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Fig.1 Distribution of Satellites



546 B 12 X A ol L UL e R O (4B B RATM BBk 1903

R HS3 R I B R 4, TR e 0T

—0.331 —0.422 —0.050 —0.251

0.711 —0.297 —0.201 —0.072 —0.087

—0.250 —0.466 —0.031 —0.317 —0.298  0.685 —0.239 —0.006 —0.066

T—]—0.002—0.337 0.512 —0.111 —0.006 0.005 0.735—0.240 0.117 (17)
—0.604 0.051 —0.078 0.635 0.137 0.225 0.188 0.303 —0.163
0.075 —0.341 —0.402 0.036 0.036 0.021 0.069 0.090 0.792

£=10.758,0.350,— 0.523, —0.483,— 0.483,0.761,0.288,0.016, — 0.684 ] (18)

ST 5 R AR IR 5 5k 25 b gl KL 22 9 O
2L W5 A BAS (AR 3N 25 Sk 34T S
AR SCAN A B 22 G 3~4 45 iR 25 (1 /NVRLE
XF T ROM 22 BUA D7 IR R 08 A AR, A SO
Bt . W EME .

1) 5l AHAS KL 2E . 78 C29 B AR 2 mA
1.5m A2 mAgHL 2.

2) I AMA M 22, 76 C29 Al C30 T8 AL 5% 2
A (1.5 m, 1.5 m) M (1.5 m,2 m) 4
2%

3) Bl A3 2, #EC29.C30 M C32 P A
FZEFmMmA(1.5m,1.5m,1.5m) M (1.5 m,
2.0m,2.5m) 4L 2 .

42 HERHH

3 BT WL R AE 7] B 5 QR A A In] S 2 FNE RE
H C YA DGR B A8 A0 OC 28, X A SO i vk i
FFIE o LIRRAE 1] i 5 ¢ B0 CHYBE B8 ¢ RN 2
JioR B 2(a) (2(d) Sy B 22 09 A DG HE B O¢ &
5 1 2(b) (2Ce) S PR/ HHL 22 1 A DG IR 18 OC 3R [T

LIPS

(d) 2. 0 m*ﬁ?

() (1.5 m,2.0 m)fil %

Bl 2(c). 200K 3 ZEM MR CRE . K2
Hh 0 ph A B 21 3R A G BE B VB K, A G
P R B o R 2 X 5 R A 1) P R LR 1
I 2(a) 2(d) M 1oy g 1.2 a0 1, WL
(B R A7 A B R 22 B fH 22 TR 5 0E TR A A
PR NN R R Y R NTTR: NS
BEFIS . M DRESEEROMEERKRK,
AR B M 22 R TG K . 22 DR 5 QRAK
Tia] 2 1) M G B e /0N, L B R 2 1) 484 R T U /)
XA PR O R 2 B KB A K 25 1) k1 A A v A 3R
K BTk, B AR DG B S 0N A Gk B
220 1.5 m B, 2R TR 5 % 15 ot i A G BE
BOPH 2R 81122 m, 5 QRKEAL ) (14 4 5 1R
B3 22 0 0.639 m HL 222 2.0 m B, T 26 22
Sy 1.516 m 1,142 m. AL 22 WL 5 W5 25 46
A i) 2k ) A 56 Pk 5 I 00 8 A Ll 38 AR B
25 Al 22 DR AT AR IS . BRI FEAE A
FH 22 55, P AP RATM 53 i 25 1R 51 4 sEAH Y, HL
FHOGHE B — o B2 B [ M RE A% S WOkE 25 1 K/

*UXIEE 25/m AR i/
7 25
9
C30 20
2

o C37 15
5o
N 10
= Gl
46 05
1
¢ 0

m,1.5 m)Fl 2

HRHBY/m
25

(f) (1.5 m,2.0 m,2.5 my#1 %

P12 RRAE 1] () B
Fig. 2 Distance Among the Feature Vectors



1904 ) G == T

fi B F 2 R 2021 412 H

M 2(b) . 2(e) FIZE 1 %E 3 4 nl %0, Wi
1B A AE PO AN R 2 1), R 22 T L TR A 3R B A s B
MG, K2z TEYS QRAGK ) & 1A I B 5 1L
fib TR AR LT 3 2 5 AT RO 2 5 000
$70.497 m #10.510 m.

MR 1Ir R 3R MR 2 TLE 5 QREK
] F AH DG M E AT R 22 AR e B, S0 R TR C37
Fric Sk 25 A, 1 RO 25 BRI % 00 [n) 8, X

KL 25 TR B AR DG PR BEAIG , Hh BRI 2R A0 15 100 o
5K 22 1 AR TR) A 25 PR 5 %5 b s A
OGBS B, LB A RH 22 1 1 L M DG HE B RS R
22 TR 5% L ag A SCHE 5 1E % T M
LR EZES P25 5558 1.021 m Al
1.266 m, A] XF W AR 22 10 B E A7 B A i o
I, A7 7E W A 22 B, 58 T %% B o0 1 RAIM 5
M B3 T AR 22 1) A RATM Bk g W 4 1Y

Je i Tk BZ Z A MERN G, FEY R 22 TR0 1 R

x1 HEVNERKEEEE

Tab. 1 Distance Between the Error Observation and the Calibration Vector

WL /m QR AL [ 4k /m
PIES 2=

C29 C30 C32 C37 C29 C30 C32 C37
1 1.5m 1.455 0.385 0.343 0.270 1.283 2.026 2.003 1.737
2 2.0m 1.849 0.385 0.342 0.271 1.128 2.357 2.359 2.094
3 (1.5m,1.5m) 1.372 1.323 0.394 0.260 1.411 2.027 2.201 1.939
4 (1.5m,2.0m) 1.410 1.735 0.359 0.254 1.632 2.027 2.357 2.107
5 (1.5m,1.5m,1.5m) 1.332 1.312 1.635 0.249 2.102 2.415 2.201 2.211
6 (1.5m,2.0m,2.5m) 1.322 1.737 2.426 0.240 2.847 2.935 2.367 2.778

H I 2(c) 20D FEE 1 H 5 5.6 0] A1, 78 W
WA A7 e 3 M 220 sk 2 e Z 2 M 22T
AR, 522 T A MM SRR, 51Ew T2
A G BEAR TC 22 5, M S HE S OF- 45 22 AR 0.108 m
F10.098 m, Jo vk #F A7 K 22 B A &0 i 25 TR
5 D AR SCHE B B K, 5 I TR A AR
FEER 22 R P22 R0 38 1.177 m Al 1.588 m,
AIOOHR 25 TR AT E R AR OC , ELAF O IR B 5 M 22
R IEA G, WIE A TE 3 2RI LT,
TE T 5% 2% 1) B 1 RATM 55 %k 2 30, 56 T %5 )i
O 9 RATM 5555 AT BE v 2 4740 22 U0

25 bk, % PO I AH 2 40 B RAIM
WL RA AR EZ A2 0BT,
A f% TR A R AT R 22 R 5 1R

5 & iE

TEE IR T, GNSS A 22 W A % B g 1
Jn, RATM 2 PR IR FH P 8 A ) 5 Pk 09 3 22 3R 9
BE X RAIM 5k w22 A4 22 0 DL P sl 7 28 26
T A 0] L, A SC KL F A O 43 B R 22 K 56 B8
P —F R TR RAIMBA L, &
Je BT QR A7 R R 5 1 b O 0 5 A 4R Lk
F H Mean Shift A5 %Ak T 00 0 50 48 4 % 5 s
e Ja X 45 TR 5 %% B v (9 RE O i 1k AT B
PERE 56, 35 20 00R 25 00 B 0 o I R 52 5k

P XA SO AT I . SE e A5 R AR, WL
AR 1) R RO R O I AT S Ik A 22 Y
RN FE LR P A7 AE 2 D RLZZ IS B0 T, AR 3
e A BT B RATM B33 n] i ff 200 22 M 22 L 42
e P E A T AR o R SRR R AR SO ik
X A A /I A B AT I, LAY $e i 22 A J] Bk
15 B0 TR % O 1 AT SR

& % X #

[1] Hewitson S, Wang J L. GNSS Receiver Autono-
mous Integrity Monitoring (RAIM) Performance
Analysis [J]. GPS Solutions, 2006, 10 (3) -
155-170

[2] Yang Y X, XuJ Y. GNSS Receiver Autonomous
Integrity Monitoring (RAIM) Algorithm Based on
Robust Estimation[J]. Geodesy and Geodynamics,
2016, 7(2): 117-123

[3] Zhu Huizhong, LiJun, Xu Aigong, et al. High-Pre-
cision BDS Augmented Positioning Method for Di-
saster Emergency Environment on Smart Device
[J]. Geomatics and Information Science of Wuhan
University, 2020, 45(8): 1 155-1 167 (Bl il, 28
B, EI), AL JCE NLATREE T R L R
Jb s 35 7 i L. a2 2 - {5 BB 2
i, 2020, 45(8): 1 155-1167)

[4] LiP, Jiang X Y, Zhang X H, et al. GPS+ Galileo+
BeiDou Precise Point Positioning with Triple - Fre-
quency Ambiguity Resolution [J]. GPS Solutions,



546 B 12 X1

Al s R UL O 4 9 BT R RATM B 3%

1905

[6]

[9]

[10]

[11]

[13]

2020, 24(3): 1-13
Zhao Ang, Yang Yuanxi, Xu Yangyin, et al. Integ-
rity Analysis of GNSS Single System and Multi-sys-
tem Combination [J]. Geomatics and Information
Science of Wuhan University, 2020, 45(1) : 72-80
(B &, oisE, FHkL, % . GNSSHRFEL L R
G A SR  ITLT ] a2 2 I A5 R
fi, 2020, 45(1): 72-80)

Song J H, Jee G I. Performance Enhancement of
Land Vehicle Positioning Using Multiple GPS Re-
ceivers in an Urban Area [J]. Sensors, 2016, 16
(10): 1688

Titouni S, Rouabah K, Atia S, et al.

Transformation-Based Technique for Reducing Ef-

Spectral

fect of Limited Pre—correlation Bandwidth in the
GNSS Recetver Filter in Presence of Noise and Mul-
tipath[J]. Jouwrnal of Systems Engineering and Elec-
tronics, 2020, 31(2): 252-265

Sun J R, NiuZ, Zhu B C.
clusion Method for a Deeply Integrated BDS/INS
System[J]. Sensors, 2020, 20(7): 1 844

Bang E, Milner C, Macabiau C. Cross—Correlation
Effect of ARAIM Test Statistic on False Alarm Risk
[1]. GPS Solutions, 2020, 24(4): 1-14

LiL, Wang H, Jia C, et al. Integrity and Conti-
nuity Allocation for the RAIM with Multiple Con-
stellations|[ J]. GPS Solutions, 2017, 21(4): 1503~
1513

Parkinson B W, Axelrad P. Autonomous GPS In-
tegrity Monitoring Using the Pseudorange Residual
[J]. Navigation, 1988, 35(2): 255-274

Zhao Ang, Yang Yuanxi, Xu Yangyin, et al. A

Fault Detection and Ex-

Method of Protection Level Reconstruction Based on
Robust Estimation [J].
Science of Wuhan University, 2021, 46(1): 96-102
(B &, Bocs, IFmkL, & — R a2 T
A KT M ik [T, BB 2 2 3 - A5 BB 2
M, 2021, 46(1): 96-102)

Sturza M A. Navigation System Integrity Monitoring

Geomatics and Information

Using Redundant Measurements [J]. Navigation,
1988, 35(4): 483-501

[14]

[15]

[18]

[20]

[21]

Ma X P, Yu K G, Montillet J P, et al. Equivalence
Proof and Performance Analysis of Weighted Least
Squares Residual Method and Weighted Parity Vec-
tor Method in RAIM [J]. IEEE Access, 2019, 7:
97 803-97 814

Angrisano A, Crocetto N, et al.
PANG-NAV: A Tool for Processing GNSS Mea-
surements in SPP, Including RAIM Functionality
[J]. GPS Solutions, 2019, 24(1): 1-7

Shi Chuang, Liu Jingnan. Correspondence Based
Outlier Analysis [J]. Jownal of Wuhan Technical
University of Swrveying and Mapping, 1998, 23
(1): 5-9 (Jtwlal, XV pg . T AH 5G4 A i kL 22 31
e [T] BUDCIN 2 B 0 K5 5 4, 1998, 23(1)
5-9)

Tao Benzao, Yao Yibin, Shi Chuang. Distinguish-

Gaglione S,

Ability of Outlier Based on Correlative Analysis[J].
Geomatics and Information Science of Wuhan Uni-
versity, 2004, 29(10) : 881-884 (HJ A , WhF it ,
it 3] . AR S AT B ML 28 TT X [T ], DR
22 A5 BB, 2004, 29(10) : 881-884)

Bei Jinzhong, Gu Shouzhou, Fang Shushan. A
New RAIM Method Based on Vector Correlation
Distance [J].
& Astronomica) , 2010, 40(5) : 638-643 (Fb4x %l ,
Bp A A AR T A G EE BT AL RAIM
B [T]. hEBLE . PR 1% R, 2010,
40(5): 638-643)

Gu S Z, Bet J Z, Shi C, et al. RAIM Algorithm
Based on Fuzzy Clustering Analysis [J]. Computer
Modeling in Engineering & Sciences, 2019, 119
(2):281-293

LiZ N, LiM, Shi C, etal. A New Fuzzy—Cluster—
Based Cycle—Slip Detection Method for GPS Single-
Frequency Observation[J]. Remote Sensing, 2019,
11(24): 2 896

Guo P C, Liu Z, Wang J J. Radar Group Target
Recognition Based on HRRPS and Weighted Mean
Shift Clustering[J]. Journal of Systems Engineering
and Electronics, 2020, 31(6): 1152-1 159

Scientia Sinica (Physica, Mechanica



1906 R K¥%Ww - F BRI %MW 2021 12 H

A New RAIM Algorithm Based on the Density Center of Observed Dataset

LIU Yi'"*? GU Shouzhou® BIAN Shaofeng' BEI Jinzhong® CUI Congcong*
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2 Chinese Academy of Surveying and Mapping, Beijing 100089, China
3 Guangxi Key Laboratory of Spatial Information and Geomatics, Guilin 541004, China
4 Beijing Xinxinghua'an Intelligence Technology Co. Ltd., Beijing 100070, China

Abstract: Objectives: With the development of the global navigation satellite system (GNSS), the number
of visible satellites has increased, and the constellation configuration has been improved. While improving
user observation information, multi-system GNSS positioning increases the risk of multiple gross errors,
posing a threat to the integrity of the system and restricting the application of GNSS in complex environ-
ments. A common method, the receiver autonomous integrity monitoring (RAIM) to ensure the reliability
of positioning based on single error, but the reliability of positioning would decline in the case of multiple
gross errors. The problem of poor detection and recognition, based on the correlation analysis method of
the post-test residual vector, the residual vector is affected by multiple gross errors, showing that the corre-
lation with the observed feature vector of gross errors is weakened. The phenomenon makes gross error de-
tection distortion. The aim of the study is to improving the accuracy of multiple gross errors detection by a
new RAIM algorithm based on the density center of observed dataset.Methods: This paper proposes a cor-
relation analysis method based on the density center of the observation data set to realize the detection and
identification of multiple gross errors. Firstly, we construct the observation dataset through the QR calibra-
tion method. Then, we estimate the density center by the improved Mean Shift model. Finally, we test the
correlation distance between the observation feature points and the density center for detection and recogni-
tion of multiple gross errors was compared. Result: The gross errors are simulated by the factual observa-
tion data, and the correlation distance of density center to gross error satellite and normal satellite, In the
case of a single gross error, two gross errors, and three gross errors, the average difference correlation dis-
tance are 1.122 m and 1.516 m, 1.021 m and 1.266 m, 1.177 m and 1.588 m respectively. Compared the
correlation distance of QR test vector to gross error satellite and normal satellite, the average difference cor-
relation distance are 0.639 m and 1.142 m, 0.497 m and 0.510 m, 0.108 m and 0.198 m respectively. Con-
clusions: The new RAIM algorithm overcomes the problem of gross error detection distortion caused by
the reduced correlation between the calibration vector and the observation vector in the presence of multiple
gross errors, which can effectively improve the reliability of multi-GNSS positioning.
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