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Flotation Foam Size Extraction Method Based on Improved YOLOvV11n-seg
Guo Li, Huang Zhiqi » He Runfeng, Jiang Song, Lu Caiwu
(School of Resources Engineering, Xi’an University of Architecture and Technology, Xi’an, Shaanxi 710055, China)

Abstract: Aiming at the difficulty of foam size extraction in flotation process, a flotation foam size extraction method based on
improved YOLOvI11n-seg was proposed. Firstly, the Cross-Scale Feature Fusion Module (CCFM) was introduced to optimize
the neck structure and enhance the adaptability of the model to multi-scale foam and the ability of small target detection.
Secondly, the Mixed Local Channel Attention ( MLLCA) mechanism was embedded, and the channel information, spatial
information and local information were integrated to improve the expression ability of the network. Finally, the Unified-IoU
loss function was introduced to enable the model to dynamically shift attention from the low-quality prediction box to the high-
quality prediction box, balancing training speed and detection accuracy. The experimental results show that compared with the
traditional watershed algorithm and Mask R-CNN based on deep learning, the proposed method has significant advantages in
segmentation accuracy and real-time performance. Compared with the benchmark model YOLOv11n-seg, the optimized model
improves the accuracy of mAP @ 0.5 and mAP @ 0.5 : 0.95 by 1.5% and 5.3% ., respectively, the recall rate increases by
5.1%, the amount of computation decreases by 11.8% , and the number of parameters decreases by 32.1%. This method has a
faster detection speed and higher detection accuracy. which can meet the needs of accurate extraction of flotation foam size.
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Fig.1 The network structure of YOLOv11n-seg
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Fig.2 The architecture of the improved model
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Table 1 Ablation experiment results
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Table 2 Comparative experiment results
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VAl CIC=RTR — — 74.5 69.1 — —
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A AT 1.9 9.0 89.8 88.2 92.1 59.9
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Fig.6 Comparative analysis of model visualization
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Table 3 Comparison of foam size extraction results
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P1 194 170 3754 3588 61 48 476.97 427.11
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P3 196 184 4941 4959 50 47 433.89 443.08

P4 213 201 2 587 2 615 56 62 365.76 388.41
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Fig.7 Foam size distribution for images P1 to P4
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Fig.8 Comparison of foam area distribution for images P1 to P4
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