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Introduction for the SLAM system 

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 
  (Hess et al., 2016) 

Duplicated structural environments, such as long corridors or 
tunnels, might cause long-term robustness problems. 

ORB-SLAM2  
  (Mur-Artal and Tardós,  
  2017) 

It might not run for a long period in low-texture environments. 

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  
  robust visual odometry 
  (Wagstaff et al., 2020) 

It can hardly balance accuracy, efficiency, and long-term 
running compared with traditional SLAM systems.  
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Challenges 
For visual sensors, the rapid steering of the robot causes the image to 

be blurred, and some scenes cause over-exposure. 
A long corridor environment may cause a pure LiDaR system to fail. 

Some crucial situations for pure visual SLAM systems 

Long corridor environments 
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1) VILN SLAM framework 

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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2) Stereo visual inertial odometry 

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

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. 

Pose graph optimization 

Pose-graph formulation in 
the visual inertial odometry 
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3) Visual LiDaR fused map and loop closure 

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

Use high-frequency IMU rate VIO poses as the motion prior to 
performing 3D LiDaR scan to map registration. 

Transforming a binary image to the Euclidean distance grid 
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3) Visual LiDaR fused map and loop closure (Cont’d) 

Scan matching algorithm and loop closing algorithm 

Front In
form

 Technol E
lectro

n Eng



4) Experiments and discussion 

We have performed an extensive experimental validation of our 
VILN system in outdoor sequences from the KITTI dataset. 
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4) Experiments and discussion (Cont’d) 

The error of the system is typically below 0.33% no matter in small- or 
large-scale scenarios. 

 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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