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Purpose: Recently, deep learning (DL) approaches have received much attention in many 

fields including medical imaging due to their successful performance and potential, and 

several DL-based methods for dual-energy or spectral CT have also been proposed. However, 

the existing DL-based methods that are aimed at achieving both reconstruction and material 

decomposition have several difficulties in applying to real systems. The performance of the 

DL-based methods largely depend on the amount and the quality of training data, but it is 

usually challenging to obtain enough data for training in DECT. This is because not only does 

the combination of materials vary greatly according to the purposes (i.e., iodine/tissue, 

bone/tissue, liver tissue/fat, xenon or krypton/lung tissue, etc.), but also the pair of x-ray tube 

energies can differ depending on the scanning anatomical target organ or on the patient 

obesity. 

The purpose of this research is to reduce the aforementioned difficulties by proposing an 

energy-flexible algorithm that uses joint sparsity between spectral images to improve image 

quality. 
 

Materials and Methods: The proposed DL network is given one of the sinograms as an 

input and enhances image quality by incorporating another sinogram acquired at different 

energies. We named it the energy-flexible algorithm since other sinograms measured at 

different energy settings can go through the same network that has been trained using 

sinogram data acquired at a preset energy pairs and the algorithm can still enhance the image 

quality. The proposed energy-flexible algorithm is learned not only to find the optimal 

sparsifying transform based on training data but also to minimize the differences in the 

extracted joint sparsity between the images. 
 

Results: The algorithm shows the quantitative improvement compared to the conventional 

methods in the numerical experiments. Additionally, we confirmed that the algorithm is 

applicable not only to the data measured at the energies used for training, but also data 

measured at different energies. 
 

Conclusions: We have developed a data-driven energy-flexible algorithm using joint sparsity. 

The algorithm shows the quantitative improvement compared to the conventional methods in 

the numerical experiments. Additionally, we confirmed that the algorithm is applicable not 

only to the data measured at the energies used for training, but also data measured at different 

energies. 
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