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Abstract: Accurate and reliable pose information is essential
for location-based applications such as assisted driving, mo-
bile robot navigation, and unmanned aerial vehicle delivery.
GNSS/INS/vision integrated positioning can achieve high-ac-
curacy positioning and navigation in urban environments by ex-
ploiting the complementary strengths of the three types of sen-
sors. However, the poor data quality of low-cost sensors
makes existing multi-sensor fusion methods insufficient for
low-cost mass-market navigation. To address this issue, this

paper proposes a tightly coupled GNSS/INS/vision position-
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ing algorithm suitable for low-cost sensors. An extended Kal-
man filter is adopted as the fusion framework to jointly process
raw GNSS, INS, and visual measurements for global high-
accuracy pose estimation. To reduce inertial error accumula-
tion caused by insufficient utilization of visual information, a
hybrid long-term and short-term visual update strategy is in-
troduced. Long-tracked visual features are included as optimi-
zation states to exploit multi-frame co-visibility and improve
accuracy maintenance. In addition, a vision/inertial-aided
GNSS quality control method is proposed to address frequent
abnormal observations caused by satellite signal blockage.
The vision/inertial prior position is used to assist the detection
and handling of pseudorange outliers and carrier-phase cycle
slips, thereby preventing abnormal observations from degrad-
ing the positioning results. Vehicle experiments in urban envi-
ronments show that the proposed method achieves RMSEs of
0.43 m and 0.91 °

tude, respectively, enabling decimeter-level positioning in

for three-dimensional position and atti-
complex urban environments. Compared with the output of
the commercial VisionRTK2 device, the proposed method im~-
proves the three-dimensional positioning accuracy by 12.2%
and provides better positioning accuracy and robustness.
GNSS/INS/vision;
low-cost sensors; quality control; urban environments
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Fig. 1 The Framework of GNSS/INS/Vision
Tightly Coupled Positioning Method

3
% m

A, 2 R IS AR SRS i AR U L 3 3] A2 A
(e )AL FE A RE, VL LEIR R T it
I BE MR i 152 22 5 0 FR USRS o, (5 W Bl 7 1
VARSIV T A5 T o 220 #8585 37 8 1R 22 e, DA R A A
17 B BR 22 of, o N 1 AR AL U, M A AR A
WO 0 RN BRI L 28 KO B .

LRI [H] R B R 2RO R I E
5 R T 2 B BIOE 30T RS 5 R R A i A e
P72 0 AR AL 4

Py =@,y P @ +Q, (2)

X @y RN — 11T E) £ 1T RS e HE
Me3Qu RN k— 1 e B M7 B 7 25155 P, 3R
IR k=1 PTG IR ST IT 220 5 Py RN R JTICHY
THIMAR 25 7 25

1.3 KaEhRe XMLz L4

& 58 MSCKF J5 7 M LA 38 4342 H 00 5 000 15 2,
TR A 15 22 BB, A 74 ) 0D R
T A, 7 SC SR A0 1 2 BT 7 B0 0 5 R AE 5 4 B
SR . %7 BERE FE 4 A AL Z2 MR OE R, X
FE 8% 30 SR A  RRAE ST AR R 2 BRE T AR .

HARRBEWT .
1) XF T 24 1 Wil R B 25 2 AR AE AT F B
F MSCKF il 2 555 ;

2) X TR F R SR BRI B0 R A B AR i
SR A0 8 A TR AR 28 e v BEAT SRS TH O 8
JH S50 W A UL (L BE AT EKF ) 4t 5138, GRGIE X /] —
AN PRG54 78 70 R 5

3) AR P A U R ) 5 i 2 Ak
W DR S Bt M B3, J5 SR AN P 4R 9, ok G 4 ot
R

=0 A R B R AT A LI B2 A AR 2
WTABE S5 52 22 T A S 4 R o O N R

2026 4£ 10 A
PRERER MSCKF
HFAIE A4, J O
[ESEEAUREES I g
PRI A, Kk
FrEE R
jape B

EKF 55
‘ FiER

wi | Pkadk

hgk

2 KEHFIAEEREK
Fig.2 Long-Term and Short-Term Feature

Management Strategy
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Tab.1 Specifications of Low-Cost Sensors
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Fig. 5 Experimental Trajectory and Typical Complex

Urban Scenarios
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Fig. 10 Comparison of Pose Errors Between the Proposed
Method and VisionRTK2
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Tab.4 Statistics of 3D Pose Errors Between the
Proposed Method and VisionRTK2
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