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Seedling Band Line Extraction Method Based on Improved YOLO v12
and Clustering with Principal Direction Compression

Wang Shanshan' Li Dongfang® Zhang Tianci' You Xianglong' Tao Qianwen' Chen Xueshen’
(1. School of Automotive and Transportation Engineering, Nanjing Forestry University, Nanjing 210037, China
2. College of Engineering, Nanjing Agricultural University, Nanjing 211800, China
3. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; Accurate recognition of rice seedling rows is crucial for improving the autonomous navigation
and row-following precision of weeding machinery in paddy fields. To solve the problems in paddy fields,
such as duckweed coverage, weed interference, missing seedlings, and uneven illumination, a seedling
row recognition algorithm that integrated object detection with principal direction compression clustering
was proposed. The algorithm firstly constructed a rice seedling detection model, which combined a multi-
scale gated attention mechanism with a lightweight shared detection head, effectively enhancing the
extraction of seedling contextual features and the suppression of complex backgrounds. Furthermore, an
iterative clustering strategy based on directional compression was developed, which adaptively bridged the
longitudinal gaps between seedling points within the same row, thereby solving the problem of row
breakage faced by traditional methods in seedling gap scenarios and achieving robust fitting from discrete
detection points to continuous seedling band lines. Experimental results demonstrated that the proposed
RSD model achieved an AP, of 92.5% and a detection speed of 104.2 {/s in the seedling detection
task, outperforming mainstream comparison models. The seedling band line extraction method achieved
an average angular deviation of 0.203°, with both the row breakage and mis-merging rates below 1%
across various seedling gap conditions. Comparative experiments fully validated the performance
advantages of this method.
Key words: recognition of rice seedling row; YOLO v12; directional compression; iterative clustering;
seedling gaps
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Fig.1 Dynamic acquisition of rice seedling images
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Fig.2 Representative images of rice seedling rows
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Fig.6 Schematics of seedling band clustering based on directional compression and iterative clustering
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Fig. 10  Seedling detection results in different scenarios
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