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Our ultimate research goal is to develop a semi-automated end-to-end medical image through CFD analysis toolkit to provide clinical-time-scale (hours) diagnostic information for disease and injury assessment. This is carried out in the context of a hierachical multiscale modeling approach suitable to represent and investigate patient individual properties of the trachea-bronchial tree. Our co-collaborators at Drexel have focused on a range of imaging modalities and micro-scale (respiratory unit) structural modeling, with particular emphasis on how these structures vary with age and disease.
In the first year of our research, the Penn State group has focused on: 1) the development of a modular framework for the toolkit, where a master script, breath.py has been written to control and interface all of the elements of a clinical assessment. These subcomponents include: 1) CT scan processing (segmentation of lung mask, lobes and airway trees), 2) Airway centerline definition ( skeleton representation, 3) Generation partitioning, 4) Upper branch truncation, 5) Octree based CFD grid generation, 6) Lobe volume filling,             7) Quasi-one-dimensional lower-bronchiole representation using arbitrary polyhedra, 8) Interfacing of macro-to-micro scale representations into a global mesh, 9) Domain decomposition, 10) CFD simulation on parallel systems. Each of these components is semi- or fully-automated. The interfaces for each of these components are defined in a fashion that the user can swap out their own modules while retaining the overall functionality of the system.

The two IMAG Annual Meeting posters that focus on this work provide details of each module as it stands today.
