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Multi-stage localization method based on camera-aided GNSS/INS
integration in urban canyon areas
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(School of Instrument Science and Engineering , Southeast University, Nanjing 210096, China)

Abstract: The GNSS signal within the urban canyon areas suffers from the severe blockage and variable quality, which can lead to the
inaccurate or even ineffective positioning of intelligent vehicles. To effectively utilize available satellite observations, a multi-sensor
fusion method based on camera-aided GNSS/INS integration is proposed. Firstly, a sky-pointing camera is utilized to capture the sky
view image and exclude the NLOS measurements, meanwhile the satellites distribution state is defined by the remaining LOS
measurements with orthogonal linear regression method. Additionally a factor graph fusion framework based on GNSS/INS integration is
proposed by considering the instability of observations, three factors consisting of pseudorange, Doppler frequency, and carrier phase are
added for the optimization estimation when the corresponding observation conditions are met. Lastly, the dynamic window optimization
rules are designed according to the satellites distribution state, and the length of optimization window is adjusted to follow the change of
GNSS blockage. The road tests show that the proposed method enhances more than 40% of positioning accuracy in the blockage interval
compared to the conventional fusion method and improves positioning accuracy in urban canyons effectively.

Keywords : urban localization; NLOS; GNSS/INS integration; factor graph

B2E AT B 2, JF Ho gl A 2 42 300 ( multipath

effects) \AEPLIE ( non-line-of-sight , NLOS) 5 5%+, X

SR R 3R AT e 3™ R i 4 3K TR AL R 4L (global
B PEASSMASGEEREN R E S a8 navigation satellite systems, GNSS)E"JT?&‘@,E@PEQF%

Tk, T“(ZTA%CT%‘*%E‘%E* AL R K ZE S0 RS TR G E A

FELLFTRY o SRR MRS ) AR AR T e ek R PRI, 77 22 B ik 1] a4 o M S PR T 1 2 o7 4

SUN = A Eﬁﬂﬂﬁiﬁ?ﬁmﬂ?ﬁﬂfﬁ XS TDEMA  FE BRI, 7545 T GNSS AW A& &M 58385 T%J”

0 3

T

S H 1. 2024-01-31 Received Date: 2024-01-31
* FEATH .« FH 5 R TR (2022YFB3904404 ) VLJ5R48 B 5B & 114 ( BE2022053-5) 301 H %5 Bl



218 f# £ ¥

a5k

TREECAK ETE, S A2 R S RES MR T 2 1 LA,
X, Ay A B T A5 T GNSS B 2 (ODRG E 4R L T 2L,
kT B v G P IR v Y TR S A AT M T DL ek
GNSS {55 A & i &, IF 2 RN &1 T GNSS 155l
A PR R A O, L T P Y Ok 2% i
ZRT L, AR I & 5 5 98 5 (15 M 1L (signal to
noise ratio, SNR ) # #k Uk M A ( carrier to noise ratio,
CNR) %k [l B et 22 A2 1% 22 sl 1 450 bL 1 32 58 4
W (receiver autonomous integrity monitoring, RAIM )
TPk BB NLOS 155 45, F3X 28 7 16 78 W I 0 4%
AP I BAFTERR A 5 00 B 1 20 4 S 0 3 iy e 47
PR IE A AR BE 4G A L BT —
SILF = A REEAL AL ) NLOS 51 75, b an BH 52 D fid
TR AR AR OPIL I ) G o A A DA R S B
Ml P B A O A AR LT F AR AL
T 2O B 351 A A S A S N T 3 R B G T
PRI ) SRR AR Xy NLOS 42 fit 1T —Fh
B R B . B R T ) B O R R 2GR SR A
BB SRR AL LK S I C I % i
IEAE NLOS 55 H 51 LA K 22 428 15 22 U T A rh A 1
RLAF Iz AL R SR TTIZ 3 O 125 3k 7 K o i 5080 kA
YNk, I B/ 25 A 2 f a5 5 i, G ] A7 e FR
il e LS R v b

[ T & PR FHRILEE (line-of-sight, LOS) {55 2Z 41, H
T EEMEMBCRZIR T TR B, | Evis, 8
S v 2 0 R IR B L T I R A 15 AR
(inertial navigation system, INS) T LAWR#N, #4 iz FPE TR
i GNSS/INS 44 SRS . LSRRl 7 Yl
KRR S e M AR AR T e T A B
HERR R R UL {5 5 22 A8 I3 7 P s . it
2R 0 R B Ak D kS RT D o Al 2k vk A T A
P % Sl et AE R R T b JR B SR o AR 1 R R =2 R gk ]
AR A7 RS AT R A A2 2SI T e 47
PR ARG b PR R A Y PR LG AR 5 1 (factor
graph optimization, FGO) MY R IR 2 I % (extend
Kalman filter, EKF) J5 75 B B T 9 4F A RCRY (B
HERAPERORAEAR KRB EHGR TO0Lfk 8 B A K/N, n
i £ A TR A AL B 1R /NR TR — 2 Y Ak
PhIR Rl & 5 52 ) T Oh S LIRS B2 7R T R A 0~
A REIB B 3 KGN, H T B 51 A 220 W 0 3 R 2 A o
SN S ey R A REE— 2D AR T E LRSI, 3 3 AL
I PR 22 R AN AR [R] , 5 L R 28 A S 1 552
505N (real time kinematic, RTK) — i 75 B35 vl 11y
B (HSAE RS AT 8 A5 B I 0 AR [R) 8, S K 3
PRI B FAZE 42 ) R 3X i — AP BRI T GNSS miks e v 1Y
N

X AL (DR, A SCHRE H T — i TET o 30k T e 45 2R 45
B 8 7 A8 5 48, > L o R AR AL 44l BB s e 400 BB 10 2
FIFERL T TR 9 GNSS/INS Fil A HESE . 78 10 WL
AR BT RE AL T2, B A GNSS 5 INS
PRV AR S B O SR 67, 22 305 80 001 o3 X | 2 0 AR
IEARA B = B BERE L I RE , I X 28 A A0 2R 45 e (1) 22
a3 AT 5 HE I AF 5 18] s il PR PR Ak R R SR
I 132 T A O 2 A5 R, S A B A T BT ek AR I T
T TTEEENL,

1 IBigoir

AT B E AL AR AN 1 T, 32 A R A
i B BeL AR 7 | I S IR A 3 S ER 43

B S15] S
1 BRI
I
' | RS
| 8 ——  wegmen ———
1 », D, @, 1
' B A it !

Bl 1 PSR GNSS/INS i i fe
Fig. 1 The process of GNSS/INS integration aided by camera
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Fig.4 Multi-source fusion frame work based on factor graph
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