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Global Stabilization of a Class of

Nonholonomic Systems

REN Yan-Qing'? MA Bao-Lit!

Abstract Due to the existence of singular sets of state and in-
put transformations, the global feedback control laws developed
for nonholonomic chained systems can only locally stabilize the
original nonholonomic systems, which are locally convertible to
nonholonomic chained form, and the size of attractive manifold
of the closed-loop system becomes very small when the desired
state is near to the singular sets. The global stabilization prob-
lem of a class of nonholonomic systems locally convertible to
nonholonomic chained form is investigated in this paper. Firstly,
a subset of attractive manifold is derived based on the condition
that the attractive manifold is an invariant set with no intersec-
tion with the transformation singular sets. Then, an open-loop
control scheme is developed to drive an arbitrary initial state to
the subset of attractive manifold. By combining the open-loop
and feedback control schemes, a hybrid control strategy is fi-
nally proposed, guaranteeing that any nonsingular desired state
is globally asymptotically stable. Simulation results for a two-
link planar space robot show the effectiveness of the proposed
hybrid control scheme.

Key words Nonholonomic systems, chained form, global sta-
bilization, singularity, attractive manifold
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M %

ap = g20 + g21 COS X1

a1 = go2 + g23 COS T

az

= —go3Sina

bo = goo + go1 cos T1

b1 = go2 + go3 cos 1

ba = —gos sinx;

t = tan(%)

S1 = t2(bo — b1) + 2bat + by + by

co = do + dy cos 1 + d2 cos® x1

c1 = go2922 + go3g23 + (go2g23 + gosg22) cos x1

C2 = (903922 - 902923) sinxy

c3 = 982 + 935 + 2903902 cos 1

do = goo(go2g22 + go3g23) — g20(gd2 + 9bs)

d1 = goo(goag22 + go2923) + go1(goagaz + gozges)—
2920902903 — g21(gd2 + gb3)

d2 = go1(go2g23 + go3g22) — 2921902903

ds = (982 + 903)(gosg22 + go2923) — 2902903 (go2g22+
903923)

p = [g80 — 9B — gbs + 2(googo1 — gosgoz) cos x1+
g3, cos? xl]%

Sa

S3

cspdco — cocadp — copdces
[t(dbo — db1) + dba]p® — [t(bo — b1) + ba]pdp
p? + [t(bo — b1) + b2]?




