
Randomized Probed Imaging
through Deep K-learning

(Gradient Descent is All You Need)

Zhen Guo
3D Optics at MIT



https://arstechnica.com/science/2018/05/forget-carbon-fiber-we-can-now-make-carbon-nanotube-fibers/
https://focalplane.biologists.com/2022/05/18/how-quantitative-phase-imaging-can-change-the-way-you-look-at-cells/

Coherent diffractive imaging

Presenter Notes
Presentation Notes
The advantage in using no lenses is that the final image is aberration–free and so resolution is only diffraction and dose limitedIncoherence induced by, e.g., time-varying wavefront distortions or incoherent scattering processes like fluorescence emission or Compton scatteringUp to a global phase factor
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Randomized Probed Imaging

R = k_o / k_p

Presenter Notes
Presentation Notes
Symmetry breaking(the spatial shift and conjugate inversion degeneracy 2D CDI), fast convergences



Related Works



Problems of Deep Learning in Far-field

large domain transfer
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Problems of Deep Learning in Far-field
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Solution? approximant prior + deep learning  

• compute/memory efficient for training
• input to the convolutional network is in image domain
• ground phase state is produced (by tanh layer) 

diffraction patterns approximant phase ML reconstructed phase

ground truth



Generating approximant via automatic differentiation with 
one iteration 

Ghosh, Sushobhan, et al. "ADP: Automatic differentiation ptychography." 2018 IEEE 
International Conference on Computational Photography (ICCP). IEEE, 2018
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Network Architecture
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Network Architecture
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Numerical Results (R = 0.5 with 10^4 photons per pixel)

Ground truth One iteration Approx 100 iterations

Non-generative Generative End-to-End



Numerical Results



Numerical Results (R=0.5)



Numerical Results



Experimental study

Apparatus for 
SLM produced 
dataset

Presenter Notes
Presentation Notes
a 5 µm pinhole at the focus of a beam expander to enforce spatial coherence across the beam diameter.A randomized pattern was then imprinted on the wavefield using a randomized zone plate with a 2 cm diameter and a 50 cm focal length, focal spot 2mmEM-CCD camera (QImaging Rolera EM-C2) with 8 µm pixels



Experimental Results (R=0.5)



Experimental Results
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Ptychography Probe retrieval

RPI reconstruction (100 photon)



Experimental Results
SNR: 57.6 dB SNR: 36.7 dB SNR: 30.7 dB SNR: 22.0 dB

Approximants
(one iteration)

Non Generative Model

100 iterations

Generative Model

SNR: 57.6 dB SNR: 36.7 dB SNR: 30.7 dB SNR: 22.0 dB
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