
Invertible Neural Networks for the backstepping

method
M2 Internship proposal

Practical informations

• Supervisors and contact: Benôıt Appolaire (benoit.appolaire@univ-lorraine.fr), Ludovick Gagnon (lu-
dovick.gagnon@inria.fr), Miha Zaloznik (miha.zaloznik@univ-lorraine.fr)

• Internship duration: 5 to 6 months with funding.

• Projected start of the internship : beginning of April.

• PhD funding possibility: ongoing application through ENACT AI cluster.

Prerequisites

• Be a M2 student.

• Strong background in PDEs and in AI. Having taken a control course will be an asset.

Internship description

The internship consists in investigating Invertible Neural Networks (INN) architectures for the construction
of feedbacks of stabilizable finite dimensional systems. More specifically, we are interested in the backstepping
approach. Assume pA,Bq P MnpRq ˆ Rn and assume

#

x1ptq “ Axptq ` Buptq, t P p0, Tf q

xp0q “ x0 P Rn
(1)

is controllable with Tf ą 0 and u0 P L2p0, Tf q. The controllability implies the rapid stabilization of the
closed-loop system

#

x1ptq “ pA ` BKqxptq, t P p0, Tf q

xp0q “ x0 P Rn
(2)

that is, for any λ ą 0, there exists a feedback uptq “ Kxp., tq such that solution xptq to (2)

}xptq} ď Ce´λt}x0}, t P p0, Tf q.

Many constructions of such feedbacks K exist in the literature. We are interested here in the backstepping
approach, that is, to find an invertible transformation T such that yptq “ Txptq, where y is the solution of the
target stable system

#

y1ptq “ pA ´ µIqyptq, t P p0, Tf q

yp0q “ y0 P Rn
(3)
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The target system (3) is exponentially stable at rate λ if µ “ λ ` maxtλku where tλkunk“1 is the set of
eigenvalues of A. The invertibility of T yields the exponential stability of (1) by choosing y0 “ Tx0

}xptq} ď }T´1yptq} ď e´λt}T´1}}y0} ď Ce´λt}x0}.

The practical computation of T and K might prove to be tedious, especially in the case where (2) is a PDE.
In this internship, we are aiming at investigating different AI approaches to construct Tσ, an approximation

of T . More specifically, we will be interested in approaches extendable to the PDE framework. The philosophy
we want to use is that T is suppose to learn the dynamic between xptq and yptq. We also want to ensure that
Tσ is invertible. A natural extension of the internship is a PhD thesis on the extension for the backstepping
method applied to PDEs, with applications to the reconstruction of solidification process from experimental
datas. [2, 3, 1]
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