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The problem of computing a controlled invariant set is a
paradigmatic challenge in the broad field of systems and
control. Indeed, it is for instance crucial in safety-critical
applications, such as the control of a platoon of vehicles
or air traffic management; see for instance [5], where firm
guarantees are needed on our ability to maintain the state in
a safe region (e.g., with a certain minimal distance between
vehicles). In other situations, the dynamical system might
be too complicated to analyze exactly in every point of the
state space, but yet it can be possible to confine the state
within a guaranteed set.

A set is controlled invariant (sometimes also referred to as
viable) if, any trajectory whose initial point is in the set can
be kept inside it by means of a proper control action. Given
a system with constraint specifications on the states and/or
input, the controlled invariant set can be used to determine
initial states such that trajectories with these initial condi-
tions are guaranteed to meet the specifications. Moreover,
in some situations, a state feedback control law can be de-
rived from the knowledge of the controlled invariant set; see
[1] for a survey.

The computation of invariant sets is usually achieved us-
ing either polyhedral computations or semidefinite program-
ming. If the system contains a control input, the computa-
tional complexity of the problem becomes even more chal-
lenging. Indeed, this requires the computation of projec-
tions of polytopes (see e.g., the procedure p. 201 in [2]) or
the parametrization of a family of polytopes [4] when us-
ing polyhedral computations and semidefinite programming
techniques are not directly applicable. The problem of poly-
hedral projection is well known to severely suffer from the
curse of dimensionality.

We give a method based on semidefinite programming to
compute ellipsoidal invariant sets in [3]. A key ingredient
in our technique is that we work in the dual space of the
geometric problem. Given a discrete-time control system

xk+1 = Axk +Buk, xk ∈X

we show that an ellipsoid

EP−1 = {x ∈ Rn | x>P−1x≤ 1}

is controlled invariant if and only if EP−1 ⊆X and
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where E is a projection on Im(B)⊥.

For a system with constraints on the input:

xk+1 = Axk +Buk, xk ∈X , uk ∈U

we show that EP−1 is controlled invariant if and only if there
exists a set

EQ−1 = {y ∈ Rn | y>Q−1y≤ 1}

such that EP−1 ⊆X , EQ−1 ⊆X ×U and(
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All these constraints are LMI-representable, and this allows
us to introduce a new efficient procedure for the computation
of controlled invariant sets. Our general method is presented
in [3] and can be applied to affine hybrid control system, we
only present here the particular case of linear control sys-
tems.
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