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Coal Flotation Foam Segmentation Method Based on Density-aware Guidance
CHEN Gui-Zhen' WANG Hong-Yan' LIU Xin' XIONG Feng' ZOU Guo-Feng® DAI Wei'

Abstract To address the problems of missed detection and mis-segmentation of targets in clean coal flotation foam
segmentation caused by low-quality image data, this paper proposes a coal flotation foam segmentation method
based on density-aware guidance. First, a cross-scale regional density perception module is constructed, in which a
hierarchical density estimation submodule is designed to extract multi-scale differential regional density information.
Furthermore, a global semantic-guided cross-scale aggregation approach is proposed to integrate and generate dens-
ity-guided representations with regional difference awareness capability. Second, a density-guided branch enhance-
ment module is designed, in which a distribution-aware dynamic density attention mechanism is established to con-
struct an enhancement strategy that uses density distribution as a prior to dynamically regulate the spatial feature
responses of dual branches, thereby reducing the missed detection rate of foam. Finally, a density-guided mutual in-
formation constraint optimization module is designed, introducing a semantic coupling strategy based on mutual in-
formation maximization to jointly optimize and strengthen the statistical dependence between density and segment-
ation representation, improving the discriminative ability of foam boundary segmentation. Experimental results on
two real flotation foam datasets demonstrate that the proposed method effectively improves foam segmentation per-
formance.

Keywords clean coal flotation foam; image segmentation; density-aware; dynamic density attention; mutual in-
formation constraint
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Fig.5 Field image of clean coal flotation foam collection
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Table 2 Comparative experimental results with mainstream methods
o . Froth-Plant1 Froth-Plant2
T3R5 AR
AP (%) mloU (%) FPS AP (%) mloU (%) FPS
Mask R-CNN™ 69.30 49.48 10.6 75.70 56.66 11.3
Cascade Mask R-CNN&Y 68.90 50.11 7.1 78.20 58.65 7.9
Hybrid Task Cascade® 69.40 50.92 5.2 77.30 54.65 5.7
PR B )
Mask DINO® 67.61 53.36 10.7 72.84 54.96 12.1
ContourFormer?! 68.85 44.15 15.3 73.27 39.07 16.5
Grounded SAMP! 56.55 53.12 0.1 68.71 54.80 0.2
EmbedMask"! 61.30 45.67 18.2 75.10 51.99 194
BoxInst/*? 64.70 45.17 15.6 71.30 55.71 16.7
SOLO®! 66.30 48.96 18.7 72.40 52.08 19.5
‘ - Sparselnst® 65.90 52.27 20.5 74.20 57.82 20.7
BB )
SimCIS® 61.12 51.90 19.0 73.30 56.18 20.3
FastSAM® 69.18 52.39 22.3 73.26 57.12 23.6
YOLACT®! 63.27 50.36 24.9 73.36 57.20 25.6
ATk 68.27 53.78 23.6 76.15 58.84 24.3
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Fig.9 Diagram of visual segmentation comparison
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sk AP mloU
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Fig.11  Diagram of visual segmentation results for
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