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Image Reconstruction Algorithm for Endoscopic Diffuse Optical
Tomography Based on Effective Detection Area

Qin Zhuanping Zhao Huijuan Zhou Xiaoqing Yang Yanshuang Gao Feng
(Biomedical Engineering and Scientific Instrument Department, College of Precision Instrument and

Opto-Electronics Engineering , Tianjin University, Tianjin 300072, China)

Abstract To reduce the cost of near-infrared endoscopic image equipment and the reconstruction time, a
measurement method based on the effective detection area is proposed and the corresponding algorithm which
simultaneously reconstructs the absorption coefficient and the reduced scattering coefficient is developed. Firstly, the
effective detection area corresponding to an irradiation point is investigated with the Monte Carlo simulation.
Secondly, the image reconstruction algorithm based on the effective detection area is studied. Finally, the impact of
the number of measured points in the effective detection area on the reconstructed results is discussed, and the
developed algorithm is verified by the simulation data. The results show that the reconstructed algorithm based on the
effective detection area has equivalent accuracy to the traditional ones. The fidelities of the reconstructed absorption
and reduced scattering coefficient can be up to 60% and 80% , respectively. The scales and positions of the
reconstruced lesions are both corresponding to the true values and the reconstruction time is reduced by a half. The
detection using the effective detection area and the developed reconstruction algorithm will promote the development
of diffuse optical tomography which is applied to cervical and other tubular organs.
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Fig. 1 Distribution of 16 sources and 16 detectors and the model of the simulated target
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Fig. 2 Distribution of measured amplitudes at 16 probe points with (a) the exact values and (b) the values

interfered by 1% Gaussian noise
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Table 1 Influence of measured points in the effective detection area on the reconstructed results
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M FWHM/ FWHM/ centroid / fidelity/ FWHM / FWHM / centroid / Time /s
fldChty / A mm mm mm % mm mm mm
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16516 total 61 3.8 1.3 0 80. 6 3.8 3.2 0 5.2
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Fig. 3 Image of p,(left column) and ! (right column) with (a) the target and (b) the reconstructed images

horizontal vertical " horizontal ! vertical
i 0.030 = 20 1= 2.0 t
A
0.025 . 0.025 ) = =
/\ _ 16 .16
7. 0.020 [\ 7. 0.020 'E IE
£ / g H
£ £ g 14 g 14
~ 0. f . 0.015 B B
< M0 < 14 12 12 :
0.010 === - 0.010} ===t deeane— 1.0 b— 10l = _z"‘-\\“ ‘ ‘;u,-"“-\- _
— true —true — true — true
0.005 --- reconstructed 0.005 -—-reconstructed 0.8 --- reconstructed 0.8 --- reconstructed|
-20 -15 -10 -5 0 -20 -10 0 10 20 -20 -15 -10 -5 0 -20 -10 0 10 20
2 /mm Y /mm (a) 2 /mm Yy /mm
u, horizontal u, vertical u! horizontal u! vertical
0.030 2.0 2.0
1.8 1.8
0.025
- 1.6 - 1.6
g 0.020 g
E 14 £ 14
< 0015 12 12
0.010 = 1.0 1.0
— true — true — true
--- reconstructed --- reconstructed 0.8 - reconstructed 0.8 - reconstructed
-20 -10 0 10 20 0 5 10 15 20 -20 -10 0 10 20 0 5 10 15 20
2 /mm Yy /mm ®) 2 /mm Y /mm

Kl 4 3Ca) gkt PO I KO AR 5 e b B AR E AR L . () dikk 1 A C(h) k2
Fig. 4 Reconstruction accuracies along the horizontal dashed line and the vertical dashed line through the lesion

center in Fig. 3(a) with (a) the first lesion and (b) the second lesion
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Table 2 Quantification comparison of the reconstructed images with 1% and 2% white Gauss noises
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/Ll

Second lesion
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Noise / = — T L — AT
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% % % %
mm mm mm mm mm mm mm mm
1 62.5 3.8 3.5 96. 1 3.4 3.5 50 4.1 4.8 80. 6 4.3 4.2
2 49 4.1 4 85 4.2 4.6 64 3.8 3.2 112 4.2 3.9
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