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Attention Mechanism Optimized Generative Adversarial Networks and
Their Application in Sea Clutter Simulation
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(School of Information Engineering, Chang’an University, Xi’an, Shaanxi 710064, China)

Abstract: To address the challenges in radar sea clutter simulation under complex sea conditions, including insuffi-
cient global feature modeling, limited multimodal generation capability, and a simplistic evaluation system, this paper pro-
poses a generative adversarial network enhanced by multi-head self-attention mechanisms self-attention high-fidelity genera-
tive adversarial network (SA-HIFIGAN). The model incorporates multi-head self-attention modules in both the generator
and discriminator to strengthen the modeling of long-range spatiotemporal correlations in sea clutter. Additionally, a multi-
scale and multi-period discriminator structure with classification functionality is designed. Furthermore, this paper con-
structs a hybrid evaluation system integrating distribution similarity, spectral error, and statistical stability, achieving multi-
dimensional quality control for generated clutter. Experiments conducted using X-band radar field-measured datasets vali-
date the model’s effectiveness in metrics such as amplitude probability density, power spectral density, and spatiotemporal
correlation. The results demonstrate that SA-HIFIGAN achieves high consistency with measured data across these metrics.
Not only can it generate clutter data with characteristics corresponding to sea state levels, but it also outperforms existing
clutter generation methods like deep convolutional generative adversarial network (DCGAN) and variational auto-encoder
(VAE) in comprehensive scoring.
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