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Primitive-based 3D Abstraction Method for Spacecraft ISAR Images
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(National Key Laboratory of Automatic Target Recognition, National University of Defense Technology,
Changsha 410073, China)

Abstract: Inverse Synthetic Aperture Radar (ISAR) images of spacecraft are composed of discrete scatterers
that exhibit weak texture, high dynamics, and discontinuity. These characteristics result in sparse point clouds
obtained using traditional algorithms for the Three-Dimensional (3D) reconstruction of spacecraft ISAR images.
Furthermore, using point clouds to comprehensively describe the complete shape of targets is difficult, which
consequently hampers the accurate extraction of the structural and pose parameters of the target. To address
this problem, considering that space targets usually have specific modular structures, this paper proposes a
method for abstracting parametric structural primitives from space target ISAR images to represent their 3D
structures. First, the energy accumulation algorithm is used to obtain the sparse point cloud of the target from
ISAR images. Subsequently, the point cloud is fitted using parameterized primitives. Finally, primitives are
projected onto the ISAR imaging plane and optimized by maximizing their similarity with the target image to
obtain the optimal 3D representation of the target primitives. Compared with the traditional point cloud 3D

reconstruction, this method can provide a more complete description of the three-dimensional structure of the
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target. Meanwhile, primitive parameters obtained using this method represent the attitude and structure of the

target and can directly support subsequent tasks such as target recognition and analysis. Simulation

experiments demonstrate that this method can effectively achieve the 3D abstraction of space targets based on

ISAR sequential images.

Key words: Three-dimensional reconstruction; Inverse Synthetic Aperture Radar (ISAR); Primitive fitting;

Space situational awareness; Attitude estimation
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Tab. 2 Target satellite orbit parameters settings

ZH Hf
TR 1.721x10™*
T 1l SR A (°) 14.191
S (°) 98.7173
FAE mARE(°) 292.785
PHJE B IHERE(°/s) 5.916x10?
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Fig. 4 Simulation condition settings
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Fig. 5 ISAR images at five different moments simulated within the imaging interval
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(a) Target point cloud reconstructed by energy accumulation algorithm
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Fig. 7 Results of point cloud reconstruction
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Tab. 3 Geometric parameters extraction results (m)
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Tab. 4 Attitude parameters extraction results (°)
ZH PCAWIMHE E=AE R EG+808a R EAH
HARFAD 1o 90.05 83.09 91.05 90
H Ar A i 8 86.74 88.36 88.22 90
HARRR Ay 4.08 5.35 2.06 0
WL 57 6 18.74 22.51 21.42 20
x5 EHSHIRMER (m)
Tab. 5 Translation parameters extraction results (m)
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Fig. 8 Comparison between the projection of primitives reconstructed by different algorithms on imaging planes and the
target ISAR images
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Tab. 6 Average parameter errors
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Tab. 7 Comparison of IoUjp,
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Fig. 9 Comparison between the reconstruction results and the three-dimensional structure of the ground-truth
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