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Motivation & Problem Proposed Method
Challenge: Free-flying robots (Astrobee) on the International ) .

: : : : _ Ellipse Detection
Space Station rely on visual localization, but suffer from; otch, Window » YOLO-based ellipse detector + AAMED fitting model
 |[llumination changes causing feature mismatch ' Grayscale Image | ' A. Perspective-Two-Circle » LSD line segment detector for edge lines
Input 3D Circle Points + Normals
* Frequent ISS reconfiguration invalidating pre-built maps ) "\ LineDetection |/ ’  Detects ISS hatches and windows as conic ellipses
Edge Lines

« SLAM methods suffering from drift without global localization

Perspective-Two- Circle Solver
Y
N . e . .
Our Insight: The ISS contains circular landmarks (hatches, B. Multiple Lines and Plane Rotation Elgen-decomposmon of conic ray matrix QQcone
RANSAC + MW Detection - 3-DoF Rotation . CI d f _ 3D . | t _ d | _
windows) with known physical radii — purely geometric cues - g osed-form recovery. 1) circle center o and normat n
l C. Ellipse Bundle Adjustment _ _ _ _
that are time-invariant and unaffected by lighting or pyiniiniiniel inlniuiniigieiiaiuiniel Julaluiieie ittt - * Disambiguate symmetry via strongest normal alignment
l : . . : : . :

, Key Frame Circle Map Reprojection Ellipse Joint Bundle Adjust . = ) . = ) . 1 3
environmental changes. ! | - . | - o | oF} Uo’i nj U n’; [eigenvalues Ai,2,3 and radius R]
| 3-DoF Translation Ellipse Conic Q Optimize Pose |
I\ J \ J J !

Ours  GT — R L S ! _ __ _
) 7 &F Oiveich MW Rotation Optimization
35+ & . (5 camera Pose » Orthogonal line-to-vanishing-point distance mnimization
N i-th |l \_/ Keyframe | £ _ =) ] 6-DoF Output )
25.{Clrcle Points wikdieraints f,t,"’ 0* = argmin X2 {k=2}"{3} xz {i=1}"{M} d {i,k}(©)?2
j-th 43 . .
Camera Conic Bundle Adjustment (CBA) » Algebraic conic residual: r.i(€) = XT Qi X
Frame . . . . . .
« Sample 3D points from estimated circles — project to image £* = argmin z-." ;[ X7 Qi X;i]?
15 7~ \
® 0 » Joint nonlinear least-squares over all N frames and 2 ellipses * No explicit point correspondences needed
Evaluation & Conclusion
Map-based Visual Localization AstroLoc | __|Proposed True
Method ff_return_forward  ffreturnleft  ffreturnrot LaMAP | Colmap
* ATE : |66.7% vs. AstroLoc, |57.3% vs. AstroLoc2 Ours 0 088 o 010a  Lpas AN V */
VGGT-SLAM fails d 0 d _ th 1SS | AstroLoc 1.065 0.159 (0.281
° - dllS due 10 domain gap wi Imagery AstroLoc (VIO) 0.269 0.587 0.385 : . ] .
| | o AstroLoc2 0.209 0.245 0.206 (magenta) aligns better \' >4
» Comparable to COLMAP/LIMAP under illumination changes AstroLoc2 (VIO) 0.677 0.330 0.477

with ground truth (gray) =

ORB-SLAM3 0.298 0.145 0.107

DROID-SLAM 0.378 0.142 0.062

-> Purely geometric cues are invariant to lighting VGGT.SE AM | 416 > 613 1703 In the global hatch frame

Query Images
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changes with no pre-built map needed. COLMAPT 0.101 0.090 0.096 than (cyan) T
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