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Applications of random sample consistency algorithm on laser spectroscopy

XIE Shanshan, WANG Zhegiang, HUANG He, CHEN Baobao, WANG Pei, LI Jingsong
(School of Physics and Materials Science, Anhui University, Hefei 230601, China)

Abstract: In order to solve the insufficient of signal process algorithms during the detection of atmospheric trace gas
concentration by wavelength modulation laser spectroscopy technique, a new method of gas concentration inversion based on the
random sample consistency (RANSAC) algorithm was proposed. By choosing the simulation signal and the actual measurement
signal of formaldehyde in the atmosphere as examples, theoretical analysis and experimental study were carried out and compared
with the traditional least square method. The results show that the proposed algorithm has better immunity to noises and outliers.
Especially under the conditions of low signal-to-noise ratio (SNR), the measurement accuracy can be improved by one order of
magnitude. The algorithm shows better reliability and superiority.
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Fig. 1 The flowchart of RANSAC algorithm
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Fig.2 Fitness results of the same data sets by applying LSM and RANSAC
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Fig.3 a~c—the simulated second harmonic signal of formaldehyde with noise level A =10,20,50, respectively e ~ f—the corresponding fitted results by

using LSMand RANSAC algorithms, respectively
Table 1 Fitting results of two harmonic signal of formaldehyde simulation
with different SNR ( adding Gaussian noise with different ampli-

tude A to Y, while keeping X unchanged)

experimental R’ slope
results LSM RANSAC LSM RANSAC
A=0(Rgyg =) 1.0 1.0 2.0 2.0
A=5(Rq; =8.87)  0.9833  0.9935 1.9845  2.0059
A=10(Rgy =6.00)  0.9371  0.9831 2.0183  1.9997
A=20(Rgyg =3.54)  0.8045  0.9412 2.0252  2.0003
A=50(Rg\p =0.64)  0.2654  0.7482 1.6848  1.9083
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Fig.4 a—the experimentally measured second harmonic signal of formalde-
hyde with different concentrations b—the fitting results by using

LSM and RANSAC algorithms, respectively
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Fig.5 a—the experimentally measured second harmonic signal of formalde-
hyde with same concentration ~b—the corresponding fitted results

by using LSM and RANSAC algorithm, respectively
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Table 2 Linear fitting results of formaldehyde spectra under different experi-

mental conditions

sample 1 sample 2
formaldehyde
LSM RANSAC LSM RANSAC
actual ratio 1.20 1.20 1.0 1.0
fitted value 1.1818 1.1818 0.5342 1.0272
correlation coefficient R> 0. 8923 0.9853 0.2111 0.9743

error/ % 1.517 -0.18 46.58
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