Toroidal Constraints for Two-Point Localization under High Outlier Ratios
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© Goal: Decide if a 3D-2D match p; <> b; isan outlier,7 = 1.

he camera position (

@ Image-based localization w.r.t. 3D point clouds is crucial in many ® Two 3D-2D matches with angle € define " ® Synthetic evaluation

applications, e.g. autonomous navigation, AR/VR, etc. should be close to gg and ¢ on T2

© Proposed solution: @ Approximate solver accuracy

@ Outlier filtering is critical for large scale localization due A<

to the sheer amount of wrong 2D-3D matches. D1 ® Given p; <> b;
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@ Goal: reduce the number of outliers without assuming any prior. l
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‘ » Closest descriptors correspond to closest viewpoints. Po "l 20 21
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Image descriptors are not perfectly viewpoint invariant. Depths computed
from 2 inliers cluster

away from zero
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@ Precision/recall against RANSAC

Database point
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I D; < bz outlier: 0.1 0.2 0.3 0.4 0.5
) Depths computed Recall
s from 1-2 outliers

o Approximate error by projecting to 11g — | only 4 solutions! 1 20 cluster around zero 21

® We minimize the angular error between the camera position
and gop and Q1.
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Query image

@ Two matches constraint the camera to lie on a torus.

® Real-world evaluation: Dubrovnik 6K dataset

‘ » The closest viewpoints can further constrain this pose. = 1.2
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@ Proposed solution: use an approximate position from two where

matches to filter outliers.

Contributions:
- Derivations of novel constraints for localization.
- First outlier filter that does not require any priors.
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Inverse depths are clustered using | K-means
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di - Normalized image keypoint R, r - Torus parameters.

from the database. U,V - Angular coordinates on T2.

b; - Normalized image keypoint 0
from the query image.

Pi - 3D point from the database. (' - Camera position.
Iy - Average plane.

Zeisl BA 794 749 13 0.18 | 0.47 | 1. 49 -
Svarm o 798 771 3 - 0.56 - 4766 | 5.06

© Score p; <> b; according to the population of the clusters. Sattler e | 797 | 704 | 9 [050| 1.3 | 50 [ <100 | 0.16

V: known vertical direction  S: known scale  R:validity of SIFT ratio test

© Why does it work?

Inliers presenting extreme depth range

@ Qutlier matches

Pl h h i iti
ane through Z and projected 2D problem >| Arbitrary camera positions

average of gg and g1 ¢

Angle between matches. Depths randomly distributed and large

Two matches —— Camera position v

in ~2us! Inverse depths cluster around zero
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"2 Surface of the torus.
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