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X‐Ray Imaging

Intensity 
exiting from
The medium



Zero Scattering Regime: 
Conventional X‐Ray Tomography



Strong Scattering Regime:
Diffuse Optical Tomography

• Many source‐detector pairs

• Severely ill‐posed IP

•Nonlinear IP
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Mesoscopic Scattering Regime:
Single‐Scattering Tomography
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The Broken‐Ray Integral Transform
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Broken rays: You can go two ways
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Outline:

1) Numerical test (40x40 rays per slice), full RTE 
forward solver, no inverse crime

2) Generalized filtered back‐projection formula

3) Inverse crime simulations based on this 
formula (many rays) 



PART 1: Numerical simulations: Data from the RTE (no 
inverse crime)

• Forward model based on the RTE
• Isotropic scattering
• FULL ACCOUNT OF MULTIPLE SCATTERING
• BOUNDARY CONDITIONS SATISFIED EXACTLY
• 3D integral equation for density  discretized
on a rectangular grid

• Direct inversion of a well‐posed square matrix
• Mathematical details on next page…
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34 source
beams 
per slice

34 detectors
per source

40zL h=

122yL h=

11  or 25xL h h=

Total attenuation 
is reconstructed in
each slice.
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34 source
beams 
per slice

34 detectors
per source at 
this angle

40zL h=

122yL h=

25xL h=

Reconstruction of scattering+absorption in a thicker sample: Lx=25h
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Inhomogeneities with stronger scattering
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PART 2: FBF derivation
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Fourier slice theorem
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Putting everything together…
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The real‐space inversion formula
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PART 3: Inverse‐crime simulations
Reconstruction using the Fourier‐space formula

Model L/h=40 L/h=400
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Reconstruction of a Gaussian
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Profiles of the reconstruction of a 
Gaussian



Real‐space formula (for Gaussians)



Simultaneous reconstruction of 
absorption and scattering
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Fourier‐space image reconstruction 
formula for two rays
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Same as above but for 1s
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SUMMARY

• SSOT allows accurate quantitative 
reconstruction of the attenuation function.

• With additional measurements, scattering and 
absorption can be reconstructed separately

• Ill-posedness of the inverse problem is very 
mild.

• Tomographic imaging is feasible up to about 
six scattering lengths, with the noise-to-signal 
level of about 3% or less.



Preliminary Experiment




