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Matching of the estimating covariance in bearings-only tracking
algorithm for moving surface targets in multiple model filters
Mahdi Ardeshiri 1, PhD student; Alireza Alfi 2, Associate Professor

! Faculty of Electrical and Robotic, Shahrood University of Technology, Shahrood, Iran, Email: ardeshiri_mahdi@shahroodut.ac.ir
2Faculty of Electrical and Robotic Engineering, Shahrood University of Technology, Shahrood, Iran, Email: a_alfi@shahroodut.ac.ir

Abstract: In this paper, an algorithm for bearings-only target tracking (BOT) problem is proposed using the resetting of the covariance
matrix of the filter. Poor observability in BOT problem often leads to a bias error or even divergence of the filter. Therefore, due to
non-uniqueness of the problem, the covariance value of the filter is not a sufficient condition to indicate the estimation error. In this
paper, it is shown that the mutual effects between the covariance of the target range estimation and the Cramer-Rao lower error bound
is similar to the stability of a Lyapunov function for detecting the divergence of the recursive filter. Then, this function is used as a
correction coefficient of the estimating covariance matching. The multi-model/particle filters are also adopted for estimating the initial
range of the target and calculating the Cramer-Rao lower error bound. Using the Monte Carlo simulation method, the proposed
algorithm is compared with other conventional filters based on the criteria reported in the literature. Improvement of the results of the
target range estimation is also shown, especially in case of observability reduction. All studies conducted in this paper are limited to
the problem of surface floats tracking with passive sonar for a typical submarine.

Keywords: Bearings-only tracking, target observability, fisher information matrix, cramer-rao lower band, optimal observer path
planning.
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Target Distance=2-10Km, Target Bearing =200deg. :\ jgilo V- Jgo>

Distance\

Bearing 2Km/20° 4Km/20° 8Km/20° 10Km/20°
Estimator \ | q
Criterion n CRLB| RTAV, RMS n CRLB| RTAM| RMS n CRLB | RTAMY RMS n CRLB | RTAM| RMS
Proposed 100 | 106 | 35 5.8 100 53 18 205 100 | 518 236 1593 100 518 486 1306
PAIMM_UKF | 100 | 10.3 | 26.1 16.6 100 51 12 201 55 849 865 2353 70 610 865 2714
AIMM_UKF 100 | 101 | 57 7.1 100 49 17 202 100 | 560 488 1667 100 560 488 2291
IMM_UKF 100 9.6 5.8 7.1 100 51 18 202 100 | 409 445 1554 100 558 880 2120
EKF 60 9.9 16.3 12 100 50 20 204 86 983 683 2342 86 1025 879 2741
Target Distance=2-10Km, Target Bearing=20deg :Y ,gilo Y- Jgu
Distance\ o o ° °
Bearing 2Km/120 4Km/120 8Km/120 10Km/120
Estimator\ q
Criterion n CRLB| RTAM RMS n CRLB| RTAMY RMS n | CRLB | RTAMS| RMS n | CRLB | RTAM| RMS
Proposed 100 86 70 225 100 | 182 99 301 100 197 51 761 41 231 561 376
PAIMM_UKF | 100 92 127 230 20 188 917 702 27 194 702 1736 18 228 | 1213 | 2190
AIMM_UKF 100 75 70 244 19 177 947 875 13 174 1331 2144 9 198 2160 2912
IMM_UKF 100 76 70 250 18 | 178 | 993 907 12 175 1368 2234 9 200 | 2217 | 2923
EKF 26 179 | 667 818 8 153 | 1752 | 1987 24 164 680 1658 | 16 | 195 | 1219 | 2077
Target Distance=2-10Km, Target Bearing =120deg :Y 4ilo Y-\ Jqu>
Distance\ o o o o
Bearing 2Km/200 4Km/200 8Km/200 10Km/200
Estimator \ ] d
Criterion n CRLB| RTAMY RMS n CRLB | RTAM| RMS n CRLB | RTAMY RMS n CRLB | RTAM| RMS
Proposed 70 465 662 582 100 | 660 432 386 75 824 1099 | 1020 42 885 2092 | 1841
PAIMM_UKF | 100 | 574 396 413 100 | 701 564 551 48 902 1852 | 1829 36 970 2664 | 2539
AIMM_UKF 47 414 876 818 66 631 958 981 31 829 2606 | 2408 22 869 3849 | 3414
IMM_UKF 47 414 886 816 65 632 962 983 31 830 2626 | 2419 22 871 3847 | 3424
EKF 28 402 593 1239 38 645 168 1682 28 1170 4161 | 4001 26 1403 | 5242 | 4877
TS
12 Interactive Multiple Model-Unscented Kalman Filter ' Bearings Only Tracking
13 Extended Kalman Filter (EKF) 2 Target Motion Analysis
4 Particle Filter 3 Electronic counter measure
15 Steepest Descent ¢ Bearing
16 Bayesian 5 Multiple model
17 Fading factor 6 Mutually ) '
18 Extended Strong Tracking Filter 7 Fisher Information Matrix (FIM)
19 Interaction 8 Cramer-Rao Lower Bound(CRLB)
20 Root-mean square ° Efficiency
21 Efficiency 19 Consistency
22 Root time averaged mean square 1 Residual
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