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A simple experiment



Geometrical optics



Weak scattering



Strong scattering



Inverse problem

Problem:  Reconstruct the optical absorption from
boundary measurements.



Characteristic scales

Engineered tissue

Human breast

Zebrafish embryo

Microscopic (              )

Mesoscopic (             )

Macroscopic (              )



Optical tomography

laser detectors

computer electronics

102 - 103 source detector pairs



Optical mammograms

Choe and Yodh (2007)



Noncontact optical tomography (2005)

xy scanner

CCD

laser

108 - 109 source detector pairs



Large data sets



Waves in random media

asymptotics

Maxwell equations                             RTE                        Diffusion equation

Waves                            Particles

λ Wigner transform

ladder diagrams



Length scales

Consider a suspension of scatterers (paint, milk, tissue)



Radiative Transport Equation (RTE)



No scattering (µs = 0)



Characteristic scales

Engineered tissue

Human breast

Zebrafish embryo

Microscopic (              )

Mesoscopic (             )

Macroscopic (              )



Single-scattering regime

Broken ray



Collision expansion

single scattering double scattering



Single-scattering



Measurable quantities



Broken-ray Radon transform



Inversion formula I



Inversion formula II



Reconstructions
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Characteristic scales

Engineered tissue

Human breast

Zebrafish embryo

Microscopic (             )

Mesoscopic (            )

Macroscopic (             )



Scattering theory for the RTE



Exact solutions to the RTE



Diffusion approximation



Diffusion approximation



Diffusion Green’s function

S

D



Inverse problem



Fourier-Laplace structure of the DA



Noncontact imager



Transmission through a slab



Reconstructions from experimental data

•108 source-detector pairs

• 103 sources and 105 detectors

• 8 mm diameter black balls in 1% IL

• Balls in midplane of slab

• 50 mm slab thickness

• 2.6 mm slice separation

• 256 £ 256 pixels per slice

• 15 cm £ 15 cm FOV

• Reconstruction time ~ 10 min



Resolution and bar targets



Reconstruction of shape

4 x 107 source-detector pairs

6 cm slab thickness

Letters are 3 mm wide

3:1 absorption contrast

FOV = 12 cm x 12 cm

Reconstruction time ¼ 1 min



Breakdown of diffusion approximation



Scattering theory for the RTE



Evanescent modes for the RTE I



Evanescent modes for the RTE II



Evanescent modes for the RTE III



Green’s functions for the RTE



Angular measurements

CCD



Inverse problem



Fourier-Laplace structure of the RTE



RTE vs diffusion (simulation)

RTE Diffusion



RTE (experiment)



Structured illumination



Structured illumination

z0 = 3 mm



Lemon and lotus root


