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Motivation

Illustration on a Sample Problem

Convergence

Hybrid dynamical systems feature both continuous
and discrete state and evolution. A current problem in the field of verification is to test a hybrid
dynamical system whether its trajectories attain certain states. For a given set of initial and unsafe
states of a system we need to check whether a system
is unsafe. A system is said to be unsafe if there exist trajectories reaching unsafe states. Finding these
trajectories is the process of falsification.

We have the following hybrid dynamical system with two locations. It features discontinuous right hand
side and a trajectory of a system.

We use verification tools such as HSOLVER
[2], to get a good guess on a starting point x(t0)
and tf , which is near a local minimum corresponding to an error trajectory.

Problem Formulation
Given: Hybrid dynamical system H, set of
initial states I and set of unsafe states U .
Falsify: Find any trajectory x(t), t ∈ [t0, tf ],
of H such that x(t0) ∈ I and x(tf ) ∈ U .

Basic Method
• We

minimize a distance function J(x) to
sets I and U .
• A minimum of J(x) is a candidate for an
error trajectory.
• To improve the speed of convergence we
perform sensitivity analysis according to [1].
• There is a problem in finding a good starting
point x(t0) and tf , hence, the problem with
convergence and uninteresting local
minima.
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if x2(t) ≤ −0.1

Conclusion

if x2(t) ≥ 1.4


























x1(t)
The line x2(t) + 0.1 = 0 gives a switching hyper-surface and when a trajectory x(t) reaches a point
we
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x1(t) − 7.5
jump to a point
and continue with the evolution. Both initial and unsafe set are disks of radius
1.4
0
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equal to four. Set I is centred at
, U at respectively.
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When we use HSOLVER [2], we get that the initial point x(t0) must be in [3.5, 4] × [−6.94, −0.5] and
the end point x(tf ) must be in [−4, −3.5] × [1, 6.94]. Therefore, we can start our optimization near a local
minimum and obtain the result
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and tf = 6.7 ,
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which yields the following error trajectory. It is also optimal according to the Hybrid Maximum Principle.

Our method for the falsification of hybrid dynamical systems is
• easy

to implement
• simple to understand
• applicable on non-linear dynamics
• a complement to verification tools
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Assuming I and U are ellipsoids, then
J(x) ≡ kx(t0) −

2
c I kE I

+ kx(tf ) −

2
cukEU

.

The points cI and cU are centres of I, U respectively.
Matrices EI and EU are symmetric positive definite
and characterize I and U .

Figure 1: One error trajectory of the system.

