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•  Brain electrical activity 
•  A small portion of cortical brain electrical activity 
•  An even smaller portion of total brain electrical activity 

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

S Makeig, 2014 



EEG (scalp surface fields) 

ECOG (larger cortical     
surface fields) 

Local 
Extracellular 
Fields 

Intracellular and 
peri-cellular fields 

Synaptic and 
other trans-
membrane 
potentials 

Brain dynamics are inherently multi-scale 

At each  spatial recording scale, the 
signal is produced by active partial 
coherence of distributed activities at 
the next smaller scale. 

Scott Makeig 2007 

Local field dynamics  
also influence spike  

rate, timing, and  
synchrony.  
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Macro field dynamics are 
spontaneous emergent 

dynamic patterns – in both 
outer space and cortex. 



Alan Friedman 

The spatiotemporal field dynamics 
of cortex have not yet been imaged 

on multiple spatial scales 
simultaneously ! 
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Effects of  volume conduction on scalp EEG 

9 Hz 10 Hz 

Two cortical sources Their summed 
scalp projection 

cD(XF-.3"(X<-+(^(6D(E-F'38(GAB>AH(



Effects of  volume conduction on scalp EEG 

Two cortical sources Their summed 
scalp projection 

9  Hz 10 Hz 
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A Natural Basis for Efficient Brain-Actuated Control

Scott Makeig, Sigurd Enghoff, Tzyy-Ping Jung, and
Terrence J. Sejnowski

Abstract—The prospect of noninvasive brain-actuated control of
computerized screen displays or locomotive devices is of interest to many
and of crucial importance to a few ‘locked-in’ subjects who experience
near total motor paralysis while retaining sensory and mental faculties.
Currently several groups are attempting to achieve brain-actuated control
of screen displays using operant conditioning of particular features of
the spontaneous scalp electroencephalogram (EEG) including central
-rhythms (9–12 Hz). A new EEG decomposition technique, independent

component analysis (ICA), appears to be a foundation for new research in
the design of systems for detection and operant control of endogenous EEG
rhythms to achieve flexible EEG-based communication. ICA separates
multichannel EEG data into spatially static and temporally independent
components including separate components accounting for posterior
alpha rhythms and central activities. We demonstrate using data from
a visual selective attention task that ICA-derived -components can show
much stronger spectral reactivity to motor events than activity measures
for single scalp channels. ICA decompositions of spontaneous EEG would
thus appear to form a natural basis for operant conditioning to achieve
efficient and multidimensional brain-actuated control in motor-limited
and locked-in subjects.

I. INTRODUCTION

Recent work in several laboratories has demonstrated that noninva-
sively recorded electric brain activity can be used to voluntarily con-
trol switches and communication channels, allowing a few so-called
locked-in near-totally paralyzed subjects the ability to communicate,
however slowly, with their families and aides ([4]; [14]; [2]). Com-
munication rates achieved to date are in the range of several bits a
minute, far from rates that would allow locked-in persons access to
normal social interaction. This communication briefly describes a tech-
nique for blind decomposition of electroencephalogram (EEG) data
into temporally and often functionally independent components that
would appear to provide a natural basis for optimizing brain-actuated
control ([7]; [9]). An example is given of a decomposition of sponta-
neous EEG in one subject into four components accounting for spatially
distinguishable though widely overlapping posterior alpha and central
-rhythmic activities. Learned control of the amplitude of motor-re-
lated central -rhythms in the alpha frequency range (8–12 Hz) ([5]) is
being used for brain-actuated control by at least two groups ([13]; [15]).
We demonstrate that the motor-response related spectral perturbations
demonstrated by the independent component analysis (ICA)-defined

Manuscript received August 2, 1999; revisedFebruary 28, 2000. The work
of S. Makeig was supported by the Office of Naval Research, Department of
the Navy (ONR.reimb.6429), the work of T. Sejnowski was supported by the
Howard Hughes Medical Institute and the work of T.-P. Jung and T. Sejnowski
was supported by the Swartz Foundation.
S. Makeig is with the Naval Health Research Center, San Diego, CA 92186

USA. He is also with Computational Neurobiology Laboratory, Salk Institute
for Biological Studies, La Jolla, CA 92037 USA (e-mail: scott@salk.edu).
S. Enghoff is with the Department of Physics, Technical University of Den-

mark, Copenhagen, Denmark. He is also with the Computational Neurobiology
Laboratory, Salk Institute for Biological Studies, La Jolla, CA 92037 USA.
T.-P. Jung is with the Institute for Neural Computation, University of Cal-

ifornia, San Diego, La Jolla, CA 92093 USA. He is also with Computational
Neurobiology Laboratory, Salk Institute for Biological Studies, La Jolla, CA
92037 USA.
T. J. Sejnowski is with the Howard Hughes Medical Institute and Computa-

tional Neurobiology Laboratory, Salk Institute for Biological Studies, La Jolla,
CA 92037 USA. He is also with the Institute for Neural Computation, Univer-
sity of California, San Diego, La Jolla, CA 92093 USA.
Publisher Item Identifier S 1063-6528(00)04112-4.

1063–6528/00$10.00 © 2000 IEEE



e&.3'(f"%*"(^(6D(E-F'38(GABBgH(

h%'J/%'<0#%0)R'.'4)0%"#.K"'<%2.'*J%:9%R.#")00)0%

7&-.R#500'%+3<(I31*.'(
<*01*"'"%(

63"8.'(I31*.'(
<*01*"'"%(

\h&34-.'"%(I31*.'#(



b*<-.3:3"8(!"I'1'"I'"%(/*01*"'"%(T+*<'##(
6*&+<'(7*0-3"#(

H^,%

cD(XF-.3"(X<-+(^(6(E-F'38@(AB>L(

S&:9S%



XD(7'.*+0'(^(6D(E-F'38@(AB>>(
Delorme et al., PLOS One, 2012 



30% max scalp 
signal variance  
produced by 
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MoBI Lab at SCCN, UCSD 

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

LSL 

Lab Streaming Layer software for 
synchronous multi-stream, multi-platform 
recording and feedback – freely available 
on Google Code. 
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