UNIVERSITA DEGLI STUDI
DI TRENTO

Dipartimento di Matematica

Mercoledi 11 novembre ore 15:00

Aula Seminari — Dipartimento di Fisica

Marta Zoppello

(Universita degli Studi di Padova)

"OPTIMAL CONTROL PROBLEMS FOR SLENDER
MICROSWIMMERS"

ABSTRACT:

The study of the swimming strategies of micro-organisms is attracting increasing
attention in the recent literature, moreover recently is emerging a connection between
swimming and Control Theory. In fact, low Reynolds number swimming can be con-
sidered as a control problem which is linear in the control, and without drift.

We focus on the system of the N-link swimmer, a generalization of the classical Purcell
swimmer [4], that was introduced in [1]. One of the main difficulties in exploiting Con-
trol Theory in order to solve effectively motion planning or optimal control problems
1s the complexity of the hydrodynamic forces exerted by the fluid on the swimmer as
a reaction to its shape changes. Whereas the N-link swimmer model introduced is
simplified and explicit since Resistive Force Theory is used to couple the fluid and the
swimmer. This leads to perform an optimal control study of such system (see [2]).
After proving that the swimmer is controllable in the whole plane when it is composed
by more than 3 links, we show that there exist an optimal swimming strategy which
leads to minimize the time to reach a desired target. Numerical experiments on the
case of N = 3 (Purcell swimmer) suggest that the optimal strategy is periodic, i.e. com-
posed of a sequence of identical strokes. Our results indicate that this candidate for
an optimal stroke indeed gives a z-displacement twice better than the classical Purcell
stroke.

Moreover we address the question of the optimal design for the Purcell 3-link swim-
mer [3]. More precisely we investigate the best link length ratio which maximizes its
displacement. Among a set of optimal strategies of deformation (strokes), we provide
an asymptotic estimate of the displacement for small deformations, from which we
derive the optimal link ratio. Numerical simulations are in good agreement with this
theoretical estimate, and also cover larger amplitudes of deformation.
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