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Abstract

Against the backdrop of rapid e-commerce development and rising labor costs, unmanned delivery
offers advantages, such as cost reduction, efficiency improvement, 24 /7 operation, and contactless
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services. However, its large-scale deployment remains constrained by robust perception in complex
environments. Environmental perception is crucial for ensuring the safe passage and efficient deci-
sion-making of unmanned delivery vehicles, with its accuracy directly determining the vehicle’s
ability to understand dynamic scenes. While the Transformer-based RT-DETR achieves high effi-
ciency and accuracy through global attention and end-to-end detection, it still suffers from insuffi-
cient feature fusion and occlusion robustness when dealing with multi-scale objects and frequent
occlusions in typical unmanned delivery scenarios. To address these issues, this paper proposes an
improved RT-DETR model tailored for e-commerce unmanned delivery. An adaptive global context
attention module is embedded into key layers of the backbone network to enhance multi-scale rep-
resentation by dynamically adjusting the receptive field, thereby improving discernibility for small
objects and occluded targets. Additionally, an exponential moving average-enhanced cross-dimen-
sional attention mechanism is introduced into the FPN/PAN to more robustly model long-range de-
pendencies and optimize cross-layer feature fusion. The experimental results demonstrate that the
improved model achieved a 25.6% increase in mAP@50 and a 13% improvement in mAP@50-95
on the Udacity autonomous driving dataset, validating the transferability and application value of
the proposed method in typical e-commerce unmanned delivery scenarios.
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Figure 1. Improved model architecture. This model represents the overall architecture of the enhanced RT-DETR: the back-
bone network adopts a hybrid convolutional structure and incorporates the AFGC module to enhance frequency-aware global
contextual information; the neck network integrates the EMA-Attention C3 module within the PAN structure to achieve multi-
scale feature fusion; the final detection is performed end-to-end by the RT-DETR decoder
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Figure 2. Loss and accuracy metrics training curves
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Figure 4. Visualization of qualitative detection results
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