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Tutorial 1 — Data Review and Preprocessing /—} BESA

This Tutorial is created to guide you through a complete data analysis from
preprocessing of individual datasets to cross-subject statistics of source analysis,
time-frequency analysis or source coherence results. We will work with simulated
datasets that help to understand basic mechanisms. Further we will be working with a
real dataset of an auditory intensity experiment located in the BESA Examples folder
(C:\Users\Public\Documents\BESA\Research_5_ 3\Examples\ERP-Auditory-
Intensity). In this experiment 10 subjects listened to tones (1000 Hz) of different
intensity (60, 70, 80, 90, 100dB).
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Tutorial 1 — Data Review and Preprocessing /—} BESA

What does BESA Research provide?

v Paging through your data screen by screen or jumping to selected time-points
|/ events

Adjusting signal amplitude and time-scale

Interpolation of bad channels, changing the channel status

Marking of Artifacts

3-D mapping of the topography at the selected cursor position

Remontaging in sensor and source space

Fast-Fourier-Transform (FFT) of the selected data block

Density Spectral Array (DSA) view of the whole data set

AN NN VU N N NN

Filtering

www.besa.de



Tutorial 1 — Data Review and Preprocessing

A. Data Review

1. Start BESA Research. From the File
menu, choose Open. In the ‘Select Data
Files’ box, select folder ERP-Auditory-
Intensity in folder.

Change the file type to ‘ERP files’ (*.edf,

* bdf, *.cnt, *.avg) and open file S1.cnt.

the Examples

2. This is a dataset recorded from a 32-
channel electrode cap with Cz as
reference and one EOG channel. Blue
electrodes are over the left side of the
head, red electrodes over the right side,
black electrodes are over the midline.
Triggers are coded as vertical black bars
at the bottom of the screen.

3. To see the 3D-coordinates of the

electrodes and additional head surface

points, select File / Head Surface

Points and Sensors / View.
(Alternatively, you can type the short cut
V' on the keyboard.)

displayed as pink cubicles, electrodes as

Fiducials are

red discs. If you click on an electrode its
label will be displayed. If you select an
electrode in the main window, it will be
highlighted in the surface points view.
the

Close surface points  window.

www.besa.de
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Tutorial 1 — Data Review and Preprocessing

4. Select File / Head Surface Points and
Sensors / Load Coordinate Files...
(alternatively: ctrl-L) A window opens
showing all auxiliary information that is

associated with the data file.

5. This dialog window allows to specify
information on  channel
(*.ela),

surface points (*.sfp, *.eps) and labels

additional

configuration digitized head
(*.sfn) and more. Here, no additional
files need to be loaded as all the
relevant information is stored within the
data file. If BESA finds auxiliary files with
the same basename as the data file,
they will be automatically loaded. Close

the window.

6. In order to page through your data you
can either hit the space bar or use the
arrows in the bottom left corner of the
main window. The arrows with the
vertical bar allow you to move half a

page forward or backward.

7. You can also jump directly to a certain
time-point by pressing Goto / Time...
You might also add markers or

comments to your data by right-clicking

into the data and selecting ‘Marker’ or

‘Comment’. You can then jump directly

to these events via the ‘Goto’ menu as

well.
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Tutorial 1 — Data Review and Preprocessing

8. To rescale your data use the amplitude
scaling button on the right side of the
main window (just below the button
‘Scp’). In the present case the scaling of

50 uV is appropriate.

9. In order to change the length of the data
window that is displayed at a time use
the time-scaling button at the bottom
right of the main window. In the present
case 10.0 s is an appropriate viewing

window.

10. If you only want to view a sub-set of your
electrodes use the button ‘Scp’ on the
right of the main window. You can either
choose the first / second half or the 1% to
4™ quarter of the recorded channels. You
may also adjust the number of

electrodes you want to have displayed

by using the sliders. In the current case,

change to the all-channel view.
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11 BESA

B: Interpolation, Marking of Artifacts, 3-D Mapping, Remontaging

1. Electrodes that display a faulty
recording can either interpolate or
set as ‘bad’. Interpolation is based
on spherical splines, i.e. the
information of all other electrodes
is used to compute the interpolated
signal. If a channel is set as ‘bad’ it
will be ignored. To interpolate or
set a channel as bad right-click
onto the according channel label
and select ‘Define this channel as
bad’ or ‘Interpolate this channel.
Interpolated channels will be
displayed in pink, bad channels in
grey. In the current dataset there
are no bad channels and no
interpolation is needed.

2. BESA uses amplitude, gradient
and low-signal thresholds when
scanning for artifacts (see Tutorial
2). Still, you might want to specify
artifacts in your data by hand. This
can be useful for e.g. muscle
artifacts that are high-frequent and
small in amplitude. In the current
dataset Goto Time 00:04:28. You
will see a muscle artifact. Left-
drag a window across it, right-
click into it and select ‘Define as
Artifact’. A red bracket will appear

at the bottom of the main window

3
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! Important note: in case a channel is at located at the rim of the electrode cap it is recommended to set it as
bad rather than interpolate it as interpolation might be inaccurate. The position of an electrode can be checked

following step A3 of this tutorial.
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Tutorial 1 — Data Review and Preprocessing /—} BESA

marking the artifact. It will be

ignored for further analysis. The WMWWZ\JWMNW%
artifact marker can be deleted by

right-clicking on a bracket and mHﬂM

! |5 A1 LA
Choosing ‘Delete’. Please delete |III|I||I|I||I|IIIIHIII||III||I|II|I|III|I|I||I|III|||I|I|I|I|I||I||||I||||I||I|I|I|I|||I|II|I|I|

the artifact marker in the current

dataset.

3. Goto Time 00:05:49. You will see
an eyeblink that is mainly picked
up by electrodes Fpl and Fp2.
Double-click on it to open the 3D-
Mapping window. You will see a
strong frontal positivity that is
typical for eye-blinks in EEG data.

We will not deal with eyeblinks at
this stage. Ay

4. Itis possible in BESA Research to remontage the recorded data using virtual standard electrode

caps (VIR-Button) (international 10-10-system) or source montages. In the former case you can
view the data as if they had been recorded using a standard electrode cap. In the latter case
data are translated into source space using source montages provided by BESA (Src-Button) or
created by the user (USR-Button, see Tutorial 7) so that you can get an immediate display of

activity in the respective sources in the continuous recording.

Artifact Search Tags Goto O

ﬂlﬁ Vir|Src|Usr|
iy f

a) Select ‘Vir' Reference Free. This virtual montage consists of 27 standard EEG channels that

have been average-referenced. Note that the Cz electrode carries signal in this montage. Also
note that the signal becomes cleaner as the noise that is common to all electrodes gets

subtracted by average referencing.
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b) Select ‘Src’ BR_Brain Regions. Paging through the data you can immediately see that the left
and right temporal sources carry more signal than the other sources.
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5. It is possible to view the current montage
by pressing the ‘EdM’  button
(alternatively you can press Edit /
Montage). In the current case we see a
source montage that consists of 15

sources covering the whole brain. If you
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Tutorial 1 — Data Review and Preprocessing

click on a source label in the middle panel
BESA will slice the standard MRI to the
position of the source. You may change to
a coronal or saggital view by pressing the

T, L 5
according buttons _# L . To see

different views at the same time, press the

A
button o .

In the montage editor press ‘Montage /
Virtual / Reference Free’ to change back
to sensor level. Now you see the position
of the 27 standard electordes. Note that
you can create your own montages or re-
reference your electrodes in the montage
editor as well. Return to the raw data

using the current montage by pressing the

* button located in the top left corner of

the montage window.

C: FFT and DSA

1.

BESA allows you to calculate an FFT on
a marked datablock® to get a quick idea
of the amplitude or power in different
frequency ranges. Start the FFT by left-
dragging a window in your raw data,
right-clicking into it and selecting ‘FFT’.
Please mark a block in the first data

window that covers the eyeblink.

Montage | Options Help
Recorded v
Virtual >
Source 3 10-10 Average
3 CSD-Laplacian
>

o @lsaxtelen

Reference Free

User

Additional Channels Double Banana

Display 'Edit Montage E Triple Banana
- 7 N Horizontal Bipolar
A1/A2 Reference
Combined Ears
Referential-Cz

Reference Free (10-10)
CSD-Laplacian (10-10)

% In case you want to look at longer data periods or the whole dataset it is recommended you use the
option Process / Mean FFT-Spectrum
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Tutorial 1 — Data Review and Preprocessing

2.

In the FFT window the electrodes of the
current montage are listed along with
their amplitude spectrum from 1 to 30 Hz
(default). Beside every electrode the
frequency is displayed that carries the
peak amplitude in the specified time-
range. The current view shoes that the
frontal electrodes are characterised by
high-amplitude low frequencies. Click
into the low-frequent activity to open the
3-D Mapping window.

Scale up the the voltage map by using

the upper arrow-key on your keyboard

or using the button @ |t becomes clear
that the high low-frequent amplitudes are
caused by an eye-blink in the current
example. Note that you can change the
frequency-range you want to view or
change from amplitude to power
spectrum in the ‘View’ menu. In the ‘Map’
menu you can choose the frequency
band you want see a voltage topography
of in the 3D-Mapping window. Close both
the FFT and Mapping window.

The DSA view is also based on an FFT
and allows you to quickly get a feeling for
the whole dataset. To start it press the

‘DSA’ button in the main window.

= | FFT 00:00:0:

File View Map Options

| virtual

F9_rfr
A1_rfr
PO_rir
Fp1_rfr
F7_rfr
T7_rfr

\P7_rir
| o1_rfr
| F3_rir
| c3_rfr
P3_rir

Fpz_rfr

i Fz_rir
| Cz_rfr
| Pz_rir

Oz_rfr
F4_rfr
c4_rfr
Pd_rir
Fp2_rfr
F8_rfr

| T8_rfr

P8_rfr
02_rfr
F10_rfr

| A2_rfr

P10_rfr

Amp. Spectrum

1-00:00:07 0.14 H:

0.95

0.95

0.95

[

1.09

0.95

0.95

1.36

1.22

0.95
0.95

1.36

[T

1.09

0.95
271

0.95

1.22
1.76

0.95

0.95

1.09

0.95

0.95
0.95

0.95

0.95

A 217

0.95

20 Hz

036 30

Process Fﬁlh-}!ﬂiﬁast Searct

G | ERA | DSA | Rec | V
i i

The default DSA window is divided into left and right hemisphere. It shows a condensed

FFT view of the whole dataset subdivided into blocks of 2 seconds. If you click into an
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Tutorial 1 — Data Review and Preprocessing

event in the DSA window, BESA will jump to the according timepoint in the data in the

main window.

00:00 - 00:16

FRTPRS T S V) PP Ay L -l" & A~
T

4
[

P i D T B TN L g e o S L T S e TR P U TR R VR ey L ey 1‘

6. Change the view of the DSA window to e S = e

multiple brain regions by pressing the

| FepL

button @ in the top left corner of the w

DSA window. In this view it is possible to

see that the left and right temporal | : :

i Ei I

regions show activity in the alpha / low

beta band that is not present in the other

| TmpL

brain regions. e ML, ) B W)

The DSA view is valuable to quickly

TmpR

identify time-windows in the dataset that 4

are characterised by high signal power. -

| sagm

This can be very useful for e.g. epilepsy B :
research to identify seizure periods and B SRS S T
get a rough idea of the origin of the e i ‘

seizure. Close the DSA view.

D: Filtering

: : - : +E5€ATCILD S\EXAMPIES\EE - AUGITOTY-IMEENS Y L Y
1 Itis pOSSIble to SpECIfy Low CUtOff’ ngh Filters | Montage Process ERP Artifact Search Tags Goto O

Cutoff Notch and Bandass filters in L caitrilter Settings. J|_T=0
. ) . ) Iq Reset to Default Settings
BESA. This can be done via Filters / Edit Low Cutof? Filter N
Filter Settings (also: EdF button) or the High Cutoff Filter > I
Notch Filter 3 W
buttons LF’ HF and NF". Band Pass Filter Enabled
Paolygraphic / Additional Chns... m
U LF | HF | NF | EdF |_E View Filter Response
| | et
' v Baseline Correction Over Whole Trace/Segment :
T SR
Baseline for Segments... i
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2. For Low and High Cutoff filters the filter

type can be set to forward, zero-phase,
or backward. The slope of the filter can
also be edited. In order to understand the
properties of filters better we will now
switch to the program “DipoleSimulator”.
Please close the filter menu without
setting any filters.

Open the program “DipoleSimulator”

%DipoleSimulamr.exe located in your

BESA folder

Files (x86)\BESA\Research_5 3). On the
left of the window you see the BESA

installation (C:\Program

head schemes, on the right you see an

electrode layout.

Press File / Load Model File and select
the “‘AC-2D-biphasic-
synchronous.mod” the
Examples Folder “Learn by Simulations”
(C:\Users\Public\Documents\BESA\Rese
arch_5_ 3\Examples\Learn-by-

model

located in

Simulations). You will see two dipoles
representing activity in the left and right
hemisphere along with their source
waveforms, i.e. their activity over time in
the middle panel.

Press the button ‘Fe’ to open the filter

Ns | Fv Fe

A
e

dialog.
Cutoff filter

Specify a Low
of 5 Hz, 6dB/Octave,
forward and make sure that the box
‘Enabled’ is only ticked for the Low
Cutoff filter.

Tutorial 1 — Data Review and Preprocessing
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‘// \\‘ y/a 3
(Lt ) (L))
& [
e P
ARNY/AP
&‘L?..-i)}ld J
(G
,( I}-([El Jj
==
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e ek 1o cieh on o
-
Filter Settings
Low Cutoff / High Pass Status  [v Enabled
Frequency |5 [Hz) Slope [6dB/Octave  w|  Twpe  [foward ~|
High Cutaff / Low Pass Status [ Enabled]
Frequency [10 [Hz) Slope [6dB/Octave  «|  Twpe  [foward ~|
Cancel ‘ QK
= —

Leave the filter settings dialog open and move it next to the DipoleSimulator main window

in order to view both the filter settings and the data. The grey waveforms show the effect

of the filter. In the bottom left corner the filter response is displayed. You can see that the
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Tutorial 1 — Data Review and Preprocessing /—} BESA

Low Cutoff filter as specified in step D4 has an effect on both the amplitude and the

shape of the waveforms. Amplitudes become smaller and the peaks get shifted forward.

ESA\Research 5 3\default.elp - DipoleSimulator

File Edit View Options Help
Z DFaEE EH & 28 |% Y[R Hd|Ns [Fv Fe 3R

500 iV

Fp1 Fp2

-t

Fo F10 |
F7 8
B R M im P
5 FC1 iﬂ Fc2 i'a EES) il
TS ATT (=} in cz ’ c4 Im T8 T10 p
cPs [ cp2 cP6
—|i5~—k —|;L—. e

H

H

|

L

||

|

o 3 Pz P4 _ |
P B0 f) ||
: |

H

||

||

|

’L
== o1 g o2 g
ala
Low: 5.0 Hz, order=1
o = P = oo w0 Source 1 node 2: -19 nAm Sllo Reference-free=blue Ref. ‘
Spherical model EEG 33 electrodes
6. Change the filter type to zero-phase. Note that the filter | - -
Frequency [5 Mo Siope [12cB/0ceve ~| Tope [EETOETNNN -

response changed as well as the filtered waveforms.

High Cutolt / Law Pass

Frequency [10 [ Stpe [12dB/0cave =]  Twe [ren
Cancl

While the amplitude of the filtered waveform is still

diminished, the peaks of the filtered waveforms are the ™= —
same as in the unfiltered data. However, a small new
“‘component” was caused by the filter at waveform onset

and another one at the waveform offset.
{‘ﬁ C:\Program Files ()(86)\BESIi\Research7573\default.ellf DipoleSimulator l . . " E=arer ﬂ

File Edit View Options Help
E DF&E E S TX[Y Y R HI N | FvFe R

AYEN) |

L[]

T
I

b

4
é%

B

Low: 5.0 Hz, order=2

Reference-free=blue

Ref. |

Spherical model EEG 33 electrodes
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7. Increase the amplitude of the red source waveform by dragging up the second node with

Tutorial 1 — Data Review and Preprocessing

the mouse. Note how the “component” at waveform onset also increases.

@{5 C\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator I p- . C=1ET i‘
File Edit View Options H_elp m— - - -
FDFERE S K| ¥ VR Hd|Ns | Fy Fe |2
=] - =
=] & =
DC ; ) [ ; :Q 5000V
| [
i Pl ral |
| I
' 0
||
| 1
|
ranyan
l ¥
| @J\@
T
, a .
5 s n = w Source 1 node 2: -53 nAm Z‘L‘ Reference-free=blue Ref. ‘|
Double click to switch on cursor, or move [ulur talhisfta_tiun _ _ _ _ Spherical model EEG 33 electrodes
8. Change the filter slope to 48 dB/Octave. Note that the [=== = -rg
filter response suggests better filtering properties, i.e. it | * " TTEEEET e o
| High Cuot/ Law Pass Stas [ Ensbled
filters out frequencies below 5 Hz more effectively. The | ™ =i o w2 b

downside is that this creates greater artifacts, distorting

the waveform even further.

el ]
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C:\Progra ESA\Research_5_3\default.elp - DipoleSimulator ‘
Eile Edit View Options Help
F DF&EE EH & T K% Y R HI Ns | Fv Fe 3R
e
L
L
L
||
||
L= |
||
=[] |
. Low: 5.0 Hz, order=8 il
Source 1 node 2: -54 nAm, 97 ms Reference free=blue
0 10 20 30 40 50 >|- Ref. |
Spherical model EEG 33 electrodes
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Tutorial 1 — Data Review and Preprocessing

9. Disable the Low Cutoff filter and enable a High Cutoff
filter of 30 Hz, 12 dB/Octave, zero phase. Note that the
original waveform was not changed by the filter. This is
the case because evoked potentials are generally lower

in frequency.

R —
3ESA\Research_5_3\default.elp - DipoleSimulator

Eile Edit View Options Help

Low Cutolt/ High Pass

Erequency [5 (Hz] Slope [1268/0cwe =]

Staws [~ Ensbled

Tve [oopmere =]

High Cutot f Low Pass Staws [+ Ensbled

Frequency [0 () Stes [ETDEDNEN=] Twe [eopese =]
ceca
=k |

D @SR E|S 7W|% YR H Ns|[Fy Fe |3

50 nAm

@)

]|

5.00 iV

DD
G

/L
—l—

_High: 30.0 Hz, order=2

Source 1 node 2: -55 nAm

Reference-free=blue

0 10 20 30 40 50 Ref. |
|Spherica| model |EEG |33 electrodes /|
10. Change the High Cutoff filter to 10 Hz, 12 dB/Octave, ﬁ: ‘FE =
. Erequency [§  [Hz] Sope [12dB/0oae =) e [ceraphass v
zero phase. The amplitude of the waveforms get | =™ -

decreased, while the shape of the waveform is not as

distorted as in the example of the Low Cutoff filter.

SR —
3ESA\Research_5_3\default.elp - DipoleSimulator

Eile Edit View Options Help

Stams [+ Enabled |

Freguency [id [H2] Sloge [12eBjOcave  w|  Tepe [remprase v

=

B DFGEEE|S 2[5 Y R Hd|ns|[Fe Fe |2

festes
ranyae

/L
—T

_High: 10.0 Hz, order=2

Source 1 node 2: -55 nAm

500 0V

Reference-free=blue

Ref. |

|Spherical model [EEG
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Tutorial 1 — Data Review and Preprocessing

11. Increase the slope to 48 dB/Octave. Note that the filter

response again suggests better filtering properties

High Cutolt  Law Pass
Frequency [10 [Hy Sloee [[EDEECEN ~| Twee [reophose =

suppressing activity > 10 Hz more effectively. The

consequence is a slightly distorted waveform. Still, the

effect is not as extreme as in the Low Cutoff examples.

Eile Edit VMiew Options Help
E DFHEE EH S| 2% % ¥ /|R Hd|Ns |Fv Fe | R

s 7] o
@@ -

e
||
||
||
[
[
|
|
,L |
[

—

Fers M|
_High: 10.0 Hz, order=8 [
|
2 free=| |
0 10 Yy = i = Source 1 node 2: -55 nAm iy Reference-free=blue Ref. |
[
£ |

For Help, press F1 Spherical model EEG 33 electrodes

Things to keep in mind when filtering:

e The closer the frequency of the filters to your signal of interest, the greater the effect
of the filter on your signal of interest

o Filters affect both amplitude and shape of your waveforms

o Low Cutoff filters usually have a greater impact on evoked potentials than High Cutoff
filters as evoked potentials are relatively low in frequency

e The application of a filter can lead to the introduction of false “components”, the effect
being the greater, the greater the signal amplitude of your waveforms

e If you are interested in early components (<100 ms) you should not use Low Cutoff
filters that are zero-phase, as the signal of later components will be projected onto the

earlier components
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Tutorial 2 — Artifact Correction, Triggers and Averaging

What does BESA Research provide?

Automatic and user-defined artifact correction
Definition of conditions based on trigger values, names and attributes
Artifact rejection based on amplitude, gradient and low-signal criteria

Averaging

AN N NN

Classic ERP analysis

www.besa.de



Tutorial 2 — Artifact Correction, Triggers and Averaging

A: Artifact Correction

1. In case you have closed the data file as
used in Tutorial 1, reopen file ‘Sl.cnt’
located in the Examples folder ‘ERP-
Auditory-Intensity’ and switch on the
virtual Reference-Free view (VIR button

- Reference Free).

On

dominates the data. Double click on it to

the first screen an eye-blink
open the 3D Mapping window and view
the associated typical strong frontal

positivity.

Close the mapping window and select
‘Artifact / Automatic’. In the dialog box
make sure that only the option “EOG” is
ticked and leave the settings at default.
After BESA will

automatically scan the data for eye

pressing ‘OK’ now

movements using an internal model of

artifact topographies.
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Tutorial 2 — Artifact Correction, Triggers and Averaging ﬂ BESA

4. No horizontal eye movements were found so only a virtual VEOG channel was created
by BESA. The eyeblink that was clearly visible in the data before correction is
prepresented in the virtual VEOG channel. Note that “corrected” is displayed in the top
left corner of the main window when artifact correction is switched on. You may switch

artifact correction on and off by pressing ctrl+E or by pressing ‘Artifact / Correct’.

file Edit View filters Montage Process ERP Artfat Search Tags Goto Options Help
-F|F+| WrS [ SAW|[ 30 IMG | ERP | DSA | Rec | wir Src | Usr | Opt |EdM | LF | HF | NF | EdF | EEG

virtual corrected Reference Free Add
U S e R S T e
AT e e e e e e e e e A e 0P B o N300 i

PO et et s e AP et s e ot b o e A S A e B i P et P Bt (R A P 5,

IV OIS IR REE U S D Ut G U 0 S St DU o S S
BT ieeonng e e At st g et e o A A e g e et e b i S S VU VS-S S
T e o b s e e A P A58 i P e 5t et B\t i IRV SNSRI,
e e e A At oAl e A SR A it A b o P,
ILHE st o oo s e e i

PO e e ety e

[ VR HY YOS GNP /U VO U SO SV UUO LU, U S S
L L S e S T SN,
U U e B T
I T L e D B = e e -

[Ty P U S

R U S NS U |

A2_ffr NP AU ORI SRS
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|2 Is I Is :
AT I i [ ST TARTET 100
[l T T s
Time: 00:00:00 Total: 00:16:02 Mark: 2800 s Cur:0.821 5 - FO_rfr: -354 gV Filters off Buffer: 1 View: Original Correct: PCA Bad:0

5. Next we will do the eyeblink correction by hand. For this purpose, switch off the
automatic artifact correction and hide the virtual VEOG channel by pressing Artifact /
View. Switch back to the original data by pressing the ‘Rec’ button and selecting
‘Original Recording’. You can see that an EOG electrode was used in this experiment.

Scale it up to 20V using the according amplitude scaling button.

[FBEsA 5.3 - CiL.eses i
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Tutorial 2 — Artifact Correction, Triggers and Averaging j BESA

6. Use the button ‘Add’ in the top right corner of the main window and select EOG-HB. This
will add virtual electrodes for picking up horizontal eye movements (H_EOG) and
eyeblinks (B_EOG). Scale up the B_EOG channel to 200nAM by using the according
amplitude scaling button. Note that the eyeblink is reflected in the EOG electrode as well

as the virtual B_EOG electrode. Thus, virtual electrodes can be very useful for the

identification of eyeblinks if an EOG was not specifically recorded.

Fpt
Fp2
)

Fa

c3
ca
P3
Pe
o1
02
A

az
F7

Fa

17

™

P7
P8
Fz

Pz
Py - . N B T S R SO I
E0G Nmﬁ Eiae? ’L*MV’”VAMMV"’"‘J ‘\‘M’Aﬁﬂrmﬂ}ﬂﬁ b 5 / ik W“l""wf"'ﬁ’”“'m“"”w%
P10 it - v e L RN Pt s - -~ -

Fe1
Fe2
Fes
FCs
T

™

cps
crs
Cz

H_EOG - S — S S S— H - —] 1
\
L4

e A e,

2 4 5 2
| ] |M| » | 4 | ¥ "\HIHHIIIIHIIIIIHHH\IIHH TR 0T T 0 R A A T T I i

Time: 00:00:00 Total: 00:16:02 Mark: 2805 s Cur:-1.121 s : Fpl 1 145V Filters off Buffer: 1 View: Original Correct: Off Bad:0

7. Now we will apply filter settings that are [vasefersemnes =TT e

[v Low Cutoff Filtar

optimal for the identification of blinks.

Cutofl Frequency [Hz), | 05 Type: [foward  v| Siope [BdBjoct |
€ 1)
Press the ‘EdF button to open the | & soncusie !
l CutoftFrequency [Hel: | g Type: |zerophase | Siope: [24dB/oct | I

filtering dialog. Choose a Low Cutoff

[~ Motch Filter

filter of 0.5Hz, forward, 6dB and a High B e

Cutoff filter of 8Hz, zero-phase, 12dB. S — |
8. Before marking an eyeblink, we need to P Oetautt Block - [

define a default block epoch that will later

be used for the pattern search. To do so Fre sursor M-

press Edit / Default Block Epoch and Postcursor:  [4000  ms

choose the settings Pre cursor: -100ms [ ok |  cancel|

and Post Cursor: 400ms. This time .

window is usually sufficient to cover the

whole extension of the blink signal.

4
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Tutorial 2 — Artifact Correction, Triggers and Averaging

9. Right-click on the onset of the blink (you
may use the virtual B_EOG channel as a

reference) and select ‘Default Block’.

10. You may select the channels that pick up
the eyeblink most clearly by holding
down the ctrl-key and left-clicking on the
according electrode labels. Select Fpl,
Fp2 and the virtual B_EOG channel.
BESA will only use the selected channels
for the pattern search. However, when
data are filtered it is often not necessary
to specify channels, the search algorithm

may be run using all channels.

11. Before we start the pattern search, we
will tell BESA to stop everytime a pattern
is classified as a blink. To do so press
Search / Query. Next press the button
‘SAW’ (Search — Average — Write) to

start the pattern search.

www.besa.de
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Tutorial 2 — Artifact Correction, Triggers and Averaging

12.

13.

14.

Whenever BESA finds a pattern that
correlates high with the blink we have
just defined it will ask you if you want to
accept it to average. Click ‘Yes’ to move
on to the next pattern. If you are
confident that the pattern search works
well you may select ‘Stop Asking'.
BESA will

through the rest of the data.*

now automatically scan

When prompted whether to save the

average buffer, choose ‘cancel’.

On the left of the main window an
average segment consisting of all blink
events that were accepted during the
pattern search is displayed with a
baseline of -100ms and a window length
of 400ms as specified by the default
block epoch. Left-drag a window in it,
right-click and select ‘Whole Segment’.
Right click again and specify ‘Define
Artifact Topography’. (If you click next
to the buffer window, it disapears. It can
be displayed again by pressing ‘View /
Average Buffers’.)

BESA
rﬁ«.‘nﬂarai...ﬂ1|

Accept
to
average?

Write Average Buffer - Original Channelsm =
Savein: | | ERP-Auditory-Intensity ~| ek B
o Name - Date modified il
a "‘: | test 17.02.2011 14:31
ecentPlaces All_Subjects_ccfsg 09.12.2009 14:35
! Grand_Average_av_cc-test.fsg 03.03.201111:25 (|
Deskiop S1_artfsg 25.02.201113:32 =0
== S1_avfsg 12.05.2005 14:53
= S1_av_FILTER_EXAMPLEfsg 02.03.2011 10:52 il
Libraries. S1_av_FILTER_EXAMPLE_AFTER fsg 02.03.2011 1051 B
[ k S1_av_testfsg 24022011 14:37
- S1_av-testfsg 04.03.2011 14:51
Computer i
- S1-blink+ERP.fsg 18.05.2005 17:19 i
ﬁk S2_avfsg 13.05.2005 14:55 i
Network 53_av.fsg 03.12.2009 12:58 i
€A _~veden N2 1795000 12.00 T
4| I > I
File name: j r t i w— j i.
Save as type [Binary High Resolution (" fsg) | 1 Cancel il ]
i
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' If you data are contaminated by many other artifacts, it is recommended to only accept blinks that do
not coincide with another artifact event in order to receive a clean eyeblink topography.
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Tutorial 2 — Artifact Correction, Triggers and Averaging /—} BESA

15. Note that VEOG is already ticked in the Tawacman ) i) R

1| select Topographies | Estmate Sigal |

artifact correction window. The reason is -
that BESA still remembered the

' .
SV
oo | [ Assan AnactTopooraphy } ) .

automatic artifact correction from before.

BLINK and VEOG are too similar (correlation = 100%).
VEOG will be deleted!

Select ‘Blink’. An error message will -

appear notifying you that the blink and

VEOG topographies are too similar and ,‘7~7U‘ﬁf,,,f;f_,_,,;,;::‘,
that VEOG will be deleted. Confirm with
‘OK”.

16. A 2D-mapping window opens that
displays the topography of the first PCA

component (principal component
analysis) that was computed on the
average blink signal. The PCA
decomposes the blink signal into

independent topographies. Generally the
first component explains >99% of the

variance, so it is sufficient to only ————————1

i e e 4

subtract the first component from the
data®. Open the drop-down menu to view
the other PCA components. Make sure
that only the first component is selected
and press ‘OK’.

17. Note that another virtual blink channel

AT |

was created. If you scale it up to 100uVv
using the its amplitude scaling button you
will see that it is almost identical to the
virtual blink channel that was created
automatically using the ‘Add’ button.
Switch off H_EOG and B_EOG by
pressing ‘Add’ and selecting ‘Switch off’.

Also make sure to swich off artifact

correction for now by pressing ctrl+E.

? It is recommended to only select the first PCA component for artifact correction in order to prevent
distortion of the data.
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B: Definition of conditions based on trigger values, names and attributes

1. We will now he trigger information in T Audiony eIy —
€ 0 Uset et gge 0 ato cessArtifact Search Tags Goto Options Help

the file to specify conditions that will later LER  Open Paradigm.. L
Edit Paradigm...

be used for averaging. Press ERP / Edit | saveParadigm As.. —

Average...

Paradigm. — -

Combine Conditions, Channels, Find Peaks...
Coherence
e Top View of Data.. -

Edit Triggers...
— Insert Triggers... —
] Create Triggers From EMG/EEG... ———

Open Event File...
- Save Events As.. B

— Delete Imported Events i

2. Switch to the Trigger tab. 5 triggers are ™= N — i
detected in the dataset. They correspond e

to stimuli that were presented at 60dB, —r | \ | |

70dB, 80dB, 90dB and 100dB. Enter E b ‘ ‘ ‘

‘60dB’ in the field under ‘name’ and - — i |
press ‘Add to List’. Do the same with 2 -

the rest of the labels. =N

ok cancel | Help |I

8
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Tutorial 2 — Artifact Correction, Triggers and Averaging

- 1 BESA

3. We will add further attributes as they will make the definition of conditions easier later

on. Change the name ‘Attribute1’ to ‘modality’ and press ‘Define’. In the field below write

‘auditory’ and ‘Add to List’. Change the name ‘Attribute2’ to ‘side’ and press ‘Define’. In
the field below write ‘bilateral’ and ‘Add to List’. Change the name ‘Attribute3d’ to

‘frequency’ and press ‘Define’. In the field below write “1000 Hz' and ‘Add to List’

Change the name ‘Attribute4’ to ‘intensity’ and press ‘Define’. In the field below again
add 60dB, 70dB, 80dB, 90dB and 100dB to the list. Finally, select Attribute Values/1,
name/60dB, modality/auditory, side/bilateral, frequency/1000 Hz, intensity/60dB ad

press ‘Set’. Proceed with Attribute value/2, name/70dB, modality/auditory, ...

-

Paradigm

Trgger | Condition | Epoch | Filter | Artifact | Average | Coherence |

=

—aAttributes

Icode Iname

Imodality

Iside

Ifrequency

Iintensity

Define |

—Aftribute Values

I
2

3
4
5

Iauditory

Ibilateral

|1DDD_H2

IBDdB

Add to List |
Eemowe from List |

— Current Assignment

| name

| modality

| side

| frequency

| intensity

B0dBE
70dB
BodBE
q0dB
100dB

auditary
auditony
auditory
auditary
auditory

hilateral
hilateral
hilateral
hilateral
hilateral

1000_Hz
1000_Hz
1000_Hz
1000_Hz
1000_Hz

B0dB
70dB
a0de
40dB
100dB

Save Ag |
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Tutorial 2 — Artifact Correction, Triggers and Averaging ﬂ BESA

4. Switch to the Condition tab. First we want to specify our individual conditions. Enter the
Name ‘60dB’. Then select Qualifier ‘Current’, Attribute ‘intensity’, Operator ‘Is’, Value
‘60dB’ and press ‘Insert’. Do the same for Names 60dB to 100dB.

Next we want to specify the condition ‘Low’. Enter the name ‘Low’ and again select
‘Current’ ‘intensity’ ‘Is’ ‘60dB’ and press ‘Insert’. We want the ‘Low’ condition to also
contain 70dB stimuli. Thus, additionally specify the condition ‘Low’ to be ‘Current’
‘intensity’ ‘Is’ ‘70dB’ and press ‘OR’ instead of ‘Insert’. Now, the ‘Low’ condition
contains 60dB and 70dB stimuli. Specify condition ‘High’ to contain 90dB and 100dB
stimuli.

Finally we will specify the condition ‘All’ by specifying ‘Current’ ‘modality’ ‘Is’ ‘auditory’.

(Make sure your condition definition looks like in the screenshot below.)

-

Paradigm

Trigger Condition | Epoch | Filter | Arifact | Average | Coherence |

Mame Clualifier Adtribute Operator

All |Previous

Mext

Condition

G0dB 96 Current intensity s "
70dB 93

80dB 104 Current intensity s "
90dB 85

100dE 89 Current intansity s "
Lowy 189

Higgh 174 Current intensity s "
u or

Currentintensity s "

Currentintensity s "
ar
Current intensity |s

Current modality

Note that it is also possible to specify other logic combinations using the Qualifier
‘Previous’ and ‘Next’ as well as the Operator ‘Is Not’. It is also possible to define an

interval during which a previous or next event can occur under ‘Attribute’.

10
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[E—<

5. Move to the Epoch tab. Set ‘Averaging == = e meemuees
Epoch’ to -300 : 1000, ‘Baseline _
Definition’ to =100 : O, ‘Artifact Rejection’ |
to =300 : 1000 and choose ‘Assign to ]

All’. Important note: We recommend to

use long pre- and post-stimulus times to | A -l
allow for optimum Low Cutoff filtering. | | e |
I - ox camesl | ren |

6. Move to the Filter tab. Specify a Low | i

Cutoff filter of 0.2Hz, 6dB/Octave, o e

forward. Enable it for Scan and | v Iy S i =] tfomes

Averaging. l.e. the Low Cutoff filter will | S S —

be switched on for the artifact scan and | . "

averaging. This prevents us from having e [0 30w FE—] w0 B L‘

to filter the averaged data later on and

we can avoid the negative effect Low | _ , , .

Cutoff filters can have on relatively short
data epochs. We will not use a High
Cutoff filter here as we can apply it later
without distorting the data. You can now
save the paradigm definition by pressing
‘Save As’. Choose any name and add ‘-
test’ to it in order to not over-write any

predefined files.

C: Artifact rejection based on amplitude, gradient and low-signal criteria.

1. To make sure you have the identical paradigm settings as described here, please load
the pre-defined Paradigm-file ‘AEP_Intensity.PDG’ located in the Paradigm directory
under ‘Auditory’. Move to the Artifact tab and press ‘Start Scan’. You will see a 2-
dimensional diagram showing the channels (rows) and trials (columns) having the most
noise. By default values based on maximum amplitudes within the predefined artifact
epochs are shown. Epochs that exceed the amplitude threshold (default: 120uV) will be
excluded from further processing. You can view the number of accepted trials per
condition in the Count box. As artifact correction is switched off at the moment, a

substantial number of trials will be rejected.

11
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Trigger | Condition | Epoch | Filter Aurtifact | Average | Coherence |

—Fejection Method — Thresholds and Bad Channels
[ Fixed Thresholds [¥ Anifact Scan Tool E UseforAv. 8 EEG ( MAG ¢ GRA

[ Ampl |120 I_D|1zn ~]
m ¥ Gradient [75.0 I_n [rs0 ~]

| Ty [+ Low Sig In.m I_n bor ~]

Ll T | Bad channels I_n calor

0 S T e ——

98 77 (80%) 60dB

|I IL“‘ il lII TR T el 'I 93 70 %) 70dB

TH UL BN (R B | 108 80dB

1 B 90dE
ol e BT I B 78 10048
| 189 147 Law
174 148 (8% Hioh
|

—Sort by File

Q ¢ Load |

o LI  Gradient

A Trels &g " Low Signal wl

¥ Sort Channels by Mean [~ Log. Display

’TI Cancel |
2. Right-click on the red channels to see [r== T e

Tigger | Conddon | Epoch | Fiter  Anfact | Average | Coherence |

Thresholds and Hiad Channels
UsetorAv @ EEG c

" v Amgl |!zn ynm >

Rejection Methiod

their labels. The two channels that Fera e sz

contain most bad epochs are FP1 and i LR oo

Change Channel Status (good/bad/interpolated)...

FP2, two frontal electrodes that pick up
eyeblinks most strongly. Note that it is

also possible at this stage to change a e e

@ [Ampiudel
- Fﬁrvodlamd M
channel status to good, bad or AT gy g i 25| v || S0
interpolated by choosing the according o] oo |_vee |

option in the dialog box or by dragging
the horizontal bar up or down. We will

not do this at the moment, however.

3. It is also possible to view the result of [ .

Trigger | Condson | Epoch | Fimer  Adfsct | Aversge | Gohersnce |

sorting the data after a Gradient criterion oo atacton o | [P
e I |

e
[ LowSig ]WW b -

o
Bad Channets |7 =

Ell

(default: 75uV), i.e. epochs will be o
marked as bad that contain amplitude

Count _Accepled _Condition

[CERE]
(75%) 7048
03 @ (78%) 80dB
85 72 (B1%) GDdE
83 7 (B5%) 10048
B9 147 (%) Low
174 148 (R Hinh

Sonbw Eile

jumps of >75uV between two sampling

points. Choose ‘Sort by Gradient’ to

" amplitude.
Load
i i = :  leeced Save As
view this. T s o sty 2| tavegn || 222
oK cancal | Hep |

www.besa.de
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4. The Low Signal criterion can be useful to === - ]

Tigger | Condfion | Epoch | Filer  Amfsct | Average | Coherence

Tutorial 2 — Artifact Correction, Triggers and Averaging

identify data periods where an electrode e Qm"”:r F
i 1| Ampl [0 ]
drops off during recording. Epochs will e e =
% LowSig ’nn_ﬁ T

Courd_Accepted Condilion |
5 7 K

be marked as bad during which the
signal is smaller than the threshold
criterion (default: 0.01pV). Choose ‘Sort

04] v
1 Trols

by Low Signal’ to view this. In the

[+ St Channels by Mean [ Log Displey

[ Cancel Halp

present case, no epochs fall under this I

criterion. Change back to the Amplitude
sorting criterion and press ‘OK’ to close

the Paradigm window.

5. Switch on Artifact correction by pressing s ‘ ]

ctrl+E. Open the paradigm window again

A scan has already been performed.
) . ) Assignments of bad channels which were dane in this editing
by pressing ERP / Edit Paradlg m and sassion will be lostif you scan again.

Do youwantto scan again?

move to the Artifact tab. Start the artifact

scan again (now with switched on artifact

correction) by pressing ‘Start Scan’. A
warning message will appear that a scan
has already been performed. Confirm

with ‘Yes’ that you want to scan anyway.

6. Note that a greater number of epochs got [ e

Tigger | Condéon | Epoch | Fiter  Amact | Average | Cohersnca |

Fejecion Metiod

accepted and that the two bad electrodes L —
(FP1 and FP2) that were contaminated

UseforAw, @ EEG
[ Amgl |m | ol «]
¥ Geadient [150 G|

14 (b | [
U0 h gt | B e, ) | I ] e
i o

In 1. Bad Channels ]

i ! e

1
Court_Accepied Condition
W % [ 68
( 71

with eyeblinks are not conspicuous any

longer. Some epochs still will be rejected

Sotby

.
P = |l

 Gradient

as they exceed the threshold criteria.

1 Triols

¥" Sor Chennels by Meon [ Log Displey 2% | LowSignel

These epochs are contaminated by

oK Concal | Hep ||

other, non-eyeblink related artifacts. It is = — =
possible to view the corresponding

epoch in the main window by right-

clicking into a red voxel and selecting

‘Show Trial’.

13
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D: Averaging and Classic ERP Analysis

1. Move to the Average tab. Itis possible to | = SRR R i
restrict the number of conditions for e L e =
averaging by removing unwanted | @ceeees o

- - . || e | st | e i
conditions from the condition list. IR —— = e |
il
Additionally, it is possible to use | i e et ||
constraints, e.g. to only average epochs | = |
of the first or second half of the ‘ - |
. . oK Cancel Help. I
experiment. This can be useful to make a | - el
split-half comparison. We will now
average all conditions by not changing
any settings and pressing ‘Average’.

2. A warning message will appear that [amtsctcorecionswtchesontoraemana i e
artifact correction is switched on, which etarsbia o usp incan cied dainard ool arfachtopoarephies n he seuce mod.
can be problematic for later source Ereeststso.tum‘oﬂami‘?ct‘correcﬂon

. . | Cancelto guit averagin I
analysis®. We recommend to switch off | R |
H “es MNo Cancel
artifact correction for averaging and to U = I —_—
load the artifact topographies again at
later stages. Press ‘Yes' to confirm
artifact correction to be turned off. Note
that all epochs will still be averaged that
were selected with artifact correction
being switched on!
3. When prompted to save the *fsg file —[[luesssesie oo G Sn NI s
Savein: | | ERP-AuditoryIntensity | @& cf B
containing averaged epochs of the B Name ’ Datemodited  *
Rscs‘;:acei | test 17.02201114?1
conditions defined in the paradigm, add a B oo otz || |
Deskiop S1 artfsg 25.02.2011 13:32 =
test’ to the suggested filename in order Bl oo e s gl |
) ) ) . Libvaﬂes $1_av_FILTER_EXAMPLE_AFTER fsg 02.03.2011 1oi51
to not over-write any predefined files (i.e. l-m et sty
choose the name S1_av-test.fsg) @ e woxose |
- ) ) Network 55_av.fsg 03.12.2009 13:08 i !
Fils pame =] save ||l
Save as fype: [Binary High Resolution (“fsg) ~] Cangel :

® See the effect of switched on artifact correction during averaging in Tutorial 7: Source Montages.
14
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4. You will be prompted to specify names
for the averaged epochs. By default,
BESA will suggest the names as defined
in the paradigm. Unless you want to alter
them, choose ‘Stop Asking’ and the

original names will be maintained.

5. The Top Data Viewer will automatically
open displaying the averaging results.
You may choose two conditions at once
to be overlayed by holding down the ctrl-
key and left-clicking on the conditions of
interest. It is possible to change the
viewing properties (color of waveforms,
labels, etc.) by selecting ‘Options /
Preferences’ or right-clicking in the
background and pressing ‘Viewing
Preferences’. The viewing epoch may
be changed by selecting ‘View / Epoch’
or right-clicking in the background and
selecting ‘Viewing Epoch’.

6. Select condition ‘60dB’ and double click
in the waveforms at 636ms. At this time,
strong activity in electrodes Fpl and Fp2
can be seen. The 3-D mapping window
will open. Again, we clearly see the
frontal positivity that is typical for
eyeblinks.

7. Close the TopViewer to return to the
main window. After averaging, BESA
automatically opens the newly created
average file. Therefore, we see a
segmented file containing segments of
the conditions as defined in the
paradigm. We are now going to load the
artifact topographies we defined earlier.

To do so press ‘Artifact / Load’ and

www.besa.de

BESA

-

Please Enter a Segment Comment M

60dB

60dB

Ok | StupAsking| Cancel |

-

— -

[-] Read Set of Artfact Topographies

 EEG - Voltage [s@]r=
B636ms

783y

« BESA » Research’53 » Examples » ERP-Auditory-Intensity » |49 ¥ Seorch ere-4 o

b

New folder

File pame: SLatf

~ | Artifact Files - Extended For v

open |v| | cancel

15



Tutorial 2 — Artifact Correction, Triggers and Averaging

select file ‘Sl.atf’. This file was
automatically written by BESA when we
defined the blink topography. Press
‘Open’.

8. Loading the *.atf file will lead to BESA

[%)] BESA 5.3 - C\...5_3\Examples\ERI
File Edit View Filters Montage Process ERP Arifact Search Tags Goto Options Help

" F|F+| wrs [sAW [ 3D IMG | ERP | DSA |[[Rec _Vir | Src | Usr | Opt | EdM | LF | HF

subtracting the eyeblink topography. & | I N N
Note that ‘corrected’ appears in the top- EEZ E:Ezgzgz
left corner and a virtual EOG channel is ES EE Topvenoron :Egz
displayed at the bottom. Switch off the A N I —
filters by pressing the EdF button and % [~ 7 e JSNOUN NS Sa
deselecting all fiters. Open the = |~ - —
TopViewer again by right-clicking in the » |— . BRRSN E AR
data and choosing ‘Top View of Data’. e :E-:: 1
9. Return to the 60dB condition and note ~~—————— e S

that the large activity around 636ms has
disappeared. If you now double-click to

bring up the 3D-mapping window you will o2
see that the blink topography is gone. M
10. Zoom electrode Fz by right-clicking on it .
and selecting ‘Zoom Waveform’. Left-
drag a window over the most prominent \wf N A e
. : . = o 'V .

peak. Right-click again and select ‘Find ... o ™ il

and Mark Peak’. M\ [ . ii;v\:nntg‘u,:lilgied::::::Ai.l%ms A
i i i

P3 Pz Pe

11. The ‘Find Peaks’ window will open and [ s SR =

Search Channel from o

automatically display the search results ‘ = fe ™ m
for the marked data-block in the specified | S Feeer] [ |
electrode as well as all other electrodes. | = - e ;;J = j_;g‘ =
A time of the large negative peak is f |
88ms. BESA also outputs the mean
amplitude in the specified time-range as e e e
well as the Area under the signal. These e r ‘w w |
results can be saved using the ASCII 7 - -
Export option. Press OK.

16
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12. Back in the TopViewer an arrow will now

‘NEB

mark the peak position.

17
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What does BESA Research provide?

Batch processing
Creating grand averages
Creating new conditions from combinations of existing conditions

Averaging of channels

www.besa.de



Tutorial 3 - Combine Conditions and Batch Scripting

A: Batch Processing

!

' 1 BESA

In the following we will create a batch script that performs the same preprocessing, artifact

treatment and averaging in all individual datasets.

1. In BESA Research select File / Close
All. Now select Process / Batch Scripts.
This will bring up the Batch Processing
dialog.

‘Add  File’ both
available *.cnt-files (S1.cnt and S2.cnt).

2. Press and select

Press ‘Open’.

3. The file-list now contains the raw data of
subjects S1 and S2.

purposes only

For display
two datasets were
selected, in principle, an arbitrary
number of files can be selected. We can
see that both files contain data of 32
electrodes sampled at 250Hz. It is
possible to save or reload a file list at
this stage by pressing the according

buttons.

www.besa.de

BESA 5.3 -

File Edit View Filters Montage |Process

"F|F+[wrs [saw [ 3D m

ERP Artifact Search

Source Analysis

Source Image
Voltage Maps
CSD-Laplacian Maps
MEG Maps

Density Spectral Array

FFT-Spectrum

Mean FFT-Spectrum...

Previous FFT-Spectrum

Load FFT L4

Linear Correlation
Nonlinear Regress.

Movie

Batch Scripts... Shift+R
Run Batch... R

Tags Goto Op
Usr

Bateh Processing
Fiatit | Bath |
LoadFiks List |

LosdPrevous | | Prass “Add il orcrag f S Wincowes Explrer o b apparct o e

Soerin | [ peari | | med

O — P )
B[ e rirram 7] ~mom-
3 Name . Dste modities
L st 17022011 1431
ecent Places Siont 20091098 1328
. S2cnt 10071088 1922
Dashop
|
|
|
Libraries
Computar
Netwark
il name:
Filas cliyp

I Don'tiryto apen i hors (chock

=t
Rightchek on fle names for furihes apbans. <Det> delees marked fam. CileCursos upjdawn mavas

Batch Processing B ™ P N =]
i List | Batch
LosdFislist | LoadErovious | press*Add Fie” or ding fes fom Windows Explores e e b sppen i he st
Rightcick n e fors am ChCursor
‘Gave File List ‘ AdaFle | memedaems
Fin Channois | Samp®
ST T Fudiory = =m0
L_5_ExamplesIERF-Audiory nensily|S2Zcot =z
I Do heck 2hies
Cancel alp
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‘ -=ﬂ
4. Move to the Batch tab and press ‘Add | seccmma 7 RS =
General commands: Main Program: Source Analysis: Source Analysis Imaging
4 1 1 1 ¢ i f dd f
command’. This will bring up the ‘Select e, tacwapn e O
MATLABcommand ArtifactOn/off ConvertSource Clip
MATLABwaitForVariable ArtifactScan Delete Export
] . . e Pause AwdliaryFiles DisplayMRI GotoMax
Command’ window that is sub-divided Windoue oo o
Basell Fit LAURA
Ezﬁllenf:ultEuuch F:tCmnmramt LORETA l
. . . EventRead Fitnterval SetCrosshair
into 4 command sections corresponding S e v
FFTsave OpenSolution SSLOFO
@ Apply to all files FileOpen PCA UserDefined
to the main program, source analysis S Sy
y ’ € Apply at beginning of batch |77 %" SvellodeMaveforms
. . . . " Apply at end of batch E;’Sg; vl Ti quency Analysis: |
imaging, time-frequency analysis and Fatarror g st - —
Current Selecton Triggerselec SmeSourceaveforms sove
SendTOMATLAB
general commands. Soeasowaps
SetOrActivateSource
il
| =0 o

5. First we want to apply the predefined paradigm file (cf. Chapter A) to each data set,
therefore select Paradigm from the list of commands in the Main Program group to load
a defined paradigm file to each data set. Hit OK. The ‘Load Paradigm’ window opens.
Select ‘Auditory / AEP_Intensity.PDG’, press Open and confirm the paradigm selection

by pressing the ‘OK’ button.
W_ .ﬁ Load Paradigm Task: '-J. ﬂ‘

Instructions
Press Browse... to select a paradigm file name.
“hasename?s will be replaced by the base name of

the currentfile, = 700706 2120041520
Dsshop
Fils name ==
Userdefoed
[Pebasename?: pdg A
Compater

o ——

e —— e e =1 oo
Fisoipe [P = Cancel
G = =l

6. Next, instruct BESA Research to perform an artifact scan on each data set. Press ‘Add
Command’, select ‘Artifact Scan’ from the list of commands in the Main Program group
and hit ‘OK’. The ‘Artifact Scan Task’ window opens. You may have artifact rejection run
fully automatically. However, it is recommendable to visually inspect the results of the
artifact scan in each subject, because e.g. in some data sets in might be necessary to
exclude a bad channel manually. Therefore, make sure the option ‘Wait after scan’ is
selected, which will prompt for an OK after each artifact scan and allows to make manual

corrections. Press ‘OK’.

r M
Artifact Scan Task ﬂ

Instructions

Check "Wait after scan” if vou want to adjust
thresholds and check bad channels after each scan

A ——

: v Waiaier o :
————(— Cancel

L

7. Finally, press ‘Add command’ again, select ‘Average’ from the Main Program group and

press ‘OK’. In the ‘Average Task’ window, BESA Research allows to specify a file name

www.besa.de
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for the averaged individual data. Uncheck the option ‘Use default target’ and change the

File name mask to ‘Y%csbasename% _av-test’. This will create BESA binary files (*.fsg) with

a basename derived from the corresponding raw data set. The averaged segments of file

‘S2.cnt’ will be written to file ‘S2_av-test.fsg’, for example.

Make sure ‘Overwrite target if it already exists’ is checked. You can also specify

whether artifact correction should be left active during averaging. This is relevant only if

one is working with artifact corrected data (using either the semi-automatic artifact

correction options described in the Tutorial on Artifact Correction or the automatic artifact

correction that can be executed using the ‘ArtifactCorrect’ command in the command list).

Here, however, for the sake of simplicity, we will reject all artifacts from further processing

rather than performing an individual blink correction. For the grand averaged data,

enough artifact-free epochs will be available even after artifact rejection. Press ‘OK’.

@ Apgiy 10 i fies

Aoply ot begering of betch

~ Apply ot nd of batch

8. The three commands have been added to

the command list with all specified options.
You may save this batch and reload it for
further analyses using the ‘Save Batch’
and ‘Load Batch’ buttons. Press ‘OK’ to
start the batch processing with the first file
(S1.cnt).

BESA Research stops after the artifact
scan has been performed. You can now
manually adjust the number of rejected
trials and channels. In file Sl.cnt, many
blinks can be observed, primarily in
channels Fpl and Fp2. The preset
amplitude threshold is not low enough to

exclude all blink-contaminated trials. Drag

www.besa.de

Instructions
File name mask defines target file name: It can include & subdirectory name. and the file
basenare (%sbasename?s). If a directory is defined the mask is appended ta the
directony name. Otherwise the data directory is used
For FFT averaging. use the "FFTsave" batch command to sawve the results
r L R -‘
Fike fame ek %iaasnams%,awast 1
L i N & N N N N 2
Directary. Browse
. ——
1 [~ Use ddjaulttarget (name and directary)
A" 15 37l terget i t elready exists
[~ Keep aritact camecion on during averaging
[~ FFT awerage on first condition Cancel
Batch Processing E. e ——
T D YAAEP Iniensity POG)
viest t=Targel M
[~ Smgle sien mede ¢ Changes i batch wiiien ia Datsbase I Leawe fles in the file et open sher running the batch
L ox Cancel Help
T T e
Fiter  Atfact | sverage | Cohersnce |
Thresholds and Bad Channets.
[~ Figed Thresholds v Anifact Sean Tool 2ol Useforsv. @ EEG c
n . I U] | 0 [iz0 -
[
| ! 1 _—
Chn F:ﬁ'l |||Ir|| 1 |||| % Geadient [75.0 |7u T
1 I I X o mm T "
il AR Mt | Loess fior [ o pi ]
lor
N Y ' UL | ey —— |—n oo
| L Rl b Wl I Courd_Acceptad_Condiion
] !

‘H IIIIII‘I‘ ‘\I Ill 1 J » ‘
1
ulhl I‘I " "

r.ulnl.un- e ol

Losa |

04

79 Trigks

€ Grodinrd

1295 - Soveiks |
™ Log Display -~ € Low Signal

[¥ Son Channels by Mean

| oK Cance! \ Help |I
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10.

11.

12.

the vertical red bar to the left to exclude
more trials or set the amplitude
threshold manually to 80uV. This will
reject more epochs but we can be certain
that no artifacts are retained in the data.

Select ‘Sort by Gradient’. Place the
scrollbar to the right end of the display to
see the trials with large gradient artifacts.
The gradient threshold should be lowered
(i.e. the vertical red bar in the 2D display
should be moved to the left) to exclude all
artifact-contaminated trials. Set the
gradient threshold to 30uV.

Select ‘Sort by Low Signhal’ to see
whether there are any channels that
dropped out during the measurement. This
is not the case.

Hit ‘OK’ to finish artifact rejection in the
first data file. BESA Research now
averages all specified conditions and
proceeds with the next data file. In file
S2.cnt, adjust the artifact thresholds to
100pV (amplitude criterion) and 50uV
(gradient criterion). After processing the
batch on all data files, BESA Research
gives a notification and offers to view the
automatically generated log file (View Log
button). Press OK.

www.besa.de

Paradigm

Fiejaction Msthod

[ Figed Thresholds
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Cin
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[ Aditact Scan ool

1285 Save Az

i
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i

I
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Fsjecion Mathod
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79 Tisls

Trigger Condition | Epach | Fiter Atfact | Average | Cohersnce |

Theasholds and Bed Channels
v AnitactScan Taol i Uselordy @ EEG v
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Batch Completed

-
-:\:/é

File 2: CAU. s\BESAWResearch_5_3\Examples\ERP-Auditoryntensity S2.cnt

Task:  Batch Completed
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B: Creating Grand Averages

As a next step we will create a grand average across subjects using individual average files.

Grand averages are useful for later source analysis and also for documenting differences

between conditions across all subjects in classic ERP analysis. Individual average files

(*.fsg) of 10 subjects (S1 to S10) are provided in the BESA Research examples folder

‘Auditory Intensity’.

1. In the BESA main window select ERP /
Combine Conditions to open the
according dialog window. Press ‘Load
File List’ and select the pre-defined file
‘ERP-Auditory-Intensity-Merge.flist’
and press ‘Open’. This will load *.fsg-
files containing average data of
subjects S1 to S10.

2. The number of channels, electrodes,
epochs, conditions, and the sampling
rate is displayed for each file. You may
increase or reduce the width of the
columns in the table by dragging the

column border in the title bar.

3. Switch to the Condition List tab. Here
it can be specified how the input
conditions (the conditions available in
the loaded data files) are to be
combined to new target conditions. In
the left column, the available input
conditions are listed - in our case the
eight conditions that were defined in
the paradigm file (Tutorial 2, step B)
and averaged using the batch script

used in the present tutorial under step

www.besa.de

Combine Conditions, Channels, Find Peaks | }

i Lit | Condtiontis| Charmel Lis| Run Serg|

Load Fie List B Pross "AddFie" ordag - ot
Rightclick futher opions “ Gl
Save Fle Lst AddFie marked ifemns
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File e =
EO— IRy =)
Lok | I Fesst ] cmom- ‘
3 Name & Date modified
" *: 13.03.2008 1503
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Tutorial 3 - Combine Conditions and Batch Scripting /—} BESA

A. Conditions having the same
segment comment in the different files

are grouped into one entry.

4. Right-click onto the input condition [ [

CombineConditions

low’ in the left column. A window

opens displaying information about the | Condition label: Low

condition. The bottom line indicates Samples: 325
. . - Zero sample: 75
that a ‘low’ condition with the specified Time Range: -300 to 1000 ms

Sampling rate: 250.0

arameters is present in all ten input
P P P Occurs in 10 files

files. Press ‘OK’ to close this window.

5. BESA Research automatically defined new target conditions (columns 2 — 9) with the
same name as the input conditions. The numbers in the table indicate how the input
conditions are to be combined to form the new target conditions. The default entry ‘+1’ in
the column of the ‘60dB’ condition, for example, will generate an average of all input
conditions labeled ‘60dB’. Hence, the default definitions define grand averages of all input
conditions.

6. We will modify the default definitions.

Instead of creating a grand average of

the ‘All’ condition over subjects, we will

create a new condition that contains

the grand averaged difference between

the ‘High’ and the ‘Low’ condition. Left-

click onto the label of the target

condition ‘All’ in the title bar of the

table. This allows to create new target : : ‘ = ] =
conditions by inserting new columns, or
to rename an existing target condition.
Change the label of target condition
‘All' to ‘Difference’ and press ‘OK’.

7. The target condition has been renamed to ‘Difference’. Left-click twice onto the ‘+1’
entry that links this condition to the ‘All' input condition. This will remove the link and

leave the field blank. To define the ‘Difference’ condition as the average of ‘High’ minus
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Tutorial 3 - Combine Conditions and Batch Scripting ﬂ BESA

‘Low’ over subjects, left-click once into the field linking input ‘High’ with target ‘Differ-
ence’ to generate an entry ‘+1’ in this field. Left-click twice into the field linking input
‘Low’ with target ‘Difference’ to generate an entry -1'. Note that arbitrary weights of
conditions apart from ‘+1’ and ‘-1’ can be assigned by a right-click into the corresponding
field. This is not necessary in our case. The bottom line (‘Weighted average?’) allows to
weigh each input condition with the number of averages it contains. We will leave the
default settings to create non-weighted grand averages. Un-ticking the option ‘Divide
result by PLUS factors’ allows to create a target file containing the sum rather than the
average of input conditions. We want to create a grand average, so we will not remove
the tick-mark for ‘Divide result by PLUS factors’.

" - — B
File List Condition List | Channel List | Run Script
: : Instructions
Load Condition List | Load Previous | Click in array o toggle "+1". "1". no operation.
Click column label to editthe label . delete it. or insert a new label to the left or the column.
Save Condition List | New Target Condition | Right click for more options
InputCondition | 60dB| 70d8| 80dB| 90dB| 100d8| Low| High| Differ.. |
60dB +1
70dB +1
80dB +1
90dB +1
100dB +1
o .| | [ | 1] | ]
High +1 +1
All
Weighted average? NO NO NO NO NO NO NO NO
—Feedback
Nao restrictions on sampling rates or channels. [# Divide resultby sum of PLUS fzctors
Ok | Cancel | Help | I

8. Press ‘Save Condition List’ to store
. . . Savein [ | Condiionlist -] rEoEr
the defined conditions to disk. Enter B [Name : Date modified
Rec;:fl’aces ERP-Auditory-Intensity.clist 13.05.2005 15:37
‘ERP_AU d |t0 ry_|nten Sity'test .CI ist’ as -. PreviousSettings.clist 03.03.2011 11:24
file name and press ‘Save’. You may |
v
press ‘Load Condition List’ to load the Lf";;
predefined  conditon  list ‘ERP- | ‘&
. . . 5 Network < 1 | 3
AUdItory_IntenSIty'C“St ' File name [ERP-Auditory-Intensity-testclist ~] save |
Save as type [Condition List (" clist) ~]| Cancel
Directories: [Condition List directory ]|
=)
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Tutorial 3 - Combine Conditions and Batch Scripting /—} BESA

9.

10.

Proceed to tab Channel List. By |e s il R

Fie List| Condiban List Channel List | Run Serpt |

st

default, settings in this tab are ignored 1 S
wpuChame | FP1]_Fp2] Fa] 4] Gl ea] Pl el o1 o2l Al A2l F7] Fa] 1] Tl 7] pel Fa] pe] Pl _EGGl Pie] Fi~

(checkmark at the bottom left). It allows | T

combining data of different channels. To | T

create our grand average, this is not | & T
necessary, therefore we leave the | # .

settings in this tab unchanged. | & __ o

—— ——
ron o all fles in the e kst) 32 channssitows

| camcal | hew

J

Switch to the Run Script tab. Global output options can be specified here. Make sure
‘Combine data from source files’ is selected in the box ‘Averages to generate’, as we
want to create a file containing averages over subjects. The options under ‘Spatial
Interpolation’ allow to handle differences in the electrode configurations of the different
source files. In our example, all subjects have the same electrode configuration and no
bad channels have been defined. Therefore, no spatial interpolation is required. The
same is true for “Temporal Interpolation and Clipping’: All input conditions have the same
latency range and sampling rate, therefore no temporal interpolation of the data is
necessary.

Note that the ‘Run Scripts’ tab also allows to analyze peaks and mean amplitudes in
multiple data files. This is achieved by selecting ‘Peaks and mean amplitudes’, which
activates the bottom right segment of the window. Traditional peak analysis can be
performed quickly in an automated fashion, producing ASCII output files containing the
selected peak parameters (latency, amplitude, area).

Combine Conditions, Channels, Find Peaks =5

File List| Condition List | Channel List Run Script |

Load Setings ‘ Load Erevious ‘ Select options, then press "OK” o start averaging or peak/amplitude export
Save Sefings
Averages to generate Further options
¢ Generate separate averages for each source file [+ Opentargetfie in BESA

£ —_—— ﬂmnmﬂﬁ

@ Lombine data from source files) EeakelapdMeananplides

T B, e e - c @
¢ Peaks and mean amplitudes @ c
IS I
Spatial Interpolation
- from to
Interpolate to Standard 81 electrodes
Time Range: 0 1000
[~ Interpolate bad channels (obligatory ifbad channels defined RUSIRELES ms ms
and not standard 81 interpolation)
|':'Hgma\ Recording
Temporal Interpolation and Clipping
[~ Spline to new sampling rate
[~ Clpinterval
Sampling rate from (ms) to (ms)
25000 3000 10000 Peaks
.
No of samples: 325, no of prestimulus samples: 75 2
Max prestimulus interval: 300. max poststimulus interval: 1000 ’FP—Al Channel for peak detection

oK Cancel Help
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Tutorial 3 - Combine Conditions and Batch Scripting

11. Click ‘OK’
Research computes the specified grand

averages and prompts for a file name.

Enter ,All_Subjects_cc-Test.fsg* and
press ,Save'.
12. The generated grand average file

contains the specified target conditions

‘60dB’ to ‘100dB’, ‘Low’, ‘High’ and the
‘Difference’ condition.
source conditions is shown at the bottom
next to the condition label, in our case
10, one for each subject.

13. Right-click into the data an select ‘Top

View of Data’. Let's have a look at the

condition ‘Low’, ‘High’ and ‘Difference’. It

becomes very clear that there
difference in brain activity when listening
to low and high-frequent tones. On the
one hand we can see an amplitude

modulation, on the other hand we can

see a change of waveform morphology

from ‘low’ to ‘high’. Close the TopViewer.
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to start the batch. BESA

The number of

is a

Write Average Bufer - Original Channels - Binai |
Savein | | ERP-Auditory-Intensity ~| ef B
s Name - Date modified i
= | test 17.02.2011 1431
Recent Places All_Subjects_ccfsg 09.12.2009 14:35
" & Grand_Average_av cc-testfsg 03.03.2011 11:25 |
Deskiop Sl artfsg 25022011 13:32 =
= S1_avisg 13.05.2005 14:53
=i S1_av_FILTER_EXAMPLE fsg 02.03.2011 10:52
Libraries S1_av_FILTER_EXAMPLE_AFTER fsg 020320111051 | |
A S1 av-testfsg 14.03.2011 16:05
Co;;mer S1-blink+ERPJsg 18.05.2005 17:19
S 2. avisg 13.05.2005 14:55
m S2_av-testfsg 14.03.2011 16:06
Nework S3_aufsg 03.12.2009 12:58
P, 54 2ana .00
« [ L3
(|
File name: [810_av_cc-tesiisg ~] T I
Save asiype [Binary High Resolution (*fsg) =] Cancel I
b ~
4 5=
]
;
T s s, S, S s |
L
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Tutorial 4 — Discrete Source Analysis /—} BESA

What does BESA Research provide?

v" Fitting of single and regional dipoles
v' Using PCA

This tutorial is designed to teach the basic concepts of multiple source analysis. At the same
time, it can be used to get familiar with the user interface of the source analysis window in
BESA Research.

The first chapter provides the basic theoretical foundation of the concept of discrete source
analysis. The following hands-on examples introduce the source analysis interface of BESA
Research and apply the provided principles to simulated EEG data sets. A concluding

chapter summarizes the obtained results and lists some guidelines for source analysis.
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Tutorial 4 — Discrete Source Analysis Aﬁ BESA

A: Theoretical introduction

Equivalent current dipoles

Neuronal current in the cortex flows predominantly perpendicular to the cortical surface for
two reasons: First, the pyramidal cells in the cortical columns are aligned perpendicular to
the cortical surface. Second, the dendritic trees that are parallel to the cortical surface have
near-rotational symmetry and the electric fields of the related intracellular currents cancel to
a large degree.

Activity in  multiple brain regions = Discrete equivalent current dipoles as model

postsynaptic current flow in pyramidal cells for the activity in each brain region

The intracellular postsynaptic current vectors of nearby cortical columns sum linearly and can
be represented very accurately by an equivalent, compound dipole current vector. Areas with
up to 3 cm in diameter can be very accurately (>99%) modeled by a single equivalent dipole.
Currents at the cortical convexity have a predominantly radial orientation, currents in cortical
fissures have predominantly tangential orientation. Generally, a patch of activated cortex in a
sensory, motor or spiking area will have an oblique orientation depending on the net orientation
of the activated cortex.

Thus, an equivalent current dipole is specified by its location (the equivalent center of the
modeled gray matter patch) and its orientation (the net direction of the modeled postsynaptic
neuronal current, perpendicular to the surface of the modeled gray matter patch). The
orientation of a dipole therefore indicates the local orientation of the pyramidal cells in the gray
matter — it is not to be confused with a direction of signal propagation across the brain! The
orientation of a dipole is usually symbolized by an arrow or a short line.

The third parameter of an equivalent current dipole is its strength or amplitude, reflecting the
modeled net postsynaptic current flow. Its units are that of a dipole moment, i.e. nAm (nano-
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Tutorial 4 — Discrete Source Analysis ﬂ BESA

Ampere x meter). It can be thought of as the product of the total postsynaptic current flow (in
nA) and the length over which this current is flowing (on the order of the length of a pyramidal
cell in meters). The temporal evolution of the dipole moment is called the source waveform and

is in many respects the most important outcome of source analysis.
Volume conduction and the principle of linear superposition

An ideal patch of superficial cortex creates a net radial current flow that can be very accurately
modeled by an equivalent dipole near its center.

Current loops in a conductive medium like the head are closed. Therefore, the intracellular
currents resulting from action and post-synaptic potentials are accompanied by secondary
return currents in the head volume. Since the brain and scalp have a higher electrical
conductivity as compared to the cranium, most currents return within the extracellular brain
space. Only a very small fraction flows out through the poorly conducting cranium and along the

scalp before returning to the brain.

Inside the head: Signal on the head surface:
Primary (postsynaptic, Generated potential changes (=
neuronal) current in red, EEG maps/topographies). Blue:
secondary (volume) negativity Red: positivity

currents in green

Top: Radial primary current flow at
the cortical convexity in the right
central cortex.

Bottom: Tangential primary current
flow in a cortical fissure.

Although the location of the active
brain region is nearly the same, the
different orientation of the patch
surfaces and the associated different
flow of the secondary volume
currents lead to a completely
different potential distribution.
Maximum EEG activity is not
necessarily generated directly on top
of the active brain region.

The propagation of the volume currents to the scalp is described by the so-called ‘head model'.
The head model, or forward model, predicts the voltage at any electrode due to an equivalent

dipole with a given location and orientation within the brain.
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Tutorial 4 — Discrete Source Analysis j BESA

The volume conduction results in a widespread, smeared voltage topography over the whole
scalp with a maximum over the activated cortical sheet. A corresponding activity of opposite
polarity appears on the other side of the head. By the laws of physics, the integral of the
potential over the whole head is zero. Therefore, any negativity has a corresponding positivity
somewhere else over the head. The voltage map (topography) displayed on the top right of the
figure above is typical for focal radial activities at the cortical surface. The shown maps illustrate
the limited spatial resolution of the EEG. The precise orientation of the map, and the underlying
equivalent dipole, can only be determined if inferior electrodes are present to help define the
location of the positivity on the other side of the head.

A cortical patch in a fissure generates a tangentially oriented dipole field (bottom of the figure
above). The return currents in the scalp create a dipole map with symmetric positive and
negative poles aligned in the direction of the dipole. The potential change directly over the
source is zero, but the gradients are maximal. The source is below the site of the densest
equipotential lines. These lines and the whole shape of the topography carry more information
on the location of the underlying generators than the colorful peaks.

An EEG electrode does not record the potential at a certain location on the head surface.
Rather, it records a ‘voltage’ (= potential difference), i.e. an EEG signal is always the difference
between the potential at a certain electrode location on the head surface and the potential at
another electrode - the reference electrode - or the average of several electrodes. Thus, the
choice of the reference electrode(s) determines the recorded signals, but the underlying
potential distribution (the potential map) is independent of this and solely determined by the
underlying brain processes.

Using a simulated example, we will now learn how to discriminate the scalp waveforms and
topographies due to a focal activity of one brain region and temporally overlapping activity of

two brain regions.
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Tutorial 4 — Discrete Source Analysis ﬂ BESA

local current distributed activity  single topography

propagation scalp waveforms similar maps

An assumed activity in the right central sulcus produces a near-tangential dipole field with a
positive peak (shown downwards in the EEG top view in the middle) over the mid-frontal region
(Fz and FC2) and a negative more widespread peak over the right inferior parietal regions
(max. at P4). The patch is synchronously activated and there is no propagation. Accordingly,
the net orientation remains the same. The waveforms at the different electrodes have different
magnitudes but the same evolution over time. The topographic maps change only in magnitude
but not in shape. Map polarity simply reverses in the second phase following the initial activity.

local currents overlap at scalp topographies

40 ms

propagation scalp waveforms rotating maps !

Now consider the situation of two brain regions separated by about 3 cm and activated within a
few milliseconds. Each of the areas has a biphasic pattern with onset, peak, and polarity
reversal. The two patches have different orientations. This is the main cause for their very
different scalp topographies. Due to the time difference in activation their maps overlap with
continuously changing magnitudes according to the instantaneous strength of the 2 compound

5
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Tutorial 4 — Discrete Source Analysis /—d BESA

currents. This results in an apparent rotation of the maps over time, and it becomes difficult to

identify and separate the two sources by mere visual inspection.

Linear superposition: d(t) = L-s(t) + n(t)

T o E—
T kot spe—

100 ms T

data = model (Leadfields) x source activities + noise

Using the laws of basic physics, we can now formulate the principle of linear superposition.
This is illustrated here for 3 equivalent dipoles, but it would be the same for 10000 cortical
current elements: The measured data (in this example MEG sensor signals, left, generated by
tactile stimulation of the left index finger) are the sum over the contributions of all sources. In
source analysis, each active brain region is modeled by one equivalent dipole source. Each
source is fixed to the cortical patch or region it represents, and changes its total current strength
over time according to the local physiology. In 1986, this was named a source waveform
(Scherg and von Cramon, Electroenceph. clin Neurophysiol. 65:344). If we have a volume
conductor model, for example a spherical head model, a boundary element model (BEM) or a
finite element model (FEM), we can now predict the leadfields, i.e. the magnitude of the signal
each source will contribute to each sensor. Because the model is an approximation, both in
terms of the volume conductor and the simplification of using equivalent dipoles at the centers
of activity, there is a residual. Ideally, if we have a good model, this residue should be small and

consist only of sensor noise and brain background activity not related to the tactile stimulus.
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Tutorial 4 — Discrete Source Analysis

The inverse operator: Reconstructing brain activities

Linear inverse (spatial filter): s(t) = L-"-d(t)

-1

source waveforms

(dipole moments) - linear inverse x data waveforms

In our superposition equation the source waveforms are the unknown, given we know the
centers (and orientations) of source activity in the brain. In this case, the source activities can
by calculated directly by inverting the leadfield matrix and multiplying from the left onto the
superposition equation. In the illustrated case, the leadfield matrix consists of the three sensor
topographies which have to be inverted. The noise contribution is neglected in this process.
Accordingly, unmodeled noise will be projected onto the calculated source waveforms.

The linear inverse operator acts like a spatial filter that deblurs the measured waveform to
unfold and separate the underlying source waveforms (Scherg and Picton, EEG Suppl. 42,
1991). In other words, source waveforms are calculated by combining the temporal information
in all channels giving specific weights to each signal. Each row in the matrix L™ is a linear

operator reconstructing one source waveform.
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Tutorial 4 — Discrete Source Analysis /—1 BESA

source topographies EEG data source waveforms
source -1
montage
: —
filter
operator
source montage red active blue active  red -> blue

|_-1)1~.J\/\,_4 e e
e —v/\p~

(L”a%m A A e ANy i e N e

The above example demonstrates the full separation of the source activities 1 & 2 in three
simulated cases and illustrates the absence of activity in source area 3 since its source
waveform shows only EEG background signal.

Thus, multiple sources can mutually contrast and separate the activities of the brain areas that
they represent.

The displayed circles on the left illustrate that separation of the activity from several brain areas
is principally possible, if they are sufficiently remote from each other (> 3 cm). However, precise
localization within each region is not possible in typical data because of the EEG background
noise.

In the overdetermined case, i.e. if there are less sources than measured channels, the linear
inverse operator L™ is constructed to fully separate the different source activities. The vector
operator for source 1 will fully recover source activity 1, but will not be sensitive to any activity at
sources 2, 3... and vice versa. This sharp separation has a drawback, if some of the sources
have a high spatial correlation in the sensor space. Then the inverse operator will have large
entries and the noise will be amplified accordingly. However, this problem is easily handled by
modest regularization (default in BESA Research is 1%) when calculating the inverse of the
topography matrix. How regularization effects the source waveforms will be demonstrated in
Chapter B (Step 16).

If we apply a two dipole model to our simulated data set, they separate the two activities in their
source waveforms provided that appropriate equivalent locations and orientations had been
selected. If we try to model the data with a single dipole only, we obtain an incorrect localization
intermediate between both sources. The source waveform combines both underlying activities
into a broader pattern which has a latency intermediate between the original activities.
Therefore care must be taken to create a multiple source model that is appropriate for the

8
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Tutorial 4 — Discrete Source Analysis ﬁ BESA

current data set. In the following we will see how this can be achieved. The following section

shows how a source model can be created by fitting discrete sources to the EEG or MEG data.

correct

local currents scalp data

,f’iw'w- o w“ / multiple source model
/ - "<.‘

forward mep
propagation to scalp

incorrect!

single source model

The fit procedure

We assume that a single dipole will explain the early onset phase (i.e. initial source model
hypothesis is a single equivalent dipole). Using the head model, the forward model topography
(=leadfield) is estimated. The inverse of this leadfield matrix is applied to the data to estimate
the source waveform. The source waveform is projected back to the scalp using the forward
coefficients of the map to estimate the model signals (blue curves in the figure below).
Measured and modeled data are subtracted to estimate the residual waves. In an interactive
process, dipole location and orientation is adjusted and the calculation process is repeated until
the residual difference between scalp and model waveforms is minimized. The equivalent dipole
locates in or near the active cortex if the hypothesis, head model, and data are sufficiently

accurate.
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source model: 1 : scalp waveforms
relocate dipole
— model waveforms
" source waveform
........ ! > AN
1 minimize 7
difference j
-1 res O —
@ forward inverse F“ }(
p1 -
model model ., >C
el
<§ * 1 %
Fpl s f e
E7 i
head model m

Fitting strategy for multiple activities — step 1:

Use the 3D maps to define the fit interval from the time when a clear dipole field emerges until it
starts changing. Perform a principal components analysis (PCA) over this interval: The PCA
decomposition should show one dominant component. The percentage of variance it explains
should decrease, if the interval is extended further. Fit the first dipole over this interval.

source model: 2 source waveforms scalp / residual
3 model ~ scalp

All

* -
CP6

P4

FC2

Fz
cP2

S{}(K ?%)Q)ﬁxﬁ (GK 4

forward inverse Fco

P3

model model -

F3

Q # h T8

F4

Fp2

head model 7

Fitting strategy for multiple sources — step 2:

Display the residual waves and maps. Perform a PCA on the residual waves and repeat the
same procedure to mark the next onset interval in the residual data. Fit a second dipole to this
interval while keeping the first dipole fixed in location and orientation. In the simulated example
with good signal-to-noise, this results in the separation of the underlying active areas and their
source waveforms.

10
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Tutorial 4 — Discrete Source Analysis /—1 BESA

Finally, we should check the homologous brain region in the other hemisphere for a potential

spread of activity using a probe source at the mirror location of dipoles 1 and 2.

different compound activity right & left

1forward

f i \r*’ )
[y~ v A= A= A -
,," A~ A /
\ S e #

\ P W - f S /
\A~V Y/

N
3 '\)“ = ‘\“"‘“ "
overlapped scalp waveforms
have symmetric topography

/7 b=\

Thalamus?
single dipole mislocalization to center source waveforms are separated
incorrect! incorrect! correct

The above figure shows a simulated example that illustrates the need to create an appropriate
source model in order to obtain correct source waveforms. We assume a situation where both
auditory cortices are active. Their topographies on the scalp surface overlap, and the recorded
signal at each electrode is a superposition of the contributions of the two sources. If we apply a
source model with one dipole in the right auditory cortex only, its source waveform will not only
pick up the right hemispheric activity. It will rather contain some contribution from the left
hemisphere as well, which is not properly modeled. An attempt to fit a single equivalent dipole
to this data results in a mislocalization in the head center close to the thalamus. The reason is
that the ACpL and ACpR sources generate a symmetric topography on the scalp surface with
largest signals over the scalp midline. The obtained source waveform is a linear superposition
of the activities of both brain regions. The correct source activities are reconstructed only when
two equivalent current dipoles are used to model the data. Only with this two-dipolar model, the

spatial filter can separate the activities of the two brain regions.

11
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Tutorial 4 — Discrete Source Analysis /—} BESA

B: Single Dipole Fitting with Simulated Data

Before we will create a source model for the auditory intensity data we have been working on

so far, we will work with three simulated datasets to understand the principles of dipole fitting.

1% simulated data set: In the first example, non-overlapping (asynchronous) activity in both
auditory cortices is simulated. Current flowing in the depth of the Sylvian fissure is oriented
orthogonal to the temporal plane, because pyramidal cells are perpendicular to the cortical
surface. Therefore, the net effective dipole is oriented vertically and orthogonal to the fissure.
This source is nearly tangential to the scalp surface. Because the current flows into the
cortex, the dipole is pointing downward. The resulting voltage topography shows a fronto-

central negativity and an associated positivity over the right infero-temporal posterior scalp.

{‘-” C:A\Program Files (x86)\BESA\Research_5_3\defaultelp - DipoleSimulator - l:IEBéJ

File Edit View Options Help
E0OFSEE EH S TN Y YR HI[Ns | Fv Fe |22

50 5.00 pV
e Fp1 Fp2
i T 5 : ; —g— “oro—
d F10_,
| F8
Fz F4 B
P Py
LAV A Y (VA T VA
I FC1 FC2 FE3
W W v
I cz c4 T8 . T10
WS W
! CcP1 CP2 6
l Pz
—— TV ——pg g
M P10 f|
M 01 n 02 s
\ @/J\@
I
| Reference free=blue Ref.
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes

1. In the main window, select ‘File / Open’  [Elsecbsere B AE—

Lookin: | . Leam by-Simulations | ek B
and browse to the ‘Learn-by-Simula- B |Name : Date modified =
o "“; AC-Coherence 04032011 11:33
: seen Taces CTF-MEG143 21012011 16:35
tions’ subfolder of the Examples folder - oot Ipepre
Deskiop AC-2D-biphasic-synchronous.avr 29.03.2002 12:29 L
to load the simulated data set ‘AC-2D- # AC-2D-biphasic-synchronous.mod 29.03.2002 12:29 1
wul AC-2D-biphasic-synchronous+noise.avr 29.03.2002 12:30
Libraries AC-2D-no-overlap.avr

[l

I

il

i

’ . il

no-overlap.avr’. You might need to | A  =ac2pmoouwepmon

l e AcgD—na—averlapmuise‘aw .
change the file-type to ‘Averaged Files | @  .:Josovcones sz a5

, . | Network < 1 »

(*.a??, *.m??, *fsg) to see it. Press | N e = open
. , Il Files oftype [Averaged Files (2?22, *m?2."fsq) | Cancel
Open . : Folders: [Data Folder =]
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2. We want to perform source analysis on [roAss Clpangg

File Edit View Filters Montage Process ERP Artifact Search Tags Goto
F |F+| wrs | saw |[[ 3D IMG | ERP | DSA |[Rec _Vir | Src | Usr

this data now to see if we can recover o

the brain activity that is underlying the Egz I —
recorded signals. Source analysis is P - ——————
performed in a separate window of Eo T csagmen
BESA Research. To start source ror E é%;;ﬁ:;;;ff"
analysis, left- drag over the data to EE: T e e

mark a block. Then right-click into the n e :

Define Artfac Topograph

block. From the popup menu select % e —

‘Source Analysis’.

3. A d|aIOg WindOW appears WhICh a”OWS Block Size and Pasiion Filter Setings

Status [~ Enabled

@ HWhole Segment Low Cutaff

specifying the time range of the data to - compaion || E [IE g e B o] Twefien o]

. . . E’Tiﬂgg High Cutaff Status [ Enabled

be sent into the source analysis window. oo || o [T g S s z]  Tope e o]
[p520 (ms) postEvent

Select ‘Whole Segment’. It is also

[~ All Condiions Source Analysis SetBlock Cancel

possible to specify temporal filters to be
applied before source analysis to
remove slow drifts and noise from the
data. For our simulated data sets we
don’t need to apply filters. Hit ‘Source
Analysis’ to open the source analysis

window with the specified data segment.

4. Ol’l the |8ft Of the source ana|ySIS [ 854 - C\-mulations\AC-20-0-overlap.avi - Condition 1, Flles off, 100 — 546 ms.- Source m\m!—_lgléé

Ble Condition1 Solution Fil [mage Qptions Help Mo solution availabie |
[ Data Mod. | Res. | ||p)| | PCA | EEG [Res. Var.| Enerqy [Min. Dist. _Image |iede
1« ap.& off « GFP|

csf
[ omoi

1 scalp b osf
Conductivity [ 03300 | 00 [ 000w | 100

RC: 1

window, the recorded channels are

displayed in average reference. In the CTN PR L
top middle box, the global field power
(GFP; the sum of squares of all
channels, normalized to 100%) is

displayed in a logarithmic scale. On the

right, the head sketches are shown

analogously to the DipoleSimulator

program. The parameters of the applied
head model are shown at the upper
right. Double-click into any of the 6

heads to insert a first dipole.

13
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BESA - €4, mulalions\AC-2D-no-overlap.avr - Condliion L. Fiters off, -100 ..

Eile Condition1 Solutionl Fit [mage Options Help

5. This defines a first (still inappropriate)

ray | Min. Dist. _Image
GFP]

source model. The source waveform in s ol o AE
the middle box is calculated from the | ©® e
recorded data using the head model (= | . \/

ueing t E | e
model for the distribution of the electrical |

Fol— NN

conductivity inside the head) and the e - P
del the right R

source model on e rig as a ———

hypothesis. Source waveforms are e ;

Data (1-12 of 33) = |Source waveforms L ons
dependent variables. Source locations | - — —
and orientation are independent
variables.

Based on the source waveforms and the

BESA - C\..mulations\AC-2D-no-overlap.

BESA - C\..mulations\AC-2D-no-overlap.:

File Condition1 Solutionl Fit Image File Condition1 Solutionl Fit Image
sources’ leadfields (as defined by [omlis me Ol re e e e ersor
source location, orientation, and head ¢ @?gm estms - florg lﬂfgms e
model), the model waveforms can be Al Al 3;
computed, i.e. the data that would be P9 ' -
generated by the current source model. Plz \V4 i
You can visualize the model waveforms | reo——2\ >

. . N
(blue) by hitting the Model button in the | o o PN
upper left corner. The difference e BT
between recorded (purple) and modeled N7 = AW Ay
(blue) waveforms is the residual. It can
be displayed in red by hitting the Res.
button.
7. The normalized sum of squares over Res. Var.| Energy |Min. Dist. Image
. . .. . RV.: 85.612% GFP
channels of this residual activity, is the Best 0.000% RC- 1
residual variance (RV), i.e. the 10 ot
i @ ] ------ boodlgltocodhd||loffocooosdidboccccccoos
unexplained fraction of the data 0 [ W/ A

variance. It is displayed in the top middle
box (red) together with the GFP. Note
the inverted logarithmic scale for the RV.
The goal of the source fitting process is
to find a source model that minimizes

this residual variance.

14
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Tutorial 4 — Discrete Source Analysis

8.

10.

Left-drag over the data approximately
from the onset of the first EEG activity to
the first peak. Then hit the ‘Start Fit’
button in the waveform box to determine
the optimum location and orientation for
our first dipole in order to explain the
data in the marked fit interval. The result
is independent of the initial dipole
position and confirms the simulated
generator of the brain activity in this time
range in the right auditory cortex. Use
the scaling buttons at the bottom right of
the middle panel to increase the source

waveform scaling.

Note that it is arbitrary if the dipole is
represented with its flag pointing in one
direction or in the opposite direction. If
you wish, you can invert the source
orientation by right-clicking onto the
and ‘Invert

source selecting

Orientation’.

Release the Data button in the upper left
corner to show the residual activity only.

In our marked initial fit interval, the

dipole in the right auditory cortex

explains the recorded data without any
remaining residual. However, its source
it shows

waveform is not correct

activity also during the later time range

of simulated activity in the left
hemisphere. This is so because the
required source accounting for this

activity is not included in our source

model. This is also reflected in the high

www.besa.de

R

BESA

[ Bes - CA.mulations\AC-2Dno- o-overlap.aw: - Conditon L. Filtrs of, -100 . +546 ms - Source analysis -
ey e

= el

File_Condition1 Solutionl Fit mage

Data Residual (1-12 of 33)
Fit Interv

Data Mod. | Res. D PCA EEG Res Var.| Energy | Min. Dist. Image
AC-20-no-overlap avi_Fillers off a |R V.. 0.000% GFP|
99 59 5| | Bosl 0.000%

o
— L —
fory B D, N

Options _ Help

RC: 1

= IUEIA hell @

Solution: New solution 1
Dip 1 xloc y-oc zdoc x-ori y-ori z-ori
_cartdus |[0s [0 [onr [0z [205 [0
Lot free =] |

o [me =]

idal
ion 1 (modified)

| AN oft] Aufit] Startfit] Sens. |y| BY |['H

on M
Fit.

\_ul

_=|Source waveforms (4

ak; +69.28 .. +121.24 ms

a¥a)

AN AT
@g@@

iiﬁbxy ( 3l p

S

@ Incations

il L

\£> "
< Write Sphere Center File (*.cot)...
Save Solution As... Ctrl+S
Image 4
Display MRI A
Fit Enabled Sources over Interval F
Fit Enabled Orientations O
Invert Orientation I
Convert to Regional Source C
Delete Source Del
Q BrainVoyager Ctrl+B
EBEA—(Nmn:\lc-m-mmpm-{mwlianﬁ;usm-ﬁD.-ﬂm!-swrn analysis bﬁlﬂ
file Condition1 Solutionl Fif Image Qptions Help Salution: New solution 1
| Data| Mod. | Res. ||D]| | PCA | EEG [Res. Var\ Energy |Min. Dist. _Image | Dip. 1 xloc yloc zloc xon y-ori
[ T*] AC-2D-n :lcvlLa Fillers off = [R.V.: 53.149% GFP| cartius |04 [-005 WITI_W
oOrg| 9959 +545 58 ms | |Best: 53.049% RC Lov -
m*%
PO | Al off] Al fit| Start fit| Sens. | 4| BV
N Y
P10 =t B
p——
- [\
Cz —— o r—_1
FOl m—— e
On 1
%ﬂﬁaJM—\j«
Mo—— Jesl

Fit Interval

ree wavelorms
l + 21217 .. +355.06 m

nn

£ &0
E\@J\@
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Tutorial 4 — Discrete Source Analysis /—} BESA

residual variance in this latency range.
Therefore, left-drag to mark a second fit

interval across this later time range.

=

11. Double-click into the head to insert a [P s e

| File Condition1 Solution1 Fig mage Options Help Salution: New solution 1
Enerqy [Min. Dist._Image | Dip 2 oo yoc z-loc wori y-on z-ori
% GFP| cartus |[-036 [-006 [013 [03 [03 [-08
RC: 1
- Loc:  [ee =

second dipole. The button next to its

source waveform will automatically show

‘Fit’ to indicate that its location and
orientation will be optimized in the next

fitting step; in contrast, the button of the

first dipole says ‘No Fit’, because it will

held fixed — its location and orientation o

. . Residual (1-12 of 33) %&r. irce waveforms ﬂﬁ-,n-r-nr.w-u ‘ i‘
has already been determined by the first

fitting step. Press ‘Start Fit’ to start the
fitting process. As expected from our
simulation, the second dipole localizes
in the left auditory cortex. The flat
residuum indicates that this two-source
model perfectly explains variance in the

data.

The fit results in a complete separation of the activities of the right and left AC. The
addition of the left dipole has changed the calculation of the right source waveform. It is
now 'blind' to activity from the left source, and does not show any activity in the later
interval when the left source is active. The analogous statement is true for the source in
left AC. Therefore, an appropriate source model that should reconstruct the correct
source activities must contain dipoles representing at least all active brain areas.
Otherwise, activity in unmodeled brain areas will be projected onto the source waveform

of the modeled sources.

16
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Tutorial 4 — Discrete Source Analysis /—} BESA

2" simulated data set: Severe overlap and high synchrony between hemispheres is what
we must expect in auditory evoked potentials. Furthermore, cortical source activities are
more complex and often biphasic. Therefore, the next simulated data set, AC-2D-biphasic-
synchronous.avr, contains biphasic source waveforms which are synchronous in both
auditory cortices. Source waveforms pointing upwards (positive) represents postsynaptic
current flow into the direction of the flag of the dipole symbol; downwards deflections
(negative source waveforms) reflect current flow in the opposite direction. Remember that
the source waveforms reflect the local current flow within the modeled gray matter patch — it
does not represent the direction of signal propagation within the brain!

%% C:\Program Files (x86)\BESA\Research_5_3\default.lp - DipoleSimulator o S

Eile Edit View Options Help
EDFHE EH & 7MY Y R HI| Ns | Fv Fe |32

5.00 pVv
@ @ CUnas Fp1 Fp2
/ e TR
y. Fo - o F10
T F A Fz fi F4_fi -
FC5 FC6 n
T10

e
™ )T, cs‘\ﬂ_ CZWP;‘J\;WP; i) [l
e
7 R
ANTARN - N
= .

Spherical model EEG 33 electrodes

12. Minimize the source analysis window and A3 Clcambiimierions

File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
F |F+| wrs [ SAW [[ 3D MG | ERP | DSA [[Rec _Vir | Src | Usr | Opt | EdM |

select ‘File / Open’ in the main window to

Fp1

load the second simulated data set ‘AC-2D- Fe2

F9 op View of Data —
biphasic-synchronous.avr’. Left-drag to gffp"'veswf“s”‘t I
mark a block and right-click into it. BESA 1, e |
Research remembers the previous settings o e e L
used for source analysis that you can EEZ Com et E
quickly re-apply by selecting it at the bottom e r—
of the popup menu. &

|
Cz ‘
c4 1

17
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Tutorial 4 — Discrete Source Analysis

13.

14.

15.

The source analysis window appears with
the new data set, the previous dipole model
still applied. Press the Data button to show
the biphasic EEG signals of this data set.
Since the data set has been simulated with
the same active brain regions, the source
model is correct for this data, the residual
variance being nearly zero. The source
waveforms are now computed from the new
data and therefore reflect the synchronous
bilateral biphasic activity.

We could have obtained this source model
by fitting both dipoles simultaneously to the
data. To see that, left-drag to mark a fit
interval over the time range of EEG activity.
Then hit the All fit button — this turns both
sources into the Fit state. When pressing
the Start Fit button now, location and
orientation of both sources will be
optimized. The result does not differ from

the previous model.

Let's see what happens if we had tried to
model this data (incorrectly) with a single
dipole only. the two dipoles by hitting their
On buttons. This effectively removes them
from the source model. Double-click to
add a new dipole and press ‘Start Fit’. This
results in a dipole in the middle of the head,
compromising to explain the left- and right-
hemispheric activities. Although the result is
incorrect, the residual variance is less than

1% (as displayed as R.V. at the top)!

www.besa.de

1 BESA

7] BESA - C:\tions\AC-2D-biphasic-synchronous.avr - Condition 2, Fifters off, -100 .. +546 ms - Scurce amm
Eile Condition 2 Solution1 Fil Image Qptions Help Solution: New solution 1

Data Mod. | Res. D[H PCA | EEG H.P-i Vm FnPr(w Min. Dist. \mage Dip.2  xdoc yloc zdoc x-ori y-ori z-ori
4|' o cartius [[-03 (006 [013 [03 [43 [09

B“‘Om"“ i loc:  [we =]

o [ |
[Model: 4 shell elipsoidal
Hew soltion 1 (modined) FEG 1]
P10 ~| All off| All fit| Start fit] Sens. BY || Hid

AL
D

Fl? @
@J\@:
L ; 7 - -
. = - <]
Data Residual (1-12 of 33) > |Source waveforms = lSource locations =l
[ BESA - CA\.tions\AC-2D-biphasic-synchroncus.avr - Conditian 2, Filters off, -100 — +546 ms - Source anamu
File Condition2 Solution1 Fit Image Options Help Solution: New salution 1

Da(a Mnd Res D PCA | EEG Res Var. Enerqv Min. Dist. \mag! Dip 2 #loc yoc z-doc x-ori y-ori z-ori
aa Filers off o 0.004 Cart/us |[034 [08 [013 [03 [03 [08

0 J Jrr 34558m| BclL‘JOU H\.i = |

Al — ' i e Model. 4 shell elipsoidal
o f' --------- [+ JNew solution 1 (modified) EEG +]
i ™ Lﬂtl anit] start fit| Sens. |+ BV ||'Hid

P10 I e e m m
FCz2 —
13 4
Cz T f
: 1 A ety

(RO A\ —
ﬂ;vai [ (! i
On 2
F S Y -~
FJ_.AW—
oz—v,L
; @|®
ot }—vﬁ— =
<
; - - B
Dala_Residual (1-12 of 33) ~|source waveforms ~ Isource locations ~|
Fit Interval: +47.63 ... +229.49 ms
BESA - C\,.lions\AC-2D-biphasic-synchronous avr - Conditian 2, Filters off, -100 _ +546 ms - Source anamu
File Condition2 Solutionl Fit Image Options Help Solution: New solution 1
Dataw || | PCa | EEG EETLrs [ Min. Dist._Image | Dio 3
. chvoncus an Filers of « 0.898% GFP| cartus |[uos [001 W 00 [4 lu_a
O 99. Jrr oasf.um [ Bc[L‘fJOU% RC:1 . froe =]
.,’ N free =]
i eé i Model: 4 shell elipsoidal
P10 —t VAN -
FC2 i
Py —-
Gz —
FC|—_AU—-_.
Fz—-—%—fj -
rq__v,&_'_
T - -
c4—
oz—.Tjﬁ—
o1 }—va— B
Data Residual (1-12 of 33) ~|source waveforms Z|5aurce ocations -1
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Tutorial 4 — Discrete Source Analysis

16. How can one decide whether the one-

17.

source or the two-source model is correct?
This can be done by contrasting the two
source models. Switch back ‘On’ the two
first dipoles. Now the three source
waveforms should be able to contrast and
mutually separate the activities in the three
modeled brain regions. The reason for the
still non-vanishing source activity of the
third dipole called

the

is a parameter

regularization constant. Select
corresponding entry from the Options

menu.

Reduce the regularization constant to zero.
With this setting, the separation capabilitiy
of the source waveforms is optimal, and the
flat source waveform of the third dipole
indicates that there is no brain activity in the
middle of the head. Rather, the two-dipoles
in the bilateral auditory cortices correctly
represent the truly active brain regions. So
if regularization ‘blurs’ the spatial filter and
increases crosstalk between sources, what
are the benefits of it? We will see the
answer in the next simulation. Click ‘OK’ to

close the regularization dialog.

www.besa.de

7 BESA

. BESA - C\,.tions\AC-20- biphasic-synchronous.avi - Condition 2, Fitters off, -100 ... +546 ms - Source analysis

Data Mod Res. D PCA EEG Res. Var.| Enerqy |Min. Dist. IIlIng Dip. 2

xdac y-kw zdoc x-ori y-ori z-ori

cartus |[-034 [0 [013 [-3 [03 [09
Common Ragularizeion Constonk n %) ori:  free =

-~ [Model: 4 shel elipsoide

[ ]

Hew solufion 1 (modified)

1
°|=
01 _T’JQ— -
=
DataResidual (1-12 of 33) ource waveforms 7‘ Saurce locations
Fit Interval; +47,63 .. +229.48 ms

@ | @
01 & | ,L
TQ—_ <
Data Residual (1-12 of 33) = |Source waveforms Source locaior Z'
Fit Interval: +47.63 .. +229.49 ms
- e S—— = =
.sm C\.ticns\AC-2D-biphasic-synchronous.avr - Condition 2, Filters off, ~100 .. +546 ms - Source analysis =B X
o nage Opt 0 on: New solution 1
Data Morl L n PCA EEG [Res. Var.| Eneray [Min. Dist. _Image | Dip 2 xdoc ydoc (loc xor y-ori z-ori
GFP| Cartsus |[431 [0 [013 [03 |93 |29
O Set reqularization constant LUy rpes = =]
Comman Reguisrizsson Constant(in %) ——————————————— | f----e--e- oni: e -]
Al Model: 4 shell elipsoidal
0 Tew soiution 1 (modified) EEG +]




Tutorial 4 — Discrete Source Analysis

3" simulated data set: Finally, the third simulated data set has been designed to be even more

realistic by adding background noise to the same simulated brain activity as before (AC-2D-

biphasic-synchronous+noise.avr).

File Edit View Options Help
F D& E S 7MY Y| M HdNs | Fv Fe |3

4 C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipDIeSimulMH£= (] S|

Source 1 node 3: 5§ nAm, 137 ms

2

5.00 pv

rms noise: 0.15 pv; alpha proportion: 0.50
Reference free=blue

Ref. |

Spherical model EEG 33 electrodes

18. Minimize the source analysis window. In

the main window select ‘File / Open’ to
the ‘AC-2D-biphasic-
the

simulation as the previous one, but with

load file

synchronous+noise.avr’, same
some small background noise added to the
data. Again, send the data into the source
analysis window: left-drag to mark a block,
right-click into it and select the bottom-

most entry.

www.besa.de

File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help

-F|F+| WrS | SAW|[ 3D IMG | ERP | DSA [[Rec Vir | Src | Usr | Opt | EdM | LF | HI

Fp1
Fp2
F9 [~
F7 [~

F3 |~ Top View of Data

‘Whole Segment

T

Fz |
F4 |7t
F8 |

FFT
Linear Correlation

T

F10 Source Analysis

FC5 Define as Epoch

FC1 Define as Artifact

FC2 [t Write Segment

FC6 [~ Copy to Buffer >

™
mw
c3 |

Cz fb———

Define Artifact Topography

4=

Epoch: -100.0..549.5 ms, Filters off

ok

D
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19. The previous solution is now applied to the

J | Enaray jst._Image Dip. 2 [{rlgq(y—hc[ll;c[
H H H 14r| { set requiarization constant GFP| cartius |[34 [006 [013 [03 [03 [99
noisy data. The channel noise is strongly o/ {" ™" : R e ]
EEAIOA Gegeaualon Comil IR 0K T P ori [hee ﬂ

H Al o KIS L]t o [Model 4 shell elipsoidal

projected onto the source waveforms when K?f T ot T o FE 3]
| FC2 N 1
. . . OK Cancsl

the regularization is set to zero. Select @ *°

‘Options / Regularization constant’ again

& 6
Fz ot Vi
and see how increasing the regularization ::@E:: o m//\/&/ww (@

constant affects the reconstructed source :@:

et [& QE A [ 2
waveforms. Pl [ : te
B =1,

|Data  Residual (1-12 of 33) ~1source waveforms ~ Isource locations
Fit Interval: +47.63 . +220.49 ms

1 1 1 1 Q) - CA.1ions\AC-2D-biphasic- +noise.ave - ion 3, Filters off, 100 ... +546 ms - Source analysis =& % ]
20. As regularization is increased, crosstalk & s o Gttt 00 s S0
| ad[Res__uDiLLPCA Res. neroulMinDist_Image | Dip.2  xdoc ydoc zdoc x-ori y-ori zori
Cartsus |[034 [006 [013 [-03 [03 [0
N e e =]
on: e <]

increases as in the previous example, i.e.

idal
on 1 (modined) EEG +

the third source waveform reflects activity
that is truly generated in the brain regions
represented by the other two sources.
However, as a positive effect, the source

waveforms are substantially cleaned from

noise. This positive effect in noisy data

implicitly stabilizes source fitting results in | e tea 2 o b =Ioaeioesties -l

Time: +24248 ms Fit Interval: +47.63 . 422949 ms

the presence of noise. Therefore, a modest

) BESA - C\tions\AC-2D-biphasic-synchronous +noise.avr - Condition 3, Filters off, <100 .. +546 ms - Source analysis

regularization is recommended in real data | e e e o
| 1| § set regularization constant
sets. The default regularization of 1% is || s

usually an appropriate compromise and | ..
does not need to be changed. Crosstalk
between source waveforms is usually S\
smaller than in the current simulation, in | "

which  the correlation between the | A5

leadfields of the modeled sources is | oo

especially high. R — T T — :
21. Set back the regularization to 1% and hit [ setrequirization constant IR [l

OK. Then close the source analysis Cornmon Fegularization Constant in %)

window (confirm with ‘OK’ that the [ 4 ] | _pefaut |

developed source model does not need to

be saved to disk). ok | cance |
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C: Single Dipole Fitting in Real Data

BESA 5.3 - G\..xampl ndite

1. Back in the main BESA window the file

‘All_Subjects_cc-Test.fsg’ should still Open.. ctrl-0
. . Close
be available at the bottom of the File | _coca
o . . RecentFiIes.‘., 4
menu. If it is not, please select it pressing |w======
Load Channel Configuration...
‘File / Recent Files / ...’. Left-drag a Head Surface Points and Sensors °
. . . . MRI Coregistration...
block in condition ‘Low’, right-click to Export_
send it into Source Analysis with send to MATLAB..
Import and Convert ASCII File...
custom definition settings -50 to 250 Print..
. Print Preview
ms, a Low Cutoff filter of 0.5 Hz, 12 it
dB/oct, zero-phase shift, and a High [V 1C\emples\erp-Ausiton-intensip\Al Subjects ccfsa_ |

Cutoff filter of 40 Hz (keep the default
parameters 24 dB/oct, zero-phase). The

low cutoff filter will create an improved

]—L@var“;%s High Cutaf Status [ Enahbled
. . Frequency ] Slope oct v Tupe |zero phase ¥
baseline and reduce the overlapping s o S ] e e =)
2500 (ms) postEvent
slow activity. e — B
It is not possible to fit a good source [[r i omencn s S m—" e
Energy |Min. Dist. \III-E.:F Madel o Mf-
model for the P50 as its signal-to-noise A
a0 [oe [
ratio is poor. Therefore, will focus on the B 9
. : : N /ﬁ\ ]
N100, which has the largest amplitude in ) ()]
{ Q:’ [
our signal. Mark a time-window from the gﬁh ( \% !
beginning to the maximum of the L/ [L‘\\}_i,j ;
auditory N100 (76 to 100 ms). As we are | - Y ﬂ N
. . . z (( ' b \\ @]ﬁ»}b\'
dealing with auditory data, we know that -"’\/“44 | ! . = |
we need to fit at least 2 dipoles to obtain — — -
a correct source model. Double-click in
the heads twice to place 2 initial
dipoles. Press ‘All fit’ and ‘Start fit’.
22
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3. Both sources will fit in auditory areas, the ?,“i“;_jf"j“;?r“;‘f“:j"ﬂ;';‘;‘;;‘1“;;[,“‘“”"“““"*—’“"“'m“"“’ 5°“|
right source being located further anterior el = R R . I

[ s
than the left source. The right source j:’\i“: = e RPNG
seems located slightly too medial. R i N

D
'D

on

i

i

s M
Data Resicual (1-12 of 31) | Source waveforms lscurce ications TI'
Fit Interval: +76.00 . +100.00 ms N

4. The fit can be improved by introducing a [ & S s i e S s s e

File Condition 1 Solution 1 Fit |mage Qptions Help Solution: Nwwlmnl'
Data Mod. [ Res. ||D]| | PCA | EEG Res var Enerw Min. Dist. _Image Dip 2 sdoc yloc zloc x-on y-ori z-or
. . | > Tow 10avw Fm\:m'nf:—‘mHJ GFP|_cartsus |[03 [o13 [ont [0z [25 [<8 ||
symmetry constraint. This can be very T | = i T

on

useful for stabilizing a fit, particularly | e b “*‘ =
when data are noisy. To do so click on e :
one of the sources and select B

‘symmetric to’ in the ‘Loc.:” drop-down D - 7enme

F4

menu. Press ‘All fit’ and ‘Start fit’ again. g

DOD
DOD]

Data Residual (1-12 of 31) = Isource waveforms > source locations
Fit Interval: +76.00 .. +100.00 ms

5. Both dipoles are located symmetrically in “”".L"“‘“““’““'-‘”“‘““-"“"“““’ —

file_Condition1 Solution1 Fif Image Options Help Solution: New salution 1
the auditory cortex. Note that the residual | = = oy [t o<

=|

-, [T T
variance is slightly bigger using the | _ @ i : Hg” e J

. r<:1..._‘,£l$,_,_,
symmetry constraint. However, the | . /s

solution with the smallest residual A B

‘ A‘rx
variance is not always the correct | | )< —

anatomical solution. You should keep in P;::Eii: =M m O

mind that deeper dipoles explain more | "=

Data Residual (1-12 of 31) ~ | Source waveforms ~lsource locations
Fit Interval: +76.00 — +100.00 ms

variance. Therefore, in noisy data dipoles
will have a bias to localize deeper to

explain more variance.
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6. Release the Data button to only display |25 & s o SRRIEEEEREER =

file Conditionl Soltionl Fif |mage Qptions Help Solu(in:Na'wwllmml
Data | Mod. | Res. ||D[|| PCA | EEG |Res. Var.| Energy |Min. Dist. _Image Dip.2  xloc ydoc zdoc x-ori y-ori z-ofi
. . N . . «]+] Low:10avs Filters: 0.5 - 40 Hz « [R.V.: 1.149% GFP| cartius |[0az [007 [0 [0z [-08 [-00
the residual variance (if it is not |oul smom wmenTee s R T T

N\-—-E—-q—ﬁ |

e ori e |
IModel 4 shell elipsoidal

T+ JMew solfion 1 (modified) G 4

activated, click on the Res. Button). Note

that our source model explains the data
very well for the given time-range. Keep
in mind for later that the source model
does not explain the P50 nor the N150
sufficiently. This can be seen by the

higher residual variance in the according

time-ranges.

7. Save the current source solution for later |F cmmisscncs o : S

[Ei#e] Conaition1 Solution1 Fit Image Qptions Help
Gpen Solution.
Append Solution.

by pressing ‘File / Save Solution As...’ S

Save Solution As..

ples\ ERP-Auditory-Intensity\Lowlintensity_25D-testbsa
Dip.2  xloc ydoc zloc xon yori z-ori

7P| _cartus o oo [on1 [92 [45 [o0

under the name ‘Lowlntensity 2SD- | ==ciin.

test.bsa’. Close the source analysis svsce s Wi B

Window as Bitmap.

. Send to MATLAB..

win d oWw. 1C.. \Examples\ERP-Auditory-intensity\Lowintensity_25D-testbsa
2. \Examples\ERP-Auditory-Intensity\Test Single.osa

3C1B ERD-Auitory-ntensit

1€\ \WontagestSurogateModels\AEP bsa

5 G . \Bamples\ TFC-Error-Related-Negativity\Ert.bsa

6 CA\ .. \Examples\ERP-Auditory-Intensity\51-AC+SC bsa

7 €, \Examples\ERP-Auditory-Intensity\Highlntensity, 3RS.bsa
BCA\ .- Weam-by-Simulations\AC-Coherence\ ACID.bsa

9T imentiRT-

More

Display Complete Paths..

Exit

Residual (1-12 of 31) ~Tsource wavetoms j Source locations j
it Interval: +76,00 . +10000 ms
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D: Fitting Regional Sources in Simulated Data

In order to understand the concept and advantages of regional sources we will again work

with a simulated dataset.

Simulated dataset: Two extended square surfaces (~10-15 cm?) of planar cortex are
modeled, each represented by four equivalent dipoles. The dipoles are approximately 2 cm

apart. Each dipole can be thought to represent a smaller square surface (2*2 cm).

The first simulated brain region is thought to represent supplementary motor area (SMA).
The four dipoles are located symmetrical to the interhemispheric cleft with nearly tangential
orientation, reflecting a planar fissure to both sides of the interhemispheric cleft. The
modeled time-course is the same in each dipole, representing synchronous monophasic

activity in the SMA (dipoles 1-4 in the above figure).

Similarly, four nearly radially oriented dipoles are simulated, representing cingulate gyrus

activity (dipoles 5-8).

Thus the two modeled extended brain regions are in close proximity to each other, but
differ from each other by the direction of the neuronal current flow (i.e. the orientation of
the active gray matter surfaces). The time courses of the two activities are simulated to be
partly overlapping, with the activity of the SMA starting earlier than that of the cingulate

gyrus.

- .
%% C:\Program Files (x86)\BESA\Research_5_3\default.lp - DipDIeSim@

Eile Edit View Options Help

E D& E & 2% % Y R H Ns Fv Fe 2R

g

5.00 pV

Fp1 Fp2
} T T
Vrr F
] Fz F4
FC5 pm “Fc2 L
—

B

T9 ATT c3 ‘\/C? ‘\/;J\F T8 T40 A
cPsp P szbi cPef

—

L Py

NN

LA Pl
o1 02 Jin
ala
@/L@
~TT
- |- Reference-free=blue Ref |
|
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
L —_— e —— _—— E——— — = = ==
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1. Load this data set

Tutorial 4 — Discrete Source Analysis

in BESA Research:
‘File [ Open’

‘RegionalSource2D.avr’.

Select and open

2. You may increase the amplitude scaling by

pressing the amplitude scaling button at :

the right of the window. Change the scaling
to 2uV. It is evident that due to the effect of

volume conduction, each electrode records &

signals from both modeled brain regions to
some extent.

The overall distribution of the EEG activity
at the scalp surface can best be observed
by viewing a 3D whole-head map. Open the
map window by double-clicking into the
data approximately where a polarity
in electrode Cz. A

reversal is observed

cursor is set and the map window appears.

www.besa.de
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4. To obtain a time sequence of maps, click
onto one of the heads, e.g. the view of the
right side (left head in the middle row). The
display changes, and maps from 35 ms
before to 35 ms after the cursor are shown
in steps of 5 ms. The map seems to rotate
from an early tangential map (activity of the
tangentially oriented SMA) to a later nearly
radial map (cingulate gyrus activity). Note
that this apparent rotation is not generated
by the rotation of one active brain region,
but by the differential activity of multiple
fixed gray matter patches with different

orientations.

5. In order to model the underlying activity we
will perform source analysis again: Left-
drag to mark a block, right-click into it and
send the whole segment into the source

analysis window.

6. Press the PCA button to compute a
principle component analysis of the data. A
PCA the

contributions mutually

decomposes data into

of orthogonal
topographies (i.e. topographies that are
maximally dissimilar to each other in a
mathematical sense). In this process, the
first PCA topography is selected to explain
the most data variance, the second
topography the largest part of the remaining
variance etc. The curves at the left indicate

the associated time courses.

]3&53 q.m

.F\Fo\vws sm\ £ IMG}EH? DSA] Rec Vir

Fp1

sn\usrL

W BESA

% 30 Mapping: EEG - Voltage m!_':’

PA b2 ) (¥ e

104.0 ms 109.0ms 140 ms

0@

19.0 ms 124.0 ms 129.0ms ‘

eee

1340 ms 139.0 ms

eee

149.0 ms 154.0 ms 159.0 ms

%éé

1640 ms 169.0 ms. 1740 ms
190ms  reference free
| EEG - Voltage uo Wi u »

1440 ms

CIER AR

Time: 00:00:00

Total: 00:00:01

Block Size and Position

Mark:0.139 s

Filter Setings

Law Cutoft

Cur:-0.139 s

Filters off

Status [ Enabled

5.5

Erequency |16 Hz] Slope |6 dbjoct Type |forward
(" Custom Definition e tHal ® | J & | J
Frevious High Cutoff Status [ Enabled
Seftings
511 (ms)pre-Event Frecuency [j00 [Hz] Slope [eadb/oct v | Twpe [zernphase ~ |
7554 (ms) postEvent
[~ &l Conditions Source Analysis Set Block Cancel
[ BESA - C:\mulations\RegionalSource2D.avr - Condition L Fiters off, -100 .. 4546 ms - Source analysis T ) S
file_Condition1_Solution 41 TmageN Options _Help 10 solution available
E ries Var.| Enerqy |Min. Dist. lmagn Model
L o

ru 1

Deta PCA-Data (20f2) J

The variance explained by the corresponding component is displayed next to it. It becomes

obvious from the time courses, that a PCA does not provide a separation of the multiple

brain activities (they were simulated to be monophasic, but the PCA time courses show two

peaks each). However, the PCA provides a good estimate for the minimum number of

www.besa.de
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brain regions that are contributing to the EEG data: A single brain region cannot generate
EEG data that contains contributions of two mutually orthogonal topographies. We can
therefore immediately conclude that we are dealing at least with two active brain regions in
the current data set. Since synchronously active brain regions cannot be separated by a
PCA, we only obtain a lower, but no upper bound on the number of sources required to

model the data.

Note that in real data, there are as many PCA components as there are recording channels,
most of them solely representing noise activity. The ones relevant for our considerations are
those with a substantial contribution to the data variance and a time-course that indicates
activity that clearly emerges from the background noise.

Next we will see how we can also employ the PCA to estimate the appropriate duration of a

fit interval.

BESA - Ci\..mulations\RegionalSource2D avr - Conditio|

7. If a fit interval is marked, the PCA D& ciiEEmEarmame

File Condition1 Solution Fit Image Options Help  FEile Conditionl Solution Fit Image Options Helr

.. . Data Model | Residual || Data || [ pata Model Residual || Data |
decomposition is computed for the marked - fgieoe T R

data segment only. Mark a fit interval that

starts at the onset of observable EEG

Al Al

activity and vary its duration. Note that

every time you change the length or

100%

position of the fit interval, the PCA *'™

waveforms and explained variances

37.6% 0.0%

change.

8. We want to apply a sequential fitting strategy, i.e. first fit a dipole to represent the earliest
brain activity. For that purpose, we should make the fit interval short enough not to include
any brain activity from other brain regions that starts at higher latencies. Therefore, the fit
interval should be chosen such that 1 topography dominates the data, i.e. one PCA
topography should explain the majority of the variance. If this is not the case, this would
indicate that at least two brain regions contribute to its generation. We would get incorrect
fitting results if we tried to fit a single dipole to the data. On the other hand, the fit interval
should not be shorter than necessary either, so that the effect of channel noise on the fit
result gets reduced. In our example, an appropriate first fit interval is e.g. approximately from
the onset of EEG activity to the first peak — in that time range, the SMA region is active,
whereas there is no cingulate gyrus activity yet (PCA topographies show 100% and 0%
contribution, respectively). Then double-click into the heads to create one dipole and hit

‘Start Fit’. The dipole localizes in the center of the simulated SMA activity. Note that the

28
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SMA region was modeled with 4 dipoles to represent activity of a relatively large cortical
patch. Still it is possible to reconstruct its activity with only 1 dipole with near perfect
explanation of the variance.

[ BEsa - c\_mulations\RegionalSodreed

File Conditionl Solutionl Fii Image Options Help Solution: New solution 1

| Dpata Model Residual Data P.CA EEG Res. Var. | Energy [ Min. Dist. weight by Image | Dip. 1 xoc y-loc z-loc x-on y-oni z-on
4| »| RegionalSourcezD.avr Fillers off = [R V.- 0.021% GFP| cartius [ oo [ o7 (1] [ [ o 0z
99 59 ms +545 58 m st 0.009% C

Org| [-09.59m 45.58 ms | a;[nc o RC = =

/ oni

S R SO || | WA Model: 4 shell
...... / \ Hid
|\ \ —
All Ly =
ﬂﬂl off] All it Start fit] [¥] Brai g

100%

ool
Ll

Data Residual PCA-Data (2of2)

. FitInterval: +60.62 . +103.92 ms

9. Release the Data button in the upper left corner to display the residual (i.e. unexplained)
activity only. Now mark a second fit interval to include the left-over residual variance.
Because the data is not displayed anymore, the PCA is computed for the residual activity
only. For the second and all additional fitting steps, this is our criterion for the selection of the
fit intervals. In this simulated example, there is only one additional brain activity, i.e. no
matter how long you choose the fit interval, it will result in one additional PCA component

with substantial contribution®.

! The PCA variances computed for the residual do not sum up to 100%, but rather to the total residual
variance in the marked block
29
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[ BEsA - €\ mulations\RegionalSourc i 4 i = o S|
File Condition1 Solutionl Fit Image Options Help Solution: New solution 1
Data Model Residual Data P.CA. EEG Res, Var. | Energy [ Min. Dist. Weight by Image | Dip 1 xloc y-loc z-loc x-on y-ori z-on

“T] RegionalSource2D.avr Fillars off = [R.V.- 74.851% GFP| cartws [ oon [ o1 [ 0w | 0 03
Torg| L0959 ms +545.58 ms | k- 02008 RCA ™ e e =
‘ /m P
Model 4 shell elipsoidal
/ \ New solution 1 (medified) EEG +]
Hid

(20 2) j:-.,..-. & wavaform

Fit Interval: +108.25 .. +277.12 ms

Residual PCA - Residual

-

10. After deciding on a fit interval, add a
second dipole by double-clicking into the
heads. Hit ‘Start Fit’ to localize it into the
cingulate gyrus area. Note the vertical
orientation of this source, in agreement with
our simulation. The two-dipole model now
separates the activities of the two brain

that. The

reconstruct the correct

regions source waveforms
time courses,
indicating the earlier activation of the SMA

as compared to the cingulate gyrus.

11. Open the Options menu. Currently the
default source type is set to Dipole (2nd
row). Please click onto this entry. When
you open the Options menu again, the
default source type has been set to
Regional Source. With this setting,

the

a

double-click  into heads  will
automatically add a regional source as

opposed to a dipole.
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11 BESA

12. To model the two simulated brain regions with a single regional source, switch off the two

single dipoles in the model. Double-click into the heads to insert a regional source. Because

it consists of three orthogonal dipoles, the corresponding source waveform consists of three

curves, each representing the source waveform of one underlying dipole. Mark a fit interval

over the whole time range of activity and hit ‘Start Fit’. The fitted source location

compromises between explaining the SMA and the cingulate gyrus activity. The obtained

residual variance is less than 1%, indicating that this source models the data very accurately.

BESA - C:\mulations\RegionalSource2D.avr - Conditior
Eile Condition1 3olution1 Fif Jmage Options Help

odel | Residual || Data|] | PR.CA EEG | Res. Var. | Energy [

Solution: New solution 1
Min. Dist. Weight by Image y-lo y r-or
[ om

056 [ - [

RS3 x-loc
irce2D avr Fillers off ~ [RV - 0.621% GFP| cartws |[~ om
+545.58 ms|  [Best 0.568% RG: 1 . e —
C ) — o = -
PPN SOOI . .o Model: 4 shell ellipsoidal
/ \ New solution 1 (modified)
...... Hid
I \ ——
— T
Al —r— P
ilml on| Al fit| Start fit] [¥] B g

Residual PCA - Residual (2 of 2)

FitInterval: +60.62 . +264.13 ms

-—

13. The three mutually orthogonal dipoles of a
regional source models current flow in any
arbitrary direction in a certain brain region.
We get exactly the same representation of
activity if we rotate the axes from the initial
X-, Y- and z-direction to new orientations
such that the 1st dipole of the regional
source represents the initial peak of activity.
To do that, double-click onto the source
waveform to set a cursor at the first peak
(around 100ms). Right-click and select
‘Set Orientation / Set Orientation 1 at

Cursor’.

www.besa.de

Add Spatial Component at Cursor

Set Cursor Time: +39.59 ms

i

Define Time Zero at Cursor

Image -

Display 3D Maps M //*T\
Set Orientation 1 at Cursor o
Set Orientation 1 at Maximum Shift+1

L

Fit Enabled Sources at Cursor F
Set Orientation
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Delete Source Del
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14. This rotates the regional source so that the = == o ve e om0 =

first of its dipoles points into the direction of

current flow at the cursor latency. Note that f (e =
as a consequence its source waveform R 7 [ J

| R I bl
picks up all activity at the cursor latency, = I
the other two source waveforms show zero = (e ,‘;;_J

activity at the cursor. The second and third v~ o
dipole component are rotated with it so that
they remain mutually orthogonal. The
second dipolar component is automatically
set to model the largest current flow
perpendicular to the first source. As a
consequence, the source waveform of the
third component is flat in this simulated

example.

15. With the cursor still set at the first peak, you | © Veitage map-data o [0 e
8| [@ Qb| a2 3] taltalfal| 8'c|a

can hit the ‘M’ key on the keyboard (or | oot +99.59 ms
right-click and select ‘Display 3D Maps’)
to view the voltage topography at that
latency. It reflects the tangential dipolar

topography of the SMA region.

2:5

00

[51%
16. Use the arrow keys or the mouse to drag
the cursor to the second peak and
observe the radial EEG map generated by
[on |
the cingulate gyrus with the large central |
negativity. Close the source analysis Ll
window without saving the solution.
32
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E: Fitting Regional Sources in Real Data

11 BESA

We will now use regional sources instead of single dipoles to reconstruct activity in our real

auditory intensity dataset.

1. We will

now return to the dataset

‘All_Subjects_cc-Test.fsg’, which
should still be available at the bottom of
the File menu. If it is not, please select it
pressing ‘File / Recent Files / ...". Left-
drag a block in condition ‘Low’, right-
click to send it into Source Analysis
with settings =50 to 250 ms, a Low
Cutoff filter of 0.5 Hz, 12 dB/oct, zero-
phase shift, and a High Cutoff filter of

40 Hz, 24 dB/oct, zero-phase.

Press the PCA button to display a
principal component decomposition of
the data. Condition Low is dominated by
large PCA

representing the N100 activity. Create an

one topography, mainly

initial source configuration with two
sources by double clicking onto the

right and left head scheme.

As regional sources can explain activity
in up to three brain regions at the same
time we can expect the two sources to
model the three main components in the
auditory cortex area (P50, N100 and
N150). Therefore, we will not set a short
fit interval comprising only one
component, but rather mark a fit interval
over the activity range of these three
AEP components. Drag the cursor over

the source waveforms to mark the

www.besa.de

BESA 5.3 - C\.xamp|

uditc

Edit View Filters Montage Process ERP Artifact Search Tag:

=

v 1 C\.xamples\ERP-Auditory-Intensity\All_Subjects_cc.fsg

Open... ctrl-0
Close
Close All

Recent Files... 4

Load Channel Configuration...
Head Surface Points and Sensors 4
MRI Coregistration...

Export...
Send to MATLAB...

Import and Convert ASCII File...
Print...
Print Preview

Exit
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interval from 40 ms to 172 ms. You may
set the interval by right clicking and
selecting ‘Set fit interval’. Press ‘All Fit’
and ‘Start fit" to Afit

simultaneously. Use the arrow buttons in

both sources

the source waveform box to adjust
waveform scaling.

4. The sources are quite symmetric with a
slightly more anterior source in the right
hemisphere. As stability might be much
worse in individual data, we will impose a

the source

symmetry constraint on

location again. Activate the second
source by clicking onto its waveform. In
the upper right box, select ‘symmetric
to’ from the drop-down menu next to
‘Loc.’

5. Press ‘All Fit’ and ‘Start fit’ again. Note
that the residual variance (Res. button
needs to be pressed to view this) and the
source  waveforms

only  change

marginally.

6. We want to identify the direction of
current flow of the N100 component. To
do so, activate source one by clicking
onto the source. Right click and select
‘Set orientation / Set orientation 1 at
Maximum’. This rotates the source such

that the peak around 100 ms is now fully

www.besa.de
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accounted for by the first component

(source waveforms for orientations 2 and

3 are now zero at this latency).

BESA Research not only sets the first orientation, but also automatically adjusts the
second orientation of the regional source to explain the maximum activity perpendicular
to orientation 1 in the whole time interval. Thus the second orientation accounts for the
N150 component (second largest component). The orientation of N150 is close to radial
and reflects current flow at the lateral surface of the supratemporal gyrus. Alternatively,
the second component of a regional source could be set at a specified latency by
double-clicking to set a cursor, right-clicking and selecting ‘Set orientation / Set
orientation 2 at Cursor’.

7. Next we will orient the second source as
described in step D6. Right click onto its
waveform and select ‘Set Orientation / |&u—<5=
Invert  Orientation 3 to make

orientations of source one and two =

consistent. (This 2-source model has

been saved in file
‘Lowlntensity 2RS.bsa’. You may load

this file from the menu entry ‘File / Open

Solution’.)

8. Let us compare the solution using T ==
regional sources with the solution using : “\,“:\ ':j
single dipoles we saved earlier on. . e | : :
Please press ‘File / Open Solution’ and f}{,f . o e
select  ‘LowIntensity_2SD-test.bsa’. ;VJ:\/\'_/\J’ v\
Release the Data button to only display r O (S

the residual variance. You can toggle

35
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10.

11.

between the two solutions using the
arrow buttons in the top left corner of the
head scheme field. Note again that the
single dipole solution does not explain
the P50 and N150 components, while the
regional source solution explains all
activity from the temporal region very
well.

Make sure you switch back to the
regional source solution and minimize
the source analysis window (don’t close
it) to return to the average data in the
main window. Select condition ‘High’ and
send it to source analysis with the same
settings as the ‘Low’ condition by left-
dragging a block, right-clicking and
selecting the according entry at the

bottom of the dialog.

If the Data button is still released and the

Residual button is pressed we can
immediately see that the source solution
that explained the data in the Low
condition very well is not satisfactory in

the High condition.

Mark a fit interval from 68 to 200ms that
covers the unexplained activity. Double-
click into the head schemes to place a

third regional source. Press ‘Start Fit’.
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12. Right-click on source waveform 3 to set
orientation 1 at the maximum or hit the
‘O’ key, the short cut for this action.
Scale down the source waveforms if
necessary by using the arrow buttons in
the bottom right corner of the source

field. the

source waveform and select ‘Display

waveform Right-click on

MR’ (or press the ‘A’ key). Press the ki
button to change to multiple view. The
third source localizes frontally, repre-
senting activation in the cingulate gyrus
or frontal cortex. Close the standard MRI
window.

13. Switch back to condition ‘Low’ by using

the arrow buttons in the top left corner of

the field. Note that the

ACC/frontal source is silent in the ‘Low’

channel

condition. Its presence does not alter the

source waveforms of the auditory
sources. You can probe this by switching
the frontal source on and off. Close the
source analysis window and save the
current solution as ‘Highlintensity 3RS-
test.bsa’. (This source solution has

already been saved as

Highintensity_3RS.bsa’.)

F: Conclusions

General guidelines for source analysis

' 1YBESA

ﬁ Standard MRI
8] Qb

Sag

3D

ot

= o]

=858 %] 4 ¢

Cor

We can conclude this tutorial with the following general results and guidelines:

1. The idea behind source analysis is to place or fit sources into the brain at all regions

contributing to the data. Localization/fitting is hypothesis testing: The computed source

waveforms separate the modeled brain activities and answer the question if and when

www.besa.de
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activity takes place in the modeled brain region. Thus BESA Research reconstructs the

brain activity with high temporal evolution.

2. Synchronous activity over several square cm can be modeled by a single equivalent

source.

3. Sources that are close together, have the same orientation and synchronous activity are
indistinguishable

4. Sources that are close together but have different orientations and non-synchronous
activity can well be separated by a discrete source model.

5. Source waveforms are relatively insensitive to variations in dipole location. Therefore a
single regional source can accurately model activity of multiple gray matter patches in its
vicinity. Regional sources should have a mutual distance of approximately 3cm between

each other to prevent crosstalk of their source waveforms.

6. Regional sources tend to provide more reliable solutions in noisy data as compared to
single dipoles, because during a fit of a regional source only its location needs to be

determined (no orientation has to be fitted),

7. Very often the brain responds to a stimulus with bilateral symmetrical activation.
Therefore, a pair of symmetrical regional sources is often a good initial source
configuration. The resulting source waveforms will then indicate if the activity is really

bilateral.

8. The criterion for a good source model is not solely the residual variance. Rather, the
following criteria should be met:

e The source model should be in agreement with proven knowledge about the
underlying brain activity (e.g. bilateral activation of the auditory cortex after an

auditory stimulus as opposed to a single central brain area).

o The source waveforms are an important indicator for the quality of a source model:
When the time course of the obtained source waveforms for a (pair of) source(s) are
distinctly different from those of other sources, this indicates that the corresponding
source correctly models distinct brain activity. On the contrary, when two source
waveforms show nearly the same time course, it should be checked if they pick up
activity of a brain region that is not part of the model, rather than truly modeling brain

activity generated at their source locations.

e The PCA can be helpful in determining the minimum number of sources required to

adequately model the data.
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What does BESA Research provide?

Although source analysis is the core of the program, BESA Research provides
comprehensive and excellent tools for complete data analysis. This includes among others:

¢ Data review and mapping

e Preprocessing: Paradigm definition, artifact detection and correction

e Averaging

o Traditional ERP analysis

e Interactive source analysis and source imaging

e Coregistration with MRI/fMRI

e Time-Frequency and coherence analysis
It is recommended to perform preprocessing of your raw data with BESA Research, to
secure that your averaged files match the quality requirements for source analysis. This is
not guaranteed if you import averages from other systems.
What should you provide?
Independent of the analysis capability of the software, good analysis results also depend on
the experimenter. Make sure to:

e Define the goals of your experiment/measurement

e Acquire data of appropriate quality

e Understand the basic principles of source imaging

e Utilize knowledge on brain anatomy and function

e Appreciate the limits of source localization. For example, in data with low signal-to-
noise ratio, source fitting might not provide reliable results. In that case, it is
preferable not to fit dipoles at all. Rather, the source model can be created by
seeding dipoles or regional sources into the brain based on knowledge e.g. from

anatomy or fMRI.

o Do not try to determine parameters if they cannot be estimated reliably (e.g. dipole

localization in depth)
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What does BESA Research provide?

v Export of individual results from BESA Research via batch scripting
v Cross-subject statistics using BESA Statistics

o ERP/ERF data

o Source Waveforms

o Image Data

o Time-Frequency / Coherence Results
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In the previous step, we created a source model for conditions ‘high’ and ‘low’ based on the
grand average data. We now want to compare conditions ‘high’ and ‘low’ statistically. l.e. we
want to know, whether a particular source is more or less active in the ‘high’ compared to the
low condition. For this purpose, we will first create a batch that applies our source model to
the individual datasets and extracts the source waveforms per person. We will then export
the individual source waveforms and analyze them statistically with BESA Statistics.

A: Applying a source model to individual datasets using batch scripting

The grand average model explains the data variance in all conditions. Therefore, it can serve
as a master model to calculate the source activity of each individual subject in all 5
conditions. The hypothesis is that the mean source location of the grand average provides a
sufficiently good model for each individual data set since a change in source location of 1-2
cm has little effect on the temporal course of the source waveforms. Generally, fitting of the
individual data results in a large uncertainty of source location, especially in depth, due to
poorer signal-to-noise ratio. We therefore want to stabilize the individual solutions by using

a) a model with fixed sources and individual orientations (locations from grand average

or mean Talairach coordinates, cf. Hoechstetter et al., Neuroreport 11: 2461, 2000)
b) a model with fixed sources and orientations (same as grand average model)

c) a model with fixed regional sources (same as grand average model, calculating mean
amplitude of each regional source as an orientation-independent measure (cf.
Weisser et al., Neuroreport 12:3303, 2002)

The orientation of the different components (N100, N150 and frontal source) differs
considerably between subjects according to individual gyral anatomy and functional
representation. Since orientation differences have a larger effect on the EEG scalp
topography than small changes in location (in the order of 1-2 cm) we should try to define the
individual orientation of each component to obtain robust source waveforms (cf. Scherg, M.
and von Cramon, D. Evoked dipole source potentials of the human auditory cortex.
Electroenceph. Clin. Neurophysiol. 65: 344-360, 1986).

Therefore, we will use strategy a) with the mean sources defined by the grand average
model and set the orientations of the 3 regional sources individually for each subject in order
to obtain appropriate source waveforms. These individual source waveforms will then be
used to perform cross-subject statistics. Strategies b) and c) are alternatives for more noisy

data.
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We could apply all required steps manually to each individual data file. This is not necessary,
however, and it saves a lot of time to use the source analysis batch functions. In the
following, we will create a script that performs all steps automatically.

We will then use BESA Statistics to quickly and conveniently analyze our source waveform

results across all 10 subjects.

1. Select ‘Process / Batch Scripts’ in the Process | ERP_Artifact Search Tags €
. . Source Analysis
main window to open the Batch ST
) ; . Voltage Maps
processing window. We will now create a CSD-Laplacian Maps

MEG Maps

batch that applies the grand average

Density Spectral Array

master model to all individual datasets, AT
Mean FFT-Spectrum...
orients the regional sources individually E“‘;OF“:T:T'W”““
QOal 4
and exports the individual source Linear Correlation
Nonlinear Regress.
waveforms for further statistical analysis. Movie
Batch Scripts... Shift+R
Run Batch... R

2. In the ‘File List’ tab, click on ‘Load File [[Eweare s SR IS -
., . i . Lookin: | | FileList -] ® ef @
List’, select ‘ERP-Auditory-Intensity- - Name - Date moaified
; ) ) ) ec;;’ﬂﬁﬁ ERP-Auditory-Intensity.flist 13.03.2008 15:03
Merge.flist’ and press ‘Open’. This file list | RecentP! ERP-Auditory-Inensity-Meroelist 09.122009 1359
il ! PreviousSettingsBatch.flist 15.03.2011 08:17
. . Deskto PreviousSettingsCC flist 18.03.2011 08:53
has already been used in Tutorial 3 Step B E e ’
e ! ibraries
to create the grand average. It specifies L_"._
individual average files of all subjects. computet
“a
Network <4 [ 3
File name [ERP-Auditory-Intensity-Merge fis(] | Open
Files of type [File List (“fisp ~| Cancel
Directories [File List directary Ra|

3. Switch to the ‘Batch’ tab. As a first command in this batch, apply appropriate filters to each
data set. Press Add Command and select Filter (Main Programs group). Select a low
cutoff filter of 0.5 Hz, zero-phase, 12 dB/oct, and a high cutoff filter of 40 Hz, zero-phase,
24 dB/oct. Click ‘OK’ twice to confirm these filter settings.
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setect comman S i
General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError [ArtifactAutoCorrect [AddSource Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA
MATLABcommand ArtifactOn/off Convertsource clip
MATLABwaitForvariable ArtifactScan Delete Export
Pause AuiaryFiles DisplayMRI GotoMax
WindowPostion Average Exit Import
Baseline Fit LAURA
EditDefaultEpoch Fitconstraint LORETA
EventRead Fittnterval SetCrosshair
Eventwrite MinimumNorm storeta
Export Smooth
FFTsave pensolution SSLOFO
@ Apply to al files FilzOpen UserDefined
Regularization
ImportASCIL SaveBitmap
" Apply at beginning of batch |arygiock SaveModelWaveforms
Montage SaveResidualWaveforms
(" Apply at end of batch Faradign m i quency Analysis:
PatternToTrigger SaveSolution o
SendToMATLAB SaveSourceMontage Im:’ EV
T . TriggerSelect SaveSourceWaveforms g
— §Z?§H§fma SendToMATLAB
er SetDefaultSourceType StartTFAnalysis
SetOrActivateSource
SetOrientation
SwitchCondition

B
Variable Filter Settings

=)

[w Low Cutaff Fitter

Cutoff Frequency [Hzl, | D5 Type: [zerophase  v| siope: [12dBioct |

[« High Cutoff Filter

Cutolf Frequency [Hz] a0 Type: |zerophase v | Siope [24dBioc ]

[~ Motch Filter

B0 2
[~ Band Pass Filter

80 5

Sampling Rate: 250 He

4. As a next command, specify the epoch that will be sent into the source analysis window to

extract the source waveforms. Press ‘Add Command’ and select ‘EditDefaultEpoch’

(Main Programs group). Specify an interval from -50 to 250 ms.

seet Commend_ T, R o ey =5
General commands: Main Program: Source Analysis: Source Analysis Imaging
BatchEror ArtifactAutoCorrect AddSource Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA
MATLABcommand ArtifactOn/off ConvertSource clip
MATLABWaitForVariable Artifactsean Delete Export
Fause AwdliaryFiles DisplayMRI GotoMax
WindowPosition Average Ext Import
Baseline Fit LAURA
FitConstraint LORETA
EventRead Fitinterval SetCrosshair
Eventvrite MinimumNorm soreta
Export NewSolution Smooth
FFTsave OpenSolution SSLOFO
@ Apply to all files FileOpen FCA UserDefined
Filter Regularization
IMpOrASCIT SaveBitmay
" Apply at beginning of bateh |12 00 SoveNodahiaucorms
Montage m
¢ Apply at end of batch Paradigm T quency Analysis:
PatternToTrigger SaveSolution e a—
SendTOMATLAB SaveSourceMontage Image
e TriggerSelect SaveSourceWaveforms
JiefautEaoch g::g;usr:mea SendToMATLAB
MARIEditDefaultEpoct SetDefaultSourceType StartTFAnalysis
SetOrActivateSource
SetOrientation
SwitchCondition

Default Block Epoch ﬂ

Pre cursar; -50 ms

Post cursor: 250 ms

[ox ]

Cancel |

5. The next command marks the default block in all 8 conditions, and sends these data blocks

into the source analysis window. Press ‘Add Command’ and select ‘MarkBlock’ (Main

Programs group). In the upcoming window, select Default block size. Instead of specifying

a single segment label or segment number, write ‘all’ in the entry ‘Segment number’. Note

that this will automatically set the checkmark behind Send marked block to SA at the

bottom of the window. Thus, all conditions from ‘60dB’ to ‘All' will be loaded in the source

analysis window simultaneously.
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General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError [ArtifactAutoCorrect [AddSource Beamformer
Comment ArtifactMethod ChannelTypeForfit CLARA
MATLABcommand Artifacton/off ConvertSource ciip
MATLABwaitForYariable ArtifactScan Delete Export
Pause AwiliaryFiles DisplayMRI GotoMax
| |windowPosition Average Exit Import
Baseline Fit LAURA
EditefaultEpoch FitConstraint LORETA
Eventread Fitinterval SetCrosshair
Eventrite MinimumNorm storeta
Export NewSolution Smooth
FFTsave opensoltion SSLOFO
@ Apply o all fles Filzopen pCA UserDefined
Filter Regularization
 Apply at beginning of batch Savebitmap "
Montage SaveResidualWaveforms
€ Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis:
PatternToTrigger savesolution Sy
SendTOMATLAB SaveSourceMontage ey
ge
e TriggerSelect SavesourcaWaveforms i
[ Z:CSE:':‘TMB SendToMATLAR
arklod SetDefaultSourcaType StartTFAnalysis
SetOrAdtivateSource
SetOrientation
SwitchCondition
Cancel

@ Defaultblock size

" Whole segment

r Mark block around cursar or (if cursor off) from

beginning of file

~Block location
Ifno label is defined, segment number n is the nth segment.

If alabelis defined, segment number n is the nth ocourrence of the label
(no. of averages in the label ignared)

Segment number = 'all' will mark and gend each eegmentta SA,

‘

~Block

Cancel

Segment label |
Segment nurnber or "all':

Send marked block o 84 [¥°

Send marked block to Top View [~

6. Now apply the master model that was generated from the grand average.
Command’

and select

‘SAopenSolution’

(Source Analysis group).

Press

Select

‘Add

file

‘HighIntensity_3RS.bsa’ that contains the two regional sources in the auditory cortex and

the frontal source. Press ‘Open’ and ‘OK’.

General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError |ArtifactAutoCorrect |AddSource Beamformer
Comment ArtiactMiethod ChannelTypeForFit cLaRA
MATLABcommand |ArtifactOn/off ConvertSource Clip
MATLABwaltForvarizble Artiactscan Delete Export
AudliaryFiles DisplayMRI GotoMax
WindovPasition Average it Import
I Baseline Fit LAURA
EditDefaultEpoch FitConstraint LORETA
EventRead FitInterval SetCrosshair
Eventirite Minimumblorm sLoreta
Export NewSolution Smooth
FeTaove ssioro
@ Apply to all files FileOpen PCA UserDefined
Filter Regularization
ImportASCIT SaveBitmal
© Appiy o beginning of batch [, 1C2 SoveNlodelWoveforms
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis:
PatternToTrigger Savesolution Display
SendToMATLAB SaveSourceMontage g
current Selection——————— | 7199
‘ g:{‘s;z’:'f‘rma SendTOMATLAB
SAOpensolution SetDefaultSourceType StartTFAnalysis
SetOrActivateSource
Setorientation
SwitchCondition

%

RecentPlaces

Deskiop

=
Libraries

LS

Computer

“

Network

Lookin: |

| ERP-Auditory-Intensity c¥ BEv
Name - Date modified
| test 17.02.2011 1431
Hi ity_3RS.bsa 09.12.2009 1517

File pame:
Files of type

Directories

LowlIntensity_2RS.bsa
LowlIntensity_2SD-testbsa
= SLatf
Slbsa
S1 avbsa
S1-AChsa
S1-AC testbsa
S1-AC+SCbsa
=] S1-blink+ERP.atf

< [T

09.12.2009 15:17
17.03.2011 15557
11.03.2011 1517
29.03.2005 16:32
04.03.2011 13:57
29.03.2005 17:04
04.03.2011 1501
29.03.2005 17:06
04.03.2011 15:03

11l

|Highintensity_3RS bsa

-] Open

|Solution Files (*bsa.* par. at)

[Data directory

=]

~] Cancel

=)

7. To obtain correct source waveforms for each individual subject, adjust the master model to

each subject’s cortical folding by adjusting the orientations of the regional sources. First, we

will reorient the auditory cortex sources in condition ‘All’ that contains the average of all five
conditions. Press ‘Add Command’ and select ‘SAswitchCondition’ (Source Analysis
group). As Condition Label, enter ‘All’. Press ‘OK’.

www.besa.de



Tutorial 5 — Statistical Analysis

- 11BESA

F ™
Focm IS =R | A switch Condition Task ‘ ——
General commands: Main Program: Source Analysis: Source Analysis Imaging: = - -

Image
Trigg J

Current Selection Save
::?g;“ﬂ“‘rma SendToMATLAB
sAswitchCondition
SetDefaultSourceType StartTFAnalysis
SetOrActivateSource
SetOrientation
SwitchCondition

BatchError | ArtifactAutoCorrect AddSource Beamformer
Comment. | ArtifactMethod ChannelTypeForFit CLARA
MATLABcommand | ArtifactOn/off ConvertSource Clip
MATLABwaitForVariable ArtifoctScan Delete Export i i
iy o [ Previous Condition Ok,
WindowPosition Average Exit Import
| Baseline Fit LAURA
EditDefaultEpoch FitConstraint LORETA .y
EventRead Fitinterval SetCrosshair I Mext Conditian Cancel
EventWrite MinimumNorm sLoreta
Export NewSolution Smooth
FFTsave OpenSolution SSLOFO
@ Apply to all files F\:eren PCA ‘ UserDefined
Filter Regularization L. I
¢ Apply ot beginning of batcn | IPOrtASCH SaveBitmap Condition Number:
. EREL T MarkBlock SaveModelwaveforms
Montage SaveResidualWaveforms
€ Apply at end of batch Paradigm Ti quency Analysis:
PatternTaTrigger SaveSolution .
SendTOMATLAB SavesourceMontage Display Condtion Lakel: IA”

8. To adjust the N100 orientation, we need to specify the corresponding latency. Since N100

latencies will differ slightly from subject to subject, we define a time range rather than a

fixed latency. Press ‘Add Command’ and select ‘Fitinterval’ (Source Analysis group).

Specify a latency range of 80 to 105 ms. Leave all other options unchanged and hit ‘OK’.

PatternToTrigger Savesolution S
SendToMATLAB SaveSourceMontage 1m§ ey
TriggerSelect SaveSourceWaveforms g

Current Selection save
Z:CS\E’:'FME SendToMATLAB
SAFitinterval
SetDefaultSourceType StartTFAnalysis
SetOrActivateSource

SetOrientation

SwitchCondition

r " —
SA Fit Interval Task.
General commands: Main Program: Source Analysis: Source Analysis Imaging:
Baicheror rtfacutotored Addsource Gearormer o
Comment ArtifactMethod ChannelTypeForFit CLARA (@ Setthe following interval:
MATLABcommand |ArtifactOn/off ConvertSource Clip
MATLABwaitForVariable ArtifactScan Delete Export Cancel |
Pause AwilaryFiles DisplayMRI GotoMax From (rne) To (ms)
WindoviPosition Average Bxit Import
Baseline Fit LAURA
EditDefaultEpoch FitConstraint LORETA IBD I“ 0g|
EventRead Fitlnterval SetCrosshair
Eventwrite MinimumNorm sLoreta
Export NewSolution Smooth
FFTsave OpenSolution SSLOFO [~ Define haseline, then clear fit interval
@ Apply to all files FileOpen PCA UserDefined
Filter Regularization
ImportASCII SaveBitmap
" Apply at beginning of batch oy SaveModelWaveforms
Montage SaveResidualWavefarms ¢ Setpreviously saved interval fram buffer

" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis: 1 >

(" Store current interval to buffer number

(" Setinterval associated with source number:

I " Associate current interval with source no.:

—

Note: At this point in the batch, we could insert a Pause command (General group). It

would cause the batch to interrupt at this stage and allow us to modify the marked fit

interval to match each subject’s data before it continues on our OK. In this tutorial we pass

this step, but generally it is recommended to keep an eye on what the batch is doing when

working with your own data.
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9. Now the first and second regional source in the model (representing the bilateral auditory

cortices) can be oriented. ‘Add Command’ and select ‘SAsetOrientation’ (Source Analysis

group). In the upcoming parameter window, specify ‘Source label’ ‘AC_Left’. As operation

select ‘Orientation 1 at cursor or at maximum in interval’. BESA will automatically

determine the latency within the fit interval at which the total power of the regional source is

maximal and perform source orientation at this latency. Confirm with ‘OK’.

=

General commands: Main Program: Source Analysis:

Source Analysis Imaging:

Batchrror ArtifactAutoCorrect [AddSource
Comment ArtifactMethod ChannelTypeForFit
MATLABcommand ArtifactOn/off ConvertSource
MATLABwaitForVariable ArtifactScan Delete
Pause AudliaryFiles DisplayMRI
I WindowFosition Average Exit
Baseline Fit
[l EditDefaultEpoch FitConstraint
I EventRead Fitinterval
[l Eventwrite Minimumnorm
Export NevSolution
FFTsave OpenSolution
& Applyto all files FileOpen PCA
Filter Regularization
ImpOrtASCI SaveBitma
Cloeiiicieonpaibatct MaprkB\nck SHVEMDdEKNﬁVEfﬂrmS
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm SaveRVandGFPWaveforms
FatternToTrigger SaveSolution
SendToMATLAB SaveSourceMontage
G @ TriggerSelect SaveSourceWaveforms
SendToMATLAB
SASetOrientation SetCursor
SetDefaultSourceType

SetOrActivateSource
SetOrientation
SwitchCondition

|

Beamformer
CLARA

clip

Export
GotoMax
Import
LAURA
LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:

Display

Image

Save
SendToMATLAB
StartTFAnalysis

i i A ——
SA Set Orientation Task ﬁ

Source oK

Source no.
AC_Left Source label

[ Lastsource

[ All sources

Cancel

I

Operation I

(@ Orientation 1 at cursor or at maximum in interval

(" Orientation 2 at cursar

10. Repeat the previous command ‘SAsetOrientation’ with ‘Source label’ ‘AC_Right’, the

auditory cortex source in the other hemisphere.

=

Source Analysis Imaging:

saecrcommand
General commands: Main Program: Source Analysis:
Batchrror ArtifactAutoCorrect [AddSource
Comment ArtifactMethod ChannelTypeForFit
MATLABcommand ArtifactOn/off ConvertSource
MATLABwaitForVariable ArtifactScan Delete
Pause AudliaryFiles DisplayMRI
I WindowFosition Average Exit
Baseline Fit
[l EditDefaultEpoch FitConstraint
I EventRead Fitinterval
[l Eventwrite Minimumnorm
Export NevSolution
FFTsave OpenSolution
& Applyto all files FileOpen PCA
Filter Regularization
ImpOrtASCI SaveBitma
Cloeiiicieonpaibatct MaprkB\nck SHVEMDdEKNﬁVEfﬂrmS
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm SaveRVandGFPWaveforms
FatternToTrigger SaveSolution
SendToMATLAB SaveSourceMontage
G @ TriggerSelect SaveSourceWaveforms
SendToMATLAB
SASetOrientation SetCursor
SetDefaultSourceType
SetOrActivateSource
SetOrientation
SwitchCondition
|

Beamformer
CLARA

clip

Export
GotoMax
Import
LAURA
LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:

Display

Image

Save
SendToMATLAB
StartTFAnalysis

[ i i A ——————— )
SA Set Orientation Task ﬁ

Source oK

Source no.
AC_Right Source label

[ Lastsource

[ All sources

Cancel

i

Operation I

(@ Orientation 1 at cursor or at maximurn in intersal

(" Orientation 2 at cursar

11. To set the second orientation to account for the N140 component, press ‘Add Command’,

select ‘SAsetCursor’ (Source Analysis group) and specify a latency of 135 ms.
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General commands:

Main Program:

Source Analysis:

- 11BESA

=

Source Analysis Imaging:

SA Set Cursor Tas_kA u

BatchError

Comment
MATLABcommand
MATLABwaitForVariable
Pause

WindowFosition

@ Apply to all fles
(" Apply at beginning of batch

(~ Apply at end of batch

Current Selection ——————
SASetCursor

ArtifactAutoCorrect
ArtifactMethod
ArtifactOn/off
ArtifactScan
AuxiliaryFiles
Average
Baseline
EditDefaultEpach
EventRead
Eventilrite
Export

FFTsave
FileOpen

Filter
ImportASCIT
Markslock
Montage
Paradigm
PatternToTrigger
SendToMATLAB
TriggerSelect

AddSource
ChannelTypeForFit
ConvertSource

Delete

DisplayMRI

Exit

Fit

FitConstraint
Fitinterval
MinimumHorm
NewSolution
OpenSolution

PCA

Regularization
SaveBitmap
SaveModelwaveforms
SaveResidualWaveforms
SaveRVandGFPWaveforms
SaveSolution
SaveSourceMontage
SaveSourceWaveforms
SendToMATLAB

SetDefaultSourceType
SetOrActivateSource
SetOrientation
SwitchCondition

Beamformer
CLARA

Clip

Export
GotoMax
Import
LAURA
LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:

Display

Image

Save
SendToMATLAB
StartTFAnalysis

Latency (ms)
Cancel |

|135|

[~ Draw map

[T Weximize image window

Note: Again, at this stage it could be advisable to insert a Pause command (General group)

to adjust the cursor position to the individual N140 latency, if required, before the batch

continues.

12. As in steps 10 and 11, add the command ‘SAsetOrienation’ twice. First, specify Source

‘AC_Left’ and select ‘Orientation 2 at cursor’ as operation. Then repeat the command and

specify Source ‘AC_Right’, again with operation ‘Orientation 2 at cursor’.

General commands:

Main Frogram:

Source Analysis:

Source Analysis Imaging:

BatchError

Comment
MATLABcommand
MATLABwaitForVariable
Pause

WindovPosition

@ Apply to all files
(" Apply at beginning of batch

" Apply at end of batch

Current Selection ———————
SASetOrientation

ArtifactAutoCorrect
ArtifactMethod
Artifacton/off
ArtifactScan
AuxiliaryFiles
Average
Baseline
EditDefaultEpach
EventRead
Eventwrite
Export

FFTsave
FileOpen

Filter
ImportASCT
Markslock
Montage
Paradigm
PatternToTrigger
SendToMATLAB
TriggerSelect

AddSource
ChannelTypeForFit
ConvertSource
Delete

DisplayMRI

Exit

Fit

FitConstraint

Fitlnterval
MinimumNorm
NewSolution
OpenSolution

PCA

Regularization
SaveBitmap
SaveModelWaveforms
SaveResidualWaveforms
SaveRVandGFPWaveforms
SaveSolution
SaveSourceMontage
SaveSourceWaveforms
SendTOMATLAB
SetCursor

SetDefaultSourceType
SetOrActivateSource

SetOrientation
SwitchCondition

Beamformer
CLARA

LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:
Display
mage

SendToMATLAB
StartTFAnalysis

CBowee o

Source no.
AC_Left Source label

[~ Lastsource
[ Allsources

- Operation

(" Orientation 1 &t cursor or &t maximum in interval

@ Drientation 2 ot cursor

S o

Source no.

AC_Right  Source lahel

I~ Lastsource
[~ Allsources

Cancel

 Operatio

(" Orientation 1 at cursor or at maximum in intensal

13. Finally we need to set the orientation of the frontal source. Its amplitude is largest in

condition ‘High’. Therefore, add a command ‘SAswitchCondition’ (Source Analysis group)

and specify condition label ‘High’.
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r -
SA Switch Condition Tas
General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError ArtifactAutoCorrect | AddSource Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA
MATLABcommand ArtifactOn/off ConvertSource Clip H Y
T Aeonarate tfocon oo o Previous Condition Ok
Pause AuwliaryFiles DisplayMRT GataMax
WindowPosition Average Exit Import |
Baseline Fit LAURA I HY
Ed\(DEfﬂu\(EpDch FitConstraint LORETA N ex‘t CD n d Itl D n Can CEI
EventRead Fitinterval SetCrosshair
Eventwrite. Minimumiorm sLoreta
Export NewSolution 'Smooth
FFTsave DpEHSD\u(mH SSLOFO .
& Applyto ol files FileOpen PCA UserDefined Condition Murmber: I
Filter Regularization I
IMportASCII SaveBitmap
" Apply at beginning of batch |\ ypjock saveModelWaveforms
Montage SaveResidualWaveforms - . -
 Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis: Condtion Label: ng h
PatternToTrigger SaveSolution T
SendTOMATLAB SaveSourceMontage Pay

Image
TriggerSelect aveSourceWaveform: g

Current Selection—————— save
gz:‘gr OMATLAR SendToMATLAB
SASwitchCondition
SetDefaultSourceType StartTFAnalysis
SetOrActivateSource
SetOrientation
SwitchCondition

14. To orient the frontal source, we will again mark a fit interval that includes its maximum
activity. Add command ‘Fitinterval’ (Source Analysis group). Specify a latency range of 90
to 130 ms. Leave all other options unchanged and hit OK.

General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError ArtifacthutoCorrect [AddSource Beamformer o
Comment ArtifactMethod ChannelTypeFarFit CLARA ® Setthe following interval:
MATLABcommand ArtifactOn/off ConvertSource Clip
MATLABwaitForVariable ArtifactScan Delete Export
AusiliaryFiles DisplayMRI GotoMax From (ms) Toims)
WindowPostion Average Exit Import
Baseline Fit LAURA Ign |1 3|
EditDefaultEpoch FitConstraint LORETA
EventRead Fitlnterval SetCrosshair
EventWrite MinimumMorm sLoreta
ort NewSolution Smooth . .
?;}SEVE opensolution osL00 [ Define baseline, then clear fitinterval
@ Apply to all files FileOpen PcA UserDefined
Filter Regularization
IMportASCI SaveBitmap
" Apply at beginning of batch .
pry et begnning MarkBlock SaveModelWaveforms " Setpreviously saved interval from buffer
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis:
PatternToTrigger savesolution T E—— -
ondTOMATLAS SavesourceMontage 5‘“5;;5: (" Stare current interval to buffer number:
Current Selection | |TriggerSelect it Save
el SendToMATLAB " Setinterval associated with source number
SAFitterval Setcursor StartTFAnalysis
SetDefaultSourceType
SetOrActivateSource .
SetOrientation (" Associate current interal with source no.:
SwitchCondition

15. Add the command ‘SAsetOrienation’. This time specify source ‘Frontal’ and ‘Orientation
1 at cursor or at maximum in interval’. Because no cursor is set anymore, BESA
Research orients the source at the latency of maximum source power. This completes the

adjustment of the master model to the individual subject’s brain gyration.
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o M F |
SA Set Orientation Task
General commands: Main Program: Source Analysis: Source Analysis Imaging: —
BatchError ArtifactAutoCorrect AddSource Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA Source 0K
MATLABcommand ArtifactOn/off ConvertSource Clip
MATLABwaitForVariable ArtifactScan Delete Export
Pause AuxiliaryFiles DisplayMRI GotoMax Source na.
WindowPosition Average Exit 1mport Cancel
I Baseline Fit LAURA
1 EditDefaultEpach FitConstraint LORETA
EventRead Fitnterval SetCrasshair Frartal Source label
EventWrite MinimumMorm sLoreta
Export NewSolution Smooth
FFTsave OpenSolution SSLOFO
5 EEEaTE Fieopen rca UserDefined [ Lastsource
Filter Regularization
ImportASCI. SaveBitmap
" Apply at beginning of batch [ Ppri: o vaveforms I [ Al sources
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm Ti quency Analysis:
PatternToTrigger Savesolution T E— :
SendToMATLAB SaveSourceMantage ]mgge" Operation
Current Selection K R Save
endro . . . -
o2 SetCursor SendToMATLAB (@ Orientation 1 at cursor or at maximum in intersal
etOrientation StartTFAnalysis
SetDefaultSourceType
SetOrActivateSource
R ("~ Orientation 2 at cursor
SwitchCondition
|

16. We will now save this model for later re-use. Add the command ‘SAsaveSolution’. As a file
name, specify ‘Y%obasename%-test’. The string %basename% will be replaced by the
basename of the individual data file. This makes sure that the solution is saved under
different names for each subject and is not overwritten during the repeated execution of this
command with different datasets. Note that you can specify the coordinate system in which
the solution is to be saved. If the solution is opened with the same data set later on, the
coordinate system is irrelevant. However, for comparison of different solutions across

subjects, a standardized coordinate system like Talairach or Unit Sphere is recommended.

- [ e—" <

General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError ArtifactAutoCarrect AddSource Beamformer Instructions
Comment Artifactvethod ChannelTypeFarfit CLARA. ) )
MATLABcommand ArtifactOn/off ConvertSource Clip Define targetfile name: It can include a subdirectory name, and the
MATLABwaitForvariable ArtifactScan Delete Export d &) =, H H i H
Fouse [auiiaryFlles pisplayMRI coroniax file basename (3shasenames). It no directory is specified in the file
I WindowPasition Average Exit Import name, the data directary is used
Baseline Fit LAURA
i EditDefaultEpach FitConstraint LORETA
EventRead FitInterval SetCrosshair
Eventwrite MinimumNorm sLoreta
Export Smooth . Browse
FFTsave OpenSolution SSLOFO File name: -
@ Apply to all files FileOpen PCA UserDefined
Filter Regularization
ImpOrtASCI Savesitma “hbasename®-testhsa
( Apply at beginning of batch [\ "
PPly atbeginning Markelock SaveModelWaveforms I
Montage SaveResidualWaveforms
(" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis:
PatternToTrigger SaveSolution T
SendToMATLAB SaveSourceMontage ]m:ge” ~ Head
Current Selection B g Save
SendToMATLAB ;
5ASaveSolution SetCursor StartTFAnalysis Target " Device
SetDefaultSourceType Coordinate

SetOrActivateSource OK
SetOrientation System (" Talairach

SwitchCondition

| _ el | @ UnitSphere Cancel

B: Exporting individual source waveforms via batch scripting

Next we want to save the individual source waveforms of conditions High and Low, which we
will later load in BESA Statistics.

10
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1. Add the command SaveSourcewaveforms (Source Analysis group) to save the source
waveforms to an ASCII file (*.swf). In the file name include %basename% as a placeholder
for the datafile, and add the exension “High” in order to be able to associate each *.swf file
with the corresponding subject and condition.

General commands: Main Program: Source Analysis: Source Analysis Imaging:

BatchError ArtifactAutoCorrect AddSource Beamformer .
| |comment ArtifactMethod ChannelTypeForFit CLARA Instructions
MATLABcommand ArtifactOn/off ConvertSource Clip . . . . .
MATLABvia tForvariable Artfactscan Delete Export Define target file name: It can include a subdirectary name, and the
Pause AudliaryFiles DisplayMRI GotoMax R o, a, 3 3 s 3 R
idowposition veroge ot port file basename (*hasename®:). f no directory is specified in the file
Baseline Fit LAURA name, the data directory is used.
EditDefaultEpoch FitConstraint LORETA
EventRead FitInterval SetCrosshair
Eventwrite MinimumNorm sloreta
Export NewsSolution Smooth
FFTsave OpenSolution SSLOFO . .
& Apply to all files FileOpen pca UserDefined File name: Browse..
Filter Regularization
ImportASCI. SaveBitmap
" Apply at beginning of batch |y tipjo i SaveModelWaveforms " - -
Montage SaveResidualWaveforms “bhasename_High.swf
" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis:
PatternToTrigger SaveSolution ey
SendToMATLAB SaveSourceMontage ey
i:{‘g;“ggfn‘w SendToMATLAB
SASaves Wavef
avesourceiaveforms SetDefaultSourceType StartTFanalysis [ Sendto MATLAR
SetOrActivateSource
SetOrientation |
SwitchCondition Cancel

2. Add a command SAswitchCondition (Source Analysis group). As Condition Label, enter
Low. Hit OK.

— r =
I 54 Switch Condition Task
|| General commands: Main Program: Source Analysis: Source Analysis Imaging:
| [BatchError ArtifactAutoCorrect AddSource Beamformer
|| |comment ArtifactMethod ChanneTypeForFit CLARA
MATLABcommand ArtifactOn/off ConvertSource clip 2 kY
MATLABwaitForVariable ArtifactScan Delete Export I PTE"."ll:lUS EthltIDh I:I K
Pause AuxiliaryFiles DisplayMRI GotoMax
WindowPostion Average Bt Import
Baseline Fit LAURA .
EditDefaultEpoch FitConstraint LORETA I N E:-:t |:|:|r‘|d|t||:|r‘| I:arl':el
EventRead FitInterval SetCrosshair
EventWrite MinimumNorm sLoreta
Export NewSolution Smooth
FFTsave OpenSolution 55L0FO
@ Apply to allfles FileOpen PCA UserDefined . :
Fiker Regularzation Condition Mumnber:
ImportASCI SaveBitmap
 Apply at beginning O batch | g SaveModelWaveforms
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm SaveRVandGFPWaveforms Time-Frequency Analysis: -
Fatertorrigge SaveSoluon o Condtion Label — |Law
SendToMATLAB SaveSourceMontage pay
Image
I Triggerselect SaveSourceWaveforms cave
SendToMATLAB
el SendTOMATLAB
SASwitchConditi
witchCondition e SaurceType StartTFAnalysis
SetOrActivateSource
SetOrientation
SwitchCondition

3. Repeat Step B1 for condition “Low”.

11
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4. The script is now ready to be applied to all data files in the file list. You may save the script
to disc for later reuse by pressing the Save Batch button. At this point you may open the
predefined batch script AudIntensity-IndividualWaveforms-for-BESA-Statistics.bbat
using the button Load Batch (then navigate to folder Auditory). This script contains all
commands as described above. In addition, a script comment has been added in the first
lines using the command Comment. These lines (preceded by a semicolon) are not
evaluated during script execution. Note that the batch scripts are stored in ASCII files

(*.bbat) that can also be edited with a standard text editor.

File List Batch |
Instructions
Add Command | Load Balch | Press Add Command to add new commands.
Right click on a command to edit or delete existing command. |
Load Previous Save Batch | Press OK to startthe batch.
Clear All | View Log File | Logging to "C:\Users\Public\Documents\BESA\Research_b_3\Scripts\Log\Batch.xml"
Command s

; This scriptis part of the "Tutorial on AEP Intensity Dependence". ltillustrates how batch scripts can
: be employed to apply a master model to individual data files to extract individual source waveforms.

MAINFilter{LC:0.50-12dB-z. HC:40.00-24dB-z NF . off BP: off)
EditDefaultEpoch(-50.000,250.000)

MarkBlock({DefaultEpoch.- All. SendToSA)
ShopenSolution(*:Examples®\ERP-Auditory-Intensity\HighIntensity_3RS.bsa Open)

m

SAswitchCondition{Label:All)

SAfitinterval(30.105.Fitinterval)

:Pause(Adjust fitinterval to match this subject's N100 latency range.)
SAsetOrientation(Label AC_Left.1)

SAsetOrientation(Label: AC_Right.1)

SAsetCursor(135.NoDrawMap)

:Pause(Adjust cursor position to match the subject's N140 latency.)
SAsetCrientation(Label AC_Left2)

SAsetOrientation(Label: AC_Right.2)

SAswitchCondition(Label:High)
SAfitnterali9f 130 Fitintervall
4| 1 |

[~ Single step mode [¥ Changes in batch written to Database [ Leave files in the file list open after running the batch

oK | Cancel | Help |

5. Select the option Single step mode at the bottom right — this will cause the batch to pause
after every single command. This helps us in this tutorial to visually follow the processing

steps and understand how the batch works. Press OK to start the batch.

12
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6. BESA Research starts applying |55 o ——— -
. F\F+\Wrs\5AWHT IMG‘ERF"DSA‘ Rec V'r | sre Usr\om\EdM\ LF | HF | NF | EdF | EEG |
the batch commands to the first ju |-t e e S5
[T e e I e R A i B e Ea e
data file in the file list |& [ ——= - e
(S1_av.fsg). It loads the file and o b0 mobm oo m:«m% VM:W”:
: . , R e - {ingiee o [
applies the specified filters. At & o e mwmvm:m:mwf
F8 Y A R ey e [ s R A =" 10
the bottom right a small window | [ = e m o e e
9 e s et s VsV i i e VA
appears that indicates the next | 3§:%Emgﬁwﬁi§§mzx
EOG i) iy ] |- A A i
batch command to be executed. | F—————"——— W:mwmvmﬁmim:@
- [ e e T T
Proceed step by step by hitting |« [t e v v I v B S
: e T
the Slngle Step bUtton and < 60dB: 64 avs 70dB: 59 avs ;ﬂ;l;ssavs 90dB: 68 avs ;n:;&ﬁ}avs R =
‘ ‘ [ } | { | } "‘I ‘ ] 1 ] 1 Mext EditD efaultE poch{-50.000.250.000)
Observe hOW BESA ReseaI’Ch Time: 00-00.00 Total 000070 [Offe 000000 Cur Filt Sizo8Ep Ceeon e OED Cancel
processes the different
commands
7. Note for example how the | e e s e - —
. . @Amgzl}\:ﬁ- IIDI;\uer':-cu-:'rmEHEzGA RR/ESD:;: SR Tt Img(;FP e ‘MHH e “S[a‘ bone Eﬁ,j
orientation  of the  N100 |oul Leur 24800 me] o 0735% ﬁﬁﬁﬁ
components (the first VAR Van = ]

components of AC_Left and
AC_Right) takes place in the

marked fit interval. If the marked !
fit interval would not include this e o
subjects N100 latency, we

could manually adjust the fit S S -

Single Step

interval while tha batch pauses

Next: SastDiisntation(LabetAC_Right.1)

Data (1-16 of 31) | Source waveforms

before continuing. For the data ‘

Single Step Continue without Single Step Cancel

in this tutorial, the fit intervals
have been defined appropriately
for each subject, therefore you
can hit Continue without
single step at any time to make
the batch proceed automatically

without interruption.

13
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8. When the batch processing has [ gateh Completed ] & e
completed, a notification window File: 1: C:AU.umentz\BE SA\E RampleshE R P-Auditory-lntensityh51_av fzg

will appear. Task:  Batch Completed

View Log

9. BESA Research keeps track of | “¢ o

OO [ crses 5\BESA\Scripts\Log\ Batch.xl <[ 49] % |[28 Googte o~

&
‘

all steps that have been carried | Zum o & - -

@ C:\Users\Public\Documents\BESA\Scripts\Log)B. 5~ B - & v Page~ Safety~ Took~ @~

0 ut and d ocume ntS th em | n a B To help protect your security, Internet Explorer has restricted this webpage from running scripts or ActiveX controls that could access your computer. Click here for options... x
BESA batch protocol

Sites w 8] Web Siice Gallery v

log file. After completion of the

o run: 2009-12-11 17:59:08

b atch you Can press VIeW Log o file: 1: C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-Intensity\S1_av.fsg
’
= MAINFilter(LC:0.50-12dB-z,HC:40.00-24dB-z,NF :off. BP:off)
R « EditDefaultEpoch(-50.000,250.000)
in the Batch Completed - hrkBlock DetmEpoch All e Toss)

= Marked 8 block(s)
- H H - = SAopenSolution(C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-
window to view this log file. Tnteneity Highlatensity RS bea, Open)
= RV%: all: 1.422 (best 0.739), range: - (best -), cursor: -
« SAswitchCondition(Label:All)
Then press OK to close the » Command ignored: condition already activated
= SAfitlnterval(80,105,FitInterval)
= RV%: all: 1.422 (best 0.739), range: 0.825 (best :0.739), cursor: -
Batch Com p leted mes sage = Pause(Adjust fit interval to match this subject’s N100 lateney range.)
» SAsetOrientation(Label:AC_Left,1)
. « SAsectOrientation(Label-AC_Right1)
= SAsetCursor(135,NoDrawMap)
wi ndOW' = RV%: all: 1.422 (best 0.739), range: - (best -), cursor: 7.186
»_Panse(Adiust cursor nosition to match the subiect's N140 latencv.)
] {84 Computer | Protected Mode: Off v ®asw v

Batch scripts like the one shown above allow for simple and fast analysis of a complete EEG or
MEG study. Output of our example script are individually adjusted source model files (*.bsa)
and individual source waveforms for each condition, containing the brain responses to the

different auditory stimuli in each subject.

90 906
EIEIEIEIEY

The plot above illustrates the necessity to model the orientations individually. Shown are the

ten different orientations obtained for the N100 component as stored in the individual solution
files (*.bsa). The large variation of the N100 orientation between subjects is a correlate of the
inter-subject variability in the orientation of the auditory cortex. Without adjusting the
orientations individually, the first components of AC_Left and AC_Right would not optimally

14
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reflect the individual N100 component.

C: Introduction Cluster Permutation Statistics

Before we get started with BESA Statistics, it is important to understand the background of

cluster permutation statistics. The following paragraphs will give a brief overview.

Preliminary t-Test (parametric)

As a first step, BESA Statistics calculates a preliminary Student’s t-test (Hays 1988) between
groups / conditions per data point. A t-test is computed to determine whether there is a
significant difference between the mean of two groups / conditions. A t-test is associated with a
t-value and a corresponding p-value which indicates the significance of an effect. P-values
smaller than 0.05 are generally considered significant. The p-value becomes smaller if the t-
value becomes larger. t-values are influenced by the size of the difference between the group /
condition means and the size of the variance in both groups / conditions. Generally speaking,
the difference between two group / condition means can be small for the test to become
significant if the variance in both groups is also small. On the other hand, a large difference
between two group / condition means does not automatically imply a significant effect. It is also
required that the variance in both groups / conditions is not too large. Apart from the t-value,
the p-value is influenced by the degrees of freedom (DF) for the specific test computed. DF are
dependent on the number of subjects. The more subjects constitute the groups / conditions, the
larger the DF. Larger DF are more likely to be associated with a significant test result, as

variance can be estimated more precisely with a larger number of subjects.

A t-test can be paired or unpaired. A paired t-test is appropriate when there is a dependency
between the two conditions that are compared. This is generally the case if two conditions in
the same set of subjects are compared (e.g. subjects listening to high intensity vs. low intensity
tones) or if the same subject is measured twice for the same task (e.g. listening to 1000 Hz
tones before and after a training period). An unpaired t-test is appropriate when there is no
dependency between the two groups that are being compared. This is generally the case if two
different groups of subjects are compared for the same condition (e.g. motor response in left-
handed subjects vs. right-handed subjects). The selection of the correct type of t-test is
important: in a paired t-test smaller differences between conditions are necessary for the test to

become significant in comparison to an unpaired t-test.
Generally speaking, the likelihood of obtaining significant results is higher if a specific

hypothesis about the data is tested. When there is no specific hypothesis as to whether one

15
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group / condition has higher or lower values than the other group /condition, a two-tailed t-test
should be selected. When there is the hypothesis that the first group / condition has higher
values than the second group / condition, a one-tailed-right t-test should be calculated. When
there is the hypothesis that the second group /condition has higher values than the first group /

condition, a one-tailed-left t-test should be calculated.

Permutation Test (non-parametric)

When computing a large number of t-tests, the probability of obtaining a significant result by
chance is high. Typically, an a-error of 5% (p-value = 0.05) is assumed when calculating
statistical tests. Thus, if a significant result is achieved, there is a 5% chance that this result is
considered significant although in truth it is not. The more tests are computed, the higher the

probability those statistically significant results are obtained by chance.

Statistically analyzing EEG / MEG data usually involves computing a large number of tests, as
two conditions are compared for a large humber of electrodes over a time interval containing
many data samples. Therefore, the multiple comparisons problem is particularly prominent

when running statistics on EEG / MEG data.

There are different ways to address the multiple comparisons problem. The easiest is to apply
the Bonferroni correction (Abdi 2007). , in which the significance level (e.g. p = 0.05) is divided
by the number of tests computed and only those tests are assumed to be significant with p-
values smaller than the corrected value. For example, if 100 tests are computed, the corrected
p-value would be 0.05 / 100 = 0.0005. This approach is very conservative and the chance is

high that significant results are wrongfully rejected.

BESA Statistics uses an alternative approach to deal with the multiple comparisons problem:
Permutation testing in combination with data clustering. The main idea is that if a statistical
effect is found over an extended time period in several neighboring channels, it is unlikely that
this effect occurred by chance. Thus, the initial step is to define data clusters that show a
significant effect between groups / conditions. For each cluster, a cluster value can be derived
consisting of the sum of all t-values of all data points in the cluster. Then it is tested if the initial
data clusters survive permutation. Permutation means that the data of subjects (if unpaired t-
tests were used) or conditions (if paired t-tests were used) get systematically interchanged.
Depending on the number of subjects per group / condition and the type of t-test, a certain
number of permutations are possible. For example, if 10 subjects are compared for two
conditions using a paired t-test, 1024 (2n, where n is the number of subjects) permutations are

possible. If 10 subjects are compared with another set of 10 subjects for the same condition
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using an unpaired t-test, 184756 ((“;k), where n is the number of subjects in the larger group,
and k is the number of subjects of the smaller group; NB: in this example, the groups are the
same size!) permutations are possible. For each of the calculated permutations (default:
10001), a new t-test is computed and a new cluster value is derived for each of the initial
clusters. Thus, a new distribution of cluster-values is determined for each of the initial clusters.
Based on this new distribution, the significance of the initial cluster value can be determined.
For example, if only 2% of all cluster values are larger than the initial cluster value, the initial
cluster can be considered significant with a p-value of 0.02. Thus, based on the computed
cluster-value distributions, the significance of each initial cluster can be determined directly
(see the following Figure C1 C1).

Positive distribution for 5000 permutations
0.9999 |- =
0.99951- %
0988 -

0.995 -
0.99+

0.95+
0.9h

0.75

Probability
=)
o

0.25-

0.1+
0.05-

) M%
0.01+ ! Moo
0.005 - L o L . T g Wi

obdds- T

0.0001 ' %

| | | | | |
0 50 100 150 200 250 300 350 400 450
Cluster values

Xy

Figure C1: A realistic distribution of cluster values based on 5000 permutations is displayed. The figure indicates that
a cluster value of 200 is associated with a probability value of p=0.01, meaning that only 1% of all clusters have

values larger than 200.

Depending on the direction of a statistical effect (i.e. condition 1 can have larger or smaller
values that condition 2), negative and positive clusters can be found. If a negative cluster is

tested for significance, it will survive permutation testing if the initial cluster value is more

! Drawn randomly without repetitions from all possible permutations. If there are not enough subjects to select
1000 permutations, the number is automatically adjusted to the maximum possible number of permutations.
17
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negative than 95% of all cluster values generated by permutation.

Since in permutation testing the distribution of cluster values is computed from the input data,
and p-values are derived directly from the computed distribution, permutation testing is
considered non-parametric, or parameter-free. This is a great advantage, since it is not
required that data are normally distributed, as would be the case if classic parametric tests
were used.

For more details on the implementation of the permutation test as implemented in BESA
Statistics please refer to the following publications: (Bullmore, Suckling et al. 1999; Maris and
Oostenveld 2007; Ernst 2004)

D: Analyzing source waveforms statistically using BESA Statistics

In the following, we will load the source waveforms we created in BESA Research and run a
cluster permutation test in order to identify time-regions and sources, which show reliable

differences between conditions High and Low across all subjects.

1. Start BESA Statistics by double-clicking its icon on your desktop.

BesaStatistics.exe

2. When BESA Statistics is opened for the [0 seec e eesa sutstcs bata roce IR sl

Please select the BESA Statistics Data Folder

flrSt time, the pro]ect folder needs to be All project data will be saved to this folder.

Note: If needed, you may switch between different BESA Statistics Data folders using the menu item

defined. This is the folder where BESA e = Sect Data Felcer

i i i C:\Users\Public\Documents\BESA Statistics\Projectst
Statistics stores and reads all project and
result data. A dialog box appears. Press
OK to confirm the pre-selected folder.

18
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3. Please close the notification box by {2) BESA Statistics =

press"’]g OK. We can now start W|th The BESA Statistics Data Folder has been selected successfully.

Project data will be written to and read from folder
C:\Users\Public\

setting our project targets. Update Data Folder o

4. Press Start New Project in the [F==%

Select Project

interaction window on the right-hand side. | ===

5. As we want to analyze the source " ’1 BES A

waveforms we created in the previous

steps, please select SWF in the

Select data type for which statistics
) ) ) ) ) shall be performed
interaction window. We will use a paired

] tre
t-test for preliminary statistics as we [] Image

SWF
compare two dependent samples. i.e. two [ ERP/ERF

conditions within the same set of

Select statistical test

subjects. We will use a two-tailed t-test tTest
. Paired t-Test
as we do not want to test a specific Two-tailed
. [] One-tailed-left
hypotheSIS. [T One-ailed-right

[] Unpaired t-Test

19
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6.

7.

Press next or hit the space bar to
continue to the next workstep.

Press Load Data for Condition 1 in the
interaction window. (Please note: Had we
selected a paired t-test, we would be

prompted to load data for Group 1.)

Specify the Group name to be “Control
Subjects” and the Condition name to be

“High” and press OK.

Please browse to the folder
C:\Users\Public\Documents\BESA\Resea
rch_5_3\Examples\ERP-Auditory-

Intensity and select the 10 swf-files we
previously created for condition “High”.

Press Open.

Note: Depending on the data selection
under Set Project Targets, Files of Type
will be automatically set to the expected
file format.

www.besa.de

' 1YBESA

Load Data for Condition 1 ]

Load Data for Condition 2

Set name for group and condition.

Group:

Control Subjects

Condition: High|

Ok ] ’ Cancel I

Lookin | ERP-Auditory-Intensity - 02 r@E-
R Name - Date modified =)
Y g S1_av_High.swf 17.02.2012 12:04
Recent Places S1_av_Low.swf 17.02.2012 12:04
-‘ S2_av_High.swf 17.02.2012 12:04 3
52_av_Low.swf 17.02.2012 12:04
Desktop S3_av_High.swf 17.02.2012 12:04
53_av_Low.swf 17.02.2012 12:04
l_,]| S4_av_High.swf 17.02.2012 12:04
Libraries S4_av_Low.swf 17.02.2012 12:04
; S5_av_High.swf 17.02.2012 12:05
k S5_av_Low.swf 17.02.2012 12:05
Computer S6_av_High.swf 17.02.2012 12:05 i
< [ ] 3
T File name: "S10_av_High swf""S1_av_High swf' "S2_av_High
Files oftype [Source Waveform Files (" sw) - [ cance |
RecentFolders:  |Cil.atistics Example D, Ex a2\ v
=
20
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10. A summary of the files we selected will
be displayed in the main window and a
green tick-mark will appear next to the
first load-button. Press Load Data for
condition 2 (or press Next or hit the

space bar).

11. Specify the second Condition name to be

“‘Low”. Note that Group cannot be edited
anymore, as the paired t-test expects two
different conditions the same set of

subjects. Press OK.

12. 10 swf-files with the

“_LOW”

Now select all
extension and press Open.
Important note: If a paired t-test was
selected under Set Project Targets, the
number of files loaded in both conditions
needs to be identical. This is not the

case for paired t-tests.

13. Again, a summary of all files loaded for
the second condition will be displayed in
the main window and a green tick-mark
will appear next to the second load-
button. Press Next or hit the space bar to

continue.
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Qs s

b £t rw b

Load Data
aw

Werkfow Overvm

Set name for group and condition.

Group:

Condition:

-
Recent Places

Desktop

=
Libraries

LY

Control Subjects

Low

Lookin: | ERP-Auditory-Intensity -

Name
S5_av_Low.swf
S6_av_High.swf
S6_av_Low.swf
S7_av_High.swf
S7_av_Low.swf
S8_av_High.swf
S8_av_Low.swf
S9_av_High.swf
S9_av_Low.swf
S10_av_High.swf

Ok

|| cancel |

(< M5 M=k

- Date modified

17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05
17.02.2012 12:05

[

Computer 510_av_Low.swf 17.02.2012 12:05 B
@ < | m ] b
Network  Filensme: S10_av_Low.swf "S1_av_Low swf' "S2_av_Lows, +
Files oftype: [Source Waveform Files (".swh) -] [ cancel |
RecentFolders:  |C\..search_5_3\Examples\ERP-Auditory-Intensity\ ~ |

' 1VBESA

| Load Datafor Conditon1 | «f
| Load Datafor Condition2 | «f
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14. The three sources that are part of our

source model are now displayed in the
main window. They have the same colors
as in the source analysis window in
BESA Research. Press Run Preliminary

Statistics or Next to see point-wise t-test

results.

File Edit View Help
Set Parameters
D Ewa
Workflow Overview
Set Project Targets v
Statistical Analysis

Load Data 4
Set Parameters

High Lows

Difference

50
25

_35

Amplitude [nAm]
=)

Amplitude [nAm]

20

~20-
~40-

50 100 150 Latency [ms]

Preliminary statistics computed successfully.

50

160

For more information about this Workstep see the Set Parameters section in the description of the BESA Statistics Workflow.

150 Latency [ms]

11BESA

Run Preliminiary tTest v

Starttime [ms]

48000 (€]}
e

Endtime [ms]

248.000
Statistical Settings
Cluster Alpha

Number of
Permutations

0.050
1000

[] Average over Time

Display Left Display Right
Candition 1 Differance
Condition 2 t-Values
Mask Mask

Select Source

[ e

Current Latency [ms]

0.000 i

= |

15. Results for the first orientation of the first source in the source model (AC_Left) are

displayed in the detail windows. It appears that “Low” has smaller amplitudes than “High” in

the baseline, and “High” has smaller amplitudes then “Low” over an extended time-range

starting roughly at 150 ms.

Important note: These are preliminary results that are not corrected for multiple

comparisons! They should not be interpreted. The only serve as an initial orientation for

what’s in the data and for defining regions of interest.

www.besa.de
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16. Different sources and orientations

) Display Left Display Right
can be selected in the drop-down Condition 1 Diference
. . . Condition 2 || t-Values

menu of the interaction window. Mask Mask

Under “Display Right” a selection Select Source

can be made between Difference lAC Left-O1 -
AC Left-01

(i.,e. in this case “High” minus Current Latency [ C_Lef-02
, _ AC_Left-03
“Low”) or t-values (point-wise). The 0000  [€/ac Right-01
_ _ ) AC_Right-02
according  selection will be AC_Right-03
. . . . Frontal-O1
displayed in the right detail EFrontaI—O2 It
Frontal-O3

window. A mask indicating
significant time-periods can be
switched on or off for both detail

windows.

17. It is possible to restrict further —
Run Preliminiary t-Test ] 4

analysis to a region of interest by
changing the Starttime and Starttime [ms]

48000 (€[]

Endtime. This can increase the =i
chance that a cluster survives 248.000 H[EY

permutation as the distribution of
. . Statistical Settings
cluster values is estimated based

. Cluster Alph 0.050
on a restricted sub-set of data- e
. . : 1000
points. For example, one might FET T

. . Average over Time
only include the post-stimulus = g

period in the calculations. We will
not restrict the time-window now
but see what happens to the
cluster in the baseline after

permutation.

Under the section ,Statistical Settings®, a Cluster Alpha value needs to be set. This value
refers to the significance level that is the threshold for a data-point to enter a cluster. The
default value — which we will use now — is p=0.05. However, it can also be a value larger or
smaller than 0.05, larger p-values leading to larger clusters. Please note that the Cluster

Alpha value does not equal the significance level of the permutation statistic!

23
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18.

19.

1 'BESA

The number of permutations also needs to be set. The default level — which we will be

using —is 1000 in order to get a reliable estimate for a significance level of p=0.05, i.e. if the

test is run multiple times, the same clusters will stay significant. The possible number of

permutations is restricted by the number of subjects and the type of preliminary t-test

(paired or unpaired, see above). If 1000 exceeds the number of possible permutations,

BESA Statistics will automatically reduce the value to the number of possible permutations.

Press Next or hit the space bar to continue.

Press Run Statistics to start the permutation
process and all according calculations
necessary for determining the probability of our

initial clusters.

An information window appears summarizing
the settings for the cluster permutation test.
Press OK to continue. Please note that the
following calculations can be time-consuming
depending on the type of data and the number

of data-points.

www.besa.de

The settings for running the permutation test are as follows:
The cluster alpha used for cluster building is 0.05.
The number of permutations is 1000.

Press OK to accept the settings or Cancel in order to modify.

oK I [ Cancel
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() BESA Statistics 1.0 - New ¢
File Edit View Help
Perform Statistics "} BESA
D8 ra
Wkt Oreiw v
Set Project Targets v :-.f,
/ O\ 7 s
. / O\ 4 \
Statistical Analysis 7/ >4 N
VA \ // 'S \
Load Data v [ \ / Y
[ O] | e @® |
Set Parameters v [N | Al |
Perform Statistics b / \ >
{ [
~ |
| -
v O\ /S |
N\ vl Permutation Test Results
L] //
\, \ e Val | Cluster +- [Vis |
.-\\ ) [ @ FAk 001[p=0.00000] - + [
S .| i Jok 002 [p=0.00100]  + 1
- J \\ — — * 003 [p=001000]  + =
\ N\ + 004 [p=0.04200]  +
| \ 005 [p=0.05300]  + o
\ 006 [p=0.06500]  +
! 007 [p=0.10500] -
008 [p=0.46900] -
009 [p=057900]  +
High Lo Difference nin Ep,n an ,,,\1 . ad
E 50 T
Z 5 < 204 Display Left Display Right
‘o ) Condition 1 Diffsrence
s 0 = Condition 2 | tValues
% % ~204 Mask Mask
E -25 £
< < -40] Select Source
0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms] AC Left-O1 hs
Current Latency [ms]
Statistical calculation finished successfull -
2 m 184.000 0
Note: These results are corrected for multiple comparisons B
For more information about this Workstep see the Perform Statistics section in the description of the BESA Statistics Workflow

20. Once permutation statistics are computed, the cluster with the largest cluster value (and

smallest p-value) is automatically selected and displayed. Up to 100 clusters are displayed

in the interaction window and significant clusters are marked with stars according to their

significance level. Clusters that do not reach p=0.05 but are smaller than p=0.1 are marked

with a “+”.

The biggest cluster is the one we saw previously (see step C 15) in source AC_Left in the

first orientation. We can now be certain that “High” does indeed lead to a more negative

amplitude than “Low” in an area of the left auditory cortex associated with tangential

activity. This effect lasts from 144 ms to 216 ms. It is noteworthy that the preliminary cluster

that could be seen in the

www.besa.de

baseline did not survive permutation!
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File Edit View Help

Perform Statistics
DETEw 2

Workflow Overview
Set Project Targets

Statistical Analysis
Load Data

Set Parameters

Perform Statistics

v
v

High Low Difference

g 60 E B0

£ 40 £ 40

2 d @

g o g

g E o

< 2N <

0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms]

Ciusiws  prauss  wean 1 wivan 2

Cluster 1 0 13.0407 253121

Cluster 2 0.001 43882 0.756319
Cluster 3 0.01 260748 82521

1) BESA

—rrr—

Permutation Test Results

[ Cluster
001 [p=0.00000]

+

- Vis | a

002 [p=0.00100]

[
003 [p=0.01000]
004 [p=0.04200]
[
[

+#¢3§

005 [p=0.05300]
006 [p=0.06500]
007 [p=0.10500]
008 [p=0.46900]
009 [p=0.57900]
40 [n= ANENAT

[T

I

Display Left Dis|

Condition 1
Condtion 2 ]
Mask

Select Source

play Right
Difference
tValues
Mask

[<lromaior <|[3)

Current Latency [ms]

116.000

0B

-

21. The second significant cluster is found in the first orientation of the frontal source. “High”

leads to larger amplitudes than “Low”. This effect starts at 68 ms and ends at 136 ms.

www.besa.de
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) BESA Statistics 1.0 - New Statis

File Edit View Help

| JF’(;rfc;rr;:lS;ati_‘stics ' W BESA

Workflow Overview - - v
Set Project Targets v N . - v e e

Statistical Analysis ;

Load Data v

Set Parameters «

Perform Statistics

Permutation Test Results

Val - | Cluster +-[Vis[a
Akk 001[p=0.00000] ~ [
Ak 002[p=0.00100]  + |
% 003[p=001000] + 1=
+  004[p=004200] +
005 [p=0.06300]  + m
006 [p=0.06500]  +
007 [p=0.10500]  —
008 [p=0.46900]  —
009 [p=0.57900]  +
High Low Difference nn Ep,,, An ,,”3 . Z
E 50 E 40
< Z Display Left Display Right
Iy o 20 Condition 1 Difference
R 3 0 Congition 2 | tvalues
£ £ Mask Mask
E £ -20-
< <L Select Source
0 50 100 150 Latency [ms] 0 50 100 150 Latency[ms]
Cuswers panes wisan 1 wean 2 N Current Latency [ms]
Cluster 1 0 -13.0407 253121 a 52000 (€] i
Cluster2 0.001  43.882  0.756319 b
Cluster3 001 260748 8.2521 -

=

22. The last significant cluster can be found in the second orientation of AC_Right, i.e. the
auditory cortex region associated with radial activity. Again, “High” has larger amplitudes
than “Low” from 100 ms to 144 ms.

23. A summary of cluster statistics containing

o Summary of cluster statistics:
the cluster p-values and the condition
Clusters p-values Mean 1 Mean 2

Cluster1 0 13.0407 253121
window below the main window. Mlictar 2 0ARA 42 007 A TCEMN

means are displayed? in the information

2 With the release of BESA Statistics 1.1 in spring 2012 it will be possible to export all statistical results as well
as group/condition and individual means as csv-files. Likewise, it will be possible to export all images as png or
eps-files.

27
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24. Press Finish to end and save the current

Growp. || Projct Date Modified

project. Save it under an appropriate

name.

Ssiectsd Group:  Control Subjects San
Salected Projsct: Auddory Intensity Source Waveforms [ Comcel |
Project Type -

28
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Tutorial 6 — Coregistration with MRI | /w BESA

What does BESA Research provide?

v Coregistration with and without individually digitized electrode positions
v Direct integration with BESA MRI
o Loading MRIs in DICOM* format
o Guided definition of landmarks for AC/PC and Talairach transformation
o Automatic inhomogeneity correction
o Automatic segmentation of skin and cortex

v Display of individual cortex and skin in source analysis window

! The next release of BESA MRI in May 2012 will also allow Nifti and Analyze data format. A major new feature
of BESA MRI 2.0 will be the creation of individual head models with FEM that can be used as volume

conductors for source analysis.

www.besa.de



Tutorial 6 — Coregistration with MRI /} BESA

A: Introduction

Coregistration of EEG and MRI data allows mapping a source position to an actual cortical
area. Without coregistration it can only be roughly estimated, which cortical area a certain x-
y-z position corresponds with. Further, individual anatomy can be used for seeding sources

or verifying source localizations.

When EEG and MRI data are coregistered using BESA Research and BESA MRI, data are
transformed into a coordinate system, which is based on internal landmarks of the individual
subject. First, a transformation into the AC/PC (anterior / posterior commisure) coordinate
system is performed. Data are then transformed into standard Talairach space. This ensures
that the same standard coordinate space based on individual anatomical landmarks is used

when different subjects are compared.

Using the same standard coordinate space is essential when source localizations are to be
compared across several subjects

a. between two groups of subjects (e.g. patients vs. control subjects).

b. at two measurement time-points within the same group of subjects (e.g. pre vs. post
treatment, test vs. retest).

Ad a. Anatomy can vary considerably between subjects and a different x-y-z localization in
two people can still be in the same anatomical region. Not taking individual anatomy into

account when constructing the coordinate system would disregard this fact.

Ad b. If an EEG (and more so MEG) is measured at two instances in the same subject,
electrodes (MEG sensors) are likely positioned slightly differently at the two instances. Here,
not taking individual anatomy into account when constructing the coordinate system can lead

to higher variance in source localization within the same subject.

www.besa.de
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| \ . s,
B 4§ 4%
HW T .07 %
% | % € 4
% ",-/," ~'¢‘.-.—‘
! 1
( ) { )
'\'(‘ = ‘ ‘\{‘ -
5 o N : 7
o ' .
- ‘f‘ d:er . w”

The above image illustrates the variance of Heschl’s gyrus positions across 15 subjects. The
PAN (PreAuricular points + Nasion) coordinate system is based on the fiducials only without
using any internal landmarks. The same (!) positions are displayed in the AC/PC coordinate
system on the right. It is apparent that the variance across subjects is greatly reduced merely

by using internal landmarks when defining the coordinate system.

The reduction in variance using the AC/PC

Left hemisphere Right hemisphere

coordinate system compared to the PAN is

R
]

statistically significant (see image on the

s

Distance to the mean point in mm
B

Distance to the mean point in mm
-

right). The effect is particularly prominent in

@

the right hemisphere (p<0.0001), but also
apparent in the left hemisphere (p<0.05).
This illustrates that it is important to use
the individual anatomy for defining the 0 ’ ackc

coordinate system whenever possible. Coordinate system Coordinate system
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' 1YBESA

Usually, good coregistration depends on digitized electrode positions in order to precisely fit
the measured electrodes to the skin of the subject (as segmented from the MRI). Using
BESA Research and BESA MRI it is possible to coregister EEG with MRI data even if no
individual electrode positions were digitized as long as there were some electrodes that
coincide with positions of the standard 10-10 system. The idea is that as long as some
standard electrode positions are known in a subject, positions of other electrodes of the 10-
10 system are also known and can be used for coregistration purposes only (not for any
signal analysis). This procedure makes coregistration much more precise than only relying
on fiducial positions.

B: Starting the coregistration of EEG and MRI data using BESA Research and
BESA MRI

In the following, we will coregister the EEG data of subject S1 (Auditory Intensity Experiment)
with an MRI image using standard electrodes, as we do not have individually digitized
electrodes available.

1. In BESA Research please open dataset [lscezonsie S =

Lookin: | | ERP-Auditory-intensity | £ B
S1 av.fsg (located here: B o . Dot modified  +
® ';”;"‘ All_Subjects_cc.fsg 09.12.2009 13:35
C:\Users\Public\Documents\BESA\Resear - St Lt
. Deskiop Sliblink+ ERP.fsg 18.05.2005 16:19 =
Ch_5_3\EX&mp|€S\E RP-Audito ry- = $2.avfsg 13052005 1355
i S2_av-testfsg 10.11.2011 20:08
Intensity). Press File / Head Surface W o Fsosin
P . —— S5.avfsg 03.12.2009 12:08
Points and Sensors / Load Coordinate 4 e 012200 207
. Network < 101 »
Files (or press ctrl-L). - - =
Files of type: [currentFile Type (fsg) ~] Cancel
Folders [Data Folder ~]

2. In the section “Digitized head surface

points” press Browse.

www.besa.de

Channel and digitized head surface point information

S\PBIIcD L5 ples\E} wAS1_awisg
G000Z. Dstsbase file: Q000001 fst ~/

i2.. 31 elecyodes: | polygraghe

shouid be complete for this data file No ausliesy e required
Ha*ola fle defnes EEG you mustuse 10-10/10-20 labels or supply digized coomdinates!

Suggastans
Piease eréer sieckods hickness

Fée nam found

fguration (*ei7) ==

fized heod su ints (s =i i
Digiized heed surtans points (sip.  2p) and Iabels (sir) i i e

no labelfle Tood e Edi




Tutorial 6 — Coregistration with MRI

3. Under “Directories”

option Standard electrode folder.

please select the

BESA-MRI-Standard-

Electrodes.sfp and press Open. It

Select the file
contains 96 standard electrode positions.
Some of the S1’s electrode names match
the labels in this standard electrode file so

BESA can match them.

@

Load Surface Points

e Name

RecentPlaces

Lookin [ | StandardElectodes

P

= ' BESA-MRI-Standard-33-Electrodes.sfp
E| BESA-MRI-Standard-Electrodes.sfp

~| emcE~

1

-
Deskiop
=

Libraries

Computer

Network < |
File name
Files oftype:
Directories:

Date modified
14.12.2010 18:40
14.10.2010 14:54

»

-] Open

[Surtace points (sfp)

~| Cancel

[standard electiode folder

Channel directos
Standard electrode folder

Data directory
C:\.5_3\Montages\Channels\StandardElectrodes|

‘ —_—
Load Surface Points e S
| Lookin: | | StandardElectodes | eBcBEr I

L' o Name - Date modified
-~ B BESA-MRI-Standard-33-Electrodes.sfp 14.12.2010 18:40
RecentPlaces
) EE’[ BESA-MRI-Standard-Electrodes.sfp 14.10.2010 14:54
Deskiop
-
Libraries
Computer
Network < [0 ] »
File name: [BESA-MRI-Standard-Electodes sfp ~] Open
Files oftype: [Surface paints (*.sfp) ~] Cancel
Directories |Standard electrode folder ~]

z |

The other file (BESA_ MRI_Standard-33-Electrodes.sfp) contains 33 standard electrode

positions. It is not suitable for us as none of the electrodes that were measured in subject

S1 have names that coincide with the 33 standard electrode names. Thus BESA cannot

match them.

4. Press OK to close the dialogue.
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Inrarmal data fie information

Channel and digitized head surface

Dt il | UsrePubli
Format BESA 5.060002
No.af channelz: 3231 slecrades: 1 polygragh

o LE
Detabase fle: 0000001451

st

iriormatan should be complate for #is data ke No ausikary fies mquired
¥a you mustuse

Sug
Fla

ot alecirad tickness.

Yas Mo Fienome
Channsl configurtion (*s17)
c &

found

&
c &

Coregistration fle "sh) or heed center - cof
coa

MEG sensers [*pos, *pma)

c @

Anifoct cosficients (o *orf)
- &

Ciear 08 Cleas Events

Dighized head surtace pos (~sfh. 203) and lsbss (4i)

[CUsers\PubiciDocuments \BE SA Fesearr

—_—— =T

nofia

96 |ocs: fiducials found, electade locs
Sounet units: malimeners

no bl file

e — L

Goad Browse. | Edi
Goad Browse. | Edn
Gaod Browse Edit
Elechrade fickness fnmp: [000

Gaod Browse. Ecit/Careg
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Tutorial 6 — Coregistration with MRI

5. Press “v” on the keyboard to bring up the
surface points window. The 96 standard
electrodes are now displayed. Those
standard electrodes whose labels coincide
with S1’s electrode labels are marked red.
Please note that the grey standard
electrode positions are merely used for
better fitting the electrodes to the subject’s
skin. They do not carry any signal. Close

the surface points window.

6. Press File / MRI Coregistration.

7. You will be prompted to create and save a
“* sfh” file, which will be used to store all
coregistration information necessary for
the interaction between BESA Research
and BESA MRI. BESA will automatically
suggest the filename of the current subject
plus the extension “fsh”. Confirm the

suggested name by pressing Save.

www.besa.de

1 BESA

TT Surface points

Center (mm): -1.2 2.3 39.6 (using head coords: override: \S1_av.sfh)
Head radius (mm): 93.07
Electrode thickness (mm): 0.00

Search Tags
ctrl-0

Edit View Filters Montage Process ERP Artifact
Open..

Close

Close All

Recent Files... 4

Load Channel Configuration...
Head Surface Points and Sensors 4
MRI Caregistration...

Export..
Send to MATLAB...

Import and Convert ASCII File...
Print...
Print Preview

Exit

v 1C\.arch_5_3\Examples\ERP-Auditory-Intensity\S1_av.fsg

[[=1] write surface paints for coreg

| * BESA b Research53 b Examples b ERP-Auditory-Intensity

Hew folder

Organize
| 5 RecentPlaces = Date modified
b test_ordner
). Examples
4# Dropbox

My Documents

I Deskiop
Libraries
R k2
& Computer
& SYSTEM (C)
e DATA (D) - )

File pame: SR
Save as fype: [Sih Files (*sfh)
= Hide Folders Save Cancel
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8. BESA MRI will open. Press Accept in the _
BESA® Version 1.0 December 2010

welcome screen. Important note: do not MRI BESA Gmbi 82166 Graeteing, Germany
close BESA Research!

licensed for use on a single computer
of any kind are hereby disclaimed, including all

a clinical product. llowed to use

tly for medical dia ndfor treatment

For research use only!
Mot for the use in diagnostic procedures!
Please read the User Manual before first use!

If you accept the licensing conditions, click "Accept, else click ‘Cancel.

9. Press Start New Coregistration in the o ®
interaction window on the right and press ﬂ B ESA
Next on the bottom right (or hit the space
bar).

Start New Segmentation

Open Segmentation Project

| |
’ Start New Coregistration ]
| |
| |

Open Coregistration Project

10. Press Select Input Project in the T ®
J
interaction window. Please note that the ﬂ BESA

segmentation of the subject's MRI has

Select Input Project |

already been performed and pre-saved in ’

order to save time. @

3
Select Nasion

Set Nasion |

|
| Set Left Preauricular Point |
|

Set Right Preauricular Point |

www.besa.de
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11. Choose the project P300-Auditory and the

associated MRI. Press Open.

12. Mark Nasion on the segmented skin
surfaces as indicated in the head scheme.

Press Next to continue.

13. Mark LPA (Left preauricular point) as
indicated in the head scheme in the
interaction window. In this subject LPA
position can be identified quite well by the
shadow that is cast in LPA’s dent. Press

Next to continue.

www.besa.de

- 1YBESA

Subjects Projects
P300-Auditory (1946-04-01) MRI_T1

Selected Subject: |P300-Auditory (1946-04-01)

Selected Project: 11RI_T1

Project Type: ‘Segmenlalion Projects

chek on the 30 surta

Sat tasion postion by a singhs oo
To confitm posilion, type Space o Entec of press Next of Set Nasion.

et
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14. Mark RPA (Right preauricular point) and

) Sti! F;Id:c.ml% B B E SA
press Next to continue. e — - "
Set Projoct Targats v

Sstoce Port Caregartion sain ()
St Ftucn

s
et

Sel Right Prosuncular Port

et Right Preauricular Poin by a singie click o the 3D surface -
To confirm posdion, fype Space or Enter or prass Next o Set Right Proauricular Point =

st Provous | (_led_)

ek 10 v
Fie Eat vien e

15. All fiducials are now positioned. Press =
_ awwes \BESA
Next to continue.

Wk Overdon L sosctipsprogst |
Set Project Targets. v

Surtace Poinl Corepstaton

Sot Fecints

Fiduciaks have Ben 581 success
o continus, typa Space of press Next

Hints: Orag o rotato the 30 surface image. Mow / Zoom e 30 surface image by dragpng

16. Press select Coregistration File to load |immmssssesssmesioaac e

|Fie Eot vew rep

Fit Surface Points

ok BESA |
the Sl-av.fsh file we created in step C7. It | o |
is loacated in the “Examples” folder under | === " - S M=)
“Auditory Intensity”. Press Open. -

::5

= ,

M i .

Preous | [Nt ]

Fie Edt View Hep

17. We can see the standard electrodes we a
Fyi Sjm:c: l?omts B E S A
loaded in step C3. They do not optimally fit |

30 Lseci ot Tl .| v/
SepiomeiTages

the head surface, as the initial fit solely | === " - :Egm?:t
attempts to match the fiducials we defined —
in steps C12-C14 and the fiducial
information in the sfh-file. Press Run

Surface Point Fit to optimally match the

F# Surface Points

‘Se paramelses for surface
point 1t
Distance (in m) of

digitzshon point rom skin
Ficuciaks < 00l
Bectodes. € 000
MEGeols (€ 000y
Sk ports € 003

standard electrodes to the segmented et

Intonsity'S1_awsth.

adust it or

9
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skin.

18. Now we achieved a good fit between the
standard electrode positions and the

segmented skin. Press Finish.

19. Please save the coregistration project

under the suggested name.

Fle E0t Vaw Heb

Fit Surface Points
Sude s

Worktow Overvew
Sot Projet Targsts v

Surtace Pont Coregistiaion
Sot Fiducias v
Fit Surface Porks

1075
101>

]
Fiting resutts
Maan distancs arror: 1,36

] Save Project A

Subjecis

P300-Auditory (1946-04-01)

mn
Manimel Gstance e am
mn
Surtace poin i s been Comgleled successiuly.
Type Space or press Finkah % ciose the GusTeot ot Shom s
Al o e Prowous | [Finsh ]
X

Projects

Project Type: Coregistration Projects

Selected Subject: |P300-Auditory (1946-04-01)

el = HICOR _ P300 Audrtory (1946-04-01) MRI_T1_ S1_aV

C: Utilizing the individual anatomy in BESA Research

BESA Research. All

coregistration information containing

1. Return to
surfaces and transformations have
automatically been sent to BESA
Research. A green arrow indicates
that
available. Press OK.

all necessary information is

www.besa.de

s

Coregistration with M =]

Mo coregistration file (“sfh) defined!

Surface coregistration file (“sth, *hm)

Besa MRl I

J Select MRl prog

| AST_awsth Bm#l
Talairach (el
"I Read from shfile Browse

T MRifile (.

D:\BESA MR DemaotBESA MRI Shared\P300-Auditary_1 3460401\MRIFiles!

X Browse. ‘

Talairach-transformed head surface mesh (*
’7|D \BESA MRI Demo\BESA MRI Shared\P300-Auditory_1 9480401\ MFIFiles*

Talairach-ransformed brain surface mesh (*
’7|D YBESAMRI Demo\BE SA MRI Shared\P300-Auditory_1 9460401\ MFiFiles*

X Browse. ‘

Coordinate

’7Ta\awaﬂ:h coordinates defined

Help Cancel
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Tutorial 6 — Coregistration with MRI

2. Let us now send the condition 60 dB t <%

szl

source analysis by left-dragging a

EEERERE S

block, right-clicking and selecting

BB

EEETEEEY

Source Analysis.

2389933812

3. Select the custom definition -50 t0 250  -swssi= snrosiion

 Whole Segment

ms, Low Cutoff Filter 0.5 Hz, 12 & cusonimion

, : =
dB/Oct, Zero Phase, High Cutoff Filter ., .cee
40 Hz, 24 dB/Oct, zero phase. Press

W@s)pnstfvem
Source Analysis.

Filter Sefting:

Low Cutoff Staus [v Enabled
Frecuency [1.5 [H Slope [12dbjoct v | Type [zero phase v |
High Cutaff Status [V Enabled

Frequency 400 [Hz] Slope [24db/oct v |  Twpe [zero phase ~ |

[~ Al Conditions Source Analysis | SetBlock | Cancl |

.. “onp tens a1 - 60B: 64 avs, Filtrs: 05 - 40 Hz, 48 .. +252 ms - Source analysis,
4. Our source model consisting of 3 5™ —50'“* e = e
IDaia Mod. | Res. PCA | EEG [Res. Var.| Enerqy [Min. Dist Mn\me\ 3 shel elipscdal =1
»| G0dB: 64 avs mes 05-40Hz «|R V. 3058%

nead scalp bone  csf i
Rad Thickn.[ o6 [ somo [ 7aumo [ oo |
brain_ scalp  bone csl
Canductivity. [ 03100 [ 03300 | aonez

open as we saved if per person in the j --t : ;..,‘,,};.;’M(Mq.w e

batch created for tutorial 6. Ry o . @ @

48.00 ms +252.00 ms | Bcﬁl UBJD% RC 1

regional sources will automatically

- No fit
FC@::::::::><:::::::i:: ) a»ij@

e+ | ‘
g

Data (1-16 of 31) > |Source wavetorms jsomcﬁlocalmns i

y

5. Press “a” on the keyboard to bring up [0 SRR e et
j.-.j Mki I n') Hoﬁf'i s :m Enerqy |Min. Dist. image _fiiodol W

the individual anatomy of the present o = i R ot e 3 ﬁﬁﬁl
:ﬁ N =Tl

subject. Since we coregistered the |« - e e

Hid

=) @

EEG and MRI data, the individual MRI

cz No fit|

is now available. Without PN [ i 5 ‘.ﬂ,,

P N — © iavioul v

. . or on_ Ac Right | 9] 2| ik TI%9) S mu
coregistration, only a standard MRI | (=T [m——=ems ==

can be displayed. il e = el oy o

Data (1-16 of 31) ~ |source waveforms ﬁ
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Tutorial 6 — Coregistration with MRI

6. Select the first source by clicking on ';"’iﬁ"&’\":f‘f Siai8| silyl 41
its source waveforms in the middle |
pane and enlarge the MRI window to
get a better view. It can be seen that
the source model we created using
the grand average is located in the
auditory cortex of subject S1. The

model can still be optimized, however.

[ BESA - CA_P-Audito - 6
File Condition1 Solution1 Fit Image Qptions Help
© Individual MR

source to left Heschl's gyrus. You will | #s smsl it 4.

7. Let us first drag the red regional

Solution: C\,.ments\BESA\Research_5_:

notice that the position of the right
auditory source (blue) also
automatically changes position, as we
imposed a symmetry constraint. We
will now change this constraint back to

“free”.

Loc: 1.57,0.07,0.84 (Cart/US)

8. Minimize the MRI window and select =% &%

| file Condition1 Solution1 Fit Image Options Help Solution: CA h.S.: y-int y\S1_av.bsa
. EEG [Res, Var. | Enerqy [Min. Dist. _Image | AC_Right x-oc y-loc zloc x-ori y-ori z-on
/s Filters: 0.5 ﬂ)NIJR V. 3413% GFP| 7

the blue source by clicking on its |l fowi Sl s Kt

source waveform. From the drop- | . _ % SR

down menu under “Loc” at the top | ‘=~
right of the window please change | <)~ |s~ =2

Transparency: 100% -
PY Fip [«[>]¢] L] Fip
“ FT] 1 ” . . W.——/\/-'_ elndmduai“m = Pl
symmetric” to “free”. Maximize the | o—"—— o oo somn |0 lfie) i e 0
A ) mn'——/\/M 3
MRI window again. T = i
A::_;:><: No fit] =
[;»———/\/—\j ‘ .

9. Now let us move the blue auditory

ual MRI o|l@®
Q|+ 2088 Lel0% (%] ¢l

cortex source to right Heschl’'s gyrus.
We now see a slight asymmetry in this |
subject with the right hemispheric
source (blue) located more anterior
than the left-hemispheric source (red).

Please close the MRI window.

Loc: 059, 0.16,1.26 (Cart/US)

12
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Tutorial 6 — Coregistration with MRI

10. We have now optimized the positions
of the auditory cortex sources based
on the subject’s individual anatomy.
What we still need to do is to refit the
orientations of the regional sources
based on the new positions. The blue
source is still selected, so simply
press “0” on the keyboard to set the
first orientation at the maximum of the

activity. Repeat for the red source.

g L4800ms +252,00 ms
Grg| |-48.00 252.00

Best: 1.38;

7] BE5A - CA,.P-Auditory-Intensity\61_avfsg - 60B: 64 avs, Fiters: 0.5 - 40 Hz
File Condition1 Solution1 Fit Image Options Help|'"”

Data Mod. | Res. | [|D]] | PCA | EEG |Res. Var.
«| +] BOdB. 64 avs Filters. 0.5 - 40 Hz = [R.V. 3 481

AC_Left xdoc y-loc zdoc x-ori y-ori z-ori
Cartyus |[057 [004 [00a [02 [06 [06
|
o fied ]

Model 4 shell allipsoidal
»[S1_av.bsa (modified)

2

Data (1-16 of 31)

Time: -24.00 ms

AC Laft
on i O AC Right
No fit
on Frontal
B e
Nofit| T
Source waveforms j

Jl f d‘? I
£ G

We are now finished optimizing our source model based on the individual anatomy of the

subject.

www.besa.de
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What does BESA Research provide?

LAURA
LORETA
SLORETA
SWLORETA
CLARA
sSLOFO
Minimum Norm

User-defined

AN N NN Y U N NN

Export of images per time-point or for time-series

www.besa.de



Tutorial 7 — Distributed Source Analysis j BESA

Distributed Source Imaging

This tutorial introduces the principles of distributed source imaging. A short theoretical

introduction is presented, followed by hands-on examples that demonstrate the properties of

the different methods and the important effects of regularization on the obtained results.

A. Short theory of distributed source images

Discrete versus distributed source analysis

Both discrete and distributed source models use dipoles or regional sources as their basic

elements to model brain activity. However, the relationship between the number of sources

and the number of recording sensors differs between those two approaches. This has a

number of consequences that are listed schematically in the table on the next page.

The following abbreviations are used:

D:

L™

The recorded EEG or MEG data. The dimension of this matrix is [Number of sensors x

Number of time points].

Each row of D contains the signal of one sensor as a function of time. Each column of D

contains the recorded topography at one time point.

The source waveforms. The dimension of this matrix is [Number of sources x Number of

time points].

Each row of S contains the activity (in units of dipole moment, nAm) of one source as a

function of time.

The leadfield matrix. The dimension of this matrix is [Number of sensors x Number of

sources].

Each column of L contains the topography (the ‘signal pattern’) of one source, i.e. the
signals that normalized activity of this source generates on the different EEG/MEG
sensors. L contains all information about the source model (the multiple dipoles or
regional sources) and the head model (the assumed electrical conductivity distribution
inside the head).

The transposed leadfield matrix, i.e. rows and columns are swapped. Accordingly, the

dimension of this matrix is [Number of sources x Number of sensors].

A regularization parameter. The formula in the table holds for Tikhonov regularization,

which is just one way of regularizing a matrix.

www.besa.de



Tutorial 7 — Distributed Source Analysis /—d BESA

I: The identity matrix, containing ones in the diagonal elements and zeroes in the off-
diagonal elements.

V: A spatial weighting matrix on source level. The dimension is [Number of sources x
Number of sources].

www.besa.de
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' 1 BESA

Discrete source analysis

Distributed source analysis

Idea: Each equivalent current dipole
represents an extended brain region

Idea: Each current dipole represents one
small brain segment

N

gray matter

L/ S

gray matter

WL

\

Number of sources < Number of sensors
Overdetermined problem

Number of sources >> Number of sensors
Underdetermined problem

Source model is defined by fitting or seeding

Source model is predefined (e.g. along the
brain surface or on a regular volume grid)

The leadfield L has more rows (number of
sensors) than columns (number of sources)

Reconstructed source waveforms: S=L"*'D

The leadfield L has more columns (number of
sources) than rows (number of sensors)

where L*=(L"-L)* LT

Reconstructed source waveforms: S=L"'D
where L' =L" (L 'L")™

Regularization in source space. e.g.
Tikhonov:

L-1=(LT.L+)\.I)—1.LT

Regularization in sensor space, e.g.
Tikhonov:

L—1=LT.(L.LT+)\.I)—1

Spatial weighting:

L*=v LT (L vV LT+AI1)*?

www.besa.de



Tutorial 7 — Distributed Source Analysis /—} BESA

Discrete source analysis Distributed source analysis
Result: Result:
Multiple source model and source 3D Volume image, one for each time point
waveforms

All off| Al fit| Start fit| MSPS | | | BrainVoyager | e FlowField-4D bsa MEG _t

o\ « @ 1(

 No fit]

[on Fip [«[ [« e MFID:

o] [ P

[

Fi

]E 4

;
Properties: Properties:

e Crosstalk: (+) If the source model e Crosstalk: (-) Smeared, non-focal activity.
contains all active brain regions, the Substantial crosstalk between sources.
source waveforms represent their Reconstructed activity at any location
activity, i.e. they separate and is contaminated by activity from other

mutually contrast their activities with brain regions. Activity of brain regions
minimum crosstalk close to each other can hardly be
separated.

e Effort: (-) Source model needs to be e Effort: (+) I_Dre—defined source model.-
defined by fitting or seeding. This Source images are generated easily
requires user interaction (decision and quickly. 3

on the number of sources, fit intervals But: parameters have to be specified
etc.) (V, N). They can have a large impact
on the quality of the obtained source

image.

In BESA, distributed source models consist of regional sources at each source location. In
the 3D volume images demonstrated in this tutorial, the sources are located on a regular
cubic grid spanning the whole brain volume. The grid spacing in Talairach units can be

specified by the user.

Spatial weighting: Minimum norm, LORETA & LAURA

Because distributed source models contain more sources than recording sensors, there are
many different source current distributions that perfectly model the recorded data. Therefore,
side constraints need to be defined that allow the selection of the ‘optimum’ solution. These
side constraints are represented in the spatial weighting matrix V (see above). Different
methods have been published in literature. The following is an overview of the imaging
methods implemented as standards in BESA; variations and combinations of them can be
specified as a ‘user-defined image’ (see the corresponding chapter below). More detailed

descriptions are given in the BESA Help menu.
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e Minimum norm (Hamalainen & limoniemi 1984): In its simplest form, V ist set to the
identity matrix. This results in the image with the smallest overall energy (the sum of
squares of all sources’ magnitudes). Usually, depth weighting is used by applying a
diagonal matrix V, whose entries are inversely proportional to some measure for the
magnitude of the respective source’s lead field vector (i.e. deep sources get a larger
a-priori weight than superficial sources).

o LORETA (“Low Resolution Electromagnetic Tomography”, R.D. Pascual-Marqui,
International Journal of Psychophysiology. 1994, 18:49-65): Here, V is non-diagonal
and contains both a depth weighting term and a representation of the 3D Laplacian
matrix. This leads to the image with the ‘smoothest’ distribution of activity across the

source space.

e LAURA ("Local Auto Regressive Average", R. Grave de Peralta Menendez 2001,
Brain Topography 14(2), 131-137): In LAURA, V is non-diagonal and contains both a

depth weighting term and a representation of a local autoregressive function.

Standardization with the resolution matrix: SLORETA and swLORETA
All distributed source images suffer from ‘smearing’ and crosstalk, leading to the following

effects:

- Even in data generated by focal brain activity, the reconstructed 3D image is blurred
and non-focal. Activity of the active brain region gets projected onto neighboring

sources.

- Consequently, the reconstructed activity at one source location is representing not
only brain activity at the modeled location, but is also reflecting activity of other brain

regions.
These effects are captured mathematically by the resolution matrix R, defined as:
R=L""L

The diagonal elements of R are a measure for the percentage of the reconstructed activity of
the respective source that is due to brain activity at the modeled location. The idea behind
sLORETA and swLORETA is to divide (‘standardize’) the reconstructed minimum norm
activity of each source with this measure. This serves as a compensation for the non-uniform

depth sensitivity of the minimum norm approach.

e SLORETA (R.D. Pascual-Marqui, Methods & Findings in Experimental & Clinical
Pharmacology 2002, 24D:5-12): Unlike the name suggests, this method is not a
standardization of LORETA, but rather of the unweighted minimum norm image. The

6
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sLORETA activity at location r: is estimated from the minimum norm source estimate

SMN,r as:
— -1/2 .
SSLORETA,I’ - Rrr SMN,T

In simulated data sets with only one focal activity and no noise, the SLORETA image
has its maximum exactly at the simulated location. However, this property does not
hold anymore in the realistic case of noisy data and multiple simultaneously active

brain regions.

sWLORETA (E. Palmero-Soler et al 2007 Phys. Med. Biol. 52 1783-1800) is a

standardized version of the depth-weighted minimum norm.

Iterative approaches: CLARA and sSLOFO

One approach to make distributed source images more focal is to apply them iteratively. The

spatial weighting matrix V in each iteration step contains contributions that reflect the image

obtained in the previous iteration step. CLARA and sSLOFO are such approaches:

CLARA (“Classical LORETA Analysis Recursively Applied”) is an iterative application
of the LORETA algorithm with an implicit reduction of the source space in each
iteration. First a regularized LORETA image is computed as initialization. Then in

each iteration step the following actions are carried out:

1. The obtained image is spatially smoothed (this step is left out in the first

iteration).

2. All grid points with amplitudes below a threshold of 1% of the maximum activity
are set to zero, thus being effectively eliminated from the source space in the

following step.

3. The resulting image defines a spatial weighting term (for each voxel the
corresponding image amplitude). A LORETA image is computed with this
additional spatial weighting term for each voxel. By the default settings in BESA
Research, the regularization values used in the iteration steps are slightly
higher than that of the initialization LORETA image.

After a specified number of iterations (default: 2), the computation stops and the

image computed in the last iteration is displayed.

SSLOFO (“standardized shrinking LORETA-FOCUSS”, H. Liu et al. 2005, IEEE
Transactions on Biomedical Engineering 52(10), 1681-1691).) is an iterative

application of weighted distributed source images with a reduced source space in
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each iteration. As initialization step, an sSLORETA image is computed. Then in each

iteration step the following operations are performed:

1. The obtained image is spatially smoothed (this step is left out in the first
iteration).

2. All grid points with amplitudes below a threshold of 1% of the maximum activity
are set to zero, thus being effectively eliminated from the source space in the
following step.

3. A depth-weighted, standardized minimum norm is being computed, where V
has additional diagonal weights proportional to the image amplitudes in the
previous iteration steps.

After a specified number of iterations (default: 3), the computation stops and the

image computed in the last iteration is displayed.

Regularization

Distributed source images require the inversion of a term of the form L'V'L'. This term is

generally regularized before its inversion. In BESA, selection can be made between two

different regularization approaches

Tikhonov regularization: In Tikhonov regularization, the term L'V-L" is inverted as
(LV-L™+\ 1) %, Ais the regularization constant, and | is the identity matrix.

Truncated singular value decomposition (TSVD): Here, an SVD decomposition of
LVL" is computed as LVL" = UXU', where the diagonal matrix S contains the
singular values. All singular values smaller than the specified percentage of the
maximum singular values are set to zero. The inverse is computed as UXU', where
the diagonal elements of X are the inverse of the corresponding non-zero diagonal

elements of X.

As we will see, regularization has a critical effect on the obtained distributed source images.

The results may vary substantially with the choice of the regularization parameter (see

examples below). Therefore it is important to evaluate the generated image critically with

respect to the regularization constant, and to keep in mind the uncertainties resulting from

this fact when interpreting the results.

www.besa.de
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11 BESA

B. Comparison of different distributed source imaging methods

We will now return to the grand average data of the auditory intensity experiment to compare

distributed source analysis methods with one another as well as with the regional source

model we fitted earlier on.

1.

2.

Select the file ‘All_Subjects_cc.fsg’ from

‘File / Recent Files’.

Select condition ‘Low’, left-drag a block
and send it to source analysis by right-
clicking and pressing ‘Source Analysis’.

Select a time range from -50 to 250 ms,
and specify a Low Cutoff filter of 0.5 Hz,
12dB/oct, zero-phase and a High Cutoff
filter of 40 Hz, 24 db/oct, zero-phase.
Press ‘Source Analysis’ to open the

specified data in the source analysis

window.

www.besa.de

(™| BESA 5.
Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
Open.. -0 1SA|[Rec Vir | Src | Usr | Opt |EdM | LF | HF
Close T—‘
Close A
Recent Files 3 1. C\..xamples\ERP-Auditory-Intensity\All_Subjects_ccfsg

2.C:\.esearch_5_3\Examples\ERP-Auditory-Intensity\S1.cnt
3. C\..Examples\Learn-by-Simulations\RegionalSource2D.avr
4. C:\.y-Simulations\AC-2D-biphasic-synchronous + noise.avr
5. C\..earn-by-Simulations\AC-2D-biphasic-synchronous.avr
6. C:\...les\TFC-Error-Related-Negativity\Correct+Error.foc
7. DA\..t_ordner\Pejmanitest-2 for besa\Pej-R-1-export.fac

Load Channel Configuration...
Head Surface Points and Sensors >
MRI Coregistration...

Export.
Send to MATLAB...

Import and Convert ASCII File. 8. D:\...top\test_ordner\Pejmantest-2 for besa\Pej-R-1.foc
Print.. 9. DA\..._ordner\Pejmani\test-2 for besa\Pej-R-1-export2.foc
Print Preview A. D:\..t_ordner\Pejman\test-2 for besa\Pej-R-1 - Copy.foc
Bt B. Ci\...3\Examples\ERP-Auditory-Intensity\S1-blink+ ERP.fsg

— :

_h._ﬁgg Top View of Data L
g Whaole Segment |

ME‘WM FT T

I S Linear Correlation L

*_w____\/\_ﬁ Source Analysis L.

_1___,_\/xﬁ Define as Epoch L
P Define as Artifact L

m.d\m Write Segment o
Copy to Buffer L3N

Low: 10 avs Define Artifact Topography

i T |

fiew: Original Correct: Off Bad: 0

Block Size and Fosition Filter Setlings

Status [¥ Enabled
" Whole Segment Low Cutoff

Erequency [05 [Hz] Slope [12dbjoct v | Type [zerophase v |
(® Custom Definition

~ | Previous High Cutaff Status [ Enabled

Settings
Frequency 400 [Hz] Slope [24dbjoct v |  Tupe [zerophase + |

[0 (ms)pre-Event
260  (ms) postEvent

[~ All Conditions Source Analysis SetBlock Cancel
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4. As a reference and for comparison, load |Eonsug e

Lookin | | ERP-Auditory-Intensity ~| cf B~
the regional source model we created in — = Date modified, |
- "lfl’ | Averages 21.03.2011 15:08
. (o ecentPlaces ‘
Tutorial 4, steps D1-7. Press ‘File / Open h test o0 143l |
| Highintensity_3RS.bsa 09.12.2009 15:17 E
. s . Deskiop L LLi ity 2RS.bsa 09.12.2008 1517
Solution and load file o Lowlntensity_25D-testbsa Type: BSA File 111557 |
= Sibsa Size: 731 bytes lns 16:32
. . ) Libraries S1_avbsa Date modified: 09.12.2009 1517 [11 13:57
Lowl ntenSIty—ZRS ' A S1-ACbsa 29.03.2005 17:04
= S1-AC_testbsa 04032011 15:01
=N S1-AC+SCbsa 29.03.2005 17:06
S2bsa 290320051635«
Network < 111 »
File name: [Lowintensity_2Rs.bsa = Open
Files oftype: [BESA Solutions (".bsa) -] Caneel
Folders [Data Folder ~|

5. Set the cursor at 96 ms, at the peak of the “= =

b

N100 component.

6. Distributed 3D volume images are [image|Qotions Helo

Volume Image r Beamfarmer B
generated Wlth a Slngle CIICk |n BESA Surface Image 3 Beamformer (bilateral additional sources)
’ Discrete Model Probing > CLARA
They can be generated by selecting the smooth Image ey
Hide Image
H LORETA
corresponding method from menu entry | importimage o ORE
. , Export Image As... SLOFO
Image / Volume Image’, or from the /Sertings‘.. Sy
dropdown menu of the image selector = o~ e
Settings...
button (the arrow left of the BrainVoyager
button in the middle of the source analysis
Curs.: 0.815% RC: 1

window.

In this chapter, we will use the default

0.1

parameters for all 3D images. The All off| All fit| Start fit swlLORETA | || , Brainvoyager |

importance and potentially large influence
of these parameters on the obtained result

will be illustrated in the next chapter.
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7.

First, compute a LAURA image at the Aloff Alfit|startiit

cursor latency. Simply select ‘LAURA’
from the Image selector button dropdown

menu.

The computation of a LAURA (and also
LORETA) image is divided into 6 steps. A
dialog window informs you about the
processing stage. When computing a
LAURA image for the first time for a data
set, steps 2 and 3 can take some time to
complete (depending, among others, on
the selected grid spacing, see below). The
results of this intermediate steps are
stored to disk, however, so that these
steps will be omitted in all future LAURA
images.

This speeds up the image

calculation.

The result is displayed superimposed to

the anatomical MR image in the 3D
window in the lower right corner of the
source analysis window. Because for this
subject, no individual MRI is available,

BESA automatically uses a standard MRI.

The regional source model is also shown -

and superimposed on the LAURA image.

Press the 2 button in the 3D window to
get a 4-head view. (You may also
maximize the 3D window to get a larger

view of the obtained LAURA image.)

www.besa.de
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swLORETA |

Beamformer

. />

No fit|] = ——

CLARA
LAURA
LORETA
SLORETA

v swLORETA
sSLOFO

User-defined Image

Minimum-Norm (Surface) Ctrl+M

Probe Scan S
Sensitivity \

Settings.

Stage 376 [Thiz may take a whilel]
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10. The units of the displayed LAURA images

11.

are nAm/cm?®. The image correctly shows
activity in both hemispheres. However, the
focal activity is substantially blurred — a
negative effect inherent in all distributed
source images. It becomes evident from
this example that this does not allow to
draw any conclusion on the extent of the

active brain regions.

The LAURA image detected 3 maxima,
The largest maximum is in the left
hemisphere, roughly in the temporal lobe.
Compared to the regional source it is
located more medial, posterior and

superior. You can jump to the next

maximum using the £ Button (4™ button
from the right in the 3D window). The
second maximum is roughly in the right-
temporal lobe, and located more medial
inferior and anterior to the corresponding
regional source. LAURA also detected a
third maximum in the left cerebellum. The
regional source model does not suggest

activity there.

Compare the LAURA method with
LORETA: Select LORETA from the image
button dropdown menu. Like
LAURA, LORETA includes a spatial cross-
voxel weighting term, which increases the
so that the first

selector

computational load,

LORETA image computed for a data set

www.besa.de

' 1 BESA

T AR e G e R O
HECERE

O T AL T S W T R
HETE T

Vi T A Sano W S s ok $1987 DT
HETr R

&S

Beamformer
CLARA
LAURA
LORETA
sLORETA
swLORETA
sSLOFO

User-defined Image
Minimum-Norm (Surface)
Probe Scan

Sensitivity

Settings...

Ctrl+M

S
v
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takes a longer time to complete than pErEEEE—" =

SLORETA or swLORETA. LORETA and
LAURA often produce similar results: The

first two maxima are located roughly in the

temporal lobes, a third maximum is located
in the cerebellum. |

12. Compare the LORETA method with
SLORETA: Select sLORETA from the
image selector button dropdown menu.
The result is an image (units:; standardized

nAm/cm3) with two maxima. The first

maximum is located roughly in the middle

of the head, the second maximum is

T
HEe

T A G W Vo R Ear]
o TR e L

located in the right cerebellum. There is no
convergence between the discrete source

solution and the sSLORETA image.

¢ @

O 10T s S A S W TR
9] S S0 e

13. Compare the sLORETA method with
SWLORETA: Select swLORETA from the
image selector button dropdown menu.
SWLORETA differs from sSLORETA only in
an additional depth weighting factor.
Properties of swWLORETA and sLORETA

images are very similar. Here, swLORETA
found 1 maximum in the middle of the
head that corresponds to the first

maximum of the SLORETA solution.

13
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14. Iterative methods aim at combining advantages of discrete and distributed source images.
Implemented as default methods in BESA Research are sSLOFO and the new CLARA
method. Both methods iteratively apply distributed source images with a successive
shrinking of the source space. They differ from each other in the type of distributed source
images applied in this procedure.

15. Let's first compute an sSLOFO image. "~
Select sSLOFO from the image selector
button dropdown menu and observe that
the result is much more focal than the
previous methods, shrinking the activity
substantially, indicating bilateral activation

of the temporal lobes. The first maximum

G 1T SO iy it e SR The
) HRlhe T o) 40

in the right hemisphere is located more
medial than the regional source, but the
left  hemispheric  maximum  nearly

coincides with the regional source.

16. Now compare this with the CLARA
method, an iterative application of
weighted LORETA images. Select CLARA
from the image selector button dropdown
menu. Like sSLOFO, the resulting image

is quite focal. The first two maxima are

very close to the discrete source solution.

CLARA detected a third maximum, again
located in the cerebellum.

14
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17.

18.

Next we want to re-fit our discrete sources
using Image weighting. Press the ‘Image’
button in the top-right corner of the GFP
and residual variance field. By default, only
buttons for criteria ‘Residual Variance’,
‘Energy’ and ‘Minimum Distance’ are
pressed. Right-click on the ‘Image’ button
and click on ‘Weighting Factors’ to bring
up the Preferences dialog. You can see
that by default weighting factors ‘Residual
Variance’, ‘Energy’, ‘Minimum Distance’
and ‘Image Weighting’ are treated equally
(all are set to 1). This can be altered if
desired. We will leave the default settings

and press ‘OK’.

Click on the right-hemispheric source an

change the symmetry constraint to ‘free’ in JEJ%"* oe Tl D501 SJaV 410

the ‘Loc’ drop-down menu.

www.besa.de
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19. Press ‘All Fit' and ‘Start Fit'. The regional §55. s mas ot <.
sources are now fitted again with |
additional weighting by the current image.
Maximize the MRI view to observe the new
fitting-results. Close the source analysis

window without saving anything.

This first glance at the different imaging methods on our example dataset illustrates both the
advantages and disadvantages of distributed source images: While they allow to get a very
quick result at a certain latency, they all suffer from severe blurring (least in CLARA and
sSLOFO), which can make it impossible to separate brain regions that are located close to
each other. The different methods do not necessarily agree in their image maxima. It is not
straightforward to determine which method is the most appropriate right away — the answer
may be different in different data sets. Therefore, generally, a comparison of different
methods is advisable.

To be able to interpret distributed source images, it is essential to understand their sensitivity
towards the parameters that are applied during the computation. Especially regularization

has a crucial effect on the result; this is demonstrated in the following.

16
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C. Settings for distributed source images: The effect of regularization

Distributed source images apparently have a big advantage over discrete multiple source
models: They are quickly generated by a single mouse click, and the experimenter does not
have to decide on the number of sources and the respective fit intervals. However, there is
an important parameter also for distributed source images that has to be decided on: the
regularization parameter, which can have a large impact on the quality of the obtained
source images. This is illustrated in the following.

1. As an example, we will compare LORETA %“i’;;;m‘; -
. . . i i Data Model | Residual _|[Data]l | P.CA. | EEG Res Var. |
images  with  different  regularization o s I

Org Clear Fit Interval 1

Set Fit Interval: +72.00 ... +124.00 ms

settings. We could use images computed

Set Baseline to FitInterval i

Image v

for the cursor time only, as we did in the

Fit Enabled Sources over Interval

Add PCA Components to Solution
Invert PCA Component ﬂﬂ
Display Cumulative Percentage in PCA
mark an extended latency interval. By ro 1) Fox Humber of Dislayed Components o 6
v Overplot Waveforms of All Channels
Overplot Waveforms of Displayed Channels

previous chapter. Alternatively, we can

default, BESA research will then compute =

a mean image over that interval. This is of * ><>£
Cz as=cocsosc = W S —

advantage in noisy data, because it
reduces the noise influence. Left-drag to
mark a fit interval from 72 to 124 ms to
include the time range around the N100
peak. Note that you can drag the edges of
the interval, or right-click into it and select

‘Set Fit Interval’ to adjust the time range.

2. Regularization and other imaging Beamformer B
parameters can be specified in the ‘image v CLARA
LAURA

LORETA
pressing ‘Image / Settings’ or from the sLORETA

Settings’ dialog window. Open it by

bottom of the image selector button SWLORETA

sSLOFO
dropdown menu.

User-defined Image

Minimum-Norm (Surface) Ctrl+M

Probe Scan S
Sensitivity V
Settings...

17
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3. The ‘Image Settings’ dialog window image setungs et
General Standard Volume | User-Defined Volume | Surface Minimum Norm |
consists of four tabs: e ] et
The ‘Standard Volume' tab lists all —e |
H pecily setings for. ~ Appl
adjustable parameters of the standard et G |
® EEG  MEG

distributed volume images. We will focus

. 1.00
" CVE (Tikhonow)

here on the effect of the regularization € Useraeined Thtoncy)

CVE smogthing factor

@ SVD cutoff

parameter, which has a critical influence

€ Minimurm regulsrization

On a” dIStrIbUted Source ImageS Regularization for lterations
" CVE (Tikhonov) & L3O
Parameters can be specified separately for - I
(" Userdefined (Tikhonov) 0.01 % CVE smagthing factor
each imaging method (and differently for & e prer
A i € Minimurn regularization
EEG and MEG). The window displays the
. Iterations (CLARA/sSLOFO)
parameters of one method at a time only_ o ez [0 mege smeoting hetwith (voxels)

z =l Sl [fo~ Amountto clip from image (perceny
From the upper dropdown menu, select

‘LORETA’ to adjust the LORETA
parameters only. T ] o

4. We will now compute and compare images | e
Fegularization for Simple Images

with different regularization constants. The c 70

(7 CWE (Tikhonow)

® EEG  MEG

default |S an SVD CUtOﬁ Of 0005% FII’St " Userdefined (Tikhonov):  |0.01 % CVE smoothing factor
observe the effect of too high o D o g

(" Minimum regularization

regularization: Increase the SVD cutoff to
0.1%.

5. Press ‘Go’ in the Image Settings dialog /e s ————

General Standard Volume }uSer-Deﬁned Volume | Surface Minimum Norm |
window to apply the current settings and image wsighing
[~ By previous image. _ Detait |

compute a LORETA image with too high

regularization: In contrast to the result of Speotysetngstor  [LOFETA ¥
the multiple dipole model, the LORETA

image suggests a single midline generator

18
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of the recorded signals. This is a typical
result of a too strong regularization: This
tends to lead to deep, widely distributed

image maxima. In our example, the
bilateral activity of the left and right
auditory cortex are combined and
mislocalized in the middle of the head.

6. Now compare too high with too low
regularization: Select ‘Minimum

regularization’ to use only the minimum

regularization required for numerical
reasons.
7. Press ‘Go’ again to recompute the

LORETA image. In contrast to a too high
regularization constant we now obtain a
solution with many maxima. This is a

typical effect of too low regularization.

(3Max1of1 LORETA - Source Model - Val: 0.1515 (100.0%) o [B =S
e =:|0: 8| Im|8[%
Cor

3D LORETA Tra

@ moi
03

namiem <10 R

—Regularization

® EEG  MEG

Fegularization for Simple Images

¢ Use data in marked hlock/at cursor 1.00
" CWE (Tikhonow)

€ Use non-haseline data epoch

" Userdefined (Tikhonow): 0.01 %

0.1000 %%

CVE smoathing factor

¢ 8WD cutoff

@ Minimum reqularizationt

'§) Max. 1 of 7 - LORETA - Source Model - Val: 0.2713 (100.0%)
8| S efw e8] w8 4

Sag Cor

= e s

e
&

= B
3D LORETA Tra

namiem” (xm il MR

The above examples were computed with SVD regularization, but the same principle holds

for Tikhonov regularization as well. You may test this by selecting the user-defined Tikhonov

regularization in the ‘Image Settings’ dialog window and compute LORETA images with

different parameters.
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the

regularization parameter for a given data

8. How to determine ‘optimum’

set and imaging method is still an
unsolved problem. Minimization of the
generalized cross validation (CVE) is an
attempt to achieve this. However, this
method is not guaranteed to work properly
in every data set and with every method.
We will compute a LORETA image with
the
automatically by CVE minimization. Select
‘CVE’ the

optimized to the ‘Data in marked block’.

regularization determined

and have regularization

Press ‘Go’.

9. The chosen
regularization appears to be slightly higher
than the default value of 0.005% (the

image contains 2 rather than 4 maxima).

resulting  automatically

The second maximum corresponds well

with the regional source in the
but the

mislocalizes to a right medial temporal

right

hemisphere, first  maximum

area.

Reqularization
Regularization for Simple Images

@ CWYE (Tikhonow)

 User-defined (Tikhonow):

" SVD cutoff:

 Minimum regularization

Regularization for Iterations

' 1YBESA

® EEG  MEG

@ Use datain marked hlock/at cursor 1.00

(" Use non-baseline data epoch

0.01 %

0.0050 %

CVE smoothing factor

G T TR G e o TR
YALEH SR e 4

BESA uses predefined default regularization constants specific for each method and channel

type. These default values are appropriate in many situations. However, the optimum

regularization depends on the signal-to-noise ratio of the data, the number of channels and other

properties of the specific data at hand. There is no strict objective criterion for the choice of

the ‘optimum’ or ‘correct’ regularization parameter. However, it is generally recommended to

adjust the regularization parameter such that the obtained image neither shows too many,

superficial maxima (too low regularization) nor only one or two very broad midline maxima (too

www.besa.de
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high regularization).

D: Other image settings

1. The ‘Image Settings’ dlalog window not Imagesm,mgs—

Only a”OWS to modify parameters Of the GEHEVE‘ISIandaran\ume}User—Deﬁnean\ume}SurfaceM\mmumNmm}

Woxel Size

pre-defined imaging methods. Select the Nore 3 oy ohone, AL et averel iz of T

more: CLARA and LORETA require awoxel size of brmm or more.
General tab. Here the grid spacing of the
Woxel size in Talairach space: hd
source grid used for the 3D volume

Imags Display

|mag|ng methods can be Spec'f'ed. The This setting applies only if a it interval is marked. If no fitinterval is marked,

the image shown stier the scan is atthe meximum Global Field Power, or
whers the cursor was placed

default setting is a spacing of 7mm, which

(" Displayimage at maximum GFP inside fitinterval

® Display mean image over fitinterval

is appropriate for the rather distributed

images in most situations.

Another setting allows to specify which
kind of image to display when a fit interval
is marked. BESA Research computes a
separate image for each latency within the
fit interval. With the default setting, the

mean image across the different latencies

in the fit interval is computed and

oK Cancel

displayed. Alternatively, you can have
BESA Research to automatically set a
cursor at the latency of maximum global
field power and display the corresponding

image.

21
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2. ltis also possible to create a user-defined

volume imaging method: Switch to the

User-Defined Volume tab. Here, a wide

range of parameters can be specified.

In box Resolution Matrix, specify
whether you would like to standardize
your image with the resolution matrix

entries as in SLORETA.

In box Spatial Weighting, different
types of depth weighting can be
selected. Cross-voxel weighting as in
LORETA (3D Laplacian) and LAURA
(local autoregressive function) can be
applied. In addition, an additional
spatial weighting can be imposed by
the previously generated or imported
3D imported fMRI

image). The strength of the image

image (e.g. an

weighting can be adjusted by the

‘Factor’ sliding bar.

The Regularization parameters specified in this tab are in analogy to those in the

‘Standard Volume’ tab.

The lterations box allows to define iterative methods in which the source space is
shrunk in each step, leading to more focal images. An initialization image can be
selected, defining the initial voxel weight (this image is regularized as specified in the

‘Standard Volume’ tab). In each iteration step, the image is then smoothed and the

11 BESA

General| Standard Volume  User-Defined Volume | Surface Minimum Norm |

Defaults
toreTa | Laura | alomeTa | swioreTa | Mintom [[TClARA T ssioFo |

Resolution matrix

[~ Standardization by Resolution Matrix (sLORETA) Go
Spatial weighting
" Depth " 1t eigenvalue of RS leadfield Help
@ Mean norm of RS leadfield
(" Each component separately
[¥" Cross-voxel (& LORETA  LAURA
[v By previous image.
Factor: 7J 1.00
Regularization (for iterations, or if no iterations, for this image)
& 1.00
" CVE (Tikhonow) =
 Userdefined (Tikhanow):  [0.01 % CVE smoothing factar
@ SVD cutoff 0.01 %

 Minimum regularization

Iterations (Specity setings for initialization method in Standard Valume Tab)

1.00 Image smaathing halt-width (voxels)

10 Amountto clip from image (percent)

Initialization method

[LoreTA

No. of iterations
[2 =]

v Reqularize iterations

0K Cancel

source space clipped with the parameters specified here.

The Default buttons in the upper row set the parameters to those of the respective pre-

defined imaging method so that you can understand the details of those methods and

can easily modify them if you wish to.

www.besa.de
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3. After specifying the settings, you can
compute a user-defined image by
selecting the corresponding entry from the

list of images.

www.besa.de

' 1 BESA

Beamformer
CLARA
LAURA
LORETA
sLORETA
swLORETA
5SLOFO

User-defined Image
Minimum-MNorm (Surface)

Probe Scan
Sensitivity

Settings...

Ctrl+M
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E: Export and import options

All images obtained in BESA Research can be exported for further analysis (e.g. for

averaging and statistics in BrainVoyager or MATLAB). Images can also be imported into

BESA Research. These will then be displayed superimposed to the available MR image (the

BESA standard MRI or the individual MRI of the corresponding subject). In addition, images

can be used to define an initial spatial weighting for the different brain regions — both for

distributed 3D images (see above) and for a discrete multiple source fit, as will be

demonstrated in the following.

Image ASCII Files (*.dat), BrainVoyager VMP Files (*.vmp) and ANALYZE files (*.hdr):
Selection of one of these three formats leads to the export of exactly the currently
displayed 3D volume image. The resulting image file contains one image intensity for
each grid location (as specified in the ‘Volume Grid Spacing’ tab of the ‘Image Settings’
dialog window. The ASCII format contains the image in its original resolution (as
specified in the ‘Volume Grid Spacing’ tab of the Image Settings window). ANALYZE files
will be interpolated to a 1x1x1mm? resolution. The BrainVoyager format allows for both
options.

Same as above, but type ‘all latencies’: These options not only export the currently
displayed image at the cursor latency, but rather multiple images (one for each latency in
the available data set). In the present example, selecting one of these file types would
export LORETA images for each latency into one file. This file then contains the image
intensities for each location at each latency. This option is not available for iteratively

generated source images.

Image Ascii Voxel Time Series (*.vts): Exports the image intensity of the voxel at the

current crosshair position at all latencies.

Voxel values for each dipole orientation (*.dat): This generates an ASCII file that not only
contains the image intensities (i.e. the magnitude of the regional source activity at each
grid location), but rather exports the activity of all 3 components of each regional source

separately. This results in 3 activity values for each grid location.

24
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What does BESA Research provide?

v" Pre-defined source montages
v' User-defined source montages

v’ Artifact correction based on surrogate models, adaptive artifact correction

www.besa.de
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The present chapter will introduce the concept of source montages. In BESA Research
source montages can be created by the user, e.g. by a fitting process. Alternatively it is
possible to use pre-defined source montages. In the following we will learn about the
advantages and the use of source montages.

Based on the knowledge about source montages, we will learn about the background of

artifact correction.

A: Pre-defined Source Montages

1. The file ‘All_Subjects_cc.fsg’ should still o o o e = o e (e i L e oo
be open. If itisn’t, open it from your recent

file list: ‘File / Recent Files...’

2. Make sure the button Rec is pressed to

display the original recorded data. S oo oo b oo oo
> | D54| Rec |Vir | Src | Usr | Opt
\ ] '

————

o~
3. From what we see on the screen at the oo -p=rrroemarowos .

moment, we cannot infer which brain
regions might be responsible for creating :
the evoked potentials that can be seen

across all electrodes.

1T S ra—

4. We will now load a source montage thatis gs Goto Options Help
part of the BESA installation and was BR_Brain Regions

created for auditory evoked potentials. |  CR-CentralRegion

FR_Frontal Region
Press the Scr button and select ‘Evoked T g.
PR_Parietal Region

POtentIaJS /AEP’ 1 TR_Tempora| Region
Evoked Potentials b AEP

: SEP
: VEP

www.besa.de
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5. Now the sensor-space data are ‘ocromesoroEeRoees =

automatically translated on the sources in
the source montage. As discrete sources
have good separation properties we can 2

immediately see that activation is not

distributed over all channels any longer but

e et e e et Lo e T, T

ey 4T & g

mainly reflected by the temporal sources.
You might notice that some sources are
displayed with a head scheme, while
others only have a label. We want to look
at the montage in more detail to find out
why.

6. Press ‘Edit / Montage’ to open the File | Edit | View Filters Montage Process F

[

Channel Configuration...
Bad Channels...

montage editor window. The current

w
[=]
=
=

montage will automatically loaded.
Maontage...

Default Block Epoch...
Trigger Values...

YR

CopY Block to Buffer... Ctrl+C

7. In the montage editor window press the

button b to display a multiple head view. @ @
The sources are listed in the middle panel.

Have a look at the different sources by / \
clicking on the label.
L/

8. You will note that the first 6 sources are

] ] ) ] ] ) dipole orientation identifies cortical surface
single dipoles with an orientation while the /‘\ >
y L |
| £ @
other sources are regional sources that R el o
have not been oriented. The idea behind '
lateral
this montage is that it was optimized to
model auditory data. Therefore, the
auditory cortex sources have an orientation

to reflect activity in the different major

temporal lobe surfaces (see graphic), while

the regional sources were placed to

www.besa.de
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10.

11.

12.

increase the sensitivity of the auditory
cortex sources. Thus, any activity that
does not originate in the temporal lobe will
be projected on the regional sources.

Close the montage editor window and
the first of the head

schemes on the left of the main window. A

right-click on
window will pop up that displays the

cortical area that is covered by the
according source. You can view the
associated brain regions of all sources

displayed on the left of the main window.

11 BESA

Note that BESA Research provides predefined source montages for auditory,

somatosensory and visually evoked potentials as well as montages for central, frontal,

parietal and temporal brain regions. The according brain regions are modeled by

oriented dipoles, while the regions that are not of interest are modeled by un-oriented

regional sources. The source montage BR_Brain Regions does not contain any oriented

dipoles and was designed to get a quick overview about activity in the whole brain.

Note that source montages can not only be applied on average data to get a quick

impression about the active sources. Their particular strength is that they can be applied

on raw data. We will do this in the next step.

We will return to the dataset ‘S1.cnt’ of the
auditory intensity experiment that should
still be available in your recent file list: ‘File

| Recent Files...’

Next we will filters to the data by pressing
the EdF button or (‘Filter / Edit Filter
Settings’). Define a Low Cutoff filter of 0.1
Hz, forward, 6dB/oct and a notch filter of
50 Hz, Width: 2.

www.besa.de
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Flle] £t View fiters Montage Process ERP Artfact Search Tags Goto Options Help

0 B | Usr| Opt |EdM | LF | HF | NF | EdF | EEG
T

Variable Filter Settings 4’

[v Low Cutoff Filter

[ o
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[~ High Cutaff Filter
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[v Notch Filter
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13. Now we will load the artifact definition file —ES\ERPIAUGIONCINEISBASLCRE

that contains the blink information we Process ERP [Artifact| Search Tags Goto O

) ) IG | ERP | D Automatic... x| Usr
created earlier. Press ‘Artifact / Load’ and Hromatic 1
select the file ‘Sl.atf’. Make sure the . v View
Carrect !
artifact correction is switched on (a blue  ..——"v=r~ Celect !
elect... : ,
‘corrected’ should be displayed in the top """ oot ; E
e | puons... * :
left corner of the main window). W
pe it Load... [T
et Save.. rw—’““v—w
e : :"HW\‘\:

14. We will now apply the source montage Tags Goto Options Help

e | Ame | Eamn | 1 =

BR_Brain Regions

‘AEP’ again by pressing the button Src and =
selecting ‘Evoked Potentials / AEP’. MW CR Central Region

FR_Frontal Region
PR_Parietal Region
TR_Temporal Region
Evoked Potentials

15. Again, we immediately see — even in the
raw data! — that the majority of variance in
the data is produced by temporal lobe

sources.

16. Make sure you are in the first screen and
switch off artifact correction by pressing
‘ctrl-E’. Note that a large signal now
appears in the frontal sources (mainly
FpM). Also note, how the eyeblink has an
effect on auditory cortex sources. This

demonstrates the necessity to control eye
artifacts by either rejecting them or
correcting them. Switch correction back on

by pressing ‘ctrl-E’ again.
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B: Creating a source montage

1. We will now create our own source
montage based on the source model
we created using the grand average
data of the auditory intensity
experiment. Return to the dataset
‘All_Subjects_cc.fsg’ that should be
available in the file menu. If it isn't,
open it from your recent file list: ‘File /
Recent Files...’

2. Select condition ‘High’, right-click and
send it to source analysis with settings
-50 to 250 ms, a Low Cutoff filter of
0.5 Hz, forward, 12 dB/oct. and a High
Cutoff filter of 40 Hz, zero-phase, 24

dB/oct.

3. Open the source solution we created
earlier on in step D of Tutorial 4. Press
‘File / Open Solution’ and select the
file ‘HighIntensity 3RS.bsa’.

4. We will use this source model as a
source montage for our raw data. In
the present case this source model is
sufficient, but when data are very
noisy, it is advisable to add probe

sources to the model.

' 1YBESA

[File] edit_View Fiters Montage Process ERP Arifact Search Tags Goto Optians Help
Qpen ai-o p [ Usr” Opt|EaM| LF | W | WF | EF | EEG |
Close Al
Recent iles.

Load Channe! Configuration.
Head Surface Points and Sensors
MRI Coregistration..

Export.

Send to MATLAB.

d Convert ASCIIFile.

8. D\..t_ordner\Pejmariitest-2 for bes

€ Di\..tophtest_ordner\Pejmanktest-2 for besa\Pej-R-Lfoc
1€A\.-ssearch 5 3\ Examples\ERB-Auditory-Intensity\S1.cat = . 3

N LV WY SR B
M A Py Jl

Top View of Data
Whole Segment

FFT
Linear Correlation
Source Analysis

Define as Epoch
Define as Artifact

Write Segment
Copy to Buffer 4

Define Artifact Topography

Epoch: -91.0..315.6 ms, Filters: 0.5 - 40 Hz
Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz
Epoch: -300.0..1000.0 ms, Filters off

EENEEE

Open solution ﬂ
Lookin: | | ERP-Auditony-ntensity - ck B
e Name - Date modified m

a ‘§ | Averages 2103.2011 15:08
ocentPIaces ) test 17022011 14:31

! | test2 24.03.2011 10:56 =
Deskiop Highintensity 3RS.bsa 09.12.2009 15:17
iy LowlIntensity_2RS.bsa 09.12.2009 13:17

Lowlntensity_2SD-test.bsa

v 17.03.2011 15:57
Libraries Slbsa

29.03.2005 16:32

* S1_avbsa 04032011 13:57
- S1-ACbsa 29032005 17:04
Computer
-y §1-AC_testbsa 04032011 15:01
m S1-AC+SCbsa 29.03.2005 17:06 o
Network «| i »
File name: [Highintensity_3RS bsa | Open
Files oftype [BESA Solutions (bsa) ~] Cancel
Folders [Data Folder ~]
. 2
< 7
-1
== 38t

Remember that activity in any brain region that is not modeled by a regional source will

be projected on the sources of interest. l.e. any noise or unsystematic brain activity that is
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not related to the stimulation would be projected on our three sources.

As we are interested in auditory cortex
activity and activity in the frontal area that
in the high

condition, we need to make sure that

becomes active intensity
BESA uses oriented sources in the source
montage. In order to make the orientations
of the auditory cortex and frontal sources
available for the source montage, we need
to convert the according sources to single
dipoles. Select source ‘AC_Left’ in the
head schemes, right-click and press
‘Convert to Single Dipole’.

You will now see three individual traces for
‘AC_Left’, ‘AC_Left2" and ‘AC_Left3’. They
correspond to orientation 1 to 3 of the
regional source. Repeat the previous step

for source ‘AC_Right’ and ‘Frontal’.

Save the source montage by pressing ‘File
| Save Source Montage As..." and specify
the name ‘Highintensity 3RS-test.mtg’.
Close the source analysis window. Press
‘OK’ to terminate without saving the source

solution.

s Vs N \
| A off| ANfit] Start fit Mult.5 Probe Scan ¥ BrainVoyager [/
—_ | Antit] L] // /,\ . \
_— S ¢
i Save Salution As.. cnes |
/
— Image . /
Dl U P [
—_—
on
== Tt
——
| —=
[on
- No fit|
om—
_—
— [on
No fit
- ofor [

Vo
[Ton AC_Left E (//< J‘ ]
No it > /
[“on AC_Lef2 ~
No fit| \ /A\ {
|N':l;‘l| AC_Lefia //\/ \
[on | AC_Right i( —‘Q
No it

F\-\/ﬂ
on~ AC_Rights I

z
&

S/
)
i]
)
&/

z
&
L

k__(\

) BESA - CA\.ntages\AEP Al Subjects_ccfsg - High: 10 avs. Filters: 05 - 40 Hz, -48 .. +252 ms - Source analysis
File| Condition1 Solution1 Fit Image Options _Help

Open Salution. -0 | Energy
Append Solution crtea HRV.307
Save Solution

Save Solution As Crrl+5

Save Source Waveforms Ul
Save Source Waveforms As. CtrlsW

Save Source Montage

Save Source Montage As.. cirieG | |s
Save Source Analysis Window as Bitmap... All off] Al fit| Start fit|  Mult 5. ProbeScal
Send to MATLAB... |
on T~
1 CABESA Workshop\Data Source Montages\AEP_3RS bsa No fit 2z
2 DA\ \MEG Adults\mspilot03_ QS\IRS.bsa .
3 DA .. \MEG Adults\mspilotd3_QS\iRd bsa on -
A . \Examples\ERP- Auditory-Intensity\ Highlntensity_3RS.bsa Na fit
Examples\fMRl+ EEG-RT-Experiment\RT14 bsa
\ .. \EEG Coregistration Test Data\EEG-RT-Experiment\RT-6RS bsa on
.. \Examples\fMRI+ EEG-RT-Experiment\RT-4RS- 2D-seeded.bsa | Nofit]
B CA, .. \Examples\fMRI+EEG-RT-E) ment\RT-4D-seeded.bsa
5 G\, ... \Examples\fMRI+ EEG-RT-Experiment\RT-2RS bsa on TN
More + || Mot
Display Complete Paths.
on o -~
[ No fit
P10
o on
it No fit

Now we have created our own source montage for the auditory intensity condition that

includes the fitted sources along with probe sources. We will now apply this montage on

our grand average data and the raw data of subject 1.
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8. Return to the main window. The newly fim&sssiwimimmn . v
generated source montage was already
applied to the grand average data.
Please note that the activity increase

from 60 to 100 dB in the frontal source Y

can clearly be observed using this ©

montage.

9. We will now return to the raw data of B ——

a0 P | Usr|Opt |EdM| LF | HF | NF | EdF | EEG
1 AT\

subject 1 (‘Sl.cnt’). It should still be
available in your recent file list: ‘File /

Recent Files...’

10. Press the Usr button and select our
source montage ‘Highlintensity 3RS-
test’. We will use this source montage

later on for coherence analysis.

C: Artifact Correction

In the following we will learn about the background of artifact correction. Artifact correction
always aims at extracting unwanted signals like EOG, EKG or external noise from the data,
while leaving all brain activity of interest as undisturbed as possible. To achieve this, artifact
and brain topographies must be separated. Depending on whether one is dealing with
spontaneous or evoked activity, different approaches for artifact correction are appropriate.

These will be discussed and demonstrated in this tutorial.

Principles of artifact correction

For artifact correction, artifact and brain activities must be identified and separated. In
general, artifact and brain topographies will be spatially correlated. Hence, a simple
regression or the projection of the data onto the subspace orthogonal to the artifact

topographies will severely distort the data (see ‘Subspace Projection’ approach below).
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For a correction without distortion, it is not sufficient to define the artifact topographies (to be

removed), but it is equally necessary to create a model or a spatial description of the brain

topographies (to be retained). The first two of the following three methods also create a

model for the brain activity:

1)

2)

Adaptive artifact correction: (llle N, Berg P, Scherg M. Artifact correction of the
ongoing EEG using spatial filters based on artifact and brain signal topographies. J.
of Clin. Neurophysiol. 19:113-24, 2002.)

This method estimates the brain activity from the data currently displayed on the
screen. The data is scanned in specified time intervals. Those segments are
considered to represent brain activity where 1) the correlation between data and
artifact topography does not exceed a certain threshold and 2) the signal amplitudes
are below a specified threshold. Of the remaining segments a principal component
analysis (PCA) is performed. All PCA components explaining more than the minimum
variance specified in the box ‘Adaptive Model: PCA Topography are maintained.
They span the brain signal subspace.

In a next step, the recorded data is decomposed using all topographies into a linear
combination of brain and artifact activities. Thus, the estimated artifact signals are
much less overlapped with brain activity and can be subtracted from the original

signals without much distortion.

This approach is recommended, in particular, for the review of continuous EEG or
MEG data.

Surrogate Model approach: (Berg P, Scherg M. A multiple source approach to the
correction of eye artifacts. Electroencephal. Clin. Neurophysiol. 90:229-41, 1994.)

Here, brain activity is modeled by a model consisting of multiple equivalent current
dipoles. The artifact topographies are added to this model and the combined model is
then applied to the recorded data. Again, the estimated inverse signals separate the
brain activity associated with the surrogate sources from the artifacts to a high
degree. Thus, the artifact signals can be subtracted without considerable distortion of
the activities originating in the modeled regions. This approach considers the activity

in the modeled brain regions while the on-going EEG is not modeled accurately.

Therefore, the surrogate method is especially recommended for the correction of data
to be averaged if the average signal is smaller than the EEG or MEG background. In

this case a model cannot be estimated from the on-going data. Therefore, a-priori

www.besa.de



Tutorial 8 — Source Montages and Artifact Correction /—} BESA

knowledge of the involved brain regions should be employed to create an appropriate

surrogate model.

3) Subspace projection (SSP, regression): This approach has been commonly
applied in the literature. SSP does not contrast artifacts and brain activity. Rather, the
complete subspace spanned by the artifact topographies is projected away from the
recorded data. This leads to undistorted data only in the highly unlikely case when
artifact and brain activity have exactly orthogonal topographies. This is generally not
the case in real data. In the likely event that evoked brain activity has a topography
correlated with the artifact, this method removes the correlated fraction of the brain
activity. As one of the negative consequences, maps of the corrected brain activity

will be severely distorted after SSP correction, as we will see below.

Therefore, this method is not recommended.
The following chapters demonstrate the practical application of these different approaches.

D: Artifact Correction of averaged ERP data

For a traditional ERP analysis (e.g. analysis of peak channel amplitudes and latencies),
artifact correction can be applied to the averaged ERP data. This chapter demonstrates how
the different correction methods affect the obtained result.

1. Please open the file ‘S1-blink+ERP.fsg e i o
Lookin: | . ERP-Auditory-intensity -] @ ef B
located in the ‘ERP-Auditory Intensity o ame ’ Date moified
Rsce.;; os Averages 21032011 15:08
folder’. This file contains the average of o, e o o |
. i D-sskwp All_Subjects_cc.fsg 09.12.2009 14:35 l
conditions 60 to 100 dB, Low, High and All P e Sip————
) ) ‘ Libraries S1_av-testfsg 14.03.2011 16105 |
along with an averaged eyeblink. Change | A (bl 18052005 1719
Compute S2 av.fsg 13.05.2005 14:55 i
. 4 S2_av-test.fs 14.03.2011 16:06
to the virtual reference-free montage by | & s snam2ss - |
Network 4 n 3
pressing the Vir button and selecting the | T 3 Lo
Files oftype [currentFile Type (*feq) ~] Cancel
entry ‘Reference Free’. oo [psarolia -
10
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2. We will demonstrate the effect of artifact ...
correction with focus on the 60 dB
condition. Use the time scaling button at
the bottom right of the window to set the
time scaling to 2.0 s. Press the amplitude
scaling button under the Scp button to

increase the displayed scalp channel =

amplitude to 5 pV.

3. From the ‘Artifact’ menu, choose

‘Select...’.

4. Note that the blink artifact topography that

we defined in the raw data has been
assigned automatically to the averaged file
as well, but is not selected by default. Set
the ‘Blink’

the checkmark next to

category.

www.besa.de
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BESA 5.3 - C:\..3\Exa

File Edit View Filters Montage Process ERP |Artifact| Search Tags

"F|F+| WS [SAW [ 3D MG |ERP | D ,iomatic.
virtual Reference Free
; View
Fo_rfr Correct
_A1_r‘fr Select..
P9_rir Options...
Fpl_rir Load...
F7_rfr Save...
T7_rfr
P7_rfr
Artifact Correction __& | — Mw
Select Topographies } Estimate Signal }
Select Mo. of
category topographies
(% wariance)
r
r L |
v Bink  [1(2039 *| M |
r =
r [—=]
r :l L
Load Save EEG [
OK Help
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5. Switch to the ‘Estimate Signal’ tab. We

will compare the three different
approaches for artifact correction offered
by BESA Research. First, select ‘None
(SSP-Regression)’ in the ‘Model of Brain
Activity’ box to correct the data by

subspace projection. Press ‘OK’.

6. Make sure that artifact correction and view

is selected in the ‘Artifact’ menu.

7. Press the scaling button for the Blink
channel to scale it up to 10 pV. The blink
activity has been largely corrected.

Remaining activity in the first segment is

due to the 0.6 % of variance that is not

explained by the first PCA component.

Including a second or third PCA
component in the ‘Select Topographies’
tab would improve the correction.

However, the more artifact topographies
are being defined, the more likely the brain
activities become distorted.

11 BESA

B e S

Artifact Correction A ———

Select Topographies Estimate Signal I

Model of Brain Activity
(" Adaptive (C Surogate

Surrogate dipole model (*hsa)

xamples\ERP-Auditon-ntensit, 31-AC hsa
oK

| Help |

File Edit View Filters Montage Process ERP Search Tags

F|F+| wrs [ sAW |[ 3D MG | ERP | D suiomatic.
virtual corrected Reference Free
i v View
FO_rir v Correct
At_rfr Select...
PO_rfr b—m—m—m—— .
: Options...
e T i e N —
: Load...
F7_rfr — Save.. 1
T7_rfr &,vﬂ:[
P7 e b 00 — T

BESA 5.2 - C:\Users\Public\Dec h_5:
File Edit View Filters Montage Process
-F|F+| wrs | saw | 30 MG

virtual corrected Reference Free

F9_rfr

Al_rir

ity\S1-blink+ERP.fsg
ERP Arifact Search Tags Goto Options Help
ERP | DSA | Rec | Vir Src | Usr | Opt [ EdM | LF | b

porir f—t— ] U S
i p—->-———n ————— | TN e e
F7_rfr

i fp—t——————— T T T T T T T T
P7_rir T
I e e —
s f—t——— ] e~
C3_rr S — e
par f—t—— ] —_—
foir fb——— ]

comr p—t—m ] L N e e
Pt b —meo  — —
o p———— ] N m—— e

Fd_rir
ca_rir
Pa_rfr
Fp2_rir

F8_rir
T8_rir
PB_rfr
02_rtr
F0_rfr
A2_rr
PA0_rir

BLINK
ink:

KK

[Time: 00:00:00

S S
- T T
O

- e -
60dB: 92 avs
[] [] [] [] [] []

JNARRRRRN

Auto

1
< |
Tolal: 00.0011

(Offs: 00:00:00 Cur: 0.000 5 Fitters: 0.5 - 40

8. Double-click in the second segment at the latency of the N100 component (ca. 90 ms) to

obtain a 3D whole head map of the corrected data at this latency. The map is severely

distorted by the SSP correction: Instead of the N100 topography, a strong frontal positivity is

observed that is typical for the blink topography. The reason is that SSP is not able to

contrast the artifact topographies with the brain signals. Since the N100 topography is

correlated with the blink topography, the correlated fraction of the N100 contribution is

www.besa.de
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10.

' 1 BESA

removed from the data by the subspace projection. The correlation can be seen in the

bottom trace which depicts the blink signal estimated using its topography throughout the

data set. At the time of the N100, it shows an upward deflection. Hence, SSP subtracts this

part weighted with the blink map. Thus, a more inferior frontal positivity is introduced. The

net resulting map, however, has been made orthogonal to the blink topography over all

electrodes.

xcers €RP Atifact Sesrch Tags Goto Options. - Help
| ERP | DSA | Rec [ Wir Src | Usr | Opt |EdM | LF | HF | NF | EdF | EEG

ozrir
F10_str [~
A2_rte
P10_rie

BLINK

I : J

cormmeind.
0504 1stop [

L] Comect: SSP

To see how the adaptive method improves
the result, select ‘Artifact/ Options’.

of Brain select
The

threshold determines

As ‘Model
‘Adaptive’.

Activity’
‘Minimum Variance’
the number of
topographies that are considered brain
activity which is contrasted against the
artifact topography. Set the threshold to
5%. To view the time course of the brain
topographies, press ‘Brain Activity: View

Waveforms’.
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ors Montage Process ERP | Artifact| Search Tags

U 3D IMG | ERP | D Automatic...
sference Free i

; v | View
e

: v Correct

: Select...
-

' Options...
e

Load...

_ Save..

—Adaptive Model: Original Data Topogragph
EEG
Max, Amplitude: 100.0 [
Max, Corr. with Arifact l—
Subspace (%) 50.0
Scan Interval (ms): 16.0 hd
i Adaptive Model: PCA Topography
in. WVariance (%) 5.0

i~ Model of Brain Activit

Brain Activity!
View Waveforms

(" MNone (35P - Regression)

Surrogate dipole model (*bsa)

Ixamples\ERPfAud\lnry\ntenswy\SFAC hsa Browse

o |

Cancel Help
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Select Topographies Estimate Signal |
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11.

12.

13.

Tae

Three PCA topographies serve as model |-

for the brain activity. In their time courses,

the auditory N100 component is mainly

represented by the first component. Note ::
that the 4 displayed components have

topographies that are orthogonal to each

other, but they are not orthogonal to the

artifact topography. Accordingly, this
approach will retain brain activity even
when it is spatially correlated to the artifact
topography.

To see this, close the ‘PCA Waveforms’
and ‘Estimate Signals’ windows. If the
cursor at ca. 90 ms is still set in the
second condition, select ‘Process/Voltage
Maps’ or type the hot key ‘M’ on the key
board to obtain the 3D map of the

adaptively corrected data.

The maps are nearly undistorted by the

artifact correction and show the typical

N100 topography. As a correlate, note that -
the blink waveform does not show any -
interaction  with
components. This indicates that blink and

brain activities have been very well

the auditory evoked -l

separated by the adaptive method.

www.besa.de

Filters Montage |Process| ERP Artifact Search Tags

Goto Optic

saw |3 I

1 Reference Fre

HJH

\JW

Source Analysis

Source Image
Voltage Maps
CSD-Laplacian Maps
MEG Maps

Density Spectral Array
FFT-Spectrum

Mean FFT-Spectrum
Previous FFT-Spectrum
Load FFT

Linear Correlation
Nonlinear Regress.

Movie

Batch Scripts... Shift+R
Run Batch, R

Usr | O

Se | Usr | Ope Em | LF | ¥ | o | EoF | EEG

s008: 52305
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14. Press ‘Artifact / Options’ and check [t corection S E_——

‘Surrogate’ in the ‘Model of Brain Activity' |~ " Ejjfﬁjj;fijﬂig”a"

box. The surrogate model approach is petact (4 o

useful if evoked activity is to be contrasted : e 2 f

against eye movement artifacts and if the |  surwgaeMods: Featreshols |
o I | vinveience gy [io |

evoked activity is small as compared tothe | | i |

background EEG / MEG. In this case, the : e e vewhmoms | | |

adaptive model does not well model the : [ramples\ERP-Audtonyirtensity\G1-ACsa  _ Brawse..

evoked activity and artifact correction is | [ ok | oo Help

likely to create distortion. Therefore, a
surrogate source model should be
established a) on the basis of a priori
functional-anatomical knowledge, or b) by
using a multiple source model or spatial
components defined by a PCA from an
average with all artifact epochs rejected

and fewer trials.

15. Press the ‘Browse’ button to load the solu- [t surcgsis voceliorsen Acuue N S sl
. . , Lookin: | | ERP-Auditory-Intensity ~ ok B~
tion ‘Lowlintensity 2RS.bsa’ that was » Name . ere—
. . . @ ‘tf‘ | Averages 21.03.2011 15:08
created earlier on, consisting of a ceentPEESS ) test vezanima |
! | test2 24.03.2011 16:30 M
symmetrical pair of regional sources in the || o e e el |
) . = LowIntensity_2RS.bsa 09.12.2009 15:17 I
auditory cortex. The stored two regional Toat: Lowlntensity 25D-1e( T, e, 554 e 17032011 1557
‘L\ Slbsa Size: 731 bytes 29.03.2005 1&:32 |
H H ] H 51_av.bsa L DS 12 5: 04.03.2011 13:57
sources model the bilateral brain activity in Compuer rene S a005 1708 |
) Q& 51-AC_testbsa 04.03.2011 15:01 +«
the supratemporal region and are Nowork < vl
. . . . File name [ ~] open |||
combined with the defined artifact I et Dpete Mot Cowe = ]|
topography to separate artifact and brain - — o

signals®.

!t is not necessary to create a surrogate source model. Predefined surrogate models are provided by
BESA Research.
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16. Press ‘OK’ and press ‘M’ to view the 3D ...
map of the surrogate-corrected data at the ~-| ——
cursor latency. Similar to the adaptive --

method applied to the averaged data, the --

brain topographies are nearly undistorted.

The blink waveform does not show any -~

interaction with

components.

the auditory evoked --

vvvvvv

R

Time; 000000 Tond 0000111

11 BESA

b 148 318
yial BT

e | Ve | Opt |Eau| LF | v | e | Ear

E: Source analysis of artifact-corrected data (not recommended)

e @0

oo 11 o

«««««

Accurate source analysis of artifact-corrected data requires knowledge of the artifact

topographies that were removed from the data. Otherwise, source activities will also be

distorted. If an (averaged) data segment has been created (and/or stored as binary segment)

by the program, BESA Research knows the artifact coefficients as indicated by 'corrected' at

the upper left. Otherwise, an ASCII file (*.art) with the artifact topographies must be provided.

1. Left-drag over the second segment to
mark a block. Right-click and send it to
source analysis with settings -50 to 250
ms, Low Cutoff filter of 0.5 Hz, 6 db/oct,
forward and High Cutoff Filter of 40 Hz,
24 db/oct, zero-phase.

2. Load the source model
‘LowIntensity _2RS.bsa’ by pressing ‘File
/ Open Solution’. The letters ‘ART’ in the
status bar at the bottom right corner of the
window indicate that this data is artifact-
corrected and that BESA Research knows

the topographies of the corrected artifacts.

www.besa.de
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Depending on the correction method, a fraction (adaptive, surrogate) or the complete (SSP)
dimension of the artifact subspace is missing. Despite this fact, the source analysis window
ensures correct localization and correct source waveforms (S) of fitted sources. This is achieved
by a SSP method that projects both the data (D) and the source topographies (L) onto the
subspace orthogonal to the subspace that is spanned by the artifact topographies. Accordingly,
the display shows the SSP-corrected data, independent of the correction method used in the
main window. The fact that the source waveforms are recovered correctly by this approach can
be seen from the following equations:

Uncorrected data: D=L*S

|

Corrected data: (P*D) = (P*L) * S

Here, P is the operator that projects into the subspace orthogonal to the subspace spanned by

the artifact topographies.

3. DOUb|e-C|ICk |n the Waveform bOX tO Set a & —(\...ow—lnmtyﬁl—umb&ﬁ?.ug'WEB‘BZM‘Fl\lers:U.S—QUH?.*!B._-Z-tsAms'Soumedna\ysls S s ) |

File Conditionl Solution1 Fit Image Options Help

Salution: C\... u ¥ _2RS.bsa
cursor at the N100 latency. Right-click ‘;fJQ o artavs };"iére'n%{;h:‘-"i;:f"i;;“
and select ‘Display 3D Maps’ or type the ﬁ - S J

| .o [N AN Start i image g0
hOt key ‘M’ on the keyboard ?__vlw: Display 30 Maps M //:'/ ‘\\\\
R (S0
D prmemwe L
| - BrainVoyager N f ’ k "
I ZQC . ;& N
I e = ﬂ Lol
—— |-
I/ N
L ime stanicson s | G s300ms -0 -
4. BESA Research displays a warning |Veltsgemsp-Dats ==

Thig iz an artifact-corrected data set. In order to ensure correct source localization, BESA perfarms

message . It eXp|aI ns Why the f0||OWI ng a subspace projection [S5P) on the data and the source leadfields.

The 55F removes the artifact topography from the data. Due to this fact, the 30 maps in the

map Wl” be dlStorted PreSS ‘0 K’ tO Source &nalysiz module will be distorted.

Thiz will be indicated by the additional text "distorted by 5SP" in the header line of the map window.

confirm.
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5. The topography is severely distorted by
the subspace projection that was applied
to the data. Although the source wave-
forms obtained by modeling the corrected
data are undistorted, the data displayed in
the channel box and in the global field
power (GFP, blue line in the upper middle
box) are distorted. As a consequence,
loading corrected data into the source
analysis window is less recommended.

Close the source analysis window.

11 BESA

Data Mod. | Res.
[<]>| 600B 92 avs
org| 48,00 ms

|| | PCcA | EEG
Fillers 05 - 40Hz =
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Help
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l‘ File Conditionl Solution1 Fif jmage Qptions I o
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F: Contrasting artifact and brain topographies — the ‘Optimizing method’

(recommended)

In order to obtain correct source localization, the presence of blink artifacts in the averaged

segments must be taken into account. This is done by including the artifact topography in the

multiple source model during source analysis.

1. Switch off artifact correction by pressing
‘ctrl-E’. You can confirm it is switched off
as ‘corrected’ is no longer displayed in the
top left corner of the main window.

2. Left-drag over the second segment to

mark a block. Right-click and send it to
source analysis with settings -50 to 250
ms, Low Cutoff filter of 0.5 Hz, 6 db/oct,
forward and High Cutoff Filter of 40 Hz,
24 db/oct, zero-phase.
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Tutorial 8 — Source Montages and Artifact Correction

3. Load the

‘LowIntensity_2RS.bsa’ by pressing ‘File

source model

/ Open Solution’.

4.

'Floesa

Data (1-12 of 31)

»| "60dB" 92

org| L-48.00

' 1 BESA

Intensity\S1-blink+Ef M-BOG&!ZMHWS 05-40Hz, -48 ..

er———

Lookin | ). ERP-Audiory-imenssy ¥ ~®moBr one_
oy | B Name Date modified -
et ). Averages 210320111508
FCo—utf| PocesPaces 4,0 17022011 1431
o = L test2 24032011 16:50
= Caskisp Highintensity 3RS bsa 09122009 15:17
[ wea Highlntensity_3RS_ AEP-testbsa 250320111123
o = Lowintensity_2RS.bsa 09122009 15:17
—~ Libraries Lowintensity_25D-testbsa 170320111557
C2 g Stbsa 20032005 1632
il S1_avbsa 040320111357
At S1-ACbsa 29032005 1704
POl & SL-AC testbsa 04032011 1501
Network »
PG i
File name: |Lowintensity_2RS bsa ~l | open
2 Files oftype. [6ESA Sowtions (" bsa) ~! Cancel
G Folders: [Data Folder ~]

spatial component explaining the blink topography.

Press ‘File/Append Solution...’. In the

drop-down menu ‘Files of type:’ select
‘Artifact
(*.atf;*.art;*.coe)’.

blink+ERP.atf’ and press ‘Open’.

Topographies

Select ‘S1-

+248 ms - Source analysis

Date modified

21.03.201115:08
17.022011 14:31
24032011 16:50
23.03.201110:36
25032011 1415

Lookin | | ERP-Auditory-Intensiy
o Name -
~p | Averages
Recent Places
] I test
! I test2
Deskiop gsmrf
o &) S1-blink+ERP.atf
MT‘
Libraries
Computer
Network «| I

Flle 091" i e e e et e e e 5 open__|

csf

Next we will load the artifact topography into the source analysis window. This will create a

— _

j « @ o B

3

The PCA

component of the blink artifact is now

topography of the main
appended to the current solution. The
corresponding waveform and the equi-
valent location are shown in the source
analysis window. This is the component
explaining 99.4% of the artifact variance
that was selected during the artifact

definition.
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Tutorial 8 — Source Montages and Artifact Correction

7. Again double-click in the waveform box to
set a cursor at the N100 latency. Right-
click and select ‘Display 3D Maps’ or
type the hot key ‘M’ on the keyboard. Note
that the map is not distorted but shows the

typical N100 topography.

Switch off the spatial blink component by
pressing its On button and close the 3D
mapping window. Press ‘All Fit’ and ‘Start
Fit’ to see how the fit changes if don’t take
eyeblink activity into account. Note that the
auditory sources locate more anterior and
medial than before. Switch the spatial blink
component back on and repeat the fit for
comparison. Close the source analysis

window without saving anything.
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Tutorial 9 Time-Freq. Analysis, Coherence, Beamforming

What does BESA Research provide?

Time-Frequency Analysis (Complex Demodulation)
Scalp Coherence
Source Coherence

Single-subject statistics (Permutation Test)

AN N NN

Multiple Source Beamforming
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Tutorial 9 Time-Freq. Analysis, Coherence, Beamforming /—} BESA

A: Principles of scalp and source coherence

Recently, an increasing number of papers on oscillatory coupling between brain regions in
animal studies and on time-frequency analysis of human EEG and MEG data has been
published. BESA Research features several tools for fast and user-friendly time-frequency

analysis including source and scalp coherence.
First, let us introduce some terminology for clarification of the concepts:

e Surface waveform: a time signal recorded from EEG-electrodes or MEG sensors

e Source waveform: a time signal calculated for a specified brain region or cortical

surface

e Source montage: transformation of the on-going EEG/MEG into the estimated

contributions or source waveforms of a set of brain regions

Source montages transform EEG/MEG back into the brain

¥ haD . R . R
ACt-Left VJ#\/W wide distribution (overlap)

ACE-Right — /st
i ‘N1SD

ACr-Left %

ACr-Right /N
; N100
CG-Mid _\,/*\,,_\/ “

active patches: compound activities

e
ACt-Left N

Py
ACt-Right ——~/N—

¥hA30
ACr-Left

scalp waveforms have mixed

v
contributions from the sources

ACI-Right — /Mo
N100
CG-Mid _v/f\_,_\/ e 8 )

separated sources & waveforms multiple sources (unmixing)

e Time-frequency analysis: analysis or display of the event-related time-locked or

induced activity in the time-frequency domain
e Time-locked activity: event-related signal with similar waveshape over trials

e Induced activity: oscillatory activity occurring in a certain event-related time window

with varying time lag and phase

e Oscillatory activity: activity occurring with several oscillations in a narrow frequency

band; can be time-locked and/or induced

www.besa.de



Tutorial 9 Time-Freq. Analysis, Coherence, Beamforming /—} BESA

Oscillatory coupling between 2 brain regions

Coupling is assumed if oscillatory brain activities are correlated in
amplitude and phase. Binding: zero phase coupling (cat studies)

region 1

region 2

Oscillations in the 2 regions must have a systematic phase relation

o TSE: temporal spectral evolution, change in power or amplitude over time

o ERD/ERS: event-related (de)-synchronization, change in power or amplitude over

time, used in equivalence to TSE

o ERSP: event-related spectral perturbations, change in power or amplitude over time.
This is the more general term and comprises ERD/ERS/TSE that are related to

baseline.

e Correlation: correlation between two time signals, i.e. scalar product of normalized

time signals in time domain

www.besa.de
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Coherence measures correlation over trials

» same frequency in coupled regions within each trial

* possible variation of frequency and duration across trials
+ similar phase difference across trials

+ similar amplitude fluctuations across trials

coherent trial 1 trial 2 trial 3

region 1 M/\{\/ll\f\mw W W ﬂ\p\/i\\y[v\/\,,
region 2 ~PAASAA sﬂ\/\/\/\[\/x/ M‘/\}%M U\WM/

incoherent tr|al 1 tr|al 2 tr|al - trial n

region 1 wv’\/"]{\f\N‘-" :
region 2 M UVWM}\/ %

e Spectral-temporal density function S(f,t): amplitude of a signal at a certain frequency f
and interval t relative to an event

e Coherence: correlation of two spectral density functions S;(f,t) and S,(f,t) over trials,

i.e. squared scalar product of S,(f,t) and S,(f,t) over trials, normalized across all trials

e Phase locking value (PLV): correlation of two normalized spectral density functions
S,(f,t) and S,(f,t) over trials, i.e. mean of the scalar product of the normalized S(f,t)

and S,(f,t) over trials. Amplitudes are neglected, only phase relationships between
two oscilllations are considered.

Coherence: correlation in frequency domain

Time-frequency signal: S(f,t)= A(f,t)-e""
1n’ ;n
Coherence: Coh(ft)=—"»— 1 _
Z|S1 n‘ Z|82n|
Phase locking value: PLV(f,t)= NZe -
t, t; t, ts Amp. | Phase | Coh

L, t L L, ideal ideal 1
L L, 1} t. corr. | corr. <1
L {

/

rand. rand. 0

Pandih gl ud
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When coherence is calculated at the surface between 2 EEG channels or 2 MEG sensors,
activity from various brain regions is picked up in each of the surface channels. Oscillatory
activity in one brain region can already lead to a strong coherence between 2 surface
channels because of the wide distribution of focal brain activity at the surface. This is due to
the nature of the dipole fields when recording remotely and due to the smearing effect of the
volume conduction in EEG. As a consequence, a coherence measure between surface
channels cannot distinguish between coherence due to propagation and real coherence
between the oscillatory activities in two coupled brain regions.

Interhemispheric scalp coherence: problem

scalp propagation ! coherence ? scalp propagation !

P & ey
5 A

left AC only bilateral right AC only

Whether true coherence can be detected at the scalp, depends mainly on the relative
orientation of the source currents in the underlying brain regions and, to a lesser extent, on
their distance in location. In the case of the auditory cortex, for example, both the left and
right temporal planes produce vertical activity with strong bilateral contributions centrally (e.g.
at C3/C4 and F3/F4). The spatial correlation of the radial activities at the lateral surfaces of
the superior temporal gyrus is also very large between right and left scalp electrodes, e.g. at
T3/T4. A current-source density montage (CSD or Laplacian) can reduce the effects of
propagation on scalp coherence to a certain extent, because it enhances the radial current

from the underlying cortex relative to more remote sources to some extent.
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Source coherence: hemispheres separated

scalp coherence ?

inverse spatial filter W W inverse spatial filter

using all channels b — 4 using all channels

G2 )

source coherence |

source waveform of \_m / source waveform of

left AC separated ’ right AC separated

An optimal separation is obtain by a source montage derived from a multiple source model.
The model is used to create an inverse spatial filter, i.e. a source montage, that separates
the different brain activities. Activities that are not accounted for by the model, e.g. from
background noise or EEG, are distributed amongst the sources and may therefore lead to
'noise coherence' between source channels. This 'noise coherence' can be large for sources
which have very similar spatial topographies. It can be reduced by increasing the
regularization constant of the inverse at the expense of a larger cross-talk between the

sources or by including specific sources accounting for the 'noise’.

The principal steps to calculate a time-frequency diagram and source coherence are
illustrated in the figure below for the real data example of ERN. A multiple source model is
created from averaged ERP data and/or sources in brain regions known to contribute from
fMRI/PET studies using a similar task. The source model is then used to calculate a source
montage and the source waveforms of the single trials. Next, each single trial is transformed
into the time-frequency domain by selecting a certain temporal resolution using complex
demodulation (a principle similar to FM radio). From the single trials, time-frequency displays
are generated by averaging spectral density amplitude or power over trials. Source
coherence is calculated by averaging the cross-spectral density of one reference channel
with all other channels over trials and normalizing by the averaged auto-spectral densities

(cf. illustration above).
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B: Simulation of evoked and induced activity in the auditory cortex

The simulated data sets can be found in subfolder Learn-by-Simulations\AC-Coherence of
the BESA Research Examples folder. The data have been generated by superimposing a
real continuous 27-channel EEG-recording with the simulated activity of two pairs of bilateral
sources in the auditory cortex (AC). The purpose of this combination was to understand the
sensitivity of time-frequency analysis to reveal oscillatory activity and coupling in a realistic
on-going EEG. The figure below displays the underlying source configuration. Sources 1 & 2
were simulated as simultaneous evoked monophasic activity with a time-locked onset of 50
ms after a hypothetic auditory stimulus (trigger T1). The duration of this monophasic activity
was 150 ms, and the amplitude was chosen to generate a signal of 10 pyV at Cz. Dipoles 3 &
4 simulate a more antero-lateral secondary area of AC with an orientation differing by about
30° from dipoles 1 & 2. They reflect induced oscillatory activity (trigger T2) that jitters in
latency (300-550 after T1), duration (300-450 ms) and frequency (20-28 Hz). The envelope
of this oscillatory activity had the same amplitude in all 200 simulated trials. The amplitude
generated at electrode Fz was 5 pV (file AC_Osc5.foc) and 20 uV (file AC_Osc20.foc),
respectively. The oscillation of dipole 4 follows that of dipole 3 with a constant delay of 5 ms.

< @L@ v I
-~

Dipole 1
Dipole 2

. Al i,.[h‘ i_u'él. ;,J“'»
Dipole 3 i i . o

. ;_"“h, ‘ ;,ill‘. §,|||I||, 'r ‘E[
Dipole 4 A e T ; gq'm,v..

T1 T2 T1 T2 T1 T2 ™ T2

We will now learn how to process these data to extract both the evoked time-locked and the
induced random-phase oscillatory activity. Next we start with the data set which has a high

signal-to-noise ratio to learn the processing steps (AC_0Osc20.foc with induced activity of 20
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MV at Fz, corresponding in size approximately to the background EEG amplitude). Then we

will explore the sensitivity in the data set with the smaller induced activity of 5 yV at Fz.

C: Inspecting and understanding the simulation with real EEG background

1. Open file ‘Learn-by-Simulations\ AC-
Coherence\AC_0Osc20.foc’ in the BESA
Research Examples folder. Note that e.g. '

at electrode C3 the evoked monophasic :|
response locked to trigger 1 is just visible
on top of the background noise. The : i

induced oscillatory activity following trigger s

A

2 can be observed as well.

2. In order to better understand the [Eseceere SN =S
. . o Lookin: | | AC-Conerence ~| @& ef E
properties of the simulated activity, we B |Name . Date modified
~p AC_Osc5.foc 13.03.2003 17:17
load the averaged evoked response file. | ! Aot vt
. ‘ , | o AC:OchD‘fs 12j03‘2003 19:05 |
Open file ‘AC-Coherence\AC_Osc20.fsg’. | "= ) {
I vioreries |
I ,& I
l Computer Ll
i e, |
| r\:‘i’m < i v
I File name: [Ac_0sc20tsg ~] Open |
| Files of fype [BESA Binary Files (* foc. “fsg) - Cancel |
f Folders [Data Folder ~] :
(%] BESA 5.3 - G Simulat

3. The first Segment contains the AVElrAJE e can view fiters Montage Process ERP Anifact_Search Tags Goto Options Help

-F|F+| wrs | saW |[ 3D MG | ERP | DSA |[Rec Vir | Src | Usr | Opt | EdM | LF | HF | NF | EdF | EEC

triggered by the stimulus onset, the » |} —— -t

second averaged segment is time-locked Z | \ ~ I : '
to the onset of the jittering oscillations. .
Relative to stimulus onset, the induced :
oscillations cancel out in the average. The .,

o |-

jitter in the frequency range of the =

Cz

Pz |
oz
F4

signal average relative to the onset of the o |-

P4

oscillation (20-28 Hz) also reduced the

oscillation. Note that the waveshape of the ™[

monophasic activity is altered by low cutoff e

filtering applied to the average to reduce —

Y

P10 | e A b [y [\ e e

slow drifts in the data.
o] D AR

Time: 00:00:00 Total: 000003 Offs: 00:00:00 Cur: eeeeemmmmnnees Filters: 16 -4
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4. To see how the averaged surface activity

is transformed into brain space, we use
the source analysis module. Left drag
over the first segment. Right click and
select ‘Source Analysis’. For this
segment we use an interval from -50 to
1000 ms and choose a Low Cutoff filter of
1.6 Hz, 12dB/Oct zero-phase and set the
High Cutoff filter to 40 Hz, 24 dB/Oct,

zero-phase.

The source analysis window opens.
Minimize this window to load the second
segment as well, but now select an epoch
from -500 to +500 ms relative to the onset

of the oscillation.

Select ‘File / Open Solution’ to load the

predefined solution ‘AC9D.bsa’.
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| Data_Mod.
{ O

1 1‘14

Res. |[D]| | PCA | EEG
2 avs 16
s 500,00 m

dipoles that were used for the simulation.

In addition, five probe sources are

included that pick up background EEG |

activation. In condition ‘OscOn’ (containing

ZIN

the oscillation-locked averages), dipoles 3 *
’ =

and 4 show small oscillatory activities. The o S m\\
evoked activation in sources 1 and 2 is | . oAt | 5 T ESi=)

IData Residual (1-12 of 27)

barely visible, because of its large onset

jitter with respect to trigger 2.

8. Use the arrow buttons in the upper left [ S ermm s SEEme s s

E! Condition1 Solution1 Fif mage Qptions Help
Solution: C

corner to switch to condition 1. The time- rLu o %“ el e R e

+1000.00 ms| (Best 0.125" RC. 1

a
]
<]
g

locked evoked activity appears only in the t - RN
= [ AR St Usar [ FEVE)

related sources 1 and 2. The induced | (Al |
oscillations in source waveforms 3 and 4 | o~Lo—— ot
cancel out almost completely. The five
probe sources show only small | X :

background noise activity. Note the almost | “—v=——=— 5

Noit]

Source waveforms

complete separation of the activities in the | weee wizeen

different brain regions as compared to

their wide distribution in the scalp

waveforms.
9. We want to use our nine-dipole model as a e .
source montage for the continuous data. gpp;:st'A Zm:
e Sobtion s ”
Create a source montage from the SaveSouce Waicloms -
displayed multiple source model by e =
selecting ‘File —> Save Source Montage et
As...”. Note that the source montage not Zzg;ﬂtg%?jlﬁmu.a:i;inxc,cuhe_[fmemcgnysajp{sma
only contains the source coordinates, but P e
5 C\ .. \Montages\SurrogateModels\AEP.bsa
also stores the selected regularization 33]I]QEZTﬁZ?:Sféli%iﬁ?ﬁil‘iﬁ;féiﬂf.ff!l“""LR"’”
constant (set to 1 by default). ;E:{tej:tZ:EEIZZQEEEQ:3:iZSii:iiﬂiizlfiﬁf:mzsmm }

Display Complete Paths...
Exit
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10.

11.

12.

the
montage to be saved, enter ‘RC1-test’, to

When prompted for a name for

indicate that a regularization constant of
This  will

create the new source montage and

1% was used. Press ‘Save’.
automatically apply it to the current file in

the main window.

Close the source analysis window. The
display now shows the averaged data
segments transformed into brain space by
the generated source montage. Note the
advantage of the source montage: instead
of the distributed overlap of the different
activities at the surface channels, we now
obtain largely separated activities of the
modeled brain regions with the evoked
time-locked activity in source 1 & 2 and the
induced oscillatory activity in sources 3 &
4,

Next we want to apply this source
montage to transform the continuous data.
Press the ‘-F’ button to switch back to file
‘AC_Osc?20.foc’. Press the USR button in
the push button bar to show all user-
montages that are available for this file.

Select the predefined montage ‘RCO’.
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13. The continuous 27-channel EEG data has

if7g

been transformed to nine source

P

waveforms. We want to use the advantage

-

of having contrasted the activities of the

different waveforms to apply time-

frequency analysis to the nine source

waveforms and analyze the coherence wssmw o e

T

between them.

D: Time-frequency analysis

1. Select ‘ERP / Open Paradigm’ to load the [{rests roriam bespionsie IS T =)
. . . . Lookin: |\ Auditory | eEctEr
predefined settings in file B |Mame e Date modified
, 5 'i-': AC OscPDG 23.11.2004 1519
‘ i i i ecentPlaces AEP_Intensity.PDG 17.12.2009 7134
Auditory\AC_Osc.pdg’ in the Paradigm | ety 722009 2134
directory. | "f’si'”‘”
Lil:a:;s
A I
Computer
AS%;k < 11 »
File name [ac_oscpoa ~] open |
Files oftype: [Paradigm Files (* PDG) =] Cancel
Directories |Paradigm Directory ~
= 4
2. The conditions ‘StOn’ and ‘OscOn’ have | === = " | i ‘ LW
| Trgger Candition Epoch Filer | Adifact | Average Coherence ‘
been predefined to represent triggers 1 | u S
'mi E’zwm name Ie Not ; Q!"m
and 2. 200 events are detected for e
condition Delete
stimulus onset and oscillation onset. B
e o Oscon Curertcode Is 2 _ano |
OR
{1
E“ELnad
Seve As
oK Cancel | Help |
12
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3. View the Epoch tab. The epoch settings *" e — |
Trigger | Condibon  Epoch | Fiter | Afact | Averaga | Coherance

have been predefined to span a sufficiently s G o A Sy | Gl

. i i Stan Pasition [ me ||fwon me | oo me oo ms || o8

long epoch including a baseline of 400 ms btruten B m [T e |[mwT— e [pr— e | -

for TSE. Note the different settings for both ol | assgnosolons | |

Cunent Assignments

conditions. The later oscillatory onset Coston Avgharod  SselnDenin _bcFecion  Simis Ao Doy

. . . . OscOn -800. 800 ms -600. 500 s -B00..800 ms 0.0ms
requires an earlier baseline prior to
stimulus onset. o

ok | cama | Hop |
4. In the Filter tab no filters are selected, in -‘*""“'"’”1 | — | |
order to obtain undistorted results of the N
[~ Engbled for Scan [~ Enabled for Avarnging
time-frequency analysis. In the presence ey [Ty Sewe [—] el
of strong low frequency activity, it can be et e e
useful to set a low cutoff of 0.2, 0.5, 1, or il S e S
Bend Pass File:
16 HZ [~ Enabled for Averaging Load I
Freguency [B000  [He] Wieth [F00 [Hd SaveAs
oK. Cancel Help

5. Select the Artifact tab and press ‘Start [ ‘e L ks

Trigger | Condion | Epoch | Fiter  Atfect | Avewage | Cohersnce | |
Scan’. Artifact epochs are automatically =y B st
X . . m v Amgl ‘120 |0[\zn Bl
identified and excluded according to the | « & ok i , " Grton 7[5
. . 1 | ) Fows fior [ oo <]
default thresholds displayed in the upper ',‘,'Jm-'u‘,,'-",""'l, h: 1 PR o [ =

Court_Accepted Condiion

| .* 1
right corner. Sort by amplitude, gradient A G I} ‘*”-ﬂ" il 16 (kg owon
| 1 i, 1 |\\
and low signal by checking the ".” ." A "!M {

: : : ‘ , L0 - B .
corresponding item in the ‘Sort by’ box. o | o L]
[¥ Son Channels by Mean [~ Log Display  LawSignel
The suggested threshold settings do not I E—

have to be modified for the current file.

13
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6. Select the Coherence tab. The | F=om L ]

Tigger | Condbon | Epoch | Fiter | Afioct | Aveage  Goberence

‘Condition’ drop down menu allows

@ [Iime Frequency Analysis

choosing one condition for event-related

. . . " Setings: Fiegional Sources
tlme_frequency anaIySIS Tlme_frequency Frequency and Tims Samping 20Hz 25ms -] @ Radisl Qrieniskion
sampling is set in the ‘Settings’ box. A | e =1 ]~ e |

Eighar Fracjuancy Cuid [oar: =]  First Orientation

compromise has to be made between high

frequency and low temporal resolution or

low frequency and high temporal

- o ] _c |
resolution. Default time-frequency
sampling is intermediate with a frequency
sampling of 2 Hz and a time sampling of
25 ms. Leave this and set the frequency
range to 4-50 Hz.
7. Press the button ‘Start Time-Frequency rCaIcuIating Time-Frequency Transformation -

Analysis’. Time-frequency analysis starts
Frocessing trial 144 of 168

and complex demodulation is performed s
for each trial and each montage channel.

condition name trials done nurnkber of trials
StOn 143 168

N

8. After calculation is completed, the time-
frequency display window pops up with the : i
TSE view. Each graph plots the spectral . .. .~ .- . .-

amplitude density of one montage channel a ‘ ®

over time (x) and frequency (y) normalized ===+ oo b o e

relative to the baseline for each frequency.

Channel and montage labels are displayed . Le== . -

on top of each diagram. Induced activity
around 25 Hz appears in channels ACsL
and ACsR in the latency range of 400 to
800 ms. The short mono-phasic time-
locked activity of the sources ACpL and
ACpR is revealed in the latency range of
50-200 ms.

14
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9. Press the Options toolbar button &l and Stics Help
ol ‘ale 1 [ 9|

Averaged Waveforms

select ‘Averaged Waveforms’. You may

also right click into any of the panels to Contour Lines

select this option from the popup menu. Enable Phase Coherence

Statistics »
Disable Statistics
Start 3D Mode

Use OpenGL Hardware Acceleration

|

10. The display now shows the averaged ;-

evoked source waveform of each of the : |

nine sources below the time-frequency R

diagram. Only the monophasic evoked [ ™% 3 *% 5= =

potentials of channels ACpL and ACpR = = 3 ) E

(YTPTT
[T
i

froviibs 5 o
(TrTTy

are seen after averaging. The oscillatory [=——==+= =z~ et e sa st e e s e _

induced activities are barely visible in the |

average, but they dominate the TSE

[ - -

display. This is because the magnitudes of

the spectral density over the single trials
have been averaged irrespective of phase

differences.

11. It is possible to remove the averaged JOCumr
is Statistics Help

(@[ ‘ol ‘e[| i [ ¥]

evoked response signal from the single

trial time series before computation of the

Subtract Average Signal FrL_RCO
TSE. Press the K button. The button | UseRegression
menu allows to subtract the averaged 30§
signal in each trial or to use regression 201
analysis to account for amplitude 1%
fluctuations  between  trials  before el
subtraction of the average. Select
,Subtract Average Signal‘.

15
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)

Note that the evoked low-frequency ="

amplitude increase in source channels

ACpL and ACpR vanished, whereas the

7
induced oscillatory activity is unaffected. 3 L

Close the time frequency window. ’ ;

12. Next, we want to look at the time :]&Twi“s., “’é;@o'lf;'iliil” e
frequency diagrams at the scalp for m mm
comparison. Use the Vir button in the main x| L L
window to change to the reference free ": NW m, :
montage with 27 standard electrode o f it ol 55:% | |
channels. In the ERP menu select m j WM\,VWMMW-\MLMJ
‘Coherence’ and press 'Start Time- o o
Frequency Analysis'. Implicitly the same == —_—— t
artifact-free selection of epochs will be _ ’,.,.E e - |
used. Rescanning for artifacts is not > e ." . . i. J -
necessary. Both evoked and induced [ . Mg T e e _L° . ]

activities appear very widespread over the [y .

scalp in contrast to the good separation in L2 == mrmbes e oaan SRR

: I . e
the source montage. Il B b B |

16
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E: Coherence

1.

To obtain the coherence display, press the -

Coh button 2. This will display

coherence relative to the first channel in

channel display of C3 to obtain the
coherence diagrams relative to C3. Due to

the wide propagation on the scalp, =

coherence of the oscillatory activity can be
seen almost between all channels. A
similar widespread coherence can be seen

for the low-frequency monophasic activity.

@ o

1 YBESA

The ring-shaped coherence effect that can be observed in channel T7, for example, is due

to the interference of the background noise and the oscillatory activity. Phases become

more random across trials while the spectral amplitude of the reference channels becomes

larger. This leads to a drop of coherence in the ring zone. In the regions where one signal

dominates coherence is larger, i.e. in the noise only zones outside and in the core zone of

the oscillatory activity. Close the time frequency window.

In the main window, press the Usr button
to select the user defined source montage
‘RCO. In the ERP menu select
‘Coherence’ and press ‘Start Time-
Frequency Analysis’. In the TSE diagram
double click on the panel of channel
ACsL to calculate the coherence with this
channel. As expected from the simulation,
ACsL is highly coherent with the
corresponding right-hemispheric oscillatory
source ACsR. There is practically no
coherence with all other channels in

contrast to the scalp.

www.besa.de

Tags Goto Options Help

Av33

Sre | Usp | Ome LEam i o F | HF | NF

BiHL
LBip+FT
LBip+Sp
Test
Test_2

v | RCO
RC1-test
RC1
RC2
RC4
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3.

BESA Research can analyze the phase
difference between coherent sources and
compute the time delay between coherent
oscillations. Left-drag to draw a rectangle
around the time-frequency range of high
coherence in source ACsR. Release the
mouse button and select ’View Phase

Diagram’.

The panel of source ACsR now shows the == =it

phase difference relative to ACsL over the
selected frequencies. A constant time
delay between the oscillations results in a
linear phase-frequency-relationship. From
the slope of a straight line fitted to these
data, the time-difference between the two
sources is computed and displayed on top
of the graph. In our example, a delay of -
5.1 £ 0.1 ms between ACsR and ACsL is

obtained (simulated: 5.0 ms).

Next, we want to see if the coherence of

the oscillatory activity in the left and right

secondary AC areas ACsL & ACsR can
also be extracted if the amplitude of the |

oscillation is smaller. Close the time [

frequency window and open file
‘AC_Osch.foc’, set Usr source montage
‘RCO’ and load the file
‘\Paradigm\Auditory\AC_Osc.pdg’ from the
ERP menu. Run the Artifact Scan and
start the Coherence analysis with the

preset parameters. Scale up the TSE

display to +/- 63% using the H button.

www.besa.de

| 4 ACsR -ACsL

View Phase Diagram

Set Baseline...
Image...

Zoom In

U TUUTDU UV TS
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-

6. Double click onto the panel of ‘ACsL’. = ==in, .
Coherence at ACsR is now weaker but

clearly emanates from the background.

Use the scale buttons to increase the

coherence scale to 0.5 and place the
cursor on top of the peak of the
oscillatory activity in ACsR. You can read -
a peak coherence of 0.18 around 630 ms
and 26 Hz in the status bar. Note the high
noise correlation between ACsL and the
other left hemispheric sources. Also, since
the alpha rhythm leads to high correlation
amongst sources because the occipital
sources in the model were not optimized to

account for the alpha activity.

[

7. Double click onto the left primary auditory ===, o
cortex ‘ACpL’. Some low frequency

coherence with ACpR can be seen early

1 o
post-stimulus when the monophasic time- |:' 4
locked activity occurs synchronously in !
ACpL and ACpR. Note again that there is

no cross-talk and coherence with other _
channels except for the noise coherence

with near and similarly oriented channels.

19
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F: Regularization effects

8. Click on the TSE button to switch back to G- v e, o —

TSE view. Observe that both the time-

locked low-frequency and the induced 25 , .. .~ .- . oo

y o TR T K
Hz activity emanate from the spectral H 1 | 1 ] )|

background (oscillatory peak in ACSR /= - - o oo
47.4% above baseline). Again there is no

cross-talk between the channels as - R ===

opposed to the TSE display of the scalp
activity (see above). This is due to the
tuning of the inverse spatial filter to full
contrast between the 9 sources by setting
the regularization constant to 0 when

constructing the source montage ‘RCO’.

9. To see how a change of this regularization _Usr | Ont | Fam | LF | HF | NF | EdF | EEG

constant affects the emergence of TSE & ::f ;
coherence and the influence of the LBip+FT
background noise, close the time- Iy ;i;’tﬂs'} ﬂwmww
frequency window and press the Usr Test 2 :
button to switch to montage ‘RC4’. This RCO
montage uses the same source channels /\/f B MWW\,WW\/
as ‘RCO’, but was constructed with a Eg
regularization constant set to 4%. v RC4

VTP AN AN o et Wy

20
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10. From the ERP menu, select ‘Coherence’ @==7n

11.

12.

‘Start
Analysis’ and scale up to +/-63%. The

again, press Time-Frequency

stronger regularization leads to an
increased emergence of the oscillatory
activity (66.5% above baseline at ACsR
peak around 576 ms as opposed to 47.4%
without this

regularization). In case

regularization resulted in a further
reduction of the background and baseline
noise. At the same time the signal was
weak enough that the cross-talk with other

channels remained below the noise level.

Double click on channel ‘ACsL’ to

recalculate coherence using a

regularization constant of 4%. Scale up

the display to 0.5. Note that the 26 Hz '
coherence peak around 630 ms is now

enhanced to 0.36. The noise coherence in

the left hemisphere is reduced. However, —

the stronger smoothing effect of the
underlying inverse filter has also enhanced
the noise background in the ACsR-ACsL

panel.

Close the time frequency window and
switch back to the file ‘AC_Osc20.foc’
with the stronger oscillatory activity, load
the user montage ‘Usr / RC4’, and recal-
culate TSE. Scale up to +/-63%. Now the
signal is well above the noise and the
cross-talk between the sources due to the
stronger regularization is becoming more
apparent. However, it is still much less as

compared to the scalp.

www.besa.de
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13. Compute the coherence with ACSL as =rmiin, ..

reference channel and display the phase
diagram to analyze the time delay

between ACsR and ACsL. Now a delay of

-3.90 ms is computed instead of the simu-
lated delay of -5.0 ms. The reason is the

cross-talk due to the regularized spatial —- — o]

filter. It causes a fraction of the activity of
source ACsL to be mapped onto the
activity of ACsR and vice versa. This leads
to an assimilation of the oscillations and an

apparent reduction of the time delay.

22
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G: Scalp Coherence in the Auditory Intensity Experiment

1. Open file ‘Sl.cnt’ in subfolder ‘ERP- [Eseeaossris ol

Lookin | ). ERP-Audiory Intensity - eBEcEr
. sy
Auditory-Intensity’ of the Examples folder. 2. [Name = Date moified |
<y I Averages 21.03.201115:08
RE“'“PI?EES . test 17.022011 1431
|| . test2 2402.2011 1650
Deskop  ..lskent 290919981328
i S2.cnt il
uil‘ Test_raw_1 - Copy.cnt
e Test_raw_l.cnt
Computer
Network < e ] b
File name [stent ~| open |
Files of type: [ERF Files ("edf."bdf. ".cnt "ava) =] Cancel
Folders |Data Folder ~|
4

2. Press the Rec button and select ‘Original TEEREGINEEEEREE

Average Reference’. Make sure the ‘Mact Search Tags Goto Options Help

. . . . M — Averag;e Reference LF HF
artifact correction is switched on. :
] Double Banana ;
Triple Banana

] Horizontal Bipolar MWMF

T Al/A2 Reference WLW

T Referential-Cz W“”

7 ¥ Original Recording W

i Original Average Reference ""”‘_”_”_”“““_‘“"

B T i it e

WWW

3. Press the |_E9F | toolbar button to edit the | sems I ==

[~ Low Cutoff Filter

filter settings. Disable all but the notch filter ‘ Cuof Fequency 1 |3 i [ | sige [poeme
that should be set at 50 Hz to reduce T~ igh Cutot Fier
Cutoff Frequency [Hz] I 40 Type IZEVDFhESE LI Slope: |24dB/DU LI
mains interference. :
[ Motch Fitter

‘ Frequency [Hz] 50 Width [Hz]. 2 ‘

[~ Band Pass Filtar

‘ Frequency [Hz] a0 “Widdth [Hz] 5 ‘

Sempling Rate: 250 Hz {Cancel
23
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4. In a first step, we will perform time-
frequency coherence analysis between

surface channels. Press ‘ERP / Edit

Paradigm’. The paradigm-file
‘AEP_Intensity.PDG’ should still be
available.

5. Move to the ‘Artifact’ tab and press ‘Start
Scan’ to re-run the automatic artifact scan

with artifact correction switched on.

6. Switch to the ‘Coherence’ tab. In the

‘Condition" drop down menu, select
‘High’. To start time-frequency analysis
with the default sampling of 2.0 Hz, 25 ms
in the frequency range of 4-50 Hz, press
the ‘Start Time-Frequency Analysis’

button.

www.besa.de

- 1 BESA

Read a Paradigm Description File =
e BerE

Lock in I 1. Cognitive

-

MName Date modified Type

i @ ERN.PDG 17.12.2009 20:31 PD@ File

< (] ]
Filename:  [ERN.PDG Open
Files of type:  [Paradigm Files (*FDG) ~| Cancel
Directories IF‘amd\gm Directory d

Paradigm ==
Adiact | Average | Coherence |
Thresholds and Bad Channels
Sten Scan Usalorsv. @ EEG (&

@ oamg 00 [0l -

Tigger | Condtion | Epoch | Filer
Fsjection Method

[~ Frsed Thresholds [+ Anifact Scan Taol

Ell

Chn

[+ Gradient [30.0 ’7 B0 -
¥ LowSig [001 F 001 =

calor

Bad Channels ’7

Count_Accepted _Condiion

174 17 (950 Hinh
Sodlry

it @ Amplide
0] _D] € Gredient
W Tisl 1
N T e I Log Displey 2% | LawSignal
oK Cancel | Help |

[ —— )

Trgger | Condiion | Epoch | Fiter | Arfact | Average  Coherance |

@ Tima Fraquancy Anslyeis

Setings

Fraquency and Time Sampling
Lower Frequency Cutoff

Higher Fraquancy Culof

Scan for Artiacts

Target Condiion

[ - |

20Hz 25 me -

40Hz -
500 Hz -

Stan Time-Fraquency Analysis

[ Use Convol Condition
Lo -
Fegional Sources

@ Fiadial Qrientation
 MiTiaces

 First Drientation

ok | cama ‘ Help
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10.

As expected we observe a similar
activation pattern across many scalp

channels.

Display the averaged waveforms by right-
clicking on a channel and selecting
‘Averaged Waveforms’ to see which
activity corresponds to the evoked signal.
It seems that the majority of the wide-
spread low-frequent activity is evoked.

Subtract the evoked signal by pressing the

@ button and selecting ‘Subtract
Average Signal’. Switch off the display of
‘Averaged Waveforms’ and scale up to +/-
63%. Apart from some portion of the
evoked activity that is less-stimulus-locked
and thus present in the “induced” display,
no other particularly strong induced activity

can be seen.

Undo the subtraction of the evoked signal
by selecting ‘Subtract Average Signal’
again and double-click on channel
Cz_avr to display the coherence of all
channels relative to Cz. Note the high
coherence between Cz and almost all

other channels at lower frequencies.

www.besa.de
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Whether these observed coherences are due to coherent activation of different brain regions
or to the wide-spread surface distribution of the activity of focal brain regions cannot be
concluded from the surface montage. Therefore, we will now transform the surface signals
into brain activation using our previously created source montage and repeat the time-
frequency analysis. Close the time-frequency window.

H: Source Coherence in the Auditory Intensity Experiment

1. Press the Ysr | button. Select montage tensi\Sient
fact Search Tags Goto Options Help

‘Highintensity_3RS-test’ from the list of | Rec | Vir | Sre | Usp ' ~-s {mame boam Loe Lone | can
3 1 AEP_modified B
predefined user-montages that are ‘ : Av33
BRBrainRegions_3RS
available for this file. Press the FEdM BiHL
LBip+FT
button to remind us of the details about the LBip+Sp

current montage again.

Highlntensity_3RS
Highlntensity_3RS_plus_probe-test
Highlntensity_3RS_plus_probe

Test
: Test 2

3 i | v AEP3RS-test
TR ! (R T L T T T

2. The montage consists of the sources we &t e o ==
o hegd ARAAM TR BRSO b 2B T
fitted earlier on: 2 auditory regional [AET I

T
Jcer
sources and a frontal source, which have _
I¥
been converted to single dipoles. Close 1

the montage editor.

26
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3. Select ‘ERP / Coherence’ and press

Trigger | Condiion | Epoch | Fiter | Arfact | Average  Coherence

‘Start Time-Frequency Analysis’. \

@ (Time Fraquency Analysis
Target Conditian [~ Lise Contral Conditian |
[Figh =] [ = |

Sefings Regionsl Sources

Frequency and Time Sampling 20Hz 25ms - @ Radial Orientation

Lot Fragquincy Cutoll 40 He - Al Traces

igher Fraguency Cutoft [s00H: =1 € First Orenmation

Sean for Adifacts Stan Time-Fraquency Analysis

0K Cancel Help

4. We can see now that the source montage -

was constructed well as we see the main

activity in the first frontal and in the first

and second auditory components. The . ...

source montage has very good separation |
properties and will thus be a good model

for investigating coherence between our =" =---""""=

sources of interest.

5. Double-click on source AC_Left. It seems ===

that the low-frequent activity around 100
ms in the left and right hemisphere is not
related.

There is also some coherence at higher frequencies that can be observed in several
channels. It is very likely that this is the effect of noise that was not modeled specifically by a
source and is thus projected onto several sources in the montage. As a rule of thumb: it is
very unlikely that similar coherence across a large number of sources is meaningful. It is

rather the consequence of unmodeled activity/noise in the data.

27
www.besa.de



Tutorial 9 Time-Freq. Analysis, Coherence, Beamforming /—} BESA

v S R FEiAbeA P ity WL

6. Return to the TSE view and subtract the == == —_— e ————

L]

evoked signal by pressing the@ button

and selecting ‘Subtract Average Signal’.
There does not seem to be strong induced T o { J e J fia/nif
activity. Close the Time-Frequency |. ‘ | ‘
window. j L ‘ ] ]

7. Next we want to compare activity in the
‘High’ and ‘Low’ condition. Press ‘ERP /

Coherence’ again. Tick the box ‘Use

Setings Regionsl Souces

Control Condition’ and select condition

Frequency snd Time Sampling 20 Hz 25 ms ~  Radinl Crientation

‘Low’. Press ‘Start Time-Frequency st 2| e
Higher Frequency Cutoff 500Hz - " Fiest Onientation

Analysis’.

Scanfor Ariacts Start Time-Frequency Analysis

E

8. Press the %0 bputton to display the e B
difference ‘High-Low’. The TSE display ] 1
confirms that the ‘High’ condition has a
stronger synchronization in the alpha- |- |
range between roughly 50 and 150 ms | ! ] ] | 1
|
\

post stimulus that is present in both

T

auditory sources and the frontal source.

I: Multiple Source Beamforming

In discrete multiple source analysis, the best source model (i.e. source amplitudes, locations and

orientations) is one that minimizes a cost function (basically the residual variance).

Beamforming takes a different approach to image brain activity: Here, the whole brain is
scanned point by point. The brain activity at each voxel is estimated by applying a spatial filter to
the data. This spatial filter is designed to be fully sensitive to activity from the target voxel, while
being as insensitive as possible to activity from other brain regions. This is achieved by

constructing the spatial filter in an adaptive way, i.e. it takes into account the recorded data.

The BESA beamformer is a modified version of the linearly constrained minimum variance

28
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vector beamformer in the time-frequency domain as described in Gross et al., "Dynamic imaging
of coherent sources: Studying neural interactions in the human brain", PNAS 98, 696-699, 2001.
The beamformer operator is computed using the cross spectral density matrix (the time-
frequency equivalent of the data covariance matrix) computed from the single-trial data. This
allows to image evoked as well as induced oscillatory activity in a user-defined time-frequency

range, where time is taken relative to a triggered event.

The output power P of the beamformer for a specific brain region at location r is then computed
by the following equation:

P(r) =t ()¢t L)

Here, C,* is the inverse of the regularized cross spectral density matrix C in the time-frequency
range of interest; L is the leadfield matrix of the model containing a regional source at target
location r and, optionally, additional sources, whose interference with the target source is to be
minimized; tr'[ ] is the trace of the [3x3] (MEG:[2x2]) submatrix of the bracketed expression that
corresponds to the source at location r.

In BESA Research, the output power P(r) is hormalized by the output power in a reference time-
frequency interval P(r):

trL7(r ).c;l-L(r)}‘1
) LT (r)C2 -|_(r)}’l

ref, r

-1 forP(r)=P_.(r)

q(r) =

B (LT ()-C 'L(r)}il
1o |ref™l g L forP()<P,(n)
r) (L) Ct L)

Pt can be computed either from the corresponding frequency range in the baseline of the same
condition (signal-to-noise ratio) or from the corresponding time-frequency range in a control
condition. The beamformer image is constructed from values q(r) computed for all locations on a
specified grid.

Traditional single-source beamformers are known to mislocalize activity if several brain regions
have highly correlated activity. The BESA beamformer tries to overcome this problem by
extending the traditional single-source beamformer. The BESA beamformer can implicitly

account for activity from possibly correlated brain regions. This is achieved by using a multiple
29
www.besa.de



Tutorial 9 Time-Freq. Analysis, Coherence, Beamforming W BESA

source beamformer calculation that contains not only the leadfields of the source at the location
of interest r, but also those of possibly interfering sources. As a default, BESA Research uses a
bilateral beamformer, where specifically contributions from the homologue source in the opposite
hemisphere are taken into account (the matrix L thus being of dimension Nx6 for EEG and Nx4
for MEG, respectively, where N is the number of sensors). This allows for imaging of highly
correlated bilateral activity in the two hemispheres that commonly occurs during processing of
external stimuli.

In addition, the beamformer computation can be performed taking into account possibly

correlated sources at other specified locations by including them in the leadfield matrix L.

The following chapters illustrate the different properties and application examples of the BESA
beamformer.

1. As a next step we will fit the prominent

activity in the ‘High’ condition. Release the || =Tt M Fiti

Interval Start Interval Start

50 ms

button to display ‘High’-condition. Mark A —
For s
,07 ms

a window around the strongest activity in

lain
lwzin

Baseline Interval [ Compars Conditions

the Ieft hem|spher|c audItOI’y source. When bi=peisiad Suggestion: The baseline interval should
be adapted in order to match the number
of samples in baseline and target interval b

releasing the left mouse-button choose the Itz B

Opt|0n ‘Im ag e’_ If necessal’y Change the Important note: To obtain & reliahle beamformer image, the number of samples in the target
and the reference interval should be equal. Therefore itis recommended to assign equal
duration o the Target Interval and the Baseline Interval.

Target interval to 50 to 150 ms and the

lttwio conditions are cormparsd. they should hawve approximately the same number of trials

Frequency Range to 6 to 12 Hz. It is very

Go Cancel

important to choose approximately the — - —

same length between the Target and the
Baseline interval®. Otherwise,
Beamforming results can be unstable.

Press ‘Go’.

ltis also possible to compute beamforming images of the difference between conditions. Tick the box
‘Compare Conditions’ for this purpose. Instead of using the baseline as reference interval, the same
time-frequency range as specified in the target interval will be used in the control condition as a
reference.
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Scale up the image to +/- 25%. Use the |
button to view the different maxima. The
maximum localizes in the

first right

auditory cortex, the second and third
maxima indicate activity in bilateral frontal
areas, while the fourth maximum shows
activity in the left supra-temporal area.

Close the source analysis window.

BESA Research uses a multiple source
beamformer by default. It is also possible
to choose a classic single-source
beamformer. We will have a look at our
the

difference between the multiple source

model coherence data to see
and the single beamformer. Back in the
main window open file ‘AC_Osc5.foc’
which is located in the examples subfolder

‘Learn-by-Simulations’.

Change to the the virtual reference-free
display using the Vir button and selecting

the top-most option.
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) BESA - C1\-\ERP-Auditory-Intensity\S1L.cnt - High, Fiers off, -300 .. +1000 ms - Source analysis
[ file Condition1 Solution Fit Image Options Help
| © Max. 1 0f 10- MSBF (TF) - Standard MRI - Va: 19.98 (100.0%)

No solution aval'ab!e

Loc: 152,003, 110 (Cart/US)

8 Q[ 2]0818] w0l J .|

9
&

ms6.0-120Hz  Tra

8
X3

Select Data Files

Lookin |; AC-Coherence

Name

j e B kB

Date modified

sy

I ["TACOsc5.foc 13.03.2008 1717
it
eesntrsees AC_Osc5.fsg 1203.2003 19:11
| AC_Osc20.foc 13.032003 17:26
Deskiop AC_Osc20.fsg 12.03.2003 19:08
=
Libraries.
Computer
Network « | [T »
File name. [ac_oscstoc ~] Open
Files of type [BESA Binary Files (“foc, “fsg) ] Cancel
Folders: [Data Folder ]
B - 4

RIS AN
Tecomn
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5. Press ‘ERP / Coherence’ to ‘Start Time-
Frequency Analysis’ of condition ‘StOn’

using the default settings.

6. Subtract the evoked signal by pressing the

@ button ‘Subtract
Average Signal’. Now we only see the

and selecting
induced activity that is not present in the
evoked potential. We want to fit this
induced activity by marking a window

arounf the most prominent activity.

In the Image setting dialog box specify a
time-range of 450 to 750 ms, a baseline
interval from -300 to 0 ms and a frequency
range from 22 to 30 Hz. Press ‘Go’.
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Paradigm
| Trgger | Condiion | Epoch | Fiter | Arifact | Average Coherance |
|
|
| Target Condition [~ Use Cantrol Condition
[si0n -] [ =1
Setlings Regional Sources
Frequency and Time Sampling 20Hz 25ms - @ Radial Drentation
Lower Fraquancy Cutol [oore =] € Al Traces
Higher Frequency Cutoff [som: <]  Fyst Orientation
Sean for Artfacts Start Time-Fraquancy Analysis
ok | cancel | Help
ms| " 250 0 250 500 750 ms| | 250 0 250 500 750
Fz_rir F4_rir
Hz Hz
40{ 404
1 - al -
20 View Phase Diagram
104 Set Baseline...
" ms 250 250 500 7 Image... 500 750
Cz_rfr ZoomIn rfr
Hz
40{
304
204

— Target Interval —Frequency Range
Interval Start 450 ms Interval Start I22 Hz
Interval End I?ED ms Interval End |3U Hz

- Baseline Interval ——————————— I~ Compare Canditions
Interval Start -300] ms Upon start of editing, the baseline interval

as modified to match the number of
samples in baseline and target interval.

Interval End 0 e B J

Important note: To obtain a reliable beamformer image, the number of samples in the target
and the reference interval should be eqgual. Therefore itis recommended to assign egual
duration to the Target Interval and the Baseline Interval

[f tw conditions are cormpared. they should have approximately the same number of trials.

Go

Cancel
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- 1 BESA

8. Scale up the image to +/- 25%. Observe |7% umicitasi s o
[ © Max. 1 0f 3- MSBF (TF) - Standard MRI
the bilateral auditory activity. We know the | %@ s« daes
maxima are at the correct location from the
simulation.
P R L
Loc: 057, -0.80, 1.53 (Cart/US) -t lﬁ
9. Change the type of beamformer by [image]Options Help
Volume Image 4 Beamformer B
pressing '|mage / Volume |mage’ and Surface Image 4 Beamformer (single source)
. Discrete Model Probing 4 CLARA
select ‘Beamformer (single source)’. The Smooth Image LAURA
. LORETA
. . . Hide Image
beamformer image is calculated again. SLORETA
lmeerinags swLORETA
Export Image As... SLOFO
Settings.. Settings...
User-defined Image
Settings...
P R
10. The single source beamformer mis- ‘f:;jﬂ“———;ffmm‘““‘“ 2
Max 1 0f 2- MSBF (TF) - Standard MRI - Vak: 26.26 (100.0%)
localizes the bilateral auditory activity to |« =ms =i o
the middle of the head. The reason is that
single-source  beamformers  produces
faulty results if activation in two brain | |
regions is highly correlated.
Loc: 153,001, -044 (Cart/US) - i
11. Return to the multiple source beamformer [Image| Options Help
| Volume Image 4 Beamformer B
by preSSing ‘Image / Volume |mage / Surface Image ’ Beamformer (single source)
Discrete Model Probing 4 CLARA
Beamformer’. o — LAURA
Hide Image onars
sLORETA
Import Image swLORETA
Export Image As... SLOFO
SEimgE- Settings...
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12. Minimize the MRI view by pressing the

button in the top-right corner. We
now want to use the beamformer image to

seed dipoles. Select the first maximum

and press the ﬂl button. Move to the next

maximum and place another source.

13. We want to use the beamformer to see,
whether there is still some unexplained
activity if we model the auditory activity
with two regional sources. Press ‘MSBF’ to
the beamformer the

re-compute on

residual activity.

14. We need to scale up the image to +/- 10%
to start seeing some patchy left-over
desyncronization that is not modeled by
the regional sources. This activity is very

weak, so we can neglect it.

15. Next we want to re-fit our sources using

image-weighting.
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