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We developed a high-precision virtual structure method for coupling
bronchial deformation analysis using the finite element method and bronchial airflow analysis using
the lattice Boltzmann method. This method is suitable for parallel calculation, and high calculation

efficiency was achieved by parallel implementation on a GPGPU. For the construction of bronchial
model, we proposed an automatic detection algorithm and developed a a high-speed method for
constructing voxel mesh. Furthermore, we performed fluid-structure interaction analysis for the
bronchi, airflow analysis inside the bronchioles, and airflow analysis inside a porous medium for
the fine structure of the lung parenchyma, and developed a high-precision multi-scale airflow
analeis method. We also analyzed the relationship between the results of patient specific
morphological analysis of the diaphragmand respiratory physiological data, and established an
approach to develop an index for evaluating respiratory function.
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Fig. 1 Workflow of the automatic detection algorithm for airway outlets: (a)

centerline extraction; (b) determination of the perpendicular disc of the outmost
peripheral airways; (c) marking of the outlet voxels from the disc-volume intersection
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Fig. 4. Flow chart of the coupling algorithm



Fig. 5 The vorticity field in the fluid flow at four different instants
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Fig. 6 Threads map to the fluid nodes (each block maps to a fluid node in the y and z
directions)
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Fig. 7 The reconstructed multiscale 3D-1D-  Fig.8 Simulation results of the entire
0D model for the lung system. (A) The 3D 3D-1D-0D lung model: (A) normalized
model mesh of the trachea inlet. (B) The pressure distribution of lung at t =
linkage between 3D and 1D airway models. 0.1s (B) normalized pressure

(c) The connection between the 1D terminal distribution of lung at t = 1.0s (C)
bronchioles and the lung parenchyma flow rate distributions in the 1D

bronchial tree at t = 1.0s (D) flow
stream line inside the bronchial model
at t = 1.0s.
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