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SLAM Algorithm with Tight Coupling of Vision and LiDAR Odometer
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Abstract To address the problems of visual feature loss, radar closed-loop trajectory vector drift, and elevation pose
deviation in vision and laser coupled simultaneous localization and mapping (SLAM), a close coupled vision and lidar
SLLAM method based on scanning context loop detection is proposed. A visual odometer based on SIFT and the ORB
feature point detector is used to solve the problem of feature point loss and matching failure. A radar odometer eliminates
the distortion and large drift of the radar point cloud by fusing the inter-frame estimation of the visual odometer. Loopback
detection is performed by scanning context, and the vector drift of the odometer is optimized by introducing the factor
graph to eliminate loopback detection failure. The proposed algorithm is verified on several KITTI datasets and compared
with classical algorithms. The experimental results show that the algorithm exhibits high stability, strong robustness, low
drift, and high accuracy.
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Fig. 2 System integration block diagram
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Fig. 3 Comparison of different detectors. (a) (¢) Proposed characteristic detector; (b) (d) feature detector based on Shi Tomasi and BRISK
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Fig.4 Lidar odometer point cloud scan. (a) Lidar odometer scan front view; (b) lidar odometer scan top view
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Fig. 6 KITTI 05 and KITTI 00 global and local point cloud maps. (a) KITTI 05 global point cloud map; (b) KITTI 05 local point
cloud map; (¢) KITTI 00 global point cloud map; (d) KITTT 00 local point cloud map
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Fig. 8 Odometer gravity vector drift comparison of proposed algorithm and V-LOAM. (a)(b)(c) Localization effect of proposed

algorithm when vector drift occurs in V-LOAM; (d)(e)(f) gravity vector drift phenomenon that occurs in V-LOAM
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Fig. 9 Odometer positional drift comparison of proposed algorithm and V-LOAM. (a)(b) Positioning effect of proposed algorithm when
V-LOAM has positional drift; (¢) (d) positional drift phenomenon in V-LOAM
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Fig. 10 Local map accuracy comparison of proposed algorithm and V-LOAM. (a) Local map effect of proposed algorithm;
(b) V-LOAM local map loopback failure

3T V-LOAM fil LeGO-LOAM., H Max . Min, Mean, RMSE ., Std # It 2 3 F K

Sy AT 3TN < E T A 2% 1 00 B d 4w, i 2 5 1k 68.3%.29.4% .44.2% .48.2% .83.3% ,RPE t Min,
I V-LOAM R SR BA /B 1R 25 o 72X L 2 7 ik Mean, RMSE ., Std 43 4] & B 33.3% .15.0%.5.2% .
SLAM 5.3k LeGO-LOAM I} % B, B RPE J& i #c K 18.1% o HHULA] UL, Fr £ 530 0k 76 A5 B2 A& 4 PR AR AL T
B 2% Max g 5 T LeGO-LOAM Z4b, i #8583 APE - LeGO-LOAM fl V-LOAM,
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F11 FrE8E sk LeGO-LOAM ., V-LOAM £ KITTI 05 . KITTI 06 . KITTI 09 5 B AK L  %f Ho . () KITTT 05 #1388 %t ke 5 (b) KITTI
06 HLl T H 5 () KITTT 09 Huali X b5 () KITTT 05 B 445 5 (e)KITTT 06 Haf 4115 5 () KITTT 09 L3k 48 45
Fig.11 Comparison of proposed algorithm, LeGO-LOAM, V-LOAM in KITTI 05, 06, 09 with true value trajectory. (a) KITTI 05
track comparison; (b) KITTI 06 track comparison; (¢) KITTI 09 track comparison; (d) KITTI 05 track details; (e) KITTI 06
track details; (f) KITTI 09 track details;

) ==

@ - g0
—— LeGO_traj-00
SV_LOAM-00

V_LOAM-00

ground truth <=—

K12 57k LeGO-LOAM \V-LOAM7E KITTI 00 # 5 FLAE 32 %) o . (a) KITTT 00 HL3 X LE 5 (b)KITTT 00 %3k 44 15
Fig.12 Comparison of proposed algorithm, LeGO-LOAM, V-LOAM in KITTI 00 with true value trajectory. (a) KITTI 00 track
comparison; (b) KITTI 00 track details

#2 SV-LOAM.V-LOAM LeGO-LOAM %% ik i3 22 (APE) FIAH XS (07 1 15 22 (RPE) X L
Table 2 Comparison of SV-LOAM, V-LOAM, LeGO-LLOAM absolute trajectory error (APE) and relative position error (RPE)

) ) KITTI 05 KITTI 06 KITTI 09
Algorithm Evaluation error - - 3
Max /m  Min/m Mean/m Max/m Min/m Mean/m Max/m Min/m Mean/m
APE 3.8 0.2 2.6 2.9 2.4 2.7 3.0 0.3 1.6
SV-LOAM
RPE 5.6 1.3 2.5 0.6 0.1 0.3 3.2 1.9 2.6
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KITTI 05

KITTI 06 KITTI 09

Algorithm Evaluation error - - -
Max /m  Min/m Mean/m Max/m Min/m Mean/m Max/m Min/m Mean/m
APE 360. 4 35.6 108.7 423.9 44.6 142.6 390. 2 13.5 109.0
V-LOAM
RPE 187 2.4 28.0 192.8 4.3 29.0 152.0 3.0 26.3
i i APE 9.4 0.3 3.4 5. 0.3 2.9 67.1 1.7 11.6
LeGO-LOAM
RPE 5.2 1.6 2.6 5.4 1.0 2.0 5.0 1.0 2.8
#3 SV-LOAM,V-LOAM , LeGO-LOAM 7& KITTI 00 ¥l 4 1% 2% L #%
Table 3 Comparison of SV-LOAM, V-LOAM, and LeGO-LOAM errors in KITTT 00 dataset
- ) KITTI 00
Algorithm Evaluation error -
Max /m Min /m Mean /m RMSE /m Std /m
APE 4.3 2.4 2.9 3.0 0.4
SV-LOAM
RPE 5.6 0.4 1.7 1.8 0.9
APE 402.1 170. 4 28.0 190. 2 84.4
V-LOAM
RPE 153.1 3.2 28.7 37.9 24.7
- APE 13.6 3.4 5.2 5.8 2.4
LeGO-LOAM
RPE 5.4 0.6 2.0 1.9 1.1
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