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Abstract
To address the challenges of small target scale, low contrast, and blurred boundaries in UAV infrared
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imagery, this paper proposes a YOLOv11n-based method enhanced with multi-scale attention. First,
on top of an additional small-object detection layer, we integrate multi-branch and bidirectional
pyramid designs to construct a bidirectional multi-branch auxiliary feature pyramid network, in
which learnable weights adaptively fuse multi-level features to strengthen the representation of
diminutive targets. Second, we employ a dynamic attention-based detection head that jointly models
scale, spatial, and channel dimensions to improve focus on salient regions and the efficiency of fea-
ture utilization. Finally, we introduce a compound loss, NWD-Inner-MPDIoU, which jointly enhances
localization stability under low-overlap and ambiguous-boundary conditions. Comprehensive ex-
periments on the HIT-UAV infrared small-target dataset show that the proposed method achieves
an mAP50 of 92.8%, outperforming the baseline by 2.2%; recall and precision are improved by
1.6% and 0.6%, respectively. Meanwhile, the model incurs only a slight increase in complexity and
remains lightweight and deployment-ready. Overall, the proposed approach effectively improves
infrared UAV target detection while maintaining efficiency, providing a reliable technical founda-
tion for subsequent research.
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Figure 1. Overall network architecture of YOLOv11n
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Figure 2. Network architecture of the improved model
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Figure 3. BIMAFPN network architecture
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Figure 4. DyHead network architecture
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Table 1. Results of ablation experiment

1. HAKEER

AR Pl% RI% Params/M GFLOPs/G mAP50/%
YOLOvI1n 89.9 90.1 2.6 6.3 90.6
B A 89.8 90.7 2.9 6.6 91.3
il B 89.9 91.1 3.6 73 92.1
R C 90.2 91.3 38 7.6 92.4
2 D 90.5 91.7 3.9 7.8 92.8
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Table 2. Results of comparative experiment
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it P/% RI% Params/M GFLOPs/G mAP50/%
Faster R-CNN 79.7 67.5 412 156.3 70.2
SSD 75.1 67.8 245 87.9 72.1
YOLOV3-tiny 70.9 68 8.9 17.8 74.5
YOLOv5n 75.3 82.3 22 45 81.5
YOLOv6n 79.2 69.6 42 11.8 723
YOLOv8n 89.2 92.2 3 6.6 90.2
YOLOv10n 88.1 91.2 2.7 7.8 89.6
YOLOvlln 89.9 90.1 2.6 6.3 90.6
gt i) 90.5 91.7 3.9 7.8 92.8
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