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Complex-Valued Synthetic Aperture Radar Images



Complex-Valued Radio Frequency Signals



Complex-Valued Scaling Ambiguity



Complex Plane as a Riemannian Manifold
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SurReal CNN Classifier Review

1. New complex-valued convolution, equivariant to complex scaling
○ Weighted Frechet mean on the complex manifold

2. New fully-connected layer function, invariant to complex scaling
○ Distance transform on the complex manifold

3. Both require mean estimation on the complex manifold                                                                                                          



Contributions

● James-Stein estimator: A better alternative than MLE

○ Extension to our complex manifold

● SURE estimate of the James-Stein Shrinkage Estimator

○ Dominance over Fréchet mean

● Incorporate C-SURE Into a CNN classifier

○ Prototype-based classifier

○ Experimental validation



James Stein Estimator

● Hierarchical Bayesian model:

● Maximum a posteriori probability of θ :



● Minimum squared error risk for any estimator:
SURE Estimate

● SURE is unbiased in terms of the MSE risk:

● SURE does not depend on the unknown θ:

● SURE as a proxy for hyperparameter selection:



Our C-SURE Estimator for Complex Manifold
● Assume each class a mixture of Gaussians on complex manifold:

● C-SURE estimate for each component:

● C-SURE shrinkage estimator for the mixture of components:



Old Model: SurReal Discriminator Classifier, 2019



New Model: C-SURE Prototype Classifier

1. New distance transform layer:
a. Compute the C-SURE estimate per class
b. Compute the min distance to all the class means per feature

2. Continue real-valued classification upon the distance feature



C-SURE Outperforms Real-Valued and SurReal CNNs

3. More robust, stable, fast converging than SurReal
4. Better than MLE for the prototype CNN classifier

2. Much smaller than Real

1. More accurate




