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Basic linear analysis
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Chaos and non-linear
analysis

VIt may give more information
vIs not just limited to chaotic systems
VIt is cool!

v'"More complex
v'Interpretations are more difficult
v'Very easy to make pitfalls!!!
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Embedding dimension m
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Embedding parameters

N T: time delay
X = {xl. P xi+(m_1),[ } m: embedding dimension

100 200 300 w00 500 600 760 800

v/ Rather than T or m alone, what matters is mT

Nonlinear measures

v Phase space
v Neighbors

Correlation dimension
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Nonlinear measures

v Phase space

Chaotic attractors

Nonlinear measures
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Lyapunov exponent
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Sensitivity to initial conditions




Are they different?
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Phase space reconstruction

Are they different?
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A personal approach to non-linear
analysis...

v" Visual inspection
v Stationarity

Synchronization

Why synchronization?

In the EEG:

» Communication between distant brain areas.
« Functional connectivity.

* Quantify different brain states.

» Basic mechanism of epilepsy.

At single cell level:
» Bottom up processes (in vision).
« Alternative coding (instead of firing rates).




Linear measures of synchronization

Lorenz driven by a Rossler
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Lorenz driven by a Rossler
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Which one is more synchronized?
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2. Draw boxes of length 2t around each event in X
/\MMAMLMJ\A,LAJ_,AA,J/WL IS“;):’Chm 3. Define:  C'(Y|X) : # X, appears before Y;

A ANNAANANAN NAAA AAAN A AN C'(X|Y) : #Y; appears before X;
_CYX)+CXY) - C(Y[X) - C*(XY)

3
m,xm, m,xm,

4. Define: 0.

Synchronization Time asymmetry




Automatic (and local) window ©
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Time resolved asymmetry:  g(n) = ¢, (y|x)-c, (x| y)
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Time resolved synchronization

Q' (n) =
1

ielefeleleelriels

Synchronization

Delays

a(m

am)

o 8 & 8

8

5

o S "‘ mv



Clase 8. Dinamica no-lineal - Sincronizacion

Nonlinear multivariate analysis of neurophysiological signals.
Pereda E, Quian Quiroga R and Bhattacharya J
Progress in Neurobiology 77: 1-37; 2005.

Performance of different synchronization measures in real data: a case study on
electroencephalographic signals.

Quian Quiroga R, Kraskov A, Kreuz T and Grassberger P

Phys. Rev. E, 65: 041903; 2002.

Event synchronization: a simple a fast method to measure synchronicity and time
delay patterns.

Quian Quiroga R, Kreuz T and Grassberger P.

Phys. Rev. E, 66: 041904, 2002.

Learning driver-response relationships from synchronization patterns.
Quian Quiroga R, Arnhold J and Grassberger P.
Phys Rev. E, 61: 5142-5148; 2000. (un ladrillo...)

Nonlinear Time series analysis. Kantz and Schreiber (biblia sobre métodos de
caos para andlisis de datos)




