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Fault and Detection Performance Definition of

Beidou Satellite Space Signal

WANG Mengli XU Junyi XIANG Caibing YAO Lihao

(32021 Troops of the PLA, Beijing 100094)

Abstract Performance index assignment and demonstration is an important accordance for satel-

lite navigation system, and it is necessary to direct and restrict each system scheme design and project

implementation. Integrity and continuity are key service performance indexes, and whether they are

satisfied with user requirement depends on the design of SIS (Signal in Space) fault and monitoring

performance. In the system index design, the fault rate of satellite signal and the integrity monitoring

index of satellite signal are complementary and constrained with each other. It is necessary to realize

the comprehensive design according to the index of each link of the system. Taking user integrity

and continuity performances as designing accordances, the conversion and distribution relationships

among SIS fault times, mean fault probability, fault misdetecting probability, fault alarming prob-

ability and hazardous probability are defined. Then calculation and analyzation are implemented

aiming at Beidou system and its constellation characters. In the calculation, requirements of user

integrity and continuity adopt the ICAO standard, and the level of satellite signal failure refers to

the actual operation level of Beidou regional system. Beidou system monitoring performance index
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under different SIS fault level is analyzed. The research conclusions provide demonstration and de-

sign foundation of the reliability index for Beidou global system.

Key words Space signal, Integrity monitoring, Fault times, Risk probability
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[ 10 Z"#ÆbR%(/)32-4 1×10−7 h−1,

(5+-*'(!0**22cÆ)+ 1×10−7 h−1

!'+0**CG7-5" [2].
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@:6"#!%(/)327-R,&T>dM
AÆF< [12]: (1) dF"#%/)K8MNYLQ
YhVe; (2) "##;i1e<5f; (3) "#%(
/)327-fBlC>&>jg7k, c f(t) =

e−λt. �J, λ = 1/tmbf . 7g tmbf 4=>32R(,

c"#UK8R(8h(U32EC9l. "#hi
7kÆmj4

F (t) =

∫ t
0
λe−λxdx = [−e−λx]t0 = 1− e−λt.

%&!Æ$*lCÆmj4

R(t) = 1− F (t) = e−λx.

F1"# t0 Rk0LK8, V t0 W t0 + T (T

4K8R() h(, UZ"#%(/)"S32!7

-4

PF,SIS =
F (t0 + k)− F (t0)

R(t0)
= 1− e−λT . (1)
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/@QZTa\<ZTLQ(!0<H9, c40*
*CG.

F1ll[C%(/)F32 (H1 F1), \3
2?HZam0**CG,[0<H9VZam(3
*CG (G<HQn2MNN'+(3*+", F1
[Z"#%(/)32c E&)J)). F1ll
[C%(/)]32 (H0 F1), VÆ!9TC%(
/)k/@QZTam0**CG,Q3r@HF3
2Vam(3*CG. 93, '+ #<Z8%(/
)F3N5':

⎧⎨
⎩

H1 :
∑n

i=1
PMDPF,SIS � PIR|H1.

H0 :
∑m

j=1
Pffmd(1− PF,SIS) � PIR|H0.

⎧⎨
⎩

H1 :
∑n

i=1
(1− PMD)PF,SIS � PCR|H1.

H0 :
∑m

j=1
PFA(1− PF,SIS) � PCR|H0.

&J: PMD 4 H1 F1N!?H7-; Pffmd 4 H0 F
1N!?H7-; PFA 4F1Hm!@>7-; i 4

n 1 ���������������s��
Fig. 1 Decomposition relationship between satellite space signal fault and risk probability
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"#n), n 4;8<Z!"#C; j 4VeoÆn
), m 4'+ #R(1nY&!Ve.oC. �
J,  #R(1nVe.oC m tG;88E! 
#/AupoB8E. 23: 3r;88E! #/
AH�p 1 h up[E, Vp 1 h  #R(1n m +
[4 1; 3r;88E! #/AH�p 3 s up[
E, Vp 15 s, 150 s .%p 1 h  #R(1n m +[
7*4 5, 50 - 1200.

'+0**CG7-5"[ PIR = PIR|H1 +

PIR|H0,'+(3*CG7-5"[ PCR = PCR|H1+

PCR|H0,cF32F1N!32?H-.%]32F
1N!?H--K>-8E3N:

PMD = PIR|H1/(nPF,SIS), (2)

Pffmd = PIR|H0/[m(1− PF,SIS)], (3)

PFA = PCR|H0/[m(1− PF,SIS)]. (4)

2�BOOPQ>qRjfQC

tGKq%(/)32--22*!('8E
45, .@A'(#;J=42, G<KLA#4=
M<!'+0**-(3*CG7-5", 7>(L
%(/)32MNN%%(/)0**22*!!
('+".

2.1 6\7]89
A#'+><]SioW!EB, % GNSS [

B/0**/(3*/Æ'*0,96W9*!+
". KLA#4= (ICAO) Grr#7/Æs#7/
I6r/Y[f04 (NPA)/p)a 04 (APV)/
[f040(Lq8v1, ^<6Y&! GNSS  

#*!+" [13] (bm 1), �J Tp 4-<q8v1!
 #R(.

2.2 :_;!`<=
@AWs'(#;@aMF 24ZMEO"#/3

Z IGSO "#.% 3 Z GEO "#. @A'(#;L
RÆb"#C=>4 14, c;8<Z!"#C n =

14. F1pZ"#!%(/)=>p."S 1/30∼10

E32, ;< GPS III !%(/)327-+", @
9p.U#32EC4 1/10 000- 1/1000%&!%
(/)=>32-.

tG& (1) Æ.8EUZ"#@(L #R1
n!%(/)=>327-.%Æb"#JF[Z
"#%(/)"S32!7-. �J,  #R( TP

+[7*4 1 h, 150 s, 15 s. 8Ewrbm 2.

>m 2!8EwrÆb: %(/)32-8%(
/)=>32R(4t=0l, c PF,SIS ≈ T/tmbf ;

(L #R1n!%(/)32-8 #R14t
=0l; %& GPS II 1×10−5 h−1 !U#%(/)3
27-,+"@A"#p.U#32EC4 0.1,cW
#; 30Z"#J,p.HTF 3#E32.%& GPS

III 1×10−8 h−1 !U#%(/)327-, +"@A
"#U#32EC4p.u79[E.

2.3 :_;!`<bc>?
@<"#%(/)327-,7>'(%%(/

)32!22*!5", MF?H--K>-. F1
8EMN3N.

(1)  #R1nVe.oC: @A'(AÆ #
/Ap 1 h up[E, 93 1 h  #R1n m +[
>4 1, cp 15 s, 150 s % 1 h  #R1n m +[>
4 1.

d 1 ICAO e@f GNSS ghABCD
Table 1 GNSS navigation performance requirements defined by ICAO

xr (95%) 

�y�vi y� 

� ���
swzt

x� uj x� uj t� ���� ����

yu�v 3.7 km N/A 7.4 km N/A 5min 1×10−7 h−1 10−4∼10−8 h−1

vz�v 3.7 km N/A 3.7 km N/A 5min 1×10−7 h−1 10−4∼10−8 h−1

kwu 0.74 km N/A 1.85 km N/A 15 s 1×10−7 h−1 10−4∼10−8 h−1

NPA 220m N/A 556m N/A 10 s 1×10−7 h−1 10−4∼10−8 h−1

APV I 16m 20m 40m 50m 10 s 2×10−7/TP 8×10−6/15 s

APV II 16m 8m 40m 20m 6 s 2×10−7/TP 8×10−6/15 s

CAT I 16m 4∼6m 40m 10∼15m 6 s 2×10−7/TP 8×10−6/15 s
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d 2 lEFmGnHopIJ PF,SIS qKrs
Table 2 Mean fault rate calculation results of

one satellite space signal

wxx�
���� Tp = 1h Tp = 150 s Tp = 15 s

0.0001 1.1×10−8 4.8×10−10 4.8×10−11

0.001 1.1×10−7 4.8×10−9 4.8×10−10

1/30 3.8×10−6 1.6×10−7 1.6×10−8

0.01 1.1×10−5 4.8×10−7 4.8×10−8

0.2 2.3×10−5 9.5×10−7 9.5×10−8

0.3 3.4×10−5 1.4×10−6 1.4×10−7

0.4 4.6×10−5 1.9×10−6 1.9×10−7

0.5 5.7×10−5 2.4×10−6 2.4×10−7

0.6 6.8×10−5 2.9×10−6 2.9×10−7

0.7 8.0×10−5 3.3×10−6 3.3×10−7

0.8 9.1×10−5 3.8×10−6 3.8×10−7

0.9 1.0×10−4 4.3×10−6 4.3×10−7

1 1.1×10−4 4.8×10−6 4.8×10−7

2 2.3×10−4 9.5×10−6 9.5×10−7

3 3.4×10−4 1.4×10−5 1.4×10−6

4 4.6×10−4 1.9×10−5 1.9×10−6

5 5.7×10−4 2.4×10−5 2.4×10−6

6 6.9×10−4 2.9×10−5 2.9×10−6

7 8.0×10−4 3.3×10−5 3.3×10−6

8 9.1×10−4 3.8×10−5 3.8×10−6

9 1.0×10−3 4.3×10−5 4.3×10−6

10 1.1×10−3 4.8×10−5 4.8×10−6

(2) H0- H1F1NCG7-7@: %(/)]
32yS!CGtCG7-! 1%, %(/)32y
S!CGtCG7-! 99%.

(3) ;8<Z!"#C: tG@AWs'(#;
@ayz, �MF 24Z MEO"#/3 Z IGSO "#
.% 3 Z GEO "#, @A'(#;LRÆb"#C
=>4 14, c;8<Z!"#C n = 14.

um 1 Æb, %&rr#7/Æs#7/I6
r- NPA {Cq8v1, 0**-(3*CG7
-7*4 1×10−7 h−1 - 1×10−4 h−1; %& APV I,

APV II - CAT I, 0**-(3*CG7-7*
4 2×10−7/Tp (Tp 4 150 s) - 8×10−6/15 s. tG
& (2)∼(4), m 3 @96(LCG7-MN-%(/
)327-%&!22*!5"8Ewr.

>m 3 Æb: -<CG7-MNN, %(/)3
27-832?H-4t=0l,cu1]32MN
N PIR|H0 - PCR|H0 [{`, PIR ≈ (nPF,SIS)PMD; ]

32F1N!?H7--K>7-/++,1'+
CG7-5",AÆ(|"#%(/)327-!*
2, c Pffmd ≈ PIR|H0/m, PFA ≈ PCR|H0/m; ]32
MNN!?H7- Pffmd Æ0[c'1v}'('
+0~2E@Q!XFÆ=.

3�|{R�w

"# #'(('7@8Tx#( -v}"
#'(4z188D{XF!y+JG. 0**-
(3*#'(&)*!!5}(', �!|)+'+
5"/++,1%(/)32-22*!('18.

Æ;>'(0**-(3*5"9", <D6%(/
)32EC/=>32-/32?H--K>-0'
(('80**-(3*CG7-9(!:I5'.

3%@A'(#;J=-F,G<KLA#4=M<
!'+0**-(3*CG7-5",7>6(

L%(/)32MNN%%(/)0**22*!
!('+". :6wTÆ4@AWs'(Æ$*(
'Tx-18,~JG.

@'(('18J,%(/)32-8%(/)
0**22('#hYd}-hYv}!, 5+tG
'(BC:;!('XF!|ZT18. ;<@Ar
,'(K8h(!%(/)32Æ=, F1@AWs
'(#;%(/)32-18('4p. 3E,VU
#=>/)32-4 1.1×10−5 h−1. Y&~, 4)+
A#'+B#1!CG7-5",@(}~,66.
/0**2271!;,N,+"%(/)!32?
H-4 6.2×10−4, K>-4 1.0×10−6. %(/)3
2-('uÆ`CG22,6/ #;C8E/K;
K8C\/#KCG,6-i8/"#B/N8/)
�^-"N.%'(AÆ0**220:;�L1
8XF;%(/)0**22('/+u~9KV1
18XF.3%'(BC:;!('7@-<DZ�
;7>.
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d 3 FmGn|NpIÆ}O~�ABqKrs
Table 3 Monitoring performance calculation results of space signal

under different fault conditions
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