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Abstract

To address the issues of insufficient feature extraction, poor adaptability to multi-scale objects, high
false negative rate for small objects, and large computational cost of YOLOv11 in traffic scene object
detection, an improved YOLOv11 algorithm that integrates a coordinate attention mechanism and
a lightweight feature pyramid is proposed. A lightweight coordinate attention mechanism is intro-
duced into the backbone network to enhance the spatial position perception ability of small objects
and key regions. The neck network is reconstructed with an improved lightweight BiFPN structure,
combined with cross-stage partial connections and depthwise separable convolutions. This design
improves the fusion effect of multi-scale fine-grained features. The dynamic anchor box generation
strategy and label assignment method of the detection head are optimized, and a dynamic IoU
threshold and adaptive positive and negative sample selection are adopted. The loss function is re-
constructed, and an adaptive focus loss and an improved EloU loss are designed to solve the small
object detection and bounding box regression problems, respectively. Experimental results on the
self-built UrbanTraffic-2026 dataset and the public datasets VisDrone and UA-DETRAC show that
the improved algorithm improves the mAP@0.5 by 3.2%, 2.8%, and 4.1%, respectively, and the
mAPs of small object detection by up to 8.9 percentage points. The inference speed remains above
45 FPS, and the number of parameters and computational cost are reduced by 7.9% and 14.6%,
respectively. The model is lightweight while maintaining detection accuracy, meeting the real-time
detection requirements of intelligent transportation systems.
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Figure 1. Architecture design of the improved YOLOvV11 algorithm
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Figure 2. Structure comparison of original BiFPN and improved lightweight BiFPN
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Figure 3. Schematic diagram of dynamic anchor generation strategy
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Figure 4. Visual comparison of detection results
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