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Introduction

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,
100dB).
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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

Independent Component Analysis (ICA)

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

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

AN N N N N R

Filtering
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A. Data Review

1. Start BESA Research. From the File
menu, choose Open. In the Select
Data Files box, select folder

in the
folder. Change the file type to ERP
files (*.edf, *.bdf, *.cnt, *.avg) and open

file

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

black bars at the bottom of the screen.

3. To see the 3D-coordinates of the
electrodes and additional head surface
points, select File / Head Surface
Points and Sensors [/ View.

(Alternatively, you can type the short

cut V on the keyboard.) Fiducials are

displayed as pink cubicles, electrodes
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 6.0 Tutorial
Copyright © 2014
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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

additional information on channel

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

Close the window.

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

BESA Research 6.0 Tutorial
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7. You can also jump directly to a certain e —

View Filters Montage Process ERP Artifact Search Tags | Goto| Options Help
Vrs | SAW |[ 3D IMG | ERP | DSA |[ Rec  Vir | Sn Event Log F |

time-point by pressing Goto / Time... ] tewmg
B SV I Prev. Tag

You might also add markers or e e T e

s tene ]
"V‘"MWMW-WWMMW Prev. Marker

Next Comment
[N RIS P ST Prev. Comment
e P e Next Segment

e T e o g TR P o Prev. Segment i

. . R et Begin Segment
Comment. You can then jump directly — — 0 T T L adseamen

WWW Time

comments to your data by right-clicking

into the data and selecting Marker or

to these events via the Goto menu as . | Position in Data
A N bl Go Back
well. o it FR PN Py P B v e
e

8. To rescale your data use the

amplitude scaling button on the right

| Scalp Chns. Scale - G

. Lo . Scp
side of the main window (just below the K I N m -
button Scp). In the present case the 0 2 5 :

: : . | _ v
scaling of 50 pV is appropriate. s | 0 50 v ==

200 | 500
v v

1 10
m\ m\ j
|

—_——— =

[~ /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 || =2

bottom right of the main window. In the ] 1 s | s L
: 1005

present case 10.0 s is an appropriate

viewing window.

[¥ Update
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10. If you only want to view a sub-set of 1 s o = ) &
our electrodes use the button Scp on N
y Fpl to Cz All -
the right of the main window. You can - 31731
Selected —— -
either choose the first / second half or e | s !
|| 31431
the 1% to 4" quarter of the recorded | B - m b = .
2nd half | T
channels. You may also adjust the ™ i )
A |
number of electrodes you want to have | m I
. i i 2nd guarter
displayed by using the sliders. In the I =
Aol rd guarter |
current case, change to the all-channel it
|| :‘ quarter
view. | - =
| Al Battom Close
:l= —
B. Interpolation, Marking of Artifacts, 3-D Mapping, Remontaging
1. Electrodes that display a faulty recording P4 : L pomarcen o
. . o1 - Define this channel as bad
can either interpolate or set as bad. Rl ]
. . . 02 ™ N P SV
Interpolation is based on spherical A1 |
splines, i.e. the information of all other A2
electrodes is used to compute the i; WWWW
interpolated signal. If a channel is set as =
bad it will be ignored. To interpolate or set T8 U Nl g e A 8

a channel as bad right-click onto the T A
according channel label and select g o4

Define this channel as bad or Interpolate 02 WWWMWW
this channel®. Interpolated channels will i; W
be displayed in pink, bad channels in grey. F7 WWW

In the current dataset there are no bad

F8
channels and no interpolation is needed. T8

! 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 6.0 Tutorial Page 9 of 280
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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 e

Artifact. A red bracket will appear at the S —
bottom of the main window marking the

artifact. It will be ignored for further

analysis. The artifact marker can be e oo g g oo e

deleted by right-clicking on a bracket and W—WE-WM&M

choosing Delete. Please delete the artifact 5 15 Al Y
A

marker in the current dataset.

3. Goto Time 00:05:49. You will see an

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

a3e%

will see a strong frontal positivity that is

3333

typical for eye-blinks in EEG data. We will

not deal with eyeblinks at this stage.

gfgfaage?

1 .
T Pl i S L e
e K3 G A3 -

BESA Research 6.0 Tutorial Page 10 of 280
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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 7) so
that you can get an immediate display of activity in the respective sources in the continuous

recording.

\rtifact Search Tags Goto O

ﬂRec V'|r|5rc|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.

Process - ERP Artifact  Search  Tags  Goto Options Help.
F|F+|WrS | SAW|[ 30 MG | ERP | DSA | Rec [ Wir Sre | Usr | Opt |EdM | LF | HF | NF | EdF | EEG |

4 im » E * ' [ :III!.iIIIIIII.II .|!||.|:|||||:1||||| T T TR T T AT T AR I“,Trl" 0TI O 70 O O RO R A R AR R TV TR A TR

T Offs: 00:05:49 Cur: 0056 5 : F9_ffy : 9.93 4/  Filtors off Butfer: 1 Vierw: Original Cormect: Off Bad:0

b) Select Src BR_Brain Regions. Paging through the data you can immediately see that

BESA Research 6.0 Tutorial Page 11 of 280
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the left and right temporal sources carry more signal than the other sources.

O e =
Tl [ Wow flten Meetage Procen [RP Aaile Searcn Togs Geso Optioas bl

£ Fe| wis [saw [ 30 mo | 5 | 0sA| Ree | Ve [ See Usr | Opt [EoM | LF | HF | W | EeF | EEG |

source BR_Brain Reglons Add

TALDR e Mgy s et et b kTl ATl o W e A b b At VA ST oot e W it
| PR y ~ " e #
TRLBR "ttt B '\w-n—..me'\,'Ar.‘-r‘m-m\.\.\,,--.-n«\m~" sty il ""-»"o‘.N\y‘/WQ'L‘M(ﬁ-,\MkA\lrM‘\M’M"\“ N i sttt P o,

FLLBR LAt A A ot s s g o oA A Ll Bt P g A0 Nt i, N g e A AP A A B SN

BL_BR  Amteion e e e ot e i ol Bt et st R T 0 o2 Bl O e o A AP i ot o et ot ormgrng N e f bty

PLUBR =it Mol s oAk iy, e b At e p N g g e A e i S,y Ao = Mo oy bt o b g et e b
FOM_BR o e e it A e e A N P g b g P N et N e Wi Ho oAt
FUBR et e e e e e e e
e
18118
CM_BR s bt s b At et e At bt S o b A ANy et A
S A N U . O U S U S U L U P P S S | |
PR - o - am
OM_BR 4t g s, e s S P e et et o e emiieion I AP o o M) [ A o A e AT S et i ot A e N P St
0 T PR VPSSR DURFRSHPPE SNRNIN. OURUIROTL- SNIECURUY USSR SRETEETRP AL -PUNIPRPL-CR SO SSYOPRIP P - ApPRP CIpRUs. WIS SO PR P 3
T o o e T
PRI oot i At s e e A B o A el e S s T

o i )
RTINS SV SRS N S NPURIPA S0 WPUF S0 G0 VOO S 1 AN

TAR_BR A At w0 oot inss bt o s i o
TRRIBR /000 At b B R e AN TN bt A0 A NI ot g P e A P A A O P Rt it s

la 11 e JE} L

'{[m "’ ‘“[‘ T : : i T s

Cur: 8176 % ¢ 1AL_BH < 805 nAm Fes oft Huftes: 1 Vaews: Orignad [Ee— Bad:

5. It is possible to view the current montage

by pressing the EdM button (alternatively
you can press Edit / Montage). In the
current case we see a source montage that
consists of 15 sources covering the whole
brain. If you click on a source label in the

middle panel BESA will slice the standard

MRI to the position of the source. You may

change to a coronal or saggital view by

pressing the according buttons = @

. To see different views at the same time,

press the button i :

BESA Research 6.0 Tutorial Page 12 of 280
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H | Montage | Options  Hed|
6. In the montage editor press Montage / I ————
. Virfual ' Reference Free
Virtual / Reference Free to change back Source )| 1010 Aveage
User v CSD-Laplacian
to sensor level. Now you see the position IS || Golb G
Display 'Edit’ Montage E Triple Banana
Honzontal Bipolar
of the 27 standard electordes. Note that A Raraeta
Combined Ears
you can create your own montages or re- g‘ oo
C5D-Laplacian (10-10)

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 B e @ @
montage window. ., |

C. Independent Component Analysis (ICA)

ICA analysis allows decomposing EEG/MEG data into independent components. ICA
components can be used for artifact correction, as spatial components in source analysis or
for creating ICA-reconstructed data only containing signal from specified ICA components. ICA
decomposition 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 analysis is the extended ICA 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). 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

BESA Research 6.0 Tutorial Page 13 of 280
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smaller than 1.e-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. Please make sure to return to the first
screen of dataset . Press the |&- -2
Rec putton to return to the original |
recording. 5
-l!—-bilil_[?" " i - — . =
2. Please select ICA / Current Screen to ERP Artifact Searcl

Current Screen

start ICA analysis.
Whaole File

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
down. 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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File Edit View Filters Montage ]
£ |F+|wrs |saw | 30 MG | ERP | DSA | ICA Rec | Vir | Src | Usr | Opt |EdM | LF | HF | NF | EdF | EEG |
source : 1 H t H t

HICAT s ot e s e Py o it ey b et~y e A VS s e i i o et 0

ICAZ e e st f\/‘\f“——""’- s L SVER S . .

JEAD w0 A e o e e
ICAE s A it S A s o P o ANt BTV bt mn i AP g W g

ICAE  mwrtor it i M 4 "\ﬁw—* . Wwwmmwmwwwwmmm

ICAT

ICAS

ICAS

ICA10

ICA11

ICA12

ICA13

ICA14

ICA16

ICA16

WICAAT At h L e ‘ M WMW M ‘_: Aapadhasde e Ak ;u...l.

ICATE A oy it A e A A b A i A e P et it e A AV A, A = S e ¥ A e,
IGATS el VRN gt it APV : : . ; y

ICAZT ~tnareh ot N A Mt g b it -.MMMWMW.M

W

‘ Iul ’ I * I * f-I:zllll-ll-llIIE-I-IlII-IlIiIIIII--IIIIIIEI-IIIII-I;EIII--IIII;II-I--II-GIIII-I-IIE--II_III-zlll-II s |[:.o

Time: 000000 Total: 00:16:02 Offs: 00:00:00 Cur:5.933 5 : ICAT - 44.2 nAm Low Filter: 0.2 Hz Buffer: 1 Miew: Original

4. Right-click on the second ICA IcA1

component and select Map Topography.  [E¥w»-  MapTopography \/w
Define As Artifact Topography !

ICA3 Send Topography To Source Analysis e
Save Topograph !

CAd o pography e
Export ICA Reconstructed Data |

ICAS WWWWWWW”‘?”WWMW
ICA7 ”W“%WWWWWWMW
ICA8 WWWMWMWWW“WWMW
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5. The map indicates that the second ICA

component indeed reflects an eyeblink.

raterncn e
EEG - Valage [T 003V | step

6. We can now use this topography for ... WM%WWW

artifact correction. Close the mapping ¥ »  Map Topography \\
window, right-click on the second ICA Define As Artifact Topography
) ICA3 Send Topography To Source Analysis ey
component label and choose Define As S eI
_ ICA4 ot
Artifact Topography. Export ICA Reconstructed Data

ICA5 o W L R el WSS v f
ICA6 W%memwwmvmww

: : :
P ¥ S RN PN 3 LT [ S S

7. The Artifact Correction window opens. @
. Select Topographies | Estimate Signal
Please check the box next to Blink. | pesepis| kst Sona|
Select Mo, of

Close the mapping window and press e ot
[~ HEDG -
OK.

[~ Otherl -
[~ Other2 =

Load Save

oK | Cancel Help
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8.

10.

Return to the original recording by

pressing the Rec putton. Now press
Artifact / Correct to switch on artifact

correction.

Note that the eyeblink has now
disappeared. The topography of the
second ICA component is now subtracted
from the data.

We will learn more about the background
and other methods of artifact correction

throughout the tutorial.

Please switch off artifact correction again

by pressing Artifact / Correct.

BESA Research 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

R E L L]

22333335xR¢2

ICA ERP [Artifact Search Tags Goto Opt
.P B Automatic... rc | Usr
i ¥ View e
NN Correct e
frnamsm i Select... S
w Dptions... | tecn e e
e ot Ao
: Load...

i Save... [T
B, o

¥

o Dgzons thes
Opt || Lr | v | be | Eor | £ |

ERP [ Artifact | Search

Tags Goto Options He

iAl Automatic... rc | Usr | OPtI |

B v View ‘”"""""""‘“""‘“"“‘“"’"“W«—"
v Correct !

e T WP

] Select... thw

e Options... “““‘“""“’“”““M""“M

gt W
Load... i

e o= e T T
Save... ;

S

mwww@wmww
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D. 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
current montage are listed along with their
amplitude spectrum from 1 to 30 Hz
(default).
frequency is displayed that carries the

Beside every electrode the

peak amplitude in the specified time-
range. The current view shoes that the
frontal electrodes are characterised by
high-amplitude low frequencies. Click into
the low-frequent activity to open the 3-D

Mapping window.

-, T = o e e e e
Eile View Map Options i
(virtual  Amp. Spectrum Peak
|F8_rir 0.96 30
A1t | 0.96 17|
L 0.95 1.7 |
Fore Mmoo 1.09 BT,
L 0.95 27
L 0.95 16
PT_rfr 136 14 |
o1 _rir 122 17
L 0.95 23
A 0.95 07
Lo 1.36 14
Fpz_rfr hL 1.09 6.5
Fz_rir 0.95 19
Cz_rr 2 11 |
PO e . 0.95 18 N
L 122 18 i
| P 1.76 1i7. |
l ca_rtr 0.95 15 |
| Pd_rfr 0.95 24 i
oz e i s 1.08 5.4
| L 0.95 1.7
L Rt 0.95 12
PR R 0.95 22
o2_rir 0.95 24
F10_rfr 0.95 18
V2 217 17
(PO e e 0.95 22
10 20 Hz w

2 In case you want to look at longer data periods or the whole dataset it is recommended you use the option

Process / Mean FFT-Spectrum

BESA Research 6.0 Tutorial
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3. Scale up the the voltage map by using the

23% i

upper arrow-key on your keyboard or

33agaza

using the button +.. It becomes clear that
the high low-frequent amplitudes are
caused by an eye-blink in the current
example. Note that you can change the

i
B
e
i
p
g
o
i
A4
;

2EZTZRRPRERIS 0T E

frequency-range you want to view or

change from amplitude to power spectrum

in the View menu. In the Map menu you
can choose the frequency band you want
see a voltage topography of in the 3D-
Mapping window. Close both the FFT and

Mapping window.

4. The DSA view is also based on an FFT Process £RP=-Artifast Searct
. . G | ERP | DSA
and allows you to quickly get a feeling for | L' | ?ec: [V

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 will jump to the according timepoint in the data in the main

window.

=
|

[#0 @|s=] fow njreisal [0 8] 2)Vjx w| ww) sjun]m ¢]+] 00:00-00:16
Power wf .
(]
1o [ 1%~
" o
e IR IR | 1 W PP T Tt 1T Ty it . o -
L}

e
s~ R ] |
b d sk L m P HIR A e min ki a mdad " s bR | N e b i b i bk 1A RN i e R !'
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6. Change the view of the DSA window to T ——
multiple brain regions by pressing the
button @ in the top left corner of the DSA | _L
window. In this view it is possible to see ST
that the left and right temporal regions Eu '
show activity in the alpha / low beta band *
that is not present in the other brain :"‘ML _
regions. 3 et i fen I b LiE
The DSA view is valuable to quickly .
identify time-windows in the dataset that Ak J
are characterised by high signal power. —
This can be very useful for e.g. epilepsy EL
research to identify seizure periods and : T et e
get a rough idea of the origin of the ;mrm- T et et

seizure. Close the DSA view.

E. Filtering

1. ltis pOSSIbIe to SpGley Low CUtOﬁ’ ngh Filters| Montage Process ERP Artifact Search Tags Goto Op

Cutoff Notch and Bandpass filters in L Edit Fitter Settings.. | Usr
. . ) ) i¢ Reset to Default Settings
BESA. This can be done via Filters / Edit Low Cutoff Filter N
Filter Settings (also: EdF button) or the High Cutof Filter e
Notch Filter 4 \/W
buttons LF' HF and NF. Band Pass Filter Enabled
Polygraphic / Additional Chns... ﬁ
U LF | HF | NF | EdF |_E View Filter Response
T T e
i v Baseline Correction Over Whole Trace/Segment :
. ¥ T VR
Baseline for Segments.. :
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2. For Low and High Cutoff filters the filter |vmemmersenss SR s

" Lo CutoffFikeq
Cutof Frequency [z}, | 01 Type: [forward ~| Siope [BdBioct  v]

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

backward. The slope of the filter can also | s cuonrire

Cutoff Frequency [z | 40 Type |rerophese | Siope [e4dBroct v

be edited. In order to understand the

[~ Motch Fitter ‘

properties of filters better we will now \ Fissies s ) s |2

[~ Band Pass Filter ‘

switch to the program “DipoleSimulator”. ‘ e 0 ] s [

Please close the filter menu without i, 250t —

setting any filters.

8 Comoga s R e 53 : x
Piw [ Vew Opaes feio 1
FCEEH M@ T VY e |

3. Open the program DipoleSimulator

%DipoleSimulator.exe located in your

BESA installation folder (C:\Program
Files (x86)\BESA\Research_6_0). On
the left of the window you see the BESA

head schemes, on the right you see an

sl s 00 B dvcioon
L Bty

electrode layout.

4. Press File / Load Model File and select
the model AC-2D-biphasic-

synchronous.mod  located in the
Examples Folder Learn by Simulations
(C:\Users\Public\Documents\BESA\Re /:;« TN

i r y |lr..' .\
Al O
A} el A Jr.-

= i

search_6_O\Examples\Learn-by-

Dt ik 5o ymilis on curcr, oo meney cursce o 1 katicn Sl e 5 38 wecnonies
| =i AT 4 Al AR

Simulations). You will see two dipoles

representing activity in the left and right [fresewes R B

h . h I . h h . Low Cutoff / High Pass Status  [v Enabled
emisphere along with their source Fracuency | ] Sopn [rabomme =] Toee [ =
waveforms, i.e. their activity over time in T setes [ Eraiied

. Freguen: 7] Slope awve - Twpe  |forwar -
the middle panel. Press the button Fe to o el CL) TN |

m Cancel | oK I

open the filter dialog.

Specify a Low Cutoff filter of 5 Hz,
6dB/Octave, forward and make sure that
the box Enabled is only ticked for the Low
Cutoff filter.
BESA Research 6.0 Tutorial Page 21 of 280
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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.

\Progra ESA\Research_5_3\default.elp - DipoleSimulator b‘@g
File Edit View Options Help
S DFSHE S 2% %Y Ri Hd|Ns|Fv Fe |3
@ @ 5.00 p\v
[ <
Fpl Fp2 . |
. ] "‘F, F10_, |
F:. I
FCs FC1 |
— f)\ —\;v“s— |
T AT, % ﬁfL JLT WAL PN
T *f-— —\g"'_ g
s B B1o fi
‘ |
o1 _j oz p
Fawy I
Low: 5.0 Hz, order=1
Source 1 node 2: -19 nAm Reference free=blue
0 10 20 30 40 50 A Ref
Spherical model EEG 33 electrode;

response changed as well as the filtered waveforms.
While the amplitude of the filtered waveform is still

diminished, the peaks of the filtered waveforms are

Change the filter type to zero-phase. Note that the filter

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

new “component” was caused by the filter at waveform

onset and another one at the waveform offset.

BESA Research 6.0 Tutorial
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b

%% C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator ] E=NIE X
- — N - . il e -
File Edit View Options Help
| DFER HE 2K Y VIR Hd Ns [[Fv Fe |3
| 1
@ @ Sl
T Fp2
—f— ﬂ[xﬁ Ml

Il
I Pz Pa
e —“\f; e g
B 2§ e
I sy
=T o1 02
i Y, B . -
Low: 6.0 Hz, order=2
Il
Reference-free=blue |
0 10 20 Ref. |
Spherical model EEG 33 electrodes

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

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

%% C:\Program Files (x86)\BESA\Research 5_3\default.elp - DipoleSimulator ] E=RIE X
— R P - I o i
Eile Edit View Options Help
FDFERE S 2R |% VR Hd|Ns |[Fv Fe | 3R
2 -l =]
& = =]
@ @ S0
T <
| fl
I Fal P I
I ||
| il
| il
I
i
I
| 67’5
I /L
Il
=
i
ala
Low: 5.0 Hz, order=2
o |
I
Source 1 node 2: -53 nAm Reference-free=blue
] 10 20 30 40 50 |~ Ref. |
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
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8. Change the filter slope to 48 dB/Octave. Note that the
filter response suggests better filtering properties, i.e. it
filters out frequencies below 5 Hz more effectively. The

downside is that this creates greater artifacts, distorting

the waveform even further.

I Freuoncy 5[] Stopo [IETRRN -] e [ron

| L il [ Hagh Pasy Sioas [ Enabled

phase

Hagh Custedt [ Low Pass Swas [ Enabled

Friguansy [i0 [ Soe [foBiOcme =] Tipr [wemn =]

Eile Edit View Options Help

FhegaRH S 2 k’?IE’V\Ri Hd | Ns |[Fv Fe | 3|

Y

5000V

(D
A

Law 50Hz,order=8 __ =

Source 1 node 2: -54 nAm, 97 ms
] 10 20 30 40 50 hdl hd

Reference-free=blue Ref. |

|Spherical model [EEG (33 electrodes
9. Disable the Low Cutoff filter and enable a High Cutoff === IR
filter of 30 Hz, 12 dB/Octave, zero phase. Note that the | :“""':' SR & I’“m:_:
original waveform was not changed by the filter. This is | 77" " " B e e =

the case because evoked potentials are generally lower

in frequency.
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ESﬁesearch_S_&’\defauI‘l.elpfﬂpoleSimulator g \L
File Edit View Options Help
S DFSEE B S Y YR Hd bs|[Fe Fo| 32|
» a @ 50 nAm = - e
B, U
"—r 4 R Ny "
FC5 1 FC2 FC6
|
c e fy ca |y T\ ™0 n
[l
cP5 U cP_ U cp2 UCPG
o P3 Pz . o
f f
,L P‘-‘Jﬂvi J 10
—_ o1 02
_High: 30.0 Hz, order=2
o = = = = =) Source 1 node 2: -55 nAm ZI;I Reference free=blue Ref. |
|Spherica| model \EEG \33 electrodes /|
10. Change the High Cutoff filter to 10 Hz, 12 dB/Octave, |~ .
zero phase. The amplitude of the waveforms get | = =7 == = == =
High Cuol | Low Pass Sisars [ Esabled

decreased, while the shape of the waveform is not as
distorted as in the example of the Low Cutoff filter.

ESA\Research_5_3\default.elp - DipoleSimulator

\ .-“ i

File Edit View Options Help

Frequescy i (Mr) Stooe [12cB/0cee v

1% pe—

Cancel o

S D@&EEE S Y YR Hl Ns|[Fe Fe 3]

50 nAm

ANV

Source 1 nede 2: -55 nAm

|« ]+]

Reference-free=blue

5.00 gV
F10
T0
FW
Ref. |

\Spherical model

[EEG 33 electrodes
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11. Increase the slope to 48 dB/Octave. Note that the filter ===

response again suggests better filtering properties

suppressing activity > 10 Hz more effectively. The

consequence is a slightly distorted waveform. Still, the

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

BESA\Research_5_3\defaultelp - DipoleSimulator ‘ =l e

File Edit View Options Help
ELhDFE&EH EH S 78 |% Y R H Hs |y Fe |22

PN
DD
()G o

/L
—
_High: 10.0 Hz, order=3
Source 1 node 2: -55 nAm Reference free=blue
0 10 20 30 40 50 == Ref. |
For Help, press F1 Spherical model EEG 33 electrodes

Things to keep in mind when filtering

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

o Filters affect both amplitude and shape of your waveforms

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

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

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

earlier components
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Tutorial 2 - Artifact Correction, Triggers, 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. Artifact Correction

1.

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

- Reference Free).

On the 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.

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 6.0 Tutorial
Copyright © 2014
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i
"[ ”'|| TR TR TR T T T T A T

Total: 001647 [ Gt 1177 419 10 g

Automatic Artifact Correction u
[~ Awtifact
v EOG ]
HEOG Amplitude Threshald  [150.0  pv
Cancel
WEOG/Blink Threshold 260.0 v
[~ EKG

EKG Channel

EKG Amplitude Threshold 1000 Y

=}
ng!

@ Whole EEG
€ Between Markers
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4. No horizontal eye movements were found so only a virtual VEOG channel was created by
BESA. 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

Prooess ERP Aniifact Sessch Tags Golo  Opuions Help
MG | ERP | DSA | Rec [ Wir Src | Usr | Opt [EoM | LF | WF | NF | EoF | EEG |

VRIS i i e i

] T e - —— i TP S '|J"y'_
l2 Yle 4 s 2

4 m[ SEI N i AT i TRMRTTRTRETARS 1100

Time: 000000 Totah 007602 Marki2808s  Cor 0091 s 1FO s G540 Filters of Better:1 Niew: Orignal | ComectPCA  Badi0 I )

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 20uV using
the according amplitude scaling button.
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File Edn View Filters- Momage Process ERP Anifsct Search Tags Goto Opticns Hesp
F|Fe|wirs | sAW |30 MG | ERP | DSA [[Rec Wi | Src | Usr | Opt |[EM | LF | HF | NF | EoF | EEG

P

ndd
e A e A e e s i W%W"wn_mmw[_u

ot
B s TRl el S e o,

Rniiain o P
et e A

s e e e ddinna

et WWHNMW e ey
e i e e e e e s e e
i e et o
B e I
B e S erias samauone L EPEE SR, SEISUNDRE R AN o B P
%wﬂw.umw\hwwwmww P AN s DR s (A RSSO, .. PN \...\,\.,.._MNHWM o
i S S T 0 S i \/q_—v-«_' e i e e ettt i N e b A g A g b E

B A T S T ‘WWMW% ]
P .f"‘\n\'h T e B s T s S I S
MW%WWWWWWM L

e e e et PR N Pt A et A o A AP ettt o N At e

A b N bbb N bt e R A SIS ST AR P s SR TP S T
R SR S R B B R o L TR S Sy e A PR RO S Py EUTLP PUPRPP Iy LR /R RSP e e
B e e A P SN P8 o s bt b OIS , itr emm A e
B e A e T o e o o e o i A e i,

e ! s P
B I e T i o i el

5 wwmwa

T e T T W

WWWM«J‘W*WMN ki

F10 WW i e Y e L0 s e s

[ [l S S 4

o T e it L e Al S, S T S SRR AL st (PR M =P Yl SRy SRt SN Ees SR -

FOB Wttt WAy e A A o b MWMMWM@WWWWWWWM 1
e S T e e e e _IL 1
TH M Ao S st WWWWMWW‘WWMWWAWW -
e S i e Tt Ly IV P

€P§ -WM‘me"—"’%MW‘*%»WWWMWMHM_M_WhW

[ R S S L B T

cz

!:ﬁ —I"'I v"lrl : Illljlll% |Ji% # iL: %WITEJ_
Time: 000000 Total: 00:16:02 Mack: 2505 5 Cu:3573 s 1 Fp2 1922 NV Filers off Budter: 1 Wiew: Original Correct: O Bad:0

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

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

eyeblinks if an EOG was not specifically recorded.

mmi.lmwmimwn Search  Tags Goto Options Help
F|Fe|wrs | saw |[30 MG | ERP | DSA [[Aee Wi | Src | Uer | Ope |EdM | LF | WF | WF | EdF | EEG

Fpl

Fp2

F3

Fd

c3

c4 ; et 8 =

P3 ot S N S B it I e i e T

P4 e R PGS Ao SRRt SR B T R s EE SR S A e i PR O A

o1 o g SRR RS S WV VL e e e T e o N A T e foo
o2 A e e M T e Ciios T i o R WM\‘,WH.,H&
Al B e A Y T Y S e PN I
Az St P S SIS S [ et o P A A o o N et A, [ g b, ANt e bt s g i Pttt s, ¥ TR
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7. Now we will apply filter settings that are [vmmesame: 0 e

v Low Cutoff Filter

optimal for the identification of blinks.

CutoftFrequency Hz) | 05 Type: [forward ~| Siope: [BeBioct  ~]
Press the EdF button to open the filtering || = racurere I
Cutoff Frequency [Hz]: | 8 Type: |zerophase v | siope [24dBroct | | ||

dialog. Choose a Low Cutoff filter of

[~ MNotch Filer

0.5Hz, forward, 6dB and a High Cutoff Ry e ‘
[~ Band Pass Filter

Frecquency [Hz] 80 Wickth [Hzl: 5 ‘

filter of 8Hz, zero-phase, 12dB.

Sampling Rate: 250 Hz

8. Before marking an eyeblink, we need to Default Block Epoch G|

define a default block epoch that will later

Fre cursor: N ms

be used for the pattern search. To do so

press Edit / Default Block Epoch and Postoursar [4000ms

choose the settings Pre cursor: -100ms I oK_| Cancel | '
I

and Post Cursor: 400ms. This time L ' y

window is usually sufficient to cover the

whole extension of the blink signal.

9. Right-click on the onset of the blink (you [ ~——— "~~~ T oo

. Fz - ——— t;em-ualm [

may use the virtual B_EOG channelasa ™ —
Image

EOG = e

reference) and select Default Block. o e |

Fcz Marker =

FCE Comment _—

FC& Pattemn 1 —

™ Pattemn 2 e

T2 Pattemn 3 -

CP5 Pattern 4 —

CP8 rl‘ancm 5 -

Tipnag: 00:00:00 Total: 01602 Off: 000000 Cur:27192:B_EQOG :9.10 nAm
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10. You may select the channels that pick up
the eyeblink most clearly by holding down
the ctrl-key and left-clicking on the

according electrode labels. Select Fp1,

Fp2 and the virtual B_EOG channel.

BESA will only use the selected channels

for the pattern search. However, when

data are filtered it is often not necessary
to specify channels, the search algorithm

may be run using all channels.

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

the pattern search.

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

Asking. now

BESA Research 6.0 Tutorial
Copyright © 2014
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: Seerch Togi Geto Optsons
4-]:- wies | saw |30 mmnu]nu?_u Se | Use | opt uu]u“; _wr | EdF | EEG |

s 4]0 ]

Tigan: 001KKT0

- G esearch._3\Bramples\ERP- Aoy Tntensiys Lo I

Tt 0016112 Mark: 2707 5 G 14885 Fpl 60 gV Filers: 05 -8 He

Vlﬁr‘hfrs ontage Process ERP Artifact | Search| Tags Goto Options Help
i | saw |} IMG | ERP | DSA [ Ré v pattern EdN
S - Tagged Events A

: Triggers .
; v Whole Data Set L
H Current Segment
: -
: Between Markers

[ -
: To End of Data

- -
: To End of Segment

—_—_— —— T —
: To Next Marker

] Queny -
B Search, Average, View

W . . e
B Reject Artifacts

e i —
B Options...
H Clear Buffer -

Accept
to
awverage?
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automatically scan through the rest of the
data.®
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 -100ms and
a window length of 400ms as specified by
the default block epoch. Left-drag a
window in it, right-click and select Whole
Segment. Right click again and specify
Define Artifact Topography. (If you click
next to the buffer window, it disapears. It
can be displayed again by pressing View /

Average Buffers.)

Saver | | ERP-Auditorylntensity x| *BoEr
= Name Date modified =
= “'-ﬁ; test 17022011 1431
CONEIoA) Al_Subjects_cefsq 09.122009 1435
-. Grand_Average_av_cc-testfsg 03032011 1125
Deskiop S1_artfsg 25022011 13:32 =
i S1avfsg 13.05.2005 14:53
! 51_av_FILTER_EXAMPLE fxg 02032011 10:52
Ubrares 51_av_FILTER_EXAMPLE_AFTERfsg 02032011 1051
-.h 51_av_testfig 24022011 14:37
g S1_av-testisg 04032011 1451
- d S1-blink+ERP.f3g 18.052005 1719
e, S2_avfsg 13.05.2005 1455
Network 53 avig 03122009 1258
A _sarfrm LERR R R R R
‘ i 13
Fill pame Siig] =] r - :f
Save as fype: [Binary High Reschuion (* fsg) | 1 Caneel
\ %E

File Edit

Fp1 ™
-
F3
F4
c3
c4
P3

[P wes | saw [

View - Filters

Top View of Data

Linear Correlation
Source Analysis
Whale Segment
Defauilt Block
Map

Image

Write Segment

Copy to Bule

L]

Process  ERP Arifact icln(h Tags Goto Options Help
MG | ERP | DSA || Ree  Mir | Src | Usr | Ope [EdM | LF | HF | NF |1

p————————— —

e

| o

I

= L—o o S

T

5 e s

B

I ‘l ‘_li ' } 'i|'1|'ri:ili|'|'|'|i||ii.||i|'|'||_.i|'|".

Puims; 125

_FPongrn: 1

VT
P1/150,

Aoverages: 150

-~ _"-\_:-f:\_,../'/-\-f_‘x /——_’:--v"; = -._\ﬂ(_/:\vf

e TN i s

3 |f you data are contaminated by many other artifacts, it is recommended to only accept blinks that do not

coincide with another artifact event in order to receive a clean eyeblink topography.
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15. Note that VEOG is already ticked in the Tawcwe i

1| Select Topograpives | Exsmate Segnal |

artifact correction window. The reason is 1 .. .. e
d 77 R e
that BESA still remembered the automatic - "= —
< Fvees [ =] v | Assign Antifact Topagaphy ___
artifact correction from before. Select - "™ = UK g VEOS s o simiar amiion 100K (8

Blink. An error message will appear
notifying you that the blink and VEOG

topographies are too similar and that
VEOG will be deleted. Confirm with OK.

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

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

decomposes the blink signal into

independent topographies. Generally the

first component explains >99% of the

variance, so it is sufficient to only subtract

——— i DL -Tep. 1 (9RE0%) :_I

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.

41t 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 100uV using
the its amplitude scaling button you will
see that it is almost identical to the virtual
blink that
automatically using the Add button.
Switch off H EOG and B _EOG by
pressing Add and selecting Switch off.

channel was created

Also make sure to swich off artifact

correction for now by pressing ctrl+E.

1. We will now use the trigger information in

the file to specify conditions that will later
be used for averaging. Press ERP / Edit

Paradigm.

BESA Research 6.0 Tutorial
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Zzgezanory

a23gFazgrIsataass

bl e ——
T,

E T3

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

cess Artifact Search Tags Goto Options Help

| ER

Open Paradigm...
Edit Paradigm...
Save Paradigm As...

Average...

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

| _LF
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Add to List. Do the same with the rest of

2. Switch to the Trigger tab. 5 triggers are ==~ —
detected in the dataset. They correspond | us ‘
to stimuli that were presented at 60dB, | \ I |
70dB, 80dB, 90dB and 100dB. Enter | | | |
60dB in the field under name and press | ;,‘ .

the labels.

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, ...
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-

Paradigm

Trigger | Condition | Epoch | Filter | Artifact | Average | Coherence |

—Aftributes

Icode Iname Imodality Iside Ifrequency Iintensity Define |

—aAdttribute Yalues

IBDdEI Iauditory Ibilateral |1DDD_HZ IBDdEI Add o List |

2

i Bemowe from Listl
5

—Current Assignment

| narne | modality | side | frequency | intensity
60dB auditany bilateral 1000_Hz 60dB
70dB auditony hilateral 1000_Hz 70dB
a0dB auditory bilateral 1000_Hz a0dB
90dB auditany hilateral 1000_Hz 90dB
100dB auditory hilateral 1000_Hz 100dB

QK | Cancel

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

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

Finally we will specify the condition All by specifying Current modality Is auditory.
(Make sure your condition definition looks like in the screenshot below.)
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Paradigm

Trigger Condition | Epoch | Filter | Artifact | Average | Coherence |

MName Qualifier Attribute Operator

All |Previ0us Insert

MNext 1 Eeplace

Delete

Condition

BOdE 96 Currant intansity s "80dB"
70dB 93

G0dE 104 Currant intansity |s "30dB"
0dB a5

100dE 89 Currant intansity |5 "100dB"
Loy 189

High 174 Currant intansity |s "E0dB"
u or

Current intensity s "70dB"

S

Current intensity |s "30dB"
ar File

Current intensity |s "100dB" Lacd

i

Current modali auditor,"
Current moda, uditory I_ Sawve As
-

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.

5. Move to the Epoch tab. Set Averaging

Tngger | Condtos  Zpoch | Fher | Amtect | Awerage | Cohownce |

Epoch to —300 : 1000, Baseline Definition = o

SutPastan B -~ o o (B om (g om fE
to —100 : 0, Artifact Rejection to —300 : | =ewee [0 e e e

1000 and choose Assign to All. =R
Important note: We recommend using | = as men moe
long pre- and post-stimulus timestoallow | & =&@ Gl BoE om0 L
ETRTT—
for optimum Low Cutoff filtering. ' '
[ ] cmn | nw |
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6. Move to the Filter tab. Specify a Low

Cutoff filter of 0.2Hz,
Enable it

6dB/Octave,

forward. for Scan and
Averaging. l.e. the Low Cutoff filter will be
switched on for the artifact scan and
averaging. This prevents us from having
to filter the averaged data later on and we
can avoid the negative effect Low Cutoff
filters can have on relatively short data
epochs. We will not use a High Cutoff
filter here as we can apply it later without
distorting the data. You can now save the
paradigm definition by pressing Save As.
Choose any name and add -test to it in
order to not over-write any predefined

files.

Paradigm P = S B &
Togger | Con | Epoch  Fiter | Amfact | Avesage | Coherence
Low Cutolf
[ Enghl F
Erequency [ Mg Siope [6dbjon + Typs [forward -
High Cutofi
[~ Enabled for Scan [~ Ensbiledfor Averaging '
Py [F537 (r) Sone | 21 T =] !
Bend Pass File
[ Enabledfor Ayeragin
blad far Aversging Tosi
Frag [ [H] ieln [750 ] SeveAs |
1
|
|
| OK Cancel Hely

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

1.

To make sure you have the identical paradigm settings as described here, please load

the pre-defined Paradigm-file

under

located in the

. Move to the Artifact tab and press Start Scan. You will see a 2-

dimensional diagram showing the channels (rows) and trials (columns) having the most

noise. By default values based on maximum amplitudes within the predefined artifact

epochs are shown. Epochs that exceed the amplitude threshold (default: 120uV) will be

excluded from further processing. You can view the number of accepted trials per

condition in the Count box. As artifact correction is switched off at the moment, a

substantial number of trials will be rejected.
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Paradigm

Trigger | Condition | Epoch I Filter Artifact

—Rejection Method
[ Fixed Threshalds

[v Atifact Scan Toal

Average

ggers, Averaging

Coherence |

— Thresholds and Bad Channels

Start Scan UseforAv. @ EEG ( MAG  GRA

|120

1I I"| IIIII

1!
RTVRL

v Ampl I_D LI
=
=]

colar

|1 20

[V Gradient I?s.n [750

W

i1 [V Low Sig In.m [0

Bad Channels

I i
—Count  Accepted  Condition
96 77 (80%) GOdB
93 70 70dB
103 il 30dB
85 72 J0dB
ik 76 100dB
184 147 L
174 148 Hirth

File

Load |

Wigd
i

0]

71 Trials

v Sort Channels by hMean

[~ Log. Display

" Gradient

SEve A |

1295

 Law Signal

2. Right-click on the red channels to see

their labels. The two channels that
contain most bad epochs are FP1 and
FP2, two frontal electrodes that pick up
eyeblinks most strongly. Note that it is
also possible at this stage to change a
status bad or

channel to good,

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

Status

Chaseel: FF1

Mo of Amplinude Rangs in Chacnet4293

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 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 40 of 280

www.besa.de



BESA®

Tutorial 2 - Artifact Correction, Triggers, Averaging

3. Itis also possible to view the result of == R =

Togger | Cosdton | Epech | Fiser  Anact | Awerage | Cohenence
Firjocton Wetrod Throshoids end ad Channels.

sorting the data after a Gradient criterion Croienes @ sasontos | S |in w0 ¢

Fordon [50 [0[F0 =] ()

(default: 75uV), i.e. epochs will be

Flesg il [0 [0~

Bad Chamnals ]

marked as bad that contain amplitude
jumps of >75uV between two sampling

points. Choose Sort by Gradient to

04 1+

view this. BTk gk i I~ tog ey 1255

4. The Low Signal criterion can be useful | .

Tgger Condbon | Epech Fiter Antact Average Ccherarce

to identify data periods where an it Fameasoozs | owim [ # E20 £

n CFamg [
 Gmdart I.'-En

electrode drops off during recording. | «

¥ lonsq 00

Dad Crarnols

Epochs will be marked as bad during
which the signal is smaller than the
threshold criterion (default: 0.01uV).

. . 0 1] —Ir]  Graten et
Choose Sort by Low Signal to view T songraeantyun R
this. In the present case, no epochs fall L — = s na..

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

A scan has already been performed.
Assignments of bad channels which were done in this editing

again by preSSing ERP / Edit Paradigm session will be lost if you scan again.

Do youwant to scan again?

and move to the Artifact tab. Start the

artifact scan again (how 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.
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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 voxel

and selecting Show Trial.

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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2. A warning message will appear that
artifact correction is switched on, which
can be problematic for later source
analysis®. We recommend to switch off
artifact correction for averaging and to
load the artifact topographies again at
later stages. Press Yes to confirm
artifact correction to be turned off. Note
that all epochs will still be averaged that
were selected with artifact correction

being switched on!

3. 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

).

4. You will be prompted to specify names
for the averaged epochs. By default,
BESA will suggest the names as defined
in the paradigm. Unless you want to
alter them, choose Stop Asking and the

original names will be maintained.

Artifact Correction Switched On for Averagi—n_gn ﬁ

Agtifact Correction may distort brain topographies. For discrete source analysis itis
preferable to use uncarrected data and include artifact topographies in the source model

Press:
‘ves to tumn off arifact correction

Mo touse itneverheless |

I| Cancelto quiteveraging N

| f |
Yes MNo Cancel

\ |

= —

et G S R
saven [ ) ERP Aoy nenany ﬂ + [ ¢f B
e Hame & Drate modified
- ;;’ test 17022011 1431
sy Al Subjects_ccfsg 09.12.2009 14:35
- Grand_Average_av_cc-testfsg 03.03.201111:25
Deskiop S1_artfsg 25022011 1332
o S1aviig 13.05.2005 14:53 |
e S1_av_FILTER_EXAMPLEfsq 02.03.2011 10:52
Libraries 51_a_FILTER_EXAMPLE_AFTERfsg 02.03.2011 1051
'_& S1-plink+ERP.f5g 180520051719
Z 52 avisg 13.05.2005 1455
Ci s
m.“p o 53 avihig 03122009 12:58
6: S4_avfsy 03.12.2009 1309
Nawock 55_avtsg 03.12.2009 13:08
CE efron AD 173008 1307 i,
v
|
File game: 51 avnatiig] - Save [ |
Save a3 lype [Bunary Hogh Resoiubien (" tsg) =] Cancel |
| ]
r - |
Please Enter a Segment Comment ﬂ
]
Ok Stop Asking Cancel
| |
N — — . 4

5 See the effect of switched on artifact correction during averaging in Tutorial 7: Source Montages.
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5. The Top Data Viewer will automatically = -
open displaying the averaging results.
You may choose two conditions at once
to be overlayed by holding down the ctrl-

key and left-clicking on the conditions of

interest. It is possible to change the 7
viewing properties (color of waveforms, = T
labels, etc.) by selecting Options /
Preferences or right-clicking in the
background and pressing Viewing
Preferences. The viewing epoch may
be changed by selecting View / Epoch
or right-clicking in the background and

selecting Viewing Epoch.

6. Select condition 60dB and double click ——————_ [ ek -votoe = EcE Al
in the waveforms at 636ms. At this time, '
strong activity in electrodes Fpl and

Fp2 can be seen. The 3-D mapping

window will open. Again, we clearly see

TR

§f

the frontal positivity that is typical for | =

eyeblinks.

7. Close the TopViewer to return to the

E = - — -
Organize = New foider = 7]

main window. After averaging, BESA = - T LT

automatically opens the newly created | »w=we s

% RecentPlaces  |=| = S1-blinksERP.aI

average file. Therefore, we see a | '

I Deskiop

segmented file containing segments of | [

R sa
& Computer

the conditions as defined in the oo
paradigm. We are now going to load the . ‘figiﬂﬁ‘i“‘ 1
Leen 7 | ] i

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.
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8. Loading the *.atf file will lead to BESA
subtracting the eyeblink topography.
Note that corrected appears in the top-
left corner and a 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 60dB condition and note

that the large activity around 636ms has

disappeared. If you now double-click to
bring up the 3D-mapping window you
will see that the blink topography is

gone.

10. 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.

11. The Find Peaks window will open and
automatically display the search results
for the marked data-block in the
specified electrode as well as all other
electrodes. A time of the large negative
peak is 88ms. BESA also outputs the
mean amplitude in the specified time-
range as well as the Area under the
signal. These results can be saved
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using the ASCII Export option. Press
OK.

12. Back in the TopViewer an arrow will now

‘ H2s

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

D N NI NI N

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.

All.
Scripts. This will bring up the Batch

Now select Process / Batch

Processing dialog.

both

available *.cnt-files (S1l.cntand S2.cnt).

2. Press Add File and select

Press Open.
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3. The file-list now contains the raw data of === .

subjects S1 and S2. For display e S R R

[Fim 1 [ 1

purposes only two datasets were | coimoTRsEETEEnEE o

selected, in principle, an arbitrary

number of files can be selected. Wecan | | ‘
see that both files contain data of 32 I

electrodes sampled at 250Hz. It is

possible to save or reload afile list at this i o |

stage by pressing the according buttons.

4. Move to the Batch tab and press Add [s=em TN =

7 Source Anslyse: Source Anslysis Imaging:
command. This will bring up the Select | [z s - Era
i gt
Command window that is sub-divided | [ e o mor”
. . . ™ e o
into 4 command sections corresponding o v -
. . 1= Apply 1o ell files E‘%’?:ﬂ %T;::‘m :mmd
to the main program, source analysis, | ... .o Do iy
- - . . 1™ Apply nt and of batch :}:ﬁﬁ" Hmmmw quency Analyses:
imaging, time-frequency analysis and et = e
T oo :mc‘t'ﬁ’ " ::;’NTQMAIMH
general commands. o Shrinaes
Pl
[ ok I Cancel

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.

(T | eESE
i~ Instructiol
L Press Browse... to select a paradigm file name.
o “basename®: will be replaced by the base name of Il
B ot the currentfile
e LonsTh L
2 Feseural e i
S erveurrers acrva |
_“EE‘_ E;f:“;: :“-'“ ""“; . i~ File name Lbaas
& iy st Fiscoee g 5
L e e s I%basename% pey Y
Ayt o bt o b, (FOAECT i Syl
e [
' T Fregeensy Aasiges: t
e pateioer B e | oK | Cancel | i - .
e et waren boer g T
me GeraTaas i il gore e =l Qo
e e BT e W™
e i [Parmatigm ey =]
o= |
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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.
.wm:m“w‘ _-‘_—“ “— i Artifact Scan Task w‘

Instructions

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

| g |
4NN EEN BN ’ 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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| Average Task |
i Instuctions
File nama rnusk dafines |mge1 fila name: i can inchede » subdracton nama. and tha file

Iz detned, the mask i3 appendad 1o he
dineciony namu Othorwise o duna directory is used

For FFT aversging, use the “FFTsawve" beich command to sen the nisults

’.——————-=

File name magk: 15‘ sbssendgie®_awtest

o —— -

= eﬁeﬂmhmei('mennd diraciory)
[ ClP T 0 PP oy st

[ Keep arifact comacton on during everaging

Ui

[~ FFT average on first condition

8. The three commands have been added to [~ R s

Fiatos tiser |

the command list with all specified | o o | B |
options. You may save this batch and ﬁ] — Wtw —
reload it for further analyses using the e~ o
Save Batch and Load Batch buttons.
Press OK to start the batch processing
with the first file (S1.cnt).
o | e | e |

9. BESA Research stops after the artifact [m= T e

Tigow | Conden | Epsch | Fier  Asma | Avese | Cobawnce |
Fepchon Metiod

scan has been performed. You can now I Fond Tt senTo Swigon

Thresholds end fiad Chesnsts
Usedordw. @& EEG ™ 10 I
| F g [ [ =
A L o
RLL

[l ,.l.".h_#' 7 lowsg [0 [0/ ]
MU e charnos [ i
i

manually adjust the number of rejected

trials and channels. In file S1.cnt, many

i ".;. m
it

ST Ivd| Com Acoamed Condton

" & (oF e
(R '_ B @ (e ne

blinks can be observed, primarily in

channels Fpl and Fp2. The preset mwm 3
amplitude threshold is not low enough to T PR ™|, ¢ e P
exclude all blink-contaminated trials. Drag el L
the vertical red bar to the left to exclude
more trials or set the amplitude
threshold manually to 80uV. This will
reject more epochs but we can be certain
that no artifacts are retained in the data.
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10. Select Sort by Gradient. Place the
scrollbar to the right end of the display to
see the trials with large gradient artifacts.

The gradient threshold should be lowered

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

should be moved to the left) to exclude all
artifact-contaminated trials. Set the
gradient threshold to 30uV. -

11. Select Sort by Low Signal to see whether

there are any channels that dropped out
during the measurement. This is not the

case.

12. Hit OK to finish artifact rejection in the first [sah completed Sy

data flle BESA Research nOW averages File 2: CAUL_s\BESA\Research_5_3\Examples\ERP-Auditon-ntensity 52.cnt
' Task:  Batch Completed

all specified conditions and proceeds with

Wiew Log

the next data file. In file S2.cnt, adjust the

artifact thresholds to 100uV (amplitude
criterion) and 50uV (gradient criterion).
After processing the batch on all data files,
BESA Research gives a notification and
offers to view the automatically generated
log file (View Log button). Press OK.
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B. Creating Grand Averages

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

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

between conditions across all subjects in classic ERP analysis. Individual average files (*.fsg)

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

Intensity.

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

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

column border in the title bar.

BESA Research 6.0 Tutorial
Copyright © 2014

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

¥ ¥ T
Combre Conditions, Charrels Find feaks i i | |
Fia Lt | Concmont ot | Charmal s | o e |

LewaFieLin

st | i Tl

Fia

Fie gam [ r————— =
Fiaa séiyper Foa i ot — =] care |
Drecoest  [Flalat pu—— =]

Ao 3 av
[T s——— e ——— T

Cancel L |

Page 53 of 280

www.besa.de



BESA®

Tutorial 3 — Batch Processing, Combine Conditions

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.

Corsbew Cositiom, Charmich, FrafFeaks

7 Divids result by sim ol PLUS fsctees

.

CombineConditions

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.
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6. We will modify the default definitions.
Instead of creating a grand average of

the All condition over subjects, we will

create a new condition that contains

the grand averaged difference be-

tween the High and the Low condition.

Left-click onto the label of the target

condition All in the title bar of the table.

This allows to create new target
conditions by inserting new columns, or
to rename an existing target condition.
Change the label of target condition
All to Difference and press OK.

7. The target condition has been renamed to Difference. Left-click twice onto the +1 entry
that links this condition to the All input condition. This will remove the link and leave the
field blank. To define the Difference condition as the average of High minus 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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C . caks -
Combine Conditions, Channels, Find Peaks -
-
|| FileList CondiionList | ChannelList| Run Script| I
|
Load Condition List | Load Previous Click in array to toggle "+1", "-1", no operation.
: Click column label to editthe label, delete it, or insert a new label to the left orthe column.
Save Condition List | New Target Condition | Right click for more options
Input Condiion | 60dB| 70dB| 80dB| 90dB| 100dB| Low| High| Differ.. |
60dB +1
70dB +1
80dB +1
90dB +1
100dB +1
wow | [ [ [ | 1] | 1]
High +1 +1
All
Weighted average? NO NO NO NO NO NO NO NO
—Feedback
Mo restrictions on sampling rates or channels. [¥ Divide result by sum of PLUS factars
Ok | Cancel | Help |

8. Press Save Condition List to store the [Elsaecoton i
. . . Savejr | ). Condiionkist -] rEBo@
defined conditions to disk. Enter ERP- e = Date modified
Rw:{bm | ERP-Auditory-Intensity.clist 13.05.2005 1537
Auditory-Intensity-test.clist as file = PrevioysSenings die (o301 114
name and press Save. You may press wf’
Load Condition List to load the l:;
predefined  condition  list ERP- “&"’
Auditory-Intensity.clist. o 5 =
Save as fype [Condition Lisa (" clis ~] Cancel |
Directones: [Cendibon List arectary - d
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9. Proceed to tab Channel List. By [~ i=iiiis -

default, settings in this tab are ignored

(checkmark at the bottom left). It allows

combining data of different channels. | =

To create our grand average, this is not d

necessary, therefore we leave the "

settings in this tab unchanged.

= e

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).

BESA Research 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 57 of 280



BESA® Research 6.0

Tutorial 3 — Batch Processing, Combine Conditions

and not standard &1 interpotation)

Temporl interpolation and Clipgng
I Spline 1o new sampling rate

Mo of samples: 125, no of prestimulus samples: 75
vl 300, wnderval. 1000

Eombh\etnnﬂl_?‘lal\s_;lwﬂds?’m Peaks
Filo List| Conditon List | Chanao List Run Script |
loadSetings | LoadPrevious | e

Sava Sefings

Averages bo gencrabe Fusther opbons

(" Generste geparate sverages for each source fle [# Open trget Sl in BESA

1 1 Pesks and Mean Ampinsdes

(e e e e e c e

" Peaks and mean amphiudes & M 5 [ v i

C Ams " Send MATLA

- Spatial Interpolation

™ Interpolate io Standard 81 eleciodes ki =

ol L
: 0 1000

(=i il inel charnets defned Time Range: ms ms

Martsge fﬂu.q.n:l Recording

I Chp interval
Sampiing rate from (ms) o fms) —J :
(250,00 3000 1000.0 Paaks
= [

||rp-.- = |  Channel for peak dotoction

| oK | Cancel Help
11. Click OK to start the batch. BESA
. Savein: [ L ERP-Auditory etensty -] +mdm-
Research computes the specified grand B |Name . Owemosied  » I
- ) test 17022011 1431
. Recent Pincan All_Subjects_cc.fsg 09.12.2009 14:35
averages and prompts for a flle name' . Grand_Average_av_cc-testfsg 03032011 11:25
) Doskop $1artfig so22011a32 |2
Enter All_Subjects cc-Test.fsg and B sy 1p0scniisas
-l 51_av_FILTER_EXAMPLE fsg 02032011 10552
Libearies S1_av_FILTER_EXAMPLE_AFTERfsg 02.03.2011 10:51
press Save. A Stavtestig 14032011 1605
o St ki
Q- S2_av-testfsg 14032011 16:06
Mswark S3_av.isg 03122009 1258 o
File game: [s10_av_cetosfieg ~l Save I
Save as typer |Binacy High Resalution {* fsg) B Cancel I
.
12. The generated grand average file ‘i==F=Fwisemm -owm T
contains the specified target conditions :
60dB to 100dB, Low, High and the : T
Difference condition. The number of :
source conditions is shown at the bottom = %
e u
next to the condition label, in our case 10, = :

one for each subject.

E_

== TeiwE wmaE R TR e
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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 and regional dipoles
v' Using PCA
v Independent Component Analysis (ICA)
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This tutorial is designed to teach the basic concepts of multiple source analysis. At the same
time, it can be used to get familiar with the user interface of the source analysis window in
BESA Research.

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

summarizes the obtained results and lists some guidelines for source analysis.

A. Theoretical introduction

Equivalent current dipoles

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

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

current flow in pyramidal cells the activity in each brain region
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The intracellular postsynaptic current vectors of nearby cortical columns sum linearly and can be
represented very accurately by an equivalent, compound dipole current vector. Areas with up to

3 cm in diameter can be very accurately (>99%) modeled by a single equivalent dipole.

Currents at the cortical convexity have a predominantly radial orientation; currents in cortical
fissures have predominantly tangential orientation. Generally, a patch of activated cortex in a
sensory, motor or spiking area will have an oblique orientation depending on the net orientation

of the activated cortex.

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

usually symbolized by an arrow or a short line.

The third parameter of an equivalent current dipole is its strength or amplitude, reflecting the
modeled net postsynaptic current flow. Its units are that of a dipole moment, i.e. nAm (nano-
Ampere x meter). It can be thought of as the product of the total postsynaptic current flow (in nA)
and the length over which this current is flowing (on the order of the length of a pyramidal cell in
meters). The temporal evolution of the dipole moment is called the source waveform and is in

many respects the most important outcome of source analysis.

Volume conduction and the principle of linear superposition

An ideal patch of superficial cortex creates a net radial current flow that can be very accurately

modeled by an equivalent dipole near its center.

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

returning to the brain.
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Inside the head: Signal on the head surface:
Primary (postsynaptic, Generated potential changes (=
neuronal) current in red, EEG maps/topographies). Blue:

secondary (volume)

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

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

A pe e
s oiblnes: v oo i
e P o e

WW%%-—JLW

e

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

local currents overlap at scalp topographies
propagation scalp waveforms rotating maps !

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

separate the two sources by mere visual inspection.
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Linear superposition: d(t) = L-s(t) + n(t)

T i
T R S —

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

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.

correct

local currents scalp data
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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 .
relocate dipole
/
- source waveform
|
PR
1 minimize
difference
-1
Cal forward inverse
model model
<\ —p
head model

scalp waveforms
model waveforms

Al +
c4 "' :
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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 waveforms

source model: 2

scalp / residual
model ~ scalp

All

<3

TS

* Cdf e
CP6 7
P4 AN
FC2 o
Fz V/-\
CcP2 M\_,
i R &
inverse . ~
model |
Pl
h F3

F4
Fp2
F7

‘z‘f?%‘ﬁi

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

lforward

overlappéa_éalﬁ_ﬁévefoms
have symmetric topography

/e N\

Thalamus?

v

3 Iy
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.

@{, C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator -[E‘E&J

Eile Edit View Options Help
F D& H E %% |% Y R Hd Ns|Fv Fe | 32

5.00 pV
50 nAm
Fp1 Fp2

P Pl ®

|
|
| Pa fi P10 f}
L o1 A 0z _p
I el _u
=TT
I ollo Reference-free=blue Ref 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 [Elseound SIS,
| Lookin: | ). Leamby-Simelations :J + & rf [
and browse to the e eme = Ostemoaies =
o | AC-Coherence 04.03.2011 11:33
| RocortPiacos L i .
subfolder of the Examples folder A 5 o shoipinituss I
. Deskiop AC-2D-biphasic-synchromous.avr 26.03.2002 1229 =
to load the simulated data set v ¥, AC-2D-biphasic-synchronous.mod 20.03.2002 1229
- AC-2D-biphasic-synchronous+nolse.avr 28.03.2002 12:30
Y . ht d t Librarias AC-2D-no-overlap.ave 12.02.2002 1328
ou m|g nee (0} k & AC-20-no-overlap.mod r =
Compuler AC-2D I'I:U overlap+ u:;isu..wl
change the file-type to Averaged Files B & cooncuen
Network « il i
(*.a??, *m??, *fsg) to see it. Press Bt Pommamm e |
Files aftypa [Avaraged Fitas 277, " m72. *fag) - Cancel
O p en. Foldars [Data Faidae -

2. We want to perform source analysis on this data

File Edit View Filters Montage Process ERP Artifact Search Tags Goto
F|F+| WrS | SAW |[ 30 MG | ERF | DSA || Rec  WIr | Src | Uss

now to see if we can recover the brain activity that T
is underlying the recorded signals. Source analysis . R
F7 -
is performed in a separate window of BESA *© —
. F4 ‘ap View of Data
Research. To start source analysis, left-drag over e otk
Fi0
the data to mark a block. Then right-click into the & LRCE crutaicy
Fc2 - o Detine as Epoch
block. From the popup menu select Source s — 1 e s g
) m T Write Segment
Analysis. w —T 1 comwbune .
c3 T
cz _,,’ :._ ] Define Artifact Topography
e N ey
T8
3. A dialog window appears which allows — sesmemaronen  rnersonnss o g

® lhola Segmant

specifying the time range of the datato be e Eroquoncy [i5ruy Siapo [Ecbjost =] Typo fiowerd ]

'—;|::;T.I;I-‘.-“ High Cutaff Swns [ Epabled
sent into the source analysis WINAOW. [ wopeswn e (00 0 Sewe [riias] maefcie o]
. . ’Tms:pasltwm
Select Whole Segment. It is also possible :
[~ &l Conditions Sowrca Analysis | Set Block | Cancal

to specify temporal filters to be applied

before source analysis to remove slow drifts and noise from the data. For our simulated
data sets we dont need to apply filters. Hit Source Analysis to open the source analysis
window with the specified data segment.

Imsge. Optons e
e, Var | Erergy | Dist_lnage
|

4. Onthe left of the source analysis window, the recorded
channels are displayed in average reference. In the

top middle box, the global field power (GFP; the sum
of squares of all channels, normalized to 100%) is

displayed in a logarithmic scale. On the right, the head
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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.

5. This defines a first (still inappropriatg) [ & mmem SR s s I e

source model. The source waveform in

the middle box is calculated from the LA 4 R TS
- Ir'n.: q
recorded data using the head model (= L e
model for the distribution of the o i
SEE
electrical conductivity inside the head) O i A [
. e —
and the source model on the right as a .
L
hypothesis. Source waveforms are .

dependent variables. Source locations Lo ——

and orientation are independent

variables.
6' Based on the source Waveforms and the BESAfC:\.‘.mulations\ACfZD—nntoverla; BESA—C:\.‘.muIations\AC-zD-nD-cverfap;é
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sources leadfields (as defined by source Data | MA Res.|[|D]| | PCA| EE || Data Mod. | Res. ||D|| | PCA | EE
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the model waveforms can be computed, Al Al

P9

i.e. the data that would be generated by P9
P10

P10

the current source model. You can .

S
\/

visualize the model waveforms (blue) by | reo— A X
AN

Cz

T9

FC2

Cz

hitting the Model button in the upper left |

FC1
corner. The difference between 57

FC1

P7

10— e
Nl T

recorded (purple) and modeled (blue) o =
waveforms is the residual. It can be
displayed in red by hitting the Res.

button.

7. The normalized sum of squares over channels |Res. var.| Energy |Min. Dist. Image
RV.: 85.612% GFP
Best: 0.000% RC: 1
(RV), i.e. the unexplained fraction of the data o o -- ———

of this residual activity is the residual variance

variance. It is displayed in the top middle box
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logarithmic scale for the RV. The goal of the source fitting process is to find a source

model that minimizes this residual variance.

8. Left-drag over the data approximately |[H o s em e e

from the onset of the first EEG activity
to the first peak. Then hit the Start Fit

button in the waveform box to

determine the optimum location and
orientation for our first dipole in order to
explain the data in the marked fit

interval. The result is independent of

the initial dipole position and confirms L e V==V 7
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.

9. Note that it is arbitrary if the dipole is <l> - “Write Sphere Center File (~cof).

. : P . 5 Solution As... Ctrl+5S

represented with its flag pointing in one ave sodtion A i
N . , N Image ’
direction or in the opposite direction. If Display MRI A
you wish, you can invert the source Fit Enabled Sources over Interval F
) . i . i Fit Enabled COrientations o]

orientation by right-clicking onto the —

Invert Orientation I

source and selecting Invert Convert to Regional Source C
Orientation Delete Source Del
Q BrainVoyager Ctrl+B

10. Release the Data button in the upper left . onton A0 o S o e

ergy (Min Dist._image | Oip 1 oo yeoe
GFF|
RC 1

corner to show the residual activity only.

In our marked initial fit interval, the

dipole in the right auditory cortex
explains the recorded data without any -
remaining residual. However, its source ——— —’r*/\—

waveform is not correct — it shows

activity also during the later time range |

.‘:__., o8 avatorE

of simulated activity in the left | . hliED

hemisphere. This is so because the required source accounting for this activity is not
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11.

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.

Double-click into the head to insert a

ergy M DisL_mage | Dp 2 x
GFP
frra

Aot 1 | Start 1 Sans [4]_BY_|

second dipole. The button next to its o Laor

source waveform will automatically
show Fit to indicate that its location and
orientation will be optimized in the next | . j= /A

fitting step; in contrast, the button of the | ~—— A

first dipole says No Fit, because it will | j el

held fixed — its location and orientation

has already been determined by the |~ efusci. S _
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 heimspheres 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!

5‘-5 C\Program Files (x86)\BESA\Research 5 3\default.elp - DipoleSimulator

File Edit View Options Help
ED0D@&EE H & T |Y Y R Hd Ns Fv Fe |3
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-
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12. Minimize the source analysis window and m

-F|F+| Wrs | SAW [[ 3D IMG | ERP | DSA [[Rec _Vir | Src | Usr | Opt | EdM |

select File / Open in the main window to ., }
. Fp2
load the second simulated data set Fo e -
F7 Whole Segment
Left-drag to * —
) ) . . Fz Linear Correlation
mark a block and right-click into it. BESA 7 SRl
- Define as Epoch
Research remembers the previous settings 1, S
Write Segment
) ) FC1 R
used for source analysis that you can quickly ec. copyto Buler
FC6 Define Artifact Topography
re-apply by selecting it at the bottom of the ™ S o 00 e <
T
popup menu. o
c4 *—/\
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13. The source analysis window appears with

onl Fi7 frage QOpticws Heip

| Pea| EEG [Res Var.[ Energy [Min.Dist image
o Filwi o GF

the new data set, the previous dipole model |es .
still applied. Press the Data button to show | * @é '?_—'--' == Thiors

‘4 = anom satn| starim] sens. (4| By | =
the biphasic EEG signals of this data set. ':j;% ;
Since the data set has been simulated with | .~ A o ,[ \
the same active brain regions, the source | /A~ ——

model is correct for this data, the residual | X i /\/ -

variance being nearly zero. The source | “ vV

= |soucs wstons EI uistce lcalions

waveforms are 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. To see that, left-drag to mark a fit

interval over the time range of EEG activity.
Then hit the All fit button — this turns both
sources into the Fit state. When pressing the
Start Fit button now, location and

orientation of both sources will be optimized.

The result does not differ from the previous

model.
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 L

- - - - - //'_'H-H\\ /_-\‘\\\
hitting their On buttons. This effectively (kﬂj /(i\)
removes them from the source model. “/,,_\h\[ \/Af
Double-click to add a new dipole and press 1(( > -)/u L(({H;[F(:\j\

P
Start Fit. This results in a dipole in the —

. dpole In 3 (D
middle of the head, compromising to explain /d = 4
the left- and right-hemispheric activities. s seare 3
Although the result is incorrect, the residual
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variance is less than 1% (as displayed as
R.V. at the top)!

16. How can one decide whether the one- [Fe e G o o s
i-.m.l".h-h;dl“"; iy Im.::p\JLE_G imi\w'.':tinm (M. Dist IIﬂG:P

5] RC: 1

source or the two-source model is correct?

This can be done by contrasting the two

v _BY

source models. Switch back On the two
first dipoles. Now the three source | .
waveforms should be able to contrast and | - ‘/\ﬁ

mutually separate the activities in the three

modeled brain regions. The reason for the

i Wocaians

still non-vanishing source activity of the third

Options menu.

17. Reduce the regularization constant to zero. [Eoe S e e T e i S
i-llila].laq' _\u; i TTH F‘Cﬂ EEG -wm Eneray [Man, Dist. _ﬂ@g

With this setting, the separation capabilitiy | e {stmmmmomn 55 =) <

P| car
0

of the source waveforms is optimal, and the
flat source waveform of the third dipole

indicates that there is no brain activity in the

middle of the head. Rather, the two-dipoles
in the bilateral auditory cortices correctly

represent the truly active brain regions. So

if regularization blurs the spatial filter and | ™ == tre =l Thomoracs j
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.
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3'¥ simulated data set: Finally, the third simulated data set has been designed to be even more

realistic by adding background noise to the same simulated brain activity as before (

).

File Edit View Options Help

' — N

B 0SSR H S 2 W[% VR Hins | Fv Fe |32

Source 1 node 3: 5 nAm, 137 ms

5.00 pv

P9 10

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

Ref. |

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

, the same
simulation as the previous one, but with
some small background noise added to the
data. Again, send the data into the source
analysis window: left-drag to mark a block,
right-click into it and select the bottom-

most entry.
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[l 85 - €4 tonsAC-20- thphasic-syrtwoncus s notse.aw - Condition 3, Fisters o, -100 _. +545 e - Source anahysis

19. The previous solution is now applied to the
H _t;_:_nzls ||:o.: Fi.—:;
Lozt [mee =]

o fme 7]

Djst._image |
[

noisy data. The channel noise is strongly

projected onto the source waveforms when
the regularization is set to zero. Select

Options / Regularization constant again

@ B

and see how increasing the regularization

constant affects the reconstructed source

waveforms. “"v‘)‘*‘““j :

20. As regularization is increased, crosstalk [ st e G s s
increases as in the previous example, i.e. “—S“JL__' AR RS
the third source waveform reflects activity KT T .

= —

. . . . /' \ 1 ) |
that is truly generated in the brain regions 5@ }(“ \( ;:})\( |
represented by the other two sources. “‘/A\ /Af

i TN A\

However, as a positive effect, the source r(( -/)u ((@/1
Nk Nk

waveforms are substantially cleaned from [{mﬁ} TN

noise. This positive effect in noisy data \gj” fj &\’Nfﬁ '
‘?‘.———U‘:’_ “"‘“—‘“"—f | . e

implicitly stabilizes source fitting results in o e oo MLM

the presence of noise. Therefore, a modest

regularization is recommended in real data

P
B ees - can

33 Sokiion 1~ Fif - rage - Opiars > Help

ora|

foun :
o mrmmw:m

ur:uw-mq

| ~Conman Fagdnrzaton Corstert a %)

Condition 3, Fiters aft, -100 . 4546 s - Source anahysi

G ESHEIRETE

sets. The default regularization of 1% is

A w4

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.

Diats Resadual (1-12 of 53)
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21. Set back the regularization to 1% and hit

Set regularization con_ M

OK. Then close the source analysis

Comron Regularization Constant (in %4)
window (confirm with OK that the | [ 1 Kl _ | Defeut |
developed source model does not need to
oK I Cancel |

be saved to disk).

C. Single Dipole Fitting in Real Data

1. Back in the main BESA window the file B il
Edit View Filters Montage Process ERP Artifact Search Tag:
Sh0u|d Stl" be Open... ctrl-O
. . Close
available at the bottom of the File menu. If —ewAl -

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
N100 (76 to 100 ms). As we are dealing
with auditory data, we know that we need

= Recentfiles. 5

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

Export...
Send to MATLAB...

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

Exit

Vi1 C\..xamples\ERP-Auditory-Intensity\All_Subjects_cc.fsg ]
-

Block Size and Positon Filter Samings

Low Cuolt Stalus [7 Enablad

~ Whole Segment
Frequency [05 [H) Siepe [12dbjoct v |

Type |zerophose *
@ Custom Qefnibion vpe [zero phese v ]

« | Previoys High Cutot Stass [+ Epabled
Seftings
57— ) procEuoms Frequency [400  [H Slope [2adbjoct »|  Tvpe [remnprase + |
250 (ms) postEvent
™ Al Conditions Source Analysis SetBlock Cancal
71 B0 - - Asermy Al Skt - Lo )

L Condition1 Sodution it Image Optio Mo soluson svalstle
tn Mod [ Res ||0]| | PCA | EEG
w10 Tilers 05- 40 1k =

Model 210t atigricacel =

Energy [Min Dist. mage
OFP|

A252 00 ms | RC-1

1] Stertie] Sens. [4] BV | i

Dola (112 of 31)

it Intervak = T6.00 _ + 10000 s
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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.

Both sources will fit in auditory areas, the
right source being located further anterior
than the left source. The right source

seems located slightly too medial.

The fit can be improved by introducing a
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.

Both dipoles are located symmetrically in
the auditory cortex. Note that the residual
variance is slightly bigger using the
However, the

symmetry constraint.

solution with the smallest residual

variance is not always the correct
anatomical solution. You should keep in
mind that deeper dipoles explain more

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

explain more variance.

6. Release the Data button to only display [ isesssimies Dl sy, e
- - g oty - _n]ﬂ_ L'1-:.‘1‘1Ir|“:-1 JMI (I‘. ol TI:CJI'M*Y‘m c::_njs ::: vo‘lo: |*a?-'¢|l4:_r‘ 'y:" tc"l:‘

the residual variance (if it is not activated, ol Cames o asots oo e R S e LU AL

4, % Ot oo -
. e e P il [1soces. 4 shol enpsadal |
click on the Res. Button). Note that our | ; LIS e |
G e ———— e e
- PO /4
source model explains the data very well — [WL(&_\? (# e
. . . . Az B R L l|.
for the given time-range. Keep in mind for | «.—————  J= Ay é

later that the source model does not | ~——

explain the P50 or the N150 sufficiently. | * AT N
: : : il | e 9 (o

This can be seen by the higher residual | . Y P Vo=

variance in the according time-ranges. TR S — A

7. Save the current source solution for later
J(-F\s.u.l.m
by pressing File / Save Solution As... ,,“”ZT"
Save Sclution AL el |
Save Source Wavelorms kL s "Mmm_”;
under the name 8 e e 'r—: SR
Close the source analysis | womcsion | e ff;) '
S CRANEN
. Send 10 MATLAR. 4 | | P
Wln W. L EA .\l ERF- A ony Irencityl) owintensty_1S0-test ba L 5
do o g f‘““} ZTN\
e e & "‘,)’ &/\ “’)’
B \Brrphen RS- Aud Rory- Iensiy\51-5C + 50 Lsa. el \t::-_{/
o hwre B = =
:J:.._'.Lne":Jev\IIHNvLiﬁ-il-bmre’t\lif-‘l‘-ﬁ-lu-mﬂ.m ; ! é{_& \\}]‘ é_{_ -'W \)]
::u,-cu.-.mnn.m. [ r s:;:u lr ;
.summl (112 of 31} e ?_Ii:;z‘-::.n«.;xu.: “lsourcn kcabons ﬂ

D. Fitting Regional Sources in Simulated Data

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

a simulated dataset.

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

apart. Each dipole can be thought to represent a smaller square surface (2*2 cm).
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The first simulated brain region is thought to represent supplementary motor area (SMA).
The four dipoles are located symmetrical to the interhemispheric cleft with nearly tangential
orientation, reflecting a planar fissure to both sides of the interhemispheric cleft. The
modeled time-course is the same in each dipole, representing synchronous monophasic

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

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

activity (dipoles 5-8).

Thus the two modeled extended brain regions are in close proximity to each other, but
differ from each other by the direction of the neuronal current flow (i.e. the orientation
of the active gray matter surfaces). The time courses of the two activities are simulated to

be partly overlapping, with the activity of the SMA starting earlier than that of the cingulate
gyrus.

&% C:\Program Files (@GN\BESA\Research.5 3\default elp - DipDIeSim_@ﬂ
File Edit View Options Help
F D&kl H & TX % Y[R HI Ns|Fv Fe 3%
5.00 v
> P Fpt
U
Py N e
ﬂc«
T8 ATT (= T T
CP5 ) ] cps/\
PI o P10 1y
01_fl oz
| V== ~— BN
|~ |
Y Reference-free=blue Ref.
|
Double click to switch on cursor, or move cursor to this location Spherical mode| EEG 33 electrodes
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1. Load this data set in BESA Research: Select
File / Open and open RegionalSource-
2D.avr.

2. You may increase the amplitude scaling by
pressing the amplitude scaling button at
the right of the window. Change the scaling
to 2uV. It is evident that due to the effect of
volume conduction, each electrode records
signals from both modeled brain regions to

some extent.

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.
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4. To obtain a time sequence of maps, click :

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

orientations.

matter  patches different

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

analysis window.

6. Pressthe PCA button to compute a principle
component analysis of the data. 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
remaining variance etc. The curves at the

left indicate the associated time courses.

BESA Research 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

3 3D Mapping: EEG - Voltage .-.—-m

et IR 4

040

90 me 1240 m

A0 e ms

140 ms

64,0 e
19,0 ms
LG - Vohage

refaronce oo
0.20 WV | step

Mark:0.139 5

Black Size and Position

& Whole Segment

(" Custom Definition

Previous

Seflings

511 (ms) pre-Event
7554 ims) postEvent

[ All Conditions

Filter Settings

Freguency |16 [Hz]

Cur: 0139 s

Low Cutoff

Filters off

Status | Enabled

Slape [6db/oct ~ |

Type ‘Iorward J

Frecuency |70.0 [H]  Sloge [24dbioct ~ |

Source Analysis

High Cutoff

Status | Enabled

SetBlock

Type [zero phase - |

Cancel

Efe  Condition 1 sC_'IﬂlM ']__
|Data wod. [es. o[ vea
N Ol ¢

D Filars
""" -—

Data PCA-Dale (2002)

Shomoins e e
pe [Res Var. [ Energy [Min Dist_image
] GFP

Page 89 of 280

www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

The variance explained by the corresponding component is displayed next to it. It becomes
obvious from the time courses, that a PCA does not provide a separation of the multiple
brain activities (they were simulated to be monophasic, but the PCA time courses show two
peaks each). However, the PCA provides a good estimate for the minimum number of brain
regions that are contributing to the EEG data: A single brain region cannot generate EEG data
that contains contributions of two mutually orthogonal topographies. We can therefore
immediately conclude that we are dealing at least with two active brain regions in the current
data set. Since synchronously active brain regions cannot be separated by a PCA, we

only obtain a lower, but no upper bound on the number of sources required to model the data.

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

activity that clearly emerges from the background noise.

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

interval.

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

File Conditien1 Solution Fit Ir ool
Data | Residual || Data| [ pa
: T ] .

decomposition is computed for the marked &

data segment only. Mark a fit interval that
starts at the onset of observable EEG
activity and vary its duration. Note that every

time you change the length or position of the

fit interval, the PCA waveforms and

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 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
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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.

pors bep
[ | s _lipata)] [T PGA _EEG [ Res v

e Mn DL Woight by image |
CFP|

[ \‘:‘/\\

= | ot man] star ] SensAmty le Brainvoyager

—_—

thntervst SE0ED 105 0

9. Release the Data button in the upper left corner to display the residual (i.e. unexplained)

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

substantial contribution®.

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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Source wavebonms > Isoutce locations -

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

dipole by double-clicking into the heads.

Hit Start Fit to localize it into the cingulate
gyrus area. Note the vertical orientation of
this source, in agreement with our

simulation. The two-dipole model now

separates the activities of the two brain
regions. The source waveforms reconstruct
the correct time courses, indicating the
earlier activation of the SMA as compared to
the cingulate gyrus.
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11. Open the Options menu. Currently the
default source type is set to Dipole (2nd
row). Please click onto this entry. When you
open the Options menu again, the default
source type has been set to Regional
Source. With this setting, a double-click into
the heads will automatically add a regional

source as opposed to a dipole.

S

[thions] Help

Regularization Constant: 1 %
Default Source Type: Reg. Src.

Colors
Reset Colors in Solution

Hot Keys...

Preferences...

Reset All Settings to Default

Brain Voyager Source Plot Size: 45

Shift+C

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

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

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

curves, each representing the source waveform of one underlying dipole. Mark a fit interval
over the whole time range of activity and hit Start Fit. The fitted source location compromises

between explaining the SMA and the cingulate gyrus activity. The obtained residual variance

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

SFP
RC1

© MinDist  Weightby Image
G
‘Al on| Al it] Start fit]_ Sensilivity ] BrainVoyager
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.
[=] A
AL A P
L \
T 1
A/
| |
\ [N\ /
= 'lI \_/
Residusl PCA - Residual (2 of 2) “lsourco watoams I'

BESA Research 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 93 of 280

www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

13. The three mutually orthogonal dipoles of a

Add Spatial Companent at Cursor

regional source models current flow in any snedeionns
Rot] | .
arbitrary direction in a certain brain region.

Fit Enabled Sowrces at Cursor F
Set Orientation

We get exactly the same representation of

o

activity if we rotate the axes from the initial **

Convert
Dl
B

X-, y- and z-direction to new orientations

such that the 1st dipole of the regional |

source represents the initial peak of activity.

To do that, double-click onto the source \/
waveform to set a cursor at the first peak (around 100ms). Right-click and select Set

Orientation / Set Orientation 1 at Cursor.

14. This rotates the regional source so that the = = emeiie o fae e a _
X . . . . . . T | g —
first of its dipoles points into the direction of H gl -
_— lm S '/ \‘“’ 0
current flow at the cursor latency. Note that %\ S
as a consequence its source waveform s | 7\
picks up all activity at the cursor latency; the Sl ‘- T

other two source waveforms show zero BT 1= A

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 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.
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15. With the cursor still set at the first peak, you | © veliagemap btz o e
8l [ Gl <[] 2alal"alt] Bl%]
can hit the M key on the keyboard (or right- | ba=tet +99.50 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.

25

00

W
16. Use the arrow keys or the mouse to drag Sy e 2
the cursor to the second peak and & At :
observe the radial EEG map generated by V [\
the cingulate gyrus with the large central E - 1
negativity. Close the source analysis i I

window without saving the solution.

E. Fitting Regional Sources in Real Data

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

1. We will now return to the dataset [IEESA :
File | Edit View Filters Montage Process ERP Artifact Search Tag:

s which should Open... ctrl-0
Close
still be available at the bottom of the File Close All
Recent Files... L4

menu. If it is not, please select it pressing

Load Channel Configuration...

. Left-drag a block Head Surface Points and Sensors 3
. .. . i . MRI Coregistration...
in condition Low, right-click to send it Export.

into Source Analysis with settings 50 to send 1o MATLAS.
Import and Convert ASCII File...

250 ms, a Low Cutoff filter of 0.5 Hz, 12 Print..

Print Preview

dB/oct, zero-phase shift, and a High

Exit

Cutoff filter of 40 Hz, 24 dB/oct, zero- |V 1C\.xamples\ERP-Auditory-Intensity\All Subjects ccfsg

phase.
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2. Press the PCA button to display a ©& s s qrirs o= oe s s e
principal component decomposition of the . | _—
data. 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.

3. Asregional sources can explain activity in
up to three brain regions at the same time
we can expect the two sources to model
the three main components in the auditory
cortex area (P50, N100 and N150).

Therefore, we will not set a short fit

interval comprising only one component,

but rather mark a fit interval over the activity range of these three AEP components. Drag
the cursor over the source waveforms to mark the 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.

4. The sources are quite symmetric with a sxbianiie

RS 2 X-loc y-loc Z-loc X-ori y-ori

slightly more anterior source in the right %:%' IR NN N

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 N 4;
the upper right box, select symmetric to
from the drop-down menu next to Loc.
BESA Research 6.0 Tutorial Page 96 of 280

Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 4 — Discrete Source Analysis

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

waveforms only change marginally.

6. We want to identify the direction of current
flow of the N100 component. To do so,
activate source one by clicking onto the
source. Right-click and select Set

orientation / Set orientation 1 at

Maximum. This rotates the source such

that the peak around 100 ms is now fully

accounted for by the first component

(source waveforms for orientations 2 and = T e e

3 are now zero at this latency).

-I.I } :': A

nl

‘:‘|::|_&, ) .H.‘

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
described in step D6. If necessary, Right-
click onto its waveform and select Set
Orientation / Invert Orientation 3 to

make orientations of source one and two

consistent. (This 2-source model has
been saved in file LowlIntensity 2RS.bsa.
You may load this file from the menu entry

File / Open Solution.)

8. Let us compare the solution using

regional sources with the solution using

single dipoles we saved earlier on. Please
press File / Open Solution and select

Release
the Data button to only display the

residual variance. You can toggle

between the two solutions using the arrow

buttons in the top left corner of the head
scheme field. Note again that the single
dipole solution does not explain the P50

and N150 components, while the regional

source solution explains all activity from ' 14 |

the temporal region very well.
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9. Make sure you switch back to the regional ——f———- " Top Viewof Data
. e . — Whole Segment
source solution and minimize the source i
— |
analysis window (dont close it) to returnto  ——f———"  Linear Correlation
i A A —t— Source Analysis
the average data in the main window. ; _
N Define as Epach
Select condition High and send it to ——f——  DefineasArifact
. . . —“”—’“‘—“"’f\ Write Segment
source analysis with the same settings as L Copyto Buffer ,
the Low condition by left-dragging a ——f——  Define Artifact Topography

block, right-clicking and selecting the Epoch:-30.0..250.0 ms, Filters: 0.5 - 40 Hz

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

according entry at the bottom of the —f—+v1—————— 11—
dialog. ]
High: 10 avs Difference: 10 avs
| I 10.0
3 5
et Off Bad: 0

10. If the Data button is still released and the

Residual button is pressed we can
. . . ([ b ,“‘
immediately see that the source solution e
that explained the data in the Low AN
condition very well is not satisfactory in i
the High condition. fhia
11. Mark a fit interval from 68 to 200ms that
covers the unexplained activity. Double-
click into the head schemes to place a a
third regional source. Press Start Fit. ; hﬂ
(eta
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©) Standard MRI o 2=
o SlAlb4 2le@ =l ¢
Sag Cor

12. Right-click on source waveform 3 to set
orientation 1 at the maximum or hit the O
key, the short cut for this action. Scale
down the source waveforms if necessary |.
by using the arrow buttons in the bottom

right corner of the source waveform field.

Right-click on the source waveform and

select Display MRI (or press the A key). ; R L

Press the 2 button to change to multiple view. The third source localizes frontally, repre-

senting activation in the cingulate gyrus or frontal cortex. Close the standard MRI window.

13. Switch back to condition Low by using the |5 = = = -

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
analysis window and save the current
solution as

(This source solution has already been
saved as Highintensity_3RS.bsa.)

F. Independent Component Analysis (ICA)

ICA components can be used in the Source Analysis window either by sending ICA
topographies directly from the main window or by loading an ICA topography file (*.ica) in the
Source Analysis window (File / Load ICA components). Please note that ICA decomposition
is not computed within the Source Analysis window. The Source Analysis window must be
opened before sending ICA topographies. The channel configuration of the ICA components

and the data in the Source Analysis window must match. When ICA topographies are available
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in the Source Analysis window, the ICA/PCA toggle button is set to ICA. A waveform for the
data-segment available in the Source Analysis window is reconstructed for each ICA
component. The amount of variance each ICA component explains is displayed to the right of
the according waveform. Additional ICA components can be appended to the ones already
present in the Source Analysis window by pressing File / Append ICA components. One or
more ICA components can be selected by using the shift or ctrl-key and left-clicking in the ICA
component labels. Right-clicking on one or several selected ICA component labels opens a

menu with several ICA-related options:
Switch off/on ICA component(s)

Selected ICA components are ignored in the Source Analysis window. Their labels and
waveforms are grayed out. If data are sorted by the channel order, un-selected ICA
components are automatically sorted to the bottom of the waveform panel. This can be helpful
when many ICA components are sent to or loaded in the Source Analysis window. Un-selected

ICA-components can be switched back on.
Add selected / all ICA components to solution

One spatial component, corresponding to one ICA topography, per selected ICA label is added
to the source solution. The absolute position of the displayed dipoles should not be interpreted
as an accurate location, as it is located at the center of gravity of the according map. The
source waveform associated with the spatial component is displayed in the Source Waveform
panel in the middle of the Source Analysis window. Spatial components are the preferable
choice for modeling artifact topographies in a source solution (rather than performing source
analysis on artifact-corrected data). Spatial components can also be useful if parts of the signal
are to be explained that are not of primary interest to the research question in order to reduce
the amount of variance that needs to be explained by discrete source analysis.

Tutorial 8 (Source Montages and Artifact Correction) will demonstrate the use of ICA-

components in the source analysis window.
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G. 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.

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

source.

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

indistinguishable

Sources that are close together but have different orientations and non-synchronous

activity can well be separated by a discrete source model.

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

between each other to prevent crosstalk of their source waveforms.

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),

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.

The criterion for a good source model is not solely the residual variance. Rather, the

following criteria should be met:

e The source model should be in agreement with proven knowledge about the underlying
brain activity (e.g. bilateral activation of the auditory cortex after an auditory stimulus
as opposed to a single central brain area).
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¢ The source waveforms are an important indicator for the quality of a source model:
When the time course of the obtained source waveforms for a (pair of) source(s) are
distinctly different from those of other sources, this indicates that the corresponding
source correctly models distinct brain activity. On the contrary, when two source
waveforms show nearly the same time course, it should be checked if they pick up
activity of a brain region that is not part of the model, rather than truly modeling brain

activity generated at their source locations.

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

e Time-Frequency and coherence analysis

It is recommended to perform preprocessing of your raw data with BESA Research, to secure
that your averaged files match the quality requirements for source analysis. This is not

guaranteed if you import averages from other systems.

What should you provide?

Independent of the analysis capability of the software, good analysis results also depend on

the experimenter. Make sure to:
¢ Define the goals of your experiment/measurement

BESA Research 6.0 Tutorial Page 103 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 4 — Discrete Source Analysis

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.

o Do not try to determine parameters if they cannot be estimated reliably (e.g. dipole
localization in depth)
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Tutorial 5 — 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

(0}

(0}
(0}
(o}

ERP / ERF data
Source Waveforms
Image Data

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

individual source waveforms and analyze them statistically with BESA Statistics.

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

The grand average model explains the data variance in all conditions. Therefore, it can serve
as a master model to calculate the source activity of each individual subject in all 5 conditions.
The hypothesis is that the mean source location of the grand average provides a sufficiently
good model for each individual data set since a change in source location of 1-2 cm has little
effect on the temporal course of the source waveforms. Generally, fitting 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).

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
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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 Process| ERP Artifact Search Tags €
] . Source Analysis
window to open the Batch processing Source Image

. . Voltage Maps
window. We will now create a batch that CSD-Laplacian Maps
MEG Maps

applies the grand average master model to

Density Spectral Array

all individual datasets, orients the regional e
sources individually and exports the ifa‘; OF“:T:T’S"“”“’” ,
individual source waveforms for further Linear Carrelation
Nonlinear Regress.
statistical analysis. Mavie
Batch Scripts... Shift+R
Run Batch... R

2. Inthe File List tab, click on Load File List, [ferc -
Leckin | Filalist -] = B er @
SeleCt P Name = Date moditied
. : . Rm;i‘ 2 ERP-Auditory-Intensity flist 13.03.2008 1503
and press Open . Th|s f||e IlSt g ERP-Auditory-Tntensity-Mergeflist L}‘.-}.1?.?0091l:50
! PreviousSettingsBateh flist 15032011 0E17
has already been used in Tutorial 3 Step B o B
to create the grand average. It specifies &
individual average files of all subjects. °é"‘°
File pama ERP-Audita : a1 M| bl [ Dpen
Fées ol type [File Lest - sty ~ Cancal
Directaties |Filer List directory =
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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.

Gansenl commands: Man Program; Source Analyss: Source Anatysis Imaging:
[v" Low Cutoff Filer |
RatchEmor ArFactAutoComect AGESoUTER Rearformar
Comment ArsnctMethcd ChannaiTypaForft CLARA 5 i 12 dBjoct
- Comvertseres e Cutoff Frequency [Hz). I p Type: IZE’D phase LI Slope: I /01 LI
T Delete Export,
Fause uharyFile tisplayMRL GotoMax
windowFostn mm' 2 mﬁum ynport [v" High Cutoff Filter
Ft
EdupefauREpoch FrConsirant LORETA Cutoff Frequency [Hzl: | 40 Type: |zeraphese ¥| Siope [24dBioc ]
Fil r
Eveciiirite MinimumHorm siarata
Figet KewSchition smaath
FFTsme | Opansalution SSLOFD [ Nateh Fitter
Fil PCA UserDefined
RSP o [—  (vcpurusion g Freauency [ B v [ 2
parASCIL Savebtmap
" Apply 2 beginng of Balch oy ypjock Sovcdelmnorrrs
Montage SaviResduaivavefonts. [~ Band Pass Filter
" Apply ot end of batch Faradigm T quency Anslysis: T 3
FatternToTrigger SaveSolution f g L —— Fi H ‘yidth [Hz
SendToMATLAR SaveSourceMantags 2‘“"' ‘ requency [He] ]
Current Selection Triggerselect SaveSaurceavenrms s::“
ATNRter mﬁm g;n:::mﬂw Sampling Rate: 250 Hz Cancel
SettefaultSourciType T
SetorActhalSourte
Setonéntaten
SwitchCondeion
I

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.

' Default Block Epoch E
General comemands: Miain Program: Source Anabysis: Source Anblysis Imaging: r -
EatchErrar arrect Beamdormer
Comment  Artfactiethod ChannelTypeForfit
MATLABCOMManG ArtfactOn/oft Comvertsource CHp
MATLABveaitForVariable etfactScan Delete Bgpert Fre cursor: -R0 ms
Peuse AusiaryFiles Drsplayme GotoMax
WindowPosition | Awerage Esit mport
Baseline Fit LALIRA
hi i :: i ﬂ_ FRCanstraint LORETA
Cverthead Filintesval SetCrossheir Fost cursor: 250 ms
Evennivite Mrarrreniicrm sLoreta
Export HewSolution Smoath
FFTsave SSLOFD
& o FieCpen rea UserDefined
Apply b ol fies: e . Reguierization Ok Cancel |
C by gt S5 . I
Mantage SavaRssduANNIEtemE
© Apply st end of batch Paradign SaveRVandGFPWavetorms Time- Fraquency Analysis:
PalternTaTrgger SaveSobtion
SendTOMATLAR SavnSourceMontage Desplay
ok ik TrigqerSedect SawmsoUrCaW SIS ;‘;":'
TN SendToMATLAS
MABEditDafaultEpoch ""0’,::’ sowcaType SINTFAnalysia
SesOrhctivateScunce
Set0irientation
SwitchCondton
QK Carcal
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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.

| General commands: Main Progeam: Source Anshysis: Souree Analysie Imaging: ‘ Block
| EdhEmor ArfactAteCarTeat Fadsource Besrmformer
Commant ArtitactMathod Channa{TypeForFit (CLARA, | @ Defaultblock size
MATL [ConvertSource Cip | Cancel
MATLASwaitTor Variable arbfactscan Delete Export | @ sl s
Fause msdianfiles Displaynad GotoMax
viindousPo e Bt import
R o i ko] - Merk block around cursar or (fcursor of) from
Cdnpefout poch Frrconstraint LORETA beginning of file
Ewentitad Fatinterval SetCrosshaic
Fugntivnte Minimumtorm siorata
Dpert MeviSohation Smecth X
EFTsave OpenSohtion SEL0FO ~Block locatio
& Apply to ol files FitOpen FCA Userdefined Ifno label is defined, segment number nis the nth segment
it e Ifalabel is defined, segment number n is the nth occurrence of the label
 Apply ot beginning of batch Pﬁ_ e AR (ho. of averages inthe abel ignare)
Markage S meresdustaveronns Segment number = 'all' will mark and send each segmentto SA.
" Apply ot end of beach Faradigm o quency Analysis:
PatternToT rigger SaveSelution Gl
SendToMATLAE Savesoorcemantage Lmq:'
Cuirdo Talect Triggerselect SavesourcaWmeforms Pt Segmentlabel I
::"K“:-":’:A"“ SendToMATLAB
MADMarkEkock . h StartTFAnalys
SetDefsutSourceT ype i Segment nurnber or"all" all
SetOrActhatesource
SatOneckation
i Send marked block to SA [+ Send marked block to Top View [
oK I Cancel

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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2 |
General commands: Main Program: Source Analysis: Sourtt Analysis Imaging: ‘ Look jn i | ERP-Auditory-Intansity ﬂ + e @
| |estcherrer ArbfsctAuteCormedt AddS 01 Beamformer -
Comemant Arm‘mﬂoum:" cnm::r?:pom CLARA s Nams Date modified 2~
o Sacrcs e ~p | test 17.02.2011 14:31
ruse podianies D Gotoax [ Hig ity_3RS.bsa 09.12.2009 1517
oo Sranie e ke - Lowlntensity_2RS bsa 091220091517 |-
EdaDefoutt poch P ;‘:m:w " Deskiop Lowdntensity_25D-testbsa 17.03.2011 15:57
[Eventiviite mlinimumdiorm sloretn Ay = slarf 11.02.2011 15:17
Export HewSokdion Simesth - ’
s Fm e «ul Slbsa 29.03.2005 16:32
& Apply to ol files gl oA Userdefined Libraries $1_avbsa 04032011 13:57
nguisrization ,
ImpoetASCI Savebitmap :h S1-AChsa 29.03.2005 17:04
£ ety R gt e patios vl S1-AC_testbsa 04.03.2011 15:01
 Anply st end of betch Farniigm quency Analysis: ' S1-AC+SC bsa 29.03.2005 1706
e roger e o 2?,:." ﬁ = S1-blink+ERP.att 04032011 15:03 L
Current Selection TriggerSelect SaveSourcaWoveforms e Network. | il 3
St A5 SendToMATLAS ' _
Shamoe b SutbetomitsourceType StastTFAnolyals File game: [Frghirnensity_3RS bsa - Qpm I
SetOrAanateSouren
satOnectation Filas of fype: [satson Filas (* bsa,* par” at) | Cancel l
SwtchCanditin
| o | Cancel Direclories. | Dt dmectory =] 4

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

_ | SA Switch Condition Ta
Geasral commands: Mnin Pragram: Sourch Annbysin: Seurce Amalysis Imaging: B

| RatehErrer ArtifactAutaCorract AddSeures | Reambarmar
Comment ArtilactMethod ChannelT ypeforFit CLARA

e B = I~ Previous Conlton
WindorePostion Average Fat Import

Excplne Fit LALIRA

[EatDafaultipoch FitCanstraint LORETA .

Evenitend Ftbtere SetCrosshac [T Mext Condition Cancel |
| Eventyrie | Mirmumbicrm SLoreln

Expon |

NewSolution Smouth
FET save | pensahution SELOFD
& Apply to il files FileOpen FCA, UsrDefingd
I Apphy ot baginning of bateh [ Terot srasime onaimon Mumaetr:
Mantage |StveResiduatWevelorms
(" Apply 2t end of hatch Faradigm SaveRVandGIVelonms. Time-Frequency Anslysis:
FanternToT rigger |Savesohon _— . X
SondTenTLAR Dy Condtion Label: IAII
Current Selection Triggerselect | SaveSourcewmeforms m‘_‘"ﬁ‘
SendToMATLAR
SASwithCondRion SetCurzor ”‘:T'W‘w
|setDetoutseuceType ST
| Set0r ActvateSouroe

=] e | pe

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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Selec — SA Fit Interval Task
General commands: M Frogram: Source Anabysis: Source Analysis Imaging:
BatchError ArtilacthuloCorrect AddSource [Bearnloemer
Comment ArtfactMathed ChannelTypeforFa CLARA @ Setthe following interval:
MATLAREsmmand Artifactinaf ComentSaurcs i
MATLABwaitForvariable ArtifactSean Delete Export
Fauss AundlianyFiles Displaytar] Gathtae Fram {ms} To (ms)
WindwPasition Average Bt Import |
Basebre Fit LAURA, SD 1 DE‘
FditDefaukEpoch FitConstraint LORETA
LveniRead | Fdntervel | SelCrosshair
Eventwrite Mirmurriiorm Soreta
Fuport HewSclution Smacth
FFT seve | OpenSolution SSLOFOD [~ Define baseline, then clear fitinterval
@ Apghy to all files FileOpen FOA {UserDefined
Filar |Requinrizatien
IMpOrtASCIL | Savestmap
1 Agghy st beginning of batch {1y yesney Svebodehaeforms
Montage SoveResiduahavetorms " Setpreviously saved interval from buffer:
1 Apply at and of batch Faradigm SavesvandGEFWavelorms Tirne-Frequency Analysis:
FatternTaTrigges SmeeSolution e .
SendToMATLAR SiveSourceMantage 2“"’“"""  Store current intersal to buffer number:
Currant Selection Traggerseiect ;w?rw;:;\l\::durm sm““
SAssinbenal Se"lCm:w ,m::,",‘w ¢ Setinterval associated with source number.
- SethefsutsourcaType sl
| SetOrAnateSourcs
Ao (" Associate current interval with source no
SwatchCondition
I

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 subjects 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 SAsetOrientation (Source Analysis
group). In the upcoming parameter window, specify Source label AC_Left. As operation
select Orientation 1 at cursor or at maximum in interval. BESA will automatically
determine the latency within the fit interval at which the total power of the regional source is

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

: SA Set Orientation Tas
Ganaral commands: Main Pregeam: Source Analysis: Sourea Analysis Iraging:
| BatchError {ArtfsctauteConedt | AddSource Bearmformer
Commert Artifactbdsthod ChannalTypaForsit CLARA —Source oK
MATLABcommand ArtifectOn/olf | CornertSource (=1
MATLABwaItForvanable ArtfactScan Dlete Export
| [Pmuse |ruretiaryass DHspitay MR GatoMas I Source na.
WindawPasition Fverage £xt Import Cancel
Easeline F LALIRA
[t Defoultl] | FétCanstr LORETA
Pt PO SetCrosshoi IAC_LEﬂ Source label
[Eventivrite | MEnimumborm soreta
Export. teviSalution Smooth
FETSove Clpﬂl?inllllmll SSLOFD L
& Apply to all filas Fisosen A UsarDefined [~ Lastsource
Fil [ Reguitarization
€ Apply ok beginning of batch (1P e SCT iy [~ All sources
Montage SaveReaduaitaveforms
 ngphy at end of batch Faradigm Waveforms quancy Anabysis:
FatternT oT rigger SaveSohtion ooy )
 Epleonibag SoreSarcoNiveion o [ Operation
rigger! SeweSours ms
n.mm :m”““ B (@ Orientation 1 at cursor or at maximum in interval
SASetOrientation SetbefaultSourceType StartTFAnalysis
SetOractvateSource
" Orientation 2 at cursor
SwitchCondtion
oK Cancel

BESA Research 6.0 Tutorial Page 111 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 6.0

Tutorial 5 — Cross-Subject Statistics

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

auditory cortex source in the other hemisphere.

e = = |
[ e L ®8 [\ ot Orientation Tas -5 -
Genaral commands: Main Pregrae: Soures Anakysis: Sowrca Analysis Imaging: | —
| |eatchEror Corret Boarnformer
Commart |Artifacistathod ChannalTypaForfit CLARA —Source
[MATL Cip
MATL o et
Fauss | ieetianyuas Dispia MR GatoMax I Source no.
WindawPosition Fverage Exit Import Cancel
Easeling Fx LALIRA
e Herirbiegi i IAC_Right Source label
|Fvantivnte | MEnimumborm orata
HewSoluton Smooth
FET oot | OpenSalution SELOFD
@ Apply to oll fles FileOpen Pea UserDefined [ Last source
= st
L im) =} SaveRitmap
€ Agsiy ot beginning o batch (17707 ot i AP [~ All sources
Montage SaveReadusitaveforms
1 ppty ot end of baich Faradigm T quency Analysis:
ParternToT rigger Savesohtion Dacwr .
|SendToMATLAR SavSourceMontage : — Operan an
- Current Selection TriggerSelect SeveSourceWaveforms. my
SendToMATLAB . . . -
SMICTOMATLAR (@ Orientation 1 at cursor aor at maximum in intersal
SatCursor .
" SetbefaultSourceType StartTFAnalysis
SecOractvateSouron : :
" Orientation 2 at cursar
SwitchCandition
on [ Cancel

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

select SAsetCursor (Source Analysis group) and specify a latency of 135 ms.

e [
; | SA Set Cursor Task
General comenands: Mnin Program: Source Anabysis: ‘Source Analysis Imaging: I
| [BatchError orrect Al Beerniloemer
| Commaent [ChannaiTyperorra CLARA.
[MATLATCommand ArtifactOneft | ComenSaurcs. cip
el =
Pauss Aol les D Gatoda
R i S z Latency (ms)
Baschre Fit LAURA
FditDefaukfpoch FitConstraint LORFTA
EventRead Ftarval SetCrosshair Cancel
Eventvirive Minimurricem soreta I‘I 35|
Faport NewsSclution Smocth
FFTserve OpenSolution SsL0FO
= Apply to all files FileOpen PCA UsesDefined
Filter Reguinrizabien
" Agghy atbeginning ef bt | LRECT SaveModetistorms I_ 0
Mantage SoveReskluaWaveforms
i~ Apply at and of batch Paradigm Timne-Frequency Anslysis: rew map
FatternTaTrigges SmeeSolution T A—
SendTaMATLAR | SaveSourceMantage ek
Sasaction Trggerseiect | SoveSourceWaveforms 3 a 3 a
S SendToMATLAS T [T Maximize image window
e [SetDefsurSounceTyps )
I Seurcs
SetOnentation
=] o |

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 SAsetOrienation twice. First, specify Source
AC_Left and select Orientation 2 at cursor as operation. Then repeat the command and

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

o I —— T !
| Ganeral comenands: Mai Frogram: Source Analysis: ‘Source Analysis Imaging: | |
| [BotchErrar [ArtilacthutoCorrect AddSource Bearnlormer k 1
| [comment Artifactiethod ChannelTyperora CLARA Source no, o
MATLARCammand Artifactin/e Comensaurcs. Cip _I
[MATLABwaitForVariable Artifactsean Delete. Export F_Laﬂ Source label
Fause Audliaryfiles Displaysr Gatchta
WindewPosition prsract o mport [ Last boiress
| FditDefaukFpoch FitConstraint LORETA [ Al sources
LveniRead Fitkterval SelCrosshair
EventWirie Minimurritiorm sLoreta
Fapart NewSciution Smocth Operation
@ Apply to all files Eﬂ:@ﬂ §|m 3mw ¢ Cuientafon 1 at cursor of st mesimum @ intarval
v ularization
n [T i
© Appty ot begining of bateh |+ ErSCH! v FAIAE histhakce Sal ciricd
Mantage SaveResidualWaveforms
" Apply at end of basch Paradigm SaveRvandGEFWavelorms Tirne-Frequency Anslysis:
FattarnTaTrigger SmeSclution B
SendTaMATLAD SaveSourceblontage image
Trggerseect SavesourceWavelurms
S o SendToMATLAR :‘:;knmﬁw
SASetOrientation SelCursar StartTRAnalysis
SetDefsuSourceT B 1
Seiorhcmatassurte | SA Set Orientation |
= ’9‘“’“‘”“‘ jii= |
| L
C=] ow | T <

_Right Sourca label
[ Lastsource
[~ All saurces
Operation
¢ Cuientafon 1 af cursor of af mesmam in inbearval

& [Dnentolon 2 ot cursor|

13. Finally we need to set the orientation of the frontal source. Its amplitude is largest in condition
High. Therefore, add a command SAswitchCondition (Source Analysis group) and specify
condition label High.

| Genaral commands: Main Program: Source Analysis: Source Analysis Imaging: ]
[Batchrror Covredt e e
[artfactsthod ChannalTypaForit CLARA
MATLABcommand |ArtifectOn/off | CornertSource (=1 I_ PI’EVIDUS CDndITIDn
aTL ey Bpat
Fause Aursiiangiss DisplayMRT GatoMax
Fverage (= Import
e s el [~ Mext Condition
[dtDefoullpech FaConstramt LORETA
EventRead Fainterval SetCrosshair
[Eventivrite | MEnimumborm orata
HewSoluton Smooth
FEToove Opensalution S5LO0FO "
@ Apphy bo all fles Filaopen Pca UserDefined Condition Mumber:
portASCT i
- imj P
7 Apply ok beginning of batch |, p 0 SaveModelWovelorms
oA bk i . Trww Femcuancy Amkish: Condtion Label: Ingh
PatternToT rigger Savesohaion e
SandToMATLAR SaveSourcediontage Display
- Current Selection TriggerSelect SeveSourceWaveforms. EWO!
novesbboniiig SendTOMATLAD
S SetbefaultSourceType StartTFAnalysis
SecOractvateSource
SetOrientsbon
on i Cancel
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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.

(s conmrs | R — ||| = S it Interval Tasi
Ganaral commands: Main Pregeam: Source Analysis: Seurea Analysis Tebging: |
| |Batcherror {ArtfsctautoConmedt | AddSource Bearnformer
| Comment Artifactiathod ChannalTypaForFit CLARA (@ Setthe following interval:
MATLABGommand |Artifacton ot CormvertSource = C |
MATLABwaitForariable |ArtfsctScan Dlete Export ancel
Fause |runaianses DisplayMRT GatoMa Fram {ms) To (ms) |
WindowPosition Fverage Exit Import
Basling s LALRA Igg 130]
EdtDefaulEpoch FtConstraint LORETA.
Eventiesd SetCrogshair
|Fvantivnte | Minimumborm orata
m-u:» um;m SEL0FD [~ Define haseline. then clearfit interval
1 Apply ta all files Filadpen = UsarDafined
Filtes Reguitarization
S ’ ImportASCT
¥ ot beginning B2 werklock Saebodemistocms (" Zetpreviously seved interval from buffer
Montage SavnRbsduaisnform
{ Apply 2t end of batch Paradigm L quancy Analysis:
PatternT o rigger Savesolution e — H -
| TaMATIAG itk Display " Stare currentinterval to butfer number:
ey TriggerSelect SeveSuurceWavetorms e
) :"‘d_‘m”” SendToMATLAR " Setintersal associated with source number
S SetbefaultSourceType StartTFAnalysis
SetOirActvmteSource a . :
SetDrientation " Associate current interval with source no.:
SwitchCondition
o } Cancel

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.

== | enat =
(s commars L R e (O O Orientation Tas
General commands: Main Frograen: Source Analysis: Source Anyss bnging: || -
| [Batchirrer arrect Add: [Beamformer
Comiment Artaf scthethod ChannelTypeForit —Source
BT ComvertSource clip
[MATL Delete xpert
Pause fuparyies DrsplayMaL GotoMax I Source no.
WindowPosition veragn Ext Impart |
Basaling Fit LALRA
W!IIHEMI FitConstraint [LORETA F
oy e rontal Source label
[Eventivirite Minenumborm sloreta
Export NewSolution Smooth
FFTsave OperSolution SSLOFG
& Apply o a8 fles riecoen o Userpetined [~ Lastsource
| Regularization
 Apply t bagining of baten | TP o ? [~ All sources
Moriage SaveRsadustivavfon:
" Apply at end of batch Puradigm SwveRVandGRPWmeiorms Time-Fraquenty Anslyss:
PatbernToTrigger SaveSulution mi )
:umnmhrﬂw wwrmmnge b — Operatlon
w. S ourceWaveforms
Cwmmﬂ!m: el oot (@ Orientation 1 at cursor or at maximum in interval
I .
A5 SethefacitSourcaType StarfTFAnehysis
SetOrAckvateSource
vr e " Orientation 2 at cursor
[ ] o |
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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
recommended.

— r B
oo e - ==
o " ' [ sa save Solution Task
General commands: Main Program: Sourcn Analysis: Source Ariakysis Imaging: -
(Batchiror ArtifactAuteCorract |—'.an5aar{e Beampormar Instructions
Comment Artfschethod | ChannelTypeForFit CLARA . . .
MATUABCommand ArtifactOnaff |ComertSource clip Define targetfile nama: It can include a subdirectory name, and the
MATLAwaRFarVaristie Artfactscan Delete et : o . ; :
e [oaaryfdes Cnathine file basename (3ehasenamess). if no directory is specified in the file
WincowFostion Awerage | Imgeat ] name, the data directary is used
Baseling Fit LALRA
EdeDefaulEpoch FConstraint LORETA
EventRead Fitinterval SetCrosshair
Eventivte Mininumbiorm sLoreta |
[Export. NewSoluton Smooth d
ErTaave OpenSolution S5L0F0 File name Browse... |
@& Apply to ol fles ey R userpefined
| Filter Regulanzabon
s ut baginning of bateh | ITPOASCH Smeaimap “basename¥itestbsa
1. Applyat bagnwrieg Markilock SaveModeliavelms
Mortage SoveRpsdusiiiavgforms
" Apply ol end of batch Puradigm SaveRVandGRPWmeorms Time-Fraquency Anshss:
PattarnToTrigger | SovaSolution ] oy
SendTuMATLAS SaveSourcemMontage . -4 " Head
irant Salaton TriggerSelect SmesourceWmeforms 5';:“
SendToMATLAD Feic P T ;
SASaveSelton SetCursor Star ; arge (" Device
= SN ECy iy b Coordinate
SetGradtivateSource g 0K
SesTentaon wStemm (™ Talairach
SwitchCondition
o Cancel
—-——J Q ® LnitSphere Cancel
L A

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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Ganaral commands: Main Pregeram: Source Anakysis: Souren Analysis Imnging:
BatchError {ArtfsctautoConmedt | AddSource Bearnformer .
Commect CLARA Instructions
MATLAD: nd |ArtifectOn/off (=1 . . . .
MATLAGWORFSrVRrIsbH Bport Define target file name: It can include a subdirectory name, and the
[ g ki file basename (%basename). If no directory is specified in the file
gaseling LALIRA name, the data directory is used.
[dtDefoullpech LORETA
|EventResd SetCrogshair
[Eventivrite orata
T Smooth
FFTsove SSLOFD .
@ Apply to ol s riecpan UsarDefined File name: Browse... |
€ Apply ok beginning of batch (1P e SCT .
MarEnge %basename¥_High.swi
{ Apply 2t end of batch Paradigm L ¥ Analysis:
|PatternToT rigger
|SendToMATLAR Dapiay:
Current Selection Trigpaciiiect iy
SendToMATLAB
SatCursor .
SO S SetbefaultSuurce Type SATEANG S [~ Sendto MATLAB

SetOrActamteSource
Suiidrter - Cancel |

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

| SA Switch Condition Task E
Gereral conmands: Main Program: Source Analysis: Seurce Anstysis Imaging:
fatchError ArtfactiutoCormect |AddSource Beamformer
Comment | Artifactmethod \:hunnenrpworm CLARA
TLABcommand | Artif; off | ComvertSours . NN
WTUBuronaretle [Antmicean Sty Eort [ Previous Condition
g AudiaryFiles DisplaytR1 Gty
WindewsPustion Average Bt nport
EdtDelauhtooch FiConsiraint LoRETA [ Mext Condition Cancel |
Eventiead Fitinterval SetCrosshar
CvertWrite Mirermumiicern soretn
Export HewSolution Smdth
FFTsave | OperSaiutan S5L0F0
FleOpen PCA UserDefned HH
bl s Fiter Requinrzaten Condition Mumber; I
" Apply st baginning of batch |, pprry SaveMedshvmvetorms
moeage SaveResduahvavelorms
[ m quency Analysis: e
e B Soeegoni, il Condtion Label: ||_.;.w
SardTCMATLAR vif
Triggerselect SameSourceWavelorns nage
: ST SovarounTiAg
SetDafatsourcaType ST Nl
SetOrActivate Source
SetOrientation
| ok I Cancel

3. Repeat Step B1 for condition “Low”.

4. Add command Exit() (Source Analysis B
Group). This will close the source analysis = ﬁ;;,""w'@’f" e :”Z:w
: : e = i—
window after each subject to prevent data s — =
remaining when processing the next i = - =
| T E Ee
subject. Pt Frvs
Currnt Faltion SmesoureMontige mmmm:
| Corcel
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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 ASCI| files (*.bbat)
that can also be edited with a standard text editor.

File List Baich |
Instructions |
Add Command | Load Batch | Press Add Command to add new commands
Right click on a command to edit or delete existing command.
Load Previous | Save Batch | Press OK to start the batch
Clear All | View Log File | Logging to "C:\Users\Public\Documents\BESA\Research_5_3\Scripts\Log\Batch xml"
Command -

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

MAINFilter(LC:0.50-12dB-z.HC:40.00-24dB-z. NF . off BP: off)
EditDefaultEpoch(-50.000.250.000)

MarkBlock(DefaultEpoch.- Al SendToSA)

SAopenSolution(%Examples %\ERP-Auditory-Intensity\HighIntensity 3RS.bsa,Open)

m

SAswitchCondition(Label:All)

SaAfitinterval(30,105.Fitinterval)

:Pause(Adjustfitinterval to match this subject's N100 Iatency range.)
SAsetOrientation{Label:AC_Left.1)
SAsetOrientation(LabelAC_Right 1)

SAsetCursor(135.NoDrawMap)

:Pause(Adjust cursor position to match the subject's N140 latency.)
SAsetCrientation(Label AC_Left2)
SAsetOrientation(Label:AC_Right.2)

SAswitchCondition(Label:High)
S Afitlntarval(@0 190 Fitlntanall
< n |

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

OK Cancel Help

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

steps and understand how the batch works. Press OK to start the batch.
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7. BESA Research starts applying | 5es fiemsmemm i i nmninn 0 ==
Vir | Sre | Usr emI_EdMI LF | HF | NF HF:EI

F|Fe| wis | saw |30 e | ep | DsA | Ree

{: e R e e —u-a-\_,!‘-'\z\\.—v.. e f:’\n.-._. |
data file in the file list |& [

(S1_av.fsg). It loads the file and |

02 fons

the batch commands to the first

a

applies the specified filters. At |= [-77 "7

i
”

the bottom right a small window |

fx

appears that indicates the next |~
batch command to be executed.

Proceed step by step by hitting

LU

the Single Step button and |<°f

KRN A . _ M.
Observe hOW BESA ResearCh ime. 00.00.00 Total 000010 1OFs. 000000 [Cur ——— Fin S Corimn whime S ch S Lo
processes the different
commands
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8. Note for example how the
orientation of the  N2100
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 tha batch pauses before
continuing. For the data in this
tutorial, the fit intervals have
been defined appropriately for
each subiject, 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.

T 905~ €2 Rudtory tenainS1 o8 - ALt 320 s, Fier: 05 - 40 Ho, 48 248 o - Sounce sehis

Satutian: €4

Ble_CondtionB folutionl Ff [mage Qptess Help

[ Da Res. | 1oy [ Encry | Min. Dist.__image fiico

o) : <1
ey o N -
4 S = S,
@ o) ((la
’-_.‘/\/_‘_H—' | Single u: — e ]
“r-_’v_‘_é‘ " i Mot ShssientaberiLabslAC_Fight1]

FE}Jm-.I:-Snm__;'.o:;:.:I wramm | Singh S Cortinn wibaad Sirghe S Corcel |
Batch Completed = @ [

File: 1: C:ALL umentzshBESAME samples\ERP-Auditory-IntensitydS1_av.fzg

Task:  Batch Completed

Viewlog | |0 K
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10. BESA Research keeps track of

all steps that have been carried
out and documents them in a log
file. After completion of the
batch, you can press View Log
in the Batch Completed window
to view this log file. Then press
OK to close the Batch

Completed message window.

Ho 1 - Windeons & Explouer = el
e =] Elsers\ Public\Document:\ BESA Senpts! Log\Batch i w42 [ ¢ |28 Googie 2~
Bie fdt Yiew Fawontes Jock  Help &
 Foveites | e @ Suggested Stes = {5 Wieb Sice Gallery =
i CAUen\Pblic\ D \BESANSeriptiLog B Miv B -2 o ov Beger Sy~ Toohie e 7
# T help protect yeur securky, Inbemet Explarer has estrcted this webpage freen rusming seripts er Actvel conirels that cewld access your computer, Click here fou eptizns. x
BESA batch protocol
o rum: 2009-12-11 17:59:08
o file: 1: CiUsers'Public'Documents BESA Examples\ERP-Auditor
» MAINFilter(LC:0.50-1 2dB-7, HC:40.00- 24dB-7, NF :off. BP:off)
= EditDefaultEpoch(-50.000,250.000)
= MarkBlock{DefaultEpoch,-,All SendToSA)
» Marked 8 block(s)
= SAopenSolution(C:\Users'Public'Documents' BESA\Examples\ERP-Auditory-
Intensity\Highlntensity 3RS bsa,Open)
» RV%: all: 1.422 (best 0.739), range: - (best -), cursor: -
= SAswitchCondition{Label: All)
= Command ignored: condition already activated
« SAfitlnterval(80,105 Fitlaterval)
» RV%: all: 1.422 (best 0.739), range: 0.825 (best :0.739), cursor: -
= Pause{Adjust fit interval to match this subject’s N100 latency range.)
= SAsetOrientation(Label:AC_Lefi,1)
» SAsetOrientation(Label: AC_Right,1)
= SAsetCursor{ 135 NoDrawMap)
= BV%%: all: 1.422 (best 0.739), range: - (best =), cursor: 7.186
»_Pansal Adinst cursor nosition to match the suhiect's N140 latency.)
v B Comgputer | Pratactad Mode: O#f G v BINK -

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.

B9 9 90 e
£ IEIIE

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 t-Test (parametric)

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

larger number of subjects.

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

Permutation Test (non-parametric)

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

probability those statistically significant results are obtained by chance.

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

running statistics on EEG / MEG data.

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

significant results are wrongfully rejected.

BESA Statistics uses an alternative approach to deal with the multiple comparisons problem:
Permutation testing in combination with data clustering. The main idea is that if a statistical effect
is found over an extended time period in several neighboring channels, it is unlikely that this
effect occurred by chance. Thus, the initial step is to define data clusters that show a significant
effect between groups / conditions. For each cluster, a cluster value can be derived consisting of
the sum of all t-values of all data points in the cluster. Then it is tested if the initial data clusters
survive permutation. Permutation means that the data of subjects (if unpaired t-tests were used)
or conditions (if paired t-tests were used) get systematically interchanged. Depending on the
number of subjects per group / condition and the type of t-test, a certain number of permutations
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are possible. For example, if 10 subjects are compared for two conditions using a paired t-test,
1024 (2n, where n is the number of subjects) permutations are possible. If 10 subjects are
compared with another set of 10 subjects for the same condition using an unpaired t-test, 184756
((“ik), 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: 10007), a new t-test is computed and a new
cluster value is derived for each of the initial clusters. Thus, a new distribution of cluster-values
is determined for each of the initial clusters. Based on this new distribution, the significance of
the initial cluster value can be determined. For example, if only 2% of all cluster values are larger
than the initial cluster value, the initial cluster can be considered significant with a p-value of 0.02.
Thus, based on the computed cluster-value distributions, the significance of each initial cluster
can be determined directly (see the following

Figure C1).

Positive distribution for 5000 permutations

Probability
(=]
(4]

0.25

0.1+
0.05-

001~ e
0.005 | N

0B083 -

0.0001

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

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

1% of all clusters have values larger than 200.

7 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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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)

D. Analyzing source waveforms statistically using BESA Statistics

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

differences between conditions High and Low across all subjects.

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

BesaStatistics.exe

2. When BESA Statistics is opened for the [ select e 8esa stotitics Date Foide S sl

Please select the BESA Statistics Data Folder.

fII’St t|me, the prOJeCt folder needs to be All project data will be saved to this folder.

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

defined. This is the folder where BESA e Select Data Folcer:

i i X C:\Users\Public\Documents\BESA Statistics\Projectst
Statistics stores and reads all project and
result data. A dialog box appears. Press
OK to confirm the pre-selected folder.
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3. Please close the naotification box by
pressing OK. We can now start with

setting our project targets.

4. Press Start New Project in the interaction

window on the right-hand side.

5. As we want to analyze the source
waveforms we created in the previous
SWF in the

interaction window. We will use a paired t-

steps, please select

test for preliminary 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.
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(7} BESA Statistics 5
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

e £ tew toe
Select Project

P

| 1) BESA

Select data type for which statistics
shall be performed

] trC
[] 1mage
SWF
[] ERP/ERF

Select statistical test

t-Test
Paired t-Test
Two-tailed
[T] One-tailed-left
["] One-tailed-right
[] Unpaired t-Test
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6. Press Next or hit the space bar to

continue to the next workstep.

7. Press Load Data for Condition 1 in the

interaction window. (Please note: Had we
selected an un-paired t-test, we would be
prompted to load data for Group 1.)

Specify the Group name to be “Control
Subjects” and the Condition name to be
“High” and press OK.

the
C:\Users\Public\Documents\BESA\Res

Please browse to folder
earch_6_O\Examples\ERP-Auditory-

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

Press Open.

Note: Depending on the data selection
under Set Project Targets, Files of Type

BESA Research 6.0 Tutorial
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tie & vew teb
Set Project Targets
Faue
Werkllrs Ouarvaw
S Prope Tagets
Stutmvea Arstyss

| 1YBESA

| Load Datafor Condition1 |

| Load Data for Condition 2 |

Set name for group and condition.

Group: Control Subjects

Condition: Highl

Lookin | ERP-Auddorydnensity -~ @%@
2 Name - Date madified -
—p 51_av_Highswi 17.022012 12:04
Recent Places S1_av_Lowswt 17.022012 1204
. §2_av_Highsw! 17.022012 1204 =
| 52_av_Lowswt 17023012 1204 |
Desktop 53 av_Highswi 17.02.2012 1204
. 53_av_Low.swt 17023017 12:04
o 54 av_Highswi 17.022012 1204
Libraries 54_av_Lowswt 17022012 1204
- k 55 av_Highswt 17022012 1205
L 55_av_Low.swt 17.02.2012 1205
Computer S6_av_Highswf 17.02.2012 1205 o
& ‘ [ 3
Network  Fiensme: "510_av_Highswi "51_av_Highsw!" "S2_av_High =
Filas of ype: |Sourcs Wavefom Filss ("awh) = | cancal
Recont Foldis | €\ artesbes Example: g T ,]
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will be automatically set to the expected
file format.

10. A summary of the files we selected will be

E
Load Data

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).

RS —————

11. Specify the second Condition name to be ---Specify Desi

“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

. Lockjn: | ERP-Auditory-intensity - O3
extension “_Low” and press Open. - — . p 3
. -p 55.av_Lowswl 17022012 1205
Important note: If a paired t-test was Aecefi Paces :'”i:li':f R
. = T 022012 1205
selected under Set Project Targets, the S ([ ik s
" S8_av_Highswi 17.02.2012 1205
number of files loaded in both conditions e Sk sid TITEEREI]
ne 59_av_Highsw! 17.02.2012 1205 E
. . . . 59_av_Low.swf 17.02.2012 1205
needs to be identical. This is not the case L e 17022012 1205
Computer [ (Si0avilowsed 170020121205 .
for un-paired t-tests. @ ;
Natiisik Fibe pame “S10_av_Lowswl “S1_av_Low swl “S2_av_Lows »
Fies ol fype Source Waveborm Files ["swl) =| | Cancel
Recont Foldars: G\ search_5_3\ExamplosiERP-Audioryintensity| v |
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13. Again, a summary of all files loaded for the
second condition will be displayed in the
main window and a green tick-mark will
appear next to the second load-button.
Press Next or hit the space bar to

continue.

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
or Next to see point-wise t-test results.

BESA Research 6.0 Tutorial
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[ Eie Ect view Hep

Set Parameters % t BESA
1 dw 3
Workflow Overview
Set Project Targets "4
Stantime [ms]
Slatisheal Analkysis ° 4s000 (<)) @
Load Data v ® . ~ L ] ® Enctimo [ms] =
4 [ L 248,000 |
Sel Parameters / L L] ; < >
Statistical Setlings
Cluster Alpha 0050 [3]
= Numbar of -
Parmutations 1] 1000 [»
Awerage over Tioe
|
®
- . ) ® o
High
= & S
< - f 20 Displary Led Diaplay Right
2 / \ e e Ll V| Condtion1 /) Diarence
2 (e S e == | § | 7| Condtionz || tvakes
= = =20 V| Mask ¥ Mask
: = T e
: | = : I Sy | = . | Select Seurce )
i) 0 100 150 Latency [ms] 1] 50 100 150 Latency [ms] [€]|A2 Let.01 >
Fraliminary statistics compuled successhaly. C"";";ﬂ'ﬂ"“‘.!‘i['“"ll 1 5
For maes information about this Workstep sea the Set Paramatars section in 1he descrption of the (54 Statishics Vorkfow = .

15. Results for the first orientation of the first source in the source model (AC_Left) are displayed
in the detail windows. It appears that “Low” has smaller amplitudes than “High” in the
baseline, and “High” has smaller amplitudes then “Low” over an extended time-range starting
roughly at 150 ms.

Important note: These are preliminary results that are not corrected for multiple
comparisons! They should not be interpreted. They only serve as an initial orientation for

what is in the data and for defining regions of interest.
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16. Different sources and orientations can be selected in

. ) . Display Left Display Right

the drop-down menu of the interaction window. Under Condition 1 Difference

. . . v'| Condition 2 t-Values
“Display Right” a selection can be made between Mask Mask

Difference (i.e. in this case “High” minus “Low”) or t-
Select Source

values (point-wise). The according selection will be lAC Left-O1 vl
AC Left-01

displayed in the right detail window. A mask indicating Current LE‘E”CY[ig‘tEE:gg
significant time-periods can be switched on or off for 0.000 EAc:Right-m
o AC_Right-02
both detail windows. AC_Right-03
[ Frontal-C1 A
Frontal-02
Frontal-03
17. It is possible to restrict further analysis to a region of —
Run Preliminiary t-Test ] V

interest by changing the Starttime and Endtime. This

can increase the chance that a cluster survives Starttime [ms]

48000 (€]}

Endtime [ms]

estimated based on a restricted sub-set of data- 245.000 L>]

points. For example, one might only include the post-

permutation as the distribution of cluster values is

. . . . i i Statistical Settings
stimulus period in the calculations. We will not restrict

the time-window now but see what happens to the EL”:;ﬂfha 0.050

cluster in the baseline after permutation. Permutations 1000
[] Awverage over Time

Under the section ,Statistical Settings”, a Cluster Alpha value needs to be set. This value
refers to the significance level that is the threshold for a data-point to enter a cluster. The
default value — which we will use now — is p=0.05. However, it can also be a value larger or
smaller than 0.05, larger p-values leading to larger clusters. Please note that the Cluster

Alpha value does not equal the significance level of the permutation statistic!

The number of permutations also needs to be set. The default level — which we will be using
—is 1000 in order to get a reliable estimate for a significance level of p=0.05, i.e. if the test is
run multiple times, the same clusters will stay significant. The possible number of

permutations is restricted by the number of subjects and the type of preliminary t-test (paired
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or unpaired, see above). If 1000 exceeds the number of possible permutations, BESA
Statistics will automatically reduce the value to the number of possible permutations.

Press Next or hit the space bar to continue.

18. Press Run Statistics to start the permutation

process and all according calculations necessary

for determining the probability of our initial

clusters. 50 i .

19. An information window appears summarizing the

settings for the cluster permutation test. Press i e setings o ning thparmutaton st aro 3 olows:

The cluster alpha used for cluster building is 0.05.
The number of permutations is 1000

OK to continue. Please note that the following

Press OK to accept the settings or Cancel in order to modify.

calculations can be time-consuming depending

OK ] [ Cancel

on the type of data and the number of data-

points.
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[} BESA Statistics L0 - |
| Ele Edit View Hep |
Perform Statistics Ty BE S A

& de = ;
Workflow Overview Run Statistics vy
Set Project Targels L = :
Statistical Anatysis ®
® ]
Load Data v
® ® @ . ®
Sel Paramelers v
Perform Statistics
. | Permutation Test Results
/ A . Val - Clster - Vs | -
° * ® ® L) Jke 001 [p=0.00000] v
wk  002[p=000100] +
* 003 [p=0.01000] + s
+ 00 [ps0Od200] ¢
005 [pe0.05300]  *
006 [p=0 06500]
007 [p=0.10500]
008 [p=0.48000] -
- 009 [p=0.57300] * =
High AN Inhl BARAN *
= = -
% - 1w Display Lot Display Fight
= / b — . Condition 1 | Dierence
2 e .8 U | Condgion? || t:Values
= = k,z 3 7 Wask ¥ Mask
< < 40 Select Sowrce o
100 150 Latency [ms] s 50 100 150 Latency [ms] £ AC Leh01 =)
Statistical caeulation Srished successhiy = C‘::':u:m"“‘l:“t o3
Mot Thass rosults aee camectad for multiple comaaisans
For mote maimation about this Workslep see the Pedorm Statistics section = lhe descripbion of the BESA Slalistics Worklow
oA mTiR P AN AT RGRAAS x Prewous | [__Fish |

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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Ede Edt Mew Help
Perform Statistics L BES A
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Statistical Analysis /v R i
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Set Parametars L4 W= | 1A s || 11 | A |
Parform Statistics - ! ok
/_. R'd : %
NN N S Y Permutaton Test Resuls
! . = \ : 1 s L\ Val . [Clugter He (Vi | s
| .- ) | @ Y ® | [ e & ke 001 [p=0.00000] o
\ N} I ) | A\ : ) | Ak 002[p=000100] 4 o]
S J ™ \\— /] *  003[p=001000] + v =
X: S W\ Jif + 00 [pe0.04200]
\ 005 [p=0.05300]  +
006 [p=0.08500)  +
007 [p=0.10500] -
008 [p=0.48900] -
009 [p=0.57300] + |
Figh on — s v
E Lo 1 1 E B0+ 7
£ 0] o Dz / \ Display Lot Disglay Right
3 o] i / iy I A 7] Condtion1 (V] Diflerence
< =) 4 i 5 20 ,."r | 7| Condtion2 || tvalues
R S e 1|5 / +| Mask + Mask
| 1€
£ . - o =
0 &0 100 150 Latency [me] 0 50 100 150 Latency [ms] (€[Fronmab0r x>
Lrusteia pemes  mesio mean s - Cumant Latency [ma)
Chuster1 0 430407 253120 16000 (] & (>
Cluster 2 0.001 43882 0.756313
Cluster3 0.0 260748 3N - ;_F—! IW

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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() EsA statistics 10- N
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Workflow Overview
Set Project Targets v
Statistical Analysis
Load Data v
-* L]
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° 4 £ | Permutation Test Results
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® @ e L )] Ak 001 [p=0 (0000]
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005 [p=0 05300]
006 [p=0 05500]
007 [p=0. 10500]
008 [p=0 45500]
= 003 [p=0 57900]  +
Hi m = NAA = BARML '

Display Leh Desplay Hight
[¥| Condition 1 /. Difarance
¥ Condition 2 t¥aluss

V| Mask 7 Mask

| : = £ = : A Selact Source

0 0 100 150 Latency fms] 0 50 100 150 Latency [ms] <J[AC Right-02 ||
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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

» Summary of cluster statistics:
the cluster p-values and the condition

Clusters pvalues Mean 1 Mean 2

Cluster1 0 13.0407 253121
window below the main window. Clictr 20N 492000 n7ced4n

means are displayed® in the information

8 It 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
project. Save it under an appropriate name.
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Tutorial 6 — Coregistration and FEM Modeling

What does BESA Research provide?

v" Coregistration with and without individually digitized electrode positions
v Direct integration with BESA MRI
0 Loading MRIs in DICOM, NIFTI and ANALYZE format
o0 Guided definition of landmarks for AC/PC and Talairach transformation
0 Automatic inhomogeneity correction
0 Automatic segmentation of skin and cortex
0 Automatic setup of 4-layer FEM model
v Display of individual cortex and skin in source analysis window

v" Source Localization with Individual FEM Model
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A. Introduction

Coregistration of EEG and MRI data allows mapping a source position to an actual cortical
area. Without coregistration it can only be roughly estimated, which cortical area a certain x-y-
z position corresponds with. Further, individual anatomy can be used for seeding sources or

verifying source localizations.

When EEG and MRI data are coregistered using BESA Research and BESA MRI, data are
transformed into a coordinate system, which is based on internal landmarks of the individual
subject. First, a transformation into the AC/PC (anterior / posterior commisure) coordinate
system is performed. Data are then transformed into standard Talairach space. This ensures
that the same standard coordinate space based on individual anatomical landmarks is used

when different subjects are compared.

Using the same standard coordinate space 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).

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

treatment, test vs. retest).

Ad a. Anatomy can vary considerably between subjects and a different x-y-z localization in two
people can still be in the same anatomical region. Not taking individual anatomy into account

when constructing the coordinate system would disregard this fact.

Ad b. If an EEG (and more so MEG) is measured at two instances in the same subject,
electrodes (MEG sensors) are likely positioned slightly differently at the two instances. Here,
not taking individual anatomy into account when constructing the coordinate system can lead

to higher variance in source localization within the same subject.
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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

Left hemisphere Right hemisphere

coordinate system compared to the PAN is

=
=
"
g

statistically significant (see image on the

"
s

right). The effect is particularly prominent
in the right hemisphere (p<0.0001), but

=

also apparent in the left hemisphere

Distance to the mean point in mm
e

Distance to the mean point in mm
B

(p<0.05). This illustrates that it is important
to use the individual anatomy for defining ° acec .

the coordinate system whenever possible. Courdinate system Coordinate system

Usually, good coregistration depends on digitized electrode positions in order to precisely fit
the measured electrodes to the skin of the subject (as segmented from the MRI). Using BESA
Research and BESA MRI it is possible to coregister EEG with MRI data even if no individual
electrode positions were digitized as long as there were some electrodes that coincide with
positions of the standard 10-10 system. The idea is that as long as some standard electrode
positions are known in a subject, positions of other electrodes of the 10-10 system are also
known and can be used for coregistration purposes only (not for any signal analysis). This

procedure makes coregistration much more precise than only relying on fiducial positions.

B. Starting the coregistration of EEG and MRI data using BESA Research
and BESA MRI

In the following, we will coregister the EEG data of subject S1 (Auditory Intensity Experiment)
with an MRI image using standard electrodes, as we do not have individually digitized

electrodes available.
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1. In BESA Research please open dataset

Laskj | ). ERP-Audsoryintensiy =] r@coD-
S1 av.fsg (located here: B lNeme ’ Datemodified
) mo::{m All_Subjects_cefsg 09.12.2009 1335
C:\Users\Public\Documents\BESA\Rese  Epeees o0
i Doskiop S1-blinks ERP.fsg 18052005 16:19 L
arch_6_O0\Examples\ERP-Auditory- . S2.aufsg 130520051355 |
e 52 _av-testisg 10112011 20:08
. . Litwarias " .
Intensity). Press File / Head Surface & et Skttt
. . S5 _avfsg 03.12.2009 1208
Points and Sensors / Load Coordinate @ séanlsg 031220031207
ST avlsg 03122009 1206 -
Files (or press ctrl-L). - ;.I.,.m. is1_av.h:r : = m.;
Files of fyper [Cumromn Fie Type (85 =] Cancel
Folders: |Dml‘olsal ﬂ
v |

2. Inthe section Digitized head surface points

E:n;x;’u:.‘ns?’u;tlz Cmommans s : "/

5 231 Wockocen, | pelvraahic

press Browse. e
Tuparent
Eloas ver slechuds hcknacs
Yen M0 Panamatnd
Chend corfourtor — "
T T =3 | Ew |
Dighized baed satace pasts (- * vpn) aellnbts = it
e ==} [ Eat
(] ikl Toca B Ear

Misctrodde ickrovs frmi (030
Garvginaten s [.eh) onbend it [ cut
~ & i [Gned s FdajCang
o 3
r’w:‘rp.im sofu [oed Edt
2 -on e

(T [Goed Bve £
CeD3 | CawEvess bob | [ ] oes |

3. Under Directories please select the option

Lookin [ ) StandaidElectodes =] e@dmr
Standard electrode folder. B, e : Date moditied
—p B BESA N Sy 93 sfp 14122010 1840
H“';':“' & BESA-MRI-Standard-Electrodesstp 14.10.2010 14:54
Deskiop
e
Libeanes
Computar
File nama: | =] Open |
Files aftype’ [suttace paints (* stp) = Cancel I
Ditoctrivs: [Branand otmcroo oo |
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Select the file
Electrodes.sfp  and press Open.

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-

Laokjn [ ). SwndardElecrades =] ~BdEr
. Name ’ Date modified
“ “'-: & BESA-MRI-Standard-33-Electrodesstp 14122010 1840
i
orentFCEs ) BESA-MRI-Standard - Electrodessip 14102010 1454
Deskiop
i"«‘-
Litiarinss
A
Compuse:
Nework ‘ 11 »
File pama: [aESAMRISIandard Blectodes st ~| Qpen
Files of ype: [surtace paints st} =] Cancel |
Directories. |Standard slectiode folder |
=0 |

The other file (BESA_MRI_Standard-33-Electrodes.sfp) contains 33 standard electrode
positions. It is not suitable for us as none of the electrodes that were measured in subject S1

have names that coincide with the 33 standard electrode names. Thus BESA cannot match

them.

4. Press OK to close the dialogue.
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5. Press V on the keyboard to bring up the

| Cenler fmm): <1.2 2.3 396 jusing head coords; override: 151_awv.sth)
Head radius (mm]: 93.07

surface points window. The 96 standard
electrodes are now displayed. Those
standard electrodes whose labels coincide
with S1's electrode labels are marked red.
Please note that the grey standard
electrode positions are merely used for
better fitting the electrodes to the subject’s
skin. They do not carry any signal. Close

the surface points window.

6. Press File / MRI Coregistration.

You will be prompted to create and save an
*sfh file, which will be used to store all
coregistration information necessary for the
interaction between BESA Research and
BESA MRI. BESA will automatically
suggest the filename of the current subject
plus the extension Confirm the

suggested name by pressing Save.
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8. BESA MRI will open. Press Accept in the

BESA@’ Version 1.0 December 2010
welcome screen. Important note: do not MRI e acteling, Sermany

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

The SAMI ftwar licensed a single computer
aimed, including all

ot allowed to use
osis andlor reatment

For research use only!
Not for the use in diagnostic procedures!

(Flle / SeleCt Data FOlder). Please read the User Manual before first use!

If you accept the licensing conditions, click ‘Accept, else dlick ‘Cancel"

T

9. Press Start New Coregistration in the

interaction window on the right and press

Next on the bottom right (or hit the space
bar).

Start New Segmentation

Start New Coregistration

[ I
[ I
[ Open Segmentation Project I
[ Open Coregistration Project ]

10. Press Select Input Project in the o ®
]
interaction window. Please note that the n BESA

segmentation of the subject's MRI has

[ Select Input Project |

already been performed and pre-saved in

order to save time. @

b
Select Nasion

Set Nasion |

|
| Set Left Preauricular Point |
|

Set Right Preauricular Point |
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11. Choose the project MRI_T1 of subject QC.

| Subject Binhday Project Date Modifiod

s ac 01.04.1946 || & MRI_T1 28.02.2013 15.19.28|

Press Open. - -
Selectod Subject: (G (1946-04.01)
Selected Project | MRI_T1 GCancal |
Project Type. | Segmentation Projects |

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

Press Next to continue.

S M cusicn By & s i on P 30 ey
T combem crtion, type Space or Enter or g Hast or Set Haslan

1ot Mk

i

13. Mark LPA (Left preauricular point) as
indicated in the head scheme in the
interaction window. In this subject LPA
position can be identified quite well by the
shadow that is cast in LPA’s dent. Press

Next to continue.
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14. Mark RPA (Right preauricular point) and
press Next to continue.

o Pt Pravamt e P Dy @ Senglo Ok 00 Dwt 500 surtae. .
s corbers pantion, fypa Soace o Eatar o prie Nast or Set Fged Prasuricular Famt

15. All fiducials are now positioned. Press Next
to continue.

ik b B o Tl
o eortrim

i A3 ARG X0 mucc Wage Moo T P (]
16. Press select Coregistration File to load the [Friisesssesmen i
, . _ i I BESA
Sl-av.ish file we created in step C7. It iS | wuwowm [Foeree
located in the Examples” folder under | ;o= = ¢ e ST
Auditory Intensity. Press Open. “;
@ _ — T
T e !
(hm:m-_i
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17. 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 fiducial
information in the sfh-file. Press Run

Surface Point Fit to optimally match the

standard electrodes to the segmented skin.

18. Now we achieved a good fit between the
standard electrode positions and the
segmented skin. Press Finish.

19. Please save the coregistration project oject As
Subjects Projacts
under the suggested name. [P300-Auitory (1a46-04-00 ]

Selected Subject P300 Auditory (1946-04-01)

Rl IO OR__PA00-Auditory (1046-04-01)_MRI_T1__S1_ay| Cancel |
Project Type: Coregistration Projects =
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C. Utilizing the individual anatomy in BESA Research

to BESA Research. All

coregistration information containing

1. Return

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

necessary information

available. Press OK.

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

Source Analysis.

Select the custom definition -50 to
250 ms, Low Cutoff Filter 0.5 Hz, 12
dB/Oct, Zero Phase, High Cutoff
Filter 40 Hz, 24 dB/Oct, zero phase.

Press Source Analysis.

Our source model consisting of 3
regional sources will automatically
open as we saved if per person in the

batch created for tutorial 6.
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5. Press A on the keyboard to bring up
the individual anatomy of the present
subject. Since we coregistered the
EEG and MRI data, the individual

MRI is now available. Without

coregistration, only a standard MRI

can be displayed.

6. Select the first source by clicking on (55 e o 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 .‘I\e. ftmdbc\ﬂ! ul!'oﬂ! F l'm! .! Sﬂ\;bbn_hmmam 3§LIME\EW-J|NIM bersit
0 sadual mrl = B8

source to left Heschl’'s gyrus. You will | £ #20s =i =il 4.

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.

Roc: 157007, 034 Cartiss)
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inimi i [0 e R .
8. Minimize the MRI window and select | e
| Data ﬁﬂj_ﬂml]ﬁl__iigss. Var.| Energy | Mn. Dist. IM;P n{:ﬁl:;];l i%%ﬁ%‘%l‘%’aﬂl%

[ < | +| BOJB 64 s Filies: 05 - 40z «

the blue source by clicking on its |l ceos mvmee o S B e T
source waveform. From the drop- | .. % SOl i ]
= s £ . ol
: 7 7N i
down menu under Loc at the top | ‘= AW 2
ight of the window please ch ; e o e ; i gr)z
right of the window please change | =— o e

PT *-——/“*v-—--—-— 0 neviausnm = &

symmetric to free. Maximize the MRI o1 ::?-C _ S SLL HFEH |_L.’s_a wiraltelz)
window again. TN

9. Now let us move the blue auditory [FFa TR RRERERIET ST S .

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.

o o =

L L T —r gy

10. We have now optimized the

positions of the auditory cortex e e fon [ FarTer
o |

sources based on the subject’s LS5 s iy ]

individual anatomy. What we still G@) |®1

need to do is to refit the orientations | ~———~<— ] b

‘""‘_’v_"'“ /_..\ /‘9“\\
. Fr——n—— | ; (
of the regional sources based on the e @ u@éﬁu
iy o [ SO N

new positions. The blue source is still : ~ | o

selected, so simply press Oonthe | <" . ‘< E} Q\ ﬂm‘g

keyboard to set the first orientation at o « oo Zleaurca eoons &
e ~24.00 ma. /,J

the maximum of the activity. Repeat

for the red source.
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We are now finished optimizing our source model based on the individual anatomy of

the subject.

D. Individual FEM Model for Source Analysis - Introduction

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

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

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

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

in a particular cognitive task

¢ Investigation of treatment effects on source localization

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

(FEM). The model will consist of four

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

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

assumptions about the origin of the current (Ramon et al. 2003, Wendel et al. 2008).

BESA Research 6.0 Tutorial Page 151 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®
Tutorial 6 — Coregistration and FEM Modeling

When current flows through a volume, it B paiches

M skin

W skull compacta
|l skull spongiosa
WmCsF

D gray matter

M (Jwhite matler

will change direction whenever it passes
a new layer with differing conductivity

(see image on the right).

In principle, the head model can consist
of even more than four layers. The skull,

for example contains at least two ...
different  tissues  with  differing o275
conductivities. However, this would Ko 000
mean that head model generation

becomes more complex, less automated .
and more heavy on computation. ; sE:z
Additionally, MRI data quality needs to - 0.470
be exceptionally good to model all the Igzzi
different tissue types and the combined

use of T1, T2- weighted MRIs as well as "E"E_”:gz
CT data is vital. We will see in the EE?:
following that a four-layer model leads to I EEE;

very good results.

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

9 BESA MRI models all CSF, BESA Research only uses the layer between cortex and inner skull.

10 Currently, leadfield computation for FEM models created in BESA MR is only possible for EEG data. MEG
leadfields will soon be available, as well.
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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.

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 (Minster).

E. Coregistration with Individual MRI and use of FEM Model for Source
Analysis — Hands-On

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". 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. In BESA Research, open File
RareFrequentResponseLeft.fsg
located here:
C:\Users\Public\Documents\BESA\Re
search_6_0\Examples\ERP-P300-
Auditory.

2. 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.

3. Press File / Head Surface Points and
Sensors / Load Coordinate Files.
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4. Press the second Browse button (for
Digitized Head Surface Points) and
choose file P300-Aud.sfp. This file
contains individual digitization points of

electrode positions. Press Open.

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

channel

file containing

electrode labels and

specifications. Press Open.

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

In the same dialogue, press button
Edit/Coreq. 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 [

[l | BESA » Research 6. » Eamples ¢ ERP-Pa00-Auditory

that will store information about the | “ = > . =9
coregistration later on. You can use the | =c
suggested name
RareFrequentResponselLeft.sfh.
Press Save. : ,
L e
= Hige Foers [Csee ][ comer |
8. BESA MRI will open. Press Accept. _
BESA® Version 2.0 November 2012
MRI Copmrant & 7047 - i recorved.

For research use only!
Not for the use in diagnostic procedu

computer
d, including all

dto use
treatment

res!

Please read the User Manual before first use!

of unmedified dynami

e Lo ew bek

9. BESA MRI will automatically display the

Set Project Torgsts
coregistraion workflow. Make sure to | -

. i Arcgec T ww
select the option Generate FEM | oo cmppeie

leadfield. Press Next or hit the space | = sscs

bar to continue with the workflow.

Thve ke Wincioss bnks
o conbmus he workdiow, you con sways press the Space bar, B
Exier ey o e Kl busicn.
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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.

BESA Research 6.0 Tutorial
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

f Sl Bty || [Puopet T .|
I Y- 0108 148 [ WEE_T1 0 2003 18 1990
Gadert Mameon i
L et Mo
ot Laf Prominses Pt
et Hight Presncutar Fok
| Concel |

Saes

I
o asoct, poeers M Space har, Neat, of Select insut Project in fhe
Imarac ton ‘Wwdiow

IS0 BN B & U Siek o T 0 Sutace =
T EORAMM polon, BreSs P Spce Bar, e Enter iy, Next, of Set (]
Manion,

Frumncular Foit by @ singh cick on e 30

S Lt F i
o confem posdion, press e Sgace B, Mo Snter ky, Next, o Sat
Lo Premuricusar Point

Page 158 of 280

www.besa.de



BESA® Research 6.0

Tutorial 6 — Coregistration and FEM Modeling

13. Select RPA and press Next.

faghe

By m el chok on the 300 swrisce

Su Faght Froosncular Foed | i
o canlrm posdion, press e Saace b, Mo Enter kay, Next, of Sat
Frmsurtcies Pant

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
RareFrequentResponselLeft.sfh.

Press Open.

Set Fiducials
JEdde s

Surfucy Purd Corwgntraton

FEM Laarterd Generstion

Fuucishs hiv Sown sul s

cusiuly.
o canfir, pross B Space b, of prims Meat

ks D 5 b B 30 e amage. Move | Zocen 1 30
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16. In the field Electrodes, enter 0.5 cm to

[| Ede Edt Yew

i i . Lo . FllSu_lrr:oeF'olnlzs Y BESA
indicate the distance of the digitization | “°° )

i 3 [t Coataniin..| o
points from the scalp. Then press Run | s ol
Surface Point Fit. M o

Siartars ocrE R et i 3.0 APl foem £
el ASp LN Lot el Tl SA

MEIBFH_FILEERaral rosetlisgordalefl st T
st Grosed paramtors o acks 1 s 8 rErows s srfecy o ]

17. Once the surface point fit has run and the

| b Bt Yew Hep

FnlSu_lrr.aoeF'olnlzs

result is satisfactory, press Next to | _°""
. S0t Prcject Targoks o
Contlnue &:::‘ﬂ\::wwm J

Fi Surlace Punty

Note: In case the surface point fit | ===
appears inadequate, you might consider
revisiting the definition of the fiducials.

Siartars et M s Siremvaluly € arpiated . -
0 Mty B e S o a0 SR A SOTeESEH o e | Mammal destance eror 054
teirction Wordow o

To comteus, v S Bpace bt the Exter hoy o Bu Nl Luion

18. Press Run FEM Computation to start

Ganerate Forward Model

leadfiled calculation with the given FEM | "~ = BESA

Sut Prowect Targurts. v

model and electrode layout. This will | e '

St i i o
P Simteco Pk ¥

take several minutes as the forward | 0020
signal for each electrode needs to be
computed under the assumption of
activity in each brain voxel. The
electrode that is currently being
processed is highlighted in orange, the
electrodes that are already finished are

displayed in blue.

Prowous |
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19. Once the FEM computation is done,

- . T "|BESA
press Finish and save the project under o1 e
the suggested name. Close BESA MRI | s |
and return to BESA Research. et

Ganerin Fnssrs os!

20. In the window Coregistration with MR| [cssmma i SR ==

Coregistrmaon files

you should now see a green tick mark | ° i o
. . . . . ) Surtace comgistrefion file * s, * bhm) ,/ M
indicating that all information regarding | [Feermmman st
. . Tedairsch copedinesos (* fal)
the coregistration and FEM model are | Rstfon e mowa
) Telaimchimnsiamad MR]lo ()
available to BESA Research. Close the [FsiBeeatEESA ABESIHLpoRHOC 150 O Browee
. . Tetairscrrianstomed head sufsse mesh =)
window by pressing OK. [FestEssHin e Wotahop Exarplen BESAMF sroscie 1o O s
Tetairachrtranstonmed brain sutace mish (%o}
[P : I _projpowac_19e0 Ok Hrawss..
1 Indidusl FEM defined!
rachcomoes ekt o

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

right-click and select Source Analysis.

T

HHOEEEGEES
FRERRTERE RGN

=

ZERE

TRZEREAEZERS

1R

T

| Tine: 0600 00
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Block Size and Position Filter ot

Status [v Enabled

22. Select a custom definition of -100 to 300
 Whole Segment Low Cutoff

ms, Low Cutoff Filter of 0.5 Hz, 12 & Eosomsnion Ereaueny [15 T Slope [12abjoct =] Type [rorophose -]
. ,—L[Pr;\i/;'uis High Cutaft Status [ Enahled
dB/Oct., zero-phase and a High cutoff Wm)m{;; * || Fiquercy 05 g Siope [rabron]  Tops [rroprese <]

Filter of 30 Hz, 24 dB/Oct., zero-phase. ™" miwsser

[~ &l Conditions Source Analysis | SetBlock | Cancel

Press Source Analysis.

23. In the SA-window, please left-drag a i Sen
L e N T LT e (e —
block from 80 to 110 ms over the EEG 55wt [
Congacinay: [ 35t [ 1w | cme [ e |
signal. You can easily select the time — N\
range by right-clicking into the marked }E—C,—{; -
. : J o) el o '- f 2
segment and choosing Set Fit Interval. W ZTN\ A1\
B ] il =l I\ ,I \l\s
e G = =] Ud\\:;..;:)’} Q\(\\»‘:L,%f’
e T TN
Eo1 s (l o= \n e-:f_»\_j l}
ES1 e e £, @ | @
l_lag_‘__--_._—‘..,_.—\/: > \\ r) \‘] s Ir/--
= rI - ...;.l;q i \-s;m +11203 m 2 :I

24. Make sure that the default source type is

Fagwiation Contant: 1%
Deba Source Type Feg. Src.

set to Regional Source by pressing [= 7 ¢ SUEEELL :
Options. In case the default source type | =~ e
is Dipole. Change it to Regional Source. | «——"~—"<

ST
[ —— et

IIIW
B

vat (196 0t 05y

Fit Intorval: B00 - + L1000 mE
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25. We will first try to fit the auditory N100
with two regional sources using the
default head model 4-shell ellipsoidal.
Please double-click into the head
schemes twice to place two regional
sources, one in the left hemisphere, one

in the right hemisphere.

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

27. Press All Fit and Start Fit to start source
localization.
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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.

29. Close the
individual MRI. Click into the empty

the window displaying

area in the box in the upper right corner
that is now displaying the source
position. This will switch the contents to

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 i
e —
o e i o

clicking on the On button next to the

bran scop  bonn  est
(——— | O |
Therw 30 ibon 1 (mocihedd] [0

source waveforms.

) 2

[Datn (1-16 61 25 oo wavetonen = Jzaurce tossbons
Tirmg- -00.00 it brtorvak +50.00 . + 1300 me

1 Sowtion 1 Fif fmage Ontcas
Waoded| s PCA| FEG
et d0mm  Tden 05 - Wiz = |t
A00.00 me 30000 ms|

32. Insert two new regional sources by

Sokton New souton 1

st I, RS4 ey pdoc s yeoni fei
— % Tatsrach [[#7 [53 [23 [ - [ - | -
i [T |

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

right hemisphere.

Seamon ] Fi Jnage  Cptioes Hen Sontion: New sokition |

33. Add a symmetry constraint again by

—“‘—“J—'—_|“:.‘;f“z e R B e e
opening the drop-down menu next to cloaia I e ==

Loc.: and changing the constraint of the wm- N _M.J&m;w
fourth source to Symmetric to. T s e Ll
m—-.-—-——-*"\./“'\ s [

LB J
:;;Z-_-‘-—-.. : > NM_AW

TRE

F?IH-*———WN |
Lli'_l—r-'—-——\y—-\/.:. 1 o | | -
[ (136 0f 65) x J5ource winolomns b ] o
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34. Press All Fit and Start Fit to start source

localization. It becomes apparent that

[+]+] Targe A bl 05307 < '. = 7
| Mon| M0 Stat @] CLARA || Posin |

source localization with the individual | = m}

FEM model leads to more inferior —-—"\*’\ A N ;
solutions compared to the 4-shell | o——7"< o
ellipsoidal model. EM@T@/

Bring up the individual MRI by pressing
A on your keyboard. We now see that
in Heschl's

35.

both sources are located

gyrus.

fe Comiteni g0

[

B i =m0

: #9A,-136, 108 (Talarah| Fit bateevat - SL00 _ +13000 me

Sclstion: Noew scttion 1 |
miwle

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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Tutorial 7 — Distributed Sources

What does BESA Research provide?

LAURA
LORETA
SLORETA
SWLORETA
CLARA
sSLOFO
Minimum Norm
User-defined

N N NN U N N NN

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

This tutorial introduces the principles of distributed source imaging. A short theoretical
introduction is presented, followed by hands-on examples that demonstrate the properties of

the different methods and the important effects of regularization on the obtained results.

A. Short theory of distributed source images

Discrete versus distributed source analysis

Both discrete and distributed source models use dipoles or regional sources as their basic
elements to model brain activity. However, the relationship between the number of sources
and the number of recording sensors differs between those two approaches. This has a

number of consequences that are listed schematically in the table on the next page.
The following abbreviations are used:

D: 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].

BESA Research 6.0 Tutorial Page 168 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 7 — Distributed Sources

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

l \[I1!

g\ray matter

Number of sources < Number of sensors
Overdetermined problem

Number of sources >> Number of sensors
Underdetermined problem

Source model is defined by fitting or
seeding

Source model is predefined (e.g. along the
brain surface or on a regular volume grid)

D=LS

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

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

Reconstructed source waveforms: S=L"-D
where L1=(LT-L)1-LT

Reconstructed source waveforms: S=L"1-D
where L1=LT-(L-LT)*

Regularization in source space. e.g.
Tikhonov:

Li=(LT-L+AI)T LT

Regularization in sensor space, e.g.
Tikhonov:

L1=LT-(L-LT+A1)"

Spatial weighting:
LT=V - LT-(L-V LT+AI)?
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Discrete source analysis Distributed source analysis
Result: Result:
Multiple source model and source 3D Volume image, one for each time point
waveforms

Al o] AN fit| S1an | MSPS | 4 | |

‘* &Di

\ _J Ll el »lrwl -'_

Properties: Properties:
e Crosstalk: (+) If the source model ¢ Crosstalk: (-) Smeared, non-focal activity.

contains all active brain regions, Substantial crosstalk between sources.

the source waveforms Reconstructed activity at any location

represent their  activity, i.e. they is contaminated by activity from other

separate and mutually  contrast brain regions. Activity of brain regions

their activities with minimum close to each other can hardly be
crosstalk separated.

e Effort: (+) Pre-defined source model.
Source images are generated easily
and quickly.

But: parameters have to be specified

(V, A). They can have a large impact on
the quality of the obtained source

image.

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.)

In BESA, distributed source models consist of regional sources at each source location. In the
3D volume images demonstrated in this tutorial, the sources are located on a regular cubic
grid spanning the whole brain volume. The grid spacing in Talairach units can be specified by

the user.
Spatial weighting: Minimum norm, LORETA & LAURA

Because distributed source models contain more sources than recording sensors, there are
many different source current distributions that perfectly model the recorded data. Therefore,

side constraints need to be defined that allow the selection of the optimum solution. These side
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constraints are represented in the spatial weighting matrix V (see above). Different methods

have been published in literature. The following is an overview of the imaging methods

implemented as standards in BESA, variations and combinations of them can be specified as

a user-defined image (see the corresponding chapter below). More detailed descriptions are

given in the BESA Help menu.

Minimum norm (Hamalainen & limoniemi 1984): In its simplest form, V ist set to the
identity matrix. This results in the image with the smallest overall energy (the sum of
squares of all sources magnitudes). Usually, depth weighting is used by applying a
diagonal matrix V, whose entries are inversely proportional to some measure for the
magnitude of the respective 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=LTL
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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.

SLORETA (R.D. Pascual-Marqui, Methods & Findings in Experimental & Clinical
Pharmacology 2002, 24D:5-12): Unlike the name suggests, this method is not a
standardization of LORETA, but rather of the unweighted minimum norm image. The
sLORETA activity at location r: is estimated from the minimum norm source estimate

SMN,r as:
D 12,
SsLoreTar = Ry Sunr

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

regions.

SWLORETA (E. Palmero-Soler et al 2007 Phys. Med. Biol. 52 1783-1800) is a

standardized version of the depth-weighted minimum norm.

Iterative approaches: CLARA and sSLOFO

One approach to make distributed source images more focal is to apply them iteratively. The

spatial weighting matrix V in each iteration step contains contributions that reflect the image

obtained in the previous iteration step. CLARA and sSLOFO are such approaches:

CLARA (“Classical LORETA Analysis Recursively Applied”) is an iterative application
of the LORETA algorithm with an implicit reduction of the source space in each
iteration. First a regularized LORETA image is computed as initialization. Then in each

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

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

following step.
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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.

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.

Regularization

Distributed source images require the inversion of a term of the form LV-LT. This term is

generally regularized before its inversion. In BESA, selection can be made between two

different regularization approaches

Tikhonov regularization: In Tikhonov regularization, the term L'V-LT is inverted as

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

Truncated singular value decomposition (TSVD): Here, an SVD decomposition of
L'V-LTis computed as LV-.L"=UXUT, where the diagonal matrix S contains the singular

values. All singular values smaller than the specified percentage of the maximum
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singular values are set to zero. The inverse is computed as U-X"*UT, where the diagonal

elements of Xare 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.

1.

2.

Select the file

File / Recent Files.

F:EES&_
from File| Edit View Filters Montage Process ERP Arifact Search Tags Goto Options Help

Open..

Recent Files.

Impart and Convert ASCH File..

Exit

Select condition Low, left-drag a block and

send it to source analysis by right-clicking

and pressing Source Analysis.
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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.

As areference and for comparison, load the  [Fe e ST e

regional source model we created in
Tutorial 4, steps D1-7. Press File / Open

Solution and load file

Set the cursor at 96 ms, at the peak of the
N100 component.

Distributed 3D
generated with a single click in BESA. They
the

volume images are
can be generated by selecting
corresponding method from menu entry
Image / Volume Image, or from the
dropdown menu of the image selector

button (the arrow left of the BrainVoyager
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button in the middle of the source analysis S

window.

El

D 0 ememmemeeemgeeeees

In this chapter, we will use the default

swLORETA |

] Al off] Al fit| Start fit
parameters for all 3D images. The i

importance and potentially large influence
of these parameters on the obtained result

will be illustrated in the next chapter.

[ on

/

swlLORETA | Beamformer

7. First, compute a LAURA image at the AtetAnisar
cursor latency. Simply select LAURA from |

the Image selector button dropdown menu.

8. The computation of a LAURA (and also

CLARA
LAURA
LORETA
SLORETA

v swLORETA
sSLOFO

Probe Scan
Sensitivity

Settings.

Minimum-Norm (Surface)

User-defined Image

Ctrl+M

Stage 3/6 [Thiz may take a while!]

LORETA) image is divided into 6 steps. A
dialog window informs you about the

processing stage. When computing a

LAURA image for the first time for a data
set, steps 2 and 3 can take some time to
complete (depending, among others, on the
selected grid spacing, see below). The
results of this intermediate steps are stored
to disk, however, so that these steps will be
omitted in all future LAURA images. This

speeds up the image calculation.
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10.

The result is displayed superimposed to the =~ ="

anatomical MR image in the 3D window in
the lower right corner of the source analysis
window. Because for this subject, no
individual MRI is available, BESA
automatically uses a standard MRI. The

regional source model is also shown and

superimposed on the LAURA image. Press

the 2 button in the 3D window to get a 4-
head view. (You may also maximize the 3D
window to get a larger view of the obtained
LAURA image.)

The units of the displayed LAURA images |

are nAm/cm®. The image correctly shows
activity in both hemispheres. However, the
focal activity is substantially blurred — a
negative effect inherent in all distributed
source images. It becomes evident from
this example that this does not allow to
draw any conclusion on the extent of the

active brain regions.

The LAURA image detected 3 maxima, The
largest maximum is in the left hemisphere,
roughly in the temporal lobe. Compared to
the regional source it is located more
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11.

12.

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
computational load, so that the first
LORETA image computed for a data set
takes a longer time to complete than
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.

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
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Minimum-Norm (Surface) Ctrl+M
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Sensitivity

Settings...

S
v

[ IR
8 2AE S v W

Page 179 of 280

www.besa.de




BESA®

Tutorial 7 — Distributed Sources

of the head, the second maximum
located in the right cerebellum. There is no

convergence between the discrete source

solution and the SLORETA image.

13. Compare the sLORETA method with
SWLORETA: Select swLORETA from the
image selector button dropdown menu.
SWLORETA differs from sLORETA only in
an additional depth weighting factor.
Properties of swLORETA and sLORETA
images are very similar. Here, SWLORETA
found 1 maximum in the middle of the head
that corresponds to the first maximum of the

SsLORETA solution.
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14. Iterative methods aim at combining advantages of discrete and distributed source images.
Implemented as default methods in BESA Research are sSLOFO and the new CLARA
method. Both methods iteratively apply distributed source images with a successive shrinking
of the source space. They differ from each other in the type of distributed source images

applied in this procedure.

15. Let's first compute an sSLOFO image.
Select sSLOFO from the image selector
button dropdown menu and observe that
the result is much more focal than the
previous methods, shrinking the activity
substantially, and indicating bilateral
activation of the temporal lobes. The first
maximum in the right hemisphere is located
more medial than the regional source, but

the left hemispheric maximum nearly

coincides with the regional source.

16. Now compare this with the CLARA method,
an iterative application of weighted
LORETA images. Select CLARA from the
image selector button dropdown menu.
Like sSLOFO, the resulting image is quite
focal. The first two maxima are very close
to the discrete source solution. CLARA

detected a third maximum, again located in

the cerebellum.
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[ R gy
r N

e

£ ————

. . 1
17. Next we want to re-fit our discrete sources Res. Var.| Energy |Min. Dist; Image |
- -——— 4

using Image weighting. Press the Image el e

Curs.: 0.815% RC: 1
button in the top-right corner of the GFP 0

and residual variance field. By default, only

buttons for criteria Residual Variance,

Energy and Minimum Distance are | Preferences

pressed_ R|ght_c||ck on the |mage button .FiT. I Genetic Algorithm I . R(AP)-Music I BrainVoyaggr
File I Display | Boxes | 3D Window I Head model Constraints

and click on Weighting Factors to bring u
g g g p Regularization constant [%]: Default |

Minimum distance critetion [mem]: I 8.0 Default |

the Preferences dialog. You can see that by
default  weighting factors  Residual

Variance, Energy, Minimum Distance and 5 Elvanee) apimae

Advanced options

Image Welghtlng are treated equa”y (a" are Smaathing constant for electrade interpolation: 1Ef| 7 3: Default |
set to 1). This can be altered if desired. We

‘Weighting factors of fit criteria.

will leave the default settings and press OK. Residlual variance crterion 100
Eneriy criterion: 1.00 T
Minimum distance criterion: 1.00

Image weighting criterion 1.00

Cancel |
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18. Click on the right-hemispheric source and [ cone s o o ST s
€  FEbsa

L5, -Audetony-§
| Cata_Mod [Res. ||o)) | Pea | EEQ . Var.| Energy [Min Dist.| Image | AC_Right wloc y-oo z-doe -

change the symmetry constraint to free in [0 o

the Loc drop-down menu.

19. Press All Fit and Start Fit. The regional 50 s mansy 4. —ted
sources are now fitted again with additional
weighting by the current image. Maximize
the MRI view to observe the new fitting-
results. Close the source analysis window

without saving anything.

This first glance at the different imaging methods on our example dataset illustrates both the
advantages and disadvantages of distributed source images: While they allow to get a very
quick result at a certain latency, they all suffer from severe blurring (least in CLARA and
sSLOFO), which can make it impossible to separate brain regions that are located close to
each other. The different methods do not necessarily agree in their image maxima. It is not
straightforward to determine which method is the most appropriate right away — the answer
may be different in different data sets. Therefore, generally, a comparison of different methods

is advisable.

To be able to interpret distributed source images, it is essential to understand their sensitivity
towards the parameters that are applied during the computation. Especially regularization has

a crucial effect on the result; this is demonstrated in the following.
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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 St e i s

File  Condition1 Solution 1 Fig [ Qptions  Help
| Data _ Model | Residual ||Data]] | PCA | EEG | Res.Var
F

images  with  different  regularization 4 1% 75 S

48 00 ms Clear Fit Interval 1

settings. We could use images computed Sremal a8

Set Baseling to Fit Interval

Image

for the cursor time only, as we did in the
previous chapter. Alternatively, we can

mark an extended latency interval. By

v Overplot Wavefarms of All Channels
Overplot Wavefarms of Displayed Channels

default, BESA research will then computea =

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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2. Regularization and other imaging Beamformer B
parameters can be specified in the Image v CLARA
. . , . LAURA
Settings dialog window. Open it by
LORETA
pressing Image / Settings or from the sLORETA
bottom of the image selector button swLORETA
sSLOFO

dropdown menu.
User-defined Image

Minimum-Norm (Surface) Ctrl+M

Probe Scan S
Sensitivity V
Settings...

3. The Image Settings dialog window —[Fmeesss i ———

Genaral  Standard Volume | Usar-Defined Valuma | Suface Minimam Naem |
consists of four tabs: ks inigy
[~ By previous image e J o % i
The Standard Volume tab lists all 4@
. Spoctysemngator  [coPA =] o
adjustable parameters of the standard Y o - -
. ® EEG © MEG
distributed volume images. We will focus S s
Flot ) c SSL0F0
here on the effect of the regularization Rt R W v fve
parameter, which has a critical influence on e i’
all distributed source images. Parameters Rogusrssonarorons—— —
. ™ EVE (Tikhonaw) \, !
can be specified separately for each  msosttisoy FI—— e
imaging method (and differently for EEG & =nieas o %
™ Minimum regularzeton
and MEG). The window displays the
Barntians (CLARA[SSLOFT)
parameters of one method at a time only. Nootwmers @ megeemoneghebun o)
m v Faguiano asrabons
[l Amocuntiocp rom image (percent)
From the upper dropdown menu, select e —
LORETA to adjust the LORETA
parameters only. = =i |
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4. We will now compute and compare images | feeereer e e
with different regularization constants. The R:LVE:W:STM H & A WUJ_
default is an SVD cutoff of 0.005%. First  Userdefined (Tikhone). o1 % CVE smothing factor
observe the effect of too high  sme N
regularization: Increase the SVD cutoff to nr B —

0.1%.
5. Press Go in the Image Settings dialog |meseseino i —— -

General Standard Volume | UserDefined Volume | Surface Minimum Norm |

window to apply the current settings and Imege weighing
pp y g [~ By previous image. Default

compute a LORETA image with too high o | -

regularization: In contrast to the result of the Speciy setingsfor-  [LORETA =

\ & Frn Fuen

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

: 0.1515 (L00.0%) o = s
e

a too strong regularization: This tends to ;g"f’ﬁl, .

lead to deep, widely distributed image | o

maxima. In our example, the bilateral

activity of the left and right auditory cortex

are combined and mis-localized in the |, uin !
middle of the head. - SR e

mui

]
3
namiem (x10°] R

6. Now compare too high with too low | Resieien

® EEG  MEG
. . R Regularization for Simple Imag

regularization: Select Minimum € Use et marker biockfat ursor T

& CrEQEY ¢ Use non-haseline dala epoch
regularization to use only the minimum C Userdeined (Thhonovs [I0T % CVE smeatiing facter
regularization required for numerical © vperr T %

@ Minimum regularization)
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.

3D LORETA Tra

200
100
0

3 3
namicm [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.
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8. How to determine the  optimum | Fesersten

® EEG  MEG
. . . Regularization for Sirple Imag
regularization parameter for a given data . & Ut ol ocksi sy 7o
O G (" Use non-haseline data epoch
set and imaging method is still an unsolved  User-defned (Tkhaness;  [757 % e

problem. Minimization of the generalized o st DR

" Minimum regularization

cross validation (CVE) is an attempt to

’—Regulanzalmm for teration:

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
determined  automatically by CVE
minimization. Select CVE and have the
regularization optimized to the Data in

marked block. Press Go.

B 1] e e e e S
B A DR A

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 —
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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).

D. Other image settings

1. The Image Settings dialog window not only Cimagesetings R - |

allows to modify parameters of the pre- || e |smbsavoime | seduidiome e sammtion|

Voxel Size

defined imaging methods. Select the B e o o e e vorsa T

rnore: CLARS and LORETA reguire & vaxel size of Smm or marns.

General tab. Here the grid spacing of the
o sazer i Talessch spact TR ~ |

source grid used for the 3D volume imaging

Iy Diispleny

methods can be specified. The default i pplen oy el s ekl ke 10 sk

the image shown after the scan iz ot the masimum Clobal Field Power, or
whara the cursorwas placad

Settlng IS a SpaCIng Of 7mm’ WhICh IS ™ Displey image at mecdmum GFF inside fitinersal

appropriate for the rather distributed SRR SR s

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
Research to automatically set a cursor at
the latency of maximum global field
power and display the corresponding

image.
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2. Itis also possible to create a user-defined e
. . . Defoults
volume Imaging method: Switch to the CLoRETA | LAURA | sLORETA | ewlORETA | wirtom |[_cuama | sstoro |
User-Defined Volume tab. Here, a wide el e ——

Spntinl weighting

range of parameters can be specified.

[ Depth

e In box Resolution Matrix, specify P
whether you would like to standardize ERSEREE e —— ] o
your image with the resolution matrix Respinistonfor drsors,or 10 treons, o 8 )
. . LORETA  CVE (Tikhono) z i
entrles asins ' ¢ Userdefined (Tikhanow): ,l— % CVE smoothing factor

& SO culoh 00 Y

e In box Spatial Weighting, different

¢ Minimum ragularization

typeS of depth Welghtlng can be Werations (Specity setiings for infielizetion method in Standerd Volume Teb)

. ) ) |N“ Olilgaiions it ateon reion ,T |mau9€m00mi"qhdﬂ‘ﬂidm[‘-’0n\ﬁls.‘
selected. Cross-voxel weighting as in B___= LT e i
LORETA (3D Laplacian) and LAURA

(local autoregressive function) can be

[+ Fegularize iterations

applied. In addition, an additional spatial

weighting can be imposed by the

?K | i _Cance] | ! I

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.

e The Regularization parameters specified in this tab are in analogy to those in the Standard

Volume tab.

e 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.

o The Default buttons in the upper row set the parameters to those of the respective pre-
defined imaging method so that you can understand the details of those methods and can
easily modify them if you wish to.
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3. After specifying the settings, you can Beamformer B
compute a user-defined image by selecting CLARA
. . LAURA
the corresponding entry from the list of S,
images. SLORETA
sWLORETA
sSLOFO

v User-defined Image

Minimum-MNorm (Surface) Ctrl+M
Probe Scan S
Sensitivity V
Settings...

E. Export and import options
All images obtained in BESA Research can be exported for further analysis (e.g. for averaging

and statistics in BrainVoyager or MATLAB). Images can also be imported into BESA Research.
These will then be displayed superimposed to the available MR image (the BESA standard
MRI or the individual MRI of the corresponding subject). In addition, images can be used to
define an initial spatial weighting for the different brain regions — both for distributed 3D images

(see above) and for a discrete multiple source fit, as will be demonstrated in the following.

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
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intensities for each location at each latency. This option is not available for iteratively

generated source images.

o Image Ascii Voxel Time Series (*.vts): Exports the image intensity of the voxel at the

current crosshair position at all latencies.

e Voxel values for each dipole orientation (*.dat): This generates an ASCII file that not only
contains the image intensities (i.e. the magnitude of the regional source activity at each
grid location), but rather exports the activity of all 3 components of each regional source

separately. This results in 3 activity values for each grid location.
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Tutorial 8 — Source Montages and Artifact Correction

What does BESA Research provide?

v Pre-defined source montages

v User-defined source montages

v Artifact correction based on surrogate models, adaptive artifact correction, ICA
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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. In the

following we will learn about the advantages and the use of source montages.

Based on the knowledge about source montages, we will learn about the background of

artifact correction.

A. Pre-defined Source Montages

[Fe] fde ‘ew Tty Mosteer Procens DR Artfot Scesch Tews Goto Opto Help
A o B |Uw Opt [EaM| LF [ W | W | EoF | X0 |

1. The file should still
be open. If itisn’t, open it from your recent

file list: File / Recent Files...

PL_BR

2. Make sure the button Rec is pressed to

ERP A?ihet-"ieafch Tags Goto Options

2| DSA || Rec IKo’ir|5rl::|U5r|c);:|t
. )

display the original recorded data.

: -
'

—— N

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

across all electrodes.
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4. We will now load a source montage thatis gs Goto Options Help

part of the BESA installation and was BR_Brain Regions | HF | NF
created for auditory evoked potentials. CR_Central Region -
p the Scr butt d lect Evoked FR_Frontal Region N‘_ﬂ\f
ress the Scr button and select Evoke Y S — A
Potentials / AEP. TR_TempDra| Region —"“‘““‘—"—“'“—E”\_/ﬁ
Evoked Potentials r AEP

: SEP
: VEP

5. Now the sensor-space data are ‘s e TR T P BT T i {5 .

automatically translated on the sources in
the source montage. As discrete sources
have good separation properties we can - s

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 have a label.

We want to look at the montage in more

detail to find out why.

6. Press Edit / Montage to open the ﬁe[Edit] View Filters Montage Process [
montage editor window. The current _F[ Channel Configuration...
sour Bad Channels...

montage will automatically loaded.

Q Montage...
g Default Block Epoch...

Trigger Values...
it CopY Block to Buffer... Ctrl+C
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7.

10.

In the montage editor window press the

button L 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.

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.

—

dipole orientation identifies cortical surface

oo activy

Note that BESA Research provides predefined source montages for auditory,

somatosensory and visually evoked potentials as well as montages for central, frontal,
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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 EEc e T i o e | ur Loe | 0

auditory intensity experiment that should
still be available in your recent file list: File

/ Recent Files...

12. Next we will filters to the data by pressing [veussiesersaunes S el

¥ Low Cotofl Fiftier

the EdF button or (Filter / Edit Filter s (K e I =

Settings). Define a Low Cutoff filter of 0.1 || 7 rarosrue

Hz, forward, 6dB/oct and a notch filter of | - .ome
. Fraquency [Hz] | s winpip [ 2
50 Hz, Width: 2. L |
| |
Sampling Rate: 250 Hz Ok [ Cancel

13. Now we will load the artifact definition file  ESERP-AUGRONSINERSIASECn

that contains the blink information we Process ERP [Arifact] Search Tags Goto Of
IG | ERP | D Automatic... E Usr

created earlier. Press Artifact / Load and

select the file . Make sure the .o g'ew .
arrec
artifact correction is switched on (a blue  ..——~"""v-n Celect
elect..
corrected should be displayed in the top ™" i
I Options...

left corner of the main window). Load
| Oad...

e Save..
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14. We will now apply the source montage  Tags Goto Options Help
. . I g~ Mee | Aese lzam [ 12 | HF NF
AEP again by pressing the button Src and BR_Brain Regions -
selecting Evoked Potentials / AEP. CR Central Region
FR_Frontal Region
PR_Parietal Region
TR_Temporal Region
Evoked Potentials

15. Again, we immediately see — even in the
raw data! — that the majority of variance in
the data is produced by temporal lobe

sources.

16. Make sure you are in the first screen and
switch off artifact correction by pressing
ctrl-E. Note that a large signal now
appears in the frontal sources (mainly
FpM). Also note, how the eyeblink has an

effect on auditory cortex sources. This

demonstrates the necessity to control eye
artifacts by either rejecting them or
correcting them. Switch correction back

on by pressing ctrl-E again.
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B. Creating a source montage

1. We will now create our own source E'W e "‘L..;"r"‘.lt..““_";;.z:-_:g e e e
Close At 1 el )
montage based on the source model i | i ot st iy
s B o
we created using the grand average S e
w‘;m"“ (:E:___s_;\fmw-.\im.\,dm,-mmv.n-u\al;-'w
data of the auditory intensity o e e
= B D1 orner Papmanh -2 for mwm:.l:v:v,':
experiment. Return to the dataset rmes 2t sy i o

¥ 20 ampledERP- Audtory Intensity| AB_Subjects_coisg
3 €5 FEaampled TR Aaxftery-irtensitytes: 2151 L feg

: Dl ’ st A
CLER [y e grmsn ey Dl o Pt for bt oL - G 50

All Subjects cc.fsg that should be

$

available in the file menu. If it isnt, open ol e R
it from your recent file list: File / Recent
Files...

2. Select condition High, right-click and B rE——

. . . . Whole Segment
senditto 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.

FFT
Linear Correlation
Source Analysis

Define as Epoch
Define as Artifact

Write Segment
Copy to Buffer 4

Define Artifact Topography

Epoch: -91.0..315.6 ms, Filters: 0.5 - 40 Hz
Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz
Epoch: -300.0..1000.0 ms, Filters off

EEEEEE

3. Open the source solution we created B opensous
l[ Legkin: | ). ERP-Audtory intensey v +Ec@r
earlier on in step D of Tutorial 4. Press | &, heme ' Dotemodified*
M:«:. L boAverages 21032011 15:08
. . . 1 17.022011 14:31
File / Open Solution and select the file [ oo 056 |3
Deskiop | Highintensity_IRS bsa 09122008 1517
HighIntensity_3RS.bsa. BRI ) i e ozt 1557
Librasies $lbsa 9032005 16:32
‘-’k S1_avbsa 04.03.2011 uisf
S [ suaazont 1501
ﬁ 81-AC+SC bea 34032005 17:06 -
Network « il g
File pamar [Fagnintersey_sris bea =1 o |
Filos of ype: [BESA Salutioes (" baa) - Cancel
Folders: [Data Folder =
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4. We will use this source model as a e e | e

source montage for our raw data. In the

p »
present case this source model is
sufficient, but when data are very noisy, i i
it is advisable to add probe sources to

the model.

Remember that activity in any brain region that is not modeled by a regional source will be
projected on the sources of interest. l.e. any noise or unsystematic brain activity that is not

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

5. As we are interested in auditory cortex
activity and activity in the frontal area that

becomes active in the high intensity
condition, we need to make sure that BESA

uses oriented sources in the source

montage. In order to make the orientations
of the auditory cortex and frontal sources

available for the source montage, we need

to convert the according sources to single

dipoles. Select source AC_L eft in the head

schemes, right-click and press Convert to

Single Dipole.
6. You will now see three individual traces for Li D% ¢ -}\l
INg-;“! - . S /3,-- e ,a"l
AC Left, AC Left2 and AC_Left3. They i | § J'
correspond to orientation 1 to 3 of the 1o - . e

regional source. Repeat the previous step o ———— > fcm J{“{ 1= )

. \ /
for source AC_Right and Frontal. \\\\\ ////
e
Ve, | NN
/ \
[ ‘J \
I e 1
\A /
=t ]
| |
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] SESA - O g s AER Al Sublects ccfig - Hight T v Fifer 005 < 80 iz -85 <257 ws - Source anahsls’

7. Save the source montage by pressing File [ cown swws o s v ves

Open Souition. Cirle

. Aopere Soutca crien fFAVC 307
| Save Source Montage As... and specify  swomn
the name ] ::;:::::x:::& el
S e e

Close the source analysis Window. Press — swswsmmsmmossims.

OK to terminate without saving the SOUrce  icuwmmommerimmic s

SO I UtIO n 404 \Exampes\ ERP- Auditory-Interaity\Highlrtensity_3RS 55
. 504 - VEarmples| IMRL- FEG AT Exporirment\AT14 bas
Test Dats\ FEG-RT-E: £ | on ) e
A - \Examples\ IME] EEG BT Experiment\RT 4RS 20 seeded bsa | Mo fit]
B0 - \xampees\ M EEGH KT -Experiment\R 141 seeded baa
4 _ \uarmpler) MR- £EG-RT-Expariment\AT-2R5.bea on ________‘/_./_"‘\

Display Camplete Paths

e H G
o o 11|

L]

Now we have created our own source montage for the auditory intensity condition that
includes the fitted sources along with probe sources. We will now apply this montage on
our grand average data and the raw data of subject 1.

8. Return to the main window. The newly AT e [T i e Lo =
generated source montage was already
applied to the grand average data. Please

note that the activity increase from 60 to  * 1
100 dB in the frontal source can clearly be
observed using this montage.

A, S i L ettt -

e

9. We will now return to the raw data of — Fio ol e —

ity B | Usr| Ops | CaM | LF | WF | WF | CoF | CEO
subject 1 ( ). It should still be (o e

Rt Charww] Censfgratinn
ead Surtace Ponts s Semton

available in your recent file list: File / ot

Sendl 15 MATLAR.

g e R P- Aty Uity S et
pher LAP-Audlony-InensinhAR Sutjects cctig

7. - Examodes|Leam oy Smulasicns\fegionsl Sousce 20

I } Le TASCH Fle. ac Samul AL 2DDiohasice "
Recent Files... e R Lo

¥ 1 Cesoach 5, i Foamplen S69-Auiiony ity $1 ant
20, ram P ER Ao Moy NGEG 1A S Dcts. oot

L 0t e Pemisaiient e
€ D, koAt rsnen P
- Open AN Fies from Previous Sesscn
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10. Press the Usr button and select our ‘izgz=semssizme--ow 5
source montage Highintensity_3RS- :
test. We will use this source montage later

on for coherence analysis.

C. Artifact Correction

In the following we will learn about the background of artifact correction. Artifact correction
always aims at extracting unwanted signals like EOG, EKG or external noise from the data,
while leaving all brain activity of interest as undisturbed as possible. To achieve this, artifact
and brain topographies must be separated. Depending on whether one is dealing with
spontaneous or evoked activity, different approaches for artifact correction are appropriate.

These will be discussed and demonstrated in this tutorial.

Principles of artifact correction

For artifact correction, artifact and brain activities must be identified and separated. In general,
artifact and brain topographies will be spatially correlated. Hence, a simple regression or the
projection of the data onto the subspace orthogonal to the artifact topographies will severely

distort the data (see Subspace Projection approach below).

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
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considered to represent brain activity where 1) the correlation between data and artifact
topography does not exceed a certain threshold and 2) the signal amplitudes are below
a specified threshold. Of the remaining segments a principal component analysis (PCA)
is performed. All PCA components explaining more than the minimum variance
specified in the box Adaptive Model: PCA Topography are maintained. They span the

brain signal subspace.

In a next step, the recorded data is decomposed using all topographies into a linear
combination of brain and artifact activities. Thus, the estimated artifact signals are much
less overlapped with brain activity and can be subtracted from the original signals

without much distortion.

This approach is recommended, in particular, for the review of continuous EEG or MEG

data.

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 signhals 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
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real data. In the likely event that evoked brain activity has a topography correlated with

the artifact, this method removes the correlated fraction of the brain activity. As one of

the negative consequences, maps of the corrected brain activity will be severely

distorted after SSP correction, as we will see below.

Therefore, this method is not recommended.

The following chapters demonstrate the practical application of these different approaches.

D. The Effect of Artifact Correction on Averaged ERP data

For a traditional ERP analysis (e.g. analysis of peak channel amplitudes and latencies), artifact

correction can be applied to the averaged ERP data. This chapter demonstrates how the

different correction methods affect the obtained result.

1. Please open the file
located in the

. This file contains the average of

conditions 60 to 100 dB, Low, High and All

along with an averaged eyeblink. Change

to the virtual reference-free montage by

pressing the Vir button and selecting the

entry Reference Free.
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Lookin: | | ERP-Audtoryintensity

- | + [ ey BB
Name Date modified
L. Awverages 21.03.2011 15:08
k. test 17.02.2011 14:31
b test2 24032011 1650
All_Subjects_cefsg 09.12.2009 1435
Sl arttsg 25022011 13:32
Sl avfsg 13.05.2005 14:53
51 _av-testfeg 14,03.2011 16:05
r S1-hiink+ERP.fsg l_ﬂ.I_Jb.)DIJb 11_’:]!-]
52_avfsg 13052005 14:55
52 _av-testisg 14,03.2011 1606
53 avfsg 03.12.2009 1258
[
Fila gamar |51 ke ERP lag = [ open I
Files of typs: |Currart Fite Type ["fag) =l Cancal

Foldars [Data Faldar
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T

2. We will demonstrate the effect of artifact ....= S i

correction with focus on the 60 dB =
condition. Use the time scaling button at
the bottom right of the window to set the _ .
time scaling to 2.0 s. Press the amplitude
scaling button under the Scp button to = Ve an—

increase the displayed scalp channel | -

amplitude to 5 pVv.

3. From the Artifact menu, choose Select....

File Edit View Filters Montage Process ERP[ArtifaCt Search Tags

F | F"l Wrs | SAW ” 3D IMG | ERPl D Automatic...
virtual Reference Free
: View
Fo_rfr Correct
_A1_rfr Select...
P9_rir Options...
Fpl_rfr Load...
F7_rfr Save..
T7_rir
P7_rfr
Note that the blink artifact topography that [atmeccoreaion e (6 vl
. . Select Topographies | Estima ignal
we defined in the raw data has been HToposrapies | EsimateSral|
Select MNo. of
assigned automatically to the averaged file s
. [~ HEDG - i
as well, but is not selected by default. Set _— |
-
the checkmark next to the Blink category. P il [fmem =] Map
[~ EKG -
[~ Otherl -~
[~ Other? -
Load Save EEG
oK I Cancel Help
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5. Switch to the Estimate Signal tab. We will

compare the three different approaches for

artifact correction offered by BESA
Research. First, select None (SSP-
Regression) in the Model of Brain

Activity box to correct the data by
subspace projection. Press OK.

6. Make sure that artifact correction and view
is selected in the Artifact menu.

7. Press the scaling button for the Blink
channel to scale it up to 10 pV. The blink
activity has been largely corrected.

Remaining activity in the first segment is

due to the 0.6 % of variance that is not

explained by the first PCA component.

Including a second or third PCA component

in the Select Topographies tab would

improve the correction. However, the more
artifact topographies are being defined, the
more likely the brain activities become

distorted.
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fr —— B

Select Topographies Estimate Signal |

Model of Brain Activity
(" Adeptive " Surogate (@

Surrogate dipole model (*bsal

xamplest ERP-Auditon-Intensit\S1-AC baa Browse:

Brain Activity:
Yiew Waveforms

(%) BESA 5.3 - C\.3\Exa

File Edit View Filters Montage Process ERP [Artifact Search Tags
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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.

4
Fe2_str —
g i Zers e
e

o —

o ——t——— T f—

Az : — ! (——)
F10_sir
BLNK

—t / o o2 e
I I '

g 000000 _ Wotad: 000011 Mk 0065 & Cor: 0089 5

9. TO see hOW the adaptlve methOd Improves ors Montage Process ERP |Artifact| Search Tags

the result, select Artifact/ Options.

v|[[3D mc |ERP| O

‘ference Free

_

v
v

Automatic...
View
Correct

Select...
Options...

Load...
Save...
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10. As Model of Brain Activity select Adaptive. [aumacoreaon T LResd]
The Minimum Variance threshold | oo smeesers

Adaptive Model: Original Data Topography
EEG

determines the number of topographies M Ampiude: 1000 pv

. . .. . . Péfia;.l’.‘mr.w;h.mifam ISDT
that are considered brain activity which is || | 8useacster

contrasted against the artifact topography. idpl(:;tmllwwzngph;

Set the threshold to 5%. To view the time | ::HB(A;“/ -

course of the brain topographies, press | f-‘Wgﬁ!::.zgm(;I:Uulznj:;:M;)NmetSSP-Regressmm View Wevatorns

Brain Activity: View Waveforms. : ImmmeS\ERP-AW'W'H'E"S"?\S*-ACbf-a |
: [ ok | cone Help

= — —J

11. Three PCA topographies serve as model -
for the brain activity. In their time courses,

the auditory N100 component is mainly

represented by the first component. Note
that the 4 displayed components have 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, close the PCA Waveforms and - R S
Estimate Signals windows. If the cursor at i e e
ca. 90 ms is still set in the second condition, ] e L
select Process/Voltage Maps or type the ; :::GIM I
hot key M on the keyboard to obtain the 3D I — memm L
map of the adaptively corrected data. _; - —
———  movie -
T [
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13. 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 e
interaction with the auditory evoked
components. This indicates that blink and

brain activities have been very well

separated by the adaptive method.

T W00 ek G011 ek 0008 T I (=] Bofber | Viwee: Cvigenad Camvent: PCA,

14. Press Artifact / Options and check [arfctcomecion E_—_S__G———— i
Surrogate in the Model of Brain Activity S‘S”gp(if;hm:mfs”
box. The surrogate model approach is || s T
useful if evoked activity is to be contrasted : o ko I
against eye movement artifacts and if the || - sugoe vioder pea mreshor
evoked activity is small as compared to the : :;HB(A;N —
background EEG / MEG. In this case, the : ”ffr‘r‘::m:‘df;:fj;j e e
adaptive model does not well model the | FemErrmeniieiis Ao [ B | |
evoked activity and artifact correction is [ ok | cancal b | |
likely to create distortion. Therefore, a ’-
surrogate source model should be
established a) on the basis of a priori
functional-anatomical knowledge, or b) by
using a multiple source model or spatial
components defined by a PCA from an
average with all artifact epochs rejected
and fewer trials.
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15. Press the Browse button to load the solu- [{]tesd surcgae Moselorbisi

Lagkin | ). ERP-Auditory-ntensity ~| ~BoEr

tio n tha‘t Was i Mame = Date modified s
i L G | Averages 21032011 1508
created earlier on, consisting of a R et woanun |
- L test? 24.03.2011 1650 =
symmetrical pair of regional sources in the | o TS st
i i = Lowlntensity_2RS.bsa 09,12.2009 15:17
auditory cortex. The stored two regional k | weaonissy
[ Slhsa F0.03.2005 1632
sources model the bilateral brain activity in || = comss 20 it
) 51-AC_testbsa 04.03.2011 1501 =
the supratemporal region and are Nok
i A . A File pame, [ ~| gpen |
Comblned Wlth the deflned artlfaCt Files of fypee | sumrogate Dot Madls - ) - Cancal
Folders: |Dma Folder _f_]

topography to separate artifact and brain

signals?®.

16. Press OK and press M to view the 3D map
of the surrogate-corrected data at the --
cursor latency. Similar to the adaptive
method applied to the averaged data, the
brain topographies are nearly undistorted.
The blink waveform does not show any
interaction with the auditory evoked compo-
nents.

E. 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 over the second segmentto mark —scssie maposion - Fitersenings

" Whole Segment
a block. Right-click and send it to source & Custom Dafriin
l—LlF’ ''''''' High Cutoff Status [ Enakled

Semng}
Frequency [40.0 [He] Slope [24dbjoct | Twpe[zem phase « |

analysis with settings -50 to 250 ms, Low S——
Cutoff filter of 0.5 Hz, 6 db/oct, forward =~ " @

Low Cutat Status [ Enablec

Erequency (0.5 [Hz] Slope [6obioct v|  Type[oward =]

. . [~ &l Conditions Source Analysis Set Block Cancal
and High Cutoff Filter of 40 Hz, 24 db/oct,
zero-phase.
ol sesh - oy ..mwéi.,.'.'.;‘,i&.g,_ e.oag.'..;z:qu,hmus A0 Hz, 43 _ 4252 ms - Source aralymis e

2. Load the source mode| B Soebia st e

by pressing File / |77
Open Solution. The letters ART in the |

~{ Aot Al fit| Start fit] User |4 BV ||

status bar at the bottom right corner of the |

window indicate that this data is artifact-

corrected and that BESA Research knows |
the topographies of the corrected artifacts.

Depending on the correction method, a fraction (adaptive, surrogate) or the complete (SSP)
dimension of the artifact subspace is missing. Despite this fact, the source analysis window
ensures correct localization and correct source waveforms (S) of fitted sources. This is achieved
by a SSP method that projects both the data (D) and the source topographies (L) onto the
subspace orthogonal to the subspace that is spanned by the artifact topographies. Accordingly,
the display shows the SSP-corrected data, independent of the correction method used in the main
window. The fact that the source waveforms are recovered correctly by this approach can be seen

from the following equations:

Uncorrected data: D=L*S
Corrected data: (P*D) = (P*L) * S

Here, P is the operator that projects into the subspace orthogonal to the subspace spanned by

the artifact topographies.
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3. Double-click in the waveform box to set a
cursor at the N100 latency. Right-click and
select Display 3D Maps or type the hot key
M on the keyboard.

4. BESA Research displays a warning
message. It explains why the following map

will be distorted. Press OK to confirm.

5. The topography is severely distorted by the
subspace projection that was applied to the
data. Although the source waveforms
obtained by modeling the corrected data
are undistorted, the data displayed in the
channel box and in the global field power
(GFP, blue line in the upper middle box) are
distorted. As a consequence, loading

corrected data into the source analysis

window is less recommended. Close the

source analysis window.
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F. Contrasting artifact and brain topographies —the Optimizing method

(recommended)

In order to obtain correct source localization, the presence of blink artifacts in the averaged

segments must be taken into account. This is done by including the artifact topography in the

multiple source model during source analysis.

Switch off artifact correction by pressing
ctrl-E. You can confirm it is switched off as
corrected is no longer displayed in the top

left corner of the main window.

Left-drag over the second segment to mark
a block. Right-click and send it to source
analysis with settings -50 to 250 ms, Low
Cutoff filter of 0.5 Hz, 6 db/oct, forward
and High Cutoff Filter of 40 Hz, 24 db/oct,

zero-phase.

Load the source

T
Lowlntensity 2RS.bsa by pressing File / o

Open Solution.
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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 -,~, Lok
i Lookin: [ | ERP-Auttory-intensaty =] ~@eiEEr

drop-down menu Files of type: select | = = . e
. . - ‘:}' ). Averages 21032011 1508
Artifact Topographies (*.atf;*.art;*.coe). “i“‘“ I test 170220111431
| b test2 24032011 1630
Select S1-blink+ERP.atf and press Open. ol e

Livares

R

Comguter

ME& ks T
Fi]asnfm‘ml

6. The topography of the main PCA Eﬁi;:g; R oRkn - |
H . H 'umm[ua JM EEG ms\s-:mlﬂ&%;v l_lsl_qe_l‘wﬂwm:w:'; z-k:, ;ruﬁ::
component of the blink artifact is now | “FEr s m i Rty S emnn i fon ferfor i (o |
appended to the current solution. The ~:ﬁ s i ,
(=] | Aot AV Starttf ser |
corresponding waveform and the equi- | «—/>—— @ l(’;\
. . o T on g v 4
valent location are shown in the source | "= =~ B ‘\ Vo7
. . . e AR AR
analysis window. This is the component | .—acC— (& r\@p i 1\/
L. . . Be—rCherere [ = bt
explaining 99.4% of the artifact variance 2 amcmwo | TN I\
that was selecte uring the artifact ,.._x_-;w_._.._v » 4 =] (’ﬂ
deﬁnition. (ks Hesahedd (1-12 01 0 [ W T Soarce locations. -

7. Again double-click in the waveform box to

|D! MII I“w ? o . ..:=
set a cursor at the N100 latency. Right- |77 dl f i gLl s i g st f"lﬂ‘”‘,i“",ﬂ

Org| [Aa00ms +248.00 ms|— [Curs. - 0.810%

RC.1

click and select Display 3D Maps or type “ :
e = (Ao A Start ] User [4] 6%

the hot key M on the keyboard. Note that | « —</{>——
“—-"‘VZ\-—'—
the map is not distorted but shows the jwl-ﬂ-: n‘z“mP*@&'ﬁ%

typical N100 topography. e [ =.,,,,,, Q@ glrc;fﬂ-;!n e 2 s
R e s

,,--—._.4:::-._7‘_.

.jvﬁa-‘_.ﬁ_-/__.-_a——L |

Data Rosidual (1-12 o 31) = |Ssurca - -
Curio: -83.00 ms. +50.52 nAm
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w gonationl Sokmonl Wil jmage Upn

8. Switch off the spatial blink component by B S s S s SRR S

pressing its On button and close the 3D

mapping window. Press All Fit and Start :t i
| e :

Fit to see how the fit changes if we don't s
take eyeblink activity into account. Note b [

that the auditory sources locate more | ..~
anterior and medial than before. Switch the | e
spatial blink component back on and repeat | T

the fit for comparison. Close the source

analysis window without saving anything.

G. Artifact Correction of raw data using ICA

In Tutorial 1 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. Open file from the

folder. Make sure, the
REC button is pressed, that you are
displaying the first screen and that artifact

correction and all filters are switched off.
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2. Press ICA / Options and select PCA off.
Switching PCA off will lead to ICA

decomposition running on all data. PCA on,

ICA Options

Minimum Variance of 1% (default) will (" PCAon, Min. Yariancs:

reduce the data by all PCA components " PCAon, Nr. of Components:
explaining less than 1% variance before
running ICA. PCA on, Nr. of Components
12 (default) will reduce the data by the

smallest 12 components before running
ICA.

3. Press ICA / Current Screen to start ICA

;s |ICA | ERP  Artifact Search Tags Goto Options Help
B Current Screen Vir | Src | Usr | Opt | Edm |_

Whole File 1 ;

~ |t 3
Options... : A

" et :

decomposition.
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: tory-Intensity\S1.cnt
File Edit View Filters Momage Brocess ICA ERP Arifact Search Tags Goto Options Help
-F|F+| WrS | SAW|[ 3D IMG | ERP | DSA [ ICA | Rec | Wir | Src | Usr | Opt | EdM | LF | HF | NF | EdF | EEG |

source 1 Add
[ T e 1V U U L U L U L SUP PP A P A N A S

IcA2 - TN o

o S L e T SRV PR S Y S R

ICA4  —mmah rtf‘-—w—-v—_é-.ﬁ.v—-ﬂ'\.ﬁn)"n.‘uuinm_mﬁ@..nﬁ_.k B T D
ICAS MWWWWW'WEWWW ﬂ-m‘- wmwﬁmimmmﬁ”*wmw Y T S

e N : . et i et A i e At et

ICAT  commnapne et ﬁﬁHAﬂA,ﬂ-\n—H—MMWme‘\I&# P wm,-» e A e e P e AN 850 f—u‘—‘u.\lwuwhwm st

ICAB oo i oot i, L et gt S st bt ‘"‘Mﬁwnm"w A P A e o g bt

ICAB oot ottt i s o A ol oot e e Aetneye b Retpini ’
ICA10 HWM»«WW MMMWW “wwwmww‘““ WMMMWM-MW
ICA11 WWWMMMMMWMMr mem»wmmwmwww SRR

ICATZ prasimm e b g o am e s i, are P PN P J0 WP OSSR SRR S N,

ICA13 Aot A= At s e L
ICA14 - bl - "

ICAAE meoa . - et A A A oty -\,-MMM"N‘"\’V = A M@
ICATE et ohsine o ety e b A U P— ,._..,_,MM S

ICA1T WWMmrmﬁWMNMW WMMWW‘"Wf o e l

ICA18 ’“WW‘W‘WW\-M WW«—«-—M‘—MH ‘vmwwmm.—w W\‘“MMM wnmmmmmmwwwmkwm.wﬂ
ICA18 WMMWWWWW - .;' ! 0 N‘a v a'lvw-eWWWwaw
T T S aat Y Attt e e
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[EAZT sttt S o Vi Pt ey el bt e ey -Wl ..—-w-u-\- e, e - P o bdab
ICAZE wompnin e i el A AU A gt o BTl Uy gl A,
ICAZE wvsmirm et rnemar i & o - B A ~ B e L i e e e b

L s Tt e e i, Ak e P e AV A AL o b AP s P A
ICAZT mierd e L e % Wy Nt A g AU A iyt TR A i s
ICA28 ’“W*MMMM"WMWWMWWWMWM:W
[CAZS avr ety oA ,f L e e P AR g P g At e b=yt

ICABD sttt b bt Aetoimem t i B bt et SN e et b . ey

ICATT "ttt s s : g e et T M-www—#whvwmw

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 gravitiy
of each ICA topography. Multiplying the data with the pseudo-inverse of the matrix containing

the ICA topographies will yield the ICA source waveforms.

BESA Research 6.0 Tutorial Page 218 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 8 — Source Montages and Artifact Correction

5. ICA2 seems to represent an eyeblink and SEerieeE

. L. -F|F+| wrs | SAW |[ 3D IMG | ERP | DSA [ ICA  Rec | Vir | Src sr | Opt | E

ICA4 seems to represent cardiac activity, source - ‘ 1 f
T R R U AT SN~ S
which we had not noticed previously. ICAZ bt N
ICAS e s oo e o S Pt st S S

ICAS  ommmefle e oo g om e\ s mtesprmio s oo oo s rrmnrel

Note: itis possible that in your case the ICA :giz mm% e

COMPONENtS representing the DIINK/EKG ST e s i o oo

ICAB A Mmoot L ptfl ot N i 8y ottt s PO
are not ICA2 and ICA4. If this is the case, ' "o e
ICAT1 W%WWWWWMMWMMW

ICATZ e fsrenshoshoomec At et o A e g gt

locate the respective ICA components and

use their according label in the following! .. "7 S
ICATE rro ot Mton e s et o ettt b g et

ICATE edrtmomsn s b e At et s

ICATT st Aoar=pn e f e
6. Right-click on the label ICA2 and select o~ ' | )

m — Map Topography I

Map TOpOg rap hy ICA3 Define As Artifact Topography

ICA4 Send Topography To Source Analysis

ICAS Save Topography

ICAG Export ICA Reconstructed Data Without Selected Components: Current Screen

ICAT Export ICA Reconstructed Data Without Selected Components: Whole File

7. The map confirms that ICA2 does indeed
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.

BESA Research 6.0 Tutorial Page 219 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 6.0

Tutorial 8 — Source Montages and Artifact Correction

8.

10.

11.

Make sure to left-click on ICA2 only in
order to select it. Right-click and choose
Export ICA Reconstructed Data Without
Whole File.

BESA Research will now create a new file

Selected Components:

containing ICA-reconstructed data.

Save the file under the suggested name

Sl.ica.foc.

As segment comment, enter without blink

and press OK.

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

BESA Research 6.0 - C:\...esearch_6_O\Examples\ERP-Auditory-Intensity\S1.cn

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

F|F+| Wrs | SAW || 3D MG | ERP | DSA | ICA | Rec | Vir | Sre | Usr | Of
; 1 ;
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source

ICA1

> Map Topography |
ICA3 Define As Artifact Topography

IcA4 Send Topography To Source Analysis

ICAS Save Topography

ICAG Export ICA Reconstructed Data Without Selected Components: Current Screen

ICA7 Export ICA Reconstructed Data Without Selected Compaonents: Whole File

ICAB ™t e o P et 55 P 0 ot e

ICAS

ICAND eSSl . AL 0 A0 ettt At

7] -@mom

Date modified
Mo items match your search. |

save | | ERP-Augtony inensiy
P Name
g
Racont Places

Deskiop

-

Libranes

A

Computer

“w

Network

4 II[' L3
E1csiod = [ s
[Binary High Resahaion " fac) - Cancel

File pame:

Save a3 fype:

Please Enter a Segment Comment

Segment Comment

without blink

o]

Cancel

Lookin [ ) ERP-Audsoryeensity v @B
“ Name Date modified o N
o 1
L ':-’ A Slicafoc 30.04.2013 14:09 |
Aca Biaces All_Subjects_cc-testfig 04032013 1405 |
. 51_av-testisg 04.03.2013 1211
Deskiop All_Subjects cc.fsg 059.12.2009 13:35 =
res 54 avfsg 03122009 12:09
== §5_avfsg 03.12.2009 12:08 |
Librares S6_aviig 03.12.2009 12:07 |
5&. S7_avisg 03122009 1206 '
- 58_avfsg 03.12.2009 12:04
: 510.avfsg 03122009 1202
& S3_awfsg 03.12.2009 11:58 &
Mook “ il "
Fie pame:; [sricatoc ~] e
Fites of fype: |BESA Binary Fies toc. " fag) =] Cancel I
Foldues. [Data Fotder =]
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12. We can immediately see that the eyeblink §

Ljve | wr|oer]mmg

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
question remains, if creating ICA-

reconstructed data without the eyeblink

topography distorted our N100 topography.

M U§3P 0pAfgI 1 0J3ECRCRI0RZ2gT |»

To investigate, we will average the data b====

again to look at evoked potentials.

13. Press ERP / Open Paradigm. Browse to |kl

. ~]| e@crEE
the  Auditory  folder and  select e - R
X o "‘4: AC O PDG 23112004 1419
AEP_Intensity.PDG. Press Open. T AEP Intensiy DG 17.12.2000 2034
o l PAO0POG 23.11.2004 1420
Deskiop
=
Libwzmies
Catpae
Muthwark: ‘| il | 3
File prame, |S‘.Hn=lPDG :I Opan |
Files of fyper [Paragen Fies - POG) - Cancal
Directornies |I”aradignDirec1my ﬂ
=

14. Move to the Artifact tab and press Start

Togger | Condbon | Epocn | Fiber  Arfact | Average | Cohersnce |

Scan to exclude artifacts from averaging. o [ owsm |wnn sta e e

¥ AstactScan Tool

Useforkv, & EEG 1 A
N o
= Goden [0 [8[[E0 =]
Flowsg f0T [0 /8 =]

alee

Had Chasnals |_n

T

BE  (36%) 10048
L e et
! so:‘iw' Eée
°Iﬂ " Graduat Tl
BUOTEE o sanghaman byMesn T Log Dsplay ' | Lowsignal ]
oK cocel | vep |
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15. Move to the Average tab and press

Average.

16. Save the average file under the suggested
name Sl.ica.av.fsg. When prompted to
specify a segment comment, press Stop
Asking to use the suggested names from
the paradigm.

17. The new average file will be automatically
opened along with the TopView window.

Close the TopViewer.

BESA Research 6.0 Tutorial
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Togger | Condson | Epoth | Fawr | Astect  Awesnge | Coherenca |

Range Condgian Conarant
& Mihols EEGMEG Ex] (A3 Matches. -
 psomen |12 Exites 31| oo
5008 Pt Halt 3 Shymisace
" Beween Madkers 10048 Sucond Hat =
Low Fepsviaiy
(" ToEndaofFise e —
~ TaEndel —tatntm |
L] Sagmant -
1 Ta Next Markar _Beemerve From Lt |
Cumert Selacton FFL Awbings
Total Count  Accepled Candson Corarant
3 (7% ] 0 |
53 51(87%) x a8 n 5 iz
i W 00%) = a8 n
55 4 (96%) + %08 A
25 86 [ 96%) = 10008 0 Ede.
189 155 97%} = Lew A Lond
b T 8T} = High A
467 453{98%) - A A swers |
o | cacel | bew |

Savejn [ ). ERP-Audiory intensity -] r@Esmr
=, Name Date modified -
a = All_Subjects_cc-testfeg 040320131405 |
51_av-testfsg 04.03.2013 1211
|| All Subjects ccfsg 09122000 1335
Deskiop 54_avfsg 03122009 1209
Nty 55_avfsg 031220091208 |-
=l S6_avfag 03.12.2009 1207 |
Libraries 57_avlsg 03.12.2009 1206
*- SB_avfsg 03122009 1204
510_av.lfsg 03122009 1202
Computer
53 avfeg 03.12.2000 11:58
G 59_av.fsg 03.12.2009 11:55
Netwark S1-blink+ERP.fsg 18052005 16:19
4 T _ 13 AC WAE 1EE Vi
€« i | ¥
File gamea: ﬁ x| Save I
Save as ype |Binary High Resoluson {* ksg) = Cancel

S| 0jA 08 8317 30030 ECEC 20 20K |a
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18. Double-click at the N100 peak in condition

o pe| wes | saw [ R6 mea | enw | oA | oA [Res e | e | e

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.

e F——

| E LI .

AT

Toia GD00 9 ek G

H. 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 G, it is recommended to account for the artifact topographies that were subtracted

during source analysis. Whenever artifact correction is performed, a spatial dimension of the data

(the topography) is changed. This can distort the data. To prevent this distortion from affecting

source analysis, the same distortion should be applied to the leadfields. Alternatively, the spatial

dimension can be projected out of the leadfields. As BESA Research does not save any

information about the topographies that were subtracted when creating ICA-reconstructed data,

the artifact topographies need to be saved manually and later loaded in source analysis.

1. Follow steps 1 to 4 of section G in the
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.
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BESA Research 6.0 - C1 _6_0\

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

source
ICA1

ICA3
ICA4
ICAS
ICAG
ICA7
ICA8
ICA9
ICA10
ICA11
ICA12
ICA13
ICA14
ICA15
ICA16
ICA17

-F |F+| Wrs | SAW |[[ 3D _IMG | ERP | DSA

ICA Rgc‘ Vir ‘ Src | Usr ‘ Dpt‘
1 : :

¥ »—

Map Topography

Define As Artifact Topography

Send Topography To Source Analysis
Save Topography

Export ICA Reconstructed Data Without Selected Components: Current Screen
Export ICA Reconstructed Data Without Selected Components: Whole File b
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2. Save the topography under the suggested
name S1.ica.

3. Open dataset S1.ica av.fsg we created in
section G of the present tutorial. It should
be located in the Auditory Intensity
examples folder.

4. Send condition Low to source analysis by f

left-dragging a block, right-clicking and
selecting Source Analysis. Use a custom
definition of -50 to 250 ms, a Low Cutoff

Filter of 0.5 Hz, 12 dB/Oct, zero-phase -

and a High Cutoff Filter of 40 Hz, 24
dB/Oct,

Analysis.

zero-phase. Press

BESA Research 6.0 Tutorial
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|. = Examples » ERP-Auditory-Intensity

New foider

Crganize =

B Desktop

4 Libraries

% Homegroup
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& Computer

i Network
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MName Date modi|

No items match your search,

File pame:

= Hide Folders
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: Name Date modified -
s 1
a ﬁ’m [ SLica avisg 30.04.2013 1425
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Deskiop 51 av-testfsg 04.03.2013 12:11 E
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wul S4_avfsg 03122009 1209
Libranes 55 avfsg 03.12.2009 12:08
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Compuee 57 avfsg 03.12.2009 12:06
S8 _avfsg 03.12.2009 12:04
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Network g i v
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5. Inthe Source Analysis Window press File /

. Lookin | ). ERP-Auditory-intensity -] rEsE-
Open Solution and select our source B Name Date modifé
Rm:‘ﬁl:u Lowlntensity_250-testbsa 04.032013 1602
i Ll _25Dbsa 27022012 16:14
model Lowlintensity 2RS.bsa.  Press e Zrona
Deskiop Highlntensity_3RSbsa | Type: BSAFile 1417
Op en. iy 51-AC+5C bsa | Size: 721 bytes 1606
- §1-AChsa | Date modified: 09.12.2009 14:17 | 16:04
ot 52bsa 29.03.2005 1535
* Sibsa 29.03.2005 1532
Computar
Netwark 4 (|18 3
Fibo pama [Lowtntensey_27s bsa = Qpan I
Filos of fype: [BESA Sohsans * bsa) ~] Cancel
Foldars: |Data Faider -]
¥ |

6. Now we will append the ICA blink

. Laskir | ) ERP-Austoryinensiy ~| +EecsmE-
component to the current solution. Press B neme Date modificd
_r [ sLica 03.052013 1257
File / Append ICA Components. Change ""“Ew
Folders to Data Folder and select S1.ica =
-
that we created in step 2. Press Open. ‘;:"
C:ll‘pﬂ!
Nitwork l T "| 1}
File name: [stiea - | Open
Files ol type: |I24 Tapography Files ("ica) -] Cancel
Folders: [Data Fatder - 4

7. You will see the waveform associated with

[tte Comtvon' Seicion 1 hy_jroge Qetom timg__Sobdon G, el e -y

[ Oatn Model| fes. | Order [LEA £EG [Fes, Vor, | Energy | Min Dist _imoge [Lodet [mtstinas =)

“|+] Low 13 Flers 05 4042 < RV - 2 560 G
Lamms A N s (1ot 01

the blink topography plotted beneath the |*
EEG butterfly plot. We want to utilize it in

il
ost. 0872% R

reai  wap  bosw ol
P Trockn | om0 [ woeow [ reces | vemes

5 b wap  toew ol
|Concuctwry: [ 93w [ vaw | atee | oie

- [T Tomwmnery 2HG s G 1)

""F\ —
() @

|

\

our source model.

e

i
5

)

®

=,

@ .

=
D)
=

\

] 1 e e
Datn (1-1 01 313 loemrze waveioms j:‘nw-:.a hcaens =l
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8. Right-click onthe ICA waveform and press
Add All ICA Components to Solution.

9. 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.

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.
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11. Double-click in the red source waveform

o
wori won zeor

wioe yioe zde

(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.

N

Datn {1191 31 'L?J'-_'..“\'\Wf.ln\
Time: - 5200 ( 0000 s Cursor: +5200 ms. «21.53 niem

12. Repeat for the blue source (AC_Right).

Now both regional sources are oriented so

that the first orientation optimally reflects
the P50 peak.

13. Use the arrow keys on your keyboard to
move the cursor to the peak of AC_Left at 5
60 ms. This coincides with the peak of the on i
blink component! LY
On
Fit CE

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
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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.

14. Press M on the keyboard to bring up 3D
mapping. Press the 6" button from the
right labeled M until the 3D window is
labeled Model (volt, all).

15. Switch off the ICA component in the
middle panel by clicking on the On button.
Note how the map changes if the blink
component is left out of the model. This
difference corresponds to the distortion
imposed on the P50 map by subtracting the

blink topography.

BESA Research 6.0 Tutorial
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by using the arrow keys on your keyboard

Toggle between on and off for the ICA

16. Move the cursor to the N100 peak at 96 ms Ateflauft|start]_sLoR [{] Brainv.| m
£ 2

component. Note that the N100 map is
barely influenced by the blink topography.

= A

No fit

No fit

Source waveforms

[4]»

Transparency: 100%
Fip [+]»[4]

@ Voltage map - Model | H
B [ Q| |2 Paltalfal il #]%|a

Idodel (volt., all) +96.00 ms

“13

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 9 — Time-Frequency Analysis, Coherence, Beamforming

What does BESA Research provide?

Time-Frequency Analysis (Complex Demodulation)
Scalp Coherence

Source Coherence

Single-subject statistics (Permutation Test)

Multiple Source Beamforming

AN NN N NN

Dynamic Imaging of Coherent Sources (DICS)
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A. Principles of scalp and source coherence

Recently, an increasing number of papers on oscillatory coupling between brain regions in
animal studies and on time-frequency analysis of human EEG and MEG data has been
published. BESA Research features several tools for fast and user-friendly time-frequency

analysis including source and scalp coherence.
First, let us introduce some terminology for clarification of the concepts:

e Surface waveform: a time signal recorded from EEG-electrodes or MEG sensors

e Source waveform: a time signal calculated for a specified brain region or cortical

surface

e Source montage: transformation of the on-going EEG/MEG into the estimated

contributions or source waveforms of a set of brain regions

Source montages transform EEG/MEG back into the brain

!
ACt-Left —~~N
.
ACt-Right ——/_—
{ ¥mian

ACr-Left L*«/}\/v
ACI-Right — /-

wide distribution (overlap)

CG-Mid

T
ACt-Left  —~—~

Py
ACt-Right —"N —

S OED

ACr-Left X
_ scalp waveforms have mixed
ACr-Right . contributions from the sources
CG-Mid i )
separated sources & waveforms multiple sources (unmixing)

e Time-frequency analysis: analysis or display of the event-related time-locked or

induced activity in the time-frequency domain
e Time-locked activity: event-related signal with similar waveshape over trials

¢ Induced activity: oscillatory activity occurring in a certain event-related time window

with varying time lag and phase
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e Oscillatory activity: activity occurring with several oscillations in a narrow frequency

band; can be time-locked and/or induced

Oscillatory coupling between 2 brain regions

Coupling is assumed if oscillatory brain activities are correlated in
amplitude and phase. Binding: zero phase coupling (cat studies)

region 1

region 2

X\% S,=A,sin(2nft+(,)

Oscillations in the 2 regions must have a systematic phase relation

o TSE: temporal spectral evolution, change in power or amplitude over time

o ERD/ERS: event-related (de)-synchronization, change in power or amplitude over time,

used in equivalence to TSE

o ERSP: event-related spectral perturbations, change in power or amplitude over time.
This is the more general term and comprises ERD/ERS/TSE that are related to

baseline.

e Correlation: correlation between two time signals, i.e. scalar product of normalized time

signals in time domain
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Coherence measures correlation over trials

» same frequency in coupled regions within each trial

+ possible variation of frequency and duration across trials
+ similar phase difference across trials

+ similar amplitude fluctuations across trials

coherent trial 1 trial 2 trial 3 ... trial n

|
region 1 m/\{\il"\}\fww WV\/\/\ Hf\/\/t\/\/v\r ﬂ\[\/l\N\/\,f

region2  ~MAMA A A s U\/VW\A/

incoherent  trial 1 trial 2 trial 3 ... trialn

| | ! |
region 1 mf\j\{\,i\wu WARARAS  ~~ARAAA- MAALA,
region 2 W\/\[\/\\/\/ A A A e UWM m

e Spectral-temporal density function S(f,t): amplitude of a signal at a certain frequency f
and interval t relative to an event

e Coherence: correlation of two spectral density functions Si(f,t) and S,(f,t) over trials,

i.e. squared scalar product of S;(f,t) and S(f,t) over trials, normalized across all trials

¢ Phase locking value (PLV): correlation of two normalized spectral density functions
Si(f,t) and Sx(f,t) over trials, i.e. mean of the scalar product of the normalized S.(f,t) and

So(f,t) over trials. Amplitudes are neglected, only phase relationships between two
oscilllations are considered.
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Coherence: correlation in frequency domain

Time-frequency signal: S(f.t)= A(f.t) """
2
Zshn ) 82 n
Coherence: Coh(f t)= = ————
Z SI.n Z 82.n
Phase locking value: PLV(F,t) = ‘%Eei{%_{’#”‘]
t, t, t; t, ts Amp. | Phase | Coh
L, t, t L, ]/ ideal | ideal 1
L I L_, I}‘ 1. corr. | comr. | <1
t, L ) 1 J rand. | rand. 0

When coherence is calculated at the surface between 2 EEG channels or 2 MEG sensors,

activity from various brain regions is picked up in each of the surface channels. Oscillatory

activity in one brain region can already lead to a strong coherence between 2 surface channels

because of the wide distribution of focal brain activity at the surface. This is due to the nature

of the dipole fields when recording remotely and due to the smearing effect of the volume

conduction in EEG. As a consequence, a coherence measure between surface channels

cannot distinguish between coherence due to propagation and real coherence between the

oscillatory activities in two coupled brain regions.

Interhemispheric scalp coherence: problem

scalp propagation !

left AC only

coherence ?
e

bilateral

scalp propagation !

right AC only
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Whether true coherence can be detected at the scalp, depends mainly on the relative
orientation of the source currents in the underlying brain regions and, to a lesser extent, on
their distance in location. In the case of the auditory cortex, for example, both the left and right
temporal planes produce vertical activity with strong bilateral contributions centrally (e.g. at
C3/C4 and F3/F4). The spatial correlation of the radial activities at the lateral surfaces of the
superior temporal gyrus is also very large between right and left scalp electrodes, e.g. at T3/T4.
A current-source density montage (CSD or Laplacian) can reduce the effects of propagation
on scalp coherence to a certain extent, because it enhances the radial current from the

underlying cortex relative to more remote sources to some extent.

Source coherence: hemispheres separated

scalp coherence ?
—

cz Cl

inverse spatial filter inverse spatial filter
using all channels "'"""- using all channels

e @)

source coherence |

source waveform of \_m / source waveform of

left AC separated ' right AC separated

An optimal separation is obtain by a source montage derived from a multiple source model.
The model is used to create an inverse spatial filter, i.e. a source montage that separates the
different brain activities. Activities that are not accounted for by the model (e.g. from
background noise or EEG) are distributed amongst the sources, and may therefore lead to
noise coherence between source channels. This noise coherence can be large for sources
which have very similar spatial topographies. It can be reduced by increasing the regularization
constant of the inverse at the expense of a larger cross-talk between the sources or by

including specific sources accounting for the noise.

The principal steps to calculate a time-frequency diagram and source coherence are: A
multiple source model is created from averaged ERP data and/or sources in brain regions
known to contribute from fMRI/PET studies using a similar task. The source model is then used

to calculate a source montage and the source waveforms of the single trials. Next, each single
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trial is transformed into the time-frequency domain by selecting a certain temporal resolution
using complex demodulation (a principle similar to FM radio). From the single trials, time-
frequency displays are generated by averaging spectral density amplitude or power over trials.
Source coherence is calculated by averaging the cross-spectral density of one reference
channel with all other channels over trials and normalizing by the averaged auto-spectral

densities (cf. illustration above).
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B. Simulation of evoked and induced activity in the auditory cortex

The simulated data sets can be found in subfolder of
the BESA Research Examples folder. The data have been generated by superimposing a real
continuous 27-channel EEG-recording with the simulated activity of two pairs of bilateral
sources in the auditory cortex (AC). The purpose of this combination was to understand the
sensitivity of time-frequency analysis to reveal oscillatory activity and coupling in a realistic on-
going EEG. The figure below displays the underlying source configuration. Sources 1 & 2 were
simulated as simultaneous evoked monophasic activity with a time-locked onset of 50 ms after
a hypothetic auditory stimulus (trigger T1). The duration of this monophasic activity was 150
ms, and the amplitude was chosen to generate a signal of 10 yV at Cz. Dipoles 3 & 4 simulate
a more antero-lateral secondary area of AC with an orientation differing by about 30° from
dipoles 1 & 2. They reflect induced oscillatory activity (trigger T2) that jitters in latency (300-
550 after T1), duration (300-450 ms) and frequency (20-28 Hz). The envelope of this
oscillatory activity had the same amplitude in all 200 simulated trials. The amplitude generated
at electrode Fz was 5 pV (file AC_0Osc5.foc) and 20 pV (file AC_Osc20.foc), respectively. The

oscillation of dipole 4 follows that of dipole 3 with a constant delay of 5 ms.

() {ake) ()
-

Dipole 1
Dipole 2
Dipole 3 il : ?'urlr' : 5-.|'”'|,. 5 5-.|'|“|.
_ ol e P e m
Dipole 4 i"lu.l-l“ i ;,II”:I‘ ; ?"-|;||1" ; é.,lllkll'lj.l,_

T1 T2 T1 T2 T T2 T1 T2
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We will now learn how to process these data to extract both the evoked time-locked and the

induced random-phase oscillatory activity. Next we start with the data set which has a high

signal-to-noise ratio to learn the processing steps (AC_0Osc20.foc with induced activity of 20

MV at Fz, corresponding in size approximately to the background EEG amplitude). Then we

will explore the sensitivity in the data set with the smaller induced activity of 5 pV at Fz.

C. Inspecting and understanding the simulation with real EEG

background

1. Open file
in the
folder. Note that e.qg.
at electrode C3 the evoked monophasic
response locked to trigger 1 is just visible
on top of the background noise. The
induced oscillatory activity following trigger

2 can be observed as well.

2. In order to better understand the properties
of the simulated activity, we load the

averaged evoked response file. Open file
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13032003 1726
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Computer

w

Network “ 1"

12.03.2003 19:08
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Cancel _|
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[BEsA 53 - CAT8

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

3. The first segment contains the average .rir ws s we e osm e v | 5| var | op & ir | | e | o | ex

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 waveshape of the monophasic
activity is altered by low cutoff filtering
applied to the average to reduce slow drifts

in the data.
4. To see how the averaged surface activity is jmm
transformed into brain space, we use the m :
source analysis module. Left-drag over the o
first segment. Right-click and select s
Source Analysis. For this segment we use A
an interval from -50 to 1000 ms and choose [
a Low Cutoff filter of 1.6 Hz, 12dB/Oct
zero-phase and set the High Cutoff filter —r—
to 40 Hz, 24 dB/Oct, zero-phase. I —————————

Block Size and Position Filter Settings
" Whole Segment

® Custom Definition

Erequency [16 M Slope [12db/oct v | Type [zerphase = |

Low Cutaft Status [v Enabled

~ | Previous

Settings

For () precEent Faquency [0 [Hy] Slope [24dkoct | Twps[zerophase |

1000]  (ms) postEvent

[~ All Conditions Source Analysis

Hiigh Cutoff Status [+ Ensbled

SetBlock Cancel
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5. The source analysis window opens.
Minimize this window to load the second
segment as well, but now select an epoch
from -500 to +500 ms relative to the onset

of the oscillation.

6. Select File / Open Solution to load the
predefined solution AC9D bsa.

7. The model contains the two pairs of dipoles
that were used for the simulation. In
addition, five probe sources are included
that pick up background EEG activation. In
condition OscOn (containing the oscillation-
locked averages), dipoles 3 and 4 show
small oscillatory activities. The evoked
activation in sources 1 and 2 is barely
visible, because of its large onset jitter with

respect to trigger 2.
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: : _ _
[ 5054 4 JomsC CoererceNC v - 50r 188 s i 1690 12,50 +1000 s Sourcsanuiys L el =) et

8. Use the arrow buttons in the upper left | & coo: oo o . » =
i . X f:_[-."\gj'a'.»; oy Pea :mﬁs Eneaay (M Dist_ Ilag_e AGSR %86 yioo e xon yon zor
corner to switch to condition 1. The time- ya s i i e pf-coe Jfom fex fom T Farfee §
| ™ = (
locked evoked activity appears only in the | ‘ﬁ*‘— R e
o . iNIu”NII’ll Start ft] User [| BY m‘/,—ﬁ:-\ ﬁ\
i |1w—£b——--—-~——-—— on Al oi 7 R A
related sources 1 and 2. The induced | "= | Ak E@éﬁ {L*:»J;
. Mo fit
oscillations in source waveforms 3 and 4 | T =T [e. e
R [t : s _%«ﬂwwww AN AR
cancel out almost completely. The five | e (2 A (k <) (@ fa)
i rﬁmww \f 2 \\EI//
robe sources show only small background | = eV N = =X
P / PN N e T ), (e
1 i N e Tam |
noise activity. Note the almost complete | V. "7 " [ seenmmasp A
separation of the activities in the different |~ """ e -
brain regions as compared to their wide
distribution in the scalp waveforms.
. . [File] Condition 1 Solution1 Fit Image Options  Hel
9. We want to use our nine-dipole model as a T s
Append Selution.. Curled
source montage for the continuous data. Sl S
Save Solution As.. Ciri+S
Create a source montage from the R o
. . Save Source Montage
displayed multiple source model by Sove Source Montage As..
Save .Suurw Anatysis Window as Bitmap...
selecting File / Save Source Montage e TR e
Send to MATLAB..
As.... Note that the source montage not 5 et
3 €4, .. \Examples\ERP-Auditory-Intensity\} 3RS _AEP-tasthsa
only contains the source coordinates, but e e
. . 60 . \Montages\SurrogateModels\BR_Arain Regions LR bxa
also stores the selected regularization 7 CA  \Exampies ERP-Auditory-ntensAS1.avsa
B C4 .. \Examples\ERP-Auditary-Intensity\S1.bsa
(= \ERP-Avditory-Ir yiLowinensity_250-testbsa
constant (set to 1 by default). P :
( y ) [L::q:lay Complete Paths._
Exit
(s sowce moncge AT R .. ==
10. When prompted for a name for the montage | /== ne i
o savo e [ (KB -] rea@r
to be saved, enter , toiindicate that | L : Date moditiea
. . nm:;“mm RCOumitg 07.03.2003 lU':H
a regularization constant of 1% was used. " o s
. . Dnsklop RC4mig 12032003 1513
Press Save. This will create the new source .
montage and automatically apply it to the !!
current file in the main window. &
Nuotwork ‘ 1 »
File pame: |I—N:Hq=::l ey :_l | Have
Save as fype: |DESA Source Maortages (" mig) ﬂ Cancel
Foldurs; [Data Fotder -]
A
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11. Close the source analysis window. The %%?.,L"“;m;"”"*"mmi T
display now shows the averaged data ol ]
segments transformed into brain space by _ - e $@=»
the generated source montage. Note the R '
advantage of the source montage: instead # ‘
of the distributed overlap of the different ; M ‘ ) “ o ’
activities at the surface channels, we now
obtain largely separated activities of the '; | | B It S -
modeled brain regions with the evoked '”:39 —
time-locked activity in source 1 & 2 and the Lz ) .
induced oscillatory activity in sources 3 & 4. = T ~~

4Jm=[» 7

Cur: 0145 : P 1.01 4 Flvors: 16 - %

L T R
12. Next we want to apply this source montage l'; s

S| SAW|[ 35 WO | ERP DEA | Rec | Wir | Sre | 4o nes iEanl LF | HF | W EdF | EEG |

nu

to transform the continuous data. Press the o e e ;;: i ‘ s e
-F  button to switch back to file ;;; RPN o e, “ } - o
. Press the USR button in )| DAY PR S SRR . v R ST TV

the push button bar to show all user-

{a ’;I‘ Ve A odg Dono AN i N .-';‘N/ PPN A e e “4

montages that are available for this file. |

{ ﬁ) Ry ) N e > i
Select the predefined montage RCO. 70 WU WO ORI AU ey - R | N
(;m (3K | HL“""“"‘ e ; %
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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

different waveforms to apply time-

frequency analysis to the nine source | .

waveforms and analyze the coherence

between them.

D. Time-frequency analysis

1. Select ERP / Open Paradigm to load the
predefined settings in file
Auditory\AC_Osc.pdg in the Paradigm

directory.

2. Conditons StOn and OscOn were |

predefined to represent triggers 1 and 2.
200 events are detected for stimulus onset
and oscillation onset.
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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.

In the Filter tab no filters are selected, in
order to obtain undistorted results of the
time-frequency analysis. In the presence of
strong low frequency activity, it can be
useful to set a low cutoff of 0.2, 0.5, 1, or
1.6 Hz.

Select the Artifact tab and press Start
Scan. Artifact epochs are automatically
identified and excluded according to the
default thresholds displayed in the upper
right corner. Sort by amplitude, gradient
and low signal by checking the
corresponding item in the Sort by box. The
suggested threshold settings do not have to

be modified for the current file.
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6. Select the Coherence tab. The Condition | & . . o -~ o T
drop down menu allows choosing one » Py
condition for event-related time-frequency o S s o -
analysis. Time-frequency sampling is set in | o5 T ————— |
the Settings box. A compromise has to be L s - |

[F ey e———— [T - ™ First O trtin

made between high frequency and low

temporal resolution or low frequency and | Ll | e o |
high temporal resolution. Default time- | e

frequency sampling is intermediate with a
frequency sampling of 2 Hz and a time
sampling of 25 ms. Leave this and set the

frequency range to 4-50 Hz.

7. Press the button Start Time-Frequency | Calculating Time-Frequency Transformation M

.

Analysis. Time-frequency analysis starts o
FProcessing trial 144 of 168

and complex demodulation is performed for I
each trial and each montage channel. i

condition name trials done nurmkber of trials
Ston 143 168

| |

8. After calculation is completed, the time- ,———— —
frequency display window pops up with the
TSE view. Each graph plots the spectral . ws = ff- = o R T

amplitude density of one montage channel

1 .
3|

over time (x) and frequency (y) normalized _— Ra e s

relative to the baseline for each frequency.

Channel and montage labels are displayed — e sxai-

on top of each diagram. Induced activity
around 25 Hz appears in channels ACsL
and ACsR in the latency range of 400 to
800 ms. The short mono-phasic time-
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locked activity of the sources ACpL and

ACpR is revealed in the latency range of

50-200 ms.

9. Press the Options toolbar button E and 2

select Averaged Waveforms.

You may

also right-click into any of the panels to

select this option from the popup menu.

10. The display now shows the averaged &= "%

evoked source waveform of each of the

nine sources below the time-frequency

diagram. Only the monophasic evoked

potentials of channels ACpL and ACpR are

seen after averaging. The oscillatory indu-

ced activities are barely visible in the

average, but they dominate the TSE

display. This is because the magnitudes of

the spectral density over the single trials

have been averaged irrespective of phase

differences.
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11. It is possible to remove the averaged

evoked response signal from the single trial

time series before computation of the TSE.

Press the @ button. The button menu
allows to subtract the averaged signal in
each trial or to use regression analysis to
account for amplitude fluctuations between
trials before subtraction of the average.

Select Subtract Average Signal.

Note that the evoked low-frequency
amplitude increase in source channels
ACpL and ACpR vanished, whereas the
induced oscillatory activity is unaffected.

Close the time-frequency window.

12. Next, we want to look at the time-frequency
diagrams at the scalp for comparison. Use
the Vir button in the main window to change
to the reference free montage with 27
In the ERP

menu select Coherence and press Start

standard electrode channels.
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Time-Frequency Analysis. Implicitly the F=====

same artifact-free selection of epochs will
be used. Rescanning for artifacts is not
necessary. Both evoked and induced

activities appear very widespread over the |
scalp in contrast to the good separation in

the source montage.

BESA Research 6.0 Tutorial Page 249 of 280
Copyright © 2014
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 9 — Time-Frequency Analysis, Coherence, Beamforming

E. Coherence

1. To obtain the coherence display, press the * =

Coh button ﬂ This will display coherence -

relative to the first channel in the montage.
Double-click onto the channel display of
C3 to obtain the coherence diagrams

relative to C3. Due to the wide propagation

on the scalp, coherence of the oscillatory
activity can be seen almost between all
channels. A similar widespread coherence
can be seen for the low-frequency

monophasic activity.

The ring-shaped coherence effect that can be observed in channel T7, for example, is due
to the interference of the background noise and the oscillatory activity. Phases become
more random across trials while the spectral amplitude of the reference channels becomes
larger. This leads to a drop of coherence in the ring zone. In the regions where one signal
dominates coherence is larger, i.e. in the noise only zones outside and in the core zone of

the oscillatory activity. Close the time-frequency window.

2. Inthe main window, press the Usr button #
to select the user defined source montage e nf;ﬁé =F HF =
RCO. In the ERP menu select Coherence tg'E;
and press Start Time-Frequency fiz MM
Analysis. In the TSE diagram double- v EE;{M
click on the panel of channel ACsL to Eg WW
calculate the coherence with this channel. SRR -
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As expected from the simulation, ACsL is

highly coherent with the corresponding
right-hemispheric oscillatory source ACsR.
There is practically no coherence with all
other channels in contrast to the scalp.

3. BESA Research can analyze the phase
difference between coherent sources and
compute the time delay between coherent
oscillations. Left-drag to draw a rectangle
around the time-frequency range of high
coherence in source ACsR. Release the
mouse button and select View Phase
Diagram.

4. The panel of source ACsR now shows the
phase difference relative to ACsL over the
selected frequencies. A constant time delay
between the oscillations results in a linear
phase-frequency-relationship. From the

slope of a straight line fitted to these data,

the the

sources is computed and displayed on top

time-difference between two
of the graph. In our example, a delay of -5.1
+ 0.1 ms between ACsR and ACsL is
obtained (simulated: 5.0 ms).

BESA Research 6.0 Tutorial
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Next, we want to see if the coherence of the

oscillatory activity in the left and right

secondary AC areas ACsL & ACsR can .

also be extracted if the amplitude of the

oscillation is smaller.

frequency window and open file

, set Usr source montage _

RCO and load the file

from
the ERP menu. Run the Artifact Scan and
start the Coherence analysis with the

preset parameters. Scale up the TSE

display to +/- 63% using the kd button.

Double-click onto the panel of ACsL.
Coherence at ACsR is now weaker but
clearly emanates from the background. Use
the scale buttons to increase the
coherence scale to 0.5 and place the
cursor on top of the peak of the oscillatory
activity in ACsR. You can read a peak
coherence of 0.18 around 630 ms and 26
Hz in the status bar. Note the high noise
correlation between ACsL and the other left
hemispheric sources. Also, since the alpha
rhythm leads to high correlation amongst
sources because the occipital sources in
the model were not optimized to account for
the alpha activity.
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7. Double-click onto the left primary auditory =
cortex ACpL. Some low frequency
coherence with ACpR can be seen early .
post-stimulus when the monophasic time- {
locked activity occurs synchronously in
ACpL and ACpR. Note again that there is

no cross-talk and coherence with other — ..

channels except for the noise coherence

with near and similarly oriented channels.

F. Regularization effects

1. Click on the TSE button to switch back t0 e
TSE view. Observe that both the time-
locked low-frequency and the induced 25

Hz activity emanate from the spectral - ]I
background (oscillatory peak in ACsR | ___ __._1'_ .
47.4% above baseline). Again there is no |

cross-talk between the channels as

opposed to the TSE display of the scalp
activity (see above). This is due to the
tuning of the inverse spatial filter to full
contrast between the 9 sources by setting
the regularization constant to 0 when

constructing the source montage RCO.
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2. To see how a change of this regularization _Yst 1 Ort LFam [ LF | HF | NF | EdF | EEG

Av33
constant affects the emergence of TSE & BiHL
coherence and the influence of the LBip+FT

. . LBip+Sp Z
background noise, close the time- n,  qoq ;

frequency window and press the Usr button Test 2 5
to switch to montage RC4. This montage RCO
uses the same source channels as RCO, /\”/ ﬁg_tm %W‘U’\”M\”‘j\/
but was constructed with a regularization RC2 |

v | RC4
VST WAN A s/ Ve

3. From the ERP menu, select Coherence »-——— —

constant set to 4%.

again, press Start Time-Frequency
Analysis and scale up to +-63%. The r we == fn- = o i

stronger regularization leads to an | _ ] ] ] -

increased emergence of the oscillatory =~ e R e
activity (66.5% above baseline at ACsR
peak around 576 ms as opposed to 47.4% — s i

without regularization). In this case
regularization resulted in a further reduction
of the background and baseline noise. At
the same time the signal was weak enough
that the cross-talk with other channels

remained below the noise level.
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4. Doubleclick on channel ACsL to r -
recalculate coherence using a
regularization constant of 4%. Scale up the .
display to 0.5. Note that the 26 Hz
coherence peak around 630 ms is now :

enhanced to 0.36. The noise coherence in

the left hemisphere is reduced. However,
the stronger smoothing effect of the
underlying inverse filter has also enhanced
the noise background in the ACsR-ACsL

panel.

5. Close the time-frequency window and

switch back to the file AC_Osc20.foc with " -

the stronger oscillatory activity, load the o ome i ffs a0 Gl e
user montage Usr / RC4, and recalculate i & . —. - j| .
TSE. Scale up to +/-63%. Now the signalis =~~~ B .—— """" —L """"
well above the noise and the cross-talk ) e '

between the sources due to the stronger

regularization is becoming more apparent.
However, it is still much less as compared
to the scalp.
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6. Compute the coherence with ACsL as =~

reference channel and display the phase

diagram to analyze the time delay between [ '
ACsR and ACsL. Now a delay of -3.90 ms [-

is computed instead of the simulated delay
of -5.0 ms. The reason is the cross-talk due

to the regularized spatial filter. It causes a ==

.......

fraction of the activity of source ACsL to be
mapped onto the activity of ACsR and vice
versa. This leads to an assimilation of the
oscillations and an apparent reduction of
the time delay.
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G. Scalp Coherence in the Auditory Intensity Experiment

1.

2.

Open file Si.cnt in subfolder ERP-

Auditory-Intensity of the Examples folder.

Press the Rec button and select Original
Average Reference. Make sure the artifact

correction is switched on.

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.
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Loak e [ | ERP-Auditory-intansity ﬂ = 0o @
| = Mame ’ Date maditied J
5 “'—: | Averages 21.03.2011 15:08
et N sist 17.022011 1431
- ) wes2 24.03.2011 16:50
Deskiop Slent 29.09.1998 13:28
e S2ent | Type: CNT File B1s2z
- Test_raw_1 - Copy.cnt Size: 146 MB 13:28
Libraiees Test_raw_1.cat | Date modified: 29.09.1998 1328 B 1323
kY
Computn
Newmnrk ‘ 1 »
File game: ]51 ent ﬂ | Gpen
Files of fype: [ERP Fies ("ot * bt *.cnt *.avg) =] Cancel |
Folders. |Data Folder -]

wrtifact

Al R

Search Tags Goto Options Help
1 1 1 1 1 J LF HF
Average Reference r
Double Banana ;
e b

Triple Banana
Horizontal Bipolar
Al/A2 Reference
Referential-Cz

v Original Recording

Original Average Reference

%mﬁ-wﬁwﬁﬁmﬁ:

WWWMW

Cutaft Freguancy [Hz] I 3

[ Low Cutoff Filter

Type: [foward v

Siope: [6dBfoct  ~]

[ High Cutoff Filter
Cutoff Frequency [Hz]

I 40 Tupe: Izernphase LI

Slope: [24dB/oet >

| Motch Filter

Frequency [Hz]:

[T wawpa [ 2

[~ Band Pass Filter

Frequency [Hz]

80 Width [Hz] 5

Sampling Rate: 250 Hz
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4. In a first step, we will perform time-
frequency coherence analysis between
Press ERP / Edit

surface channels.
Paradigm. The

AEP Intensity.PDG  should  still

available.

5. Move to the Artifact tab and press Start

Scan to re-run the automatic artifact scan

with artifact correction switched on.

6. Switch to the Coherence tab.

Condition drop down menu, select High.

To start time-frequency analysis with the
default sampling of 2.0 Hz, 25 ms in the

frequency range of 4-50 Hz, press the Start
Time-Frequency Analysis button.
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" & PI00PDG 23112004 14:20
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-
Librasiea
A
Comguier
Mowark 4 m »
Fils gama: |AEP_intensity POG | Open j
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L LiLs & dyrpinide =
5 il Ism
As
BTl G o harmat bybdean I Log npley '2% | € LowSigeal
oK Cool | rep |
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7. As expected we observe a similar activation -5 .

pattern across many scalp channels.

8. Display the averaged waveforms by right- ===
clicking on a channel and selecting
Averaged Waveforms to see which
activity corresponds to the evoked signal. It

seems that the majority of the wide-spread

low-frequent activity is evoked.

9. Subtract the evoked signal by pressing the

@ button and selecting Subtract Average
Signal. Switch off the display of Averaged

Waveforms and scale up to +/-63%. Apart

from some portion of the evoked activity

that is less-stimulus-locked and thus

present in the “induced” display, no other

particularly strong induced activity can be

seen.

10. Undo the subtraction of the evoked signal = = o
by selecting Subtract Average Signal
again and double-click on channel Cz_avr
to display the coherence of all channels
relative to Cz. Note the high coherence

between Cz and almost all other channels

at lower frequencies.
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Whether these observed coherences are due to coherent activation of different brain regions
or to the wide-spread surface distribution of the activity of focal brain regions cannot be
concluded from the surface montage. Therefore, we will now transform the surface signals
into brain activation using our previously created source montage and repeat the time-

frequency analysis. Close the time-frequency window.

H. Source Coherence in the Auditory Intensity Experiment

1. Press the Ysr | hutton. Select montage iensiASLent
fact Search Tags Goto Options Help

from the list Of | Rec | wir | sre | usp ' mms fmamefvm Luim [ ue | man
5 1 AEP_modified B

Av33
BRBrainRegions_3RS
BiHL

LBip+FT

LBip+Sp

Test

Test 2

predefined user-montages that are

available for this file. Press the E¢M | putton
to remind us of the details about the current
montage again.

HighlIntensity_3RS
HighlIntensity_3RS_plus_probe-test
HighlIntensity_3RS_plus_probe

; | |V AEP_3RS-test
WA [ Y P S T T A R T

2. The montage consists of the sources we T wms s oo
clRsE AR AN BAF IO+ R +EY
fitted earlier on: 2 auditory regional sources S e

and a frontal source, which have been
converted to single dipoles. Close the

montage editor.
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3. Select ERP / Coherence and press Start

Time-Frequency Analysis. .

% [[ene Fricgatncy Asalyiie

Safings Ragional Souwces
Frequency and Time Samping 20wz 28 ms > # Findisl Orientation
Lower Fraquancy Cutot [1ome - AN Tooces

Bighar Fraguancy Cuot 500 M =} " First Oriontation

4. We can see now that the source montage s~ ==&no. . .,

was constructed well as we see the main 1 i

activity in the first frontal and in the first and

second auditory components. The source . .. . oo - o - W:L“ 7 R,

montage has very good separation | ] |

properties and will thus be a good model for

investigating coherence between our = - St R it et

sources of interest.

5. Double-click on source AC_Left. It seems

that the low-frequent activity around 100 ms
in the left and right hemisphere is not
related.
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There is also some coherence at higher frequencies that can be observed in several channels.

It is very likely that this is the effect of noise that was not modeled specifically by a source and

is thus projected onto several sources in the montage. As a rule of thumb: it is very unlikely

that similar coherence across a large number of sources is meaningful. It is rather the

consequence of unmodeled activity/noise in the data.

Return to the TSE view and subtract the

evoked signal by pressing the @ button

and selecting Subtract Average Signal.

There does not seem to be strong induced F

activity. Close the Time-Frequency window.

Next we want to compare activity in the
High and Low condition. Press ERP /
Coherence again. Tick the box Use Control
Condition and select condition Low. Press

Start Time-Frequency Analysis.

Press the E button to display the

difference High-Low. The TSE display
confirms that the High condition has a
stronger synchronization in the alpha-range
between roughly 50 and 150 ms post
stimulus that is present in both auditory

sources and the frontal source.
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[. Multiple Source Beamforming

In discrete multiple source analysis, the best source model (i.e. source amplitudes, locations and

orientations) is one that minimizes a cost function (basically the residual variance).

Beamforming takes a different approach to image brain activity: Here, the whole brain is scanned
point by point. The brain activity at each voxel is estimated by applying a spatial filter to the data.
This spatial filter is designed to be fully sensitive to activity from the target voxel, while being as
insensitive as possible to activity from other brain regions. This is achieved by constructing the

spatial filter in an adaptive way, i.e. it takes into account the recorded data.

The BESA beamformer is a modified version of the linearly constrained minimum variance vector
beamformer in the time-frequency domain as described in Gross et al., "Dynamic imaging of
coherent sources: Studying neural interactions in the human brain”, PNAS 98, 696-699, 2001. The
beamformer operator is computed using the cross spectral density matrix (the time-frequency
equivalent of the data covariance matrix) computed from the single-trial data. This allows to image
evoked as well as induced oscillatory activity in a user-defined time-frequency range, where time

is taken relative to a triggered event.

The output power P of the beamformer for a specific brain region at location r is then computed

by the following equation:

Pr)=trlL" () -t 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:[2x2]) 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 Pre(r):
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‘ - 1
L tr[LT(r)'Cr 1.L(r)} -1 for P(r)=P (r)
) U OC L]

q(r) =

Q) w0 L]
1o |refT g Ll forP(r) <P (1)
() L7 () G -L()|

Prer 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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As a next step we will fit the prominent

activity in the High condition. Release the

IA_A button to display condition High. Left-
drag a window around the strongest activity
in the left-hemispheric auditory source.
When releasing the left mouse-button
choose the option Image. If necessary

change the Target interval to 50 to 150 ms

-
mee N N -

i Target Intersal

Interval Start 50

:

Interval End 150

i Freguency Range

Intervsal Start IE Hz
|12 Hz

Interval End

i~ Baseline Interval

Interval Start IT
Interval End 0

[~ Compare Conditions

Suggestion: The baseline interval should
be adapted in order to match the number
of samples in baseline and target interal

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

If twar conditions are compared, they should hawve approximately the same number of trials.

and the Frequency Range to 6 to 12 Hz. It

Go Cancel

is very important to choose approximately
the same length between the Target and
interval®?,

the Baseline Otherwise,

Beamforming results can be unstable.

Press Go.

. =l 5 A 4 15 oft,-300 _ +1000 ms - 1 b= -
2. Scale up the image to +/- 25%. Use the fif| [ S sEmaa e s S I e
|3 S0 4f el e 4 =SS ]

button to view the different maxima. The Es

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.

Loc: 152,003, 110 {Cat/15)

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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3. BESA Research uses a multiple source |see s
. . | Lookin: | | AC-Coherence v +BE- |
beamformer by default. It is also possibleto || . Date modified i
~ [ AC_OscSfoc 13032003 1717
choose a  classic single-source m‘“."f" Acneti 2 s
beamformer. We will have a look at our | °** 7% o
e
model coherence data to see the difference “:;“’
between the multiple source and the single “e‘“"'
beamformer. Back in the main window | "= < — — '
File pame: AC_Cracs foc - Open I
open file AC Osch.foc which is located in Fiesofype:  [BESABaary Fies (foc.*6) = Cancal
Faldars: [Data Fotder ~] 4

the examples subfolder Learn-by-

Simulations.

4. Change to the the virtual reference-free
display using the Vir button and selecting

the top-most option.

5. Press ERP / Coherence to Start Time-
Frequency Analysis of condition StOn
using the default settings.

Froquency aed Tima Sampling Fomezmme =] & Piadel Crestaton
Lowar Fraquancy Cutot anhr - A Tpeces
Highar Frequancy Cutof oM hd i Fijrst Ciripnintion
Scantor sncty Siart Teea-Froquency Analysis
[ ] comst | hap
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6. Subtract the evoked signal by pressingthe | L | o

Fz_rir F4_rfr

@ button and selecting Subtract Average o o

Signal. Now we only see the induced 30 - 0 -

activity that is not present in the evoked :: e e

potential. We want to fit this induced activity " ms| " 20 = o 7 L o 0
Z2I; Zoom In i

by marking a window around the most L

prominent activity. =

7. In the Image setting dialog box specify a

time-range of 450 to 750 ms, a baseline | |eetimere 7 FresuencyRenge

Interval Stant ms Interval Stant |22 Hz
Interval End ms Interval End 30 Hz

interval from -300 to 0 ms and a frequency

range from 22 to 30 Hz. Press Go.

—Baseling Intenval [~ Compare Canditions

450
750

Interval Start |’3UU‘ ms Upon start of editing, the baseling intsnval
IU ms

as modified to match the number of

samples in baseling and target intarval.
Interval End

Impartant note: To obtain a reliakle beamformer image, the number of sarnples in the target
and the reference interval should be equal. Therefore itis recommended to assign equal
duration to the Target Interval and the Baseling Interval.

If two conditions are compared, they should have approximately the same number of trials

Go Cancel

8. Scale up the image to +/- 25%. Observe the [T fe et S s s
0 Mo 103 WS (TF) - Standard MAT
bilateral auditory activity. We know the |7 smia siase
maxima are at the correct location from the
simulation.
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9. Change the type of beamformer by [image]Options Help

Volume Image 4 Beamformer B
preSSIng Im ag e / Vo I ume Im ag e and Select Surface Image 3 Beamformer (single source)
Discrete Model Probing 4 CLARA
Beamformer (single source). The Smooth Image LAURA
. . Hide Image LORETA
beamformer image is re-calculated. SLORETA
lmEoEinage swlORETA
Export Image As... sSLOFO
TSR Settings...

User-defined Image

Settings...
P R
CH ARN FEM e 90020 0 = Tra

10. 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.

Lee: 151,001, 0.4 {Can /i) | ] ) i

11. Return to the multiple source beamformer [Image] Options Help

1 Volume Image 4 Beamformer B
by pressing Im age / Volume Image / Surface Image 3 Beamformer (single source)
Discrete Model Probing + CLARA
Beamformer. —— LAURA
Hide Image LoRER
sLORETA
Import Image swLORETA
E)(p?rt Image As... <SLOFO
SSEIE- Settings...
User-defined Image
Settings...
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12. Minimize the MRI view by pressing the

button in the top-right corner. We now
want to use the beamformer image to seed
dipoles. Select the first maximum and press
the &l button. Move to the next maximum

and place another source.

13. We want to use the beamformer to see,
whether there is still some unexplained
activity if we model the auditory activity with
two regional sources. Press MSBF to re-
compute the beamformer on the residual

activity.

14. We need to scale up the image to +/- 10%
to start seeing some patchy left-over
desyncronization that is not modeled by the
regional sources. This activity is very weak,

S0 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,m) =W(r) - C- W*T(Tz)

where T means the transposed complex conjugate of a matrix. The cross-spectral density can

then be calculated from the cross spectrum as follows:

cs(r, 1) = 11{Cs(ry, 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:

C;lg (ry,12) — cfl(rl, 3)

5 )
g I (ry, ) + cbl(r,m)

CON(ry, 1) =

where cgigis 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 Ca. In this case, the cross-spectral density between the
reference signal and all other MEG/EEG channels is called cr. It is only one column of Ca.

Hence, the cross-spectrum in voxel r is calculated with the following equation:
Cs(r) = W(r). cres

and the corresponding cross-spectral density is calculated as the sum of squares of Cs:

G =Y R

1

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:

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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cs(r) = lIGII1%.
The power in the voxel r is calculated like in the cortico-cortical case:
p(r) = L{Cs(r, 1)}

At last, coherence between the external reference and the cortical activity is calculated with
the equation:

cs(r)
p(r) Canll, k)’

where Cai(k, k) is the (k,k)-th diagonal element of the matrix Cau.

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
Jan-Mathjis Schoffelen and Robert Oostenveld (Donders Institute). The dataset is also

available in the fieldtrip tutorial (http:/fieldtrip.fcdonders.nl/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:
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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.

K. Cortico-cortical coherence with DICS

s

1. Please open file L R T, 2 T e T v L L [
IN e BESA | s\t sttt st ot WAt i rotabisnses
Research Examples folder. Please press |« ottt
the | Usr  putton from the button menu
and select the source montage RC1. P P ENTOREY NS SRR SO SO Y
LA e -
i'é_,
v-h
I 1L A o e ; "-
........... = e e
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2. Run time-frequency analysis by pressing "'“:::Ilcm I =
ERP / Coherence. Leave all settings at - DR
default and press Start Time-Frequency e e
M Semngs Regesnal Sources
An al yS IS. Frequancy 3ad Tims Samplng [orezEme =] & Radial Driestabon
Lawer Fraguancy Cutofl h A Taces
Ehghet Fisguncy Cutoll oo =]  FratOrientation
Scan for Andacs ' St Time-Froquency Anslysa _i
ok Cancel | Huly

3. Left-drag a window over the induced

activity in the source ACsR_RC1, release | i
the left mouse-button and select Image. 4 .
r; P ':E syl r: -n wet v: FYery "J LT ]
. u ! | J
o o View Phase Diagram D
- + | Set Baseline... |
S '_'____- o — Image... e
' Zoom In
4. Select the Image to Compute to [mage =5

Irmage to Compute ‘

Beamformer. Set the Target Interval to ( o Emiioe (@ DIGE

450 to 750 ms, the Baseline Interval to - | | Tegetitenvel———————— i ey (RS

S Interval Start 22 Hz

300 to 0 ms and the Frequency Range to [
nterval En s Interval End ] Hz

22 to 30 Hz. Press Go. werele [

Interval Start

—Baseline Interval
[~ Compare Conditions

Intenval Stan 300]
Fpun start of editing, the baseline interval

as modified to match the number of
Interval End 0 ms

samples in baseline and target interval
Important note: To obtain areliahble beamformer image, the number of samples in the target
and the reference interval should be equal. Therefore itis recommended to assign equal
duration to the Target Interval and the Baseline Interval

If two conditions are compared, they should have approximeately the same nurber of frials.

Go Cancel
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5. Scale up the resulting image by pressing

the ﬁl 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.

6. In the middle panel of the source analysis
window, press the arrow key and select
DICS.
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7. In the Set Reference dialogue check the [ catpeference for DIC ——

option Use current cross-hair position.

— External reference channel

Please note that it is also possible to select

( Reference is external channe!

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

8. The resulting image suggests strong Gt e
9 0K (7] Stanctard L1 - ]
%lemmmm

coherence between the right and left

auditory cortices. You can use the |
button to jump through the DICS maxima
and use them as new starting points for

further DICS calculations.

Loc. -124 .35, 3083 (Tarwrach)
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L. Cortico-muscular coherence with DICS

1. Please open file Examples\DICS Cortico-
Muscular\Cortico-Muscular_DICS.foc in
the BESA Research Examples folder. This
dataset contains 151 axial gradiometers
and 2 polygraphic channels used for

recording the bilateral EMG signal.

2. Press ERP / Open Paradigm and choose
the file Cortico-Muscular DICS.PDG from
the folder Paradigm\DICS. The paradigm
file specifies a condition containing the
triggers with code 99 that were added to the
data at 1 s intervals. Epochs are defined to
last 1 s epochs around these triggers.

3. Move to the Artifact tab and run the artifact
scan by pressing Start Scan. Using an
amplitude threshold of 3400 fT and a
gradient threshold of 800 fT leaves 115 out

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

right-click and

might take a few seconds!)

6. Pressthe ™ button to display the absolute

amplitude in the given time-frequency
range. Scale up the image by pressing the
‘6 button until the scale ranges from 0.0 to
2.4 yV. It becomes apparent that there is an

increase in amplitude around 15 Hz.
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7. Left-drag a window over the 15 Hz activity, [~-= ===

=
I T S TR

right-click and select Image.

View Phase Diagram
Set Baseline...
Image...

Zoom In

=
rmtam i) [ k|

8. Select DICS under the section Image to |image =)
Compute, a Target Interval from 0 to 500 Fmﬁgemmp“

"~ Beamformer @ DICS

ms, a Baseline Interval from -500 to O ms || | Tewstena | FrequencyRangs
ntersal Stay Interval Start 10 Hz
and a Frequency Range from 10 to 20 Hz. renelget P fo

Interval End 500 Interval End |20 Hz
Press Go.

—Baseline Interval

[~ Compare Conditions
Interval Start -500

Suggestion: The baseline interval should
be adapted in order to match the number
Interval End o of samples in baseling and target interval

Impontant note: To obtain a reliable beamformer image. the number of samples in the targst
and the reference interval should be egual. Therefore it is recommended to assigh egual
duration to the Target Interval and the Baseline Interval

lftwo conditions are comparad, they should hawe approximately the same numbet of trials.

Go Cancel
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9. After calculating the cross-spectral density
matrix in the given time-frequency range,
the Set Reference for DICS window pops
up. Select the option Reference is an
external channel and choose channel

EMGLFT to calculate coherence between

the left EMG channels and all brain voxels.

Press OK.

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
with the left

represented in

hand, which is
the

lever
right

motor/somatosensory area.
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