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• Tunable-energy X-
ray
• 2.1keV – 18keV

• High resolution
• 0.3μm/ pixel

• Horizontal 
goniometer 
rotational axis
• Shared axis with 

diffraction 
experiment

X-ray Tomography in Crystallography 

Photo by Daniil Kazantsev et al. J.
Synchrotron Rad. (2021). 28, 889–901



X-ray Tomography in Crystallography 

Manual segmented 
3D modelTomography reconstruction 

slices
0~180°tomography 

projection images Good, but it may take 
a scientist a day!!!



Challenges on segmentation

But… in limited and different experiments, we have different:
➢ Materials and shapes of the sample 
➢ Absorption and refractive indices of the sample
➢ experimental parameters and setups

So… the reconstructions have various:
 Intensity distributions
 Reconstruction artefact 
 Shapes and positions of materials

Sample A Sample B



Towards accurate AI-Driven segmentation

To achieve good automatic segmentation, the model needs to:
• Have enough training data to ensure sufficient data Data diversity
• Accurately distinguish the boundaries between materials
• Understand the spatial relationships between materials to classify 

the voxels into the correct categories

So… we need:
➢ A lot of training data
✓ Experiments are expensive, but we can simulate!

➢ A powerful model
✓ ViT + Unet + Deformable convolution



More data: Physics-based simulation

Simulated
incident wavefield 
from tomography 

background

X-ray 
Source
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incident coherent 

beam

Propagation 
through simulated 
object by Blender

Detector

Free-space 
propagation

(Fresnel 
approximation)

Simulated 
detector assuming 
no loss due to the 

scintillator 

CUDA accelerated: ~0.7s for one tomography projection image 



More data: Evaluation of simulation

Simulation 
pipeline 

Manual 
segmented 3D 
model of real 
experiments

Filtered back-
projection (FBP) 
reconstruction 

Flat-field 
correction

FBP reconstruction of 
real experiments 

SSIM, PSNR

Flat-field corrected 
images of real 
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More data: Evaluation of simulation
simulated realsimulated real

Flat-fielded corrected projection 
images 

Rotation angle 0~180°(1 image for every 0.2° )



More data: Evaluation of simulation
simulated realsimulated real

Filtered back-projection (FBP) 
reconstruction slices



More data: Evaluation of simulation
Synthetic flat-field corrected images

Angle: 0°

Angle: 60°

Angle: 90°

Sample A Sample B Sample C Sample D



More data: Evaluation of simulation

500 Slice index400300 500400300

Sample A Sample C

Sample B Sample D

Synthetic FBP reconstruction slice images



AI-driven 3D segmentation

AI model 
architecture
AnACorNet



AI-driven 3D segmentation

Hybrid Large Kernel 
Attention (LKA)



AI-driven 3D segmentation

Post refinement by 
SAM-2 slice by slice



Results

_R: training with only real dataset (12 datasets)
_RS: training with real and synthetic dataset (120 datasets)
_SAM: post refined by SAM-2 with the same setup



Results



Results

Application on analytical 
absorption correction factors

Photo by Yishun Lu et al., J. Appl. Cryst.
(2024). 57, 649–658

Thermolysin Thaumatin



Results

Application on analytical absorption correction in crystallography



Thank you for listening


	默认节
	Slide 1: AI-Driven Voxel-wise Segmentation Pipeline for X-ray Tomography in Crystallography 
	Slide 2
	Slide 3: X-ray Tomography in Crystallography 
	Slide 4: X-ray Tomography in Crystallography 
	Slide 5: Challenges on segmentation
	Slide 6: Towards accurate AI-Driven segmentation
	Slide 7: More data: Physics-based simulation
	Slide 8: More data: Evaluation of simulation
	Slide 9: More data: Evaluation of simulation
	Slide 10: More data: Evaluation of simulation
	Slide 11: More data: Evaluation of simulation
	Slide 12: More data: Evaluation of simulation
	Slide 13: AI-driven 3D segmentation
	Slide 14: AI-driven 3D segmentation
	Slide 15: AI-driven 3D segmentation
	Slide 16: Results
	Slide 17: Results
	Slide 18: Results
	Slide 19: Results
	Slide 20: Thank you for listening


