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A General Framework Solution to Gaussian Filter with

Multiple-step Randomly-delayed Measurements

ZHANG Yong-Gang' HUANG Yu-Long? ZHAO Lin*

Abstract
nonlinear dynamic systems with multiple step randomly delayed measurements. Noise and previous state vectors are

This paper provides a general framework solution to state estimation of Gaussian filter for both linear and

added into the current state vector to facilitate its recursive update estimation. A general framework of Bayesian solution
to the augmented state estimation is then derived. For nonlinear systems, different Gaussian approximation filters can be
developed by utilizing different numerical methods for computing Gaussian weighted integrals involved in the Bayesian
solution. Finally, the third-degree spherical-radial cubature rule is used to implement the proposed method. Simulation
is performed based on a target tracking model, in which measurements are randomly delayed for multiple steps. The

simulation results illustrate the efficiency and advantages of the proposed method.
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£y
Pk,k\k—l

=(1- pl)PIfjdk—l + plpkgic—1|k—1 (90)
ST By, PPy Zupp—1 A PEE (A
SRR, 7E5H 2, e BLAFI (76) ~ (79).
ﬂUﬁFéf‘ﬁii)ﬂﬂgl%ﬁ (hk—l (CCk_l)—f—’Uk_l) K@,ﬁﬁﬂ%
w(lz-d (d: 2737"' y 8 — 1) Zil ZB%, Fﬁu?fit (46) bl
(47) BB, A 50 N (€ sy Prus)
AIBLIA G0 T N y5 @5y, P oqjemy)y AT
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Table 1  The mean and variance of position RMSE
BB ¥l (m) Ji % (m?)
PRl CKF 1.19 x 108 2.3 x 1018
SHIEIR CKF 5.88 x 1014 4.82 x 103!
Wi iLiR CKF 5.99 x 102 4.52 x 10°
“ IR CKF 1.57 x 102 6.89 x 102

%2 i RMSE [WEM T %

Table 2 The mean and variance of velocity RMSE
TR A Bl (m/s) Ji % (m?/s?)
FrHER CKF 4.91 x 10° 5.61 x 102!
—J4EiR CKF 4.71 x 10'® 3.70 x 1033
Wi iLiR CKF 2.66 x 102 3.11 x 10°
=R CKF 3.82 x 10! 7.56 x 10!

%3 A5 RMSE (K34 )y %

Table 3 The mean and variance of turn rate RMSE
IEWe Bfii (Deg/s) Ji% (Deg?/s?)
by CKF 90.46 4.03 x 10*
— iR CKF 89.53 4.78 x 10°
Wb iEiR CKF 4.53 99.44
=i CKF 1.87 0.103

TR CKE . 27— BN IR &
W CKE Kt 9920 BEHLIE IR i) CKF 38 9% )y
LR LR, FRAT T4 T FHARL IR B 0 gy L A
B ) 0 BE AL SE IR 0 A 5 LA R 4 A
5 F7x, X HARERERN A, & AR R ZY. 78
A E AR AE =D BENLAE IR, bk CKF . A —
SURENLAEIR 7 CKF 50ats 9 20 B ML AE B 590 1)
CKF 25 18 1y 2 0 A 74 1) 15 AR 5 3 v g o2 0 i oH S
R, =B BENLAE IR S SR AR B e 5 Ay 2P
(17 B ML SiE 3 2 3000 i M A7 A K I 22 5, 7 L A
TAREMTRSEE, B80T I8 R

HE 2. 2 T, RATE LB A ST H
() 5 v RVELAT 1 5 20 BE ML ZE IR I ) EKE FI
UKFW) ZEIXRE DL, FATTRE G BT 99 20 B ML 4E
IR R VE RGAE A — ALt 1. 72Uk B
T EBHCEEWT, REATEEEHSH u =
0.01,0.02,--- , 1, EMLLERME S p) = 0.5, —
IEIRMER N ph = 0.25, P EIRMEE N p? = 0.25.
R (5) At (6), ATLAHHSAARIEIR D H s = 2,
WIRBH p, = po = 0.5. B 6~8 JER THEM
ARMSE &%t
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