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Prerequisites/Prior Knowledge:

Finding optimally actuated periodic solutions
(gaits) for dynamical systems is a difficult pro-
blem. One particular challenge arises from the
problem’s non-convexity and thus, the need
of a good initial guess that converges to a glo-
bal minimum.

One approach to address this challenge is
the Extended Dynamic Mode Decomposition
(EDMD), a data-driven method that aims to
render the problem convex by approximat-
ing the Koopman operator. This technique
involves lifting the dynamics into a higher-
dimensional, yet linear system.

In this endeavor, your task is to explore va-
rious strategies for constructing such a surro-
gate model. This exploration encompasses ef-
ficient sampling methodologies and the iden-
tification of suitable lifting functions (observ-
ables).
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Figure 1: 1D actuated mass-spring-damper

Mechanical Engineering, Matlab

To start this quest, you will first implement
and analyze an actuated harmonic oscillator
(see Fig. 1) using Matlab. This entails discretiz-
ing the problem in time and employing Mat-
lab’s fmincon solver to tackle the resulting
nonlinear program. Furthermore, this solver
will be instrumental in validating the optimal
EDMD solutions. Subsequently, you will ad-
vance to hybrid dynamical systems, encom-
passing multiple nonlinear dynamics, inclu-
ding nonlinear algebraic equations. As an ex-
ample system, you will study a planar mon-
oped with 5 degrees of freedom (Fig. 2(a)),
which reduces to 2 degrees of freedom when
constrained to vertical motions (Fig. 2(b)). No-
tably, the algebraic equations in the latter sce-
nario are linear, enabling a seamless transiti-
on from the harmonic oscillator framework.

Figure 2: Monoped in 2D (a) and 1D (b)
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