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Enhancement of computed tomography pulmonary vascular tree based on three-dimensional

structure tensor

BU Rui-rui, WANG Ge, WANG Yuan-jun, WANG Li-jia, NIE Sheng-dong

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Objective To investigate an effective enhancement method for computed tomography (CT) pulmonary vascular
tree by using three- dimensional (3D) structure tensor, based on multiple branches, tiny structure, and lower contrast of
pulmonary vascular tree. Methods The 3D structure tensor of sequence images was firstly constructed; the eigenvalues and

corresponding eigenvectors were calculated. Secondly, 3D diffusion tensor was constructed for anisotropic diffusion

filtering, and three different diffusion methods, including edge enhancing diffusion, coherence enhancing diffusion and

hybrid diffusion with continuous switch, were theoretically analyzed and experimentally compared. Finally, MedVisLab

software was used for qualitatively evaluating 3D visualization of vascular tree and quantitatively evaluating peak signal to

noise ratio (PSNR) and mean structural similarity (MSSIM). Results The qualitative evaluation result showed the tiny

branch structure of pulmonary vascular tree were visible; the number of branches increased; the parted vessel connected; the

surface of blood vessel became smooth. And the quantitative evaluation result showed the PSNR and MSSIM increased

significantly. Conclusion The image enhancement method based on 3D structure tensor effectively enhances the CT

pulmonary vascular tree. And the diffusion effectiveness of coherence enhancing diffusion and hybrid diffusion with

continuous switch are better than that of edge enhancing diffusion.
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Fig.1 Workflow of diffusion enhancement

methods based on 3D structure tensor

EED: Edge enhancing diffusion; CED: Coherence
enhancing diffusion; HDCS: Hybrid diffusion with

continuous switch; 3D: Three-dimensional
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Tab.1 Experimental parameter setting for three diffusion

enhancement methods

Method Parameter

EED p=1,0=1, C=331488, A,=0.02, 7=2, k=1-10
CED p=1,0=1, «a=0.001, A,=0.02, 7=2, k=1-10

HDCS p=1,0=1, a=0.001, A,=0.5, 7=2, k=1-10
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Fig.3 3D visualization results after pulmonary vascular tree enhancement
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Fig.4 3D visualization results after parted vessel enhancement
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Fig.5 3D visualization results after terminal vessel enhancement
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