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Abstract

This paper presents criticism of stability properties of an algorithm of Slotine and Li

(1987). It is shown that the arguments of Slotine and Li for claims on global asymptotic

stability are not sufficient. A counterexample is formulated and is verified by simulation.
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1 fntroduction

Robotic systems intended for autonomous operation need an ability of adaptation to new

and rapidly changing operating conditions. In such a situation various automatic control

methods become important. Craig et øl l3l applied ideas of model reference adaptive

control and developed a regulator and stability proofs. Slotine and Li [13] approached the

problem in a similar way but with weaker assumptions. They presented a regulator that

is linear in the parameters and without any requirement of acceleration measurement.

2. Problem statement

Slotine and Li (1987) recognized the problem with acceleration measurement and the

matrix inversion and tried to solve this problem without acceleration. Their technical

innovation makes use of the skew-symmetric system matrix properties and thereby elimi-

nates the problems of measurement and computation. Stability properties are however not

quite satisfactory with respect to position errors. Elimination of steady-state errors is not

guaranteed in their fundamental algorithm. The authors attempt to modify the algorithm

(Slotine and Li 1987; sec. 2.2.2) to obtain stability but then make formal errors. They

formulate a Lyapunov function candidate containing a linear combination of velocity and.

position error state vectors (" : i + 
^í). 

The suggested Lyapunov function candidate

is not a function of the complete state vector and there is thus a 'forgotten' subspace of

the state. A formal requirement is that the Lyapunov function is a function of all state

vector components and not only a subset thereof. A counterexample to the claim of global

asymptotic stability in (Slotine and Li 1g8z) can be formulated as follows:

Ex¿,tr¡pr,¡ 1-

Define with the notation of Slotine and Li (1987) the transformed state vector

(1)

with the associated Lyapunov function candidate

v" = sr H(q)s (2)

Introduce also the functions

(3)

s = l+ lxl, .¿\ = r\r > 0

sl-=-lvl*l;

2

vt = "TH(q)"t
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Figure 1. Simul¿tion of the example from Slotine and Li ([3]; 

"pp. 1) with Â : Slzxz and
non-zero initial conditions. The upper graph shows the '(Lyapunov function" I/r. The lower
graph shows yr. All grapha va. time [s].

Slotine and Li (1987) show correctly that lrr(ú) and s(ú) converge to zero as the time ú

increases. However, the state vector .el orthogonal to s is not represented in the function

tr¡r. Simulations shows that lz1(t) develops irregularly with time also when s is very small,

see Fig l-. Sometimes it slowly tends towards zero for non-zero initial conditions. In some

sirrmlations of the example, however, yr remains constant and rather large. tr

3. Conclusions

'We 
have shown that the suggested Lyapunov function candidate is not formally correct.

Moreover, the derivative of the suggested Lyapunov function candidate negative definite

only with respect to a subset of the state vector components. Neither is it negative definite

with respect to parameter errors. The stability problems have been verified by simulation.

The arguments presented by Slotine and Li (1987) for a claim on global asymptotic stability

are thus not valid. E
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