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Abstract In order to solve the problems of traditional characteristic spectral peak recognition and positioning
methods, such as low recognition rate, large positioning error, and being unable to obtain spectral line-shape
function, we propose a characteristic spectral peak recognition and positioning method based on an improved sine
cosine algorithm. A sine cosine algorithm is improved by dynamic conversion probability, and then combines with
the fitting methods of various spectral line-type functions (Gaussian, Lorentzian, and Voigt). The corresponding
positions of characteristic spectral peaks can be obtained by iterative optimization. The improved method can not
only locate characteristic peaks precisely, but can also obtain the line-type function of the spectrum. The

experiments show that the proposed method significantly improves the recognition rate, positioning accuracy, peak

fitting effect, and noise suppression ability for strong, weak, and overlapping peaks.
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Fig. 1 Measured spectrograms. (a) Ho, O; filter; (b) Pr-Nd filter
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Table 1 Characteristic peaks of certified reference materials

for Pr-Nd filters and Ho, O, filters

Ho, O, filter Pr-Nd filter

No. Peak position / Peak Peak position / Peak

nm type nm type

| 241.7 Weak 351.1 Strong
2 279.3 Weak 431.2 Weak
3 288.0 Weak 461.4 Weak
4 333.9 Weak 473.5 Weak
5 347.7 Weak 513.4 Strong
6 360.9 Strong 529.8 Strong
7 381.0 Weak 572.7 Weak
8 385.8 Weak 585.7 Strong
9 418.6 Strong 624.4 Weak
10 446.1 Strong 684.8 Weak
11 453.6 Weak 739.2 Strong
12 460.0 Strong 748.3 Weak
13 473.3 Weak 807.7 Strong
14 484.9 Weak

15 536.6 Strong

16 637.8 Weak

17 649.5 Weak

18 662.4 Weak
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Table 2 Peak recognition rate

Peak recognition rate

Algorithm Strong  Weak Overlapping
peak /  peak / peak /
% % %
Third-order derivative algorithm 100 60" 37.1°
Symmetric zero-area algorithm 100 90~ 56.3
SCA 100 85 59.6
Improved SCA 100 95 87.4

% indicates that the incorrect recognition case exists.
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Table 3 RMSE of spectral peak central wavelength

RMSE /pm
Algorithm Strong  Weak Overlapping
peak peak peak
Third-order derivative algorithm 1.60 8.19 15.71
Symmetric zero-area algorithm — 1.49 7.81 11.33
SCA 1.55 7.88 11.04
Improved SCA 1.53 5.20 9.12

A4 GG IR (E ERR A 7 AR DR 2
Table 4 RMSE of spectral peak value accuracy

RMSE /%
Algorithm Strong  Weak Overlapping
peak peak peak
Third-order derivative algorithm 0.12 3.57 3.91
Symmetric zero-area algorithm  0.16 3.93 3.94
SCA 0.11 3.44 3.50
Improved SCA 0.11 3.20 3.37

#5 BAITHE
Table 5 Run time

Algorithm Time /s
Third-order derivative algorithm 4.61
Symmetric zero-area algorithm 31.37
SCA 30.71
Improved SCA 36.14
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Fig. 2 Wavelength localization results of spectral characteristic peaks with Gaussian white noise of different

signal-to-noise ratios added. (a) Strong peak; (b) weak peak; (c¢) overlapping peak
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