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Limited Angle CT Reconstruction by Simultaneous Spatial and Radon

Domain Regularization based on TV and Data-Driven Tight Frame

Wenkun Zhang, Hanming Zhang, Linyuan Wang, Ailong Cai, Lei Li, Bin Yan'

National Digital Switching System Engineering & Technological Research Centre, Zhengzhou 450002, China

Abstract:

Limited angle computed tomography (CT) reconstruction is widely performed in medical diagnosis and
industrial testing because of the size of objects, engine/armor inspection requirements, and limited scan
flexibility. Limited angle reconstruction necessitates usage of optimization-based methods that utilize
additional sparse priors. However, most of conventional methods solely exploit sparsity priors of spatial
domains. When CT projection suffers from serious data deficiency or various noises, obtaining reconstruction
images that meet the requirement of quality becomes difficult and challenging. To solve this problem, this
paper developed an adaptive reconstruction method for limited angle CT problem. The proposed method
simultaneously uses spatial and Radon domain regularization model based on total variation (TV) and data-
driven tight frame. Data-driven tight frame being derived from wavelet transformation aims at exploiting
sparsity priors of sinogram in Radon domain. Unlike existing works that utilize pre-constructed sparse
transformation, the framelets of the data-driven regularization model can be adaptively learned from the latest
projection data in the process of iterative reconstruction to provide optimal sparse approximations for given
sinogram. At the same time, an effective alternating direction method is designed to solve the simultaneous
spatial and Radon domain regularization model. The experiments for both simulation and real data demonstrate
that the proposed algorithm shows better performance in artifacts depression and details preservation than the
algorithms solely using regularization model of spatial domain. Quantitative evaluations for the results also
indicate that the proposed algorithm applying learning strategy performs better than the dual domains
algorithms without learning regularization model.
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