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ABSTRACT: A Nal (TD crystal detector array was designed to enable rapid, long-range orien—
tation of radioactive sources. Based on the Monte Carlo method, modeling and numerical simula-
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tions were performed with the Geantd software. The problem of radioactive source orientation
was transformed into a peak—fitting problem by applying a Gaussian fitting algorithm and the least-
squares principle. By solving for the fitting parameters, rapid orientation of y-ray sources were
successfullly achieved. Further research was conducted to examine the effects of various factors
on positioning accuracy, including the distance between the source and the array, the total num-
ber of emitted particles, y-ray energy, the pitch angle of the source relative to the array plane,
and the number of array detectors. The results show that when the radioactive source is located in
the plane of the detector array and the intensity of the rays exceeds 9 rays/cm?, the positioning
error is less than 1°. As the pitch angle of the source increases relative to the array plane, posi-
tioning accuracy gradually decreases. When the pitch angle is less than 30° , the average absolute
error is less than 1°. Positioning accuracy improves siginificantly with an increased number of de-
tectors in the array. For instance, when the number of detectors increased from 12 to 24, the po-
sitioning accuracies at different pitch angles improve by more than 42.9%. However, this improve-
ment comes at the cost of increased array weight, size, and manufacturing cost. In practical appli—
cations, the configuration should be selected based on specific operational requirement.
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Fig. 1 Detector array structure
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Fig.2 Detector structure
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Fig.3 Model of radioactive source positioning
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Fig. 4 Schematic of detector array positioning
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Table 1 Counting of each detector when the radioactive

source is located at different azimuths
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Fitting results of the counting of each detector when the radioactive source is located at different azimuths
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Table 4 Positioning results with different particle total emitted from different azimuths
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