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Abstract: With the frequent appearance of UAVs in several recent local wars and armed conflicts, the study of
UAV detection and tracking technology has become a research hotspot in imagery and other fields. Due to the
characteristics of low altitude UAV targets such as large mobility, small size, low contrast and complex background,
their capture and tracking is a major challenge in the field of photoelectric detection. To address these difficulties, this
paper proposes a real-time long tracking method based on YOLOvS and CSRT algorithm optimization to achieve
stable tracking of UAVs in clear sky, urban and forest scenes. First, two capture networks with different resolutions are
established for different stages of tracking, and the two networks are optimized for small target detection and
performance optimization respectively, and positive and negative samples are added to the UAV data set according to
its characteristics to achieve data enhancement. Then, the CSRT algorithm is optimized using GPU and combined with
feature point extraction to construct a low-altitude UAV detection and tracking model. Finally, the algorithm is
deployed using Tensorrt and experimented on a self-built dataset. The experimental results show that the proposed
method achieves a tracking performance of 400FPS on RTX 2080Ti and 70FPS on NVIDIA Jetson NX. Stable long-
time tracking is also achieved in real field experiments.
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Fig. 1 Schematic diagram of YOLOVS5 structure
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Fig. 3 Block diagram of the CSRT algorithm
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Fig. 5 Schematic diagram of UavYOLO-S structure
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Fig. 7 Schematic diagram of image pyramid calculation
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(a) feature extraction of a burning UAV (b) extraction of feature points from unfired UAV

Fig. 8 Sketch map of UAV feature point extraction
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Fig. 9 Block diagram of UAV detection and tracking model combining detection and tracking algorithm and feature point extraction
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Table 1 Performance comparison of different detection algorithms

algorithm size of input image/pixel Oapso/%o Oap75/%0 detection speed/(frames-s™")

YOLOV5 1024x1024 86.2 57.8 35
UavYOLO-B 1024x1024 89.1 59.2 25
UavYOLO-S 320%320 88.3 58.5 200
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(a) UavYOLO-B

(b) UavYOLO-S

Fig. 10 Visual detection effects of small targets
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Table 2 Performance comparison of different detection algorithms

algorithm capture accuracy/% miss distance/pixel tracking speed/(frames-s™)
YOLOvV5 87.2 10.6 35
UavYOLO-B+UavYOLO-S 93.2 5.4 25
UavYOLO-B+UavYOLO-S+CSRT 97.8 4.8 75
UavYOLO-B+UavYOLO-S+CSRT+ KeyPoints 97.8 1.5 75
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Fig. 11  Visualization of algorithm tracking effect after optimization
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