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Abstract: In fire monitoring, fire sources are often occluded by buildings or equipment, making traditional
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methods based on flame brightness or texture features ineffective. To address this challenge, this paper
proposes a smoke-based fire source estimation method. A lightweight TANet is first used to predict pixel-
level smoke concentration in video frames, generating a continuous and stable concentration field for
subsequent motion analysis. Farneback dense optical flow is then applied to extract smoke motion
features, leveraging the directional consistency and spatial smoothness of smoke across consecutive frames
to obtain a global dense velocity field. To cope with complex smoke morphology, varying illumination,
and optical flow noise, the traditional RANSAC algorithm is improved with multi-level consistency
filtering and density-based clustering, using the convergence point of reversed smoke motion as the
estimated fire source. Moreover, to handle high occlusion scenarios where lower smoke motion structures
may be missing, a multi-line optical flow joint backtracking strategy is introduced to collect flow
information at multiple levels, enhancing the stability and robustness of source estimation. Experimental
results demonstrate that the proposed method achieves a normalized error below 2% under low to
moderate occlusion and remains stable around 3% under high occlusion after optimization, indicating
reliable fire source localization in complex visibility environment.

Key words: smoke density estimation; dense optical flow; improved RANSAC; fire source localization;
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Fig.2 Flowchart of optical-flow screening and random-ray intersection sampling
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Fig.4 Smoke image, concentration map and mask map.
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Tab.1 Comparison of experimental results among different algorithm models
WIRS ToU P S A AR (s ) PE/px NDE/%
A G+ RANSAC (160,454) 26.49 4.07
B+ = — B i 2+ RANSAC (142,469) 17.03 2.42
C e+ =5 — EOPE I 1 + MeanShift (A 30) (147,485) 9.43 1.45
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Tab.3 Localization-error optimization results under high occlusion
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