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Abstract: The hazards caused by gas leakage accident are multifaceted, such as environmental pollution,
personnel and property loss, fire and explosion. Thermal infrared imaging is widely used as a qualitative
detection technology that can realize large-scale and fast imaging. However, compared with general infra-
red image, the contrast of gas cloud infrared image is lower, the edge is more blurred, and it’s hard to de-
tection. To solve this problem, this article proposed a leak detection method for low contrast gas infrared
images based on mixed Gaussian background modeling. Firstly, in the preprocessing stage, time-domain
adaptive interframe filtering algorithm was proposed to realize noise reduction and detail maintenance of in-
frared images. Then, based on spatial information and gradient information constraints, a spatiotemporal
mixed Gaussian background model was proposed to achieve preliminary extraction of the foreground of
leaked gas targets. Finally, to better remove interfering moving targets in foreground detection, an im-
proved fast and robust fuzzy C-means clustering method was used to realize adaptive segmentation of gas
regions. The experimental results show that at the leakage distance of 5 m, this detection algorithm can ef-
fectively improve accuracy, compensate for the problems of gas region voids, and reduce interference from
other moving objects. The accuracy of gas leakage detection is between 92.3% and 96.3% , which has
significant anti-interference and region segmentation capabilities compared to other algorithms.
Key words: gas leakage detection; infrared thermal imaging; spatiotemporal Gaussian mixture model;
time-domain adaptive inter frame filtering; moving detection; fast and robust fuzzy C-means
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Fig.1 Uncooled long-wave infrared imaging system
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Fig. 2 Infrared absorption spectra of Butane
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Fig. 4 Filter results for different methods
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Tab.2 Comparison of filtering effects of different methods on HMDBS51 dataset

Golf (0,0.1) Walk (0,0.1) Golf (0,0.05) Walk (0,0.05)
Method
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
Anisotropic filtering 22.301 0.478 21. 080 0.479 26. 829 0.5297 25.315 0. 5487
Bilateral filtering 21.921 0.488 20. 480 0.523 26.167 0.594 24.777 0.6194
Inter-frame filtering 21.989 0.607 21. 656 0.732 26. 402 0. 664 27.021 0.825
Proposed filtering 23.580 0.696 23.420 0.745 28.612 0. 7846 29. 056 0. 834
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Tab.3 Comparison of filtering effects of different methods on measured data
Casel Case2 Case3 Cased
Method - -
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM

44.219 0.968 49. 777
39. 083 0.958 41.855
48.875 0.989 55.635
51.428 0.991 57.624

Anisotropic filtering
Bilateral filtering
Inter-frame filtering

Proposed filtering

48.406 0.919
40.137 0.919
57.4971 0.981
59.029 0.993

0.917 46. 368 0.909
0.925 42.474 0.929
0.993 44.456 0.998
0.997 49.741 0.996
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Fig. 5 Results of different gas leak detection algorithms
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Tab.4 Comparison of detection performance of different algorithms (%)
Case Case 1 Case 2 Case 3 Case 4
Acc Ip Err Acc Ip Err Acc Ip Err Acc Ip Err
FD 81.9 10.3 7.8 86.8 8.7 4.5 84.6 8.3 7.1 81.4 7.8 10. 8
GMM 85.7 6.8 7.5 91.1 5.6 3.3 89.6 5.2 5. 88.2 5.6 6.2
ViBe 84.8 8.4 6.8 90. 2 6.9 2.9 89 5.6 5.4 85.6 6.8 7.6
LBAdaptive 90. 2 4.7 5.1 94.8 2.6 2.6 93.6 3.3 3.1 90.6 4.6 4.8
Proposed 93.1 3.1 3.8 96. 3 2.3 1.4 95.2 2.2 2.6 92.3 2.5 5.2
Case Case 5 Case 6 Case 7 Case 8
Acc Ip Err Acc Ip Err Acc Ip Err Acc Ip Err
FD 84.4 7.1 8.5 81.7 8.6 9.7 83.7 9.1 7.2 91.8 3.7 4.5
GMM 88.1 5.3 6.6 87.6 6.9 5.5 90. 2 4.7 5.1 94.2 2.6 3.2
ViBe 89.8 5.6 4.6 88.5 6.3 5.2 87.6 6.8 5.6 94.6 3.1 2.3
LBAdaptive 92.6 2.2 5.2 90.6 4.2 5.2 93.4 2.6 4 95.4 1.9 2.7
Proposed 93.2 2.6 4.2 92.3 2.9 4.8 93.6 3.2 3.2 94.8 1.6 3.6
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different algorithms
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