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GPS Receiver Autonomous Integrity Monitoring Algorithm
Based on Improved Particle Filter

WANG Er-shen,PANG Tao,QU Ping—ping, CAI Ming,ZHANG Zhi—xian

(School of Electronic and Information Engineering, Shenyang Aerospace University, Shenyang 110136, China)

Abstract ; In order to overcome the degeneracy phenomenon and the sample impoverishment problem in parti-
cle filter (PF) during resampling process, an algorithm combining the genetic algorithm ( GA) with neural
network—based weights adjustment particle filter(NNWA-PF) is presented,which possesses the advantages
of the convergence for global optimization of genetic algorithm and the rapidity for local optimization of neural
network. The proposed algorithm combined with the log—likelihood ratio( LLR) method is applied for GPS re-
ceiver autonomous integrity monitoring( RAIM) . Through setting up the consistency of the test statistic to a-
chieve fault detection,the proposed method is tested and verified by GPS measured data. The results show
that this method can successfully detect and isolate the fault satellite and improve the performance of fault
detection. Therefore ,the improved particle filter algorithm is feasible and effective for RAIM.

Key words: global positioning system ( GPS) ; receiver autonomous integrity monitoring ( RAIM ) ; particle
filter; genetic algorithm ;neural network ;fault detection

16 TR S i REh, Sp e i zs & PRI I T2 % 1 AR B S AR IE S A

*  IgFE HHEA.2014-01-04 & [E HHA.2014-02-16 Received date:2014-01-04 ; Revised date: 2014 02-16
HETH.BX AL A2 KR A (61101161) ;T FE A F B (20112C54010) ;T T H A RAZ XA LB ES L 47
(2013024003)

LR GEA T sk (1 — 53, i T AR G SO 5 1k 1Y

Foundation Item:The National Natural Science Foundation of China ( No. 61101161 ); The Aeronautical Science Foundation of China (

20117C54010) ; The Natural Science Joint Foundation of Liaoning Province( No.2013024003)
w% JBIFAER  wanges]26@ 126. com Corresponding author : wanges126@ 126. com

. 437 -



www. teleonline. cn BB AR 2014 4F
BATEEEANZ 520, B0l B 3 58 4P W DU ( Re- {7 LI PR S A T SRR A AR 1 R, e ik B

ceiver Autonomous Integrity Monitoring , RAIM ) j&—F#
FET— BRGS0 [ 3258 G M D v e g ok
TUAR WL S A0 G T A T T ) £ 25 SR P2 A5 3 A 8K
KPR ERE Y RGEVERE M 45 € 1A 22900,
ERESEI A RO PR A

H T, RAIM S 46 W R . — 22 A 1 > i
Fh UL £ (Y P B8 ( Snapshot ) B 3E | XS L FEE
A A3 {7 ()3 ( Parity ) | fe/> 5% 2% AL (Sum of
Squares of Error,SSE) | 0] B@ ik 55 | &7 (6 25 [a] ik
R /N 3% 22 FE A A I AE ] B2 S0 Y D) —
KREILTRIRE DA RAIM B35, RARSENH
T TE A A FH Dy S L0 R v KR X S 1R 2
AR RS B TSI R 15 2 R P AR e v T 4
177 L, 336 e B8 ok SR M 7 i DA e 30 20, TR 58
I ) e M R A D R BT A A O B i
B AR 2R

R R B3R B X W 3 A R BRI B
RLF-URIT I ABHRIHL B et b, 5ol
T v AR AR U ERA R R R A ELR AR AN
SRR A 1)L, B35t 4% 5k 1) 4 Jm 300 ) AL
PEOR I 28 0 285 Jay i 3- O ) PR P I A AR 45
P 38 A SR Tl B 0 25 T o 22 I 2 AN R R R T
DRI . 2SR ICR GRS A T A
K ge o, IR X BRI by i ey — BOrE A
B g S B R A SR S . GPS SIS A
K96 2R B I R U 55 E 1T T GPS RAIM /&
ATATHERY

2 BEEERBHHENZEE

N L 28 W 4% ( Artificial Neural Networks,
ANN) HELTF 20 20 40 A4, 3 i R a1 AUE AT AR
AR e A, AT AL BRE R | A ZHE A 7
) ARLAEW T AR RIS w2 T &R
GEEERE 5 RALTE N TR RESF U, AL SR N 2
— PR Y A R R G e eSS SORAS S A
VSR R R LR B30, I 9 LA S 19 42 )R 00
REJIFNRENS F EICALIE RS MBI RE Ty, #8012 N H]
FHLEEEST A5 T Ab B | IS I s ) S T

SEEBHEEIL S A M4 B B K
TR IERRE T R R AL SRE R o 22 25 90
IR RYAUE S BEIEAT D01, 4 e I 2R a) - T
B, IR BP 2 I 268 % b - i D 4303k rh AR {3
AR o PR AT R (13X Sk 1 1) B 3R A
R RS B, i RE - U S R AE S R AR N

- 438 -

PR IEPRE R R H A

3 BUHNFIEIE AT GPS RAIM
SR FH 8 1 B2 Bl B 1 5 ol 28 T 48 ASU(EL B 6 1Y
BT UE P 7% ( Genetic Algorithm Aided Neural Net-
work Weight Adjustment Particle Filter, GANNWA —
PF) 1T GPS RAIM,, i #:F 8 57 (4 %5 B LU SR [E ( Log—
Likelihood Ratio, LLR)R;56:48 i1 ok 528 T i e
ARG I B s, B ik GANNWA —PF 2576 % 22 40tk
BUATRERETT TR 2R X A LLR 4
7 PRAUN A Z0 /) LLR A nAS 218 6 g0 i i, 15 21
PEEFZ0 A o LLRY | 3E i AT — Sk A, T L
SEFH A T R A A BE
GANNWA-PF HFH ML B 32 58 414 W il v
FA) AL B AN 5 B 5 1) R e S R A ST TN
3.1 RGREFEMENFE
RGRE TR
Xy=F,_ X, \+w,, (1)
Hop X=[r, .11, A8 ], AS R FEWCHLAR XS T T R
(AR 25 F NSRS 0 I, 76 i LIRS TR S o
P 50 I FRETS
Rl ik
P (k)=R (k) +cAS'+T' (k) +E (k) +&'(k) (2)
Ho ot WAL (r, e, r) SRR (s, s, ) Z
()RR (B m) e oGk, AS iR 2E  E'
B ¥ W, & R W WM B, OR =
(r=s.)2+(r,=s)) 2+ (r,—s)? HIEBHLE TR i Z
TE1) 4 BB B (B m)
TS O TR AR (s ,s) ,sh) PR
p' FIEFERZE AS,
HT GANNWA-PF B9 LLR J73: 1T 105 il
R I B 225 Y S BHE PR A el 1 s

MAIN |s8 M
Gannwaf?, @)
-PF

GANNWA 71 Cumulative | S(4)
-PFA LLR test
>

GANNWAR#1yf Cumulative | S(B) —]
-PFB LLR te
: | FDI

GPS n
Receiver [+

GANNWAR #]yy Cumulative | S(F)
PFF [~ T3 LLRtest

BT XPRUR FURER T RAIM T BEAE ]
Fig. 1 Priciple diagram of LLR test for RAIM




5 54

EIRH PEV A, A5 L TR E I 09 GPS ML A RS Pk s N 0

54

B, N GPS SIS L H Al 5k 5 R 6, B
Y=Ly % e ) o EIHHY MAIN GANNWA -PF Jf]
FREBRFTA A 6 AN R UG 22 458 AR A i Hh A e
BARIAG T o A% B R 8K p" (), RIS LA Y
6 I GANNWA-PF 1E 4 PF 2] T 53 il ik 3t
6 AR 5 A, T EDR S AT 2/ (¢ =4, B,
o F) FEMTHIMER 2 B pR B p” (y) , P55 K
FHIER R E, B, iH5H 3 GANNWA-PF
A B GANNWA —PF Hh 45 15 2] () bz 7 )3 — fb AL
{8, BVRTAS2 T — S AG I0 ) 20m LR, i &
G S5 H BSOS A AR
3.2 LLR #I&FF RAIM H/RE

i AR B 45 20 9 2o LLR eR AL ST A,
ARG S0 LLR R S; B M REE RNE# BT,
B B E] & 3G, PR R SRR 5 2 5 &k
AR, SRR 2 Ji = A — A ] AL |, 7EAE Ak
ZIEFEE AN E AN IRBLTE ST eR A £
kAN A 2 B R X — AR
L AT LAXT R G0 15 & AR B A 1

T FD HyHI e R .

B,= max max S¥(d) >t (3)

k-U+l<jskl<d<D ’

Ao, U Ry o RER, A5 XY i s 2] LA A 45 00 0 Fsf
21,7 RFIP A

24 B, >7, Bl ZR G0 A I 3 B s st Ry Y 15
IR Y AT 2R N ¢, Z 05 U =X e & A i
[CONENE R

g=arg max S; (k>t,) (4)

A, o RoRBE DRSS, B il AR T A
i, BT DA TR AR e AT R

S 3 3T GANNWA - PF 255 19 RAIM
YRR T ARIERMALIAE AR (r, 1) 7
AN AE PF WRIIERLF ) (i) ,i=1,2,---,N, | Fl
il PF AR IARL T {af (i) ,i=1,2, -, N, |,
xg()=x,(i) .

B2k ERE UL S ER .

(1) R T

W ixa(i),i=1,2, N | Fl{xl(i),i=1,2, -,
NSRS (1), 454 BB BUAE %, |, (i) FH
e () 5

(2) TR A E

FERLFFOAE ), (D) o, () FIEE i UTLA

FIREE AL AR (0, s, s0) LI TT % 22 AS 45 fR AL
(2) A3 EN I A5 TR A o ¥ p
PHRE A HHIE p° PR T2 2 IF 9 — 1k, 15 5
AL T B B o] (i) Fla! (i) ;

(3) B B L

(4) B (3) HEHIE pRL

(5) BEBEIGe (r g e R )

MR B, >7 RS B Ry ¢, =t W% E 4
BE(6), W B, <7, W FEREAH R, BEL
(7)),

(6) iR B

e k>, B BUE Q Wi TR 2B LLR &K R
DTEE g B IS TR, W g=q;

(7) REHH

RS 5 HORL T

4 TMKBELERST

fii I GPS H2UHLIZ 56 15 2R 4 S g0 K04, [ B
55— GPS UL W75 1) e sy T2 Je s
MRS R TR IO T M B A5 B AN, 7
SRAERH GPS it b, 3645 6 i nT 1T 1 0o i B 1Y
BAE, DEHS558 3.15,18.,19 21,26, X hj Y
PHBERIESA Y= (v, 90,9540 ¥s0%6) o

T HER ] GANNWA —PF .46 %FF GPS )
RAIM 1% 7T PR AT 24, 56 T PF 3504 1Y
RAIM J5iEAE R XT b, 24 TR e A e et 3 3% 7
AN TR F PF (9 RAIM 77 v X6 B 95 256 00 01
B T RMTERE, 7619 5 T EMTHREERET
H MR BRI 201 ~ 418 B ZI (K h 201 ~418)
N AR E 50 m )i 25 500808 | SR K m AR
ZEBEE T RAIM, SE50H A28 0 26 B 5 2
ZICMECR 6 2K R 0. 05, YIZRER iR
Z/NT107 KT8 U AR FEL N=100, T8 A
PR 7 PREL U=30, S50 50080 LI e 7 il M 7=
U R VR 0 (TR

B2 RN 3 25 THE A RAIM 52 401 Wl 11
SEgRgE . 2 (3) et T R TR A I ) )
HepR e, mIE 2 fE 3 LA B B R RAIM 7%
1) ) e o K 34 78 40 ok T BR DA i 3l Bk A
GANNWA-PF 1 FDI J5 ¥ i 34 e bR £ 1 U8 31 [l
B /NT R FEZR PR AY RATM J732: 0 0 B R 4

- 439 -



www. teleonline. cn

HLIREAR

2014 4F

HRgH &

0
0 50 100 150 200 250 300 350 400 450
t/s
K2 IERARET TS EA P A R e
Fig. 2 Decision function for fault detection

under nominal condition

(=2}

]
)
1
w
<
iy
0

N
T

B xd Bl a4 e i
(5 w
4,”-
A

0
0 100 200 300 400 500
t/s

K3 IEFCRAE T sRERR e 9 2 LLR
Fig.3 Cumulative LLR for fault isolation

under nominal condition

B4 gy th T ARSI AR R38R 958
TPk I SR AR

70 PESV
T PESvie #
o
Es F1oa
8 SO - GANNWA-PFSV3 R
e, o GANNWA-PFSVIs5| +# . .
+~ GANNWA-PESVI8| + #
% 40f + GANNWATPESVISl + -
= GANNWA-PFSV21| +
= S | GANNWA-PF SV26|
&30 -
® *
B 20}
Bk
10
ol e T T
0 50 100 150 200 250 300 350 400 450

t/s
Bl 4 SRR B TR R e i 20 LLR

Fig. 4 Cumulative LLR for fault isolation under fault condition

B 4 ] LU NI AR JS |, GAN-
NWA-PF fi) FDI 2 GE1E k=205 I 2] fih & 54 1 %
FH PF (%) FDI & 45 3 i B (B) RS 1, HLR A GAN-
NWA-PF 1Y) FDI ZR4¢ 5 e pR % B, 1 Bk A% i B2 22 K
TFRH PF Y FDI AY B, BkAR I B | mT i i s G 0 1)
gL NI N4 FDI A R A%, R GAN-

. 440 -

NWA-PF Bk AR PF B4 FDI RGEHR AT LIS
DNFNRR 25 40 B T3, R A GANNWA - PF 557 119
FDI RZGEAIXT TR A PF BIL A FDI R 40454
i [B) J, R AR R A A, A R O e v, AT AR
0 S A A A T R, T A B s TR
19 5 A, 763X Br i fa] 9 A T8 8088 47 PVT
( Position Velocity and Time ) fi# 35 i} i 24 4 5% 19 5
TR ORI ER A | Ry R o7 25 SR T SR SR R R

5 & ¢

AR SR T — st A S A B A 8 D 2% B AU
PR IR IR 45 G st Sk 4 s SO I 8k
PR 22 N 45 oy - 0 0 Bt e | o 8 I BTk
HP RS T 1 AL Al 1 A7 9 7 Bl o T 5
BB AR AR AR 5 SR T F- 3R e A T B B
Vo AR vk 5 B O A LS A
F GPS 2L A B 4, il GPS HE bl
SISV 15 SR AR SN B R FH A LG SO RIFAY 1 4
WAL A 32 52 4 W I B3 06 AT T X LB IE , 25 SR 3R
WIFEE & W f i M P RS T  oR H GANNWA -PF i
1T RAIM R9PEREAR TR H 3L AR PF ik 1T RAIM
(AR BE , S0 IE T 38t £ B30 72 A BB ot 28 T 4% 1) AP 1) 4
KT8 9% 535 T GPS Uk L B 3 58 B 1k
(RAIM) JERIATRYFAIAERLAY . %R T 5T
FEIE" AR S MUEOL A 3 50 -k i B A
—EME X,

S Xk

(1] RHZE, Biea, X5, GNSS HIF mH etk ik
WWFELER ()], Az %4k ,2013,34(3) :451-463.
XU Xiao—hao, YANG Chuan-sen, LIU Rui—hua. A Re-
search on GNSS Client Autonomous Integrity Monitoring
[J]. Acta Aeronautica Et Astronautica Sinica,2013,34
(3): 451-463. (in Chinese)

(2] Hi, skubBR. TUR SRS S ar i m Bk ],
fiias 241 ,2002,23(2) :183-186.
YANG Jing, ZHANG Hong-yue. Satellite Fault Diagno-
sis Based on Optimal Parity Vector Method [ J]. Acta
Aeronautica Et Astronautica Sinica,2002,23(2):183 -
186. (in Chinese)

(3] ZEHHUE, F . — Falclh o R R R T8 5 0
[J]. MR, 2011,51(9) :35-38.
LI Shan-ji, YU Ai-lan. An Improved Resampling Parti-
cle Filter[ J]. Telecommunication Engineering,2011,51
(9): 35-38. (in Chinese)



9554 % FORH P, MERE 45 B T ROIER TUE I 1 GPS SOl B 3 58 f 1 e I 5 1k 55 4 1]
(4] Z=55, VESCHT, AOWEAR. — B el i - U8 ik 5 vk YANG Yang, XUE Xiao—zhong. Application of GA —ai-

(5]

(6]

(7]

(8]

(9]

[J]. HiREAR, 2009,49(1) :50-53.

LI Yong, WANG Li-xin, ZHENG Hai - wei. An Im-
proved Particle Filtering Algorithm[ J]. Telecommunica-
tion Engineering, 2009,49(1) :50-53. (in Chinese)

Li P, Kadirkamanathan V. Particle filtering based likeli-
hood ratio approach to fault diagnosis in nonlinear stochas-
tic systems[ J]. IEEE Transactions on Systems, Man, and
Cybernetics, Part C: Applications and Reviews, 2001, 31
(3):337-343.

MR, PMUTER, MRaF. m-SE2E a5 Il A £5¢
BEPER NIRRT [T ] AL, 2006,27 (6) : 1171
-1175.

SUN Guo -liang, SUN Ming—-jun, CHEN Jin-ping. A
Study on Time and Set Combined Mothod for Receiver In-
tegrity Autonomous Monitoring [ J ]. Chinese Journal of
Aeronautics. 2006,27(6) :1171-1175. (in Chinese)
ZHGR, RIHZ, R, SRR S M4
A1 RETREME S0, 1999(2) :65-69.

LI Min-giang, XU Bo-yi, KOU Ji-song. The Combina-
tion of Genetic Algorithm and Neural Networks[J]. Sys-
tems Engineering—Theory & Practice, 1999 (2) :65-69.
(in Chinese)

BT, BRI, . R TS SAE BTk D
ELT). b a2l R o 4, 2011, 45 (10) ;1526 -
1530.

YANG Ning, QIAN Feng, ZHU Rui. An Improved Parti-
cle Filter Algorithm Based on Genetic Algorithm [ J].
Journal of Shanghai Jiaotong University,2011,45(10) :
1526-1530. (in Chinese)

e, BEEh. AL SRR R AR T 0B I X HAE
GPS/SINS VRALG AR [T]. Ml 4 B TR Ao
#2,2011,12(4) :322-327.

ded Particle Filter In Tight Coupling GPS/SINS System
[J]. Journal of PLA University of Science and Technolo-
gy,2011,12(4) :322-327. (in Chinese)
[10] Rosihan, Arif I, Sebum C, et al. Particle Filtering Ap-
proach to Fault Detection and Isolation for GPS Integrity
Monitoring [ C]//Proceedings of 2006 ION GNSS. Fort
Worth, TX; ION, 2006 :873-881.
Kaplan E, Hegarty C. Understanding GPS: Principles
and Applications[ M].2nd ed. New York,USA: Artech
House, Inc, 2006:239-264.

Vaswani N. Bound on errors in particle filtering with in-

(11]

[12]
correct model assumptions and its implication for change
detection[ C]//Proceedings of 2004 IEEE International
Conference on Acoustics, Speech and signal processing.
Canada:IEEE,2004 .729-732.

Sayim I, Pervan B, Pullen S, et al. Experimental and

[13]

theoretical results on the LAAS sigma overbound[ C]//
Proceedings of 2002 ION GPS. Manassas, Portland .
ION, 2002:29-39.

FI/RE(1980—) , 5, 1L T 1L FH A, 2009
SETREM SRR 22, BUARIH
FZNE TR M GPS LG 5 AL #E
el
WANG Er-shen was born in Liaoyang, Li-

4 aoning Province, in 1980. He received the Ph.

D. degree from Dalian Maritime University in
2009. He is now an associate professor. His research interests
include satellite navigation and GPS receiver signal processing.

Email ; wanges126@ 126. com

. 441 -





