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Dynamic UAV Tracking System Based on Vision and X-Band Radar Fusion for Tethered Airship Platforms
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Abstract: With the rapid development of UAV technology, its application in target detection and tracking tasks has become
increasingly widespread. Benefiting from its flexible perspective and high maneuverability, UAVs provide new opportunities for
perception in complex environments. Radar mounted on a tethered aerostat platform for tracking and detecting UAV targets can
significantly extend the monitoring range. However, the tethered aerostat platform experiences periodic attitude angle variations and
continuous heading drift with wind direction during hovering, posing challenges to the tracking and alignment of onboard
equipment. To address these challenges, this study proposes a camera-assisted X-band radar tracking and surveillance system,
combined with dynamic gimbal control technology, to achieve precise detection and continuous tracking of aerial UAVs. The
system drives YOLOv10 using video streams sampled every 2 frames,achieving an average detection accuracy of 96. 8%. By fusing
X-band array radar data with visual data via extended Kalman filtering, the positioning error is less than 5%. An adaptive PID
controller ensures that the target remains centered in the field of view. Background cancellation technology effectively suppresses
ground clutter and multipath effects, with a signal-to-noise ratio exceeding 20 dB. The innovation of this study lies in proposing a
low-cost solution tailored to meet the target tracking requirements of tethered aerostat onboard equipment. Additionally, a ground
testing method is developed, providing an efficient and robust solution for tethered aerostat payload testing and aerostat deployment
tests in complex field environments,which can be effectively applied to UAV detection and tracking.
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Fig.1 Flowchart of the multimodal UAV real-time tracking system
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