Inverse Scattering Problems
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How can we non-invasively
visualize the interior of the
human body?

¥

Using electromagnetic waves !

Problem Statement
» Setup

I |

1) Transmitters send electro- (2) Receivers receive scattered
magnetic waves to the object waves from the object

Goal: Reconstruct the object‘s properties (relative
permittivity) from the measured scattered waves.

> Formulations

= State equation: = Data equation:
E'=E+Gp-J E*=Gg-J
= Relationship between ‘E' Total fields )
Jand E": E' Incident fields
J = Diag(¢) - E E® Scattered fields
E=¢,—1 J Induced current
— G p Green’s function
Known: E', E', Gp, Gs G Green’s function
Reconstruct: &r _&r Relative permittivity,
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» Representation for relative permittivity » Representation for induced current
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» Forward calculation based optimization

= Dataloss:
E; = Ggs-J,
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= State loss:
J, = Diag(£) - E; + Diag(&) - Gp - J,,
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= Fy (v(x)) J(x,x")
v(x) = [Sin X, CoSX, -+ ,sin 2% 1x cos 29_1)4T
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Results

» Results on Synthetic dataset
Ground truth Our method Twofold SOM Physics-Net

0.051/0.922 0.135/0.636 0.098 /0.663 0.073/0.777 0.092/0.769 0.082/0.743 0.094 /0.756 0.077/0.791

— 1.5
1.4
1.3
1.2
1.1

0.023 / 0.965 0.085/0.809 0.046 /0.834 0.034 / 0.904 0.039/0.898 0.053/0.816 0.039/0.899 0.042/0.875 .

ARGED

0.054/0.971 0.217/0.637 0.196 / 0.692 0.071/0.935 0.112/0.897 0.110/0.827 0.098 / 0.906 0.143/0.834

» Results on Real world dataset
Ground truth Our method Twofold SOM Gs SOM CS-Net Physics-Net PGAN

3.2
2.8
2.6
24
22:€)
1.8
1.6
1.4
1.2

FoamDielExt 0.103/0.925 0:-17510:619 0.163/0.813 0.117/0.866 0.161/0.824 0.147 /0.835 0.162/0.825 0.163/0.824

3.2
2.8
2.6
24
2.2
1.8
1.6
1.4
1.2

FoamDiellnt 0.072/0.918 0.164 / 0.811 0.102/0.838 0.087/0.848 0.145/0.797 0.091/0.873 0.147 /0.811 0.145/0.810

» Results on 3D dataset
| Reconstruction Ground truth  Reconstruction 1
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