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Functional Brain Imaging

Some human brain imaging milestones
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FIoure 1-2.—Sample of the first EEG tracing taken at the Bradley Hospital, E. psychiatrist, University of Jena, Jena, Germany, first to
Providence, Rhode Tsland, by H. Jasper and L. Carmichael. Subject: Carl discover and describe in 1929 a unique kind of electrical

Pfaffmann. Date : July 9, 1934. Record, which shows prominent alpha rhythm
of about 11.5 per second, was made with a Westinghouse, galvanometer-type,
mirror oscillograph. Time line above: 25 Hz.

activity recorded from the brain of man, which he named
the electroencephalogram (Elektrenkephalogramm).

S. Makeig 2010



EEGLAB History

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)

* 2000 - Toolbox GUI design (Delorme)

* 2002 - EEGLAB (sccn.ucsd.edu)

e 2004 - NIH support, and (Delorme & Makeig, 2004) reference paper

e 2004 - 15t EEGLAB workshop (UCSD, La Jolla, California)

e 2004 - 15t EEGLAB plug-ins

e 2005 — Workshops in Porto (Portugal) and Libon (SPR)

e 2006 — Workshop in Singapore

* 2006 - 15t STUDY structure and component clustering tools

e 2007 - Workshops in Aspet (France), La Jolla (California), Santiago (Chile)

* 2008 - NIH support renewed...

e 2009 — NFT — Neuroelectromagnetic Forward Head Modeling Toolbox

e 2009 - Workshops in Bloomington Indiana, Aspet France, La Jolla California, Sydney Australia
* 2009 - ERICA - Experimental Real-time Interactive Control & Analysis, SIFT, BCILAB, etc.
e 2010 — Workshops in Jyvaskyla Finland, NCTU, Taiwan, Portland Oregon, and UCSD

* 2011 - HeadIT database tied to EEGLAB

¢ 2011 — EEGLAB Chat introduced
S. Makeig 2010
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| reached . threw
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| realized that ...
It struck me that ...

All of a sudd&@p”.
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Embodied Cognition & Agency

Brain processes evaluation
have evolved and function A
to optimize the outcome SREHE B

of the behavior
the brain organizes
In response to
perceived challenges

and opportunities.

Brains meet the challenge of . 3
the moment! :




What is EEG?



Brain dynamics are
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The generation and modulation of EEG / LFP
is COMPLEX and not well studied
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Functional Brain Imaging

Hemodynamic imaging
= imaging brain
Energy

Direct.3=D inverse model,

but quite slow & indirect

Electromagnetic imaging

= imaging, lotal cortical

Sync!?rdny'

3-D imaging requirés/model,
but quite fast & difect meastre

of one aspect of\neural activity

S. Makeig 2010



Phase cones (Freeman)

Avalanches (Plenz)
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Z. Akalin Acar, J. Palmer, G. Worrell, & Makeig 2010




Naive 2-D interpretation of EEG signals?

Cortical EEG signal projection Actual cortical source volume
patterns as point processes conduction patterns (cartoon)



“Surely, Dr. Lowe, if there were gravity waves, we would have detected them by now.”




The very broad EEG point-spread function

Z. Akalin Acar & S. Makeig 2010




The very broad EEG point-spread function

Single spatially labile source Akalin Acar & Makeig 2010
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3-D structure of the Universe




The very broad EEG point-spread function

Spatially static cortical patch source

Z. Akalin Acar & S. Makeig 2010




Phase cones (Freeman)

Avalanches (Plenz)

@10 Hz,20 cm

Scott Makeig 2007




The very broad EEG point-spread function

Phase lag, center to edge: 18°
Z. Akalin Acar & S. Makeig 2010




The very broad EEG point-spread function

Phase lag, center to edge: 0°

Akalin Acar & Makeig 2010




Electromagnetic source localization

Image

Signal
Processing

Zeynep Akalin Acar, & Scott Makeig ‘06 EEG/M EG



Brain Electrophysiology
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1993-> 2000~>

S. Makeig, TINS 2002
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Studying ‘cognitive perception’ using ERPs

Typical EEG
experiment

Scott Makeig, 2008



The response averaging model:

CEG ERr EEG “noise”
Daté-=Average + “Backgiound”
BOL0) ERC BOLD “noise”

But, this linear decomposition is veridical
if & only if:
Not True / Not Defined

1. The Average appears in each trial.

2. The “Background” is not perturbed
in other ways by the time locking events.

Not True

S. Makeig 2004



Conceptual legacies of
single sensor response/rate averaging

- Reduction of the time series data at each channel
to a single average-response (ERP) time series.

- Reduction of the data collected at each channel
to an isolated spatial point process.

How to capture more of the event-related brain
dynamics contained in high-density EEG data?




Spatial Source
Filtering




Blind EEG Source Separation by
Independent Component Analysis

Cocktail Party

S. Makeig (2000)



Independent Component Analysis
of Electroencephalographic Data
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Are EEG source outputs (nearly) independent?

Independent
Domains__ R
of Loca] Synchrony

Freeman - phase cones
Plenz - avalanches

—

| ~==>Thalamus

__________J

S. Makeig (2007)



Independent brain EEG sources

Single dipole 7

source

Dual-symmetric dipole =——

source
Julie Onton & S. Makeig (2006)



Effects of non-brain artifacts on scalp EEG

Without non-brain sources Including non-brain sources




Some non-brain source ICs

Eye blink
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Onton & Makeig, 2006



Independent muscle signals
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Distributed

muscle /
movement
events
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ICA is a linear data decomposition method

Scalp Data

W * Channel_Data = Activations

Components

# 5 & e @ 2 f Time points
Components

PW-!

W-1* Acti\{ions= Channel_Data

Makeig & Onton, 2011



Independent Components of Human EEG are Dipolar
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Questions?



