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Abstract: To solve the problem of missing absolute heading data and attitude drift in the visual-inertial
navigation system, and to enhance its positioning accuracy, an adaptive visual-inertial-geomagnetic tightly
integrated positioning system was developed for environments with unknown magnetic fields. Initially, the
calibration process for the internal and external parameters of standard tri-axis magnetometers is detailed.
Following this, a strategy for generating global and frame-to-frame constrained residuals from geomagnetic
data 1s outlined. The system dynamically adjusts fusion weights based on variations in magnetic intensity
and employs a nonlinear optimization approach for the visual-inertial-geomagnetic integration to estimate

its motion state accurately. Outdoor tests conducted on a university campus demonstrated that the system
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remains stable amidst magnetic disturbances from buildings and vehicles, achieving positioning accuracy

better than 0.8% (RMSE). When compared to VINS, this system reduces position error by an average of

24% , showcasing impressive real-time capabilities. Incorporating magnetometers and adaptive fusion tech-

niques significantly boosts the performance of existing visual-inertial navigation systems, offering reliable

real-time positioning for autonomous systems.
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Fig.3 Framework of visual/inertial/geomagnetic information tightly coupled positioning system
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Fig. 9 Operation trajectory and absolute position error

(Experiment 3)

10 1.75
1.50
5 1.25
£ VRS e £1.00
=0 =L 2
cference Z075
0.50
-5
0.25
-10 0.00
0.02.5 5.07.510012515017520.0
x/m
0 = {Rudnt, ez
VIC
20 Reference f’ 15.0
12.5
-40 [
= / 210.0
= -60 / 5
[ o 7.5
-80 [ <
5.0
-100 5%
-120 — 56
80 -60 -40 -20 0 20 40
x/m
0 VRS
Reference 8
-50
6
S100 g
£ Z4
150
2
-200

0
-150 -100  -50 0 50
x/m
B10 4k A& R

APE w.r.t. translation part/m
— nlﬁ%—;usmn /“L

~ Reference f

820 840 860 880 900 920 940
1ls +1.685 619¢9

APE w.r.t. translation part/m
A = VDNS-Fusion

/ \ Reference

1950 2000 2050 2100 2150 2200 2250

tls +1.699 95e9
APE w.r.t. translation part/m

— VINS-Fusion N
M-VIO Al

Reference WA

3600 3700 3800 3900 4000
s +1.693 56e9

SO il T S L

Fig. 10 Comparison of non adaptive fusion schemes

Oyt — 2 B IE 11 3 I 0 2R T 4R

Al R G R 7 1k

53wk 11]
TXF L, B A7 R



1032 b=

K T 5 32 %

P 10 i 7R , B v Reference 7R B AT RE 200K
8 R /15T P /M B T T 56 o AR MG S AR X
S, W T AR RS A B TR AR G AR
JE R AR MG 3 3% TP X, 2R 48 Rl 5 R R Y
I A S BOUR 22 SR I K, T AR 8 483 i i o
JBE 72 5 2l A A R Tl S AR, (8 W AR MU 3 0
W0 T P i i 4 Ry SR A TR 78 32 T 0 IX 4
T 5] 28 25 29 3, L8 B R A P AR L Rl b

F2 EfI

Tab.2 RMSE statistics for positioning

(EY S =t Ve S MR 0 BT L o NS
Tl R R ) 2 YO 5 SR T A

R AME NGS5 R 2 iR . ARSI
4 19 3 07 A o 15l R G L R G TR 4y
ML S TR TIRKIHBE R g s 4T, 34158
B 1 DR B XA T 0. 8% (3477 MR AR 25 B LA
AR ) Al A Mg (5 B S A H T VINS 7 # 5%
2R T 2924 %

HWAHRIRESIT
(m)

VINS-Fusion Proposed
Data Path
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Tab. 3 Average optimization time comparison (ms)

VINS-Fusion Proposed
Se- Stereo+ Stereo+
Stereo+

qUence  Stereo Magnetome- IMU-+Magne-
ter tometer
datal 4.963 10.073 5.015 11.195
data2 5.457  9.486 5. 486 9.613
data3  6.982 12.588 6.997 12. 840
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