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focal concept:
epileptogenic zone

Rosenow & Luders, Brain 124 (2001)
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Hypersynchrony and Spatial Scales
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Hypersynchrony and Spatial Scales

[tme, EEG]
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display EEG ('./data/',6 'EEG lecture.mat',128);

input:

‘. /data/’

‘EEG lecture.mat’

128
output:

tme
EEG

path to data folder
name of data file
sampling rate in Hertz

column vector containing sample times
matrix containing EEG as columns
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Pearson’s Correlation Coefficient
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Pearson’s Correlation Coefficient Pearson’s Correlation Coefficient
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Pearson’s Correlation Coefficient Pearson’s Correlation Coefficient
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Pearson’s Correlation Coefficient
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FitzZHugh-Nagumo Model

system1: v, w, system 2: v, w,

dv dv

- = viv—a)(l—v)—w+/! il vv—a)l-v)-—w+I
dw dw

T = (v — ~yw). T e(v —yw).

N
N

FitzHugh, Biophys J 1 (1961)
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FitzZHugh-Nagumo Model

F7ilke vv—a)(l=v)—w+1T
% = e(v —qw).

-I.\. \~.
see BENESCO Lecture on 24™ Nov., 2017 FitzHugh, Biophys J 1 (1961)
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FitzZHugh-Nagumo Model _
coupling
system1: v, w, system 2: v, w, term:
tc(v,-v)
dv dv !
—= = viv—a)(l—v)—w+1T 7= viv—a)(l—v)—w+1
dw ( ) dw {0 o
— = &(v —yw). —_ = = s
at 7 at 7

N

N

FitzHugh, Biophys J 1 (1961)
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FitzZHugh-Nagumo Model FitzZHugh-Nagumo Model

FitzHughNagumo2 coupling;
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FitzZHugh-Nagumo Model coupling  FitzHugh-Nagumo Model
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FitzZHugh-Nagumo Model coupling  FitzHugh-Nagumo Model coupling

1—-2 1—-2
0.125 0.25
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FitzZHugh-Nagumo Model
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FitzZHugh-Nagumo Model coupling
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Other Interrelation Measures Other Interrelation Measures

[T G i 0.2 . Y = X?
: 1 i T T C=-00178
E = 0f
_l | 1 ] ] ‘zl 0.0 o R __',' o
2 -1 0 1 2 %
Y .

cross-correlation
VS.
mutual information
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Other Interrelation Measures Pearson’s Correlation Matrix o

Pearson correlation matrix
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Pearson’s Correlation Matrix Pearson’s Correlation Matrix

mathematical properties:
EEG Corr (tme,EEG, 640,640, 1);

T
. 1 Xi(t) — (Xi) Xi(t) — (X) | oot
G == : : = —
matrix form i TZ 7 5 C TXX .
=1 input:
values on the diagonal Ci) =1
i) = tme column vector containing sample times
t Cl = Cx EEG matrix containing EEG as columns
Symmetry U(t) = ﬂ(r) 640 number of samples used for correlation matrix
1 =G <1 640 number of samples used for displacement

range of values = MR = 1 flag for display of intermediate results
positive semi-definite A=0 output:

M M
trace TrC= ZA,- = ZC“ =M

i=1 i=1
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Pearson’s Correlation Matrix Pearson’s Correlation Matrix
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Eigenvalues and Eigenvectors Eigenvalues and Eigenvectors

Faarson camalation matre Faarson camalation matrs

Cv= w
Cv=JA\v

see BENESCO Lecture on 29" Sept., 2017 see BENESCO Lecture on 29" Sept., 2017
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Eigenvalues and Eigenvectors Eigenvalues and Eigenvectors

@ - ] Pearson comalation matre @ - ] Pearson comalation matrs
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Eigenvalues and Eigenvectors Eigenvalues and Eigenvectors
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Eigenvalues and Eigenvectors Eigenvalues and Eigenvectors

~Hl ™ = -~ - &

5 = E Y A=M 5 = Y A =M
a level i i=1 1 a level i —_— i=1 !
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1~ — 1 4+ —
degenerate L degenerate a I
degeneracy degeneracy
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idealized real world idealized real world
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Eigenvalues and Eigenvectors Eigenvalues and Eigenvectors
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Eigenvalues and Eigenvectors
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Eigenvalues and Eigenvectors
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“collectivity”,
“number of principal components”

“collectivity”,

Maller et al., Phys. Rev. E 71 (2005) “number of principal components”  wuleretal, Phys Rev. £ 71 (2005)

Z Sgn(aij) |afj|2

J
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Eigenvalues and Eigenvectors
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Eigenvalues and Eigenvectors

“symmetry”
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,Si::

E Sgn(aij)|aij|2

J

Muller et al., Phys. Rev. E 71 (2005)

Eigenvalues and Eigenvectors

eig val vec (tme,EEG,

input:

tme
EEG
640
128
1

output:

640,128, 1);

column vector containing sample times
matrix containing EEG as columns
number of samples for correlation matrix
number of samples for displacement
flag for display of intermediate results

Eigenvalues and Eigenvectors

“symmetry”

Si= E Sgn(aij)|afj|2
J

Muller et al., Phys. Rev. E 71 (2005)

Eigenvalues and Eigenvectors
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Eigenvalues: correlation dynamics of seizures Literature suggestions

A secondarily generalized n=49 B complex partial =51

0 |
A 8 * Mdller et al. (2005), Phys. Rev. E71, 046116.
U 0z 04 05 08 10 ¢ 0z 04 08 08 10 * Rummel et al. (2013), Neuroinformatics 11, 159-173.
[! E2 * Schindler et al. (2007), Brain 131, 65-77.
4 ;
v .

Schindler et al., Brain 130 (2007)
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Literature suggestions Homework suggestions

Use the Matlab functions EEG_Corr.m and eig_val_vec.mto

analyze the data set EEG homework.mat:
* Mdller et al. (2005), Phys. Rev. E71, 046116. -

* Rummel et al. (2013), Neuroinformatics 11, 159-173.
* Schindler et al. (2007), Brain 131, 65-77.

1) When and where do you think the seizure starts?

2) When do you think the seizure terminates?

3) Repeat analysis for the first temporal derivative
diff (EEG,1).

4) Which seizure of the Supplementary Material of Rummel et al.
(2013) is it?




