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Abstract: The strong clutter interference suffered by the airborne radar and the strong maneuvering of the target
make noise non-Gaussian and heavy-tailed. Besides, the movement of the carrier aircraft induces the target is totally sub-
merged by the clutter, so that the radar cannot detect the target. To this end, a target tracking algorithm for missing measure-
ments in strong clutter is designed. Student t distribution is utilized to model the heavy-tailed property of non-Gaussian
noise. The posterior probability density function(PDF) of the summation form is converted into the probability mass func-
tion(PMF) of the product form by introducing Bernoulli random variables. And a hierarchical state space model is further
devised. Based on this model, a robust variational Bayesian smoother for measurement dropouts(RVBSD) is designed. An
example that the airborne radar tracks an airborne target is given to verify the effectiveness of the proposed algorithm.
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107]). H £55 “diag” Fm W MR, £55 “blkdiag”
LR Yot A

4.1 ERfHiHHERERIE

AN BCE AN IE R H bR IR -

Horp K = 200 2n B B K. O T3 IE T §E RVB-
SD B AT RO A SO B X b ik S RO, >R FH 4
T BYSRE AT XS L AR UE I 25 BRR R & 0F- 3 4 (Cuba-
ture Kalman Smoother, CKS) ", 3t T4l 5 45 it 25 1
IR 4 #5 (Cubature Kalman Smoother for measure-
ment Drop, CKSD)""" | 3 T~ o4 i1 a3 5 A1 0] W 75 1y
258978 43 DL 25 B R JR & 0F- 15 4 (Variational Bayes-
ian based Cubature Kalman Smoother with unknown pa-
rameters QR, VBCKS_QR)'®, % F R M1 H 1 [E B 5
A% 43 DU 37 28 BUR IR 2 3 4 (Variational Bayesian
based Cubature Kalman Smoother with unknown param-
eters wv, VBCKS_wv)" ", 3 - 75 2 B A S 11 28 43 DL
I 407 -5 #% (Variational Bayesian based Cubature Kal-
man Smoother with unknown parameters QRwv,
VBCKS_QRwv) ", CKS Fl CKSD J7 ¥ Y M 75 03 77 22 4%
5115 K Q. R. VBCKS_QR J5 3 (9 4] b W 75 B 80 N o, =
6,T,= Q,u, =4, U, = 5R. VBCKS_QRwv J5 % (19 %) iy
ZH M s, =1, = g = 3 H hy = 3. ARICFTHE RVBSD 5%
IR B HAE S R ry=hy=gy=5,=3.T,=Q, U, =
5R, ty=6, uy=4,e,=¢,=05 W W &5 B 5 %
N (%0, Py ) FEULIEFEA IR AR SAL T £ ZERFRIGIE
UHCRIAZ 73R AU N 53500 500 #1110, 9 T 9FHr L i
B HPERE  BE T ¥ 5 M 1% 2% (Root Mean Square Er-
rors, RMSEs) . °F- 2 4 J; #l 1% 2% (Average Root Mean
Square Errors, ARMSEs) .6 %1% 22 (Absolute Value Bi-
ases, AVBs) UL K34 5% 22 (Averaged Absolute Val-
ue Biases, AAVBs)VE W PEREPEN FEAR. LR FTA Y
R EAG H L AR TE Matlab2020a 1f EF- & Fiadfr,
MRS R < Intel Core i7-9750H CPU@2.60 GHz.

K2 s 1R Bk 6 Rk A5 9 H bRl iR
Eron L3 43 AR T 1k 6 AR 1Y A RM -
SEs # J& RMSEs LA X 2 RMSEs 45 3R /5] . K4 &5
ZAEXS N B B AVBs U AVBs DL AVBs 45
P R AR 25 B AT 500 R SR RIS T E AT
(007 B ARMSEs . # & ARMSEs , Jill 3% £ ARMSEs v &
AAVBs U AAVBs LS JEE BE AAVBs. Ak, 3 13k
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J& RMSEs il & RMSEs (v B AVBs J#E AVBs LA N
MU AVBs. 7 ZRETE AR R PR ER) CKS Bk
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BEAh, gk 1 f13R 2 iR, AR ST 2 RVBSD ik A
B /NRY AL B ARMSEs 3 £ ARMSEs il # £ ARMSEs
17 B AAVBs 3 JF AAVBs UL KN B AAVBs. X 56
UE T A SO R (0 Rk . BRAS SCAI R A RVBSD
B HA SRR AN LB AR X A ER S T 3RS
A A TIRE BE G — 5 A A R AR 2 AR VRRY . A
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1 REMBITEIRMSEs 3T LE

®3 AEBEREUER TRESMEITH RMSEs 37LE

- (AL I T P fi] g i # ARMSEs HEE ARMSEs | JIIHEE ARMSESs
ik ARMSEs | ARMSEs | ARMSEs (s) 1 3.4328 2.3616 1.2866
RVBSD 3.4328 2.3616 12866 | 0.4516 2 3.0782 1.8206 1.101
CKS 676145 | 123973 | 45393 | 0.0188 3 42133 23614 1.1414
CKSD 474139 | 135017 | 57307 | 0.0213 4 15794.3 519.27 36.708
VBCKS_QRwv |  6.1291 3.0761 15639 | 0.3992 5 14.1213 43291 1.6998
VBCKS_QR 7.0944 3.1896 1.5742 0.3950 6 2968.90 118.591 5.598
VBCKS_wv | 85.6035 | 194387 | 6.8943 | 0.3960 24 RE BRI TR SIS0 AAVES X
=2 RAMEITEI AAVBs XTEE HIE fLE AAVBs HE AAVBs INEE AAVBs
P I T I T e
AAVBs AAVBs AAVBs : : 6321
RVBSD 5.1441 3.5477 1.924 3 6.1762 3.407 16653
CKS 8667.60 1601.73 578.04 4 20875.2 685.78 45707
CKSD 675631 182.64 8.4287 > 19.8595 6.4589 25116
VBCKS_QRwv 8.8643 4.5505 2317 6 4076.759 175.585 8.1953
VBCKS_QR 10.408 4.8979 2.3106 TEIE 6 BsF 0 B T U8 A m) . X R R B H
VBCKS_wv 106.56 24.479 8.7954 Tor A DNARE 23 ) R AT, WSC B A i A 5 A RS A 1

BRI 1 41 A R JURITE S 0 B B

Xt H A
W20, = {gg ’;’? . k< 2K83

0.6, K/3<k<?2K/3

0.9, Hfib

0.5, K/3 <k<?2K/3

0.9, HAlh

5 3.7, =%

¥ 4., ={

0.7, K4 <k<K2, 3K4<k<K
i {0.9, Hofls

e |07 KB<k<K

haﬂ[/6.7'r,ﬁ—{0'9, ,E\:’fm

KEF 41T ERUEACHE LWL E, AR
R, A /NS A IS T HAL R LA SE IR . BR T B ARG
R, Hfth S B B[Rl 4.7 . L3 MFE 405145 H
TN HFR KIS IE T 7 B ARMSEs , 34 % ARMSEs
Jn# B ARMSEs {7 5 AAVBs 8 3 AAVBs DL Kk B
AAVBs GEiT45 54 .

B AR E R AR B IE 1~3
BUS TR B BREREE S . X b — AL B0 IE T AR SCF A 1k
BIARE. HEAh, N HFREEIAER 7 7 K/3 < k < 2K/3 X
(BN [FMERER G , WG HARGIIAER 7, ik RS
FETT I BE R T s . AR H FRAS ML 77,
FEAS] X 8] A U T, B A SR X ]38 57 5 4= 3% (R
BEARAY BARKEIRER ) CRASAE T A PERE B A 2 R
P TERRER A, Y BARSIAER ST 4 F1

FEBRATE . AR, Y ARSI R 2 SR A R MR A IX
[Al#E 22, S 2 ¥ PRI AT IS RO R (i 7 s 1%
SRR XE AR R B RS HEA A T, Hh B T
PR AL R, o T AR T BARIRAS A AT, B
R B RGEI M A AN BE ARG , 852 5 04 A R 1] BV X))
ABERK, BTG 2 H AR A G SR BT
. AR Lok, AR O BL RE B PR b AT RN
XFRRZLP AT, X AR BRI TR T

5 it

ARSCBCTE TSR AT FE T S I E A H bR R ER
B IR A A R AR g T IR A
FFRE . i 5 I AR FIREPLAL i B R A 200 ) 5
B 25 4 JEE PR RSO A 1R RO 3 A0 ME 3R o e B, A
BTy RARA A AL L RS b B TR T
LR EARAL I3 VUM T A% . DAL A s iR =S
FURR S B 36k 1 A Sk A e
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