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Instantaneous State Parameters Estimation of Space Targets
Based on Spaceborne Optical-and-Radar Image Fusion

LI Wei-wei , JIANG Yi-cheng ", ZHANG Yun
(School of Electronics and Information Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150001, China)

Abstract: The increasing complexity of the space environment has made threat assessment and instantaneous parame-
ter estimation of space objects a research hotspot in the field of space situational awareness (SSA). Current monitoring meth-
ods predominantly rely on ground-based radar or space-based optical single sensor, and there are drawbacks such as unidi-
mensional observation angle, insufficient timeliness, and difficulty in estimating target state parameters. To address these is-
sues, this paper first establishes a unified imaging model for spaceborne inverse synthetic aperture radar (ISAR) and optical
cameras. The equations correlating the geometric projections of space targets on optical and ISAR imaging planes with their
instantaneous attitude and dynamic parameters are derived. Then, based on the whale migration algorithm (WMA), a space
target instantaneous state parameter method by fusing spaceborne optical-and-radar images is proposed. Finally, the equiva-
lent rotational angular velocity and angular acceleration, obtained from the fusion estimation, are used to realize the geomet-
ric calibration and anomalies detection. The method proposed in this paper applies spaceborne optical and radar fusion to
space targets imaging and perception field. It overcomes the constraints of traditional ground-based observation methods on
observation range as well as the limitation of spaceborne single-sensor observation angle, suitable for instantaneous state pa-
rameter estimation of most space targets with complex motions. Simulation results demonstrate that the proposed method ac-
curately estimates the instantaneous state parameters of space targets, thereby enabling effective geometric calibration of

ISAR images and detection of anomalous motions in space objects.
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