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Cross-category Spacecraft Keypoints Detection Method With Visual Feature Prompts
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Abstract Spacecraft visual pose estimation is the technical core of intelligent on-orbit services, often implemented
through a two-stage approach that combines keypoint detection and pose solver. However, existing spacecraft key-
point detection methods are typically trained using visual data from a single spacecraft, making them inapplicable
to other types of spacecraft targets. This significantly hinders the promotion and application of space on-orbit ser-
vices. To address this issue, this paper proposes a cross-category spacecraft keypoint detection method based on
visual feature prompts, named as CSKDet (cross-category spacecraft keypoints detector). When applied to a new
target spacecraft of an unknown category, this method only requires one support image and its corresponding key-
point prompts to accurately predict the positions of the target spacecraft’s keypoints in a query image. To further
validate the effectiveness of the proposed method, a spacecraft pose estimation (SPE) dataset was constructed us-
ing a virtual simulation platform. This dataset includes various types of spacecraft, annotated with 2D keypoints
and 3D pose labels. Extensive experiments conducted on this dataset demonstrate that the proposed method excels
in cross-category spacecraft keypoint detection tasks, significantly outperforming current mainstream keypoint de-
tection approaches. Moreover, when combined with traditional PnP algorithms, this method enables high-precision
pose estimation for arbitrary spacecraft. The code and dataset of this method have been open-sourced at
https://github.com/Dongzhou-1996 /CSKDet.
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Table 3 The evaluation results of
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Table 4 The evaluation results of spacecraft pose estimation

LR 2 A 3 N BN T
e T T T Bont wmwr BORE mgee SERE S gmps BENF
HRNet ™! 3.34 2.21 5.82 2.33 2.48 2.74 3.57 2.18 3.59 2.36
ResUNet ™ 0.02 0.14 0.31 1.11 0.18 1.07 0.18 0.85 0.15 0.72
DMANet®! 1.13 0.99 2.63 1.82 1.40 2.74 3.02 2.10 2.05 1.91
CSKDet (K = 1) 0.04 0.23 0.19 0.68 0.17 0.72 0.06 0.35 0.10 0.46
CSKDet (K = 3) 0.03 0.21 0.15 0.66 0.15 0.67 0.05 0.30 0.09 0.43
CSKDet (K =5) 0.02 0.16 0.12 0.54 0.09 0.48 0.04 0.24 0.06 0.33
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Table 5 The ablation study results (pixel)
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Fig.4  The keypoints detection results of
CSKDet on SPEED dataset
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