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Fig. 1 Intensity of absorption spectra of three gases in different wavelength ranges
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Table 1 Calibrated measurements of three gases at different integral concentrations

Integrated concentration/(ppmem)

Measured average concentration/(ppmem )

Standard deviation

Relative error/ %

CH,

150 154 7.4 2.72

500 495 13.7 0.94
1100 1127 30.2 2.48
1800 1827 42.3 1.52
3500 3476 43.1 0.67
5000 5082 44.9 1.65
7 000 7116 110.1 1.66
10 000 10 229 190.5 2.29

NH,

800 811 83.7 1.47
1500 1448 86.5 3.45
3000 2 965 46.2 1.15
5 000 4981 73.6 0.38
10 000 10 054 263.7 0.54
20 000 19 907 525.6 0.46

C,H,

80 84 11.1 4.39

150 151 9.1 0.47

300 315 15.6 5.12

500 545 21.6 9.07
1000 996 71.1 0.35
2 000 2028 56.1 1.43
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Fig. 7 Fluctuation of measured values for three gases at different remoting distances
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Table 2 Integrated concentration measurements for three gases at different remoting distances

Distance/m Measured average concentration/( ppmem ) Standard deviation Relative error/ %
CH, (3 500 ppmem)
10 3492 37.3 0.24
20 3435 67.2 1.86
30 3381 59.2 3.40
40 3172 50.2 9.38
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gk
Distance/m Measured average concentration/ ( ppmem ) Standard deviation Relative error/ %
NH; (5 000 ppmem)
10 4 986 66.9 0.29
20 4982 89.3 0.35
30 4 864 89.0 2.72
40 4794 89.2 4.12
C,H, (300 ppmem)
10 310 15.4 3.30
20 308 17.5 2.70
30 299 16.9 0.46
40 284 18.3 5.43
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Abstract: The economic loss and the threat to personal safety caused by the leakage of hazardous chemical
gases in natural gas stations, mining, industrial chemicals, manufacturing, gas pipeline transportation and
other places are huge. It is extremely necessary to strengthen the real-time monitoring and warning of such
hazardous chemical gas leaks. However, traditional detection methods have defects such as slow response,
high maintenance cost, low efficiency, the need for close contact sampling and testing, and the inability to
monitor in real time. In recent years, tunable diode laser absorption spectroscopy has become a key
technology for trace gas detection, with the advantages of fast measurement response and strong
wavelength selectivity. In order to realize real-time, long-distance and non-contact monitoring of
hazardous chemical gas leakage and to improve monitoring efficiency and accuracy, a multi-component
trace gas remote sensing system based on wavelength modulation spectroscopy is proposed. The core of the
system is based on STM32 chip combined with a self-designed driver circuit to control the laser, and the
second harmonic signals of methane, ammonia and acetylene are extracted separately by using different
modulation frequencies to realize simultaneous, real-time and long-distance detection for the mixed gases.
We use wavelength modulated spectroscopy with light intensity modulation amplitude normalization to
make the remote sensing results free from the influence of the echo laser on the signal intensity. By
comparing the direct absorption signal and the second harmonic signal of the gas concentration detected by
the system, it is verified that the wavelength modulation technique has a significant noise suppression effect
and can greatly improve the detection sensitivity and detection distance. Through calibration experiments,
the measurement accuracy and lower detection limits of the system are evaluated. The experiments have
shown that the lower detection limits of the system can reach 87 ppm-m, 212 ppm+*m and 12 ppm-m for
methane, ammonia and acetylene, respectively, and the measurement error is less than 10%. We tested
the remote detection performance of the system over long distances, and the results showed that the remote
detection distance can be up to 40 m. The system provides a multi—component, real-time, synchronous,
high—sensitivity, long—distance and stable performance remote sensing solution for the research and
application of laser trace gas detection, which can be widely used in gas monitoring and early warning of
mine disasters, gas leakage monitoring and early warning of hazardous chemical field stations and
transportation pipeline networks.

Key words: Spectroscopy; Trace gas detection; Multi-component gas; Tunable diode laser absorption
spectroscopy; Wavelength modulation spectroscopy; Gas remote sensing
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