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Fig. 1 Simulation results of absorption lines in different

HWHH of gases with same concentrations
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Fig. 3 Test system overall structure diagram
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Fig. 4 Direct absorption spectra and Lorentz spectra of three background gases
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Table 2 H, O Concentration in three algorithms under background gas of Ar

Test Michell Peak Relative Integral Relative Area Coefficient Relative
Point /ppm Algorithm Error/ % Algorithm Error/ % Algorithm Error/ %

1 12 540 26 243 109. 27 11 849 —5.51 12 708 1. 34

2 15 410 31522 104. 56 14 493 —5.95 15723 2.03

3 19 180 37 166 93.77 17 759 —7.41 19 726 2.85

4 22 430 40 906 82.37 20 384 —9.12 23 026 2.66

5 25 255 43 702 73.04 22 697 —10.13 26 004 2.96
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Algorithms for Calculating the Concentration of Gas Mixture Containting
Different Background Gases in TDLAS Technology
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Abstract Tunable Semiconductor Laser Spectroscopy (TDLAS) is a rapidly developing spectroscopic detection technology,
which is widely used to detect flammable and explosive hazardous gases in the industrial environment. These hazardous gases are
often mixed by various gases. The direct absorption spectrum of gas changes under different background gases which causes
errors in the calculation. This paper proposes a new algorithm of mixed gases under different background gases. The algorithms
of mixed gas concentration under different background gases are discussed, the reasons for Lorentz absorption spectrum changing
under different background gases are studied. The reasons for errors of peak algorithm and integral algorithm in calculating
mixed gas concentration are analyzed. A new method is proposed to fit the Lorentz absorption spectrum by Levenberg-Marquardt
algorithm and to characterize the concentration of mixture by the quadratic fitting of area coefficient and measured concentration.
In the experiment, a gas detection system based on TDLAS technology was built. The laser with a center wavelength of
1 368.59 nm was used. The length of the gas chamber was 30 cm. The water vapor was used as the gas to be tested. Dry air,
nitrogen and argon were used as the background gas. The humidity generator GRZ5013 produces a relative humidity environment
of 40% to 80%. Using the measurement results of the Mitchell-s8000 dew-point meter as a reference value, the quadratic fitting
relationship between the three parameters (the peak, integral and area coefficients of the dry air as the background gas) and the
water vapor concentration of the Mitchell dew-point meter is obtained. The relative errors of the three algorithms in the back-
ground of nitrogen and argon were compared. Experiments show that the maximum relative error of the peak, integral and area
coefficient algorithms under nitrogen are —11.64%, 2.65% and 1.76%, the minimum errors are —7.79%, —0.56% and
—0.54%, and the relative error mean square values are 0. 88% , 0. 03% and 0. 01%. The maximum relative errors of the peak,
integral and area coefficient algorithms under argon are — 109.27%, —10.13% and 2.96%, and the minimum errors are
73.04%, —5.51% and 1. 34% , and the relative error mean square values are 87.51%, 0. 61% and 0. 06%. The area coefficient

is the best concentration algorithm in three with the smallest error and the most accurate results.
Keywords TDILAS; Gas mixture; Concentration algorithm; Lorentz spectrum
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