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How can we encode beam (in time, space, ...) to improve
certain performance characteristic (resolution, acquisition time,
data volume, ...)?



1. Basics of Coded Imaging
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Imaging in a general context

Goals:
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Different shades of imaging
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Different shades of imaging
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Let's talk about “better”?

Limitations (from instrument perspective):
e Focal spot size or illumination area (optics related)
e Detector size and FOV (detector related)

e Exposure times (detector related)
Detector
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Remember:
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The message: Find a method to control where (and when)
the illumination beam interacts with the sample.
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2. Applications



Example: Differential-Aperture Depth-resolved Diffraction
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Larson, B. C., et al. "Three-dimensional X-ray structural microscopy with submicrometre resolution." Nature 415.6874 (2002): 887-890.



Example: Coded-Aperture Depth-resolved Diffraction

CCD Xeray detector Coded-aperture scanning
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Gursoy, Doga, et al. "Depth-resolved Laue microdiffraction with coded apertures." Applied Crystallography 55.5 (2022): 1104-1110.
Gursoy, Doga, et al. "Digital autofocusing of a coded-aperture Laue diffraction microscope." Review of Scientific Instruments 94.1 (2023).
Gursoy, Doga, et al. "Optimizing Coded-Apertures for Depth-Resolved Diffraction." arXiv preprint arXiv:2405.12813 (2024).



Example: Coded-Aperture Depth-resolved Diffraction
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Gursoy, Doga, et al. "Depth-resolved Laue microdiffraction with coded apertures." Applied Crystallography 55.5 (2022): 1104-1110.
Gursoy, Doga, et al. "Digital autofocusing of a coded-aperture Laue diffraction microscope." Review of Scientific Instruments 94.1 (2023).
Gursoy, Doga, et al. "Optimizing Coded-Apertures for Depth-Resolved Diffraction." arXiv preprint arXiv:2405.12813 (2024).



Example: Depth-resolved Diffraction @ Grazing Angles
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Gursoy, Doga, et al. "Structured lllumination for Surface-Resolved Grazing-Incidence X-ray Scattering." arXiv:2505.04803 (2025).



Example: Depth-resolved Diffraction @ Grazing Angles
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Gursoy, Doga, et al. "Structured lllumination for Surface-Resolved Grazing-Incidence X-ray Scattering." arXiv:2505.04803 (2025).




Example: Depth-resolved Dark-Field X-ray Microscopy
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Gursoy, Doga, et al. "Structured lllumination for Surface-Resolved Grazing-Incidence X-ray Scattering." arXiv:2505.04803 (2025).
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Example: Depth-resolved Dark-Field X-ray Microscopy
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Gursoy, Doga, et al. "Dark-field X-ray microscopy with structured illumination for three-dimensional imaging." Communications Physics 8.1
(2025): 34.



Example: Single-Distance Holo-Tomography

a) detector
focal
spot
distance
KBs rotary - change z,
’ stage -~
L 4 5 %
b) detector
sample
coded focal
aperture spot
Bt
KBs _. il rotary
’ stage
N> . Z
shifts of 0o °

the aperture

a)0

50

100
150
200

C) coded aperture shifts

b) ,ang , distance z, angle 0°, distance 2,

50
100
150
200

250
0 100 200

0angle 90°, distance z,

100 200

angle 90°

Nikitin, Viktor, et al. "Single-distance nano-holotomography with coded apertures." Optics Letters 50.2 (2025): 574-577.



Example: Single-Distance Holo-Tomography
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Nikitin, Viktor, et al. "Single-distance nano-holotomography with coded apertures." Optics Letters 50.2 (2025): 574-577.



Rotation speed is fast and

. . : exposure is longer than coverin
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Ching, Daniel, et al. "Time-coded aperture for x-ray imaging." Optics Letters 44.11 (2019): 2803-2806.
Majee, Soumendu, et al. "CodEx: a modular framework for joint temporal de-blurring and tomographic reconstruction." IEEE Transactions on Computational

Imaging 8 (2022): 666-678.



Example: Time-coded imaging

(a) Pseudo phantom (b) MBIR-boxcar (c) MBIR-Raskar (d) CodEx-boxcar (e) CodEx-Raskar

Ching, Daniel, et al. "Time-coded aperture for x-ray imaging." Optics Letters 44.11 (2019): 2803-2806.
Majee, Soumendu, et al. "CodEx: a modular framework for joint temporal de-blurring and tomographic reconstruction." IEEE Transactions on Computational
Imaging 8 (2022): 666-678.



Conclusions and looking ahead

e There is still untapped potential of designing
illumination to overcome current system
bottlenecks

e Ensuring compatibility of illumination designs
with existing instruments and hardware constraints

e Expanding coherence-based methods beyond
current imaging modes (e.g., CDI, ptychography)
toward broader algorithmic and system-level
integration

e Designing structured illumination and coherence to
compress information before measurement,
reducing data volume and acquisition needs




