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Agenda

. New Data Types Everywhere!
. Is there a Multiscale Representation?

. Properties of Our Construction
e Convergence

e Smoothness

e Coefficient Decay

. We develop tools to provide Multiresolution Analysis and

“wavelets” in Symmetric Spaces

. Applications: Noise Removal, Compression



SO(3) Data as a Function of Time:
Synthetic

28 K-helix Observations

Figure 1: 28 Frames along a Helix



SO(3) Data as a Function of Time: Flight
Data Recorder Data

Figure 2: Final 3 seconds of SAir Flight 42 , 1 4



SO(3) ata as a Function of Time:

iBall otion Trac er

Figure 3: Hi all Trac er Device and ED Ceiling



nifying ie point
e Note that 3 data lives in a Riemannian manifold

e Actually these data live in a class of Riemannian Manifolds

called Symmetric Spaces

In this tal we develop multiscale methods that wor for all

Riemannian Symmetric Space data.



hy a ultiscale epresentation

1. Data Compression eg. PE 2
e represent data approximately

e using few coefficients its

2. Noise Removal eg. Wavelet Thresholding
e represent data approximately

e suppressing noise generated phenomena

Our methods are analogous to those developed for real valued data.



Building a  ultiscale epresentation

1. Midpoint Pyramid
2. Nonlinear Midpoint Interpolating Scheme
3. Nonlinear Multiresolution Analysis

4. Nonlinear “Wayvelet” Transform



ey Facts a out Symmetric Spaces: 1

e codesics well de ned

e local coordinate system for manifold: “Exp” and “ og” to

convert from to local coordinate system



ey Facts a out Symmetric Spaces: 11

e “Midpoints” well de ned

e Space symmetric a out midpoint



o to uild Classical avelets

1. Form Pyramid of Averages over dyadic intervals:

2

2. Predict Fine Scale Averages:

Here AIPred  Coarse to Fine Prediction Operator

inear:

3. Wavelet Coefficient  Residual:



verage Interpolation for eal ata
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o to wuild avelets for Symmetric
Space

. Form Pyramid of Midpoints over dyadic intervals:

. Predict Fine Scale Midpoint:
1 2

Here MIPred  Coarse to Fine Prediction Operator
Nonlinear:

. Wayvelet Coefficient  Residual:

44 7

local coordinates



idpoint Interpolation for SO(3) ata




ey Empirical Finding

The nonlinear re nements exhi it the same convergence and

smoothness as their linear counterparts.
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Smoothness

Original, First, and Second Differences of Linear Refinement

Original, First, and Second Differences of Nonlinear Refinement
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Figure 5: First and Second Di

erences




Coe cient ecay

Sorted Absolute Values of Wavelet Coefficients for Real Piecewise Linear Sorted "Wavelet" Coefficient Norms for Piecewise Geodesic in so(3)
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T o Flights

Flight #1, 1302 observations Flight #2, 4732 observations

Figure : SO 3 Data from Two Flights
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Compression

esults: Flight

s0(3) component(1,2)
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Figure 8: Flight Data Reconstruction from 2 detail coefficients, 1

midpoints



Compression esults: Flight
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econstruction Error

SO(3) Rate Distortion SO(3) Rate Distortion
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Figure 1 : Reconstruction Error as the Num er of Coefficients In

Creases



esul s

e Can Construct for Symmetric Space Data:
Midpoint Pyramids
Re nement Schemes
Multiresolution Analysis

Wavelet Decomposition
e "Wayvelets” for Symmetric Space valued Data

e Properties
Fast Algorithms for Analysis
Fast Algorithms for Synthesis
Well ehaved for thresholding, tree expansions

Well ehaved Approximation Order
























