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X-Ray Multi-Spectral CT Imaging Method Based on Subtraction Fusion
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Abstract Based on the analysis of the relationship between the photon intensity received by the detector under the common
energy segment corresponding to different energy spectra, a multi-spectral computed tomography (CT) imaging method
using subtraction fusion is proposed herein. From the analysis of the correlation across the X-ray spectrum using different
X-ray source parameters, we establish a subtraction fusion model involving various energy polychromatic projection
sequences and obtain multiple sequences of the phantom by varying energy. Combined with the subtraction fusion model,
the projection is obtained at different energies, the projection information of the common energy segments is removed using
subtraction fusion, and the projection information of the approximate narrow spectrum is derived. Finally, the expectation-
maximization/ total-variation algorithm is used to reconstruct the image, reduce the noise interference, and improve the
reconstruction quality. Theoretical analysis and experiments show that the proposed method can obtain approximate narrow-
spectrum projection through multi-spectral projection subtraction fusion, which can effectively suppress beam hardening
artifacts and improve CT imaging quality.
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Fig. 1 Diagrams of experimental models. (a) Slice of the silicon used in the simulation; (b) model of silicon cylinder
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Fig. 3 Subtraction fusion results of spectra. (a) Subtraction fusion result of two spectra; (b) subtraction fusion result of

three spectra; (c¢) subtraction fusion result of four spectra
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Fig. 4 Simulation results of reconstruction images before and after subtraction fusion projection. (a) Image reconstructed

with 60 kV polychromatic projection; (b) image reconstructed with 70 kV polychromatic projection; (c¢) image

reconstructed with 90 kV polychromatic projection; (d) image reconstructed with the proposed subtraction fusion
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Fig. 6 Single material experiment results of reconstruction images before and after subtraction fusion projection. (a) Image
reconstructed with 60 kV polychromatic projection; (b) image reconstructed with 70 kV polychromatic projection;
(c) image reconstructed with 90 kV polychromatic projection; (d) image reconstructed with the proposed

subtraction fusion projection

Gray value

01 ___ proposed Lm

0 40 80 120 160 200
Pixel No.

B 7 6 g PR oA 2 b K i 2

Fig. 7 Curves of gray value of reconstruction images at the straight line in Fig. 6
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Fig. 8 Multi-material experiment results of reconstruction images before and after subtraction fusion projection. (a) Image
reconstructed with 60 kV polychromatic projection; (b) image reconstructed with 70 kV polychromatic projection;
(c) image reconstructed with 90 kV polychromatic projection; (d) image reconstructed with the proposed

subtraction fusion projection
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