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Introduction to IFT



IFT

e information theory on fields
e inference framework

e imaging methodology



Signal and Data

signal: s, data: d

Pild) = Plds)  Ps)/ Pl)

data acquisition model prior normalisation

reconstruct probability distribution = uncertainty for free!



Forward Model



Forward Model

d=R(s)+n
s = CFM(¢)

e smooth

e statistically homogenous, isotropic
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Other Constraints

e enforce positivity <= exponentiate the output
e enforce polarization constraints

ol >0
o I°> Q%>+ U?+V?



Polarization Constraint
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s—d

many possible data acquisition techniques:

e radio radio
e X ray
e neutrino

infrared

medical . ..



s — d: an Example

using small field approximation

V(u,v) =

d

/ e27rl(ul+vm)

B(/, m)dldm + n
——
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P&, d)
Pd) (5)

P(Eld) =

variational inference
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Metric Gaussian Geometric
Variational Inference Variational Inference

Knollmuller & Enflin (orXiv:1901.11033) Frank, Leike, & Enflin (orXiv:2105.10470)

Pluld) = ls + PLEWD])

see Knollmiiller and Ensslin [KE19] and Frank, Leike, and EnBlin [FLE21]



Similarity to Regularization

Tikhonov regularization:

argminB(XB — y)T(XB —y)+ N33 — (XTX + /\IL)_lXTy (7)
IFT:
d— Rs=n<G(n,N) (8)
s+ G(s,S) (9)
P(s|d)  G(d — Rs, N)G(s, ) (10)
argmin (Rs — d)IN"Y(Rs — d) +s'S7's = (RINT'R+ SH)'RIN"Id  (11)



Showcase




Elias27



Elias27
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Figure 7: Mean and CoV for Elias27.



Cygnus A by Roth, Jakob et al. [Rot+23]



Cygnus A by Dabbech et al. [Dab+21]



L

Cygnus A by Roth, Jakob et al. [Rot+23]




Cygnus A by Dabbech et al. [Dab+21]



Cygnus A by Dabbech et al. [Dab+24]



Cygnus A by Roth, Jakob et al. [Rot+23]



M87 by Arras et al. [Arr+20]



Summary




Summary

e prior knowledge encoded
e statistical

e inference network

try it out:

resolve

gitlab.mpcdf.mpg.de/ift/nifty  gitlab.mpcdf.mpg.de/ift/resolve


https://gitlab.mpcdf.mpg.de/ift/nifty
https://gitlab.mpcdf.mpg.de/ift/resolve

Thanks! Any questions?
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Exoplanet Imaging
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Figure 8: Exoplanet imaged using IFT methods [Rot+23].
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Polarization
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