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General Theme

• Geometric analysis can provide a precise guide to the 
development of multidimensional inversion theory
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Mathematics

One Picture Summary :

Consider the density of ink
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Forward Radon Transform
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Inverse Radon Transform

Bandwidth is needed in spatial frequency 
and in angle.
Bandwidth is needed in spatial frequency 
and in angle.
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Physics
•Data consists of integrals

•X-Ray tomography: 

•X-Ray beams

•MRI: 

•Surfaces of constant magnetic field strength

•Slowness tomography:

• raypaths

•Appropriate scattering theories relate physical quantities to 
surface or line integrals.

•Inversion by backprojection of filtered data.

•Seismic Migration/Inversion: 

•Surfaces of constant total traveltime (a.k.a. 
isochrons)



26 Jan 05

9
DM

A Short Movie
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Background

+

Scattered

=

Total
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Dual Surfaces

Points in earth correspond to Reflection 

Time Surfaces in data.

Points in data correspond to Isochron

surfaces in earth
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Incident fieldPropagation

Scattering
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The Full Catastrophe
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Inverse Acoustic GRTransform
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Acoustic GRT Inversion 

0)
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Each data trace 
contributes resolution 
perpendicular to the 
corresponding isochron
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Large Scattering 
Angles map to low 
Spatial frequencies
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Anisotropic GRT Inversion 

Miller, Leaney, Borland 1994, JGR
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2.35 km/sec

2.64 km/sec

WVSP in an anisotropic medium
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Turning-ray migration of Vertical Object

Anisotropic Isotropic 

(vertical velocities)
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Turning Ray Images
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Isotropic Migration using 
vertical velocity profile 
systematically defocuses and 
mislocates vertical object  
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Isotropic Migration using a 
velocity profile that focuses the 
vertical object mislocates the 
horizontal object. 
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