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Distributed Formation Maneuver Control of
Networked Euler-Lagrange Systems
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(School of Mathematics, Taiyuan University of Technology, Taiyuan 030600, P.R.China)

Abstract: The adaptive formation maneuver control of networked Euler-Lagrange systems was studied. By
means of the sliding mode control approach, an adaptive formation maneuver control algorithm was proposed.
Based on the Lyapunov stability theory, the stability of the closed-loop system was proved. The remarkable fea-
ture of the algorithm is the special directed network topology introduced to describe the communication interac-
tion behavior between agents. Hence, without the need for knowing or estimating the time-varying maneuver
parameters only known to the leaders, the followers in the system can realize the changes of formation continu-
ously, including the scale, the direction, the displacement and the shape. Numerical simulation results verify

the effectiveness of the proposed control scheme.
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(Ms,)'s, + ?SL-'ML-Si +0'A7'0. =
- s'il‘kisi - 53'Y'i[‘(qi,l},-,dri,i1}i)si -
sil (CIT - 2Mzﬁj s, + si[ Yi](qi;qi’q”',qri)oi = silkisi . (42)

R (42)  RHERRE] Vo< 0, BV, 25 LRI, s, 1 0, SR SR Jn SR 2 o, S ph R o 1
PR TR 2, BT XA R s, =0, 3, 0,(g, —q;) = 0 RRGE(3S) Me— 1Y R BORE T
ABLALER(35) s, TPBAARMA, X | --<q» —g) WRES, RB(35) Wi AR AR 3t (42)
AT s ALY o,(a, - q) AR, 2 (4, ;) RATIHG R | IGTEDTATAL g, B4,
AT Bl Y, w,(q - q) 1Y w4, —qj> R g, 4, HRA IR AR (32) (33)
el g, 1 g, %Bmﬁaﬁ%’] BEAk, d P 1 %ﬂ $ﬁ3 HY(q,,q,,q..G,) JEH 0420 (42) X RIE TR
S, BV, AT R BV, R BOESE . AI T Barbalat 5T HIY 1 00 WAV, — 0.0 TV, A R E T,
—0(1— o), HN42) s, — 0, Bl s — 0. 505 1 RS (40) 145, lim,_, (g, + (2;'2, ® I,)q,) =0,
lim,_., (¢, + (2,2, ®I,)¢,) = 0.5EH 2 AL

ST EM LM 2 7R T A R ISR T 4L Euler-Lagrange 455 LA BAHLEI B0 75 4 26 1.

E8 EM 1 AEH 2 BOUENIR T, B R L AT T R D s nT “)iﬂﬁﬂ%ﬂ: Euler-Lagrange % 4t 1) 4
BAAILE 4 | BTAS 5 AN TR M bR B BT , EG T 17 o i e B 15 30 ) BB S — s i e

3 i HER

DA U I Ui A A 2 BA B AE (9 TE B R A R AR 1 4 R 01 A RO B AR D B P R —
SARBIRE ALK D IR B RV 208 i P Rl L S B . DR 0k, A RE R 20 A 5 2 M08 A A TR AR
7 1) FISLAS TE 07 L A S0 A R SRR R 1o BRI, LAIE B i $i42 1 S i vk ARG5S 0 AN eIk

(SEZI DA 9 E 3/l
My My | (4. Ny N |4 T
.|+ .= , (43)
l:le Mzz:l |:qi.v:| l:NZI sz:l |:qi)j| |:Tiy:|
M, =a, + 2ascos(q, ) + 2a,sin(q, ), M, =M, =a, + ascos(q, ) + asin(q,), My =a,,
==bq,, N, == b(q,, +q;,), Ny =bq,,, N, =0, b =aysin(q,) —acos(q,) .

D5 P S2BRAE S ECHN a, = 3.3,a, = 0.97 ,a, = 1.04,a, = 0.6. [T F4[F Y, TTE N
Yii=4.(1), Y, =¢.(2), ¥y =0, ¥y, =¢,(1) +¢,(2),
Vi3 = (26,(1) +,(2))cos(q,(2)) = (¢2)q,(1) +¢,(1)q,(2) +¢,(2)¢,(2))sin(q;(2)),
Yii = (26,(1) +¢.(2))sin(q,(2)) + (¢,(2)q,(1) +¢,(1)q,(2) +¢,(2)q,(2))cos(q,(2)),
Yy = q,(1)cos(qi(2)) +¢,(1)q,(1)sin(q,(2)),

Y, =¢,(1)sin(g,;(2)) = ¢,(1)q,(1)cos(q,(2)) .
EANE E Tz, XBEH L3 /N me .o amE 2 iR, Fhh 7 ek . q =
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(41.95.95 .9 .95 96,97 ), FeH A3 ANGRHE q,=q,.95,9;]", 4 MR g, = [q;.95,96,9:1", 7 DR AE
PRIBRRROLE S r = (4,017 5, =(2,2]"rs =2, - 2]",r,=[0,2]",r;=[0, = 2]",r,=[-2,2]",
r,=[ -2, = 2] B sk R R ARG BAL Y ).
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Fig. 2 The communication diagram
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BB TR 2 B i 1) B S BRE h B (27) F1(36) . T 45 5 B ER LB 244
(D kil e e [0,15] W, 48k e A F RS S EU BN a(1) = 1,0(0) =1,,b(1) = [1,0]"1, ZiBA
BAIE B BRLT T 2
(2, ®1,)g (1) + (2, ®1,)g(t) =0, (46)
Hrb 0, M1, 7630(45) haa .
G I NNIE g,(1) Beit

g()=(4 0 2 2 2 -2, (47)
255 (46) F(47) , AT15 R B A B AR OB R
g(1)=- (2,2, ®L,)g(1)=(0 2 0 -2 -2 2 -2 -2)", (48)
SN )
q (t)=g(t) + 17®((])jt, t e [0,15]. (49)

() i1 ¢ e [130,1407 N, 47k . HEREMIPREHLEN SN BEN o (1) = 1, @(1) =1, b(1) == [1,
0] "¢ AR E B BANIE g,(1) BETTH
g(1)=(154 -30 156 -30 157.7 -30)". (50)
Z54550(46) F(50) , AT A5 ER B 1822S A R
g(1)=- (2,02, R®1,)g(1) =
(158.85 -30 160.55 -30 161.7 —-30 163.4 -30)". (51)
HEEBNIE

g (t)=g(t) + 17®((1)Jt, t e [110,140] . (52)
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GERERS A PRSI 3 4510 T 7 D RGETE 160 s WY HVBIE T 45 Hh 1 820 ik 220 R G0 00 an o3 AL 14 4
T RGUE Ox JAT Oy W07 1) L ATBER O BARIE K 5 8 T RGEAE Ox RlAT Oy BTy ) 1 A6 B2 R
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