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Iterative Inversion of Optical Property Parametersof Biological Tissue
Based on Diffuse Reflectance Model
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Abstract: A method based on the iterative inversion estimation of transport mean free path and the
minimum source-detector distance determination was proposed. The method utilizes the idea of iterative
estimation and adaptively changes the minimum source-detector distance to improve the inversion accuracy
of optical property parameters. The study of 29 sets simulation data indicates that the iterative inversion
is not sensitive to the initial value of the transport mean free path, and has a higher robustness. In a
certain extent, the inversion accuracy of the two parameters can be improved. Under the condition of no
noise, the average relative error of the absorption coefficient is 7. 17 % , and the average relative error of
the reduced scattering coefficient is 5. 73%. Compared with the best result of traditional empirical
method for a given minimum source-detector distance, average relative error decreases 1. 73% for the
absorption coefficient and 1. 14% for the reduced scattering coefficient. In the case of 40 ~80 dB for
signal-to-noise ratio, the method can still obtain higher inversion accuracy of optical property parameters.
The error ranges of the absorption coefficient and the reduced scattering coefficient are 8. 46 % ~10. 05 %
and 6.79% ~8.76% , respectively.
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Fig.1 Comparision of the spatially-resolved diffuse reflectance
obtained by the diffusion model and MC simulation
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Table 1 Twenty-nine combinations of u, and y; and their

corresponding transport mean free path used in MC Simulations

Groupy, /cm 1/1!/cm '1" /mm Group ., /cm 1Fz;./cm '/ /mm

1 0. 40 4 2.27 16 2.00 20 0. 45
2 0. 20 4 2.38 17 1. 00 20 0.48
3 0.08 4 2.45 18 0. 40 20 0. 49
4 0. 06 4 2.46 19 0.29 20 0.49
5 0. 04 4 2.48 20 0. 20 20 0.50
6 0.70 7 1.30 21 3.00 30 0. 30
7 0.35 7 1.36 22 1. 50 30 0.32
8 0.14 7 1.40 23 0. 60 30 0. 33
9 0.10 7 1.41 24 0.43 30 0. 33
10 0.07 7 1.41 25 0. 30 30 0.33
11 1. 00 10 0.91 26 2.00 40 0.24
12 0.50 10 0.95 27 0. 80 40 0. 25
13 0. 20 10 0.98 28 0.57 40 0.25
14 0.14 10 0.99 29 0. 40 40 0. 25
15 0.10 10 0.99
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Table 2 Relative error of p, for each group by the

traditional empirical estimation and iterative inversion

F4 TRGFRETENDE p HEHEIRE
Table 4 Relative error of p, for each group with different SNR

SNR Relative error/ %

/dB O dy, dhe di d

Iterative

Relative error/ %

dhin din donin din Iterative
1~5 87.84 15. 68 4,54 6.11 5.74
6~10 10. 99 6. 84 7.17 6.97 6.73
11~15 6. 38 7.45 7.44 7.41 7.01
16~20 7.96 8. 37 9.13 5.31 7.49
21~25 8.09 8. 67 12.15  43.64 8.27
26~29 8.01 8. 88 12.95 61.86 7.79
Average  21.55 9.32 8. 90 21.88 7.17

)*F

R3 HREBREHMERREENSE p WEHEFRE
Table 3 Relative error of y; for each group by the

traditional empirical estimation and iterative inversion

40 94.78 20.13 10.85 11.53 9.24

1~5 60 91.25 18.45 8.48 8.94 8. 87

80  90.15 17.92 7.26  8.53 7.53

40 14.86 10.32 10.65 9.54 8.39

6~10 60 13.25 8.26 8.69 8.85 8.13
80 12.54 7.75 7.95 8.15 7.56

40 11.59 10.48 10.25 9.49 8. 81

11~15 60 9.82 8.02 813 8.57 8.58
80 8.51 7.68 7.54 7.58 7.67

40 11.24 11.84 13.87 11.59 11. 54

16~20 60 8§.85 10.42 11.36  8.47 9.89

80 8.27 9.54 10.25 7.52 8. 84
40 11.25 12.57 17.14 54.27 11.61
21~25 60 9.64 10.84 15.83 50.16  10.94
80 9.15 9.63 14.52 48.59  10.15
40 11.82 12.24 16.69 71.46  10.69
26~29 60 10.03 10.78 14.38 68.58 9. 57
80 9.16 9.97 13.69 65.87 9.03
40 25,92 12.93 13.24 27.98  10.05
Average 60 23.81 11.13 11.15 25.60 9.33
80  22.96 10.42 10.20 24.37 8. 46

Relative error/ %

i din diin din Iterative
1~5 32.18 13. 24 6.75 5. 88 6.22
6~10 12. 48 5. 33 5.15 4.76 5.49
11~15 6.52 5.06 5.27 5. 67 5.957
16~20 4.93 5. 96 7.65 7.51 5.91
21~25 5.21 6.08 10. 25 27.05 5.76
26~29 4.75 5.56 11.57 33.97 5.42

Average 11.01 6. 87 7.77 14. 14 5.73

RS5 AEERETENSA p HEHARIRE
Table 5 Relative error of y; for each group with different SNR
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SNR Relative error/ %
/dB dhin dii diin diin Iterative
40 39.13 15.62 10.16 8.71 10. 09
1~5 60 36.24 13.79 8.68 6. 74 94
80 35.18 13.51 8.23 5. 96 .85
40 16.29 10.52 8.12 7.18 .22
6~10 60 16.02 8.85 7.53 5. 87 .68
80 15.24 8.20 7.14 5.32 82
40 .35 9.13 8. 83 9.51 .41
11~15 60 .25 7.89 7.56 7.27 .84
80 .83 7.68 7.28 6.91 13
40 .16 8.06 10.58 11.29 15
16~20 60 .82 6.73 8.95 9.37

40 .62 10.36 15.24 35.12
21~25 60 .22 9.17 13.59 32.80
80 . 86 8.84 13.21 31.51
40 . 26 9.15 16.64 41.74
26~29 60 . 86 7.59 14.98 37.25
80 6.25 6.78 13.54 36.84
40 14.97 10.47 11.60 18.93
Average 60 13.57 9.00 10.22 16.55
80 12.95 8.53 9.67 15.93
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80 6.34 6.18 8.64 9.02
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