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Nonlinear Kalman Filter Based on Gaussian-generalized-hyperbolic Mixing Distribution

WANG Guo-Qing”? YANG Chun-Yu"? MA Lei*? DAI Wei"?

Abstract In this paper, we consider the state estimation problem of nonlinear systems with non-stationary heavy-
tailed non-Gaussian noise. Considering that many often encountered heavy-tailed noises are the special cases of gen-
eralized hyperbolic distribution, and its mixing distribution is the conjugate generalized inverse Gaussian distribu-
tion, we adopt the generalized hyperbolic distribution to model the heavy-tailed noise. After that, we employ the
Bernoulli variable to construct the Gaussian-generalized-hyperbolic mixing distribution to model the non-stationary
heavy-tailed noise, and then the probability model of the target system is constructed based on the hierarchical
Gaussian structure of this distribution. The Kalman filter (KF) framework for systems with this type of noises is
achieved by applying the variational Bayes method to estimate the posteriori distribution of system states and the
parameters of the noise, and several existing robust filtering algorithms are the special cases of the proposed al-
gorithm. Simulation results of robot tracking experiments demonstrate that the proposed algorithm has better es-
timation accuracy and numerical stability than the existing ones, and is robust to its initial parameters.

Key words Nonlinear Kalman filter, Gaussian-generalized-hyperbolic distribution, non-stationary noise, heavy-
tailed distribution, variational Bayes
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Fig.2  The illustration of tracking a robot with
the sensor network

YT A BRIER )R ) R G R R R

1, T1,
r; =

0, 1o
Hr, RGURE ;= [ yi @ i) WG AFE 2 Al y
PN BRI ERTEE, T = 1 s HRFERTH], 1,
RN 2 AT, AR S w, N IE T g

L, BRI 2N

T, 1+ w; (59)

- ?12 5 1,
Q=q 72 (60)
712 T1y

Hrp B g = 10.
wI RN FRE 3 AL RIS IS B
EI] [19, 23, 34]

V@i —21)?2+ Wi —ya))?
V(@i —22)? + (4 —y2))?

Vwi —23)? + (i — y(3))?

zZi = + v; (61)

K, (zqy=0m, yuy=0m), (v =1000m,
Yoy =0m), (zzy=0m, yg =1000m) 573Ktk
TR AR IR AR

P, W EERESVER N 2=
[500 m 500 m 10 ms~! 10 ms~!|T, R EFHFERN Py =
diag{100 m?, 100 m?, 10 m?>s~2, 10 m?>s~2}.



2 FFE PRAE: T T SOR R A 20 A R AR Ltk R 2k 2 08I 455

AT EE AN [ SRk B Al o ROR 5 SCH I
A7 BN 13 77 % 2 (Root mean square error,
RMSE) KE&fiiHi#%. U E RMSE N, H
SN A, 2223

M
mw&am=¢JQEZ(@S—£ﬂ2+@ﬁ—@ﬂ% (62)
s=1

o, BAr s /oK s IRSERF RIS RS, (23, vf)
N ZIHSRNLE, (85, 95) R i I 28 5%
MMl TFEE B, M = 500 A2 Z 45 R85 B AR S5
£, RMSEye HIE AL,

RNARE L, 5 RE P IR LR AR 43 T8 2R
FAEFUEIN (— FhAsp R 1) JC 1088 4, #5030 43 %k bL B
EIESH UKF 45 %) Rl 75248 5 DUk kAt
(R L BRI IE AR N = 10, 17 ZLIHK 34 400 s.
55 [R] R B0 25 208 SAqpl ) B R 4 R 4D R 7 5K
AR

N(07 wlyiR0)7 W.p. 03, 1 < ) < 300
v; ~ {N(07 U)Q)Z'RO), W.p. 07, 1 S ) S 300
N(0, wy ;Ro), w.p.1, 300 <i <400

(63)

Hdr ) wy; ~U(10, 100) FoR AR M [10, 100] 2 6] 3%
SRS 43AT; wa; = 1 4+ 0.5cos(mi) FI SR E AR
MRy = PR AR . wp. RN H IR Ry =
diag{100 m?, 50 m?, 200 m?}. J&&{) B A g =
S EREFEBEN Ry = diag{100 m?, 100 m?, 100 m?}.
BIZE[0's, 300 ] A ABE4DL L 3 (1) J5L 2 S v o e 7, &
DEFS 70% HEZ N N(0, we, i Ro), 30% K AN(0,
wi ;Ro). TE (300's, 400 s] P4 2 I gk 75 g A\ 2 25 AR
IR AT N(0, wo ; Ro). NIETEEfR, Dl—4EE Ny
i, Bl 3 s 7 M A BOMEAE T A1 DL R % B R
HREREL, HH[0s, 300 s] AR5, (300 s, 400 s]
N EAM, [0, 400 s] AAETPRIR R . 7T UUE
B, R R R E R AR BN R AR A,
EPSY b )i AR G O N T N NS R 2
Tl 75 A0 AT (I )35, BEREAS 2T 47 1Al T H R

4.2 EHiEITHE

FE R R BRSO H BVE S F 2R B Al oA
B SRR LR BLTR 10 FREE: BUA 1 6 RV,
FUAERI FH R 75 3 T 07 2RI 2 L UKE 5%, 3
Bk [22] 1 STUKF &k, SC#k [18] Hi) MCUKF
SR, SCHR [23]) H A RSE-ML 5325 Sk [29] Y
SEUKF Fk . ) FH 5 s 5 P e 7 77 2 1 e 1) de A0
UKF %32 (OUKF); ASCHE HFIVER) 4 o B

300

| — EFRERRS
200 |
100 |
£
m
= 100
-200 |
-300 e —
0 50 100 150 200 250 300 350 400
Time /s
(a)
i 53 i
0.05 | - - - ERAME
TR R A

T 2 B A

-150 -100 50 0 50 100 150
WA B
(b)

B3 s A — 2 A R DL SR 2 e 4L
Fig.3  The amplitude and probability density functions

of the one-dimensional noise used in the simulation
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Fig.4 The RMSE,,; of the proposed
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