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Figure S1 The loss values of the training set (blue) and the validation set (orange) during the training 

process of Y-Net for the four different types of losses. The losses were averaged over the entire dataset. 

The gray line indicates the epoch where the validation loss was minimum. (a) ℒ1: scatterer phase loss, 

(b) ℒ2: scatterer amplitude loss, (c) ℒ3: scatterer location loss, (d) ℒ4: scattering parameters loss, and 

(e) ℒ: final loss. 

  



 

 

Figure S2 For quantitative analysis, we generated 4,000 images with noise added to the ground-truth 

model and performed prediction based on the Y-Net model. For this evaluation, we used augmentations 

in the Python Albumentations library to generate blur and noise. The blur was applied using a Gaussian 

filter with a size randomly selected between 0 and 7 pixels. The Gaussian additive noise followed a 

Gaussian distribution with a random variance between 0 and 0.02. The probability of applying the noise 

was set to 80%. Some of the scattering patterns under the noise model are provided in the inset of the 

figure. The result clearly demonstrates that the localization error distance was mostly within a single 

pixel. The number of occurrences when the localization error distance was equal to 0, 1, and 2 pixels 

was, respectively, 1,762, 1,255, and 360 for 4,000 total counts. With a pixel size of 93 nm, the 

probability of “correct” localization was approximately 84%. The noise model that we used in this 

simulation approximated scenarios with more significant noise compared to physical measurements. 

We believe that the high accuracy in such scenarios shows the promise of high localization probability 

in applying this method to physical images. 


