Event-Related Brain Dynamics |

Swartz 1

Center for
Computational
Neuroscience

Scott Makeig
Institute for Neural Computation
University of California San Diego

22" EEGLAB Workshop
UCSD
November, 2016

S. Makeig 2016



Human Functional Brain Imaging

Some human brain imaging milestones

closed 1 %0 sy
1926 ~1%t human EEG recordings AL NP s TP o A B A
WA AWM
' . B \ W :ﬂ
EEG era : - -
. 4 {50,&.«\1
193815t EEG spectral-analysis aaaf A AR N AR
[TYRY H \ y’-NA i

L

1962 ~15t computer ERP averaging (CAT)

ERP era

1979 1t event-related desynchronization
1993 1t fMRI BOLD recordings

fMRI era

1993 1t broadband ERSP
1995 1t multisource EEG filtering by ICA

2009 ~1%t commercial dry electrode EEG toys
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Three Modern Eras of EEG Research
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Figure 1. Relative number of PubMed citations retrieved by ‘All Fields’ search terms: '‘EEG,’ '‘ERP,” and 'Brain
Oscillations.” The percent of citations for each search term relative to the total number of citations returned
by a search for any of the three terms is plotted relative to the other two search terms. For visual clarity,
‘Brain Oscillations’ citations are graphed with a green dotted line according to the Y-axis labels on the right;
‘EEG’ with a blue solid line and '‘ERP’ with a red dashed line according to the Y-axis labels on the left.
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Functional Brain Imaging

Hemodynamicimaging
= imaging local brain
Energy
Direct 3-D.inverse model,
but quite slow & indirect

as well as expensive

and heavy (non-portable)

S. Makeig 2014

Electromagnetic imaging

= imaging, loeal, eortical

&

Syng:lgony
3-D |mag|ng r@quﬁres model,

but quite fast & di‘)réct meastire

of one aspect of cortical activity =
=\
local spatial field coherence.

e EEG s inexpensive
e EEG s well tolerated
 EEG s lightweight / wearable / mobile



Brain Electrophysiology
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e 1993 — ERSP (Makeig)

e 1995 — Infomax ICA for EEG (Makeig, Bell, Jung, Sejnowski)

» 1997 - EEG/ICA Toolbox (cnl.salk.edu), ITC & ERC

e 1999 - ERP-image plots (Jung & Makeig)

e 2000 — EEGLAB GUI design (Delorme)

« 2002 - 15t EEGLAB (sccn.ucsd.edu)

® 2004 - 15t EEGLAB support from U.S. NIH and reference paper

* 2006 - 1t EEGLAB plug-ins, STUDY structure, and component clustering tools

* 2009+ — New toolboxes: NFT, SIFT, BCILAB, MPT, ...

e 2011 - EEGLAB, the most widely used EEG research environment !

* 2012 - ERICA (Experimental Real-time Interactive Control & Analysis) framework
for Mobile Brain/Body Imaging (MoBI) (LSL, SNAP, XDF, MoBILAB)

* 2013 — HeadIT.org online

* 2016 — LIMO / GLM integrated S. Makeig 2013
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EEGLAB
Plug-In
Extensions

S. Makeig et al. (2011)



List of data import extensions

Plug-in name & Version % Short plug-in description $ Link # Contact & Comments &
MFFimport & 1.00 Import MFF files from the EGI company | Download & |  S. Chennu &} User comments
ANTeepimport & 1.10 Import ANT .cnt data and trigger files | Download £ | M. van de Velde 5 |User comments
BCI2000import & 0.36 Import BCI2000 data files Download & C. Boulay 5 User comments
BDFimport 1.10 Import BDF data files Download & | A. Delorme 5 User comments
biopac 1.00 Import BIOPAC data files Download & A. Delorme 5 User comments
ctfimport 1.04 Import CTF (MEG) data files Download & D. Weber 5 User comments
erpssimport 1.01 Import ERPSS data files Download & A. Delorme 5 User comments
INSTEPascimport 1.00 Import INSTEP ASCII data files Download & A. Delorme 5 User comments
neuroimaging4d 1.00 Import Neuroimaging4d data files Download @& | C. Wienbruch 5 |User comments
Procominfinity 1.00 Import Procom Infinity data files Download @@ | A.Delormes |User comments
WearableSensing 1.09 Import Wearable Sensing files Download & S. Pillen User comments
NihonKoden 0.10 Import Nihon Koden MOO files (beta) | Download & | M. Miyakoshi“& |User comments
xdfimport 1.12 Import files in XDF format Download & C. Kothe 5 User comments
bva-io 5 1.5.12 Import Brain Vision Analyser data files | Download & | A. Widmann<} | User comments
Fileio & Daily Import multiple data files formats Download [ | R. Oostenveld 5} |User comments
Biosig & 2.88 Import multiple data files formats Download & | A. Schloegls |User comments
Cogniscan g’ 1.1 Import Cogniscan data files Download & P. Sajda 3 User comments
NeurOne 1.0.3.2 Import NeurOne data files Download & Support 5 User comments
loadhdf5 1.0 Load hdf5 files recorded with g.recorder | Download & | Simon L. Kappel &5 |User comments




List of data processing extensions

Plug-in name % |Version & Short plug-in description $ Link # Contact % |Comments %
rERP & 0.4 Estimate overlapping ERPs using multiple regression Download & M. Burns User comments

LIMO & 1.5 Linear MOdelling of EEG data Download & C. Pernet 3 User comments
corrmap & 2.02 Cluster ICA components using correlation of scalp maps Download &' S. Debener 5 User comments
bioelectromag &' 1.01 Uses Bioelectromagnetism toolbox for ERP peak detection Download & D. Weber & User comments
VisEd & 1.05 Add/Edit dataset events Download & J. Desjardins User comments
loreta 1.10 Export and import data to and from LORETA software Download & A. Delorme 5 User comments

iirfilt 1.02 Non linear filtering using IIR filter Download & M. Pozdin & User comments
std_envtopo 2.39 Plot STUDY ICA cluster contribution to ERP Download & M. Miyakoshi <} User comments
std_selectICsByCluster & 0.10 Forward-project clustered ICs to channels (beta) Download & M. Miyakoshi <} User comments
std_dipoleDensity & 0.23 Plot STUDY ICA cluster dipole density (beta) Download & M. Miyakoshi 5 User comments
std_ErpCalc 0.11 Test and visualize simple effects on ERP (beta) Download & M. Miyakoshi User comments
pvaftopo 0.10 Plot topography of percent variance accounted for (beta) Download & M. Miyakoshi <} User comments
trimOutlier & 0.16 Trim outlier channels and datapoints interactively (beta) Download & M. Miyakoshi £} User comments
clean_rawdata B 0.31 Cleans continuous data using Artifact Subspace Reconstruction Download & | Miyakoshi and Kothe 5 |User comments
ARitStudio & 0.10 Cleans spiky artifacts using AFfit (beta) Download & |Miyakoshi and Mullen & | User comments
Mutual_Info_Clustering 1.00 Group single dataset ICA components by Mutual Information Download & N. Bigdely & User comments
mass_univ & 130502 Mass Univariate ERP Toolbox Download & D. Groppe User comments
REGICA & 1.00 ICA regression based EOG removal Download &' M. Klados User comments
MARA & 1.1 Multiple Artifact Rejection Algorithm Download & I. Winkler 5 User comments

firfilt 5 1.6.1 Routines for designing linear filters Download & A. Widmann 5 User comments
PACT & 0.17 Computes phase-amplitude coupling for continuous data Download & M. Miyakoshi User comments
fMRIb & 2.00 Remove fMRI artifacts from EEG Download & | J. Dien3 & R. Niazy |User comments
SIFT & 1.33 Analysis and visualization of multivariate connectivity Download & T. Mullen £ User comments
AAR S 131130 ICA-based Automatic Artifact Removal Download & | G. Gomez-Herrero d |User comments
Adjust & 1.1 Automatic Detector - Joint Use of Spatial and Temporal features Download & Adjust Support 5 User comments
Cleanline & 1.02 Removes sinusoidal artifacts (line noise) Download & T. Mullen S User comments
Fieldtrip-lite & Daily Adds source localization and statistics tools to EEGLAB Download [ R. Oostenveld S User comments
EYE-EEG & 0.41 Open source MATLAB tool for simultaneous eye tracking & EEG Download & O. Dimigen 5 User comments
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Embodied Agency

Brain processes
have evolved and function
to optimize the outcomes

of the behavior

the brain organizes
in response to
perceived challenges

and opportunities.

Brains meet the challenge
of the moment
— every moment!

('A)

Act

Perceive

S Makeig 2010



Brain imaging natural cognition -- actions & interactions

S . Makeig, 2007



1at is EEG?

A small onofc ~ .elect activity
An e ;:/—/ portion of fotal brain electrical activity

But which portion?
Triggered and modulated how?
With what functional significance?

Cloud art: Berndnaut Smilde S. Makeig, 2016
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Yale Study Shows Electrical Fields Influence Brain Activity

July 14, 2010

Most scientists have viewed electrical
fields within the brain as the simple
byproducts of neuronal activity.
However, Yale scientists report in the
July 15 issue of the journal Neuron
that electrical fields can also influence
the activity of brain cells.

The finding helps explain why
techniques that influence electrical
fields such as transcranial magnetic
stimulation and deep brain stimulation
are effective for the treatment of
various neurological disorders,
including depression. The study also
“raises many questions about the
possible effects of electrical fields, such
as power lines and cell phones, in
which we immerse ourselves,” said
David McCormick, the Dorys McConnell Duberg Professor of Neurobiology at Yale School of Medicine, a
researcher of the Kavli Institute of Neuroscience and senior author of the study.

Neuronal activity is measured by EEG. Now it appears that electrical fields
influence behavior of brain cells.

The chemical process that triggers tiny charges in the membranes of neurons causes much of the brain’s
electrical activity. Electroencephalograms, or EEGs, detect these fluctuations when they occur in large
numbers of neurons together. These internal electrical signals contain information about certain cognitive
and behavioral states but, until now, it had not been shown whether they actually change the activity of the
brain itself.

McCormick and Flavio Frohlich, a postdoctoral research associate, introduced slow oscillation signals into
brain tissue and found that the signal created a sort of feedback loop, with changes in electrical field guiding
neural activity, which in turn strengthened the electrical field.

“It's like asking whether the roar of the crowd in the football stadium also influences you to cheer as well.
And in turn, your cheering encourages others to cheer along with you.” McCormick said.

The ability of electric fields generated by the brain to influence its own activity appears to be particularly
prominent during epileptic seizures. However, the influence of electric fields is not limited to these
pathological states. The study of Frohlich and McCormick demonstrates that the electrical fields also
influence brain function during normal activities such as sleep.

McCormick said the findings change the way in which we view brain function and may be of significant
clinical value in controlling epilepsy, depression and other neural dysfunctional states.
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- Macro field dynamics are
' spontaneous emergent
~ spatiotemporal dynamics

— In both outer space
and cortex.

Scott Makeig 2008




Phase cones (Freeman)

Avalanches (Plenz)




= Avalanches (Beggs & Plenz)

@ Data
® Poison assumption
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Townsend et al. ® Complex Cortical Waves J. Neurosci., March 18,2015 - 35(11):4657— 4662
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| The spatiotemporal field
¢ dynamics of cortex and brain
have not yet been imaged on
multiple spatial scales!

I B
Alan Friedman, « * = " ; LN "y



NASA Sun Observatory
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SCALE
CHAUVINISM




The generation and modulation of EEG
is COMPLEX and not well studied
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In Cortex: Up # Down
and +uV # -uVv

Cortical surfaceIUp
ontaneous theta Event-related theta ‘§.
VW v+ VV VYV Vv VA

Thalamus
Down

!

E. Halgren et al., 2015



C Neuronal information-processing stages

Surface
N.

Source’

Source

From E. Halgren et al., 2015 cf. T. Elbert, ~1990 Slide: S. Makeig, 2016



Naive 2-D interpretation of EEG signals?

Synchrony

Cortical H

al projection Co rce current volume
patterns as point processes conduction patterns
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Sources

Each scalp EEG data channel sums the projected activities
of multiple brain (and non-brain) source processes.

S. Makeig 2007



The very broad EEG point-spread function

Simulated parietal effective source Very broad projected scalp potentials

Akalin Acar & Makeig 2010
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The very broad EEG point-spread function

Scalp projection

Z. Akalin Acar & S. Makeig (2012)




EEG Scalp Signal lllusion

Summed

scalp
/ projection

Their summed

Two Effective Sources S
scalp projection




Scalp EEG lllusion

Summed

ep-i-phe-nom-e-non: a
secondary effect or
byproduct that arises from
but does not causally
iInfluence a process.




The very broad EEG point-spread function

Thirty

spontaneously emergent,
spatially coherent
effective sources

Simulated EEG summing 30 cortical effective
sources (animation at 1/5t" real time)

Akalin Acar & Makeig 2010




Non-brain ‘artifact’ contributions to scalp EEG

Brain sources only PLUS non-brain sources




EEG/MEG
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EEG effective sou




Blind EEG Source Separation by
Independent Component Analysis ﬁ*‘*

ICA can find distinct EEG source Tony Bell,

CSl - activities -- and their ‘simple’ scalp developer of
Infomax ICA
Skull maps!

Independent Component Analysis
of Electroencephalographic Data

Seont Anthony J. Dall
Naval TToalth Rowarh Cemer Gwzwt\anal NewroWokgy Tah
PO, Nax 85122 The Ak Tmtftow, P.O. Nax RA4800
Ram Niego O SRIM.512 Ran NDiego, ON  G2IRE. 5800
sootUOCpl sy, Whre. nvy. all tany@ealX . edo

Tayy-Ping hing Ternmean J. Sojnowdd
Nava) Theatth Remcarch Oemer and  Tloward TToghen Modieal Tnntitute and
Competatiomal Newo Mokgy Tah Coampotational Neorohio gy Tah
The Salk Tmtitowe, PO, Nax K800 The Ralk Ttitote, PO, Thax 84800
Ram NDiego, O SRIMSR00 Ran NDiego, QN 921885800
J g Oe X edv erTy 001X . ed0

Abatract

Tocaome of the dtance hetwaen theskolland hminand their difer
et wntivition, clactrocncgpbofogropd io | T} data aslketod fram
AT.‘ poim om the foman maly inctodeon uﬂ\#'dwnauud within
A Wrge Yatm avon . Thin matil mmearing of TTQ daw hy valome
wndotion doom not fmohe significam ’ma delgm, however, nog.
Mnn; that the /ndependent Componont Anafpeic (TON §algarithm
oA Tl and Semownld )] mavithk Gr yerforming hfind noore ey
anation om TR das, The 1OA algorithm neparaton the ymahlem of
womree idemlaation fom that of moowe ealmation, it ror e
dagub'h; the 10A Asaﬂlhm W TNA and oentrdatod potentiof
{PTP) dam collocted during 4 momtained anditory dewetion tnk
show: L 1ATOA taming W e itive o difewem mndom noodn, (2}
A may e oned tomgregare ohviom artifietoal TG companean
JBre and momek nolne, exe movementa) from other noorsan, 35 10N
® agahk of wolating overlagging PTQ phenamena, maloding al
pha and theta howin and q-a!h conpam hle TRP aamponemta, o
separate TOA chammcln, {4 Nommtatiomarition in A and hehav.
oral mate can he tracked oeimg TOA via changen in the amomtof
weedoa ] cormelation hetwarn T1OA Alened outyot channeh,

S. Makeig, S. Enghoff (2000)




O oL e & EEEEE
DA S & & S
Selected M J\W"\ .
Charinels I j\(ww J\WW\ J\WJ\ m Ct' ce
»\MMJ\M\M Ay o'
b armren st N S, Jrnd i
sty Moot s g, gt gqu
o A Mo et Nrocctilii 0
At At b e
8 Lo T TTVNOR AT OV TR
e (W T LW e
;Wﬂbm.ulwwllvm}v@mw——
AT e e
SLte Che uhe) e s T e | Se g
act.
" 0
s e
w il I & i1
0 bl

- ) 1 2 3 4 5 78 9 10 11 12 13 14
S i IC
-« /55 Time (s) & Aton & Makeig, 2006



Selected
Channels

233455332
fiiii25=%

!
!

I
vngv&w A Y T Tt
i, wonetil s thgensptencslfese o
R W P S A o ) R PR P
e e 0 LV AN LT

Time (s)

2 3 4 5 6 7 B 9 10 11 12 13 14

IC12 G

Onton, Makeig (2006)



Center for
Computational
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Questions ... ?
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