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Spectroscopy of EEG Recordings
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A 20 seconds of EEG recordingfrduring slow wave sleefN2):
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JM Lina and Klerbj unpublished 2015; B. He et alNeuron66(3), 2010

In general, we observe a linear relationshiy
in loglog i.e.

O

n P
X —
3CO* =5

The general question of this talkan we
disentangle the rhythmic narrow band
processes from this ubiquitous large band
scalefree background?

iEEG (m)

Each graph correspond
Sleep stage, from wake
deep sleep (N2, N3) an
paradoxical sleep (REWN.
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The multifractal sleep hypnogram ( ¢ O p)
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Scale-Free Dynamics of the Mouse Wakefulness and \ o
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Interictal periddsne are

periods between and far from

the seizure (postictal)

Preictal pemddsne are
periods just before the sei

=)

Scale Invariance Properties of Intracerebral
EEG Improve Seizure Prediction in Mesial

Temporal Lobe Epilepsy

Kais Gadhoumi'*, Jean Gotman', Jean Marc Lina®®

PLOS One, 2015
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The'Oexponent can help identify abnormal non oscillatory brain activity

In goodoutcome patients (Engel score)

In thegood outcome patientsmost of

the SOZhannels that were also
resectedRA A LJX F @ SR Yy WI
exponent (low N3/N2 ratio), whereas
most of theNZchannels showed

Yy 2 NBvalle®

SOZ Seizure onset zone (in red)
|Z lrritative zone (orange)
NZ Normal zone (green)
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Spectroscopy of EEG Recordings
The rhythms of the sleeping brain revisited

a. Intracrnial EEG with £ = 3.627, (h = 1.314)

c. Power spectrum (dB) 3(“Q

Arrhyuhml

b. Intracrnial EEG w1th 3 = 1.519, (h = 0.259) ®|
fo it =
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Rhythmic activity

Outline of this talk:

The Spectral Density revisited

¢ KS QYAR&a O2K?2
The WaveletY ¢ algorithm

w-Y & @andiEEGsleep recordings
Rhythmic Sleep Slow Waves
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1. The spectral density revisited

Thémecale transfornisitibe fundamental symmetry present in electrophysiology. It mal
possible to distinguish the processes by their characteristic properties related to a par
example, the period of a slow wave oscillation) or of the absence of specific scale (for
fractalElectrophysiology presents these two types of processes that we should try to di

(©° i @©® 7o Q np, 2 PEIQIwO Nee
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Accordingly, for any signal, evspecstrahdesfdiye following form:
3(Q o(Q Q

|

Therhythmicpart, noninvariantw.r.t. rescaling

@ . . o , s T
6(Q o accounting for theime scale invariant paf the signal: o Qi Qw0

R.Bodizset al., Scient. Reports, 2021
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H. Wen and Z. Liu, Bralopography29(1), 2016

H. Wen and Z. LiGeparating Fractal and Oscillatory components in the Power Spectrum of NeurophysiologicaB&grialpogr, 2016



Scalingransform ('Q: Scalingransform('Q ):
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Let usdefinea covllecEionvofr(eachabIe scales
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V Spectral filter (IRASA Algo).
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A. Scale-free ( 5 =1.70)
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Simulation ofscalefree timesseries(200epochs! x 0 (p&h®&))

A Fourier timeserieswith randomphase andj "Q! amplitude.

A Waveletbasedtime serieswith’ j ¢ scalingexponent
P.Abryand FSellan ACHA 3(4), 1996

Y. Meyer et al., J. Fourier Anal. 5(5), 1999

V.Pipiras ACHA 19, 2005

¢ K Biythihicfactorc " isestimatedfrom eachtimesseries
(epoch), with 64 rescalingeachtime

Q 0°("Q  3(Q

andfurther averagedacrosshe timeseriesto providethe final
GhythmicfactorQ ™ Q 6k -likeyppeodzh

Foreachepoch alterative Reweighted_east Square (IRLS)
regressioron 0 “ (Qx gives anestimate *
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A. Scale-free ( 5 =1.70)

o B. Scale-fr_ee withan

eural mass response
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Addition of an oscillation(neural mass model):

A Noimpact on thescalingexponent

A ¢ K BythicT | O ie@ddiizeshe
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2. The oO0cohort Ki
A 35children

A Age ufh ad[x8t p &

A Totalsleeptime:v v@®a £[o T p @ O]

Nlp & P[t& o &
N2: 47.5% [30.£ 55.9]
N3: 24.4% [13.4 35.3]
REM: 21.8%. [12(328.9]

To T T I

In the present study: We merge N2
and N3 and we consider C4

I & wSeésx Wal[ X W®6leefchakibtdriSid&X chidrenjvigh highlintelectu@llj dz2 G A SnéuisionX2B25 A vy

ds 0

O
%,

(awake)

(comignight| yono62022)

(onset)

We consider artefact free epochs (30
seconds) of each night recording. The
total NREM duration is then subdividec
AY ¢ APacONIRFES§ W
duration. The number of epochs in
each bloc is not constant.

This figure show the real time

distribution of the epochs, accordingly
with the bloc they belong to.
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A Spectralevolution of rhythms: We use theapproachthat allowsus toseparatethe rhythmic spectral power(top line)
from the arrhythmic componentcharacterizedy theexponenf =2'0+1 of thespectrumin 1/'Qdistribution of"Oin
the graphs of thdottom line)
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3. The ORnNnBO al gor it Pafp: A Novel Data-Driven Decomposition
S - Method for Separating Neural Signal Into
o'i® —. )y ) Periodic and Aperiodic Components

ASHKAN FARROKHI™ AND MOHAMMAD REZA DALIRI*, (Member, IEEE)

Neuroscience and Neuroengineering Research Laboratory, Biomedical Engineering Department, School of Electrical Engineering, Iran University of Science and

Technology (IUST), Narmak, Tehran 16447, Iran

Appl. Comput. Harmon. Anal. 30 (2011) 243-261 Corresponding author: Mohammad Reza Daliri (daliri @iust.ac.ir) C Tt c C
Contents lists available at ScienceDirect I number of pea ks
. . . . Raw signa Non-Fractal component z
Applied and Computational Harmonic Analysis ,I IRASA »| Find Peaks (PSD) :
S elasviphen il e ahe Fractal exponent (B) Frequencies of Local maximums in PSD
A 4
B Wavelet Maximum energy

Synchrosqueezed wavelet transforms: An empirical mode i whitening R frequency ridge Frequency
decomposition-like tool »| (time domain) Y Tra ns?orm selection
Ingrid Daubechies, Jianfeng Lu*!, Hau-Tieng Wu 1

Department of Mathematics and Program in Applied and Computational Mathematics, Princeton University, Princeton, NJ 08544, United States h
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SIAM REVIEW (©) 2000 Society for Industrial and Applied Mathematics
Vol. 42, No. |, pp. 43-67
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Fractional Splines and Wavelets

For a predominantly low pa%$3thmeieorelet coefficient Michael Unser
o : - Thierry Bluf

,‘gm C ( i) ,O ’QQ Y
behaves like a generalized fractional derivatate of order |
the poi . 08!

Blu & Unser,A complete family of scaling functions: i )-
fractional splines2003.
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A First: a wavelet - based estimator

[ (0) onr G0
h

¢ x A O AcbeffiGents perscale’®

of the spectral exponent ofa pj "Qprocess

Wavelet Coef. scale 1 scale 2 scale 3 scale 4

Time-frequency boxes (99 %), fs = 800.0

T T T T ,
8 U
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7 I -] -
6 I .:.]:.--]
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© 5
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1 1 1 1 1 1 il
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
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P.Abry, P. Goncalves and P. Flandrin,.acture
Notes in Statl03, 1995

(Sup.Mot. Cortex)
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[ () orr & o
h
whitening filt
\ e 9
SR <| Lp ) ¢~ n(o5)
C K '
normalisati'gr(l AaPbnR
l (sparsity):

where,

fi( h

Note:]

Analysis

Synthesis

i (0 o 1% (0

q p -0 p
p —( p)

) ()

N

Ttgives the usual wavelet shrinkage denoising techni
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Example: one scale- free time series +

ONeur al

Fourier Spectrum
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J. Dubé et alRhythmsans Background (RnBjoR Xiy2024
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4. Rhythms and AN
Background (RnB) and VAv MuLticenTER IEEG SLEeP ATLAS
iIEEG Sleep Recordings "

An Official Journal of AMERICAN
Annal 5 'Df the American Neurological AN NEURGLOGICAL
N E R L Y Association and the A -n--ff-
Child Neurology Society €

Research Article

How the Human Brain Sleeps: Direct Cortical Recordings of
Normal Brain Activity

Nicolas von Ellenrieder PhD, Jean Gotman PhD, Rina Zelmann PhD, Christine Rogers BSc,
Dang Khoa Nguyen MD, PhD, Philippe Kahane MD, PhD, Francois Dubeau MD, Birgit Frauscher MD 3%«
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w-RnBAlgorithm

Wavelet based signal processing
allowing an estimation of the
exponent for each epoch AND a
signal of therhythmic activity

On the right:the spectroscopy of

the NREMs

A The (averaged) spectrum of
the rhythmic signals

A The distribution of thes1Q &

Here, we had

Ant. Cingulate

821 epochs (NREM2);
809 epochs (NREM3)
Precuneus

967 epochs (NREM2);
951 epochs (NREM3)
epochs of 4 seconds |
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FOOOKfitting Oscillations & One Over f) Algorithm: numerical tool to parametrize the neural power spectra.
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ANTERIOR CINGULATE

NREM3 (A1)

11.2Hz

/
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o
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12.1 Hz
- FOOOF: '

f=217
- 3=2.05

(B1)

12 4 8
Frequency (Hz)

16 32

B1 and B2: You see here the oscillatory part of this fit.

Power Spectral Density (dB)
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5. Sleep Slow Waves

On thescalprecording:

J.S. Boucher et alinpublished 2016

(hyperpolarizatiorphase)

SleepSlowWave
(depolarization phase with spindle)
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A NREM3: Slow Wa v ed@yp. A Dep. Bransition
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SSW i sigma coupling _ Spectroscopy
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SSW 1T sigma coupling
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