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Abstract  Dual-energy computed tomography (DECT) has been widely used to medical imaging, security
inspection, nondestructive testing, materials science and so on, with its capability to decompose and identify
materials and provide quantified results. DECT technique can accurately decompose two basis materials due to its
performance to acquire the attenuation information of the scanned object at low and high energies. However, when
there are three basis materials, if the direct inverse material decomposition (DIMD) is used to decompose the
materials, the material CT images will contain much noise and artifacts. Therefore, we propose an image domain
multi-material decomposition algorithm for DECT based on dictionary learning (DL) and relative total variation
(RTV), which is called DL.-RTYV for short. The method employs the DIMD to acquire original material images, and
then trains a dictionary to explore the sparsity of the images and improve the accuracy of the material
decomposition. Meanwhile, the RTV is introduced to further reduce the noise and artifacts of the images and
preserve details. In addition, the constrains of mass conservation and the bounds of each pixel are added into the
DL-RTV model to enhance the material decomposition accuracy. Simulation and experimental results indicate that

the DL-RTV method can decompose three kinds of materials accurately, suppress the noise and artifact of the basis
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images and improve the material discrimination. The method is authenticated to be effective and practical, which has

important significance for the development and application of DECT.
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Table 1 Flow chart of the DL-RTV solution

Input:0.,e,T,L,K, and other parameters;
Initialization. F” =0,V” =0,J” =0,k =0,

Stepl : Train dictionary

1 Reconstruct dual-energy CT images;

2 Acquire original material images using the DIMD;
3 Train a dictionary employing the K-SVD method.
Step2 : Decompose materials

0 For k=1:Kdo

1 Update F*" using Eq. (24);

2 Update J »{a,, }™_, using Eq. (28);

3Update V using Eq. (29) ;

4 End for;

Output: Material images tensor F.
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Fig. 1 Dictionaries used in the experiments. (a) Dictionary

of physical phantom; (b) dictionary of turtle;

(c) dictionary of chicken feet
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Fig. 2 Reconstruction results of mouse thorax phantom

by SIRT in high and low energies. (a) High

energy reconstruction image; (b) low energy

reconstruction image
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Fig. 3 Material decomposition results by different algorithms. (a) Bone; (b) soft issue; (c) iodine contrast agent
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Table 2 Quantitative evaluation results of material decomposition by different algorithms

Method
Item Material
DIMD TVMD DLMD RTVMD DL-RTV

Bone 0. 0345 0. 0460 0.0313 0.0337 0.0304

RMSE Soft issue issue 0.1256 0.0975 0.0909 0.0957 0. 0854
1 0.0952 0.0655 0. 0687 0. 0444 0. 0592

Bone 29.243 26.752 30.103 29. 437 30. 353

PSNR Soft issue issue 18.023 20. 224 20. 826 20. 382 21.375
1 20.430 23.678 23.256 27.057 24.555

Bone 0.9612 0.9716 0.9822 0. 9855 0. 9855

SSIM Soft issue issue 0.7228 0.9193 0.9325 0.9359 0.9364
1 0.6754 0.9843 0.9755 0.9542 0.9904

Bone 0. 8860 0.9434 0.9528 0.9534 0.9628

FSIM Soft issue issue 0.6637 0.8822 0.9036 0. 8962 0. 9040
I 0. 5907 0.9352 0.9312 0.9213 0. 9358
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Fig. 5 Material decomposition results by different algorithms. (a) Bone; (b) soft issue; (c) air
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Fig. 4 Reconstruction results of partial turtle projection by

PISSC in high and low energies. (a) High energy

reconstruction image; (b) low energy reconstruction

image
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Fig. 6 Magnified ROI area. (a) DIMD; (b) TVMD; (c¢) DLMD; (d) RTVMD; (e) DL-RTV

5 s DL-RTV ] R AR M 75 PR 52 5[] 6 £ 47 1 3k A
WABNEER GO FA . WERKR X B E fd;
3 3.4 AT A1, DL-RTV i 2 B B 0 45 44 4 22, o <
FLA3 B BT B s N AN 25 MR g T L R 4P 1R R A
T I RE B R A RE O AR B X X XEE CT HOAR 1Y &
EENHAAEENE X,

RFEAFEAE DL-RTV 164 K43 i v i 08 35 L itk
7Tl .. AREEAHI LR — 23
JNA 5.0 mg/mL (ML W, R4 HAE 15 kV A
25 kV NP BFE . 1% T g AR B e
FIGE I 2% 09 S 4 5 R 352, 7 mm Al 435. 8 mm,
I3 B0 B BN 515, B I BT 1 K B R
0.15 mm., fif H1 55 M 2 Oy LR & 720 &G
i FBP it A7 EMR E @ WK 7 Frs, KR KN R
512X512X 2, PR & 9 H[0 0.4] em ' A
[0 0.32]) em ', AR A MR 45 R e 8
Fiw, R BR & D45 [0 0.95] em '
[0 0.9]cm ' FM[0.10.85]em ', B 9 Ny X I
F.GE&FETHBCRE, X B/ReE 0 500k
[0.050.88] em ' A#1[0.150.78] cm™ ', HE 8 1
A1, DIMD ZRA5 (%) 55 BR 5 We 75 Je 22 . 78 B2 2R
BRI RGP R AR, AL meERERN.
TVMD,DLMD,RTVMD 1 DL-RTV % 3% ¥ fiE %
W H TVMD 1 i B 5 0k 38 7, 7 A POkt i
I3k 5 B s RTVMD ME DL 25 [ — S g o I 7
A5 PR IR RO B 22 AR K IX IR F s R H
B8 . XTI ROI-F ik 6 Al A, DL-RTV Re7E B
Mg s, PR3P AR 25 40 JF AR FE S0 ST M . L 3CTIOR

X5 G A, DL-RTV R B GE 77 W] 5 58 T 5 U A
SRR U 55 G At U B3 A LG, DL-RTV 559k fig
T G O R S5 A L 215 B L 3 o o R
O3 RS BE 3T BRAG v R Y R R

7 X)L R IR ARIEE T Y FBP AR,
() = REE B KM ; (b) R AB E 2 K14
Fig. 7 Reconstruction results of chicken feet by FBP in high

and low energies. (a) High energy reconstruction

image; (b) low energy reconstruction image
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Fig. 8 Material decomposition results by different algorithms. (a) Bone; (b) soft issue; (c) iodine
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Fig. 9 Magnified ROI area. (a) DIMD; (b) TVMD; (c¢) DLMD; (d) RTVMD; (e) DL-RTV
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