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To the Reader

Welcome to g.tec’s world of medical and electrical engineering!

Discover the only professional biomedical signal processing platform under MATLAB and
Simulink. Your ingenuity finds the appropriate tools in the g.tec elements and systems.
Choose and combine flexibly the elements for biosignal amplification, signal processing and
stimulation to perform even real-time feedback.

Our team is prepared to find the better solution for your needs.
Take advantage of our experience!

Dr. Christoph Guger Dr. Guenter Edlinger

Researcher and Developer

Reduce development time for sophisticated real-time applications from month to hours.
Integrate g.tec's open platform seamlessly into your processing system.
g.tec's rapid prototyping environment encourages your creativity.

Scientist

Open new research fields with amazing feedback experiments.

Process your EEG/ECG/EMG/EQOG data with g.tec's biosignal analyzing tools.
Concentrate on your core problems when relying on g.tec's new software features like ICA,
AAR or online Hjorth's source derivation.

Study design and data analysis

You are planning an experimental study in the field of brain or life sciences? We can offer
consultation in experimental planning, hardware and software selection and can even do the
measurements for you. If you have already collected EEG/ECG/EMG/EOG, g.tec can analyze
the data starting from artifact control, do feature extraction and prepare the results ready for
publication.
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Preface

This section includes the following topics:

Required Products

Using This Guide - Suggestions for reading the handbook

Conventions - Text formats in the handbook
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Required Products

g®.HReeg uses:

g®.BSanalyze - the advanced biosignal analysis software package from g.tec
MATLAB - as basic matrix operation platform

Signal Processing Toolbox - to give access to standard signal analysis tools

Image Processing Toolbox - to generate scalp and brain boundaries from MRI/CT data
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Using This Guide

Chapter “Generate ERD Maps” explains how to generate an electrode montage file and how
to calculate event-related desynchronization (ERD) maps. The ERD maps are imported into
g.HReeg and are shown with MRI/CT scalp and brain images.

Chapter “Generate Boundaries” shows the calculation of scalp and brain boundaries from
MRI/CT data.

Chapter “Electrodes” shows how to import and show electrodes together with MRI/CT data
and how to fit the electrodes to the MRI/CT data.

Chapter “Visualization” shows the 2D/3D visualization options for displaying the map-,
scalp-, brain-data and electrodes. Furthermore, the manipulation of axis properties such as the
rotation of the head is shown.

Chapter “Data Interpolation and Laplace Derivation” shows how to interpolate electrode
positions and how to calculate a spline surface Laplace derivation.

Chapter “Help” explains the usage of the on-line help, the printable documentation and the
function help.

User Manual g.HReeg 5.16.02 6



Conventions

ltem Format
MATLAB code Courier

String variables Courier italics
Menu items Boldface

User Manual g.HReeg

Example

to start simulink, type
simulink

set (P_C, '"PropertyName', ...

Select Save from the File menu.

5.16.02



Hardware and Software Requirements

For Hardware and Software Requirements see the g.BSanalyze manual.
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Generate ERD Maps

The Chapter Generate ERD Maps explains the following topics:

Create a Montage File

Calculate a Spline Surface Laplace Derivation
Calculate ERD

Load ERD Data

Add Scalp Data

Add Brain Data

Manipulate the Visualization

Print Results

Save Data and Exit

User Manual g.HReeg 5.16.02



Create a Montage File

The Montage Creator is used to define electrode names and positions. The x-, y- and z-
positions of the electrodes (e.g. measured by Polhemus Fastrak) can be loaded from files
containing the coordinates in ASCII format (*.txt), boundary files (*.bnd) or can be entered
manually. If the three dimensional coordinates are not available it is possible to estimate the
coordinates from a planar electrode grid and using a spherical head model by performing the
following steps:

1. After starting MATLAB and setting the correct path, type:
gbsanalyze

in the MATLAB command line

4\ Command Window — O >

()

fx »> gbhsanalyze

2. g.BSanalyze starts with a blank data window

3. Open gMONcreator from the Run! Menu

4. Data Editor

File  Classification = Run! Help

gMOMcreator
gResult2D
gHReeg

g CFMViewer

User Manual g.HReeg 5.16.02
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4. gMONcreator opens with the following window:

4 Montage creator - O X

File Grid Options Pelhemus Help ]

Polhemus Digitizer Dizconnected

Ext. 10420 System (79)
79

CiFee

(o)1

OFBOF.’OHOH OFt . O= OHOFEOHIOFW

(@]
OmomOFﬁOm Ore Oree O rez OmOmOmOFnu
QOmn O Qo O QOa O Qe Qo O O O'me

OmomOmOm Ocet O Oyem OmomOWOmn

e | FEEE R

OI‘DOP?OPSOH Qe o= Or: ONOI‘HOH}OFW
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Dot Do [@):4]

-
W
~
W

Ok
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Fit the Electrodes to a Spherical Head Model

1. Click on Load Montage in the File menu and open 63ch example.mat from

Documents\gtec\gBSanalyze\testdata\montage

The Montage Creator shows a 10/10 System electrode grid with 63 defined electrodes.

The electrode grid contains normalized x- y- and z- coordinates of the electrodes.

Select e.g. the Cz electrode. The field Position (X /Y / Z) displays the coordinates:

o/ 0/ 1.

4| MontageCreator: C:\Users\Irimia\Documents\gtec\gBSanalyze\testdata\montage\G3ch_example.mat

File

i

Grid  Options  Pelhemus

Start

Skip ==

Help

— Measure ELECTRODE POSITIONS: | Polhemus Digitizer Disconnected

Text 2 speech ’7

Single electrode Automatic

Acoustic feedback

The montage creator allows you to define electrode positions according to a predefined grid (e.g. the international 10-20 system).
“ou can generate geometry data and constellation files that are necessary for most source derivation calculations and topographic
result presentation in Result2D and Result3D.

ELECTRODE GRID:
Select grid: Dia. Ext. 10/10 System (171)

Channels: 171

— Define ELECTRODE POSITIONS:
Display: (_) Number (®) Name
Click to display subelectrodes
Left Frontal Right Frontal

Left Dorsal Right Dorsal

Click to a position,
edit settings and press "Confirm ™

Channel number: i1l
Channnel name: Cz
Position (X /Y 1 Z):
o/os1

Polar coordinates:

Theta []: 1}
Phi [ 1]
Clear Confirm!

Fit to sphere
Define all positions
Sort electrode numbers

Oa QO weoe1 () HeEOGH
() #r
OAT."O =

OROTORB e ey

O D7 Qres (Yrea () res
Om Om O O Oc
OO Oors OB Oces

OPQOF'TOP5OP3 Qe
OPOTOPOG

Oot
(@) 0]

Qog

Ot (O ueoez () veos2 ez
O Cierz
() are Opﬂoﬂ:ﬂ

Ore Or O:,,O:éO:&O='o
O fc () Fe2 Orc,qo:&?o'—ma_—r‘o

®E Qo Qo O O OTe

Qe ez Ocmocpéom‘omo
O
Pz Ciez OP“OW’OP&OP‘O
(9] Omom
[@]:4]
Oe= O Po10
Ok Qo010

— SOURCE DERIVATIONS:
Present constallations:
Hew name:
Bipolar
Change
Delete
Select derivation

Primary electrodes:

Secondary electrodes:

Delete

=

o
o
s

IE0E (AR

Change

HE

Delete
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2. To fit the electrode coordinates onto a three dimensional spherical head model click on
one of the defined electrodes and then press the Fit to sphere button

I :_—_ = DPOTOm
() o
Fit to sphere | i) PO9
Define all positions | D o
Sort electrode numbers |

A window opens asking for the scalp radius for estimation

4. Enter Radius of Spherical Head — >
. Please enter the scalp radius for your spherical head model.
Scalp Radius:
|7 Scalp Radius [mmi: 100
OK!

Enter 100 mm as the radius of the spherical head model and press OK.

The Montage Creator estimates the coordinates. Select e.g. the Cz electrode which has
now the Position (X/Y/Z):0 / 0 / 100 mm.

3. Select Save montage as... from the File menu and save the montage as 63ch_xyz.mat

under

Documents\gtec\gBSanalyze\testdata\montage

User Manual g.HReeg 5.16.02
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Load Electrode Positions

1. Click on Load Montage in the File menu and open 60ch square.mat from
Documents\gtec\gBSanalyze\testdata\montage

The Montage Creator shows a square electrode grid with 60 defined electrodes. The
electrode grid contains only x- and y- coordinates of the electrodes.

2. Select the electrode of the montage which corresponds to Cz in the international 10/20
electrode system.

3. Enter the name Cz into the Channel name editor box and press the Confirm button.
4. Inspect the coordinates of the electrode in Position (X/Y / Z):,theyare0 / 0 / 0.

5. Select the electrode that corresponds to Fz in the montage and assign the name Fz with
the Confirm button.

6. Import x-, y- and z-coordinates from a boundary electrode file by opening Import
Positions from the File menu and selecting electrodes60.bnd from

Documents\gtec\gBSanalyze\testdata\gHReeg\Electrodes

User Manual g.HReeg 5.16.02



7. Click e.g. on electrode Cz (electrode number 61) to inspect the coordinates again. They

arenow -0.66115 / -15.813 / 81.4715.

4 MontageCreator: C:\Users\lrimia\Decuments\gtec\gBSanalyze\testdata\montage\60ch_square.mat

File Polhemus

i

Grid  Options Help
The montage creator allows you to define electrode positions according to a predefined grid (e.g. the international 10-20 system).
“ou can generate geometry data and constellation files that are necessary for most source derivation calculations and topographic

result presentation in Result2D and Result3D.

ELECTRODE GRID:

— Measure ELECTRODE POSITIONS: | Polhemus Digitizer Disconnected
Start easuning mode Single electrode Automatic Select grid: Square Grid (121)
Skip == Acoustic feedback Text 2 speech Channels: 121
— Define ELECTRODE POSITIONS:
Display: () Number (®) Name O111 O12 013 Ona Qs O1s On7 On1e One O120 O
Click to display subelectrodes
Left Frontal Right Frontal O100 O101 O102 O108 Q104 O105 O106 O107 O 108 O 109 O 110
Left Dorsal Right Dorsal
O O O Oz O O O O O Ol O
Click to a position,
edit settings and press "Confirm ™ Om Om O 30 O 81 O 82 O 23 O 34 o 85 O 86 O 87 O 38
Channel number: i1l
Channnel name: tz O O Qe On On O O On Qn O On
Posttion (X /Y 1 Z):
-0.68115/-15.813 / 81.4T15 Os O O% O O @& O O O O (&
Polar coordinates:
Theta [T 10.999
2 O Ow O O O On On O O O#x O
Phi[f | 2676503
Clear Confirm ! O O O Oy Ox O3 OO0 O#x O D6 O
Electrode
Distance [mml: 20
On Ox On O O O O On Ox Oz (On
Fit to sphere
12 13 14 15 16 17 18 19 20 2 22
— Ou O® O O® O® Ow Ow O® O=a Oa O
Sort electrode numbe
w O1 O2 O3z O+« Os Os O7 O O O O

Primary electrodes:

Secondary electrodes:

— SOURCE DERIVATIONS:
Present constallations:
Hew name:
Bipolar
Change
Delete
Select derivation

Delete

=

BEH HREE WEE.

Down

Change

Delete

8. Save the montage as electrodes60.mat under

Documents\gtec\gBSanalyze\testdata\gHReeg\Electrodes

9. Close the Montage Creator

User Manual g.HReeg 5.16.02
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Calculate a Spline Surface Laplace Derivation

Global approaches of surface Laplacian are based on analytical functions that describe the
potential distribution on the scalp. These analytical functions are referred to as splines. This
name comes from the flexible reeds used by ship-wrights to constrain wooden planks in a boat
construction.

V(x,y,2) =U(x,y,2), with  U(x;,Y;,z)=V,. Q)

The potential distribution V is given by the spline U(x,y,z), and it should return the measured
potential Vi at electrode i. Splines can be defined on either spherical or realistically shaped
surfaces. The surface Laplacian is obtained by computing the second derivative with respect

to the local head surface:

_o0U(xy,z) 2°U(x,Y,2)
VA, = At .
ou ov

: (2)

with u and v serving as the surface coordinates. Different implementations of the spline
surface Laplacian, either for spherical of more realistic shaped surfaces, have been introduced
(Perrin et al. 1989; Nunez and Pilgreen 1991; Law et al. 1993; Nunez et al. 1994; Babiloni et

al. 1996; Babiloni et al. 1997).

An advantage of the spline-based surface Laplacian methods is that the potential distribution
can be approximated rather than interpolated. This becomes a substantial advantage whenever
the potential distribution is contaminated by noise. The amount of approximation can be set

by a regularization parameter.
Perrin, F., Pernier, J., Bertrand, O., Echallier, J., 1989. Spherical splines for scalp potential and current density
mapping. Electroencephalogr. Clin. Neurophysiol. 72, 184-187.

Nunez, P., Pilgreen, K., 1991. The spline-Laplacian in clinical neurophysiology: a method to improve eeg
spatial resolution. J. Clin. Neurophysiol. 8 (4), 397-413.

Law, S., Nunez, P., Wijesinghe, R., 1993. High resolution EEG using spline generated surface Laplacians on
spherical and ellipsoidal surfaces. IEEE Trans. Biomed. Eng. 40 (2), 145-153.
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Nunez, P., Silberstein, R., Cadusch, P., Wijesinghe, R., Westdorp, A., Srinivasan, R., 1994. A theoretical and
experimental study of high resolution EEG based on surface Laplacians and cortical imaging.
Electroencephalogr. Clin. Neurophysiol. 90, 40-57.

Babiloni, F., Babiloni, C., Carducci, F., Fattorini, L., Onorati, P., Urbano, A., 1996. Spline Laplacian estimated
of EEG potentials over a realistic magnetic resonance-constructed scalp surface model. Electroencephalogr.
Clin. Neurophysiol. 98, 363-373.

Babiloni, F., Babiloni, C., Carducci, F., Gaudio, M.D., Onorati, P., Urbano, A., 1997. A high resolution EEG
method based on the correction of the surface Laplacian estimate for the subject's variable scalp thickness.
Electroencephalogr. Clin. Neurophysiol. 103, 486-492.

Perform the following steps:

1. Select Import BKR from the File menu of the Data Editor to load the file FOOT.bkr
which is located in

Documents\gtec\gBSanaylze\testdata\gHReeg\

4. Data Editor: C:\Users\Irimia\Documents'\gtec\gBSanalyze'testdata\gHReeg \ FOOT.BKR - O X

File Header View Transform  Pre-Processing Tools  Artifact  Analyze Parameter Extraction  Classification ECG Spike  Optiens  Run!  Help  User »

s

1 =

T
m I I I T I I T I I
m

C:1 1 655p

Gt 4 655 u Pttt A Aot Ao AT A st i A b mn g S et

c6 6 S5HWMWWWWWWWWWW%

£:10 10 655 4 MWMMWWWMMWWWWMMWWMWW

10 20 30 40 50 60 70 80 20

ﬂ 5‘1 Fs [Hz]: 256 time [s]: 10 samples: 2560 trials 40 channels: 60 | -
4 | | 3 | Goto second: | 0.0033063 Channel: 1 Trial 1

DISPLAY [ PRESENT [ SHOW MARKERS / ATTR EPOCHING [ TOOLS | comment | FILE
10 jl Seconds channel x trial ~ ~ [&] chan stir Wart scale Select... | Edit | Select... | Edit | Analyze .. New | Save presets ‘
10 2i|cnannes | positivescsle v || ] Trial st [ Hor. scal Play | P

= 5 rial scale BaD » I:I NONE l:‘ ey | Pause e

1 2] Trials Zoom (100 3] Separators [ Grid Ruler Q
Select undo | | laut| Ma | am [Ty Markers Ch. name Cancel Free mods v Open journal

The Data Editor shows a 60 channel EEG data-set consisting of 40 trials (epochs) with 2560
samples each. The data was recorded with 256 Hz.
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The subject performed a cue-paced foot movement imagination at second 3 of every trial. The
end of imagination was indicated and the subject was instructed to perform the imagination
until second 8 of each trial. The task was repeated 40 times.

2. Select Spline Surface Laplace under the Pre-Processing menu to open the following
window:

4. Spline Surface Laplace — >

Browse for a montage file created with the MONTAGE CREATOR. Use the Geometry and g MOMcreator
buttons to edit the montage files.

— Specify MONTAGE FILE:

Mame of file: . AgtechgBSanalyze\testdata\montage\s0ch_xyz mat Browse ... |

Smoothing 0.2

— Define MONTAGE and GEOMETRY

g.MONcreator... Geometry ...

Result procedure: () Add new channels
(®) Replace all channels

Help Cancel Start !

The window has the following entries:
Specify MONTAGE FILE:
Name of file — select a montage file with x-, y- and z-coordinates of the electrodes

Smoothing factor — enter a smoothing factor between 0 (no smoothing) and 1 (maximum
smoothing)

Define MONTAGE and GEOMETRY:

g.MONcreator — open the Montage Creator to edit the montage file

Geometry — open the Geometry window to inspect and edit the coordinates

Result procedure — check the corresponding radio button to add the Spline Surface Laplace

channels to the current data channels in the Data Editor or to replace all existing channels.
The newly created channels get the attribute SST.

User Manual g.HReeg 5.16.02 18



3. Select e.g. the montage file 60ch_xyz . mat that was created in Section Create a
Montage File and is stored under

Documents\gtec\gBSanalyze\testdata\montage

4. Enter as Smoothing factor 0. 2. The Smoothing factor can be between 0 (no smoothing)
and 1 (maximum)

5. Select the radio button Replace all channels to view only the new calculated Spline
Surface Laplace channels

6. Press Start to perform the calculation

The Data Editor is updated with the newly calculated channels.

4| Data Editor: C\Users\Irimia\Documents'\gtec gBSanalyze\testdata\gHReeg\FOOT.BKR - O x

File Header View Transform Pre-Processing Tools  Arifact  Analyze Parameter_Extraction  Classification ECG Spike  Options  Run!  Help  User

T:1 =
m T
m
c:1 1 0.1 e At Aot 2 A thety Pl Aol e tmapAerly TRy —
c:2 2 LT e e ey I
C:4 4 01 w ey - S AR v ety
C:5 5 0.1
C:6 6 0.1
C:7 7 0.1
C:B 8 o1 A A A P AL i o B 8\ s s o]
c:o 9 01 oo o St emal bt Sl it P A i AN A o]
C:10 10 0.1 fru v T et e ik s oy s e b
| | | | | | | | |
10 20 30 40 5.0 6.0 7.0 80 2.0
ﬂg Fs [Hz]: 256 time []: 10 =amples: 2550 trials 40 channels: 80 | -
J +| Gotosecona: |0.0039063 Channet | 1 | Trak | 1
DISPLAY PRESENT | SHOW MARKERS / ATTR. EPOCHING ‘ TOOLS | COMMENT | FILE
10 il Seconds channel x trial Chan. attr. Vert. scale Select ‘ Edit | Select | Edit | Analyze ... New | Save presets |

. it
10 ~=| Channels positive scale e Inallatt Hor. scale a0 . NONE l:‘ Flay | Pause o
Al v Creste p|

1 4] Trials Zoom (100 %/ | [ Separators [ Grid Ruler

Select .. Unde| | Aut| Ma| Am||Typ Markers Ch name Cancel Free mode LY ‘Open journal
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Calculate ERD

g.HReeg can show topographic maps of data that can be loaded into g.BSanalyze if they
consist of only one trial (e.g. bandpower values, raw-data) and one of the following analyzes
results:

Average — average data over trials e.g. used for evoked potentials (EP’s)

ERD - Event Related Desynchronization — calculate ERD in percentage, absolute power,
absolute amplitude or z-values (see the g.BSanalyze documentation for details)

4. ERD / ERS — >
ERD ! ERS (event-related desynchronization / synchronization) is characterized by changes of zignal
power owver time (relative to values in a reference period). To design filters uge the "Design fiter” function.

— Specify REFERENCE PERIOD:

Start of reference period at: 500 [m=] End of reference period at: 1500 [m=]
128 [samples] 384 [samples]
— Select FILTER:
() Mo fitter (®) Use filter: |MU-2/BP/ 11713/ fft/0 w Design fitter ...

name ! type [ f{lo} / f(hi} / real / order

— Specify COMPOMNENTS to be analized:

@ Induced components only (none phase locked) l:::l Raw signal (induced and evoked components)

— SCALING of result:

Result scaling: | Relative power change [%] [ ] Use the "Envelope method”

—  AVERAGING, SMOOTHIMNG and STATISTICS:

Horizontal averaging Method: 'mean w Factor: 32

Significance test: | sign test w (] smoothing: 5 erage Window: | 125 | [ms]

— Select TRIALS and CHAMNELS:

Select trials ! chan.

Result procedure: Show with ResultzD Automatic treemaker is: | znabled -
Show with Result3D
Ea‘.feresurts Filename: ...nalyzeltestdata\gHReeg\erd\SSlerd. mat, ..
Help Cancel | Start
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To calculate the event-related desynchronization (ERD) and event-related synchronization
(ERS) for a 60 channels data-set follow these steps:

1.

9.

Open the ERD - Event Related Desynchronization window from the Analyze menu in
g.BSanalyze

Enter 500 ms into the editor box Start of reference period at and 1500 ms into End of
reference period at

Select the MU-2 filter to calculate the ERD from 11-13 Hz
Set the Factor for Horizontal averaging to 32

Check the Save results box and enter as filename SSLerd.mat to save the calculated
ERD results

Press the Start button to perform the analysis. g.Result2D opens with the calculation
results.

Close the ERD — Event Related Desynchronization dialog.

Click on Arrangement in g.Result2D to open the following window:

4. Arrangement — >
Arrange the plots linear or topographic. Tepographic arrangement is
only possible if geometry- data is loaded (use the Geometry button).

— Choose ARRANGEMENT:
Geometry...
(®) Topographic arrangement Grid
Zoom to page Square (11 x 11

D Channel- type specific groups (sorted by channel number)

ID Sort by channel number (linear arrangement, no groups)

— Specify linear ARRANGEMENT:

U=ze default rows to columns proportion

Rows: 8 Columns: A

Help Cancel OK!

Select the Grid Square (11 x 11) and check Zoom to page to show the channels in
the topographically correct arrangement
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4] Result2D
File Edit Settings Tools Help

Event Related Desynchronization / Synchronization
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The plot shows an ERD on the parietal area (around channel 49) and an ERS around C3
(channel 28) and C4 (channel 34).
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Load ERD Data

To show the calculated ERD with the corresponding electrodes in g.HReeg follow these steps:

1. Start gHReeg from the Run! menu of the Data Editor and click on Load under the
Electrode menu. Select the montage file 60ch xyz.mat under

Documents\gtec\gBSanalyze\testdata\montage

g.HReeg shows the created montage.

g.HReeg: New

File Data Scalp Brain Electrode Visualization Help

2. Click the Load item from the Data menu and select the file SSLerd.mat from

Documents\gtec\gBSanalyze\testdata\gHReeg\erd

User Manual g.HReeg 5.16.02 23



g.HReeg shows in the status line the number of loaded Channels, the Type of signal — ERD
and the data length — 10 seconds:

DATA

Furthermore the 60 electrodes and the data map are shown:

(4] g.HReeq: New - O *
File Data Scalp Brain Electrode Visualization Help N
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3. Click on the Visualization menu and select Display Settings to open the following
window

4. Display Settings — >

. Manage the dizplay options of data maps, scalp, brain and electredes and set the arrangement and time steps
of the maps.

- Set MAP parameters:

Transparency of map [%]: 1 Colomap: | erders V Mr. of colors: |54 o

() Overall scaling () Individual scaling (@) Confingte: min: | -120 max: 345 Get I'I1iI'IJ'I'I'IE|J€|

Show colorbar Show time Invert colormap [ Min-0-Max autoscale

- Select ARRANGEMENT and TIME frame:

Rows=/ cols: Nr. rows: 2 Mr. cols: 4
Time steps [=]: from: 2 step: 1 to: a total nr.: 7
Samples: from: 16 step: ] to: 64

- Set SCALP parameters: Set BRAIM parameters:

- Set ELECTRODE parameters: 4

R G B R G B R G B
Color .. | 240 | 200 | | 160 Color .. | 150 | 150 | | 150 Color ... 0 255 0
Transparency [%]: | 70 Transparency [%]: 0 Size of electrodes [mm]: 5
[ ] Apply abovez= -10  [mm] [ ] Apply abovez= -10  [mm]
Help | Cancel | Apply !

4. Check the Invert colormap box in the Set MAP parameters field to show an amplitude
attenuation (ERD) in red color and an amplitude enhancement (ERS) in blue color

5. Enable the Confine to box and set the min color value to —120 and the max color value
to 345

6. Under the Select ARRANGEMENT and TIME frame area enter in Nr. rows 2 and in
Nr. cols 4

7. Set the Time steps from editor box to 2, the step size to 1 and the to editor box to 8
seconds

8. Press the Apply ! button
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g.HReeg shows the maps from second 2 until second 8 to investigate the ERD evolution over
time.

g.HReeg: New _ O b

File Data Scalp Brain Electrode Visualization Help N
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Add Scalp Data

1. To add scalp data to the ERD maps select Load from the Scalp menu
2. Select the file subjectl scalp.bnd from

Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary

(4] g.HReeq: New - O *
File Data Scalp Brain Electrode Visualization Help N

s

| gHReegierassLeramat | | [ | |
| ERD | 60 | N
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Add Brain Data

To add brain data to the ERD maps select Load from the Brain menu. Select the file
subjectl brain.bnd from

Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary

1. Disable the Show Scalp entry under Visualization to show only the brain and the ERD
maps.

Visualization  Help

Show Data
Show Brain

Show Electrode

Display Settings
Fxis Settings

4] g.HReeg: New - O *
File Data Scalp Brain Electrode Visualization Help N

= x

5 Swassies e angtnmiteine zciies ||
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Manipulate the Visualization

1. Open the Axis Settings window under the Visualization menu and press the Top button

to view the scalp from top

4 Axis Settings - X

— Define view: Free rotation:

Hep |  cancel | | Apply! |

2. Press Apply ! to rotate the maps and close the window with Cancel

3. Check the Show Scalp item under Visualization
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g.HReeg show the ERD maps and the scalp from top view. The ERD (red color) starts around
second 3 on the parietal area. The ERS (blue color) can be found from second 5 to 7 around
C3and C4.

(4] g.HReeq: New - O *
File Data Scalp Brain Electrode Visualization Help N

5 st )
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Print Results

Select Print Preview in the File menu to open the following window:

[4\] Print Preview - O *
StyleSheet | modified - Save As... Zoom | Overview ~ Print Refresh Help Close
5 10 15 20 25 =
Layout Lines/Text Color Advanced | | 1
Placement
(® Auto (Actual Size, Centered)
() Use manual size and position 0
Left: 23612 2
Top: 195 = 4 - el axer e
Width: 2498 5 6 :
Height: 17.09 5 @ @
8
Use defaults Fill page
10
Fix aspect ratio Center
12 i wenig waerg
Paper
14 1
Format: | Ad ~ @
Width: 297015 16
Height: 21,0015 18
Units: Orientation 20
O Inches O Portrait
(® Centimeters ® Landscape
< > =
d [+
Press the Print button to start the printout of the data.
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Save Data and Exit

1. To save the g.HReeg data (map, scalp, brain and electrodes) chose Save as ... under
the File menu

2. Enter the name Test .mat and save it to the directory
Documents\gtec\gBSanaylze\testdata\gHReeg

3. Select Exit under File to close g.HReeg
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Generate Boundaries

Chapter Generate Boundaries shows how to calculate scalp and brain boundaries of
segmented MRI data files.

Scalp Boundary
Brain Boundary
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Scalp Boundary

Scalp and Brain Boundaries can be generated from *.mri segmentation files.

4. Generate frem MRI/CT — X

Generate scalp model based on segmented MRUCT image. lterations ranges from 0
{lowest accuracy) to 100 (highest accuracy).

— Select model creation parameters:

Select segmented MRUCT: ..Mestdata\gHReeg\MRMubject1.mri Browse ...
rowWs columns slices
MRUICT dimenzion: Io6E IE6 170
Voxel size [mm]: 1 1 1
Reduce MRVCT dimenzions by: 1 1 1
Generate head model:  very fine "t terations: 100
Help Cancel Start !

The dialog box has the following entries:
Select segmented MRI/CT — chose the segmented MRI/CT file with the Browse button

MRI/CT dimension (status) — number of rows, columns and slices stored in the segmented
MRI/CT file

Voxel size [mm] (status) — dimension of each voxel in the segmentation file

Reduce MRI/CT dimensions by — enter rows=1, columns=1 and slices=1 to take every
voxel, enter rows=2, columns=2 and slices=2 to take every second voxel,...

Generate head model — select the resolution of the scalp model (8 steps from lowest to
finest)

Iterations — enter the number of iterations for the calculation of the scalp model (range O-
100).

1. Click on Generate from MRI/CT under the Scalp menu and select the file
subjectl.mri from

Documents\gtec\gBSanalyze\testdata\gHReeg\MRI

The segmentation file contains an MRI image with 256 rows, 256 columns and 170 slices.
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The Voxel size is 1 mm X Imm x Imm.

2. Select very fine from the Generate head model pull down menu and enter 100
under Iterations

3. Press Start to generate the boundary file

The g.HReeg window opens with the scalp boundary:
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4. Click on Axis Settings under the Visualization menu to open the following window:

@ Axis Settings = = X

5. Check the Show axis box to indicate the range of the x-, y- and z-axis. Press Apply ! and
close the window with Cancel.

6. To reduce the number of triangles used for the scalp presentation open the Manage Scalp
window from the Scalp menu

E Manage Scalp — O *
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The window has the following entries:

Reduce number of triangles to [%] — remove a certain percentage of triangles from the
boundary

Cut triangles — check the box to cut triangles above or below a certain plane

Position [mm] — enter the coordinates of the plane which is normal to the specified
direction vector

Direction — enter the direction vector. Direction 1 means that the triangles below the plane
are cut, Direction —1 means that triangles above the plane are cut.

7. Check the Cut triangles box and enter a z-Position value of 30 mm. Set the z-Direction
to —1. This cuts all triangles above 30 mm.

8. Press Start to perform the operation
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9. Select Save as from the Scalp menu, enter the name scalp30mm.bnd and set the path
to

Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary
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Brain Boundary

Brain Boundaries can be generated in the same way as Scalp boundaries:
1. Click on Generate from MRI/CT under the Brain menu and select the file
subjectl.mri from
Documents\gtec\gBSanalyze\testdata\gHReeg\MRI

The segmentation file contains an MRI image with 256 rows, 256 columns and 170
slices. The Voxel size is 1 mm x Imm x 1mm.

2. Select very fine from the Generate head model pull down menu and enter 100
under Iterations

4. Generate from MRIJCT — >

Generate brain model bazed on segmented MRUCT image. lterations ranges from 0
(lowest accuracy) to 100 (highest accuracy).

— Select model creation parameters:

Select segmented MRUCT: . Mestdata\gHReeg\MRAsubject1. mri Browse ...
rows columns slices
MRUVCT dimens=ion: 256 256 1710
Voxel size [mm]: 1 1 1
Reduce MRICT dimenzions by: 1 1 1
Generate head model: | very fine w fterations: 100
Help Cancel Start !

3. Press Start ! to generate the boundary file
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The g.HReeg window opens with the brain boundary:

4. To remove the back side of the brain boundary open the Manage Brain window from
the Brain menu

5. Check the Cut triangles box and enter an x-Position value of 0 mm. Set the x-

Direction to 1. This cuts all triangles below 0 mm in x-direction (opens the back side
of the brain).
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4 Manage Brain — O >

6. Press Start ! to perform the operation

7. Open Axis Settings from the Visualization menu, press on the Rear right button and
press Apply !

‘4] Axis Settings - O X
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g.HReeg shows the brain from the back side:
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Electrodes

Chapter Electrodes shows how to load electrodes into g.HReeg and how to fit electrodes to
the MRI/CT images.

Load and Visualize Electrodes
Fit Electrodes
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Load and Visualize Electrodes

1. Select Load under the Electrode menu and chose the file 60ch xyz.mat from
Documents\gtec\gBSanalyze\testdata\montage

g.HReeg shows the electrode grid:

g.HReeg: New - O *

File Data Scalp Brain Electrode Visualization Help N

2. From the Scalp menu open the scalp file subjectl scalp.bnd with Load from

Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary
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g.HReeg show the scalp with the 60 electrodes. The electrodes are not fitted to the MRI/CT
image.
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Fit Electrodes

To fit the electrodes exactly to the MRI/CT image open Fit Electrodes under the Electrode
menu.

4. Fit Electrodes — »

i

— Select Fitting Parameters:

Fit the electrode positions to the scalp. Cz and Fz must be defined in the montage file to
uze the Estimate button. A scalp boundary must be loaded to measure the Nagion in the
MRICT image.

x [mm] y [mm] Z [mm]

Define Masion in electrode coordinates: 0 0 0 Estimate

Hi

Define Masion in MRUCT coordinates: 0 0 0 Define ...

Help Cancel | Start !

The Nasion coordinates in the electrode coordinate system and in the MRI/CT coordinate
system must be known to perform the operation. The coordinates can either be entered
directly if known (e.g. from the Montage Creator or from Polhemus data) or can be
estimated/defined.

The dialog window has the following entries:

Define Nasion in electrode coordinates — enter the x-, y-, and z-coordinates of the Nasion in
the electrode montage system in mm. The coordinates can be viewed e.g. in the Montage
Creator.

Estimate — press the button to estimate the Nasion position. This function works only if Cz
and Fz are defined in the loaded electrode configuration file.

Define Nasion in MRI/CT coordinates — enter the Nasion coordinates in mm

Define ... — press the button to measure the Nasion coordinates of the loaded scalp boundary
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Perform the following steps:

1. Click on the Estimate button to calculate the Nasion coordinates for the electrodes. The
estimation is done from the already defined Cz and Fz positions in the montage file (see
Section Create a Montage File).

2. Click on the Define ... button to measure the Nasion position of the MRI/CT image. A
new figure opens with the scalp image. Try to find exactly the position of the Nasion and
click with the left mouse button on it.

4 Figure 1: Define x and y positions. Right Click the mouse if accepted! = O X

File Edit View |[Inset Tools Desktop Window Help N

Ddde | AR89 4L S0 =@

3. Then press the right mouse button to close this window
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4. A new window opens which shows the front side of the boundary. Select the Nasion
position again and press the left button of the mouse. Close the window with a right
mouse click.

File Edit View |Insert Tools Desktop Window Help

4 Figure 1: Define z position. Right Click the mouse if accepted! - O X

NS N VWD PL- S 0E|um

The Fit Electrodes window contains now the Nasion coordinates for both coordinate systems.

4 Fit Electrodes - 4

Fit the electrode positions to the scalp. Cz and Fz must be defined in the montage file to
uge the Estimate button. A scalp boundary must be loaded to measure the Nasion in the

MRUICT image.
— Select Fitting Parameters:
= [mm] ¥ [mm] Z [mm]
Define Nasion in electrode coordinates: | 92388 | 0

Define Nasion in MRUCT coordinates: 117.2687| 141369 | |-11.4035 | Define .. |

v | cancel | | st |
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5. Press the Start ! button

g.HReeg shows the fitted electrodes:
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Visualization

Chapter Visualization explains the tools for changing the appearance of the data maps, of the
scalp and brain boundaries and of the electrodes.

Visibility Settings
Display Settings
Axis Settings
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Visibility Settings

The Visualization menu allows to change the visibility of the data maps, brain, scalp and
electrodes.

Check or uncheck the corresponding item:

Visualization Help

'V Show Data s
w

Show Brain

" Show Scalp
~  Show Electrode

Display Settings
Axis Settings

Visualization Help

»  Show Data

»  Show Brain
Show Scalp

~  Show Electrode

Display Settings
Axis Settings
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Display Settings

The Display Settings window has the following entries:
Set MAP parameters:

Transparency of map [%] - enter the transparency value for the data map (O is not
transparent, 100 is totally transparent)

Colormap - select a colormap for the data visualization
Nr. of colors - define the number of colors used for the colormap

Overall scaling - set the minimum and maximum equal for all maps

Individual scaling - calculate the minimum and maximum for each colormap separately

Confine to - enter manually the minimum and maximum values for all maps

4. Display Settings —

>

Manage the dizsplay options of data maps, scalp, brain and electredes and set the arrangement and time steps

of the maps.

- Set MAP parameters:

Transparency of map [%]: 0 Colomap: | erders o Mr. of colors: g4

Show colorbar Show time (] nvert colormap [ ] Min-0-Max autoscale

(® Overall scaling () Individual scaling () Confine tg; min: 1 max: | 100 Get minrmax|

S

- Select ARRANGEMENT and TIME frame:

Transparency [%]: 100 Transparency [¥]: 0 Size of electrodes [mm]:

(] Apply above z= -10  [mm] ] Apply above z= -10  [mm]

Rows / cols: Nr. rows: 1 Nr. cols: 1
Time steps [s]: from: | 0.125 step: . 5125 to: | 5.125 total nr.: 2
Samples: from:; 1 step: 41 to: 41
- Set SCALP parameters: Set BRAIM parameters: ——— [ Set ELECTRODE parameters: -
R G B R G B R G B

Color ... 240 200 160 Color ... 150 150 150 Color ... 0 255

0

cC

Help Cancel i Apply

Show colorbar - check to show the colorbar
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Show times - check to show the time information for each map
Invert colormap - invert the minimum and maximum color of the map

Min-0-Max autoscale - use an equal amount of colors for the values below and above 0

Select ARRANGEMENT and TIME frame:
Rows / cols - enter the number of rows and columns for the visualization of the maps

Time steps [s] - enter the beginning and end time point in seconds for the visualization. The
step size defines the number of maps which are shown.

Samples - same as Time steps but the unit is samples

Set SCALP parameters and Set BRAIN parameters:
Color ... - define the color of the boundary
Transparency [%] - set the transparency of the boundary

Apply above z= - set the boundary to the transparency value above this z-coordinate

Set ELECTRODE parameters:
Color ... - define the color of the electrodes

Size of electrode [mm] - set the size of the electrodes in mm
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AXxis Settings

The Axis Settings window can be used to change the view of the axis and has the following

entries:

Define view — press the button to define the view angle

Free rotation — rotate the head to define the view angle

Define angles — enter the Azimuth and Elevation angle

Show axis — check to show the coordinates

Zoom factor [%)] — enter the zoom factor to increase or decrease the visualization

4 Axis Settings — X
— Define view: Free rotation:
Define angles:
Azimuth:  Elevation:
[Jshowaxis  Zoom factor[%): 100 140 || 40 | Getvalues
Help | Cancel |
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Data Interpolation and Laplace Derivation

Chapter Data Interpolation and Laplace Derivation explains how to interpolate the
electrode positions and how to perform a spline surface Laplace derivation.

Interpolate Data
Calculate Laplace
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Interpolate Data

Refine Electrode Positions

1. Load the data file SSLerd.mat in the Data menu with Load from
Documents\gtec\gBSanalyze\testdata\gHReeg\erd

2. With Load from the Scalp menu load the scalp boundary file subjectl scalp.bnd
from

Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary

3. Add the electrode file electrode60 .mat with Load from the Electrode menu from
Documents\gtec\gBSanalyze\testdata\gHReeg\Electrodes

4. Open Display Setting under the Visualization menu and show second 4 and 6 of the data

file, invert the colormap and select Confine to to set the optimal scaling (min: -120;
max: 346).

300
200 4.00 £.00

100

-100

5. Open the Interpolate Data window from the Data menu
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The window has the following entries:

Select channels ... — select the channels that should be used for the calculation. This function
is useful if a channel contains artefacts and should be removed from processing.

Read refined positions — load a boundary file (scalp or brain). The data map is interpolated
onto this boundary.

Refine electrode positions — check to interpolate the existing electrodes. The algorithm sets
additional electrodes between existing electrodes and interpolates the colormap.

Smoothing factor — set the smoothing factor to a value between 0 (no smoothing) and 100
(maximum smoothing)

d. Interpolate Data — >

. Interpolate spatio-temporal data.

—  Select CHAMMELS:

Select channels... |

— Select interpolation parameters:

(::I Read refined positions: Browse ...

@ Refine electrode positions

Smoothing factor; 5 [1-100]

Help Cancel Start !

6. Check the Refine electrode positions box and enter a Smoothing factor of 50
7. Press Start ! to interpolate the electrode positions
g.HReeg shows the interpolated data map. The status information field of g.HReeg shows that

the data map has now 218 channels. Note that the electrode channels of a montage file must
match the data channels exactly if the montage should be loaded.
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8. Open the Display Settings window and set the Size of electrodes [mm] to 2
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Read Refined Positions

1. Load the data file SSLerd.mat with Load from the Data menu from
Documents\gtec\gBSanalyze\testdata\gHReeg\erd

2. From the Brain menu load the brain boundary file brain30mm.bnd with Load from
Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary

3. In the Electrode menu click Load to add the electrode file electrode60.mat from

Documents\gtec\gBSanalyze\testdata\gHReeg\Electrodes

Open Display Setting under the Visualization menu and show second 4 and 6 of the data file,
invert the colormap and select Confine to to set the optimal scaling (min: -120; max: 346).

4.000 [s] 6.000 [s]

300

200

100
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4. Open the Interpolate Data window from the Data menu

4. Interpolate Data — >

. Interpolate spatio-temporal data.

—  Select CHANMMELS:

Select channels... |

— Select interpolation parameters:

(®) Read refined positions: ...a\gHReeg\Boundary\brain30mm.tnd Browse ...

O Refine electrode positions

Smoothing factor: &0 [1-100]

Help Cancel Start !

5. Check the Read refine positions box and Browse for the file brain30mm.bnd under
Documents\gtec\gBSanalyze\testdata\gHReeg\Boundary

6. Enter a Smoothing factor of 50

7. Press Start ! to perform the operation

Note that small brain boundaries should be used for a fast calculation. The whole brain
boundary would need a long computation time and a lot of memory.

8. Open the Display Settings window. In the Set BRAIN parameters: section set

Transperency [%]: to 100 and in the section Set ELECTRODE parameters: set the
Size of electrodes [mm]: to 1
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g.HReeg shows the data map interpolated onto the brain boundary.

4.000 [s]
300

200
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Calculate Laplace

The Spline Surface Laplacian derivation can be calculated from e.g. evoked potential (EP)
signals generated with the Average function of g.BSanalyze.

Perform the following steps:

1. Open gMONcreator and load the file 44ch sep.mat from
Documents\gtec\gBSanalyze\testdata\montage

The Montage Creator opens an extended 10/20 electrode system montage with 44
electrodes.

2. Click on Cz to inspect the coordinates. The coorindates are defined for a sphere with 1
mm radius.

3. Press the Fit to sphere button and enter a radius of 100 mm to convert the coordinates

4. Save the montage file under 44ch sep 100mm.mat under
Documents\gtec\gBSanalyze\testdata\montage

5. Open g.HReeg from the g.BSanalyze menu Run! with gHReeg and load the electrode
montage file 44ch _sep 100mm.mat previously stored with Load from the Electrode
menu.

6. With Load from the Data menu add the EP data file EP.mat from

Documents\gtec\gBSanalyze\testdata\gHReeg\average

7. g.HReeg shows the electrodes and the EP maps. Open Display Settings and in the Select
ARRANGEMENT and TIME frame set in Rows / Cols Nr. Rows: to 2 and Nr. Cols:
to 6 and for Time steps [s]: set from:to 0.001,to:t0 0.22, stepis 0.019.
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8. Open the window Calculate Laplacian from the Data menu:

4 Calculate Laplacian - *

. Calculate 30 spline surface Laplacian.

— Select CHAMMELS:

Select channels...

— Select Laplacian parameters:

Smoothing Factor: 10

Help Cancel Start !

The window has the following entries:

Select channels ... - define the electrodes that should be used for the calculation

Smoothing Factor — specify the smoothing value between 0 (no smoothing) and 100
(maximum smoothing)

9. Enter a Smoothing Factor of 10 and press the Start ! button.

g.HReeg opens with the maps. Time point 0.172 (rounded to 0.18) is shown as example:

0.15
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Help

g.HReeg provides a printable documentation and a function help.

The printable documentation is stored under

C:\Program Files\gtec\gBSanalyze\Help

as gHReeg.pdf. Use Acrobat Reader to view the documentation.

To view the function help type

help gBSfunctionname

under the MATLAB command window.

To view all functions that are available in batch mode type

gBSfunctions
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Product Page

Please visit our homepage www.gtec.at for
o Update announcements

e Downloads

Troubleshooting
Additional demonstrations
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http://www.gtec.at/

g.tec medical engineering GmbH tel. +43 7251 22240
Sierningstrasse 14 fax. +43 72512224039
4521 Schiedlberg web: www.gtec.at
Austria e-mail: office@gtec.at
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