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Abstract: In traffic surveillance systems, radar-camera devices are used to collaboratively perceive and monitor the roadside
environment. Due to the principles of perspective imaging, the greater the distance to a target, the smaller its corresponding pixel area in
the image. Furthermore, the bounding boxes generated by visual detection exhibit significant jitter. If calibration errors or visual
occlusion exist, or if the detection boxes shake, a significant error will be introduced when the target’ s position is mapped from the
image coordinate system to the radar coordinate system, affecting tracking accuracy. This is especially true for collaborative target
sensing and tracking with multiple sensors, which further increases the difficulty. To address these challenges, a multi-sensor, multi-
target collaborative perception and tracking method is proposed, leveraging a two-stage matching strategy and an adaptive Kalman filter.

This method improves association precision by adding a secondary matching strategy of Perspective View (PV) plane after the Bird’ s-
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Eye View (BEV) plane is associated with the data of frame before and after. This effectively solves the problem of low tracking accuracy

for distant targets caused by significant mapping errors. Based on the relationship model between image points and range-position jitter,

an adaptive multi-sensor multi-target tracking method is proposed. By using the relationship model to update the parameters of the

Kalman filter, and adaptively selecting the appropriate observation mairix and measurement covariance matrix according to the target

sensor data source, the position and velocity parameters of the target are estimated. This effectively improves the real-time prediction

accuracy of the target’ s spatial position and velocity, and further enhances the accuracy of target association in the BEV plane.

Experimental results show that the proposed method improves the Multiple Object Tracking Accuracy (MOTA) index by 16. 3%

compared to the method without the two-stage matching strategy and only using the ordinary Kalman filter, significantly improving the

accuracy of target perception and tracking in traffic scenes using millimeter-wave radar and vision integrated systems.

Keywords: multi-target tracking; Kalman filter; multi-sensor tracking; adaptive Kalman; roadside scene
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