1 YIS ¥ RXF 2015 45 % 7 H4: 079506 o \
SCIENTIA SINICA Physica, Mechanica & Astronomica phys.scichina.com SCIENCE CHINA PRESS

LA DESMRGRENMTERAEE R
AENSMIENREREIZEHSRE

B, X)), Bk, BN, FEIR, KRR, EF

JER LR SHA L, b5t 100094
*[k % A, E-mail: sohuyouxiangtt@sohu.com

Wk H 393: 2015-03-30; 43252 H 31: 2015-04-29; 2% il H 31: 2015-05-29

WE REDHITEREFATIEREREREGAN, TRARERIILEFNARTHENA
BF B ASURIAE TR BUE HAT R SR W LR R IR R G B PR e Z MR H AT R, BT TR
ik A G, EERRALAM G, RIEAMN T ERE, WEXH P RS, RBxHA, T
TR P A B 18] B R R 30 min 45 /2 5] 5 min XA, JFREHATHENH, ERENEX, LRI #
Y K TR A VTR B AL, R D e X TR VTR SRR S A B IR B

XA
PACS: 91.10.FC, 89.20.Ff, 07.87.+V, 07.05.Mh

doi: 10.1360/SSPMA2015-00122

TESE, FEEE, REOH, T HiRe, @, o=

1 8IS

SRR SIS UR S H bR, v RS RS
58 1 P 1 BB . SR T o R B I T %
AT 4 . MBI LATAS SR T . R A AT
S S RS %A L E R A R, HiE TR
LW DRSS M. ST S
S PRAEPUSAT I, 2 A H g B 2 (I IR 8, B
A E HIEAT R R KW, B, R AT
BRI, BE AR 5L SR S A T A
S B

A TR A 7 LI A R e R S 4 TR
I o L, T2 E IS AT I ) R 2 T A 7 1 7K
PR B TR 0 TAEVERE R TAE B Ay, R TR
SRS EERN, BFHASNEEET. ¥

] REIE B % R U S A A EE A B e, R
TIEA % 2 TS S AT SHUE MRS, AR
SRR SR RO IR, T3 UE L 1T 5
o, RE S AR R AE LSS R, A R
AR BT R T A 55 5 S AN R AT
MNENRGME, AN EEHERE D, M RGEMRS
DMK HE DB AL BRI (A b T AN R
AN T W RIS 5 A IR 2.

AR SR A L B AT PR BT A SRR A
R 22 VR, AT TR R Y 2 T S RO —
Fi e o PR HE. AR OR AR > BEIE N B0 AR AEBLIEAT
1R ) R AT AT IR ST, B T ER A RME
SN, SCHR[2]2E & bk e I 75 5 1K) 3 L 12 Wb
Wk, R RO S p I A, IE

SIRAET: e, SR, WA, 5. RS TURMEEPGEIS B S0, PR PEY 1 R0, 2015, 45: 079506
Liu X P, Liu L, Cao J D, et al. Rapid fault detection and recovery of in-orbit navigation satellite (in Chinese). Sci Sin-Phys Mech Astron, 2015, 45:

079506, doi: 10.1360/SSPMA2015-00122




MGEFESE.  PEERR PR it ROCH

20159 HF45% T

P R A 2 T R 8 R R 2 T i) A, R R e
B AL 55 15 L TR T — ol T 2 A A A B O B, o
R T A% G 2 W T v SO RO, SR T
PR RS RS Wk . SCEk 3] )
SRAM %Y FPGA Ty RetbiHeAn J5 40 26 i 20 AL R L 50
HRES MR MR RIS ERLE, Sl T MR
SRAM %! FPGA L1 F4% 1 —Fh s 800 H Wz il
&5 7.

BT TR W R R 2 2, DL R FR T
SE AR TR B A W R AT B B RIS Pk T s,
BHAFARBEYE, il RSS2 R L
s, TikEET DA SN, TR BRI SN
M55 A5 B A A B AT, DR Hb T R g8 A R
KHAFEERER T e, WREANSERHAANL
J7 kAT, T R R T R 1 40 B e L BT 7 TR
H5HEAN R SEK, B S5R&RERTIER
EWHERKKR.

AT HL I IZ AT R AW A& 0] LLSEI TR FHL %
SRPWRRE, EREREK. W FBERE PE
SO AE B W kK, X RS R E &R AR
KIS . A SO0 7E B PR HEAT Bl i 12 T A
AL PR PGR K G ML SRR, KiEgE LRSS
WA R T], AR B & A T, X P
R4, BORBREARAUE LM PR B EM R g 0] .

2 ZRAMENEREIDEHEREIZE

PR HPRPUES S WO L LR ARG
RGN BCA M S AL . TR Ml 55 b B R G i
SN SR 7 A 3t T £ 1) BOR TR KO B, K
BLTDE S E S P WEl R, R4E T2 FHLS
R T L BOE A TR R AL, IR U s R
Xt b TR LR AL BT IS, I B TR e
PR R 5, xR S8 S MRS #AT W E I BAT
AN PRERSATHRRE S, VIARGIZT.

TR i e 5 R A AR o B TR bR
Ab PR R G A, R A A R e B e PR
HORESRTY, A RESR A E SRR R SR, TR
B Z R ZHE. B2, B-2Wrikdiziz s
RE 6 A2 MR 2 W 10 5 B2 D3 B R W 2 A 1
R, AHRZR . N HUHT I WrEOR BOE N R 20K

B HEIRE S H 0 5 A2 RIS E

fir TR 3 ol 5515 B b Bl L B T B AR
WA T A P DR b 22 0 5 2 A A 1 AN T I 7]
IEEAR/N N

LRE B RGN  WER M LA 4525 J7 T A
7, IRECRH T UEET CBR O EBUHEH DU kg 4%
IRV € ok N S R SIS N
BEAT R A 25 1 P W7 5 PR E . R b 2 R
iR B 4 R T B R ) R S S RS T

21 DEENHEFIETE

TES M — € W PR T % B b, FERUE
EAJLAR ETAENSH, ol TR L 25
THEENURE 7R S B b 1, L SCHR (4]

W S HOA Wik R A 2 WXt U il — R 51
AT A A A A L T A R, T XK A 1)
N BEAT A7 ik . ST AT S5 5 AT R JE A
I AR G RAT N KRR T S A B
PASRICR HALIE. 1240 B A . A ZGERIE ]
PRV A BE, AR BN R TR I S

EAZIT VAR BRI SR AE 3 ANT7 1. (1) 2 EFRR
EHZEBORN, AE S KIENS B, Sl
PR AL BRI A, AR T REZRHEN A, 2) BT
BEZHEA G BAECRE, FIRTTRALF 2R, 3)
2 A 22 AR S HOR IR, 2 ok 1w 0 W i Pt
BH IR RS AR I, AN S kAR, 3
BORH, 25 HABT VA G & 24T A

22 ETMHEIMESEBIREZ R A

PESMAG AR AR EFERARLG, R4
SILUTR R () RGBT k5B Z
RARIKZ; 2) ZAALHAEF R, 3) ARG LI
FAAERIRTE. fERGUSITEREF, RGATREHBLAT K
P K2 FEAL, Re 2 18] B AT B A B HLIE A G 1
P8 7 e T R B SR IR, TV R 2 8 ) AL
Ry i 4 TR SR B iy R AL R

K DL 27 I 2% 25 R s b 2 A 51N 31 T2 A
RGE, N BT AN o R R B AR S5 S 4
BHALAAE . ERGHE A KH . TR I
WL L, R R S R GO % 2 ] R
Sl b T R, AR R GOR R 2 IR PR R, B E R
RIS . @ WL e RHRAERFIRA L
AT LW R,

079506-2



MGEFESE.  PEERR PR it ROCH

20159 HF45% T

AR DU I 0 2, S R s JER R 2 1 £
DU A 2 o 0 S R IR M P(@), € RY(d 4t
LA A)); xR AE OB P(x); )y b
T x PRI P(alx); x; KA JR R 2
IR N P(x|w), 155

o) = Plx, | ) =L LIDPC) gy
ZHM%WW)

P(ew) = Z Pl x)P(x,). @)

XL DU 7 R T R R R AR, %
B R AL b2 e S S 2 A AR

HHN R ARG R R R, BB RGN E
Rl 5y A T 1] RS, AR 5 PR 25 A G A B 1) Th g
FEPE SR IRNE, R N T RGE T RGN I)RES
Jo. MARGRERMEA LA, BURE ez LAk
R R R TE R, MR BCRTTER AT LA iR
MREEAN TR, mZRTRERS, RIVEH
TRERGIRERTT. RENEN D RGN RE
HARAA XIS, Bk, BN R G DR — A
AR, AL AR RRER . MEBIEK

JEET—
Y

HWETERARRE

MBELTEARS o e
FENIELE\ | RATEAMKISKALK]
ﬁE‘Mf\ﬁi WMIRE

"

1 (%% R R ) 2 Hh B 8] [5] 25 o Bt DA ) 4% o P

HMEAE AT, 8 i K5 IR S R/ ik
B 55, 49 31— A e UG B Y T2 2 b DU i
W2 k. A HLEE G A S MRS B e, 256 A5G N
RAME B Dtk SR A 0k, 38 G 2 00 i L7 K 1)
T, Ao 5 i s 5 M A 2R 5 Al S A9 08 B e DL .

Bt Xt IR AR A 55 T TR DL e S0 %] 2% B A S AR
b, AE@EBEREQT: (1) MRS b AE
B, BEEFERETNS 5g AHLZELR, (2)
gih DR TEEE. PRERS THNHESBEER,
T T PR A 55 AT P P A TR S Ak o AR 55 T
(3) MRFEMIRE A Bt Bl Tl HEEER
B, LT S AT 55 AT (4) I DL S 0
SOHE PR SR, T R TR W] AT 55 B A A R A i
S 55 D PR R 2, A e PR ES AT, &
7 TR RS Wi A

1910 0 =24 3 T A B2 M 8] [ 20 R T, R AN BE
LA W TR R, X v AT T R
LA TOAFBEAT SR oo M, S B i e s e
FEH ARG5S A0 T U I (8] [0 o K AR,
AR E N TR, TR MR 2R B 4l
B, WIRANERAF BT AR AR iR, B 2R A RETHERA 52 L i P
P 145 7 S b TA] [R] 235 o W7 DL e 37 0 246 g

DERFRE

SAESMEST
[

A
|

Figure 1 (Color online) Bayesian network fault tree of satellite-ground time synchronization interrupt.
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Figure 2 (Color online) Flowchart of satellite fault model expanding technology.
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Figure 3 (Color online) Fault detection flowchart.
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Figure 4 (Color online) Inner and outer coincidental precision of
clock results.
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Rapid fault detection and recovery of in-orbit navigation
satellite

LIU XiaoPing*, LIU Li, CAO JiDong, TANG GuiFen, DONG EnQiang,
ZHU LingFeng & LI Jing

Beijing Satellite Navigation Center, Beijing 100094, China

It’s an effective means to ensure maximum availability of satellite navigation systems by rapid fault detecting,
recovering and satellite rejoining. In this paper, methods of in-orbit satellite failures rapid detection, fast clock error
determination and orbit determination after fault recovery were studied. Then, rapid satellite fault recovery
mechanism and processes were established, so as to ensure the constellation reforming capability with enough
satellites in a short time, while service capability of navigation users was recovered. The test results indicate that
satellite fault detecting time decreases to a level of 5 min compared with a level of 30 min before. Moreover, satellites
clock parameters were quickly calculated and injection messages were generated as soon as possible. All methods
above effectively decreased the satellite unavailable time, and reduced the waste of satellites resources and life
caused by satellite failures.

satellite failure, abnormal alarm, fault-diagnosis, Bayes strategy, rapid positioning, clock errors
PACS: 91.10.FC, 89.20.Ff, 07.87.+V, 07.05.Mh
doi: 10.1360/SSPMA2015-00122
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