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Adaptive UKF algorithm under condition of sensor faults
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Abstract: In order to improve low filtering precision and divergence caused by sensor faults in target tracking, an adaptive
unscented Kalman filter(UKF) is proposed. In the filtering process, by applying an adaptive matrix gene for the UKF
according to the adaptive estimation principle, the algorithm can adjust the covariance matrixes of the state vector and
innovation vector in real time, which meets the optimal conditions of the UKF algorithm. Then, the filtering divergence
is judged and restrained by taking some measures. Compared with the traditional and existing adaptive UKF algorithm,

the filter accuracy and numerical stability are remarkably improved in this adaptive UKF filter algorithm, and an adaptive

capability to deal with sensor faults is performed. Simulation results show the effectiveness of the proposed algorithm.
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X; = X‘k/k_l +Ki(Zy, — Zk/k'—l)v (63)
Py =Py 1 — KiPzzyk 1K} - (64)

4 iRER
41 HEH=E
RIS UIE A SC T 4 H L (N-AUKF 5092 A T H
P R B D I R, FE PRI L 5 T, 43 A%
4 UKF. L-AUKF F N-AUKF #i2: #1715 2. % 5 i&
LIk A7 T AR bR R A, T S, H BRAE Z4ESF T i
AR A1IRIZ B, 28 5 H AR AT 25 i 3).
FEHTE1 FEIEF TEELT, HRMIEL
PERGHERAT:
Xp =fXp—1,k— 1]+ Fp_1Wi_q,
Z, = —
Oy, tan™ ! (yx /2)
FEH=2 HEWEZRM T, BisrdE4& it R

(65)

(66)
E LRI ES ST, X =2 y @ 9" A
AW, o My B8 BARFTEABAE X MY 4 b
(RS AAFRE, @ F g 73 0 o H PR E X AN Y b
W B ENZ, = [re 0] Horb: v AERIEN
55 BARMRE, 0, NI L. Wiy BV B2 =
WS HLSSME N A BT, IR A Shoue x =
[6rk 60T, Hrp: or ATIARHE 2N ENWZE, H
Sri 7E [—5 5] m X [0 N AE4K; 60y 97 155 A o &1
EIERL AR, 0 ~ 1.0 x 10~ %rad/s X [ IFEHLEL. H
PRIR S BIRTEEE N Xo = [1000,0, 21, 21], RGEMEFRE 7
/4 0 T3/2 0
0 T4 0 T3)2
/2 0 T* 0
0 73/2 0 T?
Hrho, =1. BT ZH A R =diag(o,? 04,°)
= diag(15 15). MM EA 100, AL AT = 1s.
42 fHELZR
e Bk J I 5crh, B2 T4% 4 UKF. L-AUKF Al
N-AUKF 5343 7l 100 IR R R 2 7, JF 77
iR Z (RMSE) 1Al 3 FHiEd Hi%. RMSE A

Q=04

)

1 N i it i
E:\IN;([X XX -Xx7). (67
Horh: N REREL X X AR | ) B A
TR 75 B O (B R LS. 76— 07 2O 52
i H AR SDE S E 1 R

1.2

0.81

y/km

0.4+

0

1 2 3 4
x/km
1 BfriESSHT

B2 AT 3 g st 1N IR SRR 3 7 AR R 22 it
LR L. 2 1R B4 B3 s 1 3 R T IR B 5 AR R
ZWG T EE. B2, B3 M A, XA R
1B TAE %A N W35 1, 1% 4t UKF. L-AUKF #1 N-
AUKF = 5503 IR D8 IR B 0 2 1 55 1 R L AN AH
[, JE B RAH ZEAK.
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20
. -- UKF
5 ---- L-AUKF
s 15t — N-AUKF
b=
a4
(=)
.2
2z
o
2 S 1UEHNHFRIRE
=z 4l -- UKF
£ ---- L-AUKF
= — N-AUKF
w2
=
a4
2
3
o
s ' ;
EN Ul . .
0 20 40 60 80 100
t/s
3 FERIREYARIRE
F1 91 EEAMREER
PEREFR bR
(ARTR frERE MNHEIRE  HERE TR
¥{H/m J7%Z/m YIE/(m/s) 7 E(mls)
UKF 4.6438  2.9790  0.8750 0.7054
L-UKF 4.2685 2.5421 0. 8326 0. 7247
N-UKF 40533 2.2850  0.8821 0. 6596

Bl 4 M1 5 s 5 2 T BB R 1) 35 77 i e 22 it
LN L. 3R 2 0 BEAJ B3 5 2 v 3 R O VB 3 O AR
ZH G, H IR 4 B 5 RIR 2 7] WL AR KA A
A o o YR I8 M i TR S R 8K, A% 48 UK SR0VE IR IR I8
¥ CL4 ™ 5 R B L-AUKF 53k BARE — R b
PEw T URME R, (EH BT RGN T R AR MR,
PSRN T4 BB HORS B ) TR T AN R, T HL AR

50
401
0t
20
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position RMSE/m

0 20 40 60 80 100

4 FEL2MNEHFHIRIZE

velocity RMSE/(m/s)

5 R 2BEHFRIRE

S AN, & IS [R] R HERS, DIk B IR HoE 3, AL
2t 1¥) N-AUKF 53 H T R 6% B2 IF I A% Sk 2% i,
FF Il B & N R 7, ORHF T E & N UKF HVL )
S UERRE, AE S IR BORS FEAH L TR AN 705 T
BORPE =, (RIS W 7 22 DU IC 7 VR AT R R B
Wr, #t— P I B & RS IE R ECRE RS TR 2 P
T3 ZEFE R, A RO AL, B TR 1 DB
*2 BHR2EEMEER

PEREFE AR
Ok MERE MERE BEERE  EERE
¥){E/m J7 Z/m YE/(m/s) T (m/s)
UKF 37.6647 6.248 1 6.9442 5.2972
L-UKF 26.5571 5.3244 2.7469 5.3367
N-UKF 8.4256 1.0057 0.9015 0.7523

25 L FTIR, A SCHTHE H ) N-AUKF 575 L%
4t UKF 592 F1 L-AUKF 5%, B A ) % IR 48 ik 1)
EUERLAE 77, Rt 1 AR IR WS I o T R DB A
HIRG E 1.

5 4 #

15 B AR ER R R, AR s L, R%
T R 2 ANH R 1, BRI, £ 88 UKE 38 3
BERG T IR FE P IR SRR RS MR, BT
I, ASCH AT T — M B & B UKF 50925 555
N T 7 R O R, S 8 R A ) R0 1) R
o7 22, HFRIR FAERE T RE R S PE, [RIES X AT
A HH B IR B R PO AT AU W A ), B R T AR
i AR VO T ) R R RN RS . 7 A R AR,
BT Hi 1 1 1E B UKF 59240 H A% 4 UKF A O HiE
% UKF B A 5K B, [F] I 2 30 54 1) e e e
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