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Geometric Correction of Fan-Beam X-Ray Fluorescence CT Based on
Local Linear Relationship

Jiang Shanghai', Ma Zhizhen', Luo Binbin' , Zhao Mingfu', Tang Bin',
Shi Shenghui', Wu Decao', Zou Xue', Long Zourong', Zhou Mi*
' Chongqing Key Laboratory of Optical Fiber Sensor and Photoelectric Detection, Chonggqing University of
Technology, Chongqing 400054, China;
2 College of Science, Chongging University of Technology, Chongging 400054, China

Abstract X-ray fluorescence computed tomography (CT) based on an X-ray tubes is affected by many factors,
which thus results in poor image quality. Geometric parameter error is one of the important factors that restrict its
high-quality image reconstruction. In this paper, the influence of the relative position deviation between the two-
dimensional planar phantom and the detector on the projection data is analyzed, and the correction of geometric
deviation parameters is realized with the local linear relationship between the original projection data and the
reprojection data of the original reconstructed image. Geant4 is employed to simulate the fan-beam X-ray
fluorescence CT system with deviation parameters, and simulated projection data are used to verify the correction
method. The results show that the method can accurately calculate the geometric offset to a large extent and
effectively eliminate the influence of geometric parameter error on the reconstructed image. Regarding the
reconstructed image after correction, the information entropy is reduced and the average gradient and standard
deviation are enhanced, with the image quality thus improved.
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Fig. 1 XFCT system. (a) Parallel hole collimated array detector; (b) pinhole collimated array detector
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Fig. 5 Simulation model and related parameters. (a) Geant4 simulation model; (b) phantom parameters;

(¢) geometric offset parameters; (d) array detector parameters

% 6°, LlERE 60 I, RS2 60 NG M IE, &
MR MAE LR 100 2 ASHETF = A a5 8.
TR 1 mm FFAL, SEPRICE 2D F B #R T
A 128 4, FEFFFALRST R 1 mm, W) 5 2 ER 5r
2 mm, L RO S KR 4 RO
IS AE TR I AL B, BN AR5 £ JR R 64 4
R .

TR ZCEE OIS 6 (b) IR . 9866 T8
INTERLSHGE b K, 2OGHERE N 36. 9 keV. K, %¢
St N 37.4 keV, T K, BERELL, i EOLT %K
Vol 25 37 (L P00 B B O R B e s 5 L 42

@)

1.0F

Normalized counts
> = o
- > ®

e
o

0

0 10 20 30 40 50 60 70 80
Energy /keV

21 SpeckCale Z3(
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Parameter Value
Anode target material Tungsten
Tube voltage /kV, 70
Beryllium filter thickness /mm 0.8
Aluminum filter thickness /mm 1.0
Copper filter thickness /mm 0.4
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Fig. 6 Incident X-ray energy spectrum energy spectrum collected by the fluorescence detection unit.

(a) Incident X-ray energy spectrum; (b) energy spectrum collected by the fluorescence detection unit
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Table 2 Geometric parameter error domain and sampling

interval
Parameter x-axis offset /mm  y-axis offset /mm
Error domain [—10, 10] [—10, 10]
Sampling interval 0.5 0.5
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Fig. 10 Offset parameter varies with the number of iterations. (a) x-axis offset parameter correction;

(b) y-axis offset parameter correction
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Table 3 Preset geometric parameters and corrected geometric parameters

Parameter x-axis offset /mm y-axis offset /mm
Preset geometric parameter 3 4
Corrected geometric parameter 2. 69 4. 37
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Table 4 Quantitative comparison between the original image and the corrected image

Parameter Original reconstructed image Corrected image  Percentage of parameter change /%
Information entropy 0. 7184 0.6772 —5.7
Average gradient 0.1219 0.1323 8.5
Standard deviation 20. 1051 21. 0889 4.9
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