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Background & Motivation

• Visual SLAM suffers from long-term drift owing to the error accumulation.
• This is especially a problem for autonomous driving when a vehicle moves from one 

place to another without any loops.
• The ground-to-satellite (G2S) registration predicts the relative pose using satellite 

images. Pros: no error accumulation. Cons: not robust enough. 

• We proposes a G2S-SLAM-Fusion method:
• A coarse-to-fine method to select valid G2S poses.
• An iterative refinement method to fuse the G2S poses using a scaled pose graph.

Method

G2S Prediction: 
• Given the input SLAM pose {�𝐑𝐑k, �̃�𝐭𝑘𝑘}, G2S aims to predict the pose change {�𝐑𝐑𝑘𝑘 , �̆�𝐭𝑘𝑘}:

�𝐑𝐑𝑘𝑘 = 𝐑𝐑𝑘𝑘𝑇𝑇 � �𝐑𝐑𝑘𝑘,   �̆�𝐭 = �𝐑𝐑𝑘𝑘𝑇𝑇 � (𝐭𝐭𝑘𝑘 − �̃�𝐭𝑘𝑘)
Valid G2S Pose Selection: 
• Spatial Bound: to check if a G2S prediction is within a boundary proportional to that by the trajectory 

covariance 𝚽𝚽. The boundary:
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• Odometry Consistency: to check if the relative pose by G2S �𝐓𝐓𝑘𝑘−1,𝑘𝑘 = �𝐓𝐓𝑘𝑘−1𝐓𝐓𝑘𝑘−1,𝑘𝑘�𝐓𝐓𝑘𝑘 and that by the 
current trajectory 𝐓𝐓𝑘𝑘−1,𝑘𝑘 = 𝐓𝐓𝑘𝑘−1−1 𝐓𝐓𝑘𝑘 is within a threshold. 

∁𝑟𝑟= �𝐑𝐑𝑘𝑘|Θ �𝐑𝐑𝑘𝑘−1,𝑘𝑘 � 𝐑𝐑𝑘𝑘−1,𝑘𝑘
𝑇𝑇 < th𝜃𝜃 ,  ∁𝑡𝑡= �̆�𝐭𝑘𝑘|𝐞𝐞𝑖𝑖𝑇𝑇 � �̆�𝐭𝑘𝑘−1,𝑘𝑘 − 𝐭𝐭𝑘𝑘−1,𝑘𝑘 < th𝑡𝑡 , 

Trajectory Refinement: 
• The valid G2S pose and the visual odometry are fused together via a scaled pose graph.

argmin
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Comparison with SLAM

Comparison with G2S

The translation accuracy is improved.
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• Overall, the proposed framework achieves higher accuracy. 
• On average, the translation error reduces 64% (from 0.96° to 0.43°) and the 

rotation error reduces 83% (from 6𝑚𝑚 to 1𝑚𝑚).
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