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Abstract Image reconstruction with large scale of fluorescence molecular tomography (FMT) data needs a large
amount of computational memory and time. In order to reduce the ill-posedness of FMT and speed up the
reconstruction, an accelerated reconstruction method for FMT based on locality preserving projections (LPP) and
sparse regularization algorithm is presented, combining with the manifold learning and compressive sensing theory.
The original fluorescent multi-projection data is reconstructed. Simulation experiment of non-homogeneous cylinder
single and double goal and real experiment are performed to evaluate the reconstruction effect and time of the
proposed method respectively. Experimental results demonstrate that the proposed method can ensure the accuracy
and resolution of the FMT reconstruction image and reduce the reconstruction time greatly.
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Table 1 Optical parameters for thenon-homogeneous cylinder phantom

Material frar /mm ! st /mm ! Mo /mm ! fton /mm !
Muscle 0.0052 10.8 0.0068 10.3
Heart 0.0083 6.733 0.0104 6.6
Lungs 0.0133 19.7 0.0203 19.5
Liver 0.0329 7.0 0.0176 6.6
Bone 0.006 60.09 0.003 30.74
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Fig. 1 (a) Model of non-homogeneous cylinder phantom; (b) distribution of shot points at plane of Z=15 mm
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Table 2 Quantitative reconstruction results of single sourcenon-homogeneous cylinder

-10 -5 0 5 10

phantom simulation experiments when Cr=16.5

Method LE /mm Dice NRMSE Time /s

IVTCG 0.78 0.43 0.26125 7.5
IVTCG +PCA 0.80 0.42 0.28453 1.2
IVTCG+KL 1.09 0.35 0.28647 5.9
IVTCG+LPP 0.74 0.46 0.24729 0.1
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Fig. 2 (a)-(d) Stereograms of reconstruction results with original data, PCA, K-L transform, LPP;
(e)-(h) 2D cross-section views of the four methods at Z=15mm
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Table 3 Comparison for reconstruction results of single source non-homogeneous cylinder phantom
simulation experiments using IVTCG + LPP with different numbers of excitation nodes
Number of
o LE /mm Dice NRMSE Time /s
excitation sources
3 1.21 0.40 0.35497 0.05
6 1.09 0.40 0.31359 0.07
9 1.03 0.43 0.29584 0.09
18 0.87 0.46 0.25081 0.10
36 0.74 0.46 0.24729 0.10
F 4 N IVTCGHLPP J5 ik i B 51 57 R AL £ 5 52 45 76 5] MR 75 7K 7 F 1 58 1 ol 45 21
Table 4 Comparison for reconstruction results of single source non-homogeneous cylinder phantom
simulation experiments using IVTCG + LPP under different noise levels
Noise level /% LE /mm Dice NRMSE Time /s
5 0.74 0.46 0.24131 0.1
10 0.74 0.46 0.24389 0.1
15 0.75 0.45 0.24729 0.1
20 0.75 0.45 0.25215 0.1
25 0.74 0.45 0.25354 0.1
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Fig. 3 (a)-(d) Stereograms of reconstruction results with original data, PCA, K-L transform, LPP;

(e)-(h) 2D cross-section views of the four methods at Z=15mm
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Table 5 Quantitative reconstruction results of double source non-homogeneous cylinder simulation experiments when Cr =16.5

Method Target LE /mm Dice NRMSE Time /s
T1 0.84
IVTCG 0.48 0.20816 16
T2 0.88
T1 1.05
IVTCG+PCA 0.48 0.36864 1.4
T2 1.09
T1 1.12
IVTCG+KL 0.43 0.46364 6.3
T2 1.13
T1 0.87
IVTCG+LPP 0.53 0.19168 0.12
T2 0.93
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Fig. 4 (a)-(c) Quantitative results of the location error, the normalized root mean square error and

the Dice coefficient with three methods; (d) quantitative comparison of the reconstruction speed with three methods
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Fig. 5 (a)-(c¢) Quantitative results of the location error, the normalized root mean square error and

the Dice coefficient with three methods; (d) quantitative comparison of the reconstruction speed with three methods
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Table 6 Quantitative reconstruction results ofsingle source in real mouse experiment when Cr =16.5

Method LE /mm Dice NRMSE Time /s
IVTCG 1.73 0.25 0.32315 2.5
IVTCG +PCA 1.70 0.33 0.35985 1.5
IVTCG+KL 1.88 0.30 0.35456 1.8
IVTCG+LPP 1.71 0.33 0.30326 0.02
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Fig. 6 (a) Troso model of experimental mouse; (b)-(e) stereograms of reconstruction results with original data,

PCA, K-L transform, LPP; (f)-(i) 2D cross-section views of four methods at Z=7.4mm
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