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Abstract: Geosynchronous Orbit (GEO) Synthetic Aperture Radar (SAR) detection ensures persistent, wide-
area surveillance. However, this ship-detection method faces significant technical challenges, such as imaging
defocusing, low Signal-to-Clutter Ratio (SCR), and large position offsets, due to the long detection distance,
long synthetic aperture time, clutter accumulation within a large field of view, and nonplanar observation
geometry. To address these challenges, this paper proposes a novel integrated detection-tracking-localization
framework for moving-ship targets in GEO SAR. First, a GEO SAR observation signal model is established for
moving ships, after which their echo characteristics within the ultra-long synthetic aperture time are analyzed
in depth. On this basis, the model realizes target-image detection and long-term tracking localization via
optimal subaperture processing. Using an improved back-projection imaging algorithm tailored for moving
ships, effective energy accumulation and focusing of noncooperative ships under low SCR are achieved within
the aperture. In addition, the relationship between the offset position of moving targets and the Range-Doppler
(RD) parameters under GEO SAR nonplanar geometric observation is obtained. Second, under the assumption
of short-term uniform ship motion, a bidirectional smoothing filter is applied to track the multisubaperture
detection results. The velocity estimation of moving ships is obtained from the long-term tracking results, and
the relocation of moving ships is realized using the RD relationship between the offset position and the actual
position. Finally, the proposed framework is validated using simulation data and on-orbit GEO SAR satellite
test data.

Key words: Geosynchronous Orbit (GEO); Synthetic Aperture Radar (SAR); Optimal sub-aperture; Improved

BP; Bidirectional smoothing filter; Relocation
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Fig. 17 Imaging process of a single sub-aperture moving ship detection based on the improved BP imaging algorithm
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Tab. 3 Results of in-orbit GEO SAR ship localization and tracking tests
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