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An adaptive augmented unscented Kalman filter with applications
in a SINS/GPS integrated navigation system

SUN Yao', MA Tao', GAO Yanbin', WANG Lu’
(1. College of Automation, Harbin Engineering University , Harbin 150001, China; 2. School of Aeronautics and Astronautics, Shang-
hai JiaoTong University, Shanghai 200240, China)

Abstract ; Because an adaptive fading Kalman filter cannot be applied to nonlinear systems, an augmented unscent-
ed Kalman filter (AUKF) based on an adaptive fading matrix ( AFM) was proposed in this paper. The AFM-AUKF
algorithm was implemented by first calculating the adaptive fading matrix, and then using the unscented transforma-
tion to estimate the posterior mean and covariance of the state of a nonlinear system, so as to effectively solve the
filtering problem. In order to solve the problem of nonlinear state estimation in a low-cost integrated navigation sys-
tem, a filter fault-tolerant experiment and a system noise mutation experiment were designed and implemented , re-
spectively. The experimental resulis prove that the algorithm enhances the robustness of the filter when the system
model is uncertain, improves the accuracy of the filter, and has a strong fauli-tolerant ability.
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# 10 L . : L . ,
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E o - c;»-f*
= 10 . s L . |
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Fig.1 Attitude error of state mutation
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E . . . . .
= 0 12 24 36 48 60
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Y 2 —UKF - AFF_UKF ---- AFM-UKF
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Fig.2 Velocity error of state mutation
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= G s O R T P 1

S5
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tls
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Y0 1'2 i4 36 48 60
tls

£ 5, —UKF -~ AFF-UKF ---- AFM_UKF

= 5

B3 RERSREMOULERE

60

Fig.3 Position error of state mutation
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R ERE R TRR, RRTE ¢ =30 s I, R
GRS G THRRER A SR, FE R SR AN B S T R
PR Z X738 N EOR B 100 £ (A&l 4) . BLt, AFF-
UKF #1 AFM-UKF Bk 51840 UKF Bk A0 L, 3
REMBHES BIFEE T 54. 4% F 71.6% ,E&ikE

HIARHEZE 2 BIREIR T 59.6% F190.6% .
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BRI
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£ s . . . ,
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B oo L
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t/s

H4 REREFEBHOLERE
Fig.4 Attitude error while the statistics of system noise

is inaccurate
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AR BRI TR, RIRAE =30 s BY, R
GRS IR R R R AR (BRI g s
B 2278 R SRR 1Y 100 A%, T B 48 A e 725 4 1A
AEAEWA (INE 5 B ) . Hit, AFF-UKF f1 AFM-
UKF Bk 51540 UKF B3k b, RS RZ N BIE S
FIFEMR T 7.0% F1 78. 3% , AR 22 W br i 22 53 5
MK T2.6%F188.1% ,

—UKF -~ AFF-UKF ----AFM-UKF

o 2{ i TN
i(i&_ 0 . A | - -Mw\ WWW
E 2

0 12 24/ 36 48 60
~ o —UKF-~ AFF-UKF ---- AFM-UKF
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& _20 12 24/ 36 48 60
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Fig.5 Attitude error while the noise’ s statistics of ac-
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UKF 5 3k BE 8 31 = B MG THROME 2, 3F B AFM-
UKF BB /T AFF-UKF B3 B4 RE R
A B — N, B TR R B
Z 5%, AFF-UKF B35 B9 U8 PO X 32 BIRCR B R,

AERBERUEAN R, i AFM-UKF B3 KM &
TR T UKF B35 AFF-UKF Bk, 7T L,
AFM-UKF B30 T R AR B A E M BA FmK
Bk

#&1 UKF.AFF-UKF f1 AFM-UKF %845 RIBE LK

Table 1 Filtering precision of UKF, AFF-UKF and AFM-UKF of experimental results (°)
w8 R 4 i
Gitrrt:
s UKF  AFF-UKF AFM-UKF UKF  AFF-UKF AFM-UKF UKF  AFF-UKF AFM-UKF
Al P8 -0.329 -0.168 -0.045 -0.176 -0.053 -0.031 -0.153  -0.130 0.029
) nEZE 1.352 0.994 0.709 0.962 0.567 0.399 0.690 0.485 0.286
4.9 HE 0.070 -0.030 -0.024 0.100 0.030 0.019 0.047  -0.030 0.015
) R 1.715 0.678 0.112 0.474 0.194 0.070 2.055 0.841 0.141
4 HE 0.064 0.061 -0.025 -0.122 -0.104 0.022 0.067 0.066  -0.025
) nEZE 1.361 1.319 0.099 0.440 0.431 0.070 1.552 1.512 0.124
XIA Qijun, SUN Youxian, ZHOU Chunhui. An optimal a-
SH
5 % ﬁz T daptive algorithm for fading Kalman filter and its application

ASCHR MW B 1S DL A Y 4k UKF &
%, AR T S A MRS NIELE RS
T RGRBFERTNRER S STH R A R
HIUR IR . SLdu 45 R R, AFM-AUKF 33k A X
5 &4 UKF Bk b, BA 558 & e F S8 = Y
VEIKS B s T B 5 AFF-AUKF &3k 4 1., AFM-AUKF
BEXNTERSEGITH RS B R, LT
THER R G R AR B AL B, B T TE S R Y
RIEH, FELEAERSHERT.
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