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Introduction

Proposed Method

• Speckle reduction is essential in SAR image processing and remains an active research area
• Traditional methods (spatial/transform-based) perform well, but deep learning approaches gained attraction during the last years
• Most deep learning methods focus on single-polarimetric SAR, and their extension to the polarimetric case is still not fully studied

Results

Conclusions and Future Work

• The adaption of neural networks to polarimetric SAR images presents two main challenges:
• all channels must be filtered simultaneously and exactly in the same way to preserve polarimetric properties and information
• the filtering process becomes more complicated because of the complex nature of the polarimetric covariance matrices

Generation of Training Data

Direct transformation: 
Γ ⋅ : ℂ2x2 → ℝ4+ 
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Ƹ𝑐𝑄 = 𝐸{ 𝑆𝑉𝑉 + 𝑗 ⋅ 𝑆𝑉𝐻
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Ƹ𝑐𝑉𝐻 = 𝐸{ 𝑆𝑉𝑉
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• A multitemporal average of image stacks serves as the reference
• The Omnibus test [1] is used to detect changes, and noisy-reference 

patches are randomly sampled from unchanged areas to avoid the 
network to learn erroneous image features

Reference
White: change

Black: no change

Inverse transformation:
Γ−1 ⋅ : ℝ4+ → ℂ2x2

𝐶11 = Ƹ𝑐𝑉𝑉
𝐶12 = 0.5 ⋅ ( Ƹ𝑐𝐼−𝑆𝑃𝐴𝑁 + 𝑗( Ƹ𝑐𝑄−𝑆𝑃𝐴𝑁)

𝐶21 = 0.5 ⋅ ( Ƹ𝑐𝐼−𝑆𝑃𝐴𝑁 − 𝑗( Ƹ𝑐𝑄−𝑆𝑃𝐴𝑁)

𝐶22 = Ƹ𝑐𝑉𝐻

Polarimetric Covariance Transformation

• Application of a reversible transformation to convert complex 
polarimetric covariance into a set of positive, real-values intensities

• Neural network model: DnCNN [2]. Originally proposed for natural images corrupted by Gaussian noise
• Sentinel-1 image acquired over El Puerto de Santamaría (Cádiz, Spain) in January 2018, Interferometric Wide (IW) mode

• A complete framework to train and use CNN to remove speckle from polarimetric SAR images has been developed
• The change detection strategy allows the network to only learn the underlying speckle, which is subtracted from the original image
• The method offers very good results in terms of speckle suppression and resolution preservation, similar to state-of-the-art filters
• Future work:
• Explore more sophisticated neural network architectures
• Improve normalization step 
• Extend the method to other dual-pol sensors (like PAZ/TerraSAR-X or SAOCOM) as well as to fully polarimetric imagery (such as RadarSAT-2)

R = VV
G = VH

B = VV/VH

Original 3x15 boxcar

MuLoG [3]
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