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Evaluation of Line-Scan Imaging System’s Ability to Detect Internal
Defects in Tissue Using Improved Monte Carlo Simulation and
Optical Density Algorithm

Sun Danni, Zhu Qibing’, Huang Min
Key Laboratory of Advanced Process Control for Light Industry, Ministry of Education, School of Internet of
Things Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract We use Monte Carlo simulation and optical density algorithm to evaluate the detection performance of line-scan
imaging system for internal defects of tested samples in this paper. First, a fine division for the irregular tissue boundary of
the internal defects is achieved using a three-dimensional voxel segmentation method, as it is difficult to accurately simulate
the optical transmission of complex tissues by the traditional Monte Carlo method. Then, the effects of the instrument
parameters on the penetration depth of photons in the tissue, the detection depth of the detector, and the diffuse reflectance of
surfaces are analyzed, and the optimal parameter configuration is determined. Finally, the optical density algorithm is used to
evaluate the detection performance of the system for defects with different sizes and depths. The simulation results show that
the line-scan imaging detection system can achieve a good balance between the photon detection depth and the surface
reflectivity, under a light source with an incident angle of 15° and a distance of 1 mm between the light source and detector.
For large (¢=2 mm, /=3 mm, ¢=1 mm), medium (¢=2 mm, /=2 mm, ¢=1 mm), and small (¢=2 mm, 6=1.5 mm, ¢=
1 mm) ellipsoid defects, the defect depth detection limits of the system are 3.5 mm, 3 mm, and 2.7 mm, respectively.
Hence, the study provides a theoretical basis for parameter optimization and performance evaluation of the line-scan imaging
system for detecting the internal defects in agricultural products such as fruits.
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Table 1 Optical properties of defective tissue model
Model Type Parameter Value Reference
Refractive index n, 1.35
Fruit flesh Absorption coefficient zz,; /em ™" 0.1523 [13-17]
Scattering coefficient 1 /cm 4.167
Anisotropy factor g, 0. 66
Heterogeneous tissue Refractive index n, 1. 365
Internal defect Absorption coefficient z,, /cm™' 1.633 [13-17]
Scattering coefficient p,, /cm ™' 4.564
Anisotropy factor g, 0.66
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Fig. 2 Schematic of line-scan virtual imaging system. (a) Line-scan imaging system; (b) line-scan schematic
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Fig. 3 Intersection of photon and voxel boundary
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Table 2 Input parameters for IMC simulation of photon

propagation

Parameter Value

3,000,000

Number of photons

Resolution of depth (d.) ; Resolution
. . 0.1 mm; 0.1 mm;
along x-axis (d,); Resolution along y-

0.1
axis (d,) i
Number of grid elements (2, , y ) 400; 400; 400
Number of tissue types 3

. L . Linear light source;
Profile of the incident light beam . .
Gaussian; 1-mm width

Total energy of the incident light beam 1J

1/€” radius of the incident light beam 0.5 mm
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Fig. 10 Optical density difference curves of small defects with
different depths
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