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Adaptive UAV infrared small target detection based on multi-scale perception
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Abstract: UAV infrared image small target detection is a key technology in the fields of reconnaissance and
surveillance, search and rescue, and its reliability is challenged by problems such as small target size, weak feature
expression, and complex background. To solve the above problems, this paper proposes a UAV infrared small target
detection algorithm PGF-RTDETR based on multi-scale perception and adaptive screening strategy. Firstly, a polarized
channel-gated unit is constructed in the neck network, and the polarized attention mechanism is used to guide multi-
scale features for deep semantic fusion, so as to enhance the recognizability of small targets and effectively suppress
background interference. Secondly, an adaptive convolution enhancement module is designed to enhance the selectivity
and fineness of features by using the gating mechanism to improve the extraction efficiency of fine-grained features.
Finally, a high-efficiency residual structure that integrates partial convolution and channel transformation is introduced
into the backbone network, which improves the feature expression ability and effectively reduces the number of model
parameters. Experimental results show that compared with the benchmark model RT-DETR-R18, PGF-RTDETR
increases mAP50 and P by 2. 6% and 6. 6% on the HIT-UAV dataset, and reduces the number of model parameters
and computation by 20. 7% and 25% . respectively, and mAP50 increases by 0. 6% on the FLIR dataset. The improved
model improves the detection accuracy while maintaining a small amount of parameters and computational amount, and
provides an effective solution for UAV infrared small target detection.
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Table 1 Comparative experimental results
K P/ R/ mAP50/ Params/ GFLOPs/

“ % % M G

YOLOv5m  88.9 76.2 83.1 25.0 64. 4
YOLOv8m  91.9 75.1 84.2 25.8 78.7
YOLOv9m  89.5 75.8 83.4 20.0 77.6
YOLOvl1Om  84.1 75.7 80.5 16. 4 63. 4
YOLOvllm  88.4 78.5 85.2 20.0 68. 2
YOLOv12m  87.7 79.6 84.4 20. 1 67.8
RT-DETR-R18 87.2 77.1 83.1 19. 8 58.3
RT-DETR-R34 89.5 79.8 85.0 31.1 88.8
RT-DETR-R50 83.4 79.0 82.7 41.9 129. 6

Hybrid-DETR™ 91.4 73.3 82.6 — —
FP-RTDETR" 89.1 —  82.4 20.0 49. 3
AL 93.8 79.1 85.7 15.7 43.7
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Table 2 Results of ablation experiment

A PCG gConv(C3 FasterBlock P/ % R/% mAP50/ % GFlOPs/G Params/M
A — — — 87.2 77.1 83.1 58.3 19. 8
B N — — 88. 2 78.2 84.5 58. 6 20.0
C — N — 89.5 78.0 84. 1 51.1 18.7
D — - N 87.6 78.1 84.3 49.5 16.7
E J J — 92. 1 79.0 85.3 51.7 18.8
F J — J 89.9 78.8 84.4 49. 8 16. 9
G — J J 89. 7 78. 6 84.3 43.9 15. 6
H N N J 93. 8 79. 1 85.7 43.7 15.7
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Table 3 Model performance stability statistics 0
HE A P R mAP50
RT-DETR-R18 87.240.21 77.1£0.18 83.14+0.16
PGF-RTDETR 93.8%+0.25 79.1+0.16 85.7%40.14
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Table 4 Generalization experiment %

Bk P R mAP50
YOLOv5m 85.2 68.7 77.8
YOLOv8m 84.6 70. 8 78.7
YOLOv10m 83.3 70.5 79.0
RT-DETR-R18 84. 4 74.1 82.6
RT-DETR-R34 84.1 75.5 79.6
PGF-RTDETR 84.8 74.7 83.2
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