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Single-Slice-Rebinning Reconstruction Algorithm with
One-Sided Two Helical Scans for X-Ray CT System
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Abstract X-ray computed tomography (CT) has been widely applied as a powerful tool in both clinical medicine and
industrial non-destructive test areas. With the development of flat panel detector in detection efficiency and anti-
radiation property, the cone-beam CT based on the cone-beam source and the flat panel detector has been broadly
used. However, the field of view of cone-beam CT is restricted by the hardware conditions such as detector size,
and thereby the accessibility for larger size object applications is limited. In order to enlarge the field of view of cone-
beam CT, a one-sided two-helical-scan single-slice-rebinning reconstruction algorithm is proposed. By performing
one-sided two helical scans and normalizing the imaging geometries, two groups of helical cone-beam projections are
recombined into one multi-slice parallel-beam projection, whose symmetrical feature is utilized to remove the
transverse truncation in the data obtained, then the parallel-beam projection data covering the complete object cross-
section is obtained, and thus the images are reconstructed by back projection. The experimental results show that
the proposed algorithm can extend the field of view by 2.56 times with comparable imaging quality compared to the
traditional algorithm.
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Fig. 1 Imaging geometry of one-sided two scans in helical cone beam CT. (a) Top view; (b) side view
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Fig. 2 Equivalent imaging geometry of one-sided two scans in helical cone beam CT. (a) Top view; (b) side view
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Fig. 3 Imaging geometry of multi-slice fan-beam projection
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Fig. 4 Imaging geometry of fan-beam projection rebinned to parallel-beam projection
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Table 1 Parameters of the simulation

Parameter 0TS Standard helical scan
Distance from source to rotation axis /mm 100 100
Distance from source to detector /mm 300 300
Shepp-Logan phantom size /(pixel X pixel X pixel) 256 X 256 X 256 256 X256 X 256
Voxel size of phantom /mm 0.05 0.05
Detector size /(pixel X pixel) 200100 200X 256
Pixel size /mm 0.148 0.148
First translation length /mm —800.05 —
Second translation length /mm 0 —
Helical pitch /(voxel X voxel) 160X0.05 160 0.05
Projection of one turn /(%) 360 360
Size of reconstruction voxel /mm 0.05 0.05
Matrix of reconstruction image /(pixel X pixel X pixel) 256 X256 X256 256 X256 X256
Transverse extending ratio 2.56 —
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Fig. 5 Projections at 360° obtained by one-sided two helical scans and standard helical scan. (a) First helical scan;

(b) second helical scan; (c¢) standard helical scan
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Fig. 6 (a) x-y, (b) y-z and (c¢) x-z central slices reconstructed with helical FDK algorithm and

(d) x-y, (e) y-z and (f) x-z central slices reconstructed with the proposed method
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Table 2 Root mean square error of the reconstructed three-dimensional images

Algorithm Value
Helical FDK 0.0034
Proposed 0.0033
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