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Student’s ¢ kernel maximum correntropy Kalman filter and its kernel
bandwidth adaptive selection method

WANG Guo-qing, ZHANG Dong-sheng, ZHU Zhao-lei, YANG Chun-yu', MA Lei

(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116,
China)

Abstract: In this paper, we consider the state estimation problem of the systems with time-varying heavy-tailed non-
Gaussian noise. The Kalman filtering algorithms based on the maximum correntropy criterion are characterized by their
small computational burden and the ability to suppress many types of non-Gaussian noise. However, most of the
existing methods are designed using Gaussian kernel functions and the existing kernel bandwidths are limited by its
adaptive selection ability. To overcome the problems associated with existing methods, we adopt the student’s ¢ kernel
function instead of the Gaussian kernel function commonly used in the existing algorithms to fully capture the
information of the heavy-tailed non-Gaussian noise. Based on this, we define a new cost function and derive the
student’s ¢ kernel maximum correntropy Kalman filter. Subsequently, to enhance the estimation accuracy of the
proposed algorithm under the time-varying heavy-tailed non-Gaussian noise, the interacting multiple model method is
employed to select the kernel bandwidths adaptively by running multiple sub-filters with different kernel bandwidths,
where the credibilities of all sub-filters are updated using the likelihood functions, and the final posterior estimation is
obtained by using the weighted fusion of the sub-filters’ estimation. The target tracking simulation experiments show
that the proposed algorithm has better estimation accuracy compared with related algorithms.

Keywords: heavy-tailed non-gaussian noise; maximum correntropy criterion; the student’s ¢ kernel; robust Kalman
filter; adaption of the kernel bandwidth
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H AR ER R 1 R R 2 23 1) 7 R om oA

10T 0
1 0T
01 0
0 0 1

l1 000
z, =
01 0O
yPIANTT I BRI A BAREE, T=1sRRAERRE. 1T
TN 75 O JE R AR ey e 7, HL g A 4 R R Oy UAE
i

Q ~ 0.9N(0, Q) + 0.1N(0,10Q,),

T, +w; g, (38)

o O O

T; + v;. (39)

(40)

T2/2 0 T 0
0 T2/2 0 T
KHg=20m?*/s*.

P BRI, SR F RSV E R N T, =
[100m 100m 10ms~' 10ms~'|", RZE W7 25
fE 5 Py =diag{100 m?, 100 m?, 10 m*s~2, 10 m?*s~*}.

N TR T E B AT B B R A T AL
R RHAZERREHE, KSR IR EAN=
200, HIR 4 B R BN E, =300 s. F1) AL B AT E
R 2 (RMSE)™” SkRiFM i 115 2.

AR BLR 7 R AL 4 i KF B X
R [16] Hf5 R AH KA R /R 2 383 5 (0, =15, il
E MCKF); SCHk [26] HHAZ 5 B 15 38 IV foe K I8 8 8 B
% (0, =15, it AMCKF); SCiik [27] TR 3F38 5 1L
W 37 0 G PGP B IR A Y 5 1 0 S KA R R R &
JEW B8 (0, =15, iILAF VBAMCKF); CH#k [28] HJ&
Tk 7 SR e B A B il TR 2 VT
TR BR[O N R I B (0, =10, 1D
YE MCCAKF); BT Hh 28 T 2% 28 e A I s KA D0 =
IR 2D (0,=15, ILE SMCKF) LA fT i Hi IMM-
SMCKF %%, Hirr: IMM-SMCKF &%k £ 3 MA
[F) A% 7 5 Al 88, i E N oy =15, 05 =13,
os=11, HHE®RE NL=1.5.

42 EHREIERHRE T REEN

e, HEE RS M T AR R &
HHIRA oA A i) AE e T s v 7= R
0.9N (0, R,) + 0.1N(0,50R,),

3
0.9N (0, Ry) + 0.1N(0, 100R,),
R b 2

3 3
0.9N (0, Ry) + 0.1N(0, 150 R,),

2t‘“<'<1t
— <1 .-
3

(42)

|

l 1 0.5}
R, =7 , (43)

05 1

KHERr=100m/s. @it LA EJ73, /955007 [Os,

100s]. [100s, 200s] A1 [200s, 300 s] =Nk 1A] B
BEALL 3 FoloAS [m] JE R JEE ) A v e 7

PiE AR 2 fros. B 2 a7 W, 7EM R R s
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70
g E 5
o =3
< <
~ ~ 30
10
0 100 200 300 0 100 200 300
t/'s t/'s
(a) PLEHFTRIRE
35
E B
w2 w2
= =
2 a4
5
0 100 200 300
t/'s t/'s
(b) EE¥HIRIRZE (b) HEIIRIRZE
KF MCKF SMCKF KF MCKF SMCKF
—— AMCKF MCCAKF VBAMCKF —— AMCKF MCCAKF VBAMCKF
— IMM-SMCKF — IMM-SMCKF

E2 SENRERETAREZENIIARIRE
Wi ERAK RIS 1 B X (8] Y, IMM-SMCKF 5% 4%
1t T3 38 1) MCKF, {H 2 i 35 e 75 Sl o 0 A B 020
H4h0, IMM-SMCKF %32 B % 3K 15 L [R] S8 503 s 4
A TS .

K 2N200K R RIEDIH T, izt IMM-
SMCKF Al SMCKF 5 #l 5 KF. MCKF. AMCKF.
AMMCKF 1t 3 B AN [A] s 0 A% P e 75 1 BT 3R 4519
T TR AL T % (ARMSE). 3% 2 BR B ]
UL, IMM-SMCKF 3575 A [ i B 72 B e 7 1 3
AT 7B RE.

FR2 BEHRARETAREENEHSIRIRE

LR fr BT IR % /m TR 2/ (ms)
KF 32.969 172111
MCKF 30.677 1 16.199 7
SMCKF 19.785 6 123275
AMCKF 25.226 1 13.6142
MCCAKF 25396 1 14.142 4
VBAMCKF 272553 14.260 2
IMM-SMCKF 18349 6 11.939 7

43 HHINREREHEEE T HEIEXN

AR SCHE— 25 2 BB A v T I S K 1 o ok e
A L. SR T B T A b U 5% ook g S S B B A
TR B2 RS I, 7E REAN {5 5B 1] B 1) v ] B Z10 98
g R, AL S S 2 a7 B U R, A 3
M2 3 Fro~. BB 3R 3 I, 75 150 s SRAEHT
2, TE BT 8 i 335 52 3] ph o W 7 S i () 1 0L

E3 mMANREREREAREENHGRIRE
R MANAERERANEEEN TG RIRE

a7 St 7B 375 iR % /m HRREI TR (/s)
KF 32.7475 17.2422
MCKF 30.818 1 16.3812
SMCKF 20.624 3 12.585 3
AMCKF 25.429 6 13.762 1
MCCAKF 25.906 14382 6
VBAMCKF 27.544 2 14376 5
IMM-SMCKF 19.146 3 12.066 9

T 4 Y IMM-SMCKF 5572 45 48 1T DA AR 35 f A0 1 £
THAGEE.
4.4 HHGEETHEEXN

TE 45 H i DLV B v 0 e 7 RN ook Mg 7 7R
RN RER SRR A B S i W B i s 2 AT 10 7. ]
— M, BN T TR 25 W M R AN R SRR I 1
X EE, SRS R DL 5 AR ARG

v; ~ U(=2,2), (44)

HURB A ERSH BB S s & g~
N EAORRE— B U 1A R 4 B, O BAGE
W 4 Fros. B 4 3L 4 /70, Frig s T4
BRI R T B G SR 7, RIS TR AR SR R I
AL THERE.
45 JLEMRG THEEXN

N TP R, D R
PERG T REERI T PERE. R M RGN Ty
TRFFAAR, BB B a0 4544



1548 #= % 5 Xk K %40%
He Ry=rxdiag{(0.2)?, (0.015)*}, Hlr=100m/s.
. i B SLIe A, S5 RIE W F AR IV RS E R N T, =
;g [-40m 10m 3ms™' —1ms™'|", REW T £
:z: BEUEA Py =diag{4m?, 4m?, 0.01 m?s~2, 0.01 m*s~2}.
AU EE T R B2 MCEKF (o T30k [16] Ak
K F 28 80 J& I 45 31 (1 4 28 11 #9%). AMCEKF P
t/s VBAMCEKF ", MCCAKF ® L J% i f SMCEKF
(@) BLESTRRE 1 IMM-SMCEKF (3 F 25 ) JE JF 9 J 31 JF 4 1 %
26 ‘ 4. EIREENZ R ES S R RAN S HOK
BN AR5,
JER ‘ PRgRE 5 M 5 Pros. hE 5 gk s ap i,
m . | thd — N [N N M 3
S | s ,fagf;,;;;’a{g;;;t,‘_,#.,tg;{;;‘{ i 7E @ Wi R & B 5 R EKF i F RS B ™ % AL
/! . & ‘ ‘ (N 1 R . .
~ A MCCAEKF Fl VBAMCEKF (50 A A0 A5 T T 1%,
10 100 200 300 F7 42 1 SMCEKF % ¥ # % T EKF. MCEKF 5
o W’Sﬂﬁ% AMCEKF BU/8 T % U 10 it 10 F, BT 42 Y IMM-
TR R . = i
KF MCKF SMCKF SMCEKF 5% B A SAE 5Tk .
—— AMCKF MCCAKF VBAMCKF
— IMM-SMCKF 250
E4 HERETAREENSIRIRE . 20060
e Tasop0r T T
®a WORETTEBENOTIESRIZE R T e i
100 —
HILRM {7 B 3575 1R % /m T TR (m/s) E 140 160\ 180 200
KF 382078 19.289 4 S e e erry [ VRS,
MCKF 36.790 7 18.525 1 0 == o
SMCKF 21.6172 12.896 6 0 100 :/ 300
S
AMCKF 28.644 1 14.6399 N o
MCCAKF 20.189 4 15.402 1 (a) PEITHRIRE
VBAMCKF 31.8573 15.1979 3
IMM-SMCKF 19.498 6 12.306 7 @ i
)
V(@i = 20) + (Ys — 0)? ;’
z; = Yi — Yo +v;,  (45) ‘é’
arctan
T; — T p
/ﬁ\:':':‘itz = [a:z Y, i'j yJ]Tj\j/%gﬂj(%} ﬂ*%uﬁ’%?g%ﬁ 00 100 200 300
MR o7 AR Al t/s
(b) HEHTRIRE
Q ~ 0:9N(0, Qo) +0.1N(0,10Q,), (46) EKF MyéEKF SMCEKF
X H ---AMECKF  MCCAEKF — VBAMCEKF
— IMM-SMCEKF
Q. = g x diag{(0.2)* m’s™*, (0.2)*m’s", A e o A e
‘ E5 SHNRARAE TARAEL M EENHFIRIRE
(0.015)%s7?,(0.015)* s},
Hq=10. S0 3% I an T J7 =04 RS BSENRARE TR LGB LN FIRIRE
R, ~ kR 7 B 35 75 R % 25 /m TR 5 75 ARAR 22/ (m/s)
ot EKF 74219 1 1.048 6
0.9N(0, Ry) + 0.1N (0, 100R,), i < 3 MCEKF 38.145 1 0.65701
t. . ot SMCEKF 19.382 8 0.482 73
0.9N (0, Ry)+0.1N (0, 200R,), 3 i< 3 AMCEKF 253527 0.536 19
2t MCCAEKF 94.769 9 0.905 61
0.9N(0, R,) + 0.1N (0, 300R,), 3S <<t VBAMCEKF 37.143 8 0.6352
IMM-SMCEKF 18.048 4 0.471 58
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HEZROR SE UL T 9 1 38 1 B8, 38 1L 36 AN [R] A% 92
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