Wei WEI, Xiaorui ZHU, Yi WANG, 2022. Novel robust simultaneous localization
and mapping for long-term autonomous robots. Frontiers of Information
Technology & Electronic Engineering, 23(2):234-245.
https://doi.org/10.1631/FITEE.2000358

Novel robust simultaneous localization and
mapping for long-term autonomous robots

Key words: Simultaneous localization and mapping (SLAM); Long-term;
Robustness; Light detection and ranging (LiDaR); Visual inertial LiDaR
navigation (VILN)

Wei WEI
E-mail: weirui9003@gmail.com
ORCID: https://orcid.org/0000-0002-8998-045X



https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://orcid.org/0000-0002-8998-045X
https://doi.org/10.1631/FITEE.1900450
https://doi.org/10.1631/FITEE.2000358

Introduction for the SLAM system

O Simultaneous localization and mapping (SLAM) is still a challenging
problem for long-term autonomous mobile robots because the real
world is full of highly dynamic, unstructured, and complex scenarios.

SLAM Details
Google Cartographer Duplicated structural environments, such as long corridors or
(Hess et al., 2016) tunnels, might cause long-term robustness problems.
ORB-SLAM2

(Mur-Artal and Tardds, | It might not run for a long period in low-texture environments.
2017)

1-day learning, 1-year
localization
(Kim et al., 2019)

In new scenarios, the algorithm needs to learn the whole
environment again.

Self-supervised deep
pose corrections for It can hardly balance accuracy, efficiency, and long-term
robust visual odometry | running compared with traditional SLAM systems.
(Wagstaff et al., 2020)




Challenges

O For visual sensors, the rapid steering of the robot causes the image to
be blurred, and some scenes cause over-exposure.
O A long corridor environment may cause a pure LiDaR system to fail.

Long corridor environments



1) VILN SLAM framework

O VILN SLAM consists of three major systems, i.e., stereo visual inertial
odometry (VIO), a visual-LiDaR mapping system, and a LiDaR
enhanced visual loop closure system.
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Fig. 1 Overview of the VILN SLAM framework



2) Stereo visual inertial odometry

O Hybrid visual frontend: The system that combines the direct and
feature-based methods becomes a hybrid of the two.

O Backend optimizer: Providing real-time locally consistent state
estimate at a relatively high frequency is the goal of the backend
optimizer, which will be served as the motion model for the LiDaR
mapping algorithm.
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3) Visual LiDaR fused map and loop closure

O Introduce a visual-IMU-LiDaR fused mapping method, as well as a
fast loop closing approach via the map.

O Use high-frequency IMU rate VIO poses as the motion prior to
performing 3D LiDaR scan to map registration.
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Transforming a binary image to the Euclidean distance grid



3) Visual LiDaR fused map and loop closure (Cont’d)

O Scan matching algorithm and loop closing algorithm

Algorithm 1: Scan matching

Algorithm 2: Loop closing

best score + 400
for U‘r j:‘-;':_].zm_:l'.r; -._]'.v-” rjr: J = W do
score — Zf::l M earest (Te, + achs)
AL = (TJx, TIy, Iz, 080rs 80 Jry s 007r; )
if score < best_ score then
match + £o + AL
L best score + score

return best score and match

if visual loop is detected (BoW) then
if LiDaR loop is detected (Algorithm 1)

then
loop correction (graph optimization) by
| the LiDaR loop detection result

else
loop correction (graph optimization) by

| the visual loop detection result

else
if LiDaR loop is detected (Algorithm 1)
then

loop correction (graph optimization) by
|_ the LiDaR loop detection result

else
L loop correction fails

return success or failure




4) Experiments and discussion

O We have performed an extensive experimental validation of our
VILN system in outdoor sequences from the KITTI dataset.

Table 1 Comparison of accuracy in the KITTI dataset

Relative median translation RMSE (%

Sequence Dimension (mxm) Mileage (m)
VILN ORB-SLAM2
KITTI 00 496 % 564 0.064 0.70 3744.90
KITTT 01 1157x 1827 0.19 1.39 2461.75
KITTI 02 946 > 599 0.091 0.76 5251.44
KITTT 03 199471 0.23 0.71 567.40
KITTI 04 394 x0.5 0.12 0.48 393.43
KITTT 05 426479 0.11 0.40 2224.17
KITTI 06 457 =23 0.17 0.51 1236.30
KITTI 07 209191 0.088 0.50 T01.12
KITTI 08 391 =808 0.33 1.05 3236.36
KITTI 09 568 %465 1.67 0.87 1698, 60
KITTI 10 1TTx671 0.14 0.60 924.93

Bold values represent better results



4) Experiments and discussion (Cont’d)

O The error of the system is typically below 0.33% no matter in small- or
large-scale scenarios.
O In the future, we will focus on developing a new tightly coupled visual-

IMU-LiDaR fusion navigation system to further improve the accuracy

and long-term robustness under more complex and dynamic
environments.
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