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Second order dynamical sliding mode control and its application

to output tracking of mobile manipulators
WU Yu-xiang, HU Yue-ming
(College of Automation Science and Engineering, South China University of Technology, Guangzhou Guangdong 510641, China)

Abstract; Combining high-order sliding mode control with dynamical sliding mode control, a second order
dynamical sliding mode controller is proposed for output tracking problem of mobile manipulators. Firstly, the reduced
dynamic model including motor dynamics is developed for mobile manipulators. The system is then decomposed into
four lower-dimensional subsystems by applying diffeomorphism and nonlinear input transformation to the reduced model.
The design of the second order dynamical sliding mode controller is then addressed for the output tracking of mobile
manipulators. Finally, the results of numerical simulation verify that the second order dynamical sliding mode controller
can not only track the given trajectory but also considerably reduce the chattering of sliding mode control systéms.
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( Dynamic model including motor dynamics
of mobile manipulators)
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g =S(q)v, (1)
M(q)v +V(q, ¢)v +G(q) =B(g)r, (2)
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Fig. 1 Mobile manipulators with two links
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g = S(q)v,
{M(q)v+V(q,q)v+G(q) =7, (5)
+ =Hu-H7-Hpv.

Lsimp - 0 o0,

Hp.

H, = diag(Bkn/L,, Bikn/L,, B:kp/Ly, Brkpn/L,),

H, = diag(r,/L,, r,/L,, r,/L,, r,/L,),

u = [ul, Uy, Uz, u4]T,
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( Design of high-order dynamical SMC for
MIMO system )
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i 2% i& it ( Design of second order
dynamical SMC for
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q = S(q)v,

{v =M"'(g)(r - V(g, 9)v-G(g)) , (11)

7 = Hu-H,r - Hyv.
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output tracking

Y = B, (¢)v + (B, (@) +B,(¢)p)v +

(B,(@)e + B, (@)p)v =
BM'[Hu-Mi-Vw-G) +P. (15)
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Z =2,
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7 =v.
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i = %fS(q)v. (19)
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(C,C,y +C)é, - (C, +C)é, =
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zy, =2sint, z,;, = - 3cost, z;; = -3sin (2t), z,, =
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BB RE XS m, = 50 kg, m =
4kg, my, =3.5kg, R=0.3m,d =0.3m, J, =
1.417 kgm’, J, = 0.03 kgm®, J, = 0.036 kgm’,
1 =0.1m,!, =0.5m, l, =0.35 m. BahVHEH

PR EAAE R g = (0 0 0 T ©). KM

PE, MK E LR 80W M B A Ak 4L,
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