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Adaptive maximum mixture correntropy quaternion Kalman filter

and its application

WANG Guogqing, ZHAO Xin, WANG Qin, YANG Chunyu, MA Lei
(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: To address the accuracy degradation of the Kalman filter (KF) algorithm defined in quaternion space
under non-Gaussian noise, the advantages of mixture correntropy is utilized to handle such problem. A
recursive quaternion mixture correntropy cost function is defined and the posterior estimation through
fixed-point iteration is obtained, resulting in the maximum mixture correntropy quaternion KF (MMCQKF)
algorithm. Additionally, the variational Bayesian method is introduced to adaptively update the nominal
measurement noise variance matrix, leading to the adaptive MMCQKEF, which further improves state estimation
accuracy in complex scenarios. Simulation results for target tracking in challenging noise environments show
that the root mean square error of position estimation using the proposed algorithm is reduced by approximately
53.2% compared to the maximum correntropy quaternion KF. Furthermore, integrated navigation experiments
conducted in complex non-Gaussian noise environments reveal that the error in attitude angle, velocity, and
position achieved by the proposed algorithm are reduced by 70.6%, 59.1% and 73.1%, respectively, compared
to the maximum correntropy quaternion KF. Experiments demonstrate the significant improvement in
estimation accuracy and adaptive capability of the proposed algorithm.

Key words: maximum mixture correntropy; quaternion Kalman filter; non-Gaussian noise; variational
Bayesian; integrated navigation
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MIRA ZE . AMMCQKF 78 MMCQKF [3&ad |, 5]
AT A8 43 DU 5 vk SR B 3 B T R D R R Ty 2 R
M, PER 1 ZAEALENIIERE, TGS
AMMCQKF 5k BRI AN -
Tamcoxr = (32T +128)n° + (64T +96)n’m + (32T +20)n” +
(64T +32)nm* +(84T —4)nm + (34T —4)n +
64Tm’ +4Tm + L(24m’ +18m* + 6m) +
TO(n*)+2TO(m’)

=i, 0, =0™;

ili

(60)

&1 AMMCQKF HiitEERE
Tab.1 Computational complexity of AMMCQKF
I HWRE R
IRAEFMAHIGEE (32T +128)n° + (32T +20)n° + TO(n?)
(64T +96)n’m + (64T + 32)nm* +

IEi] S 3 A R S s
(84T — 4)nm + TO(m?)
A543 DU Bk AR L(24m* +18m> + 6m)
WEGWHEEH (34T —Hn+64Tm’ + 4Tm + TO(m*)

ALAEH, R AMMCQKF Bl 44
M FES MCQKF Hikmg A1, AT+ H—&
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Po AT BIATR AR5 1 & B Al
Ik, CABUINESARHY 383 5 1 IR g 2R a5
AR RAEEES B EE.

3 BEHE
AR H bn BRER LA S A0 38 A SRV 3
5, XAFHEIE AMMCQKF 55k 5 R BRIk 1
TR BE #EAT L B . PE A 4R bR Ik A 8 7 iR 2
( Root-Mean-Square Error, RMSE ) Fl1°E4473 /7 Hid iR 2
( Average RMSE, ARMSE ) [17:18],

3.1 B#RIRER
T HEYg e H bR BRI ) TR S T R AR AR 4

VSR
{005(9) —sin(@)}
L= X + w,
" |sin(@) cos(@) | (61)
V= [1 1] X, +v,

Hrp, 0=n/18, x,=(x, x,,) e* HREGRE,
wo =W, wy,,) e P AR,y S aiilfE,
v, € H OGRS

TEfTE T, REM RN %, =[0.1 0.1T",
MRS R x, = A+ 1+ 9+ 5 1+i+g+x ), BEREE
MR UG IR ZE YT 2228 Py, = diag(0.17 0.1%) o %f HRAvk
SSCHR[S]M QKF. SCHK[11]18) MCQKF. 2.1 1ifd
MMCQKF P4 2.2 i) AMMCQKF,

A H P AMMCQKF [ #) Uf A% 15 95 % B A
o,=3Mo,=5, WHSHKENI=3, REREK
BN a=06; MCQKF HI#ii L EHN oy =2 ;
MMCQKF1 W& ik E N o,=2 M 0,=3;
MMCQKF2 # 4 % R B N o,=6 M o,=8 ;
MMCQKF3 #Ali i BN oy =8 Fl o, =10,

B0 1: IRAEH 2370 i i AR P A B T i P

AR P Y ST R AR P A e i P R M R
iR A, BIXFo=124:

Wogi-y = Wg(i—l) + Wg(i—l)l + Wg(i—l)j + Wg(i—l)K (62)
Wy ~ 0.9N(0,0.01)+0.IN(0,1) , I € {a,b,c,d}
v, =v Vv v K 63)

vl ~0.9N(0,0.01)+0.1N(0,100) , / € {a,b,c,d}

B1AIE 2 R T 1 RIS A i A
RMSE, # 2 #|HHAHN ) ARMSE, 45 HR%K0], 2
P = W o Ay, QKF Sk Al RS B2 W3 . 5k
T GG SR s f Al R RE Y A 4R T, Hop
MMCQKF il i ¥ £ { T BL i MCQKF , ifij
AMMCQKF #2485 TR . 1Y% ARMSE it
LR, AMMCQKF BN B A THR 228 MCQKF F#AI%

T 53.2%.
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Fig.1 RMSE of the first state variable for different algorithms

in case 1
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Fig.2 RMSE of the second state variable for different

algorithms in case 1

®2 1B 1 TARIESAR ARMSE
Tab.2 ARMSE of different algorithms in case 1

BkAR ARMSE ARMSE ,)
QKF 2.11340 1.90190
MCQKF 0.68195 0.65864
MMCQKF1 0.40919 0.36012
MMCQKF2 0.43233 0.41094
MMCQKEF3 0.55647 0.53255
AMMCQKF 0.32133 0.30568

0L 2: RANR A+l B

NI SFIETERE  7E R SR A ERET T
BEHLIZE IR AR 22 B s s o ol MR IRAELAE. O
210 JERFEI N EEYLIZER, HRSEE S0 1A,

Sl ==
\iaﬁ L e 1; \ |
E
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{
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Fig.3 RMSE of the first state variable for different algorithms

in case 2
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Fig.4 RMSE of the second state variable for different

s o o o

Ind
o
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~
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algorithms in case 2

&3 18R 2 TARIEAR ARMSE
Tab.3 ARMSE of different algorithms in case 2

HEA R ARMSE, ARMSE, ,
QKF 2.45340 2.01240
MCQKF 0.76325 0.71140
MMCQKF1 0.48258 0.47236
MMCQKF2 0.51350 0.48533
MMCQKF3 0.61320 0.59640
AMMCQKF 0.38710 0.33320
W, BRI A R o AMMCQKF ik

fHPERERY M . [ H A SR, NSRS R EL

SR HA R ILIE 5 FlE 6.

2

AMMCQKF(a=0)
AMMCQKF(a=0.2) | |
AMMCQKF(a=0.4)
AMMCQKF(a=0.6) | |

1.8

16
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Fig.5 RMSE of the first state variable for different o
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RS, YEAFRM a0, 18, %%
AR S A A A TR RE S B — e R T R,
ae(0,1) I, A FRBOTFREE AL RE R AL

EERF: A EERXRESHEAHLFR

Ne HIE, FEBRAEMSERAIRELT, BT LAR
MRS BB PRI EIE, WMa=06.
3.2 HESH

I TAR LA ) INS/GNSS A A F i H
PRI UERT IR A A T RO . AT SRR iR Bk S
QKF. MCQKF & MMCQKF H kit 47t SLgarh,
AMMCQKF MRS R o, =13 o, =15, W5
SHH$=3, IREFREN a=0.6 ; MCQKF %7 %
WHEAN o, =13 ; MMCQKF M #ik E N o, =13 Al
o,=15,

e AL AR H AR AR R A A bR 58, BRAR DY ST EL
LG TR -

< n 1 n 1 n n_n
9% = Eqb @), = Eqb ( @), —q,0,4, ) (64)
Horr, gy R R b AR T FHUALIRZR n B BEAE

BARNICEG @, b ﬁéﬁ%*ﬁiﬁ? n AERRZR I BRAR A

HELE D R, He', =0 -0 ; o) ZEAR%E
PRER b AHXS T ﬁ%%% i E’Jﬂwﬁliﬁfﬁﬁ%ﬁ% b
TR @) B FHALIRR n M TBHEARIR R (1Y
AR AR AR BR R n IR

RIS REMAE)RHE, 50640, TS
MRS N T € G
Ly -]
i qu qu( ~q,@,q; ) (65)
H, g 2 b ZHXT n R ELEENITH, o) 2

%‘*ﬁxﬂﬁz AIFIAEELE b R TR, o) 2
n FHN T i RIELAEELE n R TR
H (6 (65) 15, LAY uE o J7fE

H
“n 1 n [ ~ 1 ~n n' 1 n' _.n
5q :_qb (wf; _wzi)qf: __winqn +_qn win =
2 2 2
(66)
l n'5a)b b ~n n' l
2 qb ibqn 2 mqn 2 qn in
& SCGEPERIE N V" =V" PR E v H]
LU 673k 15
V'=f" Qe + @) xV" + g" (67)
Horp, o PARIDERE R, o) 2 e RAN T

RIABELE n RTIBGY; @) & n ZHXN T e RIY
FRELE n R, ¢ Bn R VWEKRE, V"
TR GRS BE
”Jﬂ]% Mrigzz, AR5
V=" - f" -Qa) +&.)xoV" -
20@;, + 0w, YxV"+5g8" = 68)
9,4, 1'049, 4, 9, -], +@,)x5V" -
Qoa) +o@" )xV" +q"qV"q'q. +5g"

en
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Hoer, FrOR SRR SR o TN EE VI SRR
f=q/ (f*+5f)q’ . Sf° R INS M
M2%; @ . @ WHINALEALGRR TR R ,
oo . Sa, AR ERIRER, Sg" NH I Ht
R, g PR n M F S n RICRAI I,
Vg s R R 2

RIS RE SIS HORE, WHE S
RIEHRAS H AL R U8,

X, =Fy,x . +w, (69)
Horr,
O+ Q)+ QK
OVl + 0V, )+ 0VyK
X, =|0pyi+0Op)+0ppK (70)
Elt+E ) tEK

Vi+ \7},] +V Kk

K(ONH(T0)H, x, N k WZPRZS 6, F,
k1B Z1 %) k B 20 PRAS R AR CIRS R 78
HEME UL SCHR18]) , w,_ AR, {0,,0,,0,}
HINS BBMIRZE, (Svy,0v,,0v,} M INS HEERZE,
{Opy.0p;0p,} N INSFLEIRE, {¢,,¢,,6.} HPEIRY
T, V..V, V. RIE R .

D57 AT LA R AU

z, =[0 0 -0 ijkwk (71)
0 -1 0 00

Hrp, z, AR, 2 GNSS FIINS {7 8 K
W ZEE, v, g,

ASLIGHET Groves HBAPOF & 1Y ik BE 5 ME S
i T HARM T it . BB GAHAE 60 s PYLATH E 3
JE 20 nv/s YFHIE SN, 38 a2 PR T 1) Y
90°%5%5 , I AL B S AN BN R AE I AL S B
. ISR ENZE 4 iR,

*4 LHRSHRE
Tab.4 Experimental parameter settings

KA i SH A
RERRA Ak 0.01(°)/h

fLIRes  BEIR AL P 0.01(°)/~h
W2 R 100 pg

T3 AL 100 pg/~/Hz
, KR (0.05°, 0.04°, 1°)
LG .
- BERE (0.013 m/s, 0.362 m/s, 0.024 m/s)
IS

PLEIRE (0.027 m, 2.41 m, 12.99 m)

HE T MR FIE T Yo E a0 e
Vi :(vlk Vzk)T eH’ ﬁ@%ﬂﬁ%ﬁﬁ"ﬁ%?ﬂﬂ@%ﬁ, erﬂ:
fII,Zﬁ:

_.a b c d
Vi =V TVl Vy ]+ VK

72
v, ~0.9N(0,R)+0.IN(0,100R) , € {a,b,c,d} (72)
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vs-d
Py =2.5m , HEERMNMESEIRELE v, =2.5m/s,

B 7 s 7R RARS IS LT, AR DR
BERARIRE . BEIRZERALERZER RMSE,
NI ARMSE W3 5. Z55REKH], AMMCQKF 1t
BA . ACIEEE R AR AL E IR 228 MCQKF 433l B AR
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Fig.7 RMSE of errors for different filters in integrated

navigation



%10 #1

IERF: AERRRKRSRITIFREIEEAL S A 997

*5 HASMBREFREIRKEELN ARMSE
Tab.S ARMSE of different filtering algorithms in
integrated navigation model

¥ QKF  MCQKF MMCQKF AMMCQKF
oN 0.0234  0.0051 0.0029 0.0015
oE 0.0155  0.0025 0.0021 0.0017
oD 0.0466  0.0155 0.0112 0.0089
Sw 16766  0.3418 0.2855 0.1399
Sve 17584 0.5356 0.4823 0.1779
Svp  0.6396  0.1856 0.1532 0.0595
Spv 158753 5.0554 4.6864 3.5485
Spr 169832  4.6864 42101 1.2632
Spp 12.8548  5.4535 4.9952 4.1491
4 45

BEXTEIE R T 1 DY TR R GRS T
DORGEEAS B )8, AR SCHE IR B A DG e i it i
HTE A PO T BOR A A SR R %, £ GHR B4
T 38 3o [ 5 a6 AR S5 HH DY ST B0 A M DG M R 2R
SUSP RS FEBLIER b, RAAR S DU H IS
o7 B T 2 SR Ry =R, A eE R A
FEEE. HARIREEFALE SHULER, AN
M e QKF A MCQKF BA B4 (Al -1 RE AN
H &N g ST o
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