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Problem Revisit: Doppelgangers in 3D computer vision

Doppelgangers are visually similar but distinct surfaces that confuse 3D reconstruction systems



Problem Revisit: Doppelgangers in 3D computer vision
Pervasive local feature matching methods struggle with ambiguity, 
lacking global evidence to reject false matches
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Prior Work

Train a classifier with keypoint and match locations (LoFTR)

Construct a Doppelganger dataset from Wikimedia Commons

Cai, Ruojin et al. “Doppelgangers: Learning to Disambiguate Images of Similar Structures.” 2023 IEEE/CVF International Conference on Computer Vision (ICCV) (2023): 34-44.



Challenges
• High precision is crucial

o Even a few incorrect matches can ruin the 3D reconstruction.
• Threshold sensitivity

o Small changes in classifier thresholds can significantly impact reconstruction; 
o Different scenes require different classifier thresholds.

• Limited generalization
o Trained on landmark images, the method struggles with everyday scenes.



Doppelgangers++: Expand Training Data
VisymScenes Dataset

Includes residential areas, landmarks, historical sites, business districts, and more;
Recorded with GPS/IMU metadata;
Complement the notable landmarks available on Wiki Commons.

Mined ~53K doppelganger and true matching pairs leveraging 
their recorded geo-locations and viewing directions.



Doppelgangers++: Improved Doppelganger Classifier
Leverage multi-level geometric features of a SOTA pairwise image matching model (MASt3R)
With a Transformer classification head

Leroy, Vincent et al. “Grounding Image Matching in 3D with MASt3R.” European Conference on Computer Vision (2024).

The classifier can be seamlessly integrated into SfM pipelines 
(E.g. COLMAP, MASt3R-SfM) 



Evaluating Doppelganger Correction in SfM
Prior work uses manual inspection
We introduce an automated, geotag-based method for validating reconstructed models

• Image registration
o We collect geo-tagged images from Mapillary near the 

reconstructed scene;
o Register geo-tagged Mapilllary images to the SfM model.

• Alignment cameras
o Registered cameras are aligned with their geolocations using 

RANSAC;
o We use inlier ratio as an indicator for accuracy.

Incorrect models have lower inlier ratio (largely misaligned 
trajectories); 
Correct models have higher inlier ratio (better aligned trajectories)



Results
Evaluation on Pairwise Visual Disambiguation
• In-domain test: DG, VisymScenes
• Out-of-domain test: Mapillary

Dataset expansion improves Doppelganger classifier performance
Ours is more generalized than previous work (DG-OG)



Results
Evaluation on SfM Reconstruction Disambiguation
• Classifier threshold τ=0.8 is used unless otherwise stated.
• The '+' symbol indicates split reconstruction components;

Previous work (DG-OG) require frequent threshold 
adjustment;

Ours is more discriminative and generalized; and has 
better reconstruction correctness and completeness.



SfM Disambiguition on VisymScenes



SfM Disambiguition on MegaScenes

Check out project page for more!


