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Scanning Imaging with Equiangular Fan Beam using Chaotic Laser

1,2%

Zhan Maoxuan', Yang Lingzhen"”, Li Jia', Zhang Yujing', Feng Hanlu'
'College of Physics and Optoelectronics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China;
‘Key Laboratory of Advanced Transducers and Intelligent Control System, Ministry of Education, Taiyuan

University of Technology, Taiyuan 030024, Shanxti, China

Abstract In this study, the size, position, optical characteristic, and structure reconstructions of foreign objects in tissue
simulators are realized using the scanning technology of an equiangular fan beam, a chaotic laser as a laser source, and a
chaotic crosscorrelation signal with delta-like function. Equiangular fan beam scanning systems consist of a collimated
chaotic source and two photodetectors. The chaotic laser collimated by the optical collimator passes through the tissue
simulator and is received by the photodetector. The time-domain information of the chaotic source at different angles is
obtained through the synchronous rotation of the chaotic light source and the photodetector. In the tissue simulator,
crosscorrelation operation is performed on the outgoing and reference signals, and the crosscorrelation peak value is
extracted to obtain the attenuation information of light. The detection of foreign objects in the tissue simulator is
accomplished by comparing the attenuation coefficients of the foreign objects and the simulator. According to the
attenuation induced by the scattering and absorption of light in the phantom, the theoretical model of the crosscorrelation
peak of chaotic signals as projection data is established, and the filtered back-projection algorithm is used to realize the
image reconstruction. The results reveal that the chaotic laser-based scanning imaging method of equiangular fan beams
has a high detection accuracy and can distinguish foreign objects with different attenuation coefficients.
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Fig. 1 Characteristics of chaotic laser. (a) Time series; (b) autocorrelation function
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Fig. 2 Scanning imaging structural diagrams. (a) Parallel beam structure; (b) equiangular fan beam structure; (c) relationship between

parallel beam and equiangular fan beam
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Fig. 3 Simulation result. (a) Phantom information; (b) reconstructed image
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Fig. 5 Reconstruction result of equiangular fan beam tomography based on chaotic laser. (a) Reconstruction result (¢, = 0.0008 mm™");

(b) attenuation coefficient curve (1, = 0.0008 mm ')
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Fig. 6 Cross-correlation peak curves. (a) Cross-correlation peak value of each angle at 8= 0(xz, = 0.0008 mm '); (b) cross-correlation

peak value at point C (z,= 0.0008 mm™")
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Fig. 7 Reconstruction results of equiangular fan beam tomography based on chaotic laser. (a) Reconstruction result (¢, = 0.1589 mm ');

(b) attenuation coefficient curve (z; = 0.1589 mm™"); (c) reconstruction result (xz, = 0.1857 mm™ ") ; (d) attenuation coefficient

curve (£, =0.1857 mm™")
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Fig. 8 Cross-correlation peak value curves. (a) Cross-correlation peak value of each angle at 8= 0°(x; = 0.1589 mm™'); (b) cross-

correlation peak value at point C (¢ =0.1589 mm™'); (c) cross-correlation peak value of each angle at B=0°

(1, =0.1857 mm™"); (d) cross-correlation peak value at point C (z, = 0.1857 mm™")
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Fig. 9 Reconstruction results of equiangular fan beam tomography based on chaotic laser. (a) Reconstruction result (z, = 0.0008 mm ');

(b) attenuation coefficient curve (1, = 0.0008 mm™"); (c) reconstruction result (z; = 0.1589 mm™"); (d) attenuation coefficient curve
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Table 1 Comparison of contrast ratio between two imaging methods
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