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Distributed chattering reduction finite-time containment
control for multiple Euler-Lagrange systems
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(1. School of Astronautics, Harbin Institute of Technology, Harbin 150001, China; 2. Science and Technology on Underwater
Vehicle Laboratory ( Harbin Engineering University) , Harbin 150001, China)

Abstract: This study is carried out to investigate the distributed chattering reduction finite-time containment control
for multiple Euler-Lagrange systems with systems model uncertainties and external disturbances. Firstly, by
defining containment control error variables and choosing an appropriate high-order finite-time sliding variable, a
distributed finite-time containment control algorithm was designed. To reduce chattering, the sign function term was
included in the derivative of the control law and the continuous control output was obtained by definite integral.
Besides, adaptive estimation laws were proposed to approximate the upper bound of the model uncertainties and
external disturbances. Based on the graph theory and matrix theory, it is demonstrated that the systems are stable in
finite time and the estimation to model uncertainties and external disturbances is effective by Lyapunov method.
Finally, simulation results show the effectiveness of the control law.
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Tab.1 Initial angular positions of follower manipulators
¢;(0)/rad i=1 i=2 i=3 i=4 i=5 i=6 i=7 i=38
. am am 8 Tm 8 o 3m n
7= 15 15 17 18 19 13 25 29
20 27 Rlug dm 4 Rlug 4w om 2w
Iz 13 16 11 13 14 19 35 19
F2 REEVHERIVIIE FE E
Tab.2 Initial angular velocities of follower manipulators
(.]l,,(O)/(rad~s’]) 1 =1 1 =2 1 =3 1 =4 1 =5 i1=06 1 =17 1 =8
j=1 0.2 0.1 0.2 0.3 0.2 0.2 0.1 0.1
j=2 0.2 0.1 0.1 0.1 0.3 0.1 0.3 0.2
®3 RENHBHETRE
Tab.3 Masses of the follower manipulators
m,-j/kg 1 =1 1 =2 1 =3 1 =4 1 =5 1 =6 1 =7 1 =8
j=1 1.02 0.96 1.01 1.04 1.03 1.06 1.04 1.05
j=2 1.12 1.10 1.07 1.09 1.10 1.18 1.16 1.12
x4 REVNHBRNENEDRE
Tab.4 Moments of inertia of the follower manipulators
Ji/ (kg + m*) i=1 i=2 i=3 i=4 i=5 i=6 i=7 i=38
j=1 0.21 0.23 0.23 0.21 0.20 0.24 0.23 0.20
j=2 0.42 0.39 0.39 0.41 0.42 0.43 0.42 0.39

RS GMVHE B ETRE

Tab.5 Masses of the leader manipulators

m;/kg i=9 i =10 i =11 i =12 i =13
j=1 1.01 1.02 1.03 1.05 1.08
j=2 1.11 1.13 1.08 1.15 1.10

R6 WMYMHENETRIIRE

Tab.6 Moments of inertia of the leader manipulators

Ji/ (kg -m®) i=9 i =10 i =11 i=12 =13

1 0.22 0.24 0.23 0.26 0.20
2 0.40 0.41 0.41 0.40 0.43

~

~
I

B BR RE B 1) Sk

py = pa = 0. 05sin(%¢)N em,i=1,"8.

SPTAILIEES 119 £ 057 ¥ 20008 L3R 7.

AR — et 7 16 R R BE ML AR 19 0 i LR AR
BLET, DLER BEALAE 5 R HAE R K 2 ~ 4
iR,
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Tab.7 The angular trajectories of leader manipulators

q;/rad i =9 i =10 i =11 =12 i =13
=1 205in(%)+ 5 205in(2L(;)+4 20sin(;—é)+7 ZOSin(;T—O)+ 10 205in(;—é)+9
j=2 lSsm(;—(;)+5 15%in(2—(;)+6 15s1n(;—é)+8 lSSin(Zl(i)+6 15sin(;—é)+5

100 120

B2 & 1.2 WRLENT

Fig.2 The angular trajectories for links 1 and 2
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Fig.3 The relative angular positions of leader manipulators and
follower manipulators at t =0,2,3,5 s

W, BR AU 76400 463 B 18] B 22 L R Y g 4 i
H,e=2 s Ja, FEd AR E N E] 25 N - m gl
NI Bl e P P R BA BHR LA
e, FESEREE(6) MPEHR , 2 EL RGBT il
PR A8 73 A1 A BRI 1) 421 3592 7

4 % P

D) BT il TR b, i 2 S P iR 22
AR T I s AT IR A ) A R, it — o A 3
A RS ] 5 s o

2) ANHESERAT T pR BOUAD B AR 4 ] A 2K
ST AR BHIR A4

3) FIHT A N A XS R G RN E P S
MR BT 1A R A RS D5
SIRAIE T A SR A 2k



- 56 -

i
s
o
H

5 50 &

4 REEVHE S piEFINE

Fig.4 The control torques of manipulator 5

5% Xk

[1] CAO Lu, CHEN Xiaogian. Input-output linearization minimum sliding-

mode error feedback control for spacecraft formation with large
perturbations [ J ]. Proceedings of Institution of Mechanical Engineering,
Part G: Journal of Aerospace Engineering. 2015, 229(2) : 352. DOI.
10. 1177/ 0954410014533674

[2]SUN Yanchao, MA Guangfu, LIU Mengmeng, et al. Distributed
finite-time configuration containment control for satellite formation
[J]. Proceedings of the Institution of Mechanical Engineers Part G .
Journal of Aerospace Engineering, 2017, 231(9) : 1609. DOI: 10.
1177/0954410 016656877

[3]BULLO F, FRAZZOLI E, PAVONE M, et al. Dynamics vehicle
routing for robotic systems [ J]. Proceedings of the IEEE, 2011,
99(9) . 1482. DOI: 10.1109/JPROC.2011.2158181

[4]SUN Yanchao, MA Guangfu, LIU Mengmeng, et al. Distributed
finite-time coordinated control for multi-robot systems [ J ].
Transactions of the Institute of Measurement and Control, 2018,
40(9): 2912. DOI: 10.1177/0142331217711493

[5] DONG Weijie. On consensus algorithms of multiple uncertain

mechanical systems with a reference trajectory [ J].

2011, 47(9) : 2023. DOI; 10.1016/j. automatica. 2011. 05. 025

[6 ] HONG Yiguang, HU Jiangping, GAO Linxin. Tracking control for

Automatica,

multi-agent consensus with an active leader and variable topology
[J1. 2006, 42 (7). 1177. DOIL. 10. 1016/
j. automatica. 2006. 02. 013.

[7]QIN Jiahu, ZHENG Weixin, GAO Huijun. Consensus of multiple

Automatica,

second-order vehicles with a time-varying reference signal under

directed topology[ J]. Automatica, 2011, 47(9) : 1983. DOI. 10.

1016/j. automatica. 2011. 05.014
[8]REN Wei. Distributed leaderless consensus algorithms for networked
Fuler-Lagrange systems[ J]. International Journal of Control, 2009,
82(11) . 2137. DOI.10. 1080/00207170902948027
[OTHA, SKIEME, T 5. A 10 K 4% Euler-Lagrange REEHY H
W PMEIRER ], AL, 2011, 37(5): 596. DOI: 10.
3724/SP. J. 1004.2011. 00596
MEI Jie, ZHANG Haibo,
tracking for networked Euler-Lagrange systems under a directed graph
[J]. Acta Automatica Sinica, 2011, 37(5) : 596. DOI; 10.3724/
SP. J. 1004.2011. 00596
[10]JI M, FERRARI-TRECATE G, EGERSTEDT M, et al. Containment
control in mobile networks [ J]. TEEE Transactions
Control, 2008, 53(5) : 1972. DOI; 10.1109/TAC. 2008. 930098
(1] PMIEHEE, 28T, BRR P, 5. EFHAHXHEEF B ML Euler-
Lagrange 4% F 38 I 1 28 W 46 A0 g2l [0 ). 45401 5 pe 3R,
2016, 31(4): 693. DOI. 10.13195/j. kzyjc. 2015. 0198
SUN Yanchao, LI Chuanjiang, YAO Junyu, et al. Adaptive neural-

network containment control of multiple Euler-Lagrange systems

MA Guangfu. Adaptive coordinated

on Automatic

without using relative velocity information[ J]. Control and
Decision, 2016, 31 (4). 693. DOI. 10. 13195/]. kzyjc. 2015.
0198

[12]MONDAL S, MAHANTA C. Adaptive second order terminal sliding
mode controller for robotic manipulators[ J]. Journal of the Franklin
Institute, 2014, 351(4) : 2356. DOI; 10. 1016/j. jfranklin. 2013.
08.027

[13 ] GALICKI M. Finite-time control of robotic manipulators [ J].
Automatica, 2015, 51 49. DOI. 10. 1016/j. automatica. 2014.
10. 089

[14]MEI Jie, REN Wei, MA Guangfu. Distributed coordinated tracking
with a dynamic leader for multiple Euler-Lagrange systems [ J].
IEEE Transactions on Automatic Control, 2011, 56 (6) . 1415.
DOI: 10.1109/TAC.2011.2109437

[15 ] ROCKAFELLAR R T. Convex analysis [ M ].

Princeton University Press, 1972

[16 ]MEI Jie, REN Wei, MA Guangfu. Distributed containment control

New Jersey:

for Lagrangian networks with parametric uncertainties under a
directed graph[ J]. Automatica, 2012, 48 (4): 653. DOI. 10.
1016/j. automatica. 2012.01.020

[17]BHAT S P, BERNSTEIN D S. Finite-time stability of continuous

systems [ J ]. SIAM Journal
Optimization, 2000, 38 ( 3 ). 751I.
S0363012997321358

[ 18 JHONG Yiguang. Finite-time stabilization and stabilizability of a class
of controllable systems[ J]. System & Control Letters, 2002, 46(4) ;
231. DOI. 10.1016/50167 —6911(02)00119 -6

[19 ] KHOO Suiyang, XIE Lihua, MAN Zhihong. Robust finite-time
consensus tracking algorithm for multirobot systems [ J ]. IEEE/
ASME Transactions on Mechatronics, 2009, 14 (2): 219. DOI;
10. 1109/ TMECH. 2009. 2014057

[20 ] SPONG M W, HUTCHINSON S, VIDYASAGAR M. Robot

[S. 1. ]: John Wiley & Sons, Inc. ,

and

1137/

Control
DOI. 10.

autonomous on

modeling and control [ M ].

2006

(w4 K

4r)



