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Observation monitoring and detection designing of SAIM

Ouyang Xiaofeng, Zeng Fangling, Hu Yihua
(Electronic Engineering Institute of PLA, Hefei 230037, China)

Abstract: Integrity is one of the most key factors of satellite navigation system. Moreover, satellite
autonomous integrity is an important part of operational controlling and monitoring the global navigation
satellite system (GNSS). This monitoring of the satellite autonomous integrity monitoring (SAIM)
observations was concentrated on, including the specific monitoring methods and detection tests of
pseudo —range, carrier phase, carrier—code coherence and multichannel code phase coherence. According
to the civil aviation integrity regulations, the detection threshold and the minimum detectable abnormity
were calculated, which provided some theoretical reference for terminal design of SAIM.

Key words: satellite navigation system; SAIM; observation monitoring;  detection threshold

%5 B #.2015-10-04; {&iT B #.2015-11-06
BEE&WMB .2 HA B ARPE 47 4F 5 4 (1208085QF117)
&2 18 47 - WK PH B XL(1989—) , Lo, Bl L, A+, 3= 22 A T2 AL 5 5 i W U 4% R 98 . Email: xfouyang@sina.com



132 bk T A2

% 44 %

05 5

SE UM IR R T R G TE AN RE 18 FH A B st 1) P
KR RE Sy, A R 4Bk TR 50T R 48 (GNSS)
AR I RS A 8 R A IR (AL) A R
] (AT) . & K 1% 5 15 8 (PHMI) HE 5 25 % 5¢ U 1 1 fig
HEATHAR D WS hr S R R B DR R R 5
R 55 AN 58 4 1 S D DR sl B AR . i T AR S
RGN TR B A i S A o S LA Y
SMEE GBI E R RG, XREGH
PRSI BB DUT B B A B A S
HFEEATEASM LA, FIrSmE s & gk,
VLK P vt b BRAE ST AT — A B BT 1 30
ol S R o T BT Ak IR R Y & AR i I AR 8 vk
SR T SR G PR R B S e | 1w A
UG I 24 R R

TR A F 5 (SAIM) R & ¥ H
Stanford K 2% #F 78 A 52 B-97E 2001 4F 2 . SAIM
AR S F LAAS 58 & M W il 8 o7 5 o L el 2F A7
SR TN RS D S e S D D
WEI ) BE 2 L TE B S SO R, B AR R A
T G A A R AR 2 S N 1077 42 E 107000 3
SR MAE 523 18] 98 & Pk 1077/h 19 B R SAIM il
WO 2 G LR AT S A e M, R B
WAL = A I A AR O AE AL M S S 8L
Al RE B R X2 A UL A 0 I AT
— PR RN S AR A B R A A A Horp X
LI R A A R AR R 2 B W R SAIML F7 R Y 6

B TR, UL SE G A S B HE B R RO R s AT
14 2 ARIE

SCHRE ST T TR A R 58 e M A 0L )
Lo e — B R 8 T 1, A4 Oh B R A8 UL AL | P )
AR — B LA S 22 % O 8 A7 — B0 48 B 1) 58 4
5 BT BT T 58 T M I 2 S A S A B A
LA BT B 52 b VAR R LR Ah B AR AR R, B
PRAFEZEESERE, A EERDEEMR
R EBR BRI e R BB 107
T 2 A R 1070 19 RMLAR 5 =5 1) 58 &5 P BE T 2K,
i 5 EC R A BT A A LI A A 0 7T R A
/N TR S H O TR S A A 58 e I 2 g

Bt TEIE S %,

1 D2 A % 5 5 i 0 00 0 B/ 2 S
BTl

1.1 hBRFEUNE
1.1.1 th3En Z44

By S D S 1 L AR T P R S A AL 9 B AE
N 2 R i R4 B PR O xS0 A 5 e g
o 2 I A fiff B AR HOE SR R BT (R T AT IR R
e B AR BRI 5 R A BORS B Y Oh BRI A | G 2
A4 A G Ak B A 3] B AR OC U W (R I %0 55 1 pps I AR A
25, A3 ) 1 ms PR HE 19 O 5 B 2E | 5 — 0 &
TSR E A 1 iR,

Correlation Local time
peak (1pps)

seudo—fl&e \
|-
time delay _

PR 1 BIUAR HE WAL b L0 RS S O B IR S ) i

Fig.1 Precise measurement of pseudo—range based on ideal receiver

T 5 1 pps 22 J5 15 2 09 Oh BE I SE AN i i
Tms, PG S fiff 5 B P 3 5 2K 1 ms N A %
R AL 3 . BB NCO T 19 45 2 7L o U32
(unsigned long integer) , 75 Wl B Jjik wft 7 AE i) 20, AR 48 T
A p .

p=| BNy |xT, (1)

AN, 985 NCO f93HEU(E ; Ny o 1ms B [0] 9 B9 97
A B ik B, BodE 26 B0 Ul6e (unsigned short
integer) ; T, M SIS | 98 )%
1.1.2 #okAaten 214

A 7 D B (B AR IR 15 5 2 AR 7 A 2%
WEAR LA 2], Sk T TR 5 A P [ EE B AR X AR
b o A5 5 2 AR 07 R 28 0% NCO $2 it |, {1 J2 25k A1 A7
DN 5/ 1) ) 46 {8 A7 70 8 JR)AOR B2, 7 IE 0 R B Ol
AR RS EAE R e R T R R
JEL A0 R e Bl i ENECES T SRR AR AR, T
W AR X A I R A I A e P A I o AR P
58 XoF % JE T HOR R RO TSR T, Bk AR



% S

BRFBERE T E A E AR IR % R kit 133

mF,

(1) 7 by 288 36 A 32400 i Ak < K 8 A o B0Rn B gt
BIUG R 05 AR AT 5 ik A A7 A5 2 28 0 A A7 )
BB JE N B 40 oo, 05 28 e AH o7 0 & 1) o L 318K Z
HE.

(2) A Mo 8% AH 7 B . M FME T RERE,
IR AT A TS 10 B AR A R BG4 kR
B AR | H T 25X A Hi 8 11 /N BB 43 S I B R

(3) 3 AR AL I 2 (5 Je e 0 B 35 0 0 1]
50 pps , W 78 & 50 pps B 2, i 45 5 2% Ik A7 A0 AH Xt
b 2 B A AR AT IO, KRR S R
TR A o e R AT PR, A B A A 7 AR Ak R R
LU B AH CLIN A, TR B A S 0 i R
B /INBOHS 4 22 ) 1 P4
1.2 hE 5 H i — s

B B R 2 Ipk A A — Bk W v AT 3 R A
Hi S5 T3 G 1] P4 5 AR A7 5 28 08 AR 467 22 1 728 Ak sl A
U W 5 P B S Oh U i 2 25 4 2 R O ok
S, B 2 SRl R DU R RS D3 e IO RS A A7 5 2R Dk
AL 22 19 A8 4k, e UE AT DO 0 5 4% ol — SOk W i A 9
.

RN (I

(1) T+ 880 J5 J7 oo 04 Oh BE UL I 14 & A48 0% A AL
O ) 344

AT B R 2 W05 T 9 PR B U p (1) R Y R
T JC B AR AL LI i o (n) , A X S B LR AF R R H
IR AF QR A

Ap=p(t;,,)—p(t;) 2} P I3 70 PR FE UL I 2 %) 31 o

Ap=¢ (1)@ (t;) 0 T T TG % % A7 A7 W I & 09
B

(CIR R o

V55 WIS 1 oG R O B R A7 2 5 Ak AR A 25 1 22
500 A = Ap-Ap| K X AME R K I SR ER
R T RRAE Ty AL

B AST, TR D% 5 300 A — 80 A ST,
gk ST — 25 W

(3) W T ek 1) AR A R R OE R

THEHG 5 3 oC (8] D A5 AH 07 5 2% I A A 25 1 2 5
HIAE AL BIVA = | A=A VAL = A=A, 5 3EE R
R IR T,

A VAST,, WA K fh 5 5 3R — B A VA <
T, ) W7 O 6% 5 3800 — 25

Input:pseudo-range
phase and carrier-phase

Y

Calculating the pseudo-range
increments AP and carrier-phase
increments A¢ by observations
made at two epochs

Judging if =|AP-A¢|
is over the threshold
T,/T, or not

Judging if the changing
rate of pseudo-range and carrier-phase
difference between adjacent epochsare
over the threshold or not

/Output:coherent/ /Output:incoherent/

P 2 O i 55 2 I — 0T W A AL AR 1A

Fig.2 Flow chart of carrier—pseudo code coherence monitoring

1.3 SERMABEL—HHE

o RAIE TR AR 5 A ) 22 B D B A A — Bk
200 M D 25 A OB A R A 2 g D A N Y —
Bk 1B 3 R 22 O B AR 07— SR I A I A A

Input:pseudo-range
measurements at
multi-frequency

Calculate the differences of
pseudo-ranges between multi-
channel in SAIM receiver

Judging if the
below calculated differences

are over the threshold
Input:incoherent

T, ornot

Input:coherent

[ 3 2 e Oh T A 052 — Bk 0 0 3 2

Fig.3 Flow chart of multi—channel code phase coherence monitoring




134 bk T A2

% 44 %

L GPS i {55 I, 8T RS U
L1.L2 L5 M, Hrh L1 WS FE A C/A R P
()R M 315 517, C/A 55 0 Ik 3 R 05, 1 Ny
1.023 MHz, P(Y) 5 F1 M b 5 RS | i3 R K
10.23 MHz , W X%} 2 % O 65 A8 67 — 350M: 9 58 4F # W
WL BRI T .

(1) T 55 2050 555 PR 15 A 457 — B

TR L1 M - POY) RSO BE N & P, 5 C/A 1%
hBE I B E @ 2 18] (4 254 | P—e, | A5 JLORAF R 51
FERYTTBR T $EAT LB,

| Pi—i| < T, W10 W7 32 00 o3 B4 08 A A7 — 305 45
| Pi—p; | > T, W0 30 BT 42 430 o5, B4 ) AR 437 A8 — 35,

(2) 2 2 At 25 A H At

DLW e 35 L2 (L5 45 4 Y B A5 A o —
ok

2 YNEEFERNERIT

2.1 WMESEFHERNTE

283 B R AR B9 A/D SRR S il T
T AR R B A Ay TR AR RN E 22 19 1.Q PR B AR A 5 S
LSRR 0 31 3 2 A RS R B B G Al R AR
R X 2 WA 1) DR RS R R T R AT R R IR
FHAREE Rk = BB E TE 5 B 0l B 58 L B B DY
W o B A5 AL S 15 2R OC ROnE, 15 5 4t
G LR TR AT 4 T 5 Ak TR B0 45 R R K A Ak
HAR | HE— 20 58 R R A AL BB A LA K R
ik o S5 R ARV Dol BRI R AT A AR A B R R i
Ab P 2L A PSR AT, O AR e R R A 2R
FrOh i BB AL D AR A T SRR BEAT 58 R AR B

Output:

Optimized choice
of sampling rate

| Initialization of system parameters

1

1
! correlations between
1 multi-channel;
1

demodulated PN code;

— Tracking

[

Finely estimating
of pseudo-range/ | parameters
carrier-phase

)
)
)
)
I
) igi -
Broadband ) qu]z)lli%;ttaulre .| Direct
. T > .
data collecting] : transform demodulating
)
)
—_ )
< )
5y ] ;
Zl e I o
2 S ) Acquisition|—pm
= = )
8 I Time-delay
8 ) calculation

Pseudo-range
__measurements;
" carrier-phase

measurements

Signal

estimating

____________________________

P4 A 58 b P I S b 2 A TR

Fig.4 Signal processing structure of autonomous integrity monitoring

22 RESREHMENITE

HE B RME SR A5 S IEW RN, REE
AN EEEAR S AL T B SRFS
RAESEHESH RGN RESIER , ANEE,

LRI E N R g = e Sy T e ARl (D YR B = )
15 O B K B LI AL | Fh B 28 bz — Bk DA % 22 i £k
B AR L — BOCME R AR, O B 58 G 4t 00 ] 52 B A0 A
DNHE 7, 2% WL S Y R e MR e e ML SR AN AG I T BRE
AR IE .

TR GEAFPE I ZE R AR W], IR R S A5 0
A b A Al R 2 i N B IE A5 0 A, B X~N(O,
Vo ), Hoh X g O BE B AH AL O B R — otk
VLK 2 it O 8 R 57 — BOvE LI i ory Oy 58 I MR BT
DR IR 0 L R B A B S 25
DA 25 A BVIR AN Y~N(A, Voy Y IEZS 5310 .

T i e A R Ny Pp= J e"p(‘x;)dx

1
\/ 2mo %

WA P= | L ep- A

2
2oy

AT Fh M AR 36 Pr=107" W] Aff € A 00 1) FRAH T,
55 B Py=107 (920K HE— 20 2k A 8k
5 3 53 5 455 9 AT A R /M 22 (A

3 HEHAR

S i BE R M R 1070 RN T A R 10 (R 2 1L
BB R R 107 a8 ik 07 BT S A 0L I A A T
PR R 5 /N TR I 2 e T PR TIE Y A S UL DN o B 4
P R B RAE

(1) ARt 3245 B0 P BE AL THRS 2 - 0, =0.3 ns (B % <
10 MHz , 7~ 4] 3 C/A 1%, 5% %4 1.023 MHz)



B 1A we RS

P2 EZAFHGNE

W B it 135

TE 5 s, 4% <10 MHz, 5 % {5 5 th BE 46
TR T=1.683 6 ns , fix /M 22 7t A=2.8355ns.,

Monitoring of pseudo-range with low code rate(<10MHz)
1.4

e @ L = =
2 o ®» o N
Z
P
=
=]
=

Probability distribution

It
)

i
o T=]¢6§}6 ‘Azz\\8355
-2 -1 0 1 2 3 4 5
Pseudo-range/ns

[ 5 IR 5 Py BE UL 00 M 4 43 A B 4G ) 4
Fig.5 Probability distribution and detection of pseudo—range with low

code rate

(2) fe 5 22055 B0 P BE AL THRE BE . 0, =0.2 ns (B 26 =
10 MHz 5 BOC {55, 7= 5 M fith | f15% y 10.23MHz)

mE 6 s, %% =10 MHz 8{5 5 & BOC il
BF, 58 A5 5 Oh BRI T PR T=1.224 ns , 5% /)M i 22 12
A=2.766 3 ns,

Monitoring of pseudo-range with low code rate(<10MHz)
2.0 3
i

0.2 T=1.1224
K 1'2 4 '{_8903

=2 -1 0 1 2 3 4 5
Pseudo-range/ns

T 6 o Bt 25 Py B 000 Sk ME 25 23 A 12 A I 4
Fig.6 Probability distribution and detection of pseudo—range with high

code rate

(3) B A AL Al RS 2 0, =0.05 S

WE 7 o, BEAES AN TTR T=
0.280 6 J& , fe /M 25 B A=2.680 1 J#] .

(4) Ph S 20— BOHEAS RS 2 . 0,=0.3 ns

WE 8 firs, S A5 Dh it 2 5 — v A I i)
F T=1.683 6 ns, fz /M 2% i A=2.8355ns.,

(5) 2 W& O A A o7 — B50PE A R B

mE 9 frR, 5HAES 2 A6 —
MR T=1.224 ns, iz /M 2 8 A=2.766 3 ns,

.0,=0.2ns

HEA

Monitoring of carrier-phase

8 x
n
7t ==Normal i
8 --= Abnormal ! H
S i
ES [N
» it
S it
=4 i
= 1t
z3 it
2 il
22 P
A i
1 T=028064
0 41 A30.47258

-1-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1
Carrier-phase/cycle

Pl 7 2 ke AR A5 00 2 ARE R A3 A B G T e

Fig.7 Probability distribution and detection of carrier—phase

1.4 Monitoring of carrier-code coherence
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Tab.1 Detection threshold and minimum detectable
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abnormity according to integrity monitoring demands

Detection Minimum detectable

Detectors  Estimation precision threshold T abnormity A
Pseudo—range/ Low coderate:0.3  1.683 6 2.8355
ns High coderate: 0.2 1.224 2.766 3




136 ook TAR % 44 %
FR1 [3] Mitelman A M. Signal quality monitoring for GPS
Continued Tab.1 augmentation system[D]. US: Stanford University, 2004.
Detection Minimum detectable [4] Logi V, Sam P, Gaylord G, et al. Satellite autonomous
Detectors  Estimation precision threshold T abnormity A integrity monitoring and its role in enhancing GPS user
Carrier—phase/ 0.05 0.280 6 2.680 1 performance[C]//Proceeding of ION GPS, 2001.
cycle [5] Guo S X, Dong Z Y, Gao Y. Construction method of anti—
Carrier—code
coherence/ns 0.3 1.683 6 2.8355 jamming performance test system for navigation satellite
Multi—channel receiver [J]. Infrared and Laser Engineering, 2013, 42(8):
code phase 0.2 1.224 2.766 3 2150-2155. (in Chinese)
coherence/ns SR, T B TR AR B G b o
R B I 205N S5 O TR, 2013, 42(8): 2150-2155.
4 z:li": .i'/l't [6] Chen J P. Study of GPS integrity augmentation [D]. Zhengzhou:
R 2 S DR RS [ R 58 U PR W a5 , 1 Information Engineering University of PLA, 2001. (in Chinese)

SOk B e 8 WL L | O B 280 3 — Bor: DL e £ % Oy

(TR EVAES € =R TP VR
Bk, IR XL A 5
HPEAT 7O, 07 B IESS H T A i

o [7]

A Y R H— B AL
A 0 ) A TR 45 A R A 0

[8]

107 Fl Y B AR 107 By 98 i P B AR AR BOR T

PRAE A5 A WL 00 8 K5 B2 38 4 #9200 1] FIR 8 3L B/

AR I S R BB

SE MR

(1]

Mozo A, Hernandez C, Romay M M. Galileo navigation and

[9]

[10]

integrity algorithms [C]//Proceedings of ION GNSS, 2005:

1315-1326.

(2]

Oehler V,

Francesco L, Trautenbberg H L, et al. The Galileo

integrity concept and performance [OL]//http: jmwkrueger.

googlepage s.com/GNSS_05_Paper_Integrity_Concept/, 2005.

Wiz V. GPS 58 % PEHY ST 5 [D]. KM« {5 2 T K2, 2001.
Barker B C, Huser S J. Protect yourself navigation payload
anomalies and the importance of adhering to ICD-GPS-200
[C]//Proceedings of ION GPS, 1998: 1843-1854.

Kaplan E D, Hegarty C J. Understanding GPS Principles and
Applications[M]. 2nd ed. US: Artech House, 2006.

Yuan L Y, Wang J Y, Lin Y, et al. Optcial design and test
of an infrared hyperspectral imaging system[J]. Infrared and
Laser Engineering, 2010, 39(6): 1075-1078. (in Chinese)
RO, EARETE, MRE, G L0AN RO R R gt kT
LA (7], 20405 306 T A, 2010, 39(6): 1075-1078.

Liu Y C, Zhang X L, Wang Y J, et al. Research on
D8PSK modulation formats and analysis of its transmission
performance[J]. Infrared and Laser Engineering, 2012, 41(5):
1271-1276. (in Chinese)

MR R, skbed, EZ, %, DBPSK 4 i i X F 58 K H A%
vk B 4 BT LI, 050 5 OE TR, 2012, 41(5):1271-1276.



