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scalp dynamics ! source dynamics ! 
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Exact Formulation of the Forward Problem 

!(x,y,z) 

V 
"#

S 

! (x,y,z) : conductivity distribution 

p : current source 

Z. Akalin Acar, 2010 



Spherical 
Model 

Numerical 
Model 

To Solve  the Forward Head Model Problem … 

  ! Head Model 
–! Conductivity values 

–! Geometry 

WE NEED 

 ! Possible source distribution 

•! Magnitudes 

•! Locations 

•! Directions 

 ! Sensor Locations 

–!! Solver 

Z. Akalin Acar, 2010 



Source Localization Requirements 

!!Selected/processed EEG signal  

     !  Simple single-source scalp map ! 

!!Number/positions of electrodes on the head surface 

!!Numerical head model 

!!Co-registration of EEG electrodes with head model 

!!A priori information/guess about the source space 

!!Choice of inverse model 

!!Choice of numerical method 

Z. Akalin Acar, 2010 
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Errors in Simple Head Models 

! In the volume conductor model 

! In the electrode locations 

Z. Akalin Acar, 2010 



!! Simple head models 
  Single sphere  

–! 3-4 Layer Spherical 

–! Spheroid 

!!Realistic head models 
Boundary Element Method 

Finite Element Method 

Finite Difference Method 

Head Model Comparison 

Z. Akalin Acar, 2010 



Standard MNI head model 

(4-layer mean BEM) 

Effects of Head Model 

Z. Akalin Acar, 2010 

Spherical head model 

(3-layer standard) 



!8B)3*"'5%D#517)%"#-?1"0#3%

V%>?D'-0'+).%#2%0B)%

%,?=+#41%3'B)'?%7#?)5%

%%%W%7'0B)7'/"'55C%)S'"0%

%%%W%2'.0%0#%"#7810)%

%%%W%3)'.#-'A5C%'""13'0)%

%%%W%)'.C%0#%1.)%

V%:*.'?D'-0'+).%#2%0B)%

%,?=+#41%3'7#?)5%

%%%W%?*X"150%0#%'5*+-%83#8)35C%

%%%W%*-'""13'0)%*-%.#7)%3)+*#-.%

R. Oostenveld & S. Makeig, 2010 



•! >?D'-0'+).%#2%'%#+%34,81'B)'?%7#?)5%

–!'%7#3)%'""13'0)%.#51/#-%P).8)"*'55C%2#3%HHIR%

•! :*.'?D'-0'+).%#2%'%#+%34,81'7#?)5%

–!7#3)%@#3(%0#%A1*5?%23#7%'-%&O%*7'+)%

–!.5#@)3%0#%"#7810)%

–!7*+B0%A)%-17)3*"'55C%*-.0'A5)%

–!B'3?)3%0#%7'()%A)0@))-G.1AY)"0%"#78'3*.#-.%

%U%>%83'+7'/"%P)'.C;%"B)'8R%.#51/#-%*.%0#%1.)%%

% %'%.0'-?'3?%P7)'-R%3)'5*./"%B)'?%7#?)5%P&4,RF%

R. Oostenveld & S. Makeig, 2010 

O)'5*./"%D#517)%"#-?1"0#3%



O)'5*./"%D#517)%"#-?1"0#3%

•! 6#7810'/#-'5%7)0B#?.%2#3%D#517)%

"#-?1"/#-%83#A5)7%0B'0%'55#@%3)'5*./"%

+)#7)03*).L%

–!Z#1-?'3C%H5)7)-0%&)0B#?%PZH&R%

–![*-*0)%H5)7)-0%&)0B#?%P[H&R%

•! I)#7)03*"'5%?)."3*8/#-%

–!J3*'-+5).%P85'-'3%#3%\1'?3'/"R%

–!J)03'B)?3'%P]G:R%

R. Oostenveld & S. Makeig, 2010 



ZH&%D#517)%"#-?1"0#3%

•! Z#1-?'3C%H5)7)-0%&)0B#?%
–! ?)."3*8/#-%#2%+)#7)03C%AC%"#78'307)-0.%

–! )'"B%"#78'307)-0%*.%
•! B#7#+)-#1.%

•! %*.#03#8*"%

–! *78#30'-0%/..1).%
•! .(*-%

•! .(155%

•! A3'*-%

•! P6![R%

–! 03*'-+15'0)?%.132'").%'.%A#1-?'3*).%

–! .132'").%.B#15?%A)%"5#.)?%

R. Oostenveld & S. Makeig, 2010 



Proton Density 

T1-weighted T2-weighted 

MRI 
Segmentation 

Solve the 
forward problem 

using realistic 

head models 
(BEM) 

Mesh generation 

EEG/MEG 

Source  

Image 

Inverse 

Problem 

Signal  

Processing 
Sensor 

Localization 
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A Four-Layer BEM Head Model 

Realistic 4-layer head model 

# of elements 

Scalp:    6900 

Skull:    6800 

CSF:    9000 

Brain:    8800 

Total  31500 

Z. Akalin Acar, 2010 

Neuroelectromagnetic 

  Forward head modeling 

    Toolbox (NFT) 
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•! Over-determined (if 1 source) 

•! Under-determined (if >1) 

•! Nonlinear optimization  

Z. Akalin Acar, 2010 

Equivalent Current Dipole 
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Measured Errors 
in Dipole Source Localization 

!! Experimental studies 

–! Phantom ! 10 mm loc. error (Henderson & Butler, 1975)! 

–! Human skull ! 35 mm (Weinberg et al, 1986)! 

!! Simulation studies 

–! 3-layer model !  15-25 mm (Roth et al, 1993) ! 

–! 3-layer model !    9-14 mm (Vanrumste et al, 2002)! 

–! Human skull  !  25 mm (Fletcher et al, 1993) ! 

–! 3-layer model ! ~8 mm (Akalin Acar, 2005)! 

Z. Akalin Acar, 2010 



Source Localization Errors 

•! For a 3-layer spherical head model 

•! Relative to 4-layer realistic BEM head model 

Z. Akalin Acar, 2010 
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Effect of Number of Electrodes 
"! Single dipole source 

"! 3-layer spherical head model 

"! 1152 solution points 

Michel et al, 2004 

Z. Akalin Acar, 2010 



Effects of Skull Conductivity Estimate 

Measurements of skull conductivity: 

In vivo In vitro 

Hoekama et al, 2003 

•! MR-EIT 

•! Magnetic stimulation 

•! Current injection 

He et al, 2005 

Z. Akalin Acar, 2010 



Brain to skull ratio 

Rush and Driscoll 1968 80 

Cohen and Cuffin 1983 80 

Oostendorp et al 2000 15 

Lai et al 2005 25 

Skull conductivity 

by age 

Measurement Age " (mS/m) Sd (mS/m)!

Agar-agar phantom – 43.6 3.1 

Patient 1 11 80.1 5.5 

Patient 2 25 71.2 8.3 

Patient 3 36 53.7 4.3 

Patient 4 46 34.4 2.3 

Patient 5 50 32.0 4.5 

Post mortem skull 68 21.4 1.3 

Hoekama et al, 2003 

Z. Akalin Acar, 2010 

Effects of Skull Conductivity Estimate 



Effect of reference electrode 

“The choice of a particular reference electrode … does not 

change in any way the biophysical information contained in the 

potential distribution. It does not in any way change the relation 

between source and potential, except for an additive constant of 

no physical significance.” 

                                                             - Geselowitz, 1998 

Z. Akalin Acar, 2010 
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Zeynep Akalin Acar,, S. Makeig, G. Worrell, ‘09 

Conformal cortical patch 

source model 



Model a source estimate as a  

sum of overlapping patches 

Z. Akalin Acar, 2010 

Conformal cortical patch source model 



for an IC of an intracranial data set 

Equivalent Current Dipole Model 

Estimated IC cortical 

projection 

Z. Akalin Acar, 2010 

   Comparing source models 

Sparse Patch Basis Model 
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