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Motion-compensated compressed sensing four-dimensional cone-beam CT reconstruction
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Abstract: Restriction by hardware caused the very low projection number at a single phase for 4-dimensional cone beam
(4D-CBCT) CT imaging, and reconstruction using conventional reconstruction algorithms is thus constrained by serious streak
artifacts and noises. To address this problem, we propose an approach to reconstructing 4D-CBCT images with multi-phase
projections based on the assumption that the image at one phase can be viewed as the motion-compensated image at another
phase. Specifically, we formulated a cost function using multi-phase projections to construct the fidelity term and the TV
regularization method. For fidelity term construction, the projection data of the current phase and those at other phases were
jointly used by reformulating the imaging model. The Gradient-Projection-Barzilai-Line search (GPBL) method was used to
optimize the complex cost function. Physical phantom and patient data results showed that the proposed approach could
effectively reduce the noise and artifacts, and the introduction of additional temporal correlation did not introduce new

artifacts or motion blur.
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Fig.1 3D-CBCT image reconstructed from the full projection
with blurs and artifacts on the edge.
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Fig.2 Physical phantom results of a selected phase. A: FDK reconstruction; B: ART-TV reconstruction; C:

Reconstructions using the proposed algorithm.
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Fig.3 A homogenous region (boxed) used to evaluate the
noise.

FOK B IR D2 A A s T VR RURROAR T 5
B (RIS B0 HRE BT T e, Fifved 30 SURHIE AN ]
o MIASCRREH A IR, It 1 45t 5 S, 14
ORI PR KPR, X L BE A vy, PR 300 AR %o 1
o BN TRZEREE T PR o)) Kz )
Bl SRR A I o

B

14
12
£
£ 10
3 .
S s S EE (B)
=3
E 6
< 4 == Phantom dcsign

== Proposed algorithm
2
1 2 3 4 5 6 7 8
Phase

3 Wit

R A A T R R I B

P R ST IR R A 5 52 500 1T Z2 0 T AN [ AR A6 [ 45
Z I ARG . A Serr, F AT 58 43 FI FH 4D-CBCT
AN PRI AH 57 UG ] R RH AR, SRt 5 ) A3 Bl f M
B W ASRARAT 1) BUS AR — R, FE 4 2 2 i
e 5 HAARAT UG R R 2, IRt 5 0

B4 SRR EEERERNTIKEE R (A) UK R R EIE B

Fig.4 Sagittal reconstructed images of the physical phantom (A) and the
corresponding tumor trajectory curves (B).
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Fig.5 Coronal reconstructed images of 5 selected phases. The first column shows the FDK reconstructions and the

second column shows the reconstructions with the proposed algorithm.

6 XTRT 5 MFIRARGI A H A ER AR R K EE G

Fig.6 Reconstructed sagittal images of 5 selected phases. The first column shows the FDK reconstructions and the

second shows the reconstructions with the proposed algorithm.
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Tab.1 Standard deviations of the homogeneous regions for different reconstruction methods

Phasestd P1 P2 P3 P4 P5 P6 p7 P8
FDK 0.0023 0.0025 0.0023 0.0028 0.0026 0.0025 0.0031 0.002
Proposed Algorithm 6.62E-4 9.04E-4 9.17E-4 1.00E-3 8.98E-4 8.77E-4 8.62E-4 6.17E-4
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