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Localization Method for Autonomous Vehicles Based on Multi-sensor Fusion

CHEN Xusheng ,DAI Yong, WEN Chengchao, QIN Guanyi,ZHOU Zhichen, WU Jiaxin

( Shenyang Ligong University , Shenyang 110159, China)

Abstract: The robustness of single-sensor simultaneous localization and mapping ( SLAM ) algo-
rithms for autonomous vehicles is relatively poor,and existing multi-sensor fusion approaches often
overlook vehicle motion constraints, leading to lateral localization drift. To address this issue, a
tightly-coupled optimization method based on ORB-SLAM is proposed, integrating visual odome-
try ,inertial measurement unit(IMU) ,and wheel odometry constraints into the back-end bundle ad-
justment ( BA ). First, residual models for visual odometry, IMU and wheel odometry based on
Ackermann vehicle model are introduced. Then,an optimization framework for a monocular visual-
inertial-wheel SLAM system based on ORB-SLAM is established. Experimental results on the KAI-
ST dataset and in real campus scenarios demonstrate that,compared to other common SLAM meth-
ods, the proposed algorithm effectively reduces error accumulation , providing more robust and accu-
rate localization and mapping results.
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Fig.1 Monocular reprojection error diagram
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Fig.4 Diagram of BA optimization
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Table 1 APE and ATE performances comparison for different systems of KAIST City scene sequence 20 to 30

ORB-SLAM3 VINS-Mono VIWO RIFRG
higilkes
APE ATE APE ATE APE ATE APE ATE
20 0. 647 0.768 0.195 0. 154 0. 142 0. 136 0. 102 0. 104
21 0. 458 0. 484 0. 139 0. 125 0. 120 0. 121 0. 103 0.102
22 0. 341 0.348 0.215 0.148 0. 128 0.132 0. 128 0. 107
23 0. 554 0. 484 0. 139 0.114 0.210 0. 195 0.119 0. 096
24 0. 469 0. 443 0.248 0.214 0. 167 0.142 0.132 0. 095
25 0. 484 0.347 0. 428 0.317 0. 151 0. 163 0. 128 0. 096
26 0. 698 0. 547 0. 335 0.248 0. 144 0. 146 0. 098 0. 068
27 0.735 0. 687 0.287 0.214 0. 157 0. 149 0.103 0. 089
28 0.471 0.414 0. 115 0. 105 0.142 0.138 0. 100 0. 091
29 0.357 0.358 0.224 0. 168 0. 128 0. 136 0. 093 0. 054
30 0. 478 0. 424 0. 147 0. 141 0. 154 0. 140 0. 102 0.073
3.2 EEKENELR PE T INAVS S4B A A 5 25 52 50 1) b T
RTRRE R Y AT AT R A AT SR T — R HSME BRI A R T L
e VERB AR B AR 1) A% B B4, B4 1 2t R ELSRE el PR AN ] 2R 8 A i) s G 5] 8

BARIRH AT B 79 2. H ATHL . WHEELTEC /4 )
g JURH IMU (34 ROS) |7 M iE A Y RTK AN
IMU 4R 3 AT &2 4t iNAVS, Michigan Scientific 7y
A B PR A g R R TR S B AR ) R

Pk, LA S HARZR R G, A SCR S
flitp LS RTK AR U B SR 0T, B
FEWI | #E— 2P UE S AR SC AR G A 1 el B4 05 v RE A8
HERft Tz sk



40 % om o ® I XK % F R % 44 %
2400 ATE {8, B L 2AG 8 & ) e AR
2000} 0350 RMSE
=/ % 0.30- %ed:ian
0.25- ----Mean
1600 \ L[E 020k Std-dev
i < 0.15
E1200F % 0.10 it S —
0.05+
\ 2
¥ 0 L L L L L L )
800 - —4000 0 4000 8000 12000 16000 20000 24 000
400 e ) (a) ATEAMT
0 400 800 1200 1600 2000 2400 0.301 T RMEE
Y/m 0.25F ----Mean
0.201 Std-dev
B8 EXKERETARRFEHEMIITLILE <0.15-
0.10F 0 s Vo o BN WY L i |
Fig.8 Comparison of localization trajectories of different 0.05h SR LU ERYIATATA | AR
. . 0 . . . . L L )
systems in real campus environment -4000 0 4000 8000 12000 16000 20 000 24 000
. D == N - N }?%
SRyt — 20 i A A Bl PR A T A R 2 (b) APEAMT
DY ,\é‘ ‘#/—- 1 \/_,,3\—;/ N ,5-_,(4‘, ¢ .
TIASCRSEAT 10 WM I B S i B 515 R ATE F1 APE 4547

BRI G5 RN 9 Tk 2 o, al L, A
$ A9 SLAM £ 4t I 28 3 B B AIK 1) APE I

Fig.9 ATE and APE analysis in real campus

environment

*2 EXRERETAREZRS K APE 1 ATE HEELLE
Table 2 Performances comparison of APE and ATE for different systems in a real campus environment
ORB-SLAM3 VINS-Mono VIWO KRR

APE ATE APE ATE APE ATE APE ATE
RMSE 1. 320 1.212 1. 147 1. 068 0.235 0.254 0.116 0. 094
Mean 1.412 1.352 1.258 1. 084 0. 239 0. 225 0.093 0. 090
Median 1.458 1. 341 1.241 1. 148 0.225 0.218 0. 084 0.071
Std-dev 1.512 1. 125 1.354 1.284 0. 239 0.214 0.079 0.076
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