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Adaptive sliding mode control based flocking control of uncertain Euler-
Lagrange multi-agent systems subject to unknown external disturbances

WANG Xi-ming, SUN Jin-sheng', WU Zi-xing, LI Zhi-tao

(School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: This paper addresses the distributed flocking control problem based on adaptive sliding mode control for

a networked uncertain Euler-Lagrange (EL) system with parameter uncertainties and unknown external disturbances.

The proposed algorithm uses both adaptive sliding mode control (SMC) and adaptive control law to compensate for the

unknown external disturbances and linear parameterizable uncertainty terms, respectively, thus avoiding the requirement

of prior knowledge of the external disturbances. Theoretical analysis shows that the adaptive gains employed in the

algorithm remain bounded while the agents achieve the desired collective flocking behavior. In addition, the proposed

algorithm considers both leader tracking control and the region control, and gives the condition for collision avoidance.

Finally, numerical simulations verify the theoretical results of the proposed algorithm.
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F2, BRI AN B AR IE 2 B A 1) T35 07 B Sk 40 54 1
ME. XEHTURGESKE EAS MR ELE
i, i 15

N N
D oei=> 0" @) (lla — qll3) (@ —g) = 0. (36)
i=1 i=1

=X (36) 5 q; — qo FIJT A %, AT 450N il
Rl RS BRI (35), W (¢, - -, g,

N
90) 72> Voo (lai — all3) = 0,i € [0, N]iifiE,

=1
qo € co{qu, ..., qn},FH coFm RN AL

T = 3 20 (35) 598 X BA TR 7 Sk £ THI 52 el AT AT
(R 75 ¥ A2 A 5 T DX S T AR A2 ) 131, IG T, g B A

TEBEFRIXIR S Z% 4, Hayd - R* — RATLALERN
¥(2) = max{0, kag(2)}, (37)
Hopk, W) FHE L. g(2) : R — RIfAL:
1) g(z) KTz ZHriE8:nr .
2) #z € S\ {z[dist(z,S) = 0}, W g(2) < 0;%F
z ¢ S, Mg(z) > 0. H\ R ELIBH, dist(z, S) &
7~z BIEA STIBEE.
3) FEAEHH Y > 0Fc? > 0,443 h?||2]|]3 — ¢ <
kag(z) FROL.
KRG BRAGES), @B 1AL, ik
I, G SR DX 3 S ot R A K I R AR M A AT R A A
e AR RE A4 i A2 o 5 @ BAARIRI 755, U
N N N
(Bij+o) =) _¢l=0 (39
=1

i=1 j=1,j#i



2424 # % 5

xR ¥37%

N
[ME—fR 2 of = 0,¥i € [L, N4k 38 > oy

j=1,j#1i
=0,Vi € [1, N, N 3R1S U1 F 4518
ﬁ%ﬁ_jz Xﬂ-%:ﬁ(37)’-&(qla7qNaqO)7*Eé

N N

> (¢ + &%) = OB N2t — colif g, € S,
i=1 j=1,j%i

(a1, - - an) TR B AT

TN R ) R, A #5 e 3 (35) Bl (37)
BRI R (7) B, WA R G SR AR 1 A 15 ] DAAR .

SIE1 758 e Aol %30 (35) 8l (37) & X,
WRAFAEH & 139 (2) < o, MIAFLE 7oy 15
2 < Toax HOL..

UEBR e 18 o # R (35) i LRI IE L. ¥
UG pd BRI R, W 2 < 2 T b R 2
Pi(z) < YU*), NI B rpax = (04 71(c"). RJE
& # HE X(37) 58 XA O R AR X (37) i 4
1:3), /43 he|| 2|2 < kag(z) + ¢ < kgc* + ¢, NI 3R
B rmax = (kac* +c¢d)/hd. O

MR AR e B 1A A 28 A U8 % BR 2 (16) B 1R 38 UL
g, m 3 ed(e) < V() < Vo BHGIELL AT A
Tmax AF1E, T FEIFEDRIE T8 BEAA I SR AR 1.

5 & ®

ASCHEIE T — P A T B AN A
) ] Euler-Lagrange % & RE A& R 4t 1) 40 A 2 1 4%
il A% I BB E NS B N T
P48, BT Hh B RV RV R BRARAE WA B 1) Je 5
FR A LT 2 I TR 1 SR B S B, i i A [ A R
B A A B R DUR B R U0 2, ] DA S s 2
5 KB s B Ax X 8. B4 ORE T 8 Befk
AN it B8 R AT 3 BRIX 382 2% s 4RI, IR E R Gt
WIURAE I 2 — & S IE DL, AT DUCRUE R B 442 6]
ANKARAE. A, 2 R BT H AR O ER R DT =,
T ZR8 R A 2 ] F i g AT S 281 30 P 2, AT S L A
REAIE.
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