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Introduction

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

.In
this experiment 10 subjects listened to tones (1000 Hz) of different intensity (60, 70, 80, 90,
and 100 dB).
BESA Research 7.0 Tutorial Page 5 of 396
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Tutorial 1 — Preprocessing

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

D N N N N N W NN

Filtering

BESA Research 7.0 Tutorial Page 7 of 396
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A. Data Review

1. Start BESA Research. From the File |8 seecomie x
Lookin: [ || ERP-Audtory-intensty ~| & eF B
menu, choose Open. In the Select Name e o Do modad
. Quick access 4 Sl.ent 15044 KB CNT File 1998-09-29 12:28 PM
Data Files bOX, select folder B Js2.ent 15965KB CNTFile  1998-07-106:22 PM
in the o
n
folder. Change the file type to ERP files u,;
(*.edf, *.bdf, *.cnt, *.avg) and open file T re
@
Network = >
File name: [Slcrl j Open
L E LN FRP Fics (o “bd “cntavo) |4 Cancel
Folders: [Data Foider |

2. This is a dataset recorded from a 32- e e 5 b Wi o )

e -

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 |Hser *
Center (mmj: 0.0 0.0 35.9 [using head coords)
Head radius [mm): 85.00

electrodes and additional head surface Elcctode thickness () 0.00 2

points, select File / Head Surface

Points and Sensors / View (or press T

V on the keyboard). Fiducials are . ‘-"*\-L‘:_\' "
— * . - L S

displayed as pink cubicles, electrodes S B

as 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. Close the surface points window.

BESA Research 7.0 Tutorial Page 8 of 396
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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.

This dialog window allows to specify

additional information on channel
configuration (*.ela), digitized head
surface points (*.sfp, *.eps) and labels
(*.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.

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.

1B BESA Research 7.0 - CA._esearch 7 D\Examplest ERP-Auditary-Intensit/AS1.cnt

Fle Edit View Fiters Montage Process ICA ERP Anifact
Open...
Close
Close Al
Recent Files...
Load Channel Configuration..
Head Surface Points and Sensars
MRI Coregistraion...
Bpot..
Sendta MATLAB..

import and Convert ASCH Fie...

Print enp

Print Breview
Bt

¥ 1 G\ esenich 7_O\Examples\ERP-Auditory-Intensity\51 ent

Search Tags Goto Options Help
a0 [IFC | ESI [[Ree Wir | Src | Usr [ Opt

Load Coordinate Fies...

Save ol files in Head Coordinates.

Save all files in Devi

Channel and digitized head surface point infarmation x

Il data fie nformation

Data fle: C:\Users\PLbACAD et

Forna Hesosman Cotounes D sabage o OO 1

Mo ddmrd 32 ; 32 electiodes J
Fleas charmel def mldtu:ldlldu fies in the spaces below

Pb&x dcrl!lnigeil check the rado
Supgestions
The loloving ausiiasy Hes were
Specily vl’!ﬂ!!tlml)njwllm ead the file or select a new file:

Yer Mo Flenamelfound
Channel configurabion [* el?)

N

c @ rotte Good Biowse

Digized head suface poins [sfp,  eps] and labeks "5l P ——
e Good Biowss. £
 —T" T Good Biowse
™ Eletiode labels norvcomioring to 10-10 o 105 standaed Elctode tickness bt [000 |

Cosestition e [ sh) o head cenies - cot

c & noflo Goad Browse. Edt/Coreg
MEG senzors [*pos. pmg) -

E— [

c @ =5 Tood
Attact cosfficients "t~ ) =T

c F [ Goad Browse. Edit

Clear DB | Clear Events

= = =

BESA Research 7.0 Tutorial
Copyright © 2018

O e R S e
FCB o mmi i S g memmietss ot
™ WWMW
T2 W
CcP5 W

Cz

CPSWWWW

U

‘\4 ao] P | 4

* E|II|III||III|II|III|II|IIIIIIIIIIIIIIIIiIIIIIIIII|

"I"me'h'ﬂ'ﬂ'ﬂﬂ'h“““fatal 00:16:02
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7. You can also jump directly to a certain Search Tags | Goto  Options Help
. . . . DSA | TFC Event Log G Esr
time-point by pressing Goto / Time... /v’b\ v ww |
You might also add markers or 3 AL ELLREID | e
! Next Marker "
comments to your data by right-clicking AT prev. Marker P
: Next Comment
into the data and selecting Marker or e Prev.Comment
. . B s
Comment. You can then jump directly AN puy N Segment "y
. WW Prev. Segment L,
to these events via the Goto menu as ~Aey e Begin Segment L
I e st End Segment prfirtine
wel T o
g WaNEC RN Position in Data o
0 sttt Go Back [
W Loy
8. To rescale your data, use the 7 YT T e
amplitude scaling button on the right # | Scalp Chns. Scale - ]
i op
side of the main window (just below the A B R --31 31
’ =g -
button Scp). In the present case, the olz N }
. . . \d
scaling of 50 UV is appropriate. | 5 | 100 50 v | ____,'

200 500
v v

v [ mv | =]

— ——

[~ /100

9. In order to change the length of the

|# | Display Time M
05| 1.0

e & Come ]
_

data window that is displayed at a time

; (WA
l
200
Y

use the time-scaling button at the

2.0 | 4.0
bottom right of the main window. In the

present case 10.0 s is an appropriate

viewing window.

BESA Research 7.0 Tutorial Page 10 of 396
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s

1st quarter

10. If you only want to view a sub-set of ﬂr 21 scotp et R X :
your electrodes use the button Scp on
Fpl to Cz All -
the right of the main window. You can 31431
Selected —-—— -
either choose the first / second half or i _i s |
|| 31431 |
the 1% to 4™ quarter of the recorded | B j Ll ——
2nd half
channels. You may also adjust the " 50
|
L

number of electrodes you want to have
displayed by using the sliders. In the
current case, change to the all-channel

view.

:

L

2nd guarter
3rd quarter

4th guarter

= B

Bottarn Close

e

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

1. Electrodes that display a faulty recording B == : it
. . o1 -~ Define this channel as bad
can either interpolate or set as bad. el O T P\M
Interpolation is based on spherical Al :
splines, i.e. the information of all other A2
electrodes is used to compute the :; WWW
interpolated signal. If a channel is set as 17
bad it will be ignored. To interpolate or set T8 N SN oAt N0
a channel as bad right-click onto the ;
according channel label and select w o1 |
Define this channel as bad or Interpolate 02 Mmﬂ%www
. . A1 WWWW
this channel®. Interpolated channels will A2 i
be displayed in pink, bad channels in grey. F7 WWWWW
In the current dataset, there are no bad i e
channels and no interpolation is needed. T8 :
WWWW

1 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.

BESA Research 7.0 Tutorial
Copyright © 2018
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2. BESA uses amplitude, gradient and low- | serch Tegs Goto Options Help

_ ) DSA | TFC | ESI [[ Rec Vir | Src | Usr [ Opt | EdM
signal thresholds when scanning for | .=~ | : :
artifacts (see Tutorial 2). Still, you might | . 0000 Tplewert
want to specify artifacts in your data by |-y Linear Correlation

i ”“WWW"“"‘“ Source Analysis

hand. This can be useful for e.g. muscle i Define a5 Epoch
artifacts that are high-frequent and small [/~ Delneastiag
. . WMWWMMW R aE
in amplitude. In the current dataset GOto | i iarinral,i  CopytoBuffer >

. . MWWMMW ine Artifact Topogra
Time 00:04:28. You will see a muscle | ewmmmmonmn. Define Artfact Topography

: Time-Frequency Plot

artifact. Left-drag a window across it,

right-click into it and select Define as

Artifact. A red bracket will appear at the Bermr s A A SN o

bottom of the main window marking the Wmmm‘t,w,www

artifact. It will be ignored for further |7 e i

analysis. The artifact marker can be |: E ! a

. . z s a1 A1
deleted by right-clicking on a bracket and | {jmm TR

choosing Delete. Please delete the artifact

marker in the current dataset.

3. Goto Time 00:05:49. You Will SEE AN  |srjws| ] oxr|me| mv] x| osa] wee| &5 [ vie [ e ] vsr | ope [eam ] iF|

*

eyeblink that is mainly picked up by [ L E e ma e e
electrodes Fpl and Fp2. Double-click on |2
it to open the 3D-Mapping window. You

will see a strong frontal positivity that is

S D e W )

typical for eye-blinks in EEG data. We will

not deal with eyeblinks at this stage.

BESA Research 7.0 Tutorial Page 12 of 396
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4. 1t is 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 9) so that you can
get an immediate display of activity in the respective sources in the continuous recording.

ttions Help
“Rec Vir | Src | Usr |

a) Select Vir / Reference Free. This virtual montage consists of 27 standard EEG channels.
The reference was computed as the average signal of an interpolation over the complete
head surface (approximated by a sphere). Since the physical head model assumes a zero
integral over the head surface, this type of referencing removes the bias of the reference
electrode. 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.

(B BESA Research 7.0 - C:\..esearch_7_0\Examples\ERP-Auditory-Intensity\S1.cnt - o X
File Edit View Filters Montage Process ICA ERP Adifact Search Tags Goto Options Help
«F|F+| Wrs | saw | BAT | ERP | TpV | ICA | DSA | TFC | ESI | Rec | Vir Src | Usr | Opt [EdM | LF | HF | NF | EdF | EEG

virtual Reference Free T

FOIT At st i e A I e e UL SV NP P i s

BT i e e b e e e N e e e e e A e b el o ot e e bt ot
L L e B e e H

DI e SO PP e e e e e e o e Nt NN NP o e
F7_fir 4
T7_rir
PT_rir
01_rfr
F3_rir
Ci_rr
P3_rir
Fpz_rir

Fz_rir
Ca_rfr
Pa_rir
0z_rir
F4_rir
ca_dr
Pa_rdr —
Fp2_rir
F8_fir

TBHE ittt st il S o et g et At A AN ettt et NG ot £ A e

B T TP

P SIS SN S N S USSRy Sy VLU SN S AU S U ST
Q2T oo i eeme i el N e e e e e e A A o i e
LTI

AZHE o nmecms s ottt sttt Nl N im0 N0ttt ot it e

PAUO_IT ettt _.._m,__i-w..f‘&\h g e
2
o D 401
Time: 00:00:00 [Total: 00:16:02 Offs: 00:00:00 Cur. Filters off Buffer: 1 View Original Correct Off Bad: 0
BESA Research 7.0 Tutorial Page 13 of 396

Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 7.0

Tutorial 1 — Preprocessing

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.

[ BESA Research 7.0 - C\..esearch_7_O\Examples\ERP-Auditory-Intensity\S 1.cnt - o x
File Edit View Fitrs Montoge Process ICA ERP Arifoct Scarch Tags Goto Options Help
«F|F+| Wrs | SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI | Rec | Vir [ Sre Usr | Opt [EdM | LF | HF | NF | EdF | EEG

source BR_Brain Regions

Add

W ; ‘ e : .

TPL_BR

L S e - e o

CL_BR

PL_BR

FpM_BR

FM_BR

CM_BR

PM_BR

TR [ S U P SO SO S

FR_BR + + - rrerre—r

CRBR ——

PRBR ————o b

TAR_BR oo smrorspemsocsersooaemrmiiiiroeimintnms N s sens At et seony e o8t ettt g et bt e e

da] p 4| B

Time: 00:00:00 [Total: 00:16:02 Offs: 00:00:00 Cur

Filters off Buffer: 1 View Original Correct Off Bad: 0

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 click on a source label in the

middle panel BESA will slice the standard

MRI to the position of the source. You may ; 'I—

change to a coronal or saggital view by

pressing the according buttons v # 5@.

To see different views at the same time, ,’Q 2
al: &/
press the button 3’? |
BESA Research 7.0 Tutorial Page 14 of 396
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6. 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.

BESA Research 7.0 Tutorial
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany
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Recorded

Virtual

Source

User

Additional Channels

Display Edit’ Montage

E

&
Reference Free
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CSD-Laplacian

Double Banana
Triple Banana
Horizontal Bipolar
A1/A2 Reference
Combined Ears
Referential-Cz

Reference Free (10-10)
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C. FFT and DSA

1. BESA allows you to calculate an FFT On @ [« s el ow i e o e s T v | e o ] 05 o ] o)

or - .

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.

2. In the FFT window the electrodes of the | & wooromoom o - o x

| Eile View Map Options |
current montage are listed along with their | amp. spectrum Peak

. P e 147 87

amplitude spectrum from 1 to 30 Hz 2 I w 1

. |F4 1.00 29

(default). Beside every electrode the o 216 11

c4 1.83 06

frequency is displayed that carries the |, . i

lo1 N 6.33 22

peak amplitude in the specified time- 1 2

. |A2 Y 216 34

range. The current view shoes that the = 100 39

|F8 1.00 25

frontal electrodes are characterised by 1 = e -

|PT . 216 26

high-amplitude low frequencies. Click into = =

Fz 1.00 3.0

.. Pz 1.83 1.2

the low-frequent activity to open the 3-D |ro 218 28

|EOG AN n i 1.00 3.6

Mapping window. b= woa

|FC2 1.00 14

FC5 1.00 23

|FC6 133 13

™ A 216 29

112 - 216 30

|CP5 216 19

|CP6 216 15

Cz 1.00 0.2

| BLINK 117 114

1|l] ZII) 3|(! Hz uw

2 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

BESA Research 7.0 Tutorial Page 16 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®
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3. Scale up the the voltage map by using the

upper arrow-key on your keyboard or & RM—————— & @

using the button J'r.. It becomes clearthat |z =——— W
the high low-frequent amplitudes are n —— ; :
caused by an eye-blink in the current 2 =~ &
example. Note that you can change the »; — :
frequency-range you want to view or —— §
change from amplitude to power spectrum : e — n
in the View menu. In the Map menu you |~ % & 5 % U [ cm e
can choose the frequency band you want
see a voltage topography of in the 3D-
Mapping window. Close both the FFT and
Mapping window.
4. The DSA view is also based on an FFT Artifact | Search _Tags (

ICA 1| DSA |!TFC |

o ——— -,

and allows you to quickly get a feeling for

the whole dataset. To start it press the

DSA button in the main window.

5. 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
event in the DSA window, BESA Research will jump to the according timepoint in the data

in the main window.

=] [or TL|FP[s6| [D B| &|F|% | | % B 00:00-00:16 2| &=
Power . = T T 3 T T 1] 5 31T TRNT = T ™ T L TR =7 = =117
e e
wooLE ; !
| RIS e e VR T AT T Y -t PRV bt R ot B s L ‘l - > .
I L1

Ll
f R 4
i (WY L PR 1" WSS Y B T B I TN o R g et o ST I P S N SO e N R P T T W AT VR ey Lo ey

BESA Research 7.0 Tutorial Page 17 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 1 — Preprocessing

6. Change the view of the DSA window to

multiple brain regions by pressing the

button ﬁ in the top left corner of the DSA ;

window. In this view it is possible to see

that the left and right temporal regions I

show activity in the alpha / low beta band

that is not present in the other brain Ml et

regions.

The DSA view is valuable to quickly | o

identify time-windows in the dataset that

are characterised by high signal power.

This can be very useful for e.g. epilepsy Il

I Dt M B o AR e e A ] A

research to identify seizure periods and

get a rough idea of the origin of the

|l 5 < T
'm.(%) 0% . 10%

seizure. Close the DSA view.

D. Filtering

1- It iS pOSSibIe to SpeCify I—OW CUtOff, ngh Filters Montage Process ICA ERP Artifact Search
E Edit Filter Settings...

Cutoff Notch and Bandpass filters in _
Reset to Default Settings

BESA. This can be done via Filters / Edit L LowCutoff Fiter s |
Filter Settings (also: EdF button) or the :zt:::::mer g
buttons LF, HF and NF. j Band Pass Filter Enabled

Polygraphic / Additional Chns...

LF | HF | NF | EdF |

L View Filter Response

'~ Baseline Correction Over Whole Trace/Segment

Baseline for Segments..

T T e anih A AneAn A Y Sl "l
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2. For Low and High Cutoff filters the filter [wrsemmesmes SRR =

[+ Low Cutoff Filter
Cutatt Freguancy [Hz) I 01 Type Ifurward | Siope IEdB/DE‘ |

type can be set to forward, zero-phase, or

backward. The slope of the filter can also || r v cuotrier

. Cutoff Frequency [Hz) | 40 Type |erophese v siope [24dBroct v ]
be edited. In order to understand the
[~ Notch Filter
properties of filters better we will now \ Frecuency ] R ‘
. P . ) [~ Band Pass Filter
switch to the program “DipoleSimulator”. ‘ g @ sy 5 ‘
Please close the filter menu without Sanpling et 2501t -

setting any filters.

3. Open the program DipoleSimulator [& i s aaams |

SOFEEE S TN VY wuamvie B

%DipoleSimulator.exe located in your BESA @ @

installation folder (C:\Program Files = = L"?jii_mi

(x86)\BESA\Research 7 0). On the left L

of the window you see the BESA head @ @ LT e T
= -

schemes, on the right you see an

Spherical madel EEG (33 electrades
CELEUEss e

electrode layout.

%? C\Program Files (xBE)\BESA\Research_5_T\defaultelp - DigoleSimulator =

4., Press File / Load Model File and select T —
the model AC-2D-biphasic- '

synchronous.mod  located in  the

(Y]
T =y OES
Examples Folder Learn by Simulations \’_

(C:\Users\Public\Documents\BESA\Re @@w}
@i‘dm

search_7_O\Examples\Learn-by-

Double cick 10 switch on curser, o move cursar 1a this location Sphesical madel EEG 33 electrades
k=il e

Simulations). You will see two dipoles

representing activity in the left and right | Fiter Settings

Low Cutoff / High Pass Status  [v Enabled

hemisphere along with their source Fracuancy | (1) Sopn [ramocme ] Toee [owed =]

waveforms, i.e. their activity over time in G eniFer se [ Exced
Freguency lw—[Hz] Slope [fdB/Octave  w|  Twpe  [torward -]

the middle panel. Press the button Fe to

Ns Fv Fe & | Cancel | OK |

open the filter dialog.

Specify a Low Cutoff filter of 5 Hz, 6
dB/Octave, forward and make sure that
the box Enabled is only ticked for the Low
Cutoff filter.
BESA Research 7.0 Tutorial Page 19 of 396
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5. 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

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
hzaEE & 7%

)

% Y | Rf Hd|Ms | Fv Fe

EE=X)

Source 1 node 2: -19 nAm

5.00 v/

1, Fp2_
e, F10
F7
r:.
FC5_ . FC1 im in

gt
WJV;F—V"'—_\{"_—\{"—DS §

m_]b__ JMT_}%_

01_&]}_ OZ_,(\j_

Reference-free=blue

Spherical model EEG

6. Change the filter type to zero-phase. Note that the filter
response changed as well as the filtered waveforms.
While the amplitude of the filtered waveform is still

diminished, the peaks of the filtered waveforms are

Filter Settings
Low Cutat/ High P
Erncuency [

[H] Swpe [1ZdB/ocave =]

High Cutoff | Low Pass

Feouency 10 (v Siope [12dB/oceve v

Type [zero)

closer to the ones in the unfiltered data. However, a small

new “component” was caused by the filter at waveform

onset and another one at the waveform offset.

BESA Research 7.0 Tutorial
Copyright © 2018
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Low: 5.0 Hz, order=2

%% C\Program Files (x86)\BESA\Research 5_3\default.elp - DipoleSimulator ] . C=niE X
At IS - a e il
File Edit View Options Help
S 0DFE&ER H|E|? N ¥V R Hd Ns|[Fv Fe |32
- <
| =l
@ @ Sl
s <4 Fp2
i —— =g i
F10
I P s " [ I
Il Fz Fa v i
| FC5 FC6 |
Fc1o ) Fcz ! .
I e ﬂ\* W}{L 54— |
Cz c4 T8 T10

Reference-free=blue

Ref. |

Spherical model EEG 33 electrodes

7. Increase the amplitude of the red source waveform by dragging up the second node with

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

%% CA\Program Files (x86)\BESA\Research 5 _3\default.elp - DipoleSimulator ] E=RIE X
P - — - el .
File Edit View Options Help
FDFAEE EH S| 28| %V R Hd Ns|[FvFe| R
1 =] =]
@ @ 00V
v N
I il
I Pas PaN I
I ||
I il
i If|
I
I
(|
! @ @
l @/J\@
I
—
I
ala
Low: 5.0 Hz, order=2
| |
I
Source 1 node 2: -53 nAm Reference-free=blue
] 10 20 30 40 50 |- Ref. |
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes

BESA Research 7.0 Tutorial
Copyright © 2018
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8. Change the filter slope to 48 dB/Octave. Note that the
filter response suggests better filtering properties, i.e. it
filters out frequencies below 5 Hz more effectively. The
downside is that this creates greater artifacts, distorting

the waveform even further.

ESA\Research_5_3\default.elp - ﬂ'polesimulator

Eile Edit View Options Help

Filter Settings.
Law Curoft / High Pass Stos [+ Ensbled
Eraquency [5 Mz Stope [FEEECTIN ~ Type  |zerophase -
High Culoff / Low Pass Stews [ Enablad
Freausncy [0 ) Siape [capiomae w]  Twe [iomes =l
Cancal ok
F=E

B 0FSEE & 2[5 Y RiH s [ Fe |3

(D
(6

L

Low: 5.0 Hz, order=3

Source 1 node 2: -54 nAm, 97 ms

Reference-free=blue Ref. |

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.

BESA Research 7.0 Tutorial
Copyright © 2018

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

|Spherica| model |EEG |33 electrodes /|

Low Cutatf{ High Pass Staws [~ Ensbled

Frequency [ [He) Slope [1208/0ceve  v|  Tope [weophese =]

/|
High Cutoft { Low Pass Stets [¢ Enabled
Frequency 30 [H Sloee [EEDEClM ~| Twe [rophose v
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s EE gral ESA\Research_5_3\default.elp - DipoleSimulator g\i

File Edit View Options Help
B D@&EE H|S? WY YR Hd b |[Fv Fe| 2|

G e

5.00 )V

an

0 10 20 = = = Source 1 node 2: -55 nAm -l Reference-free=blue Ref. |

|Spherica| model \EEG \33 electrodes /|

10. Change the High Cutoff filter to 10 Hz, 12 dB/Octave, ==

Low Cu { High Poss Stams [ Ensbled
Frequeney [F Mg Siope [1zdBocme =]  Tpe [smophese  v]

zero phase. The amplitude of the waveforms get

High Culoff { Low Pass Status [ Ensbled
. . Froquency 10 [H] Slope [12dB/Ociave  »|  Twpe [raophass v

decreased, while the shape of the waveform is not as L !
s | ]

distorted as in the example of the Low Cutoff filter.

ESA\Research_5_3\default.elp - DipoleSimulator

File Edit View Options Help
S D@&EEEH S8 Y YR Hd|Ns|[Fe Fe |32
5.00 iV
50 nAm Fpt Fp2
9, . F1o_fy
VB _ A R fi F fi
FC5 wm sz FC6_ p,
T fr L= 2 cz c4 T8 fi T10
s Pt CP2 cPs
hl P3 Pz a
PT_f v i P8
P9 10
o 0z
g = = = = = Source 1 node 2: -55 nAm .| Reference-free=blue Ref. I
|Spherical model |EEG |33 electrodes 4
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11. Increase the slope to 48 dB/Octave. Note that the filter | *=*=

Low Cutoft/ High Pass 5
Evequency [5 [He] Sope [1268/0ckove =]  Tvpe [wmmophose

High Cutaf  Low Pass
Fiequency [10 [He) Sioee [TECIEEEUMNN ~| Twre [cerophese

response again suggests better filtering properties

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.

BESA\Research_5_3\default.elp - DipoleSimulator ‘ e e

File Edit View Options Help
FD@&E S W Y Y R Hd|Ns|Fv Fe |30

@ @ LY
2 g
Ay P ) |
{ I
1Nl
1Nl
i
I
@ 6% I
o | q i
1 |
-l
=[] I
_High: 10.0 Hz, order=8 i
o = = = = = Source 1 node 2: -55 nAm -l Referencefree=blue Ref. |:
For Help, press F1 Spherical model EEG 33 electrodes 2 |

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

¢ Filters affect both amplitude and shape of your waveforms

e 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

BESA Research 7.0 Tutorial Page 24 of 396
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Tutorial 2 — Basic Artifact Correction, Triggers, 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 N NN

Classic ERP analysis

BESA Research 7.0 Tutorial Page 25 of 396
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A. Basic 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 the
dominates the data. Double click on it to

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 pressing OK, BESA will

automatically scan the data for eye

now

movements using an internal model of

artifact topographies.

BESA Research 7.0 Tutorial
Copyright © 2018

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

12
LM

BBBBB

;1»1 v;rsvlhsmv:.] u‘r] E‘P]Tp;l]IcA| r;u‘\[ Lr?c] ‘E! ] n.e Vir _Src | Usr | Opt | EdM [

Viriual Reference Free
it
Aitr ~

[ o > [ 4]

s o i
B R | ¥ @ 30 Mapping: EEG - Voltage:

[
i
2o
[
X

S i i i e i i e e e e i 2

Time: 00.00:00

Total: 00:16:02

Mark 27943 Cur <1198 5 F9_dtr 037 v

Automatic Artifact Correction X

— Artifact
v EOG
HEDG Amplitude

VEOG/Blink Threshold

150.0 v
250.0 pv

[~ EKG
EKG
(+] [

vl_ -

EKG Amplitude Threshold 1000 pV

~Range
@ ‘whole EEG
" Between Markers
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4. No horizontal eye movements were found so only a virtual VEOG channel was created by
BESA Research. 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.

I BESA Research 7.0 - CA..esearch_7_0\Examples\ERP-Auditory-Intensity\S1.ct - u] ®

File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto Options Help
F |F+| wrs | sAw | BAT |ERP | Tpv | ICA | DSA | TFC | ESI | Rec | Wir Src | Usr [ Opt [EdM | LF | HF | NF | EdF | EEG
virtual corrected Reference Free T T

FO_IE Aty iy st e o ol et .
AI_MIE Aot e e o e e o ettme i b AP ok d
PO e oy e e\ oo e 0o i el e A8 A M A A i N A e,
FRI_IIT e e e ot A - -

FT_IIE bt e Mmoo i 8 o)
TI_HE et oo e tebmg et e e
PTHr ey e s b
DD e e e e et i e i o imi
L o e - + +
Lo S e e e e e R e
T e e e e e e e e e e e e e P o e e ot ot .
FP2_HI = ekt ;
i e o e i + g 22p21
G2l o e e o e o e e e e e ey e it b e s e\ et e et et e e e e\ et e o i 1 o e e ot

Pz_tir WWMM—WWW%WMW I
DI_HT o e o Ao i oo o,
[ e e SV P MNP NS S SN UL I e I DD A S,
L S B A e Sl At

Add

L e e e SUUUUPUEL U
FP2_IIE e e et e e e et e e e et e e e e e ettt
L S
BT (C UM SRV U /S DRIV S ST VIS USSP SIS I S USSPV AP PR PI S
P8_rir WWWWWWWWWU

A AR S S e oM. SRR VPRI
L i e e T e
F L A i e T
PAD_r e b ety e . A

VEOG

e[ D[ 4] 0

[Time: 00:00:00 [Total: 00:16:02 Mark: 2.794 5 Cur ———— 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 20 pV using

the according amplitude scaling button.
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[ BESA Research 7.0 - Ch\..esearch_7_0\Examples\ERP-Auditory-IntensinAS1.cnt

Fle Edit View Fiters Montoge Process ICA ERP Arifoct Search Tags Goto Options Help
F |[F+| wrs | sAaw | BAT | ERP | Tpv | ICA | DSA | TFC | ESI [[Rec Vir [ Src | Usr [ Opt [EdM [ LF | HF | NF | EdF | EEG |

Fp1
Fp2
F3
F4
(=]
c4
P3
P4
o1
02
A
Az
7
B
”
Ta
PT
P8
Fz
Pz
P9
EOG
P10
FC1
FC2
FC5
FC6
™
2
cPs
CP6

?
ﬁ

T';ITl ‘ 'z.IIIIlIIIlIIIIlillIIIII'IIIIIIII:IIIIIIIII'I'IllIIlIlIIIlIIInlllll;liﬂ“IIIﬂlﬂlﬂiml“llmlmlﬂ:“lmllll"lli“llmllﬂ]llllilllzlﬂlﬂllﬂll' 1|1,n

[Time: 00:00:00 [Total: 00:16:02 Mark: 2.794 s |Cur —— Filters oft Bufter: 1 View: Original Correct Off Bad 0

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 200 nAM 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.

[ BESA Research 7.0 - Ch.esearch 7_0\Examples\ERP-Auditory-Intensit\ST.cnt

File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto Options Help
-F [F+| wrs | SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI [[Rec _Wir | Src [ Usr [ Opt [EdM [ LF [ HF | NF | EdF | EEG |

™

cPs5
CP&
Cz

%G;jldrl * * ‘zIIII'IIlIlIIIIlllillIIIIIIIIIIInlsillIIIII'I'IIIIIIIIEIIIIIIIIIIIII1;II:II'IIIIIIImﬂmllnlIIIIIIII':IIIIllIlIII'IlIIII:IlI=IIIIIlIIII\. 1:::.

Mark 2.734 5 [Cur ——— [Filters off Buffer. 1 Wiew: Original Correct Off Bad:0

[Time: 00:00:00 Total: 00:16:02
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7. Now we will apply filter settings that are [vmesersens: 0 e

[v Low Cutoff Filter

optimal for the identification of blinks.

Cutoff Frequency [Hz]. I 05 Type: Ifurwavd ~| Slope IE dBjoct v |
Press the EdF button to open the filtering || & rascustrira I
Cutoff Frequency [Hz]: | 8 Type: [zeraphase v | Siope [24dBroct | | ||

dialog. Choose a Low Cutoff filter of 0.5 N
Hz, forward, 6 dB and a High Cutoff filer || = S |

[~ Band Pass Filter ‘

of 8 Hz, zero-phase, 12 dB. ‘ S & wenpe [ 5

Sampling Rate: 250 Hz

8. Before marking an eyeblink, we need to [ Default Block Epoch IS |
define a default block epoch that will later

Fre cursor: R s

be used for the pattern search. To do so

. - |4nn_n
press Edit / Default Block Epoch and Post cursor. me
. [ |
choose the settings Pre cursor: -100 ms oK | Cancel | |
H
and Post Cursor: 400 ms. This time L )
window is usually sufficient to cover the
whole extension of the blink signal.
9. Right-click on the onset of the blink (you |2 ———— —— o oo
F7 —_—————— N S
. —_— T Default Block ||
may use the virtual B_EOG channelasa |» —— —— """ .
W image -
reference) and select Default Block. s RS S — -
Fz —_— Artifact Start —
:; W_w: Marker N
E?g Wl Comment -
FC1 N ‘ Pattern 1 L]
FC2 . : Pattern 2 L
FC5 : i ™ Pattern 3 ]
b i S Y -
2 —_— e —— e Pattem 5 L
g: Wj Time-Frequency Plot o
cz -
H_EOG
Broe 12 ! 5 H
‘ Auto > * * <|\I\I\I\J\I\I\II\I\I\II\I\I\II\I\II\I\I\\I\I\II\III\IIIIII\\III\I\\III\II\I\I\II\IIII\I\IIII\I\IHI\I\I\\I\I\II\I\II\I\I\II\I\I\IIII\I\II\I\I\\I\I\II\I\I\II\I\II\I\I\\I\I\IIIIIIHIII\IH
[Time: 00:00:00 [Total: 00:16:02 Mark: 2.701 s Cur:
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File Edit View Filers Montage Process ICA ERP Adifat Search Tags Goto Options Help

10. YOU may Se|eCt the Channe|S that pICk Up F [ F+| wrs | saw | BATI(E};P Tev | 1cA | DsA | TFC | ESI |[Rec Vir [ Src | Usr [ Opt [E

the eyeblink most clearly by holding down

the ctrl-key and left-clicking on the
according electrode labels. Select Fp1,
Fp2 and the virtual B_EOG channel.
BESA Research 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. | p | 4| =

Time: 00:00-00 Total: 00:16:02 Mark:2717 5 Cur.

Fiters: 0.5-8 Hz

T
S

11' Before we Start the pattern SearCh, we W|" File Edit View ﬂtﬁ,wage Process ICA ERP Artifact Search Tags Goto Options

F | F+| qus:w_| H | ERP | TpV | ICA [¥ Pattem

tell BESA Research to stop everytime a _—

Triggers

. p- . R ~—————— "% WholeDataSet
pattern is classified as a blink. Todoso * — " (s
ca Between Markers
press Search / Query. o R —
o1 W 0 End 0f gment

Next press the button SAW (Search — % ————— e

A2 ———— e e .
Search, Average, View

Average — Write) to start the pattern [ — T e

” —_——— Options..

rrrrrrrrrrrrrrret oy

search. Sy g S s
P8
Fz

12. Whenever BESA Research finds a pattern Avera.. X
that correlates high with the blink we have Accept
to
just defined, it will ask you if you want to average?

accept it to average. Click Yes to move on

to the next pattern. If you are confident

that the pattern search works well you Stop Asking

may select Stop Asking. BESA Research

-
Stopskig|
_Coreel |

Cancel

will now automatically scan through the

rest of the data.®

3 If your 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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13. When prompted whether to save the

average buffer, choose cancel.

14. 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 -100 ms and a window length of 400 ms
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 Research 7.0 Tutorial
Copyright © 2018
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“ Write Average Buffer - Original Channels - Binary X
Savein: | ERP-Audtory-intensity =~ «@mekE-
* Name . Size Type Date modified
sccess ) All Subjects ccfsg 332KB FSG File 2009-12-09 1:35 PM
[ s1_avfsg 663KE  FSG File 2005-05-13 1:53 PM
7 7 S1-blink+ERP.fsg 432KB  FSG File 2005-05-18 419 PM
Desktop ] s2_avfsg 663KB  FSG File 2005-05-13 1:55 PM
. [ 53 avfsg 663KB  FSG File 2009-12-03 11:58 AM
m [ 54_avifsg 663KE  FSG File 2009-12-03 12:09 PM
Libraries | 55_av.fsg 663KB  FSG File 2009-12-03 12:08 PM
@ [ s6_avfsg 663KB  FSG File 2009-12-03 12:07 PM
: [ s7avfsg 663KB  FSG File 2009-12-03 12:06 PM
This PC ) $8_avifsg 663KE FSG File 2009-12-03 12:04 PM
ﬁ | 59_av.fsg 663KB  FSG File 2009-12-03 11:55 AM
S [ 510_avfsg 663KB  FSG File 2009-12-03 12:02 PM
< >
File name: |m LI A — Y *
Saveastpe:  [Binary Hioh Resolution ('fsq) =] 1 cace [l
File Edit View Filters Montage Process ICA ERP  Ar
-F |F+| wrs | saw | BAT | ERP | TpV | |
Fp1 /\ e iRl —
Fozj /\ e
F3 —1 s/“
F4 L
c3 — |
Cc4
P3 1 Top View of Data —1
P in FFT
o — T -
02 - Linear Correlation —
A1 1 Source Analysis o
A2 L — —
F7 L 1] Whole Segment L —
F8 mo= Default Block 1
w iR Map
] T —
p7 i EE. mage L
P8 HIR Write Segment
:}zz ::: Copy to Buffer
P9 il Define Artifact Topography
EOG ! —
P10 ]
FC1 -
FC2
FC5
FC6 I e D ——
T Nt
T2 "
CP5 ———  ——
cP6 e
Cz
H_EOG
B_EOG oo [
P1/150
I O O Al
Auto = | I
Pattern: 1 Averages: 150 Points: 125
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15. Note that VEOG is already ticked in the  |ieccoreas r %

Select Topographies | Estimate Signal |

artifact correction window. The reason is

. Select No. of topographies
that BESA Research still remembered the sategory (% varianca/ICA chan)
. . . [~ HEDG
automatic artifact correction from before.
¥ VEOG Map
Select Blink. An error message will ¥ Bink
Assign Artifact Topography x

appear notifying you that the blink and L

I~ QOtherl \Elfié\gé ar!ﬁ :Egcl atredt'oo similar (correlation = 100%).
VEOG topographies are too similar and o) — '

that VEOG will be deleted. Confirm with lood | Save ok | _conce |
OK. oK | Cancel | Help ‘

16. A 2D-mapping window opens that —— ————————

displays the topography of the first PCA g*‘:ﬁ'i:i‘mw ) C L}
component (principal component iy ST ;: :
. 1 rueos [ -] -
analysis) that was computed on the - "= N -
[ | Zam xmfﬁ\ : _Me | ]
average blink signal. The PCA : g -

. . . : m“z’—J : :
decomposes the blink signal into @ . .. -
independent topographies. Generally the = ==t L= o o
first component explains > 99% of the — ——— — —— — °

. .o .. I— I Ve S BLIK -Top. 1 (89.25%)
variance, so it is sufficient to only subtract —— ——/————= S =]

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.

4 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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17. Note that another virtual blink channel was

created. If you scale it up to 100 pV 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.

B. Definition of conditions based on trigger values, names and attributes

1. We will now use the trigger information ICA | ERP | Artfact Search Tags Goto Options Help
| Open Paradigm...

=

Edit Paradigm...
Save Paradigm As...

in the file to specify conditions that will

later be used for averaging. Press ERP /

Average...

i
—
I
—_
Ed |t Parad | g m | Combine Conditions, Channels, Find Peaks...
—
—

Coherence
Top View of Data...

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

Open Event File...
Save Events As...
Delete Imported Events

LI A A A ) B B B |
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2. Switch to the Trigger tab. 5 triggers are ™"
detected in the dataset. They P | |
correspond to stimuli that were hr \ \ I I P—
presented at 60dB, 70dB, 80dB, 90dB ’ \ \ ‘ ‘
and 100dB. Enter 60dB in the field | & ==
under name and press Add to List. Do E "
the same with the rest of the labels. ==

= cancd | ok |

3. We will add further attributes as they will make the definition of conditions easier later
on. Change the name Attributel 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 Attribute3 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/l, name/60dB,
modality/auditory, side/bilateral, frequency/1000_Hz, intensity/60dB ad press Set.
Proceed with Attribute value/2, name/70dB, modality/auditory, ...

[ baradigm [

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

—Attributes

Icode Iname Imudality Iswde Ifrequency Iintensity Define |

—Aftribute Yalues

IBDdB Iauditury Ibilateral I1DDD_H2 IBDdB Add 1o List |
Eemove from Listl

— Current Assignment

| name | rmodality | side |frequency | intensit
G0dBE auditory bilateral 1000_Hz B0dE
70dB auditory hilateral 1000_Hz 70dB
80dB auditony hilateral 1000_Hz a0dB
90dBe auditony hilateral 1000_Hz 90de
100dB auditory hilateral 1000_Hz 100de

Cancel |
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4.

-

Paradigm

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.)

E==x=)

Trigger Condition | Epoch | Fiter | Adifact | Average | Coherence |

MName Qualifier Adtribute Operatar

Al Frevious Inzert
Is Mot

Next 1 Beplace

Delete

Condition

G0dB EL Current intensity s "
70dB 93

80dB 104 Currentintensity ls "
30dB 85

100dE 89 Current intensity Is "
Lo 188

High 174 Current intensity |s "
u or

Current intensity [s "

Current intensity Is "
or
Current intensity |s

Current modality |s "auditor"

oK I Cancel |

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.
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5. Move to the Epoch tab. Set Averaging
Epoch =300 1000, Baseline
Definition to =100 : 0, Artifact Rejection
to —300 : 1000 and choose Assign to
All.

to

Important note: We recommend
using long pre- and post-stimulus times

to allow for optimum Low Cutoff filtering.

6. Move to the Filter tab. Specify a Low
Cutoff filter of 0.2 Hz, 6 dB/Octave,
forward. Enable it for Scan and

Averaging (i.e. the Low Cutoff filter will

be switched on for the artifact scan and

averaging). This prevents us from
having 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.

Paratigm

Trigges

T e e

| Condbon  Epoch | Fiter | Astoct | Average | Goherence

Averaging Epoch - Baceline Definon | At Biejection |- Shmals Artfact

o W me ’W ms ’T ms | foo  ms
sikion 10000 ms | o0 ms | 0000 ms | oo ms

Deley

[
ns

Paradigm i : R
Tigger | Condtion | Epoch  Fiter | Agfact | Average | Coherence |
LowCutoft
[¥ Enahled for Scan [ Enabled for Averaging
i Erequency (M  [Hz] Slape [Gabjoa v Type [fonward =]
(|
I High Cutof
I - I Ensbledf:
I d
| Frequency [7500  [Hz] Sloge [eddb/oct ]| Type [rerophase  ~|
"
I Bend Pess Fiie |
(| [~ Enabled for Averaging
Loadl
I |
Frequency [500  [He] it (e Seve As
)
[

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

under

located in the

. 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

BESA Research 7.0 Tutorial
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epochs are shown. Epochs that exceed the amplitude threshold (default: 120 pV) 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.

Trigger | Condition | Epoch | Filter

—Rejection Method
[ Fixed Threshalds

[v Aditact Scan Tool

Artifact | Average | Coherence |

Start Scan

| — Thresholds and Bad Channels

UseforAw.

® EEG C MAG ¢ GRA

S T
1

II'II'I'IH'I'I'I'I'-'H 8 76

v Amgl |120

|_D |120

=l

[v Gradient I?S.EI

I_u 750
BT |

=l

v Low Sig Inm [o.o1

Bad Channels

I—n

=l

—Count  Accepted  Condition

% 77 50dE
'ﬁ | ! 33 70 70dB
03 8 BOdE
B 72 3008
100dB
Lo

Hinh

189
174

147
14/

—Sort by File

0]

rll Trials

[ Saort Channels by Mean

(" Gradient

[ ™ Low Signal

[~ Log.Display

© fpliics Lond |
Save As |

2. Right-click on the red channels to see

their labels. The two channels that
contain most bad epochs are FP1 and
FP2, two frontal electrodes that pick up
eyeblinks most strongly. Note that it is
also possible at this stage to change a
channel status to good, bad or
interpolated by choosing the according
option in the dialog box or by dragging
the horizontal bar up or down. We will

not do this at the moment, however.

BESA Research 7.0 Tutorial
Copyright © 2018

Show Trial

” Trials
B ol o Chenmela by hoen

R s
Trigger | Condsion | Epoch | Fiter  Afact | Average | Coherence | f
Fejacton Method Thresholds and Bad Chamals
[~ Fred Thrashoids ¥ Atitact Scan Tool Stert Scan UseforAv. @ EEG € LAC €
‘ ~ amg 120 [_nm v
cho RS BN har | l.. Color Map Auto-Scale -

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

Cancel | Help |
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3. It is also possible to view the result of

sorting the data after a Gradient
criterion (default: 75 pV), i.e. epochs will
that

amplitude jumps of > 75 puV between

be marked as bad contain
two sampling points. Choose Sort by

Gradient to view this.

The Low Signal criterion can be useful
to identify data periods where an
electrode drops off during recording.
Epochs will be marked as bad during
which the signal is smaller than the
threshold criterion (default: 0.01 uVv).
Choose Sort by Low Signal to view
this. In the present case, no epochs fall
under this criterion. Change back to the
Amplitude sorting criterion and press

OK to close the Paradigm window.

Switch on Artifact correction

by
pressing ctrl+E. Open the paradigm
window again by pressing ERP / Edit
Paradigm and 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.

BESA Research 7.0 Tutorial
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Paradigm

Trigger

0

03 8 l
i
a3
189 (77%) Low B
174 AR Hioh
Sonby Ele
- amplituc
- Load
ETl| ® [Grasien
kel Trisls 1295 Earaie

B —
Condon | Epoch | Fer  Anfsct | Average | Cohersnce |

Fsiaction Method
Feged Thresholds

Threshoids and Bad Channals
Uselorhv. @& EEG (=

I o
¥ Gradient ’Tﬁ |
P ogsg 0 [0 ]
[

Count_AcceptedCondiion |
96 7

StantSean

[ Asstact Scan Tool

Elad Channels

€ LowSignal

[¥ Sort Chennels by Meen

I Log Displey

[ ok ]| com oo |

Paradigm

Trigger | Condion | Epoch | Fiter

N

Cho

I

T TN e
Afifact | Average Coherence

Fejedion Method
[ Figed Thrasholds

Thresholds and Bad Channels

Stert Sean Usefordw. & EEG

[ Aditact Scan Taol

G
P Goden [50 [ 050 =]
[ LowSig [0m F oo -
«color I

s |

Biad Channels

=T £
€ ampiivde
L]

[ Log Display 2%

€ Gradsent
AT Traa ] et Chenneia by nen @ LowSignal

oK Cancal veo ||l

Scan Exists

A gcan has aready been performed.

Agsignments of bad channels which were done in this
editing session will be lost if you scan again.

Da you want to scan again?

Yes No
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6. Note that a greater number of epochs A —
got accepted and that the two bad e gm‘ml -
electrodes (FP1 and FP2) that were ' il , R| o) )
VAL e ST P pr o1 |§
contaminated with eyeblinks are not DR ...

Count Accepled Condion
S (9% G008
d (%) 7008

conspicuous any longer. Some epochs
still will be rejected as they exceed the

L] [» € Grodient

threshold criteria. These epochs are T sy o ™| Cloripn || 22
contaminated by other, non-eyeblink =g >
related artifacts. It is possible to view
the corresponding epoch in the main
window by right-clicking into a red pixel
and selecting Show Trial.

D. Averaging and Classic ERP Analysis

1. Move to the Average tab. It is possible Pﬂm_ e e e T
to restrict the number of conditions for ot - Satc
averaging by removing unwanted ?;:::: :% iﬁtf“%‘ E
conditions from the condition list. s o “ »«_ -
Additionally, it is possible to use w:: — e
constraints, e.g. to only average epochs ZMT: I;E?" m ﬂ
of the first or second half of the Eﬁ E[% %B * T
experiment. This can be useful to make | e
a split-half comparison. We will now e
average all conditions by not changing
any settings and pressing Average.
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2. A warning message will appear that

artifact correction is switched on, which
can be problematic for later source
analysis®. We recommend to switch off
artifact correction for averaging and to
load the artifact topographies again at
later stages. Press Yes to confirm
artifact correction to be turned off.
Note that all still be

that were selected with

epochs will
averaged

artifact correction being switched on!

When prompted to save the *.fsg file
containing averaged epochs of the
conditions defined in the paradigm, add
a -test to the suggested filename in
order to not over-write any predefined

files (i.e. choose the name

)-

You will be prompted to specify names
for the averaged epochs. By default,
BESA will

defined in the paradigm. Unless you

suggest the names as

want to alter them, choose Stop
Asking and the original names will be

maintained.

Artifact Correction Switched On for Averaging

Artifact Comection may distort brain topographies. For discrete source analysis it is
preferable to use uncomected data and include artifact topographies in the source model.

Press:

‘Yes to tumn off artifact corection
No to use it nevertheless
Cancel to quit averaging

X

Yes Mo Cancel
u Write Average Buffer - Original Channels - Binary X
Saven: [| | ERP-Audtory kensiy | o B
* Name ° Size Type Date modified
] AN f F -12-09 1:35 PM
Quick access |_| All_Subjects_cc.fsg 332KB FSG !\e 2009-12-09 1:35
7 S1_avifsg 663KB  FSG File 2005-05-13 1:53 PM
7} | $1-blinks ERP fsg 432KB  FSGFile 2005-05-18 419 PM
Deskiop | 52_avfsg 663KB  FSG File 2005-05-13 1:55 PM
[]53 avfsg 663KB  FSG File 2009-12-03 11:58 AM
m | 54_avfsg 663KB  FSG File 2009-12-03 12:09 PM
Libraries ] 55_avfsg 663KB  FSG File 2009-12-03 12:08 PM
& | S6_av.fsg 663KB  FSG File 2009-12-03 12:07 PM
[ 57_avfsq 663KB  FSG File 2009-12-03 12:06 PM
J=EC | 58_avfsg 663KB FSG File 2009-12-03 12:04 PM
I} | 59_avfsg 663KB  FSG File 2009-12-03 11:55 AM
—r [ 510_avfsq 663KB  FSG File 2009-12-03 12:02 PM
< >
Fie pame: [ I Save
Save as type: |Bmary High Resolution (" fsg) Ll Cancel
Please Enter a Segment Comment X
60dB
60dB
Ok | Stop Asking | Cancel ‘

5 See the effect of switched on artifact correction during averaging in Tutorial 9: Source Montages.
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5. The Top Data Viewer will automatically * Top Data Viewsr - 100d3

File View Condition Montage Analysis Options Help
60dB 70dB 80dB 90dB 100dB Low High All

open displaying the averaging results.
You may choose two conditions at once
to be overlaid 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 L.

Original Recording

Preferences. The viewing epoch may
be changed by selecting View / Epoch
or right-clicking in the background and

selecting Viewing Epoch.

6. Select condition 60 dB and double click =™ ———_ |0 v

in the waveforms at 636 ms. 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 | o | =

o]
El
)

783y

T8IV

eyeblinks.

+ BESA » Research 7.0 » Exemples » ERP-Auditory-Intensity

7. Close the TopViewer to return to the main

window. After averaging, BESA Research -~ = . oo
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

S T

earlier. To do so press Artifact/ Load... and selectfile . This file was automatically

written by BESA when we defined the blink topography. Press Open.
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8.

10.

Loading the *.atf file will lead to BESA
Research subtracting
Note

the eyeblink
that
appears in the top-left corner and a

topography. corrected
virtual EOG channel is displayed at the
bottom. Switch off the filters by pressing
the EdF button and deselecting all
filters. Open the TopViewer again by
right-clicking in the data and choosing
Top View of Data.

Return to the 60 dB condition and note
that the large activity around 636 ms
has disappeared. If you now double-
click to bring up the 3D-mapping
window you will see that the blink

topography is gone.

Zoom electrode Fz by right-clicking on
it and selecting Zoom Waveform. Left-
drag a window over the most prominent
peak. Right-click again and select
Find and Mark Peak.

BESA Research 7.0 Tutorial
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File Edit View Filters Montage Process ICA ERP Artifact Search

-F |F+| wrs | saw | BAT | ERP | Tpv | ICA | DSA |
corrected ’ ' H
fp1 [ |
Fp2 3 e T
3 N Top View of Data Pl e
F4 —-“;‘f—‘ Whole Segment _%
c3 I H
] Default Block H
o | ] ault Bloc N
P3  p—i—t M b ]
P4 L Image L
o1 PN A e S
' Epoch Start .
0z F—— . i
A I Artifact Start N o
A2 [— "] Marker H
F7 b RSkMeasmnt Semmaett-aeevarsed
' Comment '
F8 ot R
17 W Pattern 1 H
T8 : 1 Pattern 2 :
p? MWU PA o — -,«.—L-:‘\f"m‘
P8 - Pattern 3 e R
Fz e Pattern 4 N e
Pz "“"‘+"“”“ Pattern 5 :
Py it e B
EOG Ww Time-Frequency Plot S \a—\'\.-u.v"\‘r’\.
an ' T NE— [
4 EEG - Voltage [EEr=]
\ 636ms

7891V

78IV

:

Find and Mark Peak
Unzoom Waveform

Show Overplot Window

Zoom to Marked Epoch: 48..156ms

Viewing Epoch
Al Conditions
Viewing Preferences
Start Movie
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11. The Find Peaks window will open and  |mrecrcse PR ==

Search Channel from o

automatically display the search results E =l fe = "
for the marked data-block in the [ = fwer] eren |
Channel Ampl atpos Peak Ampl atneg Peak Mean Ampl Area [signal units * ms]

specified electrode as well as all other ez | ;;g' ;§;g| ;g;g| mE

) ) H
electrodes. A time of the large negative Fe 15 35 iE [0
peak is 88 ms. BESA also outputs the | & i L i
mean amplitude in the specified time- | oo 0 E m
range as well as the Area under the o rlcy P e

signal. These results can be saved
using the ASCII Export option. Press
OK.

12. Back in the TopViewer an arrow will

‘NBB

now mark the peak position.
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Tutorial 3 — Batch Processing, Combine Conditions

What does BESA Research provide?

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

<N X X

Averaging of channels
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A. Batch Processing

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 Montage | Process | ICA ERP Atifact Search Tags
_]ﬂ Source Analysis als  fC|
All. Now select Process / Batch Shicelimage |
i i i i Voltage Maps M
Scripts. This will bring up the Batch CSD-Laplacian Maps c
MEG Maps

Processing dialog.

Density Spectral Array

FFT-Spectrum F
Mean FFT-Spectrum

Previous FFT-Spectrum

Load FFT >
Linear Correlation L

Nonlinear Regress

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

2. Press Add File and select both available

Fie st | Batch |

Load Fle List Load Previous Press “Add Fle” or drag files from Windows Explorer into the box to append to the It
(Sl.cnt and S2.cnt). Press | [ e - e
e | [ SelectDat Files x
Open' ok [Py 7] & (0o [
* Hame Size Type Dmmudmtd. -
e = oo qbalindiirecpardirin
Desaop.
-
L ]
Ths PC
@
Netwok € >
fersme:  [Sterser =] [ om
Fies of type: [Cument Fle Type (" crt) - Cancel
I~ Do ry 1o open fle here § Folders: [C h_7_0\Exarmpies ERP-Ausitory btersty. 7|
o | cmed | e |
3. The file-list now contains the raw data of ——
Load Fie Lint Load Prewious Press "Add Fle” or drag fles from Windows Explorer into the box to aopend 1o the st

subjects S1 and S2. For display e | || e, 53 ke o G/

purposes only two datasets were e e e o

2 2500

selected, in principle, an arbitrary
number of files can be selected. We can
see that both files contain data of 32

electrodes sampled at 250 Hz. It is

possible to save or reload a file list at this

stage by pressing the according buttons. |-
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General commands: Main Program: Source Analysis: Source Analysis Imaging:
command. This will bring up the Select | & ttocrihod e ypetorf Fron
MATLABcommand ArtifactOn/off ‘ConvertSource Clip
MATLABwaitForVariable | ArtifactScan Delete Export
. - a . Pause |AwliaryFiles DisplayMRI GotoMax
Command window that is sub-divided | [ueeeste rrrage e import
EditDefaultEpoch FitConstraint LORETA
EventRead FitInte SetCrosshair
H - H EventWrite Mi NG Lorete
into 4 command sections corresponding o bt Lo
FFT SSLOFO
@ Apply to all files E}f;\:‘ :CA‘ . UserDefined
to the main program, source analysis, ol ot beging f bt [ITPASCE SONED o
Montage SaveResidualWaveforms
" Apply at end of batch Paradigm Ti quency Analysis:
imaging, time-frequency analysis and TS ]
Current Selection TriggerSelect SaveSourceWaveforms save
::{gr ‘;’:fm“a sen dTDMA“H_AB
SetDefaultSourcaType StartTFAnalysis

general commands.

4. Move to the Batch tab and press Add [==crm T ==

SetOrActivateSource
SetOrientation
SwitchCondition

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.

BESA Research 7.0 Tutorial
Copyright © 2018

the current file

" “Browss I

o= m—

. _
. ] Load Parodirn)
Load Paradigm Task E
Loskin Audtory v =@y
'y Name . Date modified
Instruction < AC0sP0G 23103004 1518
Press Browse . to select a paradigm file name RocentPlaces ™ bp InvenryPOG 7123008 2134
%hasename? will be replaced by the base name of I = P300706 112004 1520
kg
fra-d
File A
Copue
I%basename% pdg &
[y
Flapame - oo
I oK | Cancel |
B s ofypn s Carea
{ I | I =
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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 making manual

corrections. Press OK.

Artifact Scan Task @
Instructions
Check "Wait after scan if vou want to adjust
thresholds and check bad channels after each scan
= = —— -
= [+ Wvaitafter scan :
------ Cancel

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
for the averaged individual data. Uncheck the option Use default target and change the
File name mask to . 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.
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General commands: Main Program: Source Analysis: ‘Source Analysis Imaging:

.

|| [Batcherror ArifacAutoCorec (AddSource Beamformer lesinsita N .
Comment arttacmethod ChameTyperore cLaR File name mask defines target file name: It can indlude a subdirectory name. and the file
MATLABcommand ArtfactOn/oft Convertsaurce cle basename (%basename). f a directony is defined, the mask is appencied 1o the
MATLABwaitForVariable Antfactsean Delete Eport diroc Oth tha data dirack ¥
i norycies Duptoypea e irectory name. Otherwise the data directory is use:
VindowPostin e import
ssine et LAURA
EdtDafaukepach eiconstrant LoReTA For FFT averaging, use the "FFTsave" bitch command to save the results
cvertRend Frintervol SetCrosshon
Evenurs Minmumiorm sLore
e opensolao ssioro [ g
@ Appiytoal fes FieOpen Fca UserDefined Schasename?_av-est
Apply s Reguiartzation File name mask: i |
sc Saveam - — -
C ot [R5 o
Mantag SaveResduahVeveforms
 Apply ot end of botch Paradim SovRVondoFPWaveforms  Time-Frequency Analyss: Dk Browse
PatternToTrigger SaveSolubon [ooploy
oot Socion Triggerselect savesourcewavetorms sl [~ Use defaulttarget (name and directory)
SendToMaT! e oY) —
a Setcursor
s SetbefautsourceType StartTF Analysis ¥ Ovenwrite targetif it already exists 1
setoractnatesource
Setorientato —— — — ——— -
SwitchCondition [ \(Zep atact comettion an dunng averaging oK

= caee

[~ FFT average on first condiion Cancel

i

8. The three commands have been added to === .

it B |

. , o e T [ P ——
the command list with all specified e G

; . = e ‘
options. You may save this batch and s - 1

reload it for further analyses using the — o

Save Batch and Load Batch buttons.

Press OK to start the batch processing

with the first file (S1.cnt). e e

13 Caneal Hsip

9. BESA Research stops after the artifact [== TR .

Tigger | Conddon | Epoch | Fiter  Anfsct | Average | Coherence |

Figpection Mefod Thesshalds and Gad Chanels

scan has been performed. You can now = Te—— . |u;:: B
' ' - i i W | o T

manually adjust the number of rejected i o hI el :—Tﬁ
| A - g oot 0 om -

i 1 | MU Bad cromels 0 ceker
trials and channels. In file S1.cnt, many .wi.u. R T
blinks can be observed, primarily | e

a5 63 (81%) 90di

inks can be observed, primarily in ‘ el N
channels Fpl and Fp2. The preset R~ —

€ Gradient

M| Lgwsignel |

W Traeis

[+ Sori Channels by ean ™ Log Display !

amplitude threshold is not low enough to

[ oK Cancel Heip

exclude all blink-contaminated trials. Drag
the vertical red bar to the left to exclude
more trials or set the amplitude
threshold manually to 80 pV. This will
reject more epochs but we can be certain

that no artifacts are retained in the data.
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10. Select Sort by Gradient. Place the == =~ mz-l | ‘:l —
scrollbar to the right end of the display to e S el [y
. — ~ Amgl  [F0 ’_nﬂ
see the trials with large gradient artifacts. *‘rl j |
The gradient threshold should be lowered oms T3 ) ||

should be moved to the left) to exclude all

|
(i.e. the vertical red bar in the 2D display |
i
|

0] mn| ® Gradiem —
artifact-contaminated trials. Set the S e Fisbowy M Clortow || |
gradient threshold to 30 pV. ' - — ___—— | |

11. Select Sort by Low Signal to see | "= :!‘ = ‘ | ;:Cm” —
whether there are any channels that ot Thoaoe 7 A -

n v Amgl ‘3[ | D EE|
[+ Geedient [20 [ojse =
laesg i [T|E0 <]

color

l
Bad Chonnals [™ i

Count _Accspted _Candiiion

ohn

dropped out during the measurement.

This is not the case.

LK1 |
T
! ™ [% SodChemmels by Mean

12. Press OK to finish artifact rejection in the | Batch Completed ==

fl I"S'[ data fl Ie ] BESA Research now File 2: CAU_s\BESA!\Research_5_3\Examples\ERP-Auditon-Intensity 52 cnt
Task:  Batch Completed

averages all specified conditions and
g p Wiew Log ‘ OK

proceeds with the next data file. In file

, adjust the artifact thresholds to
100 pV (amplitude criterion) and 50 pv
(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.
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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

1. In the BESA Research main window,
select ERP / Combine Conditions to
open the according dialog window.
Press Load File List and select the
pre-defined file

and press
Open. This will load *fsg-files
containing average data of subjects
S1to 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.

BESA Research 7.0 Tutorial
Copyright © 2018
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H-Lu|cm¢mu | Cnanmnel st | Fun Soret |

Load Fie Lt Load Previous Windows
el bl s il Lol
e | AAAAAJM*M“
Fie B Load File List % | Sampate |
Lockin: [ Fielmt =] ® B
Name . Date modified Type
ERP-Auditory-Intensity flist 2008-03-13203PM  FLIST File
ERP-Auditory-intensity-Merge.flist 2009-12-0912:59...  FLIST File
Deskicp
[
Ubranes
This PC
Hetwork. C =
Fie name [ERP -Auditory ntensty-Merge fiat =] Open
Fleacftpe:  [Fle Lat () = Cancel
Drectores e List drectory =l | Ofies
SO | | |
Combine Conditions, Channels, Find Peaks - For Research Use Only %

Fle List | Conditon List | Channel Lt | Run Sompt |

__Load Fle List_ ‘ Load Prewious ‘ mmm«wqumwmmwmmmmmmwmw
opter

<Del> deletes maked tem. Cil+Curser u/down
Save Fle Lt i

#

| Channsis | Eloeuodu Epochs | :o«mml smaRne\

SA\Research_7_{\Exampies\ ERP-Audfcry Fiensty\S1_avisg
5A\Research_7_0\Examples\ERP-Audtory-Ftensty\S2_avfsg
SA\Research_7_01

(\Examples \ERP-Audfory-tensty '55_av fog
7 0\Examples\ERP-Audtory-tensty \S6_avfsg
SA\Research_7_(\Exanples\ ERP-Audfory-btensty\57_av fsg
SA\Research_7_0\Examples'\ERP-Audiiory-biensty \S8_av fsg
SA\Research_7_(\Examples\ ERP-Audtory-Ftensty\53_awfsg
A\Research_7_I\Examples' ERP-Audfory Intensty \S10_av fsg

TETETERIAT
H
é
BREEEEBHEERE
2

10fies

Cancel Help.
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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
A. Conditions having the same

segment comment in the different

files are grouped into one entry.

4. Right-click onto the input condition
low in the left column. A window
opens displaying information about
the condition. The bottom line

indicates that a low condition with the

specified parameters is present in all
ten input files. Press OK to close this

window.

Combine Conditions, Channels, Find Peaks - For Research Use Only

Fie List Condtion List | Charnmned List | Fun Serpt |
instructions
Chck in amay to toggle "+1”. "1, no epesation

Load Condtion Lt Load Previous

Save Condtion Lim | New Target Condtion | | Fight chick for more oplions

Chck coleme Label 1o edt the label, delete &, or nsent a new label ta the left o the cokurn

put Condton | GOJB| 70dB| 80d8| 90dB| 10048 Low| Hgh A
60d6 ]

+
0B “
Low -1

Weghedaveage? N0 N0 N0 NO N0 MO MO MO

Feedback
Mo resirctions on sampling rates or chamnels.

7 Divide resuk by sum of PLUS
factors

Condition information

Condition label: Low
Samples: 325

Zero sample: 75

Time Range: -300 to 1000 ms
Sampling rate: 250.0

Occurs in 10 files

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.

BESA Research 7.0 Tutorial
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6. We will modify the default definitions.

Fle Uit Condtion Lt | Charmel Lt | Aun Sorpt |

instructions

Instead of creating a grand average of L& A L L ot vt ettt
the All condition over subjects, we will E‘““““ e w?w T e

create a new condition that contains : "dm —

the grand averaged difference be- ﬁ e |

tween the High and the Low condition. o——

-

Left-click onto the label of the target

Weghtedaverage? NO  HO  HNO  NO  NO MO MO NO

Feedback

condition All in the title bar of the o o g e charras o ek by o LU

factors

table. This allows to create new target |
I | cs N | |
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 Low over
subjects, left-click once into the field linking input High with target Difference 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 creating 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.
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Combine Conditions, Channels, Find Peaks - For Research Use Only

Fie List  Condtion List | Channel List | Run Script |

Load Contion List | Load Previous | Click in amay to toggle "+1", "-1", no operation.
Gd(whmnld:elme\iheld:d delete it, orinsert a new label to the left or the column.

Save Condition List | NewTa'getConcI:ml Right click for more options

Input Condtion | 60dB| 70dB| 80dB| 50dB| 100dB| Low | High [ Difference |

60dB +1

70dB +1

80dB +1

90dB +1

lﬂOdB

m““ﬂ“u

Al

Weighted average? NO NO NO NO NO

~ Feedback
No restrictions on sampling rates or channels.

v Divide result by sum of PLUS
factors

0 | cancel | Hep |

8. Press Save Condition List to store
the defined conditions to disk. Enter
ERP-Auditory-Intensity-test.clist as
file name and press Save. You may
press Load Condition List to load the

list ERP-

predefined condition

Auditory-Intensity.clist.

BESA Research 7.0 Tutorial
Copyright © 2018

_ _

Savein | | Condilonlist R =1
@ Name - Date modified
a "’uﬁ’ | ERP-Auditory-Intensity.clist 13.05.2005 15:37
it |
ecentiaces PreviousSettings.clist 03.03.2011 11:24
Desktop
wal
Libraries
A
Computer
@
Network < 1 L4
File name [ERP-Auditory-Intensity-testelist ~] Save |
Save astype [Condition List (* clist) ~]| Cancel
Directories [Condition List directory -]
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9.

10.

Proceed tO tab Ch an n eI L | St ) By [Combine Conditions, Cranaets, Find Peaks - for Research Use Only ®

Fie st | Condiion List Chamnel List | Aun Script |

e : T Uty ST
default, settings in this tab are ignored | B "

(Checkmark at the bottom Ieft) It ::xcn.m ‘TJ r:? FalF4] ca] ca P3| P4l 01] 02] A1] A2] F7] 8] T7] 18] P7] PBI F.] P2] PS] EOG] ~

allows combining data of different g s
channels. To create our grand a
average, this is not necessary, 5 e )
therefore we leave the settings in this =

tab unchanged. O

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 analyzing 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).
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Combine Conditions, Channels, Find Peaks - For Research Use Only X

File List | Condition List | Channel List  Run Script |

Load Setting | Load Previous | Select options, then press "OK" to start averaging or peak/amplitude export.

Save Settings DO NOT USE RESULTS FOR DIAGNOSTIC PURPOSES!
~ Averages to generate i~ Further options

(" Generate separate averages for each source file [V Open target file in BESA

) [
l Peaks and Mean Amplitudes
-
" No averages: just copy CP @ Singl
" Peaks and mean ampltudes @ Mean Amplitude (6 utp
c C Ser ATLA

Spatial Ints 2

I™ Interpolate to Standard 81 electrod e o

o
Range: 0 1000
[~ Interolate bad channels (obigatory f bad channels = & == .
defined and not standard 81 interpolation)
h | IOngma! Recording

r~ Temporal Interpolation and Clipping

[ Spline to new sampling rate —_— Hipass: 0.53, Slope: 6 dB/0c

[~ Cliip interval

Sampling rate from (ms) to (ms) —‘I ARl
250.00 -300.0 1000.0 Peaks
= F Al Amplitudes at same latency I™ Positive
No{fmqbs:m.mofpvmmplel:ﬁ
Max prestimulus interval: 300, max poststimulus interval: 1000 TRl ~] Channel for peak detection

11. Click OK to start the batch. BESA [Elwieaessesifer o cunesun- R o
Savein | | ERP-Auditory-Intensity ~| +@mo\E
Research computes the specified grand P Name . Dstemocified  * |
a "‘:: | test 17.02.2011 14:31
ecent Places
. All_Subjects_cc.fsg 09.12.2009 14:35
averages and prompts for a file name. Bl o arne o cteting
Pecfe S1artfsg 2502201113:32
Enter All Subjects cc-Test.fsg and g ew 120320051452
— — = S1_av_FILTER_EXAMPLE.fsg 02032011 10552
Libraries S1_av_FILTER_EXAMPLE_AFTER fsg 02.03.2011 10:51
p ress Save . :&" S1_av-testfsg 14.03.2011 16:05
S1-blink+ERP.fsg 18.05.2005 17:19
Computer
52_avfsg 13052005 14555
| 52_av-test.fsg 14.03.2011 16:06
Network $3_avfsg 0312200912558
€A muifrm A2 179000 12.00 T
< [I[} »
File name [510_av_cctesifsg ~| Save
Save astype [Binary High Resolution (*fsg) ~] Cancel

wis | 34 | BAT | %P | Tow | 1A | D3A [ TPC| E3 [ Ree Vir | S | Uar | Ot | €M ] 7 | [ | ] e ]

12. The generated grand average file

contains the specified target conditions
60dB to 100dB, Low, High and the
Difference condition. The number of

source conditions is shown at the iy

bottom next to the condition label, in our

ol
Time 162420 Tow MO G WWE GwdERs el 00 (LT B Ve g Boroa 8 a0

case 10, one for each subject.
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13. Right-click into the data and select Top
View of Data. Let’s have a look at the
condition Low, High and Difference. It
becomes very clear that there is a
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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Tutorial 4 — Discrete Source Analysis

What does BESA Research provide?

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

v Using regularization

BESA Research 7.0 Tutorial
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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.

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 = postsynaptic Discrete equivalent current dipoles as model for

current flow in pyramidal cells the activity in each brain region
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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-
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.
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Inside the head: Signal on the head surface:
Primary (postsynamtic, Generated potential changes
neuronal) current in red, (= EEG maps / topographies).

secondary (volume) in green  Blue: negativity, Red: positivity

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.

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.
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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.

local current

distributed activity

single topography

36.0 ms 40.0 ms

propagation

scalp waveforms

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

M o v ————
Nv_/;\f o —

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). With a given volume conductor model, e.g.
a spherical head model, a boundary element model (BEM), or a finite element model (FEM), it is
now possible to 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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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.

BESA Research 7.0 Tutorial Page 66 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

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

(1)) i i

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).
BESA Research 7.0 Tutorial Page 67 of 396

Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 7.0

Tutorial 4 — Discrete Source Analysis

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 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.

# i

correct

local currents scalp data

-

/,/ i Y . \\\ A S v
AN
v N / multiple source model

“ | inverse

N

forward =ep S SOV S
propagation to scalp

incorrect!

single source model
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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.

source model: 1 : scalp waveforms
relocate dipole
model waveforms

source waveform Al

=

T minimize
difference

-1 FCB A
®” "\ forward inverse " ——/\/\g——
model model ., >C
A — S —
head model K L
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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
model ~ scalp

Al

— c4
CPB

P4

FC2

Fz

CP2

INVerse Fos —————t A

model

Fp1

a%w

NCCa2

head model

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.

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.
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different compound activity right & left

1 forward

- A~

overlapped scalp waveforms
have symmetric topography

R R

Thalamus?

I

single dipole mislocalization to center source waveforms are separated

left activity picked up by right dipole

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.
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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.
@‘-’J C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator mﬂér
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1. In the main window, select File / Open ) select Data Files x
Look in | Leamby-Simulations j & @ cf B
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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. Press Source Analysis to open the source analysis window
with the specified data segment.

4. On the left of the source analysis window, the

recorded channels are displayed in average = [ e wa v oS-

) - RN [V N W " 4
reference: The top row shows a butterfly plot - @% : =55V VW

of all channels; below that, the PCA
decomposition is shown by default, indicating
the number of components that can be

expected in the data. In the top middle box,

the global field power (GFP; the sum of ==

BESA Research 7.0 Tutorial Page 73 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

squares of all channels, normalized to 100%) is displayed in a logarithmic scale. The
central and right-most sections of the window are dedicated to the model that describes
the data; as there is currently no model defined yet, they are empty at this point. 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.

nnnnnnnnnnnnnnnn

5. This defines a first (still inappropriate) B

(o]

3 esa -
Dat
1

source model. The source waveform in

the middle box is calculated from the
recorded data using the head model (=

model for the distribution of the electrical

conductivity inside the head) and the L/
source model on the right as a h[f,;T.;i‘-l] ((f‘.'f’ "@’\‘;}}

'Lg,‘\_' ‘_’I J\\‘ @i‘m\ “,'N,‘
hypothesis. Source waveforms are 40 gl

dependent variables. Source locations
and orientation are independent
variables.
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the model waveforms can be computed, ~ ~ o . i i e i
i.e. the data that would be generated by X}( ] %J
the current source model. First of all, by
un-checking the P.C.A. button above the

waveform display, you can visualize the
measured data for each channel (sorted
by variance). Now you can visualize the
model waveforms (blue) by hitting the
Model button in the upper left corner.
The difference between recorded
(purple) and modeled (blue) waveforms
is the residual. It can be displayed in red
by hitting the Res. button.
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7. The normalized sum of squares over channels [pes var. [ Energy | Min. Dist.  Image

R.V.: 97.336% GFP
Best: 0.000% RC:1

(RV), i.e. the unexplained fraction of the data ' I R N | B

of this residual activity is the residual variance

variance. It is displayed in the top middle box
(red) together with the GFP. Note the inverted

0.1

logarithmic scale for the RV. The goal of the

source fitting process is to find a source model that minimizes this residual variance.
8. Left-drag over the data approximately

from the onset of the first EEG activity to

the first peak. Then hit the Start Fit button

H
SESAME

o .mm\m oo

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

CF2 = r
and confirms the simulated generator of = e ST j

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.

9. Note that it is arbitrary if the dipole is ! ’ T Wiie Sphere Center File cot)..
S Save Solution As... Ctrl+§
represented with its flag pointing in one [ >
. . . . . . Display MRI A
direction or in the opposite direction. If ] I ot Eabled Souncas over ntenl .
you wish, you can invert the source FitEnsbled Orentations °
Invert Orientation 1
orientation by right-clicking onto the Coetio Regons S £
. m Delete Source Del
source and selecting Invert
Orientation.
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10. Release the Data button in the upper left

corner to show the residual activity only. = - _
In our marked initial fit interval, the dipole -~ -

= in Dist._Ima
" - (L] . o
=f ot Allfit| Stantfi]_swLOR_|v| SESAME /////—L\\\ //f’_\‘\
) \
ig ¢ f‘

in the right auditory cortex explains the ~—————— L) ?’57\{
recorded data without any remaining ——he— {((iAW\ | %&;
residual. However, its source waveform is i [ — - r— \\\jj i@\ 1T ),
not correct — it shows activity also during = TN A TN
_ v == ={ SEYAR)
the later time range of simulated activity in :,';_ﬁ% ﬂ“ Fy oL i

the left hemisphere. This is so because ~—  wos s
the required source accounting for this activity is not included in our source model. This is
also reflected in the high 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

nergy | Min, Dist. __Image |
GFP

second dipole. The button next to its

source waveform will automatically show | ~———— e

Fit to indicate that its location and
orientation will be optimized in the next =~ =

/i Ay
fitting step; in contrast, the button of the — A ° Y

o]
| |

first dipole says No Fit, because it will held

fixed — its location and orientation has —j |
already been determined by the first fitting [ e
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.
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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.

2"4 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,

, 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!
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12.

13.

14.

Minimize the source analysis window and
select File / Open in the main window to load
the second simulated data set
Left-drag to
mark a block and right-click into it. BESA
Research remembers the previous settings
used for source analysis that you can quickly
re-apply by selecting it at the bottom of the

popup menu.

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.
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15. Let’s see what happens if we had tried to S

16.

17.

model this data (incorrectly) with a single
dipole only. Deactivate 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- ..

[ s -1

and right-hemispheric activities. Although the

result is incorrect, the residual variance is less

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

How can one decide whether the one-

source or the two-source model is =l

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 is a parameter called regularization constant. Select the corresponding

entry from the Options menu.

Reduce the regularization constant to
zero. With this setting, the separation
capability 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
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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.

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 (

- .
%% C:\Program Files (xB6)\BESA\Research_5_3\default.elp - DipoleSimulator [ -
— — —— c— - —
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18.

19.

20.

Minimize the source analysis window. In the
main window select File / Open to load the
file

, the

simulation as the previous one, but with

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.

The previous solution is now applied to the

noisy data. The channel noise is strongly

projected onto the source waveforms when
the regularization is set to zero. Select
Options / Regularization constant again
and see how increasing the regularization
constant affects the reconstructed source

waveforms.

As regularization is increased, crosstalk
increases as in the previous example, i.e.
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
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21.

the presence of noise. Therefore, a modest
regularization is recommended in real data
sets. The default regularization of 1% is
usually an appropriate compromise and
does not need to be changed. Crosstalk
between source waveforms is usually
smaller than in the current simulation, in
which the correlation between the leadfields

of the modeled sources is especially high.

Set back the regularization to 1% and hit
OK. Then close the source analysis
window (confirm with OK that the
developed source model does not need to

be saved to disk).
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C. Single Dipole Fitting in Real Data

1. Back in the main BESA window the file
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
custom definition settings =50 to 250 ms,
a Low Cutoff filter of 0.5 Hz, 12 dB/oct,
zero-phase shift, and a High Cutoff
of 40 Hz (keep the default

parameters 24 dB/oct, zero-phase). The

filter

low cutoff filter will create an improved
baseline and reduce the overlapping slow

activity.

2. It is not possible to fit a good source
model for the P50 as its signal-to-noise
ratio is poor. Therefore, we will focus on
the N100, which has the largest amplitude
in our signal. Mark a time-window from the
beginning to the maximum of the auditory
N100 (76 to 100 ms). As we are dealing
with auditory data, we know that 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.
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3. Both sources will fit in auditory areas, the ' i
. [ Energy [ #din.Dist._lmoge

Dp2  xdc yhe zioc xam ]
GFP|_cangus [0 [0 [on [0z [ o5 | a8
RC 1

i T |

right source being located further anterior

on
odii- 4 s

than the left source. The right source =S . e

seems located slightly too medial.

B - €1 mandyoa Subjets,

Solution1 Fg |mage QDptons Help

4. The fit can be improved by introducing a

Dip2  xdoc yhe zioc xon yoi zoi
GFP|_Conguss [[o3 [0 [om [0z [ 05 [ a8
L =l

symmetry constraint. This can be very

useful for stabilizing a fit, particularly when
data are noisy. To do so click on one of
the sources and select symmetric to in
the Loc.: drop-down menu. Press All fit

and Start fit again.

Dsta_Resiual PCA -Data (5 o 5 =1Source wa
Fit Interyat <7600 .. - 10000 ms

5. Both dipoles are located symmetrically in . coo 50 o

Org 4800 s

Energy | Min.Dist. __ Image

Dp2  xdc yie rioe xan yoi zon
cangus |[5& [om [on [z [ o3 [ a5
Loc S|[Ge [ roiyit=to

[ic:

the auditory cortex. Note that the residual

= | Ml off| AN fit| Start it MSPS | v| SESAME

variance is slightly bigger using the

symmetry constraint. However, the

solution with the smallest residual
variance is not always the correct W
anatomical solution. You should keep in wvom—

mind that deeper dipoles explain more

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

explain more variance.
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6. Release the Data button and the PCA

Sohtions New sohsion 1

[Energy [WinDist _image | Dip2  xdoc yloe zdoc xon yoi zon
GFP|_cangus |[o% [ 0w [on [ oz [ 65 | a5
RC

bl B e | T

button to only display the residual

variance (if it is not activated, click on the =" i e i i

Res. Button). Note that our source model =~
explains the data very well for the given =~ [/

time-range. Keep in mind for later that the = .| W
source model does not explain the P50 or [ E— ' ’

the N150 sufficiently. This can be seenby ==

the higher residual variance in the P 4
according time-ranges. You may click on

the ||D|| button to change channel sorting.

7. Save the current source solution for later "w“

by pressing File / Save Solution As...

e | o P
under the name v [ oo

Close the source analysis

window.
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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 (2x2 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.elp - DipoIeSimm-_@-é
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1. Load this data set in BESA Research:

Sele
Select File / Open and open Lookin; | [ Leanby Smistions sl e@er B
* Name Date modified Type
Re gion alSource2D.avr. ) AC-Coherence 2018-03-2111:08...  Filefol
CTF-MEG143 2018-03-2111:08...  Filefol
Val ModelData 2018-03-2111:08...  Filefol
Desktop | AC-2D-biphasic-synchronous.avr 2002-03-2911:29...  AVRFil
|_] AC-2D-biphasic-synchronous+ noise.avr 2002-03-29 11:30...  AVRFil
m [7] AC-2D-no-overlap.avr 2002-02-1212:28...  AVRFil
Libraries | AC-2D-no-overlap+noise.avr 2002-02-1212:31...  AVRFil
Ny  ([JRegonsSourceibavr 2002-02-085:55PM__ AVR Fil
j Unknown.avr 2002-02-07 6:12PM  AVRFil
This PC "] Unknown-no-noise.avr 2002-02-07 6:10PM  AVR Fil
‘ % AC-2D-biphasic-synchronous.mod 2002-03-2911:29..  MODF
SRaisiaii : : S E s
File name: IRegonaiSouceZD.avr ;l Open I
Files of type: lAveraged Files (*a??. “m??, *fsg) LI Cancel
Folders: |c:\..h_7_0\Examples\ERP-Audtory-intensty\ v |
4

2. You may increase the amplitude scaling i e s s s s oiarornren = -
by pressing the amplitude scaling " E
button at the right of the window. = —
Change the scaling to 2 pV. It is evident ;: y :
that due to the effect of volume ———
conduction, each electrode records : =

signals from both modeled brain regions

to some extent.

3. The overall distribution of the EEG . rwes s/ ear| e tov| iea sl e es [rec v |5 vlo

o X
fafail K |

activity at the scalp surface can best be | ———~—————frreeee

observed by viewing a 3D whole-head

map. Open the map window by double-

clicking into the data approximately

c
c

where a polarity reversal is observed in =

electrode Cz. A cursorissetandthemap &

cP2
cP6

window appears. =

Py

——
N
i
Pa - Sogtt
s
.

P10
o1

ime: 00:00.00 Total: 00:00:01 Mark 0137 s Cur-0137s Filters oft

reterence ree
—— EEG - Voltage T 0.90 WV / step.
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4. To obtain a time sequence of maps,

click onto one of the heads, e.qg. 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
the

tangentially oriented SMA) to a later

tangential map (activity of

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.

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.

The PCA button should already be
pressed. This means that a principle
component analysis of the data is
computed. A PCA decomposes the data
into contributions of mutually 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
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remaining variance etc. The curves at the

left indicate the associated time courses.

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 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.

7' If a flt Interval IS marked’ the PCA File Condition1 Solution Fit Image Options Help  File Condition1l Solution Fit Image Options Help
Data Model | Residual || Data|| | Data Model | Residual || Data|

decomposition is computed for the e e R

Org

marked data segment only. Mark a fit
interval that starts at the onset of

observable EEG activity and vary its

duration. Note that every time you

100%

change the length or position of the fit

interval, the PCA waveforms and s 0.0%

explained variances 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 one topography dominates the data, i.e. one PCA
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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 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\RegionalSource2D.avr - Condition 1, Filters off, -100 ... 346 ms - Source analysis - [m] %

File Condition1 Solution1 Fit |mage Options Help Solution: New solution 1

Data Model [ Res. Order [P.CA _EEG [ Res.Var. | Encrgy | Min. Dist. _ Image Dip. 1 xloc  yloc zloc xoi  yori  zoi
RegionalSource?D aw Filters off =|R V. 0.007% GFP| Cartyus |[ 0w [017 [o&1 [ 00 | 10 | 03
Org| 2959 ms +545.58 ms| |Best: 0.006% RC1 = T —
oc ee s
W o

M or

Il \ Model: 4 shell ellipsaidal
New solution 1 dified)
[y \ D e

0 EEG +
01 m
| anoff] anfit| Startfit| _MSPS [ +| SESAME |
7 @ < @
12 q
N LA
0 - =

Data Residual PCA-Data (10f1) > |Source waveforms ZI Source locations ZI
Fit Interval: +56.29 ... +95.26 ms

fiee -

o

=
==
=
==

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.
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no matter how long you choose the fit interval, it will result in one additional PCA

component with substantial contribution®.

BESA - C:\..mulations\RegionalSource2D.avr - Condition 1, Filters off, =100 ... +546 ms - Source analysis - [m] X
Eile Condition1 Solution1 Fit |mage Options Help Solution: New solution 1
Data | Model | Res. Order [P.CA _EEG | Res.Var. | Enmergy | Min. Dist. _ Image Dip. 1 xloc  ydoc  zdloc  x-ori  yori  z-ori
RegionalSource2D.avr Filters off « |R V.c 74.838% GFP| cartqus |[ oo [o17 [0 [ o0 [ 40 | 03
Org| 9959 ms +54558 ms|  |Best: 0.323% RC: 1
o o Loc free ~
JAVaN o [fee B
0
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Fit Interval: +108.25 ... +281.45 ms

gionatSourcazD.aw - Condition |, Fes of, 100 «346 mi - Source snmiais - o x
ni Fi mage Optices He

10. After deciding on a fit interval, add a ey

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 regions. The source

Residual PCA-Resiual (5 o1 21) Souee
Fit Interval = 10825 . 281 45 ms

waveforms reconstruct the correct time

courses, indicating the earlier activation

of the SMA as compared to the cingulate

gyrus.

5 The PCA variances computed for the residual do not sum up to 100%, but rather to the total residual variance in
the marked block
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11. Open the Options menu. Currently the |Options| Help

default source type is set to Dipole (2nd Regularization Constant: 1 %

row). Please click onto this entry. When Default Source Type: Reg. Src.

_ ) Brain Voyager Source Plot Size: 45
you open the Options menu again, the

Colors r
default source type has been set to Reset Colors in Solution Shift+C
Regional Source. With this setting, a Hot Keys...
double-click into the heads will Preferences...

automatically add a regional source as

Reset All Settings to Default

opposed to a dipole.

12. A regional source has a location and three (MEG: two) orthogonal orientations, in order
to model all activity that stems from a particular brain region, no matter in what direction
the current flows. 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\RegionalSeurce2D.avr - Condition 1, Fiters off, -100... +546 ms - Source analysis - o X
Condition 1 Selution 1 Fit Image Options Help Solution: New solution 1

Dala Model | Res. Order [ P.C.A. EEG Res. Var. | Energy | Min. Dist. _ Image 3 xloc  ydoc  zloc  xori  yoi  zor
REQ\DM\SDWMZD awr F\Ilers off «|RV - 0621% GFP CarUUS 0.0 U1U 0.56
|-89.59 ms 5

+54558 ms| |Best: 0.519% RC: 1

S e [hee
A o
N ’ \ Model: 4 shell ellipsoidal
. , \ New solution 1 (modified)
Al o=

| anon| Anfit| Startfit| MSPS |v| SESAME \ .g
0.4% /\

K\ s 1

No fit

9, FEECN

g
=
==
g .u m
m
@
) =

off 2
No fit
On VAN 3
Fit W
Residual PCA -Residual (2 of2) anurcewa\.ehrms anur:e locations Z‘
Time: +311.76 ms Fit Interval: +56.29 ... +281.45 ms
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13. The three mutually orthogonal dipoles of a

Add Spatial Component at Cursor

regional source models current flow in any

Image

arbitrary direction in a certain brain region.

Set Cursor Time: +39.59 ms
Define Time Zero at Cursor

Display 3D Maps

Fit Enabled Sources at Cursor F

Set Orientation

Mathematically speaking, we will get exactly

Convert to Single Dipole

the same representation of activity if we

rotate the axes from the initial x-, y- and z-

Delete Source

BrainVoyager

Set Ori
Set Or

v J y

\

any

entation 1 at Cursor

entation 1 at Maximum Shift+1

Ctrl+B

direction to new orientations such that the
1st dipole of the regional source represents '
the initial peak of activity. To do that,

N

/@\\

V(C )

A

\

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.

14. This rotates the regional source so that the first of its
dipoles points into the direction of current flow at the
cursor latency. Note that as a consequence its source
waveform picks up all activity at the cursor latency;
the other two source waveforms show zero activity at
the cursor. The second and third dipole components
are rotated with it so that they remain mutually
orthogonal. is 0

The second dipolar component

..

T
AU un] AL Stor ] MEPS v SERAME

automatically set to model the largest current flow perpendicular to the first source. As a

conseguence, the source waveform of the third component is flat in this simulated example.

This means that we can apply regional sources for the purpose of modelling the activity of a

specific brain region, and, by orienting the components, also for the purpose of separating

activities with different orientations of cortical patches. Note, however, that a full separation of

differently oriented components is only possible if their orientations are indeed orthogonal to

each other, like in this simulated example. We will see the strengths and drawbacks of regional

sources again shortly when we apply them to real data sets.
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H i i § Voltage map - Data ‘?I‘
15. With the cursor still set at the first peak, you L@J@éﬂij P
can hit the M key on the keyboard (or right- | st tet) e

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

16. Use the arrow keys or the mouse to drag

the cursor to the second peak and &

observe the radial EEG map generated by

the cingulate gyrus with the large central

negativity. Close the source analysis
window without saving the solution.
E. Fitting Regional Sources in Real Data

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 |Ffie Edit View Fiters Montage Process ICA ERP Arifact Search Ta
A Open... ctrl-O
, which should Close
. . . Close All
still be available at the bottom of the File S— ,
menu. If it is not, please select it pressing Load Channel Configusation...
Head Surface Points and Sensors »
. Left-drag a block MRI Coregistration...
. .- . . . Export...
in condition Low, right-click to send it ot MATLAB..
into Source Analysis with settings =50 to Import and Convert ASCII File..
Print... ctrl-p
250 ms, a Low Cutoff filter of 0.5 Hz, 12 Print Preview
dB/oct, zero-phase shift, and a High Bt
[V 1c\xamples\ERP-Auditory-Intensity\All Subjects_ccfsg

Cutoff filter of 40 Hz, 24 dB/oct, zero-
phase.
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2. With pressed P.C.A. button, a principal

component decomposition of the data is
displayed. Condition Low is dominated by
one large PCA topography, mainly
representing the N100 activity. Create an
initial source configuration with two
sources by double clicking onto the right

and left head scheme.

As regional sources can explain activity .

with up to three brain orientations 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
these three AEP

activity range of

B A
| & @2} T(t@f 3)

s Residusl PCA-Data (6

Tutorial 4 — Discrete Source Analysis

e —— —

| Energy | Min. Dist. __lmage | F:'SZ Jo I
= = Al off| It Start ] MSPS | v|_SESAME T .V//g‘:‘\\\
) (L)
& 11
o ™ “‘S@?‘:‘E" ﬂi// N f/ \\\
ﬂ\ 7 @)}} ﬂ\ ‘ f’lf’u
N N
E-=02= | ey A7
! ! |
i \@l ==
| on c R E ' = 4

e h 3

Ftnervah - 8000 . (7200 ms

components. Drag the cursor over the source waveforms to mark the 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 fit both sources simultaneously. Use the arrow buttons in the source

waveform box to adjust waveform scaling.

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.
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e ——

5. Press All Fit and Start fit again. Note that B

[ Energy [ Min. Dist.

Img

the residual variance (Res. button needs B
to be pressed to view this) and the source B s [ s | ///:N‘ xf,/m\w
waveforms only change marginally. éé*i—ﬂ ({ &Poi
NTANY,
R ey (1
. & 9 ()
6. We want to identify the direction of current | 2ot sunt] _wses e sesie |
flow of the N100 component. To do so, @ @
activate source one by clicking onto the . '
source. Right-click and select Set A i
orientation / Set orientation 1 at S

Delete Source

Maximum. This rotates the source such

that the peak around 100 ms is now fully

accounted for by the first component = ot

Energy | Min, Dist |mq RS 1
g

(source waveforms for orientations 2 and =

3 are now zero at this latency).

B[] T ;}w —\

| it 0. T

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.

BESA Research 7.0 Tutorial Page 96 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

7. Next, we will orient the second source as

described in step D6. If necessary, Right-
click onto its waveform and select Set
Orientation / Invert Orientation 3 to
make orientations of source one and two
consistent. (This 2-source model has
been saved in file LowIntensity 2RS.bsa.
You may load this file from the menu entry
File / Open Solution.)
Let us compare the solution using
regional sources with the solution using
single dipoles we saved earlier on. Please
press File / Open Solution and select
Release
the Data button to only display the
residual variance. You can toggle
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.

BESA Research 7.0 Tutorial
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[“Encrgy [ Min.Dist__Image RS2 wloc yloc zdc %o i
% GFF| congus |[Ges [ [ 01z [ 62 [ 44 | 4%
d Loc pmmeticte v || RS 1 x00.% 00.2 00
Onc =l -

<[ Ao A | Star ] MEPS |v] SESAME |

o :
Mot Seve Sion A
..... s &)
Tisply MR i
T :
| oex setOvunttion > ’
L e s Po— "om -
B Caetto g i
[ Dol et Ovta 1
[p—
o [ —
| ]
Dwta Resicisl PCA-Data i souce wavon |
Tie - $100ms | FRinarak + 000 .+ T20ma
Fasa.c o x
Bl gond s S e, gl 55 Ay Iy Lt 50 2
Data | Model | Fes. 0, [ Energy [in.Dist _image | Dipi i yhe e xon yon zen
Tow 0w % GFP| _congus |[on [ om [ow [ 03 [ o3 [ a8
Gig] LiB00m
=

w2l 2 reuye0=0
p |

0 PCA-Residusl (6 of 16

= | A0 off] ANt Start ] MSPS | v| SESAME

Fitnteryak + 4400 .. - 17200 ms

[ Energy [ Min. Dist.

Image _uiode

Rosidual PCA - Residual (6 of 17)

Fit nterval ~3300 .. 17200 ms

avforms
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9. Make sure you switch back to the regional — " Top View of Data.
T Whole Segment

source solution and minimize the source : =
analysis window (don’t close it) to return  — [~ Linear Correlation

e BT Source Analysis
to the average data in the main window. __

P Define as Epoch

Select condition High and send it to — | |[DeEea A

. . . Write Segment
source analysis with the same settings as ——}——/%  Copy to Buffer »
the Low condition by left-dragging a g Defing Artifact Topogreply
. . . . : Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz
block, right-clicking and selecting the —f———_  Epoch: -1000..549.5 ms, Filters off

i — e e

according entry at the bottom of the

dialog. = : :
High: 10 avs Difference: 10 avs
| 100
» S
set: Off Bad: 0
10. If the Data button is still released and the =~ e — e s
ta [ Energy [ Min. Dist. Im-qSFP JModed W
Residual button is pressed we can [~ s o e
| uctnity. [ 000 a0 [ oo [ 1m0
o i) Hu?’l' jow solution 1 (moded) EEG ¢

immediately see that the source solution

e ]
that explained the data in the Low —/\ﬁ @ @

condition very well is not satisfactory in

the High condition.

5 40, 48 +248 m - Seuree snbysis

11. Mark a fit interval from 68 to 200 ms that

Energy | Min.Dist. __ Image

covers the unexplained activity. Double-

click into the head schemes to place a = ~—sssse o ”
third regional source. Press Start Fit. SO 4. AN >

I e N

Residusl PCA - Residual (6 of 16) 50 wwform
Fitnteryak +6500 .. - 20000 ms
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12. Right-click on source waveform 3 to set _______
g © Standard MRI [E=R{ECR

orientation 1 at the maximum or hit the O | g| &|q|4[d =988 (858 | ¢/
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 waveform field.
Right-click on the source waveform and

select Display MRI (or press the A key).

Press the % button to change to multiple

view. The third source localizes frontally,

representing 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 o - -
channel field. Note that the ACC/frontal [, s 7N /fﬁ
source is silent in the Low condition. Its SRV Y g" P L,L’b)i\
presence does not alter the source :: ) A %\(A\
waveforms of the auditory sources. You S N R ! j(Q> i\\?\Eh
can probe this by switching the frontal :: ':Mv@: &@j @
source on and off. Close the source 4 [ 4oL Ib |

analysis window and save the current
solution as
(This source solution has already been

saved as Highintensity 3RS.bsa.)
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F. Conclusions

General guidelines for source analysis

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
activity takes place in the modeled brain region. Thus, BESA Research reconstructs the

brain activity with high temporal resolution.

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 3 cm or more

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).
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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.

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

adequately model the data.

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

Preprocessing: Paradigm definition, artifact detection and correction
Averaging

Traditional ERP analysis

Interactive source analysis and source imaging

Coregistration with MRI/fMRI

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:
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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.

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

localization in depth)
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Tutorial 5 — Source Montages

What does BESA Research provide?

v' Pre-defined source montages
v" Resting state montages
v User-defined source montages
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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 or by placing sources
in regions of interest. Alternatively, it is possible to use pre-defined source montages.

Source montages (Scherg et al., 2002) are especially useful for reviewing high density data.
They are provided to facilitate the detection of focal source processes in the brain by
reversing the overlap from different brain regions seen at the scalp. If brain activity is focal,
i.e. represented predominantly in one source waveform, a large amount of the recorded
scalp activity reflected in this trace will originate in the related brain region. If source activity
is distributed over several traces, the origin is likely to be more widespread or in areas not
precisely modeled by the combination of sources in the selected source montage. Each
channel in a brain source montage can be viewed as a 'gross virtual electrode' placed onto
a particular brain region. Using either pre-defined or user defined source montages allows
to evaluate data at the source level, rather than sensor level. This transition allows for in
example allows for faster and more precise epilepsy assessment (Beniczky et al., 2016;
Rodin et al., 2004). It may allow for observation of brain physiology that is not clearly visible
with the traditional approach and might be helpful to monitor activity in deep brain structures
where it is not possible to use classical montages (Scherg et al., 2002). Source montages
are highly beneficial for connectivity studies as well (see Tutorial 12 — Time-frequency

Analysis, Connectivity Analysis and Beamforming).

The resting state montages are a special case of pre-defined source montages. Resting
state network nodes are well-established in fMRI studies (Damoiseaux et al., 2006) and have
been related to functional patterns in many publications over the last years. In BESA
Research the resting state montages contain regional sources in brain regions associated
with the Default Mode Network — DMN (Raichle et al., 2001), fronto-parietal task control
system as well as the dorsal attention system and the ventral attention system (Power et al.,
2011). They allow investigating resting state EEG and MEG data in a swift and straight-
forward manner. They can be also used to compare EEG data directly with fMRI results
(Rusiniak et al., 2018).

More details about how these pre-defined montages were created can be found in the BESA

Research help documentation.
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A. Pre-defined Source Montages

1. The file should still il G e Moy e €00 ke Fc Im;su-p.m;‘ e e

Close I~

S

Close Al

be open. If it isn't, open it from your s 7o P At iy
Load Channel Configurstion. 2 €\ xamples\ERP- Auditory-Intensity\All Subjects cc fig
Head Surface Points and Sensors > 3. C\..\Epilepsy\ Spikes\Spikes- Childd_FEG+MEG_sverage fsg
recent file list: File / Recent Files... 0 Corgmion.

5.GA.
Erport.. =
Send to MATLAB

7_0\Examples\ERP- Auditory-Intensity\S1_av.fsg

7. Ci..y-Simulations\AC-20-biphasic-synchranous - noise.ave

2. Make sure the button Rec is pressed to tens- Lelp
IH Rec |\ﬁr | Src | Usr|

display the original recorded data.

3. From what we see on the screen at the
moment, we cannot infer which brain
regions might be responsible for creating
the evoked potentials that can be seen

across all electrodes.

Sre | ller | Ont [ Fam [ 1 F HF NF_I_

is part of the BESA installation and was BR_Brain Regions

CR_Central Region

created for auditory evoked potentials. FR_Frontal Region

PR_Parietal Regi
Press the Scr button and select Evoked - eneeegen
TR_Temporal Region |
Evoked Potentials > AEP B

Resting State Montages SEP B

S sy S s S

4. We will now load a source montage that |

Potentials / AEP.

5. Now the sensor-space data are

automatically translated on the sources 5[ | | [ [

in the source montage. As discrete
sources have good separation properties | | — | [ L L L

we can immediately see that activation is

not distributed over all channels any

longer but mainly reflected by the
temporal sources. You might notice that

some sources are displayed with a head
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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 IC/
montage editor window. The current -+ hennel Configuraion-- L
sourt Bad Channels...

montage will automatically be loaded.
Montage... b

Default Block Epoch...
Trigger Values...

Copy Block to Buffer... Ctrl+C i
|| ! I

IKOKY

7. In the montage editor window press the

e . : |

button *#! 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.
| ¢34

8. You will note that the first 6 sources are

dipole orientation identifies cortical surface

single dipoles with an orientation while -
the other sources are regional sources ﬁ: g‘ =,
that have not been oriented. The idea
behind 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 increase the
sensitivity of the auditory cortex sources.

Thus, any activity that does not originate
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in the temporal lobe will be projected on
the regional sources.

9. Close the montage editor window and =
right-click on the first of the head [
schemes on the left of the main window. -

A window will pop up that displays the L
cortical area that is covered by the :
according source. You can view the ‘:‘3‘ -
associated brain regions of all sources

displayed on the left of the main window.

10. 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.

11. We will return to the dataset ofthe o In-c rwl e
auditory intensity experiment that should
still be available in your recent file list: ""

File / Recent Files... o

12. Next, we will filter to the data by pressing |Verievie fitter Settings x
the EJF button or (Filter / Edit Filter 7 ™M™ g ——
Settings). Define a Low Cutoff filter of | 4 curie
0.1 Hz, forward, 6 dB/oct and a notch _— Jooshste 2] Sope Jad ot 2}
filter of 50 Hz, Width: 2. Tt 5 v —

I BandPass Fite
[ a0 [ s
Sampiing Rate: 250 Hz _Cancel |
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13. Now we will load the artifact definition file
that contains the blink information we
created earlier. Press Artifact / Load

and select the file . Make sure the

artifact correction is switched on (a blue
corrected should be displayed in the top

left corner of the main window).
14. We will now apply the source montage
AEP again by pressing the button Src
and selecting Evoked Potentials / AEP.

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.

BESA Research 7.0 Tutorial
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B. Creating a source montage

File| Edit View Fitters Montage Process ERP Arifact Search Tags Goto Options Help

1. We will now create our own source aro p [ Usr _opt [Ew | e | we | wr | eor | exc)
Close All I - A A |
R Files.. . 1 Ch h_5_3\E: \ERP-Audi I iyt S1.
montage based on the source model e — Lobtnch 5 Mang s -t st
T V| 305 Eamples ERe-Audtony-ImensitytestS1. L1sg
. MRI Coregisiration_ 4, C\-esearch 5_3\ExamplesiLear Simulations\tesLmul
h 3, Z\-d1_cond_20110112_01.ds\cond], d_20110112_01.megd
we created using the grand average e i

Send to MATLAB - 7. C\Examples\Leam-by-Simulations\Regional Source2D:avr

- - - Import and Convert ASCH File.. 8.0\
data of the auditory intensity
Print Preview A CA, Jes\TFC-En
Exit B. DA\.t_ordner\Pejmant
expe riment. Return to the dataset 164 s, 5 A\Eramples ERP-Auditon-erstSLent ppgplimbrniotiploninbiop
- v 2C4_xamples\ERP-Auditory-Intensity\All_Subjects,cc fsg o 5

3 €45 3\Eamples\ERP-Auditory-Intensiy\esi2\S1_11sg E
that Should be - H G. CA. Examplesh Leam-by-Simulations\AC-2D-no-overlap.avr
CL_BR ol i si N e ey e DA ordnEnPejmanest for besalPel-Re-L - Copy_cctig

1 D3-Desktop\est_ord

Pegmaniest for besaitestlfsg

PLBR i A AP N P ] BDASLOrdnenPeimanestfor bess\Peii-L- Copy. 59
: ! K. T sitonttest arddnerPeimanttrt for hesitPei-R-1.fn

available in the file menu. If itisn’t, open

it from your recent file list: File / Recent

Files...
2. Select condition High, right-click and Top View of Data.
. . . . ] Whole Segment
senditto source analysis with settings -

Linear Correlation

-50 to 250 ms, a Low Cutoff filter of 0.5
Hz, forward, zero-phase, 12 dB/oct. ]
and a High Cutoff filter of 40 Hz, zero-
phase, 24 dB/oct.

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

NEEENEY

3. Open the source solution we created Open souiog
Lookin [ | ERP-Auditory-intensity ~] ¢EcEr
earlier on in step D of Tutorial 4. Press S [Name g Dstemodified -
2 ":ﬁ | Averages 21.03.2011 15:08
. . . | test 17.02.2011 14:31
File / Open Solution and select the file B e g0 1056 |
Deskiop fH 3RS.bsa 09.12.2009 15:17
. LowlIntensity_2RS.bsa 09.12.2009 15:17 L
r=" LowIntensity_2SD-test.bsa 17.03.2011 15:57
Libraries SLbsa 29.03.2005 16:32
k S1 avbsa 04.03.2011 13:57
N S1-ACbsa 29.03.2005 17:04
Computer
S1-AC_testbsa 04.03.2011 15:01
Q: S1-AC+SChbsa 29.03.2005 17:06 -
Network < I »
File name [Fighintensity_3RS.bsa ~| Open |
Files oftype: |BESA Solutions ("bsa) ~| Cancel
Folders [Data Folder ~]
=)
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4. We will use this source model as a e e

source montage for our raw data. In the

< ™
present case, this source model is
sufficient, but when data are very noisy, I ,rf_ -
it is advisable to add probe sources to

the model.

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 not

related to the stimulation would be projected on our three sources.

5. As we are interested in auditory cortex

activity and activity in the frontal area that

| Auofr| Aufit| startfit]  Mult.S.ProbeScan || BrainVoyager | /

becomes active in the high intensity

Save Slutian As, Curl+

Image

)
condition, we need to make sure that BESA e } /
R S ; : A

=
uses oriented sources in the source ——

montage. In order to make the orientations . e O l# B
of the auditory cortex and frontal sources N4
available for the source montage, we need = S ,-/?/T\\kb\x
Nofit ~———— {7 \
_ . (sl
to convert the according sources to single \\tl )
dipoles. Select source AC_Left in the head - N ’

schemes, right-click and press Convert to

Single Dipole.
6. You will now see three individual traces for e &;C(( SJ
AC_Left, AC_Leftz and AC_Left3. They w . | {

correspond to orientation 1 to 3 of the o — — e /_//Qii:

regional source. Repeat the previous step ew———— A K - >
= S .
[Ton

AC_Right3

for source AC_Right and Frontal.
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7. Save the source montage by pressing File
/ Save Source Montage As... and specify
the name
Close the source analysis window. Press
OK to terminate without saving the source

solution.

5] BESA - CA\-.ntages\AEP ANl Subjects_ccfsg - Hight 10 avs Filters: 05 - 40 Hz, -48 . +252 ms - Source analysis

File| Condition 1 Solution 1 Fit Image Options _Help
Open Solution..
Append Solution.
Save Solution
Save Solution As..
Save Source Waveforms
Save Source Waveforms As.
Save Source Montage
Save Source Montage As.

Save Source Analysis Window as Bitmap.

Send 1o MATLAB,
1 CABESA Workshop\Data Source Montages\AEP_3RS.bsa
2 D4 . \MEG Adults\mspilond3 QS\IRS.bsa
3 DA\ . \MEG Adults\mspilot03 QS\4Rd.bsa

4 CA,...\Examples\ERP-Auditory-intensity\Highlntensity_3RS.bsa

xamples\ MRl + EEG-RT-Experimentf\RT1 4 bsa

=0 Res, Var. Energy
cwea PRV 3.072%
CrisS
H
crew
Cirl+G

Alloff| Allfit| Startfitl  Mult.S.ProbeScan

[on )

Mo fit

fon

No fit

6 DA\ .. \EEG Coregistration Test Data\EEG-RT-Experiment\RT-6RS.bsa on
7 CA\ ... \Examples\fMRI + EEG-RT- Experiment \RT-4RS-2D-seeded bsa No fit
o xamples\fMRI+EEG-RT-Experiment\RT-4D-seeded bsa
9C\, ... \Examples\IMRI+ EEG-RT- Experiment\RT-2RS.bsa on *___’,_/—\
e o || Mortit
Display Complete Patns
E O
- No fit
r Mo fit]
. [Ton
Lzt Nofit

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.

8. Return to the main window. The newly
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 can clearly be

observed using this montage.

9. We will now return to the raw data of
subject 1 ( ). It should still be
available in your recent file list: File /
Recent Files...

10. Press the Usr button and select our

source montage Highintensity 3RS-

test. We will use this source montage later

on for coherence analysis.

BESA Research 7.0 Tutorial
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- o . 10 w (P o (P 5
Fle € View Fitens Montage Process ICA ERP Adfact Sewch Tags Goto Options Help

Open.. ato TFC | ESI [Rec [ Wir [ Sre Usr [ Opt |

Clase H

Clase All :

Recent Files

Load Channel Canfiguration,

1) e e

3. CA\.\Epilepsy\Spikes\Spikes-Childd, EEG+ MEG_average fig
4, €A\ Jes\ERP-P300-Auditony\ RareFrequentRespensel et fig
5. C\anch_7.OVExamples\ERP-Auditory-IntenstyiS]_avifsg
6.CA
T, G- Simulations\AC-2D-biphasic-synchrnause noise.ave
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Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

What does BESA Research provide?

v" Automated MRI segmentation (in BESA MRI) using T1 and optionally T2 sequence
data:
o Loading MRIs in DICOM, NIFTI and ANALYZE format
o Guided definition of landmarks for AC/PC and Talairach transformation
o Automatic inhomogeneity correction
o Automatic segmentation of skin and cortex
o Automatic setup of 4-layer FEM model

v Co-registration with and without individually digitized electrode positions

{\

Display of individual cortex and skin in source analysis window

v" Source Localization with Individual FEM Model
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A. Introduction

Co-registration of EEG and MRI data allows mapping a source position to an actual cortical
area. Without co-registration 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 co-registered 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 commissure) 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 based on internal landmarks is essential when

source localizations are to be compared across several subjects:
a. between two groups of subjects (e.g. patients vs. control subjects)

o 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.

b. at two measurement time-points within the same group of subjects (e.g. pre vs. post

treatment, test vs. retest)

o 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.
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O

‘;(,‘. '“' 'i.{f

A
A5

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.

BESA Research 7.0 Tutorial

Copyright © 2018

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 115 of 396

www.besa.de



BESA®

Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

The reduction in variance using the
AC/PC coordinate system compared to
the PAN is statistically significant (see

image on the 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

coordinate system whenever possible.

Distance to the mean point in mm

Right hemisphere

PAN

ACPC
Coordinate system

Left hemisphere

1z

-
5

©

Distance to the mean point in mm
s

4
2
0
PAN ACPC

Coordinate system

Usually, good co-registration 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 co-register 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 co-registration purposes only (not for any signal analysis). This

procedure makes co-registration much more precise than only relying on fiducial positions.

Before starting the co-registration MRI data has to be segmented. The segmentation in BESA

MRI is fully automatic after setting up anatomical landmarks. Entire procedure is described

below.
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B. MRI segmentation.

1. Start the BESA MRI program and press
Accept on the welcome screen. Press the
Start New Segmentation button in the

interaction window

2. In the next screen additional features can
be added, like Cortex Inflation or Volume
Conductor Segmentation. Also, a T2
sequence can be added to improve the
guality of segmentation. Please read the
BESA MRI manual for further details. Press

Next button to proceed to the next screen.

BESA Research 7.0 Tutorial
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1) BESA

Start Mew Segmentation

Start Mew Coregistration

Open Segmentation Project

Open Coregistration Project

1) BESA

Steps required to process MR data

I R B I R B B (R

Load T1 MR data

Load T2 MRl data

Set ACPC Orientation

Set Talairach Transformation
Fun Inhomogeneity Correction
Run Scalp Segmentation

Run Cortex Segmentation
Fun Cortex Inflation

Run Volume Conductor
Segmentation (input for FEM
leadfield)
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3. Press Load T1 Data in the interaction |& openfie X
. . . Lookin: [ [ ] MRI_PB_2010_03_29 v @ & e @~
window. A new dialog box will be opened. - .
% Name Date modified Type &
. [ J1m 0219 2/3/2012805AM  File
NaVlgate tO folder Quick access [ 1m_0820 2/3/2012 8:05 AM File
. m [ 1m_pa1 272012805 AM  File
Select any file from the folder and press [)im.0e22 YIWI2E0SAM  Fie
Desktop 1M o223 2/3/2012805AM  File
. [ 1m 0a24 2/20128:05AM  File
Open = [71m_p825 272012805 AM  File
Libraries [ 1m_0226 2//2012 805 AM  File
. [ 1m os27 2/3/2012805AM  File
L._! 1M oaze 2/20128:05AM  File
This PC [71m_ps29 32012805 M File
L‘!‘ Fie name: IM_0819 «|  [open ]
Metwork =
Files of type DICOM Felder ~ Cancel
Recent Folders: w

4. In the next displayed window the MRI

Qcoi012o
19460801
"

series detected in the folder will be
presented. For this particular case only the
sequence named is
available. Please choose it. On the right

part of the screen you will see the series

details. Press the OK button to advance.

5. Now the main window of BESA MR is filled
with MRI acquisition details that were read
from the DICOM header. Note that there is

a green checkmark beside the button Load

T1 data. Press the OK button to proceed to

the next step.

7 The folder will be provided by the presenter during the tutorial. The zipped folder can be downloaded from
ftp://h1772544 stratoserver.net/public/Data/MRI/
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6. Mark the anterior commissure (AC)
point on the MRI slices using the
crosshair. The bottom views provide higher
detail for easier navigation to the correct
location. Note the head schematic image in

the interaction window that shows the
rough location of AC. Press Next to

continue.

7. Set rotation of MRI slices by placing the

mouse in the bottom views, and dragging

the cursor to the desired position while the
left mouse button is pressed. Start with the

left view (coronal) to align left and right

hemisphere. The rotation should be set
such that axial and coronal view are
symmetric; in the sagittal view, the rotation
is set such that commissures are aligned
horizontally (both visible in the coronal

view). Press Next to continue.

8. Mark the posterior commissure (PC) o
JLC 20N

point onthe MRI slice using the crosshair.

Press Next to continue. A/

/'('J ‘\‘Jt\ | A&
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9. Review if all landmarks definitions (shown
as blue lines) are correct, and press Next
to continue if so. Press Previous if you

need to make any adjustments.

10. Mark the anterior point (AP) on the MRI
slice using crosshair. Note the head
schematic image in the interaction window
that shows roughly where the AC is

located. Press Next to continue.

11. Repeat step 10 for posterior point (PP),
superior point (SP), inferior point (IP),
rightmost point (RP), left most point
(LP)Mark anterior point (AP) on the MRI

slice using the crosshair. Note the head

schematic image in the interaction window
that shows roughly where each landmark is

located. Press Next to continue.

12. When all points are defined you can again
review them (note green checkmarks
beside the buttons). The brain should be
inscribed in a blue box. Press Next to

continue.
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13. Mark the nasion on the sagittal slice as
indicated in the head scheme. Press Next

to continue.

14. Mark the inion on sagittal slice as indicated
in the head scheme. Press Next to

continue.

15. Mark 3-5 Brainstem markers on the
sagittal slice as indicated in the head
scheme. The markers have to be located
within the brainstem, but there is no rule

about exactly where to place them. Press

Next to continue.

16. When all points are defined you can again

IR RS

review them (note green checkmarks
beside the buttons). Press Next to

continue.
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17. Finally set cutting plane on the sagittal

slice as indicated in the head scheme.
Dragging the left arrowed circle moves the
cutting plane up and down, dragging the
right one changes the angle. Set the cutting
plane such that it includes visible MRI data;
the inion needs to be above the cutting

plane. Press Next to continue.

18. A new window will pop up. Here you can
decide whether you want to
a. Start automatic segmentation
b. Perform step by step segmentation
c. Quit to prepare another subject
d. Finalize all unfished projects
By default, the first option is selected.
Press OK to start segmentation.
Note: This process may take a while.
During segmentation, the current step and
overall progress is presented on the

screen.

BESA Research 7.0 Tutorial
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=) BESAMRI X

MR data preparation is complete.
Please select the next action:

f* Start automatic finalization of the segmentation.
" Continue the current segmentation step by step.
" Quit to prepare MRI data of another subject.

" Finalize all unfinished segmentation projects.

Detailed description of the selected item:

Starts the automatic finalization of the current segmentation project using default
parameters.

Mote: You may start finalization of all unfinished segmentation projects later using
the menu item "Edit — Start Automatic Finalization'.

Ok Cancel

: e i BESA
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19. When segmentation is finished the results BESA
can be reviewed by pressing buttons in the ey
interaction window at the right. Press the |
Finish button to save it.

: I )

20. A popup window for saving will be ” :
displayed. Press the Save button to save E—
with default settings. After saving the
segmentation workflow will be closed. The
segmentation results will now be available
for co-registration.

Seletad Suiot [SE T35 9790
Selected Project: [MRLTT  Cancal_|

Project Type:  [Segmentation Projects, |

C. Co-registration of EEG and MRI data using BESA Research and BESA
MRI

In the following, we will co-register 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.
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[ selct Data Fies =)

21. In BESA Research please open dataset

Lookin | | ERP-Auditory-intensity - cacE
Sl_aV fsg (IocatEd here: £, Name - Date modified s
_=p All_Subjects_ccfsg 09.12.2009 13:35

Re Pl
ecentPlaces e s 13.05.2005 13:53

C:\Users\Public\Documents\BESA\Rese = e L0 5

S1-blink+ERP.fsg 18.05.2005 16:19

arch 7 O\Examples\ERP-Auditory- -1 52_avfsg 13.05.2005 13:55
o fr==| S2_av-testfsg 10.11.2011 20:08
. . Libraries avfs 12, :
Intensity). Press File / Head Surface M simia vl ||
i . e S5_av.fsg 03.12.2009 12:08
Points and Sensors / Load Coordinate é se.aufsg 03122008 1207
4 S7_av.fsg 03.12.2009 12:06 )
Network < ] D

Files (or press ctrl-L). Froves - —
Files oftype: [Current File Type (*1sg) =] Cancel

Folders: [Data Falder |

22. In the section Digitized head surface points e

Dete file 5. )\S1_mvieg
Fomt BESAS0G 0002, Dastsbase fe: D000IDT4 et
B No. of chaanaie: :: 31 siscuries; | polygreghic J
press browse. e e

Ha® EEG. you musi use coordinaas!
Suggesians

Please erier slectude hickness.

Ye: No Fienemefownd
Chanmel configurstion ") —

c e Cond Browss. Ear
Digized head suface points (sip.*ep=) ond labels [sir) e
- @ Goad Browss. Ede
c & nalebelile Goad Browse Edt
Elodiroda tickness (). [1.00

Coregistretn e "+ or head certes " cat)

- & nofila Goad Browse. EdiljCoreg
MEG sensors " pos,* prg) =i

c & Goaa Edit
Aritoct caeficients (" .~ o)

e T ™~ [ Eromse. Ea

Cear DB Cloer Everts dee | [ O ]  cames

i i i Load Surface Point: [ |
23. Under Directories please select the option

Lookin | | StandardElectodes | eBcEr
Standard electrode folder. 2. [name . Date modified
~ f?‘g [E| BESA-MRI-Standard-33-Electrodes.sfp 14122010 18:40
ecentPlaces i BESA-MRI-Standard-Electrodes.sfp 14102010 14:54
Deskiop
=~
Libraries
LY
Computer
|
Network <« m | [3
File name | | Open I
Files oftype [Surtace points ("sfp) ~] Cancel
Directories [standard electode folder |
Channel director Z
Standard elecirode folder
Data directory
) €15 _3\Montages|Channels\StandardElectrodes) | |
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the file

Electrodes.sip and press Open.

Select

BESA-MRI-Standard-

It

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 Poin

Ioors || StandardElectrodes

& Name

“p

E BESA-MRI-Standard-33-Electrodes.sfp

j « B cf By

Date modified
14.12.2010 18:40

[ |& BESA-MRI-Standard-Electrodes.sfp

14.10.2010 14:54.

1

Recent Places
|
-
Deskiop
u?'
Libraries
S
A
Computer
Network <
File name:
Files of ype
Directories

IBESA—MR\—Slandavd—E\ecundas sfp

Open I

[urtace points (*sfp)

Cancel

[standard electrade folder

Lef Lo L]

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.

24. Press OK to close the dialogue.

BESA Research 7.0 Tutorial
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Infermol dein e inormaion

Dieta fle: CyUsers|PublicyOr 5 svisy

Format BESA G 060002, Daisbase fle: 00000074 st

Mo of channels: 32-- 31 eleciodes; 1 polygraphes J

dea e

¥ cls il defines EEG. you mustuse 10-10/10-20 abels or supply dighized cosrdinsies!
Suggestions

Flaesa enter elechode tickness

Yas Mo Filanomelond
Channe! corfigurarion (i) -

(ol @ Gaod Browse. Edit
Oigitzed head surtace porns (s, ~eps) and labels Csin) T T T
& c [C\Users\Publci Documens\BESAWResearcr  found: units: millimesers. Gaod Browse. Edi
c & kD Good Biowse. Edn
Elechode fickness (o} [0
1h) o head cenler (* cof .

c & [ ol Gaad Brawse. Edw/Coren.
ME sensars ('pas, *pmal =

e = e
Arifact cosficierts (ot 4or) e

C ® Gaod Browse. Edit

g —
CiearD8 Cles Evens e [ o [) conem
—~—
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25. 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.

26. Press File / MRI Coregistration.

27. You will be prompted to create and save an
* sfh file, which will be used to store all
coregistration information necessary for the
interaction between BESA Research and
BESA MRI. BESA will

suggest the filename of the current subject

automatically

plus the extension Confirm the

suggested name by pressing Save.

e o = o

Genter (mm):-1.2 2.3 39.6 (using head coords; override: \S1_awv.sth)
Head radius (mm): 93.07
| Electrode thickness {mm): 0.00

File Edit View Filters Montage Process ICA ERP Artifact Search

Open... ctrl-O
Close
Close All

Recent Files... >

Load Channel Configuration...

Head Surface Points and Sensors >
MRI Coregistration...

Export...

Send to MATLAB...

Import and Convert ASCI| File...

Print... ctrl-P

Print Preview
Exit

~ 1 C\..arch_7_0\Examples\ERP-Auditory-Intensity\51_av.fsg

8 |« BESA » Research 53 » Examples » ERP-Auditory-Intensity

Organize = New folder
% Recent Places  ~  Name : Date modified Type Size
). test_ordner
| Examples
% Dropbox L

My Documents

W Deskiop
d Libraries
(9]
& Computer
& SYSTEM (C)
s DATA (D)

File pame: -

Save as type: St Files {sfh) =

Save Cancel

= Hide Folders
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28. BESA MRI will open. Press Accept in the BESA® Vorsion 20 January 2017
welcome screen. Important note: do not MRI ConyaRE 2017 alghts resamed.

close BESA Research!

computer
imed, includi

Please make sure that the data folder is set
to the BESA MRI Example projects folder
(File / Select Data Folder).

[ LT — - o x

29. New coregistration project is started e - BESA
automatically. Press Next on the bottom e tiaiag e

P— e Te—r
SuractPant g et ek e et 0 = e
Canse s

right (or hit the space bar).

30. Press Select Input Project in the <> e
interaction window. Please note that the ﬂ BESA

segmentation of the subject's MRI has

already been performed and pre-saved in | Select Input Project |

order to save time. @

>
Select Nasion

Set Nasion
Set Left Preauricular Point

Set Right Preauricular Point
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. . [ A S e 73 - B
31. Choose the project MRI_T1 of subject QC.
[ Subject . | Birthday [ Project . | Date Modified
Press O pen. e Qc 01.04.1946 || © MRI_T1 28.02.2013 15:19:28
Selected Subject: |QC (1946-04-01) [ open |
Selected Project: |MRI_T1 /[ cancel |
Project Type: [ ion Projects - ]

32. Mark Nasion on the segmented skin |[~==%

Set Fiducials

surfaces as indicated in the head scheme. | oo

Press Next to continue. S

Sat Nasion posfion by @ singhs chck on the 3D surface
mmmmm posilon, type Space or Enter of press Next or Set Nasion.

Het: Mackar

33. 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.
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34. Mark RPA (Right preauricular point) and

. S::":'M 1BESA

press Next to continue. e = G v
T — == D

[o—

by & singie clck on the 30 surface. -
To confiem position, type Space or Enter or prass Next or Set Right Preauricular Point

Hint. Markar

ypiog

[Provous (el

35. All fiducials are now positioned. Press Next

to continue. o
"'."" sepbeghirhdlondon dluin/? 90r Proviows | (CHei]
36. Press Select Coregistration File to load —
Mool 1BESA

the S1-av.ish file we created in step C7. It | oo

is located in the Examples” folder under | === SHETS ot

Auditory Intensity. Press Open. '“E'

x -
:mp#msm :lm Coregistration File to s ihe cormostraton fie
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37. We can see the standard electrodes we [F25% , BESA
loaded in step C3. They do not optimally fit | ... S—

Set Propct Targets v
Surfaca Point Coregistration weights for surtsce point fi

the head surface, as the initial fit solely | s ¢

F# Surtace Points

attempts to match the fiducials we defined
in steps C12-C14 and the fiducial

information in the sfh-file. Press Run

Distance (in men) of
diqgitzaion point from skin

Fuciots < 003
Bectodes € 003
MEGcol € 000

Surface Point Fit to optimally match the

Surfaca pomts have been loaded successtully from C.
5.

standard electrodes to the segmented skin. ey ST

aust f needed 1o

syl = Provos | [t

Fle EO Vaw ol

Fit Surface Points
Suuw =

standard electrode positions and the | o

Set Project Targsts v

38. Now we achieved a good fit between the

‘Surtace Pont Coregisirsion

segmented skin. Press Finish. s v

Fi Surface Ports

Fiting resufts

Maan distance ermor: 138

Mima dstance erroc 477
B

Surtace poit 1t his boen comleled successfuly

The coregistration file has been updated F

Typs Space or pess Fiéan % close e caTset et 7! Show Sutace

R S S O P e S S O Provous | [_Fwsh

. . - M - [—
39. Please save the coregistration project e
Subjects Projects I
under the suggested name.
Selected Subject: |P300-Auditory (1946-04-01) [ save |
Selected Project
Project Type: Coregistration Projects -
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D. Utilizing the individual anatomy in BESA Research

1. Return to BESA Research. All [eemmav I =

| Coregistrationfi

No coregistration file (*.s) defined! Besa MRI :
Surface coregistration file (* sth, * bhrm): J w‘
surfaces and transformations have [pe1-aan _bowe |

Talairach *
automatically been sent to BESA ( Fesdfonshile  poes \

Talairach MR file (%)
’7 DBESA MR Demo)\ BESA MRl Shared\P300-Auditory_1 8460401 \MRiFilest 0K Browse ‘

coregistration information containing

Research. A green arrow indicates

Talairach-ransformed head surface mesh (-
’7 D:\BESA MPI Dema\BESA MPI SharedyP300-Auditory_1 9460401 \MAIFies’ Ok B ‘

that all necessary information is

Talairach-ransformed brain surface mesh ("
’7|D \BESA MRl Demo\BESA MR Shared\P300-Auditon,_19460401 \WRIFlest 0K Browse ‘

available. Press OK.

T
Talairach coordinates defined 8
Help Cancel

2. Letus now send the condition 60dB
to source analysis by left-dragging
a block, right-clicking and selecting

Source Analysis.

Block Size and Position

3. Select the custom definition -50 to

Filter Sefting

€ Whole Segment Low Cutoff St ()R

250 ms, Low Cutoff Filter 0.5 Hz, 12 | & cwentuesy | “7m2 1 s [zl soafere ]

- gvevmus Higgh Cutat Status [ Enabled
. etings
dB/Oct, Zero Phase, H|gh Cutoff B ol Frequeney [00 (] Slone [24dbjo =] Twee [reroprace <

. | (ms) postEvent
Filter 40 Hz, 24 dB/Oct, zero phase. Em
[~ All Conelitions Source Analysis | SetBlock | Cancel |
Press Source Analysis.

4. Our source model consisting of 3 |

n ¥ Y51 av.osa ||
Dt Mot | Ros. ||| PCA | EEG [Res, var.| Eneray [Min. Dist. image_lioce 4 sbel sipecadal =l

- . . G0dB. 84 avs Filler: ‘[I‘» dﬂ': &RV 3058% head  scalp  bone i
regional sources will automatically j]w S5 = et T o oo o |

- brain__scalp bone  csf
[Conductivity: | 03300 | 03300 | coo42 [ 1.0000

]S avbea FEG v
ld

open as we saved it per person in the vg:_/\/;jt%Q.m‘...r.lm.‘.‘mw A
. Fz'ﬂ’\/\—_‘-—pi
batch created for tutorial 6. s G @ @

Py — - -
e
3 soma | (< (U )
c# it
=Ty

Fponta

73]

. a1 6T, (5
FEE‘E‘C ‘* @ | @
OZIT-{"*-“\V_""""“‘é ! . = =
Data (1-16 of 31) ﬁ‘.iourw waveforms ﬁsuurcs\ucalluns Z
a
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5. Press A on the keyboard to bring up |75 SR IR ——
| jim ::\J:\anei F_I:A_ \rPrCA-n.E«EG F m.[ﬂEnerqv [Min. Dist. |Eggm’ Modet [+ shellelipsadal -l
the individual anatomy of the present e oo o oo oo

brain  scalp _bone csf
[03300 [03300 [ 00042 [ 10000
avbsa EEG

A

subject. Since we coregistered the
EEG and MRI data, the individual

e ‘/‘\u off| I\II mswulqctARAH Vsrv ] ‘H‘Id o
Zb

At ﬁ_c: [on o AC Left
cz No fit]

MRI is now available. Without | «~—_— T ——

PT \~/\/~—~ © indivicual MR = @R

) ) o o ac o |9 114 i) wisail 4l
coregistration, only a standard MRI | &< | & —sFsTEs e e

can be displayed. A < 1
FO": > C #
“7*.'*/\/—’—": ‘

Data (1-16 of 31) ~ |Source wavetorms

6. Select the first source by clicking on !g";ﬁ";’f:',f‘fww eCaliaty < 7
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.

7. Let us first drag the red regional | asmimmian SREmint SEa i Semn e -
source to left Heschl’s gyrus. You will 2*“**M44ML o
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.
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8. Minimize the MRI window and select |7 S-S uREREREEEE - e
TBEZ N(I)odﬁ | Res. 1 - UPCAOEEG EE;V;} Eneray Wnﬁ'm? image | AC-R-UM [Hoc yoc 14oc [xﬂn y-or z-on
- . - «|»| 60dB: 64 avs Filters: 40Hz «|RV. 1 Cartius || 057 {\04 004 [ 00 ﬂl\ﬂq
the blue source by clicking on its Ligooms | ot 4 e k] T
source waveform. From the drop- '(;f:ﬁﬂmmmsmmmmj iy
n‘—sa\/\\———-

down menu under Loc at the top | .-~

. . Awm [ on AL =
right of the window please change | = o e o
PGt — Fip |4/ 0]« »| Fl
. .. N, A © Individual MRI S Tas
symmetric to free. Maximize the MRI o e e |31 2 S s elsiall
. . P(U‘ﬁ/\/——-——
window again. s e = e
:\2‘ Nofit] R

9. Now let us move the blue auditory

file Condition1 Solution1 Fit Image Options Help
© Individual MR

cortex source to right Heschl’s gyrus. | #a =il s 4

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.

10. We have now optimized the

Dala Mnd Res. D PCA EEG [[Res. Var. ey - . AC_Left  xloc ylol: zdoc x-ori y-ori z-ori
60dB: 64 avs Fillers: 0.5 - 40 Hz ~ [R V. 3.480% GFP| cartius |[-05 [-00s [004 [02 |46 |06
|-48.00 ms +252.00 ms | Hﬂﬂl 1.382% RC 1
. = - Loc:  [ree =
o [fed <]
Model 4 shell ellipsoidal
, s« _av.bsa (modified) EEG +

positions of the auditory cortex

sources based on the subject’s

All off| Allit] Start fit CLARA 4| BV

on O AC Right

Nofit]

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

> on | Fronal
selected, so simply press O onthe | D ><"" | @ @

keyboard to set the first orientation at e cea j Slsauce s
the maximum of the activity. Repeat
for the red source.
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We are now finished optimizing our source model based on the individual anatomy of

the subject.

E. Individual FEM Model for Source Analysis - Introduction

Localization precision can further be increased by using a volume conductor model that is

also based on the individual subject’s anatomy.
When is localization precision critical? For example:

¢ When the precise position of a source is the leading research question
¢ Localization of epileptiform activity

e Comparison between patients and control subjects regarding the brain region involved

in a particular cognitive task

¢ Investigation of treatment effects on source localization

In BESA MRI, T1 (and optionally T2) images
can be used for creating individual, realistic
head models using the finite element method

(FEM). The model will consist of four

compartments, scalp, skull, brain and CSF.

Each compartment is associated with a specific conductivity value (scalp 0.33 S/m, skull
0.0042 S/m, brain 0.33 S/m, CSF 1.79 S/m).

BESA MRI creates a 4-shell FEM model also containing a CSF compartment. Modeling CSF
is critical for source localization precision as it is yet another layer with a specific conductivity
in addition to brain, skull and scalp (Baumann et al. 1997). Ignoring CSF leads to wrong

assumptions about the origin of the current (Ramon et al. 2003, Wendel et al. 2008).
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When current flows through a volume, it
will change direction whenever it passes
a new layer with differing conductivity
(see image on the right).

In principle, the head model can consist
of even more than four layers. The skull,
for example contains at least two
different tissues with differing
conductivities. However, this would
mean that head model generation
becomes more complex, less automated
and more heavy on computation.
Additionally, MRI data quality needs to
be exceptionally good to model all the
different tissue types and the combined
use of T1, T2- weighted MRIs as well as
CT data is vital. We will see in the
following that a four-layer model leads to

very good results.

BESA Research 7.0 Tutorial
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Image taken from Neuling et al., 2012, Neuroimage
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10

Localization error / mm

The above image displays source localization errors when using a 3-shell model (scalp,
skull, brain) neglecting CSF (a) and when using a 4-shell model including the outer CSF
layer between cortex and inner skull (b). It is apparent that including CSF in the forward
computation drastically reduces localization errors. Optimally, the CSF-filled ventricles
should also be modeled, yet BESA Research requires a homogeneous volume without gaps
for source analysis. This is why only the outermost CSF-layer is taken into account®. As the
outer CSF layer is the most critical for source analysis precision, localization errors caused

by un-modeled ventricles are negligible.

Once the FEM model is built, a new leadfield table needs to be computed for the individual
forward model and the current electrode layout. This is done during the last step of the BESA
MRI coregistration dialogue. This means that the magnitude of the signal any source inside
the head will contribute to each sensor must be calculated anew based on the individual FEM
model. The computation can take several minutes, depending on the number of electrodes in

the electrode layout. A grid resolution of 2 mm is assumed.

8 BESA MRI models all CSF, BESA Research only uses the layer between cortex and inner skull.
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Individual FEM models that were created in = [rre K
BESA MRI are available in the head model
drop-down menu of the BESA Research

source analysis module after coregistration.

By using a FEM model, the forward model for source analysis is tailored to the individual
subject and in consequence the inverse solution can become more precise (Vanrumste et al.
2002, Roth et al. 1993, Cuffin 1996). This is especially true (a) for sources in brain regions that
are not described well by a spherical head model (e.g. basal temporal lobe); (b) when individual
heads show deviations from the norm (e.g. lesions). Thus, if the research target is to achieve

maximal localization precision, an individual realistic head model is strongly recommended.

The segmentation algorithm and FEM model creation were developed in cooperation with the

research group around Dr. Carsten Wolters (University of Munster).

F. Coregistration with Individual MRI and use of FEM Model for Source
Analysis

In the following, we will coregister an individual subject's MRI with their EEG data that were
recorded in an auditory oddball experiment. We will see the improvements in source
localization precision when using an individual FEM volume conductor in contrast to a 4-shell

ellipsoidal model.

The data we will be working with are located in the BESA Research examples folder “ERP-
P300-Auditory”. During the oddball experiment, standard and rare tones were presented that
differed in frequency. 160 standard tones were presented at 1200 Hz, 40 rare tones were
interspersed at 800 Hz. The subject pressed a button with the left index finger whenever he

heard a standard tone.
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1 [ ata Files |
1. In BESA Research, open File
Lookin [ | ERP-P300-Audiory x| emcE-
RareFrequentResponseleft.fsg B Name : Dste modified
Rec:gam i RareFrequentResponsel eftfsg 26072010 14:28
located here: =
. Deskioj
C:\Users\Public\Documents\BESA\Re ;j
Libraries
search_7_0\Examples\ERP-P300- ™
. Computer
Auditory. é:
Network < n | »
File name |RareFrequentResponseLeitisg -] Open I
Files oftype |BESA Binary Files (*foc. " fsg) ~| Cancel
Folders [Examples Folder |
i d

2. The file contains 3 segments CONtAINING |7 v s s aar | o | mov | 1on | boa | e | 5 [ Fae vir | Sic | s | oot | Eal

average data of conditions Target,

Standard, and Hit. We will be working

IR

I3

with condition Target, as the condition

%

only involved listening to tones without

i HE

Il

H
i

G

any button pressing.

-----

[}
3

L
?
?

s e —
JEr s e
s
= o e
=5 S —
s -
fem
s e e S|
s e ——
s
[ dard: 152 avs 127 avs.
T T
A e D[
Tirme: 00.00.00 Total 000003 Offs 000000 Cur—— LowFiller 053 Hz

3. Press File / Head Surface Points and Fle] e Viw Ftes Momage Poces (A B At Sexch Tigs Goo Opirs b

Open... w0 [FC| ESl [[Rec Vir | Sre | Usr | Op|

Sensors / Load Coordinate Files. e .

|

Load Channel Configuration... r
Head Surface Points and Sensars. > View v I
MRI Coregistration... View All shift-V.
Export.. Load Coordinate Files... ctri-L
Send to MATLAB...

Save allfiles in Head Coordinates...
Import and Convert ASCI| File... Save allfiles in Device Coordinates...
Print... trt-p Save Electrode File for Current Montage
Print Preview

it

W 1 C\_les\ERP-P300 v eftfsg
2 Ci\,arch_7_0NExamples\ERP-Auditory-Intensity’S1_avfsg

il
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4. Press the second Browse button (for
Digitized Head Surface Points) and
choose file P300-Aud.sfp. This file
contains individual digitization points of
electrode positions. Press Open.

5. Press the first Browse button (for
Channel Configuration) and choose the
P300-Aud.ela the

channel

file containing

electrode labels and

specifications. Press Open.

6. Instead of standard electrode positions,
we are now going to use the digitized
electrode positions of the subject. A
green arrow should be present indicating
that all necessary channel information is
available.

In the same dialogue, press button
Edit/Coreg. to start coregistration of the
EEG data with the individual MRI.

BESA Research 7.0 Tutorial
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_ C
P Load Surface Poin !

Lookin [ | ERP-P300-Audiory -] ~@e:Er
L_ z Name ‘ Date modified
=P (& P300-Audsfp 08.11.2000 10:49

RecentPlaces

-

Deskiop
uﬁl'
Libraries
|k‘
Computer
Network < [ | »
File name [P300-Audssip ~| Open |
Files of ype [surtace points (*sfp) | Cancel
Directories [Data directory -

- ———
Load Channel Configurati X

etsfs | | ERP-P300-Auditory -] fEoEr
- Name - Date modified
-~ | P300-Aud.ela 04,05.2000 11:12
RecentPlaces
|
-
Deskiop
uﬁl'
Libraries
1&‘
Computer
Network < 1 ] »
File name: | ~| Qpen
Files oftype [Channel definitions (*elz, "lp) ~] Cancel
Directories |Data directary ~]

|

Channel and digitized head

Infernal dta fie infarmation
Desta file: | Users) Public| Dt L6
Formet BESA 2000 4000000, Diinbase ile: 00000000 fst

i chesnels: 64 64 alectradas

v

damfile o ;
¥o" ela file defines EEG, you mustuse 10-10/10-20 labals ar supphy dighired coordinstes|

Suggestions
The fallowing ausilissy fles ware found.
v read the fle

ves No  Filenomsfound

Channel configuration (%17}

&4 che EEGE5REF:

@ FallAud el - o Good B | Edv
Digized head susince pots ["sip. *=ps) and labels (") e

& ¢ [Fmmaw  loundumit conimeten Good Browse. | Edn

& G T oefe [Good Browse. Edi

Electrode fickness ). [500

Coregisraionfile (~5M) or head center ~cof)

« & nafile Good Browse. Edlé/Coreg
MEG sensors [*pos, *pmg) P—

c @ oo Edi
Adtitoct coeficents [* ol *arf) e

c @ Good Browss Edht

Cesoa Cleas Events tee | o | genel
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7. You will be prompted to save an sfh-file | sEmsss=s

f ool | = BESA » Research 5.0 » Examples » ERP-P300-Auditory ~| é3 N Search Erp-P300-Aucic.. P
that will store information about the | ™" ="~ : e —
coregistration later on. You can use the | oo

suggested name
RareFrequentResponselLeft.sfh.

Press Save.

File ame: RarefrequentResponseleftsfn

Save as type: | Sth Files {*sfh)

= Hide Folders Cancel
8. BESA MRI will open. Press Accept. BESA® Vorsion 20 Samuary 2017
MRI BESA GmbH, 82166 Graefelfing, Germany

Copyright @ 2017 - all rights reserved.

g puter
imed, includi

9. BESA MRI will automatically display the ~====""

- o xi
) ) Al T'BESA
coregistration workflow. Make sure to - e e—
select the option Generate FEM o o

[Eer—

leadfield. Press Next or hit the space

bar to continue with the workflow.

T M it s e bga 1 kil oyt b

ortha Ho bt
ot monn draios vme heserihion o e Conmgisiation Wkl
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10. Press Select Input Project and choose

project MRI_T1 of subject QC. Press

Open.

11. Select Nasion and press Next.

12. Select LPA and press Next.
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ﬁmwu—mm_u_

Fie Edi View Help

Set Fiducials
NEdE e a

Subjecl - Birlhday

Proct Modified
d 01.04.1946 | & MRI_TI 26.02.2013 15:18:28

Selecied Sublect: OC (1946-04-01)
Selected Project. MRL_T1

Cancel |
Project Type:

‘Sepmentation Proscts

Salact indridual sublect for coragistration by selection of the related
segmentaton

project
To select, press ha Space bar, Next, or Select Input Project in the
Inleracton Window.

Set Fiducials

"\BES
nsdnes |BESA
Workdiow Overview 0 LS bpu Pl v/

et Project Targets v
Suitace Point Coregistration @
Set Fcucios
" Seect Nasion
SEML Ao S
. Set Left Pre i Point
St Al

Set Nasion positon by a singke click on the 3D surface. =
To confiem position, press e Space bar, the Enter key, Next, or Set &
Nasion.

Set Fiducials

11BESA
Sduwe s 5
iorton O 0 v
Sot Projact Targets v
Surface Poirt Coragistration ey
Set Fuducials. preauricular ==
point

FEM Loadfiok! Genoration

‘Set Left Preauncular Pot |
Set Right Preauricular Point
‘Sel Lefl Preausculat Painf by a singe cick on the 3D surface. =
To confirm postion, prass the Space bar, the Enter key, Next, or Set | =
Left Preauricular Point. -
Sl [ Previous | (et
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13. Select RPA and press Next. =
yihraiont 1BESA
Workow Owre v
Set Projct Targets. v
Surface Point Coregistration Saloct ight
Set Fiducials. preauncular ==
f [: point -
e [T —
__set Len Presuncuiac Poat_| o/

Set Right Preauricular Poinf by @ single click on e 30 surface. =

To confirm posttion, press the Space bar, the Enter key, Next, or Set =

Right Preauricular Point.

e e [ Previous | (e

14. The fiducial positions will be used as a

. . . i SefFfducials \‘ BE A
first reference for a first coregistration of | """ S

Workfiow Overview 0

Set Propct Torgets. v
the electrodes with the scalp surface. | ===
PreSS NeXt tO COnt'nue_ FEM Loadfiok! Genoration

Fiducials have been sef successtully
To continue, press the Space bar, or press Next

Hnts: Drag to rotat the 3D surfaca image. Move / Zoom the 3D

[ Previous | (o)

15. Press Select Coregistration File and [ratmia s :
Fit Surface Points 1 \; BESA

T Fd e
choose :
Lookin | ERP-PH-Aucitory - @F "M SBalect elecirodes and
RareFrequentResponselLeft.sfh. = - [— B
= T RarefrequeniRespanseleft st 26032013 1417 1 Exchude elecirodes A1/A:
P O . Atvanced Setings
ress Open. =
-
t=th
A
e
B — B SKin poins: </ 00>
Network  Filename: L ——— - rr——
[ - ————) -l .
Racearfortars Run Surface Poit Fit

Fitting resuits (before
mas )

Press fhe Spacebr, Next, or Select Coregistration File o select e,
‘Coregisiration fis comaining electrads pasiions et
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16. In the field Electrodes, enter 0.5 cm to
indicate the distance of the digitization
points from the scalp. Then press Run

Surface Point Fit.

17. Once the surface point fit has run and the
result is satisfactory, press Next to
continue.

Note: In case the surface point fit
appears inadequate, you might consider

revisiting the definition of the fiducials.

18. Press Run FEM Computation to start
leadfield calculation with the given FEM
model and electrode layout. This will
take several minutes as the forward
signal for each electrode needs to be
computed under the assumption of
The

currently  being

in each brain voxel.
that is

activity

electrode
processed is highlighted in orange, the
electrodes that are already finished are

displayed in blue.
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Fit Surface Points
SoEwm
Workdiow Overview
Set Project Targets. v
Surface Point Coregistration
Set Fiducials v
Fit Surtace Points
FEM Loadfield Generation

Surface points have been boaded successfuly from C.
\Usersiiss\AppData\LocaiTomp BESA
MRISFH_FILES \RareFraquentResponseL eft sfh.

Fiducials
‘ Elactrodes.

R
Usa presét paramelers of adust If i6edod 10 Improve e surface point

' BESA

e

Seloct electrodes and
weights for surface point fit

71 Exchide elacirodes A1/A
from fit
Advanced Settings
Set parameters for surface
pomt it
Distance (in mm) of
digiization point from sion
< 003
<l 0503

<l 003
<l 003

MVEG colls
Skin points.

Advanced Settngs.

Run Surface Poit FA

Previous | [ Next

Elo Edt Yew teb
Fit Surface Points

Sadw
Workdiow Overview 7

Set Project Targets v
Surface Point Coregistration

Set Fiducials v

Fit Surface Points
FEM Loadfield Generation

Surface point it was successfully complated.
To manually adjist the fesult you can perfor @ cormection in e,

o continue, press the Space bar, the Enter key of the Next bution

viviviv

[ Run Sufece PomtFe__] v/

Fitting resuts (before
manual correctian)

Mean distance error- 214

Maximal distance error: 854
mm

Prevous | [ Nex |

Generate Forward Model
Sdde =

Workfiow Overview
Set Prosact Trgets v
Surface Point Coregistration
Set Fiducials v
Fit Surface Points. v

FEM Loadfiok! Genaration
Genrata Forward Modet

Pertorming compatation of indndusl kead field table

-
Computing lead fieid for sensor 2

Previous | 7

Page 143 of 396

www.besa.de



BESA® Research 7.0

Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

19. Once the FEM computation is done,
press Finish and save the project under
the suggested name. Close BESA MRI
and return to BESA Research.

20. In the window Coregistration with MRI
you should now see a green tick mark
indicating that all information regarding
the coregistration and FEM model are
available to BESA Research. Close the
window by pressing OK.

21. Left-drag a block in the condition Target,

right-click and select Source Analysis.

BESA Research 7.0 Tutorial
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Edo Edt Yew Hobp

Set Fiducials
Fit Surface Points

FEM Loadfield Genaration
Ganerate Forward Model

Generate Forward Model
DEdEw
Workdiow Overview 0
Set Project Targets v

Surface Point Coregrstration

v
v

FEM meshes have bean prapared successfly. =
Press the Space bar of Finish 10 ckise the curment project and save the
fesults 1o the coregistration file

Previous | [_Finish_|

Coregistration with M

-~ Coregistration fil

" HesalPi

Select MRl prog
Browse.

Fead from st file Browse. ‘

=1
oK Browse. ‘
o T ‘

Incividusl FEM defined! ‘

ok
Help Cancel

Coregistration summary in: \RareFrequenRespansel eftsh

v

Surtace coregistration e (“sfh. *bhm).

| YRareFrequentRiesponseleft st

Talairach coordinates (“tal

Talairach: MR file (v

[DisaiDeskion\BESA Warkshap Examples\BESAMAL projecislQC 19460 O

MRI_projects\GIC_19460

ID\\SE\D ktop\BESA Warkshop E: les BE:

Talairach-transformed brain surface mesh (*

ID \lsa\Dizsktop| BESA Warkshop Examples|BESAMRL_projects\GC_19460

FEM

Coordinate infarmatio
Talairach coordinates defined

"Ta\a\rach—\ranﬁfuvmed head surface mesh (*

File Edit View Fiters Montage Process ICA ERP Adifact Search Tags Goto Options Help

F | F+| Wrs [ sAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI [[Rec Vir | Src | Usr | Opt

e
&

Top View of Data
Whale Segment

Linear Correlation

Wiite Segment
Copy to Buffer »

Define Artifact Topography

Time-Frequency Plot

Epach: -100.0..549.5 m, Fiters off

|
iy

? HHHH}

e S —

TN

Time: 00.00:00 Total 00-00.03

Standard: 152 avs

Merk: 0103 s Cur-0103 ¢ Filters off
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22. Select a custom definition of -100 to 300
ms, Low Cutoff Filter of 0.5 Hz, 12
dB/Oct., zero-phase and a High cutoff
Filter of 30 Hz, 24 dB/Oct., zero-phase.

Press Source Analysis.

23. In the SA-window, please left-drag a
block from 80 to 110 ms over the EEG
signal. You can easily select the time-
range by right-clicking into the marked
segment and choosing Set Fit Interval.

24. Make sure that the default source type is
set to Regional Source by pressing
Options. In case the default source type

is Dipole. Change it to Regional Source.
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Block Size and Position

" Whole Segment

@ Custom Definitior:
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Filter Setting
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25. We will first try to fit the auditory N100
with two regional sources using the
default head model 4-shell ellipsoidal.
Please double-click into the head

schemes twice to place two regional

sources, one in the left hemisphere, one

in the right hemisphere.

26. We will add a symmetry constraint as
we are working with bilateral individual
activity that is heavily overlapping. Open
the drop-down menu next to Loc.: and
change the constraint of the second

source to Symmetric to.

27. Press All Fit and Start Fit to start source

localization.
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Data (1-16 of 65)
Fit Imarval:

m——-—\ﬂ\/j ,

file_Condition1 Solutionl Fif jmage Options Help

Dala Model| Res. | |P.CA| FEG [Res. Var. | Var Enlefqy Min. Dist. __ Ima, g RS2 2o y-ori z-ori
Target. 4D avs  Fiters. 0.5-30Hz « [R.V.. 11.80 Talairach || 530 ] o[z
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file_Condition 1 somlmnl fit Image Opti
)
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‘ e . : _ _
:
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‘Solution: New solution 1
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Loc:  [swmetict <[RS 1| <00y 00 r00
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28.

29.

30.

Press A on the keyboard to bring up the
anatomical view. We will see that the two
regional sources are located in bilateral
auditory areas. We do notice, however,
that the sources are not located in
Heschl's gyrus as expected, but too

superior.

the
Click into the empty

Close the window displaying
individual MRI.
area in the box in the upper right corner
that

position. This will switch the contents to

is now displaying the source

the head model selection.

drop-down
FEM. It
might take a couple of seconds to load
the FEM model.

Open the head model

menu and select Individual
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] BESA - C:\.i
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Best 2 360%

| Res.var. | Energy | Min.Dist. _Image

RC

Date (1-16 of 65)

D«: Al off| Al fit] Start fit] CLARA [+ | Brainv, |
o

~ |Source waveforms
Fit Interval: +80.00 .. +110.00 ms
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GFP Talalrach | [0 uz ma [ - | -

RS2 oo

Loc: symmerict » ||RS 1 w0y 00200
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Hid
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~ |source wavetorms
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s e e T
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31. Switch off both regional sources off by
clicking on the On button next to the

source waveforms.

File Congitionl Solutionl Fit Image Options Help

Data Model| Res. | ||D|| |P.CA | EEG

+| Target d0avs  Fillers

-100.00 ms

05-30Hz =
+300.00 =

Res. Var. | Energy | Min. Dist. _Image

GFP|

RV 9.201%

[ scalp _bone  csf
s o R e B -
ain_ scap  bone est

contuctivty B

Source wavefomms

[Model

_ S " [ST:]ew soiion 1 (modiniedy
~ = ["All on] Al fit] Start fit] CLARA 4] Brainv. | Hid

G
Y=

|Source lncations

i ——
Solution: New solution 1
ndduol FEM -

:

Data (1-16 of 65) -
. Fleess o [Ep—
32. Insert two new regional sources by [ i o s —
Data Model Res, 10} P.CA| EEG | Res Var. | Energy | Min. Dist.  Image RS 4 xdoc y-dor zdoc x-on y-or z-on
| r| Target 40 avs Filiers. 0.5 - 30 Hz « RV 12.340% GFP| Talairach | [ 627 [-373 [ -3 - - -
Org| 210000 ms +300 00 ms[ " |Best 10 9 RCAT o el

double-clicking in the head schemes,
one source in the left, one source in the

right hemisphere.

Al

Eas
E10

Dala_(1-16 of 65)

oz __r\._/\\_

lalls

.. [Model Individual FEM

el w

on

Allon| Allfit] Start fit] CLARA | BrainV.

2

Saurce waveforms

Fit Interval: ~80.00 .. +110.00 ms

<]+ JNew schufion 1 (modified)
H

[Source lncations

FEG +
]

& &
5%5
3 &

3

33. Add a symmetry constraint again by
opening the drop-down menu next to
Loc.: and changing the constraint of the

fourth source to Symmetric to.

| +| Tergst 4Davs  Fillers: 0.5
-100 00 ms 4300

Ele Condfionl Soltiond Fi [mage Options Help
Data Modal| Res. | ||D|| | P.C.A| EEG [ Res.Var. | Energy | Min.Dist _Image
30z - ) GFP|
00 ms |

RV.: 12,340

Best 10.996% RC:1

Tataivach | [ 57 [ [ 33 [ - [ - | -

Salution: New solution 1

RS4  xdoc ydoc zoc xon y-ori zori

Loc: e

Data (1-16 of 85)
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34. Press All Fit and Start Fit to start source

localization. It becomes apparent that
source localization with the individual
FEM model

solutions compared

leads to more inferior

to the 4-shell

ellipsoidal model.

Solutior: New solution 1

File_Condition 1 Solution1 Fit mage Options Help

Dam Mnde\\ Res. ||n|| \pmq EEG Rgs vg.- \ Energy | Min.Dist _ Image RS 4 xloc c zdoc xon y-ori z-on
40evs  Fillers 05-30Hz o GFP| Talairach | [ 7+ [0 [ [
grg 10000 ms \20000ms| Bu ety Re [ [RS3[ Foayoore
] / or CT|

. Model Ingividual FEM

New salution 1 (modified)

&5
@ &

E44
E10

! e
=] Alon umstan fitf CLARA | &/ Brain.

£33 _._/\__/\.\

>

on|
Mo fit,

Ei
E17
FZ

E53

BTl 4

e v

E3 ‘—_—_———v’\/“- o | @

L —T Nl B vl
urce locations

Date (116 of 65)

Fit Interval: +80.

35. Bring up the individual MRI by pressing

File_Condition1 Solution1 Fit _[mage. mens Heip

A on your keyboard. We now see that

both sources are located in Heschl's

gyrus.

© incvidua e
8| Al ZilB| wlelenl ¢

oc: 394, -1166, 1083 (Talairach  Fit Intervak: +80.00 . +11000 ms

This example illustrates the superiority of an individual realistic forward model for source

localization precision. The temporal lobe is a structure that is described particularly badly by

a spherical model, so individual anatomical information will lead to obvious advantages.
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What does BESA Research provide?

LAURA
LORETA
SLORETA
SWLORETA
CLARA
SSLOFO
Minimum Norm

User-defined

AN NN Y N N N NN

Export of images per time-point or for time-series
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Distributed Source Imaging: Volume Methods

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: 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.

S: 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.

L: 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).

L™: 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].
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A: A regularization parameter. The formula in the table holds for Tikhonov regularization,
which is just one way of regularizing a matrix.

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].
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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

gray matter

1/ A

g\ray matter

W

\

Number of sources < Number of sensors
Overdetermined problem

Number of sources >> Number of sensors
Underdetermined problem

Source model is defined by fitting or
seeding

D=LS

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)

D=LS

The leadfield L has more columns (number of
sources) than rows (number of sensors)

Reconstructed source waveforms: S=L71-D
where Lt=(LT-L)* LT

Reconstructed source waveforms: S=L71'D
where Lt=L" (L L")*

Regularization in source space. e.g.
Tikhonov:

L—lz(LT.L+)\.|)—l.LT

Regularization in sensor space, e.g.
Tikhonov:

L—1=LT.(L.LT+)\.|)—1

Spatial weighting:

L1=VLT(LVLT+)\|)1
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Discrete source analysis

Distributed source analysis

Result:
Multiple source model and source waveforms

Result:
3D Volume image, one for each time point

Al off| Al fit| Start fit| MSPS | | Brainvoyager | FlowField-4D.bsa MEG +
Hid ~
- A |48
No fit ’ ‘
Transparency: 100% -
on Fip [ 4[]+ [ Fip
No fit —!'El
18| 2ol 2kl blwla ¢l
Tra
On
T
On 4
No fit
|
Source waveforms IR L
Properties: Properties:

e Crosstalk: (+) If the source model
contains all active brain regions, the
source waveforms represent their
activity, i.e. they separate and mutually
contrast their activities with minimum
crosstalk.

o Effort: (-) Source model needs to be
defined by fitting or seeding. This
requires user interaction (decision on the
number of sources, fit intervals etc.).

e Crosstalk: (-) Smeared, non-focal
activity. Substantial crosstalk between
sources. Reconstructed activity at any
location is contaminated by activity from
other brain regions. Activity of brain
regions close to each other can hardly
be separated.

o Effort: (+) Pre-defined source model.
Source images are generated easily
and quickly. However, parameters have
to be specified (V, A). They can have a
large impact on the quality of the
obtained source image.

In BESA Research, 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 and 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
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constraints are represented in the spatial weighting matrix V (see above). Different methods

have b

implem

een published in literature. The following is an overview of the imaging methods
ented 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.

Minimum norm (Hamaldinen & limoniemi 1984): In its simplest form, V is 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 sources lead field vector (i.e. deep sources get a larger a-

priori weight than superficial sources).

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.

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=LL

BESA Research 7.0 Tutorial Page 156 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 7 — Distributed Sources |: Volume Methods

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 (‘standardized LORETA”, 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 sLORETA activity at location r: is estimated from the minimum norm

source estimate Sun, as:
Ssioretar = RrY2 - Sy

In simulated data sets with only one focal activity and no noise, the sSLORETA 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.

e 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:

e 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.
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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.

e 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 each iteration.
As initialization step, an SLORETA 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.

An overview of these methods is provided in the next page.
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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

e Tikhonov regularization: In Tikhonov regularization, the term L'V'L" is inverted as
(L'V'L™+A 1) 1. A is the regularization constant, and | is the identity matrix.

e Truncated singular value decomposition (TSVD): Here, an SVD decomposition of
L'V-L"is computed as LV'L" = U-X'UT, 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 U-XUT, 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.

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.

File Edt View Filters Montage Process ICA ERP Addact Search Tags Goto Options Hel

1. Select the file from

les\ ERP- Auditory-Intensity\All_Sub)

File / Recent Files.

P
aio [FC| ESI [[Rec Vir | Sre | Usr | Opt | E

i N
HTAA

efsg

2. C:\..Jes\ERP-P300- Auditory' RareF requentfiesponsel eft. fsg

. CA\..arch_7_O\Examples\ ERP-Auditory-Intensity\S1_avfsq
A )

Send to MATLAB.

7. C:\...Examples\Leam- by-Simulations\AC -2D-o-veslay
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2. Select condition Low, left-drag a block and

send it to source analysis by right-clicking

. . + : Ny
and pressing Source Analysis. f Top View of Data -
H Whole Segment |
! _. L FFT e
I USR] = Linear Correlation -
Source Analysis w
____H_\U,xﬁ Define as Epoch -
- i Define as Artifact -
__._._.-\‘p-ﬁ Write Segment -
IR o . Copy to Buffer o .

Low: 10 avs Define Artifact Topography

fiew: Original Correct: Off Bad: 0

Block Size and Position Filter Setting

3. Select a time range from -50 to 250 ms,

€ Whole Segment Low Cutoff S (o Bt

and specify a Low Cutoff filter of 0.5 Hz,  « cicompsinion Frequency 54y Siope [12abfoct <] Type [rerophase ~ ]

. I—L[P;E\IT%S High Cutoff Status |v Enshled
12dB/oct, zero-phase and a High Cutoff W(mm;ﬁ | sy [5T— . Some o] T [ <]
filter of 40 Hz, 24 db/oct, zero-phase. [ @sposteven
PreSS So u rce An aIyS I S tO Open the [~ All Conditions Source Analysig | SetBlock | Cancel |
specified data in the source analysis
window.

4. As areference and for comparison, load the [ open soluion x
] . Lookin: ||| ERP-Audtory-ntensty - «BsE-
regional source model we created in & e o T ete modifed
. . |_| Highintensity_3RS.bsa 1KB BSAFile 2009-12-09 217 PM
Tutorial 4, StepS D1-7. Press File / Open R :]Loilmensity_ZRS.hsa 1KB BSAFile  2009-12-092:17PM
- ] LowIntensity_2SD.bsa 1KB BSAFile 2012-02-27 414 PM
H H | S1bsa 1KB BSAFile 2005-03-29 3:32 PM
Solution... and load file o []51-ACbsa 2KB  BSAFile 2005-03-29 4:04 PM
™ :] S1-AC+SC.bsa 2KB BSAFile 2005-03-29 4:06 PM
Libraries '| S2.bsa 1KB BSAFile 2005-03-29 3:35 PM
&
This PC
@
Network < >
Fle name: [Lowintensty_2RS bsa = Open
Flesoftype:  [BESA Solutions (*bsa) =] Cancel
Folders: [Data Foider K|
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5.

Set the cursor at 96 ms, at the peak of the

N100 component.

Distributed 3D volume images are
generated with a single click in BESA. They
can be generated by selecting the
corresponding method from menu entry
Image / Volume Image, or from the
dropdown menu of the image selector
button (the arrow left of the SESAME button
in the middle of the source analysis

window).

In this chapter, we will use the default
parameters for all 3D images. The
importance and potentially large influence
of these parameters on the obtained result

will be illustrated in the next chapter.

BESA Research 7.0 Tutorial
Copyright © 2018
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Image Options Help
Volume Image
Surface Image
Discrete Model Probing

Smooth Image

Hide Image

Import Image

Import MR

Export Image As.

Settings... Ctrl+Shift+A

RV.: 4.262%
Curs.: 0.815%
100 0.1

04 100 --mmmmmed e mmeeeoooees

Solution: C:\..ments\E
Beamformer B
Beamformer (bilateral additional sources)
DICS
CLARA
LAURA
LORETA
SLORETA
SwLORETA
sSLOFO
Settings...

User-defined Image
Settings...

SESAME

Settings...

All off| All fit| Startfitf swLORETA ;|v| | SESAME

- -

A‘q; —A0 Left

Page 162 of 396

www.besa.de



BESA®

Tutorial 7 — Distributed Sources |: Volume Methods

7. First, compute a LAURA image at the ““"""‘"“"S‘f”“‘ ! ORETA Beamformer

DICS
CLARA
LAURA
LORETA

cursor latency. Simply select LAURA from

the Image selector button dropdown menu. : LORETA
' « | swLORETA
o S e

User-defined Image
Cortical LORETA Ctrl+L
Cortical CLARA

Minimum-Norm (Surface) Ctrl+M

’— Probe Scan S
Un —géég Sensitivity
’T : Sensitivi V

Settings...

8. 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

Stage 3/6 [Thiz may take a whilel]

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.

9. The resultis 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 geta 4-
head view. (You may also maximize the 3D
window to get a larger view of the obtained
LAURA image.)
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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 i
Button (4™ button from the right in the 3D
window). The second maximum is roughly
in the right-temporal lobe, and located more
and anterior to the

medial inferior

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
selector button dropdown menu. Like
LAURA, LORETA includes a spatial cross-
voxel weighting term, which increases the
that the first

computational load, so

LORETA image computed for a data set

BESA Research 7.0 Tutorial
Copyright © 2018
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Beamformer
DICS
CLARA

[v] aura
LORETA
SLORETA
swLORETA
sSLOFO

User-defined Image

Cortical LORETA Ctri+L

Cortical CLARA

Minimum-Norm (Surface) Ctri+M

Probe Scan

Sensitivity

Settings...

S
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takes a longer time to complete than s ==
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.

T VT e e G
Ol T Fewpl 4

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

O T A R W Vo TR
HETEEE P

located in the right cerebellum. There is no

convergence between the discrete source
solution and the sSLORETA image.
sWLORETA additionally uses depth

weighting, but will come up with a very

similar result; we will not pursue this

method now.

13. 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.
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14. Let us try out the CLARA method, an
iterative application of weighted LORETA

L"\
images. Select CLARA from the image (Y J

selector button dropdown menu, and

observe that the result is much more focal @
than the previous methods, shrinking the
activity  substantially, and indicating St =

bilateral activation of the supra-temporal
lobes. The first two maxima are very close
to the discrete source solution. CLARA
detected a third maximum, again located in

the cerebellum.

The other iterative method sSLOFO has a

similar approach to CLARA, but uses

sLORETA during the iterative refinement of
the initial result. The result is similar to

CLARA, however the two main maxima do

not coincide quite as closely with the
regional sources. You can try it at your own

discretion.

15. Next, we want to re-fit our discrete sources |r ------ \

Res. Var.l Energy |Min. Dist.; Image I
using Image weighting. Press the Image RV.: 4.198%
Curs.: 0.815% RC: 1

100 0.1
and residual variance field. By default, only 10

button in the top-right corner of the GFP

buttons for criteria Residual Variance,

BESA Research 7.0 Tutorial Page 166 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 7 — Distributed Sources I: Volume Methods

Energy and Minimum Distance are oreferences 7 x
pressed. Right-click on the Image button Fle | Dsplay | Boxes | 3DWindow | Headmodel |
Constraints enetic Algorithm i
and click on Weighting Factors to bring up | = | Genete B
the Preferences dialog. You can see that by Reguarzation constart (1 | S
default  weighting  factors  Residual Mininum ditance crtedon frml: [ 20 [zl
Variance, Energy, Minimum Distance and
Hide advanced options I
Image Weighting are treated equally (all are Advanced options:
set to 1). This can be altered if desired. We Smoothing constant for slectrode nterpolation:  1E]7 = _Detaul |
will leave the default settings and press OK. B
Residual variance criterion: | 1.00
Enengy criterion: | 1.00 —
Minimum distance criterion: | 1.00 ll—‘
Image weighting criterion | 1.00
OK I Cancel
16. Click on the right-hemispheric source and "
change the symmetry constraint to free in o
the Loc drop-down menu. o s
— _
e | D e T
e — = Ii‘i‘j+zmmg¢;ui V
e e
i S i ‘
e |

17. Press All Fit and Start Fit. The regional 2 #ss ms e e
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.
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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.
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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.

. Y BESA - C:\.-Intensity\All Subjects_cc5g - Low: 10 avs, Fifters: 0.5 - 40 1z, 248 = 4352 s satree anaiysi NN
1. As an example, we will compare LORETA A clenaisia aisian

File Condition1 Sclutionl Fit Image Options Help

Data Model | Residual || Data]| | P.cA | EEG Res. var. —

images with  different regularization ] P 05 TR =Ry o 7o

Set Fit Interval: +72.00 ... +124.00 ms

settings. We could use images computed

Set Baseline to FitInterval i

Image "
=

Fit Enabled Sources over Interval

for the cursor time only, as we did in the

Add PCA Components to Solution
Tnvert PCA Component rtfit|
Display Cumulative Percentage in PCA
mark an extended latency interval. By o Y]] Fox Numbet of Dislayed Componens o @
v Overplot Waveforms of All Channels
Overplot Waveforms of Displayed Channels

previous chapter. Alternatively, we can re

default, BESA research will then computea =

mean image over that interval. This is of * ><>§
Cz as==cocces = ’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.
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2.

Regularization and  other  imaging
parameters can be specified in the Image
it by

pressing Image / Settings or from the

Settings dialog window. Open

bottom of the image selector button

dropdown menu.

The Image Settings dialog window for
volume imaging consists of three tabs:
The Standard Volume tab lists all
adjustable parameters of the standard
distributed volume images. We will focus
here on the effect of the regularization
parameter, which has a critical influence on
all distributed source images. Parameters
can be specified separately for each
imaging method (and differently for EEG
and MEG).

parameters of one method at a time only.

The window displays the

From the upper dropdown menu, select
LORETA to LORETA

parameters only.

adjust  the

BESA Research 7.0 Tutorial
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Beamformer B

LORETA
sLORETA
swLORETA
sSLOFO

User-defined Image

Cortical LORETA Ctrl+L
Cortical CLARA

Minimum-Norm (Surface) Ctrl+M
Probe Scan

Sensitivity v
Settings...

~

Image Settings
General Standard Volume | User-Defined Volume | SESAME |

Image weighting

[ Gypreviousimoge. . | Feo

Specify settings for.
Regularization
Regularization for Simple Images

(" CVE (Tikhonov)

" Userdefined (Tikhonov): |0 CVE smoothing factor

* SVD cutoff.

¢ Minimum regularization

Regularization for kerations
c 100
" CVE (Tikhonov) o —

" Userdefined (Tikhonov): |0.01 %
0.0100 %

CVE smoothing factor
& SVD cutoff:

" Minimum regularization

kerations (CLARA/sSLOFO)
No. of terations

m v Regularize iterations

W Image smocthing half-width (voxels)
10 Amount to clip from image (percent)

Reqularization Probe Scan Regularization Beamformer

OK Cancel
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4. We will now compute and compare images
with different regularization constants. The
default is an SVD cutoff of 0.005%. First

the high

regularization: Increase the SVD cutoff to

0.1%.

observe effect of too

5. Press Go in the Image Settings dialog
window to apply the current settings and
compute a LORETA image with too high
regularization: In contrast to the result of the
multiple dipole model, the LORETA image
suggests a single midline generator 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 mis-localized 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.
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— Regularization

® EEG " MEG

Regularization for Simple Imag
 Use datain marked block/at cursor 1.00

 CVE (Tikh
(Tikhana) ¢ Use non-baseline data epoch

0.01 %
0.1 %

" Userdefined (Tikhonov) CVE smoothing factar

@ SYD cutoff

€ Minimum regularization

General Standard Volume | User-Defined Volume | Surface Minimum Norm |

Image weighting

Default

[ By previous image

— | ™

LORETA -

Specify eettings for:

= o=

e Max. 1 of 1 - LORETA - Source Model - Val: 0.1515 (100.0%)

wlese| wlwle]el 4|

9| AL

LORETA Tra

—Regularization

® EEG  MEG

 Regularization for Simple Images

 CVE (Tikh (" Use datain marked block/at cursor 100
1KNOnow)
T ) " Use non-haseline data epach

(" Userdsfined (Tikhonow) 0.01 %

0.1000 %

CVE smoothing factar

(" 8VD cutaff:

@ Minimum reqularization
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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.

‘3 Max. 1 of 7 - LORETA - Source Model - Val: 0.2713 (100.0%)
8 2lcilef el wlslsll 4l

Sag Cor

P R
3D LORETA Tra

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.

8. How to determine the optimum
regularization parameter for a given data
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 regularization
by CVE

minimization. Select CVE and have the

determined  automatically
regularization optimized to the Data in

marked block. Press Go.
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Regularization
® EEG  MEG
Riegularization for Simple Images
& Use data in marked block/at cursor 1.00
® CvE (Tikhonow) )
" Use non-baseline data epoch

" User-defined (Tikhano): 0.01 % CWE smoothing factar
 SVD cutaff 0.0050 %

(" Minimum regularization

Regularization for terations
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O TR ST e s T =2 ]
3] SR SR N 4

9. The resulting automatically chosen
regularization appears to be slightly higher

than the default value of 0.005% (the image
contains 2 rather than 4 maxima). The

second maximum corresponds well with the
regional source in the right hemisphere, but

the first maximum mislocalizes to a right

medial temporal area. T —

a
&

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 high
regularization).
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D. Other image settings

1. The Image Settings dialog window not only

Image Settings ?

allows to modify parameters of the pre- | ! |Smda ichume | Usereined voume | SESANE|
Voxel Size

defined imaging methods. Select the | it

CLARA o OHETAveqane 3 vovel s o 5 or more

General tab. Here the grid spacing of the
Voxel size in Talairach space: -

Source Space
[~ Remove cerebellum from source space

source grid used for the 3D volume imaging
methods can be specified. The default

Image Display
This setting applies only i a fit interval is marked. F no fit interval is

setting is a Spacing of 7 mm, which is marked, the image shown after the scanis at the maximum Global Fekd

Power, or where the cursor was placed

appropriate for the rather distributed B

% Display mean image over fit interval

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 displayed.

Alternatively, you can have BESA o |_coes
Research to automatically set a cursor at
the latency of maximum global field
power and display the corresponding
image.
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volume Imaglng method: Switch to the ?g:::” LAURA | sLORETA | swLORETA| Mrtom [[FCLARA || ssLoFO |
User-Defined Volume tab. Here, a wide Resoluion mat
range of parameters can be specified.

Slaal % Mean nom of RS leadfield
e In box Resolution Matrix, specify = ___ . S
whether you would like to standardize W Do oo ————— | w0
your image with the resolution matrix Regienzaton o ke, or o s for i moge)
entries as in SLORETA. CORmem o s
€ Userdefined (Tkhonov): [001 % CVE smosthing factor
e Inbox Spatial Weighting, differenttypes = ™" por

It is also possible to create a user-defined

Image Settings ? X

General | Standard Volume  User-Defined Volume | SESAME |

[~ Standardization by Resohstion Matrix (sLORETA)
Spatial weighting

_ G |
" 1st eigenvalue of RS leadfield Help

¢ Minimum regularization

of depth Welg htlng can be selected. Kerstions {Specly settings for intialization method in Standard Vokume Tab)

. . . SRR ST W Image smoothing half-width (voxels)

Cross-voxel weighting as in LORETA T B [ ST . e O,
¥ Regulanze iterations

(3D Laplacian) and LAURA (local

autoregressive function) can be applied.

In addition, an additional spatial

weighting can be imposed by the

ok | cance | ‘

previously generated or imported 3D
image (e.g. an imported fMRI image). The strength of the image 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 Iterations 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 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.
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3. After specifying the settings, you can Beamformer B
compute a user-defined image by selecting DICS

CLARA

LAURA

LORETA

sLORETA

swLORETA

sSLOFO

the corresponding entry from the list of

images.

m _ User-defined Image

Cortical LORETA Ctrl+L
Cortical CLARA

Minimum-Norm (Surface) Ctrl+M
Probe Scan 3
Sensitivity Vv

Settings...
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E. Brain atlases

A brain atlas can be overlaid on discrete or distributed sources in the 3D window. Please

remember that brain atlases are created using either averaged data or single-subject post

mortem data, and might not fully correspond to your subject’s individual MRI data. For details

about how each atlas is created please refer to the author’s publication. If you use a brain atlas

in your publication, please cite the corresponding work as reference. In BESA Research, the

following atlases are available:

Brainnetome (Fan, Lingzhong, Hai Li, Junjie Zhuo, Yu Zhang, Jiaojian Wang, Liangfu
Chen, Zhengyi Yang, et al. 2016. The Human Brainnetome Atlas: A New Brain Atlas
Based on Connectional Architecture. Cerebral Cortex 26 (8): 3508—26)

AAL (Tzourio-Mazoyer, N., B. Landeau, D. Papathanassiou, F. Crivello, O. Etard, N.
Delcroix, B. Mazoyer, and M. Joliot. 2002. Automated Anatomical Labeling of
Activations in SPM Using a Macroscopic Anatomical Parcellation of the MNI MRI
Single-Subject Brain. Neurolmage 15 (1): 273-89)

Brodmann (Damasio, Hanna, and Antonio R. Damasio. 1989. Lesion Analysis in
Neuropsychology. Oxford University Press, USA)

AAL2015 (Rolls, Edmund T., Marc Joliot, and Nathalie Tzourio-Mazoyer. 2015.
Implementation of a New Parcellation of the Orbitofrontal Cortex in the Automated

Anatomical Labeling Atlas. Neurolmage 122 (November): 1-5)

Talairach (Talairach, J, and P Tournoux. 1988. Co-Planar Stereotaxic Atlas of the
Human Brain. 3-Dimensional Proportional System: An Approach to Cerebral Imaging.
Thieme)

Below it is illustrated how to turn on the brain atlas and how to change settings.
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1. Use the dataset and fitting interval in source * oo
analysis settings from chapter C of this
tutorial (72 to 124 ms). Go to Image /

Volume Image /Settings... and switch to

settings for CLARA, then press the Default
button and Go button afterwards. Close

window by pressing OK button. The

CLARA results are displayed alongside the

discrete solution (two regional sources).

Press il on the toolbar (or Shift-A) to turn
on brain atlas overlay. A Brainnetome atlas
will be displayed using contour blending
mode. Note that the crosshair position in
Talairach coordinates along with the region

name is provided.

2. Right click on the empty area in the 3D

window and from the popup menu select
Atlas Blending Mode / brainCOLOR.
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3. Right click on the empty area in the 3D Preferences 4 X
window again and from the popup menu Constraints | Fit | Genetic gorthm | RiAPHMusic |
File ] Display ] Boxes 30 Window ] Head model ]

select Options.... Here more settings for
™ Show crosshairs in 30 view
brain atlas can be adjusted. From the brain

. . v Scale source size with source strength at cursor
atlas drop-down menu, different brain Defaut

™ Start new session with last 30 head view

atlases can be selected. With the slider

[~ Automatically reopen 3D window at new session

OpaCIty the OpaqueneSS Of the braln atIaS V¥ Interpolate EEG and MEG maps on scalp surface

overlay over the MRI image can be [ Transparent brain sufface J— b =

adjusted. Finally, the visualization mode Birain s —— =
Brain Aflas:

can be changed here by selection of the Opacity: | J— 0 =

mode from the drop_down menu. Atlas visualization mode: |brainCOLOR |

Display advanced options |

4. The Brainnetome atlas project provides FEESS - CASABatome Gener oot Us

additional details about parcellated regions.

Download  Publications ~ FAQs  Contacts  Brainnetome

Please visit:

OrG, Orbital Gyrus
PrG, Preces
PCL Paracy

http://atlas.brainnetome.org/bnatlas.html | C R

MTG, Middle Tempo
ITG, Infesior Te

In the online version of the atlas the

following information can be found about ' "%i...

Gl

every brain region (indicated in BESA

ResearCh) ?:::' Ted Behaviorial Domains Paradigm Classes
e Anatomical connections to the other as e
. . , opiion "
brain regions (white matter) L8 s

Copynight (C) Brainnetome Center, CASIA

e Behavioral domains
e Paradigm classes

e Connectogram
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F. 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.

e 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.

e 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.

e Image Ascii Voxel Time Series (*.vts): Exports the image intensity of the voxel at the

current crosshair position at all latencies.

e 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.
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Tutorial 8 — Distributed Sources Il: Bayesian Source Imaging,

Surface Methods and Template Models

What does BESA Research provide?

SESAME
Cortical LORETA
Cortical CLARA
Minimum Norm

AN N NN

Age-appropriate template head models

BESA Research 7.0 Tutorial Page 181 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 8 — Distributed Sources Il: Bayesian Source Imaging,
Surface Methods and Template Models

Distributed Sources: Bayesian Source Imaging, Surface Methods and
Age-Appropriate Template Head Models

This tutorial will explore the different methods available for surface imaging, and also introduce
the age-appropriate template models as an alternative to a realistic head model.

A. Background

Volume imaging using Bayesian methods

Bayesian source imaging uses the idea of sampling the posterior probability distribution using
assumptions about prior distributions. BESA Research implements the method Sequential
Semi-Analytic Monte-Carlo Estimation (SESAME) of sources (Sommariva and Sorrentino
2014, Sorrentino et al. 2014). It allows to automatically estimate simultaneously the number of

dipoles, their locations and time courses requiring virtually no user input.
The algorithm is divided in two blocks:

The first block consists of a Monte Carlo sampling algorithm that produces, with an adaptive
number of iterations, a set of samples representing the posterior distribution for the number of

dipoles and the dipole locations.

The second block estimates the source time courses, given the number of dipoles and the

dipole locations.

The Monte Carlo algorithm in the first block works by letting a set of weighted samples evolve
with each iteration. At each iteration, the sample (a multi-dipole state) approximates the n-th
element of a sequence of distributions p4, ..., pn, that reaches the desired posterior distribution
(pn = p(Xly)). The sequence is built as pn = p(x).p(y|x) a (n), such that a (1)=0, a (N) = 1. The
actual sequence of values of alpha is determined online. Dipole moments are estimated after
the number of dipoles and the dipole locations have been estimated with the Monte Carlo

procedure. This continues until a steady state is reached.
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Prior distribution assumptions are:

e Poisson distribution for the number of sources
e Uniform distribution for the source locations

e Gaussian distribution for the dipole moments

Dipole locations are constrained to pre-defined grid points. Perturbation of the dipole locations
exploits a neighbours matrix. The output is a posterior probability for number of dipoles, and a

3D probability map for dipole locations.
References:

Sommariva S and Sorrentino A: Sequential Monte Carlo Samplers for Semi-Linear Inverse
Problems and Application to Magnetoencephalography. Inverse Problems 30(11):114020,
2014

Sorrentino A, Luria G, Aramini R: Bayesian Multi-Dipole Modeling of Single MEG Topographies
by Adaptive Sequential Monte-Carlo Samplers. Inverse Problems 30(4):045010, 2014

Surface imaging methods

Volume imaging methods typically work on a regular grid that spans the brain, which serves
as source space for potentially active sources. There are no particular constraints as to where

in this source space a source is allowed to be, or how it should be oriented.

Surface imaging methods use a mesh which reconstructs the brain surface. The source space
is then usually constrained to this cortex region. In some cases, orientations are also
constrained to be perpendicular to the surface, or allowed to vary in a cone around the

perpendicular orientation.
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Left: In a volume image, neighborhood is defined on a grid. Right: On the surface, the
neighborhood relationship depends on the mesh.

If spatial weighting terms are used, then the neighborhood comes into play. Considering the
formulation of the inverse problem introduced in the precious tutorial on Tutorial 7 — Distributed
Sources |: Volume Methods, the spatial weighting matrix V has diagonal terms, and off-
diagonal terms. The diagonal terms can be used for e.g. depth weighting. Off-diagonal terms

describe the influence of neighboring nodes in the grid or mesh.

The cortical methods discussed here in more detail, Cortical LORETA and Cortical CLARA,
use a surface Laplacian operator. The Minimum Norm method uses no neighborhood

information — only diagonal weights are applied in the V matrix.

Cortical CLARA is a method which iteratively applies a Cortical LORETA to the data set. After
each iteration, the source space is reduced by eliminating the sources with the smallest signal.
Also, the result of the current iteration will be used as an additional spatial weighting term for
the computation of the next iteration. After several iterations, the solution approaches a focal
solution, which, if a large number of iterations are applied, may result in a focus of activity on

few individual mesh nodes, which makes it comparable to a solution using discrete sources.
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B. Source imaging with SESAME

Let us apply the Bayesian approach to the auditory data example.

1. Select the file from

the folder

2. Select condition Low, left-drag a block and
send it to source analysis by right-clicking

and pressing Source Analysis.

3. Select a time range from -100 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.

4. Dragafitinterval from 76 msto 124 ms over
the data. Then press the SESAME button

in the center of the screen.
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B e Define as Artifact —
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Lowe Cutoff Status v Enabled
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High Cutoff Status W Enabled
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als T —
5. During computation, press the ﬁl button |3 e+ el elaisie ¢ < o =

in the toolbar of the 3D window to follow the
live update (you may have to press it twice
to enforce the action). Note how the number
of maxima indicated in the title bar of the 3D

window changes over time.

30 SESAME Tra

6. Toggle through the maxima using the

Maxima button il in the toolbar. Note that
after the end of computation, there are only
two maxima; they appear in lateralized
areas, one slightly anterior and medial, the
other one very close to where the auditory

cortex is expected.
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7. Minimize the Source Analysis window. Now ==y, s — — |7~ T~
drag over the condition High, right-click =~  TepYiewofData
. N S Whole Segment
and select the last entry in the popup
S S EFT
menu. This will send the High condition to | Linear Correlation
— -
the Source Analysis window. ] i 3ourceAnalysis
I Define as Epoch
| Define as Artifact

Write Segment
Copy to Buffer >

Define Artifact Topography

Time-Frequency Plot

Epoch: -100.0...250.0 ms, Filters: 0.5 - 40 Hz
Y -

High: 10 Iavs Difference: 10 avs

8. In the Source Analysis window, drag a =

block in the global field power display to =

mark an interval from 72 ms to 136 ms,

which covers the interval where global field

power exceeds 10%, and the main activity -
in the butterfly plot. Then press the
SESAME button again.

[l
el
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9. The first peak shows the cingulate activity e =

9] Sl 9B i8]l &| 4.

that we modelled in the discrete source
analysis earlier. Toggle through the other
maxima: The next two represent the
auditory activity; the last one is insignificant.
Note that this result was obtained without

the need for sequential dipole fitting, in a

completely automated fashion. : '

10. Open the Image Settings (available from
the dropdown arrow in the centre of the
screen). When you browse to the SESAME
tab, you can see that the noise variance
computed over the baseline interval is
shown at the bottom. There are two
parameters that can be adjusted: Noise
Scale Factor, and Source Scale Factor.

Close the dialog box.

11. We have seen a very good solution . i w5 Fiters 05 40 %
Org| [-100.00 ms ‘ +248.00 ms
obtained with a fully automated approach. ‘
For the sake of argument, let us assume
that the baseline interval was not well

defined, or not defined at all (possible e.g.

if you used pattern search for finding peaks

Set baseline X

of activity in the data, and averaged these).
In this case, you can change the baseline 9”’*‘—--——-*"—'j - | 2 oo oen P

interval definition:

12. Above the butterfly plot, click on the left
arrow at the top left of the window to switch
back to the previous condition. Then click
on the baseline indicator at the top left
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above the butterfly plot (or use the menu
entry Condition / Baseline interval) to
open the dialog for setting the baseline.
Adjust the baseline to -48 ms ... -12 ms
using the sliders. Press OK. Note that the
horizontal line showing the baseline has

changed.

13. Open the Image settings again and
browse to the SESAME tab. Note that the
noise variance has changed from 0.12 to
0.08. This reduced noise variance estimate
would now potentially result in an image
with less regularization, which could lead to
more maxima. Similarly, increasing the
values for Noise Scale Factor, and
Source Scale Factor would have the effect
of more regularization. Leave with OK and

close Source Analysis.

Notes for using SESAME:

The noise variance is a very important parameter for the SESAME method. It should be
ensured that the data set contains a large enough baseline interval. You can manually adjust
the baseline interval by clicking on the baseline indicator at the top left. This is especially

important when pattern search was used to create an average.

Computation time rises non-linearly with the number of channels used. One measure to

reduce the computation time is to increase the spacing between grid points, e.g. to 10 mm.

BESA Research 7.0 Tutorial Page 189 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 8 — Distributed Sources Il: Bayesian Source Imaging,
Surface Methods and Template Models

C. Comparison of different surface imaging methods

We will now compare the different surface imaging methods using the auditory intensity

experiment data. When investigating surface data, we often want to use the individual

anatomy, or a representation that is as close as possible. We will first look at one subject

from our auditory intensity pool.

1.

Open the file in the folder

Press CTRL-L on the keyboard and ensure
that the additional files we loaded in a
previous tutorial will not be used to begin
with — we will use these again later. So,
please make sure that the rows for Digitized
Head Surface Points and Coregistration file

are set to “No”. Leave with OK.

Select condition Low, left-drag a block and
send it to source analysis by right-clicking

and pressing Source Analysis.
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File | Edit View Filters Montage Process ICA ERP Artifact Search Tag

Open...
Close

Close All
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Load Channel Configuration.
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MRI Coregistration...

Export...

Send to MATLAE..

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

Print Preview

Exit

<t

ctrl-0

-

v

Good Browse...

Edt I

3 points in data fle

o label file

Good Browse. Edit
Good Browse..

Electrode thickness (m}  [0.00

Edt

Fil, wil be ignored!

Bad Browse. Edit/Coreg. I

)
C & [Siowth
MEG sensars *5os, pmgl i
G Good Browse.. Edt
Artifact coefficients [*atf, *.art] il
e Good _Bowse.. | Edit I
Clea DB Clear Everts ﬂl B Cancel
. . p
B
G—%Am%/\/w
i Top View of Data
e +
M‘H’/\f‘ Whale Segment
‘r/_,\,,,w/wf\[,,« - AN
\'”""ﬁ’““/\f_' Linear Correlation J\_f
g~ Source Analysis —
T Define a5 Epoch —
e, |t Define as Artifact e
crfrmd b Wiite Segment -
8 Copy to Buffer ’
N Define Artifact Topography -
]
Low: 123 avs High: 131 avs
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Block Size and Position Filter Setting

4. Select a time range from -50 to 250 ms,

Status [v Enabled

. .  ‘Whale Segment Lo Cutat
and specify a Low Cutoff filter of 0.5 Hz, & cwmpemuen | T P8 i Sase zswjocs] - Dope reoprece =]
. I—L[P;E\IT%S High Cutoff Status |v Enshled
12dB/oct, zero-phase and a High Cutoff w(ms}p@;&ﬁg vy 57—t S [orm=] e ]
filter of 40 Hz, 24 db/oct, zero-phase. [ @sposteven
PreSS Source AnaIySIS tO Open the [~ All Conditions Source Analysig | SetBlock | Cancel |
specified data in the source analysis
window.
5. Ensure that the head model is set to “4- Beamformer B
. . ” DICS
shell ellipsoidal”. Then use the arrow CLARA
button in the centre of the Source Analysis LAURA
LORETA
window to select Minimum Norm from the SLORETA
swLORETA
popup menu. Loro
User-defined Image
Cortical LORETA Ctrl+L
Cortical CLARA
j Minimum-Morm (Surface) Ctrl+M
Probe Scan S
Sensitivity v
Settings...
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6. A cursor is automatically set at the peak of
the global field power at 92 ms. A minimum
norm estimate is computed with the default

the

surface

settings and is displayed on

standardized smoothed
reconstructed from an average of 50 brains.
The result is a broadly smeared distribution

in the left hemisphere. Use the toolbar

buttons Llil—jl to rotate the brain. A

more focal maximum is visible in the right
hemisphere, posterior to the Sylvian fissure
where we would have expected the bulk of

activity.

7. Use the arrow in the centre of the screen

again to select Cortical LORETA, or select
the entry from the menu Image and the

sub-menu Surface Image.
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G o vy Comcn s o U o ot one ST
8 8l 121) Salielal] w2l alicle 8| R <11 bl ol W30 tali

8. The display changes
and now shows more
activity in lower brain
regions, but still a
maximum in a central ! I

location.

Cortical Imaging ? X

9. We will slightly adapt

Surface Minimum Nom  Cortical Image |

regularization to get a

better separation: Click Specdy setings o [LORETA =l _ Defeut_|

 Regularization Help
the down-arrow ﬂ in SVD ot [000400 % CEm CvER) L
the centre of the screen ~Advanced settings

V¥ Depth weighting

to open the popup

Laplacian type:

menu, and select the @ Unweighted graph  ©~ Weighted graph ¢ Geometric mixed area weights ¢~ None

bottom menu entry

Settings. In the dialog,

change the

regularization to

0.004%. Then press ok | Canes 2pply

OK.

) Cortical map - Cortical LORETA o o es © Cortical map - Cortical LORETA <)

10. The display changes to [8Rait oD ddasl vl ala = | |8l#als] oA)| tlalas ol aielel

show two maxima
which are now more

frontal, closer to the

100 100

Sylvian fissure.

max. % max.%
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© Cortical map - Cortical CLARA o &= © Cortical map - Cortical CLARA To (@ )s]
11. Select Cortical CLARA &%t szl talalalt] ul lelel A $RIH r1)) M ol ol v tulil el

CLARA +92.00 ms CLARA 492.00 ms

from the popup menu or
from the menu Image /

Surface Image.

The display nhow shows two clear maxima, one for each hemisphere, which are much more
focal than with the previous methods. In the right hemisphere, the location looks

approximately correct; however, in the left hemisphere the maximum is too anterior.

We now want to use the individual anatomy of this subject for the estimation of activity on the
cortex. We follow the same steps as earlier in the Tutorial on Coregistration and FEM
Modeling, part B.

12. Close the Source Analysis module. Press [B SRS

R R Lookin: | | StandardElectrodes v & Ef Ea~
CTRL-L and in the dialog box that appears, lN . - revp—m—
o lame late modifie bl €
B Hp 'iy L{BESA-MRI-Sandard-B}E\e rodes.sf 14/12/2010 18:40 SFP File
in the row for Dlgltlzed Hea‘d Surface i gBESA-MRI-S:andard-EIe:tr::les.sfp ’ 09/04/2014 13:59 SFP File
. - | BESA-Std_20-24yrs.sfp 05/08/2015 11:47 SFP File
Points, press Browse. Then select the Desidop
Standard Electrode folder in the File mji
Open box, choose !
This PC
, and open it. @
Netwok < >
File name: IEESA’MH\'SlaMEﬂ'EI:erdeS sfp j Open |
Files of type ISur!ace points (* sfp) LI Cancel
Directories: |Standard electrode folder -
[Channel directory ]
13. Close the Channel and digitized head
surface point information dialog with OK
and select File / MRI Coregistration.
14. If you had previously coregistered the file,
you will be taken again to the dialog you just
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closed. Now you simply have to check the
box for wusing the already existing
coregistration file. Leave with OK. In case
you are asked to write a surface point file,

press Cancel. Select File / MRI Start New Segmentation

Coregistration again. All information

should be there. Leave with OK. Start Mew Coregistration

If there is no previous coregistration, then you Open Segmentation Project

will be prompted to save an *.sfh file. BESA MRI
Open Coregistration Project

will start. In BESA MR, click the button Start

New Coregistration.

Steps for coregistration
In Steps for coregistration, do not check
[~ Skip electrode and fiducial fit
[~ Generate FEM EEG leadfield
Press Next. Select the input project that we |— Generate FEM MEG leadfield

used in the tutorial on Coregistration and FEM

anything.

Modeling. Press Next.

Press Select Coregistration File and open
the file that you just saved from BESA
Research. Then simply press Next and Finish
to complete the Coregistration. Save the project
and return to BESA Research. If you click into
one of the fields in the dialog box, a green tick
mark should appear to indicate that

coregistration was successful. Leave the MRI

Coregistration dialog with OK.
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15. Left-drag across condition Low again to i ——
. . ""’”"‘”"“\[’ Whole Segment
mark a block, right-click and select the . -
g ] ﬂ E:-aar Correlation
previous entry from the popup menu to start e
. . . ”"Wﬁ_\f“ Da'fmeasATt'rfact
Source Analysis with the previous it semen
fw—"""\/“ Capy to Buffer v
pal’ameters. ”““”“J\f Define Artifact Topography
mﬂ | Epach:-100.0..250.0 ms, Filters 0.5 - 40 Hz

16. Now press the arrow button in the centre atio-temps imum-norm | = |
_H—Q%'I t..? |D¢”¢ Ha| M _I "..l+l'|l

of the window again and start Minimum e e

Norm.

It now shows the individual anatomy, and
the activity is estimated lower than before.
The Minimum Norm solution places the

main activity in the temporal lobe.

L2-norm +32.00 ms

100

max. %
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17. Use the arrow button again and select Cortical LORETA. The activity now moves closer
to the Auditory Cortex.

© Cortical map - Cortical LORETA =2 == (@ Cortical map - Cortical LORETA ] = (@@
B % Q| ]2]9] Pal'al"al*s] %] tal's|a B [ Q| ]3] Pal'al"al"E] | Lale
LORETA 49200 ms || LORETA +92.00 ms

100

max. % max. %

18. Use the arrow button again and select Cortical CLARA. The activity now shows in the
area of the Heschl’s gyrus. It is actually not easy to detect — you may need to rotate and
zoom the display.

© Cortical map - Cortical CLARA [o [ /= (@ Cortical map Cortical CLARA o [-E S
B & Q| A2 Daltial"al®s| % talisal B [& Q| a2 2] Daltal’ l"‘ﬁ__l'-.ll?'ll
CLARA +92.00 ms CLARA +92.00 ms

100 100

50 50
0 0
max. % max. %
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19. Press the inflation icon _Il on the toolbar. On the inflated brain, it is clearly visible that the

reconstructed activity is almost exactly on Heschl’s gyrus. You may want to scale up once
to see the focal spot more clearly.

r—,.

Cortical map - Cortical CLARA o o=@ Cortical map - Cortical CLARA | _ﬂ@l@
_H_Q'% 2 Da‘ﬂa"éﬁl—L.ll“”rd B & Q| ]2 )| talial a8 [ Lalisla

CLARA +32.00 ms CLARA +32.00 ms

60

40 40

20 20

max. % max. %

D. Settings for surface imaging methods
So far, we have worked with the default settings for the Cortical Imaging methods. We will

now explore some of the settings that can be changed, and see the effect on the source
images.

)
1. Select the menu entry Image / Surface =

File Cendition1 Selution Fit | Image | Options Help
. . D Volume Image > H P.C.A. | MEG I Res. Var.
Image and then the first Settings... OF pupreres * Ry E——
t Discrete Model Probing 3 Cortical CLARA
entry. :
ry Smooth Image | Seftings... ‘
T Hide Image Minimum-Norm (Surface) Ctrl+M
T Import Image SEilIE:
Export Image As... L —— ‘
Settings... || _ —— ﬁ\,\/\‘
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i Cortical Imaging ? K
2. Note that the dialog that appears . ottt e |
contains two tabs — one for Minimum
Specify settings for - Default
Norm, and the other one for Cortical I Hep
X % EEG " MEG Apply
Images. In the Cortical Image part, SVDoutefi [0.00500
. —Advanced settings
LORETA is selected by default. You can I —

adjust the following parameters: Laplacian typs:

* Unweighted graph Weighted graph ¢ Geometric mixed area weights ~ © None

e SVD cutoff
e Depth weighting on or off

e Type of Laplacian

o]

Cancel Apply

Note that SVD cutoff can be adjusted
separately for EEG and MEG.

Since Cortical CLARA is an iterative
application of the Cortical LORETA
solution, these parameters for Cortical
LORETA also affect the Cortical CLARA

settings.

© Cortical map - Cortical CLARA
3. Un-tick the Depth Weighting. Press the |g/[sal+ « ;3 D.p"g':"@ﬁ o ‘alsla
OK button. The dialog box closes and o

Cortical CLARA is re-computed. Note

that the activity patch has moved.
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4. Press the inflation toolbar button to show
the cortex again. It is evident that the
activity has moved towards more

superficial locations on the cortex.

5. Use the arrow button in the center of
the window to select the last entry
Settings. It will automatically open the
settings for Cortical Imaging again
since the last selected image was a

cortical map.

Now change the Laplacian from
Unweighted graph to Weighted graph.
Press OK.

6. This Laplacian applies weights to the
Laplacian operator terms depending on
the distance to the respective neighbor.
The result here is that the activity moves

to another gyrus in the left hemisphere.
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CLARA +92.00 ms
60
40
20
0
max. %
Cortical Imaging ? ps
Surface Minimum Norm ~ Cortical Image |
Specify settings for | ORETA - Default
— Regularization Help
FEEG MEG Ppply
SVD cutoff IB.DDH)D %

—Advanced settings

© Unweighted graph & Wieic

¥ Depth weighting

Laplacian type:

ph ©* Geometric mixed area weights None

o]

Cancel I Apply |

[ Cortical map - Cortical CLARA
B [% Q| Al ] Dal'al a8 "olslo Lal'sla

CLARA

= ==

+92.00 ms

B0
40
20

0
max. %
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7. Change the settings again to re-activate
depth weighting. Activity moves back
to the Heschl’s gyrus.

8. Now select the third option for the
Laplacian: Geometric mixed area
weights. This changes the result again

slightly.

Open the Settings once more, and now
select CLARA from the dropdown list.

Three new sets of settings appear.

Change the Laplacian type back to
Unweighted graph, and change the
number of iterations to 2. Leave the

other settings unchanged. Press OK.
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e Cortical map - Cortical CLARA r?\@@‘
B 2R | Al )] Dalal a8 ol lalEle
CLARA +92.00 ms

30
20
10
0
max. %
Cortical Imaging ? X
Surface Minimum Norm ~ Cortical Image |
Spectysctingefor ST <] Dt
~ Regularization Help
& EEG € MEG Poly
SVD cutoff Iﬂ.D[LEDD %

—Advanced settings
¥ Depth weighting

Laplacian type:

% Unweighted graph  { Weighted graph ¢ Geometric mixed area weights  { None

~CLARA
i~ No of iterations Regularization Post4teration
[~ Automatic [~ Regularize iterations
-J— 2 SVD cutoff ID 0100 % |||100  Amount to clip from img (%)

o |

Cancel Apply
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Comcal map - Cortical CLARA

_Il_gli! ~[ 23| Dal'a|'al*s| [ Lal's|a

CLARA

9. Change scaling back to 100 and press
the inflation button on the toolbar again.
It is evident that the solution now
resembles the Cortical Loreta solution
more closely.

10.

+92.00 ms

push the lever for No of iterations to the maximum value of 25. Press OK.

Now try a larger number of Cortical CLARA iterations: Open the Settings again and now

The maximum is now smaller in amplitude, and you will need to scale the image up a few

times to see it clearly. A very focal maximum is visible on each of the two hemispheres, in

a location which closely approximates that of Heschl's gyrus.

ﬁ

Cortical map - Cortical CLARA

_H_Qli]‘u-’ 3| Palal"al"8| [ ‘lalicla

CLARA

o [ales) (@

+92.00 ms

Cortical map - Cortical CLARA

_| 8 [ Q| 2] )| Pal'al"al"8| [0 ‘a[w]a

CLARA

EE=<

+92.00 ms

11. Close the Source Analysis module.
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E. Head models

BESA Research offers several age-appropriate template head models, which were kindly
provided by Dr. John E. Richards, University of South Carolina, USA®. We will look into the
effect of applying an appropriate head model for fitting dipole sources to an averaged epileptic
spike.

1. Select File / Open and browse to the — ff==r= == == ==

r | Ope [ Eam [ LF [ W | W | EoF | Eeo |

folder

Open the file

The file is a combined EEG-MEG

recording, where occurrences of three [«

a2l

different types of spikes in a 12-year

old child were averaged.

2. Press Shift-V on the keyboard to view o o015 10 304 (ing bend s

Head radius (mm): 63.14
Electrade thickness (mm]: 8.00

the sensor configuration. The red
circles denote the electrodes.
Coordinates were digitized. Grey
donuts denote coils which were

placed on the head to coregister the

electrode cloud with the MEG sensor

positions.

91f you would like to publish results obtained with the use of the age-specific models, please reference the
publications below:

e Richards, J.E., & Xie, W. (2015). Brains for all the ages: Structural neurodevelopment in infants and
children from a life-span perspective. In J. Bensen (Ed.), Advances in Child Development and Behavior
(Vol 48, Chapter 1, pps 1-52)

e Richards, J.E., Sanchez, C., Phillips-Meek, M., & Xie, W. (2015). A database of age-appropriate average
MRI templates. Neuroimage, doi:10.1016/j.neuroimage.2015.04.055.
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File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto (

3. Press the Scp button on the right to  -F[F+| wrs | saw | BAT | ERP | TpV | ICA | DSA | TFC | Esi

Fp1'-Pz' Top View of Data L

show only EEG channels. You can o ince Segment [
Fr-pr L

see activity on most channels. Drag == S 3
Fz'-P? inear Correlation L

over the first segment which has the e — [
T7-Pz" INE as Epoc L

most averages of spike events. Right- Define s Arifact 1
g:";l Write Segment I

. . ".Pz' L
click and select Source Analysis. 18Pz Copy to Buffer al
PT-PZ’ Define Artifact Topography I

gi'v:: Time-Frequency Plot :

4' Deflne the |nte rval and filters as Block Size and Position Filter Settings Lo ot s | B

" whale Segment

2.q0 Frequency [30 [He] Slore | Bdbloc | Twreftomad  +|
follows: -200 ms .. 200 ms, 3.0 Hz | “fmemw
, = E'ﬁ;’m High Cutolt Status ¥ Enabled
ettings
forward with 6dB slope, and 35 Hz (o35 mpekven || Foeres [T ) Slve [i2db/o =] Ty oo phos 7]

. W [ms] post-Event
zero phase with 12 dB. The reason

[ All Conditions Source Analysis | Set Block Cancel

for using a forward filter for the high
pass is that in epilepsy, the initial
(crucial) activity is often smaller than
the later activity, and can be
compromised by signal from later
components bleeding back into the
early components if a zero phase shift

filter is used.

Press the Source Analysis button.

5. Check that the selected model is the

4-shell ellipsoidal model. Double-

click into the head schemes to create
a dipole. Click the P.C.A. button and

mark a fit interval over the onset

N v

5l A ] v ] WLORETA | 4] BosiVaymger

period from -30 ms to -5 ms, such

that the first PCA component explains

more than 97% of the overall variance |-~ .

in that interval.

BESA Research 7.0 Tutorial Page 204 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 7.0

Tutorial 8 — Distributed Sources Il: Bayesian Source Imaging,
Surface Methods and Template Models

6. Start the fit. The dipole fits to a left
frontal location.

7. Untick the Data button and click
outside the fit interval to remove the fit
interval. The residual variance PCA
plot is shown on the left. The largest

component holds 12.5%.

8. Double-click into the head schemes
again to set a second dipole, and
mark a fit interval over the PCA

component from -10 ms to +50 ms.
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9. Press the Start fit button. The dipole

localizes to a peripheral location.

10. Unmark the fit interval again. The

largest unexplained component now

is a rhythmic one. We will try and

explain this component by a regional

source.

11. Double-click in the head schemes and

press C on the keyboard to convert

the source to a regional source. Mark

a fit interval from -200 ms to -40 ms,
where the two sources are not yet

active. Press the CTRL key and drag

from +80 ms until the end. The fit FEbeA SR

- - . . . 0\5.._/'\-—4\_,_/-‘-—-" e
interval is now split into two. Fit the 0 e )
regional source. It moves to a
posterior location.
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12,

Note that we fitted the first two
the

rhythmic activity that is present also

sources not accounting for
during the time when the two dipoles
are active. Mark the complete interval
and press the buttons All fit and Start
fit. Then invert the first source by
selecting its waveform and pressing
the | key on the keyboard. We now
have a solution with clearly separated
waveforms and a small residual

variance.

This solution was achieved using the standard 4-shell head model. However, a 12-year old

child has vastly different conductivities from an adult. We will now take this into account for an

alternative model.

13.

14.

Save the current model as

Click into the box at the top right to
display the model, and use the

dropdown list to select Age-

Models.

When the warning concerning the

appropriate  Template

source location appears, click OK.

A new dropdown list appears below
the first one. Select Age 12y from this
list.
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15.

16.

17.

Now press the buttons All fit and
Start fit again. The two sources move
deeper into the brain volume. Press
CTRL-Z and CTRL-Y to compare the
situation before and after the fit. The
source locations differ between 2 and

3cm.

Press the A key on the keyboard to

show the sources in the anatomy.

1
Use the ﬁl button on the toolbar to
show the different views. Select the

first source to slice at that position.

Now mark the interval where the first
source becomes active, from -40 ms
to -10 ms. Start CLARA to compute
the average CLARA image during

that interval.

CLARA coincides very well with the

location of the first dipole source.

i
e e e e <

© Standard MRI
BT e N R

Sag

(@ Max. 10f 5 - CLARA (mean) - Source Model - Val: 337 (100... = | & |
8 Dbl (08 w2 .

Sag
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18. We will now try Cortical CLARA for
this example as well. Select the menu
entry Image / Surface Image /

Settings. In the dialog box for

Cortical Imaging, select CLARA and

re-set all settings to Default using the

button. Close the dialog box with OK.

19. Then, using the arrow button in the
centre of the window, select Cortical
CLARA. The cursor is automatically
set at 0 ms where the maximum
activity is, and the averaged brain for
the 12-year old template model is
shown. Activity centers around a
sulcus in left
consistent with the dipole and CLARA

the frontal lobe,

solutions.

20. Press the inflation button on the
toolbar to check for other maxima.
There is a small activity visible at the
tip of the right temporal lobe, but it is

much smaller in amplitude.
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21. For comparison, select Minimum-
Norm (Surface) button from the
arrow drop list. It shows a wide-

spread activity, with a maximum on

the of the left temporal lobe.

Note that this type of maximum can
be an indicator of noise modelling.
We will try and change the noise

estimator for the minimum norm.

22. Select Settings from the arrow drop
list. The dialog box for Minimum
Norm settings comes up. The current
noise estimator is set to Use
baseline. However, this is not useful
when dealing with epileptic spike
averages, as there is no proper pre-
stimulus baseline. Select Use 15%
lowest values instead and change
the noise scale factor to 0.5 to

reduce regularization. Press OK.

23. Minimum Norm is recomputed, and
the result shows an improvement.
However, there is still a larger spread
of activity compared to the Cortical

CLARA method.
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© Max. 10f 10 - CLARA (mean) - Source Model - Val: 3027 (1... | = |-& |3

24. Finally, we want to have a look atthe | o/ (a4 =gkl /=) *¢| «
MEG modality. Press the button EEG o

to toggle the measurement data and

switch to MEG. Then mark an interval
from -30 ms to -5 ms again as before
and switch on the Data button to
review the P.C.A. We can see that the
variance explained by the first

component is reduced to 88.6%.

Run CLARA over this interval. The

result is almost the same as for EEG
using the age-appropriate template

model.

We have seen the influence of the head model onto the solution. In a different research project,
the dataset used here was investigated with the patient's MRI and using a realistic head model,
and it was shown that indeed the age-appropriate head model template resulted in the closest
match to the location found with a realistic FEM, and to the anatomical lesion seen in the MRI
(Lanfer et al., 2015)%.

F. Batch processing and export of cortical results

Batch processing

The methods for Cortical Imaging can also be used in batch processing. For these methods,

the following commands are available in the list of batch commands:

10 | anfer B, Spangler R, Richards JE, and Paul-Jordanov IP (2015) Age-specific Template Head Models for EEG
Source Analysis. OHBM 2015. https://www.besa.de/wp-
content/uploads/2015/07/Lanfer OHBM2015 Poster.pdf
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e CorticalClara

e CorticalLoreta

e MinimumNorm

The parameters can be entered after selecting one of the commands.

General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError ArtifactAutoCorrect AddSource Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA
EndFar ArtifactOn/off ConvertSource Clip
For ArtifactScan CorticalClara DICS
MATLABcommand AuxiliaryFiles CorticalLoreta Export
MATLABwaitForvariable Average Delete GotoMax
Pause Baseline DisplayMRI Import
RunProcess EditDefaultEpoch Exit LALIRA
WindowPosition EventRead Fit LORETA

EventWrite FitConstraint SetCrosshair
Export FitInterval sloreta
FFT MinimurmMarm Smooth

+ Apply to all files FFTmean NewSolution SSLOFO
FFTsave OpenSolution UserDefined

o FileOpen FCA

™ Apply at beginning of batch Filter Regularization
GaTo SaveBitmap

" Apply at end of batch ICA Saveleadfields
ICAsave SaveModelWaveforms
ICAselect SaveResidualwaveforms

CRTent Seecton ImportASCII SaveRVandGFPWaveform Time-Frequency Analysis;
MarkBlodk SaveSolution D

- Montage SaveSourceMontage ISplay

REEE b Paradigm SaveSourceWaveforms Image
PatternToTrigger SendToMATLAB Save
SendToMATLAB SetCursor SendToMATLA_B
TriggerDelets SetDefaultSourceType StartTFAnalysis
TriggerSelect SetOrActivateSource

OK I Cancel SetOrientation

Export of results

Cortical images can be exported as ASCII files. There is a choice between current latency, or

all latencies.

Each mesh node location is provided with x, y, and z coordinates, followed by the value for
either the current latency, or for all latencies. In the case of all latencies, BESA Research

calculates the values for each latency of the current condition during the export process.
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Tutorial 9 — Beamforming and virtual sensor montages

What does BESA Research provide?

Time-domain beamforming tools
Several beamformer types
Graphical user interfaces for using the tools

<N X X

Virtual sensor montages
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A. Principles of beamforming

Beamforming (Van Veen et al., 1997) is a technique for the reconstruction of source activity
that differs from other discrete or distributed modelling approaches:

e A spatial filter is used like in the other approaches, but for each brain voxel, a different
spatial filter is computed.

e The measured data are directly taken into account for computing the beamformer

result.
e Activity is contrasted against either a reference interval, or a reference condition.

Several methods for computing beamformers exist. We will explain them and their (sometimes

subtle) differences, and work with them in the tutorial.

Beamformer ingredients are:
e Data covariance matrix
e Leadfield matrix derived from the head model and sensor configuration

e Spatial filters computed from the leadfield matrix and data covariance matrix

Let us start by looking at the “standard” beamformer (single-source beamformer):

If C;1 is the inverse of the regularized data covariance matrix C in the time range of interest;
L(r) 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: [2%2]) submatrix of the bracketed expression that corresponds

to the source at location r; then P(r) = tr[LT (r)C;1L(r)] ! is the power at location r.

Beamformers can suppress noise sources that are correlated across sensors. However,
uncorrelated noise will be amplified in a spatially non-uniform manner, with increasing
distortion with increasing distance from the sensors (Van Veen et al., 1997). For this reason,
estimated source power should be normalized by a noise power. In BESA Research, the output
power P(r) is normalized by the output power in a reference interval P, (r), defining a value

q(r):
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( P(r) = \/tr[LT(r) G LI —1 for P(r) = P.(r)

(L) - ¢t L]

q(r) = 1

for P(r) < Pef(T)

Ru(® _ [P @ i L]
S N elF® L]

Multiple source beamformer vs single source beamformer

Traditional single-source beamformers are known to mislocalize activity if several brain regions
have highly correlated activity (Van Veen et al., 1997). The BESA multiple source beamformer
tries to overcome this problem by extending the traditional single-source beamformer. The
multiple-source beamformer can implicitly account for activity from possibly correlated brain
regions (This is also called suppression beamformer (Dalal et al., 2006) or nulling beamformer
(Hui et al., 2010)). This is achieved by using a multiple-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.

BESA Research uses a bilateral beamformer, where specifically contributions from the
homologue source in the opposite hemisphere are taken into account (the leadfield matrix L(r)
thus being of dimension N % 6 for EEG and N x 4 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.

Vector beamformer vs scalar beamformer

A beamformer source at position r can have 3 orientations for EEG or 2 orientations for MEG.
The beamformer can either optimize the orientation, “scalar beamformer” (Robinson and Vrba,
1998; Sekihara et al., 2004), or compute the mean amplitude over all orientations, “vector

beamformer” (Van Veen et al., 1997).
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B. Time-domain beamforming in EEG data

1. Open data set s1.cnt from the folder

/Examples/ERP-Auditory-Intensity/.
It contains 32 EEG channels and one
polygraphic channel.

2. Click the ERP pushbutton. If the /8w mtcmnre 2
Look [ Audtory - emerE-
paradigm file for the data file was not = % v =~ ol Kol
) e Q{Aﬂ;,lnt;nmy.nnﬁ 1771272008 F T F:I: iKE
|0aded before' a d|alog bOX Opens’ DEE (& P300.pDG 23/11/2004 1420 PDG File ke
and you can browse to the sub-folder =
|

Auditory and open file AEP- |

Intensity.pdg. 8 conditions are | ne

Fie name. |EP _intensty PDG B} Open |
visible. Switch to the Artifact tab and s === 3
start the artifact scan.
3. Move the vertical slider to the left until |-~ =" T
Trigger | Condtion | Epoch | Fiter Artifact | Average | Coherence |
all eye blinks are excluded. Rejection Method - 1 Thresholds and Bad Charnels
[l' Foed Thesholds v Atfact Scan Taol | StanScan | seforAv & EEG 0 MAG O GRS
[ " | ¥ aml - [530 [0l
Chn -'--I"-I HEEY (| | Grdent [50 [ 0|[50 ]
L II.IIIIIFH "| - = =1 [V Low Sig Iom | 0lfoar ]
color

! "l Bad Channels I_D
|l'|H T iRl T | Gt ‘;‘;ef”;’% C;;:Bm"
W"“ 1 '.'ﬂ'l'l" '||"| 53 90}64‘4; 70dB -

mmu:t..i

103 71 (68%) B80dB
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@ Ampltude Load
04| ' © Gradient =
- Save As
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BESA Research 7.0 Tutorial Page 217 of 396

Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 7.0

Tutorial 9 — Beamforming and virtual sensor montages

4. Click the Gradient radio button and

exclude some muscular activity by

moving the slider to the left.

5. Move to the Average tab. In the list of

conditions, click once on the Low

condition to select it.
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6. C“Ck the Beamformel’ button. An Set beamformer intervals b4

additional dialog box appears for
Target condition: Low

choosing the beamformer intervals for

Beamformer interval

condition Low. Baseline Signal Common
Start ms | 0 ms | -300 ms
End | -70 ms | 30 ms | 1000 ms

Important note: To obtain a reliable beamformer image, the number
of samples in the Baseline and the Signal intervals should be equal.
Therefore it is recommended to assign equal duration to the Baseline
and the Signal intervals.

Butterfly plot oK I Cancel

7. C“Ck Butterﬂy p|0t The butterﬂy p|0t Set beamformer intervals b4

shows the average signal for all
Target condition: Low

channels, and the currently defined

Beamformer interval
intervals. Three intervals can be Baseline Signal o
defined. Start I -100 ms | 0 ms | -300 ms
_ End |70 ms |30 ms 1000 ms
e Baseline
e Signal
e Common
Important note: To obtain a reliable beamformer image, the number
of samples in the Baseline and the Signal intervals should be equal.
Therefore it is recommended to assign equal duration to the Baseline
and the Signal intervals.
oK Cancel
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8. Using the Edit boxes, set signal to Set beamformer intervals X
[80...150] to cover the main activity of
the N100. Set baseline to [-120...-50] besmformer nterval
(matching duration). Common can be Baseline Signal Common
set to [120...150] to cover the Start |-120  ms |30 mo |12

complete duration. End |-s0 ms |10 ms [150 ms

Target condition: Low

Important note: To obtain a reliable beamformer image, the number
of samples in the Baseline and the Signal intervals should be equal.
Therefore it is recommended to assign equal duration to the Baseline
and the Signal intervals.

9. Click OK to start the beamformer |E

g i PRt == .

computation. The Source Analysis EWMMMQM

module opens. Scale the beamformer
result up several times to visualize the
activation pattern using the scaling
toolbar buttons ﬁlﬁ

w80 150ms Tra

[Loc: -0.57,1.32 -067 (Cant/US)
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10. Click the Maxima toolbar button m
to switch to the second maximum.
Both first and second maximum

localize close to auditory areas.

11. Click the Maxima button two more
times. The other two maxima are
much weaker. Click again to return to
the first maximum. Then minimize the
3D window using the button at the
top right, to visualize the data and
global field power. You can see the
beamformer intervals plotted above

the butterfly plot on the left.
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12. Click the arrow in the center of the

display ﬂ to open a popup menu.
Then select Settings. The dialog box
for defining beamformer settings
opens. Alternatively, you can use the

menu and select Image / Settings.

13. The dialog contains settings for
regularization, and the beamformer
options. We can see that by default,
the Multipole-source beamformer is

selected, and a Vector type is used.

14. We will first try the single-source
beamformer. Select Single-source
beamformer and click the Go button
at the top right of the dialog. The result
changes. To check on what the new
result means, leave the dialog box
with OK, and in the toolbar of the 3D

window, activate the 2x2-view with

)
the button ﬁl Then click the Maxima
button to jump to the first maximum.
The first one is now much more central

and explains both auditory activations.
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" No covariance regularization
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' SVD cutoff (Data [SVDabs]: [ 1

s

" SVD cutoff (Data [SVD %]x 0.0001
— Beamf: Options

Beamformer type: Compute beamformer image:
% Muttiple-source beamformer [~ Use only weights of the signal interval
" Single-source beamformer I~ Use common weights
Source orientation: [~ Use noise nomalized weights
@ Vector (LCMV) % of uncomelated noise varance: I 5
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15. Next, in the Settings, select Use

noise normalized weights. A _,J #IQ]"I"I_ 'B['I@Ha@_l TJE@F@I"_J _J _Jl;_l

Gaussian noise  distribution is

assumed, and the contribution of
uncorrelated noise variance can be
adjusted manually. Use the default
value of 5, then press OK and the
Beamformer button again. The result
resembles the one where the signal
interval was used. Again, the first two
beamformer maxima with the highest
power percentage cover the auditory

areas.

16. In the Global field power display at

G | Res.Vor. | Energy | Min. Dist __ Image [ [4 bl s -
B

the top center of the screen, double-

click into the plot to set a cursor.

8 ) AR
Scale the 3D window intensity up by =} @ L<€r\j

pressing the scaling toolbar button .
several times, and then move the w i) W) el ainele
cursor around using the cursor keys [ @ ﬁ
on the keyboard. You can see that the :
intensity display is now updated with  * ' @ ' @
the cursor latency. YR
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C. Virtual sensor montages

We will now look at further uses of beamformer imaging. One powerful application is the ability to

create virtual sensors in a brain voxel of interest. The spatial filter that was computed for estimating

its power can be applied not just to the covariance matrix, but also to the raw data.

1.

Let us reconsider the good result we
achieved with the bilateral vector
beamformer. Once more, open the
Settings dialog on the Standard Volume
tab and select the Multiple-source
beamformer with the check box Use
common weights. Press Go and OK, and
then the Maxima button to slice at the first
maximum of the newly computed

beamformer.

In the toolbar, press the Insert button ﬁl
to insert a source at this particular location
in the brain. Press the Maxima button to
move to the second maximum. Then press
the Insert button again. You have now
created a solution of two virtual sensors for

this data set.
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3.

This solution can be applied to the raw data.
From the File menu, select Save Source
Montage As... In the dialog, save it with the

name

Minimize the Source Analysis Window.
The source montage is applied to the raw
data. Two channels are visible. These show
the orientation-optimized source
waveforms of the two beamformer sources,
which consist in reality of 3 different

orthogonal orientations.

Open the File . Then press the
Usr push button and select the montage
from the dropdown menu that appears. You
can now see how the source channels
reconstruct the auditory activity in the

averaged conditions.

How does this compare with a standard
source montage? Let us assume that we
had defined a source montage with just two
regional sources, fitted to the auditory

cortex, for comparison:
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Left-drag over the condition Low, then
right-click and select Source Analysis
from the popup menu. In the dialog that
appears, use an interval of -100 to 250 ms,
and 0.5 Hz, zero-phase, 12 db/Oct, and 40
Hz, zero-phase, 24db/Oct. Press the

Source Analysis button.

7. The beamformer virtual source condition S

Saiution: New selutien |

[ Wi Var. | Energy | Min Disi __lmage [
& nlus|\.|u||m\uu\ -

00

”m J+Q+-»~..-!!‘§ qw‘m l’BJ_l_l

cannot be applied to these data since no

covariance matrix is present.

L

Dsta (1-96.0f31) = senee mavetorms (Beartermes wiual senser)

252 ms- Source anwyss

8. Create a new solution by pressing the N key -

[ Dat Energy |

on the keyboard, and insert two regional

sources. If dipoles are inserted instead, :'.;.Q.W.'.'..‘s,.ﬂ.;.,,.m.;,;w. oo
== = 5
then convert the sources to regional «~—n/ - ’K
sources by selecting each of them, then il% B L
cs @J~}Q+J+J:’-JM;@ n[m <l JJ
using the key C on the keyboard to convert. = e
Apply a symmetry constraint to one of the < o |, |
sources by selecting it, then using the drop- Z;:>CV ‘
. ; \ j

down menu beside Loc at the top right. s LI €

Then mark an interval from 72 -100 ms and
press the All fit and Start fit buttons. The
sources fit into an area close to the auditory

cortex.
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9. Usethe menu File/Save Source Montage [:&zijuie i@ e e murmrerm
As... to save this as a source montage with
the file name

Then
close the Source Analysis window.

You can see that the auditory activation is

also picked up by these sources as shown |y == reemen e

in the upper screen shot on the right;
however, if you switch back to the
beamformer virtual sensors using the Usr
button, you will see the difference: The
beamformer virtual sensors pick up much
less background activity (lower screen
shot).

(T

This is due to the fact that in classical
source montages, any brain activity needs
to be modelled; otherwise, background
activity that is spatially correlated with the
activity of interest will be projected onto the
source of interest. In the beamformer case,
the spatial filter is already optimized for
each source, independent of the presence

of other sources in the model.
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D. (Optional section) More settings in the time-domain beamforming

The options to reduce the influence of different spatial leakage profiles of the beamformer

spatial weights for baseline and signal intervals.

e Use only weights of the signal interval:

Beamformer spatial weights for signal

interval is only used when a beamformer image is computed.

e Use common weights: Beamformer spatial weights for the common interval is only

used when a beamformer image is computed.

1. Open the
again (hotkey: Ctrl + Shift + A). Select

the Multiple-source beamformer,

Image Settings dialog

and check the box for Use only

weights of the signal interval.

2. Press Go and then OK. Click on the
Maxima button. The first two cover
again the auditory activation. They are

more focal than the initial ones.

BESA Research 7.0 Tutorial
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3. In the Image Settings dialog, | BeamfomerOptions

Beamformer type: Compute beamformer image:
uncheck the previous box and check | @ Mutple-source beamformer [~ 11<: orly weighis of the sianal interva
€ Single-source beamfomer [V Use common weights |

the Common weights box instead.

Source orientation: [~ Use noise normalized weights
& Vector (LCMV) % of uncomelated noise variance: 5
€ Scalar

4. Press OK, then press the [ Max 1of7-MSBF time)-Vak 1828 (1000%) @ — .G |
Beamformer button in the center of | 8| ||l 2[00 =@ & ¢ .
Cor

Sag

the screen. The beamformer is re-
computed and automatically slices the

MRI at the first maximum.

Scalar beamformer

When vector beamformer is used, a beamformer source at position r can have 3 orientations
for EEG or 2 orientations for MEG. A single optimal orientation that gives the maximum power
output at each location is considered in scalar beamformer (Robinson and Vrba, 1999;
Sekihara et al., 2004). Therefore, single source waveform is computed for a virtual sensor of
the scalar beamformer, while three waveforms (MEG: two waveforms) are estimated for a

virtual sensor of the vector beamformer.

Note that this option cannot be used with “Multiple-source beamformer” or “Use noise

normalized weights” option.
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1. We will have a look at the Scalar | BeamfomerOptons
Beamformer type: Compute beamformer image:

beamformer. We go back to the @ Mutilesouce beamfomer [~ ‘ i the signal inter
% Single-source beamformer |[— Use Coranc: st |

Settings dialog, and now select = S

Single-source beamformer, with the CMV’ ”°‘“’°°‘°"*°""°"°""’""’“°°| :

option Use common weights.

With these options, the Scalar
beamformer becomes available.
Select this option and press OK, then

click the Beamformer button.

1 Bisa - C\..\ERP- Auditory-Intenaty\S1.crt - Low, Low Filter: 053 Mz, -300 .. +996 ms - Source analysiz - o x

2. Slice the display at the first maximum . "coo720 00 n et e
odel | Res. X [ Res.Var | Energy | Min. Dist. -mgw.m |w....,.. c|

R 1 e | oo |70 T
O l—uuuz y—wn

ﬂﬂ

nsparency: 100%
F‘nl B

using the Maxima button on the

toolbar. Like in the vector beamformer

case with single source, the maximum

moves to a more medial location. The

===

other maxima localize outside of |¢a+|3_.amwmusJJJ

auditory areas.

3. You can try to go back to the Settings

and check Common weights and

noise-normalized weights at the
same time. This will not substantially

change the result, however.
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E. (Optional section) Time-domain beamforming in MEG data

We will now use the beamformer to analyze MEG data, and also try to find out whether

propagation of activity over time can be modelled via the beamformer.

1.

Select File / Open and browse to the
folder

. Open the data set

(you may have to

change the extension filter at the

bottom of the dialog box to see the file

in the list). The Channel and digitized

head surface information dialog

appears.

In the section Coregistration, click the
Browse button. In the dialog that
appears, go up one folder, and select

file

Press OK to close the Channel and
digitized head surface information
dialog. The file opens. Display of MEG
waveforms is obscured by the large
signal of the stimulus channels, which
have been assigned to channel type
ICR.
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4.

7 Intracranial Chns. Scale

Pt

Click the scaling button of the Icr
channel type at the right side of the
screen and check the x1000 check
box to change scaling to 200 mV.

5. Now the MEG is visible. Trigger codes
1 and 2 were applied.

6. Press the ERP push button. Then, in
sub-folder Visual, open the paradigm

file Flowfield.pdg.

7. Move to the Artifact tab and press
Start Scan. The current thresholds are

appropriate. You can check for

gradient and Low Signal criterion, too.

B

[ a0my |

¥ w1000

2-|z8|zslz2|=
2a|zg|zzlzszw

]

{8 Read & Paradigm Description File x
Lookn: [ | Vieual | «emeFE-
* Name - Date modified Type Size
grlmur Idl, pde 23/11/2004 14:24. PDG File 1KB
Deskiop
n
Libraries
=
This PC
Network
File name: [Rowfieidpda | QOpen
Fiesoitype:  [Paradam Fles (-PDG) =l s
Directories [Paradign Directory |
* Paradigm ? X
Tigger | Condton | Epoch | Fiter  Atfact | Average | Coherence |
Rejection Method ~ Threshalds and Bad Channels
(r Fixed Thresholds 7 Atfact Scan Tool H e | UseforAv. € EEG (7 1445 @ GRA
121 W~ amgl [1000 [TO|[000 -]
Chn ¥ Gradient [800 |_u 300 |~
7 Low Sa 6400 [ 0|[c2m0
color
Bad Charnels |_u

~Count _Accepted _Condtion

T12 (85%) Moton

v 116 (88%) Static
|
HH‘"I. sl
mirki
"mr.. A i \
iy ."” gV '.'“.I
.‘| 1 :L!I”.\ ,.;,[ :""," e =
ni 1 | i & "
. : Apltude font
Gradient
0 Tials ' Low San Save As|
¥ Sort Channels by Mean ™ Log. Display ow Signal
oK | Cancd | Hp |
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8. Move to the Average Tab. Select the |>¢tbeamformerintervals X
first condition Motion and press the Target condition:  Motion
Beamformer button. In the e T
beamformer intervals dialog, press Baseline Signal Common
the Butterfly plot button. MEG start [-100  ms |0 ms [400  ms
channels are shown in a dark purple end [70 m [0 ms  [s00 ms
colour.
Important note: To obtain a reliable beamformer image, the number
of samples in the Baseline and the Signal intervals should be equal.
Therefore it is recommended to assign equal duration to the Baseline
and the Signal intervals.
OK Cancel
9. From tutorial 7, we know that the |>€tbeamformerintervals X
activity related to Motion happens later Target condition:  Motion
than the initial visual evoked activity Bearfamer tervel
that follows the stimulus. Let us mark a Baseline Signal Common
signal interval from 100 to 190 ms. Start [-100  ms [100 ms [-100 ms
Accordingly, set the baseline interval End [-10 ms  [190 ms  [190 ms
from -100 to -10 ms, and the Common
interval from -100 to 190 ms.
Important note: To obtain a reliable beamformer image, the number
of samples in the Baseline and the Signal intervals should be equal.
Therefore it is recommended to assign equal duration to the Baseline
and the Signal intervals.
0K Cancel
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10. Press the OK button to start the

beamformer computation. The Source

Analysis module opens.

11. Click the arrow in the center of the

display ﬂ to open a popup menu.

Then select Settings. The dialog box

for defining beamformer settings
opens. Select Multiple-source
beamformer and Vector (LCMV)

options, and check the boxes for Use
common weights and Use noise
normalized weights. Then, click the

Go button. The results change.
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12. In the Global field power display at
the top center of the screen, double-
click into the plot to set a cursor. Then
move the cursor around using the
cursor keys on the keyboard. You can
see that the beamformer image is now
updated with the cursor latency. Check
the beamformer image at 122.50 ms
and 160 ms.
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Tutorial 10 — Advanced Artifact Correction

What does BESA Research provide?

v’ Artifact correction based on surrogate models,
v Artifact correction based on adaptive artifact correction,
v ICA based artifact spatial filtration and artifact free data generation

BESA Research 7.0 Tutorial
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A. 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).

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) 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
BESA Research 7.0 Tutorial Page 238 of 396
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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.

2) 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
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.
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B. The Effect of Artifact Correction on 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.

i seect Do s~ 1 P ™
1. Please open the file [ Seec cararu ) [ =
Lookin: |\ ERP-Auditory-Intensity ~| rEsEr I
Iocated |n th e = Name - Date modified | =
Rec:::aces | Averages 21.03.2011 15:08
. This file contains the average of I vtz |3
Desktop All_Subjects_cc.fsg 09.12.2009 14:35
conditions 60 to 100 dB, Low, High and All - I o gl
Libraries av-test s y
i i 4 o |
along with an averaged eyeblink. Change A St IEEZE S
. e SZ:av‘-legstfsg 14‘!!3‘2011 16:06
to the virtual reference-free montage by @ .avisg L2912
Network < i »
pressing the Vir button and selecting the T B oo |
Files oftype: [Current File Type ("fsg) | Cancel
entry Reference Free. [oota Folcer 5| gl

2. We will demonstrate the effect of artifact

correction with focus on the 60dB 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.
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3. From the Artifact menu, choose Select.... ERP ' Arifact Search Tags Goto Of

pV | Automatic...
/\ View -
Correct ctrl-E

] Select... T

— Options... .

— fMRI Artifact... -

— Load... -

— Save... —.
~1

4. Note that the blink artifact topography that [ateccoreaon T Lo sl

i H Select Topographies | Estima igna
we defined in the raw data has been pogrphis | Esimate Signa|

Select Mo, of

assigned automatically to the averaged file seleaey peorephes

[~ HEQG ~

[~ wEOG ~

the checkmark next to the Blink category. ¥ B [r@em <] e

as well, but is not selected by default. Set

[~ Othert -
[~ Other2 -

Load Save EEG
OK | Cancel Help

5. Switch to the Estimate Signal tab. We will [ateacoreaion R dleesl

Select Topographies Estimate Signal |

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

Model of Brain Activity
. . . 3 Brain Activi
subspace projection. Press OK. € hosone C Swosels @ PSS ReaSEEL)

Surrogate dipole model *bsa)

xamplesERP-AuditonHntensit S1-AChsa Browse...
OK | Cancel Help
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6. Make sure that artlfaCt COfreCtlon and VleW File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto Op

-F|F+| WrS | SAW | BAT | ERP | TpV |  Automatic..
. " . ed Refe Fi
is selected in the Artifact menu. B — [ view
Al_rir ~  Correct ctrl-E

portr b T Select...
i fpbrmrm—rri—/ / i
H Options...
e -
T e e —
P b +—rrowo o — —_ Load...

ot pb—— T Save...
F3_rfr . | E——

fMRI Artifact..

7. Press the scaling button for the BINK i s e e s oo oo e s o)

channel to scale it up to 10 pV. The blink
activity has been largely corrected.
Remaining activity in the first segment is : ol
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.
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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 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.

Help
c [ Vir Src | Usr [ Opt [EdM [ LF | WF | NF | EdF | EEG |
_~0 | S— ———

MmEllfalS20 0w

e

B | S 650 e -

T
9. To see how the adaptive method improves A ERP | Ariifact Search Tags Goto Op
. ) TPV Automatic... _[
the result, select Artifact / Options.
v View o
— |~ Correct cr-E L
T Select... —
—_—] L
Options... -
- | fMRI Artifact... -
— Load... e
T Save... —
‘I__
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Artifact Correction M M

10. As Model of Brain Activity select Adaptive.

The Minimum Variance threshold S;d';pjfhlogﬂlr';iigp!phy
determines the number of topographies M Ampliude % e _
that are considered brain activity which is | St ;
contrasted against the artifact topography. | idpltnlimﬂpmwzngw '
Set the threshold to 5%. To view the time | :;NB(A;U o= I
course of the brain topographies, press : @ B St |  None S5 Pagrssean Visw Weusioms |
Brain Activity: View Waveforms. | | FemplesERP Ao tensi S1-ACLsa i
: [ ok | cance Help
11. Three PCA topographies serve as model [—=-—-—— [Eeeew=

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 topo-

graphies 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.

Filters Montage Process ICA ERP Artifact Search Tags

12. To see this, close the PCA Waveforms and

y | SAW E Source Analysis ctrl-S _:E

Estimate Signals windows. If the cursor at SlerenceT® | Soucelmage .
. Voltage Maps Mo

ca. 90 ms is still set in the second condition, 4 CSD-Laplacian Maps c |
f MEG Maps =]

select Process / Voltage Maps or type the AN o -
. "'——‘_ FFT-Spectrum [

hot key M on the keyboard to obtain the 3D Mo PFT-Spectuim.. -
map of the adaptively corrected data. A L
m Linear Correlation Ll

W Nonlinear Regress. L

M Movie .

T T BatchScripts.. ShiftsR

A_'—_E Run Batch... RERE
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13.

14.

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 the auditory evoked
components. This indicates that blink and
brain activities have been very well

separated by the adaptive method.

Press Artifact / Options and check
Surrogate in the Model of Brain Activity
box. The surrogate model approach is
useful if evoked activity is to be contrasted
against eye movement artifacts and if the
evoked activity is small as compared to the
background EEG / MEG. In this case, the

Dk 148 ave = )
ISR AN v Y

Ties: 005000

Al

o Lo e (e

s008: 52008 i

Taw 000011 Mwk0Gas  Cw 0563% Fibees ot Fetter: 1

rtifact Correction

Select Topographies Estimate Signal I

Surrogate Model: Regularization

Atifact (32).

Brain (%):

o
-

Surrogate Maodel: PCA threshold

i

Min. Variance (%)

Macdel of Brain Activ
(" Adaptive i~ Mone (S5P - Regression)

Surrogate dipole model (*hsa)

Birain Activity:
View Waveforms

adaptlve model does nOt We” model the |'xampleS\ERPfAuditmy\ntenaity\mfAChsa Browse
evoked activity and artifact correction is Help

likely to create distortion. Therefore, a
should be

established a) on the basis of a priori

surrogate  source model
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.

0K Cancel

———— =
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15. Press the Browse button to load the solu-
. Lookin: | | ERP-Auditary-ntensity ~| £ EB
tlon that WaS s Name - Date modified il
. . . 'T?ECES | Averages 21.03.2011 15.08
created earlier on, consisting of a “!"' b test v |
| test2 24.03.2011 16:50 T
symmetrical pair of regional sources in the || *== s 1
. . wwl Lowlntensity_2RS.bsa 09.12.2009 1517
auditory cortex. The stored two regional 1- Lowintensity 25D-18 Ty 854 Fle 170320111557
‘ Sl.bsa Size: 731 b_y_‘[es‘ 29.03.2005 16‘32
sources model the bilateral brain activity in C;mim e ‘ S
51-AC_testbsa 04.03.201115:.01 o
the supratemporal region and are Newerk < )
. . . . File name: | ﬂ Open
Comblned Wlth the deflned artlfaCt Files of type: |SurrugaleD\pc\eModels(ﬁbsaJ ﬂ Cancel
. . Folders: [Dats Folder ~]
topography to separate artifact and brain _

signals™.

16. Press OK and press M to view the 3D map -

s T (o (| ur | e | ve | s | eeo (@0 0muris i v R

YT

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 the auditory evoked compo-

nents.

Buw

b 10 e
CICSTIR AN

5008: 92 30 | o conted
V 125 Wnes - 020 tes [

Timw 00000 T 00T Wk oms G 000 FA AR e o a1 Vew Ol Corect Sur

C. Source analysis of artifact-corrected data (not recommended)

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.

111t is not necessary to create a surrogate source model. Predefined surrogate models are provided by BESA
Research.
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1. Left-drag overthe second segmentto mark  -seeswsmpeion - Fiersstings

(" Whole Segment

a bIOCk nght-C“Ck and Send |t tO source (& Custom Definition aepeity |1 el Stope \Gdbfo:tﬂ B \furward ﬂ

Low Cutoff Status [¥ Enabled

. . . > Preﬁ\‘/ru'u%s High Cutaff Status [ Enabled
ana|ySIS Wlth SettlngS '50 tO 250 mS, LOW ,_ED_(ms)mgrE!S:m = Fraquency ’zmn—[Hz] Slope [24dbfoct v | Twpe [zer0 phase |
Cutoff filter of 0.5 Hz, 6 db/oct, forward " @®orese=

. . [~ All Conditions Source Analysis SetBlock Cancel
and High Cutoff Filter of 40 Hz, 24 db/oct, -
zero-phase.
2. Load the source mode| [BecomnhrRh o e o o o R R

Solution: C..ments\BESA\Research_5_3\Examples\ERP-Auditory-Intensity\Lowlntensity_2RS.bsa

- - MMM&E AC_Right xdoc y-oc z-loc x-ori y-ori z-ori

by pressing File / fleszs ‘_ ol UCIE S

Open Solution. The letters ART in the | x : il
st.atus be.lr a.t the bottom-rlght COfner o.f the ”\-.:?T,Q.?; (<) g )

window indicate that this data is artifact- | «—‘"—— 4 l \fx |

fl r:-z:C_ "‘i?\a /_ . I

corrected and that BESA Research knows | i@ { e 1), !
I r:ﬁi }§ﬁ /f t\ /

the topographies of the corrected artifacts. | ——ca— —

I c3 7 X ‘\

e SR any

e AR

Time: -36.00 ms 1 ART

- =

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.
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3. 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.

4. BESA Research displays a warning
message. It explains why the following map

will be distorted. Press OK to confirm.

5. The topography is severely distorted by the
subspace projection that was applied to the
data. Although the source waveforms
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.
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Mod. | Res. ||D]| | PCA | EEG
G0dB: 92 avs Fifers 05 - 40 Hz ~ [R V. 4.610%
48,00 ms +248 00 ms | |Curs - 1.318%
7

ditory ity it _znsm
AC_Left  xloc

Cartius Im[ms |o|z |«:n | 05 | 08
ree
ori [oes J

Res. Var.| Energy [Min. Dist _Ima
GFP
RC: 1

Datﬂ

! e ey oy —
Fe2 — | Anoff| Anfit| Startfit|  image |
A%:7 Display 3D Maps M |
C2 i Fit Enabled Sources at Cursar F @ |
F&1 ——v'% Set Orientation
c4 ,——vl.:.—.,_ i g Invert 15t Orientation 1 ¢
G2 H ! Convert ta Single Dipole [ .
): Fit i Delete Source Del
£z BrainVoyager Ctrl+B

FCJ:@C
— i | -

e e m

|
=] ¢ i . A
Dats Residual (1-12 of 31) = |Source waveforms ~ ISource locations ZL
Cursor: +88.00 ms, +40.99 nAm A

Time: +92.00 (+4,00) ms

Voltage map - Data

Thiz iz an artifact-corected data set. In order to ensure caorect source localization, BESA performs
a subspace projection [S5F] on the data and the source leadfields.

The 55F removes the attifact topography from the data. Due to this fact, the 30 maps in the
Source Analysis module will be distorted.

Thiz will be indicated by the additional text "distorted by SSP" in the header line of the map window,

MSA-cx..wm;.umlm.w.fsg-mszmﬁmu-mmu_+mm-mﬂa@

file Conditionl Solutionl Fif jmage Qptions Help i
Solution: C 5. uditory it ity 2R bsa

Data Mod. | Res. ||D|| | PCA | EEG [Res. Var.| Energy |Min. Dist. Image AC_Left xdoc y-loc z4oc x-ofi y-ori z-ori
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Transparency: 100%
Fplefre]
'VolliQewan Data
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Cursor: +88.00 ms, +40.99 nAm
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D. 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.

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.

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,

1.
2.
zero-phase.
3. Load the

source model

o T Ll
= e I e —

Top View of Data -

—_

[/\ Whole Segment

L | -

A—/\ FFT |
3 Linear Correlation

— Source Analysis =
] Define as Epoch »

== Define as Artifact -

— Write Segment —
—\/ Copy to Buffer L4

v{‘\/ Define Artifact Topography |

—_ | Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz —

|

BESA - C\.ory-Intensity\S1-blink+ERP.fsg - 60dB: 92 avs, Filters: 0.5 - 40 Hz, -48 ... +248 ms - Source analysis e X

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

by pressing File / ol

Open Solution.

Image Opt No solution avaitable

Image |nodel

one st
70000 | 10000 |
Lookin: [ ). ERP-Auditory-intensiy v ~@mdE- pone_csf
~ 0042 [ 10000
E Name Date modified
- "f‘x ). Averages 21032011 1508
FC2 iy RecemPlaces o g 170220111431
1
Fc1 . ) test2 24032011 16:50
Desidop Highintensity 3RS bsa 09122009 15:17
FZ caaeeid . Highintensity_3RS_AEP-testbsa 25032011 1123
i - Lowlntensity, 2RS bsa 09122009 15:17
SR Libranes Lowlntensity_2SD-testbsa 17.03.2011 1557 |
Cruind A Sibsa 29032005 1632 l
secte Slavbsa 040320111357 I
A=y = S1-ACbsa 20032005 17:04 !
P10~ Q S1-AC_testbsa 040320111501
Network ,
Pg =~ I
File name: =l Open |
A2 ——A =5
Files of type: =] c |
Al
P I
o1 r—\/\/\/‘
Data (1-12.0131) 3 =
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4. Next, we will load the artifact topography into the source analysis window. This will create a

spatial component explaining the blink topography.

5. Press File / Append Solution.... In the [ X ]
. Lookin: | | ERP-Auditoryntensiy ~| ~EctEr
drop-down menu Files of type: select | = — e Date modified
i X ec;:-'?aces | Averages 21.03.2011 15:08
Artifact Topographies (*.atf;*.art;*.coe). || " -P', L S0z 131
Select S1-blink+ERP.atf and press Open. “??EY"T S Sy
r=~]
A
Computer
Network < [ ] 3
File name: r-h’wﬁﬁsﬁ—--—--—ﬂ\ Open I
Files oftype:| [Arifact Topographies ("ati=ait"cos) — RAM | Cancel
Eolders \—m;

6. The topography of the main PCA [ n i onis e s e ,
Solution: C: 5. Audi _2RS bsa

- . . Data Mod. | Res. ||D|| | PCA | EEG |Res. Var.| Energy |Min. Dist. _Image LINK_(99.39%)loc y-loc z-loc xon y-or zor

component of the blink artifact is now | fr =i nefe e e o[- s fom fem frwfer o Tor

Ori fied

©  |Model 4 shel ellipsoidal

appended to the current solution. The m

A <[ *[Lowintensity_2RS bsa (modified) EEG +|
=L anoffl Anfit] Startfit|_User || BV [[Tg

. . on C_Lgs %b ; ;e ( : v%
valent location are shown in the source oy

—"v&@
CZ{VQ%._.___
analysis window. This is the component ——av—-: = R @ @
=
S

- 0 . , -
explaining 99.4% of the artifact variance | T 6% D
that was selected during the artifact onfimd 1 °L®

Data Residual (1-12 of 31) ~|source wavetorms j Source locations ~|

corresponding waveform and the equi- | =

definition.

; ——— -
= v o =

[ BESA - Ci\-ory-Intensity\S1-blink +ERP.fsg - 60d8: 92 avs, Filters: 0.5 - 40 Hz, -48 ... +248 ms - Source analysis
file Condition1 Solution1 Fit |mage Options Heip

7. Again, double-click in the waveform box to

l Solution: C 1.5 ¥ | 2RS.bsa
set a cursor at the N100 latency. Right- [ A e o st S Gl oo it
| org| LA | [ OO Loc:  [srmem] RS 1 %00y 0000 ||
) . e on: [ued
click and select Display 3D Maps or type A L TP L S
- = Ao A Starti] User [9]_8% g : '
the hot key M on the keyboard. Note that | «—</o—o
“-_v¥ 7 ) > > €
the map is not distorted but shows the fj*‘vél‘”: = mﬁ‘@é;‘é‘% R,
| — Fip [«[v]«] || Fip
. At © voltage map - Data =T
typical N100 topography. : 2 o [l& sIF3aia) <o) el aizia
w5 ~ Data (volt. ) +88.0 S
7 —S
o|’"~A’_ 7_7~/—. |
Data Residual (1-12 of 31) %Sourcawawtom\s ﬂ
Cursor: +88.00 ms, +50.62 nAm 4
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1 BESA - C:ory-Intensity\S1-blink «ERPfsg - 60B: 92 avs, Fifers: 0.5 - 40 i, -48 .. +248 ms - Source analysis =]

8. Switch off the spatial blink component by |75 ermmsonens =

org| L4800ms

¥ ¥  2RS.bsa
pressing its On button and close the 3D el s (o o 15

mapping window. Press All Fit and Start

Fit to see how the fit changes if we 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.

E. Artifact Correction of raw data using ICA — spatial filtration

Independent Component Analysis (ICA) allows decomposing EEG/MEG data into independent
components. Independent components (IC) can be used for artifact correction, as spatial
components in source analysis or for creating ICA-reconstructed data only containing signal
from specified IC. ICA is performed on the current screen and can be started from the ICA
entry in the menu bar or by pressing the ICA button located in the button menu. The amount
of data available in the current screen can be manipulated by using the time scaling button in

the bottom right corner of the main window (max. 1200 s).

The method behind ICA can be chosen between the extended Infomax algorithm (Lee TW et
al., Independent component analysis using an extended infomax algorithm for mixed sub-
Gaussian and super-Gaussian sources. Neural Computation 11(2), 1999, 409-433) or Second-
order blind identification — SOBI (Belouchrani A et al. A blind source separation technique
using second-order statistics. IEEE Transactions on Signal Processing, 45(2), 1997, 434-444).
Before the ICA is calculated, the dimensionality of data is optionally reduced by PCA. By
default, all PCA components are ignored that explain less than 1% variance. The use of PCA

can be switched off or the variance cutoff can be altered by pressing ICA / Options.

While ICA is being computed, the current analysis step is displayed in a dialog box along with
the changing weights. The first ICA step may take longer for many samples than the

subsequent steps. ICA analysis stops when the change of weights from 1 step to the next is
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smaller than 1.0e-6 or after max. 500 steps. ICA analysis can be stopped by pressing the

Abort button in the dialog box.

In case EEG and MEG data are both available, ICA analysis will only run on the data type that

is selected by the EEG/MEG button. Running ICA on combined gradiometer/magnetometer

data is not possible as it can only run on one channel type at a time.

1. Openfile from the

folder. Make sure,
the Rec button is pressed, that you are
displaying the first screen and that
artifact correction and all filters are

switched off.

2. Please select ICA / Current Screen to

start ICA analysis.

F |F+| wrs | SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI [[Rec Wir | Src | Usr | Opt
N

ICA ERP Artifact Search Tags
Current Screen q

™

Select Components

Load Components...

Options...

3. The results of the ICA analysis are displayed like a montage. The units of the waveforms

are nAm since ICA waveforms can be described as source activity of a spatial component

localized at the center of gravity of the corresponding map. ICA waveforms have the labels

ICAL1 — ICAX. The menu item ICA / Current screen is ticked and the ICA button is pressed.

ICA components are sorted in descending order of their explained variance. The displayed

ICA montage is automatically recomputed whenever ICA options change or the data

change, e.g. when filtering, changing the time-range to display, etc.

Here, ICA decomposition delivers 21 independent components. It appears that the second

ICA component represents an eyeblink and the fourth ICA component represents a cardiac

artifact.
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source

ICA1

I e

[ BESA Research 7.0 - C)\..esearch_7_0\Examples\ERP-Auditory-Intensity\S1.cnt - a ®
File Edit View Filters Montage Process ICA ERP Amifact Search Tags Goto Options Help
F|F+| wrs | saw | BAT | ERP | Tpv |[ICA DSA | TFC | ESI [ Rec | Vir [ Src | Usr [ Opt [Edm | LF [ HF | NF | EdF | EEG

H H ] ] H ] H Add

2 : 5 } 4 : 5 : ]
. . . . . T T T 0 0 T 00 0 0 0 0 O 0 00T 00 T AU NNV MOAMAV NI | 10,0
« » s
Time: 00:00:00 otal: 00:16:02 Offs: 00.00:00 Cur. Filters off Buffer 1 View: Original Comect Off Bad: 0

4. Rightclick on the second ICA |o wrmrm—or—

component and select Map Topography. ’:
ICA4 .~
ICAS

ICAE &

Define As Artifact Topography
Send Topegraphy To Source Analysis
Save Topography

Export ICA Reconstructed Data Without Selected Components: Current Screen |
Export ICA Reconstructed Data Without Selected Components: Whole File

5. The map indicates that the second ICA

component indeed reflects an eyeblink.
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6. We can now use this topography for | Wﬁww\ﬂ«w—m

. . . Define As Artifact Topography
artifact correction. Close the mapping o = 5 7
. . . o Save Topograj
window, right-click on the second ICA |7 poseEny
ICAS = Export ICA Reconstructed Data Without Selected Components: Current Screen

Export ICA Reconstructed Data Without Selected Components: Whole File

component label and choose Define As |«

Artifact Topography.

7. The Artifact Correction window opens. [aumscorecon SNSRI Lo
. || Select Topographies | Estimate Signal I
Please check the box next to Blink. Poreeiee | e Sl
Select Mo. of
Close the mapping window and press e e
[~ HEOG -
OK [~ vEOG -~
gk [ | Mes
[~ EKG -
[~ Otherl -
[~ Other2 -
Load Save
oK | Cancel | Help |
8. Return to the original recording by ICA ERP Artifact Search Tags Goto Options
. TpV Automatic...
pressing the _Ree | putton. Now press ; ;
: v View o]

. . . [ Lt '
Artifact / Correct to switch on artifact : Corect arE [
correction. : Select... ]

1 Options... !

: fMRI Artifact... ]
\-‘“‘—‘W“\f““ '

. ]
et Load... [
W Save... W
W

9. Note that the eyeblink has now

disappeared. The topography of the

second ICA component is now subtracted

from the data.

We will learn more about the background

and other methods of artifact correction

throughout the tutorial.
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10. Please switch off artifact correction again ICA ERP Arifact Search Tags Goto Op
by pressing Artifact / Correct. TpV Automatic... ]
__W v View -~v—-‘

bt 4 Correct drE

P -

e ] Select... |

! Options... M

: fMRI Artifact... n

- ';“’“"“_ Load... ="

F. Artifact Correction of raw data using ICA — data reconstruction

We already saw that it is possible to use ICA components for artifact correction. However, we
only used ICA to determine the artifact topography and proceeded with artifact correction also
using the adaptive or surrogate method. Thus, we used ICA decomposition as a different
technique to estimate the artifact topography (in contrast to averaging the artifact and
decomposing it using PCA). There is an alternative way to use ICA decomposition for artifact
correction by creating ICA-reconstructed data, i.e. creating a “new” dataset only consisting of

non-artifact-related ICA components.

EEG/MEG data can be considered as a summation of topographies that are differentially
active at each sampling point. Subtracting an artifact topography reduces the data by one
dimension. This can potentially lead to severe distortion of brain activity of interest (as
previously demonstrated by the SSP correction method) if the brain activity of interest is not
modeled. Creating ICA-reconstructed data leaving out artifact topographies poses the same
problem. However, ICA decomposition has the advantage that ICA components must be as
independent as possible, but they may overlap to some degree. This means that if the artifact
topography is correlated with a topography representing brain activity of interest, some other

ICA components will also most likely be correlated with brain activity of interest.
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Artifact Signal LR
of Interest

Thus, subtracting an ICA component will not cause distortion as pronounced as SSP
correction does, as the correlated part of the signal will still be represented by the remaining
ICA components at least to some degree. Nevertheless, there will be some distortion as it
cannot be fully prevented. The distortion effect gets the more reduced, the more electrodes
are available, as the number of electrodes determines the number of ICA components. The
more ICA components are available that represent brain activity of interest, the less likely data
will be distorted after subtracting an artifact topography.

1. Make sure that file is opened and, *

Fre] WS [ SAW] AT [ ErP | Tov | 1A [ oSAT TFE ] &1 o i T S [ Ter T 5mt]
the Rec button is pressed. Press CTRL-E e e

to switch off artifact correction. Check if you
are displaying the first screen and that
artifact correction and all filters are

switched off.
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2. Press ICA / Options and select PCA off. CA Options %

Switching PCA off will lead to ICA PCA

" . IO
decomposition running on all data. PCA on, Fa ol

" PCA on, Min. Variance: [0 %
" PCA on, Nr. of Components: |1 2

Minimum Variance of 1% (default) will
reduce the data by all PCA components
explaining less than 1% variance before Method

running ICA. PCA on, Nr. of Components " Estended Infomas
12 (default) will reduce the data by the ¢ soel
smallest 12 components before running ’TI

ICA.

Cancel

3. Press ICA / Current Screen to start ICA Process ICA ERP Arifact Search Tags Gg

decomposition. r | ERF Current Screen C

Select Components Mo

Load Components... Mo

[y Opﬂons.,, 1

W wa

“ BESA Research 7.0 - C?\Users\Public\Documents\BESA\Research_7_0\Examples\ERP-Auditory-Intensity\S1.cnt - [m] X
File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto Options Help

F|F+| wrs [saw | BAT | ERP | TpV [ ICA” DSA | TFC | ESI [ Rec | Vir [ Src [ Usr [ Opt [Edm [ LF [ HF [ NF [ EdF | EEG
source H ' H H H H ' H

ICA1
ICA2
ICA3
ICA4
ICAS
ICA6
ICA7
ICAs
ICA9
ICA10
IcCA11
Ica12
ICA13
ICA14
ICA15
ICA16
ICA17
ICA18
ICA19
ICA20
ICA21
ICA22
ICA23
ICA24
ICA25

Add

ICA31 MWWW s : e } e APt

i ] 5 i 4 ; 5 : F
‘ Auto ’ * * IW\IIITI!I]l\ﬂlﬂI\I\IHIIHI\I!IHI\I!IIIIIIHI\”IHI\I!IHI\Iﬂﬂllllll\llllllﬂl!IHI\IIIHIWIHHIl\l\l’lﬂl\l!l!ll\IHHHIHIHHIIIIIHI\IIIl\llllllll\l!lﬂl\llﬂllll!lﬂ”ll\lll\ll\llmllllll\l\l!IIIIIIIIII\\IIIIl\l\lll\lﬂ!lﬂlllﬂl\lﬂIIWIHIIII\IIIIIIIHHIIHIIIIIIIIWIIIII\I\IIIIIIHIIIIIIIHI!Iﬂl\l!ll\l\Iﬂﬂ|!IHIIITIII\I\IﬂllIIIIIIII\IHI\IIIl\l!lﬂl\IHHHIIHHHII\HIIIIIIIIIIII\Imllll
3 »
[Time: 00.00-00 [Total: 001602 (Offs: 00:00.00 Cur.

Filters off Buffer: 1 Wiew: Original Correct Off Bad: 0

4. |ICA will output 31 ICA components, the same number as EEG channels are present on the

current screen. Some of the channels will represent brain activity, and some will represent
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artifact signal. Each ICA component is associated with a topography, and a source waveform.
Source waveforms can be estimated by assuming a spatial component at the center of gravity
of each ICA topography. Multiplying the data with the pseudo-inverse of the matrix containing
the ICA topographies will yield the ICA source waveforms.

H File Edit View Filters Montage Proces CA ERP Arifact Search Tags Goto
5. ICA2 seems to represent an eyeblink and T 5Aw| = ERP| Tpv”_ osa | Trc | s
ICA4 seems to represent cardiac activity, i
ICA2
which we had not noticed previously. o
ICAS
Note: it is possible that in your case the ICA onr
ICA8

components representing the blink/EKG S A SO Sl SN

are not ICA2 and ICA4. If this iS the CaSE, s ww e i e e
ICAT3 Aot Ao Attt ‘ o

locate the respective ICA components and a4 + ; T R S
ICA1S wedmmane Vst 4 -

use their according label in the following! BSOSO S SR USSR DAY

6. Right-click on the label ICA2 and select i - — 1 L -~
&8 »— MapTopoguplvy
Define As Artifact Topography

ICA3 —
Map Topography. ol R
ICA5 Save Topography
:Eﬁ? : Export ICA Reconstructed Data Without Selected Components: Current Screen
ICAB 4~ Export ICA Reconstructed Data Without Selected Components: Whele File
ICA9
H H 3D M £EG - Vol u] X
7. The map confirms that ICA2 does indeed S e L2

represent blink activity. In the following, we
want to neglect ICA2 and create a new
dataset containing all ICA components but

ICA2. Close the mapping window.

IcA2 reference free
EEG - Voltage (T T 0.03 v/ step
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8. Make sure to left-click on ICA2 only in - . — — : 1 L
- D:F:’nel::i::a; Topography
order to select it. Right-click and choose ] © i soue iy
. ICA5 Save Topography
Export ICA ReconStrUCted Data WIthOUt IEA: : Export ICA Reconstructed Data Without Selected Components: Current Screen
:C:E o Export ICA Reconstructed Data Without Selected Components: Whole File

Selected Components: Whole File. i e e oo e
BESA Research will now create a new file
containing ICA-reconstructed data.

H Ol CONs 1thow nel . e Fll
9. Save the file under the suggested name |[Clsesricnfsomsed s Wiiout e Companens Ve ric ML B
) I Savein | | ERP-Auditory-Intensity === |
S1l.ica.foc. I - Name Date modified
<p No items match your search.

RecentPlaces

=
-
Desktop

P~ ‘
Libraies

A

Computer

@

Network

< | 1 3

File name ~| Save |
Save as type |Binary High Resolution (*foc) ~]| Cancel

10. As segment comment, enter without blink Please Enter a Segment Comment

and press OK.

Segment Comment

|without blink

o |

11. Press File / Open. Change Files of type to  [Esecuic =
I Lookin: | . ERP-Auditory-itensity | cBdgBEr I
. . . . i
BESA Binary Files. Select Sl.ica.focand | . e Detemodiidd -
a “ﬁ {5 Slicafoc 30.04.2013 14:09
ecent Places
H All_Subjects_cc-testfsg 04.03.2013 14:05
h It open . l S1_av-testfsg 04.03.2013 1211
Deskiop All_Subjects_ccfsg 09.12.2009 13:35 =
= S4_avfsg 03.12.2009 12:09
u?‘ §5_avfsg 03.12.2009 12:08
Libraries S6_av.fsg 03.12.2009 12:07
lk S7_avifsg 03.12.2009 12:06
S8 avfsg 03.12.2009 12:04
Computer
S10_avfsg 03.12.2009 12:02
I $3_avfsg 03122009 11:58 o
Network 4 1 »
File pame: [st.cafoc ~] ﬂl
Files oftype [BESA Binary Files (“foc. “fsg) ~] Cancel
Folders [Data Folder |
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12. We can immediately see that the eyeblink
that was present at the position of the tag is
no longer visible. Browsing through the
data will confirm that eyeblinks are no
longer present anywhere in the data. The

if ICA-

reconstructed data without the eyeblink

guestion remains, creating
topography distorted our N100 topography.
To investigate, we will average the data

again to look at evoked potentials.

13. Press ERP / Open Paradigm. Browse to
the folder

AEP Intensity.PDG. Press Open.

Auditory and select

14. Move to the Artifact tab and press Start

Scan to exclude artifacts from averaging.

BESA Research 7.0 Tutorial
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s Useivge Brocws KA [P dlwt Sewch Tag o Opiams by

- - .
Fe| wes | saw | BAT | B8 | Tov | 1A | D3| TP En

7

[Fec Ve | S | Us | Opt [EaM [ LF | v | W | EaF ] EEG

i ——
KRN

[

[%)] Read a Paradigm Description File

Lookin: | | ﬂ * @ o B
o Name - Date modified
N "P‘ AC_OscPDG 2311.2004 14:19
ecentPlaces AEP Intensity.PDG 17.12.2009 20:34
[l P300PDG 2311.2004 1420
Deskiop
=
Libraries
A
Computer
@
Network ] i 3
File name: [s1-estPDG ~] Open |
Files of type [Paradigm Files (PDG) ~] Cancel
Directories |Parad\gm Directory LI

Tigger | Condsion | Epoch | Fiter  Amfact | Average | Coherence |

Rejection Method

[~ Figed Thresholds |¥ AnifactScan Tool

o4l

791 Trials

[¥ SortChannels by Mean

Thresholds and B
UseforAv. @ EEG C (2

Faa [® [O@ =]
¥ Gaden [0 [ 8|E0 =]
[+ LowSig [001 [T po <]
[—E color

Count_Accepted Condiion
94 (97%) 60dB s
91 (97%) 70dB

103 103 (100%) 80dB

85 84

Bad Channels

89 8 (%%) 100d8 7
189 185 (97%) Low
174 1M (971 Hioh

Sortby Eie
@ Amplitude Load
€ Gradient e
 Low Signal E'L]

oK Cancel ] Help

|
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15. Move to the Average tab and press | === -

Trigger | Condiien | Epoch | Fier | Adfact  Average | Coherence |

Average. e oo sasics
@ Mihols EECIMEG [code All Maiches -
7048 EvenMatches i~
 GurentSegment 6008 Odd Malches = L
o048 First Hal i |
 BetweenMarkers 10008 Second Half n
Low Dbettinie
 ToEndofFile i
“ g Addto List Auamation
 ToEnd ofSsgment
™ Query
 ToNextMarker Femove FromList
oo Sk _ s |
TolalCount Accepled  Condibon Constraint
54 (7% ~ s0dB A
93 91(97%) « 70dB A Aerege
104 1030100% [« 8008 A
55 84(38%) ~ 9008 A
83 85(96%) - 10008 A Eile
189 185(57%) ~ Low A
174 170(97%) « High A Ecxd]
467 458(98%) Al A B

oK Cancel | Help ‘

16. Save the average file under the suggested |Elvie A sfer -Gl

savein | | ERP-Auditory-intensity -] rEcEy
name Sl.ica av.fsg. When prompted to 2 ame Datemodificd *
@ "&ﬁ All_Subjects_cc-test.fsg 04.03.2013 14:05
- ecent Places
speC|fy a segment comment, press StOp Slav-testfsg 04032013 1211
1 All_Subjects_cc.fsg 09.12.2009 13:35
. Deskiop S4_av.fsg 02.12.2009 12:09
Asking to use the suggested names from — 5 aufsg 1220091208
“q‘ 56_av.fsg 03.12.2009 12:07
H (Comnes S7_avfsg 03.12.2009 12:06
th € parad Ig m. :k: 58 av.fsg 03.12.2009 12:04
510_av.fsg 03.12.2009 12:02
Computer
S3_av.fsg 03.12.2009 11:58 [
59_av.fsg 03.12.2009 1155
Neﬂ‘m)lk S1-blink+ERP.fsg 18.05.2005 1619
€ e 12 NC JANE 1260 N
< 1 »
File name Save |

L] 1]

Save as type [Binary High Resolution (* 1sg)

Cancel

17. The new average file will be automatically ::owrmesm s o 5w

.
F P Wrs | SAW| BAT| ERP | Tpv | ICA | DSA| TRC | E51 | Fee Vir | S | Usr | Ow | B | LF | FF | W | & ] E20
: had

opened along with the TopView window.

Close the TopViewer.

‘ ] TouE: 91 s PR o b vy IS 85 57 g 170 A s s
EISLIETLIN d d : 4 E ; !

“Tow T [T
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18. Double-click at the N100 peak in condition '_
60dB to bring up the 3D window. Make sure (7| — | | | |
to move to 94 ms using the left and right | S e et .

g8ez2

arrow keys. Scale up the topographic view : = 1 - = ]
to 0.63 pV / step. The N100 map appears
nearly undistorted.

G. Applying the Optimizing method when using ICA-reconstructed data
for source analysis

Despite the apparent lack of distortion of the N100 component in the example of ICA-reconstructed
data in section F, it is recommended to account for the artifact topographies that were subtracted
during source analysis. Whenever artifact correction is performed, a spatial dimension of the data
(the topography) is changed. This can distort the data. To prevent this distortion from affecting
source analysis, the same distortion should be applied to the leadfields. Alternatively, the spatial
dimension can be projected out of the leadfields. As BESA Research does not save any
information about the topographies that were subtracted when creating ICA-reconstructed data,

the artifact topographies need to be saved manually and later loaded in source analysis.

H H File Edit View Filters Montage Process ICA ERP Artifact Search Tags Geto Options

1. Follow steps 1 to 4 of section G inthe & 7 Wi saw| sar | e | Tov [ 1A s | Trc | E8 | Re
. .. source ! ! 1 H H

present tutorial to run ICA decomposition ; Ve o me

ICA3 — Define As Artifact Topography

on the first screen of .Locate the ICA  ca

ICA5

component reflecting the blink (usually '

ICAT Export ICA Reconstructed Data Without Selected Components: Current Screen
ICA8 Export ICA Reconstructed Data Without Selected Components: Whole File

ICA2). Right-click on the label and select e ~ene

Send Topography To Source Analysis
Save Topography

R - I

Save Topography.
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2. Save the topography under the suggested

name S1.ica.

3. Open dataset S1.ica av.fsg we created in
section G of the present tutorial. It should
be

examples folder.

located in the Auditory Intensity

4. Send condition Low to source analysis by
left-dragging a block, right-clicking and
selecting Source Analysis. Use a custom
definition of -50 to 250 ms, a Low Cutoff
Filter of 0.5 Hz, 12 dB/Oct, zero-phase
and a High Cutoff Filter of 40 Hz, 24
dB/Oct,

Analysis.

zero-phase. Press Source

BESA Research 7.0 Tutorial
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Organize ~

New folder = - [>]

Date modi
B Desktop
;‘_j Libraries No items match your search,
& Homegroup
R Isa | |
‘& Computer
@ Network
A LATE510-ISA
[ Control Panel
[ Al Control Panel Ttems

11

A Appearance and Personalization
 Clock, Language, and Region
@ Ease of Access

= Hardware and Sound v ¢ [T »
File name: -
Save as type: ’lCA Topography Files (*.ica) ']

# Hide Folders

Lookin | | ERP-Auditory-tensiy ~| tEoEr il
| Pl Name Date modified = |
~p {S1ica avfsg 30.04.2013 14:25
RecantPlaces 0 <) fearfoc 30042013 14:09
‘ All_Subjects_cc-test.fsg 04.03.2013 14:.05
Deskiop S1 av-testfsg 04.03.2013 12:11 3
== All_Subjects_cc.fsg 09.12.2009 13:35
uil' S4_avifsg 03.12.2009 12:09
Libraries S5 av.fsg 03.12.2009 12:08
‘k S6_av.fsg 03.12.2009 12:07
— S7_avfsg 03.12.2009 12:06
S8_avfsg 03.12.2009 12:04
510_av.fsg 03.12.2009 12:02 <
Network < | T »
File pame [s1ica_avisg ] Open |
Files oftype [BESA Binary Files (“foc. “fsg) ] Cancel
Folders: [Data Folder ~]

4

0 /TNt VN B (s ey B (/s et

—] Block Size and Pt Filter Setting
Status [V Enabled
 Whole Segment L Gty
Frequency [05 Ha Slope [12dbjoct | Type [zero phase
& Custom Definition Lt
< | Previous High Cutoff Status [+ Enafiled
iy e Settings
lrsn_(mg)pmfvgm Frequency [40.00  [Hz Slope [24db/act v Type |zero phase v
] 50 (ms) postEvent
B e [~ AllCandtions Source Analysis | SetBlock | Cancel |
Y AT
B BV A R [ s e AVARNPA S

n—]
AN
L]

g MV\/\/\/\,———
N

AT
N
TR
noo
AT
VAR

|

il
|

il

B e (YA B L ]
90dB: 84 avs. 100dB: 86 avs Low: 185 avs High: 170 avs : 458 avs
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5. Inthe Source Analysis Window press File /

Open Solution and select our source
model Lowlntensity 2RS.bsa.

Open.

6. Now we wil append the

File / Append ICA Components. Change

Folders to Data Folder and select S1.ica

that we created in step 2. Press Open.

7. You will see the waveform associated with
the blink topography plotted beneath the
EEG butterfly plot. We want to utilize it in

our source model.

BESA Research 7.0 Tutorial
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Press

ICA blink
component to the current solution. Press

‘ I
(5] 0pen souion -

Lockin | | ERP-Auditory-intensity -] emcm@mr
P Name Date modified
N "«: LowIntensity 2SD-testbsa 04.03.2013 16:02
ecent Places LowIntensity_25D.bsa 27.022012 16:14
-J M _2RS.bsa 09.12.2009 14:17
Deskiop Highlntensity_3RS.bsa Type: BSA File 1417
S1-AC+SChbsa Size: 731 bytes 16:06
qu\ S1-AChsa Date modified: 09.12.2009 1417 | 16:04
Libraries S2bsa 29.03.2005 15:35
1&‘ Slbsa 29.03.2005 15:32
Computer
Network T i I s
File name: [Lowlntensity_2Rs bsa | Open I
Files of type: [BESA Solutions (bsa) | Cancel
Folders |Data Folder =

<

[] Append 1A compone -

Lookin: [ | ERP-Auditory-Intensity ~| emckE~
& Name Date modified
—=p { | Slica 03.052013 12:57
Recent Places
Deskiop
uQ‘
Libraries
B
Ak/
Computer
«@
Network «| m D
Elenee [stica ~| Open |
Files oftype: [Ica Topography Files (*ica) ~] Cancel

Folders |Data Falder

Fle_Conditon 1 Solution1 Fit jmage Options

ot 6.6 / 2RSbsa
| Data Model| Res. |Order|LCA _EEG | Res.Var. mmm 43hal sligsodel 4
«|+] Low: l&uM Filters: 0.5 - 40 Hz ~ [RV.. 2.756% st
a0 SCITRE [ ue AN " 'u.m hickn WIW[W'W
e - scap bone csf
R o | vuo e ] toon
<+ ] Lowiniansity_2RS bsa EEG +

“{ Anotr| Alm\s«artnu DICs M BrainV. | "ﬂ

( Q
[on AC Lgft ‘ ‘
e m m

jsmm & waneforms j Source locations

Data (1-1 of 31)
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8.

10.

Right-click on the ICA waveform and press
Add All ICA Components to Solution.

We will now see that the blink was added to
our source model as a spatial component.
Its activity pattern for the current data can
be seen in the middle panel.

Double-click at the N100 peak at around
96 ms. The green source waveform is
nearly 0 at this point, suggesting that there
was indeed no blink activity at the N100
peak.
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Save Solution As...

Image
Display MRI

Fit Enabled Sources over Whole Se

he4 A%

I
: All off] Allfit| Startfitt DICS ||| BrainV.

1CA2 -
Componenl(s) to Soluti
Delete Selected ICA Component(s)
v Overplot Waveforms of All Channels
Data (1-10f  Overpiot Waveforms of Displayed Channels
Time: -4.00 ms

j Source locations

FileCondition 1 - Solutic

»| fow |8‘uws

-48 00 m:

Data (11 0f 31)

Data Model Res. OiderchA EEG

/RS bsa

lon1 Fit Image Options Heip Solution: C,

e DS mnz

__‘ [Rad /Mhickn | 850000 | 60000 | 7.0000 | 1.0000

y |conductivy [ 03300 [ 030 | woose |

Mode

6.
BT B
2384%

4 shal fipsoidel >

head scalp bone  csf
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11.

12,

13.

Double-click in the red source waveform
(AC_Left) and move the cursor to 52 ms
using the arrow keys on your keyboard.
Press O on the keyboard to orient the first
regional source approximately at the P50

peak.

Repeat for the blue source (AC_Right).
Now both regional sources are oriented so
that the first orientation optimally reflects
the P50 peak.

Use the arrow keys on your keyboard to
move the cursor to the peak of AC_Left at
60 ms. This coincides with the peak of the

blink component!

l)ata me Res. | Ord
ow 185avs  Fil
org |-48.00 m:

Deta (1-10f31)
Time: +52.00 ( 0.00) ms.

6.
AC_Left

6| al (appr)

%9 [124 [ 108 [ 91 [ 04

xhoc ydoc zloc x-on y-ori

fit|_DICS || Brainv, || Hid

Bsa (modified)

& waveforms ~ Jsource locations

Cursor; +5200 ms, +2189 nAm

EEG +

+| Low |B e Flers: J

48,00 m

a2
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Ele_Condition1 Solution1 Fif_fmage QOptions _telp
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When we created ICA-reconstructed data without the blink topography, we subtracted an ICA
component that was not correlated with the N100 topography. Thus, if we now tried to localize the

N100 activity in the present example, we would not make an error. However, the ICA component
we subtracted did correlate with the P50 topography! Thus, we subtracted part of the P50
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topography when creating ICA-reconstructed data. If we now tried to localize the P50 activity, we
would end up with a localization error caused by artifact correction with ICA. Therefore, it is vital
to use the subtracted ICA component in the source analysis window in order to prevent this error.
Adding the blink as a spatial component corrects the distortion of the P50 topography and allows

correct reconstruction of the underlying sources.

14. Press M on the keyboard to bring up 3D
mapping. Press the 6™ button from the
right labeled M until the 3D window is
labeled Model (volt, all).

15. Switch off the ICA component in the
middle panel by clicking on the On button.
Note how the map changes if the blink
component is left out of the model. This
difference corresponds to the distortion
imposed on the P50 map by subtracting the

blink topography.
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16. Move the cursor to the N100 peak at 96 ms
by using the arrow keys on your keyboard.
Toggle between on and off for the ICA r ‘/\/ L2008
component. Note that the N100 map is
barely influenced by the blink topography.

All off| Allfit| Startfi| sLOR |4 BrainV. |

Transparency: 100% z
Fip [« »]«] | »] FIp

[on
Mot

on

Nofit| X7
On ey

No fit| =

@ Voltage map - Model = |?" &3 ‘
8] [2 Q| ]3] Paltalfall 8
odel (volt., all) +96 00 ms

0 8 -
Source waveforms T‘

The above steps illustrate that creating ICA-reconstructed data will lead to some distortion of the

data. Therefore, the recommended strategy for performing source analysis on ICA-reconstructed

data is to use the subtracted topographies as spatial components in the source model.
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Tutorial 11 — Simultaneous EEG-fMRI

What does BESA Research provide?

v" fMRI artifact gradient removal
v Ballistocardiograph (BCG) artifact reduction
v' fMRI-informed source analysis
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Note: Currently data collected during simultaneous EEG-fMRI is not intended to be used in
any diagnostic procedures. Following this guideline, fMRI artifact removal implemented in

BESA Research may also not be used for any diagnostic procedures. This tool was developed

for research purposes only.

For acquisition of simultaneous EEG-fMRI, please use only EEG hardware that is certified for
MRI! Remember that bringing any metal or other (para-)magnetic parts into the magnetic field

area is dangerous.

When EEG data is recorded during an fMRI session there are plenty problems waiting to be
solved before being able to analyze the real brain signal. Here we going to investigate the

following:

¢ removal of fMRI gradient artifact
e reduction of heart beat-induced ballistocardiogram (BCG) and blinking artifacts

e performing source analysis of EEG-fMRI data

A. Removal of fMRI gradient artifact

The fMRI gradient artifact results from fast switching of MRI gradient coils which is a part of
volume acquisition in the Echo-Planar sequence used for fMRI imaging. This switching
introduces variable magnetic fields that in turn induce variable electrical fields in the EEG
recording system (electrodes and wires namely), as described by Maxwell’'s second law. The
induced artifact is typically very large in amplitude (i.e. approximately 16 mV in a 3T MR
scanner). Also, the frequency range of the artifact overlaps with the frequency band of

physiological EEG signal.

The artifact frequency and its harmonics can be easily assessed using the following equation
(Rusiniak et al., 2013b):
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Amp. Spectrum

_S(x+1)

oz

where fy is the harmonic frequency, x is the harmonic number, NS represents the number of
slices, and TR stands for Repetition Time of fMRI volume acquisition. As will be explained
further, each fMRI gradient removal algorithm has its limitations, so using this equation allows
to set up fMRI acquisition in a way that minimalizes frequency coupling with the band of
interest. For example, consider that we want to investigate the alpha frequency range (7-13
Hz). Using 37 slices and TR equal to 2 s ensures proper spectral separation since the first

frequency peak of fMRI gradient artifact will be at 18.5 Hz.

One of the known methods to deal with the fMRI gradient induced artifact is based on moving
average subtraction, first introduced by Allen and colleagues (2000). This type of method works

only satisfactorily when the following assumptions are true:

e Each artifact occurrence is identical
Each fMRI volume acquisition is identical (gradient switching does not alter between
volumes). This assumption is true when we take into consideration only fMRI
acquisition. However, if the subject moves during the acquisition the artifact changes
since electrode positions in relation to the local magnetic field have altered.

e EEG signal is stationary
In principle this assumption is true for the EEG signal. The signal stationarity can be
affected by the paradigm, therefore jitter between trigger events is strongly advised.

e Each start point of artifacts has to be precisely indicated
This can be achieved either by hardware clock synchronization between EEG system
and MRI machine, or by a very high sampling rate (> 10 kHz). All modern EEG
hardware units designed for simultaneous EEG-fMRI registration are capable of clock

synchronization.
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Filtration Methods
Allen et al., 2000

This method is a starting point for two other methods as well. In all methods available in BESA
Research, a moving average artifact subtraction algorithm is used and the difference between
methods can be noted in the template creation matrix.

To obtain artifact clean data C, at epoch n, the artifact template B has to be subtracted from
artifact contaminated data A. The mathematical principle for creating the artifact template at

the n-th epoch (B») is:

v g
O T A A e

i i

oo i

P (T TP PP SN e (%

R sl ol
% :

)
G
|
s
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m o
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,where m is the number of fMRI volumes recorded, k is the number of artefact volumes used
for template creation (averaging). Once an artifact template was created for every epoch, the

final subtraction can be performed:

For example, to clean the epoch indicated by the green shaded box in the image above, the
surrounding epochs — indicated by yellow color — have to be averaged first (here the averaging
constant is k = 10). After the template is created, it is subtracted from the recorded data (at
each channel independently) to obtain artefact free data. Next this procedure is repeated for

all epochs related to fMRI acquisition as indicated in the template creation matrix on the left:
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Template creation matrix

ft4RI volumes

Template creation matrix

ft4R1 volumes

Note how the template creation matrix on the right changes when the number of artifact

occurrence used for averaging is increased to k = 30.

Allen et al., 2000 Modified

This method is available only if a matching
realignment file is provided. Also, the changes
in filtration will be visible only if there is
significant movement in the data. In the
modified Allen method, the epochs where
subject’'s movement exceeds the threshold (a
recommended value for the movement
threshold is 0.3 mm) are not taken into account
during artefact template creation, as shown in
the template creation matrix at the right. Note
the vertical white lines, which indicate the
moments were movement exceeded the
threshold. As a results, the data will be filtered
but less artifact occurrences will be used for
template creation in the (temporal) vicinity of a

movement area.
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Moosmann et al., 2009

This method (Moosmann et al., 2009) is also available only if a matching realignment file is
provided. The adjustment of the template creation matrix is much more advanced than in the
modified Allen method and can be explained by following equation:

k-1 Template creation matrix

1 k-1
B, =— Z A forn>z— > orn>z

ki:z—k
- |
1 k—1 I
Bn=EZAifornS2+ > orn<z n

ft4RI wolumes

, Where all parameters are defined as above and z means an epoch nhumber when movement
exceeds the threshold. The result of this operation is shown in the template creation matrix

above.

Note that this operation results in a different shape of the template create matrix. Importantly
there are now also horizontal white lines. This indicates that there was more than one epoch
affected by movement. In such a situation the matrix is transformed to fit to the largest

movements and smaller movements are treated as in the Allen et al., 2000 Modified method.
B. Reduction of heart beat-induced ballistocardiogram (BCG)

This artifact is one of the most challenging artefacts in the EEG when acquired simultaneously

with fMRI. The artifact is related to following phenomena:

¢ Head movement due to blood ejection by the heart
Each heartbeat results in a very slight movement of the whole body due to its inertia.
In most of the cases we are not able to notice this. This tiny movement results in
BESA Research 7.0 Tutorial Page 274 of 396

Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®
Tutorial 11 — Simultaneous EEG-fMRI

movement of the electrodes, which in turn results in local magnetic field changes.
Considering the fact that in an MR scanner the static magnetic field is usually 3T this
normally negligible effect induces an artifact of amplitude larger than 100 pV.

e Arterial pulsation
The blood flow induced by the heart beat can introduce an additional factor of the
artifact. If some blood vessels are close to the skin surface the changes in blood volume
result in skin pulsation. This pulsation also moves electrodes up and down in the rhythm
of the heart beat.

e Hall effect
Blood by itself is an electrically conductive fluid, therefore the changes in blood flow

velocity related to the heartbeat add another factor altering the artefact.

All aforementioned factors contribute to the ballistocardiographic artefact and make it
particularly difficult to determine and reduce. It is worth mentioning that this artifact, as related
to the heartbeat, cannot be controlled and varies during the time of experiment. A different
approach to fMRI gradient removal has to be used to reduce its influence on data. In the
literature many different approaches (both software and hardware) can be identified, please
refer to Abreu and colleagues work (2018) for more details. Here we focus on spatial filtration
where individual artifact topographies are estimated using the PCA method. Also, we
recommend to use a surrogate model to separate brain signal from artifact subspace. More

details about this method can be found in the Besa Research Tutorial 9.

C. Example data

The example data set provided with BESA Research installation is a mixture of real and
simulated data. We used a 64-channel EEG data recorded during a simultaneous EEG-fMRI
session. It was a 5-minute resting state session with eyes open. We added simulated ERP
data to this recording. It consists of two bilateral dipolar sources simulating auditory cortex
activity. The dipoles positions in brain were set as described by Gutschalk and colleagues
(2002). Waveforms were replicated from the Low condition ERP in the Auditory Intensity

experiment also available in the example directory. The ERPs were added to the resting state
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EEG, thus simulating an ERP experiment in fMRI. The first ERP is present after the start of the

fMRI session, the inter-stimulus interval was 1.5 s with a jitter of £200 ms.

Consider the fact that in a real ERP experiment, the ERP signal would be a pure brain signal

independent of MRI scanning. Therefore, using the provided data example, we can see what

the influence of the MRI scanner environment on the data is and assess filtration results by

comparing the filtration outcome with the pure stimulation signal.

1.

From the folder
set
It

open data
contains 64 EEG channels. Data is very
noisy from the beginning, but from around
12 seconds the data is not readable — this

is the time when the fMRI sequence starts.

Press the EDF button and specify Low ::===

Cutoff filter of 0.5 Hz, 6 dB/Octave,

forward and High Cutoff filter of 30 Hz, 12 > : |
dB/Octave, zero-phase shift. Note that =~} = '

the data is still not interpretable because of

the fMRI gradient artifact.

Goto Time 00:00:12. For this data set
internal trigger names are not available, so
select Options / Display / Show Internal
Trigger Names Instead of Codes to
uncheck this option if checked. Now you will
see two trigger codes 8015 and 100. The
first indicates the start of fMRI volume
acquisition, the other one the simulated

ERPs.
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4. Select Artifact / fMRI Artifact... to open |Sterting fMRI Atifact Correction X
the dialog where all the settings for fMRI Warning: fMRI artifact correction may be used for RESEARCH PURPOSES only.
artifact filtration can be set. If you work with Press OK to continue, Cancel to return to the review window.
the international version of BESA e B =

Research, you will need to acknowledge
that this can be used for Research
purposes only before you are able to use
this feature. Please check the checkbox
and press OK on the displayed notification

window.

5. You will see the fMRI Artifact Removal

Initial settings

dialog. Note that fMRI Trigger code and | wae  fe  lorgnoibhivime o g "l e

100
Delay between marker and 'UU— e

Ien g t h Of fM R I VO I u m e Was automatlcal Iy Mumber of scans to skip: ’Ui start of volume acquisition

OCCUIANCE averages:

Movement threshold: 100 mm H

detected from the data. The automatic | nesignenae | Brawse.. [

. ]
detectlon of Ie ngth Works Only for Template creation matrix Remanvsl methad
& Tumed Off

continuous data. If you use so-called

" Allen et al, 2000

sparse fMRI acquisition you have to adjust o

(]

this value manually. The Number of

artifact occurrence averages is set to a

0K

o ]
Apply
[ |

default value. Switch Removal method to
Allen et al., 2000.

Cancel

AR volumes

6. The template creation matrix is filled

A -
i~

R ALY

il

i
)

e

instantaneously. Press Apply to perform

artifact removal. The first six seconds of the

artifact are not removed. This fMRI
sequence starts with dummy scans that do

not have associated triggers. The fMRI

images are not collected for these, so no
stimulation should be performed either.
Press OK to close dialog box.
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7. While keeping the left mouse button

pressed, drag the mouse over this noisy -

part of signal, to highlight it. Then right
click within the yellow marked area and
select the Define as artifact option from

the popup menu.

8. Go 1o 00:04:44. There is a slight movement
starting at 00:04:49. Press Artifact / fMRI
Artifact...

the value of Movement Threshold to

In the displayed window change

0.28 mm. Press Browse... button to select

Realignment file. In the dialog box that

comes up, choose
and press
Open. Now two additional methods are
available: Allen et al., 2000 Modified and

Moosmann et al., 20009.

9. Change the method to Moosmann et al.
2009 and press Apply. Note that the data
the new

is again recomputed using

algorithm. Press OK to close the window.
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10. Now we will reduce the influence of the *==i=iiases mmmmmeren
ballistocardiogram (BCG). First press the
EdF button to adjust filters to the BCG
frequency band. Specify a Low Cutoff
filter of 1 Hz, 12 dB/Octave, zero-phase
shift and High Cutoff filter of 20 Hz, 24
dB/Octave, zero-phase shift. For the P

provided dataset the Fpz channel (last in
the list) is also highly contaminated with
noise, right click on the channel label and
select Interpolate this channel from the
popup menu. The BCG is now clearly

visible.
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11. Select Search / Search, Average, View t0 |search Average View e

turn off automatic saving of averaged | | Select TagBuffer oK |
buffer. Note that the 4" button in the control | | © 1 ©2 ©3 ©4 ©5 Concal_|
ribbon changed from SAW to SAV.
Highlight one of the BCG occurrences and | - Charnel:

press the SAV button. Select a radio L = gl
button to use All channels, Current filter, | | Fiters
) ¢ 20-3B0H & Curent 1.0-200H
Current Buffer Width. Leave Threshold on ‘ L& Ouen 2
— Buifer width
the default value of 60% and Search Range HIEr
_ _ 250 150 ms I Current: -435 - 435 ms |
on Whole File. In Options you may
. ~ Threshold
uncheck Selected View after Search and e
_ _ [7e% =
Selected view 300.0% width. Press the
. — Search Range
OK button to start searching. _
= Between Markers
— Template
{* Marked Event " fweraged Tags
— Options
[~ Qe [~ Selected View after Search
v Fiestare filkers after search| [ Selected view 300.0 % width

12. After the search is finished an averaged *i==&= iiri o ommemen, : o
buffer with averaged BCG is shown on the |

left side of the screen. Right click onitand g

select whole segment. The whole buffer
will be highlighted. Right click again on the :
highlighted area and select Define Artifact

Topography. =DI"':
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13. The Artifact Correction window will be
displayed. Check the EKG check box. | e Teesehies | Esmate Sondl|
When a warning is displayed, check Do not | g = o ofleesyeenes
show this message again and press OK. | rweos [ -]

Change the No of topographies from the | "= I
Coeik [ <]
v EEG 5(0.69) - Map

number of topographies has to be selected | owen [ 7]

drop-down menu adjacent to EKG. The

with caution, however here select a number | [ dte?
with value close to 1% (i.e. 5 components). Load | Save

Note that there will be a warning that using

OK Help

too many coefficients can lead to

remove non-artifact signal. The BCG is a

very strong and complex artifact and it is ok

Maote that using too many coefficients can lead to removal of

to use a Sllghtly Stronger fiItration' thUS non-artifact signals from the data! Please select as few as possible!
! Do you want to continue?

press the Yes button to continue. After this
Yes Ma

operation the data should look much better.

Press OK to close the dialog. Increase
scaling using the up arrow on the
keyboard. Verify if data is BCG free; if not
the number of used coefficients used during

artifact correction can be adjusted.
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14. Now you can see that the F2 channel does |search Average View X
not carry a correct signal (the cable was Select Tag Buffer
broken). Right click on the channel label || © ' L£21 ©3 ©4 ©5 —
and select Interpolate this channel from 4
the popup menu. Press the EdF button to Channels
adjust filters to the blink frequency band: ® 77 CECE L
Low Cutoff filter of 1 Hz, 6 dB/Octave, Filters
forward and High Cutoff filter of 10 Hz, 12 | | “ 27 #0F SR T,
dB/Octave, zero-phase shift. Go to || Bufferwidh
00:01:30. You will see some clear blinks, || o oo AR
Left Click on the Fpl label to select this | [ e

IV 8500 % 7R |

15.

16.

channel and highlight data contaminated
with one of the blinks. Press the SAV
button again. All the settings should be
used as previously, except for Channel
selection, where Selected should now be
checked. Note that the second buffer will
be used and that for single channel based
searching the default threshold is 85.00%.

Press OK to start searching.

After the search is finished average buffers *:===
with averaged BCG and blink are shown on
the left side of the screen. Right click on
the first displayed buffer indicated with red
color and select whole segment. The
whole buffer will be highlighted. Right click -

again on the highlighted area and select M‘

Define Artifact Topography.

In the displayed Artifact Correction dialog

box check the Blink checkbox, leave No of

Search Fange

* ‘w'hole File

Template

* Marked Event

Options
[ Query

[v¥ Festore filkers after search

™ Between Markers

I Selected View after Search

[ Selected view 300.0 % width
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topographies at 1, and press OK. Data

can be now considered artifact free.

17. Press the ERP  button, select [ —

Tigger | Condiion | Epoch | Fker  Affact | Average | Coherence |

fl Ie and Rejection Method - Thresholds and Bad Channels
(I' Fived Threshultm‘ Start Scan | Usefor Av. & EEG ¢ MAG € GRA
— e

press OK. Switch to the Artifact tab and | © S I

FGmd\emITSD | 0B -]

press Start Scan. The threshold values P lovse o1 [0 ]
Bad Channels |—D

~Count _Accepted _Condiion

201 192 (95%) Condtion 1

may be left at default values.

ot b Fi
s & fmpitudel oo
" Gradient
0 T & ot Channels by Mean [ Log. Display 2% | € Low Signal ERE|
[ ok | concel | ko |
18. SWltCh to the Average tab and preSS Artifact Correction Switched On for Averaging X

Averag e. Press the Yes button on the Artifact Correction may distort brain topographies. For discrete source analyziz it iz

preferable to use uncomected data and include artifact topographies in the sounce model.

display dialog to turn off the artifact | Pess , ,
‘Yes ko turn off artifact comection
Mo to uge it hevertheless

correction during averaging process. We | Cancelto qut averaging

will perform artifact correction in the next Vs No Cancel

step.

19. Save the result of averaging using the file

name

Press OK on the displayed dialog.

20. Open the file. — =
M M H — [a]o} 1Z€ &b osion tker etting
This is a modeled ERP data which was [—— | == B a5 s
L : e O i o il X B T
used during simulation. Press CTRI-L on |——— g T T
the keyboard. In the displayed dialog, press [——— ;u Feor 00 e e o =] Toe oo ]
— 3000 [ms] post-Event
Browse... in the section Coregistration ———— - ;o Sarcotvabss | st | oo |
file (*.sfh). Select file
I‘\/“—T(—
‘ S e S
file from

the experiment’'s main folder. Highlight a
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block of data and right-click on it. Select
Source Analysis from popup menu. Select
an interval from -100 to 300 ms and set
filters as specified: low cutoff filter of 0.5
Hz, 6 dB/Octave, forward and high Cutoff
filter of 20 Hz, 24 dB/Octave, zero-phase
shift.

21. In the Source Analysis window, insert two .= = == = =
dipol by double clicking twi 2 ‘ o e
ipolar sources by double clicking twice _@,_‘—.— WAVAIN VS

% r
into the head schemes in the right area of -

the window. Select a fitting interval of 70 ms A
to 95 ms. Select Individual FEM as head N\

model. Press the All fit button and then the Vo it a3 o S (O )

B 4

Start fit button. Dipoles are located ---
perfectly in the auditory cortex and the

residual variance is almost equal to zero.

22. Minimize the Source Analysis window and |Arifsct Correction ?

Select Topographies  Estimate Signal l

go back to the main BESA Research

Surrogate Model: Regularization

Window. Press the -F button to go back to

Artifact [%]: 0o
the averaged file: | | Bainiz: P

Surrogate Model: PCA threshold

23. You will note that ERPs are highly | """ o

i X X . Model of Brain Activity = —
contaminated with artifacts. Press Artifact | | ¢ agaive & sumgate © None (557 -Regiession] | ranectie
Surrogate dipole model [*.bza)

l Load "e and SeIeCt the preVIOUSIy rogateModels\BR_Brain Regions LR bza  Browse..

automatically created file:

QK | Cancel Help

Press

Artifact / Options... and switch Model of
Brain Activity to Surrogate (use the
default model:
). Press OK to close the
dialog.
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24. Increase the High cutoff filter to 20Hz, =iee i s
24dB/Octave, zero-phase shift. Highlight
a block of data by left mouse-drag and
right-click on it. Select Source Analysis
from the popup menu. Select an interval
from -100 to 300 ms. Make sure that the -

following filters are specified: low cutoff i

filter of 0.5Hz, 6dB/Octave, forward and
high Cutoff filter of 20Hz, 24dB/Octave,

zero-phase shift.

25. Note that the previous model does NOt .= .= == wmepoe o oo s
explain all of the signal. Disable both

dipoles from the previous model by clicking

on the On button beside each dipole
waveform to switch to Off. Insert two new .
dipolar sources by double clicking twice ~—  m /|t %

in the head schemes in the right window ---. :

area. Select a fitting interval from 70 ms to
95 ms by left mouse-drag over the
waveforms. Make sure that Individual FEM
is selected as head model at the top right.
Press the All fit button and the Start fit
button. Dipoles are located in the auditory
cortex, but in slightly different positions.
Residual variance is smaller than before
but still not close to zero due to noise in the

data.
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26.

27.

Press A on the keyboard to show the

anatomy. Press ﬁl on the toolbar to switch
to multiple view. Press Shift-A to display
the brain atlas. Right-click on the 3D area
and select Options... from the popup
to AAL,
visualization mode to brainCOLOR and

menu. Change Brain atlas
press OK. Now you can see that one of the
sources is in the Rolandic operculum, and
the second one in the Superior Temporal

Gyrus.

Press Image / Import fMRI. Change filter
to ANALYZE/NIfTI files and select

file. On the next dialog box
uncheck Load negative values, set
Degrees of Freedom to 59 and statistical
threshold to 0.001. The voxel
threshold will adjust automatically. Press

OK.

value
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28. Press Shift-A to turn off the atlas. Note that =

dipoles are not matched perfectly with fMRI

results, however they indicate the same [
region. In the button row above the Global
Field Power section (top center part of the
window) press the Weight by Image
button. Again, press the All Fit button and
the Start Fit button. Turn the brain atlas off

again (Shift-A) and note that both sources

are now located in the superior temporal

lobe.

D. Good practice

Please keep in mind that simultaneous EEG-fMRI recording is a difficult yet powerful

technique. The following rules could help one to perform a successful experiment:

e For an ERP experiment remember to introduce temporal jitter between trials (e.g. a
random value in the range of £200 ms). Also, applying a pure EEG or a pure fMRI
paradigm will probably have the effect that one of the modalities will not show satisfying
results. Proper paradigm preparation is essential for success. Some further guidelines
can be found here: (Rusiniak et al., 2013a).

¢ Inform your subject how important it is not to move.

o Keep electrode to skin impedance as low as possible.

e The EEG-fMRI recording session should be long enough to allow for proper artifact
creation. Usually the experiment should last at least 6 minutes.

e At the same time try to limit the time of experiment to a minimum and preferably
perform EEG-fMRI registration before other sequences to limit movement due to an
inconvenient supine position.

¢ From the standard position, move the subject about 4 cm towards caudal direction
to reduce artifacts: The MRI laser crosshair should be not in the Nasion position but in
the middle of forehead (Mullinger et al., 2011).
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e Especially for the first few registrations repeat the experiment outside of the MR

bore to compare results.
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Tutorial 12 — Time-frequency Analysis, Connectivity Analysis and
Beamforming

What does BESA Research provide?

v' Time-Frequency Analysis

o

o

Complex Demodulation

Wavelets (Morlet / Mexican Hat)

v Connectivity Analysis

o

o

o

o

o

o

Coherence

Imaginary Part of Coherency

Phase Locking Value

Non-parametric Granger Causality
Non-parametric Partial Directed Coherence

Non-parametric Directed Transfer Function

v" Multiple Source Beamforming

v" Dynamic Imaging of Coherent Sources (DICS)
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A. Introduction to Time-Frequency Analysis

Recently, an increasing number of papers on oscillatory coupling between brain regions and
on time-frequency analysis of human EEG and MEG data has been published. BESA

Connectivity provides several tools for fast and user-friendly time-frequency analysis.

Due to the fact that oscillatory components in EEG or MEG signals are not necessarily time-
locked to an event, these components will be cancelled out when averaging across trials and
therefore, will not be represented in an ERP / ERF analysis. Time-frequency analysis is able
to reveal signal that are related to a stimulus, but not perfectly time-locked. It reveals which
frequencies have the most power at specific latencies and how their phase synchronizes
across time. The decomposition of a time-series into complex numbers for specified latencies
and frequencies provide the magnitude and phase angles of the oscillations. To extract this
information, a sliding time-window is used that compares the EEG / MEG signal to a reference
template at multiple frequencies. This multiplication of a time-series with a windowed
transformation function is a mathematical operation called convolution. Common templates are

Morlet and Mexican Hat wavelets, as well as sine and cosine waves.

Fri_ | ACSD FrR|ACSD

Al ACOH ACHL_ACOD ‘PWFCQD ACHfl, ACaD ACsR_ACOI
FE‘FM' : i ; e P
e
OrL| ACSD Or: ACSD

BESA Connectivity uses TSE (temporal-spectral evolution) plots to visualize changes in power
or amplitude over time normalized to the mean power or amplitude of the baseline epoch for

the respective frequency (see figure above).

BESA Research 7.0 Tutorial Page 290 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

B. Introduction to Connectivity Analysis

Brain connectivity is based on two central principles that form the functional organization of
the brain. These principles are characterized by segregation and integration of information
being processed. Modes of brain connectivity of large-scale brain networks are divided up
into three separate, but related aspects: structural connectivity, functional connectivity and

effective connectivity.

e Structural connectivity, also called anatomical connectivity refers to the anatomical
structure of the brain.

e Functional connectivity is defined as the temporal correlation of spatially separated
brain areas.

e Effective connectivity combines anatomical and functional connectivity, as it provides

a measure for the directional influence of one neural system over another.

BESA Connectivity provides the following methods to estimate functional or effective

connectivity collected from EEG and MEG recordings:

e Coherence (Rosenberg et al., 1989)

¢ Imaginary Part of Coherency (Nolte et al., 2004)

¢ Phase Locking Value (Lachaux et al., 1999)

¢ Non-parametric Granger Causality (in the frequency domain; Granger, 1969;
Geweke, 1982)

¢ Non-parametric Directed Transfer Function (Kaminski and Blinowska, 1991)

¢ Non-parametric Partial Directed Coherence (Baccala and Sameshima, 2001)

Non-parametric Granger causality, Directed Transfer Function and Partial Directed
Coherence are based on a non-parametric estimation of the transfer matrix (Wilson, 1972;
Dhamala et al., 2008).
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C. Simulation of evoked activity and oscillations in the auditory cortex

The simulated data sets can be found in subfolder of
the BESA Research Examples folder. The data have been generated by superimposing a real

(on)
¢ @J\@ [%
-

Dipole 1
Dipole 2
i ol Ll Ll L
DIpO'e 3 éI'IHJ’ i é‘m" : i'\m.' é él'|||‘.
Dipole 4 g.‘:“::‘._ | 5"'|lih." 5_."'!”1‘; E_.|.||[I|lln|.,

T1 T2 T T2 T1 T2 T1 T2

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 yV 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 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_Osc5h.foc) and 20 pV (file AC_0Osc20.foc), respectively. The oscillation of

dipole 4 follows that of dipole 3 with a constant delay of 5 ms.
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D. Prepare Data for Time-Frequency Analysis

1.

Open file Learn-by-Simulations\AC-
Coherence\AC_0Osc20.foc in the BESA
Research Examples folder. Note that e.qg.
at electrode C3 the evoked monophasic
response locked to trigger 1 is just visible
on top of the background noise. The
oscillatory activity following trigger 2 can be

observed as well.

In order to better understand the properties
of the simulated activity, we load the
averaged evoked response file. Open file
AC-Coherence\AC_0Osc20.fsg.
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Select Data Files X
Lookn: [ || ACCoherence > «®mcE
* Name 2 Date modified Type
) [7] AC_Osc5.foc 2003-03-135:17PM  FOC File
%% [ AC_Osc5sg 2003-03-127:11PM  FSG File
Vil [ AC_Osc20foc 2003-03-135:26PM  FOC File
Deskiop ([ TAC Oscaofsg 2003-03-127:08PM__ FSG File
m
Libraries
This PC
Netwok < >
Fie name: [Ac_osc201sg =l oen |
Files of type: [BESA Binary Fies (*foc. “fsq) ~| Cancel |
Folders: | Data Folder ~l
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(8 BESA Research 7.0 - C\..les\Leam-by-Simulations\AC-Coherence\AC_Osc20.f5q

3. The first segment contains the average Fle Edit View Fiter: Momage Process ICA ERP Adfoct Sewch Tage Goto Options Help

-F |F+| Wrs | SAV | BAT | ERP | TpV | ICA | DSA | TFC | ESI [[Rec |
F9 MWWMW
averaged segment is time-locked to the | memww

. I . Fot 1

onset of the jittering oscillations. Relative to R S W NS

17 AWWWWMM

stimulus onset, the induced oscillations A S /S W I

cancel out in the average. The jitter in the  |o [ AT T AT T T

R S e T e T et

frequency range of the oscillation (20-28 Fpz mew«wwm
Fz M/WMWWW“W

Hz) also reduced the signal average o s

relative to the onset of the oscillation. Note [y [ 04 T

ca WA,/\/HMWWW

triggered by the stimulus onset, the second

that the wave shape of the monophasic TR v W SSERUS FWISRE P
e e B L e
activity is altered by low cutoff filtering S R RN DR A

T8 MMWMWWWW
applied to the average to reduce slow drifts o IS RSN WS Sy
L S B T B

in the data. el e A A A NG e
P10 |y MWWMWWW
StOn: 182 avs OscOn: 182 avs.
4“"‘°|> 1|»‘|'\
[Time: 00:00:00 [Total: 00:00:03 Offs: 00:00:00 Cur:
4. To see how the averaged surface activity is o e e i i 2 e
transformed into brain space, we use the o -
source analysis module. Left-drag over the
first segment. Right-click and select o [
Source Analysis. For this segment, we e -
use an interval from -50 to 1000 ms and o [ e
choose a Low Cutoff filter of 1.6 Hz, 12
dB/Oct zero-phase and set the High [
Cutoff filter to 40 Hz, 24 dB/Oct, zero- B s A p—
phase 1""":I’|”'.|~\II i "j :
Block Size and Position Filter Settings
L — Low Cutoft Status |[¥ Enabled
S P Frequency [16 [Hz) Slope [12cbjoct | Type[zem phase |
- E’z‘fﬂj High Cutoff Status [V Enabled
For () pre-gvent * Frequency (400 [Hz] Slops [z4dbjoct v | Tupe [zero phase =
,W (mg) postEvent

[~ All Canditions Source Analysis Set Block Cancel
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5. The source analysis window opens. @S safostn s o
" Whaole Segment Low Cutoff

Minimize this window to load the second | « ssemgsier Eroquency [[5 (g Siape [12dbjoct =] Typa eero phace < |

=1 ;’;i;;;f High Cutoft Staus v Enahled

segment as well, but now select an epoch g peren  Fovers 0 b Some Pz =] e hose <]

{ms) postEvent

[~ All Conditions Source Analysis | Set Block | Cancel |

from -500 to +500 ms relative to the onset

of the oscillation.

6. Select File / Open Solution to load the
Lookin [ . AC-Coherence x| c@cEr
predefined solution AC9D bsa. ! &, e . Date mosifies
P [ Ac9Dbsa 05032003 1047
-\
Deskion
uﬁl'
Libraries
Ay
Computer
&;k < m | 3
File name [acaD.bsa ~| Open I
Files of type [BESA Solutions ("bsa) ~] Cancel
Folders [Data Folder ~|
=)

—
0.fsg - OscOn: 182 avs, Filters: L6 - 40 Hz, -500 .. +500 ms - Source analysis.

7. The model contains the two pairs of dipoles | G S 0 b e

Solution: C: by Cohﬂ!nu\MZQDhsa |

Data Mod. | Res. PCA __E_Eg‘{ Res. V. Enery [bAn. ist gge

that were used for the simulation. In ‘&{;st%o“‘m S ot io0n __Jm ffﬁ WW‘
Wl ot T e |
e . . | e ot e e Model: 4 shell elipsoidal
addition, five probe sources are included T e S
Fz Yo S Loff] Alfit| Startfit] User V| BV |[Fug
that pick up background EEG activation. In —

condition OscOn (containing the oscillation- P L

locked averages), dipoles 3 and 4 show

small oscillatory activities. The evoked SN

;@

activation in sources 1 and 2 is barely | or——ar—o- . .o :
Data Residual (1-12 of 27) ~|source wavetorms ~ JSource locations -
visible, because of its large onset jitter with '
respect to trigger 2.
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8.

Use the arrow buttons in the upper left
corner to switch to condition 1. The time- ¢
locked evoked activity appears only in the
related sources 1 and 2. The induced
oscillations in source waveforms 3 and 4
cancel out almost completely. The five
probe sources show only small background
noise activity. Note the almost complete
separation of the activities in the different
brain regions as compared to their wide

distribution in the scalp waveforms.

We want to use our nine-dipole model as a
source montage for the continuous data.
the
by
selecting File / Save Source Montage
As..

only contains the source coordinates, but

Create a source montage from
displayed multiple source model
.. Note that the source montage not
also stores the selected regularization

constant (set to 1 by default).
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File | Condition1 Selutionl Fit Image Options Help

Open Solution...
Append Solution

Save Solution
Save Solution As...

Save Source Waveforms.
Save Source Waveforms As..

Save Source Montage
Save Source Montage As..

Save Source Analysis Window as Bitmap...
Save 3D Window as Bitmap...

Send to MATLAB.

1 G\ .. \Learn-by-Simulations\AC-Coherence\ACID.bsa

2\ . \E RP-Auditory y  IRS.bsa

3G\ \E RP-Auditory y  3RS_AEP-testbsa
40N\ L \E RP-Auditory y _3RS.bsa

5 C\ .. \Montages\SurrogateModelS\AEP.bsa

6 C\ .. \Montages\SurrogateModels\BR_Brain Regions_LR.bsa

7 C\ .. \Examples\ERP-Auditory-Intensity\S1_av.bsa

8 C.\ .. \Examples\ERP-Auditory-Intensity\S1bsa

9 G\l uditory ity ity_25D-testbsa
More

Display Complete Paths.
Exit
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10. When prompted for a name for the montage B seesourcemorage *
Savein: || | ACCoherence | ek B~
to be saved, enter . Press Save. This #rem 8 Detemodficd  Type
i Cuick access | ]RCO.mtg 07.03.2003 09:23 MTG File
will create the new source montage and — Retmig ROAMGTEZ | MTGFile
. | JRCZimtg 07.03.2003 08:53 MTG File
. . . . esktol || RC4.mt 12.03.2003 1813 MTG File
automatically apply it to the current file in e ’
the main window. wereres
o
This PC
o
Netwokk € >
File name: |ACED.nvtg ﬂ Save
Saveastype:  |BESA Source Montages (" mig) | Caneel
Folders: |Data Folder j
11. Close the source analysis WiNAOW. The i w i s v ree o o e o 1o oo oo e

g
-F [F+| Wrs | SAW | BAT [ ERP [ TpV | ICA [ DSA | TFC | ESI | Rec | Vir | Src | Usr Opt | EdM |
source ACSD :

N7 S D
J YRS VU S

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

DD DD

time-locked activity in source 1 & 2 and the

g
|

induced oscillatory activity in sources 3 & 4.

@ SN SN U S
Y
StOn: 182 avs 0OscOn: 182 avs
KR '
[Time: 00:00:00 [Total: 00:00:03 Offs: 00:00:00 Cur: Filters: 1.6 - 40 Hz
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12. Next, we want to apply this source montage
to transform the continuous data. Press the

-F  button to back

. Press the USR button in

the push button bar to show all user-

switch to file

montages that are available for this file.
Select the predefined montage AC9D.

13. The continuous 27-channel EEG data has

been transformed to nine source
waveforms. We want to use the advantage
of having contrasted the activities of the
apply

frequency analysis to the nine source

different waveforms to time-

waveforms and analyze the connectivity

between them.

BESA Research 7.0 Tutorial
Copyright © 2018
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14. Select ERP / Open Paradigm to load the
Lookin || Auditory v ememE~
i i i i B Name - Date modified
predefined settings in file S Dremodtied___ |
Auditory\AC Osc.pdg in the Paradigm W 211004 590
Deskiop
directory. =
A
Computer
Neﬁml‘k < i | v
File name: [ac_osepPoa ~| Open I
Files of type: [Paradigm Files (* PDG) ~]| Cancel
Directories |Paradigm Director =]
g Yy @
oy | Paradigm
15. Conditions StOn and OSCON  WEre | = e | | s | oo | comee |
predefined to represent triggers 1 and 2. | *~ Gt e Tew B2
. [M—E?E o — ! Insent
200 events are detected for stimulus onset - s -
- - Condition Count
and oscillation onset. 50 = —
o o Oscn Curentcode s 2 _ao |
OR
i}
= Load [
Seve As
ok | camcel | Help ‘
. . ! paradigm
16. View the Epoch tab. The epoch Settings | . e e | e sse | oo | covmne |
have been predefined to span a sufficiently o o

StanPositon EEE  me [0 m= | faoo m | oo ms | o0
long epoch including a baseline of 400 ms Gl R | LN | KR G | I

for TSE. Note the different settings for both oo || ot e |

Currant Assignments

conditions. The later oscillatory onset e N e

OscOn |-800..800 ms -800..500 ms -800..800 ms 0.0ms 0ms
requires an earlier baseline prior to stimulus .
Load
onset. Seie

oK cancel | hep |
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17.

18.

19.

In the Filter tab no filters are selected, in
order to obtain undistorted results of the
time-frequency analysis. In the presence of
strong low frequency activity, it can be
useful to set a low cutoff of 0.2, 0.5, 1, or
1.6 Hz.

Select the Artifact tab and press Start
Scan. Artifact epochs are automatically
identified and excluded according to the
default thresholds displayed in the upper
right corner. Sort by amplitude, gradient
by the

corresponding item in the Sort by box. The

and low signal checking
suggested threshold settings do not have to

be modified for the current file.

Select the Coherence tab. The Condition
drop down menu allows choosing one
condition for event-related time-frequency
analysis. The time-frequency sampling
settings in the Settings box are only
relevant if you want to use the built-in
Source Coherence module. We can ignore

them for the moment.

Trigger | Condon | Epoch  Fiter | Adfact | Average | Coherence |

Low Cutatt

[~ Engbled for Sean [~ Ensbled or Averaging

Erequency [110  [Hg) Slape [5 dbjoct

High Cutolt

=] Ieefoes =

[~ Enahled for Scon [~ Ensbled for Averaging

Fregquency [3500 [Hz) Sloge [24dbjoct v

Twpe [rerophaze =]

Band Pass Flle
Ensbled for Aerag
[~ Ensbled for Aueiaging ez
Frequency [B000  [Hz) widh [500 (Mg Save As

Trigger | Condibon | Epoch | Fiter  AmBct | Averaga | Cohersnce |
Rejection Method 5 Th Channelz
[~ Fued Thresholds v Asitact Scan Tool UsetorAv. @ EFG o C
= amp [0 120

[+ Gradient [750 ,T 750
& Lowsig [001 'T oo =]

Il
Bad Chonnets [ o

Count_Accepted  Condiion

200 168 (84%) Sn
200 163 (84%) OscOn

‘ \" I ": .!I- H“"\"""Fu ':

\ \‘l*

Sonby. Eile
& Ampltuds =]
€ Gradient [t |
Sove As
Trial
D THeE o snChamelsby Mamn I Log Dieplay "% | LawsSignal
oK cancel | Hep |
Paradigm ? X
Trigger Condton | Epoch | Fiter | Atfact | Average [ Cohersnce
- Important note: Time-Frequency Analysis is for research use only. Resuks may not be used for diagnostic purposes!
& Time Frequency Analysis Target Condition ™ Use Control Condition
[ston = | [ &
eiting Regional Sour
Frequency and Time Sampling 20Hz. 25ms - % Radial Orientation
Lower Frequency Cutoff £0H: - © Al Traces
Higher Frequency Cutoff 50.0 Hz A " First Orientation
Scan for Artfacts | Start Copnectiviy | Start Time-Frequency Analysis |

OK I

Cancel | hep |
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20. Press the button Start Connectivity. Data Exporting to simple binary matrix
is exported for BESA Connectivity.

B3 %
[ ]
Abort
21. Subsequently, a file dialog is opened to B scsss comediiy progam *
. Lookin: | | | Connectivity 1.0 j L] EF '
select the BESA Connectivity program. # - Delemodiicd | Type
Please select the file BESACONNECtivity | ek 7o 14208 100 | Ferone
- ’JSystem 11.04.2018 17:00 File folder
.exe in the installation directory of BESA | teswop  EesaConnedivityex 060320181627 Applicatic
- [ hasp_rt.exe 03.07.2017 15:18 Applicatic
Connectivity (default: C:\Program | .
Files\BESA\Connectivity 1.0\) and press T;!PC
Open. Note that this step only needs to be = &
Network < >
performed once, when starting BESA Flemsme:  [BesaConmectviy exe =] en |
.. . . Files of type: IConnedlvnypmgramname('_axe] ;I Cancel
Connectivity for the first time. (To change o | =
this assignment at a later stage, hold down
the Shift key when clicking the Start
Connectivity button).
E. Time-Frequency Analysis with Simulated Data
1. BESA Connectivity will open. Press Accept BESA® Version 1.0 April 2018

- BESA GmbH, 82166 Graefelfing, Germany
Connectlvlty Copyright ® 2018 - all rights reserved.

in the welcome screen.

The BESA Connectivity software is licensed for use on a single computer
system. All warranties of any kind are hereby disclaimed, including all

warranties offitness for a particular purpose.

The BESA Connectivity software is not a clinical product Itis not allowed
to use this software directly or indirectly for medical diagnosis andior

treatment of humans

For research use only!
Not for the use in diagnostic procedures!
Please read the User Manual before first use!

BESA Connectivity makes use of unmodified
Qt 5.6 - (C) Copyright 2016 Nokia

license. (See N Workspace._BESACom

for further information )

If you accept the licensing conditions, dlick "Accept, else click ‘Cancer

TR T
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When BESA Connectivity is opened for the
first time, the project folder needs to be
defined. This is the folder where BESA
Connectivity stores and reads all project
and result data. A dialog box appears.
Press OK to confirm the pre-selected
folder.

A new time-frequency project is started
automatically. To compare results from
different time-frequency decompositions,
also enable Wavelet Transform using
Morlet wavelets. Press Next on the bottom

right (or hit the space bar).

4, Press Load Data for StOn in the

interaction window.

BESA Research 7.0 Tutorial
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

@ Select the BESA Connectivity Data Folder X

Please select the BESA Connectivity Data Folder.
All project data will be saved to this folder.

Mote: if needed. you may switch between different BESA Connectivity Data folders using the menu item
‘File — Select Data Folder.

C-Wsers\Public\Documents\BESA Connectivity\Projects\

OK

| 1YBESA

Load Data for StOn |
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5. Please browse to the folder

and select the
AC_0Osc20_StOn_AC9D.generic file we
previously exported for condition “StOn”.
Press Open.

6. A summary of the loaded file will be
displayed in the main window and a green
tick-mark will appear next to the Load
button. Press Next on the bottom right (or
hit the space bar) to go to the next work

step.

BESA Research 7.0 Tutorial
Copyright © 2018
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@ Load Data

Organize ~

4 1 » ThisPC » Documents

Mew folder

# Quick access

AC_0s220_5t0n_ACOD generic

&2 Dropbox

= This PC

o Network

*4 Homegroup

File name: | AC_0sc20_$10n_ACID.generic

$tOn

‘Condition name (from file):

Filename:

Number of trials:
Number of channels:
Sampling rate:

Epoch start:

Epoch end:

Epoch length:
Pre-stimulus interval:
Baseline start:
Baseline end:
Padding:

» BESA > Research 7.0 » Export

Ston

11042018 17:26 ENERIC File

- Generic Files (*generic)

C:/Users/Robert/Documenis/BESA/
Research_7_0Export/
AC_0sc20_StOn_ACSD.generic

168
9

320 samples/s

-400 ms
1200 ms
1600 ms
400 ms.
-400 ms
0ms
2000 ms

Page 304 of 396

www.besa.de



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

© BESA Comectivey 1.0 New Connectiviy projet
Blo EGt View Eon Help

Set Parameters ] { B ESA

s34

Time Frequency Anslysis Time-frequency Sefings

Set Project Targets v
Sewct Trws
Load Data v =
&l e | A
Set Parameters Trel 1
raiz
Frijacso FrR|ACSO Trais
Trais
Trals
el
ral7
Trel8
Trals
o1 10

R

Low Frequency Cutoft

Tons
—— e
eaone
P
W
—

Waveket Type: Woret
Wavelet odth <

vv

Namber of Oachatons €

Cormplex Demodustion Setsngs
Tre-Frequency Sameing

< osaoms v >

ot ACSD m’l ACID
Dagiay Left Dapley TopRignt

1504 ACIR_ACID 00 ACPR_ACY | (4 Average 1 & conston 1
Sekect Source
< acoR_acso >

Curreat Latency [ms]

IC I | >

Dagiay Setings

Scalex 10

<1 >
e — =
<l >

e | [ ]

7. Waveforms of the currently loaded dataset are visualized in this work step. The signals of all
sources for the currently selected trial are displayed in the main window. An average over all
trials for the selected source channel is displayed in the left detail window. The right detail

window shows the waveform of the current trial for the selected source.
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Trials containing artifacts and/or noisy
signals can be excluded from further
analysis by removing the green checkmark
icon to the right of the corresponding trial
with a left-click. However, this is not
necessary for this dataset since artifact
rejection was already performed in BESA

Research.

After removing unwanted trials, the average
is recomputed and displayed in the left
detail window for the currently selected

source channel.

Different source channels can be selected
in the drop-down menu of the interaction

window.

BESA Research 7.0 Tutorial
Copyright © 2018
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Time-Freguency Settings

Select Trials

Trial . | Included ~
Trial 1 -

Trial 2

Trial 3 w

Trial 4

Trial 5

Trial &

Trial 7 W/

Trial & -

Trial & -

Trial 10 -

Trial 11 W b

Display Left Display Top/Right

Awverage 1 Condition 1

Select Source

< || ACpR_ACID -
FACPR_ACOD
ACpL_ACSD
AC=zR_ACSD
ACszlL_ACSD
FrR_ACSD
FrL_ACSD
Pri1_ACSD
OrR_ACSD

Current Latency [ms]

<

Display Settings

Scale Orl_ACSD

<

Zoomx 1.0

<l

Previous Next
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10. The Time-Frequency Settings section Low Freguency Cutoff
provides drop-down boxes to define the 20Mz T
High Freguency Cutoff
frequency interval. We will use the default 150.0 Hz -

frequency range of 2.0 Hz to 150.0 Hz.

Wavelet Seftings

Wawelet Type: Morlet

Wavelet Width P >
Humber of Oscillations { )

Complex Demodulation Settings

Time-Freguency Sampling

£ | 05Hz, 100ms ||

11. If Wavelet Transform was selected in the first work step, the Wavelet Settings section is
displayed. The parameter Wavelet Width determines the length of the used wavelets in
standard deviations of the implicit Gaussian kernel. The parameter Number of Oscillations
defines the width of the wavelets in number of cycles. ‘Shorter’ wavelets will provide a finer

temporal resolution at the expense of a coarser frequency resolution and vice versa.

The Complex Demodulation Settings section is displayed if the method was selected in
the Set Project Targets work step. For the time-frequency sampling, a compromise has to
be made between high frequency and low temporal resolution or low frequency and high
temporal resolution. Default time-frequency sampling is intermediate with a frequency

sampling of 1.0 Hz and a time sampling of 50 ms.

Press Next or hit the space bar to continue.
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12. Press Run Time-Frequency Analysis to

start the time-frequency decomposition
using the selected methods and defined

settings.

13. An information window appears
summarizing the settings for the time-
frequency methods. Press OK to continue.
Please note that the following calculations
can be time-consuming depending on the
selected methods, settings, type of data

and the data length.

BESA Research 7.0 Tutorial
Copyright © 2018
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'BESA
Pas ———
- ~
/ N
I “\‘.
‘ i
A M
\ )
e I
==
@ BEsa Connectivity *

The settings for running the time-frequency analysis are as follows:
Wavelet settings:

Use Morlet wavelets.

Wavelets width: 3

Wavelet oscillations: 7
Complex Demodulation settings:

Time-frequency sampling: 0.5Hz, 100ms

o] o]
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© BESA Comectivey 1.0 New Connectiviy projet o
Ele Eot View Ewon Help

= x
Perform Calculations ] B E SA

4 e

T RV

nnnnnn

14. After all calculations are completed, the Temporal-Spectral Evolution (TSE) visualization for
the selected time-frequency method are displayed in the main window. TSE shows the
power/amplitude for each time-frequency bin, normalized to the mean power/amplitude of
the baseline epoch for that frequency. Whether amplitude or power is used for visualization
can be chosen in the Select Display Type section of the interaction window. Absolute

power or amplitude values can be displayed when selecting the ABS option.

The left detail window shows the averaged waveform of the currently selected source,
whereas the TSE/ABS visualization for the currently selected source is displayed in the right

detail window.

For Complex Demodulation, induced activity around 25 Hz appears in channels ACsL and
ACsR in the latency range of 400 ms to 800 ms. The short mono-phasic time-locked activity
of the sources ACpL and ACpR is revealed in the latency range of 50 ms — 200 ms. Wavelet

Transform shows induced activity in a narrower time window from 550 ms to 740 ms.
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@© save Project As... x

15. Press Finish to save and close this time-

Time-Frequency Projects

frequency project. Please enter

as Selected Project name and
press Save to store the project and go back
to the start-up screen.

Selected Group: [Tme-Frequency Projects [ save_ ]

Setcted rofect. [SOTA

ProjectType: | Time-Freguency Proje

F. Connectivity Analysis with Simulated Data

1. Press Connectivity Analysis to start a _BESA
new connectivity analysis workflow.
2. The first work step provides an overview of
all connectivity methods that are available. Select Connectivity Methods
selected folder. Well-established methods Coherence (Rosenberg et al, 1989)
like Coherence, Imaginary Part of Imaginary Part of Coherence (Molte et al.,
. 2008)
Coherency and Phase Locking Value are Phase Locking Value (Lachaux ef al,
supported, as well as state-of-the-art 1958}
. . . Granger Causality (Granger, 19659
methods like Granger Causality, Partial ] _g _ — :
Partial Directed Coherence (Baccala and
Directed Coherence and Directed Transfer Sameshima, 2001)
. /] Directed Transfer Function (Kaminski
Function. Please select all methods to rected Transfer Punction (Kaminsk
and Blinowska, 1551}
enable a comprehensive comparison of all
options.
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Press Next on the bottom right (or hit the
space bar) to get to the next work step.

3. Press Select Time-Frequency Input |2™ —
Project to load the currently saved time-
frequency results for the StOn condition. A
summary of the loaded data file is shown in
the main window.
Press Next or hit the space bar to continue.
Selected Group: | Time-Frequency Projects

@ BESA Comnectivy 1.0~ Time-Frequency Projects - New Connectivy poject
Blo E0t View Eon Help

Set Parameters } 5 BESA

sdd
Coanectivty Analysis Non-Parsetnc Wethods Setings
Set Project Targets v
Numter of beratons 100
Load Data v - e =
Toerance < e3>
Set Parameters
| Setct Time-Frequency Method
% Complex Demodulaton -
2 Sewct Dgay Type
4 T & Anpituce
Arglituse O ass m
Display Lot Daplay TopRit
A Aot & Conton 1
15 Sewct source
i </ AcsR_ACSD >
100 Curreot atency [ms]
il o] [} >
o1 | Cureo Freuancy [Ha]
200 [<I] >
0
- = = L Daplay Settngs
400 200 ;] 200 X €00 B0 Latency [x10E3 ms 25 0 250 500 750 Latancy [x10E3 ms]
! Scaex10
<1 >
<l >
peven | [ ]

4. Results from the selected time-frequency project are loaded and displayed in the Set

Parameters work step.
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5. The Non-Parametric Methods Settings
. . Non-Parametric Methods Settings
section provides parameters for the

calculation of the non-parametric methods Number of terations | € >
(Granger Causality, Partial Directed Tolerance < >

Coherence or Directed Transfer) and is only
available if one of them was selected.

The parameters Number of Iterations and Tolerance are required during the factorization
of the cross-spectral density matrix. For every iteration, the estimation error of the spectral
factors is recomputed. If the estimation error is lower than the Tolerance threshold, the

computation is terminated.
Press Next or hit the space bar to continue.

6. Press Run Connectivity Analysis to start

the connectivity analysis using the selected o
methods and defined settings.
7. An information window appears @ BESA Connectivity X
Summarizing the selected Connectivity The settings for running the connectivity analysis are as follows:
! - Run Coherence
e H - Run Imaginary Part of Coherence
methods as well as the specific settings. _ Run Phase Locking Vislie
; - Run Granger Causality
Press OK to continue. Please note that the - Run Partial Directed Coherence
- Run Directed Transfer Function
following calculations can be time- _ _ _
Settings for non-parametric methods:
. . . Number of terations: 100
consuming, particularly if one or more non- Tolerance: 0.8
parametric methods have been selected.
ox
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@ BESA Connectivity 1.0 - Time-Frequency Projects - New Connectivity project o X
File Edt View Export Help

Perform Calculations 1k B ESA

LN

L L4

1= - = I S o s
-H=L -] [T =
- L= [T T T
- (L T T RS
g ¢ e R B i IS
-] [T B [T B
- ([N T T ]

<« 4
viv v v

1 102
| ———— | ——
00

D
more formation about this Workstep see the Perform Connectivity Analysis secfion n the descrpton of the BESA Connectivey Workdiow

8. After all calculations are completed, the results of Coherence based on Complex
Demodulation are displayed as a matrix view. Normalized power spectral densities are

displayed on the diagonal of the matrix.

The detail windows show the connectivity between the selected pair of sources. Since
Coherence is a symmetric measure, it does not provide information regarding the direction of
information flow between any pair of signals. Therefore, the displayed matrix is also

symmetric.

Choose ACsR in the Select Left Source drop-down box and ACsL in the Select Right
Source drop-down box. As expected from the simulation, high correlation between the two
channels is shown from 400 ms to 800 ms at a frequency of 25 Hz. There is practically no

coherence with all other channels.
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VPi:IO;m:d:Miﬁons /\}; BESA
== —
= SO, 1 1 I

O 100 1 0 1 1 1

DO 1 1581 1 0 10 1

B 1 1158 10 [ R 1 1

~ OO OO

O | 1 0 1

-~~~ T o
a1 IENETE IR0 IETE T
- IE S T

PR
v Vv VMV

1
50 -
| ——— 2 | ——
1.0:
o Coh
250 250 500 750 Latency [x10E3 ms] 250 0 20 500
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Note: ADD NOTE ¥ RECURED.
For:

9. Select Imaginary Part of Coherency in the Selected Connectivity Methods drop-down box.
This method is able to determine the direction of information flow and returns positive values

to indicate information is flowing from source ACsR to ACsL.
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@ B8ESA Connectivity 1.0 - Time-Frequency Projects - New Connectivity project
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10. Select Granger Causality in the Selected Connectivity Methods drop-down box. Granger
Causality is rather insensitive to noisy signals and will provide stable and reliable results even

for poor signal-to-noise ratios. Furthermore, Granger Causality results show less spurious

connectivity among all sources.
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@ BESA Connectity 10- Time-Frequency Projects - New Connectivity project = K
Ele Edit View Exod Help

Perform Calculations 'w BESA
= ] 4

Connsctivty Analysis
Set Projact Targets
Load Data

L L8

Set Parameters
Perform Calculations

Sekect Consecvey Uetnos
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Select Time-Frequency Method
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[ Show 30 Mode
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11. Select Show 3D Mode in the interaction window. The main window will switch to a 3D view
of a transparent brain with all sources and arrows between connected sources. Select a
current latency of 600ms and current frequency of 25 Hz to visualize the Granger Causality
for the simulated induced activity. To increase the size of the arrows, please use the Scale
slider in the Display Settings sections. There is only one prominent arrow indicating the

information flow from source ACsR (green dipole) to source ACsL (pink dipole).

@© Save Project As. X

12. Press Finish to end and save the current

[ Group f [ Project | Date Modified
~/ TimeFrequency Frojects

project. Save it under an appropriate name.

Selected Group: [Time-Frequency Propcis [

Selected Project: [StOn ACSD || cancel |

Project Type: | Connectiviy Projects -

BESA Research 7.0 Tutorial Page 316 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

G. Time-Frequency Analysis with Error-Related-Negativity Data

We will now move to a real data set of an experiment on error-related negativity. It consists

of a 128-channel EEG recording where bilateral visual stimuli were presented to the subject
with a specific discrimination task. The subject was supposed to respond with a mouse click
as fast as possible. Right and left hand response trials were mixed to obtain a large number
of ERN trials (cf. Luu P, Tucker DM. Clin. Neurophysiol. 2001, 112:1295-1306).

1. Go back to BESA Research and open the | s pafie *
Lookin: [ [ TRC Eror Related Negatvty = ok B~
data set in subfolder & - onemodtes e
TFC-Error-Related-Negativity ~ Of  the | s St —
Examples folder. This data set was ngu
converted from concatenated ASCII o
segments with intervals of 1s before and 2s ThL?C
after each visual stimulus. = . )
o Fename:  [ComectsEnorfos S o= |
Flesoftyee: [Curent Fle Type (foc) =] Ceeel |
Fokdes: [Deta Folder =
2. The first block of the file contains correct ===+ === e 5
responses (stimulus trigger 31, response _
trigger 41), the second block the erroneous = = =
responses (triggers 32 and 42). If you don’t
see these trigger numbers, then go to :_A
Options/Display and switch off Show =
Internal Trigger Names Instead of
Codes. The concatenation of different ,
segments without segment markers causes Jﬂ,_, — =—=—"=1
jumps and trailing artifacts from the
boundaries when filtering the data. We will
adjust this filter in the paradigm definition.
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3. Press the Usr button in the control ribbon &= =& & i s s

and select the source montage ErN. Data

are transformed to 11 sources, which i

model the following brain areas:

e Visual cortex (Vi) — 3 sources =
o
e Basal temporal lobes (Tb) - 2 sources Y
e  Motor cortices (MC) — 2 sources
° Cingulate gyrus (Cg) — 2 sources B e e e
e In addition, two dipoles were modeled in the
left and right eye to account for blink
artifacts in the data.
4. Select ERP/ Open Paradigm and open the | 8 fedsrerdm bescrpontic *
. . o . Look in | Cognitive j & o Bl
predefined paradigm  definition file % ~ Detemodfied | Type
Th|S W|" Open [he Quick access EQERN.PDG 17/12/2009 20:31 PDG File
N ' =z
Condition tab of the ERP menu. Deskton
m
Libraries
W
This PC
Network < >
File name: RN PDG = Qpen
Files of type: [Paradigm Fies (~PDG) ~| Cancel
Directories |Parad\gm Directory ﬂ
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5. The Condition tab shows four predefined

conditions:  correct and  erroneous
& Rp-Ermr,
clicks), and the preceding visual stimuli (St-
Cor & St-Em).

expressions,

responses (Rp-Cor mouse

By appropriate logical

contingent  stimuli  and
responses have been selected which have
a reaction time window of 140 to 400 ms.
201 error trials and 307 correct trials fulfill

these conditions.

Go to the Filter tab. The slow background
be

sufficiently reduced by switching on a zero

activity and these artfacts can
phase low-cutoff filter of 1.6 Hz. As we are
interested in activity > 4 Hz, the slow
frequency artifacts will not cause a problem

in downstream analysis.

Switch to the tab. In the

'Condition' drop down menu, select St-Err if

‘Coherence’

not yet preset. Check the box for Use
Control Condition and select St- Corr for
this condition. Thus, we will analyse the
correct responses as well as the erroneous
responses. Press the Start Connectivity

button.
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Paradigm ? X
T Condtion | Epoch | Fiter Atfact i e
Name Qualfier Attibute Operator Value
5iEr] 0 Insert
Curert Is Not 3 (=l
Next R
41 Beplee |
42 Delete
Condtion Court
atrElEr" %gl [stEn Currert name Is *St-En" "
Pt n
5t.Cor 307 Next name Is “Rp-Er” D)
Rp-Cor 307 an
Next interval Is More Than 140ms oR
an
Next interval Is Less Than 400ms (4]
Rp-Er Currert name s "Rp-En”
Previous name Is "St-Emr”
an Fie
Previous interval Is Less Than 400ms o=
an L
Previous interval Is More Than 140ms
Save As
. f O P 2 =
oK T ‘ Help ‘
Paradigm ? X
Trigger Condtion | Epoch Filter Atifact Average Coherence
Low Cutoff
¥ Enabled for Scan ¥ Enabled for Averaging
Frequency [l Mz Sore [12db/oct ~|  Dwpefwemphase  +|
High Cutoff
I~ Enabled for Scan I Enebled for Averaging
Frequency [4000 [Hz] Sope [24db/oct |  Twpe[rerophase |
Band Pass Fle
I™ Enabled for Averaging
Load
Frequency [40.00 [Hz] Width |4.00 [Hz] Save As
oK Cancel Help
Paradigm ? x
Trigger Condtion | Epoch | Fier Atfact | Average Coherence
important note: Time-Frequency Analysis s for research use only. Results may not be used for diagnostic puposes!
 Time Frequency Analysis Target Condition ¥ Use Control Condition
St-Er 2 2
Setings Regional Sources
Frequency and Time Sampling 2.0Hz. 25ms - % Radial Onentation
Lower Frequency Cutcff [aove =] Al Traces
Higher Frequency Cutoff 50.0 Hz A " First Orientation
Scan for Arfacts ‘ Start Comectivity | Start Time-Frequency Analysis
oK e \ Help \
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8. BESA Connectivity starts if not already ==~ BESA

open, and automatically launches the Time-

Frequency workflow. Check the boxes for
Complex Demodulation and Wavelet
(Morlet) and define the condition names St-
Err and St-Corr. Then press Next.

9. Now load the data for St-Err (filename . (BESA
) and -

St-Corr  (filename

). The information for

both data sets is shown.

10. Condition 1 data is shown. Adjust the high | _ BESA
frequency cutoff to 50 Hz to remove effects S N =
of the mains frequency at 60 Hz. Change | St o
number of oscillations to 5. e i Bt B T .
FE '

Note: You can click into the Selected Trials

field and view individual trials. If you select

a trial in the lower half of the display, and " |
then click one below the current trial, you
can quickly toggle through all without
having to adjust the mouse position. No
major artifacts can be seen as we have

removed them from analysis.

Press Next.

BESA Research 7.0 Tutorial Page 320 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

11. Run time-frequency analysis. The TSE

display of the first condition (error condition)

is shown.

12. Scale up the display to 1.5. You can notice ST

the strong desynchronization in the visual
cortex. Select channel CgP. This has the B

largest ERN amplitude at low frequencies.

BESA

BESA

13. Switch condition. The ERN is much less == BESA
pronounced in the correct response -
condition. Switch from Complex
Demodulation to Wavelet and select il Lo
channel MCR (right motor cortex). There is - :
synchronization at 6.5 Hz, and a _’_"l. :
desynchronization at 11-12 Hz. A similar i ﬁ
pattern is found in the right visual cortex
channel ViR.
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14. Press the Finish button and save the
project: Create a group ERN and save the

project under the name

H. Connectivity Analysis with Error-Related-Negativity Data

1. Start the Connectivity workflow. Select the ===

following connectivity methods: Coherence,
Imaginary Part of Coherency, Granger
Causality, Partial Directed Coherence.

Press Next.

2. In the next work step, select the project e

that you stored a
minute ago (it should be automatically
suggested). It will display the TSE display
of the first condition (error condition) again.
Press Next and then run the calculation
with the default parameters. After finishing
the calculations, it will show the matrix plot
for coherence of the first condition, using
complex demodulation. We can see a lot of

pre-stimulus alpha-band coherence.
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3. Switch to Imaginary Part of Coherency. '

BESA

Switch to Wavelet transform. Then click
on the channel CgA to show its connectivity
with CgP. There is a strong theta band

coherence between these channels, from

anterior to posterior cingulate. Double-click
into the right display to set the cursor at the FEEEE e et =

maximum around 5 Hz and 350 ms.

4. Start the 3D mode by checking the Show
3D Mode box. Using the sliders at the

bottom, change the threshold to 0.4, the TE
scale to 3, and the transparency to 0.9. L S fb
Adjust current latency and current =

frequency to 356 ms and 4.8 Hz. (Note that
with wavelets, the frequency steps are non- e e — =
linear — the resolution is finer for low
frequencies than for higher ones.) You can
see varying network associations when
changing the latencies and frequencies, but
a very strong coupling between the
cingulate sources is predominant, as well
as connections to the temporal and visual
areas. Rotate the brain using left mouse
drag; use Shift-Ctrl plus mouse drag to

zoom the brain in or out.

BESA Research 7.0 Tutorial Page 323 of 396
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

5. Now we want to average over the time e

interval of interest. Check the Average

over Time box. Two new sliders appear. e 0 s

. Lo . e
Adjust the time interval for averaging from V_/n 2 .
296 ms to 440 ms. Now, for 4.1 Hz, the °

network shows very clearly the connectivity

between cingulate, temporal, and visual T

areas. The motor cortices are not involved

at these frequencies.

6. Switch to Condition 2. For this condition :

with correct responses, only very little

cingulate coupling is visible. o 0 e

7. Un-check the Show 3D Mode and the —=—

Average over Time boxes again. Then

change Connectivity Method to Granger
Causality. Peaks are less prominent now.

Scale up to 2.0, and check the box Hide

Diagonal to hide the auto-spectrum. There
is some higher frequency coupling that now TP L L g
becomes apparent, but not in the cingulate
areas. Select the channel VIR where it

connects with MCR.
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8. The selection window shows a peak from | BESA
VIR to MCR at approximately 13-14 Hz ‘ :
around 150ms after the stimulus. Switch to J »

condition 1 — interestingly, in the error 2 b
condition, this connection is almost non- ° :
existent. Switch back to condition 2.
Double-click on the peak in the right
selection window, then switch on 3D mode
to visualize this connection. Lower the
threshold to 0.2 and scale up to 6.0. The
Granger causality connection only shows
this one link; also, the ViR area clearly
drives the motor cortex (indicated by the

cone that is wider at the ViR end).

9. To summarize the activity in the time range = BESA
where the Granger causality appears, = -
check the box for Average over Time again, S >
and select a time window of 104 to 188 ms. TR L -
Lower the threshold to 0.1 Again, at 13.4 A

Hz, the connection from ViR to MCR is
apparent, as is some coupling within the e ——
visual areas (ViR, ViM, ViL).

10. Quit 3D mode again and click on the first .'"i'”f':"“"" - BESA
channel in the second row to show Granger - :
Causality between ViL and ViM. Scale up to

3.0 It is apparent that there is beta and low

gamma band activity before and shortly

after the stimulus, flowing from ViL to ViM. .
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11. Switch back to condition 1. Again, the high e

frequent activity is less pronounced in this

condition.

12. We now want to export the connectivity
data for the error condition in a video.
Change the method back to Imaginary Part
of Coherency and enable the 3D Mode.
Select a frequency of 4.1 Hz, set the
threshold to 0.4, to 5.0, and

transparency to 0.8.

scale

13. From the menu, select Export / Video / All

Windows.
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14. In the dialog, adjust parameters as follows: | @ VideEeot rox
3 . Video Settings Preview
Choose HD resolution and select a time
Resolution
interval for the recorded video from 56ms to HD: (1280 x 720 px) v

Start Time [ms]

656ms. Decrease the duration per latency < 01 2

End Time [ms]

step to 0.3s. < i>

Duration Per Latency Step [s]

o) <l >

Video Length [s]  Rotation [deg]$
93 [ 60

Background Color

Him) g
Recording

e < >

Save Cancel

15. Press the Recording button. Then press Save to store the video to a file on the desktop.

Open the video to play in the Media player.

. - - @ Save Project As... X
16. Back in BESA Connectivity, finish the I
project and save with the name
[Tme-Frequency Projects | [save
Selected Project: [ERN 20nd Methods ]| cancel
Project Type: Connectivity Projects.
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I. Multiple Source Beamforming in time-frequency domain

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 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(r) of the beamformer for a specific brain region at location r is then computed

by the following equation:
P(r) = tr'[LT(r) - G - 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:[2%2]) submatrix of the bracketed expression that

corresponds to the source at location r.

In BESA Research, the output power P(r) is normalized by the output power in a reference time-

frequency interval Pet(r):
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( P(r) _q{= \/tr’[LT(r)'Cr_llL(r)]_l —1 forP(r) = P.(r)

[T () - ¢t L)

ref, r

q(r) =4

for P(r) < P.f(r)

Prer(r) ) tr'[L7(r) - Crefr L(r)]_1
P(r) =~ | tr'[IT()-C;1-L(r)] !

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 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.
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1. Open file in subfolder ERP-
Auditory-Intensity of the Examples folders.

2. Press the \El toolbar button to edit the
filter settings. Disable all but the notch filter
that should be set at 50 Hz to reduce mains

interference.

3. Press the UYsr button. Select montage
from the list of

predefined user-montages that are

available for this file. Press the E9M | putton
to remind us of the details about the current

montage again.
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BT
Look in: [ ERP-Audtory-Intensty ~ «mekE-
* Name ’ Size Type Date modified
- |_|Sl.ent 15,044KB  CNT File 1998-09-29 12:28 PM
Quick access 3 =
| S2.ent 15965KB  CNT File 1998-07-10 6:22 PM
Desktop
m
Libraries
This PC
Netwokk < >
File name: [s1.cnt ~| Open
Flesoftype:  [ERP Fies (" edf, “bdf, “cnt, “avg) ~| Cancel
Folders: | Data Folder |
Variable Filter Settings X
[ Low Cutoff Filter
3 I forward . EdB/oct -
™ High Cutoff Filker
toff Frequency [Hz} | 40 ype: [zeraphase | Siope: [24 dBroct ~]
¥ Hotch Fief
Frequency [Hz]: 50 ‘width [Hz]: 2
I Band Pass Filter
Fre cy [Hz] a0 ith [ 5
Sampling Rate: 250 Hz Cancel

|Uer0nt|EdMF LF

Av2>

Av33
st vt

BiHL

LBip+FT
gt LBip+Sp

e LBip

Highlntensity_3RS

L HE |
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4.

5.

The montage consists of the sources we
fitted earlier on: 2 auditory regional sources
and a frontal source, which have been
converted to single dipoles. Close the
montage editor.

In a first step, we will perform time-
frequency analysis for all sources of the
selected montage.

Press ERP / Edit Paradigm. The
paradigm-file AEP Intensity.PDG should

still be available.

Move to the Artifact tab and press Start

Scan to re-run the automatic artifact scan

% CARESA Workshop\Dats ntg - Montage (B RER =5
File Edit 2DView 3DView Montsge Qptions Help
s d| AASAN T RO Bl Sdb B0 W
AEP_3R5-test Channel | Reference | )
Read a Paradigm Description File 9
Look in: [ || Audtory - emekE-
* Name 2 Date modified Type
A P -11-23219PM  PDG Fil
Qui r:_] C_Osc.PDG 2004-11-23 219 DG File
il 2009-12-178:34PM__PDG File .
7 2004-11-23220PM _PDG File
Desktop
m
Libraries
This PC
Network < >
Fie name: [AEP_intensty.PDG ~| Oen |
Files of type: [Paradigm Fies (PDG) ~| Cancel
Directories IPaadgn Directory _v_]

Paradigm E

Tigger | Condsion | Epech | Filer

Aditact | Average | Coherence |

with artifact correction switched on.
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7. Switch to the Coherence tab. In the Target

Trgger | Condtion | Epoch | Fiter | Adfact | Average Cohernce |

Condition drop down menu, select

Important note: Time-Frequency Analysis is for research use only. Results may not be used for diagnostic purposes!

condition High. To start time-frequency CReRes e e
[ G E—
analysis with the default sampling of 2.0 Hz, S Regers Soces
] Frequency and Time Samping [20We28ms =] & Radial Qrentation
25 ms in the frequency range of 4-50 Hz, P - - -
press the Start Time-Frequency Analysis S mor = € Frs Ot
button.
Seanfor laets | SatComectvy | S e Frecuency e |
[ ok | coned |  He
8. After the calculations of the time-frequency == —
decomposition is finished, the temporal- \
spectral evolution for all sources of the | 4 I
montage are displayed. The main activity in | .. . oo = ==an == =L -‘f._‘- R
the first frontal and in the first and second |’ | | ’ : | ] ‘
auditory components are most prominent. | y L i i I }
BAE E ] 4] J e
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9. As a next step, we will fit the prominent
activity in the High condition. Left-drag a
window around the strongest activity in the
left-hemispheric auditory source. When
releasing the left mouse-button choose the
option Image. If necessary change the
Target interval to 50 to 150 ms and the
Frequency Range to 6 to 12 Hz. It is very
important to choose approximately the
same length between the Target and the

interval®?.

Baseline Otherwise,

Beamforming results can be unstable.

Press Go.

Scale up the image to +/- 25%. Use the m

button to view the different maxima. The

10.

first maximum localizes in the 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.

— Target Intersal —Frequency Range

Interval Start IB Hz
Interval End I12 He

[~ Compare Conditions

Intersal Start 50

Interval End 150

—Baseline Interval

Interval Start -100 Suggestion: The baseline interval should

ke adapted in order to match the number
of samples in baseline and targetinterval.

Interval End 0

Important note: To obtain & reliable beartarmer image, the number of sarmples in the target
and the reference interval should be equal. Therefore it is recommended to assign equal
duration to the Target Interval and the Baseline Intensal

If two conditions are compared, they should hawe approximately the same number of trials.

Go Cancel

{18654 - 1, \ERP-Audiony Intensy\STcn Figh.Fiers o300 - +1000 ms -Sourceanaiyss S M el

[Eile _Condition1 Solution Fit Image Qptions Help No solution available |

1§ Max 10f 10 - MSBF (TF) - Standard MRI - Val: 19.98 (100.0%) R

9] $QIE i8] w4

s @

Loc: 1.52,0.03, 110 (Cart/US)

12 1t is 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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11. BESA Research uses a multiple source — Bsdecoatfices x
. . Lookin: [ || ACCoherence - emerE-
beamformer by default. It is also possible to A -
* Name Date modified Type
. . _ Quick access L ACOsc3foc 2003-03-13 417 PM FOC'F:'i'i“em
choose a classic Slngle source = ] AC_OscSifsg 2003-03-126:11PM _ FSG File
] AC_Osc20.foc 2003-03-134:26 PM  FOC File
beamformer. We will have a look at our R o2 SO I toskee
. m
model coherence data to see the difference Uirares
: _ W
between the multiple source and the single Ths P
beamformer. Back in the main window :.!k < >
. . . . File name: [Ac_0sc5foc ~| Open |
open file AC Osch.foc which is located in T 5 —
the examples subfolder |Learn-by- N overic .
Simulations.
12. Change to the virtual reference-free  :iciniaic oo wiare wim mmre e e w

display using the Vir button and selecting

the top-most option.

13. Press ERP / Coherence to Start Time-

Togger | Condton | Epoch | Faer | Atfoct | Avemge  Cohewnce |

Frequency Analysis of condition StOn

Important note: Time-Frequency Analysis is for research use only. Results may not be used for diagnostic purposes!

using the default settings. T P s e et [t o Conten
EST— - | | I |
Settings Regional Sources.
Frequency and Time Samping [20H28ms <] & Radial Onentation
Lower Frequency Cutolf feore =] € M Tices
Higher Frequency Cutoff 50.0 Hz - " First Onentation
somfocmtats | SatComectvy | S e Frecuency e |

oK Cocel | Heb
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14. Subtract the evoked signal by pressing the

@ button and selecting Subtract Average
Signal. Now we only see the induced
activity that is not present in the evoked
potential. We want to fit this induced activity
by marking a window around the most
prominent activity.

15. 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.

16. Scale up the image to +/- 25%. Observe the
bilateral auditory activity. We know the
maxima are at the correct location from the

simulation.

BESA Research 7.0 Tutorial
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

"ms| | 250 0 260 50 75  ms| | 250 0 250 500 750
Fz_rfr F4_rir
Hz Hz
404 40{
1 R 1 e
201 View Phase Diagram
104 Set Baseline...
ey
" ms 250 250 500 7 Image.. 500 750
Cz_rfr Zoom In rfr
Hz
404
30{
20{

- Targetintersal

Interval Start

- Freguency Range

Interval Start |22— Hz
Interval End 30 Hz

[~ Compare Conditions

Interval End

—Baseline Intensal

Interval Start Upan start af editing, the baseline intenval

as modified to match the number of

samples in baseline and target interval.
Interval End

450 ms
780 ms
-300] ms
IU ms

Impotant note: To obtain a reliskle beamformer image, the number of sarmples inthe target
and the reference interval should be equal. Therefore itis recommended to assign equal
durgtion ta the Target Interval and the Baseline Interval.

It two conditions are compared, they should have approximately the same number of trials

Go Cancel

) BESA - CA_tions\AC-C OscS foc - StOn,
[ File Condition 1 Solution Fit Image Options _Help

Hz, -400 .. +1200

© Max 10t 3-MSBF (TF) - Standard MRI
8] [ Q-k|] %6]:8] Telw'] 5l 6101 81

ag

Loc: 057, -080, 153 (Cart/US) |
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17. Change the type of beamformer by
pressing Image / Volume Image and select
Beamformer (single source). The

beamformer image is re-calculated.

18. The single source beamformer mis-
localizes the bilateral auditory activity to the
middle of the head. The reason is that
single-source beamformers produces faulty
results if activation in two brain regions is

highly correlated.

19. Return to the multiple source beamformer
by pressing Image / Volume Image /

Beamformer.

BESA Research 7.0 Tutorial
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Image | Options Help

Volume Image 4
Surface Image 4
Discrete Model Probing +

Smooth Image
Hide Image

Import Image
Export Image As...
Settings...

Beamformer B
Beamformer (single source)
CLARA

LAURA

LORETA

SLORETA

swLORETA

sSLOFO

Settings...

User-defined Image
Settings...

P

THOA AEN - TEN pae 302000 He

file_Condition

R

< \

No solution available

‘ Max. 1 0f 2- MSBF (TF) - Standard MRI - Vat: 26.26 (100.0%)
0] $ial+f+ Ziot8| wiwl] 4 .

q

0 StOn450 750 ms 220-300Hz  Tra

o @]

P R

Loc: 153,001, -044 (Cart/US)

Image | Options Help

1 Volume Image 4
Surface Image 4
Discrete Model Probing 4

Smooth Image
Hide Image

Import Image
Export Image As...
Settings...

Beamformer B
Beamformer (single source)
CLARA

LAURA

LORETA

sLORETA

swLORETA

sSLOFO

Settings...

User-defined Image
Settings...
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20. 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 4 button. Move to the next maximum
and place another source.

21. 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 re-
compute the beamformer on the residual

activity.

22. We need to scale up the image to +/- 10%
to start seeing some patchy left-over
desynchronization that is not modeled by
the regional sources. This activity is very

weak, so we can neglect it.
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J. Dynamic Imaging of Coherent Sources (DICS) — a short introduction

Dynamic Imaging of Coherent Sources (DICS) is a sophisticated method for imaging cortico-
cortical coherence in the brain or coherence between an external reference (e.g. EMG
channel) and cortical structures. DICS can be applied to localize evoked as well as induced

coherent cortical activity in a user-defined time-frequency range.

DICS was implemented in BESA Research closely following Gross et al., "Dynamic imaging of
coherent sources: Studying neural interactions in the human brain”, PNAS 98, 696-699, 2001.

The computation is based on a transformation of each channels single trial data from the time
domain into the frequency domain. This transformation is performed by the BESA Research
Coherence module and results in the complex spectral density matrix that is used for the

construction of the spatial filter similar to beamforming.

DICS computation yields a 3-D image, each voxel being assigned a coherence value.
Coherence values can be described as a neural activity index and do not have a unit. The
neural activity index contrasts coherence in a target time-frequency bin with coherence of the

same time-frequency bin in a baseline.
DICS for cortico-cortical coherence is computed as follows:

Let L(r) be the lead field in voxel r in the brain and C the complex cross-spectral density matrix.

The spatial filter W(r) for the voxel r in the head is defined as follows:

W@ =U@r-c L) - LT(r)-c?

The cross-spectrum between two locations (voxels) r1 and rz in the head are calculated with

the following equation:

Cs(r,m) =W(r) - C- W*T(Tz)

where T means the transposed complex conjugate of a matrix. The cross-spectral density can

then be calculated from the cross spectrum as follows:

cs(r1,12) = 141{Cs(r1,12)},
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where A:{} indicates the largest singular value of the cross spectrum. Once the cross spectral
density is estimated, the connectivity’®* (CON) between the two brain regions r; and r; are

calculated as follows:

CSSlg (ry, 1) — C.?l(rl' 3)

1 )
¢ (ry, 1) + cPi(ry, 1)

CON(ry,13) =

where c_fig is the cross-spectral density for the signal of interest between the two brain regions
rl and r2, and cllis the corresponding cross spectral density for the baseline or the control
condition, respectively. In the case DICS is computed with a cortical reference, rl is the
reference region (voxel) and remains constant while r2 scans all the grid points within the brain
sequentially. In that way the connectivity between the reference brain region and all other brain
regions is estimated. The value of CON(ry, 1) falls in the interval [-1 1]. If the cross-spectral
density for the baseline is 0 the connectivity value will be 1. If the cross-spectral density for the

signal is 0 the connectivity value will be -1.

DICS for cortico-muscular coherence is computed as follows:

When using an external reference, the equation for coherence calculation is slightly different
compared to the equation for cortico-cortical coherence. First of all, the cross-spectral density
matrix is not only computed for the MEG/EEG channels, but the external reference channel is
added. This resulting matrix is Ca. In this case, the cross-spectral density between the
reference signal and all other MEG/EEG channels is called crr. It is only one column of Ca.

Hence, the cross-spectrum in voxel r is calculated with the following equation:
Cs(r) = W(r)-cref

and the corresponding cross-spectral density is calculated as the sum of squares of Cs:

G=y G0

13 Here, the term connectivity is used rather than coherence, as strictly speaking the coherence equation is
defined slightly differently. For simplicity reasons the rest of the tutorial uses the term coherence.
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where n is 2 for MEG and 3 for EEG. This equation can also be described as the squared

Euclidean norm of the cross-spectrum:
cs(r) = lIClI% .
The power in the voxel r is calculated like in the cortico-cortical case:
p(r) = L{Cs(r,1)}.

At last, coherence between the external reference and the cortical activity is calculated with
the equation:

cs(r)
p(r) - Can(k, k)’

where Cal(k, K) is the (k,k)-th diagonal element of the matrix Ca.

CON(r) =

DICS is particularly useful, if coherence is to be calculated without an a-priory source model
(in contrast to source coherence based on pre-defined source montages). However, the
recommended analysis strategy for DICS is to use a brain source as a starting point for
coherence calculation that is known to contribute to the EEG/MEG signal of interest. For
example, one might first run a beamformer on the time-frequency range of interest and use the
voxel with the strongest oscillatory activity as a starting point for DICS. The resulting coherence
image will again lead to several maxima (ordered by magnitude), which in turn can serve as
starting points for DICS calculation. This way, it is possible to detect even weak sources that

show coherent activity in the given time-frequency range.

The other significant application for DICS is estimating coherence between an external source
and voxels in the brain. For example, an external source can be muscle activity recoded by an
electrode placed over the according peripheral region. This way, the direct relationship

between muscle activity and brain activation can be measured.

In the following, we will first examine cortico-cortical coherence in the model dataset
AC_0Osc5.foc in the subfolder Learn-by-Simulations\AC-Coherence of the BESA Research

Examples folder. For a full description of the model data see chapter B of the present tutorial.

Second, we will estimate cortico-muscular coherence in an MEG dataset kindly provided by
Dr. Jan-Mathijis Schoffelen and Dr. Robert Oostenveld (Donders Institute). The dataset is also
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available in the fieldtrip tutorial (http://www.fieldtriptoolbox.org/tutorial/coherence), the results

of the experiment were published in Science in 2005 (Schoffelen, Oostenveld, Fries; Science
2005). This is the description of the experiment:

The dataset used in this example has been recorded in an experiment in which the subject
had to lift her hand and exert a constant force against a lever. The force was monitored by
strain gauges on the lever. The subject performed two blocks of 20 trials in which either the
left or the right wrist was extended for about 10 seconds. A trial started as soon as the
subject managed to get his force output within a specified range from 1 to 2 N. If the force

was not kept constant during the course of a trial, the trial was terminated prematurely.

The bipolar EMG signal was recorded from the right extensor carpi radialis longus muscle in
the lower arm. MEG signals were recorded with a 151 sensor CTF Omega System (Port
Cogquitlam, Canada). In addition, the EOG was recorded to later discard trials contaminated
by eye movements and blinks. The ongoing MEG and EOG signals were lowpass filtered at
300 Hz, digitized at 1200 Hz and stored for off-line analysis. To measure the head position
with respect to the sensors, three coils were placed at anatomical landmarks of the head
(nasion, left and right ear canal). While the subjects were seated under the MEG helmet, the
positions of the coils were determined before and after the experiment by measuring the
magnetic signals produced by currents passed through the coils. Magnetic resonance
images (MRIs) were obtained from a 1.5 T Siemens system. During the MRI scan, ear molds
containing small containers filled with vitamin E marked the same landmarks. This allows us,

together with the anatomical landmarks, to align source estimates of the MEG with the MRI.

Our data example (Cortico-Muscular_DICS.foc) consists of the data for the left EMG condition,
exported and compressed to a BESA binary (*.foc) file. Triggers with code 99 were added to
the data at 1 s intervals. A paradigm file (Cortico-Muscular_DICS.pdg) defines 1 s epochs
around these triggers. An artifact scan using an amplitude threshold of 3400 fT leaves 115 out

of 192 epochs for analysis.
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K. Cortico-cortical coherence with DICS

1. Please open file Learn-by-Simulations\ ;I:,:;;,,,";;,T;,m,:lmlgﬁ,H
AC-Coherence\AC Osch.foc inthe BESA # “WWMMWWW%WWWM
@WM“MWWWMM WMMMWMWW
Research Examples folder. Please Press @ |t s oy ot st s o lieoessmion,
QWMWMWWMWMWMWMWME
the | USr hutton from the button menu a|- Pt g B
@WWMWVM rAANN NN A\ .-NvW-«‘:‘:
and select the source montage RC1. O
[=} w/\,uv\,ww!\/m\/\m,vw\mwhmwAMMAMVvWMWM~wav'Uw«w\AWWwwW'
g MA 0 A A P P IW/\/"‘ WMAAA A A NAAAN

2. Run time-frequency analysis by pressing

Tgger | Condbon | Epoch | Fer | Atfact | Avemge  Cohemce |

ERP / Coherence. Leave all settings at

 Important note: Tme-Frequency Analysis is for research use ony. Fesuts may not be used for disgnostic puposes!

default and press Start Time-Frequency RUETmR e e —
- [

Analysis. St
Frequency and Time Sampiing |20 Hz, 25ms > (& Radial Onentation
Lower Frequency Cutolf foone <] A Traces
Higher Frequency Cutoff 500 Hz - " First Onentation

Soomtorpatots | SatComectty | S Tme Frecuency s |

0K | concd |  He |

3. Left-drag a window over the induced

activity in the source ACsR_RC1, release

the left mouse-button and select Image.

)

View Phase Diagram
Set Baseline...
Image..

Zoom In
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the
Beamformer. Set the Target Interval to

4. Select Image to Compute to
450 to 750 ms, the Baseline Interval to -
300 to 0 ms and the Frequency Range to

22 to 30 Hz. Press Go.

5. Scale up the resulting image by pressing

the @& button several times. The first
maximum of the beamformer is located in
the right auditory cortex. We will use this
maximum (voxel) to probe coherence with

all other voxels in the brain.
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Interval Start I

Freguency Range

Interval Start |227 Hz
30 Hz

[T Compare Conditions

Interval End Interval End

—Baseline Interval

450 ms
750 ms
-300] ms
0 ms

Interval Start
Upon start of editing, the baseline interval
as modified fo match the number of
Interval End samples in baseline and targst intenval.

Irmportant note: To obtain a relishle beamformer imadge, the number of samples inthe target
and the reference interval should be equal. Therefare itis recommended to assign equal
duration 1o the Target Interval and the Baseline Intensal.

If two conditions are compared, they should hawve approximately the same number of frials

Go Cancel

[ BESA - €, _tions\AC-Conerence\ AC_OscS foc - S1On,
file Condition1 Solution Fif |mage Qptions Melp

© Mox 101 7-VS8r (1) - Standord MRS

8 21AlHF L8| wiwl#Y 4
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6. In the middle panel of the source analysis Vv Beamformer B

window, press the arrow key and select DICS
DICS. CLARA

LAURA
LORETA
sLORETA
SWLORETA
sSLOFO

User-defined Image

Minimum-Norm (Surface) Ctrl+M
Probe Scan S
Sensitivity vV
Settings...

7. In the Set Reference dialogue check the | se: Reference for DIC: <0

option Use current cross-hair position.

— External reference channel

Please note that it is also possible to select € Reference is extarnal charmel

a dipole or regional source as the reference

Reference channel:

in case one is working with a discrete

—Brain source

source model. Press OK.

/@ Reference is brain source

¢ Use location of currently selected source

® Use current cross-hair position

Cancel
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8. The resulting image suggests strong o

AC On, Low Fi
Fite Condition1 Solution Fit _Image Options Help.
© Dis R MR

9] [ G3]-4l-+] 18] el I 5ilo€] 98]
Seg

coherence between the right and left

auditory cortices. You can use the |
button to jump through the DICS maxima
and use them as new starting points for

PR

further DICS calculations. PR BRI I

Loc: -324, -99, 1052 (Talairach)
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L. Cortico-muscular coherence with DICS

1. Please open file Examples\DICS Cortico- [fagmmmrm e o emmm

1::;_[@& ICA | DSA | TFC | M8 [[Rec.

Muscular\Cortico-Muscular_DICS.foc in | :
the BESA Research Examples folder. This ;
dataset contains 151 axial gradiometers |
and 2 polygraphic channels used for
recording the bilateral EMG signal.

Tow 00853 [

2. Select ERP / Edit Paradigm to auto-load 8 reada peradiom Description ile x
i - " : - ¢ @k
the file Cortico-Muscular_DICS.PDG from :k INB:TSWMWA = ;.mdm Ape
the data folder. The paradigm file specifies ““‘*-"“” N— A —
a condition containing the triggers with E
code 99 that were added to the data at 1 s Liu
intervals. Epochs are defined to last 1 s Ths
epochs around these triggers. .z.k < >
File name: [Cottico-Muscuiar_DICS.PDG ~| Open |
Fiesoftype:  [Paradigm Fies (-PDG) = Caed |
Directories |Paradigm Directory ~|
3. Move to the Artifact tab and run the artifact ™" ——
Tigger | Condbon | Epoch | Fer  Atfact | Average | Coherence |
scan by pressing Start Scan. Using an Rl e o 56 & mee

@ he [0 [fiw <]
¥ Gt [5G [0 =]
oo 7 o]
sodChames [T G
Count  Accepted  Condttion

192 15 (59%) 99

151

amplitude threshold of 3400 fT and a | ..
gradient threshold of 800 fT leaves 115 out

z3

of 192 epochs for analysis.
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4. Move to the Coherence tab and make sure
the Frequency and Time Sampling to be 1.0
Hz, 50 ms, the Low Frequency Cutoff to be
4.0 Hz and the High Frequency Cutoff to be
40.0 Hz. Start Time-Frequency Analysis.

5. In the resulting TFC window, please locate
the EMGLFT channel,
specify Show only this channel (this might

right-click and

take a few seconds!)

6. Pressthe res| button to display the absolute
amplitude in the given time-frequency

range. Scale up the image by pressing the

& button until the scale ranges from 0.0 to
2.4 V. It becomes apparent that there is an

increase in amplitude around 15 Hz.

BESA Research 7.0 Tutorial
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Paradigm ? ®
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Settngs Regonal Sources
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ower Frequency Cutolf 40H: © M Trces
Higher Frequency Cutoff 400 Hz & Fyst Orientation
Scan o Adfacts ‘ Start Coppectivty | Stat T Froquency feavs |
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7. Left-drag a window over the 15 Hz activity,

and select Image from the popup menu.

View Phase Diagram
Set Baseline...
Image...

ZoomIn

8. Select DICS under the section Image to |mage

Compute, a Target Interval from 0 to 500 me‘gewmp“‘e ‘

¢ Beamformer @ DICS
ms, a Baseline Interval from -500 to 0 ms - Tergetiterval | Fraquency Rangs
| = 0 Interval Start 10 Hz
and a Frequency Range from 10 to 20 Hz. el "
. Interval End 500 ms Interval End 20] Hz
Press Go. Please note that the baseline
. . . . —Baseline Interval —————————— .
interval is relevant only for cortico-cortico I/ Compare Conditons
Interval Start 600 ms
. . . Suggestion: The haseline interval should
DICS computations. It is not used in the b egted in ordrto meich he number
Interval End ID— (i3 of samples in baseline and targetinterval

cortico-muscular computations, as the one

Important note: To obtain a reliable beamtormer image. the number of samples in the target

H H H and the reference interval should be equal. Therefore itis recommended to assign egual
shown in the following points.

duration to the Target Interval and the Baseline Interval

I two conditions are compared, they should hawe approxirately the same number of trials.

Go Cancel
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9. After calculating the cross-spectral density | cet peference for DICS

matrix in the given time-frequency range,

— External reference channel

the Set Reference for DICS window pops ® Reference is external channel

up. Select the option Reference is an

Reference channel: EMGLFT

external channel and choose channel

— Brain source

EMGLFT to calculate coherence between

(" Reference is brain source

the left EMG channels and all brain voxels.
Press OK.

" Use location of currently selected source

(@ Use current cross-hair position

Cancel

10. The resulting image indicates the maximum I e o — - e
© Vo 101 10- DICS (1) - Stanctard MRS s l@Ix

8] Sl Z120B) i) 4.
Sag

coherence between the left EMG channel

and the right somato-motor area. This is to
be expected as the subject was pressing a

lever with the left hand, which is

represented in the right

motor/somatosensory area.

%pa0’] R L

245,-1261,64.1 (Talakrach)
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Tutorial 13 — Cross-subject Statistics

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

BESA Research 7.0 Tutorial
Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 351 of 396

www.besa.de



BESA®

Tutorial 13 — Cross-subject Statistics

In a previous step (Tutorial 4), 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. I.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.

We will also investigate the differences between more than two conditions in the same
experiment, and apply statistics to a different experiment where we look at correlations

between measured MEG data and an external covariate of interest.

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 in 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).
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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.

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. SelectProcess/Batch Scripts in the main SMEe=) ICA ERP Adifact Search Tat

window to open the Batch processing

Source Image |

window. We will now create a batch that LRI

CSD-Laplacian Maps
applies the grand average master model to MEG Maps
all individual datasets, orients the regional Density Spectral Array

. .. FFT-Spectrum F

sources individually and exports the Mean FFT-Spectrum...
individual source waveforms for further Previous FFT-Spectrum

Load FFT >
statistical analysis. Linear Correlation

Nonlinear Regress.

Movie

Batch Scripts... Shift+R
Run Batch... R
2. Inthe File List tab, click on Load File List, |8 teedFiets X
lect Look in: || | FieList | [l
selec E} Mame - Date modified Type
and press Open. This file list e S S
. ) || PreviousSettingsBatch.flist 3/24/2017 409 PM FLIST File
has already been used in Tutorial 3 Step B Deskiop [ PreviousSettingsCC.flist 32072017443 P FLIST File
to create the grand average. It specifies s
individual average files of all subjects. TEC
w
Netwark € >
File name: |ERP-Audnﬂry-\ntenslty-Marge flist j Open
Files of type [Fie List (flist) - Cancel
Directories |Hle List directory j
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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.

Select Command x Variable Filter Settings *
General commands: Main Pragram: Important note:
Source Analysis and Time-Frequency Analysis are for research use |
Batcherror ArtfactAutoCorrect 2 : v Low Cutoff Filter
ikt o only. Results may not be used for diagnostic purposes!
EndFar ArtifactOn/off Source Analysis: Source Analysis Imaging: ’— | |
or artfactseen Cutoff Frequency [Hz]: 05 Type: |zerophase v | Slope: |12dBfoct
MATLABcommand | AuxdiaryFiles AddSource " EBeamformer
MATLABwaitForVariable Average ChannelTypeForfit CLARA
Pause Baseline ComvertSource clip
RunProcess EditDefaultEpoch gnrgta}f\aram EICS .
i orticalloref xpor
[Eventitrite Delete GotoMax Cutoff Frequency [Hz]: 40 Type: |zer0 phaze | Slope: |24 dBioct =
Export DisplayMRT Import
FFT Exit LALRA
& FFTmean Fit LORETA
SESEs FrTsave FitConstraint SetCrosshair ™ Match Filter
FileOpen Fitinterval sLoreta
€ Apply at beginning of batch VinimumNarm ot ,T ’T
GoTo NewSolution SSLOFO
¢ Apply at end of batch 1ca (penSolution UserDefined
1CAsave RC»'-\ arizat
equarization "
e Savesitmap I Band Pass Filter
Current Selection P
MarkBlock SaveLeadfieids
" Montage SaveModeliaveforms an =
MAINFiter Paradiam SaveResidualiaveforms
PatternToTrigger SaveRVandGFPWaveform TimeFrequency Analysis;
SendToMATLAB :S?avegolu‘w;’I » e
TriggerDelete aveSourceMontage " )
Trggerselect SaveSourceWaveforms Image Sampling Rate: 250 Hz Cancel
SendToMATLAB Save
SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis
, SetOrActivateSource
cance setorentazon

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.

Select Command % Default Block £ h v
General commands: Main Program: Important note: p
- Source Analysis and Time-Frequency Analysis are for research use
BatchEnor tfsctautoComect anly. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: P 5':'
For ArtifactSean . i
MATLABcommand AuxdiaryFles AddSource ~ Beamformer e Curear: mz
MATLABwaitForVariable Average ChannelTypeForfit CLARA
Pause Baseline ConvertSource clip
RunProcess EditDefaultt gur:ta:flarata EICS .
WindowPosition EventRead orticallore! por .
e oot cotatex Past cursar: 2500 ms
Expart DisplayMRI Import.
Exit LAURA
& Apply to all fil FFTmean Fit LORETA
peiy o slies FFTsave FitConstraint SetCrosshair |:| K, I: |
Fieopen Fitinterval sLoreta ArceE]
£ Apply atbeginning of batch | e MinimomMorm smooth
GoTo hewSolution SSLOFO
" Apply at end of batch 1A Opensoluton UserDefined
ICAsave
IChselect Reguiarization
ImportASCIT SaveBitmap
Current Selection ke SaveLendbuds
Montage SaveModeliaveforms
LOIEAS paradigm SaveResidualWaveforms
PatternToTrigger SaveRVandGFPWavefarm TimeFrequency Analysis:
SendToMATLAS SaveSolution S ————
TriggerDelete SaveSourceMontage Display
TriggerSelect SaveSourceWaveforms Image
SendToMATLAG Save
SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis
, SetOrActivateSource
[ ok ]| _ca SetCrientation
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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.

Select Command x Mark Data Block Task b4
General commands: Main Program: Important note: -
Source Analysis and Time-Frequency Analysis are for research use lock. size
gatchirror ArtfactAutoCorrect only. Resuits may not be used for diagnostic purpases!
Comment ArtifactMethod @
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: Default block size
For ArtifactScan Cancel
MATLABcommand AuxiliaryFiles AddSource A Beamformer  \h
ole segment
MATLABWaitFarVariable Average ChannelTypeForFit LARA &
Pause Baseline ConvertSource Clip )
RunProcess EditDefaultEpoch gur:ta:flarata EEDICS . tark block around cursor or [if cursor off] from
WindowPosition EventRead orticall ore xpor g8 .
i Celete CoroMiax beginning of file
Export DisplayMRT Import.
T Exit LALRA
& FFTmean Fit LORETA .
Ayl rreme FitConstraint SetCrosshair Block location
Fieo; Fitinterval sLoreta P
" Apply at beginning of batch F:‘;DE” inimomMorm ot If no Iaba_l iz da_f\ned, segment number nis the nth segment.
caTe NewsSalution SSLOFO I a label iz defined, segment number r is the nth occurrence of the label
¢ Apply atend of batch 1CA OpenSolution UserDefined [no. af averages in the label ignared!)
IChsave PCA Segment number = 'all' will mark and send each segment to 54,
IChselect Reguizrization
ImportASCI Savebitmap
Comentseecten [ S [SaveLeadiks
Montage SaveModelWaveforms
BRESaad Paradign SaveResidualWaveforms Segment label ‘
patternToTrigger SaveRVandGRPWavefarm Time-Frequency Analysis:
SendToMATLAB gavegn\uﬁm;‘ - T E—
TriggerDelete aveSourceMontage -
Triggerselect SaveSourceWaveforms lsmage Segment number or "all all
SendToMATLAB ave
SetCursor SendToMATLAS
SetDefaultSourceType StartTFAnalysis Send marked block to 54 [V Send marked block to Top Yiew [~
i SetOrActvateSource
cance Setorantaton

6. Now apply the master model that was generated from the grand average. Press Add
Command and select OpenSolution (Source Analysis group). Select file
Highlintensity 3RS.bsa that contains the two regional sources in the auditory cortex and the

frontal source. Press Open and OK.
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Select Command

General commands:

Main Program:

BatchError | ArtifactAutoCorrect
Comment ArtifactMethod
EndFor ArtifactOn/off
For | ArtifactScan
MATLABcommand AuxdliaryFiles
MATLABwaitForVariable Average
Pause Baseline
RunProcess EditDefaultEpach
EventWrite
Export
FFT
& Apply to all fies FrTmean
FFTsave
€ Apply stbegining ofbatch | E0PE"
GoTo
" Apply at end of batch ica
ICAsave
ICAselect
ImportASCIL
Current Selection MarkBlock
Montage
SAOpenSoluti
SR Paracigm
PatternToTrigger
SendToMATLAB
TriggerDelete
ITriggerselect

Important note:

Source Analysis and Time-Frequency Analysis are for research use
only. Results may not be used for diagnostic purposes!

Source Analysis:

Source Analysis Imaging:

Addsourca
CharnelTypeForFit
ConvertSource
CorticalClara
Corticallorets

Delete

DisplayMRI
xit

Fit

FitConstraint

Fitinterval

e

mNorm

PCA
Reguiarization
Saveditmap

Savel eadfieids
SaveModelWaveforms
SaveResidualWaveforms
SaveRVandGFPWaveforn
SaveSolution
SaveSourceMontage
Savesourcewaveforms
SendToMATLAB
SetCursor
SetDefaultSourceType
SetOrActivateSource
SetOrientation

Beamformer
CLARA

clip

DICS
Esport
GotoMax
Impart
LAURA
LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:

Display
Image

ave
SendToMATLAG
StartTFAnalysis

& Load Solution X
Look in; [ ERP-Audiory-intensity -l = B
% Name - Date modified Type *
. || All_Subjects_cc-2Dtest.bsa 3/21/2017 10:23 AM  BSAFil
Quick access B =
|_| Highlntensity 3RS.bsa 12/9/2009 217 PM  BSAFil
|_| Highintensity_3RS-test.bsa 2/9/2017 5:36 PM BSAFil
Desktop | ] LewlIntensity_2RS.bsa 12/9/2009 2:17 PM BSAFil
- | | LowIntensity_25D.bsa 2/27/2012 414 PM BSAFil
m || LowlIntensity_25D-test.bsa 27972017 4:38 PM BSAFil
Libraries | ] statf 6/2/2017 2:36 PM ATFFil
Q | |S1.bsa 3/28/2005 3:32 PM BSAFil
= | |51 av.bsa 3/22/2017 3112 PM BSAFil
This PC [ 51_av-test.bsa 2/16/201711:42 AM  BSAFil
@ | ]51-AC.bsa 3/29/2005 4:04 PM BSAFil e
Netwok < >
File name: [Highintensity_3RS bsa | Open
Files of type: ‘SU|UIIUI‘\ Files {*bsa.” par.” atf} j Cancel
Directories: ‘Data directory ﬂ

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 SwitchCondition (Source Analysis group). As
Condition Label, enter All. Press OK.

Select Command * i .
S8 Switch Condition Task -
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErnor o ifacthutaCarrect orly. Results may not be used for diagnestic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan I_ A N
S— piil g [ Previous Condition Ok
MATLABwaitForVariable Average CorticalClara CLARA
Pause Baseline Sﬂlrhslwreta Slllgs
RunProcess EditDefaultEpoch eled .
i DisplayMRI Export I_
inconosten Everthead e e Mext Condition Cancel
Export Fit Import
FFT FitConstraint LAURA
@« FFTmean Fitinterval LORETA
Apply ta al fles FFTsave Minimumiorm SetCrosshair
Fio) NewSolution sLoreta HH .
€ aoply stbegiming ofbatch [120%" Ope-Solon Snocth Condition Number:
GoTo PCA SSLOFQ
¢ Apply at end of batch 1cA Reguiarization UserDefined
ICAsave B :"“dﬁ "
ICAselect aveleadfields g b
curent selecs Impertascl Savevodeliaveforms Condtion Label: |2
LTRSS ERT MarkBlock SaveResidualWaveforms
; Montage SaveRVandGFPWaveforn
SASwitchCondition i SaveSolation
patternTaTriager saveSourceMontage Time-Frequency Analysis:
SendToMATLAB SaveSoura
TriggerDelete SendToMATLAB Display
Triggerselect SetCursor mage
SetDefaultsourceType Save
SetOractivateSource SendToMATLAB
SetOrientation StartTFAnalysis
SwitchCondition
Cancel v

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.
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General commands: Main Program:

BatchError ArtifactAutoCorrect
Comment ArtifactMethod
EndFor ArtifactOn/off
For ArtifactSean
MATLABCommand uxdiaryFiles
MATLABuaitForVariable fverage
Pause Baselne
RunProcess EditefauitEpoch
WindowPosition EventRead
Eventirite
Expart
& Apply to all fles FFTmean
FFTsave
€ Apply atbegining of batch | e0PET
GoTo
£ Apply atend of batch 1ca
ICAsave
ICaselect
Current Selection ImportASCII
MarkBlox
SeFitinterval vontage
Paradign
PatternToTrigger
SendToMATLAB
TriggerDelete
TriggerSelect

oK Cancel

Important note:
Source Analysis and Time Frequency Analysis are for research use
only. Results may not be used for diagnostic purposes!

Source Analysis: Source Analysis Imaging:

AddSource ~ Beamformer

ChannelTypeForfit cLARA

ConvertSource Clip

CorticalClara DICS

Corticalloreta Export

Delete GatoMax

DisplayMRL Impart.

Exit LAURA

Fit LORETA

FitConstraint SetCrosshair
itinterval sLoreta

MinimurmNorm Smooth

NewSolution SSLOFO

OpenSolution UserDefined

Rreqularization

SaveBitmap

saveleadfilds

SaveModelWaveforms

SaveResidualWaveforms

SaveRVandGFPWaveform Time-Frequency Analysis:

Savesolution .

SaveSourceMontage Display

SaveSourceWaveforms Image

SendToMATLAB Save

SetCursor SendToMATLAB

SetDefaultSourceType StartTFAnalysis

SetOractivateSource

SetOrientation

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.

9. Now the first and second regional source in the model (representing the bilateral auditory
cortices) can be oriented. Add Command and select SetOrientation (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

SA Fit Interval Task

+ Set the following interval

Fram [ms) To [ms]

a0 105

[ Define bazeling, then clear fit interval

" Set previously saved interval from buffer:

(" Stare curment interval bo buffer number:

(" Agzociate current interval with zource no.:

(" Setinterval associated with source number:

Cancel

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

Select Command

General commands: Main Program:

BatchError ArtifactAutoCorrect
Comment ArtifactMethod
EndFor ArtifactOn/off
For ArtifactScan
MATLABcommand AudliaryFiles
MATLABWaitFor Variable Average
Pase Baseline
RunProcess EditDefaultEpoch
WindowPosition EventRead
Eventirite
Export
FFT
& Apply to 2l fies FFTmean
FFTsave
A . FileOpen
poly at beginning of batch |,
GoTo
" Apply at end of batch 1cA
ICAsave
ICAselect
ImportASCII
Current Selection e
SASetOrientation Montage
Paradigm
PatternToTrigger
SendToMATLAB
TriggerDelete
TriggerSelect

x

Important note:
Source Analysis and Time-Frequency Analysis are for research use
only. Resuits may not be used for diagnostic purposes!

Source Analysis: Source Analysis Imaging:

ConvertSource ~ Beamformer
CorticalClara [CLARA
Corticalloreta Clip

Delete DICS
DisplayMRT Export

Exit GotaMax

Fit Import
FitConstraint LAURA
Fitinterval LORETA
MinimumMNorm SetCrosshair
NewSolution sLoreta
OpenSolution Smooth

PcA S5LOFO
Reguiarization UserDefined
SaveSitmap

Savel eadfields

SaveModelViaveforms

SaveResidualaveforms

SaveRVandGFPWaveform

SaveSolution

SaveSourceMontage Time-Frequency Analysis:
aveSourcs

SendToMATLAB Display
SetCursor Image
SetDefaultSourceType ave
SetOrActivateSource SendToMATLAB
SetOrientation StartTFAnalysis
SwitchCondition 5

SA Set Orientation Task

Source

Source no.
AC_Left Source label

[ Last source
[ All sources

Dperation

Cancel

(* Orientation 1 at cursor ar at masirmum in inteneal

" Orientation 2 at cursor
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10. Repeat the previous command SetOrientation with Source label AC_Right, the auditory
cortex source in the other hemisphere.

Select Command x . .
SA Set Orientation Task =
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErrer e tfacutoCarrect anly. Results may not be used for diagnostic purposes! g
EndFor Artfactonoff Source Analysis: Source Analysis Imaging: ource
For ArtifactScan
MATLABcommand Audliar yFiles ConvertSource A Beamformer
WATUABitFor varicble sversg Cartisicara cLsa Source no.
Pause Baseline orticall ore P
RunProcess EditDefaultEpoch Delete DICS Cancel
WindonPosition EventRead EISS‘BVMM Ex:;r: -
et e ot AC_Right  Source label
FFT FitConstraint LAURA
& FFTmean Fitinterval LORETA
Apely to al fies FFTsave MimimumNorm SetCrosshair '_
) FileOy NewSolution sLoreta
€ Aoply atbegiming of batch |[1E0°%" fevsalten cloreta Last source
GoTo CA SSLOFO
" Apply at end of batch ICA Reqularization UserDefined
N oozt [ All sources
CAsclect Savel eadfields
ImportASCIT SaveModelWaveforms
ErETER T MarkBlock saveRresidualWaveforms
Montage SaveRVandGFPWaveform -
SasetOrientaton o SaveSolation Operation
patternTaTrigger SavesourceMontage Time-Frequency Analysis:
SendToMATLAB aveSourc . . . P
TriggerDelete SendTOMATLAB Deply (* Orientation 1 at cursor ar at masirmum in inteneal
| TriggerSelect SetCursor mage
SetDefaultSourceType SEVST ATLAS
SetOrActivateSource endTof - -
Sctcrienizion StarTr Ay " Orientation 2 at cursor
SwitchCondition
Cance v

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

select SetCursor (Source Analysis group) and specify a latency of 135 ms.

Select Command *
SA Set Cursor Task >
General commands: Main Program: Important note:
Source Analysis and TimeFrequency Analysis are for research use
BatchEror ArtifactAutoCorrect 5
Camment ArtfactMetood only. Results may not be used for diagnostic purposes!
EncFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan
MATLABcommand AuxliaryFiles AddSource ~ Beamformer
MATLABwaitForVariable Average ChannelTypeForFit CLARA |_ EItErIC_'r' [|T|S]
pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
indowPosition EventRead Corticalloreta Export Eanc El
EventiVrite Delete GotoMax
s DisplayMRE Import | 135
T Exit LALRA
5 Fit LORETA
B Lt mean FitConstraint SetCrosshair
FieOpen Fitinterval sLoreta
(" Apply at beginning of batch | ' MinimumMorm Smoath
GoTo NewSolution SSLOFO
¢ Apply at end of batch 1A OpersSolution UserDefined I_
e e e oo Diraw map
IChselect Reguizrization
SaveBimap
Current Selection mﬁﬁé‘tﬁicn ool eodfelds
SaveModelWaveforms
SN r;”;;g; SaveResidualiaveforms I_
PatternTaTrigger PWaveforr Time-Frequency Analysis:
SendToMATLAB SaveSolution
TriggerDelete SaveSourceMontage Display
TriggerSelect SaveSourceWaveforms Image
SendToMATLAB Save
Fm SendToMATLAS
SetDefaultSourceType StartTFAnalysis
SetOrActvateSource
e Cancel SetOrientation v

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.
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12. As in steps 10 and 11, add the command SetOrienation 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.

Select Command

AC_Right  Source label

I Last source
™ Al sources

Operation

" Orientation 1 at cursor or at makimum in interval

& Orientation 2 at cursar

x Si Set Orientation Task X
General commands: Main Program: Important note: .
Source Analysis and Time-Frequency Analysis are for research use ource
Batchinor ATscautoCamect only. Results may not be used for diagnostic purposest ’— .
ourCE Nno.
EndFor Artifacton/off Source Analysis: Source Analysis Imaging: Cancel
For ArtifactScan
MATLABcommand AuxiiaryFiles CanvertSource o Beamformer AC_Left Source label
MATLABwaitF orVariable Average CorticalClara CLARA =
Pause Baseline Corticalloreta Clip
RunProcess EditDefauitEpoch Delet= CICs I Last source
windowPosition EventRead Dle\avMRl ?Er’lt
Eventilrite i otoMax
Export Fit Import [T Allsources
FFT FitConstraint LALRA
& Apply to all fi FFTmean Fitinterval LORETA .
Pl fo slies FFTsave MinimumMorm SetCrosshair Dperation
FieOpen hewSolution sLoreta T o
" Apply atbeginning of Batch e Opensolution Smooth " Orientation 1 at cursor or at makimum in interval
GoTo CA SSLOFO
¢ Apply at end of batch 1cA Reguiarization UserDefined
ICAsave SaveBitmap ' DOrientation 2 at cursor
IChselect SaveLeadfilds
ImPOrASCII SaveModelliaveforms
= MarkBlock SaveResidualWaveforms
Montage SaveRVandGFPWavefarm
SASetCrientation i caveSalton
patternToTrigger SaveSourceMontage Time Frequency Analysis:
SendToMATLAB SaveSourc ;
TriggerDelete SendToMATLAB I‘3ISD lay
Triggerselect SetCursor mage : :
= SetDefaultSourceType Save 54 Set Orientation Task x
SetOrActivateSource SendToMATLAB
SetOrientation StartTFANalysis
SwitchCondition Source
Cancel v
Source no.

Cancel

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

High. Therefore, add a command switchCondition (Source Analysis group) and specify

condition label High.

Select Command be . ..
5S4 Switch Condition Task -
General commanids: Main Program: Impartant note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErnor o ifacthutaCarrect only. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan I_ H HY
e — P oo Pl == Freviouz Condition
MATLABwaitForVariable Average CorticalClara CLARA
Pause Baseline Sﬂlrhslwreta Slllgs
RunProcess EditDefaultEpoch ele .
wi DisplayMRL E t
vindoupaston EreniRed e Ewart Mext Conditian Cancel
Export Fit Tmport
FFT FitConstraint LAURA
& FFTmean Fitinterval LORETA
Apply ta al fles FrTsave Minimumiorm SetCrosshair
EileO) NewSolution sLoreta HH .
© appy atbegimingofbatch | 1e0P Opensoiston et Condition Mumber:
GoTo A SSLOFO
¢ Apply atend of batch 1cA Regularization UserDefined
ICAsave SBVEEW;'? "
ICAselect aveleadfields g b .
curent selecs Impertascl Savevodeliaveforms Condtion Label: High
LTRSS ERT MarkBlock SaveResidualWaveforms
; Montage SaveRVandGFPWaveform,
SASwitchCondition e SaveSolation
patternTaTriager SaveSourceMontage Time-Frequency Analysis:
SendToMATLAB SaveSoura
TriggerDelete SendToMATLAB Display
Triggerselect SetCursor mage
SetDefaultsourceType Save
SetOrActivateSource SendToMATLAS
SetOrientation StartTFAnalysis
Cance E— v
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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.

Select Command x SA Fit Interval Task X

General commands: Main Program: Impartant note:
Source Analysis and Time-Frequency Analysis are for research use

BatchError ArtifactAutoCorrect N
e o only. Results may not be used for disgnostic purposes . o .
EndFor Artifacton/off Source Andlysis: Source Analysis Imaging: Set the following interval:
For ArtifactScan e Er C |
MATLABcommand AuxiliaryFiles ource L EAmTormer ancel
MATLABwaitF orVariable Average ChannelTypeForFit CLARA From [mz) To [me]
Pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
ViindowPosition EventRead Corticalloreta Export 90 130
EventWrite Delete GotoMax
Export [Eﬁls{,u\ayMR[ {'XEUR}
FFT i
& Apply to all files FFTmean Fit LORETA X X -
e FFTsave FitConsiraint SetCrosshair [ Define baseline, then clear fit interval
FileOpen Fitlnterval sLoreta
€ Apply atbeginning of batch |5, - MinmUmorm Smooth
GoTo NewSolution SSLOFO
" Apply atend of batch 1A OpenSolution UserDefined ~
ICAsave PCA i i .
s Requzrization Set previously saved interval from buffer:
ImportASCIT SaveBitmap
Current Selection M;kﬁ‘u & caveLeadficlds ~ ) ]
S Montage SaveModeliiaveforms Store cument interval bo buffer number:

1
Paradigm SaveResidualiaveforms
patternToTrigger SaveRVandGFPWaveform Time-Frequency Analysis:
SendToMATLAB SaveSolution B r . . ) )
TriggerDelete SaveSourceMantage Disalay Set interval associated with source number:
Triggerselect SaveSourceWaveforms Image 7
SendToMATLAB Save
SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis

SetOrActivateSource
oK Cancel SetOrientation

" Azsociate curent interval with sowrce na.:

15. Add the command SetOrienation (Source Analysis group). 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 subjects’ brain gyration.

Select Command x - -
SA Set Crientation Task *
General commands: Main Program: Important note:
Source Analysis and Tme-Frequency Analysis are for research use
patchEnar AfsctautoCamect TN L Bt [Ex ety e B e et
EndFor ArtifactOn/off Source Andlysis: Source Analysis Imaging: Source
For ArtifactScan
MATLABcommand AusdliaryFiles ConvertSource: ~ Beamformer
MATLABwaitForVariable Average CorticalClara CLARA S Qunce no.
Pause Baseline CorticalLoreta Clip Eancel
RunProcess EditDefaultEpoch Delete DICS
viindowPosition EventRead E'ST‘BVMR[ Eklé;f’lt
e En vt Frantal Source label
FFT FitConstraint LAURA
I FFTmean FitInterval LORETA
Apply to al fles FFTsave MinimumMorm SetCrosshair I_ L
FileD) NewSalution sLoreta
€ Apply atbegnring ofbatch | oo™ rentcluson s ast gource
GoTo RCA . . ESLODFOﬁ " r
" Apply atend of batch 1CA ‘egularization iserDefine
10 e ooz All sources
ICAselect saveLeadfields
ImportASCIT SaveModelWaveforms
CREp s M;kmudﬂ SaveResidualiaveforms
Montage SaveRVandGFPWaveform -
sASetOrientaton [l Savesoluton O peration
PatternToTrigger SaveSourceMontage TimeFrequency Analysis:
SendToMATLAB SaveSourc 9 o . -
TrgseDelets SendToMATLAB Display * Qrientation 1 at cursor o at masimum in interal
Triggerselect SetCursor Image
SetDefaultSourceType sawér MATLAS
SetOrActivateSource endTof . -
storentzion StartTeAnalyss " Orientation 2 at cursar
SwitchCondition
Cancel v
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16. We will now save this model for later re-use. Add the command SaveSolution (Source
Analysis group). As a file name, specify . 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

Select Command X :
SA Save Solution Task =
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use .
BatchError ArtifactAutoCorrect n
Batehere o ifactiutoC only. Results may not be used for diagnostic purposes! Inst.luctlons : : i
Encrer Artfacton/oft ErEAnEs e e Define target file name: It can include a subdirectoy name, and
MATLAGCommand AuxiiaryFiles R - Beamformer the file basename [#basenama). If no directory is specified in
o nnelTypeForFil b : >
AR aryanbie ki ConvertSonce i the: file narme, the data dirsctory is used.
RunProcess EditDefaultEpoch CorticalClara DICS
indowPosition EventRead CorticalLoreta Export.
Eventirite Delete GotoMax
Export DisplayMRT Import
Exit LAURA o .
s ot LoRerA File name: Browse...
& Apply to all files FFTmean !
FFTsave FitConstraint SetCrosshair
FileOpen FitInterval sLoreta
© ooy atbegining ofbatch (oot Minimuorm Smooth *basename’-test.bea
GaTo NewSolution SSLOFO
" Apply atend of batch 1CA OpersSolution UserDefined
1CAsave PCA
ICAselect Regularization
ImportASCII Saveditmap
Current Selection ek ool eodfields " Head
Montage SaveModelWaveforms
BBz paradion SaveResidualWaveforms Taget ¢~ Devi
PatternTaTrigger SaveRVandGFPWaveform Time-Frequency Analysis: - EVICE
SendToMATLAS ve - Py Coordinate
TriggerDelete avesSourceMontage .
TriggerSelect SaveSourceWaveforms Image System ™ Talairach j
SendToMATLAR Save
SetCursor SendToMATLAB
SetDefaultSourceType StarfTFAnalysis i+ Units phere Cancel
| SetOrActivateSource
&3 = SetOrientation v

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.

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

with the corresponding subject and condition.
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Select Command X
SA Save Source Waveforms Task *
General commands: Main Program: [~ Important note:
Source Analysis and Time-Frequency Analysis are for research use
Ratchtrror ArifacthutoCorrect orly. Results may not be used for dagnastc purposes! rstruicti
EncFor Artfacton/af? Source Analysis: Source Analyss Imaging: MEtructions
For ArtifactScan . . 5 . .
MATL ABcommand AdioryFies RoSrce ~ [Beamiomer Define target file name: It can include a subdirectory name, and
[MATLABwaitForvariable Average ChannelTypeForFit CLARA . = = - . e .
paue Baceling Comertsource cip the file basename [*bazename?). If no directory is specified in
RunProcess EditDefaultEpach CorticalClara DICS . : -
Windowpasition Eventhiead Cortcalorets Export the file name, the data directory iz uzed,
[EventWrite Delete GotoMax
Export DisplayMRI Impart
FFT Exit LAURA
. FFTmean Fit LORETA
Qe FFTsave FitConstraint. SetCrosshair Fi
FileOpen Fitlnterval sLoreta .
€ apply atbeginning of batch  [E10™ Minmumidorm oot 1I& Fanne: Browse...
GoTo MNewSolution SSLOFO
" Apply at end of batch 1CA OpenSolution UserDefined
ICAsave 'CA - = .
ICAselect Reguarization %bazename®_High. swf
Current Selection ImportASCIT Savebitmap -
MarkBlock Saveleadfields
Montage saveModelWaveforms
e pa,adém SaveResidualWaveforms
Time-Frequency Analysis:
SendToMATLAB SaveSolution _————
TriggerDelete SavESuur[EMumaE [Dr:;;ey Sord to MATLAE
ITriogerSelect sauesmrcewaue orms I &
o SendToMATLAB Save end to
SetCursor SendToMATLAB
cetDefaultsourceType StartTFAnalysis Cancel
SetOrActivateSource
Cancel Orintat v

2. Add acommand SwitchCondition (Source Analysis group). As Condition Label, enter Low.
Hit OK.

Select Command < Switch C diti Tack
General commands: Main Program: - Important note: 5A >'<
Source Analysis and Time-Frequency Analysis are for research use
BatchError |ArtifactAutoCorrect n
el e only. Results may not be used for diagnostic purposes
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan o ;. 0K
MATLABCommand AuiliaryFies ConvertSaurce “ Beamformer Previous Candition
IMATLABwaitForVariable Average CorticalClara CLARA
Pause Baseline CorticalLoreta cip
RunProcess EditDefaultEpoch ge\e‘m et glcs .
WindowPosition EventRead ispiayl xpor oy
Erentirre et ototiax [T Mest Condition Cancel
Esport Fit Import
FFT FitConstraint. LAURA
& to all fil FFTmean Fitlnterval LORETA
Apply to ol fles FrTsave Minmumorm SetCrosshair
) FieOpen NewSolution sLoreta .
" Apoly atbeginning of batch |y OpenSoluti oot :
Fiter penSolution mool
e f s Condition Mumber:
" Apply atend of batch 1CA Regularization UserDefined
ICAsave Savesitmap
ICAselect Savel eadfields
| ImportASCIT SaveModelWaveforms . L
S MariBiock SaveRescualiueforns Condtion Label: L
- Montage SaveRVandGFPWaveform,
SASwitchCondition o el
PattermTeTrigoer SaveSourceMontage Time Frequency Analysis:
SendToMATLAB aveSour ,
TriggerDelete SendToMATLAB Display
TriggerSelect SetCursor mage
SetDefaultSourceType Save
SetOrActivateSource SendToMATLAB
SetOrientation StartTFAnalysis
—
v

3. Repeat Step B1 for condition “Low”.

4. Add command Exit (Source Analysis e x

e o
Feard e o s L L e et
o , : P :
Group). This will close the source analysis o A e
MATLABwastForVanable |Average g:n«m gvm
= = e =,
window after each subject to prevent data phox == = =
— T
.. . @ aoly st ies 5’:: e et
remaining when processing the next C et [ = =
" Apply at end of batch = |OpentSokubon
subject. e — e =N
= e =
== e .
i = E S
TrggerDelete SoueSorceMantage mﬁ'
[ e s
e oerassaraTye St TFAntyse
i e
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5. 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 using the button
Load Batch (then navigate to folder ). 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.

Batch Processing

File it Batch |
Instructions
Add Command | Press Add Command to add new commands.
Right click on & command to edit or delete existing command.
Load Previous ‘ Save Batch ‘ Press OKto start the batch.
Clear Al | View Log File | Logging to "C:\UsershPublic’Documents BESA\Research_6_14Scripts'og'\Batch bd"
Command

:This script is part of the "Tutorial on AEP Intensity Dependence”. It ilustrates how batch scripts can
‘be employed to apply a master model to individual data files to extract individual source waveforms.

MAINFitter{LC:0.50-12dB-z HC:40.00-24d Bz, MF .off, BP :off)
EditDefault Epoch(-50.000,250.000)
MAINMankBlock{Default Epoch - All Send To S4)

SAopen Solution(C:\Users\Public\Documents"BESA%Research_&_1"\Examples\ERP-Auditony-Intensity Highlntensity_3RS bsa,Open)
SAswitchCondition{Label . All)

SAfitimterval (80,108, FitInterval)

SAsetOrentation(Label. AC_Left, 1)

SAsetOrentation(Label: AC_Right.1)

SAsetCursor{135 NoDrawMap)

ShAsetOrentation(Label: AC_Left 2)

SAsetOrentation(Label: AC_Right.2)
SAswitchCondition{Label:High)

SAfitinterval (30,130, FitInterval)

SAsetCrentation(Label: Frortal . 1)
SAsaveSolution(*:basename %4est bsa,Unit Sphere)
SAsaveSource Waveforms(ibasename % _High swf)
SAswitchCondition(Label: Low)

SAexit()

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

ok | canca |

Help

6. 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.
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7. BESA ResearCh Stal’tS applylng H: ESHﬁsT“?RvW"%’“ﬁB E\RPE;;ITGDSXTHR;ZES \G,::D‘Opsrt::x Hlj:r | Opt [EdM | LF | HF | NF | EdF | EEG |
Add
. Fp1 et et e R R, S A
the batch commands to the first | o et e e e
2 e BF -~ e e e
data file in the file list b ——fb 4ttt
e e e
(S1_av.fsg). It loads the file and |3 oo oo A T Y
2 i ] WVV\/W | Avu\/\“”‘
. e . 74 T e BT e Al s Hf e V\’\J\MVW Y e I
applies the specified filters. At |5 [z o e e e T e
T8 et T e ] VV\M'_"“—""_‘W W ey
- . P7 /\[V\_/\/'W A L L
the bottom right, a small window |# |- oo e e v
s Y s i P Uy VL s By e B Yo
appears that indicates the next |-ty - ] e
PP e i it s o AV Y /O
batch command to be executed. |x |-+ —fb o e e
" T [ e T A e :WE
Proceed step by step by hitting |« [~ e
) e i LSS N M L) M\ SO =
the Single Step button and |y L, ' T T W ceesmman | |
observe how BESA Research
processes the different
commands
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8. Note for example how the
orientation ~ of the  NI100
components (the first

components of AC_Left and
AC_Right) takes place in the
marked fit interval. If the marked
fit interval would not include this
subjects N100 latency, we could
manually adjust the fit interval
while the batch pauses before
continuing. For the data 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.

When the batch processing has
completed, a notification window

will appear.

BESA - C:\..P-Auditory-Intensity\SL_av.fsg - All: 320 avs, Filters: 0.5 - 40 Hz, -48 ... +248 ms - Source analysis. = el =
File Condition8 Solutionl Fit Image Options Help Solution: C. g 3RS bsa
| Data Model | Res. | |ID|| | P.C.A | EEG | Res.Var. | Energy | Min.Dist. _ Image [l\iogel [ shell slipsoidal ~
ﬁ All- 320 avs Filters: 05 -40Hz RV - 0 32(5:? GFP| - = (s &
org| [48.00 ms +248.00 ms [ ES;E( 0.739% RCAN o ke R e B
brain scalp bone csf

10

_ o

Conductivity: [ 03300 03300 00042 1.0000

Highlntensity_3RS_bsa (modified) EEG +

Hid

All off| Al fit |

Startfitl _MSPS ||| BrainV. | g g
P 4
— N AT

N AC_Right

’ ‘

Data (1-16 of 31) | Source waveforms

FitInterval: +80.00 ... +104.00 ms

Single Step =

Net ShastDiientation(LabetAC_Right 1)

Single Step Contirue without Singls Step_ | Cancel |

Batch Completed
File:

Tazk: Batch Completed

(=] & =]

1: C:AU.umentshBE SAME samplez\ERP-4uditory-Intenzitys51_av.fag

Wiew Log
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-Wind =

:\Public\Documents\BESA\Scripts\Log\Batch.aml v‘é,‘ x |2 Googte »

10. BESA Research keeps track of
all steps that have been carried | “ece & g s

& C:\Users\Public\Documents\BESA\Scripts\Log!B. I @ v Pagew Safetyv Tookw @v

O ut and d Ocu m e nts th e m In a Iog # To help protect your security, Internet Explorer has restricted this webpage from running scripts or ActiveX contrals that could access your computer, Click here for options.. x

BESA batch protocol

‘
‘

»

ted Sites ~ || Web Slice Gallery ~

file. After completion of the

« run: 2009-12-11 17:59:08

b atch you Can pre SS VIeW Log o file: 1: C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-Intensity\S1_av.fsg
1
= MAINFilter(LC:0.50-12dB-z,HC:40.00-24dB-z,NF:off BP:off)
. : » EditDefaultEpoch(-50.000,250.000)
in the Batch Completed window « MarkBlock(DefaultEpoch.-.AlL SendToSA)

= Marked 8 block(s)
. H - = SAopenSolution(C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-
to view this log file. Then press Intensity Hightntensity 3RS bsa.Open)
= RV%: all: 1.422 (best 0.739), range: - (best -), cursor: -
= SAswitchCondition(Label:All)
OK to close the Batch « Command ignored: condition already activated
= SAfitlnterval(80,105,Fitlnterval)
. = RV%: all: 1.422 (best 0.739), range: 0.825 (best :0.739), cursor: -
Comp leted message wi ndow. = Pause(Adjust fit interval to match this subject’s N100 latency range.)
= SAsetOrientation(Label:AC_Left,1)
= SAsetOrientation(Label:AC_Right,1)
= SAsetCursor(135,NoDrawMap)
= RV%: all: 1.422 (best 0.739), range: - (best -), cursor: 7.186

»_Panse(Adiust enrsor nosition to match the subiect's N140 latencv.)

¥ {84 Computer | Protected Mode: Off A v R15%

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.

E e 0D
I IEIEIE

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 reflect the

individual N100 component.
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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 parametric test

The preliminary parametric test is the first step in the analysis of data in BESA Statistics. The
type of test that is applied depends on the experimental design that was chosen.

t-Test: Comparing two groups or conditions

For the comparison of two groups or two conditions, as a first step, BESA Statistics calculates a
preliminary Students 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.qg. 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
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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 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.
F-Test: Comparing more than two groups or conditions

If more than two groups or conditions need to be compared, the t-test is no longer feasible. For
this scenario, the preliminary test of choice is the F-test. Here, an F-value is computed that
corresponds to a p-value. The F distribution is not symmetric — there are no negative F values -
and so there is no scope for choosing a one-tailed or two-tailed test as in the t-test scenario.
Similarly to the t-test, the p-value is a measure for the likelihood that all groups / conditions were
drawn from the same underlying distribution, and are thus interchangeable. In other words, a
significant p-value (e.g. p < 0.05) points to a high probability that at least one of the groups /
conditions differs from at least one of the other ones. It is, of course, also possible, that more

than one pair of conditions differs from each other.

Permutation Test (non-parametric)

When computing a large number of t-tests or F-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 number of electrodes over a time interval containing
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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 (i.e. unpaired tests were used
for t-test, or between-group measures were taken for F-test) or conditions (i.e. paired t-tests, or
repeated measures within the same group were used) get systematically interchanged.
Depending on the number of subjects per group / condition and the type of test, a certain number
of permutations are possible. For example, if 10 subjects are compared for two conditions using
a paired t-test, 1024 (2", 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 using an unpaired
t-test, 184756 ((“Ek), 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: 1000%4), a new 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

14 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.
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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 C-1).

Positive distribution for 5000 permutations
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Figure C-1: 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 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).
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Cluster neighborhoods depend on the type of data: The figure below shows an overview of
neighborhood connectivity with the data types supported by BESA Statistics.
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Post-hoc testing

In the case of F-tests used in univariate ANOVA, it is highly desirable to investigate which pairs
of conditions / groups were responsible for the significant effect. For this purpose, a post-hoc test
is available. BESA Statistics uses a Scheffe test with subsequent Bonferroni-Holmes correction
- after all, the problem of multiple testing applies for post-hoc tests as well: If, for example, 4
conditions are part of the test, 6 different combinations of pairwise comparisons need to be made.
The Scheffe test ensures that the pairwise clusters do not grow outside the boundaries of the
previously established F-test clusters. The Bonferroni-Holmes correction is less conservative

than the pure Bonferroni correction but still provides a valid correction for multiple comparisons.
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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.

v
BesaStatistics.exe

2. When BESA Statistics is opened for the [ select e sesa sastcs bate roii SN wedal

Please select the BESA Statistics Data Folder

first time, the project folder needs to be Al prject data wil bs saved 1 this folder

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

defined. This is the folder where BESA e = Select Dtz Folcer

. . . 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.
3. Please close the notification box by () BESA Statistics ==
preSSing 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\Publict

setting our project targets. Update Data Foldernfo
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955 s 2 - o0 =

4. Press Start New t-test Project in the mw=ww

Select Project

interaction window on the right-hand side. ==

5. As we want to analyze the source ’} BESA ’w BESA

waveforms we created in the previous

steps, please select SWF in the  Saifiemd " St S o
v tTest
1 1 1 LNIEG V' Paired t-Tes!
interaction ~ window.  Press  Next. r image o
P Swr ™ One-ailed-lef
We will use a paired t-test for preliminary Bl ™ Onetsiledight

™ Unpaired t-Test

statistics as we compare two dependent
samples, i.e. two conditions within the
same set of subjects. We will use a two-
tailed t-test as we do not want to test a
specific hypothesis.

B0 958 Saiihes 20 - New Suatitics pesert “

6. Press Next or hit the space bar to ===

Set Prun: Targets B ESA
continue to the next workstep. e E—
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7. Press Load Data for Condition 1 in the _ﬂ BESA

interaction window. (Please note: Had we

selected an un-paired t-test, we would be [ Load Datafor Condition 1 |

prompted to load data for Group 1.) Load Data for Condition 2

8. Specify the Group name to be “Control

Subjects” and the Condition name to be

Set name for group and condition.

ngh and press OK. Group: Control Subjects

Condition: High|

9. Please  browse to the  folder | & conmwlsuesr
Lookin: | ERP-Auditory-ntensity ~- @02 P E~
C:\Users\Public\Documents\BESA\Res l . o = Datemodified =
) i | | 51_av_High.swf 17.02.2012 12:04
earch_7_0O\Examples\ERP-Auditory- e vl ) SLav Lowswt 170220121204
- -\ | | 52_av_High.swf 17.02.2012 12:04 =
. . = S2_av_Low.swf 17.02.2012 12:04
Intensity and select the 10 swf-files we Deskiop [ 53,y Highswt 17022012 1204
. . .,j,| S3_av_Low.swf 17.02.2012 12:04
previously created for condition “High”. o (st bighswt 7022012120
ibraries S4_av_Low.swf 17.02.2012 12:04
p y | S5_av_High.swf 17.02.2012 12:05
Press Open . ‘k SS,av,Lnsv‘swf 17.02.2012 12:05
Computer | S6_av_High.swf 17.02.2012 12:05 =
] ] @: < [T ] 3
Note: Dependmg on the data selection Newor | Fileneme: '$10_av_Highsw "S1_av_Highsw "S2_av High + Open
. . Files oftype: [Source Waveform Files (".sw) - [ cance |
under Set Project Targets, Files of Type Racertoidars: [Cateies Example Damimaga Exampiaicora?, 7]

will be automatically set to the expected

file format.
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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
Set name for group and condition.

anymore, as the paired t-test expects two

Group: Control Subjects

different conditions the same set of Condition:  Low

subjects. Press OK.

12. Now select all 10 swf-files with the | Contolsubieds
. Lookin: | ERP-Auditory-Intensity - @fF r@E-
extension “_Low” and press Open. 2 |name 2 Datemodiied -
. -~y | ] 55_av_Low.swf 17.02.2012 12:05
Important note: If a paired t-test was || Tt shohon 17022012 1205
-w \ S6_av_Low.swf 17.02.2012 12:05
. 4 S7_av_High.swf 17.02.2012 12:05
selected under Set Project Targets, the Deskop | [ Siaiowmat 1022003 1205
Ly | ‘ S8_av_High.swf 17.02.2012 12:05
H 1 11 _.l S8_av_Low.swf 17.02.2012 12:05
number of files loaded in both conditions e rrrera |
. . .. ; | 159 av_Low.swf 17.02.2012 12:05
needs to be identical. This is not the case A $10_av_Highsut 17022012 1205
Computer | 510 av Low.swi 17.02.2012 12:05 =
for un-paired t-tests. @ ‘ '
e, File name: "S10_av_Low.swf "S1_av_Low.swf' "S2_av_Lows. v
Files oftype [Source Waveform Files (swi) - [ cancel |
Recent Folders [C\ search_5_3\Examples\ERP-Auditory-Intensity\ v]
)|
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13. Again, a summary of all files loaded for the ®
second condition will be displayed in the w BESA

main window and a green tick-mark will

| LoadDatafor Condion1 | «f

appear next to the second load-button.

| Load Datafor Condiion2 | o

Press Next or hit the space bar to

continue.

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 t-Test Ay Si)e > ¢

or Next to see point-wise t-test results.
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File Edit View Help

Set Parameters — f} BESA

DS Ew A
Run Preliminiary t-Test «

‘Workflow Overview

Set Project Targets +
Starttime [ms]
Statistical Analysis 48.000 D
Load Data + Endtime [ms] 0
248.000
Set Parameters

Statistical Settings

Cluster Alpha 0.060
Number of

Permutations (<] 1000
[] Average over Time

High Low Difference
E 50 E
x - < 20 Display Left Display Right
© ° 0 Condition 1 Difference
I g Condiion 2 || tValues
;Q :a ~20- Mask Mask
£ -25 £
< ! . : < 40 ! ! i Select Source

0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms]

Current Latency [ms]
Preliminary statistics computed successfully
o (€L

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

=

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. They only serve as an initial orientation for

what is in the data and for defining regions of interest.
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16. Different sources and orientations can be selected in

] ) ) Display Left Display Right
the drop-down menu of the interaction window. Under Condition 1 Difference
- . ” . v'| Condition 2 t-Values
Display Right” a selection can be made between Mask Mask

Difference (i.e. in this case “High” minus “Low”) or t-
Select Source

values (point-wise). The according selection will be lAc Left-O1 v
AC Left-01

displayed in the right detail window. A mask indicating c AC_Left-02
urrent Latency [AC Lef-03
significant time-periods can be switched on or off for 0.000  [€]ac Right-O1
o AC_Right-02
both detail windows. AC_Right-03
Frontal-01
EFrontaI—O2 E
Frontal-03
17. It ibl restrict further analysi region of
7. It is possible to restrict further analysis to a region o —— ] v
interest by changing the Starttime and Endtime. This
can increase the chance that a cluster survives U [T
. o _ 48000 (<]}
permutation as the distribution of cluster values is Endtime [ms]
estimated based on a restricted sub-set of data- 248.000 BBy

points. For example, one might only include the post-

. . . . . . Statistical Settings
stimulus period in the calculations. We will not restrict
the time-window now but see what happens to the E'U”jserr’ﬂfha 0.050

cluster in the baseline after permutation. Permutations 1000
[] Average over Time

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!

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
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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.

18. Press Run Statistics to start the permutation
process and all according calculations necessary
for determining the probability of our initial

clusters.

19. 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.

BESA Research 7.0 Tutorial
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3 The settings for running the permutation test are as follows:
,J; 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 ] [ Cancel
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Perform Statistics
DEdE e a

Workflow Overview

Set Project Targets 4 s — : .

/S O\
Statistical Analysis / \1
Load Data « '

Set Parameters 4

Perform Statistics N

High Low Difference

50

20-
25

~20-]

-25- )

Amplitude [n&m]
o
Amplitude [n&m]

Statistical calculation finished successfully.

Note: These results are corrected for multiple comparisons.
For more information about this Workstep see the Perform Statistics section in the description of the BESA Statistics Worklow

Er—rrr e el e o BT

50 100 150 Latency [ms] 50 100 150 Latency [ms]

File Edit View Help

11BESA

E——

Permutation Test Results

Val | Cluster
Jkok 001 [p=0.00000]

5

Vis | &

Jok 002 [p=0.00100]
* 003 [p=0.01000]
+ 004 [p=0.04200]

m

005 [p=0.05300]
006 [p=0.06500]
007 [p=0.10500]
008 [p=0.46900]
009 [p=0.57900]

040 Tn=n EOEONL &

P

Display Left Display Right

Condition 1 Difference
Condition 2 ] tValues
Mask Mask

Select Source

e or—)3)

Current Latency [ms]

184.000 i}

J)

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 baseline did not survive permutation!
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..} BESA Statistics
File Edit View Help

Perform Statistics
DET e a

=

' 1YBESA

Workflow Overview P B PN
Set Project Targets "2 — =3 j N
o § N

Statistical Analysis /@ \ \ // ®
Load Data v I S \ [/

[ | \ 1
Set Parameters v | PN J F‘ \f‘ |\ .\v/'

_— 1

Perform Statistics \ > N / J\ \

/N I N

( | \

~ | ~ A

\ | -
= A

T
/ R \
/ / ® \ \
“‘ [ @ e ||
A\ N\ 7 /J o
\\) K0 J @ &

\ —~ ‘

1 |

/ %;:%:3\\\\

\ R\ /
{/ \ N\ i \
“ \c.\ )\ df e e W e o
\ _ w A )|
\\ ) ‘_,/ A \\ \/ //' J-“U (W N ﬂ
w 4 N\ P/ 8 1Y
| p \,,_/\ - / “.‘ [
! e ! I
High Low Difference
E 60 E B0
£ 404 Z 40
) J )
g g
g . E o
& <
0 50 100 150 Latency [ms] 4] 50 100 150 Latency [ms]

uuuuuuuu praiues  wigan 1 wiwan 2

Run Statistics v,

Permutation Test Results

Val - |Cluster +- | Vis | »
Fokk 001[p=0.00000] - v [
ok 002[p=0.00100] +
* 003 [p=001000] + « =
4+ 004[p=0.04200] -+
005 [p=0.05300]  + i
006 [p=0.06500]  +
007 [p=0.10800]  —
008 [p=0.46900]  —
009 [p=0.67900]  + i
040 Fazn GREANT
Display Left Display Right

Condition 2 tValues

Condition 1 Difference
(=]
Mask Mask

Select Source

Current Latency [ms]

Cluster 1 0 -13.0407 253121 D 116.000 ] @
Cluster2 0.001 43882  0.756319
Cluster3 0.01 260748 82521 -

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.
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() BESA Statistics 1.0 - New Statistics proj
FEile Edit View Help

|| Perform Statistics
DESBw e

‘Workflow Overview

Set Project Targets v :‘\\
Statistical Analysis ™\
Load Data v \ ‘
Set Parameters L4 |~ ‘ ,“ |
\ — =
Perform Statistics A _
1%

/ \ S/ N\ Permutation Test Results
/ / \ / \
/ \\ /L Val - Cluster - [Vis | -
[ B [ e Fokk 001 [p=0.00000] - v [ |
\ ) A ) Hok 002(p=0.00100]  + v |
\ - Y Wi\ S=— ok 003[p=001000] *+ « |=
\ g ) + 004 [p=004200]  *
I‘ \ A 005 [p=0.05300]  + 7
| - . 006 [p=0.06500]  +
| 007 [p=0.10500] -
008 [p=046900] -
009 [p=0.57900]  +
High Lo Difference o1 ?-n an nnl . =
E 50 £ a0
< z Display Left Display Right
- > 201 Condition 1 Difference
g, = Condiion2 [ tValues
2 = Mask Mask
E E -204
<< << Select Source
0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms] [<fac Rian-02 - ]3]
uuuuuuuu e T ma N Current Latency [ms]
Cluster 1 0 13.0407 253121 B 132.000 o
Cluster2 0001 43882 0756319 m
Cluster3 0.01 260743 82521 -

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
the cluster p-values and the condition
means are displayed® in the information

window below the main window.

Summary of cluster statistics:

Clusters pvalues Mean 1 Mean 2
Cluster1 0 -13.0407 253121
Mlhntae nonn4 A2 QO N 7oC240

151t is also possible to export all statistical results as well as group/condition and individual means as csv-files.

Likewise, it is possible to export all images as png or eps-files.
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24. Press Finish to end and save the current 2

Group [ TPect
v Example

project. Save it under an appropriate name.

Selectss Groug: Contra Subgects s

Selected Project: Auditory Intensity Source Wavelorms [ cancel |

E. Comparing more than two conditions or groups with BESA Statistics

In the following, we will explore the possibility to compare more than two conditions or groups
using the ANOVA workflow. We will continue using our auditory intensity data set, however this
time we will work with scalp data and will be asking if there is a significant difference between
the conditions: 60dB, 70dB, 90dB and 100dB. Additionally, we will consider a variable of no
interest, in this case the number of trials per average per condition per subject, and will thus be
using the ANCOVA workflow.

BESA

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

desktop. Then start a new ANOVA project by selecting
the Start ANOVA project button.
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2. Please select the data type to be analyzed. In this

case it will be an ERP/ERF experiment and we will be 1VBESA
looking at EEG data directly. Press Start to proceed =

to the next step.

3. As we are dealing with different conditions within one
group of subjects we select the Within Group

(repeated measures) option. We wish to consider

the number of trials per condition per subject as a
covariate of no interest and thus select the option
With Covariate of no Interest (ANCOVA). Please

press Next. ==
4. Our example auditory intensity experiment has 10 o
subjects and we are considering 4 conditions (60dB, Y BESA

70dB, 90dB and 100dB) and our covariate of no
interest is the number of trials. Please enter the

values in the respective fields and press Next.

5. Load all covariates of no interest and conditions for all subjects. The respective files are

located in the BESA examples folder:

. Please note that as we will be permuting over the conditions
(whose difference we are probing) the order of the subject files must be the same for all
conditions. If this was an in-between group case instead, the order of the subject files would
not matter. Check that the order is indeed the same. In case that it is not, the order can be

changed by clicking into the respective cell and using the arrow button that appears. When
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you have confirmed the order please select Accept Data Order and press Next.

8 BESA Statistics 2.0 — [m] x
Eile Edit View Export Help

e 1 1BESA

5 = X o ‘ Load Data for number of trials 60dB «
Subject number of trials Condition 1 £
N 5008 B00E \ Load Data for 60dB vy
1 64 D:\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S1_av-60dB.avr
2 84 DABESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S2_av-60dB_avr ‘ Load Data for number of trials 7048 s’
5 110 D\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S3_av-60dB.avr ‘ J
4 6 DBESA_Statistics_2.0_Examples\Examplas\ANOVA ANCOVA Corralation Example Data\ERP 4 Conditions\60dB1S4_av-60d5.avr f oadilata for b
5 70 D-\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\35_av-60dB avr
= = = P! P P = Load Data for number of trials 90dB J
6 94 DABESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S6_av-60dB.avr
7 88 D-\BESA_Statistics_2 0_Fxamples\Examples\ANOVA ANCOVA Carrelation Example Data\ERP 4 Conditions\60dB\S7_av-60dB an ‘ Load Data for 90dB «
8 54 D\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S8_av-60dB.avr
9 97 D-\BESA_Statistics_2 0_Fxamples\Examples\ANOVA ANCOVA Carrelation Example Data\ERP 4 Conditions\60dB\S9_av-60dB awr Load Data for number of trials 100dB
2.0 p p p _
10 51 D-\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S10_av-60dB.avr
- 20_Exampl P P - \ Load Data for 100dB vy
I Accept Data Order | «
| »

Data were loaded successfully.

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

Previous || Mlext ]

6. Once you pressed Run Preliminary F-Test you can recognize several regions where
significant results were found. Change the Current Latency to 100 ms. Using the map of F-
values you can pick the channel with the peak of the map (C4). Click on this channel in the
Top View to see the F value and amplitude distribution displayed in the selection window.
You can choose to visualize each of the conditions via the Display Top/Right drop down
menu. Note the maximum around the C4_avr channel that corresponds to a preliminary
cluster as is evidenced by the red shading in the right display window. In the left detail

window, the amplitude plot for the 60dB condition is shown. The Display Left drop down
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menu can be used to display the other conditions including an overlay of several conditions.

Eile Edit View Export Help

Set Parameters ) B ES;
3 dw 2

Workflow Overview Run Prefiminary F-Test Y]
Set Project Targets v —

Stantime [ms]

foooee €| —— 3
Endtime [ms]
[w6000 <} 1>

Statistical Analysis
Define Experimental Design
Load Data v
Set Parameters

Statistical Settings
Neighbor Dist
ncprsbe 1 Ty
Cluster Alpha <Jos00 >|
Number of s
Permutations <1000 3|
™ Average over Time.

[~ Average over Channels

(
od Display Let Display TopRight
10k [Condtions =] [Stats /Gate =]
Select Channel

<Jcsar =13

Current Latency [ms]

100000  <}— |—— 3|

AL A SN 1 Set Scale
Loy Rese | <}— — >3]
4 | Display Settings

200 4 y [ms Scalex 10
>

Preliminary statistics computed successfully Zoomx 1.0

—

For more information about this Workstep sea the Set Parameters section i the description of the BESA Statistics Workflow < 2
Previous. — Next

7. In the menu Statistical Settings, we should choose a
neighborhood relation for the channels. Please select 6 cm for ~ Statistical Settings

neighbor distance. Larger values would produce more  Neighbor Distance <[5 3

[cm]
spatially extended clusters. The cluster alpha should be set  Cluster Alpha <[ 0ot 3|
. . Number of
to 0.01. Please note that, as previously mentioned, the cluster p;?:nuﬁ;f;m £|| 1000 3|

alpha is not the significance level of the permutation test. [ Average over Time
I_ Average over Channels

Instead, it determines the threshold for which points will be
part of the same cluster in each permutation. The number of

permutations should be set to 1000.
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8. Please click on Next and on the ensuing screen B sesa statistcs x
press Run Statistics. A dialog will pop up A %ghgiégféﬁq”ug avrage of 505677
requesting to confirm the statistical settings. Press Toe mmber o pemdtons i 10000
Ok to proceed with the computations. Prass OK to accep the selings or Cancel n ordarto mody

o

9. On the Permutation Test Results ANOVA list the
clusters, that now also have a spatial dimension, are shown in order of smallest p-value
first. The clusters marked with stars or plus signs (the latter is not present in the
screenshot) have p-values smaller than 0.05. Note that contrary to our previous source
waveform example the interpretation of the clusters of scalp recordings might be more
challenging. Different clusters might actually be due to the same physiological effect and as

such should be interpreted together.

) BEsA Statistics 20 o b
Fle EGt View Export Hep
Perform Statistics S
saue BESA

Workflow Overview = i |
Set Project Targets v S =3

Statistical Analysis = .
Define Experimental Design v/
Load Data v
Sel Parametars v
Perform Statstics

608 10008 F-Values

v

¥l

O e (“\\"\.\ /Q Zorr aa sy |!

10. While browsing through the clusters we might already recognize that the signal from the
green source we analyzed earlier in section D is part of one of the star marked clusters.

Press Next to proceed to the post hoc evaluation.

11. In the post hoc workstep we can determine which pairs of conditions actually differ from
each other. Select the Run Post-Hoc Tests button to start the computations. In the
Pairwise Comparison menu choose which two conditons are to be compared. By default

we start with the first conditions 60dB vs 70dB. The Permutation Test Results for
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Selected Pairwise Test menu shows that all clusters were discarded by the post-hoc test.
Hence we conclude that the conditions 60dB and 70dB are interchangeable. Note that all
clusters that were discarded by the post-hoc test are set to p-value = 1.0.

B 6sA Statistics 20 o x
Eile Edt Vew Expont Help

Po_st-l_-w: itatistics B ESA

Workflow Overview Run Post-Hor Tests ¥4

Set Project Targels

<

Statistical Analysis
Define Experimental Design
Load Data

Pairwize Comparison
(6048 va. 7008 il

Set Parameters

AR Y

Parmutation Test Results for
Selected Painiss Test

Perform Statistics
Post-Hoe Statislics

Display Lot Display TopRight

Condtions =] [Stats /D 7|

Cunent Latency [ms]

Zw  <—F———23|

Set Seale

Resat | < it |

1 D Select Channel
{ L[ aw =13

Display Seftings

Scalon 11
= —>l
Zoomx 10

| 2]

Latency [ms] -200 200 400 0 atency [ms] Preous | Finish |

12. When comparing 60dB to 100dB instead a number of clusters survive the post-hoc test.
These conditions are therefore significantly different. This goes in line with our earlier
findings with the source space data set where we find a frontal activity at high intensities to
be significantly different from that at low intensities. The cluster highlighted below as well as
the third cluster suggests the same interpretation for early latencies. The clusters 1 and 2

are active at later latency ranges.
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1B 6ESA Statistics 20 - B %
Eile Edt View Export Help
Post-Hoc Statistics
I dw
Workflow Overview
Set Project Targets 4
Statistical Analysis
Define Experimental Design
Load Data
Set Parameters
Perform Statistics

Post-Hoc Statistics

004 [p=6
005 [p=100000]  +
006 [p=100000]  +
007 [p=100000]

0

Display Let Display Top/Right

[Condtions =] [Sas/Data =]

H sontciang
) <Jczan 1>
- e <— —— 3|

S Scae

F-Values ) _Reset | <f—— +——>]

B A~ g« Dispiay Settings

[ / R O N Scatex 1.1

% XN = 1 <+ >|
Y X | A A Tl 2
/\_/\_"_/'»\./J‘\./\J = = .Af \_.f \‘_,_/\I\U\_.n_‘\ ﬂ ] ﬂ
2 ) B ] o : 0 200 e prodoos | Finiah

F. Analyzing the correlation between physiological response and a
covariate of interest

The data we will use for the following example were kindly provided by Peter Schneider,
University of Heidelberg, Germany. Part of the data was used in a publication by Schneider

et al. (2005) in Nature Neuroscience?®,

The experiment involved measuring MEG data while playing tones (instrumental sounds) to
professional musicians. Subjects listened passively. Between 500 and 1000 stimuli were

recorded and averaged for each subject.

For each subject, a musicality index was also established using the AMMA test for musical
aptitude (Advanced Measurement of Music Audiation by E.E. Gordon, 1989). The tonal score
was used for this experiment. It can lie in a range between approx. 20 points (random
guessing) and 40 points.

16 p_ Schneider, V. Sluming, N. Roberts, M. Scherg, R. Goebel, H.J. Specht, H. G. Dosch, S. Bleeck, C. Stippich & A.
Rupp (2005). Structural and functional asymmetry of lateral Heschl’s gyrus reflects pitch perception preference.

Nature Neuroscience 8:9, 1241-1247
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We want to find out whether there is a correlation between the strength of source activation

following the musical stimulus and the musical aptitude.

1. Start BESA Statistics by I
double-clicking its icon on ) BESA

your desktop. Then start a

Start New t-Test Project ‘

new Correlation prOJeCt by Start New ANOVA Project ‘
selecting the Start New Open Projet |

Correlation Project button.

2. Select type SWF. Press the
Select data type for which statistics
Start button. shall be performed
[ TFC
[ Image
M SWF
[~ ERP/ERF

3. Enter the Number of Subjects:
Selected Data Type

18, and names for the and Statistical Test
covariate of interest and data SWF

(AMMA tonal and Musicians). correlaton

Then press the Next button. Define Experimental Design

MNumber of Subjects 18

Factor Names

Covariate of liAMMAmnal

Interest

Data Musicians
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4. The next step is loading the
data for the covariate. Press
the Space key on the
keyboard or the button Load
Data for AMMA tonal. Then
browse to the file
AMMA_MusAlphabetical.txt
in the folder AMMA MEG that
should be on your desktop.
Open the file.

5. Now load the MEG data.
Press the second button or
the Space key on the
keyboard. Browse to the
folder Mus SWFEF300 and
select all files in the dialog

box. Then press Open.

6. Check that the files are sorted
alphabetically (the AMMA
scores were given in
alphabetical order). If not,
click into a row to re-sort
using the arrows that appear.
Once finished, press the
button Accept Data Order.
Then press Next.
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7. The plot shows the
approximate position of the
dipoles. Press the button Run
Preliminary Correlation. The
widgets below the head
symbols show the zones
where an initial correlation
was found for source SD-1 in
the right auditory cortex.

8. Select the source SD-2 and
change the display of the right
widget to show r-Values and
the Mask. The oscillations of r
values in the baseline and
early post-stimulus and a
more steady behavior at later
latencies are apparent. Note
that for SD-1, there is some
significant correlation in the

baseline, too.

9. Change the cluster alphato
0.01. Leave the number of
permutations and the time
interval unchanged. Press
Next, then Run Statistics.
Press OK when the dialog

box appears.
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o The settings for running the permutation test are as follows:

The cluster alpha used for cluster building 1s 0.01.
The number of permutations is 1000.

Press OK to accept the settings or Cancel in order to modify.

Ok Cancel
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- i
10. The Correlation test finds one  [Fomoris :
. . . Perfu:mHSl:usucs < \_ BESA
significant cluster in SD-1, ——— ey,
and three trends. (Note that . ‘

Sot Poramators v
Periom Stalsiics

the trends have p-values <
0.05, but are not deemed
significant since we can have
positive or negative
correlation, i.e. we are running FET

a two-sided test).

Formuatin st Results

The right-hemispheric cluster
starts just after 50ms post-
stimulus, and extends to
about 85 ms. It ends well
before the N100 response

takes place.

11. Select cluster 2. This cluster

Edo Edi ew Expori Hop
Perform Statistics
ELL)

is in the left hemisphere, and

Wiarkfow Overvew
Sel Project Targets v

is in a similar interval between = o

Sel Paramelers v
Pertorm Statistes

approximately 60 and 80 ms.

12. The other trends also appear

in early processing intervals.

13. Press Finish and save the

project.

St Sca Datal Window

R | €—— — 3]
s | raan

This experiment shows that for professional musicians, there is a (positive) correlation

between the auditory response and the musical aptitude, which manifests itself in the early
auditory processing stages between 50 and 90 ms after a tonal stimulus. There is no
significant correlation at later stages of the processing (N100, N150).
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Now let us see if we can get similar results for non-musicians. We will follow the same steps.

14. Start a new Correlation project by
selecting the Start Correlation
Project button. Then select SWF as
data type. Press Start. In the step
Set Project Targets, set Number
of Subjects to 15, and name the
factors as AMMA tonal and Non-

musicians. Press Next.

15. Load the data. The covariate is
in the text file

The SWF data are in folder

. Select all files
and open. Then accept the data
order and press Next. On the Set
Parameters workstep, press the
button Run Preliminary
Correlation. The initial

significance plot appears.
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: :
16. Switch to r-Values for the right oo b 1

widget and activate the mask. T

Toggle between the two sources. | = ~ ° ~h e

We can see that there is some

preliminary correlation around N (o (e S

the P50 latency similar to the . —=— B
previous example, and also : L/ Hfiﬁiv‘ﬁf"?*f_l | |
around the stimulus latency. P —— =T

17. Let us proceed as before. Set

the cluster alpha value to 0.01.

F i) The current settings yielded zero clusters!
Permutation testing could not be performed!

Then press Next and Run

Statistics on the next screen. OK

Accept the settings in the dialog.

A message box appears to

FRun Statistics ?

inform that no clusters emerged.
The result is a question mark

beside the Run Statistics

button, and a notification at the

bottom that the calculation failed.

Calculation of statistical results failed.

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

18. The reason for ths s the

I o The settings for running the permutation test are as follows:
prObIem that not a Slngle cluster y 'é The cluster alpha used for cluster building is 0.05.

. . The number of permutations is 1000.
could be built with the stronger
Press OK to accept the settings or Cancel in order to modify.

condition of a 0.01 alpha value.

ox | oma |
Press the Previous button to go
back to the workstep Set
Parameters. Increase the alpha
BESA Research 7.0 Tutorial Page 395 of 396

Copyright © 2018
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 13 — Cross-subject Statistics

value back to the original of 0.05.
Then advance and re-run the

Statistics.

19. With this setting, clusters are
found. However, none of them is
significant or shows even a

trend.

0
Eio £t Mew Expod Hop
Perform Statistics

" BESA

Woekfiow Crvessiow

We can conclude that contrary to professional musicians, for non-musicians, there is no

significant correlation between the tonal musical aptitude and the amplitude of the auditory

response to musical tones in the primary auditory cortex.
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