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Abstract: Owing to industrialization and the rapid development of modern society, the leakage of dangerous
chemical gases in industrial production seriously endangers the safety of human life and property. Effectively
detecting the presence of contaminated gas and obtaining information on the gas concentration and distribution
have become important topics in gas leakage detection. Uncooled Snapshot Infrared Video Spectrometer
(USIVS) is an ideal hardware scheme that can directly perceive the existence of dangerous chemical gas from
the image and obtain the position of dangerous chemical gas to provide strong support for emergency responses.
However, the sensitivity and spectral resolution of commercial lightweight passive infrared spectral imagers
are relatively limited, and it is difficult to accurately detect the presence of polluted gases using existing
inversion methods. In this study, an infrared video spectral imager is introduced based on an uncooled snapshot
and its applicable data-processing technology. The gas concentration inversion method is used to simulate gas
at different temperatures and optical path lengths, and the inversion results are relatively accurate, with average
errors of 2.88% and 0.61%, respectively. The gas concentration inversion method is tested in laboratory and
outdoor settings. The results show that the algorithm has good stability with average errors of 6.18% and
7.47%. The effective combination of USIVS and data processing technology can quickly and accurately detect
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the presence of polluted gas and provide the gas concentration of each pixel in the image. This in turn can

realize gas cloud concentration inversion, providing a reference for the commercialization and practical

application of this technology in the future.
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Fig.1 Uncooled snapshot infrared video spectral imager physical photo(a) and interior diagram (b)
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Table 1 Specification of USIVS

Wavelength range/nm  Sensitivity NETD/mK  Field of view range  Frame rate  Spatial resolution
7320-8020 0.2169

9830-10530 0.3262

9130-9830 0.2015

8350-9050 0.2219

9460-10160 0.3221 12.0°X 14.6° =2Hz 0.55 mrad
8720-9420 0.2397

10200-10900 0.3481

7980-8680 0.2502

7610-8310 0.2438
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Temperature drift
correction

v
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Fig.2 Data processing flow chart of gas concentration inversion
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Fig.3 Single frame image and frame difference image
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Table 2 Relationship between DN value and radiance

conversion
Number of The conversion relationship between DN

channels value and radiance

1 L=1.039¢—02*DN—67.8
2 L=6.427¢—03*DN—39.14
3 L=7.853e—03*DN—48.38
4 L=8.854e—03*DN—56.1

5 L=9.571e—03*DN—60.51
6 L=1.059¢—02*DN—67.71
7 L=6.116e—03*DN—37.35
8 L=8.865¢—03*DN—56.45
9 L=7.813¢—03*DN—49.57
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Fig.5 Full-link response model of gas detection in uncooled snapshot infrared video spectrometer
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Table 3 Inversion simulation of 100 ppm sulfur hexafluoride gas

concentration at different temperatures

Gas Set Simulated ]
Relative
temperature/  concentration/ concentration/
) error/%
C ppm ppm
15 100 101.40 1.40
20 100 96.21 3.79
25 100 97.05 2.95
30 100 101.58 1.58
35 100 104.70 4.70
Average error 2.88
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Table 4 Inversion simulation of 100 ppm sulfur hexafluoride gas

concentration under different optical path length

Optical path ~ Set concentration Simulated Relative
length/cm /ppm concentration/ppm  error/%
20 100 100.17 0.17
40 100 100.25 0.25
60 100 100.56 0.56
80 100 99.46 0.54
100 100 101.52 1.52
120 100 100.62 0.62
Average error 0.61
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Fig.8 Gas pool imaging effect
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Table 5 Inversion results of gas pool concentration

True Invert Relative

concentration/ppm concentration/ppm  error/%
5000 4677 6.46
15000 13802 7.99
25000 26564 6.26
35000 32940 5.89
50000 52155 431
Average relative error 6.18
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Table 6 Inversion results of outfield concentration

True Invert Relative
concentration/ppm concentration/ppm error/%
10000 10590 5.90
20000 17760 11.2
30000 28410 5.30
Average relative error 7.47
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Fig9 Imaging effect of nine channel 30000 ppm sulfur
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Fig.10 Gas profile diagram (a) of 30000 ppm sulfur hexafluoride, pseudo-color diagram (b) of 30000 ppm sulfur hexafluoride gas
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