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Context
Atmospheric turbulence has an important impact on RF and optical signal propagation, on
both their phase and amplitude: for example, ionospheric scintillation impacting GNSS Lband signals or tropospheric turbulence impairing SAR imaging and link-budget of wireless
optical links.
Propagation tools have been already developed to estimate the phase and amplitude of
electromagnetic signals through a turbulent atmospheric layer. They mainly use a spectral
Kolmogorov representation to model the turbulence, both for the troposphere and the
ionosphere. However, turbulent structures exhibit multiscale anisotropy features that are
not correctly modeled by the Kolmogorov spectrum [1, 2]. Moreover, the error made using
Kolmogorov’s representation in propagation tools has not been assessed yet.

Objectives
The main objective of this PhD is to propose a multiscale model for the atmospheric
turbulence (ionosphere and troposphere), based on multi-fractal developments, scattering
moments and hydro-dynamic models of the atmosphere, in order to better fit the physical
characteritics of traversed media. For this purpose, three main steps are then followed:
• to assess the error of Kolmogorov representation vs multiscale developments;
• to model an accurate and fast atmospheric model based on a multiscale representation (wavelets and scattering moments [3]);
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• to implement multi-scale schemes in the propagation tools using SSW formalism,
without increasing the computation time;
• to retrieve medium physical parameters from real data.
This thesis project will follow the following steps:
• state-of-the-art on multi-scale solutions and SSW propagation formalism;
• state-of-the-art on tropospheric and ionospheric turbulence and scintillation;
• assessment of the error between physic-based models, multi-scale modelling and
Kolmogorov spectrum for the estimation of propagation parameters (amplitude and
phase);
• data processing to characterize tropospheric and ionospheric medium physics using
the parameters of the multiscale representation.

Applying
Candidates should demonstrate skills in one or more of the following fields: mathematics,
signal processing, numerical simulations, electromagnetic propagation. A good English
level and good writing skills are also requested.
Interested candidates should apply to the CNES website.
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