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Abstract Energy spectrum computed tomography (CT) can use attenuated data of multiple different energy spectra
to obtain narrow energy spectrum projection, which can improve the accuracy of the quantitative characterization of
components. Based on the unknown X-ray energy spectrum, a blind CT separation algorithm is proposed to obtain
the projection of narrow energy spectrum. First, the X-ray multi-energy spectrum forward model with material
prior is established, which can provide energy direction for narrow energy spectrum projection. Second, according to
the Poisson statistical characteristics of the measured data, the constrained optimization problem about the energy
spectrum fitting coefficient vector and the thickness vector is constructed, and the block coordinate descent
algorithm is used to solve the problem. The algorithm can be updated alternately between non-negative matrix
factorization and Gaussian-Newton algorithm. The simulation and experimental results show that compared with the
existing algorithms, the CT images decomposed by the proposed algorithm have fewer hardening artifacts and
noises, and each decomposed projection image conforms to the characteristics of narrow energy spectrum
projections, which can improve the accuracy of obtaining narrow energy spectrum projection.
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Fig. 6 Partially reconstructed images obtained by decomposing 7™, 8", 9™ and 16" projection images by
NMF-GN algorithm and BSS-BE algorithm
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Table 2 Gray mean, standard deviation, and coefficient of variation of each material in partially

reconstructed images of sample 1

Direct reconstructed image (power is 90 kV)
Parameter

8" CT image 16" CT image

Mg Al Mg Al Mg Al
Mean /mm ! 0. 11000 0. 17300 0. 09560 0. 16100 0. 03380 0. 05490
STD /mm ! 0.01290 0. 01400 0. 00691 0. 00682 0. 00262 0. 00291
CV 0. 11800 0. 08110 0. 07190 0. 04240 0. 07850 0. 05500
120 ~ 250
T @ L ®
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Fig. 8 Change curves of average attenuation coefficient of different materials with sequence number of reconstructed image.
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Fig. 9 Reconstructed images and attenuation coefficient curves of sample 2. (a) Directly reconstructed image under 60 kV

voltage; (b) 7™ reconstructed image obtained by NMF-GN algorithm (corresponding energy is 38 keV); (¢) 7"

reconstructed image obtained by BSS-LV-BE algorithm; (d) (e) (f) attenuation coefficient of reconstructed

image (a)(b)(c) at line of Fig. (a)
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