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Fig. 1. Schematic of three-dimensional reconstruction with a

Compton camera under far-field conditions.
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Fig. 2. Schematic of the rapid three dimensional (3D) localization method for far-field radioactive sources using Compton camera: (a)

Schematic of 3D localization for far-field radioactive sources based on the vector intersection method; (b) reconstruction result of the

first partition stage in the dual partition method; (c) reconstruction result of the second partition stage in the dual partition method.
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Fig. 3. Top view of the radioactive source arrangement in
the three-dimensional localization experiment, where the de-
flection angle is defined as the angle between the line con-
necting the radioactive source and the coordinate origin O
and the z axis. Case 1: the ¥"Cs source is placed along the 2
axis at distances ranging from 1-4 m; Case 2: the 37Cs
source deviates from the z axis with a deflection angle ran-

ging from 0°-60°.
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Fig. 4. Reconstruction results of the VI and VI-DP algorithms: (a), (b) The reconstructed images of the radiation source on the

imaging plane using the VI algorithm when the camera is located at O1 and O2, respectively; (c) the reconstructed image on the

imaging plane where the radiation source coordinates are located, calculated based on the VI algorithm; (d), (e) the reconstructed

images of the radiation source on the imaging plane after secondary division via DP when the camera is located at O; and O2, re-

spectively; (f) the reconstructed image on the imaging plane where the radiation source coordinates are located, calculated based on

the VI-DP algorithm.
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Fig. 5. Reconstruction results of different 3D reconstruction algorithms: (a) Weight distribution of the source in 3D space recon-

structed by the BP algorithm; (b) source image reconstructed by the BP algorithm; (c) weight distribution of the source in 3D

space reconstructed by the MLEM algorithm; (d) source image reconstructed by the MLEM algorithm.
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Fig. 6. Comparison of localization and imaging accuracy of BP, MLEM, VI, and VI-DP algorithms in Case 1: (a), (b), (c) The local-

ization results of the radioactive source along the z, y and z axes, respectively; (d) imaging angle resolution.
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Fig. 7. Comparison of computational efficiency of BP, MLEM, VI and VI-DP algorithms in Case 1: (a) Memory usage; (b) pro-

cessing time.
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Fig. 8. Comparison of localization and imaging accuracy of BP, MLEM, VI and VI-DP algorithms in Case 2: (a), (b), (¢) The local-

ization results of the radioactive source along the z, y and z axes, respectively; (d) imaging angle resolution.
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Fast three-dimensional localization of far-field radioactive
sources using a Compton camera based on the vector
intersection with dual partition method
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Abstract

The rapid three-dimensional (3D) localization of 7-ray sources using Compton cameras has important
application value in nuclear safety monitoring, nuclear emergency response, and nuclear facility
decommissioning. To solve the problems of heavy computational burden and long reconstruction time in
conventional 3D reconstruction methods for Compton cameras, this study proposes a fast 3D localization
method for far-field radioactive sources based on the vector intersection with dual partition (VI-DP) method. In
this method, the voxel traversal in the 3D imaging space is first transformed into a grid search on a two-
dimensional imaging plane through the vector intersection method. Based on the imaging results of the
Compton camera from different viewing angles, two vectors pointing toward the radioactive source are
constructed, and the spatial intersection point (or the nearest point) of the two vectors is calculated as the
estimated 3D position of the source, thereby significantly reducing the computational complexity. Based on this,
a dual partition method is introduced to dynamically reduce the search range on the imaging plane, and the
search is performed only in regions with a high probability of containing the source, further improving the 3D
localization speed. The experimental results show that the vector intersection method exhibits good 3D
localization performance under different distances or deflection angles, and it can still achieve accurate 3D
localization of the radioactive source at large deflection angles. Compared with the MLEM iterative algorithm,
the 3D localization time is reduced by about one order of magnitude. After coupling the dual partition method,
while achieving higher 3D localization accuracy, the localization speed can be improved by approximately 2-3
orders of magnitude compared with the MLEM iterative algorithm, and by about 1-2 orders of magnitude
compared with the direct BP algorithm. Consequently, the VI-DP method achieves a synergistic optimization
among 3D localization accuracy, imaging angle resolution, and computational efficiency. This study can provide
effective technical support for the rapid and precise localization of radioactive sources in relevant nuclear

scenarios.
Keywords: Compton camera, V-ray, far-field, three-dimensional localization, vector
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