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A Fault Detection and System Reconstruction Method
for GNSS/SINS Tightly-Coupled System
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2. Dalian Air Force Communication NCO Academy, Dalian 116000, China)

Abstract; The conventional residual chi-square test can not accurately detemine the fault duration and thus is
easy to cause false alarm and alarm leakage. Aimed at this problem, a fault detection and system reconstruction
method based on hierarchical filtering is proposed. The residual chi-square test is used for fault detection of main
and sub filters, and the specific failure satellite can be identified by comparing the detection results. Then, the
filtering results of the sub filter uncontaining the failure satellite are feedback to the main filter and other
filters and replace the results of them to reconstruct the system. The results show that: Under the condition of
single satellite failure, the novel algorithm can reduce the fault tracing function, determine the failure satellite
and fault duration more accurately, and improve the integrity monitoring performance significantly.

Key words: integrated navigation; fault detection; residual chi-square test; hierarchical filter; system

reconstruction

0 35§

WEE DESAARLN) 1213 A, H 5 5 ) s
KBZER. LEFNMAZNTIFEERY LEFES
RAEMBESIERE T R, RERF AP ZHEEN
B, BRTH PR ETHMIEA R EEEFE. —
RO B E eI (RAIM) | ZBR E % 128k
FIFBEE TR AEZN PR HE KR, &
BE/DS F LR RT RS SN, E06 HLREA

s H #9:2016-02-04 &[5 B #:2016-04-01

E&MWE: MR A RPFH4(61273049)

EEE 3k 11992 —) 5, RISl A BF5007 16 20
A RMEA

REFEATERER A, T L EES AR Z R T sl sy,
REARUETERE A 25 Y B N 39 R 8 B9 TR R AT 52
SRR 5 9 — SR LA A R GE R By GNSS 524
PEMEI ™), 4R TR S R B R R R AN
BIifE R

BRTAE SMAS T R S TR LA™
KPR T LR 2 00 R A AR, B
BC Y £ 4 B ( Multiple Solution Sepa-
ration, MSS ) "1 ; 55 — & & 5 T 7 5 WL WM Bk Y o 4%
27,0 8 3 58 S I 00 A #E 5 ( Autonomous Integrity
Monitored Extrapolation, AIME ) fe-8] g A e B A T R
(Optimal Fault Detection, OFD) "' . R #E i & %) i[5 4%
Y, AR Ge il B E E 3 O B BR R A A S X



B2H

7k E%: GNSS/SINS BASSMMEEN S RAEMFTTE 101

TRIBREEE , % RIS B xS R TR R, X1,
41X BB RE BT T I BT, SRR, &
7 0 B R R BRAR B S B R B R A B
R BN TR RSB ERA PR A R AR, R
TR R AR R GO, TR SR B #E TR
SCER[10 42 H T /2 UK I A8 45 1 B0 B B A 0 O e, —
ERE LS X RS EDEATRN SR, B
2, DA T ke T AR B R S o [ R B AT R
B, E—ERE ERERREREA T IRENEE .

FrXt DA BRI, A SR T —FE T 2RI B
SRR SRABEN T . SUERERARER
UL ERERBERFT , A ERARFRE TS
MR

1 R/ IEREBESEMAZKE

HERMARWRETER
X(t) =F(t)X(t) +G(t) W(z)
{X= [d’sv¢N"t'naﬁvs’&”Nva”UraLra/\,Bh, (1)
By 1By 5B 1B vBigvB v ¥ 5a¥ oW gu s .ot 1"
ﬁq:‘ :'i‘x !¢N ’(bu %ﬁ%#ﬁ%&ﬁ 5 0vg ;a”w ;8”U %ﬁ“
R BRI 1 A 1) K 1] 9 2R BE R 255 8L, 8A, 8h 43+
AGERE GERENBEIRE; .., 6,,5. HFER
B EEM 2.0 8,2, NBEBMRER; V..V, V. A
IR BETHBEAL (A TR 80, A SEHLAT PR 24
BIBE B R 2= 50, A SRR R IR 2 S EE R 224k
RiRZE,
HEFMARERIWR BN
Z(1) =H(1)X(1) +V(1) (2)
VLI B BB oL & O EE (DhBE R SR AR B ONBE D
BExRZE,MEXAER

ZP HP ‘179
[zﬁlz[ﬂﬁ]m[vﬁ] e
KA :Z,,Z, 53 5 Bl i & hEE DhEE R 517 34
BAONEE hBE RBE AR X & H, H, 735K

PHRE B W AE R DUEE R B W B R ; V),V , 4 51 R B
PR R

2 FRXBRNE

2.1 FEKBRNEEE
MTFEBEERS , HREFEMEN BN

X& =¢i,k-lxk-l +ri—lwk—l (4)

Z =HX, +V, , (3)
RE—FEBR A

ik/k—l =¢£,E—lii-l o (6)

HRHERN

v,=Z, -HX,, , o (7)
BB FIN T ZEREN
P,=HP,, H, +R, . (8)
g o B A ) R
Ay =P (9)

B RGIT R, A, IR B B BER n 9 X' 4075,
He,n AR ERER, REBEEEN P, WA
P{Ak > Td} =Py, T, %Hﬂﬁ%ﬁ$?§§ﬂﬂﬁﬂl‘ﬂ,ﬁfﬁ
KRG, WHEH Ny
A>T, FEHRE
{Ak <T, AfEfEsRE °
R1PFARAYREHE P, =107 i, FAFE

BB R A T FRAE

x®1 DETHEHANITR

Table 1 Number of visible satellite and test threshold
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Fig.1 The result of chi-square test for step error about 80 m
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Fig.2 The result of chi-square test for step error about 20 m
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Fig.3 The result of chi-square test for 2 m/s ramp failure
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Fig.4 Schematic diagram of fault detection and system reconstruction
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