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Abstract: Accurate identification of agricultural pests is crucial for ensuring crop health and increasing yield. In complex environments, tradi-
tional pest detection methods face significant challenges, such as varying lighting conditions, weed obstructions, and cluttered backgrounds,
resulting in poor accuracy and adaptability. To improve the detection precision and robustness in such complex scenarios, this paper proposes
an improved agricultural pest identification algorithm based on YOLOvS. The specific improvements include: First, the introduction of a Spa-
tial Depth Convolution (SPD—Conv) module to replace traditional convolution layers, enhancing the model’s feature extraction ability in low—
resolution and small-target pest images, particularly reducing information loss in small target detection. Second, the integration of a Shuffle
Attention (SA) mechanism, which dynamically adjusts the weights of channels and spatial dimensions to optimize the model’s focus on target
areas in complex backgrounds, effectively reducing background interference and improving pest feature recognition accuracy. Finally, the use
of the FocalGloU loss function for bounding box regression improves the model’s localization accuracy for dense and overlapping targets , mak-
ing it particularly suitable for agricultural environments where pests often cluster or are occluded. Experimental results show that the improved
algorithm achieves mAP@0.5 and mAP@0.5-0.95 values of 95.2% and 56.7%, respectively, an increase of 1.6% and 1.3% over the original
YOLOv8n model. This method significantly improves the accuracy and stability of agricultural pest identification, providing a more efficient
and reliable solution for precision monitoring in smart agriculture.
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Table 2 Comparative experiments

Table 3 Ablation experiment
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Fig. 5 Detection results of complex scenes
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