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Weak peak identification of gamma spectrum based on singular value decomposition

CHEN Feng ZHOU Jianbin LIU Yi

(College of Nuclear Technology and Automation Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract  [Background] When performing gamma-ray spectroscopy analysis of samples with low levels of
radioactive nuclide content, the weak peaks are difficult to be identified. [Purpose] This study aims to propose a new
method for identifying peaks in y spectra by utilizing singular value decomposition (SVD) to improve the detection
efficiency of weak peaks. [Methods] Firstly, the matrix construction of spectrum data was improved by transforming
the y spectrum into a two-way cyclic matrix, and singular value decomposition of matrix was performed to get
singular values and singular vectors. Then, the second singular value was selected to reconstruct the matrix and
perform peak finding. Finally, the y spectrum of the radioactive source 'Eu was used as the experimental object, the
peak finding performance of proposed method was compared with that of first-order derivative peak finding,
symmetric zero-area peak finding, and singular value decomposition peak finding. [Results] Comparison result show
that the bidirectional circular matrix SVD peaking method has higher recall rate, precision rate, and F1 value,
achieving 100%, 87% and 0.94, respectively. [Conclusions] The approach of this study can optimize weak peak
detection and offer additional options for peak finding methods.

Key words Weak peak search, Singular value decomposition (SVD), Bidirectional circulant matrix
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Fig.1 Components of bidirectional circulant matrix
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LT ARG, A 4 R K B 100%, 2 1 Rk 3
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Table 1 The peak-finding results of '“Eu spectrum under different processing methods

A B HE F1 5-0&£7 Peak Position
Energy Channel  —p» GayR0 x F) % 0 B 7% 4% # B 48 B% Hankel 5% SVDY XU [f] 4/ 4 45 GammaVision 6.0
/keV First deriva- AP SVD¥! Hankel matrix SVD P& SVD
tive method ~ Symmetric ~ Continuous truncat- Bidiagonal
Zero area ed matrix SVD cyclic matrix
method SVD
85.41 200 200 - 197 — 202 —
295.94 697 697 697 696 697 697 696
488.75 1149 1150 1150 1148 1150 1150 1149
563.91 1326 1327 1326 1325 1327 1328 1327
586.13 1379 1379 1379 1377 1379 1379 1378
678.61 1596 1596 1596 1596 1596 1596 1595
688.64 1620 1620 1619 1620 1620 1620 1619
719.24 1692 — 1692 1692 — 1692 -
755.39 1776 1776 1776 1776 — 1777 1776
810.44 1905 1905 1905 1904 1906 1906 1905
919.28 2162 — 2162 2 160 — 2162 2 161
989.07 2326 2326 2326 2325 — 2326 2325
1004.12 2363 2363 2363 2364 2365 2 364 2362
1122.98 2 640 2 640 2 640 2 640 2 641 2 641 2639
1213.00 2 852 2852 2 852 2 852 2852 2852 2851
1233.81 2900 2900 2900 2900 2901 2901 2 899
1249.98 2938 — — 2937 — 2939 -
1274.06 2996 2 996 — 2 996 — 2997 2 995
1299.19 3054 3054 3054 3052 3054 3054 3053
1433.90 3370 — — 3369 — 3371 3369
1457.58 3426 3426 3426 3425 3427 3427 3425
1529.80 3596 3596 3596 3596 3596 3596 3594
1643.27 3862 3862 — 3861 — 3863 3861
e — 47, 68;205;  45;62;78;  44;269;592; 1096 64; 66;75;78; 48;3 294 45
False peak 2030;2571; 80; 856; 1 331,
2 862; 2 890 2 633;3 045;3 583
R2 TREILIEFSEAIMERE
Table 2 The performance of different processing methods
i TEiiE SEEWER e AR Bx%  FIE
Weak peak  False peak  Average peak  Precision Recall F1 score
shift
— R SR 19 il 0.11 0.73 0.83 0.78
First derivative method
PR HAE 18 3 0.11 0.86 0.78 0.82
Symmetric zero area method
EELEETERE SVD 23 4 0.83 0.85 1.00 0.91
Continuous truncated matrix SVD
Hankel 1% SVD 14 10 0.57 0.58 0.61 0.60
Hankel matrix SVD
X EEIAHFE SVD 23 2 0.65 0.92 1.00 0.94
Bidiagonal cyclic matrix SVD
GammaVision 6 20 1 0.90 0.95 0.87 0.91
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