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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).
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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 N N

Filtering
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A. Data Review

1. Start BESA Research. From the File |@secaafies x
Lookin: [ || ERP-Auditory-intensty ~| & o B
menu, choose Open. In the Select PR e e Fo——
. Quick | ]Sl.ent 15,044 KB CNT File 1998-09-29 12:28 PM
Data Files box, select folder ;" Js2.ent 15065KB CNTFile  1998-07-10 6:22 PM
in the =
m
folder. Change the file type to ERP files L'*;
(*.edf, *.bdf, *.cnt, *.avg) and open file =
&
Network < >
File name: [Slcrl j Open I
Fescitpe: (TR T - Cancel
Folders: | Data Folder |
2. This is a dataset recorded from a 32- |2 oo .

— > o Gom_Opsons b
| BT | ERp [ Tov | ica | DA | TFC | ESI [[Rec

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 [l memees ————

black bars at the bottom of the screen.

3. To see the 3D-coordinates of the |Hsmern -

Center (mm]: 0.0 0.0 35.9 fusing head coords]
Head radius fmm]: 85.00

electrodes and additional head surface Elcctode thickness () 0.00
points, select File / Head Surface

Points and Sensors / View (or press T

V on the keyboard). Fiducials are o "
T * . T -

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 7.1 Tutorial Page 8 of 397
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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.

5. This dialog window allows to specify | mmenesmesmmmen a
Eaf':\am:mevoxan us 1 Oarabese Ses 0030000,
v

additional information on channel s s

=aRe .
P‘easedmtfwganndud(mq radio buttons!

fles i the

configuration (*.ela), digitized head S

Sp:ufynh:!h:lwm!vwwmtm mu:ﬂ or select a new fle:
Yes No File name found

surface points (*.sfp, *.eps) and labels E———n = —
.. Digtized head surface ponts (*.sfp, *.eps) and labels (*.sf)

(*.sfn) and more. Here, no additional A e T o

(ol O rokbfie [Good Browse...

™ Betrode labels non-conforming to 10-10 or 10-5 standard Bectrode thckness (mm): 0.00

files need to be loaded as all the

Coregstration fie (*.sfh) or head center (*.cot)
c @ no fle [Good rowse.. | edtfcoreg. |

relevant information is stored within the R e L =T
. . . . anuttm;mum!s( Mf' art) oK o) T .
data file. If BESA finds auxiliary files == o |

Clear 0B Clear Events

with the same basename as the data
file, they will be automatically loaded.
Close the window.

6. In order to page through your data, you FCB s i e S A A
FCB ot e o st o psmimmdmrtnti ittt i
can either hit the space bar or use the L i T T

) T2 WWWW
arrows in the bottom left corner of the CP5 s e i

. . . CP6 WMW
main window. The arrows with the cz . —i

vertical bar allow you to move half a ( M
‘ ‘ Auto ’ * * =|
"I"me'h'ﬂ'ﬂ'ﬂﬂ'h“““fatal 00:16:02

page forward or backward.
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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 SIEEID |
! Next Marker —
comments to your data by right-clicking AT prev. Marker -
: Next Comment
into the data and selecting Marker or e Prev.Comment -
. . B s
Comment. You can then jump directly AN puy N Segment |
. S et s Prev. Segment L,
to these events via the Goto menu as ~Aey e Begin Segment L
well Ry samer [
. T
i Time
m Position in Data o
m Go Back [
]
8. To rescale your data, use the 7 YT T
amplitude scaling button on the right @ ] Scalp Chns, Scale -
— Scp
side of the main window (just below the 1 A --31 31
’ =g -
button Scp). In the present case, the o I N }
. . . \d
scaling of 50 uV is appropriate. HE 50 v | A

200
v v

[~ /100

9. In order to change the length of the

data window that is displayed at a time

use the time-scaling button at the

bottom right of the main window. In the

present case 10.0 s is an appropriate

viewing window.
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your electrodes use the button Scp on
the right of the main window. You can
either choose the first / second half or
the 1%t to 4" quarter of the recorded
channels. You may also adjust the
number of electrodes you want to have
displayed by using the sliders. In the
current case, change to the all-channel

view.

1. Electrodes that display a faulty recording

can either interpolate or set as bad.

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

channels and no interpolation is needed.

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

- # | Scalp Channels M A
Fpl to Cz All -
— 343
Murnberof  Channel "\----\
channels Group 1 Scp | |
=] . 15t half | R )
Znd half
| e 50
\d
1st guarter 1 e
N
2nd quarter
3rd quaner
4th guarter
Close
m B . L Ao o
o1 o Define this channel as bad
Interpolate this channel
A1 f
A2
F8 =
-I? 1
T8 e et e A it Rt AT
- P4 MWWW
=) O1 |
F7 WWW
FB e A oo g g
AP (RN oo A gt A

! 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 7.1 Tutorial
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2. BESA uses amplitude, gradient and low-
signal thresholds when scanning for
artifacts (see Tutorial 2). Still, you might
want to specify artifacts in your data by
hand. This can be useful for e.g. muscle
artifacts that are high-frequent and small
in amplitude. In the current dataset Goto
Time 00:04:28. You will see a muscle
artifact. Left-drag a window across it,
right-click into it and select Define as
Artifact. A red bracket will appear at the
bottom of the main window marking the
artifact. It will be ignored for further
analysis. The artifact marker can be
deleted by right-clicking on a bracket and
choosing Delete. Please delete the artifact
marker in the current dataset.

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

not deal with eyeblinks at this stage.

BESA Research 7.1 Tutorial
Copyright © 2020

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

Search Tags Goto Options Help
DSA | TFC | ESI [[ Rec Vir | Src | Usr [ Opt | EdM
[T A g s Top View of Data
et b
(s o g et FFT
WMW Linear Correlation
I e [ Source Analysis
(R ——— || ! Define as Epoch
i O e SO A Define as Artifact
b pime s o it et b
MWWMWHJ Write Segment
WWMM Copy to Buffer >
| ""“MM\’ Define Artifact Topography
"‘MWW"WW‘
: Time-Frequency Plot

WMMWM%M
i s a1 A1
(T T AT TR A I E IR ETTUTOU T TCETCrT v

F|F+| wrs | SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI [[Rec WVir | Src | Usr | Opt | EdM | LF
A A a x B

“nd @ 3D Mapping: €66 - Voltage

EEARASERESRE RSN

q l Am[ » I 94 I » L T O e T e e e T I T T T T

«
Time 000549 Total 001602 Mark 33493 Cur 04858 Fp1 1704V Fiters of |
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4. It 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.

itions 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.

[ BESA Research 7.1 - C:\...esearch_7_T\Examples\ERP-Auditory-Intensity\S1.cnt - o X
File Edit View Fitters Montage Process ICA ERP Artifact Search Tags Gote Options Help

virtual Reference Free

-F |F+| WrS | SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESl | Rec [ Vir Src | Usr | Opt [EdM [ LF | HF | NF [ EdF | EEG |

12 : s : la : 1s : L le
‘ Auto ’ | * | * II\lHII\IIIHHIIII\HH\III\IIIIHHI\HIII\HH\HIIII\HIIHIIIHH\IHIIIIIIHHIII\IIIHHIIHIIIH\IHHIIIIHHIIIIHII\HIIIIIII\IIHH\IIIIII\I\IIIIII\IHHIIIIIIIIIIHHHIIIII\\IIIII\I\\IIII\I\HIIIII\I\IIH\III\I\HHH\IIII\\HHIIIHIIHHIHIIHIHHIIIII\I\IIIHIII\IIII\I\IIIIII\HHIIIIIIHHII\\I-I\\III\H\II\IIII\IIII\HIIIIIIHHIHIIIIHIIIIIH\IHIIIII\I\IIIIIIIH\ 10.0
‘ y| s
[Tirne: 00:00:00 [Total: 00:16:02 Offs: 00:00:00 Cur. 5818 ¢ CI_r: 119 Y Filters off Euffer. 1 Miew: Original Caorrect: Off
BESA Research 7.1 Tutorial Page 13 of 397
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b) Select Src / BR_Brain Regions. Paging through the data you can immediately see that

the left and right temporal sources carry more signal than the other sources.

(B BESA Research 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\S1.cnt = [m]
File Edit View Filters Montage Process ICA ERP Artifact Search Tags Gote 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  ©

TAL et it ‘ : s ‘ ‘ ‘ . —

*

Add

Lo
IR N 5

S R U
| Is i la| i Is i e
O D Y A0 AT AT

Auto

100
s

[Tirme: 00:00:00 [Total: 00:16:02 (Offs: 00:00:00 Cur:5.921 = FpM : 20.2 nAm Filters off Buffer: 1 Wiew: Original Carrect: Off

5. It is possible to view the current montage -~ e
by pressing the EdM button (alternatively T_
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
change to a coronal or saggital view by @J
pressing the according buttons @ 5@.

To see different views at the same time, @ i

press the button

BESA Research 7.1 Tutorial Page 14 of 397
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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 7.1 Tutorial
Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Montage | Options Help

Recorded o
Virtual e
Source o
User o
Additional Channels 4

Display 'Edit' Montage E

PG X
Reference Free I
10-10 Average
CSD-Laplacian

Double Banana
Triple Banana

Horizontal Bipolar
Al/A2 Reference
Combined Ears
Referential-Cz

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

1. BESA allows you to calculate an FFT on a

marked datablock? to get a quick idea of

the amplitude or power in different

frequency ranges. Start the FFT by left-

dragging a window in your raw data,

right-clicking into it and selecting FFT.

Please mark a block in the first data
window that covers the eyeblink.

2. In the FFT window the electrodes of the #

File View Map Options

current montage are listed along with their Bap: Spentum Peak
. Fpl I o 117 5.9
amplitude spectrum from 1 to 30 Hz 2 e = >
. F4 e 117 2.0
(default). Beside every electrode the ¢ 0.94 13
c4 0.94 12
frequency is displayed that carries the o b i
01 " 2.70 19
peak amplitude in the specified time- 27w L o
A2 ki an 2n 2.6
range. The current view shoes that the 0.94 31
F8 141 2.0
. 17 0.94 2.3
frontal electrodes are characterised by = [ 2 19
P7 R 2.70 2.0
high-amplitude low frequencies. Click into e o 21
Pz 153 10
the low-frequent activity to open the 3-D 77, jae o o
P10 s 2.1 2.3
Mapping window. % s 1
FCS 0.94 2.0
FC6 14 12
m 2n 22
T2 2n 2.4
CPS 2.70 15
CP6 2n 12
Cz 21.38 0.1
10 20 30 Hz wv

2 |n case you want to look at longer data periods or the whole dataset it is recommended you use the option
Process / Mean FFT-Spectrum
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3. Scale up the the voltage map by using the

File View Map Options
Amp. Spectrum Peak

upper arrow-key on your keyboard or % fE————— = =

| 0.96
|Fa 120 23

+ = 056 11
using the button & |{ pecomes clear that i — -
the high low-frequent amplitudes are 5 E=————— o &
caused by an eye-blink in the current » E———— & &

Pz 132 10

example. Note that you can change the [fE=——— = =&

frequency-range you want to view or i & &

change from amplitude to power spectrum & E=——— & B L,
in the View menu. In the Map menu you
can choose the frequency band you want
see a voltage topography of in the 3D-
Mapping window. Close both the FFT and

Mapping window.

4. The DSA view is also based on an FFT Artifact | Search, _ Tags (
ICAI| 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.

[ || (3% TL[rPsG| [D B| &|4F]s tv| 1| 127" | 00:00-00:16 - 2| &)
T

kit st oo e ARG e n M S AL ot B AR g st aod
1
|

Ll
% R 4
(WY (TR PR PSN |' WP STSp P Y i B L T e e L e R L TR E Y Ny e e ey
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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 :1

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 |

identify time-windows in the dataset that

are characterised by high signal power.

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

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

— t T
'm.(%) 0% . 10%

seizure. Close the DSA view.

D. Filtering

1. 1t is pOSSIble to SpeC|fy Low CUtOffa 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 Low Cutoff Filter s |
Filter Settings (also: EdF button) or the on C e 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..

WWHWWWN“
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2. For Low and High Cutoff filters the filter [wesenresemnss SRS s

[+ 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

[~ High Cutoff Filter

Cutoff Frequency [Hz) | 40 Type |erophese v siope [24dBroct v ]

be edited. In order to understand the

I
i

Il T Notch Filter

I ‘

properties of filters better we will now \ Frssualisy s B wengiy [

[~ Band Pass Filter ‘

switch to the program “DipoleSimulator”. ‘ g @ sy 5

Please close the filter menu without ==

Sampling Rate: 250 Hz

setting any filters.

3. Open the program DipoleSimulator == mn™ . - ® %

B OPRM W&S 2R VY RN Ns | FvFe 32

_ _ p— z E
& DipoleSimulator.exe located in your BESA @ @ - =
> { «f

oL Pz

[ F10
. .
B___F £,

. &
). On the left @@ = R e

P P P
or S =

of the window you see the BESA head m p e .
DED .

schemes, on the right you see an e e

installation folder (

electrode layout.

4% C\sens) < 32bit\defaut e - o X

4. Press File / Load Model File and select . .o

F D@FEE E S 7N VYIRHNs Fvfe 2

the model A\ e : E
located in the (00) e o
A \J i
Examples Folder @@ N Y
AN, P

v
resa ey r:zl[‘_ con
LIE T cz_k[’\_ cp T

R

( N
( DG LT
== P } o
). You will see two dipoles
representing activity in the left and right |2
Low Cutoff / High Pass Status  [v Enabled

hemisphere along with their source Frequercy [ [H] Sieee [fomioome =] Tpe [wem =]

waveforms, i.e. their activity over time in High Cutof / Love Pass Sieus [~ Enabled
Frequancy [0 (g Slops [Gom/Ccmve =] Tepe [fanwem =l
the middle panel. Press the button Fe to
open the filter dialog. MNs FvFe 32 e >
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.
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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.

4% C:\Users\TestUser\Documents\BR71_CurrentSetup\Windows 32bit\default.elp - DipoleSimulator - a X

File Edit View Options Help
Z D@EE EH & 28 ¥ Y R Hd|Ns | Fy Fe |32

- B
= i |
@ @ Y,
b nAm 3=
—\f*— ﬂjﬁ’_
Y F9 F10
= F F8
i r r ——
Z’\ L 'no “
Z § —\,n-— —Vp~— ——pg
@ /sz” / P9 ﬂ e #1o ﬂ ,
—~ ot g 02 p
ala
Low: 5.0 Hz, order=1
[
Source 2 node 4: 10 nAm, 178 ms Reference-free=blue
0 10 20 30 40 50 v~ Ref.
Spherical model EEG 33 electrodes

6. Change the filter type to zero-phase. Note that the filter [ T

Low Cuolf / High Pess

Frequency [5 [He] Sepe [1zdB/ocave |  Twp

response changed as well as the filtered waveforms.
While the amplitude of the filtered waveform is still | =" 0 =fae = o e

diminished, the peaks of the filtered waveforms are ° -
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.
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4% C:\Users\TestUser\Doc: BR71_CurrentSetup\Windows 32bit\default.elp - DipoleSimulator - a X

File Edit View Options Help

Z D@EE EH S 2 W% YR Hd|Ns |[Fv Fe |32

-
5.00 BV
Fp1 Fp2
F10
—A——

=l
Pl
bl 7 F8
Tre——) | Fz ﬂ 4 r‘; R
FCs A FC1 Fc2 , FCE

ala
_Low: 5.0 Hz, order=2
Source 1 node 2: -18 nAm, 97 ms :l Reference-free=blue R
vlv ef.
Soherical model EEG 33 electrodes

o 10 20 30 40

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.

6‘4 C:\Users\TestUser\Doc: ts\BR71_CurrentSetup\Wind 32bit\default.elp - DipoleSimulator

File Edit Viewwgptiions Help
S DF&EE E S 2N[Y YV R HdNs [Fv Fe | 2|
B -
g g = =
<f 50 nAm 2l
e N i
F7 5 .

Lo

2N

@L@
-
_Low: 5.0 Hz, order=2
Source 1 node 2: -47 nAm Reference-free=blue
40 50 v|v Ref.
[Spherical model [EEG 33 electrodes
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8. Change the filter slope to 48 dB/Octave. Note that the === = -
. . . . . . Erncuency [ H Slope [(ETE-CWM ] Twe [eophoss  v]
filter response suggests better filtering properties, i.e. it " —
filters out frequencies below 5 Hz more effectively. The | ™7 " =rieee = = =
downside is that this creates greater artifacts, distorting -
the waveform even further.
4% C:\Users\TestUser\Doc: BR71_CurrentSetup\Windows 32bit\default.elp - DipoleSimulator =R a X
File Edit Vievg OPNOHS Help . i
B DFEREE & 2N Y Y R HI Ns|[Fv Fe |2
4 =
; g = = |
17 < 50 nAm e
i — o B, P
& bas namadl )
FC5
- i
G D) A—|
- ’ o1 P - 02"-. g
oa by . -
_Low: 5.0 Hz, order=8
il
. % = 30 o = Source 1 node 2: -47 nAm ELI Reference-free=blue Ref. |
Spherical model EEG 33 electrodes 4
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 7.1 Tutorial
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Low Cutatf{ High Pass

ws [ Ensbled

Erequency [§ [H  Siope [12 68/0csve

=] Dre [wopmese

=

High Culoft / Low Pass
Frequency [30 [He Sope

12 05/0ctove [

Stas [+ Ensbled

Type [rerophose  x
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§% C:\Users\TestUser\Documents\BR71_C Windows 32bit\default.elp - DipoleSimulator = m] X
File Edit View Options Help
F ODFSEE EH S 2 M ¥ Y[R Hd|Ns [Fy Fe | 2
:I N N
g g = = =
5.00 BV
v < Fp2
F0_f|
LN ——y -
Fz 4 _\f;
Lf; Fc2 FC8 F,\
cz c4 T8 T10
cp2 cps
S S
Pz
" s
@ 10
. o1 ﬁ 02
High: 30.0 Hz, order=2
Source 1 node 2: -55 nAm Reference-free=blue
[ 10 20 30 40 50 vl Ref.

10. Change the High Cutoff filter to 10 Hz, 12 dB/Octave,
zero phase. The amplitude of the waveforms get
decreased, while the shape of the waveform is not as

distorted as in the example of the Low Cutoff filter.

Spherical model

EEG 133 electrodes

___

Low Cutot{ High Poss

Staws [ Ensbled

Frequeney [F Mg Siope [1zdBocme =]  Tpe [smophese  v]
High Cutoff / Low Pass Stz [ Ensbled |
Frequency [10] [Hi] Slope [1zdB/Octeve  w|  Twpe [erophese v

Cancal oK

42 C:\Users\TestUser\Documents\BR71_CurrentSetup\Windows 32bit\default.lp - DipoleSimulator — m] X

File Edit View Options Help

FDFEREH S 2N[Y VR Hd|Ns [Fv Fe [

B B B|
=] = =
@ @ ol
I < Fpt P2
F9 F10
—~—Fs
FC5 A
T TI CJ ’ J\
CP5
RYar A wﬁ o
Fo gl
g o1 | 02 ||
ala
High: 10.0 Hz, order=2
il
Source 1 node 2: -55 nAm Reference-free=blue
o 10 20 30 40 vlv Ref.
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11. Increase the slope to 48 dB/Octave. Note that the filter ™=

. . . . l:n—-ww-w};:gh pwm Slope [1208/0ckeve  ~|  Tvee 5“:; uhu:meuﬂ
response again suggests better filtering properties |~ —
. - . il Frequency [io [He) Sioee [N ~| Twre [reophose v
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.
4% C:\Users\TestUser\D: BR71_CurrentSetup\Windows 32bit\default.lp - DipoleSimulator - m] X

File Edit View Options Help
Z DZEEEH S 28| ¥ VR HdNs [[Fy Fe | R

H58
Lo G e

i\@
T

[«I»

High: 10.0 Hz, order=8

afa
]
Source 1 node 2: -55 nAm :] Reference-free=blue
50 vl Ref.

Spherical model EEG 33 electrodes

Things to keep in mind when filtering

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

o Filters affect both amplitude and shape of your waveforms

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
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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

N N N NN

Classic ERP analysis
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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).

2. On the first screen, an eye-blink
dominates the data. Double click on it to
open the 3D Mapping window and view
the associated typical strong frontal

positivity.

3. 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 now
automatically scan the data for eye
movements using an internal model of

artifact topographies.

BESA Research 7.1 Tutorial
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Time: 00.00:00
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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.

[B)) BESA Research 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\S1.cnt — m] pd
File Edit View Filters Montage Process ICA ERP Artifact Sesrch Tags Goto Options Help
F|F+\Wrs|SAw\BAT|ERP\TpV\|CA|DSA\TFC|ES|\Rer.|Vr Src [ Usr | Opt [EdM | LF | HF | NF [ EdF | EEG |

virtual corrected Reference Free Add

Fo_rfr

Autd I\IIIIIHI\HHHHIII\HIHIIIIIIIIII\IIIIIIIIIIHHHI\HIHHHHHHIIIIIHIIIIIIIII\HHHHIII\HHIIIIIIIIIIIIIIII\HIIIIIIII\HHIIIIHHIIIIIIIIIIII\IIHHHHII\IIHHHIIIIIIIIIIIIIIIIIIIIIIII\HIII\I\I\IIIIIHI\IIIIIIHHI\IIHHHHHIIIIIII\IIIIIIHHHHIII\IHHII\IIIIIIIIII\IIIIIIIIIIIIHHIIII\\\IIIIIIII\\\IIIIIII\HIIIIIIIIHI\HHIIIHH\I\HHHIIIIIIIIII\I\IIIIIIH | 10.0
v| s

)HH

Time: 010:00:00

Tntﬁ\ DD 16:02 Mark: 2 802 = Filters off Buffer: 1 Caorrect PCA

Cur: 3104 s Fpz_dr: 1.42 v Miew: Original

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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[E) BESA Research 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\S1.cnt

File Edit View Filters Montage Process ICA ERP Arifact Search Tags Gete Options Help
-F|F+| wWrs | saw | BAT |ERP | TpvV | ICA | DSA | TFC | ESI | Rec | Vir [ Src [ Usr [ Opt [EdM [ LF | HF | NF [ EdF | EEG |

Fp1
Fpz
F3
Fd
ca
ca
=]
P4
o1
oz
a1
Az

F7
F8
T
T8
P7
P8

Pz
P3
EOG
P10
FC1

Fc2 i ' - . ‘ + - - ; -
e s S SR SOV P ; ; ; : ; : Lo
ros ; : ; ; ; BRI RSNSOI A RS SV

- -

T
T2 . .
PSRt
cPe -

cz

iz
R

[Tirne: 00:00:00 [Total: 00:16:02 Mark: 2.802 5 Cur:1.0005: Fz:-9.62 pv Filters off Buffer: 1 Miew: Original Correct: Off

: 1s : la | H 5 H L le
|I\I‘IIIIHIHHHH\IIIH\IHIIIIIIIIII\IIIIIIIIIIHHHIH\IIH\HHHHIIIIIHIIIIIIIIHHHHHIII\HHIIIIIIIIIIIIIIIIH\IIIIIIIIHH\IIIIHHIIIIIIIIIIII\IIHHHHII\IIHHHIIIIIIIIIIIIIIIIIIIIIIIIH\III\I\I\|IIIIHI\IIIIIIHHI\IIHHHHHIIIIIII\IIIIIIHHHHIII\IHHII\IIIIIIIIII\IIIIIIIIIIIIHHIIII\H-IIIIIII\HIIIIIIIH\IIIIIIIIHI\HHIII\HHIHHH\IIIIIIIIII\I\IIIIIIH
»

100
5

Auto

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 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\51.cnt - a e
File Edit View Filters Montage Process [CA ERP  Arifact Search Tags Goto Optiens Help
-F [F+| Wrs [ SAW | BAT | ERP | TpV | ICA | DSA | TFC | ESI | Rec [ Vir | Src | Usr [ Opt [EdM [ LF | HF | NF [ EdF | EEG |

: : i : : : ; | Add

Fp1

Fa
c3
ca
P3
P4
o1
o2
A1
A2
F7
Fa
T7
T8
P7
[
Fz
Pz
P9

EOG
P10
FC1
FC2
FC5

: 5 . 4. . 5 . L e
Auto O O 000 R
4] »

.
DKL

Time: 00:00:00 [Total: 00:16:02 Mark: 2.814 s Cur: 3.2155:B: 0.61 nAm Filters off Buffer: 1 Miew: Original Correct Off
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7. Now we will apply filter settings that are | versbiefiter seing: ' ' X

optimal for the identification of blinks. | ¥ towcutffFit

Cutoff Frequency [Hz]: | 0.5 Type: |f0rward j Slope: |6 dBjoct j

Press the EdF button to open the filtering

W' High Cutoff Filter

dialog. Choose a Low Cutoff filter of 0.5 Cutof¥Frequency (Hal:| & rype: [mampase =] Soe: [ <]
Hz, forward, 6 dB and a High Cutoff filter | ' "™

of 8 Hz, zero-phase, 12 dB. o Pace Fiter
= =
Sampling Rate: 250 Hz oK
8. Before marking an eyeblink, we need to [ Default Block Epoch ——

define a default block epoch that will later

Fre cursor: I ms
be used for the pattern search. To do so
press Edit / Default Block Epoch and Postoursar. J400.0 ms
choose the settings Pre cursor: -100 ms oK_| Cancel |
and Post Cursor: 400 ms. This time -

window is usually sufficient to cover the

whole extension of the blink signal.

9. Right-click on the onset of the blink (you | ————~— -~ — 7 =7 =7

; A e S SRS
may use the virtual B_EOG channelasa |+ —————— I
B e
reference) and select Default Block. I ———————— e
o —_— i — _‘: rtifact Start

Marker
Comment

v
|

P Ty ey oy

G — T\ T T

P10 e — T T

=

Pattern 1

FC1 ——
FCc2
FC5

Pattern 2
Pattern 3
FCB
™
T2

Pattern 4

i

Pattern 5

\

cP5

Time-Frequency Plot

cP6 - L

cz : :

H_EOG — — yNp— :
BEOG ——m———t————————————— S T

2 : \/15 :
TIEIT[TI } > |\I\I\I\‘\HI\II\I\I\II\I\I\II\I\II\I\I\\I\I\II\III\IIIIII\\III\I\\III\II\I\I\II\IIII\HIIII\I\IHI\I\I\\I\I\II\I\II\I\I\II\I\HIIII\I\IHI\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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10. You may select the channels that piCk Up %[5 s || sar | e | Tov | 1o | oo [ 7ec | £8 [Ree vir s [ U [ omi [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. |y 4], ==

11. Before we start the pattern search, we will f.fiflﬁ". ;lﬂt: vﬁ?:;;r;;'mgl Aviect [ SauEh] Tog:_Guwo_Op H:'::
tell BESA Research to stop everytime a — 1 _— -
pattern is classified as a blink. To do so i -
press Search / Query. E% W E?E:E;km -
Next press the button SAW (Search — E% % :::"M“’“' -
Average — Write) to start the pattern ff % el &
search. ;5 H o -

.

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

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 7.1 Tutorial
Copyright © 2020
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u Write Average Buffer - Original Channels - Binary X
Savein: | ERP-Audtory-intensity =~ «@mekE-
* Name . Size Type Date modified
access J All_Subjects_cc.fsg 332KB FSG F?I: 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_avifsg 663 KB FSG File 2005-05-13 1:55 PM
. | ]53_avfsg 663 KB FSG File 2009-12-03 11:58 AM
m [ s4_avfsg 663KE  FSG File 2009-12-03 12:09 PM
Libraries 755_avfsg 663KB  FSG File 2009-12-03 12:08 PM
h | ] S6_av.fsg 663 KB FSG File 2009-12-03 12:07 PM
= | 157 avfsg 663 KB  FSG File 2009-12-03 12:06 PM
This PC ) $8_avifsg 663KE FSG File 2009-12-03 12:04 PM
‘ | S9_av.fsg 663 KB FSG File 2009-12-03 11:55 AM
work | ]510_av.fsg 663 KB  FSG File 2009-12-03 12:02 PM
< >
File name: | j A — Y *
Saveastpe:  [Binary Hioh Resolution ('fsq) =] 1 cace [l
File Edit View Filters Montage Process ICA ERP  An|
-F |F+| wrs | saw | BAT | ERP | TpV | |
Fp1 /\ e iR e —
Fozj /\ e
F3 —1 &/“
F4 L
c3 — |
Cc4
P3 1 Top View of Data —
- [ -
o — T
02 - Linear Correlation —|
A1 1 Source Analysis o
A2 =TT T
F7 L 1] Whole Segment L —
F8 mo= Default Block —
w iR Map
] T 1
p7 i EE. mage L
P8 HIR Write Segment
:}zz ::: Copy to Buffer
P9 il Define Artifact Topography
EOG ! —
P10 —+H——t
FC1 -
FC2
FC5
FC6 IS i HER S ——
T "
T2 "
CP5 —— —
cP6 S e —— .
Cz
H_EOG
B_EOG oo [
P17 /150,
OO OO
Auto = | I
Pattern: 1 Averages: 150 Points: 125
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15. Note that VEOG is already ticked in the  |uieccoreas 7 x

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
[~ EKG

appear notifying you that the blink and

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

VEOG topographies are too similar and Coke2 [

that VEOG will be deleted. Confirm with Losd | save cance
OK. ok | cancel |  Hb |
16. A 2D-mapping window opens that ———————— ¢
displays the topography of the first PCA ==
component (principal component i, e, ::
. 1 rueos [ -] 1
analysis) that was computed on the - = — N H

average blink signal. The PCA | ..k

I

[l

decomposes the blink signal into | . ..

independent topographies. Generally the

first component explains > 99% of the — — — — —

variance, so it is sufficient to only subtract —— A
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.

%1t 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 | Atifact Search Tags Goto Options Help
| Open Paradigm...

=1

Edit Paradigm...
Save Paradigm As...

in the file to specify conditions that will

later be used for averaging. Press ERP /

Average...

11
——
U
J—
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
S e S e e

rrroror T T T Ty
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2. Switch to the Trigger tab. 5 triggers are =5 = o
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 é "
the same with the rest of the labels. ==

ox corcet | v |

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, ...

[ baracigm (5

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

—Attributes

Icode Iname Imudality Iswde Ifrequency Iintensily 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

Mext 1 Replace

Delete

Condition

G0dB EL Current intensity |s
70dB 93

80dB 104 Current intensity s
30dB 85

100dE 89 Current intensity |s
Lo 188

High 174 Current intensity s
u or

Current intensity |s

Current intensity s
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 [ .

Tigges | Condtion  Epoch | Fiter | Astoct | Average | Coherence

Epoch to _300 : 1000’ Basellne Averaging Epoch - Baseline Definéon | Arlact Bejecion |- Shmalus Arbfact Delay

Stant Position 500 7] ms | (1000 ms | [3000 mo o ome o
Definition to =100 : 0, Artifact Rejection coromen [T 10 [ | | m o

to =300 : 1000 and choose Assign to

All. 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 [*== s Z

Tigger | Condtion | Epoch  Fiter | Agfact | Average | Coherence |

Cutoff filter of 0.2 Hz, 6 dB/Octave,
forward. Enable it for Scan and

[¥ Enahled for Scan [ Enabled for Averaging

Erequency (M  [Hz] Slape [Gabjoa v Tope [fonward ~l

igh Cuof

Averaging (i.e. the Low Cutoff filter will

i
|
| o —
. . | Freouency [0 ) Seoge [ercbion =] Twe [aophess <]
be switched on for the artifact scan and | i |
| | | [~ Ensbled ior Aysraging -M
averaging). This prevents us from | e . -

having to filter the averaged data later on |

and we can avoid the negative effect | L] _oms | v |

Low Cutoff filters can have on relatively
short data epochs. We will not use a
High Cutoff filter here as we can apply it
later without distorting the data.

You can now save the paradigm
definition by pressing Save As. Choose
any name and add -test to it in order to

not over-write any predefined files.

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

1. To make sure you have the identical paradigm settings as described here, please load
the pre-defined Paradigm-file located in the
under . 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
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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.

—Rejection Method
[ Fixed Threshalds

Trigger | Condition | Epoch | Filter

[v Aditact Scan Tool

Start Scan

i i Lok T
LAY B

Tl Ik S

0]

rll Trials

[ Saort Channels by Mean

12495

[~ Log.Display

Artifact | Average | Coherence |

— Thresholds and Bad Channels
UseforAw.

® EEG C MAG ¢ GRA

v Amgl |120

|_D |120

=l

[v Gradient I?S.EI

I_u [r50

=l

v Low Sig Inm [o.o1

Bad Channels

I—n

=l

—Count  Accepted  Condition

96 77 B0dB
93 70 70dB
103 81 80dB
g5 72 40dB
a9 76 100dB
189 147 Low
174 147 Hirh

—Sort by File

(" Gradient
™ Low Signal

o Load |
Save As |

2. Right-click on the red channels to see

Trigger | Condson | Epoch | Fier

Aiact | Average | Coherence |

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 7.1 Tutorial
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Rejecson Method

[~ Fised Thresholds [V Anttact Scan Tool

Start Scan

Threshoids ond Bad Channels
UseforAv. @ EEG (" 1AG €

% Amgl |wzn |o|2n -

o i Load
yradient
Save As
Tl o sonchamels byMesn ™ Log Displey 12 | € LawSignel
oK Cancel | Hep |

=
Color Map Auto-Scale

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

Sonby

File
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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.

4. 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 pV).
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.

5. 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 7.1 Tutorial
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Paradigm

Trigger

1 Trisls 1295

— . am— ot
Condon | Epoch | Fer  Anfsct | Average | Cohersnce |

Fsiaction Method
Feged Threshol

Thre shoidls and Bod Chonnal:
Uselorhv. @ EEG

¥ Gradient ’Tﬁ |
 owsg o0 [0 o +]
Bad Channels [ e

StantSean

lds [ Aact Scan Tool =

" Amgl

[¥ Sort Chennels by Meen

Paradigm

DT o

Trige

n

Chr

o

ger | Condiion | Epoch | Fiter  Arfact | Average | Coherence

Rejscion Method
[~ Faed Thrasholds

Thresholds and Bsd Channels
@ EEG C C

[ Amgl  [120 ‘ i -]
[+ Geadient [76.0 ’7 o -
[+ Lowsig [000 ’7 -~

Stort Scan

[¥ atifact Scan Tool UseforAv.

« |

81 Tisk [ Log Display 12

[ Sen Channals by Mean

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
got accepted and that the two bad
electrodes (FP1 and FP2) that were
contaminated with eyeblinks are not
conspicuous any longer. Some epochs
still will be rejected as they exceed the
threshold criteria. These epochs are
contaminated by other, non-eyeblink
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.

Togger | Condbon

Repection Mathod
[ Fivsd Threshokds

Paradigm T ]

Epoch | Fiter  Afact | Average | Coherence |

Thiesholds end Bad Channels
Usefordv. @ EEG c

[+ Amgl ‘\zu fizm ]

[ Gradient [750 | 0[50 = Il

P lowsig fm [ 0 [io1 = I
= color

Bad Channsls ]

@
g
[

[ Adifact Scan Tool

Count_Accepted _Candiion

D. Averaging and Classic ERP Analysis

1. Move to the Average tab. It is possible
to restrict the number of conditions for
unwanted

averaging by removing

conditions from the condition list.

Additionally, it is possible to use
constraints, e.g. to only average epochs
of the first or second half of the
experiment. This can be useful to make
a split-half comparison. We will now
average all conditions by not changing

any settings and pressing Average.
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I [»  Grodiert =
T Tl o Chomels by beon [ Log Display "2 | € LowSignal
oK Cancel Hep | [f
Paradigm T
Tigger | Condtion | FEpach | Fer | Addact Average Coherence |

Range Candgion Constraint Seatistcs
 Wrde EEGMES | [50d8 A Walches ~

] Even Matches [ Cac Hose
" Cumert Segment 80d8 0dd Matches Covanance

R 9048 First Haf
! e o Eepcrdion - Beamfomer
€ ToEndof Fie Figh o
Al Lomaton
€ To End of Segment Addto Lst -
€ To Next Marker Remove From List =
Curent Selection FFT Average
Total Cout Accepied  Condiion Constraint
% 5987 [+ 608 A
93 91(97%) » 70d8 A Average
04 103(100% |« 80d8 A
& B4(36%) [« 908 A
5 ER |5 : o
(98%) -
74 7138 |x Hgh A Load
67  460(%%) |« A A —
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2. A warning message will appear that

Artifact Correction Switched On for Averaging

X

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 hames
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 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

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: [ Binary High Resolution  fsg) ~| 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 Viewer - 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 | =

789y

eyeblinks.

7. Close the TopViewer to return to the main * "~~~
window. After averaging, BESA Research - =« . oo
automatically opens the newly created | 7
average file. Therefore, we see a segmented
file containing segments of the conditions as
defined in the paradigm. We are now going

to load the artifact topographies we defined

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

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

BESA Research 7.1 Tutorial
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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.
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c3 N b
i Default Block H
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o1 N SN WEE-PAP
' Epoch Start .
02 F—— . i
A I Artifact Start N o
A2 [— "] Marker H
F7 "1 H
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F8 " H
17 W Pattern 1 H
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PT o Mt RS
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Pz '_“"""%“‘“—"" Pattern 5 :
R e T RV
EOG Ww Time-Frequency Plot S \a—\'\.-u.v"\‘r’\.
an ' T = [
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789V
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Fz e

M o N .
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S
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o6
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i i i rnareos o 00 R S
11. The Find Peaks window will open and | fndeastor 000 T =

Search Channel from o

automatically display the search results E =l fe = "
for the marked data-block in the | = fwers] 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- | o0 . ET m
range as well as the Area under the o V@iﬁ?‘ié‘\ﬁ:;ﬁ“ Elhri

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

Back in the TopViewer an arrow will

12

¢ H&s

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

AN NN

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.

In BESA Research, select File / Close
All.
Scripts. This will bring up the Batch

Now select Process / Batch

Processing dialog.

2. Press Add File and select both available
(S1l.cnt and S2.cnt). Press

Open.

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

two datasets were

For display
purposes only
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 afile list at this

stage by pressing the according buttons.
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I | _BA]  Source Analysis
Source Image
Voltage Maps
CSD-Laplacian Maps

MEG Maps

Density Spectral Array

FFT-S

Mean FFT-Spectrum
Previous FFT
Load FFT

Linear Cc

Nonlinear Regress.

Movie

Batch Scripts...

Run Batch,

Shift+R

Batch Processing X
Fie Lt | gatch |
Ll ‘ s ‘ Press "Add Fiie" or drag files from Windows Explorer into the box to append to the st
Rigt options. <Del> deletes marked tem . Ctri+Cursor up /down
Save Fie List mov
File [ Channels |_SampRate
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4. Move to the Batch tab and press Add
command. This will bring up the Select | &
Command window that is sub-divided
into 4 command sections corresponding
to the main program, source analysis,
imaging, time-frequency analysis and

general commands.

General commands: Main Program: Source Analysis: Source Analysis Imaging:
[AtifactAutoCorrect [AddSource Beamformer
ChannelTypeForFit CLARA
MATLABcommand ArtifactOn/off Convertsource dip
MATLABwaitForVariable ArtifactScan Delete Bxport
Fause AudliaryFiles DisplayMRI GotoMax
Window Position (Average Exit Import
Baseline Fit LAURA
EditDefaultEpoch FitConstraint LORETA
EventRead Fitlnterval SetCrosshair
Eventirite MinimurmHorm sLoreta
Export NewSolution Smooth
FFTsave penSolution SSLOFO
@ Apply to all files Fileopen PCA UserDefined
Fiter Regularization
ImportASCI SaveBitmay
 Apply ot beginning of bach | CaveModeaeforms
Montage SaveResidualWaveforms
C Apply at end of batch Paradigm Ti quency Analysis:
PatternTaTrigger G
SendToMATLAB SaveSourceMontage Play
Image
A . Triggerselect SaveSourceWaveforms g
SendTOMATLAB
SendToMATLAB
SetCursor StartTFAnalysis
SetDefaultsourceType
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.
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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 ﬁ
Instructions
Check "Wait after scan” if vou want to acdjust
thresholds and check bad channels after each scan
= = —— -
= [+ Waitaller ecan :
------ 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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i T =

General commands: Main Program: ‘Source Analysis: ‘Source Analysis Imaging:
BatchError ArtfactAutoCorrect |AddSource Beamformer
Comment ArufactMethod | ChannelTypeForF CLARA
MATLABcommand ArtifactOn/off | ComvertSource Clip
MAY\)IW. itForvariable ArtifactScan Delete Export

[ncryies Fsentt ot
indonposton o — ot
esene e e
CotoatodtEpoch Ficomsrant LoRera
eveeReod Fivearel oo
s Mmoo by
oot i ...
e opersolsio et
@ Apply to all files FileOpen PCA UserDefined
Fiter Regularization
ImportASCI SaveSitmap
€ Apply 3t beginning of batch MarkBlock | SaveModelWaveforms.
Montage SaveResduahVeveforms
€ Apply ot end of batch Paradigm SaveRVandGFPWaveform: Time-Frequency Analysis:
patternToTrigger Savesoluban iy
TriggerSelect | SaveSourceWaveforms mage
Current Selecton 99" Save
| SendToMATLAS
e SeniTousTLAD
AAanc SetDefaultSourceType SacyFemipe
il
Setoraane
Svncundion
= cance

8. The three commands have been added to

the command list with all specified
options. You may save this batch and
reload it for further analyses using the
Save Batch and Load Batch buttons.
Press OK to start the batch processing

with the first file (S1.cnt).

BESA Research stops after the artifact
scan has been performed. You can now
manually adjust the number of rejected
trials and channels. In file S1.cnt, many
blinks can be observed, primarily in
channels Fpl and Fp2. The preset
amplitude threshold is not low enough to
exclude all blink-contaminated trials.
Drag the vertical red bar to the left to
exclude more trials or set the amplitude
threshold manually to 80 uV. 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 ™ — ‘:- - | "'_“ i =
scrollbar to the right end of the display to S — i
Ell [1:': [+ Amgl .Il[I ,_nﬂ
see the trials with large gradient artifacts. | ™ | P CPTS

|| ¥ lowsg o [0 o _aﬁ E
The gradient threshold should be lowered ﬂ e

|
(i.e. the vertical red bar in the 2D display |
should be moved to the left) to exclude all |
i

0« v
artifact-contaminated trials. Set the P P sty I on Dopiy % |
gradient threshold to 30 pV. ' - — — ]

11. Select Sort by Low Signal to see —— :!‘ == ‘ : ;:Cm” ——
whether there are any channels that e — ||

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

color

l
Bad Chonnals [™ i

Count _Accspted _Candiiion
& (B6%) 60dB
70

dropped out during the measurement. | ™

This is not the case.

B t
ﬂ“? T % Sod Chammels by Mean ﬁ
i | | Help ‘ "
12. Press OK to finish artifact rejection in the | gatch Compieted = I

f|rst data f||e_ BESA Research nOW File 2: CA\U._s\BESAYResearch_b_3\Examples\ERP-Auditory-Intensity, 52 cnt

Task:  Batch Completed

averages all specified conditions and
g p Wiew Log ‘ ’T‘

proceeds with the next data file. In file

, adjust the artifact thresholds to
100 pV (amplitude criterion) and 50 pVv
(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 7.1 Tutorial
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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

Load Condtion List Load Previous Chck in anay to toggle "+1°_ "-1", no operation

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 7.1 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

create a new condition that contains : R -

the grand averaged difference be- ﬁ e |

tween the High and the Low condition. e

-

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 Condtion st | Load Previous || ik in amay to toggie *+1°, -1, no aperaton.
Click column label to edit the label , delete it, orinsert a new label to the left or the column.
Save Condition List | ﬂewTa'getConcIiml Right click for more options

| 60dB| 70dB| 80dB| 90dB| 100dB| Low| High | Diference |
+1

7048 +1
80dB +1
90dB +1
100dB +1
+ +

Al

Weighted average? NO  _NO NO  NO N0 NO  NO  NO

~ Feedback
No restrictions on sampling rates or channels.

v Divide result by sum of PLUS
factors

DK

|

Cancel |

heo |

_ _

8. Press Save Condition List to store

Savein | | Condilonlist

j + & BEr

the defined conditions to disk. Enter @ |name s Date moified
Rec:?:ﬁ - | ERP-Auditory-Intensity.clist 13.05.2005 15:37
ERP-AUd|t0ry-|nten3|ty-testC||St as PreviousSettings.clist 03.03.2011 11:24
fle name and press Save. You may [E'ﬁ]"
press Load Condition List to load the L;h,
predefined  condition list ERP- “Q"”
. . . Network < 1 3
Audito ry_lnten Slty'CI st File name [ERP-Auditory-Intensity-test clist ~] sae |
Save astype [Condition List (* clist) ~]| Cancel
Directories [Condition List director -]
. d
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9. Proceed to tab Chan nel LISt By [Combine Conditions, Chanaets, Find Peaks - For Research Use Only *

Fie st | Condiion List Chamnel List | Aun Script |

ings in thi i e B T Ayt DN
default, settings in this tab are ignored | B "

(Checkmark at the bottom Ieft) It ::xcn.m ‘TJ r:? Fa] Fa]ca]ca] pa] P4] 01] 02] A A2] F7] 8] 17] Ta] P7] Pa] F.] Pz] P3] EOG]

allows combining data of different | T,
channels. To create our grand a
average, this is not necessary, 5 S )
therefore we leave the settings in this 2

tab unchanged. O

10. 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

Fie List | Condition List | Channel List  Run Script |

Select options, then press "OK" to start averaging or peak/amplitude export.
DO NOT USE RESULTS FOR DIAGNOSTIC PURPOSES!

LoadSettngs | Load Previous |
Save Settings
~ Averages to generate
(" Generate separate averages for each source file
e mash P

i~ Further options
[V Open target file in BESA

11. Click OK to start the batch. BESA
Research computes the specified grand
averages and prompts for a file name.
Enter All Subjects cc-Test.fsg and
press Save.

1 Peaks and Mean Amplitudes
-
" No averages: just copy CP @ Singl
" Peaks and mean ampltudes &M (6 e outp
CA € Ser AF

Spatil it :
I Interpolate to Standard 81 ek di o "

o

Range: 0 1000
[~ Interpolate bad channels (obligatory f bad channels = : == -
defined and not standard 81 interpolation)
Montage. | IOngma! Recording
r~ Temporal Interpolation and Clipping
[~ Spline to new sampling rate Fiter. porkl 0
[~ Cliip interval
Sampling rate from (ms) to (ms) —‘I a2 !
250.00 -300.0 1000.0 Peaks
: VA d late I™ Positive
No{fmqbs:m.mofpvmmplel:ﬁ
Max prestimulus interval: 300, max poststimulus interval: 1000 Tl =] Channelfor peak detection
OK | Cacel | Hep |

Savein | | ERP-Auditory-Intensity ~| +@mo\E
B Name B Date modified -
a "‘4: | test 17.02.2011 14:31
ecent Places All_Subjects_cc fsg 09.12.2009 1435
-J Grand_Average_av_cc-testfsg 0303.201111:25
Deskiop S artfsg 25022011 13:32
o S1avfsg 13.05.2005 1453
uq| S1_av_FILTER_EXAMPLE fsg 02032011 10:52
Libraries S1_av_FILTER_EXAMPLE_AFTERfsg 02032011 10:51
:k" 51 av-testfsg 1403.2011 1605
S1-blink+ERP.fsg 18052005 17:19
Computer
52_avfsg 13.05.2005 1455
52_av-test.fsg 14.03.2011 16:06
Network S3_avfsg 03122009 12:58
€A muifrm A2 179000 12.00 T
< [I[} »
File name [510_av_cctesifsg ~| Save
Save astype [Binary High Resolution (*fsg) ~] Cancel

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

bottom next to the condition label, in our

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
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Tutorial 4 — Discrete Source Analysis

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

(L), ~ 3 > 3

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).
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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

-

,r’/ o o = \\\ 1 v -
N
e / multiple source model

“ | inverse

forward =ep S SV 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 FCH —
®” "\ forward inverse " ——/\/\g——
model model ., >C
o —> —
head model ! N
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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

— 4
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.

15t 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 _Elﬂﬁ1

File Edit View Options Help
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e
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‘
|
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|
==
I Reference free=blue Ref. I
I .
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
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1. In the main window, select File / Open 80 select Data Files x
Look in | Leamby-Simulations j & @ cf B

and browse to the Name Date modified Type ~

M* AC-Coherence 2018-03-2111:08...  File fol

subfolder of the Examples folder to aceess CTF-MEG143 2018-03-2111:08...  Filefol

7l ModelData 2018-03-2111:08...  Filefol

load the simulated data set R 2o e, | |mn2ie- e
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Folders [Examples Folder ~|
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that is underlying the recorded signals. Source [ [ Veksamen
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analysis is performed in a separate window of E‘S I e IR S
BESA Research. To start source analysis, left- | ———— e
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drag over the data to mark a block. Then right- [ — 1= o >
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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

=

o | sow0 [ romm | 1w

&

recorded channels are displayed in average = T ee—
reference: The top row shows a butterfly plot @% - e e

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 =i
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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.

This defines a first (still inappropriate)
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
source model on the

right as a

hypothesis. Source waveforms are
dependent variables. Source locations
and orientation are independent
variables.

Based on the source waveforms and the
source leadfields (as defined by source
location, orientation, and head model),
the model waveforms can be computed,
i.e. the data that would be generated by
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

(purple) and modeled (blue) waveforms

difference  between recorded
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 oo yar [ 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
logarithmic scale for the RV. The goal of the

0.1

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

16 &)
& \ )
YN Ny
N NS

A

in the waveform box to determine the
optimum location and orientation for our

first dipole in order to explain the data in

S

the marked fit interval. The result is 2=~ , 67% {;—[\)\
. L . . R l 5
independent of the initial dipole position = ——~ { ‘ 75 é =)= )

, , i . L=y
and confirms the simulated generator of ™ (=

the brain activity in this time range in the right auditory cortex. Use the scaling buttons at

the bottom right of the middle panel to increase the source waveform scaling.

Write Sphere Center File (*.cot)...

9. Note that it is arbitrary if the dipole is

T r ¥

S Save Solution As... Ctrl+S
represented with its flag pointing in one [ >

. . . . . . Display MRI
direction or in the opposite direction. If f I (( et Soe ove e
you wish, you can invert the source IF““:°"°"'°”“""°"‘
nvert Orientation
e e\

B O m >

orientation by right-clicking onto the Convertto Regional Source ¢

Delete Source Del
source and selecting Invert
Orientation.
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10. Release the Data button in the upper left

D:

corner to show the residual activity only.

In our marked initial fit interval, the dipole - L= Y Ty
in the right auditory cortex explains the
recorded data without any remaining
residual. However, its source waveform is

not correct — it shows activity also during

the later time range of simulated activity in

the left hemisphere. This is so because =~ wwement
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 [

second dipole. The button next to its o
source waveform will automatically show = - com= T —=o " N
Fit to indicate that its location and A ()

i\ 1 r
orientation will be optimized in the next . — 74/\; AT %T:\\\

S — Y / 3 /—\‘
fitting step; in contrast, the button of the = = ———— A {Q\@[')& - f/}}l
first dipole says No Fit, because it will held | [=] 2 ,/:'?"?1\ /T\\
, . . , . e | ARE) W ESCE)N
fixed — its location and orientation has | ° & {b i!{ >l=
already been determined by the first fitting

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

source model perfectly explains variance in the data.

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

unmodeled brain areas will be projected onto the source waveform of the modeled sources.
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2"d 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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File Edit View Filters Montage Process ICA ERP Artifact Search Tags G

12. Minimize the source analysis window and -f|F+| wrs|saw| BAT | ERP | TpV | ICA | DsA | TFC |

Top View of Data
Whole Segment

Pl

select File / Open in the main window to load , [+

] 1
the second simulated data set T =1
Left-drag to m |+ ~ N e
R

FFT

Linear Correlation

B Define as Epoch
mark a block and right-click into it. BESA [0 [

fcr ::/’R

Define as Artifact

Write Segment

Copy to Buffer >

Research remembers the previous settings
FC6
LPA

used for source analysis that you can quickly .,

——— b=

T\ _— ime-Frequency Plot

o e ﬂ e <4
re-apply by selecting it at the bottom of the « BN

Define Artifact Topography

popup menu.

13. The source analysis window appears with the

new data set, the previous dipole model still |

applied. Press the Data button to show the | - [ e ]
biphasic EEG signals of this data set. Since — 22—
the data set has been simulated with the same | — 5~ | :

active brain regions, the source model is ﬁa—

gions, = P\
correct for this data, the residual variance i:g::
being nearly zero. The source waveforms are .. ... £l o

now computed from the new data and
therefore reflect the synchronous bilateral

biphasic activity.

14. We could have obtained this source model by

fitting both dipoles simultaneously to the data. in
g p y 3—66— e dk e
To see that, left-drag to mark a fit interval | - e s VA NV
L) (o)
over the time range of EEG activity. Then hit | ~—%As—— A ) [
= x’:ﬁ}b\ (/'; =
the All fit button — this turns both sources into | === | N ’-i/'/-»w}h (o) :‘)\n
i N NS
i i i -/~ — | = =
the Fit state. When pressing the Start Fit ——— =N, AN\ T
button now, location and orientation of both | =X & o dt%l%;};
—Aw—T _\}! f | -— g
sources will be optimized. The result does not == s i y
differ from the previous model.
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15. Let’'s see what happens if we had tried to
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-

and right-hemispheric activities. Although the

result is incorrect, the residual variance is less

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

16. How can one decide whether the one-
source or the two-source model is wl-
correct? This can "
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

be done by

St S
AT AT
I/ 7 \§
&) (o))
A

Hovneovers 3

=

the third dipole is a parameter called regularization constant. Select the corresponding

entry from the Options menu.

17. 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

BESA Research 7.1 Tutorial

Copyright © 2020

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

= | =N I /ﬁ\::--u

o] [emea || vl szcune | @J @g

o — N\ /g”i\
it —/~ il P S N Ve N
e ) 4@:@}

Page 79 of 397

www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

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.

39 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 (

).

Eile Edit View Options Help
S D@ & E & 7 %% Y R Hd|Ns|Fv Fe

S

- .
%% C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipDIeSimuw
— — —— c— - —

Y
DB
aayay

@ | @

Source 1 node 3: 5 nAm, 137 ms

5

5.00 pV

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

Ref. |
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File Edit View Filters Montage Process ICA ERP Arifact Search Tags G

18. Minimize the source analysis window. Inthe - |F+| wrs | saw | BAT | ERP | Tpv | ICA | DsA | TFC |

Time-Frequency Plot

Epoch: -100.0...549.5 ms, Filters off h

analysis window: |eft-drag to mark a block,

main window select File / Open to load the ™ ™ Top View of Data
. .< Whole Segment
file =
i Linear Correlation
! the same .///_, Source Analysis
simulation as the previous one, but with = Defineas Epoch
L Define as Artifact
some small background noise added to the |~ WiiteSegment
. . Copy to Buffer >
data. Again, send the data into the source 4 ,
o Define Artifact Topography
o

right-click into it and select the bottom-
most entry.

19. The previous solution is now applied to the °

Data Model | Res. _|ID) | P.CA | EEG
520 tohass- ) HoNCpkemoRE Ave_TRICRGIE <]

Energy | Min. Dist. _Image | Dp 2  wle yloe zloc o yoi  zed
% GFP| canjus |[0% 006 [013 [43 [43 [@9

Lo [es

Org| L9959 ms Set requisicsbon consan x

noisy data. The channel noise is strongly s
. o v am 2| oune | !!m'f L
projected onto the source waveforms when e

o Carce | Jﬂ s‘E‘SA‘HE @ @
14 <

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

waveforms.

i)

.Dm .Mud::l I‘{r‘s.‘ ||ni| |~;.C.A.|.E‘EG
= symch =lR

ﬁ L:sas ey

20. 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).

BESA Research 7.1 Tutorial
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Fit interval: +47.6 .. + 22516 ms
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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
filter of 40 Hz (keep the default
parameters 24 dB/oct, zero-phase). The
low cutoff filter will create an improved
baseline and reduce the overlapping slow
activity.

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
N2100 (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.

BESA Research 7.1 Tutorial
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Open...
Close
Close All

1 Recent Files...

Export...

Print...

Print Preview

Exit

L=

—— ——
~ 1 C\..xamples\ERP-Auditory-Intensity\All_S

File Edit View Filters Montage Process ICA

o

- ——— -
Load Channel Configuration...

Head Surface Points and Sensors

MRI Coregistration...

Send to MATLAB...

Import and Convert ASCI File...

ERP  Artifact
ctrl-0

ctrl-P

——

ubjects_cc.fsg 1

Search  Tad

Block Size and Position
" Whole Segment

(& Custom Definition

Filter Setiings

Low Cutoff

Erequency [05 [Hg]  Slape [12 dbjoct ~ |

Status [ Enabled

Type [zero phase ~|

[ ]Previous
Settings
F
(50 (ms) preEvent tequency |40.0 [Hz]
2500 (ms) postEvent
[ All Coneliians Source Analysis

High Cutott

Sloge [24 dbjoct ¥ |

Status [V Enabled

SetBlack Cancel

Tupe [zero phase v

Data PCA-Data (5 of &

| et <

b scalp bene
cunity [ om0 [ 0w | woow

MSPS_|v| SESAME |

600 .. - 0000 ms
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3. Both sources will fit in auditory areas, the -" .
,f Energy [ in Dist._lmage Dip2  wloc yloe zdoe xon  yei  zon
e —ur: c:,::s rim !deirn [oz [os [as

right source being located further anterior

[ o ] s ]_wises [ seme

than the left source. The right source

seems located slightly too medial.

Bl _Gondition! §olution1 Fg |mage Dptoms Help Sohtions New sohsion 1
Data Model [ Fes, I[P, Energy | Min, Dist

Cow 0 Faters
Org| [48.00 ms 425

4. The fit can be improved by introducing a

Image
— ol

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.

5. Both dipoles are located symmetrically in .. ns o e e s e e P

Dip2  woc yhe rdoc xon yoi zon
cantgus | (o [ oo [om [ oz [ o3 [ a8
e [

Fie_Gondiion] olution 1 Fy
Data_Model | Res. o)l | .
Con: 10 Fiers

- = w s][f 7| wdiyaaz8

Org| 4500 m

Energy | Min.Dist. __ Image
o

]
1

the auditory cortex. Note that the residual

e P
()
solution with the smallest residual W/\,,\

variance is not always the correct <~~~ A/b\ e’
anatomical solution. You should keep in oo ——— , /rvj (:B

variance is slightly bigger using the

symmetry constraint. However, the

mind that deeper dipoles explain more 1 =L
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 B
O loc [ =[P 1 rdbya0z00
a—

button to only display the residual

variance (if it is not activated, click on the

Res. Button). Note that our source model
explains the data very well for the given
time-range. Keep in mind for later that the

source model does not explain the P50 or : W mgrg

the N150 sufficiently. This can be seenby | ‘= ———

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

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

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

o [ Var | Enerpy [ Min Dist _image
aen | 112 7| ca
RC:1

by pressing File / Save Solution As...

o PRI T [
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.

(DES

@/J\@
=

T AT

LS

c3

CPs | &

&% C:\Program Files (x36)\BESA\R: h_5_3\defaultelp - DipoleSi b | S o]
Eile Edit View Options Help
F DFEE S TM Y YR H|Ns | Fv Fe |22
500 pv
v g Fpl Fp2
i A

7 Fs
It = Fz F4 i
FC5 L "rcz I s

S— S—

CON NI

Reference-free=blue

g Ve
e

P8,

T8 .T10

P10 A

Ref.

Double click to switch on cursor, or move cursor to this location

Spherical model

EEG

33 electrodes
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1. Load this data set in BESA Research:

Sele
Select File / Open and open e B Loty Snieto s eBsE
. * Name Date modified Type A
Region alSource2D.avr. el AC-Coherence 2018-03-2111:08...  Filefol
CTF-MEG143 2018-03-2111:08...  Filefol
7 ModelData 2018-03-2111:08...  Filefol
Desktop :] AC-2D-biphasic-synchronous.avr 2002-03-2911:29...  AVRFil
[ ] AC-2D-biphasic-synchronous+noise.avr 2002-03-2911:30...  AVRFil
™ [ ] AC-2D-no-overlap.avr 2002-02-1212:28..  AVRFil
Libraries ] AC-2D-no-overlap+noise.avr -1212:31...  AVRFil
z ] Unknown.avr 2002-02-076:12PM  AVRFil
This PC j Unknown-no-noise.avr 2002-02-07 6:10PM  AVR Fil
‘ % AC-2D-biphasic-synchronous.mod 2002-03-2911:29..  MODF
e : : B e
File name: |RegionalSource20.avr ~| Open |
Files of type: [Averaged Fies (272, *m??. “fsq) =l Cancel
Folders: |C:\..h_7_0\Examples\ERP-Audtory-intensty\ v |
4

2. You may increase the amplitude scaling ;e s s mi s s s e e e o ]
by pressing the amplitude scaling "
button at the right of the window. S
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

activity at the scalp surface can best be

observed by viewing a 3D whole-head

map. Open the map window by double-

clicking into the data approximately

where a polarity reversal is observed in

electrode Cz. A cursor is set and the map

window appears.

o —— . —— ey

02 b

OESARIAE

Time: 00:00.00 Total 00:00:01 Mark 0137 s Cur-0137s Filters oft
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4. To obtain a time sequence of maps,

click onto one of the heads, e.g. the view
of the right side (left head in the middle
row). The display changes, and maps
from 35 ms before to 35 ms after the
cursor are shown in steps of 5 ms. The
map seems to rotate from an early
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

BESA Research 7.1 Tutorial
Copyright © 2020
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File Edit View Filters

-F J FOJ ers \ SAW |

Montage Process
BAT | ERP | TpV | IG" | mea Ieea i mar Iom—
= - 0

ICA ERP Afifact Search Tags Goto Options Help

A d[L o)
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I
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L
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[ e
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0204V I step

Time: 00.00.00
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@ Whole Segment

(" Custom Definition

Previous

Settings
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[~ All Conditions

Total: 00.00.01

Mark 0137 s Cur-0216s: Fp1:-0.00 iV

Filter Settings
Low Cutaff

Status [ Enabled

Filters off

Slope [6dbjoct > |

Frequency [16 [Ha]

Type [forward

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

tion 1, Fiters o, 103, + 346 ms - Source analysis

s Var. | Energy | Min, Dist. _ lmage |0
G
=

Mickn W;W 70 ]T
VVVVV scalp
o [ oo [ o | r_m

- B x
Mo sohtion railsble

4 el il j_

]_MSPS_|v] SESAME

lale

I

Page 88 of 397

www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

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.

BESA - C\..mulations\RegionalSout -

7. If a f|t interval is mal’ked, the PCA File Condition1 Solution Fit Image Options Help
. . Data __ Model | Residual _||Datal | Data Model | Residual _ || Data|
decomposition is computed for the . SEn ] 3% "
marked data segment only. Mark a fit
interval that starts at the onset of
Al All
observable EEG activity and vary its
duration. Note that every time you
62 49 100%
change the length or position of the fit
interval, the PCA waveforms and se= 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

BESA Research 7.1 Tutorial
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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] x

File Condition1 Fit Image elp Solution: New solution 1
Data Model 5. Order [P.CA. EEG [ Res.Var. | Energy | Min. Dist.  Image Dip 1 xdoc yloc zloc xori yoi z-or
RegionalSource2D awr Filters off «|R V.- 0.007% GFP| CartJUS 0.00 017 061 oo 1.0 03
Org -99.59 ms +545 58 ms| Best: 0.006% RC:1
o 0t Loc free. -
/ \\/\ ori fiee -
] \ \ Model: 4 shell ellipsaidal
, \ \ New solution 1 (modified)
) Hid

| Aot anfit| Start fit] _MSPS [v| SESAME |

on I Ll 4
Fit
m @/L
Data Residual PCA-Data (10 1) ~|Source waveforms ZISnnmelncatmns Z’

Fit Interval: +56.29 ... +95.26 ms

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.

BESA Research 7.1 Tutorial
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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

. I \ \ Model: 4 shell ellipsoidal
’ Iy \ New solution 1 {modifed) EEG +
Al — o1 1w Hid
x| AN off] Al fit| Startfitf MSPS [v| SESAME |
7N ’ @ s @
I g
0.0% LN AN
on /\ 1 [ L 8
Fit

L

Source locations E‘

74.8%

Ll

Residual PCA - Residual (2 of 2) anur:E waveforms
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 o et

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.

6 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

12.

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

double-click into heads  will

opposed to a dipole.

Regularization Constant: 1 %

Default Source Type: Req. Src.
Brain Voyager Source Plot Size: 45

Colors
Reset Colors in Solution

Hot Keys...
Preferences...

Reset All Settings to Default

Shift+C

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.

Condition 1 Selution 1 Fit Image Options Help

. BESA - C:\...mulations\RegionalSeurce2D.avr - Condition 1, Filters off, -100... +546 ms - Source analysis

Image xcloc

Dala Model | Res. Order [ P.C.A. EEG Res. Var. | Energy | Min. Dist.
REQ\DM\SDWMZD awr F\Ilers off «|RV - 0621%
|-89.59 ms +54558 ms| |Best: 0.519%

- a

X

Solution: New solution 1

yloc  zloc  x-ori
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s Wwwﬁyﬁﬁ
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Loc free

o o
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f
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v

New solution 1 (modified)
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No fit
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No fit

On VAN

Time: +311
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Residual PCA - Residual (2 of 2) anurce waveforms
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13.

14.

The three mutually orthogonal dipoles of a I ?;‘Q/—//
regional source models current flow inany | SOTSLIED | v |
arbitrary direction in a certain brain region. o m ”F' /// m
Mathematically speaking, we will get exactly Stw i s vt s s |
the same representation of activity if we L . nfj? \w

rotate the axes from the initial x-, y- and z- T
. . . . /N _ // /é \\\
direction to new orientations such that the |3 i —— V(t —
1st dipole of the regional source represents \\ }\ / -
N/
the initial peak of activity. To do that, \l/ 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.

This rotates the regional source so that the first of its

Fies. Var, | Energy | Mon. Dist _image

J - ol 4 shet - ;

dipoles points into the direction of current flow at the

cursor latency. Note that as a consequence its source |~ = o T ” \
waveform picks up all activity at the cursor latency; Dt -
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. The second dipolar component is 5™ o i &
automatically set to model the largest current flow perpendicular to the first source. As a

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

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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15. With the cursor still set at the first peak, you | © Voliage map-daia Lo [
8l [ QU] ~[)] Palal"a"d] B%]a
can hit the M key on the keyboard (or right- | beatet) +69.59 ms

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

9 Voitsge map - Oats

16. Use the arrow keys or the mouse to drag 358 L2 et i
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 WI" now return to the dataset File Edit View Filters Montage Process ICA ERP Artifact Search Ta

i Open... ctrl-O
f Wh|Ch Sh0U|d Close
. . . Close All
still be available at the bottom of the File e e ,
menu. If it is not, please select it pressing LT T
Head Surface Points and Sensors >
. Left-drag a bIOCk MRI Coregistration...
. - . . . Export...
in condition Low, right-click to send it Send to 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
Exit

dB/oct, zero-phase shift, and a High
Cutoff filter of 40 Hz, 24 dB/oct, zero-
phase.

[V 1c\xamples\ERP-Auditory-Intensity\All Subjects_ccfsg
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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

Tutorial 4 — Discrete Source Analysis

e ——

nergy | Min, Dist. __Image

7| _can.

™ =| AL o] AN fit| Start ] MSPS_|v| SESAME

Hat vl P P=

£ 300

d‘[ I\ == ‘L

e = g b=

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
symmetry constraint on the source

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 —— - o x

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

the residual variance (Res. button needs
. B R I e T : S =
to be pressed to view this) and the source A rrraene ///:\\ s
. + i e
waveforms only change marginally. ng— IJ (~; Po'i
) =
5| = { e
U\&:__,’ ﬁ, \\:___,.j 4
% I‘//_‘/T—\\\ ":,//,_ﬁ\
C =) ()
1 A mj; .‘L
6. We want to identify the direction of current  |Auetlani]serf] uses |r| sesae | @
flow of the N100 component. To do so, g
activate source one by clicking onto the . '
On
source. Right-click and select Set [& i
orientation / Set orientation 1 at ComettSngoe

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
7| con.

(source waveforms for orientations 2 and =

3 are now zero at this latency).

B[] T ;}w —\

| i el 800 T2

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.
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7. Next, we will orient the second source as e
N o N

described in step D6. If necessary, Right- iEEE @'“_'—
click onto its waveform and select Set e n
Orientation / Invert Orientation 3 to @ @
make orientations of source one and two Mef—gbg%
consistent. (This 2-source model has m.m
been saved in file Lowintensity_2RS.bsa. . [ Zimoo o
You may load this file from the menu entry =T | —
File / Open Solution.) P i BT “

8. Let us compare the solution using

- o x
Ckimplﬁ £R Auddery Intensty Lewintem r,zsun

regional sources with the solution using = e
o .m.:f l-...luS W!T:J'i’Tr*IT

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

o PCA- R b o

scheme field. Note again that the single Pttt e

dipole solution does not explain the P50

and N150 components, while the regional e ——

source solution explains all activity from

the temporal region very well. e CCED Ao 7

IResidual PCA - Residual (6 of 17) =|Sourca wavwform
it <00 T
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9. Make sure you switch back to the regional —f——+~  Top Viewor Data
luti 4 minimi h ——]———~  Whole Segment
source solution and minimize the source ——=
analysis window (don’t close it) to return — 7~ Linear Corelation
—e——\ 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 ————+/  Copyto Buffer »
the Low condition by left-dragging a § Defing Artifact Topograpty
. . . i : Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz
block, right-clicking and selecting the ————_  Epoch: -1000..549.5 ms, Filters off

- ———f

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 —
ta [ Energy [ Min. Dist. Im-ngP JModed W
Residual button is pressed we can [ | - - oo
. uctnity. [ 000 0 [ oo | Two
o A Hu?’l' jowr soltion 1 {modhod) EEG ¢

immediately see that the source solution

e
that explained the data in the Low —/\f @ @

condition very well is not satisfactory in
the High condition.

Fitntervak - 4800 .. - 17200

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) Source wavsforms
Fitnteryak +6500 .. - 20000 ms
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12. Right-click on source waveform 3 to set _______
) © Standard MRI [E=RECR

orientation 1 at the maximum or hit the O | g| &|C|[ (98| Te|"8|58 % &| 4[|
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 ﬂl 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
channel field. Note that the ACC/frontal

source is silent in the Low condition. Its
presence does not alter the source
waveforms of the auditory sources. You
can probe this by switching the frontal

source on and off. Close the source

[ o T8, <3358 o

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

activity generated at their source locations.

e 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:

o Data review and mapping

e Preprocessing: Paradigm definition, artifact detection and correction
e Averaging

e Traditional ERP analysis

e Interactive source analysis and source imaging

e Coregistration with MRI/fMRI

o 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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o Define the goals of your experiment/measurement
e Acquire data of appropriate quality

¢ 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.

1.

2.

3.

Pre-defined Source Montages

The file should still
be open. If it isn’'t, open it from your

recent file list: File / Recent Files...

Make sure the button Rec is pressed to
display the original recorded data.

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.

We will now load a source montage that
is part of the BESA installation and was
created for auditory evoked potentials.
Press the Scr button and select Evoked
Potentials / AEP.

Now the sensor-space data are
automatically translated on the sources
in the source montage. As discrete
sources have good  separation
properties 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 scheme, while others only
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have a label. We want to look at the
montage in more detail to find out why.

Press Edit / Montage to open the
montage editor window. The current

montage will automatically be loaded.

In the montage editor window press the

button o 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.

You will note that the first 6 sources are
single dipoles with an orientation while
the other sources are regional sources
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 in the temporal lobe will be

projected on the regional sources.
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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
cortical area that is covered by the
according source. You can view the
associated brain regions of all sources
displayed on the left of the main window.

|

o A e W

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 of
the auditory intensity experiment that
should still be available in your recent file
list: File / Recent Files...

12. Next, we will filter to the data by pressing
the EdF button or (Filter / Edit Filter
Settings). Define a Low Cutoff filter of
0.1 Hz, forward, 6 dB/oct and a notch
filter of 50 Hz, Width: 2.
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13. Now we will load the artifact definition file ERP Artifact Search Tags Goto Op
. S . TpV ic...

that contains the blink information we E Automatic LJ

B View L.)_

created earlier. Press Artifact / Load e - B

and select the file . Make sure the T Select... I

artifact correction is switched on (a blue ~~= QOptions... w

. . R fMRI Artifact... K

corrected should be displayed in the top ] -

left corner of the main window). - Lo

R e eV A bt N e A R e A

14. We will now apply the source montage Sre | tier | me [ Eama T 1 | HF
AEP in b . the butt S : BR_Brain Regions
again by pressing the button Src e CR_Central Region
and selecting Evoked Potentials / AEP. M FR_Frontal Region
H PR_Parietal Region
‘__jrﬁ..\w TR_Temporal Region
M Evoked Potentials >
m Resting State Montages » SEP

g

15. Again, we immediately see — even in the
. . ﬁ N
raw data! — that the majority of variance 2 £ i
= s
. . = M i Py
in the data is produced by temporal lobe | =2 w“ N wm )
g A e s
w»wu.,..-‘,... L S e
sources. - A
~ Dot
: P e A
-t

.w\mmn e e i a =

16. Make sure you are in the first screen and e T e L e TS T e ToaTes T T T
. . . . g Honantithy #Iﬂ ¥ ;-W '" . o] o
switch off artifact correction by pressing Q : ope W b u.ﬁ,ﬂ. gqm. v uﬁwf il
i = L q WM ln l\ﬂ"' o .h i)'l
ctrl-E. Note that a large signal now |= J“wmcvwwﬁmﬁiﬁw”ww“”’”',m,
TS p S At B s o e I
i ' - wﬂ”ﬁfiwﬁ;‘ e T ]
appears in the frontal sources (mainly - ‘Vm e
FpM). Also note, how the eyeblink has | " b
W“MWWWWMWM
an effect on auditory cortex sources. ";T“'l'”“ e P " PR——
This demonstrates the necessity to
control eye artifacts by either rejecting
them or correcting them. Switch
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correction back on by pressing ctrl-E

again.

B. Creating a source montage

1. We will now create our own source
montage based on the source model
we created using the grand average

the

Return to the dataset

that should be

data of auditory  intensity

experiment.

available in the file menu. Ifitisn’t, open
it from your recent file list: File / Recent
Files...

2. Select condition High, right-click and
send itto source analysis with settings
-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.

3. Open the source solution we created

earlier on in step D of Tutorial 4. Press

¢ | ES m|w|_w\wem LF [ W | W | Bar

Goto_ Dgtions_Hel

TTe S
o iy

iy Vﬂﬁwwvmw’,"w .{Lmﬂfw
"""*memww‘w E

iAo

File / Open Solution and select the file

1z
ﬂ--lb LI My i
5 o= =
: Top View of Data
] h
i Whole Segment
: FFT
] . .
M”\) Linear Correlation
; Source Analysis
] ; X
M‘MJ;"\ Define as Epoch
: Define as Artifact
] : .
W\T\/ Write Segment
: Copy to Buffer ’
o . . .
V\NV Define Artifact Topography
Epoch: -91.0..315.6 ms, Filters: 0.5 - 40 Hz
] + .
: Epoch: -30.0..250.0 ms, Filters: 0.5 - 40 Hz
: Epoch: -300.0..1000.0 ms, Filters off
Open solution
Lookin: | ). ERP-Auditory-Intensiy - ~@eEr
B Name - Date modified -
2 "45 | Averages 21.03.2011 15:08
ecentPlaces | test 17.02.2011 14:31
= | test2 24022011 10:56 E
Deskiop i 3RS bsa 09122009 15:17
- LuwInlenslty 2RSbsa 09.12.2009 15:17
u_,\‘ LowiIntensity_25D-testbsa 17.03.2011 15:57
\iirETEs SLbsa 29.03.2005 16:32
k Sl avbsa 04032011 13:57
) S1-ACbsa 29.03.2005 17:04
Computer
S1-AC_testbsa 04032011 1501
@ S1-AC+SCbsa 29022005 17:06 o
Network < 1y »
File name |Fighintensity_3RS.bsa ~] Open |
Files oftype |BESA Solutions (*bsa) ~]| Cancel
Folders: [Data Folder =~
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4. We W|” use th|5 source mOdeI as a 15 BESA - o\ Intensity\All Subjects_cc.fzg - High: 102vs, Fneevsnsrant«z,‘—ax mms\y ) - o x
File Condition1 Solution1 Fit Image Options Help  Solution: C: 17 g / 3RS.bsa
Data Mod. [ Res. |ID|| [P.C.A.| EEG |Res. Var.| Energy [Min.Dist. _Image [[\iadel [4shelclipsaidal |

High: 10 avs Filters: 0.5-40 Hz a|R.V. 3383:& GFP el I b CSF

source montage for our raw data. Inthe jesl e ke E R s e G

0 bain  scalp  bone  CSF

Conductivity: | 0.3300 03300 0.0042 1.0000

present case, this source model is | - ? :

o1 — S = Auuf;\ All fit] Start fit]_MSPS v ml 3RS bsa EEG
sufficient, but when data are very noisy, | ©— s AWED
o : R~ Z—-«MAX@ g <
it is advisable to add probe sources to = - -

Fz — o
the model. S R A\", »@x ;‘

Py —

FPY —— o

02 — = ’07"___ £ ontal

== AR W

o oL

Data Residual (1-16 of 31) %Snu‘rcawsvemrms ﬂSnnrcelncsum\s ﬂ

Time: +200.00 ms

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 — /ﬁ/

activity and activity in the frontal area that _—— NPt e — |
becomes active in the high intensity —| m )
condition, we need to make sure that BESA . NM ?' /
uses oriented sources in the source : ¥ : X:\\
montage. In order to make the orientations — . “‘ e | = B B
of the auditory cortex and frontal sources | \\\E;:Ei‘f/
available for the source montage, we need — D S I‘,-jf:/\f\%\
to convert the according sources to single - o (ﬂfﬁ 3 )
dipoles. Select source AC_Left inthe head ~— L N ’
schemes, right-click and press Convert to
Single Dipole.
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6. You will now see three individual traces for

AC_Left, AC_Left2 and AC_Left3. They
correspond to orientation 1 to 3 of the
regional source. Repeat the previous step
for source AC_Right and Frontal.

Save the source montage by pressing File
| Save Source Montage As... and specify
the name

Close the source analysis window. Press
OK to terminate without saving the source

solution.

g

on AC_Left
No fit|

AC_Left2

£

AC_Left3

=3
Ei

z
Ei
2

=3
E

AC_Right

o £

AC_Right?

z

o it

S . -1 .
No fit

o /—_/ S
Fit P

on e Froma?
Mo fit|

Oon _ Frontal3
No fit

B

DT

71| BESA - CA..ntages\AEP_AIl_Subjects_cc.1sg - High: 10 avs, Filters: 0.5 - 40 Hz, 48 .. +252 ms - Source analysic

File| Condition1 Solution1 Fit Image Options Help

Open Solution.. ) Res. Var. Energy
R - 30728

Append Solution Curea

Lt Best: 1.336%
Save Solution B 0ot et oepes ettt
Save Solution As_ Ctrl+S
Save Source Waveforms L
Save Source Waveforms As. Cri+W

Save Source Montage

CtrisG

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.C\ . \Examples\ERP-Auditory-Intensity\Highintensity_RS.bsa

enf\RT-4RS-2D-seeded.bsa
enf\RT-4D-seeded bsa
xamples IMRL+ EEG-RT-Experi ment\RT-2RS.bsa

Display Complete Paths,

| Aoff] Al fit| Start fit

Mult.5.ProbeScar

[ on ]

Mo fit

on

No fit

[Ton

Mo fit

fon

» || Nofit

on
Edt H R

Mo fit

[Ton

FP1

Mo fit

Now we have created our own source montage for the auditory intensity condition that

includes the fitted sources along with probe sources. We will now apply this montage on

our grand average data and the raw data of subject 1.

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.

Wb
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9. We will now return to the raw data of o T B L e[ [ e e [ war [ |

Clase

Clase Al

subject 1 ( ). It should stil be == R

Load Channel Canfiguration.
Head Surface Points and Senzors

available in your recent file list: File / s

Export.

5. C\.arch_7_O\Examples\ERP- Auditory-Intensity\S1_av.fsg
& y
7, C\y-Simulations\AC-20-biphasic-synchronaus s noise.ave

Send to MATLAE,

Recent Files...

e T (W o1 e e | )

10. Press the Usr button and select our

source montage Highlintensity 3RS- =

test. We will use this source montage later  *
on for coherence analysis.
o
I e
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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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1 :
# R 5 99
' | O
ANSZ B \ e 4
1 1
( ) { R
2 »“IF‘ ) o AP <3
kSR L1
« A ' 7
5 e
- ,‘d“‘z > - @w’

The above image illustrates the variance of Heschl’s gyrus positions across 15 subjects. The
PAN (PreAuricular points + Nasion) coordinate system is based on the fiducials only without
using any internal landmarks. The same (!) positions are displayed in the AC/PC coordinate
system on the right. It is apparent that the variance across subjects is greatly reduced merely
by using internal landmarks when defining the coordinate system.
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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
N

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 MR 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
quality of segmentation. Please read the
BESA MRI manual for further details. Press

Next button to proceed to the next screen.

BESA Research 7.1 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

window. A new dialog box will be opened.
Navigate to folder
Select any file from the folder and press

Open

In the next displayed window the MRI
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.

Now the main window of BESA MRl 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.

Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

(‘} Open File

Look in: ‘

MRI_PB_2010_05_29

*

Quick access

Desktop
m
Libraries

This PC

=3

Netwaork

MName
|_11m_0819
[_11m_os20
| ]1m_os21
|_]Im_0gz22
|_11m_o823
|_11m_0824
| 11m_0825
|_]IM_0826
|_11m_o827
|_11m_os28
| 11m_0s29
e

File name:
Files of type

Recent Folders:

X
<] @%@
- Date medified Type &
2/3/2012 805 AM File
2/3/2012 8:05 AM File
2/3/2012 &:05 AM File
2/3/2012 &:05 AM File
2/3/2012 8:05 AM File
2/3/2012 8:05 AM File
2/3/2012 &:05 AM File
2/3/2012 &:05 AM File
2/3/2012 8:05 AM File
2/3/2012 8:05 AM File
2/3/2012 &:05 AM File
. i
IM_0813 «|  [open ]
DICOM Folder ~ Cancel
~
v Gevcrghon e
AN oBwg 3
ac
acuozo
1946.04.01
"
[
R
w
as
3%
o
1
s
s
&3
"
1
1
i
10
0
10
100
100
o =
BESA

7 The folder will be provided by the presenter during the tutorial.

ftp://h1772544 stratoserver.net/public/Data/MRI/
BESA Research 7.1 Tutorial
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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)
point on the MRI slice using the crosshair.

Press Next to continue. "k;,/

/'('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 7.1 Tutorial
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7] 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

T1 Inhomogensity Correction

BESA

d

“44 & &
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19. When segmentation is finished the results .
can be reviewed by pressing buttons in the BESA.
interaction window at the right. Press the
Finish button to save it.

v
e
s

20. A popup window for saving will be ”S:::f““ S -
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.

g S — 5=

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.

BESA Research 7.1 Tutorial Page 124 of 397
Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de




BESA® Research 7.1
Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

21. In BESA Research please open dataset [Clseoeric NN =

Lookin | | ERP-Auditory-intensity - cacE
S1 av.fsg (located here: 2o |name . Dotemosified =
- All_Subjects_cc.fsg 09.12.2009 13:35

RecentPlaces

C:\Users\Public\Documents\BESA\Rese = )sLaxeg L0200 1)

S1_av-test.fsg 10.11.2011 20:01

. S1-blink+ERP.fsg 18.05.2005 16:19 =
arch 7 1\Examp|es\ERP—Aud|tory— -1 S2_avfsg 13.05.2005 13:55
- fr==| S2_av-testfsg 10.11.2011 20:08

. . Libraries avfs 12, |

Intensity). Press File / Head Surface B o o3 122008 1205
. i e S5_av.fsg 03.12.2009 12:08
Points and Sensors / Load Coordinate é 56 avfsg 03.12.2009 1207

4 S7_av.fsg 03.12.2009 12:06 iy

Network < ] D

Files (or press ctrl-L).

Fiogzme [s1_avisg ~| Open
Files oftype: [Current File Type (*1sg) =] Cancel

Folders: [Data Falder |

22. In the section Digitized head surface points

[—
Data file: C: 5. sity\S1_aw fsg.
oot chimmas 2. 3 secvodens] poyropc 4
press Browse. st e o o i
Fa® EEG. you mustuse coordinatas!
Suggastons
Flease amer elecode hickness.
Ver Mo Fienemsfomd
Channs configuraion U of1)
R e [Gd  orowse -
Digitized head suface poinls (*sfp, * ep<) and Iabels [~ sin)
S Spoiis ndeimiie — i
- & '— na labelfile Good Browse. Edi
Electrada thicknass {mm) .00
Coregsreton s ) or head certe rcot
N e LS [Gd  orowse | Eaycoes
MEG sensors (~pos. * pmg)
e ™ =2 £
pre—————ry—y =
e T ™~ 5 crows w
Cear DB Cloer Everts dee | [ O ]  cames
Points X
23. Under Directories please select the option X
Lookin: | | StandardElectodes ~| esmckE-
Standard electrode folder. B, Name - Date modified
~p &) BESA-MRI-Standard-33-Electrodes.sfp 1412.2010 18:40
RecentPlaces o peca-MRI-Standard-Electrodessfp 14102010 14:54
Deskiop
=
Libraries
iy
Computer
@
Network < m 3
File name [ ~| Open |
Files of type: [surtace points (" sfp) ~]| Cancel
Directories [standard electrade folder ~]
Channel directo L —
Standard electrode folder fod . Browee. 1
Data directary
| C\.5_3\Montages\Channels\StandardElectrades\ ) |
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Select the file

contains 96 standard electrode positions.
Some of the S1’s electrode names match

the labels in this standard electrode file so

BESA can match them.

BESA-MRI-Standard-

Electrodes.sfp  and press Open. It

Load Surface Poin

Lookin | ). StandardElectrodes ~| eBEcEr
B Name - Date modified
a “-4: ' BESA-MRI-Standard-23-Electrodesssfp 14122010 18:40
t
ecent T“Bs {&| BESA-MRI-Standard-Electrodessfp 14102010 14:54
-
Deskiop
u?'
Libraries
S
Computer
Network < I | »
File name: [BESAMRI-Standard Electiodes sfp ~| Open |
Files of type: [urtace points (*sfp) ~] Cancel
Directories [standard electrade folder =]

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.
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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
& [ Users\Publci Documens\BESA eseorcr  tound: units: mllimeters Good  Bowss. | E@
c & kD Good Biowse. Edn
Elechode fickness (o) [000
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 \ on the keyboard to bring up the [Eseces SR =

| Genter (mm):-1.2 2.3 39.6 (using head coords: override: \S1_av.sth)
Head radius (mm): 93.07

surface points window. The 96 standard | eeciode thickness mmj: .o
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_ 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

27. You will be prompted to create and save an

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

*.sfh file, which will be used to store all | """ ™ ,

coregistration information necessary for the : M |

interaction between BESA Research and .De"

BESA MRI. BESA wil automatically | i

suggest the filename of the current subject :m :

plus the extension . Confirm the S s R —

suggested name by pressing Save. oo ] (oo
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28. BESA MRI will open. Press Accept in the BESA® Version 20 Samaary 017
welcome screen. Important note: do not MRI Copyiont@ 2017 all ghs resarved.
close BESA Research!

Please make sure that the data folder is set
to the BESA MRI Example projects folder

(File / Select Data Folder).

else click 'Cancef"

29. New coregistration project is started |2 -
. &;PLW?TTE- ; BESA
automatically. Press Next on the bottom | ... — R
right (or hit the space bar). == feRa=
For move informabion wee Smacrption of the Coregulision Workflon E

30. Press Select Input Project in the X
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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31. Choose the project MRI_T1 of subject QC.

Press Open.

32. Mark Nasion on the segmented skin
surfaces as indicated in the head scheme.

Press Next to continue.

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.

BESA Research 7.1 Tutorial
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[ Subject

. | Birthday

[ Project . | Date Modified

@ Qc

01.04.1946

@ MRI_T1 28.02.2013 15:19:28

Project Type:

Selected Subject: ‘QC (1946-04-01)

/[ pen ]

Selected Project: MRI_T1

H Cancel ]

f =
| Projects
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34. Mark RPA (Right preauricular point) and

press Next to continue.

35. All fiducials are now positioned. Press Next

to continue.

36. Press Select Coregistration File to load
the S1-av.fsh file we created in step C7. It
is located in the Examples” folder under

Auditory Intensity. Press Open.

37. We can see the standard electrodes we
loaded in step C3. They do not optimally fit
the head surface, as the initial fit solely
attempts to match the fiducials we defined
in steps C12-C14 and the
information in the sfh-file. Press Run

fiducial

Surface Point Fit to optimally match the
standard electrodes to the segmented skin.

BESA Research 7.1 Tutorial
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38. Now we achieved a good fit between the

standard electrode positions and

segmented skin. Press Finish.

39. Please save the coregistration project

under the suggested name.

Tt o
Fit Surface Points
Sade =
the | o
e N,
e
Set Frtucals v

‘Sutace poet ft was succasstuly complated.
To manuaby it the sl you can petorm a comecton
s the Sp.

ision Wode
v th et

AAAA
L

svems seings

RS rre |

o Feang saks et mamt 4
St Prosous
———
Subjects Projects

P300-Auditory (1946-04-01)

Selected Subject: |P300-Auditory (1946-04-01)

Project Type: Coregisiration Projects

R Lt WICOR__P300-Audilory (1946-04-01) MRI_T1__S1_ay

D. Utilizing the individual anatomy in BESA Research

1. Return

surfaces and transformations have
automatically been sent to BESA
Research. A green arrow indicates

that all necessary information

available. Press OK.

BESA Research 7.1 Tutorial
Copyright © 2020

to BESA Research. All

coregistration information containing

Coregistration with Mi [
O A R ———————

~Coregistration

No coregistrationfile ¢ sth) defined!

Surlace coregistration file ¢ sth, “bhm)
|\sw_au sth

v

Besa Rl Il
Select MR prog
Browse.

’rw sirach €

Pread from sth file B'DLI ‘

Talairach

MR file ()
’7|D A\BESA MR Demo)\ BESA MRI Shared\P300-Auditon,_1 8460401 \MRFilest  OK

Talairach-ranstormed head surace mesh (*.
’7 DI\BESA MRI Demo\BESA MRl SharediP300-Audiion,_19460401 \WRIFilest  OK

=

Talairach-ransformed brain surface mesh (*
’7 D1\BESA MRI Demo\BESA MRl Shared\P300-Auditory_19460401 \WRIFilest 0K

Coordinate

’7Ta\awach coordinates defined

Help Cancel
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2. Let us now send the condition 60dB

ke _Opiee_vp
& [ e | ir | Sre | Uss \am\n.ﬂ

to source analysis by left-dragging

a block, right-clicking and selecting

Source Analysis.

u’—]l T —Tr— ; . = o — s

o 0000 'ruq SOGII0 bk B1GEs  Cw O3e T8 A3 Fias B | Vaw Ovgel  Fomeof  Bmad

Block Size and Position Filter Iet

Low Cutaff Status [ Enabled

3. Select the custom definition -50 to
¢ Whole Segment

250 ms, Low Cutoff Filter 0.5 Hz, 12« sowvpuusy | #0250 s [Eo0s] soefosiios ]

I—L[:vevmus High Cutoft Status [V Enabled
. ettings
dB/Oct, Zero Phase, High Cutoff o — . ..cc | reweo oo o som fpicmoaz] Toefarnpios o]

. | (ms) pastEven
Filter 40 Hz, 24 dB/Oct, zero phase. | "=
[~ Al Conditions Source Analysis | SetBlock | Cancel |

Press Source Analysis.

4. Our source model consisting of 3 |5 Shammeass

Fit Image Options Help Solution: L5 v S avisa ||

Dala Mod. | Res. | ||D]| | PCA | EEG |Res. var.| Eneray |Wn Dist. @gg JModet 4 shell ellipsodal =l
. . . »| 6O0dB: 64 avs Fillers: 0.5 - 40 H{ra RV 3058% head  scalp  bone P
regional sources will automatically [es e RS s

brain__scalp bone  csf

i i = CAJOWWWIWIW]WIW
open as we saved it per person in the R N T G 3]

batch created for tutorial 6. e

5|

o AC Laft

( Q
o | -- -

z
g

3

- on Ffontal
F¥
No fit ==
=
FOE o
02'|T—/\/_——-\. ‘
b 102050 e Z

5. Press A on the keyboard to bring up |5 et
hza Mod. | Res. | ||D]| | PCA | EEG [Res. [Enerqv FMIn oist._image_fodo abel siipsodal <]
04 avs Filler: s 0 AOHI RV 3058% head scalp  bone cst

the individual anatomy of the present e = WIS BN [tk [ s
o 4:1 brain  scalp  bone cst
subject. Since we coregistered the j C

(Conductimty: [ 0330 | 0330 [ 00042 | 10000
EEG and MRI data, the individual | o —/>~—o

<]+ ]S1_avbsa EEG +
MRI is now available. Without b N —— |
N—_/\/——_

Hid

@@

Transparency. 100%
Fip <] <] [ o Fip

PT © indiicual MRI =8 m
. . or o 8] Il Ziln) |
coregistration, only a standard MRI | ‘< e

can be displayed. i = sy y =

Data (1-16 of 31) ~|source wavetorms ZI
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@ Individual MR

6. Select the first source by clicking on % 55505 s v .
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

[ fle_Condition1 Solution1 Fit_Image Qptions _Help =
© Individual MRI o @R

source to left Heschl’'s gyrus. You will | * #es st d.

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.

8. Minimize the MRI window and select [ S-S EaEmRERERETE R e pm——
Djala tgo:; \bi.ies ”D. Up’m%(riﬂi ;R;ZE Energy ﬁm —image | mﬁgt [Hoc y-oc [zm [xvn x oa 2ol
the blue source by clicking on its |ou feem s e e —lﬂ —l
) il AN Ori
source waveform. From the drop- & LS i EEo3
H“J\/LTAuoﬂjAllﬁt[S(artﬁtchARAH BV \
down menu under Loc at the top | .=~
) . A‘::gg_c [on — AC Left =
right of the window please change | “ et = H'.m.m o
P9 e e »
. . . PI‘*——/\/‘—’— © ingividual MRI o [@]%R
symmetric to free. Maximize the MRI o = g 11 S-St L R A
. . Pm‘—-——/\/—~—~ —
window again. - il o rans
3 MJ—_———f‘—v“ =
|
Data (1-16 of 31) ija waveform: %
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9. Now let us move the blue auditory

cortex source to right Heschl’s gyrus.

We now see a slight asymmetry in

this  subject with the right
hemispheric source (blue) located
more anterior than the left-

hemispheric source (red). Please
close the MRI window.

We have the

positions of the auditory cortex

now optimized

sources based on the subject’s
individual anatomy. What we still
need to do is to refit the orientations
of the regional sources based on the
new positions. The blue source is still
selected, so simply press O on the
keyboard to set the first orientation at
the maximum of the activity. Repeat
for the red source.

Fleesa-c,
file Condition1 Solution1 Fit Image Options Help

ity\S1_av.fsg - 60B: 64 avs, - 40

— +252 ms - Source analysi
Solution: CA,.ments\BESA\Research 5. -k

\S1avbsa

© individual MRI

0] SIQl4F 08B w3 4

o [@T8

|| file Condition1 Soltion1 Fit Jmage Options Hel

|[ Data_Mod. | Res. | ||D]| | PCA | EEG |Res. va
4| +| GOGB: 64 avs Filers 05 - 40 Hz = |RV." 3.4
Iorg

4800 ms +252.00 ms |

AG_Left xoc ydoc zloc x-ori y-ori z-ori
Cartjus ||-057 |-004 [ 004 |04 |06 |06
Loc free -
o [oed =]

Wodel: 4 shell ellipsoidal

F4‘W;

*\/\\__, o

Nt =t
-\_—-/—\/_A

PO’

P -—_/\/_.4_ H
OFf e § —— | on e AC_Right
o# Mo fit] i

F!U‘——/\/—r——

MﬁJ:
(e = | Al off] Al Tit] Start fitf cLARA L | BV

AC_Left

™ —. :
Fa on H Frontal
3 ! ———— e
No fit
s~ P
FCE' = i
<w‘—j—-/\/_r———\' ‘
Data (1-16 of 31) > |Source waveforms j

Time: -24.00 ms

»[S1_avbsa (modified)

Source locations j

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:

e When the precise position of a source is the leading research question

¢ Localization of epileptiform activity

BESA Research 7.1 Tutorial
Copyright © 2020

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

Page 134 of 397

www.besa.de



BESA®

Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

o 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 ~

I skin

W skull compacta
B skull spengiosa
WCSF

E gray matter
Jwhite matter

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, i { : g . lmo
for example contains at least two ' §
different tissues with differing
conductivities. However, this would

mean that head model generation

becomes more complex, less automated AR e Kirs
and more heavy on computation. |Z:;:
Additionally, MRI data quality needs to - 0170
be exceptionally good to model all the lzzzz
different tissue types and the combined

use of T1, T2- weighted MRIs as well as N(ngz
CT data is vital. We will see in the !gzjz
following that a four-layer model leads to ! zgzz

very good results.

Image taken from Neuling et al., 2012, Neuroimage
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10

Localization error / mm

0

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 [ =
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 Mlnster).

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.

3.

In BESA Research,

RareFrequentResponselLeft.fsg

open File
here:
C:\Users\Public\Documents\BESA\Re
search_7_1\Examples\ERP-P300-
Auditory.

located

The file contains 3 segments containing
average data of conditions Target,
Standard, and Hit. We will be working
with condition Target, as the condition
only involved listening to tones without

any button pressing.

Press File / Head Surface Points and
Sensors / Load Coordinate Files.
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Libraries
L
Computer
@
Network < | m | »
File name |RareFrequentResponseLeitisg -] Open I
Files oftype [BESA Binary Files (“foc. " fsg) ~] Cancel
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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
labels channel

file containing

electrode 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.
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7. You will be prompted to save an sfh-file

that will store information about the
coregistration later on. You can use the
suggested name
RareFrequentResponselLeft.sfh.

Press Save.

8. BESA MRI will open. Press Accept.

9. BESA MRI will automatically display the

coregistration workflow. Make sure to
select the option Generate FEM
leadfield. Press Next or hit the space

bar to continue with the workflow.
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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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13. Select RPA and press Next.

14. The fiducial positions will be used as a
first reference for a first coregistration of
the electrodes with the scalp surface.

Press Next to continue.

15. Press Select Coregistration File and
choose
RareFrequentResponseleft.sfh.

Press Open.
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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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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.
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22. Select a custom definition of -100 to 300

Block Size and Position

" Whole Segment

ms, Low Cutoff Filter of 0.5 Hz, 12 & Bt

Filter

9
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Freguency (05 [Hz] Slope |12dbemL| Iypelzam phaseLI

Status v Enabled

[ =]Previous

dB/Oct., zero-phase and a High cutoff

[F800 (m) pre-Exvent

Seftings

High Cutoft Status [v Enahled

Frequency [30.0 [Hz] Sloge |24 dbjoct v| - Tupe Izaro phase v |

Filter of 30 Hz, 24 dB/Oct., zero-phase. ™" =w=s=r

[~ &l Canditions

Press Source Analysis.

Source Analysis |

SetBl

ook | Cancel |

Esm €4,_itory\RareFrequentlespansele

Bg—Y-gnlﬂmimﬂj—mﬂz'lm,o%m'humwss

23. In the SA-window, please left-drag a e

block from 80 to 110 ms over the EEG * ﬂ‘”‘

signal. You can easily select the time- | m L e

ons Hep
I)ala Mode Ras PC. EEG RGS.VB(‘ Energy | Min. Dist. mg
o qun 05 :ch

ms|

=

RC\

m del |1 ell elipzaidal
scalp  bone  csf
Rad /Thickn. | 94980 [ coooo | 7oooo | 10000
brain__scalp _ bone

Conductiaty: [ 0300 [ 03300 | oo |nnnn

1it]_cLaRa || Br

ainV. \

range by right-clicking into the marked |« =ues

] ) | ex——ad | ¥ se| mow
segment and choosing Set Fit Interval. | “——" . o] e
oy ] e
£
| et m——— ™
| E\Z}—-—qj‘ B /:

llpata_(1-16 of 65)
Time: +100.00 ms

Fit Interval: +60.00 . +110.00 ms

ﬁﬁ
“

24. Make sure that the default source typeis = o R

Data Model| Rgs.

D P.C.A.

Constant: 1 %

<[ +] Targek 40avs
Org| -10000 ms

set to Regional Source by pressing
Options. In case the default source type

is Dipole. Change it to Regional Source.

F'”*"_“]'Dsa'[ Defoult Source Type: Reg, Src.
Brain Voyager Source Plot Sizer 45

. . |conductty [Tum00 [03300 [ ommez | 10000

"[at ik, [43588 [ sooo [ 7aomn | vocco

Mo salution available
Modet m.m.p«,m -
scalp  bone  cst

_brain__scalp _bone  csf

g S ony

Plaase double click on the head
schemes to generale a starting
soluion with one sourca.

- +110.00 ms

2R
O D
AM

BESA Research 7.1 Tutorial
Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 146 of 397

www.besa.de



BESA® Research 7.1

Tutorial 6 — MRI Segmentation, Coregistration and FEM Modeling

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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28. 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
individual MRI. Click into the empty

29. Close

the window displaying

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.

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

the FEM model.

menu and select Individual
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31. Switch off both regional sources off by
clicking on the On button next to the

source waveforms.

Fleesn her

ﬁ\! ;omw\l Solutionl it Image Optior
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32. Insert two new regional sources by
double-clicking in the head schemes,
one source in the left, one source in the

right hemisphere.

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.
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34. Press All Fit and Start Fit to start source [ -

age Options _Help Solutior: New solution 1

Dala Model| Res. | ||D]| |P.CA| EEG | Res.Var. | Energy | Min.Dist _Image RS 4 c zloc xon yon zon
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solutions compared to the 4-shell | ———"—"~
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E53

B
B
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Date (118 of 65) = Isource locations <

Fit Interval: +80.

35. Bring up the individual MRI by pressing

© indvidual MRT = @2
8| AAlH BB el ¢

A on your keyboard. We now see that |-

both sources are located in Heschl's

gyrus.

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

LSRN VR N N N N N

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=L*-D
where LT=(LT-L)?* LT

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

Regularization in source space. e.g.
Tikhonov:

L-I:(LT.L+)\.|)-1.LT

Regularization in sensor space, e.g.
Tikhonov:

L1=LT(L-LT+Al)?

Spatial weighting:

L=V LT-(L-V LT+NI)?
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Discrete source analysis

Distributed source analysis

Result:
Multiple source model and source waveforms

FlowField-40 bsa MEG +
Hid

(D)

Transparency: 100%
Fip o[ v]4] |

Al off| Al fit| Start fit| MSPS | | Brainvoyager |

T

z

ol
R

o] o]l ]l el
Tra

|

R

.

z

Source wavefarms ~|lR

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

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.).

Properties:

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.

e 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:

BESA Re
Copyrigh

R=L1-L
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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 sSLORETA activity at location r: is estimated from the minimum norm

source estimate Sy as:
Ssioretar = R - Sy

In simulated data sets with only one focal activity and no noise, the SLORETA image
has its maximum exactly at the simulated location. However, this property does not
hold anymore in the realistic case of noisy data and multiple simultaneously active brain

regions.

o 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 sSLORETA image is computed. Then in each iteration step the

following operations are performed:
1. The obtained image is spatially smoothed (this step is left out in the first iteration).

2. All grid points with amplitudes below a threshold of 1% of the maximum activity
are set to zero, thus being effectively eliminated from the source space in the
following step.

3. A depth-weighted, standardized minimum norm is being computed, where V has
additional diagonal weights proportional to the image amplitudes in the previous
iteration steps.

After a specified number of iterations (default: 3), the computation stops and the image
computed in the last iteration is displayed.

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 LV-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 LV-L" is inverted as

(L'V-L™+A 1) L. A is the regularization constant, and | is the identity matrix.

e Truncated singular value decomposition (TSVD): Here, an SVD decomposition of
L'V-LTis computed as L'V-LT = U-XUT, 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-X*UT, 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

e5\ERP- Auditory-Intensity\Al_Sub

File / Recent Files.

i [N
HTAA

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

efsg
2.C:\.ies\ERP-P300- Auditory\RareFrequentResponseL eft.fsg
3, CA\.arch_7_O\Examples\ERP- Auditory-Intensity\S1_av.fsg

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
and pressing Source Analysis. f Top View of Data |
H Whole Segment |
— B _. bt FFT -
Hy P Linear Correlation -
Source Analysis w
____H_\U,xﬁ Define as Epoch -
- Define as Artifact -
S S Write Segment -
IR o . Copy to Buffer o .
Low: 10 avs Define Artifact Topography
I ) T
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,  « cuonpeimion Erequeney 05y Sigee [12cb/oct =] Type fzerophose v

. 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. | B @spostcven
Press SO u rce A n 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 solution %
) . Lookin: ||| ERP-Audtory-ntensty - «BsE-
regional source model we created in & e o T ete modifed
. . | Highintensity_3S.bsa 1KE BSAFile  2009-12-09217PM
Tutorial 4, steps D1-7. Press File / Open Gk aceess :]Loilmensity_ZRS.hsa 1KB BSAFile  2009-12-09217PM
- ]Low\mensiry_ESD.hsa 1KB BSAFile 2012-02-27 414 PM
; : s1bsa 1KB BSAFile  2005-03-20332PM
SOIUtlon... and |0ad flle e | ]51-AC.bsa 2KB BSAFile 2005-03-29 4:04 PM
[ | ;]Sl-ACoSC.bsa 2KB BSAFile 2005-03-29 4:06 PM
Libraries | S2.bsa 1KB BSAFile 2005-03-29 3:35 PM
a
This PC
=4
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.

6. Distributed 3D volume images are '"“gf,ol,,‘f,f,""";,“"" —— ot nesh
generated with a single click in BESA. They vt rotng
can be generated by selecting the S EEA
corresponding method from menu entry - o
Image / Volume Image, or from the —— cosnen oo
dropdown menu of the image selector C "
button (the arrow left of the SESAME button . I S
in the middle of the source analysis

. R.V.: 4.262% GFP
window). Curs_- 0.815% RC: 1
o o

In this chapter, we will use the default

. 04 100 --mmmmmmm el
parameters for all 3D images. The All off| All fit| Start fitf swlLORETA  |v| | SESAME
importance and potentially large influence : ==’
of these parameters on the obtained result
will be illustrated in the next chapter.

On / QO AC Left
No fit 3 Lo <__7
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7. First, compute a LAURA image at the Sl D | i B TR Beamformer

DICS
CLARA
LAURA
LORETA

cursor latency. Simply select LAURA from

the Image selector button dropdown menu. : s
; sWLORETA
on s >
ot > SLOFO
: User-defined Image
Cortical LORETA Ctrl+L
Cortical CLARA
Minimum-Norm (Surface) Ctrl+M

Settings...

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

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. Theresultis 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 geta4-
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/cm3. 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
medial inferior and anterior to the
corresponding regional source. LAURA
also detected a third maximum in the left
cerebellum. The regional source model

does not suggest activity there.

Compare the LAURA method with
LORETA: Select LORETA from the image
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 7.1 Tutorial
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O TR s R G v G GOR
HETERE P

2
=

R e R e
|8 Sl S et 4]

O i VT AL St R S o3 Vo 1T T
|8 HGleke SR ‘o9

Beamformer
DICS
CLARA

[v] Lavra
LORETA
sLORETA
swLORETA
sSLOFO

User-defined Image

Cortical LORETA Ctri+L

Cortical CLARA

Minimum-Norm (Surface) Ctrl+M

Probe Scan

Sensitivity

Settings...

S
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takes a longer time to complete than r=mmT" — |
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 SLORETA 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 , J

selector button dropdown menu, and

observe that the result is much more focal @
than the previous methods, shrinking the

activity ~ substantially, and indicating D A
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 f ------ )

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,
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Energy and Minimum Distance are

Preferences ? *
pressed. Right-click on the Image button Fie | Dsplay | Bowes | 30Window | Headmodel |
Constraints | Ft | GenetcAgothm | R(APMMusc |

and click on Weighting Factors to bring up

the Preferences dialog. You can see that by Reguarzation constart (1 | DEak

default  weighting factors  Residual Minum dtence crteson fom: [ 80 _Defaut |
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. Weighting factors of it criteria

Residual variance criterion: I 1.00

Enengy criterion: | 1.00 o~

Minimum distance criterion: | 1.00 ll—‘

Image weighting criterion | 1.00

16. Click on the right-hemispheric source and

change the symmetry constraint to free in

the Loc drop-down menu.

7—E glw%—-‘” I%JLL . Lo "5

91 21 o Bim) e ¢ B0

17. Press All Fit and Start Fit. The regional
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.

1. As an example, we will compare LORETA
images with  different  regularization
settings. We could use images computed
for the cursor time only, as we did in the
previous chapter. Alternatively, we can
mark an extended latency interval. By
default, BESA research will then compute a
mean image over that interval. This is of
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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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 adjust the LORETA

parameters only.
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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 = fes= weme e
. . . . Regularization for Simple Imag
W|th dlﬁerent I’egu|arlzatlon Constants. The € CVE (Tikhonow) © Use datain marked biock/at cursor 1.00
¢ Use non-baseline data epoch
default is an SVD cutoff of 0.005%. First € Userdetined (Tikhono)— [1 % OVE smosthing factor
observe the effect of too high @ e B &
. . ™ Minimum regularization
regularization: Increase the SVD cutoff to |
0.1%.
5. Press Go in the Image Settings dialog |meesstnss
. i General Staﬂdafd\/ﬂmme|UserDeﬁnequ\ume|SurFaceMimmumNorm|
window to apply the current settings and | .
) . i [~ By previous image. - J T I
compute a LORETA image with too high o=k |
. . ‘—%-,
regularization: In contrast to the result of the Speciy setingsfor [LORETA =] Aoy

‘ & FFr Ll et |

multiple dipole model, the LORETA image
suggests a single midline generator of the
recorded signals. This is a typical result of

. . . f lax. 1 of urce Moae! alt a ‘?
a too strong regularization: This tends to |9 T (o s o e amos '

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. LORETA Tra

6. Now compare too high with too low | FRewieieeion

® EEG  MEG
. . R ~Regularization for Simple Imag
regularization: Select Minimum T T i
X A L. @ GEQLEEY) ¢ Use non-baseline data epoch
reg U | al’l Zatl 0 n to use Only the mlnlmum (" Userdefined (Tikhanow): |nm— % CWE smoothing factor
regularization required for numerical ® BiDas 100 %
@ Minimum regularizaion
reasons.
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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

200
100
0

T3
namiem x10] R

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 the

regularization parameter for a given data

to determine optimum
set and imaging method is still an unsolved
problem. Minimization of the generalized
cross validation (CVE) is an attempt to
achieve this. However, this method is not
guaranteed to work properly in every data
set and with every method. We will compute
a LORETA image with the 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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O TGRS ST e e VU =2 ]
HEZ e

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- | 5o | oume | Usereined Vome | SESANE |

Voxel Size

H H H The b il vol
defined imaging methods. Select the W e T
- LAURA requires a voxel size of 7 mm or more
- CLARA and LORETA require a voxel size of 5mm 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 scan is al the maximum Global Field

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 | o
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| Mintiom [[TECRE ] ssiofo |
User-Defined Volume tab. Here, a wide Resoiion mas =
range of parameters can be specified. Sesaneding 1o cgmvase of RS ladid "

whether you would like to standardize @ e o ———— | o
your image with the resolution matrix e e S S
entries as in SLORETA. VD o
€ Userdefined (Tihonow): [101 % CVE smocthing factor
« Inbox Spatial Weighting, different types o e 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)

I~ Depth
¥ Mean nom of RS leadfield

" Each component separately

In box Resolution Matrix, specify

[v Cross-voxel (el C

¢ Minimum regularization

of depth weighting can be selected. Keratons (Specty settings for takzaton method i Sanderd Votume T2b)

R T T 100  Image smoothing half-wicth (voxels)

Cross-voxel weighting as in LORETA 2 Zl home Lol e st ok om mage e
v Regularize 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 Beasnformes 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 « ... ..
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 7 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— P =

adjusted. Finally, the visualization mode Brain Atlas :

Brain Atlas: |Bra|nnet-:me ﬂ
can be changed here by selection of the — N J— Cammm
mode from the drop-down menu. Atlas visualization mode: [brainCOLOR |

Display advanced options |

4. The Brainnetome atlas project provides [SEEFES ’ CASABatome Gener oot Us

additional details about parcellated regions.

Download  Publicati 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

FuG, Fusiform Gyrus

In the online version of the atlas the 1125, Procamy

Psts, Posterior Supen
Parictal Lobe

following information can be found about ' ."%...

Gl

dsplay labels status off
- | [+ opacity05
show fiber_probabilistic

every brain region (indicated in BESA k-7
Researc h) ?:::' o Behaviorial Domains Paradigm Classes
- . B!
e Anatomical connections to the other 8l A [— e
i i ; o e
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.

o 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

N N N N

Age-appropriate template head models
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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(X]y)). 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. Drag afitinterval from 76 msto 124 ms over
the data. Then press the SESAME button

in the center of the screen.
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Block Size and Paosition
" whols Segment

" Custom Definition

- | Previous

Settings
[100° (ms] pre-Exent
250 [ms) post-Event

™ All Conditions

File | Edit View Filters Montage Process ICA ERP Artifact Search Tag

Open...
Close
Close All

Recent Files...

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

Export...

Send to MATLAE..

Import and Convert ASCIl File...

ctrl-0

Print... ctrl-P
Print Preview
Exit
. T
! Top View of Data
] t
M;A\f/ Whole Segment
A_M,__w,v\ - ey
“""”’“”"_/\f'_" [neerGan=latmn N
—— Source Analysis S
T Define as Epoch —
B e Define as Artifact _—
b Write Segment —
: Copy to Buffer .
e [ Define Artifact Topography b
]
Low: 123 avs High: 131 avs
[} 1
Filter Settings

Frequency [Hz] Slope [12 dbsor = |

Low Cutoft Status v Enabled

Tupe |zem phaseﬂ

Frequency W[Hz] Slope |24 db#ocj

Source Analysis

High Cutoff Status W Enabled

Tupe |zem Dhasej

Set Block | Cancel |
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als e —=
5. During computation, press the ﬁl button [§5iisis Tl wiarsrel € <2 T

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  ~1———+; s —~ — |7~~~
drag over the condition High, right-click =  TopViewofDats
. — ; Whole Segment
and select the last entry in the popup
S S EFT
menu. This will send the High condition to | Linear Correlation
—f— -
the Source Analysis window. ] i 3ource Analysis
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 v =

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 e 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

. . . j J j Start: | -60.00
In this case, you can change the baseline 1% ~———r—=—"1 e

< | v| End:| -12.00

of activity in the data, and averaged these).

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.
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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

File | Edit View Filters Montage Process ICA ERP Artifact Search Tag

Open...
Close
Close All

Recent Files...
Load Channel Configuration
Head Surface Points and Sensors 3

MRI Coregistration...

Export...

Send to MATLAB...

Import and Convert ASCIl File...

Print...

Print Preview

Exit

ctrl-0

ctrl-P

2. Press CTRL-L on the keyboard and ensure

Channel and digitized head surface paint information

Internal data file information

that the additional files we loaded in a | Zakcisicranmserees

with — we will use these again later. So,

please make sure that the rows for Digitized

“* ” H N .
are set to “No”. Leave with OK. e eeeie
Miﬁ sens?:s (=.pos, *.pma) o fle
m{gﬁ:{ W:Fﬁuems (.atf; *.art) o fie

Yes No
Channel configu
o «

File name
ration {=.el?)

coo®

Head Surface Points and Coregistration file | - «

Mo. of channels: 32: ; 31 electrodes; 1 polygraphic

found

Digitized head surface points (%.sf, =eps) and labels (*.sfn)

C:\Users\Public\Documents\BESAReseard 3 Points n data fle
T kb

[~ Eletrode labels non-conforming to 10-10 or 10-5 standard

Clear DB Clear Events

Information should be complete for this data file. No auxiliary files required.

previous tutorial will not be used to begin || reremE TR EemRh s fom o

Suggestions
Please enter electrode thickness.

no fle

y\s1_av.fsg

Good Browse... Edit

Good Browse... Edit
Good Browse. Edit

Electrode thickness {mm) 0.00

Bad Browse Edit/Coreg.
Good | oonse. | Ede

3. Select condition Low, left-drag a block and
send it to source analysis by right-clicking

and pressing Source Analysis.
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Top View of Data
Whole Segment |~
FET
Linear Carrelation /\/
Source Analysis F—
Define as Epoch =
Define as Artifact e
Write Segment e
Copy to Buffer v

T

Define Artifact Topography

High: 131 avs
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4. Select a time range from -50 to 250 ms,
and specify a Low Cutoff filter of 0.5 Hz,
12dB/oct, zero-phase and a High Cutoff
filter of 40 Hz, 24 db/oct, zero-phase.
Press Source Analysis to open the
specified data in the source analysis

window.

5. Ensure that the head model is set to “4-
shell ellipsoidal”. Then use the arrow
button in the centre of the Source Analysis
window to select Minimum Norm from the

popup menu.
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Block Size and Position Filter Settings
 Whale Segment

@ Custom Definition

Low Cutoff

Status [v Enabled

Ereguency |06 [Hz] Slope |12db/udﬂ

Type |zem phase ﬂ

« | Previous

Settings

Fi El
(50 (ms) pre-Exent tequency [400 [Hz] Slope [24db/oct v |

250 (ms) postEvent

High Cutoff

Status [v Enabled

[ All Conditions Source Analysis SetBlock

Type |zem phase j

Cancel

Beamformer
DICs

CLARA
LAURA
LORETA
sLORETA
swLORETA
sS5LOFO

User-defined Image

Cortical LORETA
Cortical CLARA

Minimum-Morm (Surface)

Probe Scan

Sensitivity

Settings...

Ctrl+L

Ctrl+M

5

W
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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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r@ Cortical map - Spatio-temporal minimum-norm 5:7"’

B 1% Q| ]z ] Daltial a8 | tal'sla

L2-norm +92.00 ms

100

0
max. %

©  Cortical map - Spatio-temporal minimum-norm | = |- & |[w3a)

B [ Q|| 2] )] Daltial eS| "o tal'e|a

L2-horm +92.00 ms
100
50
0
max. %
Condition 1 Selution  Fit | Image | Options  Help
ey — » er | P.C.A. EEG | Res.vai
| Surfacelmage v | Cortical LORETA CrlsL |
Discrete Model Probing 3 Cortical CLARA
Smooth Image EEHins
Hide Image Minimum-Morm (Surface) Ctrl+M
Import Image e

Export Image As..
Settings...

Page 193 of 397

www.besa.de



BESA®

Tutorial 8 — Distributed Sources Il: Bayesian Source Imaging,
Surface Methods and Template Models

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 7 e

9. We will slightly adapt

Surface Minimum Nom  Cortical Image |

regularization to get a

better separation: Click Specdy setings o [LORETA =l _ Defeut_|
J  Regularization Help
L d . * EEG  MEG Apply
the down-arrow Xl in SVDauoh [100800 % :
the centre of the screen ~ Advanced settings

V¥ Depth weighting

to open the popup

Laplacian type:

menu, and Se|eCt 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 | cance ey
OK.

© Cortical map - Cortical LORETA =[O msa] © Cortical map - Cortical LORETA o S

10. The display changes to |®ak# <l2b] tlalalsl o ivia SRl 0| talalal] 8] e nlal
LORETA +92.00 ms LORETA +92.00 ms

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 To =] © Cortical map - Cortical CLARA o o=
11. Select Cortical CLARA | &/#ai) <l2b] tlal ol 1] alcle 81 1% Q4] +1o|)] "al al'al"8] Y ‘alcla

CLARA +92.00 ms CLARA 492.00 ms

from the popup menu or
from the menu Image /

Surface Image.

The display now 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 |G

. . Lookin: | | StandardElectrodes ~| « @k E-
CTRL-L and in the dialog box that appears, | == Sl -
u i Nan& Date modified Type
H HP “r i BESA-MRI-Standard-33-Electrodes.sf, 14/12/2010 18:40 SFP File
In the rOW for Dlgltlzed Head Surface il gBESA-MRI-S:andard-EIe:tr::les.sfp ’ 09/04/2014 13:59 SFP File
i | BESA-Std_20-24yrs.sfp 05/08/2015 11:47 SFP File
Points, press Browse. Then select the ng,
Standard Electrode folder in the File ujﬁ
Open box, choose !
This PC
, and open it. “w
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 At Tepvenaiom ——
. . ""’”"‘”"“\[’ Whole Segment
mark a block, right-click and select the T =
previous entry from the popup menu to start N PN DaE’h
: , . B e avs B P
Source Analysis with the previous IS et
fw—"""\/“ Capy to Buffer v
pal’ametel’s. ”““”“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-temp e
_H_s:uﬂ n]:l |D.H. al* _IL.:TIAI

of the window again and start Minimum B T

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 o)== (@ Cortical map Cortical CLARA o [-E S
B [@ Q| 2] )] Paltal e8] %0 alielal B [ Q| ]2 )] Palal 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.

'”_ 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"al"S| [ 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 o H P'C'A'l MEG I Res. Var.
Image and then the first Settlngs"' L|—| Surface Image s Cortical LORETA Crl+L
t Discrete Model Probing 3 Cortical CLARA
entry.
y Smooth Image | settings. |
T Hide Image Minimum-Norm (Surface) Ctrl+M
T Import Image iz
Export Image As... L — ‘
Settings... 1 ————— ﬁ\/\/\-
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) Cortical Imaging ? K
2. Note that the dialog that appears . . ot s |
contains two tabs — one for Minimum
Specify settings for | ~ Defaul
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 % (% Q| 2] 2] Pal'al'al"] [% ‘alilal
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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Cortical map - Cortical CLARA [o @]
_l f_glil 2[210] Pal'al"al™6| | ‘al'6l e
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
¥ Depth weighting

Laplacian type:

© Unweighted graph &

h ©* Geometric mixed area weights None

o]

Cancel I Apply |

© Cortical map - Cortical CLARA

CLARA

B[S Q| Al 0] Pal'al a8 "ol Lal'sla

= ==

+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 =) @ ][=]
3 Mg R e B +m | —
B Q| 2|23 2a “oluf|E| Lal'wla
CLARA +92.00 ms
30
20
10
0
max. %
Cortical Imaging ? X
Surface Minimum Norm ~ Cortical Image |
Specify settings for Default
 Regularization Help
& EEG © MEG Apply
SVD cutoff Iﬂ.D[EDD L
—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 (%)
oK I Cancel Apply
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9. Change scaling back to 100 and press _||—3[i] jo__;t']";p «.cof' ECIERAM —=
the inflation button on the toolbar again. o e
It is evident that the solution now
resembles the Cortical Loreta solution
more closely.
100
50
mox %
10. Now try a larger number of Cortical CLARA iterations: Open the Settings again and now

push the lever for No of iterations to the maximum value of 25. Press OK.

The maximum is how 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

B

folder

Open the file

o e e e

The file is a combined EEG-MEG

recording, where occurrences of three

different types of spikes in a 12-year
old child were averaged.

s
2. Press Shift-V on the keyboard to view e

Head radius (mm}: 83.14
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.

9 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+| wrs | saw | BAT | ERP | Tpv | IcA | DsA | TFC | Esl

Fp1'-Pz' Top View of Data L
show only EEG channels. You can o ince Segment [
F7'-Pz L
see activity on most channels. Drag - S 3
Fz'-P? inear Correlation 5
over the first segment which has the ryer — [
T7-Pz" INE as Epoc L
most averages of spike events. Right- &7 Define s Arifect t
z-rz Write Segment I
. . C4-pz' -
click and select Source Analysis. 18Pz Copy to Buffer al
PT-PZ’ Define Artifact Topography r
gi'v:: Time-Frequency Plot :
4. Define the interval and filters as || oo | oot s ¥ Erled
o Frequency [0 [Hz] Skepe | Babiac =|  Tepe[tomad  +|
. & Custom Definition
follows: -200 ms .. 200 ms, 3.0 Hz T I = r—
ethings
forward with 6dB slope, and 35 Hz e peguen | (e [0 el Sbse [12dbvow]  Tupe zerophase |

200 (ms) postEvent

[ All Conditions Source Analysis | Set Block Cancel

zero phase with 12 dB. The reason

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 -l N

5l A ] v ] WLORETA | 4] BosiVaymger

a dipole. Click the P.C.A. button and
mark a fit interval over the onset
period from -30 ms to -5 ms, such

that the first PCA component explains

more than 97% of the overall variance

in that interval.
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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%.

o i 8 sLORETA | 4] Gomnysger

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

interval is now split into two. Fit the

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
to select

Models.

dropdown list Age-

appropriate  Template
When the warning concerning the

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| R ple |98 e v

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 at the 8] SIS l0En] wlelE ] Yl
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 Lanfer 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 OHBMZ2015 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
Far ArtifactScan 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

i~ 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

AN NN

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:

o 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 [3%3] (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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( .co1. -
P(r) . :\/tr[LT(r) C;1 L]t —1 for P(r) = P.(r)

Pref(r) tT[LT(r) ' Cr_e%, r L(r)]_l

/Pref(r) _ er[L7 () - Gt L))
Ll - P(r) 1= \/ tr[LT(r) - C71 - L(r)]2 for P(r) < Pref(r)

q(r) = 5

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 % 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 arientations 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.

Click the ERP pushbutton. If the
paradigm file for the data file was not
loaded before, a dialog box opens,
and you can browse to the sub-folder
Auditory and open file AEP-
Intensity.pdg. 8

visible. Switch to the Artifact tab and

conditions are

start the artifact scan.

Move the vertical slider to the left until

all eye blinks are excluded.
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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. Click the Beamformer button. An Set beamformer intervals %

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. Click Butterfly plot. The butterfly plot Set beamformer intervals X

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
o 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
[80...150] to cover the main activity of
the N100. Set baseline to [-120...-50]
(matching duration). Common can be
set to [-120...150] to cover the
complete duration.

Set beamformer intervals X

Target condition: Low

B fi Jney hmd

Baseline Signal Common
Start [-120 ms |so ms | -120 ms
End [-so ms | 150 ms | 150 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.

9. Click OK to start the beamformer

computation. The Source Analysis
module opens. Scale the beamformer
result up several times to visualize the

activation pattern using the scaling

toolbar buttons ﬁlﬁ

80:150ms Tre

[Loc: -0.57,1.32 -067 (Cant/US)
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10. Click the Maxima toolbar button il
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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15. Next, in the Settings, select Use

noise normalized weights. A

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.

¥ BESA - €\ AERP-Auditory-Intensity\S1,cnt - Low, Low Fiter: 0.53 Mz, -300 ...+ 996 ms - Source anslysss - [=] x

16. In the Global field power display at

No sokston suslable
| Res.Var. | Energy | Min Dist. _ tmage [l [4 bl s -
GFP |
e et scaip csF

the top center of the screen, double-

In'mfmlumlwm

Scale the 3D window intensity up by~ jnnlen immtenll, RS @ <<€B

click into the plot to set a cursor.

3

pressing the scaling toolbar button . :
L4 " = - ). z

several times, and then move the = mmw 28] el ¢ A0

cursor around using the cursor keys

on the keyboard. You can see that the . v 1o

intensity display is now updated with  * @ i

the cursor latency. R i~ L
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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
with  the vector

the

achieved bilateral

beamformer. Once more, open
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... Inthe 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

waveforms of the two beamformer sources,

orientation-optimized source
which consist in reality of 3 different

orthogonal orientations.

5. 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.

6. 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:

Left-drag over the condition Low, then
right-click and select Source Analysis
BESA Research 7.1 Tutorial
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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

cannot be applied to these data since no

covariance matrix is present. - e I o |
= &
R . — § 5 0 {
: H'\'JJ\./_A—‘F B

Fplalsl L Fip
. Y axa. S 8] SO 2l ] | ¥
o - o = = This condibon does nut h - -

. ot i i

8. Create a new solution by pressing the N key -

on the keyboard, and insert two regional

sources. If dipoles are inserted instead, __ﬂ/\_Q‘a.‘mm — 5 /(; //Q\
then convert the sources to regional ~—o-/ —r &Q ﬂ\
sources by selecting each of them, then % S 2

6J~>Q4‘JJ“’&;@ fﬂl?ﬂC JJ
using the key C on the keyboard to convert. = e
Apply a symmetry constraint to one of the FE—r— |,

sources by selecting it, then using the drop- Tm\/ ‘

h@

down menu beside Loc at the top right. j €
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 |

Loty
BB hitos Sewh Togs oo Opoors_ W
[ | Fc | Esi [Ree [ ir | Src [TUsr _Opt [ EdM [ LF | AF | NF | Edr | E€G |

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

B2 sk

also picked up by these sources as shown

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

§r:|55

SURPEUUIN IS AR N PANRURN WSROI HNE PR T AL S U P

less background activity (lower screen

Y

shot).

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.

Use only weights of the signal interval:

Beamformer spatial weights for signal

interval is only used when a beamformer image is computed.

Use common weights: Beamformer spatial weights for the common interval is only

used when a beamformer image is computed.

1. Open the Image Settings dialog | BeamfomerOptions
Beamformer type: Compute beamformer image:
again (hotkey: Ctrl + Shift + A). Select | @ Mutiplesource beamfomer | V' Use only weights of the signal interval |
. " Single-source beamformer U PEs
the Multiple-source beamformer, | . . = Usera
and check the box for Use only | [ Verciy e [T
weights of the signal interval.
2. Press Go and then OK. Click on the [§) Max 1 of 10- MSBF (time) - Vak 1590 (100.0%) | — | = s

Maxima button. The first two cover
again the auditory activation. They are

more focal than the initial ones.

N [% K[| 928 & |E@| #| & uilsE.8 8

P R L
80:150 ms Tra
25
0
-25
q% R L
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3. In the Image Settings dialog, | BeamfomerOptions

Beamformer type: Compute beamformer image:
uncheck the previous box and check | @ Mutiplesource beamfomer [~ 11c oy et of the sl niervs
€ 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 18288 (1000%) @ — | .G |

Beamformer button in the center of | @ ||l “CBER| =|®[#%] €| ¢ .
Cor

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 [ BeamformerOptions
Beamformer type: Compute beamformer image:

beamformer. We go back to the | ¢ Muitilesoucebeamfomer [~ :  the signal inter
% Single-source beamformer |[— Use Coranc: st |

Settings dialog, and now select =~

Single-source beamformer, with the CMV’ ”°“"°°"°"'*°""°"°""""“°°| 5
®. iar

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 ... o0 S
odel | Res. X [ Res.Var | Energy | Min. Dist. -mgw.m |w....,.. c|

R 1 e | oo |70 T
O l—uuuz y—wn

ﬂﬂ

msparency 100%
Fip || B

other maxima localize outside of Q;m ”Mr“.m,”;jj

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

auditory areas.

3. You can try to go back to the Settings =V e L

and check Common weights and .__H\,—ﬁwmaj

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. Click the scaling button of the Icr |®' Intracranial Chns. Scale X
. . 1] s
channel type at the right side of the | | v
screen and check the x1000 check | 10 | 20
BV | v
box to change scaling to 200 mV.
’ ’ o ] g
200 | 500
LA L Iv %1000
1| 10
mV || my d

5. Now the MEG is visible. Trigger

codes 1 and 2 were applied.

Niew ol Forect 04 Bad 0

Fibers 053- 133 Bufer 1

[ Read a Paradigm Description File X
6. Pressthe ERP push button. Then, in ok [T Vot d emom-

. * Name . Date modified Type ) Size
sub-folder  Visual, open the s Hoe —
paradigm file Flowfield.pdg. e

(o]
2
Fie name: [Rowieid pdg = oen |
Files of type: |Pammgm Fies (" PDG) | Cancal
Directories [Paradigm Directory |
) * Paradigm ? X%
7. Move to the Artifact tab and press Tger | Cartion | Goch | e A | Avege | Coboers |
Rejection Method Thresholds and Bad Channels
Start Scan. The current thresholds [I' Fired Thresholds [ Afact Scan ool ‘ Start Sean stefm\u. © EER @ MAR & GRA
. e | foon [0 o]
are appropriate. You can check for | o L R B P g o
. . . . I [ Low Sig (64.00 | 0 -
gradient and Low Signal criterion, il Bmm!—::u e
too. bl '°°|1—3“?‘ 15
dih! W 131 116 (88%) Static
g
ik | s i
y d @ Amplitude Load
78 £ Gradient =
O T 15 5ot Chamels by tsan I Log. Display 22 | © Z:Sgnal (M
ok | cancel | Hep |
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Move to the Average Tab. Select the
first condition Motion and press the
Beamformer  button. In  the
beamformer intervals dialog, press
MEG

channels are shown in a dark purple

the Butterfly plot button.

colour.

From tutorial 7, we know that the
activity related to Motion happens
later than the initial visual evoked
activity that follows the stimulus. Let
us mark a signal interval from 100 to
190 ms.
baseline interval from -100 to -10

Accordingly, set the

ms, and the Common interval from -
100 to 190 ms.

Set beamformer intervals

Target condition: Motion

Beamformer interval

Baseline Signal
Start |-1on ms |o
End |-m ms |30

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
Set beamformer intervals X
Target condition: Motion
Beamformer interval
Baseline Signal Common
Start | -100 ms | 100 ms |[-100 ms
End | -10 ms (190 ms |19 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.
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10. Press the OK button to start the

beamformer  computation.  The

Source Analysis module opens.

Fp L1 o]] = Lol

8] 31 4141 oial =Fawl ¢) slioe)

’

;. ]

A — 8

[ —————————

o A 5 .

= @ T T

i ————

el ——— - ]
2uian - E ™ =i P

-

e —

’—RH.U-. L —

E [ o5
=4

11. Click the arrow in the center of the

e P —— s | _ ran e
display ¥! to open a popup menu. - | MM@ @
Then select Settings. The dialog box e m m

Fansgarsncy: 100%

for defining beamformer settings ————— —— [ =
opens. Select Multiple-source : - @
beamformer and Vector (LCMV) ‘i————— o )

options, and check the boxes for Use @l m

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

EEEEEEEEE]

can see that the beamformer image

is now updated with the cursor

Fan
=

latency. Check the beamformer
image at 122.50 ms and 160 ms.

e p——— E—
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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
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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
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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 atraditional 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.

Please open the file (5 slct ot s o
Lookin: |\ ERP-Auditory-Intensity ~| rEsEr I
Iocated in th e 1} Name Date modified | =
Rec;:Places | Averages 21.03.2011 ISEDE
. 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 =3 g moamis |
) ) Libraries S1_av-testfsg 14.03.2011 16:05
along with an averaged eyeblink. Change A SLbnk: g X T7S
. ST SZ:Z:‘-(?;H; 14‘!!3‘2011 16:06
to the virtual reference-free montage by Sty L2912
Network < »
pressing the Vir button and selecting the T B oo |
Files oftype: [Current File Type ("fsg) | Cancel
entry Reference Free. [Dsta Folcer =

We will demonstrate the effect of artifact

| sAw | BAT | ERP | Tpv | IcA | | TFC | ESI [ Rec [ Wir Src | Usr | Opt [EdM | LF | HF | WF | EdF | EEG |
N

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 |

DI ISE I A —
displayed scalp channel amplitude to 5 pv. ==—————=—=
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3. From the Artifact menu, choose Select.... ERP Artifact 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 [ammacorecon [0 sl

Select Topographies |Estimate Signal |

we defined in the raw data has been
Select MNo. of

assigned automatically to the averaged file selegery  lapagraphics

(% wariance)

[~ HEOG -

Cwveos [ =]
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
. . WU GHEIRTDASR P —— . Birain Activity:
Subspace prOJeCtlon. Press OK. (" Adeptive (" Surogate @ Mone (SSP-Regression) B -

Surrogate dipole model *bsa)

xamplesERP-AuditonHntensit S1-AChsa Browse...
OK | Cancel Help
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6. Make sure that ar—tlfact COfreCtlon and VleW File Edit View Filters Montage Process ICA ERP Arifact Search Tags Goto Op

-F|F+| WrS | SAW | BAT | ERP | TpV |  Automatic..
. . . r ed Refe Fi
is selected in the Artifact menu. o [ e Tree ¥ View
Al_rir ~  Correct ctrl-E

porr fb—mm— T Select...

L L e e
- H Options...

mr -
H MRI Artifact..

T7_rir T
P b +—rrowo o — —_ Load...
- Save...

]—-_%,_4

- o x

7. Press the scaling button for the Blink

channel to scale it up to 10 pV. The blink
activity has been largely corrected.

Remaining activity in the first segment is

due to the 0.6% of variance that is not

explained by the first PCA component.

Including a second or third PCA component
in the Select Topographies tab would
improve the correction. However, the more
artifact topographies are being defined, the
more likely the brain activities become
distorted.
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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.

]
File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Help
-F | F+| Wrs | SAW | BAT | ERP [ TpV | ICA | | TFC | ESI | Rec [ Vir | Sre | Usr | Opt [EdM [ LF [ HF [ NF [ EdF | EEG |
virtual corrected Reference Free ; Add
rodr —i——— """~ @) 3D Mopping: E£G - Voltage - —]
Al_rfr i
P9_rir -
Fpi_rir [ T
F7_rfr f——————
T7_rfr ———
P7_rir —
o1_rfr L
F3_rfr -
c3_rir
P3_rfr
Fpz_rir [~ s [ Sep
Fz_rfr 2?!27
Cz_rfr -
Pz_rfr - I+
Oz_rfr L 5
Fa_rr -
C4_rir -
P4_rfi -
Fp2_rf [—
F8_rh e
T8_rfi -—
P8 _rfi -
02 rfi -
F10_rf -
AZ rf
P10_rf R
‘corrected
BLINK |——_; T 0souvistep | T ] ll‘ol
blink: 148 avs 60dB: 92 aus H T0dB: 86 avs
[ 1 1 T 1 1 1 2.0
S AR I | 47
Time: 00:00:00 Total: 00:00:11 Mark: 0,089 s Cur:-0.315 s : BLINK.: 3.16 P Low Filter: 0.53 Hz Butfer: 1 Miew: Original Correct PCA Bad:0
9. To see how the adaptive method improves A ERP | Arifact Search Tags Goto Op
. 3 TpV Automatic.., _[
the result, select Artifact / Options.
v View L
— |~ Correct ctri-E |
T Select... I
—_— - L
Options...
J— L
fMRI Artifact...
— e
T Load... P
ﬁ\“-x_j Save... —
e ————
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10. As Model of Brain Activity select Adaptive.

(| oK Cancel Help
11. Three PCA topographies serve as model i i Lo

for the brain activity. In their time courses, |

the auditory N100 component is mainly == 8

represented by the first component. Note

B e — 1

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.

12. TO see thIS, C|OS€ the PCA WavefOI'mS and .Filters Montage- Process ICA ERI‘D Artifact  Search Tag-s

y | SAW E Source Analysis ctrl-S :E

Estimate Signals windows. If the cursor at ST | Sourceimage |
. Voltage Maps Mo

ca. 90 ms is still set in the second condition, 4 CSD-Laplacian Maps c |
H MEG Maps E_

select Process / Voltage Maps or type the SR -

hot key M on the keyboard to obtain the 3D : i L

map of the adaptively corrected data. e L
m Linear Correlation L
W Nonlinear Regress. :
M Movie —
T T BatchScripts.. ShiftsR
A_'—_E Run Batch... RERE

Artifact Correction M M

Select Topographies Estimate Signal 1

The MI ni mum Varlance threShOId Adaptive Model: Original Data Topography
. . EEG
determines the number of topographies MecAmpliude: 1000 pv

Max. Corr. with Artifact

that are considered brain activity which is |  seseececa B
||| Scanintervel (ms) B0 -

contrasted against the artifact topography.
Set the threshold to 5%. To view the time
course of the brain topographies, press

Brain Activity: View Waveforms.

Adaptive Model: PCA Topography

o

Model of Brain Activity
P Birain Act
@ Adaptivel ( Surrogate " Mone (S5P - Regression) Vlerviu\r:\/av;gms

ogate dipole madel (Mhsa)

|.xamp\eS\ERP-Audltory—lmensny\ST-AC bsa

Min. Wariance (%)
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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 [

LC R TR
T o0 T GO

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
adaptive model does not well model the
evoked activity and artifact correction is
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.

F e

| wirs | saw | BAT | ERP | Tov | icA |
e e

—

Artifact Correction

Select Topographies Estimate Signal I

Surrogate Model: Regularization

Atifact (32).

Brain (%):

o
-

Surrogate Maodel: PCA threshold

i

Min. Variance (%)

Model of Brain Activity

_____ " Mone (S5P-Regression)

Surrogate dipole model (*hsa)

|'xampleS\ERPfAuditmy\n(enaity\mfAC bsa Browse

Birain Activity:
View Waveforms

o |

Cancel Help

—_— =
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15. Press the Browse button to load the solu- [t sucgsenoddiosanacn s
. Lookin: | | ERP-Auditary-ntensity ~| £ EB
tlon that Was Pl Name - Date modified il
. . . 'T?ECES | Averages 21.03.2011 15:.08
created earlier on, consisting of a “!"' I test veanies |
| test2 24.03.2011 16:50 T
symmetrical pair of regional sources inthe | ° 90T Ycn0tt 11
. . el LowIntensity 2RS.bsa 09.12.2009 15:17
auditory cortex. The stored two regional 1- Lowintensity_250-16Tpe: B5A File 17032011 1557
‘ S1.bsa Size: 731 b_y‘[es 29.03.2005 16:32
sources model the bilateral brain activity in C;mim e o 0s 2008 1y0n
S1-AC _testbsa 04.03.2011 1501 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
. . olders [Data Folder ~]
topography to separate artifact and brain - e _
signals?t,
16. Press OK and press M to view the 3D map |:

- wrs | saw

BAT | ERF | TpV | icA

| Trc | ESi [ Ree | Vir _Src | Usr | opt | Eaw [ LF | WF | W | EoF | eEo

{ @ 10 Muping £EG - ouge

5 %L _ Add

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.

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.

11t 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 - sissze msposion— fiterseing:

(" Whole Segment

a block. Right-click and send it to source & G e Erquency 15 ) Siape [Gdbrea ] Topeffoners =]
. ) ) l—LlF"E“\‘/rIVD%S High Cutoff Status [ Enabled
analysis with settings -50 to 250 ms, Low ,ﬂ_(mmg{j:m % || Frauorey 89 ) Sone [ardren] T [rmmshers =]
Cutoff filter of 0.5 Hz, 6 db/oct, forward ~ F* @&
. . [~ Al Conditions Source Analysis SetBlock Cancel
and High Cutoff Filter of 40 Hz, 24 db/oct,

zero-phase.

Low Cutaft Status [¥ Enabled

2. Load the source model

by pressing File /
Open Solution. The letters ART in the |

EEG +|i

(@) (53 '

status bar at the bottom right corner of the

window indicate that this data is artifact- | g \q} |
I S TR f
corrected and that BESA Research knows | i@) {@D, !
}§ J “W.L./ |

the topographies of the corrected artifacts. P "\
S yany
: 1 { N
Data Residual (1-12 of 31) i ﬂﬁ:: urce tions r = -E"h

Time: -36.00 ms 1 ART
i s

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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il . o i ——.'.n,——-_.n--
3. Double-click in the waveform box to set @ [ ey, G e i s e

Solution: C: 5.3\ ¥ it _znsm
H H Data Mod. | Res. D] | PCA | EEG RES Var. Ener Min. Dist. I AC_Left l—lm
cursor at the N100 latency. Right-click and |7 & = S o s W™ "&Fp] cars | [ (o1 (41 (55 (75
Org| (8.00ms +248.00 ms [ Eur 1313% R(?\ e ’T‘

[

Save Salution As cules EEG

select Display 3D Maps or type the hotkey | «
M on the keyboard. PR — st 01 u @ '
FC1 ———V-Lw Set Orientation , g
D [
X e - @

e
Cr A

Date Residual (1-12 of 31) j.eu urce wavetorms ~ |saurce locations E'
Time: +92.00 (+4.00) ms Cursor: +88.00 ms, +40.99 nAm

4. BESA Research displays a warning |Veltsgemap-Dbsta

. . This is an artifact-corrected data set. In order to ensure carect source localization, BESA performs
message . It eXplaI ns Why the fOIIOW|ng map 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

W|” be dlstorted PreSS OK to Conflrm 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,

5. The topography is severely distorted by the j“;;j}:f‘jf:::‘:*;*’;’;’f;:‘::ﬁ;"“““'”“‘"""‘"“““‘""’"

Solution: C: 5. udit it ity 2RS.bsa
. - . 2 Mod. [ Res. ||D|| | PCA | EEG image | AC_Left xdoc ydoc zdoc xori zor ||

Subspace projection that was app“ed tothe |’ u?ii,w—‘ﬁmm 0540 2 IRV V{"M‘om'w e D s Taoe [ovz [o1 a5 T8 |
org| [#800ms +248,00 ms [~ (Curs. 1.318% LA =

on

data. Although the source waveforms —-4? - |
obtained by modeling the corrected data | «— —/>— |

Y e = (@ far)

,:_

Transparency: 100%

are undistorted, the data displayed in the | =
Fip [«[»]4] [»| Fip |

FP2 o '
Fz I @ Voltage map - Data = 818

channel box and in the global field power :jZ: | 83l <)) sl Sie

storted by SSP

(GFP, blue line in the upper middle box) are
distorted. As a consequence, loading

corrected data into the source analysis [P stz =boc s

window is less recommended. Close the

source analysis window.
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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.

1. Switch off artifact correction by pressing

ctrl-E. You can confirm it is switched off as
corrected is no longer displayed in the top

left corner of the main window.

=5 |

-
i e —
2. Left-drag over the second segment to mark —
a block. Right-click and send it to source T T T T
analysis with settings -50 to 250 ms, Low N Top View of Data o
i _ﬁ_\/ﬁ/d\‘ Whole Segment |
Cutoff filter of 0.5 Hz, 6 db/oct, forward hS fer B
Linear Correlation
and High Cutoff Filter of 40 Hz, 24 db/oct, g e B
I Define as Epach [~
Zero- h . — Define as Artifact —
ero p ase ] Write Segment —
,.\/ Copy to Buffer 4 |
r__\/ Define Artifact Topography |
—_— Epoch: -50.0...250.0 ms, Filters: 0.5 - 40 Hz L -
3. Lo ad th e source mo d el ':(?&t:’:J:-\:Tvr-b:if::/\“ﬁ:?47":::19‘9‘;’??:Sili:sqFmers:O.S-MHLM,,AMM-SooweaMIms
13? Mod.[Fes_Ioi | [¥inDt._image
Lowlntensity 2RS.bsa by pressing File / el fewff Al TEI;L
H Lookin: [ | ERP-Audtory intensity v] +Oom- ne  csf
: . » Name & ate modified e
Open SO|UtI0n i 4 ~» ). Averages fwszumsaa x
FC2uurt—q| RoconPlaces oo 170220111431 |
o Wi s
s [ HIZ.\‘:::&M;:» testbsa 25032011 1123
g Lowlntensity_2RS.bsa 09122009 1517
Lowintensity_25D-testbsa 17032011 1557
. . asamn 1357
Bl @ i ok 501
| :: File name. [Lowintensity_2RS bsa - Open |
. Files of typa: [BESA Solutions (*bsa) ~l Cancel |
Soniey O Fotder
uﬁf\/\\/.a../——

{Data (1-12 of 31)
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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 [Eeeasu T e
. Lookin: | | ERP-Auditoryntensiy - BB
drop-down menu Files of type: select | = — e Date modified
. ) ec;:-'?aces | Averages 21.03.2011 15:08
Artifact Topographies (*.atf;*.art;*.coe). | " -P', b=t o2z st
Select S1-blink+ERP.atf and press Open. “??EY"T S Sy
r=~]
A
Computer
Network < | [ 3
FIe 23S A e e e e e o 5 open |
Fiss oryps ] | _ oo
Folders \—m;

6. The topography of the main PCA [ nrmonis e s e ,
Solution: C: 5. Audi _2RS bsa

- - . Data Mod. | Res. ||D|| | PCA | EEG |Res. Var.| Enel Min. Dist. _Image LINK_(99.39%}-loc y-loc z-loc x-on y-or z-on

component of the blink artifact is now | @™k " e |- e fom fore e fro Tor

Ori fied

appended to the current solution. The N—ﬂeﬁ-ﬁ SIS e o
e iumwm\smﬁj user 4| BY [ . -
corresponding waveform and the equi- —*v&@ )
. . RS c | P :
valent location are shown in the source A e

analysis window. This is the component | ci—act— o

explaining 99.4% of the artifact variance | "~y = ... 6% D
that was selected during the artifact | —=- _ - m @

Data Residual (1-12 af 31) ~|source waveforms ﬂ Source locations ~|

definition.

g e =
= 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 Qptions Help

7. Again, double-click in the waveform box to

i Solution: C 5. Y 2RS.bsa
. Data Mod. | Res. ||D|| | PCA| EEG |Res. Var.| Energy |Min.Dist. Image | AC Right xJdoc y-oc z-oc x-orl y-orl z-on

set a cursor at the N100 latency. Right- & T s ok 3Rl S 7Pl cartivs e o [ar s [ (a1
| Org| RSO M X = ,’“'5, . : Loc [symmetic < ][RS 1 x00.y00200

¥ o feed |

*  |Model: 4 shell ellipsoidal

click and select Display 3D Maps or type w

’;l‘lirJLawmmns‘ryJRS bsa (modified) EEG +
the hot key M on the keyboard. Note that | «—</f>—no |
n=—v¥ — c 7 s o
the map is not distorted but shows the j#vll"“‘: mj*‘wé;é‘% tasacy: toe | 3
s = Fip [«[v] <] || Fip
. A|~—-—-<'—'>< @ voltage map - Data e &%
typical N100 topography. Pm—.A-—?-—-—-: wﬁé@ 813 ait] <o) e Aleld
e = on SR
P7h—ﬁ—7‘-—
Data Residual (1-12 of 31) ~ JSource waveforms -\
Cursor: +88.00 ms, +50.62 nAm 4
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8. Switch off the spatial blink component by |- e

1 BESA - C:ory-Intensity\S1-blink «ERPfsg - 60B: 92 avs, Fifers: 0.5 - 40 i, -48 .. +248 ms - Source analysis =]

INK_(99.39%3oc y-

Data Mod. | Res.
0GB 92 avs Filler

org| L4800ms

pressing its On button and close the 3D
mapping window. Press All Fit and Start

-oc x-ori y-ori z-ori
Cartjus || om0 | o a0z [ 01 [0 [
RC: 1
o [

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 ki

switched off.

- T
A b 4B
Tine 0ot Do DGR

2. Please select ICA / Current Screen to ICA ERP Artifact Search Tags

™

start ICA analysis. Current Sereen \

Select Components

Load Components...

Fi

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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[ BESA Research 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\S.cnt
File Edit View Filters Montage Process ICA ERP Arifact Search Tags Gote Options Help

F|F+|Wrs\3Aw\ EAT|ERP\Tpv| ICA DSA\TFc| ESl | Rec\ vir | Src\Usr|0p:|EdM\ LF [ HF \ NF |EdF| EEG |

source H
ICA1 ; /)

ICAZ

ICA3

ons
ICAS d

ICAG

ICAT

ICAZ

ICA12
ICA14
ICA15

ICA16

ICA18

‘

N S e ,
o W‘“W”‘WWWWWWWWM

X

Add

Src
20420
I

200
nAm

ICA20
J. La is 1z
Auto } | * | } ! ‘IIHHIIII\HHIIIIIII\IIIIIIIIIIIIII\IIIIIIIH\III\HHHIHHH\IIIIHHIIIIIIIIII\IIIIIIIIIIIIIIIHIIIIIHHHHIIIII\IIIIIIHIII\HHIIIIIII\IIIIIIIIIIIIIIIIII\IHIIII\HHIII\HIIIIIHIIIIII\\\I\II\HIIIIIIHIIIIIIIIIIIIIIHIIIIIHIIIIIHH\IIHHHIIIHIII\HHIIIII\IIIIIIHHIIII\HIII\I\HHHIIIIIIIIIIIIIIIIIIIIIIII\\H\\IHI\IHHIIIII\IIIIIHIIIIIIIH\IHIIIIIIIIIIHIII\IIIIHIIII 10.0
s
[Time: 00:00:00 [Tatal: 00:16:02 (Offs: 00:00:00 Cur: Filters off Buffer: Mgy Original Correct: Off Bad: 0
4. Right-click on the second ICA |
Map T hy
p- [ NepToRCERY H
component and select Map Topography. |, . DefineAstfact Topogashy U
- Send Topography To Source Analysis
ICA4 .~ Save Topography
ICA5  w Export ICA Reconstructed Data Without Selected Components: Current Screen 3|
ICAE & Export ICA Reconstructed Data Without Selected Components: Whole File
. . ,‘ 3 G-
5. The map indicates that the second ICA 8 oMt . dtage % |
‘@ aa

component indeed reflects an eyeblink.
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6. We can now use this topography for —[ear e e P

Map Topography

Define As Artifact Topography
Send Topagraphy To Source Analysis

artifact correction. Close the mapping | -

ICA4 Save Topography

window, right-click on the second ICA

ICAS = Export ICA Reconstructed Data Without Selected Components: Current Screen

Component Iabel and Choose Deflne AS ICA6 & Export ICA Reconstructed Data Without Selected Components: Whole File

Artifact Topography.

7. The Artifact Correction window opens. [ coreaion SN HeS
. || Select Topographies | Estimate Signal I
Please check the box next to Blink. posephes | e s
Select Mo. of
Close the mapping window and press B St
[~ HEOG -
OK [~ vEOG -
gk [ | Mes
[ EKG -
[~ Othert -
[~ Gther? -
Load Save
oK | Cancel | Help |
8. Return to the original recording by ICA ERP Artifact Search Tags Goto Options
. TpV Automatic...
pressing the _Re | putton. Now press ; ;
: v View o]

- . - -—"V"‘W '
Artifact / Correct to switch on artifact : E— N
correction. . Select... -

T Options... W
e bt et [
o fMRI Artifact... R
W’W Load... W
W Save... W
W

9. Note that the eyeblink has now

ot sarse seen g Gow Optons e
Tpv | IcA | DSA | TFC | ESI [Rec _Wir | Src | Usr | Opt | EdM [ LF | HF | NF | EdF | EEG

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 Artifact Search Tags Goto Op
by pressing Artifact / Correct. TpV Automatic... _[
i [V View L.

b~ W2 Correct ctr-E

e -

e ] Select... |

! Options... o

; fMRI Artifact... |

"‘”_‘";'“’“’“_ Load... =

R Save... ::

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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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,

the Rec button is pressed. Press CTRL-E
to switch off artifact correction. Check if you
are displaying the first screen and that

artifact correction and all filters are

switched off.

- R RASERARAERRRERANENERRARE)

CIEIR IR
Fre TTi000 — Tow 0010 DA G

2. Press ICA / Options and select PCA off. “A Options X

Switching PCA off will lead to ICA PCA

i . g
decomposition running on all data. PCA on, PLA of

. . . « in. Yariance: 10 =
Minimum Variance of 1% (default) will P4 on. Min. Variance *

€ PCA on, Nr. of C . iz
reduce the data by all PCA components on, Nr. of Lomponent=

explaining less than 1% variance before Method

&+ Estended Infomax

running ICA. PCA on, Nr. of Components

, " SOBI
12 (default) will reduce the data by the
smallest 12 components before running ’TI Cancel
ICA.
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3. Press ICA / Current Screen to start ICA Process | ICA ERP Arifact Search Tags Gq
decomposition. I | ERF Current Screen FC
Select Components | S
[ Load Components... | QA
i—-\lp..-.f\.-“-‘*-—.-
e aan Dptions...
[N et P e R R, PRl e\t prm
(8] BESA Research 7.1 - Ci\...esearch_7_1\Examples\ERP-Auditory-Intensity\S1.cnt - ] 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 |
e Rm— 1 1 i i i i 1 Ad
ICAZ T T " - + - + T -
1cA3 : : I : : : : : :
leas ” : " ” : ; : e et et
ICAS h i . -
ICAG o ot by i AL s TN
ICAT T * » - - - v i -
IERE Ao st Mo ettt g o P L o o Ao =T e YA A N A A TS e o i rera

ICA1Z = :
Ica12 B O SN S i ¢
ICATE  Aummwn s b * Src
ICATS  mimtt st b bt : ottt * Ao e : 31/31
ICA1E ¢ > - P + SRt T d d
ICATT MWWMWMWMW«W\MMW wh: PR 1 WMWMWW I
ICATE Aot i . : - ; ; ;
TCRTD  Frmpipr gl A s er A Ao A0 M 4 wiAn AN ety SRS L A BRI n5ﬁ\l][l3|
IcA20 P e I Amae, A Foarte g - Nt e t S e )
ICAZT o At et e b S A o Al i, A At A et R b Ao b N N S NNttt A Aol o
Lo Y L At I L e e L e L e L
icaza : ; ; B S AR AR ! ;
ICRAZE st o A ot N Bt A A P AN b AN g St e At et - - i
IcAZS " ¥ A A + ¥ ; st ¥
ICRZE vt s oA it ot s P ot g bt
ICAZT st a7 v A Loyl eSO ALt g A A A Mttt AR A afn,
ICAZE  atoke bty e, smiivpingth bt om A et Iy ot "
L R e et et
1cAz0 d e i e e e e et e e e e e
ICA31 - e e

iz i s . La : 1s : Ll
‘ Auto ’ | { | * ’ |I\IlH\IHII\HIIIHHI\IIIHI\IIII\HIHIII\HIIII\HIIIIH\HIIII\HI\IIIIIIIII\HIHIII\HIIIIIIHII\IIIHIIII\HIIIII\HIIIIII\H\HIIIIHIIIIII\IIII\HI\IIII\IIIHIIIIIIIHIIIIIHIII\II\III\\\IIIIIIIIIIHIIIII\HIIIHI\IIII\IHIIII\II\IIIIH\HIIIIHIIIIIIII\III\HIIII\IIII\HIIIIII\HHIH\HIIIIHIIIIIIHIIII\II\\Il\II\\\IIIIIII\IIHIIIIII\IIII\II\III\HIIIIHIIIHI\IIII\HIII\II\IIIH |1[|,[|

4 » 5

Time: 00:00:00 Total: 00:16:02 Offs: 00:00:00 Cur: 2078 5 1CA24 : 80.2 nAm Filters off Buffer: 1 Miew: Original Caorrect: 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
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.
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5. ICA2 seems to represent an eyebllnk and File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto
-F|F+| wrs | saw | BAT | ERP | TpV |[ ICA™ DsA | TFc | ES
ICA4 seems to represent cardiac activity, —icar 1 5 L
ICA2
which we had not noticed previously. o
ICAS
Note: itis possible that in your case the ICA cnr
ICA8
components representing the blink/EKG o : : g
.. ICATT A, figar O A BN b At g i d i e N o
are not ICA2 and ICA4. If this is the case, ., . 3 O
. [CATT Aot o et At ; ;
locate the respective ICA components and  ica o T T
ICATE At st J S— ua ‘ a-
use their according label in the following! O N VO B MY
6. Right-click on the label ICA2 and select - . 5 - L
-
- ine fact Topography
Map Topography. ks~ Send Topocaphy ToSource Ansysi
ICA5 Save Topography
:Ei: z Export ICA Reconstructed Data Without Selected Components: Current Screen
ICAB  +~ Export ICA Reconstructed Data Without Selected Components: Whole File
ICA9
7. The map confirms that ICA2 does indeed @ 30 Viegplagces - Jonoge D i
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 [ S | 0.03uV / step
8. Make sure to left-click on ICA2 only in - . - - : 1 -
M D:f:’n:::i::a: Topography
order to select it. Right-click and choose i 7 s s anye
. ICAS = Save Topography
Export ICA ReconStrUCted Da-ta- WIthOUt :E:j : Export ICA Reconstructed Data Without Selected Components: Current Screen
ICAB  +~

Whole File.
BESA Research will now create a new file

Selected Components:

containing ICA-reconstructed data.

Export ICA Reconstructed Data Without Selected Components: Whole File
T R o SV AT SP O Sy SR S SOV Y
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9. Save the file under the suggested name

Sl.ica.foc.

10. As segment comment, enter without blink

and press OK.

11. Press File / Open. Change Files of type to
BESA Binary Files. Select Sl.ica.foc and

hit Open.

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

ICA-

reconstructed data without the eyeblink

question remains, if creating

topography distorted our N100 topography.

BESA Research 7.1 Tutorial
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Export ICA Reconstructed Data Without Selected cﬂmEnemx Whole FiI-E
i savein [ | ERP-Auditory-inensity ~| c@ekEr H
| B Name Date modified

= No items match your search.
Recent Places
|
|
Desktop
uT-J‘
Libraries
\k
Computer
Network
< I 3
File name -] Save I
Save as ype [Binary High Resolution (*foc) -] Cancel

Please Enter a Segment Comment

Segment Comment

without blink

o |

Select Data Files
I Lookin | | ERP-Auditory-intensity -] FfEotEr |
| - I
‘; 5 Name Date modified |l
N “*ﬁ {9 Slicafoc 30,04.2013 14:09
it
ecen ?“5 All_Subjects_cc-testfsg 04.03.2013 14:05
= S1av-testfsg 04032013 1211
Desktop All_Subjects_ccfsg 09.12.2009 13:35 E
= S4_avfsg 02.12.2009 12:09
uﬁ‘ S5_avfsg 03.12.2009 12:08
Libraries 56_av.fsg 03.12.2009 12:07
|k' S7_avfsg 03.12.2009 12:06
- S8_avfsg 03.12.2009 12:04
Computer
$10_avfsg 02.12.2009 12:02
S3_avfsg 03.12.2009 11:58 L
Network < n »
File name: [sticafoc ~] Open
Files of type: [BESA Binary Files (*foc. " fsg) | Cancel
Folders [Data Folder -]

LR N ANy

Time: 00UND0___Torel ORAS0T s 600B00 _ Gar——— Fitors UG)-01; __ Buier1  View Ongnel  Comect OF__ Bed
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To investigate, we will average the data

again to look at evoked potentials.

13. Press ERP / Open Paradigm. Browse to |2 fesdspasdan descopient

. Lookin: | j & @ B
the Auditory  folder and  select > Name - Bate modified
=p AC_OscPDG 23.11.2004 1419
AEP_|ntenS|tyPDG Press Open . RecentPlaces AEP Intensity.PDG 17.122009 2034
P300.PDG 23.11.2004 1420
Deskiop
-
Libraries
A
Computer
@.
Network < il J 3
File pame: [s1-estPDG ~] Open |
Files of fype [Paradigm Files (- PDG) ~] Cancel
Directories [Paradigm Directory | 4

14. Move to the Artifact tab and press Start

Tigger | Condfion | Epoch | Fiter  Atfact | Average | Coherence |
H H Rejection Method Thresholds and Bad Channels
Scan to exclude artifacts from averaging. T e, sorgin | vuetrin. 6 20 C s
: Famg [@ [of@m -]
¥ Gradient [750 ri %0
[+ LowSig [001 [_om
Bad Channels [_a i
Count  Accepted Condition
04] T
PLE [¥ SortChannels by Mean ™ Log Display 1%
oK | Cancel ] Help ]
h b d ot
15. Move to the Average tab and press | ™
Tigger | Condiion | Epoch | Fiter | Anfact  Average | Cohersnce |
AV er ag e. Range Condiion Cansaint Stavstcs
q [60dE [All Maiches -
Matehe
C GumnSegment | |odd [ miing gl |rew=
9048 First Half
€ Between Markers 10048 Second Half n
Low shdiniie
 ToEnd of Fila on i f—
" ToEnd of Segment —I
™ Query
" ToNextMarker Remove FromList |
Current Selection FF Average
TofalCount Accepled  Gondliion Constraint
s sy | A Aueroge
103 (100%) 80¢8 A
55 84(36%) a8 A
5 85(96%) 10068 A Eile
189 185 (57%) Low A Load
174 170(97%) High A
67 4s3(38%) < AN A aads
oK Cancel | Help ‘
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16. Save the average file under the suggested [[ve awage e Grnal Channas: Brey NI ]
Savein | | ERP-Auditory-ntensity - rmeEr
name . When prompted to t - Name Datemodifiéa  +
=P All_Subjects_cc-test.fs 04.03.2013 14:05
i t t St RECE"‘”?”" 51,av—t]est;sg I 04.03.2013 12:11
SpeCIfy a Segmen commen ! press Y p - All_Subjects_cc.fsg 09.12.2009 1335
. esl S4_av fs 03.12.2009 12:09
Asking to use the suggested names from S e 01220001208 |
_,]\ S6_av.fsg 03.12.2009 12:07 i
i Libraries S7_avfs 03.12.2009 12:06
th e parad Ig m - & Sa,av‘fsg 03.12.2009 12:04
C;m e 510_av.fsg 03.12.2009 12:02
P S3_av.fsg 03.12.2009 11:58 L
qg 59 av.fsg 03.12.2009 11:55
Network S1-blink+ERP.fsg 18.05.2005 1619

€ mifem 12 N5 9nN5 12.55

< 11 b

File name =] Save |
Save asfype [Binary High Resolution (*fsg) ~] Cancel

17. The new average file will be automatically

opened along with the TopView window.

Close the TopViewer.

0 110 e
V i

Totwl 0021 ot 000w Fitars 85303

18. Double-click at the N100 peak in condition | gy

saw | | o | tpw ] tea [ Coo | e | 8 [ ee v |5 | e
: |y —

i [ Eani [ LF

) 30 Mapping. 65 Vot

60dB to bring up the 3D window. Make sure

to move to 94 ms using the left and right
arrow keys. Scale up the topographic view

to 0.63 pV / step. The N100 map appears

nearly undistorted.

‘”,_'_"HI“";T'”". [ i B

Tma 000500 Toiat (000ET__ Mk 0084s__w 0077% F3. 01207 Fias 053031 Bulari  view Gognal  Comoio__ Bed§

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
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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.

1.

present tutorial to run ICA decomposition

on the first screen of S1.cnt. Locate the ICA
component reflecting the blink (usually
ICA2). Right-click on the label and select

Save Topography.

2. Save the topography under the suggested

name S1.ica.

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

BESA Research 7.1 Tutorial
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BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Follow steps 1 to 4 of section F in the

File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options
-F |F+| Wrs | SAW | BAT | ERP | TpV || ICA DSA | TFC | ESI | Re
] : 1 : H

source

ICA1 — Map Te h e
— ap Topography
ICA3 — Define As Artifact Topography
ICA4 - Send Topography To Source Analysis
ICA5 Save Topography
ICA6 =~
ICAT Export ICA Reconstructed Data Without Selected Components: Current Screen
ICA8 4 Export ICA Reconstructed Data Without Selected Components: Whole File
IPAG AR A PSS F) P IS U
Save As
@ -
Organize ¥ New folder = - e
*  Name Date modi
B Desktop
] Libraries No items match your search
& Homegroup
R Isa |
‘& Computer
@ Network

m

A |ATE510-ISA

[ Control Panel
[ Al Control Panel Items
A Appearance and Personalization
¥ Clock, Language, and Region
$ Ease of Access

=t Hardware and Sound - 4 m »
File name: -
Save as type: IICA Topography Files (*.ica) 'I

# Hide Folders

lf Lookin | | ERP-Auditory-ntensity ~| cEmoEr fl
B |
| Pl Name Date modified =
a 'ﬁﬁ i Slica avfsg 30.04.2013 14:25
ecent TCES ) SLica.foc 30042013 14:09
l All_Subjects_cc-test.fsg 04.03.2013 14:05
Deskiop S1_av-testfsg 04.03.2013 12:11 =
== All_Subjects_cefsg 09.12.2009 13:35
uﬁl' S4_avfsg 03.12.2009 12:09
Libraries S5_av.fsg 03.12.2009 12:08
1&_‘ S6_av.fsg 03.12.2009 12:07
- S7_avifsg 03.12.2009 12:06
Computer
S8_avfsg 03.12.2009 12:04
510_av.fsg 03.12.2009 12:02 o
Network < | (T 3
File name [s1ica_avisg -] Open |
Files oftype [BESA Binary Files (“foc, *fsg) ] Cancel
Folders: [Data Folder ]

4

Page 263 of 397

www.besa.de



BESA®

Tutorial 10 — Advanced Artifact Correction

4. Send condition Low to source analysis by |- T 7S i

Black Size and Pasition Fitter o

Low Cutaff Status [ Enabled

Frequency [05 [Hz] Slope [1zdbjoct v | Type [zer0 phase v

 Whole Segment

left-dragging a block, right-clicking and -]

@ Custom Definition

+ | Previous High Cutaff Status [ Enabled

selecting Source Analysis. Use a custom _[77vC7 0 0w @1 see fiias] e ot =]
- [250 (me) postEvent

definition of -50 to 250 ms, a Low Cutoff
|— All Conditions Source Analysis SetBlock | Cancel |

Filter of 0.5 Hz, 12 dB/Oct, zero-phase i/ —v—J——d—Ff A~
and a High Cutoff Filter of 40 Hz, 24 |~ Do
dB/Oct, zero-phase. Press Source T hTTTpTVII e T T
Analysis. B RV i3 v s v e B s e

s A i s e s Ve

5. In the Source Analysis Window press File /  [Homuea i ==

Lookin [ ). ERP-Auditory-inensiy - cBdEr !
Open Solution and select our source B hame Date moifice
® “ﬁ Lowlntensity_2SD-test.bsa 04.03.2013 16:02
ecent Places
LowlIntensity_2SD.bsa 27.02.2012 16:14
model : Press " & i ity JRSbsa 09.12.2000 1417
Deskiop Highlntensity_3RS.bsa Type: BSA File 1417
O p en. = S1-AC+SChbsa Size: 731 bytes 16:06
u]‘ S1-ACbsa Date modified: 09.12.2009 14:17 | 16.04
iz S2bsa 29.03.2005 15:35
k Slbsa 29.03.2005 1532
Computer
Network < n »
File name [Lowtntensity_2RS bsa | Open I
Files oftype [BESA Solutions (*bsa) ] Cancel
Folders: [Data Folder ~]

=

6. Now we wil append the ICA blink ADWME”I
. Lookin |\ ERP-Auditory-Intensity ~| e@ctEr |
component to the current solution. Press B e ~
<P Slica 03.05.2013 12:57
File / Append ICA Components. Change | "
Folders to Data Folder and select Dj’
w
that we created in step 2. Press Open. ~
Compusr
&;k < (1] 3
File name: [stica ~| gpen |
Files oftype [icA Topography Files ("ica) ~] Cancel
Folders [Data Folder ~]
=)
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the blink topography plotted beneath the

EEG butterfly plot. We want to utilize it in
our source model.

8. Right-click onthe 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.
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10. Double-click at the N100 peak at around
96 ms. The green source waveform is
nearly O at this point, suggesting that there
was indeed no blink activity at the N100
peak.

11. 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.

12. Repeat for the blue source (AC_Right).
Now both regional sources are oriented so
that the first orientation optimally reflects
the P50 peak.
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13. 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 WE i

blink component! Mo fit

on
Fit "ﬂ

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
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.

i € Voltage map - Model ?‘@
14. Press M on the keyboard to bring up 3D g Ll e
mapping. Press the 6" button from the vt e

right labeled M until the 3D window is
labeled Model (volt, all).

AN o o s
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15. Switch off the ICA component in the
middle panel by clicking on the On button.

Note how the map changes if the blink EE?

component is left out of the model. This

difference corresponds to the distortion [on .

No fit| ="~}

imposed on the P50 map by subtracting the
blink topography.

16. Move the cursor to the N100 peak at 96 ms Aeflatft/stertit sLof [y branv.

by using the arrow keys on your keyboard.
Toggle between on and off for the ICA
component. Note that the N100 map is
barely influenced by the blink topography.

Al on| Al fit| Startfit| sLOR |{| Brainv. |

o fit

Source waveforms

D

ot

Transparency- 100% hd
Fip [ »]4] | »| FIp

© Voltage map - Model o [& =]

B [% Sleb| a1 2] PaltalRalt] @l]a

Wodel {valt., all} +60.00 ms

No fit

[Ton

No fit

\ /~AC_Right
AL2
N/ sC

Source waveforms

Transparency: 100% z
Fip |4 »]4] | »| FIp

@ Voltage map - Model = |EH &3 ‘
B % Q|| ~|2] 2] 2altalfald| B]'Fa

Wodel (valt., all) +96.00 ms

g

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 Balllistocardiograph (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)
h=—7p—

oz

where f is the harmonic frequency, x is the harmonic humber, 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 (By) is:

n+—
bk Z “
n__

P
u\.m.,' P T M I

k
. :
=E2Aiforns(k—1)/2 .
i=1 :

oo i

R T RN EA R B

- M N\wwuu\v.“'.uwmwt‘:)r ol
" ot

k-1 i Y
Bn Z A forn>m—-——+1 L A

2
i=m—-k+1

a*l»—k

,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

k
B, =— Z Ajforn>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 number 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
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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
open data set
It
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 |Starting fMRI Aifact 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 [me s ) ) x|

Initial settings

dlalog . NOte that fM RI Tr I g g er co d € and Mumber of artifact ,T Length of iR volurme: 'W me [ M2E=h et

100
Delay between marker and 'UU— e

I en g t h Of fM RI Vv ol ume was automatlcal Iy Humber of scans to skip: ,Ui start of volurme acquisition

OCCUIANCE averages:

Movement threshold: 1.00  rom H

detected from the data. The automatic = nesimerie | Brawse.. [

. ]

d ete Ctl 0 n Of Ie ngth Wo rkS On Iy for‘ Template creation matrix Remaval methad |

. & Tumed Off !

continuous data. If you use so-called - Mlenetal 200 |

sparse fMRI acquisition you have to adjust o !

- !

this value manually. The Number of i

artifact occurrence averages is set to a

ok

default value. Switch Removal method to ’
Apply

Allen et al., 2000. - i

R vobmes S '

6. The template creation matrix is filled
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

ﬂm ’l‘ BT TR AT 110 R

images are not collected for these, so no e

stimulation should be performed either.
Press OK to close dialog box.
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7. While keeping the left mouse button

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. Goto 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., 2009.

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.

BESA Research 7.1 Tutorial
Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

: wu i
pressed, drag the mouse over this noisy - il

T Y
M} 1“
gi{'% it mmwim it
pl’v‘mn\n fn F

2=k
3—4‘;:

»
Tz
S221

T A AT [y ey )

fMRI Artifact Remaowal

Initial settings
fMRI Trigger code:

2000.0 ms 100
0.0 ms

Number of artifact Length of fMRI volume:

15
OCCUITEnce averages:

Number of scans to skip: | 0

Movement threshold: 0.28 mm

Realigment file: |C:\JJsers\Pub\ic\Documems\BESA\REsearm,Ll\Ex. Browse...

Delay between marker and
start of volume acquisition

Removal method

Template creation matrix

" Tumed Off

" Allen et al., 2000
" Allen et al., 2000 Modified

™ Moosmann etal., 2009

o]

Apply

Pk

Cancel

MRI volumes

fMRI Artifact Removal

Initial settings
fMRI Trigger code:

2000.0 ms 100
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B 5 B TG E e EEGIMEL o - o x
e o

10. Now we will reduce the influence of the

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

Teos L i
o] T

) (=4 —— :
d B/OCtaVe, Zero_phase sh Ift FOI‘ the o 0004N ool U056 W 27872 Car 8102 P TT807 Fiare 1207 Bl —— Vi Oigeal— Foreci 61 Bad®

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 to

turn off automatic saving of averaged
buffer. Note that the 4™ button in the control
ribbon changed from SAW to SAV.
Highlight one of the BCG occurrences and
press the SAV button. Select a radio
button to use All channels, Current filter,
Current Buffer Width. Leave Threshold on
the default value of 60% and Search Range
on Whole File.
uncheck Selected View after Search and
Selected view 300.0% width. Press the

OK button to start searching.

In Options you may

12. After the search is finished an averaged

buffer with averaged BCG is shown on the
left side of the screen. Right click on it and
select whole segment. The whole buffer
will be highlighted. Right click again on the
highlighted area and select Define Artifact
Topography.
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Search Average View

X

—Select Tag Buffer

" Default: 2- 35Hz Iﬁ' Current: 1-20Hz I

OK I
#1 (2 (3 (4 (5
Cancel |
—Channels
Mz " Selected & all
—Filters

—Buffer Width

~ -250: 150 ms F‘ Current: -496 : 496 msl

—Threshold

Detection for SNR. >

[75%

2.5

—5Search Range

* Whole File

" Between Markers

—Template

{* Marked Event " Averaged Tags

—Options

[~ Query [ selected View after Search

V¥ Restore filters after search| [ Selected view 300.0 % width
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13. The Artifact Correction window will be
displayed. Check the EKG check box. | S Teeseshies | Esmate Sondl|
When a Warning |S d|sp|ayed, CheCk Do not Select No. of topographies

category  [% variance/CA chan)

show this message again and press OK. Cweos [ <]

Change the No of topographies from the | " [ -]
Coeik [ <]
WV EKG  |5(0.69)] p Map

number of topographies has to be selected | open [ 7]

drop-down menu adjacent to EKG. The

with caution, however here selectanumber | T owe2[ -]
with value close to 1% (i.e. 5 components). Load | Save

Note that there will be a warning that using oK =

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 filtration' 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

operation the data should look much better. fes Ho

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

not carry a correct signal (the cable was | select Tag Buffer

e
broken). Right click on the channel label C1|Ez2] 03 Ca4 (s %I
and select Interpolate this channel from 270 = = - -
the popup menu. Press the EdF button to | —chamnes
adjust filters to the blink frequency band:  poz @ Selected oAl
Low Cutoff filter of 1 Hz, 6 dB/Octave, | Fiters
forward and High Cutoff filter of 10 Hz, 12 " Default: 2- 35Hz * Current: 1-10Hz
dB/Octave, zero-phase shift. Go to | [BufferWidth
00:01:30. You will see some clear blinks. ¢ 0 s0ms Qs =

Left Click on the Fpl label to select this | [ ==
W 85.00 % [75% -]

channel and highlight data contaminated
with one of the blinks. Press the SAV

button again. All the settings should be | -searchrange

Detection for SNR > [2.5 =]

* Whole File {~ Between Markers

used as previously, except for Channel

selection, where Selected should now be | ~Template
checked. Note that the second buffer will Qo et € Averaged Tags
be used and that for single channel based | [ Optiens
searching the default threshold is 85.00%. Hs Bl et

v Restore filters after search| [ Selected view 300.0 % width

Press OK to start searching.
g [~ Zero template baseline ¥ Zero mean

15. After the search is finished average buffers

with averaged BCG and blink are shown on

the left side of the screen. Right click on 7'7-
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
Define Artifact Topography.
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16.

17.

18.

19.

In the displayed Artifact Correction dialog
box check the Blink checkbox, leave No of
topographies at 1, and press OK. Data
can be now considered artifact free.

Press the ERP button, select
file and
press OK. Switch to the Artifact tab and
press Start Scan. The threshold values

may be left at default values.

Switch to the Average tab and press
Average. Press the Yes button on the
display dialog to turn off the artifact
correction during averaging process. We
will perform artifact correction in the next

step.

Save the result of averaging using the file

name

Press OK on the displayed dialog.
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20. Open the file. S
This is a modeled ERP data which was [ ot S 7 Encled
H H H & Custam Definition Frequency,ﬁ[HZ] s W TWEW
used during simulation. Press CTRI-L on ooz — e )

000 ms]pre Event Frequency [20.0 [Hz] Slope |24 dh/oc « Type | zero phase «

the keyboard. In the displayed dialog, press e s

Browse... in the section Coregistration

I

[ &l Conditiohs Source Analysis Set Block. ‘ Cancel |
file (*.sfh). Select file _—
\fi—fﬁ—
i -
file from

the experiment’s main folder. Highlight a
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 = = 5w wmmey me ey
dipolar sources by double clicking twice ..%.‘,‘/\ ,‘-‘“-."/m\ir_’f\,‘“i‘”“
into the head schemes in the right area of il : :

the window. Select afitting intervalof 70ms B/

to 95 ms. Select Individual FEM as head A

model. Press the Al it button and then the & 61

Start fit button. Dipoles are located --- =

perfectly in the auditory cortex and the

residual variance is almost equal to zero.
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22. Minimize the Source Analysis window and |Arifact Correction ?

Select Topographies  Estimate Signal l

go back to the main BESA Research

Surmrogate Model: Regularization

Window. Press the -F button to go back to

Artifact [%]: 0.0
the averaged file: Brain (%) B

Surrogate Model: PCA threshold

23. You will note that ERPs are highly | Vet [0

) ; } ) Model of Brain Activity . o
contaminated with artifacts. Press Artifact " Adaptive & Sumogate ' Mone (SSP - Regression] Viaéalr;\?ac:;?r;ns
Surmogate dipole model [* bza)

/ Load " and SeIeCt the preVIOUSIy rogateModels\BR_Brain Regions_LR.bsa  Browse. .

automatically created file:

0K | Cancel Help

Press

Artifact / Options... and switch Model of
Brain Activity to Surrogate (use the
default model:

). Press OK to close the
dialog.

24. Increase the High cutoff filter to 20Hz,
24dB/Octave, zero-phase shift. Highlight
a block of data by left mouse-drag and

n Bgs Geto_Dptens Hep
| TFc | Esi [[Rec _ar | Sre | Usr | Opt [EdM [ LF | HF | WF | eor | Eco |

right-click on it. Select Source Analysis
from the popup menu. Select an interval
from -100 to 300 ms. Make sure that the

= ‘SE

following filters are specified: low cutoff
filter of 0.5Hz, 6dB/Octave, forward and
high Cutoff filter of 20Hz, 24dB/Octave,

zero-phase shift.
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25. Note that the previous model does NOot .= = == sy mo oo o 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

in the head schemes in the right window ... | fLr e

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.

1@ ndidual MR = [E=]
26. Press A on the keyboard to show the 015 4] o9 wlslslyl € 4l

Cor

1 B
anatomy. Press ﬂ 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 .

TAL: 60.7,-20.2,10

menu. Change Brain atlas to AAL, e
visualization mode to brainCOLOR and
press OK. Now you can see that one of the

sources is in the Rolandic operculum, and

the second one in the Superior Temporal ART

Gyrus.
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27. Press Image / Import fMRI. Change filter
to ANALYZE/NIfTI files and select

file. On the next dialog box Load negative values (if applicable) [~
uncheck Load negative values, set Scale from threshold [~
Degrees of Freedom to 59 and statistical

| c
threshold to 0.001. The voxel value Nox= e DR sSick S 350

threshold will adjust automatically. Press S LR |59
OK Statistical threshold (p): | 0.001
OK Cancel |

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).
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e 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.

e 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).

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

(0]

Complex Demodulation

o Wavelets (Morlet / Mexican Hat)

v Connectivity Analysis

(0]

(0]

o

(0]

(0]

(0]

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.

FrR|ACSD

Fri_ | ACSD

Acd, AC ACHL_ACSD ‘PrMF\CQD ACOLAC ACR_AC
@Tﬂﬁ, \ - ”‘%&‘;m
T
OrL] ACSD Or: ACID

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).
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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.

¢ Functional connectivity is defined as the temporal correlation of spatially separated
brain areas.

o 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:

o Coherence (Rosenberg et al., 1989)

o 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)

o 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

(in)
¢ @J\@ [%
-

Dipole 1
Dipole 2
DIpO'e 3 éI'IHJ’ i é‘m" : i'\m.' é él'|||‘.
4 il un
Dipole 4 g.‘:“::‘._ | 5"'|lih." 5_."'!”1‘; E_.|.||[I|lln|.,

T1 T2 T1 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 uV 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_Osc5.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.g.
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.

2. Inorder 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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The first segment contains the average
triggered by the stimulus onset, the second
averaged segment is time-locked to the
onset of the jittering oscillations. Relative to
stimulus onset, the induced oscillations
cancel out in the average. The jitter in the
frequency range of the oscillation (20-28
Hz) also reduced the signal average
relative to the onset of the oscillation. Note
that the wave shape of the monophasic
activity is altered by low cutoff filtering
applied to the average to reduce slow drifts

in the data.

To see how the averaged surface activity is
transformed into brain space, we use the
source analysis module. Left-drag over the
first segment. Right-click and select
Source Analysis. For this segment, we
use an interval from -50 to 1000 ms and
choose a Low Cutoff filter of 1.6 Hz, 12
dB/Oct zero-phase and set the High
Cutoff filter to 40 Hz, 24 dB/Oct, zero-

phase.
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P10

F+| Wrs | sav | BAT | ERP | TpV | ICA |

| TFc | ESI [[Rec 1\

WWW

OscOn: 182 avs

4

Auto

Stln: 182 avs
' ' |
4

Total: 00:00:03

Time: 00:00:00

Offs: 00:00:

00 Cur. Filters: 0

B 6e5a Researen 70

Time: 000000

A Jes\Leam-oy-Simulstions\AC Conerencel AC_Osc20ifsg
Fle Bt Vew Fiten
< | F+| wrs | sAv | BAT TV,

Montsge Process ICA ERP Arfact Search Tags Goto Options Help|

ICA | Dsa | TFC | ESi [[ Rec

Copy to Busfer

Define Artact Topography

OscOn: 182 avs

Totol 000003 Marc 01005 [Cur-01005

Block Size and Position Filter Settings
" ‘Whale Segment

@® Custom Definition

Erequency |16 Mz Slope [12 db/oct v |

Law Cutoff Status [v Enabled

Tvpe ‘zevo phase ﬂ

[ =]Previoss

Settings
-h0 (ms) pre-Ewent
1000 (ms) postEvent

[ All Canditions

Source Analysis

Frequency (400 [Hz) Slope [24 dbjoct v |

High Cutoff Status [ Enabled

Type [zero phase v |

SetBlock Cancel
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5. The source analysis window opens. [ seemFosion - Fierseng — o
 Whole Segment Low Cutol

Minimize this window to load the second | @ csombeinter Ereuency [(5 (W Sape [12dbjor =] Tyoe [rmm phoee =]

=1 ;’;i;;;ﬁs High Cutoft Staus v Enahled

segment as well, but now select an epoch | g woperen e 0 1 Sooe Piioa =] e e <]

{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
Look jn || AC-Coherence x| c@cEr
predefined solution AC9D bsa. | & o - Date modites
e - i AC9D.bsa 05.03.2003 10:47
-\
Deskiop
uﬁl'
Libraries
A
Computer
&;k < m | 3
File name- [acaD.bsa ~] Open I
Files oftype: |BESA Solutions (* bsa) ~]| Cancel
Folders [Data Folder |
=)
. . . ] Osc20.fsg - OscOn: 182 avs, Filters: 1.6 - W-N:._soofsoons Source analysis
7. The model contains the two pairs of dipoles | e st i imoe e s ) .
. . @%&LLM'&E}E%E A AL Jﬁe ‘nl;: 005 [003 [ 01 |09 |04 '
that were used for the simulation. In &g Fe=" waas t;s.m E’"—Jf_ﬁjﬁ ﬁh‘
Lo sl R T e |
H'Y H H | e ot e e Model: 4 shell efipsoidal
addition, five probe sources are included e ‘ r.umm.,"
- ireeme [ AU AL Start ] User [¥]_BY [
that pick up background EEG activation. In —
oy .. . . T e S
condition OscOn (containing the oscillation- SR S o

locked averages), dipoles 3 and 4 show

small oscillatory activities. The evoked SR |

;@

activation in sources 1 and 2 is barely | wi——sa—o-. . .o :
visible, because of its large onset jitter with :
respect to trigger 2.
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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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[ BESA - CA\.ions\AC-Coherence\AC Osc20.fsg - StOn: 182 avs, Fiters: 16 - 40 Hz. -50 -. +1000 ms - Source analysis

file Conditionl Solution1 Fif Image Qptions Help

Solution: C 5.

-C

9D bsa

Res. Var. | Enerqv [ Min, Dist. Image

r Data Mod. | Res. |[D| PCA E[G
[«]»] u). m avs OHz aJR V. 1.424 GF
munm ms u st 01259 RC. 1

Pl

ACSR  xdoc y-oc 2doc x-ori y-ori z-ori
Cart/Us ||o6o [006 008 |01 |08 [-04
Lo free

P9 _Fit |
Oon
F4 = No m

F3

Nofit] TNV
on i
]’,‘]h—vé——w‘*—-ﬂ No fit] A=A A AN ¥

Nom D\ AN s AL
Oon an A ar L
No fit
on P

No fit

ADSALNARER

B L ——
-V Model. 4 s o
= g Anon\ Allfit] Startfit]_User 4| BV | -

C: \T
n,.%-—-% [ on J PR
c4 -—Avv——‘* ﬁ ol

@

Save Source Analysis Window as Bitmap...

Save 3D Window as Bitmap..
Send to MATLAB..

16\
20\
3¢\
4C\...
5E&\=
6C\
TG\
8C\
9C\..
More
Display Complete Paths.

Exit

\Learn-by-Simulations\AC-Coherence\AC9D.bsa
\Examples\ERP-Auditory-Intensity\Lowlntensity_2RS.bsa
\Examples\ERP-Auditory-Intensity\Highlntensity 3RS_AEP-test.bsa
‘\Examples\ERP-Auditory-Intensity\HighIntensity_3RS.bsa
\Montages\SurrogateModels\AEP.bsa
\Montages\SurrogateModels\BR Brain Regions_LR bsa
\Examples\ERP-Auditory-Intensity\S1_av.bsa
\Examples\ERP-Auditory-Intensity\S1.bsa
‘\Examples\ERP-Auditory-Intensity\LowIntensity_2SD-test.bsa
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10. When prompted for a name for the montage

to be saved, enter . Press Save. This
will create the new source montage and
automatically apply it to the current file in

the main window.

11. Close the source analysis window. The
display now shows the averaged data
segments transformed into brain space by
the generated source montage. Note the
advantage of the source montage: instead
of the distributed overlap of the different
activities at the surface channels, we now
obtain largely separated activities of the
modeled brain regions with the evoked
time-locked activity in source 1 & 2 and the

induced oscillatory activity in sources 3 & 4.

BESA Research 7.1 Tutorial
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Save source montage x
Savein: || | ACCoherence -l cf B~
;} Name . Date medified Type
7. :
CQuick access | ] RCO.mtg 07.03.2003 09:23 MTG File
|_|RCl.mtg 12.03.2003 17:21 MTG File
= [JRC2mtg 070320030853 MTG File
Desktop [ RC4.mtg 12.03.2003 18:13 MTG File
Libraries
This PC
Network < >
File name: |ACED.nvtg ﬂ Save
Saveastype:  |BESA Source Montages (" mig) | Caneel
Folders: |Data Folder j

|E)) BESA Research 7.1 - Ci\...les\Learn-by-Simulations\AC-Coherence\lAC_Osc20.fsg
File Edit View Filters Montage Process ICA ERP  Arifact Search Tags Goto Options He

-F|[F+| wrs | sav | BAT [ ERP | TpV | ICA | | TFC | ESI | Rec
source ACSD H H

D@D DHDOHDLDID

L e e e e P

Selin: 182 avs OsoDn: 182 avs

4

AEIAE

Auto

Offs: 00:00:00 Cur. Filte

[Time: 00:00:00 Total: 00:00:03
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12. Next, we want to apply this source montage
to transform the continuous data. Press the

-F button to switch back to file

. Press the USR button in

the push button bar to show all user-
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.

14. Select ERP / Open Paradigm to load the

predefined settings in file

in the Paradigm

directory.
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[ BESA Research 7.1 - Ci\..lesiLearn-by-Simulations\AC-Coherencel AC_Osc20.foc
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& T T e

o] D AR

Auto
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Read a Paradigm Description File: M“ . ﬂ
Lookin: | | Auditory j & @ o By
o Name . Date modified
. “-’:’I AC_OscPDG 23112004 1519
1
ecentriaces AEP_Intensity.PDG 17122009 2134
! P300.PDG 23112004 1520
| Deskiop |
[
Libraries
I \ L i
Computer
Y
N i
Network 4 [T »
File name: [ac_ose PG -] Open
i Files of type: [Paradigm Files (" PDG) -] Cancel
Directories [Paradigm Directory -]
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15. Conditions StOn and OscOn

predefined to represent triggers 1 and 2.

200 events are detected for stimulus onset

and oscillation onset.

16. View the Epoch tab. The epoch settings
have been predefined to span a sufficiently
long epoch including a baseline of 400 ms
for TSE. Note the different settings for both
conditions. The later oscillatory onset

requires an earlier baseline prior to stimulus

onset.

17. 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.
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were

! Paradigm
Trgger ~ Conddion | Epoch | Filer | Adifact | Average | Coherence |
Hame Qualifier Apribute: Opretor Vealue
1 Insen
- i [ : ot |
interval =
amplinge [Beplece |
condilion Delete
Condition Count
st B [50n Currert code Is 1
scOn
93c0n Cunrent code s 2 (AT
_ o |
i}
Eile
Load
Save As
ok | camcel | Help ‘
! paradigm
Trigger | Condiion  Epoth ] Fier | Atitact | Averags | Cohersnce |
y [ Stma - Delay
Stert Posison [ e | a0 ms | fa00 s
End Positon ‘wznnn ms ‘nn ms | [izo00 ms ‘nn ms || ms
Assignio Al J Assignio Seleced |
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Flw
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Erequency [000  [Hy) Slpe [fdbjo ] Type [farward =]
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Frequency [8500 [H;] Slope [24dbjot ] Type [ceophose -]
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18. Select the Artifact tab and press Start | oo e e o

. . Fisjection Method T The Channels
Scan. Artifact epochs are automatically [ e i 7 smcsntoor || SeS e @ 585 C ok ©

e @ [0
identified and excluded according to the Fomae 57 T¥FE ]
. . 0 ¥ LowSig lﬁlﬁ ) m;
default thresholds displayed in the upper ( | R
right corner. Sort by amplitude, gradient I iy ;‘;I..‘u;"..‘,‘W.MM ] o e
. . Tt ‘
and low signal by checking the UL A ﬁ §

. . @ |
corresponding item in the Sort by box. The DT e Faneey @ i || 2]
suggested threshold settings do not have to o | cwen | _rue |
be modified for the current file.

19. Select the Coherence tab. The Condition | L | .| | v | sew (e a

drop down menu allows choosing one

~ Important note: Time-Frequency Analysis s for research use only. Results may not be used for diagnostic purposes| ———————

condition for event-related time-frequency o e— i
StOn A -
analysis. The time-frequency sampling el
Frequency and Time Sampling ,m ¢ Radial Orientation
settings in the Settings box are only s Py = o
relevant if you want to use the built-in ST oI
Source Coherence module. We can ignore
Scan for Attifacts | Start Connectivity | Start Time-Frequency Analysis |

them for the moment.

OK | Cacel | e |

20. Press the button Start Connectivity. Data | Exporting to simple binary matrix W
is exported for BESA Connectivity.
B3
]
Abaort
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21. Subsequently, a file dialog is opened to | & sdeBsa comectiiiyprogram *
. Look in | Connectivity 1.0 j L] EF '
select the BESA Connectivity program. * ~ Dme modted || Type
o imageformats 11.04.2018 17:00 File folder
Please select the file R platforms 110420181700 Filefolder
. . i i - ) System 11.04.2018 17:00 File folder
N the |nsta”at|on d"‘ectory Of BESA Deskiop i@BEsaConnectwlty.exE 06.03.2018 16:27 Applicatic
- [E hasp_rt.exe 03.07.2017 15:18 Applicatic
Connectivity (default: o
L |
) and press =
Open. Note that this step only needs to be @
Networke < >
performed once, when starting BESA File game: [BesaConnectivty eve = Qpen
.- . . . Files of type: |C0nnec‘twﬂypmgramname (".exe) j m
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 Aprl 2013

- BESA GmbH, 82166 Graefelfing, Germany
CO“neCthlty Copyright @ 2018 - all rights reserved.

in the welcome screen.

[ coren

2. When BESA Connectl\”ty |S Opened for the @ Select the BESA Connectivity Date Folder X

Please select the BESA Connectivity Data Folder.

flrst tlme, the prolect folder needs to be All project data will be saved to this folder.

MNote: if needed. you may switch between different BESA Connectivity Data folders using the menu item
defined. This is the folder where BESA

‘File — Select Data Folder.

C:Users\Public\Documents\BESA Connectivity\Projects
Connectivity stores and reads all project o
and result data. A dialog box appears.
Press OK to confirm the pre-selected
folder.
BESA Research 7.1 Tutorial Page 303 of 397

Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis

and Beamforming

3. 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.

5. Please browse to the folder

and select the
AC _0Osc20_StOn_AC9D.generic file we
previously exported for condition “StOn”.

Press Open.

BESA Research 7.1 Tutorial
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| 1YBESA

Load Data for StOn |

T » ThisPC > Documents > BESA » Research 7.0 » Export v O

AC_05c20_510n_ ACID generic

File name: | AC_0se20_510n_ACID.generie | |Generic Files (*generic)
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6. A summary of the loaded file will be

displayed in the main window and a green

Ston

‘Condition name (from file):

Filename:

Stan

C:iUsers/RobertDocuments/BESAS
Research_7_0/Export/
AC_0Osc20_StOn_ACID.generic

tick-mark will appear next to the Load Hamber of tils: e
Number of channels: 9
- Sampling rate: 320 samplesis
button. Press Next on the bottom right (or oo ot o
. Epoch end: 1200 ms
hit the space bar) to go to the next work Epoch lengn: te00 ms
Pre-stimulus interval: 400 ms-
Baseline start: -400 ms.
Ste p ' Baseline end: 0ms
Padding: 2000 ms.
© 5ESA Connectvity 1.0- New Connectivty project - @
Ele EGt View Ewot Help
Set Parameters 2T BE S A
NS dw w {
Time Frequency Analysis S
Set Project Targets v Sewct Trws
Load Data v Trnl nohded | a
Set Paramaters Tral1
Trai2
FriJACsD FrR|ACSO Trai3
PN PSTTOR W Tral
Trals
Trals
Trel7
il
Trais
o1 10
a1t
Low Frequency Cutott
108z
AGY ACo! ACHLACD P ACoD AC] 0 ACR ACHI Db Frequcacy Cuteft
wﬂﬁé %; ‘ "‘ﬁig 1500z
"
Wavelt Setings.
Wayekt Type. Woret
Wavelt Vodth < s[>
MNumber of Oschatons € 7[>
Compiex ion Setongs
ﬂ ST
<osnzoms >
2
Dagplay Let Daplay Topmignt
1504 ACPR_ACID 004 ACPR. 4 Avernge 1 & conston 1
B =
100 204 </ acs acs0
0] . ‘ ; gug:ggml:}
: |
: : 2504 ’ Dply Setings
400 X 200 400 €00 800 Latency [xI0E3 ms] -4c0 00 g 00 400 £00 800 Latency [x10E3 ms] et
<1
- T,
<1
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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.

8. Trials containing artifacts and/or noisy T

signals can be excluded from further

Select Triale

analysis by removing the green checkmark T T
icon to the right of the corresponding trial ::::;
with a left-click. However, this is not Trial 3
necessary for this dataset since artifact 1:::4
rejection was already performed in BESA 1:::?
Research. Trial 8

Trial &
After removing unwanted trials, the average 1::: 1? . B
is recomputed and displayed in the left
detail window for the currently selected
source channel.
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9. Different source channels can be selected

in the drop-down menu of the interaction Dspay Let Displey TopRignt
Average 1 Condition 1
window. Select Source
|| acpr_acoD | >

ACpR_ACSD

Current Latency [ms] | ACpL_ACSD

{ AC=R_ACSD
ACsL_ACSD
FrR_ACSD
FrL_ACSD

Display Settings Prid_ACSD
OrR_ACED

Scalg OrL_ACSD
< >
Zoomx 1.0
<l >
Previous Next
10. The Time-Frequency Settings section Low Freguency Cutoff
provides drop-down boxes to define the 2_'” Az v
High Frequency Cutoff
frequency interval. We will use the default 150.0 Hz -

frequency range of 2.0 Hz to 150.0 Hz.
Wavwelet Settings

Wawelet Type: Morlet

Wavelet Width < >
Number of Oscillations ( )

Complex Demodulation Settings

Time-Freguency Sampling
€ | 0.5Hz, 100ms ||
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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.
12. Press Run Time-Frequency Analysis to ==

start the time-frequency decomposition

using the selected methods and defined

settings.
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13. An information window appears @ BESA Connectivity x
Summarizing the settings for the time- The settings for running the time-frequency analysis are as follows:
! Wavelet settings:
H Use Morlet wavelets.
frequency methods. Press OK to continue. Wavelots width 3

. . Wavelet oscillations: 7
Please note that the following calculations Complex Demodulation settings:

. i . Time-frequency sampling: 0.5Hz, 100ms
can be time-consuming depending on the

selected methods, settings, type of data oK
and the data length.

@ BESA Connectivity 1.0 - New Connectivity project o X
File Eot View Export Help

Perform Calculations 1 BESA
FdEe :

Time Frequency Analysis

Set Project Targets v
Load Data v
Set Parameters v
Perform Calculations :
T S Tew Freguency icbod
o Compex Demoduston
i R
2 & e [ Ampitude
Amplitude mE 1/ powrer
Il Deplay Lot Dapisy TopRont
= T ) Average1 [ZR
= Souct Source
i e ACeR_AC
R_ACSD £ SR_ACSD < = I
i g
0 5 1. 2 Current Latency [rs]
- i g 1 [eooe] [€ [ ] >
‘ —] 1 o Gomont Froausocy el
A i J i ( A 50 2 G | >
© ( 'l [in1y L —
L AN U | | 3 ! ! ; Dasley Serngs
400 20 0 200 400 00 250 0 250 amn 7680 Latency [x10E3 ms]
"
<1 >
Tie.toquenc cacton wished sucosssni Zoomx10
ole: ADD NOTE F REGURED. <l >
e - e BESAL
o s
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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.

@© save Project As... x

15. Press Finish to save and close this time-

roup Project Dats Hodified
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_ ]

Setctea profeet [OTACSD ] [ conee

ProjectType: | Time-Freguency Projects

BESA Research 7.1 Tutorial Page 310 of 397
Copyright © 2020
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 12 — Time-frequency Analysis, Connectivity Analysis
and Beamforming

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 et al,
supported, as well as state-of-the-art 1958)
. . . Granger Causality (Granger, 1965
methods like Granger Causality, Partial & _g _ Yy {Grang 4
Partial Directed Coherence (Baccala and
Directed Coherence and Directed Transfer Sameshima, 2001}
. Directed Transfer Function (Kaminski

Function. Please select all methods to and Blnowska, 1991)

enable a comprehensive comparison of all

options.

Press Next on the bottom right (or hit the

space bar) to get to the next work step.
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3. Press Select Time-Frequency Input |2 I
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-Frequsncy Projects
@ BESA Connectivity 1.0 - Time-Frequency Projects - New Connectivity project - o X
il 1BESA
e v
Load Data v
Set Parameters Tolerance. <[ 2>
B G e
O ass [ Power
il Cre
150- ACpR_ACSD '; ACPR_ACSD = </ ACORACIO Vi)
‘UJ, E 100 m%"i“:;mx:]‘ 1 5
el 14l 5
400 0 00 ) 500 800 Latency [«10E3 ms] 250 250 am 780 Latency [x10E3 me] mwwwm_‘m
<1 >
LD < >
Pevos

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
s . - Run Imaginary Part of Coherence
methods as well as the specific settings. _ Run Phase Locking Value
. - 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 iterations: 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
File Edt View Export Help

Perform Calculations
S | e

Connectivity Analysis

L L4

ol 1 - = - == NI S o o

B ] [T
- [T (T .|
i __ I s
IS I

- (L T T RS

g ¢ e R B i IS
- [ ] [T ST T e
- ([N T T ]

H 102

&
| ————— | ——
00

Connectivty analysis fiished successh

uty.

Note: ADD NOTE F REQURED.
more information about

this Workstep see the Perform Connectivity Analysis secion © the descrpion of the BESA Connectiey Werkdiow

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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O e 10 New € y - 8 x
VPa;o;m :atul:ﬁons /\{ BES A
e M SR v
T — SO o A

ceee [T

~~~~~ o ]

S | I U

S| 19 1

e [ I

-~~~ o
a1 IENETE IR0 IETE T
- [E T

PR
v Vv VMV

1
50 Ed
—— 08 ——
o

1
mag Coh
250 251 500 751 Latency [«10E3 ms] 250 (i 20 500

Connectwry analysss fisned successuly

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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@ BESA Connectivity 1.0 - Time-Frequency Projects - New Connectivity project - 8 X
Fle Edt View Emot Help

Perform Calculations /‘\‘ BESA
SSE e :

e [ e ] o
Set Project Targets v

Load Data v g R AuNE A o A o

Set Parameters. v R

| Perform Calcutations ) ‘ ‘ ‘ . . I J H . y H ] “ | ’ :

uiNININININININ

=l LTI [T ]
S INININININ NN
L LT [T 101 e
5 ; : ; : T
oI NN [T e
- - . — 1.0 [ show 30 Mode
31 I N R I == =
Ll . . : : : . . i & Avernge (2] condion 1
138 Dagones
| e e T e || | stz
- - = & [AcsR_aca0 B
Selct Rt Source
R c ssiaso v
Curent Latency re] '
0 >
00- 00-
10 10 >
2 0 0 05
- | —
00 0
Granger ger Displsy Setings.
250 250 500 750 Latency [x10E3 ms] 25 [ 20 500 730 Latency [«I0E3 ms]
Seaex10
T = 3
Yote: ADD NOTE F REQURED <1 >
or. s
e | ]

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 - a x
Ele Edit View Exod Help
Perform Calculations '} BESA
N e
Connectivly Analysis = [ ncomeonyvarss | of
Set Project Targets. v
Load Data v
‘Set Parameters v

Perform Calculations

Sekect Consecvey Uetnos
Granger Causalry

Select Time-Frequency Method
Complex Demodulsion

[ Show 30 Mode

Dspay Lot Dapiny TR
2 Aversge 1
[ Hise Disgonst
SesctLen source
ACSRACID ~I>
Select Right Saurce
< rcaiacm >
CurentLstency fnsi
0000 1 >
Corrent Froquancy Iz}
000
¥ D CaR A a >
[0 Average aver Tme.
[ Average over Frequency
10 100 |
1o 10 Dapiey Setnge
Dagey
@0 05 @0 08 2 Consactity Srengtn
Sumtow
+ | —— um Outfow
00 o 0 smouse
- - - Granger . et A
250 ] 20 50 750 Latency |+10E3 ms] 250 0 20 530 760 Latency [x10E3 ms) [os] [« | >
Scale
s0] [€ 1 >
Comnectity snabsis fished successiuly. Transgarency
Vete ADONOTE ¥ eQURED [ [« |
‘ Previaus Fien

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 . S — E—

/ TimeFrequency Projects

project. Save it under an appropriate name.

Selected Group: [Time-Frequency Propcis [

Selected Project: [StOn ACSD || cancel |

Project Type: | Connectiviy Projects -
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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 i *
] Lock in: | || TAC-Emor-Related-Negativiy - «®merE-
data Set In SUbeIder * MName . Date modified Type
.. i Correct+Errorfoc 13/03/2003 1618 FOC File
TFC-Error-Related-Negativity ~ of  the | s e
. [ |
Examples folder. This data set was | ek
converted from concatenated ASCIl | o
segments with intervals of 1s before and 2s T:C
after each visual stimulus. =
Network < >
File name: ICorred+Ermrfnc j Open I
Files of type: | Curert Fle Type (“foc) =l Cancel
Folders: | Data Folder =l

2. The first block of the file contains correct

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

Options/Display and switch off Show F

Internal Trigger Names Instead of
Codes. The concatenation of different
segments without segment markers causes
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

and select the source montage ErN. Data
are transformed to 11 sources, which
model the following brain areas:

DDOGDBBDDDDO 78

e Visual cortex (Vi) — 3 sources

Am Lo
Ay |4 R L
Rt @oomTow wive G inm

e Basal temporal lobes (Tb) - 2 sources
e  Motor cortices (MC) — 2 sources
e Cingulate gyrus (Cg) — 2 sources

e Inaddition, 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 fersPredom descrition e %
. . o . Look in I Cognitive j L o Bl
predefined paradigm  definition file & e ~ Detemodiied | Type
Th|s W|” Open the Quick access EQERN.PDG 17/12/2009 20:31 PDG File
N ' Vil
Condition tab of the ERP menu. Deskon
m
Libraries
W
This PC
Network < >
File name: |ERN.PDG = gpen |
Files of type: | Paradigm Files (".PDG) | Cancel
Directories IParad\gm Directory LI
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5. The Condition tab shows four predefined

and
& Rp-Err,
clicks), and the preceding visual stimuli (St-
Cor & St-Em).

expressions,

conditions: correct erroneous

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.

tab. In the

‘Condition' drop down menu, select St-Err if

Switch to the ‘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” AND
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 [MB [z Siope [12dbioct =]  Dpefremphase -]
High Cutoff
I~ Enabled for Scan I Enebled for Averaging
Frequency [#000 (He] Sope [24dbloct ~|  Tepe [rerophase |
Band Pass Fle
I™ Enabled for Averaging
Load
Frequency [40.00 [Hz] Width |4.00 [Hz] Save As
oK Cancel Help
Paradigm 7 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 Tanget Condition ¥ Use Control Condition
St-Er =) 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 - " First Orientation
Scan for Arfacts ‘ Start Copnectiviy | Start Time-Frequency Analysis
oK e \ Help \
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8. BESA Connectivity starts if not already

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 B SR

St-Corr  (filename
). The information for
both data sets is shown.

10. Condition 1 data is shown. Adjust the high C— BESA
frequency cutoff to 50 Hz to remove effects S o -
of the mains frequency at 60 Hz. Change | et
number of oscillations to 5. AP e o i B 3 .

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.
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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

the strong desynchronization in the visual
cortex. Select channel CgP. This has the &y
largest ERN amplitude at low frequencies.

BESA

e v

BESA

e v

13. Switch condition. The ERN is much less - BESA
pronounced in the correct response -
condition. Switch from Complex
Demodulation to Wavelet and select il - s
channel MCR (right motor cortex). There is - 2
synchronizaton at 6.5 Hz, and a _’_"'. !
desynchronization at 11-12 Hz. A similar o 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
Directed Coherence.

Causality, Partial

Press Next.

2. In the next work step, select the project =

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.

BESA Research 7.1 Tutorial
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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 S g AR
scale to 3, and the transparency to 0.9. L S8 )b
Adjust current latency and current =

frequency to 356 ms and 4.8 Hz. (Note that
with wavelets, the frequency steps are non- TP s 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.
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5. Now we want to average over the time o

interval of interest. Check the Average

over Time box. Two new sliders appear. o 30 e |

. . . o/
Adjust the time interval for averaging from \/_} o s
296 ms to 440 ms. Now, for 4.1 Hz, the *

network shows very clearly the connectivity
between cingulate, temporal, and visual FREEE e = e
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 S — v
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- o :
existent. Switch back to condition 2. :
Double-click on the peak in the right EEeTT N
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 '
where the Granger causality appears,
check the box for Average over Time again, S >
and select a time window of 104 to 188 ms. TEATL
Lower the threshold to 0.1 Again, at 13.4 e

Hz, the connection from ViR to MCR is
apparent, as is some coupling within the N —
visual areas (ViR, ViM, ViL).

10. Quit 3D mode again and click on the first - BESA
channel in the second row to show Granger A
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. ] Lo
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11. Switch back to condition 1. Again, the high e

frequent activity is less pronounced in this

& I
condition. i |
gl :
: 1 1
12. We now want to export the connectivity e BESA
data for the error condition in a video. -
Change the method back to Imaginary Part = o 7
of Coherency and enable the 3D Mode. ‘\& ?’? s
Select a frequency of 4.1 Hz, set the ?
threshold to 0.4, scale to 5.0, and I : I : !
transparency to 0.8. v . =T

13. From the menu, select Export [ Video / All @ Besa Connectivity 1.0 - ERN_2nd_CD_Morlet - New Connectivity project
file Edit View Help

W| n d OWS. Image 4
Perform Cs g |
| Video 4 Main Window
= = | Export Results v Left Detail Window
Right Detail Window
Connectivity Analysis =5 | Al Windows
Set Project Targsts J
Load Data J
Set Parameters 4
[ Perform Calculations J
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14. In the dialog, adjust parameters as follows: | @ Vide Eort rox
. . 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 —
project and save with the name
Sekected Group: [Time-Frequency Projects | [save
Selected Project: [ERN 20nd Methods ]| cancel
Project Type: Connectivity Projects.
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[. 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/t 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 Pret(r):
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f 14 . —1. -
P(r) \/ tr'[LT(r) - G5 - L(r)] ! —1 for P(I) = Pu(r)

—1= —
tr'[LT(r) - Crf - L(0)]

q(r) =

for P(r) < Peer(T)

Pur®) _ (o[ ®) - L]
[T - ¢ L)) !

Pt can be computed either from the corresponding frequency range in the baseline of the same
condition (signal-to-noise ratio) or from the corresponding time-frequency range in a control
condition. The beamformer image is constructed from values q(r) computed for all locations on a

specified grid.

Traditional single-source beamformers are known to mislocalize activity if several brain regions
have highly correlated activity. The BESA beamformer tries to overcome this problem by extending
the traditional single-source beamformer. The BESA beamformer can implicitly account for activity
from possibly correlated brain regions. This is achieved by using a multiple 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 |_E9F | 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 | putton. Select montage
from the list of
predefined user-montages that are

available for this file. Press the E9M | pytton
to remind us of the details about the current

montage again.
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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 The
paradigm-file AEP Intensity.PDG should
still be available.

Paradigm.

Move to the Artifact tab and press Start
Scan to re-run the automatic artifact scan

with artifact correction switched on.
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7.

Switch to the Coherence tab. In the Target
Condition drop down menu, select
condition High. To start time-frequency
analysis with the default sampling of 2.0 Hz,
25 ms in the frequency range of 4-50 Hz,
press the Start Time-Frequency Analysis
button.

Tigger | Condtion | Epoch | Fiter | Atfact | Average

Coherence |

Important note: Time-Frequency Analysis is for research use only. Results may not be used for diagnostic purposes!

& Time Frequency Analysis

Settings
Frequency and Time Samping

Lower Frequency Cutoff

Higher Frequency Cutolf

Scan for Atfacts

Target Condition

20Hz. 25ms b
4.0 Hz

50.0 Hz

Start Copnectivity

™ Use Control Condition
Regional Sources

@ Radial Qrentation
© M Traces

" First Onentation

| st Tme reuency s |

After the calculations of the time-frequency U

decomposition is finished, the temporal-

spectral evolution for all sources of the

Frontald _

33 ¥ s

s 3 ¥ 22

x

AC_Lef2

AC_Lof3

¥
{3
#
H

Mo @ 10 e
AC_Loft

= T me
AC_Rightd ¥ AC_Right2

montage are displayed. The main activity in

3 ¥ ¥ 8F |

i ¥ 5 3%

(s ¥ v ee )

3 3

the first frontal and in the first and second

auditory components are most prominent.
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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-hnemispheric 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'2,

Baseline Otherwise,

Beamforming results can be unstable.

Press Go.

Scale up the image to +/- 25%. Use the ﬂ

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.

Image x

Image to Compute

{* Beamformer " DICS
Target Interval Frequency Range
Interval Start |5 Interval Start | g Hz

0
Interval End 150
Bazeline Interval

Interval Start | -100
IntervalEnd |0

Important note: To obtain a reliable beamformer image, the number of samples 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 Interval.

-

Suggestion; The baseline interval
should be adapted in order to match
the number of samples in baseline and
target interval.

ms
ms Interval End 12 Hz
ms
ms

If two conditions are compared, they should have approximately the same number

of trials.
Go | Cancel |
5 BESA - C\-\ERP-Auditory-Intensity\sLcn - High, Fiftrs off, -300 .. +1000 ms - Source analysis ."S — e ]
[ ile Condition1 Solution fit Image Options Help No solution available |
© Max 10f 10 - MSBF (TF) - Standard MRI - Vat: 19.98 (100.0%) o (88

8| Q4+ Z10618| WD) 4| .|

Loc: 152,003, 110 (Cart/US)

12 It 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
beamformer by default. It is also possible to
choose a classic single-source

beamformer. We will have a look at our

model coherence data to see the difference
between the multiple source and the single
beamformer. Back in the main window
open file AC Osch.foc which is located in
the subfolder

examples Learn-by-

Simulations.

12. Change to the virtual reference-free
display using the Vir button and selecting

the top-most option.

13. Press ERP / Coherence to Start Time-
Frequency Analysis of condition StOn
using the default settings.
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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.
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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.
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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 picl 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:

Wr)=U'@)-c L) - LT(r)-c?

The cross-spectrum between two locations (voxels) r1 and r» in the head are calculated with

the following equation:

Cs(ry,m3) =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:

Ccs(r1,12) = 1 {Cs (1, 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,13) — Cgl(rp T2)

: )
C:lg (r,m3) + C?l(rl, T2)

CON(ry,12) =

where cjigis the cross-spectral density for the signal of interest between the two brain regions
rl and r2, and c2is 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 Cai. 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 (). Cref

and the corresponding cross-spectral density is calculated as the sum of squares of Cs:

=y GO,

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() = ICslI? .
The power in the voxel r is calculated like in the cortico-cortical case:
p(r) = 1, {Cs(r,7)}.

At last, coherence between the external reference and the cortical activity is calculated with
the equation:

cs(r)
p() - Cau(k, k)’

where Cai(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_Osc5.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-Mathjis 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
Coquitlam, 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\
AC-Coherence\AC Osch.foc inthe BESA

Research Examples folder. Please press

the | USF putton from the button menu

and select the source montage RC1.

2. Run time-frequency analysis by pressing
ERP / Coherence. Leave all settings at
default and press Start Time-Frequency

Analysis.

3. Left-drag a window over the induced
activity in the source ACsR_RC1, release
the left mouse-button and select Image.
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& Time Frequency Analysis Target Condition I™ Use Control Condiion
Settings Regional 5«
Frequency and Time Samping @ Radial Onertation
Lower Frequency Cutofi 4.0 Hz > M Traces
Higher Frequency Cutoff 50.0 Hz - " First Orientation
Scan for Aifacts | Start Connectivity I Start Time-Frequency Analysis |

Ok | Cacel | He |

St o owe

View Phase Diagram
Set Baseline...
Image...

Zoom In
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4. Select the Image to Compute to
Beamformer. Set the Target Interval 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 2 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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Image

Irmage to Compute
’7 & Beamformer ¢ DICs ‘

— Target Interval

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 - € tons\AC-Conerence\AC_OscS foc - S10n, 100 o |6
file Condition1 Sotution Fif |mage Qptions Help N
© Max 1017 MSEF (TF) - Standard MRS o @] R

8 21AlHF L8| wiwl#Y 4
Sag |

Roc: 455,-922, 1210 (Talairach)
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6. In the middle panel of the source analysis v 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: > | |

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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The

coherence between the right and

resulting image suggests strong

left

auditory cortices. You can use the |
button to jump through the DICS maxima
and use them as new starting points for

further DICS calculations.
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L. Cortico-muscular coherence with DICS

OKstec T o x

1. Please open file Examples\DICS COrtiCo- | m i e e o o

e Merage
F [ Fe] wrs | saw | BAT|

Muscular\Cortico-Muscular_DICS.foc in
the BESA Research Examples folder. This
dataset contains 151 axial gradiometers
and 2 polygraphic channels used for , B

recording the bilateral EMG signal.

2. Select ERP / Edit Paradigm to auto-load 8 reada paradiom Description ile x
. . in: ‘ortico =5 =) =.-,
the file Cortico-Muscular DICS.PDG from :k INE::CSC = = ;&mj; ipe
the data folder. The paradigm file specifies “"‘"-“"" — T —
a condition containing the triggers with e
code 99 that were added to the data at 1 s e
. . W
intervals. Epochs are defined to last 1 s Tis PC
epochs around these triggers. .gk < >
File name: [Cottico-Muscuiar_DICS PDG ~| Open |
Files of type: |Paradigm Fies (PDG) ~| Cancel |
Directories |Paradigm Directory =~
3. Move to the Artifact tab and run the artifact ™" | e | | | —
Trigger Condton Epoch Fiter Atfact Average Coherence
scan by pressing Start Scan. Using an ey P R e e oe v
amplitude threshold of 3400 fT and a | .. [ 1j:::_‘g:::,:ﬁj
gradient threshold of 800 fT leaves 115 out | : ;:“_ZWIF_: e

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 ﬂ button to display the absolute E

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 pV. It becomes apparent that there is
an increase in amplitude around 15 Hz.

7. Left-drag a window over the 15 Hz activity,
and select Image from the popup menu.
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Paradigm ? ®
Togger | Condbon | Epoch | Fier | Atfect | Average  Coherence |
Importart note: Time-Frequency Analyss isfor research use only. Flesuts may not be used for diagnostic puposes!
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s =l [ =
Settngs Regonal Sources
Frequency and Time Samping 1.0 Hz. 50 ms: hd " Radial Qnentation
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8. Select DICS under the section Image to

Compute, a Target Interval from 0 to 500 FWQE‘DCM“‘E ‘

" Beamtformer @ DICS

ms, a Baseline Interval from -500 to O ms - Taretinterval————————————  ~Fraquancy Rangs

- Interval Start Im— He

Interval End 500 ms Interval End |20 Hz

Interval Start 0

and a Frequency Range from 10 to 20 Hz.

Press Go. Please note that the baseline

—Baseline Interval
[T Compare Conditions

interval is relevant only for cortico-cortico

Interval Start R00 ms

Suggestion: The baseline interval should
be adapted in order to match the number
of samples in baseline and target interval

DICS computations. It is not used in the

Interval End 0 ms

L

cortico-muscular computations, as the one

Important note: To obtain a reliable beamformer image, the number of samples in the target
H H H and the reference interval should be equal. Therefore it is recommended to assign equal

Shown In the fO"OWIng pOIntS duration to the Target Interval and the Baseline Intensal

It two conditions are compared, they should hawve approximately the sarme number of trials

Go Cancel |

9. After calculating the cross-spectral density | set Reference 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:  |EmeLET

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
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10. The resulting image indicates the maximum
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.
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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 7.1 Tutorial
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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 inthe main SMEe=) ICA ERP Adifact Search Tat

window to open the Batch processing

Source Image |

window. We will now create a batch that RN

CSD-Laplacian Maps
applies the grand average master model to MEG Maps
all individual datasets, orients the regional LI

. .. FFT-Spectrum 7

sources individually and exports the Mean FFT.-Spectrum..
individual source waveforms for further Previous FFT-Spectrum

Load FFT b
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 tadFicti x
Lookin: [| | FileLlist - £ Ed~
select | o =
E} Mame Date modified Type
P . ) [7] ERP-Auditory-Intensity.flist 3/13/2003 203 PM  FLIST File
and press Open. This file list e iJERP-Auditoz-\ntan;ity-Merge.ﬂi;t 12/8/3008 1259 B ELIST File
) ) . || 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
Network < >
File riame: [ERP-Auditory-Intensity-Merge fist | 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.

setect Command X Variable Filter Settings x
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use |
patchermor artfactautoComect only. Results may not be used for diagnostic purposes! IV Low Cutoff Filter
ngw :;ggi?g:ﬁ BRI S i e aoa Cutoff Frequency [Hzl: 0s Type: |zaru phase | Slope: |12 dBloct
MATLABcommand AuxiiaryFies (AddSource ~ Seamformer
MATLABwaitForVariable Average ChannelTypeForfit CLARA
Pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
Wi Corticalloreta Export
[Eventitrite Delete GotoMax Cutoff Frequency [Hz]: 40 Type: |zer0 phaze | Slope: |24 dBioct =
Export DisplayMRI Import
FFT Exit LALRA
& FFTmean Fit LORETA
SESEs FrTsave FitConstraint SetCrosshair ™ Motch Filter

i FitInterval sLoreta
© Apply atbegming ofbatch [y

[Minimumnorm Smooth =] ,—2
GoTo MewsSolution SSLOFO

¢ Apply atend of batch 1A (Opensolution UserDefined
ICAsave RC»'-\ " N
ICAselect eqularization 3
_— ImportASCIT SaveBitmap ™ Band Pasz Filter
Current Seection Marklock Saveleadficiis
" Montage SaveModeliaveforms an 5
MAINFiter Paradiom SaveResidual\aveforms
PatternTaTrigger SaveRVandGFPWavefor TimeFrequency Analysis:
SendToMATLAB SaveSalution B
TriggerDelete SaveSourceMontage isplay ) )
TriggerSelect SaveSourceWaveforms Image Sampling Rate: 250 Hz oK. Cancel
SendToMATLAB Save
|SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis

|SetOrActivateSource
cancel setonentaton

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 £ . 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 Convertseurce clip
RunProcess EU’:@:LC'E'BG oS
WindowPosition EventRead orticalloref por .
e oot cotatex Past cursar: 2500 ms
Export DisplayMRI Import.
Exit LAURA
& Apply to all ik FFTmean Fit LORETA
peiy o slies FFTsave FitConstraint SetCrosshair 3 C |
Fieopen Fitinterval sLoreta
" Apply at beginning of batch [P Minmumtlorm Smooth dNCE
GoTo hewSolution SSLOFO
" Apply at end of batch 1cA Opensoluton UserDefined
ICAsave
IChselect Reguiarization
ImportASCIT SaveBitmap
Current Selection ke SaveLendbuds
Montage SaveModeliaveforms
LOIEAS paradigm SaveResidualWaveforms
PatternToTrigger SaveRVandGFPWavefarm TimeFrequency Analysis:
SendToMATLAB Savesolution e ——
TriggerDelete SaveSourceMontage Display
TriggerSelect SaveSourceWaveforms Image
SendToMATLAB 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
MATLABWaitForVariable Average ChannelTypeForFit CLARA al
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 DisplayMRI 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 [ho. of averages in the label ignored!]
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
Highintensity 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 X I Losd Solution %
General commands: Main Program: Important note: . . . _
Source Analysis and Time Frequency Analysis are for research use Look in: | || ERP-Auditony-intensity =l i g
BatchErnor rtfacthutoCorrect only. Results may not be used for diagnosti purposes!
EndFor ArtifactOnoff Source Analysis: Source Analysis Imaging: Name Date modified Type ™
For ArtifactScan i e
MATLABcommand AudliaryFiles ource ~ =amiormer All_Subjects_cc-2Dtest.bsa 3/21/201710:23 AM  BSAFil
MATLABwatForVaricble [average ChernelTypeFarFit cLara Quick access L] All Subjects. !
Pause Baseline CDWEF"S‘M(E Clip || Highlntensity_3RS.bsa 12/8/2009 2:17 PM BSAFil
CorticalClara DICS . i "
oo e aiEoch CortcalLorets Eport ] Highlntensity_3RS-testbsa 2/3/20175:36PM  BSAFil
Eventirite Delete GotoMax ar .
o DieplayRI mport Desktop | ] Lowintensity_2RS.bsa 12/8/2009 217 PM BSAFil
FFT Exit LALRA - | ] Lowintensity_25D.bsa 2/27/2012414PM BSAFil
& Apply to all fles FFTmean Fit LORETA s )
FFTsave FitConstraint SetCrosshair ™ || LowlIntensity_25D-test.bsa 2/9/2017 458 PM BSAFil
o Fil=open Fitinterval sLoreta Lbrar g
pply at beginning of batch |, Minimumiorm Smooth ries | ] statf 6/2/2017 2:36 PM ATFFil
GoTo lution SSLOFO - 07 X .
(" Apply at end of batch 1cA ol UserDefined L! L 151.bsa 3/29/20053:32PM  BSAFil
[CAsave pca S [ 51 av.bsa 3/22/2017312PM  BSAFil
1cAselect Regularization This PC o
e moortASCIL Saveditmep i | ] 51_av-test.bsa 2/16/2017 11:42 AM  BSAFil
o Montage 5aveModelaveforms @ [ ]s1-ACbsa 3/29/2005404PM  BSAFil
BRI Paradign SaveResidualWaveforms . n R, o
PatterToTrigger SaveRVandGFPWaveforn, Time-Frequency Analysis: Network < >
SendToMATLAB gaVEgﬂhﬂm:ﬂ " Srariay
ITriggerDelete aveSourceMontage "
Tnggerse\ect SaveSourceWaveforms Image File name: ‘ngh\ntansrty_ms bsa j Open
SendToMATLAB ondToMATLAB
SetCursor endTof Files of type: i *par” - Cancel
e ourceTyps puiuliiativrd P [ Solution Files (*bsa.” par.” atf) -~
| SetOrActivateSource
Caneel SetOrientation v Directones: | Data directory k1|

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 X i .
S8 Switch Condition Task pod
General commands: Main Program: Important note:
Source Anaiysis 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— pii oo [ Previous Condition Ok
MATLABWaitForvariable Average CorticalClara CLARA
Pause Baseline Sﬂlrhslwreta Slllgs
RunProcess EditDefaultEpoch eled .
WindowPosition EventRead DisplayMRI Export
EreniResd Bt et Mext Condition Cancel
Export Fit Import
T FitConstraint LAURA
@« FFTmean Fitlnterval 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 A Reqularization UserDefined
ICAsave B E"“dﬁ "
ICAselect avel eadfields g b
curent selecs importASCH Savevodeliaveforms Condtion Label: |2
LTRSS ERT MarkBlock SaveResidualWaveforms
; Montage SaveRVandGFPWaveforn
SASwitchCondition i SaveSolation
patternTaTriager saveSourceMontage Time-Frequency Analysis:
SendToMATLAB SaveSour
TriggerDelete SendToMATLAB Cisplay
TriggerSelect SetCursor mage
SetDefaultsourceType Save
SetOractivateSource SendToMATLAB
SetOrientation StartTFAnalysis
SwitchCondition
— — .

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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SA Fit Interval Task =
General commands: Main Pragram: Important note:
- Source Analysis and Time-Frequency Analysis are for research use
BatchEnor ArtfsctautoComect anly. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: {* Set the following interval:
For ArtifactSean s 5 = C |
MATLABcommand AuxiliaryFiles OUrCe -~ eamformer ance|
MATLABwaitForVariable Average ChannelTypeForfit CLARA From [ms] To [ms]
Pause Baselne Convertsource Cip
RunProcess EditDefaultEpoch CorticalClara DICS
WindowPosition EventRead Corticalloreta Export a0 105
EventiWrite Delete GotoMax
Export DisplayMRL Import.
Exit LAURA
& Apply to all fies FrTmean Fit LORETA ) ) »
pely FFTomve FitConstraint SetCrosshair [ Define baseline, then clear fit interval
L FicOpen sLoreta
€ Apply at beginring of batch | 1o Minmmomiiorm fb
GoTo NewSolution SSLOFO
= Apply at end of batch 1cA OperSalution UserDefined
ICAsave PCA i i i 2
Dt Requiarization Set previously zaved interval fram buffer:
ImportASCIT SaveBitmap
Current Selection M;kﬁ‘u & caveLeadfields - )
SAFitinterval Montage SaveModeliiaveforms Stare cument interval bo buffer number:
nterva paradign SaveResidualWaveforms
patternToTrigger SaveRVandGFPWaveform Time-Frequency Analysis:
SendToMATLAB savesolution R 3 q q .
TrigerDelete SaveSourceMontage Display " Setinterval aszociated with source number:
TriggerSelect SaveSourceWaveforms Image 1
SendToMATLAB Savg-r ) } ]
SetCursor SendToMATLAS (" Agzociate current interval with zource no.:
SetDefaultSourceType StartTrAnalyss
) SetOrActivateSource
&3 Cxc SetCrientation

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

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

Select Command X

SA Set Orientation Task Y
General commands: Main Program: Impartant note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErrer ArtfactiutoCarrect ody) Resibsmaynotbe used o tiogrmosbc pirposes! g
EndFor Artfactonoff Source Analysis: Source Analysis Imaging: ource
For ArtifactScan
MATLABcommand AudliaryFiles ConvertSource ~ [Beamformer S
MATLABWaitForvariable Average CorticalClara [CLARA aurce no.
Pause Baseline CorticalLoreta Clip EanCEl
RunProcess EditDefaultEpach Delete DICS
WindonPosition EventRead EISS‘BVMN 5*5.2{4‘
s [ (mport AC_Left Source label
FFT FitConstraint LAURA
& FrTmean Fitinterval LORETA
Apely to al fies FFTsave MimimumNorm SetCrosshair '_
. FileOy NewSolution sLoreta
€ Apply atbegrring ofbatch | eo”™" opensaluton Smoath Last source
e Reaudarzat Caccbatned m
¢ Apply at end of batch ICA ‘eguiarization IserDefine
B il All sources
Casclect Savel eadfields
ImportASCIT SaveModelWaveforms
ErETER T rkBlock SaveResidualWaveforms
Montage SaveRVandGFPWaveform .
SasetOrientaton o SaveSolation Operation
PatternToTrigger SaveSourceMontage Time-Frequency Analysis:
SendToMATLAB aveSourc . - . .
ragmbelet SendToMATLAS Dispay {* Orientation 1 at cursor ar at masirmum in intereal
| TriggerSelect SetCursor Image
SetDefaultSourceType SEVST ATLAS
SetOrActivateSource endTol - -
Setcrieniztion StarTr Ay (" Orientation 2 at cursor
SwitchCondition
Cance v
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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 h:4
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchError ArtfactiutoCorrect only. Results may not be used for ciagnostic purposes!
Comment ArtifactMethod S aurceE
EndFor ArtifactOnjoff Source Analysis: Source Analysis Imaging:
For ArtifactScan
MATLABcommand Audliar yFiles ConvertSource A Beamformer S
MATLABwaitForvariable Average Eﬂfgfa}f‘afam E‘LAR*‘ aurce no.
Pause Baseline orticallore ip
RunProcess EditDefaultepoch Delete DICS Cancel
WindonPosition EventRead EISS‘BVMN Ex:;r: -
e [ (mport AC_Right Source label
FFT FitConstraint LAURA
[ FFTmean Fitlnterval LORETA
Apely to al fies FFTsave MimimumNorm SetCrosshair '_
N FileO NewSolution sLoreta
€ Aoply atbegiing o batch |1 0P s cLoreta Last source
GoTo CA SSLOFO
" Apply at end of batch ICA Reqularization UserDefined
B oot [ All sources
Casclect Savel eadfields
ImportASCIT SaveModelWaveforms
ErETER T rkBlock SaveResidualWaveforms
Montage SaveRVandGFPWaveform -
SasetOrientaton o SaveSolation Operation
PatternToTrigger SaveSourceMontage Time-Frequency Analysis:
SendToMATLAB aveSourc - . . .
ragmbelet SendToMATLAS Dy (* Orientation 1 at cursor ar at masirmum in inteneal
TriggerSelect SetCursor mage
SetDefaultSourceType :avsrr ATLAS
SetOrActivateSource endTof - -
Setcrieniztion 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

General commands:

Main Program:

BatchEror

Comment

EndFor

For

MATLABcommand
MATLABwaitForVariable
Pause

RunProcess
WindowPosition

& Apply to all files
" Apply at beginning of batch

€ Apply atend of batch

Current Selection

SASetOrientation

Cancel

ArtifactAutaCorrect
ArtifactMethod
ArtifactOn/off
ArtifactScan
AuxiliaryFiles
Average
Baseline
EditDefaultEpoch
EventRead
Eventilrite
Export

FFT

FFTmean
FFTsave
FileOpen

Filter

GoTo

1CA

ICAsave
ICAselect
ImportAsCII
MarkElock
Montage
Paradigm
PatternToTrigger
SendToMATLAS
TriggerDelete
Triggerselect

Important note:

x

Source Analysis and Time-Frequency Analysis are for research use
only. Results may not be used for diagnostic purposes!

Source Analysis:

Source Analysis Imaging:

SetOrActivateSource
SetOrientation
SwitchCondition

v

CanvertSource ~ Beamformer

Corticallara CLARA

Corticalloreta Clip

Delet= oIcs

DisplayMRIT Export

it GotoMax

Fit Import

FitConstraint LALRA

Fitinterval LORETA

MinimumMorm SetCrosshair

hewSolution sLoreta

Opensoluton Smooth

CA SSLOFO

Reguiarization UserDefined

SaveBitmap

saveleadfilds

SaveModelliaveforms

SaveResidualWaveforms

SaveRVandGFPWavefarm

SaveSolution

SaveSourceMontage Time Frequency Analysis:

SaveSourc

SendToMATLAB Display

SetCursor Image

SetDefaultSourceType Save
SendToMATLAG
StartTFAnalysis

SA Set Orientation Task x

Source

Source no.
AC_Left Source label

I Last source
™ Al sources

Cancel

Operation

" Orientation 1 at cursor or at makimum in interval

& Orientation 2 at cursar

SA Set Orientation Task X

Bource

Source no.
Cancel
AC_Right  Source label

I Last source
™ Al sources

Operation

" Orientation 1 at cursor or at makimum in interval

& Orientation 2 at cursar

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

General commands:

Main Program:

BatchEror

Comment

EndFor

For

MATLABcommand
MATLABWaitForVariable
Pause

RunProcess
WindowPosition

& Apply to ll files
€ Apply at beginning of batch

£ Apply atend of batch

Current Selection

SASwitchCondition

ArtifactAutoCorrect
ArtifactMethod
ArtifactOn/off
ArtifactScan
AuiiaryFiles
Average
Baseline
EditDefaultEpoch
EventRead
Eventirite
Export

FFT

FFTmean
FFTsave
FieOpen

Fiter

GaTo

ICA

IChsave
ICAselect
ImportASCIT
MarkBlock
Montage
Paradigm
PatternToTrigger
SendToMATLAS
TriggerDelete
TriggerSelect

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:

5S4 Switch Condition Task -

[ Previous Condition

SetOrientation
SwitchCondition
v

BESA Research 7.1 Tutorial
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ConvertSource ~ Beamformer
CorticalClara CLARA
Corticall oreta Clip
Delete DICS .
DisplayMRI Export I_
e Bt Mext Conditian Cancel
Fit Tmport
FitConstraint LAURA
FitInterval LORETA
MinimumNorm SetCrosshair
NewSolution sLoreta NN .
Opensoiston et Condition Mumber:

A SSLOFO
Requiarization UserDefined
SaveSitmap
Saveleadfields . .
Sovenogelviayeforns Condtion Label:  |High
SaveResidualWaveforms
SaveRVandGFPWaveform
SaveSolution
SaveSourceMontage Time-Frequency Analysis:
SaveSource
SendToMATLAB Display
SetCursor Image
SetDefaultsourceType Save
SetOrActivateSource SendToMATLAS

StartTFAnalysis
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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 ¥
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
Batchinor ATscautoCamect Nt Bt [Fx ety = B apEest
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 DisplayMRL Import.
FFT Exit LAURA
& Apply to all fies FFTmean Fit LORETA ) ) N
e FFTsave FitConstraint SetCrosshair [T Define bazeling, then clear fit interval
FileOpen Fitlnterval sLoreta
(" Apply at beginning of batch | ' MinimumNorm smooth
GoTo NewSolution SSLOFO
" Apply atend of batch 1A OpenSolution UserDefined -
ICAsave PCA i H .
s Requzrization Set previously saved interval from buffer: ;
ImportASCII SaveBimap
Current Selection M;kﬁ‘u & caveLeadficlds ~ ) ]
S Montage SaveModeliaveforms Store current interval to buffer number:
{HntervE paradigm saveResidualWaveforms
patternToTrigger SBVERV‘andGFP\’VavEfWW Time-Frequency Analysis:
SendToMATLAB SaveSolution —— ‘. B H i -
TrggerDelete SaveSourceMantage Display Set interval associated with source number:
Triggerselect SavesourceWaveforms Image 1
SendToMATLAG gavEr MATLAG oA X . Lwiith
SetCursor oaliby szociabe curment interval with zource no.:
SetDefaultSourceType StartTFAnalysis
] SetOrActivateSource
& E= SetOrientation

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 only. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Andlysis: Source Analysis Imaging: Source
For ArtifactScan
MATLABcommand AusdliaryFiles ConvertSource: ~ Beamformer
MATLABwaitForVariable Average gﬂf:(a:flamta EIU*RA S Qunce no. I: |
Pause Baseline orticall oref p
RunProcess EditDefauitEpach Delete DICS SNCE
viindowPosition EventRead E'ST‘BVMRI Eklésprqt
e e vt Frontal 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 azt s0LICE
S Feguarat Ceerbefned r
" Apply atend of batch 1CA ‘egularization iserDefine
(Chsave Savesimap All sources
ICAselect saveLeadfields
ImportASCIT SaveModelWaveforms
CREp s Mok SaveResidualiaveforms
Montage SaveRVandGFPWaveform -
SR B peracdim Savesoluton O peration
PatternToTrigger gavESDur[EMuntagE TimeFrequency Analysis:
SendTOMATLAB aveSour . . . o
TrgseDelets SendToMATLAB Display * Qrientation 1 at cursor o at masimum in interal
Triggerselect SetCursor Image
SetDefaultSourceType sawér MATLAS
SetOrActivateSource endTof - -
St StarcTranalyss " Orientation 2 at cursor
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 Selution 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
ICAsave 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 .
T,Eggrsg\m SaveSourceWavefarms Image Supstem ™ Talairach i
SendToMATLAR Save
SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis i+ Units phele Cancel
| SetOrActivateSource
€3 e 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
E:ﬁi’n’f’ nggm‘;ﬁg”m orly. Restlts may ot be used for diagnestic purposest | X
EndFor Artifacton/off Frrm s e el e ntructions
For ArtifactScan . g 5 . .
MATL ABcommand AdioryFies Ridsource ~ [Beamiomer Define target file name: It can include a subdirectory name, and
MATLABWaitForVariable Average ChanneTypeForFit CLARA ? =, ., . . Fo o
Pause Baseine Comertsource cip the file basename [*%bazenameX). If no directory is specified in
RunProcess EditDefaultEpoch CorticalClara DICS q 5 N
Windowpasition Eventhiead Cortcalorets Export the file name, the data directory iz uzed,
[EventWrite Delete GotoMax
Export DisplayMRI Import
FFT Exit LALRA
@ o all fil FFTmean Fit LORETA
Apply to ol fles FrTsave FitConstraint SetCrosshair .
FileOr FitInterval sloreta .
© npply atbegining of batch [F1S0P" Fimerial loreta File narme: Browse...
'GoTo NewSolution SSLOFO
" Apply at end of batch ICA OpenSolution UserDefined
ICAsave 'CA - - "
[Chsclect Seaunzaton %bagzename®_High.swf
Current Selection ImportASCIT Savellimap -
MarkBlock Saveleadfields
Montage SaveModelWaveforms
S D Paradigm SaveResidualliaveforms
Time-Frequency Analysis:
SendToMATLAR SaveSolution e
TriggerDelete SaveSourceMontage [D‘SD‘EY
T Select sauesourcewaueﬁxms mage
riggerSele e el [~ Sendto MATLAB
SetCursor SendToMATLAB
SetDefaultSourceType StarfTFAnalysis EEII"ICE!'
SetOrActivateSource
Cancel ormntas v

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

Select Command < Switch C .
— o p— 5A Switch Condition Task x
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:
i A S et [ Previous Caonditio Ok,
MATLABCommand AudlaryFies onvertSource ~ eamformer
IMATLABwaitForVariable Average CorticalClara CLARA
Pause Baseine CorticalLoreta cip
RunProcess EditDefaultEpoch ge\e‘m e DICS
WindowPosition EventRead isplayMRI Export o
Erentirre et ototiax Mext Condition Cancel
Esport Fit Import
FFT FitConstraint. LAURA
& apply to al files FFTmean Fitnterval LORETA
FFTsave MinimumiNorm SetCrosshair
) FieOpen NewSolution sLoreta .
" Apoly atbeginning of batch |y " i
Fiter Opensolution Smooth
e f ) Condition Murnber:
" Apply atend of batch 1CA Regularization UserDefined
ICAsave SaveSitmap
1Caselect SaveL eadfields
| ImportASCIT SaveModelWaveforms . L
S MariBiock SaveRescualiueforns Condtion Label: L
IR Montage SaveRVandGFPWaveform,
CEremy Paradigm SaveSolution
PatterrToTrigger SaveSourceMontage Time-Frequency Analysis:
SendToMATLAB aveSour
TriggerDelete SendToMATLAB Display
Triggerselect SetCursor Image
SetDefaultSourceType Save
SetOrActivateSource SendToMATLAB
Setorientaton StartTFAnalysis
—
v

3. Repeat Step B1 for condition “Low”.

4. Add command Exit (Source Analysis E— .

General commands: Man Program: Important note:
o AT bl el T ot i
. . . s actonior
Group). This will close the source analysis = ey e
::;\:en.-lsuvvm ;;vaqt wm gvm
i i = s o B,
window after each subject to prevent data == e =
.. . @ Aoplyto ol fes 5’:: recorsrant %:{:m
remaining when processing the next s (52 S =
" Apply at end of batch = |OpentSokubon
subject. arsscon e Z=W
et o Sovcheociamoreoms "
|SencToMATLAR | SaveSoluton = =
:n;,,,:o;: SaveSourceMontage E"ﬁv
g seriraums
T
i i
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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 *

Fie List Batch |

Instructions
| Press Add Command to add new commands.

Add Command ‘ Load Batch

| Right click on a command to edit or delete existing command.

Load Previous ‘ Save Batch Press OK to start the batch.
Clear Al ‘ View Log File | Logging to "C:\Users’\Public'Documents*BESAYResearch_7_1%Scripts’Log*Batch bat"
Command

. This script is part of the "Tutorial on AEP Intensity Dependence”. 1 illustrates how batch scripts can
. be employed to apply a master model to individual data files to extract individual source waveforms.
MAINFiter{LC:0.50-12dB-z HC 40 00-24dB-z NF-off BP :off)

Edit Defautt Epochi-50.000,250.000)

MarkBlock (DefaultEpoch,- All Send ToSA)

SAopenSolution(% Examples " \ERP-Auditory-Intensity HighIntensity_3R5 bsa,Open)
ShAswitchCondition{Label . All)

SAfitinterval(80, 105, FitInterval)

ShsetOrentation(Label: AC_Left, 1)

ShsetCOrentation(Label: AC_Right, 1)

SAsetCursor(135, NoDrawMap)

ShsetCOrertation(Label: AC_Left.2)

ShsetOrientation(Label:AC_Right . 2)

ShAswitchCondition{Label: High)

SAfitinterval (50,130, FitInterval)

ShsetCOrentation(Label: Frontal 1)

ShsaveSolution|"basename’ bsa,Unit Sphere)
ShAsaveSourceWaveforms(“basename’_High swf)

ShswitchCondition{Label: Low)

ShAsaveSourceWaveforms(“basename ™ _Low swf)

Shexit()

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

oK | Cancel Help
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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.

7. BESA Research starts applying | e ws saw| 2 o | ere| 05| rec vir | sre | sr | op |Eam | tr | v | ne | o | eeg |
Add
) Bl b [T e T Y T P
the batch commands to the first | & oo oy oy o oy e N e
L e e i e Pgr
data file in the file list |-t -——t-——F -~ -~—t—t
e e R
(S1_av.fs@). It loads the file and |5 oo f AN i st W“WE
. . i Pl ! i LA B 1A et S A i WA s A
applies the specified filters. At v [
T8 i e ] MMWWW\'\/VW\"‘:W
the bottom right, a small window | [~ e P e e
) Ve /vt S Sy MVt 'y AV v i v i) S
appears that indicates the next | [yttt - e i
PP EWIM*W:m:m:mE%E:@
batch command to be executed. |« |——tt—fr——f] m“m:ﬁ::xi
- AR A i i I3 A vt i s vt e S
Proceed step by step by hitting | |- e e
the Single Step button and |jqupjgpl. " T T
observe how BESA Research
processes the different
commands
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8. Note for example how the
orientation  of the  N100
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
the fit
been defined appropriately for

tutorial, intervals have
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.

Tutorial 13 — Cross-subject Statistics

BESA - C:\..P-Auditory-Intensity\SL_av.fsg - All: 320 avs, Filters: 0.5 - 40 Hz, -48 ... +248 ms - Source analysis.

File Condition8 Solutionl Fit Image Options Help

~48.00 ms

Data Model | Res. | [IDIl [ P.CA | EEG | Res.var. | Encrgy | Min.Dist. _ Image [wiodel
«|v| AE320awm Filters: 0.5 - 20 Fz =R V. 0.825% GFP —
org +248

=\

10

—

[E=8 HoR =5
Solution: C. g 3RS bsa
[ 4 shel elipsoidal |
scalp bone csf
00 ms| ™ [Best: 0.739% RC: 1
‘ = Rad /Thickn -| 850000 [ 60000 70000 1.0000
brain scalp bone csf

Conductivity: [ 03300 03300 00042 1.0000

Highlntensity_3RS_bsa (modified) EEG +

Hid

N AC_Right

| Al off| ANl fit| Startfit| MSPS |} | Brainy. | g g
P 4
N AT

’ ‘

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: 1: C:AU.umentshBE SAME samplez\ERP-4uditory-Intenzitys51_av.fag

Tazk: Batch Completed

Wiew Log
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10. BESA Research keeps track of R— ==
all steps that have been carried | e & 6o cr o

& C:\Users\Public\Documents\BESA\Scripts\Log!B. I @ v Pagew Safetyv Tookw @v

OUt and docu ments them 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

file. After completion of the \ ram 20091211 175908

batCh, yOU can preSS V| ew Log o file: 1: C:\Users\PubliciDocuments\BESA\Examples\ERP-Auditory-Intensity\S1_av. fsg
= MAINFilter(LC:0.50-12dB-z,HC:40.00-24dB-z,NF:off BP:off)

in the Batch Completed window S os)

= Marked 8 block(s)
. . . = SAopenSolution(C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-
to view this log file. Then press Inteneity Highlntensity, 3RS bea,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 mes sage win dow. » 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 - B15% -

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.g. listening to 1000 Hz tones
before and after a training period). An unpaired t-test is appropriate when there is no dependency
between the two groups that are being compared. This is generally the case if two different

groups of subjects are compared for the same condition (e.g. motor response in left-handed
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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 humber 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 ((“‘;k), where n is the number of subjects in the larger group, and k is the number

of subjects of the smaller group; NB: in this example, the groups are the same size!) permutations
are possible. For each of the calculated permutations (default: 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
first time, the project folder needs to be
defined. This is the folder where BESA
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
pressing OK. We can now start with
setting our project targets.

BESA Research 7.1 Tutorial
Copyright © 2020
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-
0 Select the BESA Statistics Data Folde u

Please select the BESA Statistics Data Folder

All project data will be saved to this folder.

MNote: If needed, you may switch between different BESA Statistics Data folders using the menu item
File — Select Data Folder.

C:\Users\Public\Documents\BESA Statistics\Projectst
{7} BESA Statistics 2]

The BESA Statistics Data Folder has been selected successfully.

Project data will be written to and read from folder

C\Users\Publich

Update Data Folder Info
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955 s 2 - o0 =

4. Press Start New t-test Project in the =w«ww

Select Project

interaction window on the right-hand side.

5. As we want to analyze the source ,} BESA j BESA

waveforms we created in the previous

steps, please select SWF in the  Satiaeme ™™ St we s
v t-Test
i i i B e v Paired t-Tes!
interaction ~ window.  Press  Next. s i}
. . L 4 & I” One-tailed-left
We will use a paired t-test for preliminary LICREI B ™ Oneslcight

™ 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.

6. Press Next or hit the space bar to

continue to the next workstep.

PTST——
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7. Press Load Data for Condition 1 in the

interaction window. (Please note: Had we

' 1YBESA

selected an un-paired t-test, we would be [ Load Data for 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 | & Contolsubecyi
Lookin: | ERP-Auditory-Intensity - 0@ @&
C:\Users\Public\Documents\BESA\Res l B |Name : Datemodified -
) <p | | s1_av_Highswf 17.02.2012 12:04
earch_7_1\Examples\ERP-Auditory- RecentPlaces  _S1.av Lowsuf 170220121204
— -\ | | 52_av_Highswf 17.02.2012 12:04 =
. . =l S2_av_Low.swf 17.02.2012 12:04
|nten8|ty and select the 10 swf-files we Desktop [ 53 av Highswt 17022012 12:04
=== S3_av_Low.swf 17.02.2012 12:04
previously created for condition “High”. L,ﬁ,' [ 1t.a0 Highst 17022012 1204
ibraries S4_av_Low.swf 17.02.2012 12:04
1 | S5_av_Highswf 17.02.2012 12:05
Press Open. A SS,av,Lu\gov‘swf 17.02.2012 12:05
Computer | | s6_av_Highswf 17.02.2012 12:05 i
‘ < [ ] 3
Note: Depending on the data selection Nﬁ}k Fil name "S10_av_High svt *ST_av_Highsve "S2_av_High = Sper
. . Files oftype: [Source Waveform Files (".sw) - [ cence |
under Set Project Targets, Files of Type RecentFolders: [, aisics Example Domimage ExampleiGondZ, <]

will be automatically set to the expected

file format.

BESA Research 7.1 Tutorial
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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 | Convolsueas
. Lookin: | ERP-Auditory-Intensity - @fF r@E-
extension “_Low” and press Open. 2 |name . Datemodified -
. -~y | ] 55_av_Low.swf 17.02.2012 12:05
Important note: If a paired t-test was || et shohon 17022012 1205
-w \ S6_av_Low.swf 17.02.2012 12:05
selected under Set Project Targets, the e ) e |
Ly | S8_av_High.swf 17.02.2012 12:05
1 H HT — || 58_av_Low.swf 17.02.2012 12:05
number of files loaded in both conditions T ot 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 17610 av Low.swf 17.02.2012 12:05 P
for un-paired t-tests. @ ‘ '
Nework  Filensme *S10_av_Low.swP "ST_av_Low.snf' "S2_av_Low.s ~
Files oftype [Source Waveform Files (swi) - [ cancel |
RecentFolders: | Ci\.search_5_3Examples\ERP-Auditory Intensiyl |
|
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13. Again, a summary of all files loaded for the ®
second condition will be displayed in the ,j B ESA

main window and a green tick-mark will

| Load Datafor Condiion 1 | &/

appear next to the second load-button.

| Load Datafor Condition2 | &/

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

D0 8w a

Statistical Analysis
Load Data

Set Parameters

‘Workflow Overview

Set Project Targets

Set Parameters

High Low

Difference

' 1YBESA

Run Preliminiary t-Test «

Starttime [ms]

Statistical Settings

[C] Average over Time

Amplitude [nAm]
=)

Amplitude [n&m]

Condition 1

Condition 2

Select Source

0 s 100

Preliminary statistics computed successfully

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

150 Latency [ms]

0

50

100

1 éU Latency [ms]

Current Latency [ms]

<
e

(<] 0.050 3]
(<] 1000 (3]

Display Right
Difference
] t-Values

Mask

[€)fac o1 ~]

<

=

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
i . " . | 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 -
AC Left-O1

displayed in the right detail window. A mask indicating c AC_Left-02
urrent Latency[AC Left-03
significant time-periods can be switched on or off for 0.000 EAc:Right-m
AC_Right-02
both detail windows. Ac:RiSht-m
Frontal-01
[Frnntal—02 It
Frontal-03
17. It is possible to restrict further analysis to a region of
P y 9 Run Preliminiary t-Test ] V
interest by changing the Starttime and Endtime. This
can increase the chance that a cluster survives oLl
. o _ 4500 (<]}
permutation as the distribution of cluster values is =
estimated based on a restricted sub-set of data- 248.000 U]

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 Ef:t:;rﬁ;l?ha 0.050

cluster in the baseline after permutation. Permutations 1000
Average over Time
(] g

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

Alphavalue 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 7.1 Tutorial
Copyright © 2020
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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 v - = : .

/S O\
Statistical Analysis / \1
Load Data L4 /

Set Parameters 4

Perform Statistics N

High Low Difference

50
25

20-

~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
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File Edit View Help
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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}

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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File Edit View Help

Perform Statistics
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E 60 T 60
< 404 < m Display Left Display Right
E 0] E Condition 1 Difference
E 2 20 Condition 2 [ t-Values
£ 0 £ Mask Mask
£ 201 : O
<< << Select Source
50 100 150 Latency [ms] 0 50 100 150 Latency [ms]
uuuuuuuu v a2 gl Current Latency [ms]
Cluster1 0 13.0407 253121 @ 116.000 ] =)
Cluster2 0.001 43882  0.756319
Cluster3 001 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 { i “‘-
( \
Set Parameters v | /-‘ |
\ — =
Perform Statistics A _
1%

High Low

Difference

Permutation Test Results

Val - | Cluster
001 [=0.00000] v [T
002 [p=0.00100]
*__003[p=001000]
+ 004 [p=0.04200]
005 [p=0.05300]

-
<=
>

006 [p=0.06500]
007 [p=0.10500]
008 [p=0.46900]
009 [p=0.57900]

010 [n=n &NENM

R PR

Amplitude [nAm]
Amplitude [nAm]

~204

404
20

Display Left Display Right

Condition 1 Difference
Condition 2 | t-Values

Mask Mask

Select Source

0 50 100 150 Latency [ms]
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Cluster 1 0 -13.0407 253121
43882 0756319

26.0748  8.2521

Cluster2 0001

Cluster 3 0.01

50 100 150 Latency [ms]
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a 132.000 i

=
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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  2.53121
T lhamtne 7 N nn4 A2 QO N 7CC240

15t 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 e . ==

Group [ TPect
Example:

project. Save it under an appropriate name.

Selected Groug:  Control Subjects

g

Selected Project.  Autiteny 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.

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

desktop. Then start a new ANOVA project by selecting
the Start ANOVA project button.

2. Please select the data type to be analyzed. In this

case it will be an ERP/ERF experiment and we will be

looking at EEG data directly. Press Start to proceed

to the next step.

Presious
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- o x

3. As we are dealing with different conditions within one T

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

B s s 23
-

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 detall
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 ESl
3 dw 2

Workflow Overview Run Prefiminary F-Test Y]
Set Project Targets v —

Stantime [ms]

Fooo00 €| F—— 3
Endtime [ms]
[w6000 <} 3]

Statistical Analysis
Define Experimental Design
Load Data v
Set Parameters

Statistical Settings

Neighbor Di
ook e T >
Cluster Alpha <Jos00 >|
Number of s
Pomaions <7000 3
™ Average over Time.

[~ Average over Channels

(
10

o Display Let Display TopRight
104 [Condtions  +] [Stats /Data ]
Select Channel

20
F-Values <Jow 1>

Current Latency [ms]

£ 209Ca on T 00000 <j— f—— 3|

n W, & 2 15 Sat Scale
R e | <— >3]
| Display Settings
4 y [ms] 10 ( 4 L 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 ’[‘i?:ghh‘” Sl <[5 3
spatially extended clusters. The cluster alpha should be set  Cluster Alpha ﬂlﬁl’ﬂ
to 0.01. Please note that, as previously mentioned, the cluster E:I'.}fﬁ;ﬁfm gmﬂ
alpha is not the significance level of the permutation test. [ Average over Time
Instead, it determines the threshold for which points will be I Average over Channels
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 [ s statistics x
press Run Statistics. A dialog will pop up i %ghgiégféﬁq”ug avrage of 505677
requesting to confirm the statistical settings. Press e B0
Ok to proceed with the computations. B Tl Pt Bl L

o

9. Onthe 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.

B BESA Statistics 20 =] X
Fle EGt View Export Hep
Perform Statistics S
saue BESA

Workflow Overview = i |
Set Project Targets v S =3

Statistical Analysis 2
Define Experimental Design v/
Load Data v
Sel Parametars v

Perform Statistics

6008 10008 F-values L[ =2l

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 Dala

Pairwize Comparison
(6048 va. 7008 il

Set Parameers Parmutation Test Results for

Selected Painiss Test

AR Y

Perform Statistics

Post-Hoe Statislics

001 [p=1.00000]
162 (p=1.00000]

Display Lot Display TopRight

Condtions =] [Stats /D 7|

Cunent Latency [ms]

Zw  <—F———23|

Set Seale

Resat | < it |

0 Select Chiamel
{ L[ aw =13

Display Seftings

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 BESA Statistics 20
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

5 Right
[Condtions =] [Gits /0wta =]

H Saitien
; <o 2>
- (oo <— —— 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 “_,_/\/\ux_.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 Sat tew prOVARORst |
selecting the Start New Open Pret |

Correlation Project button.

2. Select type SWF. Press the
Start button. chall bs parormed e

[~ 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 SWE

(AMMA tonal and Musicians). Corelation

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.

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 alpha to
0.01. Leave the number of
permutations and the time
interval unchanged. Press
Next, then Run Statistics.
Press OK when the dialog
box appears.

BESA Research 7.1 Tutorial
Copyright © 2020

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

Bl Edt Vew Eport Heb —

Set Parameters
EELLE
WorkBow Overvew
et Project Targets
Statrstical Analysis.
Load Dala

Sel Pacamelers

=
' BESA
o iy G| of
L4
p—
[ —
s . . A ® . fame < 13
<R 3|
g sl
[r—
[
L] ® . . [}

a0fs0
o
T Satact Source

<J= 23|
uuuuuuuuu il
o < +——3)

Ampie (nam]

AMpILSS [FAm]
i 2
|
T
£
H

C I L

Prutmiary stistes coomputsd suscasshily St St Gatal Window
a | <t

e cocrpin o el 2

s |

Set Parameters
EELLE
WorkBow Overvew
et Project Targets
Statrstical Analysis.
Load Dala

Sel Pacamelers

Bl Edt Vew Eport Heb _

11BESA

i Pty Commaimn | o

e
o < |
v Entima o]

[0 <}

3|
2l

< 3|
< 3|

Saact Soure

.SIS‘” 23|

Cumat Ly ]

[ ey —

2 1o

Anpiitugs (nAm|
-
{
c )
i |/
L1t |
.
i

C I L]

Prelminary sstishcs compted suscesshily Sat Sca Dutal Window

o i e dncipen =] —23l

s |

x

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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10. The Correlation test finds one
significant cluster in SD-1,
and three trends. (Note that
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
a two-sided test).

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

is in the left hemisphere, and
is in a similar interval between

approximately 60 and 80 ms.

12. The other trends also appear

in early processing intervals.

13. Press Finish and save the

project.
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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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i i
16. Switch to r-Values for the right e s
widget and activate the mask. “i":‘:i“;:":; ]
Toggle between the two sources. | === : ol o)) [ | e

We can see that there is some
preliminary correlation around N (o - o

the P50 latency similar to the — —=— T

gl Inam

previous example, and also

L — et e Ortt Vo

around the stimulus latency. - ETIE et

17. Let us proceed as before. Set

the cluster alpha value to 0.01.

e The current settings yielded zero clusters!

Then press Next and Run J_lﬁ Permutation testing could not be performed!
Statistics on the next screen. OK

Accept the settings in the dialog.

A message box appears to

. Run 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.

18. The reason for this is the A =

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
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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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