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1 Motivations 

The observation of the ocean surface using electromagnetic systems (radars for instance) has always 

been a dynamic research area. The stakes are very high for many applications: environmental 

monitoring, military expertise, border control, seaborne trade... From a scientific point of view, one of 

the main challenges is to understand the interaction between electromagnetic waves and sea surfaces 

[2]. This difficult topic has already led to an abundant scientific literature for several decades 

involving wave physics, signal processing and fluid mechanics.  

In the present project, the sea surface is supposed to be a time-evolving random rough surface. Quite 

recently, different studies showed that the dynamics of the electromagnetic wave scattered by such 

rough surfaces can be described by stochastic differential equations. More precisely, these new models 

are based upon nonlinear stochastic differential systems [1,3,4]. This new approach will probably be 

an important source of innovation for maritime environment observation.  

2 Expected Work  

The first purpose of the PhD thesis is to introduce the new stochastic models into well-known signal 

processing algorithms dedicated to maritime remote sensing systems (radar systems). The task will be 

to highlight the performance enhancements obtained thanks to these new models.  

However, the actual aim is to develop new algorithms that take full advantages of these stochastic 

models. Thus, the Phd student is expected to develop innovative signal processing algorithms and new 

theoretical contributions to improve the performances of the remote sensing systems. 

3 Candidate profile 

Candidates should have great skills in applied mathematics, signal processing theory, inverse problem 

and should be familiar with stochastic calculus (Itô integral, Stratonovich integral, stochastic 

differential equations...). A good knowledge in electromagnetics or maritime environment would be 

appreciated. 

 

Due to funding considerations, the candidate has to be French or from EU. 

4 How to apply  

Interested applicants should submit a CV, a description of research interests and arrange for at least 

one letter of recommendation to be sent on their behalf to 

Dr. Arnaud Coatanhay 

ENSTA Bretagne, 2 rue François Verny, 29806 Brest Cedex 9, France 

E-mail: Arnaud.Coatanhay@ensta-bretagne.fr 

 



5 References 

[1] A. Coatanhay, “Analysis of the sea state observability by radar systems: numerical simulations and 

stochastic diffusion modeling”, International Conference on Electromagnetics in Advanced 

Applications (ICEAA), 2015. 

[2] A. Coatanhay, A. Baussard, “Qualitative analysis of the time-frequency signature induced by a 

reflected L-band signal from time evolving sea surfaces”, arXiv :1312.6015, 2013. 

[3] T. R. Field and R. J. Tough, “Diffusion processes in electromagnetic scattering generating K-

distributed noise," Proceedings of the Royal Society of London A: Mathematical, Physical and 

Engineering Sciences, vol 459, no 2037, pp 2169-193, 2003. 

[4] T. R. Field, Electromagnetic scattering from random media. Oxford Science Publications, 2009. 

[5] J. Miranda, A. Camps, J. Gmez, M. Vall-llossera, and R. Villarino, “Time-dependent sea surface 

numerical generation for remote sensing applications”, IEEE International Geoscience And Remote 

Sensing Symposium (IGARSS), 2005. 

[6] B. Oksendal, “Stochastic differential equations. An introduction with applications”, Springer-

Verlag, 6th ed., 2014. 

 


