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Abstract; In civil aviation and other application fields, the availability of satellite navigation system is the
key performance indicator for whether it can be taken as the only or the main navigation system. This paper
mainly evaluates and analyzes the availability of Space-in-Signal ( SIS) of GPS satellite navigation system. A
model of single satellite availability algorithm based on Markov process is presented, and the model for
evaluating availability of navigation satellite constellation is studied. In addition, based on the relevant data
and the availability index of the latest GPS Standard Positioning Service Performance Standards ( GPS SPS
PS), it is verified that the model is effective and conforms with the availability index of GPS SIS. The result

has great reference value to the study of the availability of BeiDou navigation system.

Key words: GPS; signal-in-space; availability; BeiDou Satellite Navigation System ( BDS)

0 35§

W% CNSS B AR A MERIET AR, DE
SRS REC S RO B AR R A TR
BEIEFMKIE " o AT, BT LA SRS A
AR RS — B S PEREAR HE IR &R, SR E Y GPS B
fY Galileo f % Hir ) GLONASS R 3% [ By 3b3H #0 %A T
A B B MERERE , ELAE bR 44 B R 7 oK, 18R BT L

%5 H H#9:2016-01-26 &5 H #7:2016-03-26

BETE: HRARPEE 4 (61571309,61101161) ; [H 5 & 55 2 mk
W R BHR (“ H-E="F10) (2010CB731805 ) ; fiii 25 Bl 42 5 4> (20
11ZC54010) ;3T 5245 H AR B2 A 1 A 224 (2013024003 )
EHEE A T/RA (1980 —) 53, W BN, 14, Bl 8%, BF e 0y
4 TR ST

HIYE B AR A 25, B4FXT GPS RS MHERE MR, £
EARMHMEREREE A TRAMF GPS i e
AR 55 PERERR#E (GPS SPS PS) 35 F T H fiks € A
P 9 GPS %5 9% < oL IR 55 M BE AR ( GPS PPS PS) & GPS
] BRI R G M BE PR (GPS WAAS PS) %, Ib4h,
1993 4EFF 4k, E EBEER 2 B (FAA) f# 12) GPS SPS PS
SCRY 25 AP RE S BT R IR IE X GPS RH R R AR
KRS I T W, I AR S R AR EH 52
PE (9 BB TR S 2

RN BRSMAS N N REMRSHREZ—, 7T
AT & a0k RS I R 410380 S A 1 BB R 4 , 2
W FMAZ R BN RNWEEIKIE . HIEF] GPS SPS
PS RBEHENZCHAELES T IESMAZNE
BEARfE R L PPAGTEFRIA R, B I, A SCEF LA GPS SPS



40 B ot 5 & #

F2UB

PS XENIKYE , 45 & FAA RATE) GPS HEEHril &
FEAE B, LA GPS S5k, Xt GPS SIS R 2]
PN R T M REAT PR A 20T , A T B TE PR A AR A 1Y
AR GPS SIS A F¥ERIAF &4

1 GPS SIS 7] Fi¢$str 94

BULHAT,EXELRM T 4 MiR4H GPS SPS PS XL
B, HA A R BRI AR 1 Rt T,
&1 GPS SPS PS W AR KA SR EL
Table 1 Availability research content of GPS SPS PS

GPS SPS PS 30 R AE
1993 4ER JIR 55 7] PR AR e
1995 4EpR JIR 55 T PR AR e
2001 4£hg PDOP AJ Fi#4riE SPS fiR 55 A] AR
2008 4215 SIS A Fi¥in #E . PDOP ] FR ¥4 #E., SPS fiR

ST AR

B 1 A0, fi#& GPS SPS PS iy A Wil 4E, GPS
AN ITHEREERNTE, GFEAERFIRKY
GPS SPS PS #,°A] £ B &8 T4 AR SIS 7] A &R
% Z0 it EIR % E 0 AR RS SIS B,

GPS SPS PS (2008 4EJi ) ¥ SIS A A& LN : #8
KA BRES . fEEFR SPS SIS B P& (518 GPS BEHLAIK
LR, AR R H A ] AR RN AR, HF,
B AR R T RE ERSPSSIS AL
& GPS B A KA R, T EBR T IER
T T 45 ) B T PR B4 15 A I v 1 ) SR B

A SIS T AHRSEEES 4 2. KT
R(FERFMARENE) ST SE(EERE
FRgEdE RREE) KBRS E(EELEN
W) ME ST R ( EERE I E R EMK
W), BT 4 RREHRBRT TENSE, B,
GPS SIS gyn] FtEsE i B =% GPS T2 v] ¥R,
BPZEA5 S0 Do BE S5 Py 0 LS80 L2 A °T R 4R A7 B 1)
RiIGit , B th S TR T A R BT
TS E R BLE R N BTA T &2 SIS Byu] FtEER .

2 ETORUXESEMEETRYE

HRTE A SCR B 2T AT AR 4
TR ERE (B B SR R (T 45 Y B T ik R AN AT B
PR R RGN AR, HABRE SR ARENBR
Fetk, BB, TRRAE BRI SRR DUEE #
HEERBEBEEREREHRERBRE, XIERDR
A RERIREZ—. FAXRHHETLRITRIER
BEAAEEREN DREMERLMEZRENES
I, ERE AR B TR T S,

2.1 GRWRTHBEERE

HHRAG S TR T 06 B E BE
[E 7 A B A 5% 40 29 R A8 B A b, 38 5 X
RERRE, WZRGE A DRATRIBRER"
Hit, YRR DERNSERR AR AN, 2 TR
BT RATRRAEE S BWE 1 e,

I

B1 BEDEMDRARREEBIR
Fig.1 Markov state transition process of single satellite

B 150 R-REREBIER ;1 RRREREK
xR PR R, B P2 s g A 7 ik ] ( MT-
BF) W ¥u R DENBRER, RV HHEEE N
[&] (MTTR) i 81 %5

ETAEMEER, DRI RIEAUSETE
B AT AN

A=y (1)

(1) FEATAHAA, S mm KT A B, TERA]
RS, EAEET 100%; 4 A B KT p b, B
BERTT AR, LENO;BRE ERAFMHER, PE
B E] RIS AT 0% ~100% Z 8], B o F0 A BOSZERA
INRFERRRE

BE4h, B A u 55 MTBF, MTTR 22 & (9 36 2 36 7] LA
B (1) %R
=K (2)
Myree + Mo

MEARRB M HE, RPEE MRS ERY
REBABSBEPEATH, EAR KA ER
FERRFH I, EE 1 WER EAAR RSEREIRS
HEB TR /R RASBIE 2 B,

ey
(1) et

E2 FRSEERNEE DRI RREEBIE
Fig.2 Markov state transition process of single satellite
based on different fault types



B2H

ERBE: CPS ERES T AMFMHERRE 41

B2 ,2,(i=1,2,3,4) R n LEFERHER K
BEp(i=1,234) R PEELXHENBEE,
SREEBAFKXBEENEW, R (1) P TENKE
R FMBEE R p 53515 M A

A=A +A, +A5 +A,
A o (3)
5 ='11/1-"1 + A/ + A5/ + Ay
2.2 ETXNRENRETHMEITE

HE/RARRESEBRER T LIF W, F H &R
HEABTEMAENXEETHIATENRER A
MBERp, A Fp X555 MTBF #1 MTTR B85
RE,EIG, 7T LGB 4B FAA 248 GPS RS R
GRS FIRBEF P EA R LA B EH MTBF 1
MTTR, FEToK H PR At
2.2.1 SERFHERHK

AT RIEA BT 85 R ] B4, AR SCIRAE FAA 424t
B GPS R B & %F 1999 ~2015 4E[R] R4 M BT A
HITRETT T 43t (B2, BT GPS R IR & E AP
% TEK PRN SX DERMSRBFRETSHT, T
BAMABPEMNS , % BB K SH PRN S#X Nt
AE—FTE, FrUFEX GPS PEM R 5B Et
H L& BRTEf RS BT S, 15 2 558
PERREFER
2.2.2 EREELH

XF FAA ) GPS R & HEATSE 43T 482 1999 ~
2015 £ [ 3L 51 B PR R A LA R LA i, %
PR/ MTBF 1 MTTR 237 LGB SH TEN TS
R FHBER, A 3 Fin.

0.7, ‘ —
" TR
T 0.6 1
=
& osf
<y
B 04t
% 03}
i

= 0.2t
H_ 0.1

0

#

13 67

TEHS (SVN)
A3 GPS B DEMFHRERRFHBERE
Fig.3 Average failure rate and repair rate of single GPS satellite
PEHSEIRHMRFTFAE —ERXR, H5H
M PRRHBER, PRASHEMK; MASHANTIE
W& SHEH, TR R SHEXNEE. NE&EXE 3 #
i, SRESHIEML, BSREILEN T
HEERERTTRTHPYRER, Fax(1)
BT AT DT, RIS B R DR R TR EE
100% ,—EBEEHATHERRBAHRE, LE

B A EARE RS
¥ ERAEFDERPHRERIFYBEERAA

ETL/RA B AEEE S, TS5 GPS A

B IER PR, I 4 B

1.00frrereT

0.99
0981

097

B oo
H 095
EE 094
E 093
092}
091

o0
0.50% 40 67

TPE4HS (SVN)

A4 GPS B TE YA A4

Fig.4 Distribution of single GPS satellite availability
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