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Abstract Aiming at the nonlinear projection decomposition problem in the image reconstruction by dual-energy
computed tomography (DECT), a fast projection decomposition algorithm based on isotransmission line fitting is
proposed. A linearly approximated isotransmission line fitting model is established for high and low energy
projections. Based on the Taylor series expansion, the coarse-grain forward calculation and fine-grain reverse
calculation are used to get the analytical solution with high accuracy, and the isotransmission line equations are
generated. The nonlinear solution problem is transformed into the problem to solve intersections of high and low
energy projection isotransmission lines, and thus the fast decomposition of dual energy projections is realized. The
experimental results show that the proposed method avoids the nonlinear iteration and the projection matching,
reduces noise fluctuation in projection decomposition, and improves the projection decomposition rate significantly.
Compared to the projection matching method, the proposed method improves the decomposition rate by about two
orders of magnitude.
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Fig. 1 Spatial distribution diagrams of (a) high and (b) low energy projections with the combination of
projection decomposition coefficients {C, ,C,}
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Fig. 2 Spatial distribution dlagrams of isotransmission points and fitting lines of (a) high and

(b) low energy projections in the {C,,C;} coordinate system
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Fig. 4 (a) Digital phantom; (b) high energy projection data; (c) low energy projection data
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(a) Reconstruction from low energy projection; (b) profile of red line position in the reconstruction
from low energy projection; (c) reconstruction from high energy projection;

(d) profile of red line position in the reconstruction from high energy projection
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Table 1 Performance comparison of projection decomposition methods

RMSE of water MAD of water RMSE of Al MAD of Al Computation
decomposition decomposition decomposition decomposition time /s
Projection matching method 0.0845 0.5051 0.0138 0.0565 428.56
Proposed method 0.0467 0.2165 0.0143 0.0666 3.27
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Fig. 7 Comparison of image reconstruction based on projection decomposition methods. Image reconstruction using

Decomposition coefficient ecomy

(a) projection matching method and (b) the proposed method and (¢) profile comparison with water as base material;
image reconstruction using (d) projection matching method and (e) the proposed method and (f) profile comparison
with Al as base material; reconstructed DECT images using (g) projection matching method and

(h) the proposed method and (i) profile comparison
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Fig. 8 Estimation of normalized (a) high and (b) low energy spectrum distributions
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