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Human Functional Brain Imaging

EEG
fMRI

fEEG Electromagnetic imaging

MoBI Y _
BCI = imaging, local cortical

ESI Synefirony

3-D imaging more difficult,

Hemodynamichimaging . /
but'quite fast & direct

= imaging brain
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Direet 3-D imaging,

but quite slow & indirect

S. Makeig 2010



Human EEG History

Some EEG milestones

1926 ~1%t human functional brain ‘imaging’ =S & B

1938 15t EEG spectral analysis | eI
‘reading the EEG’ r o

1962 15t computer for EP averaging (CAT) ' ' '
‘event-related potential (ERP) averaging’

1995 1t multisource EEG filtering by ICA
‘functional EEG brain imaging’

2009 ~1st commercial dry electrode devices
‘mobile, wireless, wearable MoB/’

201? ~1stextremely high density ECoG system

‘electrocortical source imaging (ESI)’
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Filooge 1-1 Professor Hans Begger (1S73-1941 ). aennom
Frovee 1-2-Sample of the first EEG tracing taken at the Bradley Hospital, E pychintrist, University of Jena, Jens, Germany. first to
Providenoe, Rhode Ixland, by H, Jasper and L. Carmlchacl. Subject @ Carl dizscover and describe in 1929 a unique kind of electricsl
Plaffmann, Date: July 9, 1934 Record, which shows prominent aipha rhythm activity recorde] from the brain of man, which he named
of about 115 per secoml, was made with a Westinghouse, galvanonwtertype. the clectrowncephinlogram ( Elektrenkephnlogea mm )

mirror oscillograph. Time line above : 25 Hz



The generation and modulation of EEG / LFP
is COMPLEX

Carticothalamic

spezifische Afferenzf ! Assoziat der Aff
ssoziationsfaser oder Afferenz . .
' aus dem contralateralen Cortex Corticocortical

Value System
Modulations

S. Makeig 2007



Trough of pyramidal layer theta

Borhegyi et al., JNS, 2004



Brain dynamics are «—EEG (scalp surface fields)

inherently multi-scale

. ECOG (larger cortical surface
ields)

Local

Extracellular

Fields produced jy active partial coherence of

distributed activities at the next smaller scale.

Intracellular and peri- Synaptic and
cellular fields other trans-

Scale chauv

Scott Makeig 2007



Phase cones (Freeman)

Avalanches (Plenz)










Synchrony
elative
Independence
scalp si

ignals # source signals !



The very broad EEG point-spread function

Z. Akalin Acar & S. Makeig 2010




Human Electroencephalogram (EEG)

Selected
Channels

Letter
On

Time (s)

Onton & Makeig, 2009
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3-D structure of the Universe

NASA 2009




2-D Interpretation of Scalp EEG Signals e




Electromagnetic source localization

Solve the
forward problem
using realistic
head models
(BEM)

Source
Image

Mesh generation |S\_, Sensor Signal

Y Localization Processing

Segmentation

MRI

Zeynep Akalin Acar, & Scott Makeig ‘06 EEG/MEG



Blind EEG Source Separation by
Independent Component Analysis

Cocktail Party

S. Makeig (2000)



Independent Companert Analyais
of Electroencephalographic Dnta
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Are EEG source outputs (nearly) independent?

Independent
Domains__ I
of Loca] Synchrony

Freeman - phase cones

Plenz - avalanches

oy

I ~=<=)>Thalamus

__________J

S. Makeig (2007)
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Compact cortical EEG sources

Equivalent dipoles

Single dipole

source 9.9%

i |
A
ole —

»

IC8
Dual-symmetric dip

source
Julie Onton & S. Makeig (2006)
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S. Makeig, J. Onton 2005



EEGLAB

An open-source signal processing
environment for Matlab

Activity power spactrum
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S. Makeig 2007



EEGLAB




Equivalent dipole density

Visual Working Memory

Onton et al., ‘05



Equivalent dipole density

Auditory Novelty

Onton et al., ‘05



Equivalent dipole density

Emotion Imagination

Onton et al., ‘05



Equivalent dipole density
Task A — Old/New Word Memory

dipoledensity()

Onton et al., ‘05



Equivalent dipole density

Task B — Cued finger movements

dipoledensity()

Onton et al., ‘05



Model Log Likelihood

Modeling Spatiotemporal Variability

3-Model AMICA Decomposition
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Grainne MacLoughlin & Jason Palmer, 2010



EEG States of Emotion Imagination

Suggest the imaginative
experience of 15 different

emotions:
- initial relaxation

- alternate positive and
negative emotions

- relaxation between
emotion episodes

- obtained 1-5 min periods
of eyes-closed
spontaneous EEG

- 33 subjects

Onton & Makeig, Frontiers 2009



Independent Modulators

(@) Scalp
electrodes Cortex

/ =24/

(b) Independent
Components (ICs)

57

(c) Reference
electrode

(d) Independent
Modulators (IMs)



Independent modes of spectral modulation
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Onton & Makeig, Frontiers in Human Neuroscience ‘09



TZmplate streagth

Broadband high-frequency modes
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Onton & Makeig, Frontiers in Human Neuroscience ‘09



Changes in broadband power with
Imagined emotion

/ Positive

MDS Dim 2

M relief
@ contentment

0.4 ' 0 ' 0.4 ‘ 0.8 s
MDS Dim 1 Negative

Julie Onton & Scott Makeig, Frontiers in Human Neuroscience, 2009



Distribution of broadband modes

Dipole
density

(dipoles/cm3 )

Onton & Makeig, Frontiers in Human Neuroscience ‘09



Positive and negative valence modes

+0.16

Correlation-
22z weighted
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difference
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Onton & Makeig, Frontiers in Human Neuroscience ‘09
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Distributed

Bral'm®ym&mic
Events




| realized that ...
It struck me that ...

Al of akidaen’-| D UIte o

ookq.d ‘o e . The feeling hit me that .

akvDynamic

In at ....

| decided EMﬁnLﬁat

| imagined ...

S. Makeig, 2001






Distributed
muscle /
movement
events
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Human Agency & Embodied Cognition

Brain processes
have evolved and function
to optimize the outcome
of our behavior
In response to
perceived challenges

and opportunities.

Scott Makeig , 2008



The brain
to the ch

) gether respond
nge of each moment.

Mobile Brain/Body Imaging

But human brain
motor actions'a

| ]
has never beZEo

S . Makeig, 2007



Brain imaging during natural behavior ?

* Nearly all brain imaging studies (MEG, PET, fMRI, and
EEG) are conducted in rigidly sta’r’Q ~ated or prone

positions with only the most minimal
allowed.

Drs are heavy.

e Muscle and movements con ‘noise’) signals.

e But this limitation is highly artificial. Nearly all our lifé lves active

movements and interactions within a 3-D environment.
e - Brain activity during free movement in 3-D space

has never been observed or modeled!

Scott Makeig 2008
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SPIKES
LFP
ECOG
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S. Makeig 2007




MoDBl

Mobile Brain/Body Imaging

 Record what the brain does,
 What the brain experiences,
. And what the brain controls.



http://thesciencenetwork.org/programs/inc-sccn-open-house/inc-sccn-open-house-hi-lite-reel




MoBI Systems for Cognitive Monitoring

* Alertness

* Arousal

* Attention

* Anticipation
* Agency

* Affect

S . Makeig, 2009



Brain-Computer Interface (BCIl) Systems

for willed control ...

S . Makeig



Electrocortical source imaging (ESI) systems
for clinical research, diagnosis, and treatment

 EEG & MoBI are low-cost relative to other brain imaging systems;
* This allows future wide distribution of these systems,
* And their use In very large research studies.
 Very large online data resources are possible (HeadIT);
* These may be improve the speed and quality of BCI,
cognitive monitoring, and clinical imaging systems.
« Extremely high-density EEG & MoBI imaging systems are possible;

* These may allow new discoveries — in electro-accupuncture, etc.

S. Makeig 2010



Electrocortical source imaging (ESI) systems
for clinical research, diagnosis, and treatment
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Electrocortical source imaging (ESI)

car 2009



Electrocortical source imaging (ESI)

Zeynep Akalin Acar 2009



Electrocortical source imaging (ESI)

Zeynep Akalin Acar 2009



Functional EEG brain imaging
Paradigm shift !

> EEG is something to use, not just something to inspect ...

Goals:
1. Modeling dynamic, distributed brain/body events

to understand how the brain works !
2. Mobile Brain/Body Imaging (MoBl)
for cognitive monitoring.

3. Brain-Computer Interface (BCI)

for willed control.

4. Electrocortical source imaging (ESI)

for medical diagnosis and treatment.

S . Makeig 2010



