
W h a t  ( N o t  W h e r e )  a r e t h e S o u r c e s o f  t h e E E G ? 

Scott Makeigt and Tzyy-Ping Jungft 
Dar a Ghahremani t  an d Anthon y J .  Bell t 

Terrenc e J .  Sejnowski } 

t Naval Health Research Center, P.O. Box 85122, San Diego CA 92186-5122 
X Howar d Hughe s Medica l  Institute ,  Th e Sal k Institute ,  L a Jolla ,  C A 9203 7 

{scott,jung,dara,tony,terry}C8alk.ed u 

I n t r o d u c t i o n 

Th e proble m o f  determinin g brai n electrica l  source s fro m 
potentia d pattern s recorde d o n th e scal p surfac e i s math -
ematicall y underdetermined .  Mos t  effort s t o identif y 
E EG source s hav e focuse d o n performin g simultaneou s 
spatia d segregatio n an d localizatio n o f  sourc e activity . 
Recently ,  w e hav e applie d th e IC A eilgorith m o f  Bel l  an d 
Sejnowsk i  [1 ]  t o th e proble m o f  E E G sourc e identifica -
tio n {What? )  considere d apar t  fro m sourc e localizatio n 
{Where? )  [2] .  B y maximizin g th e join t  entrop y o f  a  se t  o f 
outpu t  channel s derive d fro m inpu t  signal s b y linea r  fil-
terin g withou t  tim e delays ,  th e I C A algorith m attempt s 
t o deriv e independen t  sourc e waveform s fro m highl y cor -
relate d scal p E E G signal s withou t  regar d t o th e physica l 
location s o r  configuration s (foca l  o r  diff"use )  o f  th e sourc e 
generators . 

I n ou r  simulations ,  w e use d a  prewhitenin g techniqu e 
describe d i n [3 ]  em d a  'natura l  gradient '  featur e intro -
duce d i n [4 ]  t o spee d networ k training .  Th e IC A algo -
rith m perform s nea r  idea l  sourc e separatio n when , 

(1 )  th e actua l  source s ar e independent , 

(2 )  th e propagatio n delay s o f  th e mixin g med iu m (here , 
brai n volum e conduction )  ar e negligible , 

(3 )  th e source s hav e centra l  probabilit y  densit y func -
tion s no t  to o unlik e th e derivativ e o f  th e logisti c sig -
moid ,  an d 

(4 )  th e numbe r  o f  independen t  signa l  source s i s th e 
same a s th e numbe r  o f  sensors . 

Here, we report simulation experiments to determine (1) 
whethe r  th e IC A algorith m ca n successfull y isolat e inde -
penden t  component s i n simulate d E E G generate d b y fo -
cal  an d distribute d sources ,  an d (2 )  whethe r  IC A perfor -
mance i s severel y affecte d b y senso r  nois e an d additiona l 
low-leve l  brai n nois e sources . 

Methods 

A three-shel l  spherica l  hea d mode l  develope d b y Ander s 
Dal e an d Marti n Seren o [5 ]  wa s use d t o tes t  th e abilit y 
of  IC A t o separat e know n signa l  waveform s projecte d t o 
si x simulate d scal p electrode s fro m five  simulate d brai n 
sourc e dipol e locations .  Si x nine-secon d audi o signal s 
(man' s voice ,  woman' s voice ,  gong ,  chorus ,  synthesizer , 
d rum )  wer e recorded ,  scale d t o differen t  levels ,  assigne d 
t o on e o r  tw o brai n dipoles ,  an d mathematicall y  pro -
jecte d t o th e si x  simulate d scal p electrode s t o produc e 

simulate d E E G signals .  I n som e conditions ,  si x  addi -
tiona l  simulate d brai n nois e source s wer e introduce d (a t 
nearb y diffuse-dipol e locations )  b y projectin g Gaussia n 
whit e nois e throug h th e scale d an d slightl y perturbe d 
sourc e signa l  mixin g matrix ,  an d low-leve l  simulate d 
E EG senso r  noise ,  consistin g o f  independen t  Gaussia n 
whit e noise ,  wa s adde d t o eac h simulate d E E G channel . 

Results 

Result s o f  th e simulation s showed :  (a )  IC A transform s o f 
simulate d E E G signal s ar e insensitiv e t o initia l  weights , 
(b )  I n th e no-nois e condition ,  IC A separate d al l  si x sim -
ulate d E E G signal s wit h a  signal-to-nois e rati o (SNR ) 
abov e 3 0 dB ,  (c )  I n th e presenc e o f  brai n an d senso r 
nois e sources ,  IC A performanc e degrade d smoothl y a s 
nois e level s wer e increase d relativ e t o thos e o f  th e source s 
of  interest .  Thus ,  IC A shoul d segregat e relativel y strong , 
independen t  E E G source s int o separat e outpu t  channel s 
wit h satisfactor y S N R .  W e wil l  sho w example s o f  IC A 
applie d t o actua l  E E G an d cognitiv e E R P dat a [6] . 
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