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Human Functional Brain Imaging

Some human brain imaging milestones
1926 ~15t human EEG recordings

EEG cra

1938
1962 ~1st computer ERP averaging (CAT)

ERP era

1979
1993 1t fMRI BOLD recordings

fMRI era

1993 1%t broadband ERSP
1995 1%t multisource EEG filtering by ICA
2009 ~1%t commercial dry electrode EEG toys

fEEG / BMI /| MoBI era ...

15t EEG spectral analysis

15t event-related desynchronization

FiovRe 1-1L —Professor Hans Bepger (1873-1941), llt';lr\"‘
peychintrist, University of Jena, Jens, Germany, first to
dizcover and describe in 1929 a unique kind of electricsl
activity recordex] from the brain of man, which he named
the clectrovncopbalogram ( Elektrenkephnlogea nm )

S. Makeig 2010
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Functional Brain Imaging

Hemodynamicimaging
= imaging local brain
Energy
Diréct 3-D.inverse model,
but'quite'slow & indirect
as Well as expensive

and heavy (non-portable)

S. Makeig 2014
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3-Di |mag|ng r@qmres model

but quite fast & di.‘rect measure

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

e EEG s inexpensive
e EEG is well tolerated

e EEG s lightweight / wearable / mobile



Brain Electrophysiology
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S. Makeig, TINS 2002
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) EEGLAB History ' ; |

* 1993 — ERSP (Makeig) Tk
* 1995 — Infomax ICA for EEG (Makeig, Bell, Jung, Sejnowski) ’g “ | : j _V
* 1997 - EEG/ICA Toolbox (cnl.salk.edu), ITC & ERC
* 1999 - ERP-image plots (Jung & Makeig)
e 2000 — EEGLAB GUI design (Delorme)
* 2002 — 15t EEGLAB (sccn.ucsd.edu)
* 2004 - 1 EEGLAB support from U.S. NIH and reference paper
* 2006 - 1 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

BCILAB

S. Makeig et al. (2011)



List of data import extensions

Pluginname & Version ¢  Shortplugindescription &  Link ¢

Contact ocommo

MFFlmpon@ 1.00 mwrnmmmeewom Dovmload@ s. cnenms Uaetcommema
AN'reepampon@ 1.10 ImponANT .cnt data and trigger files | oownloac@ M vanaevaaos Uwcommonts
acmoampm@ 0.38 import BCI2000 data files oownwlg C. Boulay Uw oommoms

BOFimport 1.10 ' lmponBOdemos | Download:? A. Delorme Usor commems

‘bopac | 100 | ImportBIOPACdatafes | Download® A Delorme @ | Usetcommonts
ctiimpon - 1.04 . Import CTF (MEG) data fes Dowmow@ D. Weber S Uwoommems
orpssimpont . 1.01 ' lmpon ERPSS data files :Downlow@. A. Delorme 8 Uw oommonts
INSTEPW 1.(!)7 . Import INSTEPASCIlmms Download@ A. Delorme & Uwoomments
neuroimagingdd 1.00 . lmpon Neuroldedataﬂlea Dovmload@ C. Wienbruch ﬂ Uaer commsnls
| Pmoomlnunny ’ 1.06 ' Import Procom Infinity data files bownload@ ADeiameﬂ TUseroomments‘
Womuos.ming' 109 Import Wearable Sensing files Download@ S.Pilen@ | User comments

NinonKoden |~ 010 | Import Nihon Koden MOO fles (beta) | Download @ | M. Miyakosni @ | User comments

 xdfimpot | 142 | lmportfles in XOF format ab&,,,,’,@@ C.Kothe @ | User comments
bva-io 3 . 1512 m&mmmwmuos Dovmload@ A. Widmann User comments
Fileio & | Daily Import multiple cata files formats DownloadD R. Oostenveld 5 ?Uavoommonu
Biosig? | 288 | Import multiple data iles formats | Download @ | A Schicegl @ |User comments
“Goecan® | 11 | imponCoplecandunes | Downoadh| P.Sedald |Usercommens
NeuOne® | 1032 | Import NeurOne data files | Download & | Support | User comments|

icadhd!s 1.0 iwwﬁﬁmmmg.miDownloadt?}SimonL.KappoIQ:Uwoommnn;



List of data processing extensions

Puginname & Version & Shart plug-n description
e & [ as | Esteune cveragping ERPS Lang musoe eression
Lo @ | s | Lisear MOGirg of EEG desa
covrag . 2102 Mmmﬂmamm
teewcroreg & | mi Uses Boehctromagreterm 1odax ko ERP poa Setecton
Valzp T ASATSt catanet overts
oo a0 Export and impont dass 10 and Yom LORETA sohware
wea T Non irear Wherng usng I \ner
wiemisge | 1M Prot STUOY ICA chster conrition 1 BAP

Forwirt seomedt Custeorad 108 10 Charvees (Leda)
Mot STUDY ICA chater dooie densty (Seta)

A _eetiCBYCOAs & 0.10
vz _dooelerat) iF o

vl _EnpCak on vnnmm*ummm
prenopo o0 PRt Y00/ O (aroert verrce eccounted Yor (Deta)
rimOusier & ‘ o8 mmmn“mw
uhml . 0'51 Mwummmm
wmsuso® | 010 Croars sciy arvtacts uarg APH beta)
| Mt inky Comrng T | Growp Single dataset ICA components by Mtval intormation
maseww @ | 10802 | Mass Unvariate ERP Toolox
neocAa® | w0 | ICA rogpesaion based £0G semove
WARAE 1 Muagle Anract Raection Ao
e g TS Routnes 1 Geaxywng reer Wiy
PAC?& | 6.17 mwmumu
e T Rermive AL antacts Yo EEG
srr e | 120 Aralyan and visusizston of mulvariatio Commecivy
A 8 L une KA based Aviomatc Arstact Remowsl
Ao G . 1 . Atomand Detoctor - Jort Use o Soetel and Tempors fodlures
Cmarsre & | A ¥ I Ramoves secacicisl artiacts (e notee)
Lome— Doty A8 8008 KCASIMON BNG saBICS 00k % EEGLAD
EYEEED @ ™ Open scurce MATLAS ool by semutiasecus eye backing & EEQ
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Embodied Agency

Brain processes .
evaluation

have evolved and function f A \

to optimize the outcome perception action

'—f

of our behavior —
which the brain organizes
In response to
perceived challenges

and opportunities.

Brains meet the challenge of
the moment!

S. Makeig 2011



Brain imaging natural cognition -- actions & interactions

S . Makeig, 2007



portion of fotal brain electrical activity

But which portion?

Triggered and modulated how?
« With what functional significance?

Cloud art: Berndnaut Smilde S. Makeig, 201€



scalp surface fields)

~ ECOG (larger corti
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Is producCed by active partial coherence of
\ distributed activities at the next smaller

spatial scale.

Intracellular and Synaptic and

eri-cellular fields _other trans-
)\ brane
pot nilals .

Brain dynamics are

inherently multi-scale

/ \ Scott Makeig 2007
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Macro field dynamics are
spontaneous emergent
spatiotemporal dynamics
— In both outer space
and cortex.

Scott Makeig 2008



Avalanche

Lﬁl Cortical Synchronies
a_~

~.Effective EEG Sources

I —



Fownsend et 3, o Complex Cortical Waves J, Nearoscl, Masch 18, 2015 « 35(11 k4657 4662

Delta band

(1-4 Hz) A @
in z 3
£ o
anesth. ¥ PHENA TN )
animals — = . = O
“Synchrony was associated with high delta-band | &
amplitude (averaged across the recording array), F_g"
whereas complex waves were associated with|z2

low average delta-band amplitude. ...
O
‘ 3
Spike rates were highest near the position and |5
time of spirals and saddles and lowest in the|
presence of synchrony.” T
5
=
0

Ry Townsend et al., 2015



S The spatiotemporal field
L P J; dynamics of cortex and brain
e have not yet been imaged on

multiple spatial scales!



Spatial complexity depends on frequency

R

NASA Sun Observatory



Brain dynamics are

scalp surface fields)
inherently multi-scal

~ ECOG (larger corti

c

Local

Extracellular At " o " o the o |
Fields eac l{lspa ial recor u-f scale, the signa

Is producCed by active partial coherence of
distributed activities at the next smaller
spatial scale.

Cross-scale coupling ? Intracellular and Synaptic and

is bi-directional! eri-cellular fields Ot erbtrans-
)\ ane
Larger pot rﬂ%l's“

TS

Smaller

Scott Makeig 2007
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The generation and modulation of EEG
is COMPLEX and not well studied
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Corticothalamic s. Makeig 2007



In Cortex: Up # Down
and +uV # -uVv

Cortical surfacet Up

VWY B vV Y vl
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E. Halgren et al., 2015



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



Naive 2-D interpretation of EEG signals?

\‘.A\ '
Relative! K ‘
/ Independeng ‘.
| [ Y
| |
Cortical EEG signal projection Cortical source current volume

patterns as point processes conduction patterns



The very broad EEG point-spread function

Simulated parietal effective source Very broad projected scalp potentials

Akalin Acar & Makeig 2010



1 million Summ%q3
active scal
minicolumns proj

tion

ne
mergent,
patially

coherent
effective -0.13

mA/mm? source mV

The effective sources of the scalp EEG
& MEG are emergent islands of local
synchrony / near-synchrony.

L
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time (seconds)



EEG Scalp Signal lllusion

Summed
scalp
projection

10 Hz 9 Hz

Their summed
scalp projection

Two Effective Sources



Scalp EEG lllusion

Summed
scalp
projection

10 Hz 9 Hz




The very broad EEG point-spread function

30
spontaneously emergent,
spatially coherent
effective sources

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

Akalin Acar & Makeig 2010



Non-brain ‘artifact’ contributions to scalp EEG

Brain sources only PLUS non-brain sources



Electromagnetic source localization
using realistic head models

Solve the

ﬂ
forward
problem
using realistic |
head models Source
(BEM) Sensor |7 Signal Estimate
Localization | | Processing

Segmentation

Zeynep Akalin Acar & Scott Makeig ‘06



But how to find

EEG simple maps
?




Blind EEG Source Separation by
Independent Component Analysis E“‘
LE
ICA can find distinct EEG source Tony Bell,

G5l activities -- and their ‘simple’ scalp ?ﬁﬂi‘:ﬁ%ﬂ
maps!

Independers Componernt Analysis
of Electroencephalographise Data
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Are EEG source signals ~“independent?

Independent
Domains

[ of Local Sy_nch rorw -

I Cortex
|
|
|

Freeman - phase cones

Plenz - avalanches

l @Thalamus

_______J

S. Makeig (2007)



ICA is a linear data decomposition method

Channels

W

Weights * Scalp_Data = IC_Activations

Scalp Data
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Makeig & Onton, 2011



ICA finds Non-Brain Independent Component (IC) Processes ...

Lateral EOG IC1 activity
400 = *— -

(dB)

Rel. Power

'

| L

20 30 | 20 30
Frequency (Hz) Frequency (Hz)

... separates them from the remainder of the data ...
J. Onton & S. Makeig 2006



Independent muscle signals

S. Makeig, J. Onton 2005



... and also separates cortical brain IC processes

Equivalent dipoles

Single dipole

component
IC8 -
Dual-symmetric dipole
component

Julie Onton & S. Makeig (2006)



IC9 IC11

Single Session - Two Maximally

2
RhponeNt S map Component 11 activity (global offset -0.038)

Suncu Inals
Sorted Trials

Time (ms) .
Activity power spectrum Activity power spectrum
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No more than

AScaIp EEG signals_anie
strong mixtures

of brain sources. |
ey N,

In this sense scalp
channel signals are b
epiphenomena.
Source signals are the EEG
phenomena of interest.

S. Makeig & M. Miyakoshi, 2015
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Important Recent Result

Those linear decompositions of multi-channel EEG data that find ICs
whose time courses are more temporally independent

Also find more ICs whose scalp maps are highly ‘dipolar’ — i.e., ICs
compatible with the spatial projection of a single local cortical (or non-
brain, artifactual) source process — whose location can be identified.

More independent time courses €2 Larger number of dipolar ICs

Dipolar ICs = Localized cortical source processes

Delorme et al., PLOS One, 2012

S. Makeig, 2011
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422 424 428 428
Mutual information reduction (kbits/sac)

Delorme et al., PLOS One, 2012

S. Makeig, 2011



Equivalent dipole density

Visual Working Memory

Sternberg
letter
memory
task

Onton et al., '05



Equivalent dipole density

Eyes closed
emotion

imagination

Onton et al., '05
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S. Makeig 2007



