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Abstract

In the paper to be commented, there is a technical problem inherent in the input based switching, and it is highlighted
here to avoid possible failure when the scheme is used in practice.
c© 2003 Elsevier B.V. All rights reserved.

This is to con:rm that the controller presented in [1] is interesting and inspiring, and tries to o;er another
di;erent scheme to drive x0(t0) = 0 away from zero in a :nite time without escaping for the :rst equation

ẋ0 = u0 + �T
0 (x0)� (1)

of the perturbed canonical nonholonomic system. In Eq. (1), x0 and u0 ∈R are the state and control, respec-
tively, �0(x0)∈Rp are known smooth nonlinear functions of x0, and �∈Rp are unknown constant parameters.

In this comment, however, it is shown that there is a possibility that the switching condition, u0(t)¡u∗0 ,
will never be met if �T

0 (x0)�¡ 0, subsequently no switching happens and the control system fails in practical
applications.

To show the problem of the scheme, let us follow the argument of [1], and do further analysis.
When x0(t0) = 0, the control u0 in [1] is given by

u0(t) = x0p0(x0; �̂0) + 
0; if x0p0(x0; �̂0) + 
0¿ u∗0 (2)

where 0¡u∗0 ¡
0; p0(x0; �̂0) =−�T
0 �̂0 −

√
k20 + (�T

0 �̂0)2 with constant k0¿ 0, and parameter estimate �̂0 is

updated by ˙̂�0 = 0x0�(x0) with 0 = T¿ 0.
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The strategy of the control was interpreted as follows: At the initial time t0, x0(t0) = 0, the positive
constant 
0 in u0 drives the state x0(t) away from zero in the positive direction. “Since p0(x0; �̂0)¡ 0,
∀(x0(t); �̂0(t))∈Rp+1 and noticing the structure of the x0 subsystem, u0 starts to decreasing and approaches
zero”.

After detailed analysis, it is found that there is a possibility that u0 never decreases to zero if �T
0 (x0)�¡ 0,

thus the switching condition u0(t)¡u∗0 will never be met if u∗0 is chosen too large.
To show the above statement clearly, substitute (2) into (1) to obtain the closed-loop dynamics of x0-

subsystem as

ẋ0 =−x0(
√
k20 + (�T

0 �̂0)2 − �T
0 �̃0) + 
0; u0(t)¿ u∗0 ; (3)

where �̃0 = � − �̂0. Since the system has been proven to be stable, as time increases, x0 should approach its
equilibrium point xe0 de:ned by

− xe0(
√
k20 + (�T

0 �̂
e
0 )2 − �T

0 �̃
e
0 ) + 
0 = 0; (4)

where �̂ e
0 and �̃ e

0 denote the steady state values of �̂0 and �̃0, respectively.
For analysis purpose, Eq. (4) can be further simpli:ed, under the assumption that �̃0 = 0, i.e. �̂0 = �, as

xe0 =

0√

k20 + (�T
0�)2

¿ 0: (5)

Substituting it into (2), we have the control signal at the equilibrium as

ue0 =
−
0�T

0�√
k20 + (�T

0�)2
: (6)

From (6), it can be seen that

ue0¿ 0; if �T
0�¡ 0: (7)

Apparently, if u∗0 is chosen smaller than ue0, i.e. u
∗
0 ¡ue0, then u0(t) will stop at ue0 and never decreases to u∗0 ,

and the switching condition u0(t)¡u∗0 will never be satis:ed even if t → ∞, thus switching never occurs.
In this sense, the whole control fails. Since � is unknown, ue0 is unknown as well. It is indeed diJcult to
choose such a u∗0 ¿ue0.

Of course, by assuming that �T
0�¿ 0, we have u∗0 ¿ 0¿ ue0, and then the switching condition u0(t)¡u∗0

will be satis:ed as time increases under the ideal condition �̂0 = �. In practice, the dynamic response is more
complicated as the convergence of parameter estimation error is not guaranteed. In fact, the corresponding
equilibrium point is given by

(xe0; u
e
0) =


 
0√

k20 + (�T
0 �̂

e
0)2 − �T

0 �̃
e
0

;
−
0�T

0�√
k20 + (�T

0 �̂
e
0)2 − �T

0 �̃
e
0


 : (8)

For technical correctness, we may assume that �T
0�¿ 0, and measures are taken such that√

k20 + (�T
0 �̂

e
0)2¿�T

0 �̃
e
0, to guarantee the switching condition u0(t)¡u∗0 be met. However, this assumption

severely restricts the class of systems that the controller can be applied to because it is hard or unrealistic to
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know the sign of the unknown drift nonlinear term in practice. Apart from pointing out this technical problem,
no quick :x could be o;ered at this point of time.
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