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What’s EEG ?
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Potential difference between two points:
» one Isassumed as the active point

»  the other is assumed as the reference point

reference
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Curse

Dynamic EEG,

no point on scalp or body
surface, where the potential
is always zero

Source in head
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Where Is the Zero reference?

O Physics of Electricity

Definition of potential

V~g —— 0, when r - o

Infinity is the physical reference zero



Where Is the Zero reference?
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1) To set a reference point at infinity?

Impossible!

2) To set a reference point on scalp or body surface
where the potential is zero?
Impossible!
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Where Is the Zero reference?
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1) Average of all scalp recordings? & # & #
(B OBz FHhRR)
2)  Average of the two ears (linked-ears)? & & B A #

(dmP ez iR R)
3)  To recover reference signal by ICA, PCA etc?
Impossible as reference signal is quite similar to other channels

(BRAEX GO b OBAHYOEAARGRTSER)
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Where Is the Zero reference?
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( reference electrode standardization Technique)
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X Y Z XYZ

One dipole

inthe brain Frontal AR 2.32% (0.75%)  7.14% (0.63%)  —=5.53% (1.75%) 1.31% (0.73%)
REST_0.48% (021%) __0.10% (0.08%

Central and parietal AR 1.98% (0.56%)  —2.15% (1.26%) —2.09% (0.71%) —0.75% (0.53%)
REST _0.23% (0.18%) __ 0.033% (0.12%) _ —0.16% (0.10%) _0.03% (0.10%)

Occipital AR —2.92% (420%) —550% (0.41%) —5.13% (1.92%) —4.52% (1.54%)
REST —0.18% (045%) 0.01% (0.07%)  0.49% (049%)  0.11% (0.22%)

Realistic head model, 256 channels

Scalp maps corresponding to dipoles oriented along
the x-, y-, z-axis, respectively

> REST#H#E£MBLTFFHAE
> HAERESTH A =2MHRERFTALAEG T4 ( “the most commonly used EEG
re-referencing techniques, such as REST, AR and LMR” )

4 i £ % Mantini etal INE (2015)
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[ (1] of Publishing Joumal of Meural Engineering

J. Meural Eng. 13 (2016) 036016 (21pp) doi:10.1088 /1741-2560,/13/3/036016

Impact of the reference choice on scalp EEG
connectivity estimation

Federico Chella'®, Vittorio Pizzella'?, Filippo Zappasodi'> and
Laura Marzetti'’

> REREITROAHE
“demonstrated that REST significantly reduced the distortion of connectivity
patterns when compared to AVE, Cz, and DLM references ”

> A RREA

&
we recommend the use of the REST reference”

# Xk #| Marzetti etal. JNE, 2016



RESTS B4 & (EEG) ?

EEG: the signal of “default mode”
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/.5 -9.5Hz

10.0-12.5Hz
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(g) gamma
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Qin et al 2010 Clin Neurophysiol

(d) alpha2
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“Significantly stronger P300 signals over the parietal cortex Pz
using REST rather than AR (Wilcoxon Signed Ranks Test, Z =2.896, 2-tailed
p=0.004) , whereas no significant difference between noise levels from REST and
AR was found( Z = 1.758, 2-tailed p =0.079)”.

Mantini etal INE (2015)
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Tian et al 2013 Psychophysiology
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R Hu etal. In preparation
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Rellecke et al., brain topography, 2013

REST MR EZILREMZ, HERE

Tian etal. In preparation
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Alpha 1 Alpha 2 Alphal+alpha 2

Acc (%) Spe (%) Sen (%) Acc (%) Spe (%) Sen (%) Acc (%) Spe (%) Sen (%)

NET MCoh NET MCoh NET MCoh NET MCoh NET MCoh NET MCoh NET MCoh NET MCoh NET MCoh

LDA VR 75 70 70 70 B 70 B 75 9% 70 70 80 9% 75 100 70
AR 65 70 60 70 70 70 8BS 75 B 70 90 80 7575 70 70
IR__85 80 8080 90 80 90 85 80 80 10090 85 80 70 70

SVM VR 75 70 70 70 8 70 7575 80 70 70 80 65 70 60 60
AR 75 65 70 50 80 80 8B 70 70 60 90 80 75 65 70 50 ‘
IR__80 75 80 70 80 80 9) 85 80 80 100 90 85 75 8080

Xu etal. Physiol. Meas. 351279, 2014
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Dynamlc Network: S1 vs S2

NC (IEEXFH) : Significant difference SZ: Non-Significant difference

SZ (¥§47) : TheeE¥E&F EAYGating Filter Deficit

Li etal. In preparation
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Ancient Egypt script / odern Eavor lanauace
(unknow the meaning) gypt languag
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(=] cxa =]
Current EEG .

(unknow the true EEG)

True potential of EEG
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Journal homepage: www.elsevier.com/locate/ynimg

REST

Neuronal generator patterns at scalp elicited by lateralized aversive
pictures reveal consecutive stages of motivated attention

Jirgen Kayser*#, Craig E. Tenke **, Karen S. Abraham, Daniel M. Al o [ g |
Jamie Skipper, Virginia Warner ““, Gerard E. Bruder **, Myrma M. Wei 5 Y.
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* Human Brain Mapping 34:2178-2189 2013) |

Cortical Source of Blink-Related Delta Oscillations
and Their Correlation With Levels of
Consciousness

Luca lon!lgllo." Umberto Olcese,’ Bruno Rossi,' Antonio Frlwll.’
Pieranna Arrighl.' Giovanni Greco,’ Simone Carozzo,' Paolo Andre,’
Massimo Bergamasco,’ and Maria Chiara Carboncini'

"Unit of Neurorehabilitation, Department of Neuroscience, University of Pisa, Italy

II’EI{(.'R() Laboratory, Scuola Superiore Sant'Anna, Pisa, ltaly
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| Journal of Psychophysiol
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Hemifield-dependent N1 and event-related theta/delta oscillations:
An unbiased comparison of surface Laplacian and common EEG
reference choices =)

Jirgen Kayser *, Craig E. Tenke
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Clinkal Newrophysisogy 124 (2013) 1975- 1985

Contents lists available at SciVerse SclonceDirect
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Fractal Dimension of EEG Activity Senses Neuronal [
Impairment in Acute Stroke

Filippo Zappasodi'®, Elzbieta Olejarczyk™, Laura Marzetti'?, Giovanni Assenza®, Vittorio Pizzel
Franca Tecchio®®
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% 3. What a change REST may induce?
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% 3. What a change REST may induce?
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I Summary

» Reference has distinct effect on waveform related
parameters:

amplitude/ latency/coherence/network/spectra

/symmetry/covariance/statistic test..

» REST Is the best one to approach to the idea zero

www.neuro.uestc.edu.cn/REST
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http://www.neuro.uestc.edu.cn/REST

' i Summary
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Through a Glass, Darkly: the Influence of the
EEG Reference on Inference about Brain f ' 2 in '¢

Function and Diorders . http://journal.frontiersin.org/re
G e searchtopic/4932/through-a-

glass-darkly-the-influence-of-
About this Research Topic Topi Edsors the-eeg-reference-on-inference-
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