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Abstract:  The detection and counting of rice panicles are crucial for yield estimation and variety breeding. In field
conditions, dense plant growth, small panicle sizes, and severe overlapping with leaves create challenges for high-precision
recognition and automatic counting in complex scenarios. To address this, this study proposed a detection model WEL-
YOLO, integrating a lightweight detection head and an efficient attention mechanism. The model optimized the network ar-

chitecture, improved the loss function, and reduced

computational complexity compared to the original

s B .2025-10-27

ST [HFESH &R H (2024 YFF1000401) YOLO11n. First, the C3k2 module in the main trunk in-
VEBEAM KT (2002-) , B, INHEFRA, B 584E, EESE troduced an EMA ( Efficient multi-scale attention) mecha-
Frla A Z A, (E-mail) 15264027846@ 163.com nism to enhance panicle feature extraction. Second, the
BIEE . 1C2 , (E-mail ) xzhxie2010@ 163. com; FEZE M., ( E-mail ) loss function was replaced with WIoU-NWD ( Wise inter-
jiyezheng@ 163. com; 5t ¥, ( E-mail ) zhengshiling @ lcu. section over union-normalized Gaussian Wasserstein dis-

edu.cn tance) , which improved localization accuracy while ad-
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dressing the missed detection and false detection of small objects. Finally, the introduced lightweight scalable shared convo-

lutional detection head (LSCD) further reduced model complexity without compromising accuracy. In the dataset analyzed,

the WEL-YOLO model achieved 87.1% accuracy, 81.6% recall, and 90. 0% average detection precision, representing 1.6

and 0.9 percentage points improvement in accuracy and average detection precision over the baseline model, respectively.

The model demonstrated 6.2% reduction in parameter quantity, 11.1% decrease in computational complexity, and 7.3% re-

duction in weight values. Its performance metrics included 5.59 root mean square error, 4.15 mean absolute error, and

80. 17% count accuracy. These results demonstrate that WEL-YOLO enhances rice panicle detection performance while sig-

nificantly reducing resource consumption, providing valuable insights for lightweight and practical applications in rice pani-

cle counting.
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Fig.6 Comparison of model visualization
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Table 4 Comparison of different models
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