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Bioluminescence Tomography Reconstruction Based on Simplified
Spherical Harmonics Approximation Model and Sparse Reconstruction
by Separable Approximation

Jin Chen Guo Hongbo Hou Yuqing He Xiaowei

(School of Information Sciences and Technology , Northwest University, Xi'an . Shaanxi 710127, China)

Abstract Bioluminescence tomography (BLT) is a promising optical imaging technique that offers an important role
in pre-clinical medicine research. However, the core issue of BLT, source reconstruction is still a very challenging
ill-posed inverse problem. To overcome the ill-posedness of reconstruciton and obtain accurate quantitative
reconstrucitons remains a challenge. For unique and quantitative reconstructions of the internal bioluminescent
source. diffusion approximation (DA) and simplified spherical harmonics approximation (SPy) with the Monte Carlo
(MC) are compared. The results show that the SP; model which can balance accuracy and speed is the best model in
describing the transmission of photons in the organism. Binding the characteristics which source is distributed in vivo
sparsely, a reconstruction using sparse reconstruction by separable approximation (SpaRSA) algorithm is performed for BLT
based on SPy forward model. In order to verify the validity of the proposed method, in the digital mouse simulation and real
mouse experiment,compared with typical [, _ls algorithm our method has a better performance.
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Table 1 Optical parameters for the mouse organs

Material sto/mm ! ss/mm”!
Muscle 0.1 1.2
Heart 0.21 2.0
Lungs 0.22 2.3
Liver 0.126 0.563

Kidneys 0. 066 2.25

Stomach 0.01 1.74
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Fig.3 (a) 50 biggest nodes of the SPy models and MC method in *=16.4 mm plane with one source; (b) 50 biggest

nodes of the SPy models and MC method in 2=16. 4 mm plane with two sources
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Fig. 4 Reconstruction results of two methods on initial coarse mesh with one sources.

(a) Transverse view of the

reconstruction at = 16. 4 mm by the SpaRSA algorithm, where the black circle represents the real source; (b)

isosurface view of the results by the SpaRSA algorithm; (c¢) and (d) are the corresponding results of the 4, _Is

algorithm
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Fig. 5 Reconstruction results of two methodson refined mesh of the digital mouse atlas model with one sources. (a)

Transverse view of the reconstruction at x=16. 4 mm by the SpaRSA algorithm, where the black circle represents
the real source; (b) isosurface view of the results by the SpaRSA algorithm; (¢) and (d) are the corresponding

results of the /,_/s algorithm
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Table 2 Measurement results of initial coarse mesh with one source

Method Actual position center /mm Recon. position center /mm dig/mm  Recon. density /mm~' Time /s
SpaRSA 11.6.6.3,16.4 11.4.4.8,15.8 1.04 0.017 0.037431
1 _ls 11.6,6.3,16.4 11.1,5.2,16.2 1.04 0.041 0.617696
&3 HOBUE A S WA 0 4G
Table 3 Measurement results of refined mesh with one source
Method Actual position center /mm Recon. position center /mm diz/mm Recon. density /mm ' Time /s
SpaRSA 11.6,6.3,16.4 11.4.,4.8,15.8 0.61 0. 335 0.077591
L _Is 11.6,6.3,16.4 11.1,5.2,16.2 1.02 1. 449 0.739946
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Table 4 Measurement results of initial coarse mesh with two sources

Method ~ Target  Actual position center /mm Recon. position center /mm dig/mm Recon. density /mm '  Time /s
T1 11.6, 10.8, 16.4 12.5,9.7,17.3 1. 60 0.002
SpaRSA 0.055136
T2 11.6, 6.3, 16.4 11.3,5.3,16.4 1. 04 0.019
T1 11.6, 10.8, 16.4 12.5,9.7,17.3 1.61 3.133X10° "
L s 0.413676
T2 11.6, 6.3, 16.4 11.3.5.3.,16.4 1. 04 0.034
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Fig. 6 Reconstruction results of two methods on initial coarse mesh of the digital mouse atlas model with two sources. (a)

Transverse view of the reconstruction at x=16. 4 mm by the SpaRSA algorithm, where the black circle represents

the real source; (b) isosurface view of the results by the SpaRSA algorithm; (c) and (d) are the corresponding

results of the /,_/s algorithm
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Table 5 Measurement results of refined mesh with two sources

Method Target  Actual position center /mm Recon. position center /mm  dig/mm  Recon. density /mm~'  Time /s
T1 11.6. 10.8, 16.4 11.6, 10.2. 16.4 0.58 0.299
SpaRSA 0.064852
T2 11.6, 6.3, 16.4 11.2, 6.4, 16.4 1. 30 0.175
T1 11.6, 10.8, 16.4 12.8, 9.4, 15.6 2.02 6.237X10" "
[ _Is 0.499184
T2 11.6, 6.3, 16.4 11.2, 4.6, 16.0 1. 85 0.196
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Fig. 7 Reconstruction results of two methods on refined mesh of the digital mouse atlas model with two sources. (a)

transverse view of the reconstruction at *=16. 4 mm by the SpaRSA algorithm, where the black circle represents the

real source; (b) isosurface view of the results by the SpaRSA algorithm; (c¢) and (d) are the corresponding results of

the /, _[s algorithm
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Table 6 Optical parameters for the mouse organs

Material st/ mm™! ss/mm™!
Muscle 0.01 1. 26
Heart 0.14 1.08
Lungs 0. 46 2.27
Liver 0.82 0.74

Kidneys 0.15 2.53
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Table 7 Quantitative results on initial coarse mesh of the real mouse

Method Actual position center /mm Recon. position center /mm dig/mm Recon. density /mm '

SpaRSA 21, 27.4, 9.4 20.0, 26.5, 8.8 1.42 0.081
8 FLSL/INRUAN S A I 2 R

Table 8 Quantitative results on refined mesh of the real mouse

Method Actual position center /mm Recon. position center /mm dy/mm Recon. density /mm '
SpaRSA 21, 27.4, 9.4 21.2,27.7, 9.6 0. 38 0.116
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Fig. 10 Reconstruction results of two methodson refined mesh of the real mouse model demonstrate with two sources. (a)
Isosurface view of the results by the SpaRSA algorithm; (b) and (c¢) are transverse view of the reconstruction at
=9 mm and =10 mm respectively by the SpaRSA algorithm, where the red cylindrical object represents the real
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