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Self-organized criticality

Per Bak, Chao Tang, and Kurt Wiesenfeld
Department of Physics, Brookhaven National Laboratory, Upton, New York 11973
(Received 28 August 1987)

We show that certain extended dissipative dynamical systems naturally evolve into a critical state,
with no characteristic time or length scales. The temporal “fingerprint” of the self-organized criti-
cal state is the presence of flicker noise or 1/f noise; its spatial signature is the emergence of scale-
invariant (fractal) structure.
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Long-range temporal correlation
(LRTC)
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Nikuline et al. (2009)
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Detrended Fluctuation Analysis(DFA)

FBlE# R 57 DIRTE DR S
(B :7ZILITT7iE)

RIED RIEFRINNLHD

BRI EYIY T
c P -
. T BB UREHELRE

N RMSEHEEEOEE




Detrended Fluctuation Analysis(DFA)
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Average Exponent data
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Basic Neuroscience
Adaptive time-varying detrended fluctuation analysis

Luc Berthouze#:>-*, Simon F. Farmer¢

2 Centre for Computational Neuroscience and Robotics, University of Sussex, UK
b Institute of Child Health, UCL, UK
C Institute of Neurology, UCL, UK

HIGHLIGHTS

» DFA is often used to estimate the scaling exponent of neurophysiological signals.

» We extend DFA to characterise potentially changing scaling exponents.

» We validate the method using surrogate data with time-varying scaling exponents.
» We systematically examine the dependence of the method on its free parameters.
» We demonstrate the applicability of the method to neurophysiological signals.
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Adaptlve time-varying DFA (ATvDFA)
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Adaptive time-varying DFA (ATvDFA)
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Adaptlve time- varymg DFA (ATvDFA)

Electrode PO10 —— Rest1
0.95- — Rest2 ]
N — FA
0.9_ ;/O o O \\ — OM B
| \ -
0.85- | | LK |
‘\'\ o I
b/
0.8 \0 9 .
€ R -
Q
50.75 ﬂ .
~
w s
0.7 N AP Nt
0.65- %-A-W ]
06" .
0.55- ]
05 | | | | | | | |
0 100 200 300 400 500 600 700 800

Time



ATvDFA Timecourse (average)
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Correlation of ATVvDFA
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Correlation of ATVvDFA
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Correlation of ATVvDFA

OM
Fz Pz F7 F8 PO9PO10

PO10
PO9
F8
F7
Pz
Fz




Correlation of ATVvDFA
LK

Fz Pz F7 F8 PO9PO10

PO10
PO9
F8
F7
Pz
Fz




Correlation of ATvDFA

Rest1

Fz Pz F7 F8 PO9PO10
PO10
PO9
F8
F7
Pz
Fz

FA OM

PO10
PO9

F8
F7

Pz
Fz

Fz Pz F7 F8 PO9PO10

PO10

Fz Pz F7 F8 PO9PO10

Rest2

Fz Pz F7 F8 PO9PO10
PO10‘
PO9

F8
F7

Pz
Fz

LK

Fz Pz F7 F8 PO9PO10
PO10

PO9 A

F8
F7
Pz
Fz

e ©

PO9
F8
F7
Pz
Fz




Change in correlation of ATvDFA across conditions
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