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Finite-Time Sliding Mode Controller Design for
Formation Control of Multi-Agent Mobile Robots
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In this paper, we present a finite-time sliding mode control (FSMC) with an integral finite-
time sliding surface for applying the concept of graph theory to a distributed wheeled mobile robot
(WMR) system. The kinematic and dynamic property of the WMR system are considered simul-
taneously to design a finite-time sliding mode controller. Next, consensus and formation control laws
for distributed WMR systems are derived by using the graph theory. The kinematic and dynamic
controllers are applied simultaneously to compensate the dynamic effect of the WMR system.
Compared to the conventional sliding mode control (SMC), fast convergence is assured and the
finite-time performance index is derived using extended Lyapunov function with adaptive law to
describe the uncertainty. Numerical simulation results of formation control for WMR systems shows

the efficacy of the proposed controller.

Distributed Multi-agent System Mobile Robot, Kinetic/Dynamic Control, Formation Control,

Finite-time Sliding Mode Control

Received : Apr. 4. 2017; Revised : Jun. 26. 2017; Accepted : Jul. 28. 2017
#This work was supported by the National Research Foundation of Korea
(NRF) grant funded by the Korea government (MSIP) (NRF-2015R1A2A
2A01004457).
"Corresponding author: Mechanical Engineering, Pusan National University,
Jangjeon-Dong, Geumjeong-Gu, Busan, Korea (snikhan@gmail.com)
'Electronic Engineering, Pusan National University (djpark@pusan.ac.kr)
“Electronic Engineering, Pusan National University (jeongwhan1696@pusan.
ac.kr)

Copyright©KROS

=, T A YESAolth T ool E A|2H]
S EX YEYA AojA2elef diet 2z o]zl
o] 835lo] Alojsl =A Ux|A o}(consensus control),
@A o(formation control), 54}#]|¢{(containment control)
2 R dxAlos BE oo ESe] Z2 FE
FEI7E Heg vtes Aol iAol 2t oflo
o] E43t 715tk tiE HES vhEo] &

A Yulsial FajAol= Ax oo]ES0] P45
ol T el 5 co|AEESC]| 4 HEES A
B 1=k A= gtk #3E(distributed) oflo] M E
Al2gof 4] gjFE A (leader)of| o] HE E F=E(follower)
ool HEZ} EAsHt FF ofo]HER] 3= HfE
AUtk A= ofo]HEE AAR Y-S vhEo] oFsh

& oolAE H3f o5 WE= ALk



340 =333 =X #1279 A3E (2017.9)

ok oo Eo| tigk Alo7|HOoRA S| HE
AJoi(sliding mode control: SMC) 7|¥>o] 28.¥|¢) 11
w2 g 54 9% Bu|E(terminal) £2fod &
Aol 71 HoITSMO)™! ¢1-5]9ie}. 18]l Lagrangian
o oo]HE BlAdY sAAILH] sl wiAE] g
(backstepping) A|o1*" | Wi~ g-Lelojd mE A olt],
dynamic surface #|o]*!"17} ALE|GIc) Lato|g wE
Alol= w9 Qfgto] Tt ZHRIAS HAsHs Aol
Noeu FREETF AX = @ilo] Slof Euld &efo]
3 HEAo7} o] WhE YHEEE HAT 4= Q)
Al = dek WAEE Aloj= B rAdEAEe Ald o
% do]HE A& flal =Y
Alol= WAH]E Alo]7] A DA A LAYsH= vlE
Fo] Eadoll ozt Alof7] A= F7HE Hshr] sk
o#——ILE]OAE]' U5 oflo]HEo A 7 ol 3-8%+= A
24k 23 WMR Hololch T12d] ool WMRY
et ok oflo]HE A8 WMRo| AFolojA /g
54 FAIRE 718183 (kinematic) S/dRES aLeRh A
o)7]1& AAsto] #-g3tef ™. 1A WMRo s
e WS IAAA ZF WMRE 91X 5 Aofs3itt.
et 24 AlA ARk Bert deH WMRE Ffet
2gt EAA01E AMgSlof gttt 25 mUE
dolglol gt X ooAE Ao sty oy
WMRe]| thgt 7]7t8ka Fe5hs FAo] ALt At
Aol ¢lich
71£9] thE WMR ofo]HE AlojA| A1) 79 7]+t
e 2stgloy & dAtolAs 719541 59
P 545 SAloll aeste] S =4

¢l31 dynamic surface

F

d

Lo

Lo
:lo
f
ol
=
N

et FEAAS FAlNl st A SHAIZE
(ﬁmte-tlme) &to|d nE Ao7]1E Ao

Aol gt A-31AE fE5kath 3Tt
Ol-ih;z.(Lyapunov) A E o] &S o] §dfo] &-g12
< 13 fe SEAE ARE T HTHoR
17§2] A% WMRZ} 47§2] 5= WMRe tigt o 34
A& AlEHo)1AS Fall FHdtA A A|o7]9]

Qo A=z,

2. CIE WMR O[0|MEO| CHSt graph 0|2

HA 7l 2 WMRI} 17]9] AE=WMRZ go] L
AEACR 7RI [1]0A 218 2ol 22 T WMR
A|2~E19] coordination HA|S tFEQITE WA 1=
(directed graph) € = 33t noded$t? ={0,1,2,...,n} T}
o A(edge) € V=& 2 A (@.6) oItk o7 (.))
£ WMR /= WMR (25 E RS 9 ez gl

PP EDE BE 1 E(node)s BRI} glow o}
BE kB s WA = (path)E 2= rootefal
2o g e e Asletn el 3 el wu

2= WP adjzolnk. OgE ¢=(2.85) =
S} E 2(directed spanning tree)7} (7,&) 9] F
flazoly WA shgeelold. WA o=
=08 = .67 e g2 o digf HAgH1
el vekA A2 5 zh=thd HekA] SAER S 2=
o @ =la;] ¢ gl = (i) e & o] FO 74| %
2 FAEH (e o]Ha; =00]ck HE 4= 12 7}
3t D =diagidy, 4.....4,} R = 4= 0a;,
i=0,,n, d;=0,i#j g L= degree YHo|t}. Lap-

lacian e £ =[l;]€ R o crg 3} o] Aojgek,

bodr rw TYL

o
oot (i
o_>|:

L

R
=

=

Q [
oEuQL]

N
o

n+l . X
ly= % ay ly=—ay i#] O]

J=Lj#i

Al (DA £ = 2-a@ e R O]

3. LIS WMR Of0|ME 23S I 22 FetAlzt
£210|d ZE H|o7] A

3.1 L= o|o|FME WMRe| SgtEl 7|78t 2 S
|
Fig. 19] i 7 WMRS oFZ Wo] L% u}7} 9l
A PA| dummy BH 7} F2hE]o] Q). 7]51EH4
2] (2)9} 7ol Fo] Itk Table 2= ZF gojof that A
= et

ol ro K



oh5 oflol i muke) 23 TR ol $Iat

Table 1. Nomenclature

Symbol Meaning Symbol Meaning
G graph h  |heading position of WMR
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L Laplacian matrix A Lagrange multiplier
2 gain matrix T input torque vector
J(0) | Jacobian matrix | 7, disturbance vector
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Fig. 1. Nonholonomic differentially driven WMR
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Fig. 2. Simulation results for the SMC and FSMC system. (a) The formation tracking output of the FSMC system. (b) Formation
tracking error of x-direction of the SMC system. (c) Formation tracking error of x-direction of the FSMC system. (d) Formation
tracking error of y-direction of the SMC system. (e) Formation tracking error of y-direction of the FSMC system. (f) Control
input torque of x-direction of the FSMC system. (g) Control input torque of y-direction of the FSMC system.
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