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The stability and the stability region of (controlled) iredial systems is an important property to
be determined. The reason for that is that it is highly des#r&o have a system that is globally
stable; that is why stability theory is continuously in tleeds of both theoretical researchers
and industrial partitioner. A substantial part of the diéiet methods described in the literature
is based on the classical results of Lefschetz and La Saihgy @ssuitably chosen Lyapunov
function, see for example [1], [2], [3], [4] and [5].

The subject of this paper is to use the idea of Vanelli and &@ygar [4] to develop a practically
useful algorithm to estimate the stability region (or domed attraction, DOA) of autonomous
nonlinear systems by improving the original method. Varseid Vidyasagar proved that there
exists a sequence of special kind of Lyapunov functibjsthat can be used to estimate the
domain of attraction (DOA). Based on this idea, an iteratngthod has been implemented in a
Mathematica-package to find the appropriate approximditingtionsV/,,.

Estimation method of the domain of attraction Consider a nonlinear autonomous system
x(t) = f(x(t) supposing that the origin is its asymptotically stable Bioggim point. In our
context DOA of the origin is defined by the set

S(0) = {xg : z(t,z9) — 0,t — oo}

wherez(t, zy) denotes the solution of the system corresponding to thialicibnditionz(0) =
xo. Vanelli and Vidyasagar established a result [4] conceytire existence of a so-called maxi-
mal Lyapunov function which can be used for approximatirggDOA.

An open setS which contains the origin coincides with the DOA of the asyntigally stable
steady state = 0, if and only if there exists a continuous functidh: S — R, and a positive
definite functiony) on .S which fulfills the following properties:

e V(0)=0andV(x) >0, foranyz € S\ {0}
o D,V(zg) = lim Y&lro)=Vizo) _ _y (1) vz, € S

t—0+ t
e V(z) — oo asz — 95 and/or||z| — oo.

For the case dR-analytic functionf for which the real parts of the eigenvalues of ma@@f (0)
are negative a second theorem has been established whidkdgz@ sequence of Lyapunov
functions {/,,), which are not necessarily maximal, however can be usedlgr ¢o approximate
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Figure 1: DOA of the Van der Pole system

the DOA. The method is an iterative approach which in eagh fatels a better estimate of the
maximal Lyapunov function in the form of

2 Bi(x)
Vin(x) = =5
DT 0@
whereR; and(@); are homogenous polynomials of degie&he construction o¥,, is relatively

complex involving the solution of a LP problem, but one sldonibt know the solution of the
examined system.

,meN

Example To show the efficiency of the algorithm the DOA of a Van der Pylstem is exam-
ined:
Ty =~y , To=x1 — Tz + 11 T2

The result of the algorithm after 8 iterations can be seemgnla) where the DOA is the region
bounded by the innermost closed red curve within the blue dfeeverify this result, direct
scanning has been applied to the examined relgi@n—3] x [—3, —3]. Black points in Fig. 1(b)
are those from which the system once has been started theajgwtory converges to the origin.
It is seen that the domain found by Vanelli's algorithm is shbset of the full domain and they
almost are equal.

The detailed results and further examples will be presentétk final paper.
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