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Introduction

The ASSYST software is an interactive tool aimed to significantly automate the process
of identification of seizures and/or other epileptiform events in rodent EEG recordings,
in off-line operation mode.

The ASSYST is able to read, display, process the rodent EEG recordings, and save the
processed results (the times of identified seizures and/or other events).

The ASSYST uses an advanced time-frequency analysis technique to reveal the EEG
segments with excessive activity in a certain frequency band. The spectral content of the
EEG within the frequency band is assessed by Spectral Band Index (SBI), which is derived
from the power spectrum. The SBI is calculated over time using a pre-determined
running time window. Based on the distribution histogram of SBI values, a threshold to
discriminate between background and excessive activity is defined. This threshold then
may be manually adjusted by the user to suit specific user needs (e.g., the threshold may
be lowered to capture weaker or shorter events).

After the threshold is defined, all episodes of the EEG for which the SBI is above the
threshold, are found and placed in a list of events with start and end times. The start and
end times of the selected events are roughly determined as the points where the SBI
curve crosses the threshold.

The final stage of processing requires input from the user to verify the selected events.
The software advances from event to event and the user visually examines the selected
events by advancing from event to event and reviewing the EEG raw data at the event
time and classifies them as seizures, artefacts or other events. By default, there are two
predefined categories in the program: “Seizures” and "Artefacts”. The user can rename
these categories and can also create arbitrary number of additional event categories.
The user can reset the start and end times of the events manually when viewing the EEG,
simply moving special cursors to desired positions on the EEG; and can also enter
annotations or comments for each event.

For some types of events the user may apply an automatic procedure for event
identification and classification. Currently, two such procedures are implemented in
ASSYST: a procedure for automatic identification of spike-wave discharges (SWD), and a
procedure for automatic identification of large instrumental artefacts.

After the processing, the identified EEG events in each category are saved in the output
file(s).

What's New in ASSYST v. 3.0

ASSYST 3.0 has a key advantage compared to versions 2.0 and 2.1: it is powered with a
new algorithm for automatic identification of events with regular repetitive structure,
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such as spike-wave discharges. The algorithm, which is applied after the time-frequency
analysis and the threshold-based event selection, can automatically distinguish spike-
wave discharges from artefacts with a remarkable accuracy.

In contrast to rodent models that have few strong seizures during several weeks, the
models with SWDs (e.g., GAERS or WAG/RIj) usually exhibit hundreds of SWDs in an
hour. In such cases the number of events initially selected by ASSYST, based on SBI
threshold, may be few thousands in just several hours-long recordings. Visual
examination of such high number of selected events, to reveal artefacts or other
irrelevant events, requires significant time from the user though still much less than
visual examination of the entire EEG. With ASSYST 3.0, this will be much easier and
faster.

What's New in ASSYST v. 3.1

In previous versions of the program it was possible to use a montage (i.e,, linear
combination of original EEG channel) by loading a special montage file created either
manually or using other software. In version 3.1 it is possible to define and use a
montage directly within the program.

Another addition is the possibility to measure intervals (and their reciprocal, i.e., the
frequency) between specified points of the signal. This is very handy when defining the
frequency range of SWDs.

Also, now it is possible to output some additional characteristics of the power spectrum
of the selected events.

In addition, some changes are made in the SWD identification algorithm, which should
improve performance especially for shorter events.

What's New in ASSYST v. 3.2

In the SWD identification algorithm, a new optional module is added aimed to eliminate
too weak and too strong events (artifacts) that accidentally pass the running beat
spectrum criteria. The algorithm is based on analysis of line length of the selected
events.
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1. The ASSYST Main Window

When the program is executed, the main window of the program shown in Fig. 1.1.1
appears. It contains a Menu bar, some controls on the upper panel (Fig.1.2.1), and a
page control (or tab control). The page control has four tabs:

- SBI & Channels (see 1.3 The SBI & Channels tab)

- SBI Histogram (see 1.4 The SBI Histogram tab)

- Signal & Spectrum (see 1.5 The Signal & Spectrum tab)

- Parameters (see 1.6. The Parameters tab)

When the program opens, the active (visible) tab is “SBI & Channels”. This is the main
operational tab.

Right Control Panel
Horizontal and Vertical of SBI & Channels
| I\}enu | | Upper Control Panel | | Page (Tab) Control SBI Scaling Sliders Tab
N
pofisa / I\ S50
File Window Events HE\;} /
[Z8  ~ |RreadpataFile| e ‘ sampingRate | SelectChanmek . Alt. Channel Labels | {3
SBI & Channels | 58I Histogram | Signal & Spectrum | Parameters A 4

W Channels
Spectral Band Index -

@]
" o]
B3
SBI Curve Pane | =
00.000 8 00:00:00.000 11 00:00:00.000 14 00:00:00.000 17 00:00:00.000 20 00:00. 3.000 Calculate 61| (£

Frocess Multiple Channels | | |

% Select Events
O

Selected Events |

Splitter to change the vertical proportion of the SBI Curve and Signal panes ;“’“:_’“Tﬂ
- |-

F1To Seizures || F2To Artefacts

F3 Not Assigned || F4 ot Assigned
To .. Alto.. [
o Move to Next After Adding

AutoProcess Events. || a

Show
Events
Form

Signals Pane

Save Events

Load Events

Controls | GoTo
Disp. Win. Size
|10

LA SO 3

Fig. 1.1.1. The main window with the “SBI & Channels” tab open.
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1.1 The Menu

1>

The menu items and description of actions they perform are listed below:

File Menu (Fig. 1.1.2):

Read Data File

Save Session

Load Session

7\ ASSYST 3.2

File Window Events Help
Bead Data File

Sawve Session

ta File | |WC 1-2 16-07

Load Session & Spectrum | Parameters

Recover Session

Load & Set Montage

Unset Montage
|

Fig. 1.1.2. File menu

- Opens a standard “Open File” or “Select Directory” dialog
(depending on the selected data file format, see 1.2 Upper Control
Panel) where the user selects the EEG data to be loaded;

- Saves the current session, including all parameter settings, input
data information, SBI curve, selected threshold and all selected and
classified events, in a session file specified by the user (by means of
a standard “Save file” dialog); this allows interrupting the work at
any moment and continuing it later from the same point (by
loading the previously saved session);

- Loads a previously saved session from a session file selected by
the user (by means of a standard "Open file” dialog);

Recover Session - Recovers the last auto-saved session;

Load & Set Montage — Loads a standard montage file (must be an xml file with

extension “.mtg"); the montage must be defined on the same
channel set as the input EEG data, otherwise an error message will
appear, and thus it must be loaded after the EEG data; the montage
may contain any number of new channels, each one of which may
be a linear combination (sum or difference) of several original
channels; after loading a montage file the original channel list is
replaced by the montage channels, and all subsequent processing
is performed on these montage channels;

Unset Montage - Removes the montage and reverts to original channels.
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Window Menu (Fig. 1.1.3):

/\ ASSYST 3.2

File Window Events Help

|$ Save Signal Pane As 3 ASCI Text File
= Save SBI Pane As » Windows Metafile (WHF)

SB] st crarmesTSo TS TOgranT TSI JPEG Image

/\ ASSYST 3.2

File Window Events Help

53‘."2 Slgnal PEHEAS - Lln i 1.7 450712 DO adf

Save SBI Pane As b ASCH Text Rile
SBI ot cranres TS e T S TSI Windows Metafile (WMF)

B

Fig. 1.1.3. Window menu and sub-menus

o

Save Signal Pane As » - Saves the signal fragment visible in the current window
shown in the Signal pane in one of the following formats (see 4.2.
Additional output - current window's signal):

ASCII Text File - Saves the signal values in a text file (each displayed channel
as a column)

Windows Metafile (WMF) - Saves the image of the Signal pane as Windows
Metafile (vector graphics format)

JPEG Image - Saves the image of the Signal pane as JPEG Image
Save SBI Pane As » - Saves the SBI curve visible in the Signal pane in one of the

following formats (see 4.3. Additional output - SBI curve):

ASCII Text File - Saves the SBI values in a text file

Windows Metafile (WMF) - Saves the image of the SBI pane as Windows
Metafile (vector graphics format)

JPEG Image - Saves the image of the SBI pane as JPEG Image.

Events Menu (Fig. 1.1.4):
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/\ ASSYST 3.2

File Window Ewvents Help

Save .. I

EDF ta File | WC 1-
Load h

SEI & Channels serrstogramrrsmgrars Spectrum | Par

Fig. 1.1.4. Events menu

Save... Opens the "Save Events” dialog to save the events that were added
to the event categories to file(s) (see 4.1. The main output —
selected events)

Load Load events categories and events therein from a file that was
saved earlier (by means of a standard “"Open file” dialog)

Help Menu:
Contents - Opens Help Window

1.2 Upper Control Panel

The Upper control panel (Fig. 1.2.1) contains the following controls (from left to right).

Button to provide alternative labels for channels

Input data
format selector

(combo-box) Channel Button o
The name of the Sampling rate selector by Channel modify some

Button to read selected file (read- of selected file name selector by processing
the data only) (read-only) (combo-box) number parameters

' ' |

Select Input Data Format v | Read Data File | Fie Sampling Rate Select Channel: <[ E At chemetabds || ‘

Fig. 1.2.1. Upper Control Panel.

Select Input Data Format combo box - allows selecting the format of input data.
ASSYST can read and process the EEG data of following formats:

European Data Format (EDF)

10
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Compumedics Profusion4
Ripple NSx
Acknowledge ACQ
Accordingly, the Select Input Data combo box contains following items:
EDF
Profusion4
NEV-NSx
ACQ

Read Data File button — allows selecting and loading the data.

File - aread-only field that displays the name of the loaded file (in case of EDF) or the
name of the data directory (in case of Profusion4).

Sampling Rate — a read-only field that displays the sampling rate of the loaded data.

Select Channel — two interconnected controls: a combo box and a spin control, to select
the channel either by its label (combo box) or by its serial number (spin control).

Alt. Channel Labels button — opens a dialog allowing to define different (alternative)
labels for each channel (see 2.1. Alternative Channel Labels Dialoq)

button — opens a dialog to modify some of the processing parameters (see 2.2.
Processing Parameters Dialog).

1.3 The SBI & Channels tab

The “SBI & Channels” tab contains two horizontal panes designed to display the EEG
(Signal pane, bottom, Fig. 1.1.1 and Fig. 1.3.4) and the Spectral Band Index curve (SBI
Curve pane, top, Fig. 1.1.1 and Fig. 1.3.1), and a panel with several buttons and other
controls on the right side (Control panel).

11
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The SBI Curve and Signal panes are separated by a horizontal moveable splitter allowing
to change the vertical space allocation between the SBI and Signal panes (this is useful,
e.g. when displaying many channels when more vertical space is needed for the Signal
pane).

1.3.1 The SBI Pane

A

Time Movable vertical cursor with Movable Horizontal and Vertical Buttons to switch between SBI
scroll bar | | time indicator at the bottom threshold line SBI Scaling Sliders curve and Spectrogram

Spectra' Band Index - Ch. rat02 BL R 2

l‘ | .“ ,!ﬂ.i‘!.. |

|IL'I| . '

4 12:30:00 41238 10.623

Fig. 1.3.1. A. The SBI pane showing the original (black line) and smoothed (orange line) SBI curves,
in full vertical and horizontal scales (the sliders are in their extreme maximum positions). The time
scroll bar in this case is not functional, since the entire curve is shown.

B. The SBI pane showing the Spectrogram.

The SBI pane (Fig. 1.3.1) is designed to show the spectral band index curve (Fig. 1.3.1 A),
which is calculated when the user presses the “Calculate SBI” button on the right panel,
or the spectrogram (Fig. 1.3.1 B), if the option to calculate spectrogram is selected on
the "Advanced” sub-tab of “Parameters” tab (see 1.6.2 The Advanced tab). This pane has
two sliders:

Vertical SBI Scaling slider - located on the right side of the pane and used to change
the vertical scale of the SBI curve; the upper position of the slider
corresponds to the full scale- i.e, in this case the plot shows the SBI curve
from its minimum to maximum. As the slider is moved down the vertical
scale “stretches up”, so smaller SBI peaks become better visible (Fig. 1.3.1).
When the spectrogram is displayed, the slider may be used to change to
color scale of the spectrogram.

12
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Horizontal SBI Scaling slider — located on the bottom-right side of the SBI pane and
used to change the horizontal scale of the SBI curve; the rightmost position
of the slider corresponds to the full horizontal (time) scale, i.e., the entire
duration of the recording. When the slider is moved left, the time scale
“stretches”, or zooms in horizontally (Fig. 1.3.2). Note that if the user moves
the slider when the spectrogram is displayed, the program automatically
switches to displaying the SBI curve. This is done because scaling of the SBI
curve is faster than scaling of the spectrogram. After zooming, the user may
switch back to spectrogram by pressing the ® (Show Spectrogram) button,
and the spectrogram will be horizontally scaled according to the SBI curve.

Above the vertical scaling slider there are two buttons for switching between SBI curve
plot and Spectrogram plot. These buttons are enabled only if the SBI is calculated with
"Calculate Spectrogram” checkbox on the “Advanced” sub-tab of “Parameters” tab (see
1.6.2 The Advanced tab) is checked, and the SBI calculation is performed for single
channel (see 5.1. Single channel processing; the Spectrogram currently is not calculated
in multiple channels processing mode).

B (Show Spectrogram) button - shows the Spectrogram (if was calculated) in the SBI
pane;

-+ (Show SBI) button - shows the SBI curve(s) in the SBI pane.

The SBI pane has also a scroll bar (at the bottom, Figs. 1.3.1, 1.3.2) that can be used to
scroll the visible part of the SBI graph along the horizontal time axis. The width of the
thumb tab (Fig. 1.3.2) of the scroll bar is proportional to the width of the visible part of
SBI graph. When the entire time range of the SBI graph is visible (i.e., the horizontal
slider is in the rightmost position) the thumb tab occupies the entire scroll bar (see Fig
1.3.1).

The scrolling can be done either by moving the thumb tab left or right, clicking the left
or right arrow buttons of the scroll bar (to scroll in small steps), or clicking the scroll bar
outside the thumb tab (to scroll in larger steps). Alternatively, the scrolling of the SBI
graph can be done using the mouse wheel or the left and right arrow keys of the
keyboard when the mouse pointer is placed inside the SBI pane.

There are two movable lines on the SBI pane: the vertical red cursor indicating the
position in current time (the time cursor) and the horizontal red line indicating the
threshold for separating significant and not significant SBI values (the threshold). The
time cursor works for both SBI curve plot and Spectrogram, the threshold works only for
SBI curve plot.

The time cursor can be moved horizontally by dragging it with mouse or by just clicking
at the desired location in the SBI pane. When the time cursor is moved to a new position,
the Signal pane (see 1.3.2 The Signal Pane) is updated accordingly to show the
corresponding EEG fragment.

13



KAOSKEY ASSYST A

The threshold can be moved vertically by dragging it with mouse. When the threshold is
moved to a new position, the coupled threshold line (vertical) on the histogram plot on
the SBI Histogram tab (see 1.4 The SBI Histogram tab) automatically moves to the
corresponding position.

Spectral Band Index - Ch. rat02 BL R 2

(-

Click this Click in Thumb tab, its size Click in Click this
button to this area is proportional to the this area button to
scroll left to scroll width of the visible to scroll scroll right
with small left with part of the SBI right with with small
step large step graph large step step

Spectrogram - Ch. rat02 BL R 2

Fig. 1.3.2. A. The SBI pane showing original (black line) and smoothed (orange line) SBI curves,
which are zoomed in using the vertical and horizontal sliders. The time scroll bar can be used to
scroll the graph along the time (horizontal) axis.

B. The SBI pane showing the spectrogram after zooming.

The SBI pane has also a popup menu that appears when the user right-clicks in the pane
(Fig. 1.3.3).

Spectral Band Index - Ch. rat02 BL R 2 |!l
22

Threshold To Visible Area
Mark Processing Interval Start
Mark Processing Interval End
3

Add this Event to Seizures

Find Closest To Cursor Event Artefacts

Fig. 1.3.3. The SBI pane with popup menus shown.

The popup menu items and description of actions they perform are listed below:

Threshold To Visible Area — Sets the threshold position to the center of the zoom
(visible) area of the SBI plot; this option is useful when due to vertical

14
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zooming in the current threshold position goes beyond the visible plot area,
and the user wants to bring it in to manually set a new threshold position;

Mark Processing Interval Start — Sets the current time cursor position as the start of
SBI processing time interval;

Mark Processing Interval End — Sets the current time cursor position as the end of SBI
processing time interval;

Add this Event to — Adds the time window corresponding to the current position of
the time cursor to an Event Category as an event. When this menu item is
selected, a sub-menu appears that contains the list of existing event
categories, from which the user selects the desired one (Fig. 1.3.3). The event
of the size of one window will be added to the selected category, and the
corresponding EEG fragment will be shown in the Signal pane, with the
added window highlighted by a pink band. The user can then move the
highlighting band edges to properly mark the event's start and end positions.

Find Closest To Cursor Event — finds in the preliminary event list (see 1.3.3 The Control
Panel) the event which is closest, in terms of time, to the current vertical
cursor position of the SBI pane, and sets this event as current event,
updating accordingly the Signal pane and the SBI pane; this item will be
enabled only if the preliminary event list is defined (i.e., after the “Select
Events” button press).

The Mark Processing Interval Start and Mark Processing Interval End items of the popup
menu allow to define a shorter time interval than the entire record duration for the
analysis of the calculated SBI curve (including the histogram calculation and automatic
threshold definition, see 5.1.6. Specifying the processing interval (if needed)) and
selecting the episodes of signal with excessive SBI values (the action that is performed
when the user presses the “Select Events” button, see 1.3.3 The Control Panel). This
might be useful when, for example, part of the record is damaged or contaminated with
strong artefacts, which would produce excessively high SBI values, which in turn would
result in too high automatic threshold, so important events (e.g. seizures) will be missed.
So in such cases the user might want to perform the analysis only in the "healthy” part
of the record.

Note, that if the processing interval is redefined by the user who then wants the
automatic threshold to be recalculated accordingly, the user has to press the “SBI
Histogram & Auto Threshold” button in the SBI Processing Parameters group of the
Advanced sub-tab of the Parameters tab (see 1.6.2 The Advanced tab) before pressing
the “Select Events” button on the Control Panel of the SBI & Channels tab.
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1.3.2 The Signal Pane

The Signal pane is designed to show the EEG signals of the user selected channels (Fig.
1.3.4).

Movable vertical cursor with time Processing window Slider and buttons to change the
indicator at the bottom (always in the center) EEG amplitude scale (sensitivity)
— M

rat02 BL R 2 (10s) %

c Aon
5,000

rat0Z BL R 2

rat02 BL L-Fr

rat02 BL R-Fr

4 12:38:10.000 412:38:11.415 4 12:38:15.000 =]

Iﬁ\u\]—|\\ \ /’»!‘_‘Iillull’ll

Click Click this Click in Thumb tab Click in Click this Click this Controls for
this button to this area this area button to button to continuous
button scroll left to scroll to scroll scroll right scroll scrolling

to scroll with small left with right with with small right with ("playing™)

left with step large step large step step large left or right
large step

step

Fig. 1.3.4. The Signal pane showing three EEG channels. The active channel (the channel selected in
the upper control panel) is black, others are blue.

The active channel, i.e., the channel that is selected for processing (in the upper panel of
the main window) is always shown in black. In addition, other channels may be shown as
well (in blue), according to the selection of checkboxes in the channels list on the
Control panel (Fig. 1.3.5).

The duration of the displayed EEG fragment is defined by the "Disp. Win. Size” (Display
Window Size) specified (in seconds) in the “Controls” tab on the Control panel (Fig.
1.3.10). Displayed signal window size may be different from the processing window size,
which is defined in the parameters (see 1.6.2 The Advanced tab).

The processing window size is indicated on the Signal pane by the gray-shaded vertical
band (Fig. 1.3.4).

The Signal pane has a scroll bar at the bottom allowing scrolling along the EEG (Fig
1.3.4)
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The scrolling can be done either by moving the thumb tab of the scrollbar left or right,
clicking the left (| ‘ |) or right (| 4 |) arrow buttons of the scroll bar (to scroll in small steps),
or clicking either the scroll bar outside the thumb tab or the 4 or ™ buttons (to scroll
in larger steps). Alternatively, the scrolling of the EEG graph can be done using the
mouse wheel or the left and right arrow keys of the keyboard when the mouse pointer is
inside the Signal pane.

In addition to manual scrolling there is possibility for automatic continuous scrolling
along the EEG to the right or to the left ("play” forward or backward) with two different
steps: large and small. This is done using the following buttons on the right side of the
scroll bar:

Fast play backward button - scrolls automatically along EEG to the left with large
step;

Play backward button - scrolls automatically along EEG to the left with small step;

Stop button - stops automatic scrolling

Play forward button - scrolls automatically along EEG to the right with small step;

Fast play forward button - scrolls automatically along EEG to the right with large
step.

The buttons %%, [ %) [ =] "2l work in "start/stop"” mode: clicking the button first time starts
automatic scrolling, clicking second time stops scrolling.

The vertical scale (sensitivity) of the EEG signals can be changed using the arrow buttons
=1 and the EEG amplitude scaling slider located at the right side of the Signal pane. The

arrow buttons (=1 change the global limits (min and max) for the signal plots, and the
slider changes the vertical scale of the signals within these margins. The slider’s top
position corresponds to showing the full range (from min to max), and the bottom
position corresponds to showing 0.05" of the full range. The vertical scale (and the
slider position) can be changed also using the up and down arrow keys of the keyboard
when the mouse pointer is inside the Signal pane.

The Signal pane and the SBI pane are dynamically coupled.: the red vertical cursor
line on the SBI pane is always at the position corresponding to the window (signal
fragment) position being shown currently in the Signal pane, and vice versa — the Signal
pane shows the signal window corresponding to the position of the cursor on the SBI
pane. Le. when the user scrolls along the EEG in the Signal pane, the cursor line on the
SBI pane automatically moves accordingly. And vice versa: when the user moves the
cursor on the SBI pane (by dragging it or just clicking on a new position in the SBI pane),
the Signal pane is automatically updated to show the signal at this new position.
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1.3.3 The Control Panel
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The Control panel on the right side of the SBI & Channels tab contains the main controls
for performing the EEG processing and event selection operations (Fig. 1.3.5).

Channels

List of channel labels with checkboxes.
The checked channels will be displayed
in the Signal pane and will be processed
when the 'Process Multiple Channels'
button is pressed. The active channel
(the channel that is selected for
processing in the upper panel of the
main window) is always checked.

afl rat02EL R 2
rat02 BL L-Fr
ratdD2 BL R-Fr

Buttons to check and uncheck all
channels (do not affect the active
channel)

rat02 BL R-Far

| 7
| —
rat02BL DIFF ¥

Button to define montage

ratd2 BL DIFF L | =]

Button to interrupt SBI calculation

ratd2BL DIFF R

Button to calculate the Spectral Band
Index (SBI)

Shows the index of currently
processed channel

3

{ Calculate SBI [

Button to process (calculate the SBI and
select events) several channels; the field
on the right shows the number of
processed channel

Progress bar showing the SBI
calculation progress

|_w! Process Multiple Channels |

¥

| Select Events | —

Button to select the
suprathreshold events

Read-only field showing the number of
selected events in the preliminary list

— Selected Events |58

Buttons and editable field to select the
currently viewed event

Checkbox to specify the sorting
of events in the preliminary list

Button to add the current event to an
event category (the category is selected
from the popup menu that appears when
this button is pressed)

1
{| F1To Seizures || F2To Artefacts |l
1 1

Shortcut buttons for quick adding
of the current event to an event
category. Each button can be
individually (re)assigned to an
event category

1
|| F3Not Assigned || F4 Not Assigned _|i

—» To.. || Alto.. U“"|<_

Button to “undo” last event
addition to a cateqory

Checkbox to specify whether the next
event should be selected as current after
the current event is added to an event
cateqory, or not

|+ Move to Mext After Addin;N

i| AutoProcess Events |

________________________

Button to add all events to an
event category (the category is
selected from the popup menu
that appears when this button is
pressed)

Button to show the Event Categories
form

Tab control with two tabs: 'Controls' and
'Go To'

Button for automatic event
processing, processed event
counter and button to interrupt
processing

Show | SaveEvents |
Events ]
/I Form | LoadEvents |
ep——
Controls | Go To
Disp. Win. Size
10 Motch
il HighPass
Autoscale
Mean-Cent. LowPass
| Grid

Buttons to save the filled event
categories to file(s) or to load
events categories (and events
therein) from a file that was
saved earlier

Fig. 1.3.5. The Control Panel.
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These are:

Channels list - contains the list of channel labels with checkboxes. The checked channels
will be displayed in the Signal pane and will be processed when the 'Process
Multiple Channels’ button is pressed. The active channel (the channel that is
selected for processing in the upper panel of the main window) is always checked.
To the right of the Channels list are two buttons to check (**) and uncheck (*) all
channels. Checking or unchecking all channels does not affect the active channel.
There is also the | = button, pressing which launches the 'Define Montage' dialog
(see 2.6. Define Montage Dialog) that allows to define a montage, by defining new
channels as linear combinations (sum or difference) of the original channels.

Calculate SBI button — starts calculation of the spectral band index of the active channel
(the channel that is selected for processing in the upper panel of the main window)
(see 5.1. Single channel processing) with the parameters specified or selected in the
Parameters tab (see 1.6. The Parameters tab).

The calculation process is multi-threaded and uses all available processors. The
calculation progress is reflected by the progress bar below the “Process Multiple
Channels” button. After the calculation of SBI the program builds the distribution
histogram of SBI values, and based on this histogram defines a threshold to
discriminate between background interictal activity and ictal activity.

When the calculation is finished, the program “beeps” and plots the calculated SBI
curve in the “SBI" pane, and the distribution histogram in the “SBI Histogram” pane
on the "SBI Histogram” tab (Fig. 1.4.1). The defined threshold is shown as a red
horizontal line on the “SBI" pane (Fig. 1.3.1) and as a red vertical line on “SBI
Histogram” pane (Fig. 1.4.1). The calculation process may be interrupted by the
user by clicking the a(Stop) button.

Process Multiple Channels button — starts SBI calculation and automatic event selection
for several channels checked in the Channels tab of the Control panel (see 6.7.
Multiple channels processing). The calculation progress for each channel is
reflected by the progress bar below the “Process Multiple Channels” button. The
field to the right of the button shows the index of the currently processed channel.
When the calculation finishes, the program "beeps” and plots the SBI curve of the
last checked channel in the SBI pane. The calculation process may be interrupted
by the user by clicking the a(Stop) button.

a(Stop) button — interrupts the calculation started by pressing the “Calculate SBI" or
“Process Multiple Channels” buttons. The calculation will not stop immediately but
after some time (few seconds). After the interruption, the fragments of the SBI
calculated so far will be plotted in the “SBI" pane.

Select Events button — selects the episodes of signal with excessive values in the defined
frequency band (the ‘events’); the program finds the peaks of the SBI that are
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above the threshold, and stores their times in a dedicated list — the preliminary
event list.

Short events may be ignored, and close events may be merged, according to
parameter settings in the Event Processing parameters group (Fig. 1.6.7) on the
“Advanced” sub-tab of “Parameters” tab (see 1.6.2 The Advanced tab).

The number of selected events will be shown in the “Selected Events” field.

The events in the preliminary list may be sorted either according to their time of
occurrence or their SBI peak value (in which case the sorting is in descending order
- the first event has the highest value of SBI), depending on whether the “Sort
Events by Time" checkbox is checked or not.

The first event becomes the current event, its index is displayed in the “Current
Event” field and the corresponding EEG fragment is shown in the Signal pane.

Selected Events read-only field - shows the number of selected events in the preliminary
list.

Current Event — a group of controls (/%3 ™ left and right arrows and an
editable field) to select the current event from the preliminary list of events for
viewing or adding to an event category; the user can view the next and previous
events using " and ¥ buttons, or a particular event by entering its index directly
in the editable field. The "/ and [*'buttons are used to jump to the first or last
event, correspondingly. If current event was already added to an event category, a
red text label "In Category” appears at the right side of “Current Event” text. When
the user places the mouse cursor on this red text, the hint box appears indicating
to which particular categories the current event was added (Fig. 1.3.6).

Selected Events |58
Current Event « In Category

-4 = In: Seizuresl

el e e e P = e

Fig. 1.3.6. "In Category” label indicating that the event is already in an event category.

Sort Events by Time checkbox — specifies, whether the selected events in the preliminary
list will be sorted by their time of occurrence (if checked) or by their SBI peak value
in descending order (if not checked).

Shortcut buttons — Four shortcut buttons for quick adding of the current event to an
event category. Each button can be individually (re)assigned to an event category.

The first two buttons are by default assigned to the two default categories:
“Seizures” and “Artefacts”. The other two buttons are unassigned.

20



KAOSKEY ASSYST A

To assign an event category to the button, the user has to right-click on the button,
then select the desired event category from the popup menu (Fig. 1.3.7, the popup
menu will contain the list of all available event categories, see 2.4. The Events Form).

F1To Seizures || F2 To Artefacts
F3 Mot Aecinmad || F4 MNat Accinned
Seizures
To _
Artefacts
Sl Mew Catl
AutoPr New Cat2
Sho Mew Cat3
Ever __
Form Load Events

Fig. 1.3.7. The popup menu with available category names that appears when a shortcut button is
right-clicked.

After the assignment, the text on the button will change and will show the name of
the assigned category: “To <Category name>" (Fig. 1.3.8; note that long category
names will be automatically truncated according to the button’s size, so the user
has to avoid long names or names with similar initial parts when creating new
event categories, see 5.1.9.2.1. Creating additional Event Category, if necessary).

F1To Seizures || F2 To Artefacts
F3 To Mew Cat 1 || F4Not Assigned

To ... All to ...
Fig. 1.3.8. Shortcut button after category assignment.

Left-clicking on the assigned button will add the current event to the
corresponding category. After the addition, the current event index either will
remain unchanged, or the next event will become current, according to the state of
the checkbox “Move To Next After Adding”. There are keyboard shortcuts for these
buttons - the function keys F1, F2, F3, F4, correspondingly (this is also reflected on
the text on the buttons).

To ... button — adds the current event to an event category. When this button is clicked,
a popup menu appears with a list of available categories (Fig. 1.3.9), from which the
user selects the category to which he wants to add the current event. As in case of
shortcut buttons, after the addition, the current event index either will remain
unchanged, or the next event will become current, according to the state of the
checkbox “Move To Next After Adding”.
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| F1ToSeizures || F2To Artefacts |

| F3 Mot Assigned || F4 Mot Assigned |

i Seizures
¥ Mave Artefacts
| AutoPro New Catl
Show Mew Cat?
S eyca

Controls | Go To

Fig. 1.3.9. The popup menu with available category names that appears when the “To..." button is
clicked.

All to ... button — adds all events to an event category. When this button is clicked, a
popup menu appears with a list of available categories, from which the user selects
the category to which he wants to add the events.

Y (Undo) button — Removes the last added event from the category to which it was
added (i.e, "undoes” the last add event to a category action). “Ctrl-Z" is the
keyboard shortcut for this action.

Move To Next After Adding checkbox - specifies whether the next event should be
selected as current after the current event is added to an event category (if
checked), or the current event should remain current (if not checked).

Autoprocess Events button — starts the event automatic processing (see 6.8. Automatic
Event Processing Methods) by opening the Autoprocess Events Dialog where the
user selects the method and other options and starts processing. Automatic event
processing processes all events from the preliminary list (see also 6.7.3. Behaviour
of buttons and corresponding methods in multiple channels processing mode). The
field next to this button shows the counter of already processed events. The
processing might take long time and user might interrupt it by pressing the

a(Stop) button next to the event counter.

Show Events Form button — shows the Event categories Form (see 2.4. The Events Form),
which is initially hidden when the program starts.

Save Events button - opens the “Save Events” dialog to save the events that were added
to the event categories to file(s) (see 2.3. Save Events Dialog)

Load button - loads events categories and events therein from a file that was saved
earlier (by means of a standard "Open file” dialog)

Tab control with two tabs:

Controls tab (Fig. 1.3.10) — contains controls for managing the EEG plot on the
Signal pane:
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Disp. Win. Size editable field — to specify the size, in seconds, of the EEG
fragment displayed in the Signal pane (display window size).

Notch checkbox — specifies, whether a notch filter must be applied to the EEG,
both when displaying in Signal pane and when calculating the SBI .

HighPass checkbox — specifies whether a high-pass filter must be applied to
the EEG when displaying in Signal pane (it is not applied when

calculating the SBI).
Editable field to specify the Checkboxes to switch on or off filters
size, in seconds, of the EEG Controls | Go To when displaying the EEG. The
fragment displayed in the _ o parameters of filters must be set on
Signal pane (display window Disp. Win. Size  —----------, 'Parameters’ tab of the main window
size) ™10 ¥|Notch: (€T
I 1
- = "1 |HighPass i i

Checkboxes to adjust the V|| Autoscale 1 d i Eggcm%xntglgﬂﬁgtr;s ;%Vg”?c? t(iflleteraer?})l

. ; ) 0 e,
vertical scale of Signal plot It Mean-Cent.! L- |LowPass ! of the 'Notch', 'HighPass' or 'LowPass'

““““““ checkboxes is checked). If this
Checkbox to show or hide T’ | Grid Hide Orig. Signal €7 checkbox is not checked, the raw
the gridlines on the Signal 1 signal is shown on the Signal pane as
plot light gray line. This checkbox appears
only if any filtering is applied.

Fig. 1.3.10. The ‘Controls’ tab of the Control panel

LowPass checkbox — specifies whether a low-pass filter must be applied to
the EEG when displaying in Signal pane (it is not applied when
calculating the SBI).

Hide Orig. Signal checkbox — specifies whether the raw (not filtered) EEG
must be shown on the Signal pane (when not checked) or not (when
checked) when filtering is applied (i.e., when any of the 'Notch’,
‘HighPass’ or ‘LowPass’ checkboxes is checked).

If this checkbox is not checked, the raw signal is shown on the
Signal pane as light gray line, superimposed with the filtered signal
(black or blue line). This checkbox appears only if any filtering is
applied (i.e., any of the ‘Notch’, 'HighPass’ or ‘LowPass’ checkboxes
is checked).

Autoscale checkbox — turns on or off vertical auto-scaling of the plot. When
checked (i.e. auto-scaling is on) the plot's maximum and minimum
are set equal to the maximal and minimal signal values within the
currently displayed fragment of the EEG (for each channel), thus, the
vertical scale in this case will change during scrolling along the EEG.

Mean-Cent checkbox — specifies whether the vertical Y-axis limits of the EEG
channels shown in the Signal pane must be adjusted so that the EEG
curve will be centred (vertically) at the mean value of the signal
calculated for the displayed fragment. This is useful when there is a
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baseline drift so it is necessary to readjust the vertical axis limits
while scrolling along the EEG.

Grid checkbox — shows or hides the gridlines on the Signal plot.

Go To tab (Fig. 1.3.11) — contains controls to jump to specific position along the
EEG record:

Go To (time) button with an editable field next to it — to enable going go to a
position in the EEG record specified by its absolute date and time.
The format of the date and time entered in the editable field should
be ‘dd.mm.yy hh:imm:ss'.

Go To (sample) button with an editable field next to it — to enable going to a
position in the EEG record specified by EEG sample number.

Controls | GoTo

——————————————————————————

; ' Button and an editable field next to it — to go to a position
| GoTo (time): ) in the EEG record specified by its absolute date and time.
! iR The format of the date and time entered in the editable

i field should be “dd.mm.yy hh:mm:ss”

1

] {dd.mm.yy hh:mm:ss)

__________________________

| Go To (sample): i Button and an editable field next to it — to go to a position
' 1€ in the EEG record specified by its sample number.
1

Fig. 1.3.11. The ‘Go To' tab of the Control panel
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1.4 The SBI Histogram tab

Moveable (left-right) threshold line Horizontal scroll bar Horizontal scaling slider

A\ AssvsT3.2 (=1
File ‘Wndow [vie Mg

o = | Head Cala e | 00 wdg e SavphrgBate 174 Scloot Chameck cacfIR R D = b R a el Liboe

SBL ik Charwssls | SEL HMstogr e | Sagrasl & Specirum, | Parsmaters

01 HWhtogram

Fig. 1.4.1. The main window with the “SBI Histogram” tab open.

The SBI Histogram tab (Fig. 1.4.1) contains the “SBI Histogram” pane that shows the SBI
histogram (or distribution) of SBI amplitudes. The SBI histogram is calculated
automatically after the calculation of SBI curve. The bins of the histogram show how
often particular SBI values (horizontal axis) are encountered during the entire record
duration.

Some parameters of the SBI histogram are shown on the “SBI Histogram” tab. Some of
these values (such as mode, mean, mean + st, dev., quartiles) are also marked on the
histogram plot by vertical dashed lines. These marks may be hidden/shown using the
checkboxes on the "SBI Histogram” tab.

The SBI histogram can be very handy for selecting a proper threshold. Along the x-axis
of the histogram are the SBI values. The y-axis is the frequency of occurrence of the SBI
values. The peak of the histogram shows the most frequently encountered values of the
SBL The histogram usually peaks at lower SBI values that are produced by the interictal
EEG- the "usual”, or background EEG. High SBI values are much more rare, as indicated
by low values of the histogram at higher SBI values (right side of the histogram). These
high SBI values are the ones that are of interest, because most probably they are
produced by ictal EEG. The threshold should be set so that it “cuts off” the SBI values
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corresponding to the interictal EEG, i.e., the left part of the histogram containing the
peak, as in the example shown in Fig. 1.4.1.

In this particular example, the vertical line corresponds to the automatically calculated
threshold. However, for some records the histogram may be more wide and irregular,
especially if the record duration is short and the signal is contaminated with artefacts. In
such cases automatically calculated threshold may be not the best choice and manual
editing may be required.

The vertical threshold line may be moved either by dragging it by mouse, or by pressing
the left and right arrow keys on the keyboard. Besides, the threshold may be set by
entering a numeric value in the “Threshold” field below the histogram.

Note that the vertical threshold line in the histogram plot on this tab is coupled with the
horizontal threshold line on the SBI pane of the “SBI & Channels” tab (see 1.3.1 The SBI
Pane), so when the user moves one of them, the other is moved as well to the
corresponding position.
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1.5 The Signal & Spectrum tab
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Fig. 1.5.1 The Signal & Spectrum tab of the main window.

The “Signal & Spectrum” tab (Fig. 1.5.1) is mostly for exploratory purposes. It gives the
user a possibility to investigate the frequency contents of an EEG fragment (by viewing

its power spectrum and measuring its peak frequencies), as well as to see the effect of
baseline trend removal (de-trending).

The tab has two panes: Signal pane (showing a fragment of active channel's signal) and
Power Spectrum pane (showing the power spectrum of the fragment shown in Signal
pane); there are also some controls on the right side (Fig. 1.5.2).

1.5.1 The Signal pane of the Signal & Spectrum tab

The upper pane of the Signal & Spectrum tab shows the raw signal of the active channel
(orange line) plus the signal after removing the baseline trend, or de-trending (black line,
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Fig. 1.5.1). If any of the filtering checkboxes in the “SBI & Channels” or "Parameters” tab
is checked, then the orange line shows the EEG after applying corresponding filters (but
before de-trending).

The length of the displayed fragment of the signal is always equal to the processing
window size set in the Parameters tab (see 1.6.2 The Advanced tab) or in the Processing
Parameters dialog (see 2.2. Processing Parameters Dialog), which may be different from
the “Display Window Size" specified on the “SBI & Channels” tab.

The title of the Signal pane shows the active channel’s label and the length of the
displayed fragment (processing window size) in parentheses.

Similarly to the Signal pane on the “SBI & Channels” tab, the Signal pane on this tab also
has a scroll bar at the bottom allowing scrolling along the EEG and controls to change
the vertical scale of EEG, which work in the same way as on the “SBI & Channels” tab
(see 1.3.2 The Signal Pane).

The user can invert the polarity of the signal on the plot by checking the “Invert”
checkbox on the right side of the Signal pane (Fig. 1.5.2).

(=]
~]
Checkbox to draw the EEG with inverted
et < polarity (effective only for this tab)
Adj. by Mean —
TEzzoe Checkbox to centre the detrended signal
Show at the mean of the raw signal
u//\ Interval, s <
Frequency, Hz Controls for measuring time interval
3821 between two points of the EEG
e
oy Controls to set the frequency band (Low limit, High limit) and number of
~ [focooooooos|| frequency samples (Num. FC samples), as well as type of frequency
e R scale (logarithmic, if ‘Use Log Scale’ is checked, or uniform otherwise).
I High| 100 These settings are applicable to this tab only and are not related to the
e samples 1 values specified on the Parameters tab, which are used for SBI
i 500 calculation.
i Use Log Scale
C| < Button to recalculate the Power spectrum after modification of above
) < parameters
% < | Buttons to change the vertical scale of Power spectrum plot
| Autoscale g . . . .
-~ Checkbox to turn on or off automatic scaling of the vertical axis of Power
spectrum plot

Fig. 1.5.2. Controls on the right panel of the Signal & Spectrum tab.

In some cases, when there is a large baseline shift in the raw signal (i.e. its mean is far
from zero), the de-trended signal may be significantly shifted vertically compared to the
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raw signal (because the de-trended signal’s mean is close to zero). In such cases, to plot
the signals overlapped, the user can check the “Adj. by Mean” checkbox (Fig. 1.5.2), in
which case the raw signal’s mean value will be added to the de-trended signal so the
raw and resulting de-trended signals will have the same mean value.

With each scrolling step, as soon as the displayed signal fragment (window) changes,
the power spectrum of the new fragment (window) is calculated and plotted in the
Power Spectrum pane (see 1.5.2 The Power Spectrum pane of the Signal & Spectrum
tab).

1.5.2 The Power Spectrum pane of the Signal & Spectrum tab

The lower pane of the “Signal & Spectrum” tab shows the power spectrum of the de-
trended signal fragment that is currently shown in the Signal pane (Fig. 1.5.1).

The power spectrum is calculated using the parameters specified in the right-side panel
of the window (Fig. 1.5.2), namely, the frequency range (Low and High), the number of
frequency samples, and whether to use the uniform or logarithmic scale. The power
spectrum is automatically recalculated for each signal window shown in the Signal pane
when the user scrolls along the EEG signal. To recalculate the power spectrum without
moving the window (e.g., after changing some frequency parameters), the user has to
click the [~ button.

If the "Autoscale” checkbox (Fig. 1.5.2) is checked, the vertical axis of the power plot is
rescaled automatically each time the power spectrum is recalculated, to fit into the plot
window. Otherwise, the vertical axis scale of the power spectrum plot remains fixed.

It is possible to change the vertical scale of the power spectrum manually by clicking the
= buttons on the right side of the power spectrum plot (Fig. 1.5.2) or using the up and
down arrow keys of the keyboard when the focus is on the Power Spectrum pane.

The black vertical line (vertical cursor line) on the power spectrum plot shows the
maximal peak of the power spectrum and its frequency (Fig. 1.5.1). It is possible to move
this cursor line manually by mouse to see the frequencies of other peaks of the power
spectrum. It is also possible to add arbitrary number of additional vertical cursor lines by
right-clicking on the power spectrum plot and selecting the “Add Cursor” item from the
popup menu. An added cursor can be removed by right-clicking on it and selecting the
“Remove Cursor” item in the popup menu.

The power spectrum can be outputted in a ASCII text file by pressing the "Save Power
Spectrum” button (Fig. 1.5.1, see 4.4. Additional output - power spectrum of the current
window's signal).
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1.5.3 Measuring interval between two points of EEG

The program has a possibility to measure the time interval between two points of the

EEG and display it both as interval in seconds and frequency in Hz.

-t B chamneliabels Hg\

A\ AssvsT3.2
File Window Events Help
|EDF ~ | ReadData ﬁlel jCL-L.edf SamplingRate | 1000.00 Select Channel: |1-1
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Measurer
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12182118 12 18:21:18.125
1

Fig. 1.5.3. Controls for measuring interval between EEG points.
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The control group called "Measurer" contains a checkbox "Show" and two fields,
"Interval, s" and "Frequency, Hz". If the "Show" checkbox is checked, a second vertical
cursor appears on the "Signal" plot. This second cursor is orange (the first cursor - the
red vertical line - is always there). Both cursors are moveable by mouse. When the
position of any cursor is changed, the program automatically calculates the interval
between the two cursors and displays it in the field "Interval, s". The reciprocal of the
interval, i.e., the frequency, is simultaneously displayed in the field "Frequency, Hz".

For example, if one wants to measure the distance between two consecutive spikes, one
cursor (it doesn't matter which one, red or orange) should be put on the first spike, and
the second cursor - on the second spike. Doing this for a SWD, one can find out what is
the shortest interval between spikes (i.e., the highest frequency within the SWD), and
what is the longest interval (the lowest frequency within the SWD).
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1.6. The Parameters tab

The "Parameters” tab is used to specify the parameters used in processing and event
detection. These parameters can be specified either by selecting a parameter set from a
list of pre-defined default parameter sets, or by setting or modifying the parameter
values directly.

The "Parameters” tab contains a page control with two tabs:
Default (see 1.6.1 The Default tab)
Advanced (see 1.6.2 The Advanced tab)
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1.6.1 The Default tab
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Fig. 1.6.1. The "Parameters” tab of the main window with “"Default” sub-tab selected.

On this tab (Fig. 1.6.1) the user can select a named set of parameters from the list of
default parameter sets. The sets should be created and saved in advance, using the
controls on the “Advanced” tab (see 1.6.2 The Advanced tab). Initially, the program
shipped to the client will contain one or more pre-defined default parameter sets.

The tab contains a “Select:” combo box filled with the names of existing default
parameter sets, and a read-only text field “Description” that shows the description of the
default parameter set selected in the “Select:" combo box.

The user can create arbitrary number of additional default parameter sets with arbitrary
names (on the “Advanced” tab, 1.6.2 The Advanced tab); the only restriction is that there
should be no duplicate names.
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1.6.2 The Advanced tab
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Fig. 1.6.2. The "Parameters” tab of the main window with “Advanced” sub-tab selected.

The “Advanced” tab (Fig. 1.6.2) contains a page control with tabs that contain controls to
show and set the particular parameters’ values, as well as some other controls (see
1.6.2.5. Other controls on the Advanced tab) including buttons to save or load

parameter values to or from a file and to create new default parameter sets or modify
the existing ones. This tab also contains a combo box allowing to select a style for the

graphical user interface (i.e. the “look” of the program windows).

The page control has the following tabs:

Main (see 1.6.2.1. The Main parameters tab)

SWD Identification (see 1.6.2.2. The SWD Identification parameters tab)

Instrumental Artefacts (see 1.6.2.3. The Instrumental Artefacts tab)

LineLength Definitions (see 1.6.2.4. The LineLength Definitions tab)
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1.6.2.1. The Main parameters tab

The "Main" sub-tab of the “Advanced” tab (Fig. 1.6.2) contains controls to show and set
the parameters used in the main processing algorithm described in 6. Processing
method.

The parameters are grouped according to their meaning into the following groups:
Processing Window
De-trending
Frequency Band
Filters For Processing & Display
Filters For Display Only
SBI Processing Parameters
SBI Smoothing
Threshold Definition
Multiple Channels Processing Options

Event Processing

The Processing Window parameters (Fig. 1.6.3) specify the processing window that is
used to calculate the SBI curve; they include the processing window size and step which
should be provided in seconds.

Processing Window
Window Size, s (10

Window Step, s (5

Fig. 1.6.3. The Processing Window parameters group.

The De-trending parameters group (Fig. 1.6.4) contains the parameters that are used
for baseline trend removal.

The de-trending procedure consists of two steps: definition of baseline trend and
subtracting of this trend from the original signal.

The baseline trend is defined using multiple pass moving averaging. This method
requires a moving window which is defined by its half-size, in seconds (provided in the
"Window Half Size, s” field). The window is moving along the signal, with step equal to
signal’s sampling step, and for each position the signal at the sample corresponding to
the window centre is replaced by the average of all samples in the window. This
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procedure may be repeated multiple times (multiple passes, provided in the “Number of
Passes” field). The wider the window or the bigger the number of passes, the more
smoothed the baseline trend will be, and vice versa.

Detrending
Mo detrending

Window Hailf-Size, s |0.025

Mumber of Passes |3

Fig. 1.6.4. The De-trending parameters group.

The de-trending may be considered as a kind of high-pass filtering. De-trending is an
important step of the algorithm, so these parameters must be set carefully. The effect of
de-trending and how it depends on these parameters may be verified on the Signal &
Spectrum tab (see 1.5.1 The Signal pane of the Signal & Spectrum tab) where both
original and de-trended signals are shown.

The De-trending parameter group contains also a checkbox “No detrending”. If this
checkbox is checked, then the baseline trend will not be removed.

The Frequency Band parameters group (Fig. 1.6.5) specifies the frequency band and
the number of frequency samples within the band, as well as the type of sampling —
equidistant or logarithmic) for SBI calculation.

Frequency Band

Freg. Low |17 High |23
Mum. FC samples |40

LIse Log Scale

Calculate Spectrogram

Fig. 1.6.5. The Frequency Band parameters group.

These include: “Freq. Low” — band'’s left edge frequency, "High” — band’s right edge
frequency, "Num FC samples” (number of frequency characteristic’'s samples) — number
of samples within the frequency band, "Use Log Scale” checkbox — specifies whether a
uniform (or equidistant) sampling should be used for frequency scale (if not checked) or
logarithmic (if checked).
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The "Calculate Spectrogram" checkbox specifies whether the spectrogram (2-
dimensional time-frequency plot) must be calculated in addition to the SBL. Note: The
spectrogram may be calculated only in single channel processing mode (i.e. when the
user presses the "Calculate SBI" button on the right panel of the "SBI & Channels” tab. In
multiple channels processing mode ("Process Multiple Channels" button on the right
panel of the "SBI & Channels” tab) this checkbox is ignored and the spectrogram is not
calculated.

The Signal Filtering parameters are separated into two groups: Filters For Processing &
Display and Filters For Display Only (Fig. 1.6.6).

This is done to emphasize that the notch filter, if applied, is applied to the signal both
during the SBI calculation and when displaying the signal. In contrast, the high pass and
low pass filters are applied only when displaying the signals and not during the
calculation of SBI (because the SBI calculation actually does its own band-pass filtering).

Filters For Processing & Display
Apply Notch Filter

Motch Filter Freq.: 0 |-

Filters For Display Only

Apply High Pass Filter

Apply Low Pass Filter

Fig. 1.6.6. The Filters parameters.

In the current version of the program the filters are RBJ Biquad (biquadratic) filters. All
the parameters of the filters are fixed according to the filter type (notch, low pass or
high pass), except the main frequency, which may be set/modified by the user in this
parameters group.

The SBI Processing Parameters group unites parameters that are used for SBI post-
processing and threshold definition (Fig. 1.6.7).

These parameters are separated into three sub-groups:

SBI Smoothing - This sub-group contains the following controls:
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Use Smoothed SBI checkbox — is used to specify whether after the

calculation of SBI the SBI must be smoothed; the smoothing
is done by means of multiple pass moving averaging;

Window Half-Size editable field — is used to specify the half size of the

window used for smoothing; here it is defined relatively to
the processing window step (which is the SBI curve's
sampling interval), as a given number times processing
window step;

Number of Passes editable field — is used to specify the number of passes in

multiple pass moving averaging.

SBI Processing Parameters

SBI Smoothing

| Use Smoothed SBI

Multiple Channels Processing Options

Selected channels are from

Window Half-5ize = |2 % x Proc. Win. Step Same subject/animal
=1 T : .
— Different subjects/animals

Mumber of Passes 2

Threshold Definition

Relative position |0, 10

Put events from all
channels into one list

m
7]
[=]
=)
L]
=]
(=]
o

m
o
o
[
T
=]
T
=]
[

Recalculate SBI Histogram(s) &

Threshold(s)

Fig. 1.6.7. The SBI processing parameters.

Threshold Definition — This sub-group contains parameter for automatic threshold

definition based on the SBI histogram. For detailed description see 6.3
Automatic Threshold definition.

Multiple Channels Processing Options — This sub-group contains controls to specify

the options for multiple channel processing. For the meaning of the options
see 6./. Multiple channels processing. The “Threshold Options” group is

relevant only for the case when the selected channels are from the same
subject/animal, so otherwise this group is disabled (as in Fig. 1.6.7).
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The SBI post-processing parameters do not affect the calculation of SBI itself. They are
used only for automatic threshold definition, which in turn requires building the SBI
histogram. Thus, if the SBI curve is already calculated, there is no need to recalculate it
(by pressing the “Calculate SBI' button on the “SBI & Channels” tab (1.3.3 The Control
Panel) if any parameter in this group is changed. But the SBI histogram and the
automatic threshold can be recalculated by pressing the “Recalculate SBI Histogram(s) &
Threshold(s)” button at the bottom-left of this parameters group.

The Event Processing parameters group (Fig. 1.6.8) contains parameters related to the
selection of suprathreshold events when the user presses the Select Events button on
the “SBI & Channels” tab (see 1.3.3 The Control Panel):

Event Processing

+'| Remove Events Shorter than |10 g

+f| Merge Events Closer than 5 g

Mote: The above times will be rounded to
the nearest multiple of processing window
step (induding ).

Fig. 1.6.8. The Event Processing parameters.

Remove Events Shorter than checkbox and editable field — if this checkbox is
checked, the events that are shorter than the number of seconds specified in
the editable field are ignored. It should be noted, that the event duration is
defined from the time when the SBI curve crosses the threshold in the up
direction to the time when it crosses the threshold in the down direction, thus,
the duration is dependent on threshold; it should be taken into account, also,
that the precision of event duration calculation is one window step (which is
the sampling interval of the SBI curve);

Merge Events Closer than checkbox and editable field — if this checkbox is checked,
the consecutive events with interval in between (the time from the end of first
event to the start of the second) less than the number of seconds specified in
the editable field are merged into one event.
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1.6.2.2. The SWD Identification parameters tab

The "SWD Identification" sub-tab of the “Advanced” tab (Fig. 1.6.9) contains controls to

show and set the parameters us
discharges algorithm described i
Discharges (SWD).

/\ AssYsT 3.2

ed in the automatic identification of spike-wave
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Fig. 1.6.9. The "SWD Identification" sub-tab of the “Advanced” sub-tab of the “Parameters” tab of

the main window.

The parameters are grouped according to their meaning into the following groups:

Event Time Refinement Parameters

Running Beat Spectrum Calculation Parameters

SWD Identification Parameters

Amplitude Check Parameters

The tab contains also the "Test Parame

ters on Current Event" widget allowing to test the

parameter set on the current event (i.e., the event from the preliminary event list that is

selected for viewing in the "SBI & Chan

nels" tab, see 1.3.3 The Control Panel).
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The Event Times Refinement Parameters (Fig. 1.6.10) specify whether the refining of
the event's start time must be performed (as described in 6.8.1.1. Pre-processing) - if the
checkbox "Refine Event Start Time" is checked, and if yes, the size of the window, in
seconds, that is used to refine the event start time. This window must be smaller than
the processing window used for SBI calculation (see 1.6.2.1. The Main parameters tab).

Event Times Refinement Parameters
+'| Refine Event Start Time

Event Time Refinement Window Size, s (0.5

Fig. 1.6.10. The Event Times Refinement Parameters.

The Running Beat Spectrum Calculation Parameters group (Fig. 1.6.11) unites
parameters and options that are used in calculation of running beat spectrum (see
6.8.1.2. Checking the event for rhythmic parts with given frequency using running beat

spectrum).

Running Beat Spectrum Calculaion Parameters

Apply Motch, High Pass, Low Pass filters if
checked in the Main Parameters

Beat Spectrum Length, s |1
Beat Spectrum Window Size, s (0,05

Beat Spectrum Window Step:

* | Automatic Value, s |0.00390625

Window Frequency Characteristics Parameters

Frequency range: Low (0.1 High (50

Mum. FC samples (300 Use Log Scale

Frequency Characteristic for

Window Comparison Amplitude

Fig. 1.6.11. The Running Beat Spectrum Calculation Parameters.

The group contains the following controls:

Apply Notch, High Pass, Low Pass filters if checked in the Main Parameters
checkbox - if this checkbox is checked, the EEG within the event interval will be
filtered before running beat spectrum calculation. Which filters will be applied
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(notch, high-pass or low-pass) and their parameters depends on the settings
of the corresponding controls on the "Main" sub-tab of the "Advanced" sub-
tab of the "Parameters" tab (Signal Filtering parameters, 1.6.2.1. The Main
parameters tab, see also 6.8.1.1. Pre-processing.)

Beat Spectrum Length, s editable field — is used to specify the running beat
spectrum length, in seconds. This value also defines the size of the running
rhythmogram window for which the rhythmogram and then the beat spectrum
are calculated; this size is twice the length of the beat spectrum (see 6.8.1.2.2.
Calculation of rhythmogram and beat spectrum for the current rhythmogram
window.).

Beat Spectrum Window Size, s editable field - is used to specify the size of the
window, in seconds, that is used for rhythmogram and beat spectrum
calculation (parameter W, see 6.8.1.2.2. Calculation of rhythmogram and beat
spectrum for the current rhythmogram window.).

Beat Spectrum Window Step radio button group - is used to specify how the
window step for beat spectrum calculation is defined. It contains the following
controls:

Automatic radio button — if this radio button is checked, the beat spectrum
window step will be defined automatically as 1/256 s;

Value, s radio button and editable field next to it — if this radio button is
checked, the value specified in the editable field next to it
will be used as the beat spectrum window step;

Window Frequency Characteristics Parameters group of controls - contains controls
to set the parameters and options for the calculation of frequency
characteristics (feature vectors) of beat spectrum windows (see 6.8.1.2.2.
Calculation of rhythmogram and beat spectrum for the current rhythmogram
window.). These include:

Frequency range: Low, High editable fields — specify the frequency range for
which the frequency characteristic will be calculated;

Num FC samples (number of frequency characteristic's samples) editable field
— specifies the number of samples within the frequency range;

Use Log Scale checkbox — specifies whether a uniform (or equidistant)
sampling should be used for frequency scale (if not checked) or
logarithmic (if checked).

Frequency Characteristic for Window Comparison combo box - is used to
select which frequency characteristic will be used as a feature vector in
beat spectrum calculation; it contains the following items:

Amplitude - use amplitude frequency characteristic (option 1);
Imaginary - use imaginary frequency characteristic (option 2);
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Real - use real frequency characteristic (option 3);
Power - use power spectrum (option 4)
Note: The recommended options for SWD identification are Power or
Amplitude.

The SWD Identification Parameters group (Fig. 1.6.12) contains parameters used in
the beat spectrum analysis for periodicity, see 6.8.1.2.3. Analysing the beat spectrum of
the current rhythmogram window to reveal periodicity.

The group contains the following controls:

SWD Main Frequency Range: Min, Max editable fields — specify the acceptable
range for the SWD main frequency (parameters [f . ;f in 6.8.1.2.3.
Analysing the beat spectrum of the current rhythmogram window to reveal
periodicity.);

Min. Number of Beat Spectrum Peaks for SWD editable field - is used to specify the
minimal number of consecutive beat spectrum peaks (that satisfy the SWD
main frequency condition) to classify the event as SWD (parameter Mpmi, in

6.8.1.2.3. Analysing the beat spectrum of the current rhythmogram window to
reveal periodicity.);

e

SWD Identification Parameters
SWD Main Frequency Range: Min 4 Max |12

Min. Mumber of Beat Spectrum Peaks for SWD [4

Beat Spectrum First Peaks Relative 0.4
Amplitude Average Threshold '

Mumber of Beat Spectrum First Peaks 2
For Relative Amplitude Average

| First Must Be Max
Peaks Must Decay

Fig. 1.6.12. The SWD Identification Parameters.

Beat Spectrum First Peaks Relative Amplitude Average Threshold editable field - is
used to specify the threshold (minimal value) for the averaged relative
amplitude of first K peaks of the beat spectrum (parameter Hpinin 6.8.1.2.3.
Analysing the beat spectrum of the current rhythmogram window to reveal

periodicity.);
Number of Beat Spectrum First Peaks For Relative Amplitude Average editable field
- is used to specify the number of peaks of the beat spectrum for calculation of
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the average relative peak amplitude (parameter Kin 6.8.1.2.3. Analysing the
beat spectrum of the current rhythmogram window to reveal periodicity.).

First Must Be Max checkbox - if this checkbox is checked, then an additional
condition that the very first peak of the beat spectrum (the first value of the
beat spectrum) is the beat spectrum's maximum must be satisfied to classify
the event as SWD.

Peaks Must Decay checkbox - if this checkbox is checked, then an additional
condition that the amplitudes of the first Mmi, peaks successively decrease.

Note: The parameters "SWD Main Frequency Range", "Min. Number of Beat Spectrum
Peaks for SWD" and "Beat Spectrum Length" are related: the beat spectrum length must
be such that it contains required number of peaks, distanced from each other by
intervals defined by the frequency range limits.

There are three possible cases.

1. For both low and high frequencies of the frequency range (i.e., for the entire
frequency range) the given min. number of beat spectrum peaks fits into the given
beat spectrum length. This is fully acceptable case, and the program will perform
calculations without giving any warning or error messages.

2. For high frequency of the frequency range the given min. number of beat spectrum
peaks fits into the given beat spectrum length, but for the low frequency it does not.
For example, if the given beat spectrum length is 1 s, the lower frequency of the
frequency range is 5 Hz, the higher is 10 Hz, and the given min. number of beat
spectrum peaks is 6, then for 10 Hz (interval between peaks = 1/10 = 0.1s) for 6
peaks we will have 6x0.1=0.6s, which fits into 1s, but for 5 Hz (interval between
peaks = 1/5 = 0.2s) for 6 peaks we will have 6x0.2=1.2s, which is greater than given
1s (so 6 peaks with 5 Hz do not fit into 1s interval). The calculations still may be
performed in this case, taking into account the fact that the parameter space is
restricted. Before accepting the parameters and performing calculations, the
program will give the following warning message and ask the whether the
calculations should be performed or not:

.

This message will be shown every time the program checks the correctness of the
parameters, which is performed before every calculation (e.g., before every press of
the "Test" button in the "Test Parameters on Current Event" group of controls, see
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below), or when the user moves away from the Parameters tab. However, the user
may choose not to show this message (i.e., ignore the situation and perform the
calculations, as if he would press "Yes" on this message box every time), by checking
the checkbox "Do Not Show Warning Message", which is located below the "SWD
Identification Parameters" group.

3. For the entire frequency range the given min. number of beat spectrum peaks does
not fits into the given beat spectrum length. This is not acceptable case, and the
program will give the following error message:

( Assyst3 1

LS

QK

Inconsistent values for "Beat Spectrum Length”, "SWD Main Frequency Range" and "Min. Mumber of Beat Spectrum Peaks for SWD”"

The Amplitude Check Parameters group (Fig. 1.6.13) specifies whether the amplitude
checking based on line length method will be performed for the events that pass the
periodicity criteria (as described in 6.8.1.3. Checking the SWD amplitudes based on Line
length.) - if the checkbox "Check Amplitudes Using LineLength" is checked, and if yes,
the size of the window, in seconds, that is used for line length calculation.

Amplitude Check Parameters
| Chedck Amplitudes Using LineLength

LineLength Window Size, = |0.05

Fig. 1.6.13. The Amplitude Check Parameters.

The Test Parameters on Current Event group of controls (Fig. 1.6.14) allows to apply
the running beat spectrum method, with the current parameter set, to a single event
from the preliminary event list to check whether the event satisfies the conditions to be
classified as an SWD or not. The event to which the method will be applied is the current
event, i.e., the event from the preliminary event list that is currently selected for viewing
in the "SBI & Channels" tab (see 1.3.3 The Control Panel).

The group contains the following controls:
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1>

Test Parameters on Current Event

| Test | RBSOK? LL Ampl. OK? Result: SWD?

Beat Spectrum

Good Peaks Count Peaks Rel. Amp. Aver

| TestStepwise | | MNext | [ Stop [

Fig. 1.6.14. Test Parameters on Current Event widget.

Test button - when pressed, the running beat spectrum algorithm is applied to the
current event.

Result: SWD? read-only field - when the checking of the current event finishes, this
field shoes either "YES" if the current event is classified as an SWD (or a
rhythmic event with given frequency), or "NO" otherwise.

Beat Spectrum plot - shows the last calculated running beat spectrum. If the event
is classified as SWD, then this will be the beat spectrum of the first
rhythmogram window for which the conditions were satisfied (note that the
running beat spectrum calculation is terminated as soon as the conditions for
SWD are satisfied). If the event is not classified as SWD then this will be the
beat spectrum of the last running rhythmogram window.

Good Peaks Count read-only field - shows the number of consecutive peaks of the
beat spectrum shown in the plot that satisfied the frequency condition.

Peaks Rel. Amp. Aver. read-only field - shows the average of the relative amplitudes
of the first K ("Number of Beat Spectrum First Peaks For Relative Amplitude
Average" parameter) peaks of the beat spectrum that satisfied the frequency
condition.

Test Stepwise button - when pressed, the program starts stepwise calculation of
running rhythmogram and beat spectrum for the current event; it calculates
the running beat spectrum for the first running rhythmogram window position,
and then waits until either the "Next" button is pressed (to calculate the beat
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spectrum at next position of running rhythmogram window) or the "Stop"
button is pressed (to exit the stepwise running beat spectrum calculation
mode). The calculated beat spectrum is plotted in the Beat Spectrum plot.
When the "Test Stepwise" button is pressed, the "Next" and "Stop" buttons
become enabled (otherwise they are disabled), and the "Test Stepwise" button
becomes disabled (to prevent multiple presses) until the "Stop" button is
pressed or the running rhythmogram window reaches the last position.

Next button and a read-only field next to it- this button is enabled after pressing

the "Test Stepwise" button. When pressed, it moves the running rhythmogram
window to the next position and calculates the beat spectrum for that position.
The new window position - offset, in seconds, from the event's start time - is
displayed in the read-only field on the right side of the "Next" button. The beat
spectrum is plotted in the Beat Spectrum plot.

Stop button - this button is enabled after pressing the "Test Stepwise" button.

When pressed, the program exits the stepwise running beat spectrum
calculation mode, the "Next" and "Stop" buttons become disabled, and the
"Test Stepwise" button becomes enabled again.

Fig. 1.6.15 shows examples of the "Test Parameters on Current Event" widget look in
case of processing an event that is a SWD (left) and of an event that is not (right).

Test Parameters on Current Event Test Parameters on Current Event

Test | RBSOK? [YES = LL Ampl. OK? |YES Result: SWD? | YES | Test | RESOK? NO  LL Ampl. OKZ? |- Result: SWD? | NO

Beat Spectrum Beat Spectrum

Good Peaks Count (8 Peaks Rel. Amp. Aver (0.3508 Good Peaks Count |2 Peaks Rel. Amp. Aver [0

| Teststepwise | | Mext | | Step | | TestStepwise | | Mext | | Step |

Fig. 1.6.15. Examples of the "Test Parameters on Current Event” widget look in case of processing an event

that is a SWD (left) and of an event that is not (right).
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1.6.2.3. The Instrumental Artefacts tab

The "Instrumental Artefacts" sub-tab of the “Advanced” tab (Fig. 1.6.16) contains
controls to show and set the parameters used in the algorithm of automatic

identification of strong instrumental artefacts described in 6.8.2. Automatic identification
of large instrumental artefacts.

This tab currently contains a single control:

Derivative Cut-off level editable field - is used to specify the value of the parameter
p (0<p<1).

A\ AssysT3.2

File Window Events Help

EDF ~ | Read Data File | bl02.wdg.edf

Sampling Rate | 274.495 Select Channek: rat028L R 2

v [1 5 A crameliabes |
SBI & Channels | SBI Histogram = Signal & Spectrum = Parame ters
Default | Advanced

Main | SWD Identification | Instrumental Artefacts

Strong Sharp Artefacts

Derivative Cut-off level
0.8

|l save s New Defauit Parameters set. | ¥ AutoSave Session every [5 (5] min
A
Load Parameters
= | kel Modify Selected Default Parameters set | GUI Style: |Aqua Light Slate =
H Save Parameters |
| < Delete Selected Defauit Parameters set. | Source : Set 2: Rat SWD detection =

Fig. 1.6.16. The "Instrumental Artefacts" sub-tab of the “Advanced” sub-tab of the “Parameters” tab
of the main window.
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1.6.2.4. The LineLength Definitions tab

The "LineLength Definitions" sub-tab of the “Advanced” tab (Fig. 1.6.17) contains plots
and controls for defining the line length thresholds (low and high) that are used for

additional amplitude check during SWD identification, described in 6.8.1.3. Checking the
SWD amplitudes based on Line length.

The tab contains two horizontal panes designed to display the line length (LL) peaks
histogram ("LL Peaks Histogram" pane, top, Fig. 1.6.17) and the selected event's pre-
processed (filtered and/or detrended) EEG and its line length curve ("Line Length" pane,
bottom, Fig. 1.6.17), and a panel with several controls on the right side.

The "LL Peaks Histogram" and "Line Length" panes are separated by a horizontal
moveable splitter allowing to change the vertical space allocation between the "LL Peaks
Histogram" and "Line Length" panes.

| Moveable low threshold line | | Moveable high threshold line | Horizontal scroll bar | Horizontal scaling sliders
A\ AssysT 3.2 \ / / // (_YO)(x)
File Window Events Help
|eDF - | Redd pata ﬁlel |kenq3B6IETX ~ 2_eB458b2a-4ffc-4f25-8d7d-3c 1787741863, edf Sampling Rafe | 6.00 Select Channek: EEGM1FR -1 t. Channel Labels ‘ ‘_‘
SBI & Channels | SBI Histogram | §igrfl & Spectrum | Parameters
Default | Advanced
Main | SWD Identification Artefacts | LineLength Definitions
| Define LL Thresholds
- - . LL Thresh, Low
Q1|Q2|| ME{ Q3 Mean+StDev
T T T |1258.78500
LL Thresh. High
. |13405.08000
1,255,758 13,405.05
a »
= ~ CurrentEvent
= (| s [ [ |
LineLengtl ortEvente By
13,406,083 EEG ort Events By Time
}
NI
Al LI L i
t A T [ Wi 11 7
“l'_-'uwz‘{‘- ANV AN ala LIVA . A
1.258 e el N T S T S S 2 e O e T Y S
4 »
—~ led  save s New DefauitParameters set | V| Autosave Session every |1 |51 min
2 Load Parameters | |kl Modify Selected Defauit Parameters set | GUI Style: |Aqua Light Slate =
[ Save Parameters |
|7< Delete Selected Defaut Parameters Set | Source : I:\DISK\WayneFrankel\wayne_v3test\params_Wayne\testd_new_stepwise_RBS_16_Dec_2020.dpitses
\
\
Slider and buttons to change the Line Length
and EEG amplitude scale

Fig. 1.6.17. The "LineLength Definitions " sub-tab of the "Advanced” sub-tab of the “Parameters”
tab of the main window.

The panel on the right side contains the following controls (Fig. 1.6.18):

49



KAOSKEY ASSYST A

Define LL Thresholds

LL Thresh. Low
1253, 73600

LL Thresh. High
13405.08000

Current Event
P | 4|8 iy |-

Sort Events By Time

Fig. 1.6.18. The controls on the right panel of the "LineLength Definitions " sub-tab of the
“Advanced” sub-tab of the “Parameters” tab of the main window.

Define LL Thresholds button - when pressed, the LL peaks histogram is calculated
and the low and high LL threshold values are defined as described in 6.8.1.4.
Automatic definition of Line length (LL) thresholds. The LL peaks histogram is
calculated for the events that are in the preliminary event list, thus, this button
must be pressed only after the events are selected into the preliminary list
(otherwise this button is disabled). The defined threshold values are displayed
in the "LL Thresh. Low" and "LL Thresh. High" editable fields.

LL Thresh. Low and LL Thresh. High editable fields - display the low and high LL
threshold values defined either automatically (after pressing the "Define LL
Thresholds" button) or manually by moving the corresponding threshold lines
on "LL Peaks Histogram" and "Line Length" panes. The values of thresholds
may also be directly entered manually in these fields.

Current Event group of controls and Sort Events By Time checkbox are identical to
(and coupled with) the similar controls on the "SBI & Channels" tab (see 1.3.3
The Control Panel).
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1.6.2.5. Other controls on the Advanced tab

Autosave Set Up - The "Advanced” tab contains also a checkbox (Fig. 1.6.19) to switch
on or off the automatic saving of the current state of the program (session), including all
parameter settings, input data information, SBI curve, selected threshold and all selected
and classified events, in a special file ‘~autosave.sbitses’ (this file will be located in the
home path of the application's writable scratch directory or storage; on Windows this
will be "X:\Documents and Settings\your_user\Application Data").

The periodicity of auto-saving is specified in minutes in the spin control next to the
checkbox. Auto-saving allows to restore the session after an unexpected interruption of
the program, using the File — Recover Session menu item in the program's main menu
(see 1.1 The Menu).

| AutoSave Session every |5 % min

Fig. 1.6.19. Controls for automatic saving of the current state of the program.

The "Advanced” tab contains the following buttons (Fig. 1.6.20):

E Save As Mew Default Parameters Set

’ﬁr Load Parameters
il H Modify Selected Default Parameters Set

E Save Parameters
x Delete Selected Default Parameters Set

Fig. 1.6.20. Buttons to save or load parameter values to or from a file and to create new default
parameter sets or modify the existing ones.

Load Parameters — Loads the parameter values from a parameter file (these files have
extension ".sbitpar’) selected by the user by means of a standard “"Open file” dialog;

Save Parameters — Saves the parameter values to a parameters file (these files have
extension ".sbitpar’) by means of a standard “Save file” dialog; the user can create
arbitrary number of such parameter files and place them in arbitrary locations;

Save As New Default Parameters Set — Allows the user to create and save a new named
set of default parameters which is then added to the list of default parameter sets
and, accordingly, to the “Select” combo box on the “"Default” tab.
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When this button is pressed, a small dialog appears asking the user to enter a
name and a description for the new default set (Fig. 1.6.21). The user has to provide
a unique name for the set, not repeating the names of existing sets, because the
file name in which the default set is stored is generated automatically based on the
set's name given by the user. The "Description” is optional. The user can create
arbitrary number of additional default parameter sets with arbitrary (but non-
duplicate) names. The default parameter sets files are stored in the program’s data
directory: “"X:\ProgramData\Kaoskey\ASSYST".

/\ Default Parameter Set B(=)¢:

Mame |

Description

Ok Cancel

Fig. 1.6.21. Dialog to provide a name and description for a new default parameter set.

Modify Selected Default Parameters Set — Allows the user to change the parameter
values in the currently selected (in the “Select” combo box on the "Default” tab)
default parameter set, by modifying the desired parameter values on the
“Advanced” tab and then pressing this button to replace the old values in the
corresponding default parameter sets file with the new ones (the file is actually
rewritten and old values are lost and cannot be restored). When this button is
pressed, a warning message appears (Fig. 1.6.22) asking to confirm the action.

*

This will replace the parameters' values in the selected default parameter set, which is:
Set1: Rat, Seizure detection, Post-5E and TBI models
Do you want to continue?

Yes Mo

Fig. 1.6.22. Warning message that appears when the user presses the "Modify Selected Default
Parameters Set” button.

Delete Selected Default Parameters Set — Allows the user to delete the currently selected
(in the "Select” combo box on the “Default” tab) default parameter set. When this
button is pressed, a warning message appears (Fig. 1.6.23) asking to confirm the
action.
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Confirm -\:lil:z-

This will delete the selected default parameter set, which is:
Set1: Rat, Seizure detection, Post-5E and TBI models
Do you want to continue?

¥es | Mo

Fig. 1.6.23. Warning message that appears when the user presses the "Delete Default Parameters
Set” button.

Combo box for Selecting the GUI style - The "Advanced” tab also contains a combo
box (Fig. 1.6.24) allowing to select a style for the graphical user interface (i.e. the “look”
of the program windows). The combo box contains a list of available GUI styles.

Carbon |
Charcoal Dark Slate

Cobalt XEMedia

Cyan Dusk

Cyan Might

Emerald Light Slate u

Fig. 1.6.24. Combo box for selecting the GUI style.

When a style is selected in the combo box, the change to the program look occurs
immediately; the selected style is remembered so the next time the user starts the
program it will have the selected style.

An example of the program’s main window with different GUI style is shown in Fig.
1.6.25.
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ASSYST 3.2

File \ w Events Help
v |ReadDataFile biD2.wda.edf SamplingRate ~ 274.46 Select Channel: ratd2Bl R 2 % | Alt. Channel La
&Channels | trum

Spectral Band Index - Ch. rat02 BL R 2

Bl rat02 BL R-Fr

rati

rato2 BL R 2 (10s)

F2To Artel
F4Not Assigne
Allto ...

s
Form

Controls

Di

412:44:18.981

Fig. 1.6.25. An example of program'’s main window with different GUI style.
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2. Other Windows and Dialogs

2.1. Alternative Channel Labels Dialog

This dialog (Fig. 2.1.1) appears when the user presses the “Alt. Channel Labels” button
on the upper control panel (see 1.2 Upper Control Panel) of the program'’s main window.

It allows defining (and then using) alternative labels (names) for channels. The dialog
contains a table with three columns. The first column ('#') is the channel’s index, the
second column (‘Orig. Label’) is the original label of the channel as read from the data
file, and the third column (‘Alt. Label’) is the alternative label. The first two columns are
read-only, while the third column can be edited by the user. Initially the 'Alt. Label’
column contains the same labels as the ‘Orig. Label’ column. The user can edit the
values in the third column, replacing the original labels with desired ones.

These changed alternative labels will be remembered by the program after the dialog is
closed with the “OK” button (and will be shown the next time the user opens this dialog),
but they will not be applied unless the "Use Alternative Labels” checkbox is checked. If
the dialog is closed with “Cancel” button, all the new changes are discarded.

ﬂﬂtemﬁ?eﬂlamm“_ahds (=) €N

+'| Use Alternative Labels

# Orig. Label Alt. Label Z|

1 ratO2BLRZ Label Ch 1 - |§ Load Alt. Labels |
3 rat02BLLEr  Other Label|

3 ratb2BLR+r  ratl2BLRFr |g Save Alt. Labels |
4 rati2BLR-Par  ratl2BLRPar EI

0K | | Cancel |

Fig. 2.1.1. Alternative Channel Labels dialog.

It is possible to save the defined labels for subsequent use, by pressing the “Save Alt.
Labels” button. This will open a standard save file dialog where the user selects the
location and provides the file name. The saved file is a text file, with extension
“.altlab.txt”, which contains two columns (for original and alternative labels), separated
by a colon. So it can be opened and edited (with care, preserving the structure) by any
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text editor. The previously saved alternative label definitions may be loaded into the
program by pressing the “"Load Alt. Labels” button, which will open a standard file open
dialog, where the user selects the desired “.altlab.txt” file to load. When loading labels
from a file, the program compares the number of channels and the original channel
labels from the file with the number of channels and channel labels of the loaded EEG
data (which must coincide), and if there is a mismatch, the program gives an error
message shown in Fig. 2.1.2.

Assyst %

Wrong Alt. Labels file:
Original channel labels in the file and in the input data do not match

QK

Fig. 2.1.2. Error message shown when trying to load a wrong label definitions file (e.g., a file defined
for a different EEG data set).

2.2. Processing Parameters Dialog

This dialog (Fig. 2.2.1) appears when the user presses the ! |button on the upper
control panel (see 1.2 Upper Control Panel) of the program’s main window.

ﬁ Processing Parameters )

Window Size, s 2] Window Step, s (0.5

Detrending
Mo detrending

Window Hailf-Size, seconds  (0.01367187% zamples |4

Mumber of Passes |2

0K || Cancel |

Fig. 2.2.1. Processing Parameters dialog.

The dialog contains a subset of processing parameters, including processing window
and de-trending parameters. These parameters can be set also on
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“Parameters”—"Advanced” tab of the program’s main window (see 1.6.2 The Advanced
tab ), but sometimes using this dialog may be more convenient, especially when
experimenting with baseline trend removal and window size and their effect on EEG's
power spectrum on the “Signal & Spectrum” tab (1.5 The Signal & Spectrum tab).

2.3. Save Events Dialog

The “Save Events” dialog (Fig. 2.3.1) appears when the user presses the “Save Events”
button on the Control panel of the “SBI & Channels” tab of the program’s main window
(see 1.3.3 The Control Panel).

/\ Save Events (=) ¢

Select Event Categories to Save

| Chadk Al H Unchadk Al | Output Type Output Power Spectrum Characteristics
Save all cateqories in
+f| Seizures one TEXT file & (O]
Artefacts — —
Save each category in
separate TEXT file Mean Power Freguency (MPF)
Total Power (TF)
E:EE_B:%EEQWEE in Mean Power (MP)
Peak Frequency (FF)
Output Event Images Peak Amplitude

s e Apply Motch, High Pass, Low
S Pass filters if chedked in the
- Main Parameters

Label

Common Description or Comment

| Save || Cancel |

Fig. 2.3.1. Save Events dialog.

The dialog allows to select the event categories that need to be saved and the type of
the output file(s), as well as to provide a text string (label) that will be added to the
output file name, and a description or comment that will be inserted into the output file.
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The dialog contains the following controls:

Select Event Categories to Save list - contains the list of Event Categories with
checkboxes. Only the contents of the checked categories will be included in the
output file(s); pressing the “"Check All" or “Uncheck All" buttons above the list will
check or uncheck all event categories;

Output type - a group of radio buttons to select how the contents of event categories
will be saved. It contains the following options (see 4.1. The main output — selected
events for file formats and name):

Save all categories in one TEXT file — if this radio button is selected, then all the
checked event categories (and events therein) are saved into a single ASCII file;

Save each cateqgory in separate file — if this radio button is selected, then each
checked category contents will be output in a separate ASCII file;

Save all categories in EXCEL file - if this radio button is selected, then all the
checked event categories (and events therein) are saved into a single Excel file;

Output Event Images checkbox - if this checkbox is checked, the program will
automatically generate and save image files for all events in the checked
categories (see 4.1.1. Saving images of the events). Below this checkbox there is
a group of radio buttons for selecting the image file type; it contains the
following options:

Windows Metafile - save the event images in Windows Metafile (WMF) format
(WMF is a vector graphics format which is portable between Microsoft Office
applications (such as Word, PowerPoint, and Publisher). Some non-Microsoft
applications also can deal with WMF files).

JPEG - save the event images in JPEG format.

Output Power Spectrum Characteristics - a group of checkboxes to select which of the
additional power spectrum characteristics will be saved in the output file(s). It
contains the following options and controls:

Mean Power Frequency (MPF) — if this checkbox is checked, the mean power
frequency of each event will be outputted, for original (MPF Or') and detrended
('MPF Det') EEG;

Total Power (TP) — if this checkbox is checked, the total power of each event will be
outputted, for original ('TP Or') and detrended (‘TP Det') EEG;

Mean Power (MP) - if this checkbox is checked, the mean power of each event will
be outputted, for original ('MP Or') and detrended ('MP Det') EEG;
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Peak Frequency (PF) - if this checkbox is checked, the frequency at which the power
spectrum of an event has maximum will be outputted, for original ('PF Or') and
detrended ('PF Det') EEG;

Peak Amplitude (PA) - if this checkbox is checked, the maximum value of the power
spectrum of each event will be outputted, for original ('PA Or') and detrended
('PA Det') EEG;

Check all and Uncheck all buttons - allow to check or uncheck all above
options at once;

Apply Notch, High Pass, Low Pass filters if checked in the Main Parameters
checkbox - if this checkbox is checked, the EEG within the event interval will be
filtered before calculating the power spectrum characteristics. Which filters will
be applied (notch, high-pass or low-pass) and their parameters depends on
the settings of the corresponding controls on the "Main" sub-tab of the
"Advanced" sub-tab of the "Parameters" tab (Signal Filtering parameters,
1.6.2.1. The Main parameters tab, see also 6.8.1.1. Pre-processing.);

Label editable field — allows to enter a text string that will be added to output file(s)
name;

Common Description or Comment editable field — allows to enter a text that will be
included into the output file(s);

Save button — pressing this button will open a standard file save dialog to select the
location of the output file. The file name field of the file save dialog will show the
proposed automatically generated name for the output file (see 4.1. The main
output — selected events), which can be further modified by the user;

Cancel button - closes the dialog without saving the events.
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2.4. The Events Form

The Events form (Fig. 2.4.1) shows the lists of events included by the user into
corresponding event categories.

Menu L Y A
/\ Events _ (1))
Event Categories
Expanded Category panel ! ¥ Seizures s
P :
Catego anel header AT | # Start Duration Comment
with gvgltpcate ory name 1 04.04,02 12:17:29.045 00:00:13.842 long
gory 2 04,04.02 12:27:28.401 00:00: 12,982 some waxing and waning of the spike am|
3 04.04.02 12:33:36.7581 00:00:15.478
4 04,04,02 12:33:53.253 00:00:08,4589
5 04.04,02 12:34:03.237 00:00:14.479
& 04.04.02 12:34:27.695 00:00:15.478
List of events included into 7 04.04.02 12:38:06,.825  00:00:18.972
the category —+ 8 04,04,02 12:40:04, 125 00:00:20,459
9 04.04,02 12:41:09.518 00:00: 10,4586
10 04.04.02 12:41:59.435 00:00:18.473
Comment
| Delete Selected |
| Delete Al |
Collapsed Category panel I—ﬁ ¥» Artefacts
. /b;'- Short SWDs
.Sel'ected (active) Category LAl | # Start Duration Comment
indicated by dot 1 04.04.02 12:35:02,137  00:00:07.990
2 04.04.02 12:40:27.539 00:00:09,458
3 04.04.02 12:58:07.804  00:00:07.930 irregular spike amplitudes
4 04,04.02 13:16:26.440 00:00:09.688 two short SWDs dosely following one after ar
Selected Event 5 04.04.0213:17:29.348  00:00:08.459
& 04.04,02 13:23:49,209 00:00:07.990
. . 7 04.04.02 13:30:59.983 00:00:07.491
Editable field to add a N 8 04.04.02 13:52:44,458 _00:00:05.524

comment to the currently
selected event

04.04.02 14:01:36.202  00:00:04.383 irregular spike amplitudes

o

Button to delete selected
event (remove from the

category)

Comment this comment will be added to the selected event on pressing the 'Enter’ keyboard key|

Button to delete all events
in the category (clear the
category)

Checkboxes to show or
hide columns in the Event
Categories boxes.
Changes take place after
pressing the “Apply” button

| Delete Selected |
| Delete Al |
¥ Spikes
# Start Duration Comment
1 04,04,02 12:59:56.621 00:00:02,499
2 04.04,02 13:01:00.513 00:00:02,999
3 04.04.02 13:158:09.2581 00:00:02,499
4 04.04.02 13:19:29, 147 00:00:03.493
Show Columns
Igl MNumber
|| start
-%» | |End
|+ Duration |i|
|+ Comment

Fig. 2.4.1. The Events form.
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The Events form contains vertically arranged collapsible/ expandable panels (Event
Category panels), each one of which contains the events from one category (there are as
many panels as the event categories). The panel has a caption, which shows the name of
the corresponding event category. The panel can be collapsed or expanded by clicking
on the panel’s header.

The Event form has a Menu and some checkboxes (Show Columns) to select which
information about the event is shown in the event lists.

2.4.1. Menu

The menu items and description of actions they perform are listed below:

Event Categories Menu (Fig. 2.4.2):

/\ Events

Event Categories
Add Event Category l

Edit Event Category ¥ on Commen

y §13.842 long

Rermnove Event Category L12.087  some we
4 . c

Cear All Categories §15.478
. R 102,489
5 04.04,02 12:34:03.237 00:00: 14,479
<] 04.04,02 12:34:27.695 00:00:15.478
7 04.04.02 12:38:06.826 00:00:18.972
8 04,04.02 12:40:04, 129 00:00: 20,4569
9 04.04.02 12:41:09,519 00:00: 10,4365
10 04.04.02 12:41:59.435 00:00:18.473

Comment

Delete Selected
Delete Al

Fig. 2.4.2. The Event Categories menu.

Add Event Category - Adds a new event category; when this item is selected, the
“Event Category” (Fig. 2.4.3) modal dialog appears where the user
provides a name (obligatory) and description (optional) for the new
category; pressing the “OK” button on this dialog will add the new
category (corresponding category panel will appear on the “Events”
form); pressing the “Cancel” button will cancel this action;
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/\ Event Category (=) E

Marme

Description

QK [ | Cancel [

Fig. 2.4.3. The New Event Category dialog allowing to provide a name (obligatory) and description
(optional) for a new Event Category

Edit Event Category - Allows to edit the name and description of an existing event
category; when this menu item is selected, a sub-menu appears
that contains the list of existing event categories, from which the
user selects the desired one (Fig. 2.4.4).

/\ Events
Event Categories
Add Event Category l
Edit Event Category » Seizures
Remove Event Category » Artefacts )
waning of
Cear All Categories Short SWDs
5 04.04.02 12:34:03.237  00:0 Spikes
6 04.04.02 12:34:27.695 00:0urror=rro
7 04.04.02 12:38:06.826 00:00:18.972
8 04.04.02 12:40:04.129 00:00:20.469
9 04.04.02 12:41:09.519 00:00:10.486
10 04.04.02 12:41:59.435 00:00:18.473
Comment
| Delete Selected
| Delete Al

Fig. 2.4.4. The submenu of the "Edit Event Category” menu item listing the names of defined Event
Categories.

When the desired category is selected in this sub-menu, the “Edit
Event Category” dialog appears (Fig. 2.4.5) with the “Name” and
“Description” fields filled with the current name and description of
the selected Event Category, and the user can change them;
pressing the "OK" button on this dialog will apply the changes;
pressing the “Cancel” button will cancel this action;
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/\ Event Category (=)

o 50|

Description | Spike-wave discharges with few spikes

QK | | Canmcel |

Fig. 2.4.5. The Edit Event Category dialog allowing to change the name and description of an
existing Event Category.

Remove Event Category - Removes an existing event category (and its contents, if
any); when this menu item is selected, a sub-menu appears that
contains the list of existing event categories, from which the user
selects the category he wants to delete (Fig. 2.4.6); the first two
categories cannot be removed, since there must be at least two
categories for classification (but they can be edited and provided
with desired name and description using the Edit Event Category
action above);

/\ Events
Event Categories
Add Event Category
Edit Event Category ¥ lon Comment
4 Seizures .
Remove Event Category eizure waning of
Cear All Categories Artefacts
|5 04.04.02 12:3403.237  00:0 Short SWDs
53 04.04.02 12:34:27.695 00:0 Spik
7 04.04.02 12:38:06.826  00:0) pries
8 04.04.02 12:40:04. 129 00:00: 20,4909
9 04.04.02 12:41:09.519 00:00:10.486
10 04.04.02 12:41:59.435 00:00:18.473
Comment
| Delete Selected
| Delete All

Fig. 2.4.6. The submenu of the “Remove Event Category” menu item listing the names of defined
Event Categories. Note that the first two categories are disabled, i.e., they cannot be deleted -
there must be at least two categories in the program.

Clear All Categories - empties the contents of all categories, i.e. removes all events
that were included into the categories; it does not remove the event
categories themselves; this is equivalent to pressing the "Delete All”
buttons on all category panels.

2.4.2. Event Category panel
Each Event Category panel has the following fields and controls (Fig. 2.4.1):
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Header — The upper part of the panel that contains the category name. Clicking the
header will collapse or expand the panel. The panel that is currently active is
indicated by a ‘e’ symbol in front of the category’s name.

Events list — The list of events included into the event category. The list may have up
to five columns (the user may select which columns are shown using the
checkboxes at the bottom of the Events form):

‘# (Number) — The number of the event. The events in the list are sorted
according to occurrence time (‘Start’), in ascending order.

‘Start’ — The start date and time of the event. The format of the date and
time is ‘dd.mm.yy hh:mm:ss.000" (‘000’ for milliseconds).

‘End’ — The end date and time of the event.

‘Duration’ — The duration of the event. The format is ‘hh:mm:ss.000'.

‘Comment’ (in single channel processing mode) or ‘Channels/Comment’ (in
multiple channels processing mode) — The comment or brief description
entered by the user for the event. The comments are entered by
selecting an event in the Events list and then typing the comment'’s text
in the "Comment” field below the Events list and hitting the keyboard's
"Enter” key. If multiple channels processing was performed (see 6.7.
Multiple  channels  processing) then this column is titled
‘Channels/Comment’ and shows, in front of the comment text, the
indices of the channels in which the event was detected (Fig. 2.4.7).

Comment - editable field where the user can enter a comment or description for the
event currently selected in the Events list. The comment will appear in the
‘Comment’ column of the selected event after the user presses the “Enter”
key on the keyboard.

Delete Selected button — Deletes the selected event from the Event Category.

Delete All button — Deletes all events from the Event Category.

/\ Events (=) ¢

Event Categories
¥ e SeiFures

Start Duration Channels/Comment
4/4/2002 12:17:28.412 00:00:13.451 1,3,5/

442002 12:33:10.326 00:00:05.994 1,3/ this is a comment
442002 12:33:37.779 00:00:12,932 1,3,5/

4/4/2002 12:43:44.253 00:00:03.498 1/

oL e gy

Fig. 2.4.7. The Events Category panel after multiple channels processing.
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The Event Category panel has also a popup menu that appears when the user right-
clicks in the Events list area (Fig. 2.4.8).

¥ e Short SWDs

F Start Duration Comment

1 04.04.02 12:35:02,137 00:00:07,990

2 04.04.02 Move Selected T 8

3 04.04.02 pvE selRcted To r spike amplitudes

4 04.04,02 Delete Selected rt SWDs dosely following one after ar
5 04.04.02

6 04.04.02 - :

; 04.04.02 Edit This Category

8 04.04.02 Remove This Category

04.04.02 ==l Spike amplitudes

w

Comment |this comment will be added to the selected event on pressing the 'Enter’ keyboard key

| Delete Selected =

| Delete Al |

Fig. 2.4.8. The popup menu of the Event Category panel.

The popup menu items and description of actions they perform are listed below:

Move Selected To — Moves the selected event from this category to another
category. When this menu item is selected, a submenu appears that
contains the list of existing event categories, from which the user
selects the one to which the event must be moved (Fig. 2.4.9;
logically, the current category is disabled in the submenu);

¥ » Short SWDs

F Start Duration Comment

1 04.04.02 12:35:02,137 00:00:07.990

2 D4|D4|D? 10, AT T CO0 i T Y s T W [ W, [= [}

3 04.04.0% Move Selected To 2 Seizures

4 04,04,02 after ar
5 04.04.03 Delete Selected Artefacts

& 04.04.0z Wi

7 04.04.02 Edit This Category Short SWD:

_ Spikes

q 04.04,02 Removwe This Category

|

Comment |this comment will be added to the selected event on pressing the ‘Enter’ keyboard key|

| Delete Selected =

| Delete all |

Fig. 2.4.9. The submenu of the "“Move Selected To"” popup menu item listing the names of defined
Event Categories. Note that in the submenu the current category name is disabled.

Delete Selected - Deletes the selected event from the Event Category (identical to
the "Delete Selected” button).

Edit This Category — Allows to edit the name and description of this event category.
When this menu item is selected, the "Edit Event Category” dialog
appears (Fig. 2.4.5) with the “Name” and “Description” fields filled
with the current name and description of the Event Category, and
the user can change them; pressing the “OK" button on this dialog
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will apply the changes; pressing the “Cancel” button will cancel this
action. This action is identical to the “Edit Event Category” action of
the Events form’s menu.

Remove This Category - Removes this event category (and its contents, if any). This
action is identical to the "Remove Event Category” action of the
Events form’s menu.

2.4.3. Selecting an Event

The user can select an event by clicking on the corresponding row of the Events list of
an Event Category panel; or can also use the up or down arrow keys of the keyboard to
select the previous or next event in the list, correspondingly.

When the user selects an event in the Events list of an Event Category panel, the
corresponding EEG fragment is automatically shown in the Signal pane of the SBI &
Signal tab of the program’s main window (Fig. 2.4.10). The event is highlighted by a pink
band, the left and right edges of which correspond to the event's start and end times.
These edges are movable (by mouse), so the user can adjust the start and end time of
the event. Wh