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Research on infrared imaging technology of gas plumes based on
the Vibe Gases algorithm
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Chinese Academy of Sciences, Hangzhou 310024, China;
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3. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: When a gas leak occurs, it propagates through space in the form of diffusion, typically forming a gas plume
with dynamically stable concentration near the leakage source, which appears as a quasi-static region in infrared images.
This characteristic often causes reduced detection accuracy of conventional moving object detection algorithms in these
regions and makes it difficult to obtain the spatial concentration distribution of the gas. To address this issue, a Vibe
Gases adaptive threshold detection algorithm based on the background subtraction method is proposed, which introduces
improvements in two critical phases of gas plume imaging. During the foreground extraction phase, a foreground
difference matrix is first constructed through gas detection logic and subjected to two-dimensional frequency mapping.
Subsequently, the optimal threshold for separating the foreground and background is calculated by fitting a difference
distribution function using the least squares method. In the background updating phase, a signal matrix of the foreground
gas is established and processed with two-dimensional frequency mapping. The primary signal range is then extracted
through frequency-based high-pass filtering, followed by delayed updates for pixels located within both the gas region
and this primary signal range. The experimental results of infrared detection imaging under stable gas leakage conditions
demonstrate that at a distance of 20 meters, the detection accuracy for ethylene reaches 91. 0% with an Intersection over
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Union (IoU) metric of 89.4%, while at 5 meters, the accuracy for detecting small leaks of sulfur hexafluoride is

81. 3% with an IoU of 80. 7%. The algorithm significantly improves the imaging quality of gas plumes, enhances adaptive

detection capabilities across diverse gases and scenarios, and effectively extracts spatial concentration distributions of

gases.

Key words: gas leakage detection, infrared thermal imaging, foreground detection, adaptive threshold, frequency

analysis
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B WK BE AR U ME 5 o TR
iz B R IR | AR R Tt A 8 40 XS8R <08 o 1)
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SVE AR B AZ P SE BT R L 80% 114 Y B 3 A 58
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Table 2 Comparison of imaging indexes of different algorithms

C,H, detection

SF, detection

Parameter
P, R, F, P, R, F, ToU
FD 31.4 58.0 40.7 25.6 38.6 51.6 44.2 28.3
GMM 46.9 63.6 54.0 37.0 - - - -
Optical flow - - - - - - -
Vibe 64. 1 97.1 77.2 64. 1 30.2 98.9 46.3 30.2
Vibe Gases 91.0 98.2 93.9 89.4 81.3 99.2 89.3 80.7
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