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Title: Finite-time control and estimation of some classes of PDEs
Context:
Internet of Things (IoT) is already surrounding us with its new challenges. One of them being
related to the complexity. How to manage complexity of our hyperconnected world? Our
research group aims at developing a new control/estimation framework for taming
complexity of large scale connected systems. Complex hyperconnected systems are made of
different subsystems, described by dynamical models and/or logical models or sometimes
without any known mathematical dynamical model. Here, we will focus on dynamical models
such as ordinary differential equations (ODEs), time-delay systems (TDS), partial differential
equations (PDEs).

Regarding stability issues for interconnected dynamical systems, it is well-known that
connecting two stable systems may not result in a stable one, even if both systems belong to the
same class. Therefore, notion of Finite-Time Stability (FTS) (in conjunction with ISS
property) appeared to be a powerful tool to handle analysis of two (or more) interconnected
systems (of the same class or of different nature). Hence, we will focus on tools to be used when
looking at connection between different dynamical systems involving some classes of PDEs
(e.g. hyperbolic/parabolic PDEs).
Research subject, work plan:

Concerning PDEs, most of the results on control theory for stabilization and estimation are
based on asymptotic or exponential guarantees (see e.g. [1,2,3]) but, up to now, few works in
the literature deal with FTS. Among them, only very few particular PDE (namely, 1D
hyperbolic systems) are concerned: see [4] for systems of conservation laws, and of balance
laws [5] and for 1D Parabolic PDEs, one can point out [6] and [7].
In this PhD thesis, we will investigate general characterizations of FTS property to be used for
control and estimation. On one hand, we will deal with finite-time stability characterization
based on Lyapunov-based techniques. Indeed, a helpful framework using semi-groups (e.g.
abstract formulations in Banach spaces) can be used to extend what it has been done for finitedimensional systems (e.g. [9, 10, 11, 12, 13, 14, 15]) to the infinite-dimensional case. On the

other hand, since Homogeneity theory is known to facilitate finite-time control/estimation, we
will reformulate the above mentioned Lyapunov-based results to obtain a new finite-time
characterization using homogeneity. As a matter of example, as soon as the Lyapunov function
turns out to be homogeneous with a negative homogeneity degree, then the finite-time stability
property straightforwardly follows.
Then, we will design finite-time controllers and observers. To that end, we will mainly follow
the so-called backstepping approach for PDEs [9]. It is worth recalling that in the last decade,
the backstepping method has emerged as a promising and in particular systematic approach for
the design of boundary controllers for systems governed by PDEs [16]. Roughly, the idea of
the backstepping method is to use an invertible Volterra integral transformation to convert a
PDE system (usually unstable) into a stable PDEs (with some nice stability properties), which
is usually called a target system. In addition, one of the most striking features of the
backstepping approach is the possibility to obtain closed-form analytical solutions for the
kernels and for the controllers. Having analytical expressions makes implementation simpler
and more precise. Regarding the observers, collocating sensors in a suitable way (and based on
available measures) at very point-wise locations in the domain at the boundaries will allow to
reconstruct the state of system. The goal is to achieve a finite-time convergence of the observer
to the estimated states.

References:
[1] G. Bastin and J.-M. Coron. Stability and Boundary Stabilization of 1-D Hyperbolic Systems. Birkhäuser Basel,
2016.
[2] L. Baudouin, A. Seuret, and F. Gouaisbaut. Stability analysis of a system coupled to a heat equation.
Automatica, 99:195–202, 2019.
https://doi.org/10.1016/j.automatica.2018.10.021
[3] J.-M. Coron; R. Vazquez; M. Krstic & G, Bastin. Local Exponential $H^2$ Stabilization of a $2times 2$
Quasilinear Hyperbolic System Using Backstepping SIAM Journal on Control and Optimization, 2013, 51, 20052035
https://doi.org/10.1137/120875739
[4] V. Perrollaz and L. Rosier. Finite-time stabilization of 2 × 2 hyperbolic systems on tree-shaped networks.
SIAM Journal on Control and Optimization, 52(1):143–163, 2014.
https://doi.org/10.1137/130910762
[5] Coron, J.-M.; Hu, L. & Olive, G. Finite-time boundary stabilization of general linear hyperbolic balance laws
via Fredholm backstepping transformation Automatica, 2017, 84, 95-100
https://doi.org/10.1016/j.automatica.2017.05.013
[6] J-M. Coron and H-M. Nguyen. Null controllability and finite time stabilization for the heat equations with
variable coefficients in space in one dimension via backstepping approach. Archive for Rational Mechanics and
Analysis, 225(3):993–1023, Sep 2017.
https://doi.org/10.1007/s00205-017-1119-y
[7] N. Espitia, A. Polyakov, D. Efimov, and W. Perruquetti. Boundary time-varying feedbacks for fixed-time
stabilization of constant-parameter reaction-diffusion systems. Automatica, 103:398–407, 2018.
https://doi.org/10.1016/j.automatica.2019.02.013.
[8] M. Krstic and A. Smyshlyaev. Boundary control of PDEs: A course on backstepping designs, volume 16. Siam,
2008.
[9] A. Polyakov, D. Efimov,W. Perruquetti, Finite-time and Fixed-time Stabilization: Implicit Lyapunov Function
Method, Automatica, 2015, Vol. 51(1), 332-340.
https://doi.org/10.1016/j.automatica.2014.10.082.
[10] E. Moulay, W. Perruquetti, Finite time stability and stabilization of a class of continuous systems, Journal of
Mathematical Analysis and Applications, Volume 323, Issue 2, 2006, Pages 1430-1443.
https://doi.org/10.1016/j.jmaa.2005.11.046.

[11] E. Moulay, M. Dambrine, N. Yeganefar, W. Perruquetti, Finite-time stability and stabilization of time-delay
systems, Systems & Control Letters, Volume 57, Issue 7, 2008, Pages 561-566.
https://doi.org/10.1016/j.sysconle.2007.12.002.
[12] T. Menard, E. Moulay and W. Perruquetti, A Global High-Gain Finite-Time Observer, in IEEE Transactions on
Automatic Control, vol. 55, no. 6, pp. 1500-1506, June 2010.
https://doi.org/10.1109/TAC.2010.2045698
[13] F. Lopez-Ramirez, A. Polyakov, D. Efimov, W. Perruquetti, Finite-time and fixed-time observer design:
Implicit Lyapunov function approach, Automatica, Volume 87, 2018, Pages 52-60.
https://doi.org/10.1016/j.automatica.2017.09.007
[14] E. Bernuau, W. Perruquetti, D. Efimov, E. Moulay, Robust finite-time output feedback stabilization of the
double integrator, International Journal of Control, Volume 88 (Issue 3), 2015, Pages 451-460.
https://doi.org/10.1080/00207179.2014.956340
[15] T. Ménard, E. Moulay, W. Perruquetti, Fixed-time observer with simple gains for uncertain systems,
Automatica, Volume 81, 2017, Pages 438-446.
https://doi.org/10.1016/j.automatica.2017.04.009.
[16] T. Meurer. Some perspectives in PDE control. In Proc. 20th IFAC World Congress, Toulouse (F), July 09-14
2017.
[17] I. Karafyllis, M. Krstic. Input-to-State Stability for PDEs. Communications and Control Engineering,
Springer, 2019.

Supervisors
Supervisor: Prof. Wilfrid Perruquetti
Co-supervisor: Dr. Nicolas Espitia
Contact: Wilfrid.perruquetti@centralelille.fr & nicolas.espitia-hoyos@univ-lille.fr

Request Background
Candidates should have a strong background in mathematics and in control systems.
Skills in MATLAB/SIMULINK (mandatory) or Phyton will be appreciated.
Languages: English (mandatory), French (not mandatory).

Salary
Monthly gross salary: between 1800/2100 € (euros)
Monthly net salary: between 1400/1700 € (euros)
(including Social security coverage)

Application deadline
Interested candidates should send a detailed CV, a motivation letter and transcripts of grades to
Prof. Wilfrid Perruquetti (with copy to Dr. Nicolas Espitia) by the 10th of April, 2020.

About the Laboratory
CRIStAL (Research center in Computer Science, Signal and Automatic Control of Lille) is a
laboratory (UMR 9189) of the National Center for Scientific Research, University Lille 1 and
Centrale Lille in partnership with University Lille 3, Inria and Institute Mines Telecom.

CRIStAL was founded on January 1st, 2015 and it is one of the partners of the institute of
interdisciplinary researches IRCICA-USR CNRS 3380.
The laboratory is composed of about 430 members (228 permanent employees and more than
200 non-permanent employees) among whom 24 permanent employees of the CNRS and 31 of
Inria.
Main CRIStAL Research activities involve topics related to major scientific and social issues
such as Big Data, software, image and its uses, human-computer interaction, robotics, control
and supervision of large systems, intelligent vehicle systems, bio-informatics and so on, with
applications in retails, technologies for health, smart grids.

