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Multiple maneuvering target tracking with nonlinear measurements
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Abstract; In order to solve the problems of poor real-time performance, significant tracking errors and poor
robustness to clutter changes with maneuvering multi-target tracking with nonlinear measurement, a multi-model 8-
generalized labeled multi-Bernoulli ( 8-GLMB) filter is proposed in light of the random finite set ( RFS) theory,
capitalizing on measurement transformation and a fuzzy algorithm. Initially, the interactive multiple model (IMM)
8-GLMB filter realizes the unbiased conversion of position measurement from polar coordinate system to Cartesian
coordinate system by initiating an uncorrelated unbiased measurement conversion and removes the filter estimation
deviation caused by the correlation between measurement errors and their covariances on the basis of the predicted
value, thus realizing the maneuvering multi-target tracking in nonlinear scenarios. Then, the number of clutter
measurements is reduced by constructing a joint gate that takes into account track and measurement correlation and
target maneuver constraints. Finally, an improved fuzzy algorithm is introduced, which takes the posterior model
probability of the target as the input, to adaptively adjust the process noise of the motion model according to the
separation degree of the model, thereby increasing filtering accuracy. The research result shows that in the clutter
environment, compared with CKF-JMS-3-GLMB, CKF-IMM-3-GLMB, and other nonlinear filters, the proposed
algorithm performs better in terms of computation time, tracking accuracy and robustness. The proposed algorithm
sidesteps the computational burden typically associated with traditional nonlinear processing methods, and has better
clutter suppression characteristics, which improves the performance of maneuvering multi-target tracking with
nonlinear measurement.

Keywords : nonlinear measurements; maneuvering multiple target; 8-generalized labeled multi-Bernoulli ( 3-GLMB ) ;
converted measurement ; interactive multiple model ; fuzzy algorithm
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Fig.3  Output membership function
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Tab.1 Fuzzy rules table

FL- I I I U
1 Py Py Py F,
2 Py Py Py Fy
3 Py Py Py Fy
4 Py Py Py Fy
5 S M Py Fq
6 Py Py Py F,
7 Py Py Py Fs
8 Py Py Py Fy
9 Py Py Py Fy
10 Py Py Py Fy
11 Py Py Py Fy
12 Py Py Py F,
13 Py Py Py Fq
14 Py Py Py F,
15 Py Py Py Fy
16 Py Py, Py Fy
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Tab.2 Initial states of targets

HAr  WRhE/m  HAERZY s IHTIZ s B3/ s

31 ~42 ok
66 ~77 4%k
HAE)H

1 [1000;7 500] 1 100

31 ~42 5%
66 ~77 27
HAE)H

2 [1000;2500] 1 100

21 ~35 7k
41 ~70 FoH%:
Hapsk

3 [8000;8000] 10 100

31 ~42 ik

49 ~80 7otk

86 ~95 il
HAxsH

4 [7000;5 000] 10 80

21 ~60 Zekk
5 [3000;8500] 20 100

FUVbs 2R I R R AR 0 A B p () = [0. 4,
0.3,0.3] iz R 2 [a] (9 )30 i B R B AS A

T SEY A
0.8 0.1 0.1
T, =|0.1 0.8 0.1
0.1 0.1 0.8

WAM REEF T =1 s, i i g o) =
0. 1°, 2 M e MR oy =10 m, HARAETE 3
P.=0.99, HFrka M= P, =0. 98, &K A Y
A F4 ) 43 AT AELRIN DX I8, B0 R Iy A 49
B oy A, A 5 #8543 BiC ( optimal sub-pattern
assignment, OSPA) I ZEE ¢ =100,p =1,
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Fig.5 Model probability and process noise of object 1
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Fig. 6  Comparison of potential estimation for different filters
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Fig. 8  Comparison of correlation measurements number for
different filters
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Fig.9 Comparison of running time for different filters
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Tab.3 Comparison of measurements and time

— %,leﬂiﬁj %rllﬁTri@fr%;
=AML A1)/
CKF-3-GLMB 10.55 0.51
CKF-JMS-3-GLMB 17.32 5.25
CKF-IMM-3-GLMB 27.42 3.47
DUCM-FIMM-3-GLMB 7.56 0.90
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Fig. 10  Comparison of potential estimation for different clutter
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Fig. 11 Comparison of OSPA error for different clutter rates
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Tab.4 Comparison of different clutter rates

s T3 BRI
AR F s A ;

B A% Bl /s
A=1 4.44 0.56
=20 6.50 0.76
A =30 7.56 0.90
A =60 10. 69 0.94
A =100 14.32 1.17
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