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Fast localization of radiation sources based on Support Vector Machine
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Abstract  [Background] Lost radioactive sources needs to be quickly retrieved, positioning of radioactive source
in complex environment is the key to find the lost radioactive source. [Propose] This study aims to develope a novel
approach for the rapid positioning of orphan sources using a Nal(TI) array detection device. [Method] First of all, by
leveraging the shadow effect between array detectors, a response curve between gamma-ray incidence angles and
counts was obtained through the use of Monte Carlo simulation software. Then, the support vector machine (SVM)
method was employed to establish a predictive mathematical model for the counting rate of array detectors as a
function of gamma-ray incidence angle, utilizing. Finally, a radioactive source localization physical experiment
platform was constructed, and a series of incidence angle response experiments were conducted for the validation of
this approach applied to radioactive source localization under varying conditions. [Results] Eexperimental results
demonstrate that, through the use of the SVM regression prediction model, the maximum average deviation of the
angle is 9.21° whilst the minimum is 1.77° for the angle prediction of an orphan "’Cs point source. [Conclusions]
This method can achieve rapid and accurate localization of an orphan radioactive source.
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Table 1 Angle predictions of MC simulation radioactive

source
S A o 2 0] i 72
Actual angle Predicted angle Absolute deviation
/(%) /(%) /(%)

190 189.41 0.59

200 199.11 0.89

210 209.54 0.46

220 219.91 0.09

230 229.63 0.37

240 239.73 0.27

250 249.83 0.17

260 259.63 0.37

270 269.99 0.01

280 279.73 0.27

290 289.74 0.26

300 299.72 0.28

310 309.78 0.22

320 319.73 0.27

330 329.54 0.46

340 339.25 0.75

350 349.48 0.52

360 362.53 2.53
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Table 2 Prediction of angle response experiment results

S A T £ 7300 i 22 S LI A 7500 i 22
Actual angle Predicted angle Absolute deviation ||Actual angle Predicted angle Absolute deviation
/) /) /) /() /) /)

190 185.40 4.60 280 282.50 2.50

200 195.32 4.68 290 291.94 1.94

210 205.17 4.83 300 300.18 0.18

220 216.04 3.96 310 310.25 0.25

230 225.41 4.59 320 320.46 0.46

240 234.05 5.95 330 329.50 0.50

250 246.48 3.52 340 339.06 0.94

260 257.52 2.48 350 345.07 4.93

270 265.89 4.11 360 353.50 6.50
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Table 3 Results of relative height response experiment

AHX v W AR S A 11402 A1 Sum of the full spectrum counts of each measurement point detector
Relative height /m ] 5 No.1 25 No.2 3% NoJ3 45 No.4 AT Total
0.3 14710 836 27439 608 27 838 795 13933 090 83922 329
0.4 14710 836 27439 608 27 838 795 13933 090 83922 329
0.5 14765 717 27702 879 28 117 655 14 117 337 84 703 588
0.6 14770 562 27758 672 28226407 14 131304 84 886 945
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response experiment
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