Consensus Equilibrium Framework for Super-Resolution and
Extreme-Scale CT Reconstruction
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Figure 1: (a) A CT system at 4 view angle with a slice in yellow and a voxel x1 in red. (b), (c) and (d) CT system rotates to

1 and1

>

respectively. () An X-ray at 4 view angle passes through x; and its neighbor voxels and hits the detector with

a measurement y;. The intersection between the X-ray and each voxel is shown as a line segment with a different color for
respectively. (i) Shows the sinusoidal memory layout for x; in
Sinogram. (j) Demonstrate an intersection between two voxel traces.

each. (f), (g) and (h) X-rays pass through x; at ,1 and1
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2 BACKGROUND
2.1 CT System Setup
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Figure 2: (a) Two nodes update two sub-volumes simultaneously and each core of a node updates a different SV in its assigned
sub-volume. (b) Two private SV buffers for efficient data operations and each SV buffer consists of blocks of measurements. (c)
Shows the memory layout for a block with completely regular access pattern.
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2.2 MBIR Formulation
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Figure 3: (a) An LR image with significant noise recon-
structed from 1/4 of the uniformly sampled measurements.
(b) A consensus HR image with much less noise and clearer
details.
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3 METHODS

3.1 Reducing Memory Footprint and Ensuring
Convergence
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Figure 4: (a) A zoom-in on an SV’s sinusoidal band in Sinogram. (b) An SV buffer copied from the band in Sinogram and every
four columns is a block. Yellow cells in the SV buffer are redundant measurements. (c) 4 measurement subsets uniformly
sampled across view angles. The yellow cell redundant measurements are significantly more than those in (b). (d) 4 grouped-
view partitioned subsets. Notice that the redundant measurements are a lot fewer than (c).
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Figure 5: (a) Shows a consensus HR solution with 4 sub-
volumes. (b) Shows 2 LR reconstructions with 4 sub-volumes.
Nodes in the same cabinet update the same color sub-
volumes in v' and v as well as the same color sub-volume
in the consensus solution.
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Figure 6: (a) A zoom-in image of a slice reconstructed by AC-MBIR with a 4.9 times super-resolution. (b) The same slice recon-

structed by interpolation method with more noise and artifacts.
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Table 1: CMC dataset experiments for AC-MBIR with 108 sub-volumes but with different numbers of subsets, G. The left table
is for grouped-view subsets and the right table is for uniform sparse-view subsets. More subsets lead to a rapidly decreasing
memory footprint per node and an increased number of operations. Note that the grouped-view partition with all numbers
of subsets has less memory footprint, shorter runtimes, and fewer computations than the uniform sparse-view partition.
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Table 2: CMC dataset experiments for AC-MBIR with 4 subsets but with different numbers of sub-volumes. The left table is for
grouped-view subsets and the right table is for uniform sparse-view subsets. With more sub-volumes, the memory footprint
per node decreases slowly and the number of operations stays the same. The grouped-view subsets with 1080 sub-volumes
have a 17% smaller memory footprint, a 3.9 times faster runtime, and a 3.3 times higher strong scaling efficiency than the

uniform sparse-view subsets.
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(a) Convergence for grouped-view subsets.
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(b) Convergence for uniform sparse-view subsets.

Figure 7: (a) The CMC dataset convergence plot for Mini-
Batch Gradient Descent and AC-MBIR with 4 and 16
grouped-view subsets. (b) The convergence plot for the two
algorithms with 4 and 16 uniform sparse-view subsets.
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Table 3: Performance comparison for the FeOOH dataset be-
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