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Bioluminescence Tomography Based on Multilevel Adaptive
Finite Element Method

Huang Junlong, Yu Jingjing
School of Physics and Information Technology, Shaanxi Normal University, Xi'an, Shannxi 710119, China

Abstract Bioluminescence tomography (BLT) is a new optical molecular imaging technique that utilizes the light
intensity information on the surface of biological tissues to reconstruct the three-dimensional distribution of the
internal bioluminescent source. The source reconstruction of BLT has serious morbidity due to the limited
measurements of light intensity and the complicated structure of biological tissue. A multilevel adaptive finite
element method for BLT is proposed, which is combined with the permissible regional-shrinking strategy to improve
the quality of the reconstruction. Simulations of single-source and double-source based on the digital mouse model
are designed to assess the localization ability of light source and the quantification ability of energy density of the

method, respectively. The results show that the proposed method can significantly improve the positioning accuracy

and energy density of the light source.
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Table 1 Optical parameters of the digital mouse model

Item Muscle Heart Stomach Liver Kidney Lung
t. /mm”! 0.10 0.21 0.01 0.126 0.066 0.22
#, /mm! 1.20 2.00 1.74 0.563 2.25 2.30
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Fig. 2 (a) Digital mouse model; (b) surface light intensity distribution of the forward grid
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Tabel 2 Reconstruction results of single-source simulation

Method Reconstruction position center /mm die /mm Reconstruction density /(nWemm ™ *)
L1-LS (11.68,11.50,20.29) 2.072 3.728 X10°°
L1-LS/MAFEM(a=70%) (10.57,10.81,19.53) 1.629 5.728X107"
L1-LS/MAFEM (a=40%) (9.94,12.18,19.27) 0.353 9.791x10 *
L1-LS/PRS-MAFEM (9.83,12.13,19.93) 0.198 9.899X10 *
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Table 3 Reconstruction results of double light source simulation

Method Target Reconstruction position center /mm d;rx /mm Reconstruction density /(nWemm *)
LIS S1 (10.55,10.31,18.97) 2.378 1.851X10°
S2 (11.12,10.89,19.29) 2.677 9.920X10°°
S1 (9.69,9.22.19.49) 1.119 3.738 <10 *
L1-LS/MAFEM(a=70%) . .
S2 (9.99,11.63,18.71) 1.346 1.554X107°
S1 (9.51,8.43,18.28) 0.887 2.103X10°°?
L1-LS/MAFEM(a=40%) )
S2 (10.21,11.88,19.11) 1.359 2.260X10 *
S1 (9.51,8.43,18.27) 0.887 7.698X10""
L1-LS/PRS-MAFEM B
S2 (8.83,12.73,19.11) 0.309 1.078X107°
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