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Pelletized ore particle size detection method based on vision joint detection
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(College of Information Science and Technology, Qingdao University of Science and Technology,Qingdao 266061, China)

Gong Yujie Ding Zhixing Cui Xuehong

Abstract: To address the technical challenges of dense target adhesion and occlusion-prone small objects in industrial
pelletized ore image segmentation, this study proposes a instance segmentation method (YO-SAM2) integrating
YOLOv11 and SAM2. Firstly, the CSC module is introduced to improve the C3k2 module in YOLOv11. enhancing the
network’s capability to represent features of densely clustered small targets. Second, a Small-Target Hybrid Fusion
Feature Pyramid Network (SHFPN) is designed to augment feature map outputs at the P2 layer for fine-grained detail
capture, incorporating cross-layer interactions and a content-guided attention mechanism to optimize multi-scale feature
fusion. Additionally, a Decoupled Spatial-Channel Upsampling module (DSCU) is proposed to replace conventional
upsampling. generating more discriminative feature representations. Finally, parameter-efficient fine-tuning of the
SAM2 segmentation model is achieved via a learnable Adapter, significantly improving adaptability and generalization in
industrial scenarios. Experimental results demonstrate that YO-SAM?2 achieves a state-of-the-art mIoU of 90.3% on
the pelletized ore dataset, outperforming mainstream segmentation algorithms such as Mask R-CNN and YOLOv8-seg.
This method effectively resolves the challenges of accuracy and robustness in industrial pellet segmentation, offering a
reliable technical solution for intelligent industrial quality inspection.
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Table 3 Comparative experiment of different segmentation methods

Bk mloU P/% R/% mAP /% mAP50/%  Param/M  GFLOPs
Mask R-CNN 76.1 79.3 76.8 82.0 84.1 6.3 23.5
SOLOv2 73.6 75.3 78.6 73.0 83.0 4.7 17.9
YOLACT 69.0 99.3 99.5 99.5 99.5 5.4 20. 6
YOLOv8n-seg 71.8 99.4 99.7 99.7 99. 4 3.3 12.1
YOLOv11-seg 75.4 99. 8 99. 6 99.5 99.5 2.9 10. 4
YO-SAM2 (ours) 90.3 94. 6 87.8 92.3 90. 6 40. 4 105. 3

(a) Mask R-CNN (b) SOLOV2 (¢) YOLACT

(d) YOLOv8-seg

(¢) YOLOVI I-seg () YO-SAM?2
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Fig. 9 Comparison of segmentation effects of different models
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Table 4 Model performance comparison of different modules of SH_YOLO
T C3k2_CSC ~ SHFPN DSCU P/% R/% mAP/%  Param/M GFLOPs
1 X X X 82.5 81.3 80.5 2.6 6.4
2 N X X 83.6 83.3 81.7 2.6 6.4
3 N NG X 85.0 85.5 83.9 2.6 6.5
4 N N NG 85.7 85.9 84. 4 2.5 6.4
O---® A\ THUFES 4>
&R 5 Adapter I H R 20 r OO VLBEIL AL R
Table 5 The effectiveness of the adapter 5L
(:R7S Adapter mloU/ % ?;
SAM?2 X 6.9 E 10 -
E il SAM2 N 70. 2 Sl
0 1 1 1 1 1 | 1 1
<8 8&-10 10~12 12~13 13~14 14~16 16~18 >18
$i4E/mm
(o) KR A Gi it 45 3
(c) Particle size distribution statistics
B11 BEE SRR S T
Fig. 11  Circle fitting and particle size distribution
4 £ %
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Fig. 10 segmentation effects of customized before and after
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