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X-ray computed tomography Monte Carlo simulation based on photon counting detector
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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. 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. 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. The designed PCCT simulation system

can effectively achieve the energy spectrum CT data acquisition and imaging performance analysis.

photon counting computed tomography; Monte Carlo; Penetration and Energy Loss of Positrons and Electrons;

K-edge effect; energy bin
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Platform module
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End 

Phantom

I

II

A

Bone

(1.990 g/cm3)

Iodine/Gadolinium

(4.933 g/cm3/7.90 g/cm3)

B

Muscle

(1.041 g/cm3)

Air

(0.001 g/cm3)

C

Brain

(1.039 g/cm3)

Fat

(0.916 g/cm3)

D

Fat

(0.916 g/cm3)

Muscle

(1.041 g/cm3)

E

Water

(1 g/cm3)

Water

(1 g/cm3)

Imaging geometry parameters

Source-to-detector distance

Source-to-object distance

Size of detector

Size of detector pixels

Projection views per rotation

Value

946.746 mm

538.52 mm

888×16

0.625 mm

360
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