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DESCRIPTION OF THE INTERNSHIP: 
 
General context and positioning 
 
Distributed parameter systems allow a realistic representation of industrial processes involving physical 
quantities evolving in time and space. In particular, systems of hyperbolic partial differential equations (H-PDE) 
provide a mathematical description of physical processes involving transport phenomena (transport of matter, 
sound waves, information). Such equations allow, for example, to model wave propagation phenomena, 
electrical transmission lines [1], hydraulic channels [2], drilling devices [3], traffic flows [4], [5], intelligent 
materials and structures, multi-scale and multiphysics systems. These systems are at the origin of complex 
control engineering problems subject to strong constraints in terms of environmental safety and economic 
feasibility. This is the case, for example, for the problem of leak detection in gas pipes. Such leaks can cause 
significant environmental damage and financial losses. It is, therefore, crucial to detect them early. 
Controlling and estimating such hyperbolic systems in real-time is a challenging task due to their distributed 
nature (time and space dependency), the complex nature of the underlying propagation phenomena, and due 
to the physical/economic impossibility of placing sensors and actuators along the entire spatial domain. The 
operational requirements and the high mathematical complexity of these systems explain why traditional control 
methods (usually using spatial discretization) have not been satisfactory when implemented and why new 
approaches had to be considered [7, 8]. 
 
Many approaches have been proposed in the literature to allow the synthesis of stabilizing control laws for 
infinite dimensional systems. Among them, we can mention the platitude controllers [9], the optimal control 
methods [10], the Lyapunov type methods [5], or the backstepping method [11]. The latter consists in finding 
an invertible change of variable (in general, an integral transformation) which transforms the original system into 
a "target system" with a simpler structure, for which the analysis is thus made easier. This technique has allowed 
the explicit synthesis of feedback control laws in many configurations. Extensions to the case of interconnected 
systems (network type), to underactuated systems, or to the case of systems with delays have been the subject 
of recent works [12,13,14].  
 
However, the backstepping method suffers from several practical limitations. The most important one is that 
there is no systematic method for choosing the target system. This target system must be both reachable (i.e., 
there must be an invertible transformation from it to the original system) and simplify the stability analysis. This 
question of the choice of the target system is all the more crucial as the structure of the original system is 
complex. Moreover, as the choice of the target system has direct consequences on the design of the control law; 
the structure of the latter directly influences the behavior of the system in closed-loop (both in transient and 
steady state), as well as its overall performance. Therefore, even if the original system is stabilized, the control 
law may be unsuitable for practical implementation, as it does not satisfy industrial criteria (e.g. robustness 
margins, convergence rate, input saturation, sensitivity). These issues have been mostly neglected in the 
literature. Indeed, the different research works focus, most of the time, only on the stabilization problem. There 
are also other limitations to the backstepping method (related to neglected dynamics or model reduction for 
implementation on real systems), but these are outside the scope of this project. 
 
 
Scientific objectives 
 

Currently, the backstepping method does not take into account the natural physical properties of the 
original system (such as dissipativity, passivity, or reversibility) when choosing the target system. This can lead 
to using the controller to compensate for naturally stabilizing terms (which induces a higher control effort for 



degraded performances). In this context, combining the backstepping method with a Port Hamiltonian Systems 
(PHS) approach [15] can be particularly useful. The PHSs theory allows a structured representation of the physical 
phenomena involved in the system. It is an energy-based approach that is both multiphysical and modular (it 
extends perfectly to systems with a graph structure). Thus, the SHPs approach would provide a physical 
framework for applying the backstepping method. This would lead to a systematic approach to the choice of the 
target system and the introduction of "physical" degrees of freedom (such as the dissipation rate, for example) 
with a clear energetic interpretation, thus making it easier to respect the application performance constraints.  
Encouraging preliminary results have been obtained when applying such an approach to simple systems such as 
the wave equation or the Timoshenko beam [16, 17, 18]. In this internship, we would like to go beyond these 
results in order to generalize such an approach to higher dimensional systems or to networks of interconnected 
systems. 

Thus, the main objective of this internship is to propose a structural representation of the physical 
phenomena involved in the dynamics of linear hyperbolic systems using Port-Hamiltonian Systems. Such a 
representation will facilitate the stability analysis and will allow the definition of a class of target systems for the 
backstepping method that are both attainable and easily parameterized. This will lead to the introduction of 
degrees of freedom in the design of the control law allowing trade-offs between various performance indices. 
Such an approach will also allow the characterization of the stability/robustness margins in terms of physical 
parameters. 
 
- Required skills: 
 
This thesis topic mainly requires good skills in control theory and mathematics (Grandes Ecoles or Master in 
mathematics/control).  Very good results in the engineering curriculum as well as expertise in the topics related 
to partial differential equations will constitute strengths to the proposed subject. The candidate should also 
become familiar with Matlab (numerical methods, simulations) or Python. 
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