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Edge-detecting operator-based selection of Huber regularization threshold for low-dose

computed tomography imaging
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Abstract: Objective To compare two methods for threshold selection in Huber regularization for low-dose computed

tomography imaging. Methods Huber regularization-based iterative reconstruction (IR) approach was adopted for low-dose

CT image reconstruction and the threshold of Huber regularization was selected based on global versus local edge-detecting
operators. Results The experimental results on the simulation data demonstrated that both of the two threshold selection

methods in Huber regularization could yield remarkable gains in terms of noise suppression and artifact removal. Conclusion

Both of the two methods for threshold selection in Huber regularization can yield high-quality images in low-dose CT image

iterative reconstruction.
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Fig.1 Example of Huber regularization with
different thresholds.
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Fig.2 XCAT phantom image and low-dose images reconstructed

(]

from the simulated projection data. A: Image reconstructed by
the FBP method with optimal hanning filter from the projection
data acquired with 580 mAs; B: Image reconstructed by the FBP
method with ramp filter from the projection data acquired with
23.2 mAs; C: Image reconstructed by the PWLS-Huber algorithm
with the global-edge-detecting operator from the projection data
acquired with 23.2 mAs (p=1.0x 10%; D: Image reconstructed by

the PWLS-Huber algorithm with the local-edge-detecting
operator from the projection data acquired with 23.2 mAs
(=9x9, g=1.0x 10°). The display option is [0, 0.03].
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Tab.1 LSNR and rRMSE measured on the ROIs as indicated by the squares in Fig.2A

ROI'1 ROI 2 ROI 3
Method
ISNR rRMSE ISNR rRMSE ISNR rRMSE
FBP 14.78 0.0674 12.90 0.0803 3.59 0.2761
PWLS-Huber (Global) 64.02 0.0187 66.78 0.0217 17.59 0.0683
PWLS-Huber (Local) 64.64 0.0186 67.48 0.0216 17.64 0.0680
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Fig.3 Vertical profiles located at the pixel position x=408
and y from 330 to 360 as indicated by the red line in Fig.2A.
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Fig.4 Local estimate of scale 0 1,( D, q) Bright areas correspond to
larger values of é‘L(p, q). A: n=55; B: n1=99; C: n=13x13; D: n=17x17.
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Fig.5 Images reconstructed by the PWLS-Huber algorithm with

the local-edge-detecting method of different patch size. A: n=5x5;
B: n=9x9; C: n=13x13; D: n=17<17. The display option is [0, 0.03].
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Tab.2 LSNR and rRMSE measures on the ROlIs in Fig.5 with different local patch size

ROI1 ROI2 ROI3
Patch size
ISNR rRMSE ISNR rRMSE ISNR rRMSE
5x5 64.90 0.0185 67.44 0.0216 17.61 0.0679
9x9 64.64 0.0186 67.48 0.0216 17.64 0.0680
13x13 64.32 0.0186 67.39 0.0217 17.63 0.0680
17x17 64.20 0.0186 67.31 0.0217 17.61 0.0681
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