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X-ray computed tomography Monte Carlo simulation based on photon counting detector

LIAO Yu-ting, WANG Yong-bo, XU Ke-xin, ZENG Dong, BIAN Zhao-ying, HUANG Jing
School of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China

Abstract: Objective Compared with conventional computed tomography (CT), photon counting CT (PCCT) can achieve
multi- parameter imaging, including basic material imaging and virtual monochromatic spectral CT imaging. Nowadays
commercial PCCT has low count rate and limited energy resolution, significantly restricting the wider clinical application.
The PCCT imaging technology is better studied in the paper by systematically introducing X-ray CT Monte Carlo
simulation method based on photon counting detector, and studying in-depth the effect of K-edge effect and energy bin
window width on PCCT image quality. Methods The PCCT imaging system was designed by using PENELOPE simulation
software to configure the photon counting detector. Based on the simulation system, the energy spectrum CT data
simulations of different phantoms were achieved. Finally, the data related to the effect of K-edge effect and energy bin
window width on PCCT image quality were quantitatively analyzed. Results The designed PCCT simulation system
effectively realized the energy spectrum CT data acquisition and imaging performance analysis. The contrast-noise ratio of
contrast agent at K-edge was higher than that of contrast agent not at K-edge. And high-quality images were obtained when
the contrast agent was in the energy bin with suitable window width. Conclusion The designed PCCT simulation system
can effectively achieve the energy spectrum CT data acquisition and imaging performance analysis.
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Fig.1 Flowchart of photon counting computed tomography
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Tab.l Geometry parameters of PCCT simulation system
Imaging geometry parameters Value
Source-to-detector distance 946.746 mm
Source-to-object distance 538.52 mm
Size of detector 888x16
Size of detector pixels 0.625 mm
Projection views per rotation 360
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Fig.3 Structure of physical phantom
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Tab.2 Materials of physical phantom in Fig.3

Phantom A B

C D E

Bone Muscle

(1.990 g/cm”)

- Iodine/Gadolinium Air

(4.933 g/em’/7.90 g/em’) (0001 glem’)

(1.041 g/cm’)

Brain Fat Water
(1.039 g/lem’)  (0.916 g/cm’) (1 g/em’)

Fat Muscle Water
(0.916 g/lem’)  (1.041 g/em’) (1 g/em’)
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Fig.4 PCCT images of different energy bins simulated by PCCT simulation system

Note: All the images are displayed in the same window.
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Tab.3 Differences of material attenuation coefficient of different materials between PCCT simulation system and analytical simulation method

A B © D E
Energy-

. RV MV RD RV MV RD RV MV RD RV MV RD RV MV RD
(<107 (x10%) (%) (x107) (x107) (%)  (x10%) (x107) (%)  (x10%) (x107) (%)  (x10%) (x107) (%)

1 9.95 9.35 6 3.02 289 4 3.01 2.86 5 2.66 2.50 4 3.0 3.10 3
2 7.96 8.36 S 234 224 4 2.33 2.17 7 1.88 1.77 6 224 215 4
3 5.97 5.55 7 209 219 5 2.08 225 8 1.79 1.71 5 2.01 1.89 6
4 3.98 4.09 3 1.79 1.67 7 1.77 1.70 4 1.56 1.44 8 1.81 1.70 6
5 3.38 3.15 7 1.67 1.60 4 1.65 1.58 4 1.39 1.31 6 1.59 1.65 4

Note: RV:Real value; MV:Measured value; RD:Relative differences

Fd TIMNBSLBX 5 B33 43] keV F1[39 49] kev EEETHY
CNR &
Tab.4 CNRs of four ROIs at [33 43] keV and [39 49] keV

CNR [33 43] keV [39 491 keV
ROI 1 2423 20.32
ROI 2 11.55 10.32
ROI 3 6.20 6.65
ROI 4 5.68 5.43

Note: CNR: Contrast-noise ratio; ROIL: Region of interest

CNR(unit:1)

5 10 15 20 25
Width of Energy Bins (unit:bin)

5 #AELERE 2R TH CNRE
Fig.5 CNRs of iodine and gadolinium at different energy bins
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