Asok K. Sen

In collaboration with

R. Worth, MD-PhD (Indiana) J. Dostrovsky, PhD (Toronto)
K. Mosier, MD-PhD (Indiana) T. Niedzielski, PhD (Poland)
M. Kubek, PhD (Indiana) G. Litak, PhD (Poland)

M. Veronesi, PhD (Indiana) D. Genty, PhD (France)

G. Filippelli, PhD (Indiana) A. Flores, PhD (Spain)

J. Sawicki, PhD (Cleveland) A. Munoz, PhD (Spain)




Periodicities (Cycles)

A few Hz (Brain Signals)

Dally (Sleep Cycle)

Monthly (Menstrual Cycle)

Annual (Rainfall, Riverflow)
Interannual (El Nino)

Decadal (North Atlantic Oscillation)
Millennial & Slower (Sediments)




Outline of talk

Riverflow Variability in the British Isles & SW Poland
Sediment Records from the Southern Ocean
Stalagmite Records from Ortigosa Cave, Spain

Heat Release Dynamics in Internal Combustion Engines
Dynamics of Cracks in Rotating Machinery

Effect of Voluntary Movement on Local Field Potentials
In Patients with Parkinson’s Disease
EEG Analysis of Seizure in Kindled Epileptic Rats




Wavelet Transform

- Continuous
- Discrete
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No temporal information can be obtained cannot tell that
the frequency changes at time = 1000




Fixed-size window
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Using variable-size windows, a wavelet transform

provides an elegant way of adjusting the time and

frequency resolutions

A wavelet transform uses a window that narrows
when focusing on small-scale or high-frequency
feature of the signal, and widens when focusing

on large-scale or low-frequency features, analogous
to a zoom lens




W(a,b) = % fx(r) " (%) dt

Y = Window function (mother wavelet)
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For a time series: {x,},n=1,2,3,...,N

o= 3 (0) er[

n =1

w(a,b) = «,/15 fx(—r):p (:

Wavelet Power Spectrum (WPS)

WPS = |W(a)|?

Global Wavelet Spectrum (GWS)

= Time-averaged WPS Equivalent
to Fourier

1 N
GWS = —- Y W, (a)|*  Transform
n=1



Scale Averaged Wavelet Power (SAWP)
(Power in a specific frequency band)
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Good balance between time
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1 River Wye to Redbrook

2 River Exe to Thorveton

3 River Eden to Warwick Bridge

4 River Eden to Temple Sowerby
5 River Tyne to Bywell

6 River Tees 10 Broken Scar

7 River Wharfe to Addingham

5 River Wensum to Costessey Mill
9 River Thames to Eynsham

10 River Ely Ouse to Denver Siuice

11 River Medway to Teston

12 River lichen to HighbridgefAllbrook

13 River Teifi to Glan Teifi

14 River Dee to Manley Hall/Erbistock

15 River Derwent to Derby/Longbrdge Weir

= Gauging station
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Scale-Averaged Wavelet Power (SAWP)
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Intermittency in the Annual Cycle




Principal Component Analysis (PCA) is a multivariate analysis
technique which performs a linear transformation on a group of
correlated variables

The transformed variables (principal components) are linear
combinations of the original variables

The principal components are uncorrelated and only a few of
them can explain most of the variability present in the data

The first principal component accounts for the greatest amount
of variability in the original data; each succeeding component
accounts for as much of the remaining variability in the data




Scree Plot

The fraction of the total variance
explained by the principal
components is given the
eigenvalues of the covariance
matrix of the original data

Percent Variance
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Detail

Timescale
(months)

2-4

4-8




Inter-annual / Decadal Timescales
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North Atlantic Oscillation (NAO)
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Daily Data (1971-2006)



Wavelet Analysis Principal component Analysis



Southern Ocean
Antarctic Circumpolar Current

Australia

Southern Ocean



Phosphorus



Phosphorus Cycle

Phosphorus in Southern Ocean sediments
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Quaternary Period:
1.8 Myr BP - present
Pleistocene & Holocene

Sediment Records: Quaternary period



Phosphorus Carbonate



Eccentricity ~ 100 kyr



Stalagmites rise from the floor of a cave due to
dripping of mineralized solution and deposition
of calcium carbonate



Sorek Cave, Israel



Scarisoara Ice Cave, Romania



Cueva San Martin Height 70 meters
Inferno, Cuba Diameter 20 meters



Sonora Cave (Texas) Stalagmites forming a minute ma n



Ortigosa Cave, Spain






North Atlantic Oscillation (NAO)



Effect of Equivalence Ratio: Fuel-air ratio in fres  h mixture

Near-stoichiometric to very lean

Oak Ridge National Laboratory



Effect of equivalence ratio
(Fuel/air in fresh mixture)






Wavelet Analysis of Dynamics of a Cracked Rotor

Sampling rate: 10 kHz



Discrete
Wavelet
Transform



Healthy (no excitation) Cracked (no excitation)



Healthy (with excitation) Cracked (with excitation)






Effect of Movement on Local Field Potentials Record ed with

Microelectrodes in Patients with Parkinson’s Diseas e

MRI — Sagittal View



University of Toronto



Effect of Voluntary Movement on Local Field

Potentials in Patients with Parkinson’s Disease



Elbow Movement

Beta Freq Band (13-30 Hz)

Time

LFP

EMG

ACCL

LFP

LFP



Limbic System



Starting Position



Lip Smacking / Head Bobbing



Forelimb Clonus



Loss of Balance / Fall off






Anti-Epileptic Drugs: Thyrotropin Releasing
Hormone (TRH)




Summary

Webpage: www.math.iupui.edu/~sen
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