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Multiple Maneuvering Extended Target Tracking Based on Gaussian Process

GUO Yun-Fei' LI Yong! REN Xin' PENG Dong-Liang®

Abstract Aiming at the problem of multiple maneuvering extended target tracking in clutter, a variable structure
multiple model joint probabilistic data association method based on Gaussian process is proposed. Firstly, the adaptive
model set is constructed by the expecting model augmentation method, and each extended target state is initialized.
Secondly, based on the Gaussian process, the joint validation gate of extended target is established to select the valid
measurements and to form the joint association matrix. Then, the joint association matrix is splitted to obtain the
feasible association matrix and the probabilities of association events are calculated. Finally, the joint probabilistic data
association filter is used to update the state and covariance of each extended target, and the updated states are fused to

obtain the final state estimation. Simulation result verifies the effectiveness of the algorithm.
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first scenario
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Table 1  Position estimation error of two algorithms
against different parameters (m)
2 SR IMM-RM GP-VSMM-JPDA
0.65 0.7890 0.6531
Pp 0.80 0.4307 0.3358
0.90 0.3189 0.2375
1.0 0.3189 0.2375
[P 2.0 0.5735 0.4518
4.0 0.8306 0.7331
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Table 3  Position estimation error of three algorithms against different parameters (m)
. YU ET-GM-PHD GPR-MM-ETT GP-VSMM-JPDA
EE7! F#z 2 H#z 3 EE! H#z 2 Hbx 3 Hr 1 Hbx 2 Hbx 3
p 0.65 1.3134 1.1359 1.1021 1.3025 0.9516 0.9383 0.9859 0.8447 0.8103
L 0.80 0.7723 0.6106 0.5863 0.5517 0.4731 0.4419 0.4561 0.4091 0.3947
0.95 0.6865 0.4563 0.4416 0.4330 0.3616 0.3501 0.2304 0.2197 0.2053
0.0001 0.5947 0.4132 0.3958 0.3245 0.2919 0.2767 0.2038 0.1825 0.1807
Ae /m™2 0.0002 0.6865 0.4563 0.4331 0.4330 0.3616 0.3501 0.2304 0.2197 0.2053
0.0004 1.1647 1.0537 0.9873 0.9107 0.8491 0.7904 0.7537 0.6735 0.6691
R4 SHOTUAERFS R 8% (m/s)
Table 4  Velocity estimation error of three algorithms against different parameters (m/s)
ZH 28U ET-GM-PHD GPR-MM-ETT GP-VSMM-JPDA
Hs 1 H#z 2 H#z 3 H#s 1 H#z 2 Hbx 3 Hs 1 Hbx 2 Hbx 3
p 0.65 0.8051 0.7340 0.7021 0.6418 0.5622 0.5141 0.5827 0.5136 0.4835
L 0.80 0.5380 0.5027 0.4715 0.4135 0.3947 0.3691 0.3968 0.3429 0.3152
0.95 0.4127 0.3901 0.3684 0.3241 0.3028 0.2731 0.2719 0.2708 0.2493
0.0001 0.3865 0.3310 0.3174 0.2907 0.2347 0.2109 0.2576 0.2178 0.1844
Ae /m™2 0.0002 0.4127 0.3901 0.3684 0.3241 0.3028 0.2731 0.2719 0.2708 0.2493
0.0004 0.7261 0.6317 0.5715 0.5108 0.4410 0.3947 0.4631 0.4147 0.3716
K5 ZMITBAEARFSECR I IESATE R
Table 5 Correct track probability of three algorithms against different parameters
24 2R ET-GM-PHD GPR-MM-ETT GP-VSMM-JPDA
Hr 1 Hbx 2 H#x 3 H#5 1 Hbx 2 Hbx 3 Hox 1 Hx 2 Hbx 3
P 0.65 0.65 0.73 0.79 0.76 0.85 0.88 0.81 0.85 0.87
L 0.80 0.77 0.81 0.85 0.87 0.91 0.91 0.90 0.93 0.91
0.95 0.82 0.84 0.90 0.91 0.94 0.93 0.93 0.96 0.95
0.0001 0.88 0.93 0.93 0.93 0.97 0.94 0.95 0.97 0.96
Ae /m™2 0.0002 0.82 0.84 0.90 0.91 0.94 0.93 0.93 0.96 0.95
0.0004 0.71 0.77 0.85 0.82 0.85 0.87 0.84 0.88 0.87
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