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ABSTRACT

In modern engineering, optimal estimation of system states is crucial for enhancing accuracy,
efficiency, and reliability. Filtering estimation technology, as an essential means of optimal
estimation, is widely used in fields such as signal processing, navigation, and control
systems. Among these, the classical Kalman filter, with its recursive least squares estimation
method, exhibits excellent performance under Gaussian noise conditions. However, the noise
characteristics in many practical application scenarios often do not conform to the Gaussian
distribution and typically present as non-Gaussian noise. This significantly reduces the
filtering effectiveness of the classical Kalman filter. To address this issue, this paper aims to
design a novel Kalman filter suitable for non-Gaussian noise environments.

Firstly, this thesis details the fundamental principles of the classical Kalman filter, including
its state-space model, Gaussian noise assumption, and Minimum Mean Square Error (MMSE)
criterion, and analyzes its limitations in non-Gaussian noise scenarios. To overcome these
limitations, the paper introduces the Maximum Correntropy Criterion (MCC). MCC can
capture high-order statistical information of signals, making the filter more robust and
adaptable when dealing with non-Gaussian noise. Based on the MCC criterion, a novel
Kalman filter is designed, and on this basis, a weighted MCC Kalman filter is proposed to
further enhance its performance in both Gaussian and non-Gaussian noise scenarios. The
weighted MCC Kalman filter dynamically adjusts weights, better balancing estimation errors
and enhancing the filter’s stability and accuracy.

To validate the performance of the novel filter, various noise scenario simulations were
conducted, including both Gaussian and non-Gaussian noise scenarios. The experimental
results demonstrate that the MCC-based novel Kalman filter performs excellently in non-
Gaussian noise environments, while the weighted MCC Kalman filter performs
outstandingly in both Gaussian and non-Gaussian noise scenarios.

The research indicates that the MCC-based novel Kalman filter can effectively handle
complex noise environments, offering broad application prospects and contributing to the
improved accuracy and reliability of actual engineering systems. Future work will further
optimize the novel filter's algorithm to enhance its computational efficiency and real-time
performance, meeting the requirements of more demanding real-time applications.
Additionally, further exploration of different kernel functions and parameter settings will be
conducted to fully enhance the novel filter's applicability.

KEY WORDS: Filtering estimation; Non-Gaussian noise; Kalman filter; Maximum
Correntropy Criterion
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() 4EfEx g (k)IRZE

K 2-3 AE R A 7 5 N SRR 2B RO (BARBR R IRED



PO 2SR AR B GBS0

bEJE, BALRA 55— e MRS R, 527X RS 100 JCRAEERER
Bl & (2-3) RILTAERGFTT, QMR 2 IR B BN AR 2 8 R S8
AT ARG 2, (k) Bl (k) FIUERRCR s BINNMEREAE R 58 H SHHAC S M T 10N 1942
e, BR O AYE R 22 B 40 R 22 fE A R 2 I, H AR (R RIS FUE, T
LN RoR R /R 2 IR P A AR T R G F00 - 5E 5 5 B A Al e, TRUE H, 1FN
A v TR A ) v TR S UL N M ) SN B T e SRR S B BCAR HIAE THEBE, P
AU A R E T 5, HMn 4L Fg ek, &7 iR
.

RIS SO AR AT R, R IR 8 JERAs ANE H A e 75 37 = (e B A 1
ERXMIZFT, GiRREIEREA IR IES LI,

2.6 AN

A B A ST FE ) F il Y R - iR R SRR AR REAT 1 HES 5, @RIk
ST EE, S MMSE #ENIHES, AREFEMNA 7T RO T2
RIRZPEPASHIN T FE LSBT R, X EEHE SR ORAIE | 42 SRR 2 IR I AR AR IZAE SR
THRIIEE: FR, BAIEA DR SEAR SRS 5T, QUK 2 IERAS
Ao AR P RMESF, RO EIAR/R PP HITHR, HHAESERIES
ity RIS RIS, AR AR s e A 5 R IS AT BOR1F 2 o
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3 MCC #EN AL /R = g8 0% 5%

3 MCC #ENI AR /R = ik s

3.1 A= e e

LRI B PRI AR LM R GRS AT — M AT, A58 SR A2 e 75
R AT . SR, TESERRM I, BESAEEATEMN S m S oAk, AR
e T RS AR DL, IR R R SR AR R AT R T R TR R RO
REERB BRI B I, HAEWEMTZEZWNANSE, TURIFHHIAEZ HIR
MEHHIBENLRZE . 2R, AEmE BT SV 2 Sihnlg s b A e, (FRAal-R/RE
TR AR R AT R G A

flan, fEALRESET, B, B, BEEAREE R B . R IR
EHEZMARPEN, FEMEREATE @M. LRSS ARENREE RGN
P 22 BAR R AR R, X SE S JE T AR R A Y . SR, E&RTigth, RE
kg IERFEE R s 2 2T . BORENEZ PR R, XL R
Al RE FEN S A B I R AR m B A e BN, SR R W R I
%o BRI A (40 5 v 9 3 B K ) R L i o A T A e, X —
b B R PR vy R A AR

Kt b, AR s N R R BT e R K R R R R KRR
R E R B RAE DL T IR 2R B ey, 1 5 v B o A AR S R AN R . B
X, BRI A AR T RERF A RA A« NS A A B R B AT S P 1K e AR 7
B2 R 37 s A L v o0 A B Re R AR R AR . 0, VAR AR T AR
FAF R A E, AN A& T RR IR AR T 1) oA, 1T 200 A 0 E T R R
4 22 A1) RIS ] 1) s

AL, JE T RS ) e R B R S H PDF HIIE(EAS KRR, X 2 S0 5 1) Se 14
PESE e A W 2R B, TEAmARHR S o A0 oA MR AR, Rt g A
S AT H AR . XFAN IR AT Re 2 I ARG 22, A R/RE
JEUE AR AT RS A TH BB R R, Ak, e S e DL B R B R
WX PR A e R P AEARIFE I . X e S (I B P IME, TRE SIS RGUIRAS A THT)
FIZUW S, T2 R 7R 2 JIEUR A 18 TH X % 6 B v L 2R AN

A = S R AEAE T e S BRGNS BAR AR, 1K AR IR B YR A8 I 2R P AL
W TH . SRR 28 AR TR M RGBT A s, Jmadid A
TIHVEHAT RS A T SR, AL MR i R S AR AE (AT R G AR A R g R R B
e, TFRAAELEIEE 7%, Hlund &~ /R 2 )8 % (Extended Kalman Filter,
EKF) B IG5 /R 2 6 % %% (Unscented Kalman Filter, UKF), B3 18 & & JE & e A5
(BRI T

TESERRN R, A R EE & s 7S Bk 7 R 45 & AR N H 37 s R ), ik
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PO 2SR AR B GBS0

FEIERIERAs bt ik, A LOEE BE WAL EROR, Qe A g, S ER I S 12
IER), SROcERE R BeAh, BOALEEBASHAG T AR SO, DR E RGRE
T TE AR PE RIS E . B, SRADRLT-UEE VAR, i 524 RIS B kM4 1 4
LEVEAAF e A, SRS HER MRS AT 1T

FESRACAL VT8, T AR A v 407 6 P £ S B 2R 3 o IR AE S L R ST 2550
2o RIERARN s, RGN PR BTk, 46 s AL BT R B 4
A, AT R ERAR SR, 3 m R GRS TR HES AR E . D R RothR
e R S R G e R R 2R, BATH B ROR 2 UEREs, DU i RR
SIS TR AR UG 7545 5 =B T SR

3.2 e KAH I

AR WG, B SR AT KA SSHRE N (Maximum Correntropy
Criterion, MCC) 2 HZ M A, EAERIRE B AMENE. FELAR R REME L &S
BT AR Z RN o AN B E L R R AES AR, IRAN A
B+ AR MCC, JRERI HAE AL R I S S A, I P HAAH R RRE
TR A IR PR

3.2.1 4
15 (Entropy) 2 15 B8 h #7 B FENL A B AR HE b . T — NS EBErLA &
X, HBHX) 23N
H(X,Y) = =X, p(x;,¥) log p(x;, ;) (3-1)
Her, p(x;) 2R X BUE x; R B0 E SO BT BENLAR & A R
FE: R, RORBENLIR BN E R, EEEME . Ml EA DL EERN
}_D’Ij:
At H(X)>0;
de KME: M HAUY A TR H SR R AR, 8 HKE, B
H(X) =logn, Hw n 2R X 7] 68 HUE LG
A TN E RS, HBEE TS Aammm, /B
HX,Y) =HX)+H():
ETRE ERMER, WG AT R R B FBE LA & 2 18], PARER
ANFIREALAS B A S, R TR X — B 5 AT 41
3.2.2 R
FHOCJE SRR BN &2 M SRR E B &, e R T e U B Ik, 78
Giil S R R 2 AN B8 R R EE IR ST HARILAERE X M1y, HH
KN Co (X, V) 3 LN
Co(X,Y) = [[ ko (x, ) fry (x, y) dxdy (3-2)
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3 MCC #EN AL /R = g8 0% 5%

SE kg Co,y) M Mercer BEHY IE i BA bR M, 1T BLRRARE e L0k itk A7 i
B frrCey) BN R X M Y BOBCA MRS B B AT B T AL R
VR BE R, ERME T A I AR . SRR, T REEA I, A
N R(B-B)R S BRA  IHI A

Co(X,¥) = 4 Bl Ko (i, ) (3-3)
NI S bR A BB A MR (R FREAE 5, ARG TR . A A & 2
X REACHE B8 e SR B B .

HRSAIE IR S0, P Sk . OB AT IS, B ST R
THIOHE S, ORI T BN RS B AR XTI BEHL A R4 4315
ORERR, I A B AT O TLRAN, BT LU B R SR SRR . Y
I L6 5 A T R R A S5 SR T AR K 7E 8 S B B P 72
B AL

3.2.3 AR KAL)

ARSI R — B TAR D SR . B0 AR R B — B
IR, A7 R G S 2 0 AR SR R . FERS TR I B BN, MCC
AU BB — RO R R T35, JCBLE I T A B 18 2 N0t 2 1 RO A«

FESHOR AN KRR, o 7 A BIRAR 10 2 BORs T B, BT AT LA ik
P e — AR AR, AT A TR Gt 5 LS 2 1A %
i, RIS L TR A o BRI RR R AT R, JRATAT DA B AR 9 B 4
B, TR S B TR R R . MCC B8R AT 5 Sl F

MCC(x; —yi) = max [T (e — y1)] (3-4)

TERN—MAAHEN, MCC ESHUG MM R G @b A EZ N HME. HAMR
SRR

OFEEEFE2HMM: MCC fEls 78 70 FI H & gt fa -5 W0 2dE 2 8] i AH S PR AE
B e EAG T AERR L, RSO LR ST, MCC R LUSEHE] MMSE Tiik
REME T R E .

@E LR MCC RN ALK e /= AV RS ANIE PR TS DL T, 9PR ORI R Y
it ERe, AABGRMEEN.

@iEMVER]T": MCC &M TR A E R RGNS HAG TS, BiRES4Ae
LB ] R G AR

i KR AR HE N R B R 22 1 22 DT, BHEREEGRA . B S A H . i R4
. EiEK MCC NMH T 28T R GU s A, w] LLIR = R GV REAIAR € 1E,
NS A i) R A R4 AT R g i R

ANHE P48 78 AR M AT B RAR DM HEI (MCCD, X S8 i B A5 1
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PO 2SR AR B GBS0

WG A EEM S, ENIERRE R ARENE. BEHLA R RENE DL S8 i
ST R AR EEAR A . I RN R AT N X S, AT TRT DA SE G P AN ) A

RAGHAT N, REmARGHTERANRRE T, s b TR 1] A i vR e 1A R 5 ik
MITH. Tk, AOKET MCC BB g ds, JrahifESUR.

3.3 FT MCC 7 NI )87 24 e 8 2% MCF

TR E AR, A EEAG T AR R DI R IR, DU A S
Sl T LARAIR, A/ AR A T AR S U B 0 3 R AR 2
MCF., 397 TR 58 T DA WA 50 0 i /R 2 DRI 0 JR MR, 92 7 s 0
(RE7E ANIE ST
AR(-3), FRATEIN T E X, AESZBRRA d, Bl B S A
SR Bk G, y) B, TEASC P 2 R BT G 4 (0)s AR (3-3) BT AT 7551
Co(X,Y) = =T, G,(e;) (3-5)
Hrbe; = x; — y;, %HAHG,(e) = exp (—2% ), HRG, (), ZREEITFFH]:

C,(X,¥) = X2 -2 E[ (X — ¥)?"] (3-6)

n=05n g2ny
H20(3-6) AT &1, AHIRIC, (X, V) B T A EX5Y FBBEN B . A T4 #F
IRSPEP AT AT MMSE #EN, MCC #ENMEH TAZEN &I EE, Xf45 MCC
N BESE TR s e 75 TR =, 2578 40 I e 75 45 2 58 BB A T
RANZBA M AR S PR R, 515 a0 H B eR 2L
] =G (lyCk) = Cx(k 1 k) ||) + G (Jlx(k 1 k) —Ax(k—11k—1) ) (3-7)
¥ ERAN BT (R | )RS, B3 NER:

—36.(ly(k) — CxCle LI €7 (y(k) — CxCe 1)

—%Gﬁ(llx(k k) —Ax(k —11k—1)D) (x(k | k)
o

—Ax(k—=11k—1))=0 (3-8)

LIS 3]
x(klk)=Ax(k—11k—-1)

Go(lly(k) — Cx(k TE)ID
G ek 1) —Ax(k =11k —Dp ¢ @k — CxCk i) @9

£ BEaR R, RATK E & R R RS T OB L, B
x(klk)=x(kl1k—1), BIG(Ix(k1k)—Ax(k—11k—1)|) =0, 185
x(k1k)=Ax(k—11k—1)+G,(lly(k) — Cx(k | k= 1)) CT(y(k) — Cx(k | k))
(3-10)

HIB
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3 MCC #EN AL /R = g8 0% 5%

I+ G(lly(k) — Cx(k 1 k=)D CTCO)x(k 1 k)
= Ax(k—11k—-1)+G,(lly(k) — Cx(k 1 k — 1)) CTy(k) (3-11)
R TR E AR S MR IR 280 98 FE I B R ks o, AT B-1) A ia Bt — A
Go(lly(k) — Cx(k 1k = 1)) CTCx(k | k —1)753:
I+ G(lly(k) — Cx(k 1 k=)D CTC)x(k | k)
= Ax(k—11k—1)+ G,(lly(k) — Cx(k | k — 1)) CTy(k)
— Ge(lly(k) — Cx(k 1 k= 1)[DCTCx(k | k—1)

+ G (ly(k) — Cx(k 1 k=)D CTCx(k 1 k—1) (3-12)

G SLIECETIR
(I + G,(lly(k) — Cx(k 1 k= 1)IDCTO)x(k 1 k)
= (I +G,(lly(k) = Cx(k 1k = DIDCTO)x(k 1 k—1)
+ Go(lly(k) — Cx(k 1 k —1)ID CT(y(k) — Cx(k | k— 1)) (3-13)
PIALEIS LT + G (ly (k) — Cx(k |k — 1)) €T C)~ 45331
x(k1k)=x(klk—1)+K.,(y(k) —Cx(k | k—1)) (3-14)
PL_E R 2 R /R 2 R i 28 VR M BE D R 2, Hod
Ke = U+ G (ly(k) — Cx(k 1 k= 1)) C"O) "t x G, (lly(k) — Cx(k 1 k= 1)) CT
(3-15)
2 5SRO TR A MCC HERIN 8 B R /R 2 4 MCF HE St A2 . B HAG Tt 7%
wmr, Wk 3-1:

#* 3-1 2T MCC N HT T R R 2 38 2

LR 7AiM

HIEh 1k x(0) 5 P(0)
x(klk—1)=Ax(k—11k—-1)
P(klk—1)=AP(k—11k—-1)AT+Q
K = (I +Go(lly(k) — Cx(k 1 k = 1)) €TC) ™ X G, (lly(k) — Cx(k 1 k= 1)][) €T
i x(k 1 k)=x(k|k—1)+Ke(y(k) — Cx(k | k — 1))
P(k1k)=(—K.C)P(k |k —1)(I — K.C)T + KRK;"

il

3.4 5| AINBLHT MCC I B e i 28 MCCKF

£ IR/, AW T 3T MCC N B R RS g 2%, ME 3.2
PIHEFE R IRATAT AR T, R B -ROR & g8 48 o] DL R R G 3F mr e 75 1) = e
G, MEIEREA TR AT, BATKR GG LR RR 2 U 4
PIHES, SIINBUEAR, 557 8 R IR 2 980 2808 OB e /M) 3 Al it o

FATTRAR Y BR 5] N INAL 2

] = Gs (lly(k) = Cx(k 1 k) |lg2) + G5 (lx(k [ k) —Ax(k =11k —1) |lpgx—1)-2)

(3-16)
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PO 2SR AR B GBS0

RAdE AN BB ME, BATE S x (k| k)RS, 153:
—éGd(Ily(k) — Cx(k | K)|lg-2) CTR™*(y(k) — Cx(k | k))

+ =5 Go(llxC 1 k) — AxCk — 1 1k — 1) [l pgse—1y-2) P(k |k — 1)~ (x(k

| k) —Ax(k—11k—1))=0
(3-17)
[EptEETE
Plklk—1)"x(k|k)—P(klk—1)tAx(k—11k—1)
_ Go(Ily(k) — Cx(le | K)llg-+)
~ Go(llacCe 1) = AxCle = 11 ke = 1) llpgegpe—1)-1)

CTR Y(y(k) — Cx(k

| k)

(3-18)

Fhie = cg(||x(;jig!ﬁ()kf|f_l?)|||T;l)k_l}_l)’)ﬂ‘u’

Pklk—1) " x(klk)—P(klk—1)'Ax(k—11k—1)
= LCTR Y (y(k) — Cx(k | k)) (3-19)

HIF

Pkl k—1) +L.CTROx(k1k)=P(klk—1) x(k | k—1)+L,.CTR 1y(k)
(3-20)

R T ABCA S R R S0P FA R s X, AT AKX B-19) 4 48— 4
L,C"TR*Cx(k | k—1), 153
(P(k1k—1)" 4+ L,CTRO)x(k | k)
=Pklk -1+ L, CTR*C)x(k1k—1)+L,CTR Y (y(k)

—Cx(klk—1)) (3-21)
Sof EIR L EEe(P(k | k — 1)1 + L,CTRIC)1154.
x(k1k)=x(klk—1)+K,(y(k)—Cx(k|k—1)) (3-22)
R 3-2 AR KAH M /K 2 8 I
IR A
¥Rtk x(0) 5 P(0)

. x(klk—1)=Ax(k—11k—-1)
Il
T P(klk—1)=AP(k—11k—-1)AT+Q

Go(Ily (k) —Cx(k1k) p—1)
Go(llxChel)—Ax (k—11k—1) llp g _yy-2)

Lk =

T K, =Pkl k—1)" 4+ L,CTR™C)L,CTR™
x(klk)=x(klk—-1)+K,(y(k)—Cx(klk—1))
P(k1k)=(I—-K.C)P(k|k—1)(I—K.C)T + K RK;."

DL_E B R 22 iR IR B e A FR I D Bk o, Hp
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3 MCC #EN AL /R = g8 0% 5%

K,= Pk lk—1)"1+L,CTR™1C)1L,CTR™1 (3-23)

ZIETE RO SR MCC i R/RZ M AT MCCKF [T . XM g a4 &
MCC #E PL A2 8 iR 7R 2 8 4 DD ASURELARL, P DAAE 3 vy 0 7 37 51 8 B AL Al
i BRI AR LT, MR 3-2,

3.5 Rz /g

ATNET MCC HEN LA K FET MCC #ENETHE S BT R /R S %% MCF,
SRIGERATTEIN T AL B B R /R 2 P8 i AR b AT O, 79 3 —Fioxd JE my B 75 B R 11
BT R R 2 U8 MCCKF, XFRhHALER 28 vl LA R AL = &I Stit
B, HAEEFHAEMES . /£ FHRETH, ASCHESLR RGNS Mg Eg 5k
6 UF IX 3 28 Y 28 PR P 75 P R
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PO 2SR AR B GBS0

4 S5 IGIE

AREREGIN =R A TH 5, IRl S 2R W R R R S U8B AR PR T
RS Eale, B ubHr AR /R 2 Y8 I A MCCKF 8B PERE .

4.1 e e 3

AN R RAIE e T A N B R g Ay MCCKF Al THPERE. AT 4 N B,

BRI
(k)] 11 o 7 ojpatk—17 [qu(k—1)
x5 (k) _|0 1 0T ttg(kl) _I_lqz(kl)‘ (1)
x3 (k) 0 0 1 Of|xsk—1)| |qs(k—1)
xy(k)] L0 0 0 1llxy(k—1I lgulk—1)
x1(k—1)
()] 11 0 0 07|x(k—1)| [rn(k—1)
y:(k)_ o100 \ji(kl) +L~;(k_1) (4-2)

4(k=1)
KRB ARG T YT ssh AR SR A, BB H R A I e =
MR a5, KRR ) (k) 5, (k) 4V g 8 AN IR 2207 I AL #, 1
x3 (k) 5, (MR T AN IEAS T R BRI . AEARSER T, SRAE A TR IE D 3s.
PAVB A SR BN M Ze 1 R G —#F, SINLRENE S q (k) B r (k) A
st BRI AE, W
Q, = diag(0.1,01,0.1,0.1) (4-3)
R, = diag(0.1,0.1) (4-4)
(4-1) JErR TAEARY 5T RGURS YA GEE 2y (k) B, (k) HIBEBBOR o BR/NYY
25 —Hf, FATEN AL PRI 7 RS 100 JORFEFE DY AN A 52 2R GE AL
LA AR N AR e, B (4-1) RS2 SRR 28R as KOBT R R 2 I8
% MCCKF {EHI T #5452 2 [ R INE M R 26 s BBz, MCCKE Ay 7
FE T A RIFHRIL, RGBS THERFFE RKCr, HACRIEIT 2 dt R /R =98
M (4-2) MIXHALHE MCCKF £ P32 TS R 8385 76 S 56 TP R 34 7 KR 1R 22 (root
mean square error, RMSE){E 47 7 Xttb. ATLAER], T MCC #E] 5 ik mik it
B RIR 2 P8 MCCKF A 2t peE 7 AN S IO B R /K 28 s MCF Rk
K1, J& RMSE ERFAEL SR RIS SAH = MIRCR, IX UL MCCKF R] LASE BRAE e
W AN T AR R =R B A A THRCR .
R A1 WEM R T ERIERARAE 100 JCRFEH YIRS YEZ R 1) RMSE 1
fH.
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4 SEIGIGAIE

100 - 07
07 ~200
ERROR x; ‘% ERROR x;
—400 A
s (m) 200 v (m/s)
300 A ~600 -
400 -
-800 A
~500 A
R S M I S N SR SR R I M S S S SR SR

(@) 4Ef%x, (k)iRE (b) 4EfEx, (k) %=

%

I O o R R

(€) HEfEx,(k)iR%E (d) 4Efx, (k)w2%E

P 4-1 e A b st N T IR R S UE AR UINME CREARBR Y RAFE IRED
704 —— 100 +
60 | —o— 30 4
sod
RMSE X1 RMSE X2 ¢p A
s (m) 40 v (m/s)
30 40 -
20 A
20 A
10 A
0+ 0
Se S S eSS S P S eSS RS e
(8) 4EfEx, (k) RMSE (b) 4EfEx, (k) 1) RMSE
0.6
0.5
0.4
RMSE X3 RMSE x4
a (m/s?) s (m) 0.3
0.2
0.1 A
0.0 - é@( U"
AR S SR S “aééééééééé
(c) 4EfEx; (k) RMSE (d) 4EfEx, (k) RMSE

B 4-2 w7 37 5 T HT A R R 2 I8 s RMSE CREARBR R ED
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PO 2SR AR B GBS0

R 4-1 SRR RRZ2IEBA 100 JCKAEJE RMSE HMH

o %
I () (k) x5 (1) xa ()
UKF 0.0615 0.0614 0.0417 0.0472

GSF 0.1653 0.1764 0.0458 0.0526

CF 0.5406 1.0951 0.2787 0.5682

KF 0.0615 0.0614 0.0417 0.0472

MCF 1.2846 2.7088 0.2787 0.5682
MCC_KF 0.0623 0.0622 0.0417 0.0473

4.2 AR B e i —

PEE /NIRRT H /R B BB S MCCKF 7ER IS 5t F AR IR /R 2
PRSI FSEREE AN T RAE SR 95 5 5 T MCCKF 4t HERE.
T BB A 4 R

x1(k)] _[cos(8) sin(@)][xi(k—1) qg1(k—1)
[xz(k) = [—sin(ﬁ) cos(6) [xz(k )T [qz(k —1) (4-5)
yi =01 1] L’:gﬁ - B +r(k—1) (4-6)

ERRGE ARSI RS, ALK, BSEOKE /18,
HZ SRR, A5 REME S q () SIS r (k) , EARgEY, JE
g 75 AT 2 e BT 0 A, IR

0, = diag(0.1,01,0.1,0.1) (4-7)
{HIRATHR W e 75 o34, AR L ST, W
r(k) ~ 0.9N(0,0.01) + 0.1N(0,1000) (4-8)

(4-3) JBIR TR ST RGUIREPIANYEE x; (k) Saxy () HIIEB AR IR
BT R4 100 UCRAE SRR A RIS AR 2 RS0 AN S EH T 1)
Ak, BATATCAERE (4-3) HMERRIE H-RI/R S I8 SO A R /R 2 8048 MCCKF
VR T & 4k B2 2 18 B TOMEL A B 4 26 s BB, MCCKF fEdE = e A 1 5t
WARAE RIFHIRI, REFMSIHERFE RIF/KFE, SEMEZ BIRZEZ/DNTEHR
IRZ YRR

F 4.1 hE g iy s, B (4-4) XS MCCKF 78 N 12 Fhii R I8 3 28 70 5256
) RMSE {E3E47 T 5 E .

ATLUER], £T MCC #EN IR FE LR /R 2983 2 70K RMSE 4ER77E 5 & Ak
RIS AR M B ROR, T T TR R TR MR /R S S, XAER
VLHIZET MCC HEN [ B 28 MCCKF AT LA %5058 BIE v e 75 37 5 1 () D8 It
HMES
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4 SEIGIGAIE

10 o
o] A e [ N 60 Il :
FVamnRie it
_104 4 1 it
1T 01 e |
ERROR x; 201 1 ERRORX; | {::;': ! \ i
s(m) 30 4} vims) T TR ,
! gty
—40 - 01 b=
i IR
_ 1
50 :II —_ X 2044 :::: ! I!I T e X2
—60 : -~ KF ! -»- KF
0l ! --&- MCCKF 40 --d- MCCKF
T EEERE TR
(@) 4Ef%x, (k)iRE (b) 4EfEx, (k) %=
4-3 FEE i A g — T MCCKF FME (R AR 9 R RE B
7
7 1 —e— (F —e— (F
o —— MCF 6 —=— MCF
—— MCCKF . —— MCCKF
5 —a— GSF ST —a— GSF
—»— UKF —*— UKF
RMSE X1 , | RMSE X3 4
s (m) KF v (m/s) EF |
31 3
2-
1_
0-
R S A S A I
(a) 4EfZx, (k) RMSE (b) 4EFEx, (k) 1 RMSE

4-4 JE T 47 5 — K MCCKF [ RMSE CREAL b3 A SRR B
MidAd R 4-2 EWERE LIRJEHEIRAE 100 JCRFE A A DUAS IR 4E B A7 R 1
RMSE ¥{E, FATATCLEH, 2T MCC N5 A I 15 v B8 2 R /K 2 8 0 2% 1)
RMSE {E/NTH AL AT A X AR JEV 28, X I0IE T IXFh MCCKF 7EdEm i =375t~
DI HER PR 14 B AN B8 58 il 22 UCRAFE ) B i
K 4-2 Z PR KRR B UEEAY 100 JCRFE 5 RMSE #1H

idics

x1 (F) x2 (k)

UKF 0.2739 0.5555
GSF 0.4141 0.5737
CF 1.0377 1.0099
KF 0.2754 0.5525
MCF 0.0251 0.0297
MCC_KF 0.0207 0.0243
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Qn = diag(0.01,0.01,0.01,0.01,0.01,0.01) (2-19)
r(k) ~ 0.9N(0,0.01) + 0.1N(0,100) (2-20)
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TR AR il
N x1(k) x2 (k) x3(k) x4 (k) x5 (k) x6 (k)
UKF 2185.52 22.372 0.2306 3297.16 35.970 0.3216
GSF 1696.81 18.523 0.1369 1607.24 17.592 0.1316
CE 1300.13 14.813 0.2483 1029.53 8.060 0.2490
KFE 1327.84 14.982 0.2476 1071.00 8.253 0.2513
MCE 84.05 0.696 0.0120 152.10 1.064 0.0169
MCC_KF 42.23 0.421 0.0142 36.33 0.277 0.0169
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