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Abstract: To address the limitations of traditional statistical models in simulating the time-frequency characteris-
tics of sea clutter, a sea clutter data generation method based on an enhanced generative adversarial network (GAN) is
proposed in this paper. The complex sea clutter is decomposed into amplitude and time-frequency components, which
are separately fed into a variational autoencoder- Wasserstein generative adversarial network (VAE-WGAN) for train-
ing. The outputs are then integrated to synthesize complex signals with both amplitude and phase characteristics. To en-
hance the model performance, a gradient penalty mechanism is introduced to constrain the Lipschitz continuity of the
discriminator, effectively mitigating the mode collapse. A self-attention module is incorporated to strengthen the model’s
ability to capture localized strong scattering features, such as sea spikes, significantly improving the spatiotemporal cor-
relation of generated signals. Experiments cover sea states 2~5, with three datasets of dimensions [64,64], [128,128],
and [256,256] constructed for each sea state. Twelve cross-validation trials demonstrate that the synthetic data exhibit
high consistency with measured data in amplitude distribution, normalized spectrum, temporal correlation, and time-fre-
quency characteristics. These results validate the model’ s generalization capability across varying sea states and multi-
scale temporal scenarios.
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BRI o B2, LU A B 220 9 0 B R ) SR A
VAN BRI R AR I

W YRORT S v, 3 Sl R BT AN [+] P 25 7 4 i
T 0, 4 ORI 3 o R /NI A 1 1 1 5 R 100
A~ epoch (2T A, W3 1~3 frzR . Hid GAN X
25 F IO () 2 A T B 4%, DCGAN Ko 7 (1) S 45 B KK
24, WGAN JE 78 5 UM 45 1 JL Atk b 38 Jin 7 4 B 7%
T2, VAE A3 1Y 2 4 % 12 W 465 | 7 7 25 [
AR BRI, DL O30 0 A ] 455 B 7 17 2 e A5 4l 2E i
i PERE2ZE 5 o[ 64,6415 1[256,256 |18 125K
P 4 TP S Bl 9 KR X B R R R 4 A KR
GIEAE AT R . AR Adam P 4L
N, 2F )RR 0.000 2, BFE S BN BRI SO
I —FEERE i FZ Conv2d(4,2,1)
x1 AEMEIEL64,64 | BIHEE L AERENIZITR E
NG 2R 3RS AR SGER ST s

GAN 76.6% 90.6% 96.9% 89.1% 100
DCGAN 76.6% 89.1% 93.8% 84.4% 135
WGAN 81.3% 93.8% 98.4% 90.6% 140

VAE 82.8% 90.6% 96.9% 93.8% 180

VAE-WGAN  90.6% 93.8% 98.4% 95.3% 140

R2 AEMLIE128, 128 1B E _FHEFHRFNIZITH E
AR 2B YOI AGIBNL SYRENL BT /s
GAN 81.3% 86.7% 85.9% 89.8% 200
DCGAN 82% 87.5% 88.3% 90.6% 215
WGAN 83.6% 93.8% 94.5% 93.7% 300
VAE 82.8% 91.4% 92.9% 94.5% 280

VAE-WGAN 92.2% 98.4% 96.9% 94.5% 270
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GAN 84% 84.8% 84.4% 82.4% 2 000
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VAE 83.6% 83.6% 91.4% 84.8% 800
VAE-WGAN 93.8% 95.7% 93.8% 94.5% 920
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