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Part I: Granular rod experiments
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Part I: Granular rod experiments

Which one is more ordered?

(Jennifer Galanis)
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Main Part: filterbanks
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Main Part: filterbanks

filter bank design

Given {T;}}_, C C:
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Main Part: filterbanks

filter bank design

Given {T;}}_, C C:

[ea9[ Surssavoxd

T* — — T
—_
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Requirements:

@ equal norm: ||T;||lus = |Tillus  Vj, k
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Main Part: filterbanks

2 naive ideas

For “nice” {T;}1_, c C**,

n

S = Z LT is invertible

J=1

(1) {S7'2T;}, yields

- perfect reconstruction: Y1, STV 2Ty(STVPT) =1

- notequal norm:  ||STY2T;||us # ||S™'/2Ti||us in general...

s=2r "
(2) { ”S—I/Z'I‘fHHS }j:l
- equal norm

- no perfect reconstruction: 3" | S~'/*T;(S™'/*T;)* # I in general...
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Main Part: Modifying Tyler/Kent's M-estimators
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Main Part: Modifying Tyler/Kent's M-estimators

Tyler/Kent’'s M-estimators

@ estimating > of angular central Gaussian distribution
gx(x) = det(X) V2 (x "o k) "2

e iterative scheme: {x;}_, C §/~!i.i.d. sample from g5

dsn oy Tl
| (45 o)
Po:=—1, Tiyri= . M B
trace ((4 2 =1 W) )

converges towards I" ~ ¥ (up to scaling).

Kent, Tyler: Maximum likelihood estimation for the wrapped Cauchy distribution, J. of Applied Statistics 15 (1988), no. 2, 247-254.

Tyler: A distribution-free M-estimate of multivariate scatter, Annals of Statistics 15 (1987), no. 1, 234-251.

(=) [=) =)

Tyler: Statistical analysis for the angular central Gaussian distribution, Biometrika 74 (1987), no. 3, 579-590.
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Main Part: Modifying Tyler/Kent's M-estimators

Theorem (E. ’13)
For nice {T;};_, C C**", the recursive scheme

d T =i
1 (; Z;:l trace(IY"f’kaTf))

Tg:= =1 i1 := LIy
d ' -
trace (4377 (T TT)) )

converges towards T = 0 and

(i)
T2 || s  j=1

yields equal norm and perfect reconstruction.

@ E.: Preconditioning filter bank decompositions using structured normalized tight frames, arXiv.



Main Part: Modifying Tyler/Kent's M-estimators

Isometric filter banks

Corollary (E. ’13)
For nice {T;}}_, ¢ C**",

T |— —_— T
J i
—
o — T.
analysis synthesis

@ E.: Preconditioning filter bank decompositions using structured normalized tight frames, arXiv.



Main Part: Modifying Tyler/Kent's M-estimators

Isometric filter banks

llary (E.
For nice {T;}}_, c C*,
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@ E.: Preconditioning filter bank decompositions using structured normalized tight frames, arXiv.



Main Part: Modifying Tyler/Kent's M-estimators

Isometric filter banks

llary (E.

H n dXr
For nice {T;}}_, C C*,
—|\/4r Ty _’m_’ — 7 _’Hl"—l‘hH_’ ap
3
@
T2 | ey —| T
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yields perfect reconstruction

@ E.: Preconditioning filter bank decompositions using structured normalized tight frames, arXiv.



Main Part: Modifying Tyler/Kent's M-estimators

Example




Part 11l: Outlook on diffraction imaging/phase retrieval
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Part 11l: Outlook on diffraction imaging/phase retrieval

Outlook: diffraction imaging

Let x € C? be unknown

@ measure by = ||Pix||?, ... b,=||Pux|?

For

P; orth. rank k projector

AIM:  identify xx*
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Part 11l: Outlook on diffraction imaging/phase retrieval

Outlook: diffraction imaging
Let x € C¢ be unknown
@ measure by = ||Pix||?, ... b,=||Pux|?
P; orth. rank k projector

AIM:  identify xx*

@ zonal polynomials on Grassmann manifold G or, more generally,
G :={0diag(\,...,A\y)0* : 0 € O(d)}

@ compute moments of “uniform” distribution on G
@ compute eigenfunctions of Laplacian on manifolds from the data

@ spherical -designs, Grassmannian designs, ...on G,
manifolds. . .
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Summary

e statistical modeling: granular rod experiments (\/)

e covariance estimation: filter bank design \/

e moments on manifolds: phase retrieval \/

e shape analysis: retinal images
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