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Motivation
With the rise of the digital twin and high-precision maps, the demand for AR and VR of large scenes 
combined with high-precision maps gradually becomes prosperous.



3

Motivation

GNSS

• Global position

• No need for the pre-built map

• An affordable way to combine the advantages of VIO and pre-built maps 
is to fuse the pre-built map into the VIO tracking process.
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• Cannot work in indoor scenes

• Low-precision 

Global Localization Algorithm 
based on the pre-built map

• Global high-precision pose

• High algorithm complexity

• Unsmooth trajectory

VIO/SLAM

• Smooth trajectory

• Local high-precision pose

• Accumulate drift
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Motivation

Loosely coupled methods easily lead to jumpness of trajectory, while tightly coupled methods do not.
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Motivation

DSL( Ye et al., 2020)GMM w/map( Huang et al., 2020)

The weakness of previous methods:

• Sensitive to map noise and scenarios changes.
• It is challenging to achieve good performance under the condition of localization with time delay and low 

frequency.
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Contribution
• A complete scheme to generate the association between the pre-built map and local features
• Different constraints for different types of map points
• A degeneration state recovery strategy
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• Extract the position and normal of ORB feature from the dense mesh. 
• The descriptor of 3D point comes from the query image.
• The points obtained by the real-time pose are defined as local map points.
• The points obtained by the global localization pose are defined as global map points.

Structure Extraction

Point clouds generated by 2D-3D matches  Point clouds generated by ray casting
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• Each map point will correspond to a local feature.
• Only when there are enough activate map points 

will we add them to VIO’s status updates as 
constraints.

• We will re-check activate map points in every 
frame.

Visual Processing



• Local Map Point Cost:
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Visual-Inertial State Estimate
• Global Map Point Cost:
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• System Recovery

• The VIO module needs to be initialized independently before using the constraints of the pre-built map. After the 
initialization of the VIO, the system will directly fall into a degeneration state.

Degeneration Analysis
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Experiments

• The experiments on EurocMav datasets and simulation datasets show that our 
method can achieve higher accuracy compared with state-of-the-art methods.
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Experiments

• Compared with GMM and DSL, our method is more robust to the changes of scenarios and 
the noise of the pre-built maps.

DSL fails in all three synthetic datasets when we add 
standard deviation σ = 0.1m to the pre-built map.
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Experiments
• Our method can filter out the outliers introduced by environmental changes, while the GMM’s 

algorithm cannot.
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Experiments

• ①② show that the number of point clouds from the pre-built map will significantly affect 
the coupled result.
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Experiments

• ①⑥⑦ show that both local map points and global map points can improve the accuracy 
of the coupled algorithm, among which global map points are more helpful for improving 
the accuracy.
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Experiments

• ①⑥⑧ show that using reprojection constraints for local map points will take a negative 
effect.
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Experiments

Still better than BVIO!
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Demo
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