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Joint target detection and tracking algorithm for
shave-scan optical sensor
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Abstract: A random finite sets( RFS) theory based joint detection and tracking algorithm was proposed for detecting dim
small moving target and estimating its state parameters from scan image sequences. By analyzing the scan characteristics
of shave-scan optical sensor, a target dynamic model and observation model were established, respectively. Then target
state and measurements was described as a RFS variable. The joint detection and tracking problem was modeled as a
Bayesian optimal estimation problem. Prediction and updating formulas of this algorithm were derived using RFS theory.
The algorithm implementation problem was taken into account. A Gaussian mixture( GM) implementation is presented.
Simulation results show that this algorithm can depress clutters strongly while has small influence on missing detections.
It can accomplish the target detection and tracking task efficiently for shave-scan optical sensor.
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Fig.1 Sketch of shave-scan type
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Table 1 Averaged OSPA against different target detection

probability p,,
AR GM-PHD IPDA
Po OSPA ( pixel ) OSPA ( pixel ) OSPA ( pixel )
0.6 4.41 7.37 9.63
0.7 4.03 6.98 8.98
0.8 3.28 6.14 7.63
0.9 3.07 4.94 6.66
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Table 2 Average OSPA and time cost per frame against
different clutter density A

AR GM-PHD IPDA
OSPA  HAWTFEM  OSPA  HlTRERY OSPA  HulikEn
(pixel) (s) (pixel) (s) (pixel) (s)

(pixel ~2)

2.5x107%  2.16 0.13 3.62 0.28 3.92 0.06
12.5x10°%  2.83 0.75 4.48 2.63 5.25 0.10
25.0x107°  3.14 2.06 4.58 9.64 7.29 0.15
37.5x107%  3.46 4.14 4.79 21.26 9.03 0.19
50.0x10°°%  3.63 6.28 4.99 41.62 9.65 0.23
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