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▪ Astrobee (NASA, US) ▪ CIMON (DLR, ESA)

▪ Int-Ball 2 (JAXA, Japan) ▪ AAR-2 (CASC, China)

Development of Free-Flying Robots for Space Stations
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360° Rotation: A Major Challenge for Visual Navigation in Space Robotics

▪ In microgravity, the unrestricted 360° rotational motion of space robots 

is one of the primary causes of failure in visual navigation.

Robots on Earth Space Robots
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Inaccurate (left) and True (right) Camera Orientation

Rotational Drift: The Main Source of Positional Inaccuracy in VO & SLAM

▪ Rotations cause nonlinearity in VO & SLAM

[Zhang, Ji, Michael Kaess, and Sanjiv Singh. "Real-time depth enhanced monocular odometry." IROS, 2014.]



▪ Drift-free rotation estimation is possible through accurate structural model tracking.
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Drift-Free Rotation Estimation Leveraging Structural Regularities

[J. M. Coughlan and A. L. Yuille, “Manhattan world: Compass direction from a single image by Bayesian inference,” in ICCV, 1999.]

Urban Environments Manhattan World TrackingManhattan World 
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▪ The ISS is a representative example that satisfies MW assumption.

Drift-Free Rotation Estimation Leveraging Structural Regularities
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▪ Excessive outliers caused by dynamic and cluttered objects make 

existing MW tracking methods fail.

Challenge: Clutter and Dynamics in the ISS
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Cluttered ISS Interior Clutter-Free Digital Twin

Clutter-Free Digital Twin (3D CAD Model)
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Cluttered ISS Interior Clutter-Free Digital Twin

Digital Twin-Based Outlier Rejection (DTOR)
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Line Matching (GlueStick)  Between ISS Image and Rendered Digital Twin

[Pautrat, Rémi, et al. "Gluestick: Robust image matching by sticking points and lines together," in CVPR 2023.]

We use the estimated pose from the (k-1)th frame 
for rendering the digital twin at the kth frame.
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Dominant Plane Detection and Tracking

▪ We track the dominant plane by checking normal density and detect a 

new one when it becomes unreliable.

[Pautrat, Rémi, et al. "Gluestick: Robust image matching by sticking points and lines together," in CVPR 2023.]
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Drift-Free Rotation Tracking Pipeline
Line Segment 

Detection (LSD)
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Astrobee ISS Free-Flyer Datasets

[Kang, Suyoung, et al. "Astrobee iss free-flyer datasets for space intra-vehicular robot navigation research." IEEE RA-L (2024).]
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Qualitative Results on Astrobee ISS Dataset
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[Kim, Pyojin, Brian Coltin, and Hyoun Jin Kim. "Visual Odometry with Dr ift-Free Rotation Est imation Using Indoor Scene Regularit ies." BMVC. Vol . 2. No. 6. 2017.]
[H. Li,  J. Zhao, J.-C. Bazin, P. Kim, K. Joo, Z. Zhao, and Y.H. Liu, “Hong kong world: Leveraging structural regularity for line-based slam,” IEEE T-PAMI, 2023.]
[C. Campos et al., “O rb-slam3: An accurate open-source library for  visual,  visual–inertial, and mult imap slam,” IEEE Transactions on Robotics, vol . 37, no. 6, pp. 1874–1890, 2021.]
[Z. Teed and J. Deng, “DROID-SLAM: Deep v isual slam for monocular, stereo, and rgb-d cameras,” NeurIPS, 2021.]

[S. Liu et al ., “3d line mapping revisited,” in Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, 2023.]

Quantitative Results on Astrobee ISS Dataset
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Future Work: Manhattan-Aligned Gaussian Splatting SLAM

RGB, Depth Image Pair 3D Gaussian Splatting 
SLAM

Proposed
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Takeaway Messages

⚫ On the ISS, free rotation and clutter make visual navigation challenging.

⚫ Remember our DTOR—it removes clutter to achieve drift-free rotation estimation in space.

Source Codes and Datasets:

Thank you for your time!
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