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Abstract: Shore-based radar systems are constrained by fixed deployment locations, which limits their detection
capability. Owing to their flexible deployment, Unmanned Aerial Vehicles (UAVs) can form a space-time
hybrid aperture to enable high-resolution array Inverse Synthetic Aperture Radar (ISAR) three-Dimensional (3-
D) imaging of ship targets. However, marine environmental disturbances, such as sea winds, together with
nonideal initial states and velocity synchronization errors within the UAV cluster, can distort the array
geometry and cause phase misalignment among complex-valued ISAR images, thereby degrading target angle
estimation and 3-D reconstruction quality. To address these issues, this paper proposes a sparse-array ISAR 3-D
imaging method for ship targets via joint error calibration and super-resolution Direction-of-Arrival (DOA)

estimation. The proposed method exploits the correlation between multipulse and ISAR DOA estimates to
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establish an association-matching mechanism that suppresses phase-error accumulation induced by time-varying

differential ranges. A refined two-Dimensional (2-D) velocity-error model and a multicriteria fusion metric are

incorporated into super-resolution DOA estimation, enabling the integrated estimation of multidimensional

errors and angles. In addition, a joint Range-Azimuth Optimization Strategy (RAOS) is developed by exploiting

differences in the spatial spectra of range cells containing either a single prominent scatterer or multiple

prominent scatterers, together with the temporal distribution of errors and signal-to-noise ratio weighting,

thereby improving both angle-estimation accuracy and computational efficiency. Point-target and

electromagnetic simulations demonstrate that the proposed method achieves robust 3-D imaging of ship targets

under nonideal sparse UAV-cluster conditions, with reconstruction errors below 10%, providing technical

support for early-warning detection and strike guidance.
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Fig. 5 DOA Estimation in one range cell with SBL with errors considered.
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Tab. 2 Main parameters of the electromagnetic simulation scene
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Tab. 3 Array errors estimation results with four strategies
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