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Regression Arithmetic of Trace Gas Concentration Based on Tunable
Diode-Laser Absorption Spectroscopy
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WANG Tie-dong, Wang Min, Chen Dong, Liu Jian-guo

(Key Laboratory of Environmental Optics & Technology , Anhui Institute of Optics and Fine Mechanics ,
The Chinese Academy of Sciences, Hefei, Anhui 230031, China)

Abstract Trace gas analyzers based on the tunable diode-laser absorption spectroscopy (TDLAS), combined with the long-path
absorption cell, provide high sensitivity, high precision and fast response measurements of trace gases. The interferences caused by
laser noise, electronic noise and optical niose, result in measurement error of the second harmonic signals. Characteristics of the
second harmonic signal with TDLAS are analyzed. Mathematical model of the second harmonic signal is set up. Linear regression
method is used to deal with the second harmonic signal of the measured trace gas using the signal of high concentration gas as the
standard. The relationship between concentrations and corresponding correlation coefficients is also studied. Some measurements of
CO and CO; are presented, and the validity of the arithmetic is proved.
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Fig. 1 Linear regression of the second harmonic of CO; (a) and CO (b)
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Fig. 2 Fitting residual of CO; (a) and CO (b)
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Table 1 Compare and analysis between true and regression concentration of CO,

Regression coefficient

True concentration /%

Correlation coefficient (#?) Regression concentration /% Error /%

a b
11. 84 —0.09 0. 566 0. 988 11. 31 4. 48
9. 87 —0.113 0. 489 0.986 9.78 0. 90
7.9 —0.131 0. 376 0.977 7.52 4. 81
5.92 —0.142 0. 283 0. 967 5.66 4.39
3.95 —0.155 0.194 0. 944 3.88 1. 77
1.97 —0.171 0. 096 0.776 1.92 2.54
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Table 2 Compare and analysis between true and regression concentration of CO

Regression coefficient

True concentration /%

Correlation coefficient (#2) Regression concentration /% Error /%

a b
11. 84 —0.011 0. 559 0. 989 11.18 5.57
9. 87 —0.021 0. 476 0.990 9.52 3.55
7.9 —0.043 0. 388 0.991 7.76 6. 67
5.92 —0. 049 0. 293 0.991 5. 86 1.01
3.95 —0.066 0.195 0. 989 3.9 1. 27
1.97 —0.076 0.109 0.976 2.18 10. 66
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