Fa6ts FE12H 44 HOR Vol.46 No.12
2024 £ 12 A Infrared Technology Dec. 2024

(BARAEE 47 A
ETERERMBERLNIINSEEIGDEIGE

T EV, 42 FREMKR 2, £pE 12
(1. JEEBE TR %, Jbid 1000815 2. JbRBET R SHBEGHARES RAHAE I E AL =, JbaT 100081)

WE: S REGEEAENRBRBREMNAERTE, ¥ HSENMAEZZBREAE, KMEETH
F AR SRS E G T AETREERFENY, FHERK. AXRBT —HETETEZ
WA ERRW LB H %k, AR LI AR E GRS 9 A7 R A SE B (R b B 44 o AR X i
HHAEl. RELSHMERFIVMENRAEANTR A ZARRUEEE, AMARATERLEESH
SEGHATHHELE, EXIFERITARLRRTERE, F4HWEFRERLHZAERT B H.
LI SR RIA, AR MW H & RE A% S H A I P (R B R R AR R e e X s E, R KR
FRASTRTH, RAAKRRESFEER, SEAEEELERRATMLE, o HLRE AR
Bl EI R RRBRAERSZ

KR ARG ARERMIRRN; FEEM;, FERX

FESES: TP391 XEkFRINES: A XEHS: 1001-8891(2024)12-1355-07

Infrared Gas Image Segmentation Method
Based on Background Modeling and Density Clustering
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Abstract: Infrared imaging is an effective method for detecting gas leaks, enabling dynamic and visual
observation of leakage occurrences. However, background interference and the intangible nature of gases often
result in infrared images with indistinct gas-plume contours and reduced contrast. This study introduces a
segmentation algorithm based on background modeling and density clustering that harnesses the
spatiotemporal distribution characteristics of infrared gas images to segment gas regions in low-contrast
infrared imagery. The foreground image was extracted by analyzing the matching relationship between the
current frame and a sequence of frames using a Gaussian mixture model. Subsequently, a density clustering
algorithm was applied to cluster the foreground image with spatial size constraints to filter out low-density
regions. Morphological operations were performed to identify the gas-dispersion area. The experimental
results indicate that the proposed algorithm can detect and segment low-contrast gas leaks within a scene. It
significantly reduces noise and dynamic background interference, addresses voids in the gas region, and
demonstrates distinct advantages over other algorithms. This offers a valuable reference for research on the
segmentation of infrared images for gas-leak detection.
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Fig. 1 Molecular energy level transition diagram
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Fig.2 Mid-wave and long-wave infrared absorption spectra of

methane
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Fig. 3  Planck blackbody monochromatic radiation curves
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Fig. 4 Principle of infrared imaging detection of gas leakage
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Fig. 6 Density clustering diagram
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Table 1 Main specifications of infrared cameras
Performance specification Argument 1 Argument 2
Array format 320%256 640x512
Infrared detector type Cooled infrared detector Uncooled infrared detector
Pixel size/um 30 17
Noise equivalent temperature difference(NETD)/mK <20 <60
Spectral range/pm 32-34 3-14
Focal length/mm 100 40
Frame per second 30 50
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Table 2 Contrast experiment results(The best result is indicated in bold)

Methods Accuracy Precision Recall IoU Dice coefficient
Kmeans 0.9109 0.8390  0.4580 0.4072 0.5428
OPTICS 0.9589 0.8274  0.4118 0.3999 0.5319
Ours 0.9749 0.8270  0.7739 0.6620 0.7931
Original Foreground Groundtruth Kmeans OPTICS Ours
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Fig. 9 Segmentation result visualization
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