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Introduction. The paper is devoted to state estimation problems [1, 2, 3, 4] for nonlinear
uncertain dynamic systems with system states being compact sets. Applying results of ellipsoidal
estimation theory developed for linear control systems we present new approaches that allow to
find set-valued estimates for reachable sets of uncertain nonlinear control systems. Numerical
simulations are also given.

1. Problem Formulation. The paper deals with the problems of control and state estimation
for a dynamical control system

i(t) = A(Da(t) + f(z(t) + G(tu(t), v € R", ty <t < T, 1)
with unknown but bounded initial condition
x(to) =x9, xg € Xg, XoC Rn, (2)

u(t) e U, UC R™, fora.e.te [ty,T). (3)

Here matrices A(t) and G(t) (of dimensions n x n and n X m, respectively) are assumed to be
continuous on ¢ € [ty,T], Xo and U are compact and convex. The nonlinear n-vector function
f(z) in (1) is assumed to be of quadratic type

f@) = (fi(@),.... ful2)), filz) =2'Bix, i=1,...,n, (4)

where B; is a constant n X n - matrix (1 =1,...,n).
Consider the following differential inclusion [5] related to (1)—(3)

#(t) € A()z(t) + f(z(t)) + P(t), for ae. t € [to, T], z(to) = zo € Xo, (5)

where P(t) = G(t)U.

Let absolutely continuous function z(t) = x(t, g, zo) be a solution to (5) with initial state
xo satisfying (2). The differential system (1)-(3) (or equivalently, (5)) is studied here in the
framework of the theory of uncertain dynamical systems (differential inclusions) through the
techniques of trajectory tubes [2]

X()= | {z() = (. to,20)} (6)

ro€Xo

combining all solutions x(-, %y, zo) to (5).

The problem consists in describing and estimating the trajectory tube X (-) of the differential
inclusion (5). The point of special interest is to find the ¢ — cross-section X (¢) of this map that
is actually the attainability domain (reachable set) of the system (1)-(3) at the instant ¢ or to
construct its estimates.
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2. Main Results. The modified state estimation approaches which use the special structure
of nonlinearity of studied control system (1)—(4) and advantages of ellipsoidal calculus [3, 4] are
developed.

We consider here new ellipsoidal techniques related to construction of external and internal
estimates of reachable sets and trajectory tubes of the nonlinear system. Some estimation
algorithms basing on combination of discrete-time versions of funnel equations [6, 2| and
ellipsoidal calculus [3, 4] are given.

Examples and numerical results related to procedures of set-valued approximations of
trajectory tubes and reachable sets are also presented [7]. The applications of the problems
studied in this paper are in guaranteed state estimation for nonlinear systems with unknown but
bounded errors and in nonlinear control theory.
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The present paper deals with dynamical systems having discontinuous trajectories. This
systems may be successfully describe by means of the systems of differential equations with
impulse effect [1].

Using the ideas of Barbashin-Krasovsky [2] to the stability analysis of the periodic impulsive
systems, in [3,4] the sufficient conditions of asymptotic stability and instability of the zero
solutions were obtained with the aid of the second Lyapunov method.

We will discuss the stability problem of the trivial solution of not periodic impulsive systems
of the most general type: with discontinuities at unfixed instants of time

dx
il flt,x), t#7i(x),

Az = Ii(z), t=m(x), i €N,
x(to) = Xy,
where t € Ry, 2 € Q C R", f: R xQ — R" f(t,00 =0; I, : Q — R", [;(0) = 0,
T7i:Q— Ry, 0<7(x) <mx) <...and 73(z) — oo if i — oo.
Let suppose that solution x = z(t) of the system is left continuous.
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