(t) —
q;(t),Vi,jeZ. miTEG &HMHIERN, T
N1 q,(t) — g4 O

2.2 & AFSEEEAEE

XA g, () AAMAR ), IF HamBA R G X
MR L T 6B q,(t) AT 4, (t).
TEAFAETRAE I RS DL T, A LUT B3 Y BRI R

u; = Kéz + Ks; (25)

R, K> 0, hfE 5 ¢ b

T 1 Z €ij +
Z a;j \JEN:(G)

o, ey Wk (4) B, Vb, A
- 1

Z eij) (26)

JEN(G)

Y0 = il Mz(qz) Z [Qj(t -7)+ éij] +
Z Q5 JEN(G)
j=1
1
n+1 Cl(qqu) Z [qj( ) + 62]j| +
Z Q5 JEN:(G)
j=1
9:(4;) (27)
X (25) F1, BA R AFRURAL:
M;(q;)s: + Ci(q;,4,)s: = Yif; — K (28)

Ho, 0,(t) = 0, — 0,(1) o ¥R AR 2, I
A 0;() IR T

éi = FiY;‘Tci (29>
A Ty b O I R
k=873 Qo1 = q4(1), e, =¢,-4,8 =4, —

q,. Wt (26) 15
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n+1

ZZa” g;(t
q,(t—7)—q,+q,(t —7) —q,—s; (30)

K, d; = Z;‘j aij, X (30) B A
qg=Aq(t—7)+Aqt—7)—q+R.  (31)

o) JEBE A 5 2.1 AT X, Re = [q,(t —7)
—qy+q,(t—7)—q L, —c. XP o =[c, -, 6"
BATA LR ghie:
EE 2. XA MEGEE G FA M REL
W, 0T RS (1) FAMERIEE I AE 7, F &R 45
% (25) Refdif q,(t) — qu(t) BT —3A .
JERR. ZEHX Lyapunov pA%K:

q](t - T) ‘L‘] +

Visi8) =5 3 [IMila)s + 6,776 (32)

i=1

V(s:,0,) ZCTK& (33)

AT EE 1 5T, TS, 6i(t) € Lo N Lo
W SCHk [14] B2 p(A) < 1. FiiprH 7 D =
q— Aq(x —7) RE I (M Sk [35) o 5.1).
I Lyapunov B4 V(q,):

V(@) = sa(t)"at) (34)

V(Dg) = (Da)" [AZ(t —7) — g+ R.] =
( ) (DQt) (DQt)TRe (35)

IR
V(D) < - |IDg || (|1Pg| — |R.) (36)
R q, A q, B HT Gt) € Lo N Ly BT
PL||Re|| 5. T K AAIE B A2 A 45 T S0k [15)
PUEE 4.4 (RUEWERL. W (| Dg | > || Rl WA
V(Dg,) < 0. FrLA, 5|3 1 i3 ¢ &5
55, Bl q, — q, &8 ST, 0
E 1. AR T oCE [15]), BAIME R T &
Leader B i —20G A&k, dePt 2 w4, 16
S A AR R AT & AR B B0 R, A I ZE 1)
ﬁﬁﬁfﬁ?ﬂm%éﬂﬁ%mﬁ H 2 B A B SE PR 39 o,
RY P A ER IR ERR 22 S BE2 Bahn. b Ay
E—EMNRRESIRZE. i dLE R, —J5mE o 280+

HAEH RANSH, AT R A T RE I
SE MY 225 53— T, TR N A AE, A
%”‘c?%ﬂ‘]@ﬁﬁ%ﬁlﬁ%ﬂﬁﬁ%%#ﬁ%iﬁﬂ@, FEn

A BRI, BRERRE B B T
Wi AE R A, BATTRE 20 iy g2 B 223
A A R 22 ) JEAEE — DRI, — PR B 2l Ty
o N TR 2 5 | NS,

A, TATHE TG B, X I S R 2% 22
EL %éﬁﬁP’\”U/\%i‘ﬁBBi}?ﬁﬂn% P 5 1 730
BEVE TS, I bl RS e PERERT T UER.

3 HEME

h T IR A A &M, Bdiis 1 Wolfram
Mathmatica 7 A TE T EE 7 B, (B ke gmBA
ZAE VYA T A BN AL, i WL, Bk
AR B30 035 7 R

Hll H12 dl
H21 H22 q2

—hgs  —h(d + ¢2)
hq 0

+

HEs

Hii = a1 + 2a3cos gy + 2a48in gq
Hiy = Hy = ay + azcosqa + assingo
Hyy = as
h = a3singy — a4 cos g
a; =1 +mllcl+f + M. l2 +mel2
a, =1, + mel2
as = Melqlee cos o,
as = mylil.. siné,

FiESHI m, =1, =1, m. =2, 5, = 30°,
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