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Part I: Data Handling and Signal Processing

The Study Manager

Figure 1

The study manager is the central entry point for accessing EEG data. It consists
of three different tabs (Figure 1 shows the EEG tab). It offers a convenient
interface for opening existing studies, selecting the appropriate EEG, and
opening MRI data. The study manager scans automatically a folder (including
directories and shortcuts to other folders) to find existing studies, EEG or image
data. The data are listed and can be sorted based on different criteria.

Further Topics: Favorites
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EEG Review

The EEG data view is the central place for displaying trace data from EEG
recordings. The data contain one or more channels, which are defined by the
montage. The EEG recording is organized in one or more segments, depending
on length and recording situation. Every segment of EEG may differ in number
and sequence of channels, frequency, filter settings, and recording sensitivity.
Within a segment, these settings remain unchanged. This way, EEG can be
viewed as a continous stream of data in a given segment. Each new segment
defines new settings for the EEG data view.

Events are shown in addition to the recorded EEG. Events are time marks in the
EEG and contain information such as type, duration, channel, and a description.

Figure 2

Figure 2 shows a clinical EEG (1294E89D.WG, WG Format) in a customized montage (Bipolar
channel Fpl — Fp2, EKG channel with lower sensitivity).

Further Topics: Shortcuts to navigate in the EEG
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Montages

Montages can be managed through the upper group of controls in the montage
editor, in the dialog field Montage. Besides the standard montages given with the
ASA software, user-defined and document-based montages are managed. The
standard montages given with ASA are write-protected, but can be copied and
renamed in order to define new customized montages.

Figure 3

Further Topics: Virtual reference electrodes, per-group definition of channel
properties
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Adding and Reviewing Events

Events are general time markers in the EEG and are shown in the EEG data
view. All events are shown in the event list, regardless of their type. This enables
you to have an overview of all markers with their descriptions and latencies. The
currently supported event types are: event markers (annotations), spike events,
seizure events, artefact events, and eppoch events. Events can be included in
the original recording or be added during the analysis. Event markers that are
added during an analysis can be given a comment. Spike and seizure events
mark physiological EEG phenomena, whereas epoch events mark sections of
data with a certain property, e.g., a trigger.

Specialized list views for spikes and epochs show these events with all their
properties.

Figure 4.

The Marker toolbar let’s you add events of all types. Event Markers are used to set a comment or
to permantently display a time or amplitude difference.
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Export of Data

ASA supports data export of EEG sectons marked by events and of full data. The
formats ASCII (text with tab delimiters), EDF (European Data Format), ASA
(Advanced Source Analysis), and EEProbe (standard format for ERP data) are
available.

Figure 5

The export option is available from the File menu or within the EEG view (right
mouse button menu). To export events, you need to select them, e.g., in the
event list view.
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Signal Processing

Artefact Detection

Artefact detection is a method that scans all EEG channels in the current
montage for amplitude values that exceed a threshold in positive or negative
direction. These EEG sections are marked by artefact events, other events are
disabled if the overlap with an artefact.

Figure 6
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Filtering

Filtering applies an FFT filter (high-pass, low-pass, band pass or band stop) to
continuous data and produces a new output file. The new file is automatically
loaded and shown as result data.

Note that you should switch off the filter settings in the EEG toolbar when you

apply the Filtering feature.

Figure 7
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Resampling

Resampling applies a new sampling rate to continous data, using linear
interpolation. The new sampling rate may be smaller or bigger than the old one.
The new file is automatically loaded and shown as result data.
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Averaging

The Averaging features calculates the mean over sections of EEG and shows the
resulting average. The sections of EEG are defined by markers (spikes, epochs
or event markers). The duration of the average is defined by means of the
marker or set interactively.

All enabled events of the selected type are taken as input for the averaging
method.

Figure 8

Further Topics: Mapping of average data
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Frequency Analysis

Introduction

Why to use time frequency methods to analyze brain signals?

General: Time frequency analysis methods are widely used to analyze
characteristics of signals, which are not obvious in the time domain.

Can show topographical distributions of activity for certain frequency
bands.

Can give a comprehensive overview over the development of brain signal
characteristics as well for short intervals as for long intervals.

Can give information about the cooperation of brain regions (adjacent and
more apart brain regions).

The CDSA View, wavelets vs. FFT

The CDSA view shows the development of the frequency content of signals over
time:

Frequency axis: horizontal (low frequencies left, high frequencies right)
Time axis: vertical (bottom early, top late)

Example: Time-Frequency analysis of ERP data

Preprocessing:

Reading of averaged EEG data (acoustic stimuli: oddball, targets)
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Figure 9 CDSA View with scaling properties dialogue

Figure 10 CDSA View: Time frequency analysis using wavelet transformation
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FFT Analysis on Continuous and Event related Data

Continuous Data

3 D frequency mapping “on the fly”

Figure 11 On the fly 3D frequency mapping for the EEG data shown in the EEG view

3 D frequency mapping (persistent results)

Preprocessing

1. Generation of Epochs according to FFT blocks (2" sample points)
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2. Automatic artifact detection (optional)

3. Epoch Review

Figure 12 Epoch review with synchronized event list and EEG view for the eyes open condition

Spectrum computation

For the computation of the FFT spectrum a couple of options can be set.

One can choose between to major options for the interval definition. The first
option is to use a time window defined by the start time and the end time (or
duration). The second option uses available events for the definition of intervals
for FFT computations.

FTT spectra are computed using blocks of data with a number of 2" samples.

The block length can be selected from a list with possible values, which is given
in the "Block Definition" section. FFT results are averaged over these blocks.
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Further options allow the comparison of spectral values around events, the
exclusion of intervals containing artifacts and to normalize the spectrum results
with respect to the channel with the highest power summed over all frequency
bands.

Figure 13 Spectrum computation dialogue

Spectrum Export

Spectrum results can be exported to an ASCII file (press right mouse button in
3D frequency view). Export options are

1. Export whole spectrum (pre requisite to import spectrum data)

2. Export of a set of selected frequency bands

3. Add to average (allows the generation of group results)

Figure 14 Spectrum export dialogue
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Spectrum Comparison

Spectrum results for different time definitions (conditions) can be generated by a
repeated performing of FFT analysis or by combining FFT analysis with reading
of already computed FFT results.

Then there result display of the 3D frequency view can be controlled by the “Data
Items” property sheet, which allows the selection of spectrum data sets as well
as a additional derived items (mean, difference, relative difference, significance).
The general 3D view property sheet contains an icon to activate a special view
layout for the display of multiple spectral result data.

a) b)

Figure 15 a) Selection of data items and derived data items (mean, difference, relative difference,
significance), b) selection of special layout for the display of multiple data items

Figure 16 shows the result of the spectrum comparison for the eyes open
condition (a), for the eyes closed condition and a comparison of both conditions
for the alpha frequency band. The relative difference shows the difference of the
spectrum results related to the sum of both values. The computation of the
significance is based on a t-test.
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b)

Figure 16 a) 3D frequency mapping: Eyes open, b) eyes closed, c) comparison (alpha)
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Event related Data

Topic of this chapter is the investigation of spectral properties of the EEG (e.g.
synchronization, de synchronization) due to external stimuli.

Example data: VEP (checkerboard)

Spectral results shall be compared between the interval directly after the stimulus
presentation, which contains the primary visual response to the stimulus and a
baseline interval, which is prior to the stimulus onset. Further a comparison will
be performed for a second interval, which starts 0.25 sec. after stimulus
presentation, to a baseline interval. Figure 16 shows the used parameters for the
first case together with a diagram, which explains how interval definitions are
used inside of this dialogue.

a) b)

Use Events (Offset >= 0.0) Use Events (Offset <= 0.0)

Offse Duratiog Offses
D Em— -
Duration
Time after Event Time after Event

Compute difference between intervals

Duration Offset Offses Duratlog

Time before Event Time after Event

Both Offset values >= 0.0 (mandatory)

Figure 17 a) Settings of FFT dialogue to compare interval after stimulus presentation with
baseline, b) description of the interval definitions used.
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Figure 18 a) Comparison of the 3D frequency mapping for the alpha band between an interval
after stimulus onset and a baseline: a) 0-250 ms, b) 250-500 ms

Remark: In the initial 3D maps, no result values are shown for the delta
frequency band.

Explanation:

Frequency Resolution: Sampling frequency/ number of samples per block

Handling of Frequency Bands

ASA provides a set of standard frequency bands as well as the possibility to add
user defined frequency bands. For the 3D frequency view frequency bands can
be defined and added using either the view toolbar, or the property sheets of the
3d frequency view.

An edit option in the selection box allows the creation of own user defined sets of
frequency bands. The frequency bands are stored together with other results
data in the ASA study document (to keep results reproducible) and in a user
defined frequency bands library to be able to reuse the frequency bands
definition for further studies.

Figure 19 shows the dialogue for the definition of a new set of frequency bands:
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Name for the set of frequency bands

Description of the set of frequency bands

Name for a single frequency band

Minimum frequency for single frequency band
Maximum frequency for single frequency band
Color for single frequency band (currently not used)

oA WNE

Figure 19 Dialogue for the definition of user defined frequency bands.

Coherence Analysis

What does coherence mean?

Coherence gives a measure of similarity between two signals. The coherence is
similar to the correlation function between two signals but it is an estiamtor of the
similarity in the frequyency domain. A possible advantage of using the coherence
instead of the correlation function is, that it may show similarities between two
signals, which exist only in limited frequency and is therefore not easy to detect
using the correlation function.

How is coherence computed ?

ComplexJpectrum(x, (t)) * ComplexSpectrum(x, (t))’
|/ Power Spectrumy(x, (t)) * Power Spectrum(x, (t))

Ry, (W) =
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The "complex" coherence between two signals x; and x, can be computed as the
cross spectrum (how it is comuted is hsown in the denimintor of the formula)
between the signals normalized by the root of the product of the powerspectrum
of both signals.

Coherence values are complex. Their amplitude is between 0.0 and 1.0. Low
values indicate no similarity between the two signals. Values close two one
indicate a high similarity between

the two signals.

Since coherence consists of complex values, they can be described with their
amplitude and also with a phase value. The phase value can be used as an
estimator of the phase between to signals.

Example data: VEP (checkerboard)

Coherence results are computed for the interval directly after the stimulus
presentation, which contains the primary visual response to the stimulus. Further
a comparison to a baseline interval, which is prior to the stimulus onset, is
performas. Figure 20 shows the used parameters for the first case together with
a diagram, which explains how interval definitions are used inside of this
dialogue.

a) b)

Use Events (Offset >= 0.0) Use Events (Offset <= 0.0)

Offse Duratiog Offses
— -
Duration
Time after Event Time after Event

Compute difference between intervals

Duration

Duratiog

Time before Event Time after Event

Both Offset values >= 0.0 (mandatory)

Figure 20 a) Settings of Coherence dialogue to compare interval after stimulus presentation with
baseline, b) description of the interval definitions used.
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Coherence amplitude results

a) b)

Figure 21 Coherence amplitude results for the first 250 ms after stimulus presentation for the
alpha frequency band: a) absolute values (threshold 0.6), b) values compared to baseline prior to
stimulus (threshold 0.15).

Coherence phase results

a) b)

Figure 22 Coherence phase results for the first 250 ms after stimulus presentation for the alpha
frequency band: a) absolute values (amplitude threshold: 0.6, phase threshold: 10°), b) values
compared to baseline prior to stimulus (amplitude threshold 0.15, phase threshold: 20°).
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Coherence Export

Coherence results can be exported to an ASCII file (press right mouse button in
coherence view). Coherence Amplitude and phase values are exported
separately. Export options are:

1. Export whole (coherence) spectrum (pre requisite to import spectrum

data)
2. Export of a set of selected frequency bands
3. Add to average (allows the generation of group results)

a) b)

Figure 23 Dialogue for the export of coherence data from the 3D coherence view: a) selection of
data set, which contains coherence amplitude data, b) selection of data set which contains
coherence phase data.
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Part Il: Source Localization

Dipole Fit

To perform a dipole fit, you need to have available or have created one or more
events in the EEG. Also, the head model and electrodes need to be loaded. It is
helpful to load the MRI data, as well.

Selecting the menu Features / Source Reconstruction / Dipole Fit or pressing
the Dipole Fit button will give the following dialogue:

Figure 24

The selection of events can be changed in the event list or EEG data view.

After having pressed the OK button, the following dialogue appears:
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Figure 25

You can specify the number of dipoles to be fitted and change the initial guess
settings.

The do not fit position option allows the determination of dipole parameters
(orientation, strength) without fitting the position. The positions of the dipoles are
kept fixed as the initial guess positions.

Progressive initial guess (Moving Dipole): For consecutive time points of the
dipole fit procedure, the fitted position of the previous time point is taken as inital
guess for the current time point.

Automatic Initial Guess (Single Dipole): In case of a dipole fit for a single
dipole, an automatic initial guess can be used. To obtain an automatic initial
guess a goal function scan is performed inside of the brain. The scanning
position with the highest goal function values is taken as the starting position of
the dipole fit.

Otherwise the position of the initial guess can be edited in an initial guess list
box. Double-clicking with the left mouse button on the x, y or z-coordinate
enables changing of the values.

In case previous features of the feature tree already computed inverse solutions,
positions of these solutions can be used as guess vaules by checking the Inital
Guess from Inverse Solution check box. Inverse solutions can be dipole fit
results, or maxima of MUSIC or LORETA source reconstruction algorithms. A
subset of these values can be extracted by using the Delete Dipole button.
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A penalty function can be used to prevent dipole positions that are outside of
the brain (Prevent Positions outside of the Brain by penalty Function check
box).

Pressing OK starts the dipole fit algorithm.

After the dipole fit has been performed, the results can be reviewed in the 3D
mapping view, 3D image view and Dipole list view.

Figure 26
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MUSIC and LORETA

LORETA and MUSIC are are methods for 3D source reconstruction. LORETA is
an estimator of the electrical current density in the brain, given a section of EEG
and a head model.

To calculate LORETA results, the same items have to be present as for a dipole
fit: EEG with events, head model, electrodes, and MRI (which is mandatory for
both 3D reconstruction to display results). Event selection for the calculation is
identical with the dipole fit procedure.

The LORETA parameters are:

- Grid spacing: the distance between two calculation points (to keep
calculations feasible on a regular PC, the grid spacing should not be
smaller than 18 mm).

- Estimated SNR (signal to noise ratio): this parameter defines the
regularization; a higher value for SNR means less regularization and less
blurred results.

Figure 27
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Figure 28

ASA 3 introduction course 30 Enschede, 15 May 2003



Part Ill: MRI and Head Modeling

Introduction

When an MRI of your patient or subject is available this kind of data can be used
for the source localization. The MRI is used for two purposes. Firstly it forms the
basis for an individual realistic head model, secondly, the MRI is used to show
the results of the source localization in a realistic anatomical context.

For the generation of a head model, the following steps are necessary:

Reading MRI (in DICOM or ASA format)

Place 3D markers in the MRI

Segment three different regions (scalp, skull and brain)

Generate surfaces that describe the outside of the scalp, skull and brain
region

Calculate the head model matrix

Save the head model

PpwnhE

o o

Reading MRI

DICOM MRI data can be read into ASA using the study manager:

The study manager shows information about your patient and the type of scan.
The scan containing 248 images will be used in the next steps. Select this scan
and press OK to read the data. After the data has been read in ASA, it will be
shown in the MRI view. Use the UP and DOWN arrows on your keyboard to
increase or decrease the contrast of the image.
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The 3D image view properties dialog
can be used as well to set the
brightness and contrast of the display.
The same dialog can be used to
change the layout of the display or to
set the orientation of display.

Change the display to three
orientations, centered to show all three
orientations of the MRI (coronal,
sagittal and axial).

Figure 29

The sliders in the MRI toolbar can be used to move through the MRI. Each slider
controls are different orientation.
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In the MRI window, a crosshair is visible. When you click on it, it turns green
indicating that they are selected. Once they are selected they can be dragged to
a new location. This changes the view immediately.

3D Markers

The next step is to set 3D markers in the MRI. These markers are necessary to
match the MRI and head model in a later stage with the electrodes. Three
different markers are used: nasion, left and right ear.

Move the sliders to the nasion as shown below and select Features - Head
modeling - Set MRI markers - Nasion from the menu. A yellow circle appears at

the intersection of the crosslines and marks the Nasion. The same can be done
for the right and left ear marker.

Figure 30
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Segmentation

Segmentation is used to divide the MRI into different regions, the scalp, skull and
brain. The figure shown below shows the steps that are needed for the
segmentation. First the scalp is segmented, followed by the brain and finally the
skull.

1: SCALP —* 2: BRAIN —* 3: SKULL

Threshold Threshold Threshold

Lower threshold 20...25 Lower threshold 25...35 Use the same values
Higher threshold 255 Higher threshold £120 as used for the brain

\ 4 v \ 4

Closina Opening Openina

Around 2 mm Around 2 mm Use the same value
as used for the brain

\ 4

Dilation

Around 4...6 mm

Start the segmentation from the menu (Features — Head modeling — Perform MRI
segmentation). The segmentation toolbar is used to set the Thresholding and to
perform the other operations like Closing and Opening.

Thresholding MR images contain gray values between 0 and 255. Using a
lower and upper threshold the range between the
corresponding thresholds is selected. The remaining will not
be used for the following segmentation steps.

Closing A closing operation is used to close holes inside the region
of interest (scalp, skull or brain) and to exclude all areas
outside the region of interest. A closing operation with value
2 means that 2 layers of voxels are used for the operation.
When the voxel size is 1x1x1 mm, 2 layers correspond to 2
mm, and 4 layers to 4 mm.

Opening The opening operation is the opposite of the closing
operation. It is used for the brain segmentation to separate
the brain from the rest of the head.

Dilation Dilation is used to grow layers of voxels to the current

volume. It is used to inflate the brain in order to form the
skull segmentation.
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Figure 31

Generation of Realistic Head Models

A head model is a description of the head using three surfaces. Each surface
describes the outside of the different regions, scalp, skull and brain.

The head model generation tool is used to construct the different surfaces. A
spacing and smoothness parameter is available to control the density of the
triangles on the surface (spacing) and smoothness of the surface. The head
model generation tool uses a 3D wrapping method to generate the surface. For
this a spherically shaped surface is wrapped around the segmented
compartment. This is an iterative process and the number of iterations can be
controlled as well.

For each of the segmented compartment a surface is to be generated. After this
has been performed a so-called Boundary Element Method (BEM) matrix has to
be calculated. This matrix is necessary for the source localization and describes
the relationship between a source in the brain and the corresponding EEG at the
scalp.
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Figure 32
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Ending

Thank you very much for your participation in the ASA 3 introduction course at
ANT Software B.V. In this one-day course, we will try to introduce most of the
major functions in the new ASA. We are excited to share the experience and help
you with questions that may arise in the daily use of ASA. We believe that the
course will provide mutual benefits and will strengthen our commitment to your
research and future developments in ASA.

Looking forward to working closer and sharing enjoyable experience with you.
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