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Abstract: This paper introduces an image-priority approach with integrated 2D-3D views for continuous
multi-target tracking and speed estimation in camera-LiDAR surveillance systems. It addresses differences
in acquisition frequency, resolution, and viewing angles between camera and LiDAR-based speed estima-
tion tasks. Geometrically matched feature points are selected, and external parameters are computed using
the Direct Linear Transformation method for online calibration between devices. A vision-guided, frus-

tum-based spatial method combines 2D and 3D localization, uses high-resolution ground points to define
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area boundaries, and adapts clustering parameters in a 2D top-down view transformed from a 3D frustum
perspective. This approach helps eliminate irrelevant points and address mixed-resolution point cloud de-
tection due to varying viewing angles. The speed estimation process employs Kalman filtering and vehicle
motion states, modeling speed estimation as observation equations using discrete synchronized frame point
cloud data. The observation noise covariance matrix is calculated based on point cloud resolution, allow-
ing continuous optimal estimation and reducing observation noise and asynchronous timing effects. Experi-
ments on traffic scene datasets show that the method achieves an average absolute error of 0. 276 4 m/s
and a root mean square error of 0. 325 1 m/s, with a maximum detection range of 103. 211 m, demonstrat-
ing high accuracy and practicality.

Key words: intelligent transportation; speed estimation; image frustum; data fusion; Kalman filtering;

object detection
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Fig.1 Flowchart of fusion-based vehicle speed estimation technique
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Fig.7 Speed measurement results of descending after

straight driving from near to far
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Fig.8 Speed measurement results of downhill and

straight driving from far to near

2 nm

—— Reference speed

3 ~
Estimated speed i E

14 i - ]

Speed/(m-s™)

0 20

Frame
B9 H I MOl AT (A i 2 RS ) A o ) 5k 4 L

Fig. 9 Results of vehicles traveling from far to near and

40

turning at a gentle corner at the end
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Image-prioritized multi-target vehicle extraction

and localization results
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