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Abstract

Aiming at the problems in air-sea UAV target detection, such as large target scale variation, strong
dynamic background interference, insufficient generalization ability of traditional models, and low
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efficiency in multi-scale feature processing, this paper proposes an improved RT-DETR model inte-
grating frequency domain decoupling and Vision Transformer (FD-ViT-RT-DETR). Based on the RT-
DETR framework, the model is designed with a frequency domain decoupling module at the front end,
which separates image domain-invariant features (core target features) from domain-specific features
(environmental interference features) through fast Fourier transform, and enhances feature distin-
guishability by combining instance-level contrastive loss. In the middle layer, the Vision Transformer
architecture is optimized by adding a spatial compression network to reduce 30% of computational
costs for adapting to edge devices, while introducing positional attention bias to improve the ability
of capturing long-range dependencies. At the back end, an uncertainty-minimized query selection
scheme is adopted to optimize detection accuracy. Experiments on a dataset containing 508 air-sea
UAV images show that the model achieves a precision (P) of 86.4%, a recall (R) of 87.4%, and an mAP50
of 88.1%, all outperforming YOLOv5, YOLOvVS, and the original RT-DETR. It also exhibits stronger ro-
bustness in complex scenarios such as strong backlight and sea wave reflection, providing an effi-
cient detection solution for practical applications like air-sea search and rescue, and security mon-
itoring.
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Figure 1. The improved network diagram
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Figure 2. Fourier transform of the original image
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Figure 3. Generating domain-invariant components and domain-specific components via Inverse Fast Fourier Transform
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Figure 4. The detailed structure of generating domain-invariant components and domain-specific components via Inverse Fast
Fourier Transform (IFFT)
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Figure 5. Visual Transformer structure
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Table 2. Comparative experiments of frequency domain modules
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base 86.0 86.1 85.4 64.6
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/N 86.0 87.0 86.1 64.7
+FD (ours) 86.4 87.4 88.1 65.3
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Table 3. Ablation experiments
2 3. JHRhCI

experiments FD ViT UMQS P R mAP50 mAP50-90
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