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Abstract ： Spatiotemporal medical imaging is critical in clinic 
applications, such as tomographic imaging of the heart or lungs. As an 
example in PET-CT cardiac imaging, when data is acquired over a 
relatively long period of time (often in the range of minutes), the unknown 
motion of the organs leads to severe degradation in image quality. On the 
other hand, in order to reduce the radiation or conduct fast scanning, the 
low-dose or sparse sampling is often required. Hence, the image 
reconstruction with high spatiotemporal resolution becomes particularly 
important and very challenging in spatiotemporal sparse medical imaging. 
We proposed a new variational model for joint image reconstruction and 
motion estimation applicable to spatiotemporal sparse medical imaging, 
e.g. cardiovascular and pulmonary, which is investigated along a general 
framework that we present with shape theory. This model consists of two 
parts, one that conducts modified image reconstruction in a static setting 
and the other that estimates the motion by sequentially indirect image 
registration. The latter is a new concept termed by us, which is a key 
problem in spatiotemporal image reconstruction, for which we generalize 
the large deformation diffeomorphic metric mapping framework into the 
sequentially indirect registration setting. We also derived the equivalent 
first-order hyperbolic equation constrained optimal control formulation. 



The proposed model is compared theoretically against alternative 
approaches (optical flow based model and diffeomorphic motion model), 
and we demonstrate that the proposed model has desirable properties in 
terms of the optimal solution. We further show that the optimal solution of 
the time-discretized version is consistent with that of the time-continuous 
one. The proposed model is general, which can be used to several 
spatiotemporal sparse medical imaging modalities, such as cone beam CT, 
PET-CT, SPECT-CT, and MRI, etc. 
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