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ABSTRACT

In this paper, ahybrid finite time variable structure controller(HFTV SC)
guaranteeing the system global stability and finite time convergence for
uncertain nonholonomic systems with affine kinematic constraints is
proposed. Making use of the elementary transformation This paper
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proposes aglobal variable structure relay control scheme with finitetime
convergence for the nonholonomic control systemswith affine kinematic
constraints by the dynamical model of the nonholonomic control systems
with affine kinematic constraints(ACK),The chattering can be eliminated
since the proposed terminal sliding mode controller doesn’t include

switchingitem. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Thereisagreat number of research resultswhich
has been produced in studieson the dynamical models
of nonholonomic control systems. |. Kolmanovsk et al.
studied aclassof nonholonomic control systemsin ex-
tended power form. Wang et a. proposed a stable
moationtracking control law for mechanicd sysemssub-
ject to both nonhol onomi ¢ and holonomic constraints,
developed acontrol law at thedynamiclevel and can
deal with model uncertainties, and the proposed con-
trol law ensured the desired trgjectory tracking of the
configuration state of the closed-loop system. A large
classof nonlinear systems, such asaspacerobot with
aninitid angular momentum, acoinor abal onarotat-
ing table, apneumati c tire, underactuated manipul ators
and underwater vehiclesand so on, which areaffinein
velocities. Asweknow, there have been much lessre-
search resultson the nonholonomic control systemswith

affine kinematic constraints than those on the
nonholonomic control systemswith linear constraints
has been produced in the control of nonholonomic con-
trol systemswith linear constraints dueto the demand
for control of thereferred systems. The controller prob-
lem of the nonholonomic control systemswith affine
kinematic congtraintsstill hasno paper to investigateit
sofar.

Motivated by Wu, in section 3, we proposeaglo-
bal variablestructurerelay control schemewithfinite
time convergence, and giveadesign approachfor finite
timetracking control by using arelay control method
sothat theboundedness of the control signa isguaran-
teed and thesingularity phenomenonisavoided for the
nonholonomic control systemswith affine constraints.

SYSTEM MODEL

A mechanica systemwhosestateisdefined by gen-
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eralized coordinates q=(q,,q,,---,q,)" and veloci-

tiesq= (¢,,, -+, q,)" Whichevolveinasmooth n-

dimensiona manifold with constraintsrestricting the
motion of thesystemtoasmooth m -dimensiona mani-

fold representedlocally asa J' (g)q = A(g) . Where is
the number of coordinates, misthe number of con-
straintequations, J(q) e R™™, A(Q)e R" .

By the property of full rank matrix, thusthereexist
P.B,P that

J' Q)RR P =[3(a) J,(a)], where R e R™
isthematrix produced by exchanging row | and row

matrices such

j of theidentity matrix, J,(q) e R™™ isnonsingular.

| I7Na)J

_Il

where I, e R™™ ™™ jsanidentity matrix. Itiseasy
toseethat S(q) isof full rank also, then wecan easy
deduce the following relation: J(g)S(q) =0. and

thereexistsafull rank matrix S (q) € R™™" bythe
property of full rank matrix, which satisfies

S(9)S(q) =0.

Now, wedefine

-1 -1
Bl A (n+Dx(n-me1) N = N 0 e Rm-(nD)
E= _Il 01 eR 02 1
0o, -1 ’

y: N_1|:_qt:|:(§T,ZT,—t)T,

5 = (51’52’“"§m)-r € Rmi
z=(z,2,,,2, )" € R"™", thentheaffinekinematic
constraints J" (q)g = A(q) can be expressed as

&=-3"3,2+J*A andonecanobtainz= BN q,

. z| |n
Y=El+1, where
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q=S(q)z+n,

B, =[0 I,]e R"™" Differentiatingthecongraints
with respect to t, it can be readily obtained
that =S+ S+7, ¥=B,(+X+7), where

— I c R(n+l)xn
4 02 .

Using DAlembert-Lagrange principle, one can get

.
doL oL =
-——+—+B(qU't)+J(9) | 59=0,

(dt8q+8q+ (@u'(t) + (q)j q=0, (1)

Under (1), thedynamicsof themechanica system can
be described by thefollowing differential equations (
[1):

doL oL =

————=B(q)u'(t) + J(q)A.

. (q)u'(t) +I(q) @
Working out thedetail sfor thecaseof Lagrangianyields
M(@)d+F(q,9)+G(a)=J(@A+B@ut), O
where

F(q,q)=wq—§a—aq[qw (@]
G(t,q)= 8“;;’ 9

Now, (3) can berewritted as

{M(q) Oﬂy{F(q’q“G(“)H"fﬂm’
0, 1 0 A (o)

_F(q)u'(t)} “

~A" ()2
Left multiplying B; E" onboth sidesof (4) and elimi-
nating y by (2),ityields
A =W,(a)g+W,(q,4) + S(STMS) *S"BU'(t), ®)
where

W,(q) = -S(S'TMS) 'S'MSS + S§
W, (q,q) = —S(S'TMS) ™ (-S'TMSS + STM7
+S'F+S'G)-SSn -7

q
Define X= LJ , Then system (18) can be expressed

Hn Tudian Jounual
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by thefollowing dynamics
_ q 0 . .
{V\/l(q)mvvz(q,q)}{l}s(s MS) "2 (0) @

Suppose u(t),q,q aremeasurable. Tomake g,q

track theided reference modedl, thereference model
ischosenas[20]

S S s

where R, Q, B areconstant matricessuch that system

(7)isstable, r(t),q,,q, aremesasurablesig-

Oy
nas, % = {q } Definethetracking error vector e(t)
b

between x and thedesired torque x, as

&(t) =q(t) — g, (1), &t) = x(t) - x,(t) .

0
&t) =[£" (), " (t)]" -And defining B= L } .We

have e(t) = Aje(t) + BIM ~(q)Eu(t) + g(r,q,9)] ,
where g(r,q,4) = M *(9)[-F (9,4)q-G(a) - A]-
|-Rg-Qq-Byr(t).

Let usconstruct an augmented linear system

asz= Az+Bv,where Z(t) = F-(t)} Definethe
- ’ s) )

e o [€O7 [0
vectors ¢ (1) =&(t) = (1), 7(t) =&t - z() L;(t)} le(t)}

Weget

(1) = An(t)+ BIM (@)z(t) + 9(r,q.a)-v()] (D)
the controllability Grammian matrix and the control
function of linear syssemwiththeform

G.(0t,) = [ Exp(-A)BB Exp(-ATt)c
v(t) = B'Ex( - A/)G,T (O, )[Exp(-At, ) z(t, ) - z(O)],

where z(0) and z(t; ) aretheinitia stateandfina
state, respectively. A switching planeisdefined as

=6 +66 ¢ =6l @

where ¢/ arepositivecongtants. Define

S=(s,s.8)"» C=diag(c,c,,--,C,).

CONTROLLERDESIGN

Theorem 1
Consider system (1) with the pre-TSM controller

_Bpt)
t
O s > ®

p(t) = 8,[n(V)]|+6,(D(a,4) +|Ra+Qa+Byr (t) +v(t)| +1)

where f,6,, 6, arepositivecongtantsto be determined.

Then thesystem solution 7(t) convergesto zero ex-
ponentialy.
Proof
According to the equation (2), take the time de-
rivativeof S aong (1) together with (3), then
§ =[C.1 7 +Cry +17, =[C,1,, J[AN() +
B(M (a)Eu(t) +9(r,q,6) - V()] @
A candidate Lyapunov function V, (t) isdefined as

Vi (1) =%S{ S. ©)

Differentiating it dong (1) together with (3) and (5)
satisfiesthefollowinginequdity

v1 = SIS.L = SI[C! nn]77
=S/[C, 1, J[An() + B(M 7 (a)z(t) + 9(r,a,6) —V(t))]
=S'[(R C+Q)n(t)+M ~(q)Eu(t) + g(r,q,d) - v(1)]

<aslnol-sm @efels

[l @[ D@ e st Ra+Qa+ Br oy -+ v
<Pay||s). (©)
1
where 5, > |(R,C+Q)|, #> — aechosenpositive
1

congants, 6, > max{«,,1} . Since ispositivedefinite,
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theinequdity (6) impliestha reacheszeroinfinitetime
and keepszeroforever. Thisguaranteesthat tendsto
zeroinfinitetime, i.e, thetrg ectories of the systems
(42), (44) and (46) reachesthefast nonlinear switching
surface.
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