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 Synthetic Aperture Radar (SAR) image generation is vital for Earth
Observation, addressing the challenge of limited data for deep learning
applications.

 High-quality synthetic SAR data is crucial due to the cost and effort of real
SAR data acquisition.

 Traditional simulators are now complemented by generative AI, especially
Diffusion Models and GANs, enabling creation of realistic SAR imagery [1].

 SAR imagery is complex, with speckle noise and electromagnetic properties
posing significant challenges for generative models.

 Maintaining physical consistency and intricate ocean patterns (wind streaks,
sea ice, oceanic fronts) is essential [2].

 Probabilistic Diffusion Models (PDMs) show promise for generating complex,
realistic SAR structures, though sampling time remains a challenge [3].

Class # Samples

StyleGAN2 Improved PDM

FID ACC FID ACC

a Pure Ocean Waves 4900 2.34 99.9 3.45 99.9

b Wind Streaks 4797 3.51 97.16 4.06 91.3

c Micro Convective Cells 4598 9.93 92.5 3.89 92.1

d Rain Cells 4740 10.54 98.44 6.2 87.9

e Biological Slicks 4709 9.19 99.16 4.67 88.8

f Sea Ice 4370 18.76 95.51 12.01 93.33

g Iceberg 1980 15.69 97.36 14.4 91.19

h Low Wind Area 2160 14.86 92.94 5.87 94.8

i Atmospheric Front 4100 9.74 95.33 5.87 89.6

j Oceanic Front 1199 16.6 83.2 8.14 87.9

Average 3755.3 11.116 95.15 6.856 91.682
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SPECTRAL SIGNATURES
QUANTITATIVE ANALYSIS

TECHNICAL CHALLENGES AND METHODOLOGY

INTRODUCTION

 Image Realism: Improved PDM achieves a lower average FID across all
classes, indicating it generates more realistic SAR images compared to
StyleGAN2-ADA.

 Diversity: Both models produce a wide variety of ocean patterns, with
StyleGAN2-ADA showing slightly higher diversity in generated samples.

 Spectral Consistency: FFT spectral analysis demonstrates that improved PDM
better preserves the physical properties of SAR data in the frequency
domain, resulting in more authentic spectral signatures.
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SUBCLASS ANALYSIS FOR WIND/WAVE INVERSION

 Four ocean wave angle subclasses (45°, 90°, 135°, 180°) are analyzed as a
specific case for wind/wave inversion from SAR.

 Each subclass displays 12 frequency-domain samples, highlighting the
spectral diversity of generated images.

 Spectral signatures validate the authenticity of generated patterns, focusing
on Frequency component distribution and Energy concentration patterns

 Improved PDM preserves fine-grained textural details and local patterns,
while StyleGAN2-ADA maintains global structure consistency, with both
models capturing unique features of each ocean category.


