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Subject

Segmentation of vascular networks from 2D and 3D (bio)medical images has been an active research field
during the last 20 years. Indeed, important information can be obtained from vascular morphology, geometry
and topology, that can help clinician to carry out diagnosis, plan surgical intervention, follow up patients. In
this context, one of the most studied organs is the liver, and the main associated imaging modality has been
CT (X-ray Computed Tomography). For a couple of years, dynamic contrast-enhanced magnetic resonance
imaging (DCE MRI) is gaining an increasing role in hepatic vascular network investigation [9]. The purpose
of this PhD thesis is to propose new image analysis methods and tools for allowing the clinician end-users
to efficiently analyze such data.

Vascular extraction from CT liver image based on vessel enhancement and skeletonization [9].

More precisely, the purpose of this research work will be twofold. On the one hand, the first challenge
will consist of determining vascular features within images. In other words, a local analysis of the image
will aim at determining information about the probability of presence of a vessel [12], its putative size and
orientation [10], its topological coherence [7], etc. Such features will be used as a complementary, high-level
information allowing one to enrich the basic information intrinsically carried by the MR signal. To reach
that goal, we will build upon gold standard vesselness operators and recent advances in the field of low-level
angiographic image analysis, for building novel, efficient vessel-characterization operators.

On the other hand, we will investigate how various hierarchical image models [15] may be used for
developing interactive, feature-based segmentation tools devoted to extract the hepatic networks, but also
to allow for their incremental, real-time and user-friendly refinement and correction [11]. In particular, recent
advances in morphological hierarchies will provide us with a relevant framework for investigating strategies
based on both multiscale analysis [6] of vascular structures (from large, proximal vessels to fine, distal ones)
and topological correction of networks (based in path operators and oriented connectedness [14] for vessel
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reconnection [5]). Other strategy could be explored and combined from the accumulation/confidence based
approach for which implementation are proposed [8].

Building upon a long and successful academic/industrial experience [1, 2], this PhD work will be carried
out in the context of the R-Vessel-X project, funded by the French Agence Nationale de la Recherche. It will
take place at LIRIS, Université Lyon 2, and will also induce strong interactions with Kitware SAS (Lyon),
with the purpose of finally providing ITK open-source software tools (see e.g. [13] for related, previous
works). Other complementary interactions will be encouraged from the development of the DGTal library
[3] and its companion project [4].

Skills

Mandatory: programming (C++ and/or Python), image analysis and processing.
Appreciated: medical imaging, experience with the DGtal Library [3].
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