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Signal for Windows

Introduction

New features in
version 4

The Signal software running under Windows together with one of the CED 1401 family
of interfaces gives a PC the power to capture and analyse multi-channel waveform and
keyboard time marker data.

Signal is designed to let you manipulate your data using the familiar Windows idioms.
You can arrange the windows to display the data within them to best advantage and copy
and paste the results to other applications. Alternatively, you can obtain printer hard copy
directly from the application. When you close a data file, Signal saves the screen format
and analysis window setup associated with it. When you open a file, Signal restores the
configuration, so it is easy to resume work where you stopped in a previous session.

You can analyse sections of data by reading off values at and between cursors, or by
applying the built-in frame by frame automated analyses such as waveform averaging
and power spectrum. More ambitious users can further automate both data capture and
analysis with scripts. The script language is described in The Sgnal script language
manual.

Version 4 of Signal is completely compatible with earlier versions; it will read data files
and sampling configurations created by version 2 or 3 without problems. Scripts that ran
in version 3 should work without modification (with a very few exceptions). The main
new features in Version 4 are:

e  Gap-free sampling records sweeps continuously with no missing points.

e Variable number of points can be sampled in different sweeps to match
experimenters’ requirements.

e New script editor with options including intelligent hiding of blocks of script, auto
formatting, auto complete and call tips.

e Script code extended to share and re-use include files.

e Multiple or averaged measurements, generated using active cursor iteration across
data frames, can be placed in an XY display.

e Single channel (SCAN) analysis provides incremental processing of single channel
data to produce an idealised trace by reverse convolution fitting of the amplifier's
step response function with the raw data

e Interactive IIR filtering and improvements to the FIR filtering dialog.
e Extended multiple states options to automate states sequencing.

e Directly control Magstim transcranial magnetic stimulator during data acquisition,
including adjusting stimulator amplitude and timing and checks on stimulator health.

e Enhanced Power-Spectrum analysis, up to 16384 point FFT and windowing.
e Direct access to the 1401 data acquisition system using the script language.
e Fill areas within an XY plot.

e User defined keyboard shortcuts for use with single channel analysis.

e Extended header and footer customisation for printed output.

e Automatic generation of file names based upon the current date.

e Cursor iteration and feature detection through data frames.

There are many other improvements and more are planned. You can find a full list of
new features, bug fixes and changes in the Revision History in the on-line Help.
Licensed users of version 4 can download updated releases of Signal version 4 from our
web site www . ced . co.uk as they become available.
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Hardware required

Installation

During installation

Custom install

After installation

Updating Signal

The absolute minimum requirement to run the program is a Pentium II with 256 MB of
memory running Windows 98SE. The more memory you have and the faster the
processor, the better Signal will run. A graphics accelerator will greatly improve drawing
and scrolling speeds.

To sample data, you will need a CED Powerl1401 mk I or II, Micro1401 mk I or II,
1401plus or a standard 1401. Pulse output during sampling and many other features are
not available with a standard 1401, gap-free sampling and some output options are not
available with a 1401plus. Unless the exact type of 1401 is specified, when the terms
Micro1401 and Power1401 are used in this manual they refer to all versions of these
types of 1401. USB operation requires Windows 98SE, Me, 2000, XP, XP64 or Vista.

Your installation disk is serialised to personalise them to you. Please do not allow others
to install unlicensed copies of Signal.

Just put the CD-ROM in the drive and it will start the installation. You can also run the
installation manually by opening the folder Signal4 on the CD-ROM, then the disk1l
folder and running setup.exe.

You must select a suitable drive and folder for Signal and personalise your copy with
your name and organisation. You can have earlier versions of Signal on the same system
as long as they are in different folders. If you have a previous version on your system,
make sure you install to a different folder. The installation program copies the Signal
program plus demonstration, help, tutorial and example files. It also copies and installs
all required 1401 support (device drivers and control panels). In rare cases you may need
to install drivers manually; the installation program will tell you if this is the case and
point you at detailed instructions. Your system may require a restart after installation to
get all 1401 device drivers up to date.

To install without 1401 support, or to install extra information and documentation (which
includes the latest copies of the software manuals) choose Custom installation.

If you are new to Signal, please work through the Getting Started tutorial in the next
chapter. Where you go next depends on your requirements. The Signal Training Course
Manual is more descriptive than the other manuals which are organised as reference
material. However, it covers all versions of Signal and you will occasionally need to refer
to the other manuals for version 4 specific details. The on-line Help in Signal has a lot of
information; if in doubt use the F1 key for Help.

You can update your copy of Signal to the latest version 4 release free of charge from
our web site: http://www.ced.co.uk in the Downloads section. You can only
update a correctly installed copy of Signal version 4. There are full instructions for
downloading the update on the web site, you can also sign up for email notification of
updates on the web site.

Once you have downloaded the Signal update, you will find that the update process is
very similar to the original installation process, except that you must already have a
properly installed of Signal for Windows version 4 on your computer.
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Using this manual

Forthcoming attractions

You can remove Signal from your system: open the system Control Panel, select
Add/Remove Programs, select CED Signal for Windows version 4 and click
Remove. This removes files installed with Signal; you will not lose data and other files
that you created.

The various file types in Signal have icons so that you can easily recognise them when
you minimise their windows. The icons will automatically be used for the relevant files
by programs such as Windows Explorer. All the icons have a set of waveforms to remind
you of the application to which they belong. The icon to the left is the Signal application
icon that you double-click to launch Signal from the Signal program group.

These icons are for Signal data files. The icon on the left represents Signal CFS data files
or file views. The icon on the right represents an XY data file: a saved XY view. If you
double-click on one of these in Windows Explorer it will launch the Signal application
(if it is not already running) and open the data file.

These icons are for text-type Signal documents and files. The icon on the left represents a
text file, which can hold any textual data. The centre icon represents a Signal script file.
Script files hold script programs that execute within Signal to automate analysis or to
customise Signal behaviour in some way. The icon on the right represents a Signal
sequencer file. These files store sequences of output pulses for use during sampling.

These icons are for other files created by Signal. The icon on the left represents a Signal
sampling configuration, while the one on the right represents Signal resources. A
resources file is a file with the same name as a data or XY file (but with a .SGR filename
extension) that holds extra information used with the data file. This information can be
anything from how the data is to be drawn to single-channel idealised trace data.

The first section of this manual introduces you to Signal by suggesting a few tasks you
might undertake to familiarise yourself with the system. We have supplied an example
data file for you to experiment with, so there is no need to have your own data available
at this time. A second chapter introduces sampling new data. Subsequent chapters
describe using pulse outputs during sampling and multiple frame states.

The second section describes the individual menu commands. We suggest that you work
through as much (or as little) of the familiarisation section as you feel you need, then dip
into the menu details section as required for more detailed information.

We do not explain standard Windows procedures, for example clicking and dragging,
using menu short-cut keys or using a file open dialog; we expect that you are already
familiar with them. We use standard Windows idioms wherever possible so that you feel
at home and have a consistent interface to work with.

Once you are familiar with the program, you may wish to investigate the script language
s0 you can automate your data capture and analysis. This is described in the separate
manual The Sgnal script language. The online help system duplicates all the information
in the manuals and is often the fastest way to look up a topic.

This manual covers version 4.00 of the Signal software. Later versions of the software
will have further enhancements which will be described in the revision history found by
selecting the Index from the Help menu.
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Direct access to the
raw data

Licence information

Additional software
licences

Some users may wish to write their own applications that manipulate Signal data files
directly. A C library: The CFS library is available from CED. The library includes all
functions necessary to read or write Signal data files from either DOS or Windows
programs. This library is available, along with complete documentation in PDF format,
from the CED web site (http://www.ced.co.uk).

CED software is protected by both United Kingdom Copyright Law and International
Treaty provisions. Unless you have purchased multiple licences, you are licensed to run
one copy of the software. Each copy of the software is identified by a serial number
(located in the Help menu About Signal... dialog box). You may make archival copies
of the software for the sole purpose of back up in case of damage to the original. You
may install the software on more than one computer as long as there is No Possibility of
it being used at one location while it is being used at another. If multiple simultaneous
use is possible, you must purchase additional software licences.

The original licensee of a CED software product can purchase additional licences to run
multiple copies of the same software. CED supplies an additional manual set with each
licence. CED does not supply additional software media. As these additional licences are
at a substantially reduced price, there are limitations on their use:

1. The additional licences cannot be separated from the original software and are
recorded at CED in the name of the original licensee.

2. All support for the software is expected to be through one nominated person, usually
the original licensee.

3. The additional licensed copies are expected to be used on the same site and in the
same building/laboratory and by people working within the same group.

4. When upgrades to the software become available that require payment, both the
original licence and the additional licences must be upgraded together. If the upgrade
price is date dependent, the date used is the date of purchase of the original licence. If
some or all of the additional licences are no longer required, you can cancel the
unwanted additional licences before the upgrade.

5. If you are the user of an additional licence and circumstances change such that you no
longer meet the conditions for use of an additional licence, you may no longer use the
software. In this case, with the agreement of the original licensee, it may be possible
for you to purchase a full licence at a price that takes into account any monies paid for
the additional licence. Contact CED to discuss your circumstances.

6. If you hold the original licence and you move, all licences are presumed to move with
you unless you notify us that the software should be registered to someone else.




Getting started

Introduction

In this section you will open a Signal data file, manipulate the contents and familiarise
yourself with the basic display and analysis controls. Instructions that you must follow to
keep in step with the text are in bold type with a pointing finger. Explanations are in
normal type.

Basic operations The first task is to become familiar with the basic operations that are always needed to
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Selecting channels

manipulate Signal files. We use a sample file, example.cfs. The Help menu Index
command Getting started topic duplicates this chapter. Once you have started Signal you
may prefer to follow the remainder of the chapter from the on-screen help.

From the Start button choose Programs, then Signal, then example.

Signal B e =10l x|

File Edit Wiew Analysis Cursor Sample Script Window  Help

= = = =1 s s o O s O o B = e e

You could also have started Signal by selecting the Signal icon and then opened
example.cfs with the File menu Open command. Signal displays the file as it was last
saved (using information in the file example.sgr, if it can be found). The picture shows
the state as shipped. You are looking at the raw data in the file, we call this a file view.
This view displays a single frame of the data; the axis at the bottom is in seconds.

There are five data channels displayed in the window. Channels 1 to 4 hold waveform
information and channel 5 holds markers logged from the keyboard. Signal arranges
channels so that the lowest numbered ones are at the top by default, this can be changed
using the preferences dialog available through the Edit menu.

Below the file view window there is a minimised window with the title LogText. This is
the log view; a text document that is always open in Signal. If you try to close the log
view, it is only hidden and can be re-displayed using the Window menu Show command.

Click on the channel number to select a particular channel. Signal highlights the channel
number when it is selected. Hold down the Shift key and click on a channel to select all
visible channels between it and the last selection. Hold down Ctrl to select
discontinuous channels; clicking on a channel number will toggle its state between
selected and de-selected. Click on the blank rectangular area below the y axes and to the
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Toolbar and Status bar

A discussion about
frames

left of the x axis to de-select all channels. Many commands and operations can operate on
the selected channels (for example y axis optimisation).

The Toolbar is at the top of the Signal window; just below the menus, it is a shortcut to
commonly used menu items. Each toolbar button matches an action from the menu. The
buttons are shown in this manual with the menu items. To find out what a toolbar button
does, leave the mouse pointer over the button for a few seconds.

The Status bar is at the bottom of the Signal window, it provides information about the
current view. The status bar holds a number of panes plus an open area on the left. This
leftmost portion shows prompts from menu items; as you move the mouse pointer over
the menus, the panes each show a particular item of information. If the space available is
too small for all of the panes, panes disappear starting at the right hand side. From the
left, the status bar panes are:

Cur Pos If the mouse pointer is over part of a data or XY view that has axes this
pane displays the pointer X and Y positions, the first figure is the channel
number from which the Y value is taken. For a text-type view it displays the
current text cursor position in lines and columns.

Frame This pane shows the current frame number for the current view and the
maximum frame number in the view. If the current view is not a data
document then this pane is blank. See below for a discussion on frames.

Start This pane, adjacent to the frame number, shows the absolute start time for
the frame. For files collected by Signal version 1.00, this is always zero.

State This pane shows the state code for the current frame in the current view as a
decimal number. It is blank if the current view is not a data document.

Tag If the current view is a data document and the current frame is tagged
(described below), this pane holds TAG, otherwise it is blank.

Flags This pane shows the flags for the current frame in the current view as an 8

digit hexadecimal number (hexadecimal format makes the individual flag
states visible), each digit shows the state of four flags with the highest on
the left. This pane is blank if the current view is not a data document view.

Caps If the keyboard Caps lock is on, this pane displays the text CAPS.
Num If the keyboard Num lock is on, this pane displays the text NUM.
Record This pane displays REC if Signal is recording user actions into a script.

You can hide and show the toolbar and status bar by using the View menu. You can also
drag the toolbar and “stick” it to any of the 4 sides of the application window. This is
known as docking the toolbar.

Frames are a central concept within the Signal software. A CFS file or Signal data
document consists of a number of sections or frames, each frame corresponds to a sweep
of data. A data document view normally displays data from a single frame at a time, this
is the current frame for that view. You can have duplicate views of the same data
document, each view can have a different current frame so you can examine separate
parts of the file simultaneously.

Each frame in a Signal data document has the same number and type of channels, but
may have varying frame start and end times. Each frame holds channel data from the
various channels in the source data file. Usually, all of the waveform channels will have
the same number of data points, while the number of markers can vary. In addition to this
channel data there are a number of other data items attached to each frame:

Comment a line of text of up to 72 characters that can be read or written using Signal.
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State a 32-bit number that can have any value from 0 to over 4 billion, it is
intended for use in conditional analysis where each state value corresponds
to a separate condition in the experiment, but may be used for any purpose.
Signal can sample using multiple frame states logged from external
equipment or generated internally to control 1401 outputs, see the chapter
Sampling with multiple states.

Start a floating-point number holding the absolute start time for the frame. This
value is the time for the frame x axis zero relative to the start of sampling.
Tag each frame is tagged or not tagged. Tagging is intended for any purpose in

which specific frames need to be marked for analysis or attention.

Flags a set of 32 flags available for any user-defined purpose. They are accessible
from the Signal script language.

Variables 16 floating point numbers that can be read or written using Signal scripts.
Their meaning is user defined.

The entire data in the current frame for the view is held in memory, this memory data is
discarded when the view switches to a different frame. You may find that Signal’s
performance when handling large frames is improved by installing more memory in your
computer. Changes made to the current frame must be saved before a new frame is
loaded or the changes will be lost. You can write the changed data back into the file using
the File menu Save command, or you can use the File:Update mode dialog to select
what happens if the frame is changed while data is unsaved. Changes made to non-
channel data such as the frame state or flags are always saved.

If you resize the window, the same data is redrawn to fit the window. The scroll bar
controls movement through the data within the current frame, while the buttons allow
stepping from frame to frame, changing the x axis width and adding a cursor.

The bottom edge of the data window holds five buttons and a scroll bar. Try them.

Click these buttons to move to the previous or next frame in the file. CFS files contain
frames which hold similar data; you can use these buttons to move from one frame to
another. These buttons correspond to the View menu Previous frame and Next frame
commands (PgUp and PgDn keys), there is also a Goto frame command.

Click this button to halve the displayed x axis range (zoom in). The left hand edge of the
display remains fixed. You can zoom in until the ratio between the total length of the
frame and the width of one screen pixel reaches about 2 billion. In practice this means
you can zoom in as far as you like. This button corresponds to the View menu Reduce
View command (Ctri+Left).

Click this button to double the displayed x axis range (zoom out). The left hand edge of
the window does not change unless the start plus the new width exceeds the length of the
frame, in which case the left edge moves back. If the new width would exceed the total
length of the frame, the entire frame is displayed. This button corresponds to the View
menu Enlarge View command (Ctr1+Right).

Click these buttons to add cursors to the display. Up to 10 cursors can be present in a
window, plus up to 9 horizontal cursors. A vertical cursor is a vertical dashed line used to
mark positions, a horizontal cursor marks levels in a channel. You can remove cursors by
using the Cursor menu Delete command. You can add a cursor in three ways:

1. Click on the relevant button, or right click on the channel data area.
2. Use the Cursor menu New cursor command, or its shortcut Ctri+].
3. Use the shortcuts Ctr1+0 to Ctr1+9 to create or fetch a specific vertical cursor.
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Controlling the display
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Click the cursor button so that at least one cursor is visible. Drag the cursor and
observe how the mouse pointer changes. Use the Cursor menu Label mode
command.

There are four labelling styles for the cursor: no label, position,
position and cursor number, and number alone. You can select
the most appropriate for your application using the Cursor menu
Label mode command. To avoid confusion between the cursor
number and the cursor position, Signal draws the number in
bold type when it appears alone, and in brackets when shown with the position.

27.435 28289(1) 1

The mouse pointer changes when it is over a cursor into one of three possible shapes to
indicate the actions you can take with a cursor:

This shape indicates that you can drag the cursor from side to side. If you drag the cursor
beyond the window edge, the window contents scroll to keep the cursor visible.

If you position the mouse pointer over the centre of the cursor label, the pointer changes
to a four-headed arrow to indicate that you can drag both the label and the cursor. This
can be very useful when you are preparing an image for publication and you need the
cursor label to be clear of the data. If you move the pointer to one side, or hold down the
shift key, the pointer changes to a two-headed vertical arrow and you can drag the label
but not the cursor.

If you click the right mouse button with the mouse pointer over a vertical or horizontal
cursor, the pop-up context menu includes commands to delete the cursor and also to set
the cursor mode. Try deleting one of the cursors you have just created. You can also
delete one or all cursors from the Cursor menu.

There are many ways to use Signal to adjust or customise the display or to control the
data that is displayed.

Move the mouse pointer to a waveform channel, clear of any cursor. Click and drag
a rectangle round a waveform feature, then release the button.

This action zooms the display so that the area within the rectangle expands to fill the
entire view. If your rectangle covers more than one channel, only the time axis expands.
If your rectangle fits in one channel and has zero width, the y (vertical) axis changes to
display the selected range and the time axis remains unchanged.

The mouse pointer changes to a magnifying glass when you hold the mouse button down
in the data channel area to show that you are about to drag a rectangle or line to magnify
the data.

If you hold down the Ctrl key before you hold the mouse button down, the mouse
pointer changes to the un-magnify symbol. If you drag a rectangle, the data in the view
shrinks to cover an area the same size as the rectangle you have dragged, making this the
inverse of the effect without the Ctrl key.

Whichever method used to scale the data, you can return to the previous display using the
Edit menu Undo command or the keyboard short-cut Ctri+Z. If you decide not to
expand the display after starting to drag, return the mouse pointer to the original click
position (making the rectangle have zero width and height). The rectangle will vanish and
you can release the button without changing the display.

If you hold down the Alt key before you click and drag, Signal displays the size of the
dragged rectangle next to the mouse pointer and does not zoom the display.
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Specifying times

Move the mouse pointer over the x and y axes and experiment with clicking and
dragging the axes. Try it with the Ctr1 key held down.

When the cursor is over the tick marks of an axis, you can drag the axis. This maintains
the current axis scaling and the y-offset changes to keep pace with the mouse pointer.
You can do this with most x and y axes in Signal. This is particularly useful for y axes as
they do not have a vertical scroll bar. The window does not update until you release the
mouse button. If you hold down the Ctr1 key, the window will update continuously.

When the cursor is over the axis numbers, a click and drag changes the axis scaling. The
effect depends on the position of zero on the axis. If the zero point is visible, the scaling
is done around the zero point; the zero point is fixed and you drag the point you clicked
towards or away from zero. If the zero point is not visible, the fixed point is the middle of
the axis and you drag the point you clicked towards and away from the middle of the axis

In a file view, memory view (see page 2-10), or XY view, you can drag the y axis so as to
invert it. You are not allowed to invert the x axis.

Now double-click on the time (x) axis of the display to bring up the X Axis Range
dialog box. Experiment with the settings to vary the time axis.

The Left and Right fields set the window start and

end times. The Width field shows the window | faot 7] showai |

width. Set the left and right positions, or check the g e ]

Width box and set the left position and the width. rwidh  [ooe O |
. I™ Large tick spacing 1 Carcel |

You can type new positions or use the drop down = fik subdiisiens ~ [11 =

lists next to each field that give you access 10 1 Lugaitmic [ Auto adiust unis Cose |

cursor positions. The Show All button expands the

time axis to display all the data. The Draw button updates the display to show the time
range set by the Left, Right and Width fields.

In addition to typing times, or selecting a time from the drop-down list, you can type in
expressions using the maths symbols + (add), - (subtract), * (multiply) and 7 (divide).
You can also use round brackets. For example, to display from 1 second before cursor 1
to one second past cursor 1 set Left to Cursor(1)-1 and Right to Cursor(1)+1. The
Draw button is disabled if you type an invalid expression, or if the Right value is less
than or equal to the Left value or if the new range is the same as the current range.

The Large tick spacing and Tick subdivisions fields let you customise the axis. Values
that would produce an illegible axis are ignored. Changes to these fields cause the axis to
change immediately; you do not need to click Draw. The Auto adjust units option will
cause the units displayed on the axis to switch to multiples of powers of 10 in order to
keep the figures sensible when zoomed well in or well out. This option affects only the
axis; the units used by the cursors etc will still be the same. Checking the Logarithmic
option will switch the axis from linear to logarithmic; modifying the displayed range only
if it included negative values. In logarithmic mode another check box: Show powers
will appear. This allows the big ticks to be labelled with powers of the big tick spacing.

Often in Signal you will need to specify time points within the frame. For example,
specifying the X axis limits, the start and end times for file export, or the search limits for
an active cursor. Signal provides a standard control that allows you to enter a time
directly or to select the frame limits (Mintime() and Maxtime()), the current display
limits (XLow() and XHigh()) or the position of any cursors. You can also use an offset
value along with the built-in values, for example “Mintime() + 0.75” or “Cursor(1) -
0.1". Note that any numerical values entered always use the currently selected time units.
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Now double-click on the y axis of a waveform channel to open the Y Range dialog.
Experiment with adjusting the y axis ranges on different channels.

This dialog changes the y axis range of one

or more channels. The Channel field isa _ [T 2DC 0 (wavetom] — Dptimisel
drop-down list from which you can select any  EEm

channel with a y axis, all channels with -
y Y poom R Show el
axes, selected channels, or all visible

channels. You can also type a list of channel %= |Linear =
numbers and ranges such as 1,4,6..10.

You can either Optimise the display, which [ Lawgetick spacina = [1 _Concel |
makes sure that all the data in the window on | = Tisk subdivisions 2

the specified channel(s) fits in the y axis Ep—

range, use Show All, which adjusts the
display to the data limits if possible, or you can type in the y axis limits. You can also
control the other features, as for the x axis with the addition of the option of a square root
axis type.

Open the View menu Draw Mode dialog and experiment with different drawing
modes for the channels.

Signal data files hold two basic data

channel types: waveform and marker.

- aK
Waveform data channels hold values ~ Chamel | 2ADCTEKHZ ] Line = Lo |
that are the amplitude of the Cancel

waveform at equal time intervals.
Marker data channels hold the times
at which something happened. If a waveform has any error information associated with it
then the display of this information may also be manipulated here. There are several
different ways to display waveform data (click the Draw button to cause an update
without closing the dialog).

Diraw

e

The most common draw mode for waveform data is Line mode. In Line mode successive
data points are joined with straight lines. You can also select Histogram, Skyline, Dots
or Cubic Spline modes. In Dots mode, you can choose large or small dots (small dots
can be very difficult to see on some displays). See the View menu chapter for a complete
description of waveform and marker draw modes.

Open the View menu Customise display dialog. Experiment with the channels,
axes and grid.

This dialog sets the channels to
display in your window. A F i Grid ¥ Ais i Ao

Signal data file can hold up 0 E5iz noam-tarer e HEHTETE
100 channels, so having the  |44pcs-wavetom E hameee :z hamees
ability to choose the channels o [¢/34DC2-Weavsiorm o Ut -

. .. . v 2 ADIC T -Wavefarm v Units I Units
d|5p|ay IS Important if yOU are to v 1 ADC O -wawefarm ¥ Small ticks ¥ Small ficks
see any detail! ™ Onright v Scroll bar

™ Scale only ™ Scale only

The list on the left of the dialog

holds all the channels that can L Cov_| coee [ o ]
be displayed. You can also show

or hide the axes, grid and scroll bar in the window from this dialog and control the
appearance of the x and y axes. Check the boxes next to the items for display and click
the Draw button to see the result. The Scale only option draws axes as scale bars.
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Open the View menu Frame display list dialog. Specify frames 1..4 as the frame
list and click OK. Use the View menu Overdraw frame list command to turn
overdrawing on and off. Experiment with selecting frames and with the colour
cycling display mode.

The frame display list is a list of frames to show in

addition to the current frame if overdraw mode is " Tagoed emes [
enabled. It is also possible to overdraw the buffer (a  Framesubset |Frame state = us =
special frame held in memory). You turn overdraw oo e l”f

mode on or off with the View menu Overdraw

frame list command. In colour cycling mode, each overdrawn frame draws in a different
colour, otherwise all the display list frames draw in the colour set by the Frame list
traces item in the colour setup dialog. The current frame draws in its usual colour if it is
not in the frame list. All the standard mechanisms for selecting frames are available, see
the General information chapter for details of these. More information on the buffer can
be found in the Analysis menu chapter.

You can use the cursors to take measurements at or between cursor positions.

Make sure you have some cursors in the window, then open the Cursor menu
Display Y Values window. Experiment with changing cursor positions and channel
display types.

C fi le.cF %
The columns show the cursor ilet ]
.. Cursors Cursor 1 Cursor 2 Cursor 3 Cursor 4
positions and the value at the cursor £ 000544749 00144594 | 0.0205479 | 00276712

positions for waveform channels. |5Eepboard biiE it

Marker channels displayed as Rate [4A4DC3 D175 0083 | 0096611 F 0019507

| h h | h TADC S BFFE05 L OO146484  O07ELEs ¢ D.141603
also show the value at t € cursor - lsunei U171 1 00850078 | O.00976565 i
position, marker channels in other |[iif& R L A T A RN F L LR EE Y
draw modes show the time of the [T EZe= o L C C

£} ) -
K fi h I ¥Z v i i i

next marker after the cursor. ‘I I _’I

To measure the difference between cursor values, use the X zero and Y zero check-
boxes. The radio buttons below each column choose the cursor to make the reference.
The values for the reference cursor are shown unchanged; the values for the other cursors
have the value at the reference cursor subtracted. You can use this feature to show how
data values have changed from a reference point.

If you move the cursors, change frame or change the channel display mode, the values in
the window update to reflect the change of position. Likewise, if you show or hide data
channels in the display, the cursor window display changes to match.

You can select fields in this window and copy them to the clipboard. Click on a field to
select it or drag across the data area to make a rectangular selection of fields. Click at the
top or left hand edge to select an entire column or row. Click in the top left hand box to
select all the fields. Hold down the Ctrl key and click at the top or left hand edge for
non-contiguous selection of rows or columns.

You can also print, copy to the clipboard; change the font or copy to the log window
using the right mouse button menu.
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Channel arrangement
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Now open the Cursor menu Cursor Regions window. Experiment with changing
cursor positions and measurement modes.

The regions window looks at the data [~y e————— ME B
values between cursors. There are many [ Guwsos | 1-2 @ 2.3 : 3-4
measurement modes including Area, | 000604196 | 00060385 G 000712329
5 Keyboard 1] 165.057 1]
Mea_n’ Slope’_ _Peak’ Sum’_ MOdu“'IS’ 4 AT 5 00392859 005397135 0.0505854
Maximum, Minimum, Amplitude, SD |3apc: 0.103587 00412508 | 00985379
and RMS You can select the mode Wlth 2ADC] 0254839 00123352 0.0411843
14DC0 0.140625 00164388 0.0157335
the popup menu at the bottom left corner of |
the window. Click on the rectangle [ Zawzgon G T T
showing Mean to see the menu. If you [Me= L] | |

want to make measurements relative to one
of the regions, check the Zero region box and choose a reference region with the radio
buttons.

For a waveform channel or markers as rate, Area is the area between the waveform trace
and the line joining the intersection points between the cursors and the trace, Mean is the
mean level of the signal, Slope is the gradient of the least-squares best fit line to the data,
Area/0 (read this as “‘area over zero’) is the area between the waveform trace and the y
zero level, Sum is the sum of all data points and Modulus is the area over zero, but with
all amplitudes considered positive - the “rectified area’.

For a marker channel in other (not Rate) draw modes, Sum is the number of markers in
the region. Mean is the count of markers divided by the width of the region. Slope has
no meaning for a marker channel, neither does Area, Area/0, Modulus or the others.

You can control the order in which channels are displayed or overlay them on top of one
another.

Use the View menu Standard Display command. Click on the Keyboard channel
number and drag it down over the other channel numbers.

5. Keyhoard 5 Keyhoard 5 Keyhoard B
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3 00 e 0o il 00 FKeyboard
RALLLL Lot RALLLL st % BBl Lttt T
73 73 o 738 78
s s ms ms

As the mouse pointer passes over each channel, a horizontal line appears above or below
the channel. This horizontal line shows where the selected channel will be dropped. Drag
until you have a horizontal line below channel 1 and release the mouse button. The
Keyboard channel will now move to the bottom of the channel list. Type Ctri+Z or use
the Edit menu Undo to remove your change.

You can move more than one channel at a time. Signal moves all the channels that are
selected when you start the drag operation. For example, hold down Ctrl and click on
the channel 3 number. Keep Ctrl down and click and drag the channel 2 number. When
you release, both channels will move. The mouse pointer shows a tick when you are in a
position where dropping will work.

The default channel order is with lowest numbered channels at the top of the display. If
you prefer the reverse order, open the Edit menu Preferences and un-check Standard
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1. Click — & °
5

2. Drag
3. Drop

&

1. Move mouse
2. Shift+click

3. Drag

Display shows lowest numbered channel at the top, then use the View menu
Standard Display command.

Click the 2" of channel 2 and drag it on top of Channel 1 and release.
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The channels now share the same space with the channel numbers stacked up next to the
y axis. The visible y axis is for the top channel number in the stack. To move a stacked
channel to the top, double-click the channel number. Stacked channels keep their own y
axes and scaling. To remove a channel, drag the channel number to a new position.

When you drag channels, and at least one of the selected channels has a y axis, you can
drop the channels with a y axis on top of another channel with a y axis. As you drag, a
hollow rectangle appears around suitable dropping zones. You can also drop between
channels when a horizontal line appears.

Merged channels are drawn such that the channel with the visible y axis is drawn last. If
you have a channel that fills in areas, such as a marker channel drawn as rate mode, put it
at the bottom of the stack, as it will mask channels below it in the stack.

Hold down the Shift key and move the mouse over the data area for channel 2.
Hold the shift key down and click. Drag up and down and release the mouse.
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When you click with Shift down, the mouse jumps to the nearest channel boundary and
you can change the boundary position by dragging. With Shift down, you can move the
edge up and down as far as the next channel edge. You can undo changes or use
Standard Display to restore normal sizes.

Add ctrl to scale all channels with a y axis. If there are no channels with a y axis, then
all channels scale. You can force all channels to scale by lifting your finger off the Shift
key (leaving Ctrl down) after you start to drag the boundary.
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Memory views

So far, you have been looking at windows holding data read from a disk file. We call
these File views. There is another type of data window, called a Memory view, which
holds data created by the Signal program that is held in memory. This data is usually the
result of some sort of analysis. When a memory view is saved to disk and then re-loaded,
it has then become a file view; the two types of view are very similar. A simple way to
create a memory view is by analysing file view data. There are two steps in the analysis:

1. You set the type of analysis, the channels to analyse, the width (or number of bins)
of the analysis result and any other parameters required. This creates a new, empty,
memory view with the appropriate frame width and channels.

2. You define the frames from the file view that are to be analysed and Signal carries
out the analysis and adds the result into the memory view.

You may repeat step two as many times as required to accumulate results from different
sets of frames of data.

You can use the Analysis menu to add additional frames to the memory view. Each frame
can hold the result of analysis of different frames from the original file. One way of using
this would be to separate averages for each frame state in the source file.

Processed memory views will be automatically re-processed if appropriate. For example,
if a memory view holds the average of all tagged frames, and a frame in the source
document is tagged or untagged, then the memory view data will be automatically
regenerated using the new frames.

The new window behaves like a file view containing one or more frames of data. The
simplest way to get a feel for this is to try it, so:

Make the original file view of the data the current window by clicking on it. You
may find it easier if you close all the other windows first. Use the Analysis menu
New Memory View command to select a Waveform average.

The Settings dialog prompts for information to

define the new window. There are three fields that

define the waveform average. The Channels field = Ehamels [l Chamels |
selects the (_:hannels to analyse. You can select any | wyidth of average [owmon |
channel or list of channels that holds waveform data.

Start offzet 0.0 >l s

The channel list in the pop-up menu only includes
suitable channels for analysis.

[T Average x avis starts at zero

W Dizplay mean of data ™ Emor bars

The Width of average field sets the width of the New
result, in units set by the source data x axis units.
You can choose any width you like, limited only by the width of the source frame.

Cancel |

The Start offset field sets the start point within the frame of the data that is included in
the average. This is specified as the offset from the start of each frame to the start of the
data included, so an offset of zero will use data from the beginning of each frame. Again,
this value is in source x axis units.

Below these fields are three checkboxes used to enable various options. The first
checkbox is used to force the start time of the memory view data to zero, if this is clear
then the memory view data x axis start will be copied from the first data added to the
average. The second checkbox selects display of the data as a mean value, if this is clear
then the sum of the data is displayed. The third causes error values to be calculated and
displayed in the memory view.
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The first thing to do is to select the channels to analyse. For this example we use All
waveform channels, so select this option using the pop-up menu. Set the other fields as
they are in the picture above; 0.04 seconds width and a start offset of 0.

Once you have set these values, click the New button to generate the new memory
view. Now set the data frames to analyse.

When you click the New button several things happen. Signal creates a new memory
window ready to display the result of the analysis, the Settings dialog vanishes and the
Process dialog appears. You must now set frames from the data document to analyse —
choose All frames in both selectors.

The three check boxes determine how to treat the result of the analysis. You can choose
to clear the memory window before you analyse the data, otherwise each new average is
added to the previous one. Signal can also re-create the average if the source data
changes, and optimise the display after each analysis so that the full data range is visible.
You can also click Settings to go back to the Settings dialog.

Blelu] * we] mlssis il v Ao Flo) slals) ol

T AETET

¥ Fieguscms f wousce dals changes
]

When you have set the frames to analyse, click the Process button.

The dialog closes and the memory I EEISEY M=
window shows the analysed data. | - ;33
You can recall the dialog by [ &° D-I—MMN
selecting the Process command _ 05
from the Analysis menu. Do this F &~ M—V_NMJ\UW
now and click the Process button e
again. The data in the memory § g» U.Q_W
window will not change because 00
this is an average. The count of | Z. Eiﬁiww\\jﬂkw
sweeps displayed by using the | = i e ————
VIeW menu |nfo command Wl” o 0005 oo 0.01s 0.020 0.025 0.030 0035 . on
double (as long as you have not a

checked the Clear memory view before process checkbox).

Experiment with this new window.

You will find that the new memory view behaves just like the original file view but has
only one frame. This is a good time to experiment with manipulating the data in the
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Saving and reloading

memory views

&~

XY views

Summary

memory view without worries about overwriting file data. Use the Analysis menu
Modify channel command and try out the options; note that most of the options have
keyboard commands assigned.

You can save memory view data to disk, as a CFS file. When the CFS file is reloaded
into Signal it appears in a file view.

Now select the File menu Save As command.

This displays a standard Save As dialog to allow you to select a name for the file to hold
the memory data. The memory view data will be saved as a CFS data file. Once you have
entered a suitable name and saved the memory view, close it using the File menu Close
command. You can open the file holding the memory view data by using the File menu
Open command, it is now opened as a file view with a single frame.

In addition to file and memory views, Signal also uses XY views. These hold multiple
data channels (up to 256) that share the same x and y axes. Each channel is a list of (x,y)
co-ordinates and has its own point marking style, line style and colour. XY views have a
wide range of uses, ranging from user-defined graphing to drawing pictures. XY views
can be used from the script language. Signal can also create XY views holding data taken
from measurements from data files.

Use the Script menu Run Script command and select the Load and run...
command. Locate the Scripts folder (in the folder where you installed Signal), and
open the file clock.sgs.

Signal will load and run this script, which generates an analogue clock in an XY view.
You can stop the script running (and regain control of Signal) by clicking on the OK
button at the upper right hand side of the Signal window.

Now use the analysis menu New XY view command to select Trend Plot analysis. This
opens a dialog for the trend plot settings and leads to a process dialog, which is used to
select the frames from which measurements are taken. As for memory view processing,
trend plot generation can be saved as part of a sampling configuration.

You can manipulate the XY view using the Signal menus. Most of the Signal commands
(for example, Show/Hide channels) act on XY views in the same way as for data views.
You will find that the view menu contains new items; Options and XY Draw mode, for
XY views and the analysis menu is extended to include Delete channel. The Change
colours dialog is also different for XY views. You can read more about XY views in the
Edit menu, View menu and Analysis menu chapters and in the script language manual.

If you have followed this chapter, you are familiar with the basic actions required to use
Signal. The next chapter tells you how to configure the system to sample your own data.
The remainder of the manual covers the menu commands in the system, copying data to
other applications and printing, digital filtering, external hardware and signal conditioner
support.

The Script menu chapter describes the menu commands that control the script system.
The script language itself is not covered in this manual; see the companion text The
Signal script language for a full description.
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Channel lists

Frame lists

This chapter gathers together information that would otherwise be scattered and repeated
throughout this manual. Channel lists and frame specifications are used in many dialogs
and also in the script language. Expressions can be used in many dialogs where x axis
values are wanted and also more generally. There are many keyboard shortcuts in Signal;
they are gathered together here. The command line lets you control Signal from other
programs; script users can even launch another copy of Signal.

In most places where Signal prompts you for a data file channel you can select a channel
or group of channels from a drop down list or you can type in a channel list directly. A
channel list is a list of channel numbers or channel ranges separated by commas, while a
channel range is two channel numbers separated by two periods or a hyphen. For
example 4..7 means channels 4, 5, 6 and 7 while the range 7-4 is equivalent to channels
7, 6,5 and 4. In nearly all situations the order of channels is not significant and these two
ranges are treated the same. The channel list 1,3..5,7 therefore means channel numbers
1, 3,4, 5 and 7. Virtual channels can also be specified by using the vn channel numbers
shown by Signal, for example 1..3,v1,v3..v5.

In most cases, Signal checks channel lists and removes channels that are not suitable for
the operation. For example, if you open the example.cfs file supplied with Signal,
select a waveform average and type in a channel list of 1..32 and then click on another
field in the settings dialog, Signal will reformat the list as 1..4 as these are the only
suitable channels in the data file. It is not an error for a channel list to include unsuitable
channels, however it is an error for a channel list to include no suitable channels.

You can also specify groups of channels in other ways, for example dialogs that require
you to enter a channel list will also, if any channels are currently selected, offer you a
Selected channels option. Many of these dialogs will also allow you to select and de-
select channels while the dialog is visible. You will normally also be offered All
channels and All visible channels as other alternatives.

Channel lists can also be used in script commands, for example: ChanShow ("1..4").

Script commands that will accept this format describe the argument as cSpc. You can
find more information about channel specifications in the script language documentation.

In many places, you will be asked to specify the

frame or frames to be used for an operation. — Frames |Tagged frames I
Dialogs that do this generally provide you with a = Frame subset  |[Frame state = s =]
pair of frame selectors plus an associated nUMeric  sgjected frame state |79

value, for example in the Overdraw settings

dialog. Other dialogs behave in a very similar manner to this one though the precise
options available may vary, the description below only mostly matches the display frame
list setup.

You can use the upper Frames selector to choose from All frames, Current frame,
Buffer, Tagged frames, Untagged frames, Frames state = xxx (with a separate field
for entering the state value) and Last n frames (again with an extra field for entering n).
When used online an additional field All sampled frames is available and the text shown
for All frames changes to All filed frames. In addition to these options you can also
directly enter frame numbers or a frame list such as 1..50,60,61,70..80. Direct entry can
also be used to specify wanted or unwanted states; ST:<list> will select all frames whose
state value is in the list, while !ST:<list> selects all frames whose state is not in the list.
For example ST:1..8 will select all frames with state values from 1 to 8, while !ST:3,6
selects all frames whose state value is not 3 or 6. So this main selector already gives you
a wide range of possibilities.
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Dialog expressions

Numeric expressions

View-based expressions

When the main Frames selector is set to All frames, Tagged frames, Untagged
frames or a numerical frame list the Frame subset selector is shown. This allows you
to select an extra criterion such as Frame state = xxx to the frames that are wanted.
Using the two selectors together allows selection of, for example, all untagged frames
with a certain state code, giving a wide range of possibilities. These mechanisms are also
available in the Signal script language.

Many dialogs in Signal accept an expression in place of a number. These expressions can
be divided into two types: numeric expressions and view-based expressions.

A numeric expression is composed of numbers, the arithmetic operators +, -, * and /, the
logical operators <, <=, =, >=, <> and 2 and round brackets ( and ). The result of a
logical comparison is 1 if the result is true and 0 if the result is false. You may not have
come across ? which is used as:

exprl ? expr2 : expr3

The symbols exprl, expr2 and expr3 stand for numerical expressions. The result is
expr?2 if exprl evaluates to a non-zero value and expr3 if exprl evaluates to zero.
This can be used in the Cursor mode dialog to give a cursor position if a search fails
based on some other information, for example:

Cursor (2)>Cursor (1) ? Cursor(2) : Cursor(l)

This evaluates to the position of the rightmost of cursors 1 and 2.

If you write expressions involving more than one operator, for example 1+2*3 you need
to know if this is evaluated as (1+2)*3 or as 1+(2*3). This is determined by the operator
precedence level.

These expressions follows the rules for numeric expressions and allow references to
positions along the x axis. If a dialog field is documented as allowing expressions, and
the field supplies an x axis position (for example a time), then you can use the following:

Cursor (n) Where n is 0 to 9 returns the position of the cursor. If the cursor does not
exist or the position is invalid, the expression evaluation fails.

CO to C9 This is shorthand for Cursor (0) to Cursor (9).

XLow () The left hand end of the visible x axis in seconds for a time view, bins for
a result view, and x axis units for a XY view.

XHigh () The right hand end of the visible x axis.

MaxTime () The right hand end of the time axis in seconds for a time view and bins

for a result view. It is not valid in an XY view.

MaxTime (n)  The time of the last data item on channel n in a time view.

AbsTime () The frame start time; the time relative to the start of sampling of the
trigger time (generally zero on the X axis) for the frame.
FO This is shorthand for AbsTime ().

You can add view (-1) . before these expressions to force the expression to be evaluated
for the time view linked to the current view, for example View (-1) .Cursor (0). This is
required when the current view is a result view and you wish to access timing
information from the time view that the result view is based on.




General information

Times as numbers

Operator precedence

Script language compatibility

Times are normally entered in the preferred X axis units, as set in the preferences.
However, where a time is typed into a dialog field with a drop-down for preset strings
such as XLow() you can use {{{days:}hours:}minutes:}seconds where the
seconds may include a decimal point and items enclosed in curly brackets are optional.
Each colon promotes the number to the left of the colon from seconds to minutes to hours
to days. Times may only contain numbers and colons, white space is not allowed. One
decimal point is allowed at the end of the time to introduce fractional values. We also
allow a number with no colons to be followed by s, ms or us to force Signal to interpret
the time entered in seconds in milliseconds or microseconds. So the following are all
equivalent: 1.6, 1.6s,00:00:01.6,1600ms, 1600000us.

In the table, LHS means the value of the expression to the left of the operator as far as the
next operator of same or lower precedence, RHS means the value of the expression on the
right up to the next operator of the same or lower precedence. Where operators have the
same level, evaluation is from left to right. The order from high to low is:

Level Name Return value
5 () Brackets Everything inside a pair of brackets is evaluated before
considering the effect of an adjacent operator.
4 *  Multiply LHS multiplied by RHS
/" Divide LHs divided by RES. It is an error for RHS to be zero
3+ Add LHS plus RHS
=~ Subtract LHS minus RHS
2 < Lessthan If LHS less than RHS then 1 else 0
f: Less or equal If LHS less than or equal to RES then 1 else 0
._ Equal If LHS equal to RHS then 1 else 0
o Greaterorequal  If Lgs greater than or equal to RHS then 1 else 0
Greater than If LHS greater than RHS then 1 else 0

1 2 Ternary operator LHS?A : B has the value A if LHS is not 0, and B is it is 0.
Put spaces around the colon to distinguish it from a time.

1+2*3 has the value 7 because multiply has a higher precedence level than add.

The expressions are compatible with the script language except for use of C0 to €9, H1 to
H9 and FO as shorthand for Cursor (0) to Cursor (9), HCursor (1) to HCursor (9)
and AbsTime () and the use of colons, ms and us to denote times. If you use these in a
script you will get syntax errors. However, you can use these constructs in strings passed
as expressions to CursorActive () Or MeasureToXY ().
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Data view keyboard
shortcuts

The following shortcut key combinations can generally be used in file, memory or XY
views, except where otherwise specified.

Key Operation
Left arrow Scroll display left.
Right arrow  Scroll display right.

Ctrl+Left
Ctrl+Right
Ctrl+Home
Ctrl+X

Down arrow
Up arrow
Ctrl+Down
Ctrl+Up

Home

End

Ctrl+Y
Double-click
Del

Ctrl+Del
Ctrl+B
Ctrl+D
Ctrl+Shift+D
Ctrl+n

Ctrl+Shift+
Left/Right

PgUp

PgDn
Ctrl+PgUp
Ctrl+PgDn
Ctrl+G
Ctrl+C
Ctrl+N
Ctrl+0O
Ctrl+E
Ctrl+p
Ctrl+L
Ctrl+T
Ctrl+Z
Ctrl+Break

Decrease X axis range.

Increase X axis range.

Show all X range.

Provide the X Axis range dialog.

Shift data down (scroll Y axis).

Shift data up (scroll Y axis).

Increase Y range (data shown smaller).

Decrease Y range (data shown bigger).

Show all Y range.

Optimise Y range.

Provide the Y Axis range dialog.

File and memory views only. Zoom or un-zoom a channel.

Hide the selected channels.

Provide the customise display dialog.

File and memory views only. Toggle displaying the frame buffer.
File and memory views only. Toggle frame display list overdrawing
File and memory views only. Provide the frame display list dialog.

Where n is 0 to 9. Fetch vertical cursor 0 to 9. If the cursor does not
exist it is created. Cursor 0 exists only in file and memory views.

File and memory views only. If cursor 0 is active, search for the
next/previous feature and scroll the screen to make it visible.

File and memory views only. Next frame.

File and memory views only. Previous frame.

File and memory views only. Last frame.

File and memory views only. First frame.

File and memory views only. Provide the Goto frame dialog.
Copy the image of the view, and data as text to the clipboard.
Open a new data file.

Open the file open dialog.

File and memory views only. Export data as.

Print the current data file.

Open the Evaluate window to run single line script commands.
File and memory views only. Toggle the frame tag.

Undo the last undoable operation.

Break out of long drawing or calculation operations.

There are also a large number of keyboard shortcuts for various analysis and data
manipulation operations for file and memory views only. These are documented
separately at the end of the Analysis menu chapter.
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Text view keyboard
shortcuts

Text caret control

Cut, Copy, Paste,
Delete, Undo and Redo

Text views have more keyboard short cuts than any other area of Signal. We have
grouped them by function to make the huge list more digestible.

The text caret is a flashing vertical bar that indicates the current position. Do not confuse
this with the I-beam mouse pointer which does not flash and which indicates the mouse
position. Each time you click and release the left mouse button (we assume you haven't
swapped the mouse buttons), the caret moves to the nearest character position to the click
point. To select text with the mouse, click at one end of the text you want to select and
drag (move the mouse with the button held down) to the other end of the text. You can

also use the keyboard to move the caret and select text:

Key

Operation (+shift to extend a text selection)

Left arrow

Right arrow

Up arrow

Down arrow

Move the caret one character to the left. At the start of a line it wraps to
the end of the previous line.

Move the text caret one character right. You can move it into uncharted
territory beyond the end of the line. It does not wrap to the next line.

Move up one line.
Move down one line.

Ctrl+left Move one word to the left/right. Words are defined to be useful when
Ctrl+Right operating on scripts.

End Move the caret to the right of the last character on the line.

Home Move the text caret to the start of the current line.

Ctrl+End Move the text caret to the right of the last character in the file.
Ctrl+Home Move the text caret to the left of the first character in the file.

ctrl+] ([) Start of next (previous) paragraph (after empty line)

ctrl+\ (/) Word part right (left).

Insert Swap between insert mode caret | and overtype caret

Some of these operations are also available from the Edit menu and the main toolbar.

Key Operation

Ctrl+A Select all the text in the document.

Ctrl+C Copy selected text to the clipboard. If no text is selected, nothing is
Ctrl+lInsert  copied. Some keyboards have Ins in place of Insert.
Ctrl+shift+T Copy the current line to the clipboard.

Ctrl+v Paste the contents of the clipboard into the text at the caret. If there is
Shift+Insert g selection, the selection is replaced.

Ctrl+D Duplicate the selection.

Ctrl+x Cut the selected text and copy it to the clipboard.

Shift+Del Cut the selected text and copy it to the clipboard.

BackSpace Delete the selection or the character to the left of the text caret.

Del Delete the selection or the character to the right of the text caret.
Ctrl+Del Delete word right. Add shift to delete to the end of the line.

Ctrl+D Duplicate the selection.

Ctrl+shift+L Delete the current line.

Ctrl+z,Alt+  Undo the last interactive text operation. The editor supports more or
Backspace less unlimited levels of Undo.

Shift+Ctrl+z Redo the immediately previous Undo operation.
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Miscellaneous

Find, Replace and
Bookmarks

Indent and Outdent

Drag and drop

These commands do not fit into any other category!

Key Operation

Ctrl+u Convert the selection to upper case. Add shift for lower case

Ctrl+Add, Sub  Change font size (Add and Sub are numeric keypad + and -).

The Find and Replace commands can be accessed from the Edit menu, from the Edit
Toolbar and by keyboard short cuts:

Key Operation

Ctrl+F Open the Edit menu Find dialog. In addition to searching for text you
can also use this dialog to bookmark all matching text.

Ctrl+H This shortcut key opens the Edit menu Replace dialog.

F3 Repeat the last find operation in the same direction. You can use the

toolbar to search forwards or backwards.

F2 Move the text caret to the next bookmark. You can use the edit
toolbar to move to the next or previous bookmark.

Ctrl+F2 Toggle bookmark on the current line. You can use the edit toolbar to
set or clear a bookmark and to clear all bookmarks.

Bookmarks tag a line for future reference. They are displayed as a blue mark to the left of
the text. Bookmarks are kept as long as the current file is open; they are lost when you
close the file. The easiest way to use a bookmark is from the Edit Toolbar. You can show
and hide this from the Edit menu (when a text-based window is active), or by clicking the
right mouse button on any toolbar or on the Signal application title bar and using the pop-
up context menu that appears.

The structure of Signal scripts is often made clearer by indenting program structures. To
make this easier, you can indent and outdent selected blocks of text to the next or
previous tab stops (note that the Auto Format command is capable of setting the
indentations for you). The tab size is set in the Edit menu Preferences option.

Key Operation

Tab If there is a multi-line selection, all lines included in the selection are
indented so that the first non-white space character is at the next tab
stop. If there is no selection, a tab character is inserted (or spaces to
the next tab stop depending on the Edit menu Preferences settings).

Shift+Tab If there is a multi-line selection, all selected lines are out-dented so
that the first non-white space character on the line is at the previous
tab stop. If there is no selection, the text caret moves to the previous
tab stop unless it is already at one.

The editor supports drag and drop of text both within Signal and between Signal and
other applications that support it (for example the Signal Help system). Signal also
supports drag and drop for rectangular text areas.

Operation Method

Move block Select the text to move. Move the mouse pointer over the selected text
and hold down the left mouse button and drag. The mouse pointer will
indicate that you can now drag the text and the text caret will show the
insertion point. Drag the text to the desired insertion point and release.
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Virtual space

Multiple selections

Select rectangular text area

Copy block Select the text to copy. Hold down the ctr1 key and move the mouse
pointer over the selected text, click and drag. A small + symbol
indicates the copy operation and the text caret will show the insertion
point for the duplicate. Drag the text to the target position and release
the mouse button to duplicate the text. The Ctrl key must be down
when you release the mouse button or the operation will move the text.

Prior to Signal version 4.06, the text caret could only be positioned between or next to
existing characters in a text line. From version 4.06 onwards, you can position the caret
beyond the end of the text in a line by clicking in a blank area with the mouse, or using
the cursor right key. You cannot position the text caret below the last line of text. When
the caret is beyond the end of the line, it is said to be in virtual space. If you type with the
caret in virtual space, space characters will be added to fill in the virtual space up to the
text you type.

There are two main uses for virtual space: to add comments without having to space
along to the required column, to make rectangular selections without having strange
visual effects due to short lines.

If you use the script language to manipulate the text caret and make selections, virtual
space is ignored; a caret in virtual space will be treated as if it is at the end of the line.
There are no script commands that will move the caret into virtual space. If there is a
requirement for the script to report or use virtual space, we will extend the script in a
compatible way to incorporate it.

From Signal version 4.06 onwards, you can make multiple selections in a text view. To
do this, hold down the ctrl key and click and drag. Each time you make a new selection
in this way it becomes the current selection; all previous selections are shown with a
different selection colour. When you have a multiple selection, each selected area has a
flashing text caret at the insertion point. If you type characters, these will appear at all
insertion points, replacing all the selected text. If you use the delete or backspace key, all
selected text will vanish. Note that pasting into a multiple selection will clear all the
selected text, then insert the pasted text at the current (last made) selection.

Multiple selection can be useful when you want to move several non-consecutive script
functions to make them consecutive.

You can select, cut, paste and drag rectangular selections of text within Signal. To select
a rectangular area hold down the A1t key then select text with the mouse. The point
where you hold down the mouse button will be one corner of the selection, the point
where you release the mouse will be the other corner. You can use this feature to change
the alignment of comments in a script, or to convert a single column of numbers into
multiple columns. You can also paste such text into other applications as plain text.

A rectangular selection will paste within Signal as a rectangular selection. Beware that
Ctrl+x (cut) on a rectangular selection followed by ctr1+v (paste) will not leave the
text unchanged (unless you select the text from bottom to top). The cut operation will
leave a vertical flashing line (assuming a fixed pitch font) with the insertion point marked
by a more visually obvious caret. The paste operation will paste the cut text as a
rectangular block at the insertion point.

A rectangular selection is a multiple selection.
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The Signal command

line

When Signal starts, it checks the command line for option switches and for files to load.
If there is no command line, Signal looks in the folder that it ran from for a script called
startup.sgs and, if it exists runs it. If startup.sgs is found and run or if the
command line loads a file, any start up messages that wait for a user response are
suppressed.

The command line holds options and file names separated by white space characters
(space and tab). If a file name contains spaces, you must surround the file name with
quotation marks. Options start with / or — followed by a character to identify the option.

/M When you start Signal, it checks if there is already a running copy. If there is, the
new one quits. This option removes the check, allowing multiple copies to run on a
single system. You need a Signal licence for each copy except when using multiple
synchronised 1401s to capture related data on one computer under the control of a
single operator, when one licence is sufficient. To do this, you must set separate file
names for each 1401 in the Automation tab of the Sampling Configuration dialog.

/Unn is 1-8 to select a 1401 when you have more than 1. The default is /U0, which uses
the lowest-numbered unused 1401. You set a device number in the CED 1401 device
settings in the Device Manager (My Computer->Properties->Hardware->Device
Manager).

/0 Quiet startup. Suppress all message boxes and the Signal "splash screen".

The remaining items in the command line are assumed to be file names. Signal attempts
to load the files in command line order (from left to right). The files must have extensions
so that the file type is known. If a script file is included in the command line, Signal runs
it before continuing with the remainder of the command line.

As an example, suppose we want to launch Signal so that it automatically opens a data
file called example.cfs and runs doit.sgs to process it. Follow these steps:

1. Create a short cut to cfsview.exe (this is the Signal program).

2. Right-click on the new short cut and select Properties and open the Shortcut tab.
3. Add example.cfs doit.sgs to the end of the Target field.

4. Set the Start in field to the folder that contains your files.

5. Click OK.

This example assumes that both files are in the same folder. You could also have
included the full path to each file in the command line.
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Types of channel

Waveform channels

i

Minimum sample rate

Voltage range

Use of filters

If you have worked through the previous section you already have most of the skills
needed to work with a new data document created by sampling; a sampling document. A
sampling document is much the same as an old document, except that the sampling
document grows by adding frames to the end. The sampling document also has an extra
frame, frame zero, that contains transitory data retrieved as it is sampled.

Before we discuss the sampling configuration dialog, we need to provide some
background on the types of data channel that Signal can sample. Signal handles two
types of channel: waveform and marker.

The waveforms that Signal records and displays are continuously changing voltages.
Signal stores waveforms as a list of numbers that represent the waveform amplitude at
equally spaced time intervals. These numbers are 16-bit integers. They are scaled using
calibration values to produce the floating point data values that Signal uses and displays.
Signal can also use and create waveform channels where the underlying data are floating
point values; these are indistinguishable from channels using integer data in nearly all
circumstances. Floating point data can be stored more accurately though it requires twice
as much disk space to do so. The process of converting a waveform into a number at a
particular time is called sampling. The time between two samples is the sample interval
and the reciprocal of this is the sample rate, which is the number of samples per second.
A set of samples taken at regular intervals is referred to as a sweep.

The sample rate for a Original waveform O-——0- Resulting waveform

waveform must be high
enough to represent the data o/\
correctly. You must sample
at a rate at least double, and
0 1 2 3 4 5 6 7 8 9

preferably 2.5 to 5 times, the
highest frequency contained
in the data. If you do not sample fast enough, high frequency signals are aliased to lower
frequencies, as illustrated above. The dots in the diagram represent samples; the lines
show the original waveform. On the other hand, you want to sample at the lowest
frequency possible, otherwise your disk will soon be full.

samples

The 1401 ADC (Analogue to Digital Converter) measure varying voltage signals in the
range of £5 volts, these can be optionally changed to £10 volts if required - usually this
requires the unit to be returned to CED. The Power1401 mkll and Micro1401-3
incorporate software control of the ADC input range - you can switch these units
between 5 and 10 volts using the 1401 options dialog in the Try1401 utility installed with
Signal

Many users pass waveform data through amplifiers or signal conditioners with filter
options to limit the frequency range. Some transducers have a limited frequency response
and require no filtering.
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Input connections

To sample waveforms, connect your waveform signals to the 1401 ADC input ports.
Ports 0-7 (0-3 for an unexpanded Micro1401) are the labelled BNC connectors on the
front of the 1401. For the original standard 1401 and 1401plus ports 8-15 are on the 15
way Cannon connector on the front of the 1401, the connections are:

ADC port 8 9 10 |11 |12 |13 |14 |15 | Ground

Pin number 1 2 3 4 5 6 7 8 9-15

For early-model Power1401s without an ADC expansion box ports 8-15 are on the rear
panel 37-way "D-type" connector labelled Analogue Expansion. The connections are:

ADC port 15 | 14 | 13 | 12 | 11 | 10 9 8 Ground
Pin number 35 |34 | 33|32 |3 |30 | 29 | 28 1-19

For late-model Power1401s and Power1401 mk Ils the Analogue expansion socket is a
high-density 44-way "D-type" connector. On this connector each signal has its own
separate ground return. The connections are:

ADC port 8 9 10 11 12 13 14 15
Pin number 33 34 35 36 37 38 39 40
Ground return 3 4 5 6 7 8 9 10

For port numbers above 15 you will require a 32-channel expansion card (for the
standard 1401 or 1401plus) or expansion topboxes for Micro or Power1401s. If you have
a Micro1401 ADC expansion box installed, ports 4 to 15 are BNC connectors on the
expansion box. If you install a Powerl401 expansion box, it adds new ADC ports
starting at number 8 and the port numbers on the rear expansion connector are adjusted
to start after the expansion box ports, so if you add an ADC-16 topbox ports 0-7 are on
the main unit, ports 8-23 are on the topbox and ports 24-31 are on the rear connector. If
you try to sample using a port above the number available, Signal will generate an error
message.
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TTL compatible
signals

Marker channels

Code 0
Code 1
Code 2

Code 3

Keyboard markers

Digital markers

Digital marker connections

Digital input: bits 0 to 7

Digital input: other signals

In several places in this manual we refer to TTL compatible signals. TTL stands for
Transistor-Transistor Logic and is a method of passing logical (High/Low) information
between devices using voltage levels. Levels above 3.0 volts are in the High state, levels
below 0.8 volts are in the Low state. Levels in between 0.8 and 3.0 volts are undefined.

The TTL inputs and outputs on the 1401 are the digital inputs and outputs, the event
inputs, the clock F external frequency inputs, the ADC external convert input, the clock
output, the DAC Bri output and the micro1401, Micro1401 mk Il or Power1401 trigger
input. On Micro1401s and Power1401s, the event inputs are not actually TTL but can be
treated as such.

Do not subject 1401 TTL inputs to voltages above 5.0 volts or less than 0.0 volts. CED
hardware has special circuits on TTL compatible inputs to provide some protection,
however determined abuse will damage them.

The 1401 TTL compatible inputs are pulled up by a resistor to 5 volts. They require a
current of some 0.8 mA to pull them into the Low TTL state. Alternatively, you can
connect them to ground to pull them low (useful for the Event inputs).

See the Owners handbook of your 1401 interface for full details of each input port.

Signal can sample two types of Marker data: keyboard and digital. Signal treats both
marker types identically once the data has been captured; they differ only in their source.

A Marker is a 32 bit time value, in units of the sample interval on waveform channels for
keyboard markers and of the output resolution for digital markers. In addition to the time
a marker has 4 bytes of marker data. The first of these 4 data bytes is the ASCII code of
the keyboard character pressed by the user (for a keyboard marker) or an 8 bit digital
code read by the 1401 (for a digital marker). The remaining 3 bytes are normally zero.

Keyboard markers time events to an accuracy of, at best, around 0.1 second, you should
use digital markers if you require precise timing. The upper and lower case characters a-z
and the numbers 0-9 are logged, but only when the new document window or the
sampling control panel is the current window. The keyboard marker channel, if created,
is the first channel after the waveform channels.

These are not available for the Standard 1401. Digital markers are timed as accurately as
the outputs and record 8 bits of TTL data. These can be used as 8 separate channels of
on/off information or one channel of 8 bit numbers or any combination in between.
Digital marker data is sampled when a low going TTL compatible pulse is detected as
described below. The data is read from bits 0 to 7 of the 1401 digital input.

The digital marker data is read from the 1401 digital inputs bits 0 to 7. These inputs are
found on the 1401 Digital inputs connector; a 25-way ‘D-type’ plug located on the front
of the 1401plus, and on the rear of Micro1401s and Power1401s. In addition to the data
lines a TTL pulse is required on the digital inputs Data Available input to log a digital
marker.

Digital input bit bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0O Gnd
Digital input pin 5 18 6 19 7 20 8 21 13
Signal 1401plus All others

Data Available pin 24 pin 23
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Marker codes

To log a digital marker, apply a low going TTL pulse at least 1 us wide to the Data
Available. When the 1401 detects the falling edge of the input, it latches the input data
on Power1401s and Micro1401s. If you have a 1401plus you must keep the digital input
data signals stable for 50 microseconds after the low going data available edge.

When Signal displays marker data from keyboard marker or digital marker channels, it
shows the code of the first of the four markers as well as the marker time.

Marker codes have values from 0 to 255. This is the same range of numbers that the
ASCII character set uses, and it is sometimes convenient to treat the codes as ASCII
character codes (for instance when dealing with keyboard markers). At other times it is
more convenient to deal with the codes as numbers.

Whenever Signal displays a marker code that has the same value as the ASCII code of a
printable character, it displays the code as a character, otherwise it displays the marker
code as a two digit hexadecimal number. Hexadecimal (base 16) numbers use the
standard digits 0 to 9, but also use a to f (for decimal 10 to 15). Thus 00 to 09
hexadecimal is equivalent to 0 to 9 decimal. Oa to Of is equivalent to 10 to 15 decimal. 10
to 1f hexadecimal is 16 to 31 decimal, 20 to 2f is 32 to 47 decimal and so on.

The printable characters (as far as Signal is concerned) span the hexadecimal range 20 to
7e (32 to 126 decimal) and are as shown in the table:

To find the hexadecimal codeofa [+ 0123456 789abcdef
printable character, add the number |20 V“#$%&(C)Y*+,-./7
above the character to the numberto |30 0123456789 :;<=>7?
the left of the character. For gg gggg?ﬁ\i@i;;?t%ﬂo
example, the code for A is 41. To 60 ~abcdefghijklmno
convert a code to a character, look 70 pgrstuvwxyz{|?}-~

up the first digit in the left column
and the second in the top row. For example, 3F codes to ?, the intersection of the row for
30 and the column for F.
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Sampling
configuration

General configuration

Sweep mode

Before you start to sample data [ STy ST YI YT

with _Slgnal y-OU n,]USt SEt_ the Gen3'a||F'ortsetup|DutputslAutomatel

sampling configuration. This is

done through the Sample menu Foat [ Merker

Sampling Configuration dialog, S viesp mod= [Bssi = :: E?;i::la'd

which is also available by using a F S;';';':;:Z:‘:::ts S

tOOlpar k{utton._ The Sampllng [T Use ADC extemal corvert W Buist-mode sampling
configuration dialog is a tabbed Samplrate(z  [10000 | || [ Sueephigge
dialog; containing a number of Framelongtis)  [1 || [ Rising edge igger
tabs for Selec':ing different Frame points W ¥ wiite at sweep end
sections of bthe pararg_etelrs. Cliﬁk KadsOofsetld [0 W P s e
on a tab to display the

corresponding section of the ADEpatts 0.3 Reset |
dialog. The sections always

available are General, Port Ok | Cocel | Auwnnon | Hep |

setup, Outputs and Automate.
There are other sections, Peri-trigger, States and Clamp that hold extra information not
relevant to all sampling configurations. The Peri-trigger tab appears only when the
sampling mode selector in the General section is set to Peri-trigger, the States tab only
appears when the General section Multiple frame states item is checked. The Clamp
section is only available if clamping experiments are enabled using the Edit menu
Preferences dialog.

The General section holds a selector for the sweep mode, the multiple frame states
checkbox, fields to define the waveform sampling rate and the frame width or points,
checkboxes to control the creation of marker channels and various other options, plus a
list of ADC ports to sample.

The Sweep mode selector defines how sweeps of data are taken and triggered and how
sampling sweeps relate to the outputs system. The modes available are:

Basic the trigger for a sweep of data is a TTL pulse at the start of the sweep,
and pulse outputs start and finish at the same time as a sampling sweep.

Peri-trigger the trigger point can be before the start of the sweep, at the start of the
sweep or at any point within the sweep. Pulse outputs start at the trigger
point and finish at the end of the sampling sweep. This mode allows a
wide variety of triggers including threshold crossings on a sampled
waveform channel. The trigger point and type of trigger are set in a
separate peri-trigger configuration page.

Outputs frame the pulse outputs are triggered rather than the sweep, output pulses can
occur both before the sweep starts and after the sweep is over, and the
sampling sweep is started by the outputs; the start time of the sampling
sweep is set along with the outputs in the pulses dialog.

Fixed interval similar to Outputs frame, but the sweeps are internally timed so that
they occur at a specified interval; a random variation in the interval can
be generated. Both the sweep interval and any required random
variation are set using the pulses dialog that is used to define the
outputs. External sweep triggers are not used in this mode. The fixed
interval must be longer than the overall sweep length so that Signal has
enough time to get things ready for the next sweep. The amount of time
required varies a lot with the sampling and computer system, 100 to
200 milliseconds is generally sufficient.

4-5



Signal for Windows version 4

Multiple frame states

Variable sweep points

Use ADC external convert

Sample rate

Fast triggers  like Basic mode except that multiple frame states and incremental
pulsing are not available. This keeps the inter-sweep interval to a
minimum — less than 100 microseconds usually.

Fast fixed int  has the same limitations as Fast triggers but uses a fixed interval
between sweeps rather than requiring an external trigger; in this mode
no random variation in the interval is available - the interval is set using
the pulses dialog. The fixed interval still has to be longer than the
overall sweep length, but now only by a millisecond or two.

Gap-free is like Fast triggers mode but only the first frame is triggered;
subsequent frames start immediately after the previous frame finishes
with no loss of data, change in sampling interval between points or any
variation in sample timing. It is used when you want to sample
continuously but are happy to break up the data into frames. If you
want full-blown continuous sampling then you should consider using
the CED Spike2 software.

Useful extra information can be found in the Pulse outputs during sampling chapter — the
pulses setup dialog is used to set the fixed interval sweep timing and other parameters.

This checkbox enables sampling with multiple frame states. With multiple frame states
disabled, all sampling sweeps are the same, the same pulse outputs are generated and the
new data frames are set to state zero. With multiple frame states enabled, each sampling
sweep can be different from other sweeps in a number of ways and the data frame states
are different to indicate what happened during sampling. This can be used to achieve a
variety of useful effects.

The use of multiple frame states is a complex topic which is covered in the Sampling
with multiple states chapter of this manual.

This checkbox is only available with Outputs frame and Fixed interval sweep modes with
multiple frame states enabled; it allows different sampled sweeps (with different states)
to have different numbers of ADC data points. The number of data points for each state
is set in the pulses outputs dialog, the sweep points set in this page sets the upper limit to
sweep data points.

When variable sweep points data is displayed, the allowed X range is set by the
maximum number of sweep points which is set here, so you may have frames of data that
do not reach the limits of the X axis.

ADC sampling is normally done on a clocked interval basis. This means that each sample
point in the sweep is separated by the same time period. With this box checked each
point is triggered by a pulse supplied by external hardware. On the 1401plus this trigger
is connected to the Ext BNC connector on the front panel. On more modern 1401s you
should use pin 6 of the Events socket on the back of the 1401. The pins are numbered
from right to left with pin 6 being the 6™ hole along on the top row.

The Sample rate field sets the sampling rate for all waveform channels, in Hz. The rate
displayed will not always be the preferred rate that was entered; it shows the closest rate
achievable given the 1401 clocks and the number of ADC ports to be sampled. The
overall sampling rate in the 1401 is the Sample rate times the number of ADC ports.

With a Power1401 625, the maximum overall sampling rate is 625 kHz. A Micro1401
mk 11 will sample at up to 500kHz, while a Power1401 mkll will go up to 1MHz. With a
microl401 or a 1401plus (with modern 12 bit ADC hardware), the maximum overall




Sampling data

Frame length and points

X axis zero offset

ADC ports

Keyboard marker

Digital marker

Burst mode

sampling rate is 333 kHz. A 1401plus with a 16 bit ADC can sample at 400 kHz. With a
standard 1401 or 1401plus with older ADC hardware the maximum rate is 82.5 kHz.

The sampling configuration dialog does not apply hardware-specific limits to the sample
rates that you enter. If you use a sampling configuration with an overall sampling rate
beyond that achievable a 1401 sampling error will occur and be reported by Signal. If
Signal detects a Power1401 (or other more modern 1401 type) during program startup, it
enables a higher timing resolution. You can force Signal to allow this higher timing
resolution by checking the Assume Power1401 hardware box in the Edit menu
preferences dialog.

The Frame length and Frame points fields set the length of the sampled frame. The
frame length is always shown in the appropriate time units. Changes made to one of these
fields automatically cause an appropriate change in the other. The Frame length field
also updates whenever the sampling rate changes.

The maximum frame length possible varies with the model of 1401 and the 1401
memory installed; each sampled point requires two bytes of memory. For a standard
1401 the maximum number of points (points per frame times number of channels) is
about 28,000, for a micro1401 or unexpanded 1401plus the limit is about 480,000 while
for an expanded 1401plus or Power1401 the limit depends upon the amount of extra
memory installed but is at least 15 million. For a Micro1401 mk Il the limit is either
about 480,000 or 1 million depending on the amount of memory the unit was built with.
The sampling configuration dialog does not apply any limits to the frame length that you
enter, when sampling starts the 1401 memory required is checked against the memory
that is available.

Normally the X axis zero appears at the start of the frame, or at the trigger time for peri-
triggered sampling mode (see below). This position can be moved by entering a non-zero
value in this field. This does not alter how and when sampling takes place, only the way
in which times are displayed on the x-axis.

This field sets the ADC ports to sample, up to 80 ports can be specified. You can enter
individual ADC ports separated by commas or spaces or a range of ports such as 0..7 or
both (for example “0,7,1..6). Port numbers between 0 and 127 are accepted. Each
sampled ADC port creates a separate waveform channel in the resulting data document.
The ADC ports are sampled in the order specified and the data document will have all
waveform channels first, so the first ADC port provides data for channel 1, the second
for channel 2, and so forth. Duplicate port numbers are allowed and will be sampled (see
page 4.1 for a discussion of waveform channels).

The Keyboard marker checkbox enables the keyboard marker channel and logging of
keyboard markers. If the keyboard marker channel is enabled then it is the first channel
in the data document after the waveform channels.

The Digital marker checkbox enables the digital marker channel and logging of digital
markers. If this channel is enabled it is the first channel after the keyboard marker
channel or the waveform channels if the keyboard marker channel is not present. (See
page 4-3 for a discussion of marker channels).

Check this box for burst mode sampling, leave it clear for equal interval sampling. In
equal interval sampling the waveform data points are sampled individually in turn. The
interval between samples is 1/(Sample rate * number of ADC ports). In burst mode
sampling all the ADC ports are sampled in a burst, as close together as possible, the
interval between bursts is 1/Sample rate. Equal interval sampling has some advantages
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Sweep trigger

Rising edge trigger

Write sweep to disk

Pause at sweep end

with the standard 1401 as it loads the 1401 system more evenly, while burst mode
ensures that the interval between samples on adjacent ADC ports is kept to a minimum.
With a 1401plus, Power1401 or Micro1401 there is no performance penalty with burst
mode. Burst mode is generally recommended because it allows greater accuracy in
matching the sampling rate used to that required.

If the first two ADC ports sampled are ports 0 and 7 (or 0 and 3 for a micro1401 or
Micro1401 mk I1), then the second sample and hold circuit optionally fitted to 1401s is
enabled. If fitted this option causes the sampling on ports 0 and 7(3) to be exactly
simultaneous. If the 1401 has the 1401-32 multiple sample and hold card fitted, then
burst mode sampling will be exactly simultaneous on all channels. Second sample and
hold is not currently available Power1401s.

With Peri-triggered sampling burst mode is always used for efficiency reasons.

This checkbox sets the initial state of the Sweep trigger checkbox in the sampling
control panel enable and disable sweep triggers. With sweep triggers enabled, a sampling
sweep will not occur until a trigger has been detected, the sampling configuration
determines what a trigger is. With sweep triggers disabled, a sampling sweep starts
immediately. For Outputs frame sweeps, the sweep trigger starts the outputs rather than
the sampling sweep. For Basic or Outputs frame sweeps, the sweep trigger isa TTL
pulse that is applied to the 1401 and 1401plus event O inputs, or to the Micro1401 or
Power1401 Trigger input. For Peri-triggered sweeps the trigger can be any of a number
of signals.

There is a small (~10 microseconds) delay between the time of the sweep trigger and
start of sampling. This is affected by the outputs synchronisation controls in the Outputs
configuration section. When using Basic sweep mode, it is possible to start sampling at
exactly the time of the sweep trigger by providing the trigger pulse to both the 1401 EO
and E4 inputs. This mechanism is only available when the synchronised sampling option
in the Outputs configuration is disabled. For the micro1401, Microl401 mk Il and
Power1401, the trigger input is automatically routed to both EO and E4 internally if
appropriate, thus guaranteeing a precise start of sampling relative to the trigger.

Sweep triggers are normally on a falling edge of a TTL pulse. Check this box to make
them occur on the rising edge.

This checkbox sets the initial state of the Write to disk at sweep end checkbox in the
sampling control panel. When this is set, sampled sweeps are automatically written to
disk when the sweep finishes.

This checkbox sets the initial state of the Pause at sweep end checkbox in the
sampling control panel. When this is set, Signal waits at the end of a sweep instead of
immediately starting the next sampling sweep.
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Peri-trigger
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This can be set to one of +Analogue, -Analogue, =Analogue, Digital or Event. The
three analogue types monitor the last ADC port in the sampled ADC ports list for a
trigger. The trigger levels are shown with the sampled data as a pair of cursors which can
be moved, without stopping the sampling, to alter the levels. The Digital trigger waits for
a specified state on a bit in the 1401 digital inputs, while the Event trigger is a TTL pulse
just as for the Basic sample mode triggers. Each form of trigger has different parameters:

+Analogue

-Analogue

=Analogue

Digital

Event

Trigger on a positive-going level transition. The parameters are Threshold
level and Hysteresis, both in units set by the channel calibration. The
trigger process first waits for the sampled data to go below (Threshold -
Hysteresis) and then triggers when the sampled data value rises above
Threshold. The hysteresis acts to prevent false triggering by noise as the
sampled data passes downwards through the threshold level, triggering can
only occur after the sampled data has clearly been below the threshold. If
you find that you are having problems with false triggers due to noise,
increase the Hysteresis value.

Trigger on a negative-going level transition. This is identical to
+Analogue, but in the opposite direction. The trigger process first waits for
the sampled data to go above (Threshold + Hysteresis) and then triggers
when the sampled data value falls below Threshold.

Trigger on signal moving outside a pair of levels. The parameters are
Upper threshold and Lower threshold. The trigger process first waits for
the sampled data to go between the thresholds. It then monitors the sampled
data and triggers when the sampled data value is above the upper level or
below the lower level.

Trigger on a digital input bit state. The parameters set the digital input bit,
from 8 to 15 and select triggering on a high bit or on a low bit. The trigger
occurs when the bit is in the correct state. There is no requirement for the
bit to be in the other state first. The digital inputs are found on the 1401
digital inputs connector, the pins for the digital bits are:

Digital input bit bit15 bit14 bit13 bit12 bit1l bit10 bit9 bit8 GND
Digital input pin 1 14 2 15 3 16 4 17 13

Trigger on a TTL pulse. There are no parameters; the trigger occurs when a
TTL pulse is detected on the standard 1401 or 1401plus Event O input, or
the Trigger input on a micro1401 or Power1401.
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Pre-trig. time

Ports configuration

This parameter sets the number of points in the frame before the point at which the
trigger occurred. This can have any value from -(1,000,000 * sample interval) to the
length of the frame -(2 * sample interval). If the value is negative, this means that
points sampled after the trigger occurs are discarded before the first point in the frame is
kept. If the value is positive, then the specified time must have elapsed before the search
for a trigger begins and the resulting frame contains points sampled before the trigger
occurred.

When a non-zero pre-trigger time is specified the resulting data x axis adjusts to start at -
pre-trig. time. Thus a negative value gives an x axis starting at some positive value
because the first point in the frame was sampled some time after the trigger. Similarly, a
positive value gives an x axis starting at a negative value as some points sampled before
the trigger are shown.

The port setup section defines the [y
|nd|V|dua}I ADC ports. Youcanset o | ouputs | Automet |
the scaling and units for data
Sampled from a port the name Of a Port  Zero Full Units Mame Options
data channel taken from a port, b =Y Waveform “°”ei|
. . . 1 0 5 W W aveform MHone

and specify online processing . =
options for data from a port. 3 0 5 W ADC3 Nane

. . R 4 0 5 Y ADC 4 Maone
The main dialog displays the 5 0 5 v ADCE None
current settings for all of the B D 5 Y ADCE Mane
available ADC ports. Double-click ; g : : igg; :0"8
on the entry for a particular port to e 7|
open the parameters dialog for that Telogiaph | Condiiorer |
port. The entries for each port
(both in the main dialog and in the [0k | Concel | Runon | Hep |
parameters dialog) are:

Zero The value (in the specified units) corresponding to a zero volt reading from
the ADC. This value, along with Full, is used to convert ADC data into the
floating-point values used by Signal.

Full The value corresponding to the full scale reading from the ADC. To scale the
data in volts, this will be 5 for a 5 volt 1401 and 10 for a 10 volt 1401.

Units The units for calibrated data. This is a string from 1 to 6 characters long. If
you set the first character of the units as a space this allows future versions of
Signal the option of automatically adjusting the units by replacing the space
with a character representing a factor of a 1000 such as p or k.

Name  The port name. This is a string from 1 to 19 characters long, it sets the title of
the waveform data channel sampled from this port.

Options This is a string of 0 to 8 characters that holds online processing options for
data from the port. Characters corresponding to various processing options can
be entered into this dialog. Currently, only one processing option is available;
enter an ‘R’ character to cause online rectification of sampled data.

The Conditioner... button opens the signal conditioner setup dialog if a signal
conditioner has been found (see the Programmable Signal Conditioners chapter).

The Telegraph... button on the bottom left opens a dialog that allows you to configure
amplifier telegraph support. Amplifier telegraphs are signals, usually analogue outputs,
from an amplifier that indicate amplifier settings such as gain and offsets. By collecting
and interpreting the telegraph signals, Signal can automatically adjust for changes in the
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Clamp configuration

Outputs configuration

Outputs type

Outputs type: None

Timer period (Ms)

Outputs type: Pulses

Resolution (ms)

Maximise wave rates

amplifier settings. Signal supports a standard telegraph mechanism using analogue
voltages sampled using the 1401 or it can use a custom DLL to support alternative
mechanisms. If support for an alternative telegraph system has been installed then the
label on this button will change. For information on setting up and using amplifier
telegraphs, see the Amplifier Telegraphs chapter. Only a few types of amplifier provide
telegraph signals; if you do not have such an amplifier you can ignore this option.

This section of the sampling configuration is only available when clamping support is
enabled in the preferences. It is described in the Sampling with clamp support chapter.

The OUtpUtS section is used to set Parameters - C:\Work' Signal4', WinDebug'LAST.5GC

the .OUtpm:S. reqUIrEd durmg Generall Pt setupl Clamp  Qutputs |Aut0mate|

sampling, which DACs and digital

outputs are available for use and [ Setup [ DAC enables. scaling andunie
ul ero hits

to set the DAC units and scaling. Tope  [Puses ] ¥ o5 [o [v

The leftmost area is used to Resalution ms] 0.1 © [ B v

configure the type of outputs. It [~ Makimise wave rates

contains a selector for the type of ™ Absoluls levels - N O

outputs required plus items g rafp o v

specific to the currently selected DACsd07 |

type Of OUtpUtS. The ”ght'hand — Digital outputz enable

areas enable and set up the output Confiaue Ful | D 7

portsl ORNgure Fulses p l_ l_ l_ l_ l_ l_ l_

This control selects the type of 0K | _ Cocel [ _Rumnow [ Hep |

outputs to use from either None,
Pulses or Sequence. The controls in the area below the selector vary according to the
selection.

This disables outputs during sampling. When selected, only a single control is shown:

This item sets the period of the internal timer used to measure the absolute frame start
time and to time digital markers. A value of 1 to 10 ms is usually appropriate for these
purposes. Values from 0.1 microseconds to 250 ms can be entered and they are rounded
to the nearest 0.1 microseconds.

This selects pulse outputs during sampling. The pulses can be controlled by the script
language or interactively using a dialog. The details of configuring and using pulse
outputs are covered separately in the Pulse outputs during sampling chapter. When pulse
outputs are in use, a number of controls to configure the pulses are shown:

This sets the timing resolution of the output pulses in milliseconds or microseconds and
also sets the period of the internal timer used to measure the absolute frame start time and
to time digital markers. Values are rounded to the nearest 0.1 microseconds. The
practical limit to the resolution depends upon the type of 1401 in use; for a 1401plus the
recommended limit is 3 ms, for the micro1401 values down to 0.1 ms can be used, for the
Micro1401 mk Il 25 microseconds, while for Power1401s you can go down as far as 6 to
10 microseconds.

The design of the 1401 is such that it is possible to maximise either the timing precision
with which the pulses are generated or the highest possible arbitrary waveform output
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Absolute levels

Absolute times

Configure pulses

DAC enables, scaling and

units

Digital outputs enable

rates, but not both. Normally you should leave this checkbox clear but if you want high
waveform rates and are getting errors indicating the rate in use is too high, setting this
checkbox may help.

This selects between absolute and relative pulse levels. With absolute pulse levels, the
pulse amplitude sets the level directly, with relative levels the pulse amplitude is added to
the level before the pulse to get the actual pulse level.

This selects between absolute and relative pulse times. With absolute times, the pulse
dialog allows you to enter the pulse start time directly; with relative times you use the
delay since the start of the previous pulse. This control only affects the way in which the
pulse dialog handles pulse start times, not the other times shown in the dialog, the
underlying pulse data or the generation of pulses.

Press this button to configure the output pulses using the pulse configuration dialog.
Details of doing this are covered in the Pulse outputs during sampling chapter.

This section contains four sets of controls, one for each DAC (users of micro1401s and
Micro1401 mk Ils should ignore DACs 2 and 3). These control if a DAC is available for
use and set the scaling and units with which DAC values are defined.

Enable These checkboxes enable the DACs for use. Set a checkbox to use a DAC,
leave it clear otherwise. The fewer DACs are enabled for output the more
space is available for the display of each DAC in the pulse dialog.

Zero The value (in calibrated units) corresponding to a zero value output from the
DAC. This value, along with Full, is used to convert the floating-point values
used by Signal into the integer quantities actually used by the DAC hardware.
This conversion process occurs when generating pulse outputs, when
waveform data is pasted into an arbitrary waveform pulse and when compiling
pulse sequences.

Full The value corresponding to the full scale output from the DAC. For DACs
calibrated in volts set this to 5 for a 5 volt 1401 and to 10 for a 10 volt 1401.

If your 1401 has a patch clamp scaling card fitted, this scales DAC 3 in a
1401plus and DAC 1 in a Power1401 or Micro1401. To calibrate the DAC in
volts, set Full to 2.048 or 10.24 depending on the scaling card setting.

Units The units with which the DAC output scaling is specified. This is a string from
1 to 6 characters long.

On the Power1401 DACs 2 and 3 are available on pins 36 and 37 respectively of the
rear-panel analogue connector. If a Signal top-box is fitted, DACs 2 to 5 will be available
on the top box front panel, with DACs 6 and 7 available on pins 36 and 37 respectively
of the rear-panel analogue connector. If a Spike2 top-box is fitted then DACs 2 and 3
will be available on the top box front panel, with DAC’s 4 and 5 available on pins 36 and
37 respectively of the rear-panel analogue connector.

This section contains a set of checkboxes to enable and disable the individual digital
outputs for use. Set the checkbox to use this digital output port, leave it clear otherwise.
The fewer digital outputs are enabled for output, the more space is available for the
display of each output in the pulse configuration dialog. See the Pulse outputs during
sampling chapter for details of the digital outputs.
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Outputs type: Sequence

Step period (ms)

Maximise wave rates

Free run without restarts

Jumps controlled by

Sequence file

This option generates pulses and
other outputs using a list of

Parameters - C:\Work" Signal4® WinDebug' LAST.SGC
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sequencer instructions that are
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specified rate. Each instruction Type  [Sequence ]| | Fullscale [5
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waiting for a specified time or
looping. The sequencer
instructions are generated using a
output sequence file; a form of

[~ Maximize wave rates

Waveform paints |2
Output rate [Hz] I'IDDD
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3
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[~ Free run without restarts

Jumps contralled by

IKeys and contral panel 'I

text document that is edited and Sequence fle _Bowse., |
viewed within Signal using a |
Sequence view.

q oK I Cancel | Fiun now | Help |
The sequencer includes 256

variables that can hold values and a table of data that can be quickly read and updated by
scripts running in Signal.

The details of the sequencer language and instructions are covered separately in the
Sequencer outputs during sampling chapter. When Sequencer outputs are selected, a
number of sequencer controls are shown:

This item sets the clock interval for sequencer instruction execution and thus the rate at
which sequencer instructions are executed. It functions identically to the Pulses outputs
Resolution (ms) control, it has the same hard limits of 0.1 microseconds to 250
milliseconds, and the recommended limits for the various types of 1401 are the same as
documented for Pulses outputs. Note however that some instructions will have a speed
penalty such that they will start to limit just how fast you can run the sequencer on
modern 1401’s. D1V and RECIP in particular may take twice as long to execute.

The design of the 1401 is such that it is possible to maximise either the timing precision
with which the sequencer executes or the highest possible arbitrary waveform output
rates, but not both. Normally you should leave this checkbox clear but if you want high
waveform rates and are getting errors indicating the rate in use is too high, setting this
checkbox may help.

If this item is left clear, sequencer execution will be restarted at the first instruction at the
start of each sampling sweep (specifically, at the time that the data point at time zero is
sampled). This allows you to easily produce sequencer outputs at a particular time in the
sampled data, but the sequencer is halted between sampling sweeps. If this item is
checked, the sequencer starts running at the time that sampling starts, before the first
sampling sweep is started, and continues to run until sampling is stopped.

Sometimes you may want to stop users activating sequence sections with the keyboard or
from the sequencer control panel, for example when an inadvertent change in a DAC
output controlling a force feedback device might hurt the subject. This item allows you to
do this. The script language SamplekKey() command can always activate sequencer
sections.

This control defines the file holding the instruction sequence to be used. You can either
enter a file name directly or you can use the Browse button to select the sequence file
directly.
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DAC scaling and waveform

This section contains controls that define how DAC outputs are calibrated for sequencer
and arbitrary waveform output. It also sets the arbitrary waveform output rate, length and
DACs used. Both the sequencer and arbitrary waveform output assume that all the DACs
have the same scale factor and zero setting.

Full scale

Zero value

Waveform points

Output rate (Hz)

Waveform DACs

This defines the full scale output level of the DACs in the units that
you wish to use, corresponding to a full scale output from the DAC.
This item, along with the Zero value, is used to convert from the
user units entered into the sequence into actual DAC values.

This defines the value in your preferred units corresponding to a
zero-volt output from the DACs. This value is usually 0.

This defines the length of the arbitrary waveform storage area, in
points. Values from 2 to 10 million can be entered.

This defines the rate at which the arbitrary waveform is played out
through the DACs. In conjunction with Waveform points, this sets
the maximum duration of waveform replay. Values from 1 to 1
million can be entered. The maximum achievable rate depends on
the type of 1401 and the number of DACs used.

These checkboxes set which DACs will be used for waveform
output. If one DAC is selected, the waveform data consists of a list
of values; for more than one DAC the data for the DACs is
interleaved. Only DACs 0 to 3 can be used for arbitrary waveform
output.

4-14



Sampling data

Pulses or sequencer?

You can define the outputs that Signal will generate during sampling in two different

ways; by defining pulses using a graphical editor and by generating a sequence, a text
file listing the operations that will be carried out in the form of a simple program. Pulses
output is easier to get started with and supports multiple states directly, this form of
outputs will be suitable for most users of Signal. You should consider using the
sequencer only if you are unable to achieve the effect you require with Pulses output.
The table below summarises the main differences between these two forms of output.

Graphical sequence

Text sequence

Edited with Built-in graphical editor Built-in text editor
Visualise output Yes No

Stored as Part of sampling configuration Output sequence .PLS files
Implemented by Drag and drop editing Machine code like language
Ease of use Very easy to learn and use Takes time to learn
Flexibility Uses pre-set building blocks All features available

User interaction

Pulse editor while sampling

Buttons trigger jumps

Script interaction

Add, delete and modify pulses

Variables and table data

Arbitrary waveform

Data in sampling configuration

Data loaded by script

Sweeps

Locked to sampling sweeps

Can be sweep independent

Timing

Several instructions per item

One instruction per text line

Though the way in which the required outputs are defined in Pulses and Sequencer
outputs are very different, the actual outputs generation is identical. When you use Pulses
outputs, the pulses information is used to build sequencer data that is loaded into the
1401 and executed, so all timing requirements and limits are identical.

The following table summarises the use of the various output methods in the different
sweep modes. More details can be found in the Pulse outputs during sampling and
Sequencer outputs during sampling chapters.

Pulses Sequence (triggered) Free-run sequence
Basic Sweep and outputs triggered Sweep and sequencer triggered Sequencer starts immediately and
or free-run together and are of | (or just start) together so that runs throughout. Can trigger
same length. sequence repeatedly restarts. sweeps or react to sweep progress.
Peri-trigger Pulse output triggered when Sequencer triggered when sweep | Sequencer starts immediately, runs
sweep trigger recognised, trigger is recognised, so throughout. Can trigger sweeps via
same length as remaining sequence restarts at trigger point. | outputs or react to sweep progress.
sweep.
Outputs Pulse outputs triggered or free- | Sequencer triggered (or just Sequencer starts immediately and
frame runs. Outputs start sampling starts) and triggers the sampling | triggers sweeps as required. No

sweep at the required point.

sweep at the required point.

external trigger available.

Fixed interval

Outputs, which are triggered
by internal timer, starts sweep
at specified time.

N/A, simulate with Outputs
frame mode with free running
sequence.

N/A, simulate with Outputs
frame mode with free running
sequence.

Fast triggers

Single set of outputs, same
length as sampling sweep.
Sweep and outputs triggered
or free run together.

Sweep and sequencer triggered
together (or just started) so that
sequence repeatedly restarts.

Sequencer starts immediately, runs
throughout. Can trigger sweeps
itself or react to sweep progress.

Fast fixed Single set of outputs, same N/A, simulate using Fast N/A, simulate using Fast triggers
interval length as sampling sweep. triggers mode with free running | mode with free running sequence.
Sweep and outputs triggered sequence.
together by internal timer.
Gap-free Single set of outputs, same Sweep and sequencer triggered Sequencer starts immediately, runs

triggered.

length as sampling sweep.
First sweep only can be

together for each sweep so that
sequence repeatedly restarts.

throughout. Can react to sweep
progress.
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DAC outputs

A

Digital outputs

N I
|
I

Digital output connections

Digital inputs

S I
I
L

Digital input connections

The 1401 DACs (Digital to Analogue Converters) produce varying voltage outputs in the
range 5 volts, these can be optionally scaled to £10 volts if required. DACs can be used
to generate pulses with arbitrary initial values and amplitudes (as long as they lie within
the DAC output voltage range), they can also generate ramps, sine waves and arbitrary
waveforms.

To generate complex DAC outputs and particularly for arbitrary waveform output, the
DACs must update repeatedly with new output values. The faster this is done, the more
accurate the output pulses or waveforms. However, very high DAC output rates may
interfere with data acquisition. Signal pulse output is limited to a time resolution of 100
microseconds, which is not fast enough to cause any interference with data acquisition.

The 1401plus and Power1401 have four DACs, numbered 0 to 3, while the micro1401
has two (0 and 1). Both the 1401plus and micro1401 have the DAC outputs available on
BNC connectors on the left-hand side of the 1401 front panel. The Power1401 has DACs
0 and 1 on the front panel and has DACs 2 and 3 on pins 36 and 37 respectively of the
rear-panel analogue connector.

The 1401 digital outputs are TTL-compatible and can be set high or low. When high they
generate a voltage in the range 2.6 to 5 volts; the usual lightly loaded level is about 4.5
volts. When low they generate a voltage between 0 and 0.6 volts.

The Signal pulse output system and the output sequencer DIGOUT instruction control
1401 digital output bits 8 to 15 of the 16-bit digital output port. If you use the output
sequencer, you can also set bits 0 to 7 with the DIGLOW instruction. Signal refers to both
sets of outputs as digital outputs bits 0 to 7, relying upon the context to make the set in
question clear. The 1401 digital outputs use a 25-way ‘D-type’ socket. This is on the
right-hand side of the 1401plus front panel and on the rear of the Power1401 and
microl1401. The Power1401 and micro1401 digital output bits 8 and 9 are also on front
panel BNC sockets labelled 0 and 1 (the labels match Signal usage). If the Spike2 digital
I/0 expansion top box is fitted, it has front panel BNC sockets for digital output bits 10
to 15 labelled 2 to 7 (also matching Signal usage).

Signal output bit number  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 GND
Pulses and DIGOUT pins 1 14 2 15 3 16 4 17 13
DIGLOW pins 5 18 6 19 7 20 8 21 13

Digital input bits 8 to 15 are used in External digital states mode and in Peri-trigger
sampling. Digital input bits 0 to 7 can be read by the output sequencer and are used to
log digital markers. As these two sets of 8 bits are used independently, Signal refers to
both sets of inputs as bits 0 to 7 and relies on the context to make the input bit set clear.
The 1401 digital inputs are on a 25-way ‘D-type’ plug; this is on the right-hand side of
the 1401 and 1401plus front panel and on the rear of the Power1401 and micro1401. The
Power1401 and micro1401 digital inputs 8 and 9 are also on front panel BNC sockets,
labelled as event inputs 0 and 1 (matching Spike2 usage). If the Spike2 digital 1/0
expansion top box is fitted, it has digital inputs 10 to 15 on front panel BNC sockets
labelled as events 2 to 7 (also matching Spike2 usage).

Signal input bit number bit7 bit6é bit5 bit4 bit3 bit2 bitl bit0 GND
External digital/peri-trig pin 1 14 2 15 3 16 4 17 13
Sequencer/Marker pins 5 18 6 19 7 20 8 21 13
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Automation
configuration

Path

File name template

Save file to disk

Sampling limits

This section of the sampling

Signal sampling parameters

configuration dialog controls the
. . Generall Part setupl Outputz  Automate I
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dialog.
Artefact reject . |
This sets the directory where the [ ok | cocel | FRunnow | Hep |
automatic file naming looks to

produce a unique file name and where new files are saved when sampling has finished.
This is different from the directory for new files set in the Preferences dialog, which
sets the location for the temporary files used while sampling. If this field is blank,
automatic file name generation and file saving use the current directory. You can enter a
directory path directly, or use the Browse button to select a directory.

This sets the template for automatic file name generation, it can be up to 22 characters
long. If this is blank, automatic file name generation is disabled and normal document
names (Datal, Data2, ...) are used for sampled data. If a template is provided, it
generates a sequence of unique file names based on a numeric code. If the template ends
with one or more digits, these set the length and initial value of the numeric code. If the
template does not end with digits, Signal adds "000" before using it. Signal increments
the code until it finds an unused name in the directory set by the Path field. Thus, a
template of “testdat” generates “testdat000” to “testdat999”, while “testdat10”
generates “testdat10” to “testdat99”.

You can insert fields holding the time and date that the data was sampled by using %
followed by a character code. The button marked >> to the right of the template text can
be used to insert these codes, which is easier than remembering them. The codes are:

%S | Seconds as number (00-59) %M Minute as number (00-59)
%H | Hour in 24 hour format (00-23) | %d Day of month (01-31)

%m | Month as number (01-12) %y Year without century (00-99)
%Y | Year with century, e.g. 2007

If you use one of these codes at the end of the template, Signal will add a *_’ so that the
unique filename generation does not change the date or time information. If a file name
template is set, the generated name is used automatically when the data file is saved
without the user being prompted to confirm the name. A different name can be specified
using the File Save As command.

If this checkbox is set, the new data file will automatically be saved to disk when
sampling finishes. If automatic filename generation is in use, the generated filename is
used, otherwise the usual prompts for a file name from the user are generated.

This part of the dialog controls three limits; Number of Frames, Sampling duration
and File size. Each option has a checkbox to enable the limit plus a field for entry of the
limit value. If the checkbox for a particular limit is clear, or if the corresponding limit
value is set to zero, then that limit is disabled. Note that all of these limits cause sampling
to stop, not finish, sampling can still be continued after a limit is reached.
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Artefact rejection

In addition to these user-defined limits, Signal has a built-in sampling limit based on the
available free disk space. If the available free disk space drops below 0.5 Mbytes,
sampling stops automatically. This limit cannot be disabled as it is important not to allow
hard disks to get completely full, both because this can slow down file accesses
considerably and also because of the trouble a full disk gives to an operating system such
as Windows 95 that uses spare disk space for virtual memory management. The user-
defined limits are:

Number of frames If this limit is enabled, sampling stops when the set number of
frames have been written to the data file.

Sampling duration If this limit is enabled, sampling stops when the set time has passed
since sampling was started.

File size (Kbyte) If this limit is enabled, sampling stops automatically when the file
size reaches or exceeds the set size.

The Artefact reject ... button opens a dialog that allows you to configure artefact
rejection. This provides mechanisms for automatically rejecting or tagging sampled
frames if they contain an artefact, normally caused by stimulation.

The artefact rejection dialog can be used to
configure Signal to automatically examine newly e reicction mode Nore =]

sampled data and, if the data has reached the
ADC limits, to reject or tag the new frame.
Avrtefact rejection is important when generating
averaged evoked responses, particularly from the

Artefact level [ of ADC range) ISD
Start time offset for search (z) ID
End time offzet for zearch [z] ID.2

EEG, where artefacts often occur and where the ~~ *=dbadpents lperceni E
mathematical rigor of the averaging process will oK Cancel |
be affected by the presence of signals at the ADC

limits.

The Artefact rejection mode item controls what form of artefact rejection to apply. It
can be set to None for no artefact rejection, Tag frames to label frames with artefacts,
or Reject frames, to discard frames with artefacts. The Artefact level is the percentage
of the ADC range outside which data values will be regarded as an artefact.

The next two items set the time range for the search for artefacts; these are specified as
offsets from the start of the data rather than as absolute frame times. The final item,
Allowed bad points (percent), sets the limit before the frame is rejected or tagged,
allowing you to avoid rejecting frames with a trivial amount of bad data.

Unless the mode is None, each sampled frame of data is scanned for artefacts. All
waveform channels are scanned over the time range specified and the number of points
that exceed the Artefact level are counted. If the number of bad points, expressed as a
percentage of the total points scanned, exceeds the limit for allowed bad points then that
frame is automatically rejected or tagged as appropriate.
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Creating a new
document

Frame zero

Online analysis

Once you have set up the sampling configuration you can create a new sampling data
document. Either click the Run Now button in the sampling configuration dialog or the
Run Now button on the Toolbar, or Select New from the File menu, then Data
Document for the file type.

The exact appearance of the new document view varies, depending on the configuration.
The name for the new document will either be Datal, Data2, and so on or a hame
produced from the file name template if one is available. You can customise the view by
adjusting the x axis, y axes, channels and other aspects of the view.

A sampling document is different from other types of data documents because it starts at
frame zero, while all other types start at frame 1. Frame zero is a special frame that holds
the transitory data for the sweep currently being sampled; frames 1 onward hold data that
has been written to the new file. Sampling is a cyclical process of collecting a new sweep
of data into frame 0, deciding if it is to be written to disk and writing it if necessary,
clearing frame O and then starting off the next sweep. This process continues until
enough frames have been written to disk or until sampling is stopped.

Data is shown in frame zero for as long as it is the most recent data. Frame zero is
cleared when pulse outputs for the next frame start or when sampling of the next frame
begins. For Basic and Peri-trigger sweeps, this means that data is displayed right up
until data from the next sweep starts to be drawn. For Outputs frame or Fixed interval
sweeps, the frame zero data will be cleared when the pulse output for the next frame
starts and the new data starts to be drawn when the sampling is triggered. There may be a
period when no data is shown, which provides the user with a clear indication that the
next sweep has started. This is valuable because once the pulse output or sampling has
started, the Accept/Reject button in the control panel cannot be used on the previous
sweep of data.

For fast sweep modes (Fast triggers, Fast fixed int or Gap-free) the most recently
sampled sweep is displayed, starting when the first data points for the frame are sampled.

The small floating window is the Sampling control panel. It contains buttons and other
controls to interact with the sampling. Sampling will not start until you click Start in this
control panel (the Sample menu duplicates the panel controls). If the Event 1 start box
is checked, sampling waits for an external signal after the start button is pressed.

You can create result and XY views to hold the

result of analysis during data acquisition in
exactly the same way as when working offline; =
using the Analysis menu New Memory View and
New XY View commands. The dialogs through = Mumber of fiames [1d
which you specify how the analysis is t0 D€  Frames between updates .
performed are exactly the same as when offling,
however the Process dialog that specifies what
data is to be processed is different from it’s

offline equivalent. .
oK I Cancel I Settlngsl

This dialog controls which frames to include in
the processing and how to update the memory view holding the analysis result (see the
Analysis menu chapter for a full description of this dialog). The most common mode is
All filed frames, with an update every 0 frames (every frame). This dialog closes when
you select either OK or Cancel. You can recall it with the Process command in the
Analysis menu or by right-clicking in the result view.

Frames ILast r frames filed

I Clear memory view data before processing

¥ Dptimize ¥ axis after processing
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Sampling control
panel

Sweep end checkbox
combinations

The sampling control panel holds several buttons and
checkboxes used to control and interact with data sampling. W Sweep tigger
When the control panel appears it looks like the picture t0 ' Event1 stan

the right. Click Start to begin sampling, or Abort to give up Feeot | Abot | Festat |
immediately. Once sampling has started the buttons change  “Swespend—
but most checkboxes are always present and can be changed ['7 wike to disk at sweep end

R . . [~ Pause at sweep end

at any time during sampling.

The Event 1 start checkbox allows you to trigger the entire sampling process externally.
If this checkbox is set, clicking on Start will not start sampling directly, it enables the
start of sampling on an event 1 pulse. This allows precise control of the time of the start
of sampling; the time from which the frame absolute start times are measured. While
Signal is waiting for an E1 start pulse, the Start button will flash ‘Waiting for E1’. The
E1 input is on the 1401plus front panel and is pin 2 of the rear panel Events connector
for Power1401 and Micro1401 with a suitable ground on pin 9. Connect the E1 input to
ground (or pull it below 0.6 V) to start sampling.

The Sweep trigger checkbox is initially set from the Sweep trigger item in the
sampling configuration. It enables or disables triggered sweeps, while Signal is waiting
for a sweep trigger the checkbox text will show ‘Waiting (TR)'.

The checkboxes in the Sweep end section of the dialog control what happens at the end
of a sweep of sampling and how data is written to disk. If the Write to disk at sweep
end checkbox is set, then each frame zero is written to the disk file when the sweep
finishes. If the checkbox is clear, then the frame is not written. You can override this
behaviour for individual sweeps using the Accept/Reject button in the sampling control
panel.

The Pause at sweep end checkbox controls whether a new sweep is started
automatically once the previous sweep has ended. If the checkbox is set then sampling
will pause until the Continue button is pressed, or until the checkbox is cleared again,
allowing the user to pause for a while or to inspect the data and accept or reject each
frame. If the checkbox is clear then the next sweep starts immediately.

Write to disk [ Pause at Effect

No No Continuous sweeps for signal monitoring

Yes No Continuous sweeps written to disk

No Yes Interactive sweeps written to disk if accepted
Yes Yes Interactive sweeps removed from disk if rejected

The sampling control panel can be hidden or shown using the Sampling menu, the Signal
toolbar or the pop-up menu provided by right-clicking the mouse on unused parts of the
Signal window. It can also be hidden by clicking on the x button at the top right of the
control panel, or docked at any edge of the Signal window.
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During sampling

Other interaction with
sampling

Once sampling has started, the sampling control panel
changes to show buttons suitable for the sampling process. ¥ Sweep tigger
If Event 1 start was checked before you click Start, the stop |

word Waiting flashes until a suitable signal is applied to the Reiet | Abot | Restat |

Sweep trigger. Use this method to synchronise the start of

E1l input to enable sampling. This is distinct from the "Sweepend
sampling with an external event. Sampling starts within 1 or

M wiite to disk at sweep end
I”  Pause at sweep end

2 ps of the external event signal. The buttons available are:

Continue This is labelled Start before data capture starts. It is only enabled when

Stop

Accept

Reject

Abort

Restart

sampling is paused at the end of a sweep. When you click on the button,
sampling of the next sweep is enabled. If the Sweep trigger box is checked,
the 1401 system waits for the sweep trigger before starting to collect data.

This is displayed after data capture starts. If you click on this button, the data
capture stops, in the same manner as if one of the Automate limits was
reached. Once the data capture has been stopped, no more sweeps will be
collected, but it is possible to resume sampling again.

Clicking on this button writes unwritten frame O data to disk. If frame zero is
still being collected, it overrides the Write to disk at sweep end checkbox
so that the frame is written to disk at sweep end; it does not affect subsequent
sweeps. If the frame has been collected and sampling is paused, this writes the
frame to disk immediately. The button acts upon a sweep up until the point
that the next sweep is triggered or pulse outputs for the next sweep begins.

If Write to disk at sweep end is checked, or sampling is paused at the end
of the sweep and frame O has been written, then the label on the Accept
button changes to Reject. Clicking on Reject either overrides the Write to
disk at sweep end checkbox to cause the currently sampling frame not to be
written automatically, or removes the current frame 0 data from the end of the
data file, as appropriate. This button acts on a frame until the next frame is
triggered or pulse outputs for the next frame starts.

This button abandons sampling and discards the file. You can use this button
before sampling starts or while sampling. You are warned if this will lose
saved data.

This button is available once sampling starts. It stops sampling, discards any
saved data, then waits for you to start sampling again with the same
document. You are warned if this will lose saved data.

If a keyboard marker channel is being sampled, you can insert markers into the sampled
data by pressing keys on the keyboard. You can do this if the new data view is the
current view, or if the sampling control panel is current. The current view or window has
a highlighted title bar, you can make a view current by clicking on it. If the sampling
control panel is current, you should be careful about pressing the space bar, which is
equivalent to pressing whichever button is currently highlighted, or pressing Enter,
which is equivalent to pressing the Start/Continue button.
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Stopping sampling

If you are using Peri-triggered sampling in any of the analogue trigger
modes, frame zero of the sampling document displays a pair of
horizontal cursors that indicate the positions of the two trigger
thresholds. These cursors are displayed on the highest-numbered
waveform channel (which is the last port in the ADC ports field), as this is the trigger
channel. For +Analogue and -Analogue trigger modes, the cursors show the trigger
level and the trigger level minus (or plus) the hysteresis, this latter level is shown as the
Arm level. For =Analogue trigger mode the two separate trigger levels are shown.
During sampling you can adjust the trigger levels used by moving the cursors; they
cannot be moved to a different channel as the trigger channel is fixed.

If you use the keyboard command Ctrl1+PgUp, Signal will switch to displaying the last
frame that was saved to disk.

If you are using a programmable signal conditioner such as the CED 1902 programmable
amplifier then you can use the signal conditioner control panel to adjust the amplifier
settings — see the Programmable Signal Conditioners chapter for more details of these.
Note that, if you alter the amplifier gain or offset settings, the channel calibration will be
adjusted in such a way to keep the incoming data correctly calibrated — cancelling out the
gain and offset changes — so you will not normally see any change in the displayed data.
The Edit menu Preferences dialog has a setting (in the Sampling section) to allow the
display range shown to be adjusted, if required, to reflect changes in the ADC range
caused by signal conditioner changes.

You can tag data frames as they are sampled by pressing Ctrl+T, or frames can be
automatically tagged by the artefact detection system.

Most standard display manipulation mechanisms work in exactly the same manner
online, but frame overdraw mode works differently on frame zero; it never erases old
data but just redraws it in grey and the frame display list is ignored. This provides a very
nice ‘storage oscilloscope’ style display, but if any part of the view is redrawn the
previous traces are lost. You can use the Edit menu Clear command to erase all the
previous traces.

Sampling can be stopped by clicking on the Stop button or
by the sampling limits being reached. When sampling is Moe | @ Sweep trigger
stopped, Signal is in between sampling and finishing

sampling. The sampling control panel is still present, but the oo | CEe | e
buttons have changed: Fweep end

™ ‘white to dizk at sweep end
[T Pause at sweep end

More This is the button previously labelled as Start or
Continue. Click it to resume sampling as if the
Stop button had not been pressed. If sampling stopped due to the frame count
reaching a limit then pressing More resets the frame count and sampling runs
until the count again reaches the limit, otherwise the limit is disabled and
sampling continues indefinitely.

Finish This is the button previously labelled as Stop. If you click on this button, the
data capture is terminated and the sampling control panel disappears.
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Finishing sampling

Saving new data

Saving configurations

Click on the Finish button to end sampling. If the sampling configuration has automatic
saving to disk enabled, the new data file will be saved at this point, using either the
automatically generated filename or a name entered by the user as appropriate. You will
also be prompted for a comment for the new file, if this feature is enabled. Once the
sampling has actually shut-down, the sampling control panel is removed. In the new data
view, frame zero of the data document disappears and the view changes to show frame 1
if it was previously showing frame zero. If there are no saved frames, the data document
and view are destroyed, giving the same effect as pressing Abort.

A sampling document that has stopped sampling is essentially the same as a document
loaded from disk. However, unless you are using automatic saving, the data has not yet
been saved in a permanent disk file, though it is stored on disk. To keep the data, you
must save the new data using the File menu Save command. If you try to close the
document view without saving the data Signal will check that you really want to do this.

Data documents are always stored on disk. Other document types are kept in memory
until you save them. We keep data documents on disk because they can be very large.
When you use the File menu New command, Signal creates a temporary file in the
directory specified in the Edit menu Preferences dialog. If you do not specify a
directory, the location of the temporary file is system dependent. When you save a new
data document after sampling, Signal moves it to the directory you specify.

To avoid setting the sampling, analysis and screen configuration each time you sample,
you can save and load sampling configurations from the File menu. The configuration
includes:

The basic sampling parameters in full, including port information for all ports.

The position of all windows associated with the new file (including duplicated
windows and the various control panels).

The displayed channels and display modes of the channels in the windows.
The outputs to be generated during sampling.

The multiple states information, including the protocols.

The processing parameters and update modes of all memory views.

If sampling ends without failing or being aborted, then Signal saves the configuration as
the file last.sgc. The saved configuration is used the next time data is sampled. When
Signal starts, it searches for and loads the configuration file default.sgc. If this cannot
be found, it uses last.sgc so generally you will get the same sampling setup as was
used last time. These files are kept in the directory from which Signal ran. If sampling
fails or is aborted, the sampling configuration switches back to the configuration in use
before you started sampling.

It is a good idea not to rely on last.sgc as this may have been changed by someone
else doing some sampling, instead you should save important sampling configurations to
disk using suitable names and reload them before starting an experiment. You can make
this much easier by using the Sample Bar (available from the Sample menu) which
holds sampling configurations so that they can be quickly loaded using a single mouse
click.
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Sequence of
operations to set and
save the configuration

This describes a sequence of operations that build a new sampling configuration from
scratch. You will find that once you have built a few configurations, it is simpler to load
an existing configuration and change the sections that do not fit your requirements, rather
than re-build entirely. The steps are:

1

Open the Sampling Configuration dialog using the Sampling menu or toolbar and
set the sampling configuration, limits and port information.

Press Run Now from the configuration dialog or press OK and select the New
command in the File menu and choose Data Document.

Arrange the new file view as you require and add or remove duplicate windows.

Use the Analysis menu New Memory view and New XY view commands to add
result views as required and set their update mode and position on screen.

You can use the File menu Save Configuration As command to save the
configuration to disk at this point.

Sample, adjusting any positions, display configurations and so forth as required.

If sampling has finished without being aborted or failing, the sampling configuration
is held in memory for use the next time you sample. You can use the File menu
Save Configuration As command to save the configuration used to disk.

You can re-use a saved configurations by loading it with the File menu Load
Configuration command before you use the File menu New command to create a
sampling document.
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Introduction

Online clamp support
features

Sampling configuration

Signal incorporates a number of specialised features directly supporting whole-cell and
single-channel clamping experiments. In order to avoid confusing users who are not
interested in this type of experiment, these features can be hidden using a checkbox in the
Edit menu Preferences dialog (Clamp page), the initial state of this option is set up by
Signal when starting if it detects that it has not already been set. The features controlled
by this option are the online clamping support as described below, leak subtraction
analysis and the generation and analysis of idealised single-channel traces.

Unlike many applications used for clamping experiments, Signal is a very general-
purpose program that can be used for many other types of experiment. This can make it
harder for new users setting up clamping experiments to find the aspects of Signal that
they need. In addition to this chapter (and general familiarity with Signal), clamping
researchers should look at the amplifier telegraph system (Amplifier telegraphs chapter),
the pulses configuration dialog (Pulse outputs while sampling) and dynamic outputs
multiple states (Sampling with multiple states). In addition to the clamp specific analysis
mechanisms the general Analysis menu documentation should be useful as all of the
general analysis features in Signal can be used on clamp data. The trend plot,
measurement generation and curve fitting sections of the analysis menu may be of
particular interest. Specialised data acquisition and analysis can be carried out using the
Signal script language.

The online clamp support within Signal consists of a specialised page within the
sampling configuration which defines clamp-specific information plus mechanisms for
online analysis and experiment manipulation that make use of this information to provide
automatic resistance measurements, holding-potential (or current) controls and a
membrane analysis display. There are a number of limitations to the types of experiments
that can be used with the clamping support which are described below.

The clamp page in the sampling [ oy Ty STy YT
configuration is used to configure
Signal online clamping support.

- — Clamp setup 1
This page allows two clamp setups Tope & ool vollage clamp

to be defined along with a state Stimulus channel [mi] |1 Contral DAL [m'] ID

Generall Port setup  Clamp IDutputsI Statesl Automatel

(set of pulse outputs)_ to be used Resporse charmel ) [T
for membrane analysis. A clamp
setup defines data file channels [ Glamp setup 2

T -
that will hold the current and e [Mot clamping

=l
H Stimuluz ch | 3 2 | DA 0
voltage data (so that analysis can T e | oo |
|4

find the correct data) and also ool [*
checks the units for these channels State far resistance measurements

(so that current and voltage values
can be scaled correctly to amps
and volts). In addition a setup ok | Concel | Runnow | Hep |
defines the DAC used to control
the membrane current or voltage (so that the holding potential and pulses can be
manipulated).

The State for resistance measurements item sets a state number that will be used for
resistance measurements and by the membrane analysis (see below).
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Multiclamp 700 integration

The Experiment type item can be set to Not clamping to disable use of that clamp setup
or to Whole-cell or Single channel, each either voltage clamp or current clamp. If
both setups are set to Not clamping then all of the online clamping support will be
disabled.

The Stimulus channel and Response channel items set the data file channels that will
hold the corresponding data. For voltage-clamp experiments the stimulus channel is
voltage and the response channel is current, for current-clamp it is the other way around.
These items can be set to any valid channel number from 1 to 80. If the channel specified
does not exist in the sampling configuration then the text for the incorrect item will be
shown in red. If the channel does exist then the channel calibration will be checked for
valid units. The units for a voltage channel must contain the character V and start with
either V or one of M, U, N, P or F (lower-case characters are also allowed) implying milli-,
micro-, nano-, pico- and femto-volts respectively. Plausible legal voltage units would
thus include “V?, “mVolts” or “uV~”. The initial character is used to scale the
measured values to actual volts during online analysis. Similarly the units for a current
channel must contain the character A and start with either A or one of M, U, N, P or F,
“nA” and “pAmp” are obvious examples that would be acceptable.

The Control DAC item sets the DAC number that is used to control the stimulus. The
DAC specified must be from 0 to 7 and be in use in the pulse outputs. The units set for
the DAC must be appropriate for voltage or current according to the experiment type, or
the DAC text will be shown in red.

The State for resistance measurements item specifies a state (a set of pulse outputs)
to be used for measurement of resistance and other membrane analyses. This value is not
checked within the dialog, but it must either be zero (if multiple states are not being used)
or from zero to the maximum state number in use. Whenever this state is used during
sampling, Signal will automatically calculate and display the membrane resistance. In
addition, this state will be automatically selected when the membrane analysis dialog is
used. So, with state 4 set as the state for resistance measurements as in the picture above,
whenever state 4 is used during sampling the membrane resistance will be recalculated,
displayed and saved in the data file. Signal states are quite a complex topic; for more
information on them, see the chapter Sampling with multiple states. The clamp support
expects that you will be using Dynamic outputs multiple states so you can ignore the
extra complexity of the other multiple states modes.

A suitable stimulus pulse for resistance measurements should be defined for the control
DAC in the specified state, this pulse can be added to the pulse outputs or modified
during sampling should this prove necessary. If there is more than one pulse for this state
the pulse to be used for measurements should be labelled by setting the pulse ID to ‘RM’,
otherwise the first pulse in the outputs will be used. Currently, a square pulse (constant or
varying amplitude) or a square pulse train should be used. Varying duration pulses, sine
waves or ramps and arbitrary waveforms are not currently supported.

If you have installed support for the MultiClamp 700 amplifier telegraphs, a button will
be available at the bottom of the clamp page to read the current MC700 settings and use
them to set up clamping information according to the MC700 setup. This option can read
the ADC ports set in the MC700 configuration page and use them to set the channels
used in the clamping configuration, the clamping mode set in the MC700 as well as the
relevant ADC and DAC calibrations - the only thing you have to set yourself (apart from
the MC700 settings in the ports configuration page) is the DAC that is connected to the
amplifier - so it should be much easier to get everything set up correctly. These options
are only available when the MC700 commander software is also running, as Signal needs
to be able to read back the amplifier settings from the commander software.




Sampling with clamp support

Other sampling configuration
considerations

The options available from the MC700 button are Read
_ . . Read All - chans, mode, ADC & DAC
channels for clamping, which sets the stimulus Read channels for dlamping
and response channel items up according to the current Read clamping modes
MC700 settings (note that the ADC ports specified Read channel names, scaling and units

must be used in the sampling configuration for Signal __ReadPACscaling and units

to be able to set the channels), Read clamping modes which retrieves the clamping
mode used in the relevant sections of the MC700, Read channel names, scaling
and units which retrieves this information for the waveform channels generated from
the relevant ADC ports and Read DAC scaling and units which sets up the
specified DAC output. An extra option, Read Al I, reads all of this information at once.

These options (apart from Read channels for clamping, which is extra) match the
reading & use of MC700 settings which can be carried out when sampling starts and as
well as allowing quick & correct setup, can be used to check what the current amplifier
settings are and, because the DAC scalings can be quickly set up, makes it easier to set up
the output pulses that you want to use.

As mentioned above, because Signal is a very general-purpose program it is possible to
produce a sampling configuration that does not allow the clamping features to operate
correctly, though we have tried hard to make the software as flexible as possible. A
checklist of aspects of the sampling configuration that you need to ensure are correct is:

e Any sweep mode can be used but as the two fast sweep modes do not allow
multiple states or changes to the pulse outputs they are rather limiting and will not
work well. Gap-free sampling can be used to avoid lost data, particularly for single
channel experiments, but again only one fixed set of pulse outputs are available.

. External convert sampling cannot be used as this prevents Signal from determining
the time-course of events.

e  The stimulus and response channels specified must exist (be generated by the
configuration) and the ports used to log the channels must use appropriate units as
described above. The channel calibration scaling factors must be correctly set up for
the amplifier gains, and any telegraph settings correct, or data analysis will give
incorrect results.

e  Pulses outputs must be used with absolute levels turned off if you want the holding
potential controls to work as expected. Sequencer output can be used for specialised
experiments but it will not work with the built-in clamping support.

e  All the DACs specified for stimulus control must be enabled in the outputs and
calibrated using suitable units. The DAC scaling factors must be correctly set for
the amplifier control inputs or the stimuli generated will be incorrect.

. If multiple states are used (which is almost always necessary), these should use
dynamic outputs variation.

e  The state specified for resistance measurements must exist. State zero always exists,
even if multiple states are not used.

Signal checks the sampling configuration for incompatibilities with the requirements of
clamping at the start of sampling and will generate an error message if problems are
detected.
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Running a clamping
experiment

Membrane analysis

When sampling with at least one enabled clamping .
setup the clamping toolbar is created in addition to tembrane | HF [m] IEI -
the standard Signal sampling toolbars. The

clamping toolbar contains separate controls and | Fa&11 MOkm Fm 13040 MOk
information for each enabled clamping setup and
can either be floating or docked to any edge of the Signal window. The clamp toolbar
contains three items; controls for the holding potential, a text display area and a button
marked Membrane used to provide the membrane analysis dialog.

The holding potential (or holding current, for current clamp) controls are used to adjust
the baseline level of the stimulus DAC output (as set in the sampling configuration). The
initial value of the holding potential is taken from the initial (baseline) level of the
appropriate DAC in state zero. Whenever the holding potential is changed, the baseline
level for the DAC is set to the new value in all states, the holding potential is also
initialised for all states at the start of sampling. Note that, when editing the holding
potential directly, it is necessary to accept the new value by pressing tab or otherwise
moving away from the edit field for the change to take effect.

You can step the holding potential up and down by clicking on the spinner to the right of
the edit field, by using the keyboard up- and down-arrow keys when the text cursor is in
the edit field and by rotating the mouse wheel when the text cursor is in the edit field. All
of these changes take place immediately. For all of these methods, the step size is 1
millivolt normally, 5 millivolts if the Shift key is held down and 20 millivolts if the Ctrl
key is down (0.5, 2.5 and 10 pA for current clamp).

At the bottom of the clamping toolbar is a text field where the electrode access and
membrane resistances are displayed. This field is automatically updated whenever the
state specified in the sampling configuration is used, you can select the state manually or
it can be used as part of normal states cycling or protocol execution. Resistance
measurements are carried out regardless of whether sampled data is being written to disk.

The Membrane button is used to provide the membrane analysis dialog; this dialog uses
the state for resistance measurements specified in the sampling configuration to carry out
a more complete analysis of membrane properties. When it is used, sampling is
automatically switched to the state specified for resistance measurements and writing to
disk is turned off.

The membrane analysis measures and displays the total resistance, access and membrane
resistances, the time constant for the decay of the capacitance transient and the membrane
capacitance (see below for details of the analysis).

At the top of the dialog is the waveform display area. This shows a slice of waveform
from the response channel at the time of the stimulus pulse. If the analysis has been
successful the fitted curve corresponding to the capacitance decay will be drawn on top of
the waveform data. The two buttons labelled >< and <> (below the waveform display
area) can be used to increase and decrease the time range shown.
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Changing pulses

Resistance data

display area is an area used to
show the results of the most recent
analysis. These results are updated
after every frame, the results can
optionally be the average of all
stimulus transitions or just one
and can also be averaged over a
number of sweeps if desired.

Immediately below the waveform

5

e

Membrane current

0 0% 00 0% 10 15 20 25 30 35
i3

. . ﬁl Yoltage clamp on channels 1 and 2, controlled bp DAC 0 ﬁl
The holding potential controls gy 13551 Mok

adjust the membrane holding = Riace] 11484 MOMm Rimemb] 207 MOhm
potential (or current) in exactly = Tau 2l4us Clmemb] 0.0185 pF

the same way as the equivalent HP {rrit] lﬂ_j v &llransitions  Average of readings |1_
controls in the clamping control 20000

toolbar. MOk M
0

The All transitions checkbox, Ldgar Display IMembranelesistance VI court IEU

when  checked, causes the ok | Heb |
response to all of the edges of the
selected stimulus pulse to be analysed rather than just the first edge (the one shown in the
waveform display). If more than one edge is analysed, the results shown in the text area
are based upon the averaged results for all edges. This control also affects the results
shown in the graphical display of a measurement over time.

In addition to averaging across all stimulus transitions, you can average the analysis
results that are displayed over a number of sweeps by using the Average of readings
control. This can be set to any value from 1 to 1000.

The area below these controls provides a display of a selected measurement over time.
The Display selector selects the measurement to be displayed from those available, while
the count control sets the number of measurements shown over the width of the display
area, from 10 to 1000. The values displayed in this graph are updated with data from
every sweep (the Average of readings control has no effect, but the All transitions
checkbox operates). The Clear button deletes all saved measurements and restarts the
display — this can be particularly useful if an aberrant value causes the automatic Y
scaling to show too large a data range.

When the membrane analysis dialog is closed the sampling state sequencing system and
writing to disk are both restored to their previous state at the time that the dialog was
displayed.

The pulses dialog can be used to directly edit the output pulses, including the pulse used
for resistance measurements, at any point while the experiment is in progress. Any
changes made to the pulses while the membrane analysis dialog is in use will not cause
the membrane analysis to fail in a destructive fashion, but deleting the pulse for
resistance measurements or changing it to a type that is not usable for resistance
measurements will prevent the membrane analysis from being carried out.

The total, access and membrane resistance values, along with the membrane capacitance,
are stored in the new data file as frame variables. The names of the variables are
“RTotn”, “RAccn”, “RMembn” and “CMembn~ respectively, where n is 1 for the
first clamp set and 2 for the second. The values stored will be zero for data where the
relevant clamp set is not being used, 1.0 when a resistance measurement has not yet been
taken and the relevant value (in MOhms or pF) generated by the last resistance
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Analysis methods

measurement otherwise. These values can be retrieved using the Signal script language,
later versions of Signal will be able to make use of them directly.

Resistance and other membrane measurements are generated by analysis of a transition; a
step change in stimulation (clamped voltage or current) level with the new level being
maintained for a reasonable period. For a simple square pulse there are two transitions;
one at the start of the pulse and one at the end, for a pulse train there are a sequence of
transitions. Analysis is carried out on the first suitable pulse found in the outputs for the
specified state; you can force a particular pulse to be used by setting the pulse ID to ‘RM’.

To measure total resistance, the post-transition level is measured during the final quarter
of the stimulus pulse (for transitions at the end of a pulse the previous pulse width is
assumed). The delay of % of the pulse width is intended to allow the capacitive transient
to settle and can be adjusted by altering the stimulus pulse width. The baseline (pre-
transition) level is measured over the same amount of time just before the transition.
Measurements are taken from both the stimulus and response channels allowing the
resistance to be easily calculated by using Ohms law.

After the stable levels before and after the transition have been measured, voltage clamp
data can be analysed further. The decay phase of the overshoot is analysed by fitting a
double exponential curve to the current data. The data used for the fitting is 3
milliseconds in duration, starting at the point of maximum overshoot. If the double-
exponential fit is successful the shorter time constant found (corresponding to the neuron
body) is used, otherwise a single-exponential fit is tried. Having got a time constant for
the decay, the area underneath the overshoot is also measured to give the total charge.

Having measured the total charge and the amplitude of the voltage step, the membrane
capacitance can be calculated as charge/delta volts. We are then able to estimate the
access resistance by Rs = time constant/capacitance, which allows us to separate out the
membrane and access components of the total resistance.

For current clamp experiments, only the overall resistance is measured.

When all transitions are being analysed, the results of analysis of each transition are
averaged to give a single set of measurements for the sweep.
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Pulse outputs during sampling

Introduction

Pulses dialog

Pulses dialog layout

Display

In the Sampling data chapter you will have encountered pulses as an option within the
outputs section of a Signal sampling configuration and details of the connections for
these outputs. Signal can generate outputs from the 1401plus, Power1401 and micro1401
using the DACs and the digital outputs. This chapter describes the pulses configuration
dialog and its use during sampling.

Signal pulse output, like Signal data acquisition, is arranged as fixed-length frames.
Depending upon the sampling sweep mode, the pulse outputs frame may be the same
length as the sampling sweep, longer or shorter. In al circumstances, the pulses output
are fixed in time relative to the sampling sweep. In Basic mode and the three fast-trigger
modes the pulse output frame starts at the same time as the sweep (triggered or un-
triggered) and is of the same length. In Peri-triggered mode, the pulse output frame
starts at the time of the trigger (which can be before or after the start of the sampled data,
depending upon pre-trigger points), and again runs to the end of the sampling sweep. In
Outputs frame and Fixed interval modes, the pulse output frame can be set to any
length greater than or equal to the sampling sweep, and the sampling sweep starts at a
defined point after the start of the pulse output frame.

If you press the Configure
Pulses button in the outputs

page in the sampling
configuration, Signal will
display the Pulses diaog
which alows you to view
and edit the pulses.

000s 1.00

Thisdialog can also be used | <> | el |/ oo | =
to control and adjust the Sine wave DAC0at 01050205 1d |
i ? J H TUA Size [Valtz] |2 Start (3] |U1
pulses while Signal is A |
. . - .. ik Centre 1] Length[s] |01 Cancel
san pllng’ n WhICh case It IS . Cycle 3] 01 Start phase |90 Help |

accessed using the sampling
menu, the Signal toolbar or by using the right mouse button popup menu.

The Pulses configuration dialog can be used to define sguare pulses and pulse trains,
ramps, sine waves and arbitrary waveforms which will be output during sampling. Many
of these pulses can automatically vary by incrementing their amplitude or duration by
fixed amounts. This provides a straightforward way of generating a repeating set of
pulses from one definition. If you are using Outputs frame or Fixed interval sweeps,
this dialog is also used to set and control the length of the pulse outputs frame, the start
of the sampling sweep within the outputs frame, the sampling sweep ADC points if
Variable points are enabled, and the fixed interval sweep interval and interval variation.

Y ou can resize the Pulses dialog by dragging the bottom right-hand corner of the dial og.

Thedialog is divided into four sections:

This occupies the upper part of the _
didlog and shows the currently

defined outputs as graphical traces. At J_/_/—\—
the top of the display is a solid line |

that shows the portion of the pulse |, — —
output frame period that iscovered by 12— LT 1 r

the sampling sweep. If you are using Outputs frame or Fixed interval sweeps, thisline
isthin where no sampling istaking place.
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&

Controls

35N
Del
Copy |
I State 1 i I:II

Label IFast

The outputs themselves are displayed starting with DAC zero at the top and finishing
with the digital outputs at the bottom, with the higher-numbered digital outputs first.
Only traces for enabled outputs are displayed, they are labelled with the DAC or digital
output bit number. If you double-click on atrace in the display area it will expand to use
all of the space available for traces, hiding al other outputs. Double-clicking on the
display again will restore the display of all traces.

The display also includes a dotted rectangle drawn around one of the pulses, or around
theinitia level of an output. This indicates the currently selected pulse whose numerical
parameters are displayed at the bottom of the dialog (see the Values section below). You
can select a pulse by clicking on it with the mouse. Alternatively you can toggle the
selection through the various pulses on an output using buttons in the Controls section.
Y ou can change the start time of a pulse by dragging it around the display area.

Experiment with clicking on pulses to get a fed for how pulse selection behaves.
Note how the display of pulse parameters changes as you select different pulses.

This is the central area of the e ST
didlog, which contains a | <l od | com| [swe1 ] Label [Fast By
number of controls used to

interact with the dialog.

At the top of the controls area at the left-hand side is text such as “0.00 s” indicating the
time for the start of the pulse output frame. The right-hand side holds similar text
showing the time for the end of the pulse frame. When a pulse is being dragged about the
display, the current pulse position is shown level with these numbers. All of these times
are shown in the currently selected time units. Below these time indicators are a number
of controls, from the left these are:

These buttons are used to toggle through the pulses on the current output trace in
forwards or reverse time order, selecting each pulse availablein turn.

This button is used to delete the currently selected pulse.

This button is only enabled when multiple states controlling dynamic outputs are in use
(see the Sampling with multiple states chapter). It is used to copy sets of pulse data from
the currently displayed state to other states. See below for more details on using this.

This pair of controlsis only visible when multiple states controlling dynamic outputs are
in use (see the Sampling with multiple states chapter). They are used to select the state
shown by the dialog; you can display and edit pulses from only one state at atime.

This control is also only visible when multiple states controlling dynamic outputs are in
use (see the Sampling with multiple states chapter). It is used to set a label for the
currently displayed state; a descriptive name for the state up to 10 characters long that
will be used in the state control bar buttons and elsewhere within Signal. If you leave this
field blank the standard state names “Basic 0, State 1 ..~ will be used.

Click on this control to see the effect of pulse variations. While you hold down the
mouse button on this control, the limits to pulse variations plus three intermediate values
are displayed.

Click on this button to animate the display to show the effect of pulse variations. The
display updates to show the effect of each variation in turn. Click again on the button to
turn animation off.
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Pulses

Values

Dragging and dropping

Adding a new pulse

Thisisthe area at the bottom left of the dialog. It holds pulseiconswhichcan [/ g m
be dragged into the display area to add a new pulse into the outputs. Each | A ~
icon represents a different type of pulse: i

a square pulse without variations, digital or DAC.

asquare pulse with varying amplitude, DACs only.

asquare pulse with varying duration, digital or DAC.

atrain of square pulses without variations, digital or DAC.

aramp pulse with varying amplitude at start, finish or both, DACs only.
asine-wave without variations, DACs only.

an arbitrary waveform on multiple DACs, one only of theseis alowed.

ClelrER D3

Thisisthe area at the bottom rlght of the Sinewave DACOat 010t 0E0:  — Id .I—
dlalog It holds the parameters defini Ng |sizs v |2_ Start [3] ||:|1_

the currently selected pulse. The pulse cerre(v) [0 Lengh(s) [os

can be changed by editing the parameter siatphsse [30  Cuckls) [01  FreqHz [10
values. The parameters shown vary
according to the type of pulse, the box title shows the type of pulse and the start and end
times for the pulse, again using the currently selected time units. The details of the
parameters are covered in the Editing the pulse parameters section below.

A number of operations in the pulse configuration dialog are carried out by dragging and
dropping. A major advantage of drag and drop is its graphical, visual nature. For this
reason, it is increasingly commonly found as a way of carrying out operations in
Windows software.

To drag and drop a screen object place the mouse pointer on top of the object, then press
and hold down the left mouse button. The mouse pointer may change to indicate the start
of adrag operation and an icon may be attached to the pointer to indicate that the object
has been ‘grabbed’. Still holding the mouse button down, move the mouse pointer to
drag the object to its required destination. The mouse pointer may change while you do
this, a common effect is for the pointer to change to a no entry sign (a circle with a
diagonal line through it) to indicate that you cannot drop the object at this point. When
the object is at the required destination, rel ease the mouse button to drop it in place.

To add a new pulse into the outputs, select the pulse required from the pulses area of the
dialog. Drag the new pulse from the pulses area into the display, the mouse pointer
changes to a &7 (a hand with a plus sign) to indicate that you are adding a new pulse. As
you move the mouse pointer about the display, a vertical line indicates where the new
pulse will go and the drop time is displayed in the control area. Once the pulse is
correctly positioned, drop it into place by releasing the mouse button.

If you cannot get the display area to accept the new pulse (the mouse pointer is aways
No Entry), this could be because of the following reasons:

e You aretrying to drag a DAC-only pulse such as aramp, sine wave or waveform into
the digital outputs.

e You are trying to drag an arbitrary waveform item into a set of outputs that already
contains an arbitrary waveform item, only one of theseis allowed.
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Moving a pulse

Removing a pulse

Finding a pulse

To move a pulse, select the pulse in the display area. Then drag the pulse into the new
position required (you are allowed to drag a pulse onto a different output as long as you
do not change from DAC to digital or vice-versa). The drop position is shown as for
adding a new pulse, the mouse pointer changes to <7 (a hand) to indicate taking hold of
something without addition or removal..

If the Ctr1 key is held down during the drag operation the mouse pointer will change to
a hand with a + in the centre to indicate addition and the pulse will be copied instead of
moved.

To avoid problems with precise positioning of the mouse Signal does not recognise a
drag-and-drop operation until the mouse has moved a certain amount away from the
initial position. The mouse pointer shows this by only including the pulse icon and
showing the drop position when the amount of movement is sufficient. You can give up
on a move by returning the pointer close to the initial position. If you want to move a
pulse a small amount, but find that Signal will not recognise a drag operation that short,
move the mouse pointer a larger amount vertically to convince Signal that you mean it
and smaller horizontal movements will be accepted.

If you cannot find or click on the pulse to start dragging it (usually because it is too short
or completely hidden by another pulse), see Finding a pulse below for how to select it.
Once the pulse is selected, you can change the start time directly by editing it in the
values area.

To remove apulse, select it in the display area, then drag the pulse out of the display area
completely. The mouse pointer changes to ¢ (a hand with a minus sign) to indicate a
remove operation once you are outside the display area. Drop the pulse to complete the
removal.

Alternatively, once the pulse has been selected, you can remove it by clicking the Del
button in the controls area. If you cannot find or click on the pulse to start dragging it,
see Finding a pulse below for how to select it.

It may be difficult to see a pulse or to click on it because the pulse is too short to see or
because it is hidden by another pulse. Click on the appropriate output trace, then use the
<> | buttons to toggle through al of the pulses on that output. At the appropriate point,
your hidden pulse will be selected and can then be edited or deleted directly.

Experiment with adding, moving and removing pulses to get a feel for how the
dialog behaves. Note the different behaviour of overlapped pulses with absolute or
relative pulse levels.
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Copying pulses

Editing pulse
parameters

Initial level

Non-output parameters

When using multiple states with | e r—" [x]
multiple sets of pulses it may be I Dt citics

useful to copy a set of pulses or N 7 0
setti ngs {0 creste dupllcated data Digtalewtputs T T T FIV Start state Im

for other states. The Copy || Défesps [FFCFCRp | |Edsse [sees o]
button opens adlalog where you ¥ Dutputs frame [ Fixed interval Eermee] | ITI
can specify items within the
currently selected state to be
copied and a range of destination states to copy them to. The left-hand side of the dialog
sets the items to copy, the right hand side sets the destination. If you clear the Outputs
frame checkbox, the outputs duration, any variable points setting, and the trigger time
within the outputs are not copied, otherwise the target states are set to the length, points
and trigger time of the current state. Similarly, checking the Fixed interval checkbox
alows the fixed interval and variation values to be copied. For the outputs selected, all
existing pulses in the destination states are del eted before the new datais copied in.

In addition to changing the pulse start times by dragging and dropping, al of the pulse
parameters can be edited by using the values area of the dialog. This area shows all the
pulse parameters, it is different for each type of pulse.

This specifiesthe state that the outputsare setto | — Iniial lsvels ]

at the beginning of the pulse outputs frame, this

H B Lewvel Mals] |0

item is aways present and cannot be deleted or clpcronee | Repess [ s |7

moved. The initial level has a single parameter;
Level, that sets the level that the DAC is initially set to. The level entered is scaled
before use as defined by the DAC settings in the output page.

The three other parameters at the bottom of the values area; Step change, Repeats and
Steps, can be used to define a built-in variation in initial level. Built-in variations are
described under Pulses with variations, bel ow.

For digital outputs, only theinitial level parameter is needed, set 1 for high and O for low.

The Id field in the values area boundary displays the name for the currently selected
pulse, which can be edited as desired. The main reason for giving a pulse a name is to
make it easy to access the pulse from the script language.

Theinitial level information is also used to display other parameters that are not part of
the actual outputs generated.

With Outputs frame and Fixed interval sweep modes, the Frame parameter sets the
length of the outputs frame, while the Trigger parameter sets the start time of the
sampling sweep.

With Fixed interval mode two more parameters; Interval (s), and Vary (%) appear
(with Fast fixed int mode the Interval field is available but not Vary). These set the
timed interval between output frames and the percentage random variation in the interval .
If the variation is non-zero, the frame interval used while sampling will vary randomly
from Interval-Vary% to Interval+Vary%.

If variable sweep points are enabled (only available with Outputs Frame and Fixed
interval modes), yet another field is provided to set the number of points sampled per
channel for the selected state.
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Simple square pulse

Varying amplitude pulse

Varying duration pulse

Square pulse train

ThIS SpeCIerS a g:]uare pUIse WlthOUt any = Square pulze at 0.4 to 0.43 —\d-l—
variations. Thisisthe simplest type of pulseand | setets [F st 04 T Horem
is available for DACs and for the digital Lengih(s) [003

outputs. Many of the parameters used for other
types of pulse are also used for this type, to save space these common parameters are
described in detail once only.

The Size parameter sets the pulse size, in calibrated units as defined in the outputs page.
If absolute pulse levels are in use, the item changes to Level, and is the level that the
pulse goes to, for relative levels the size is added to the level prior to the pulse to get the
pulse level. Either positive or negative values can be used.

For digital pulses, the Size parameter disappears; for outputs with a low initial value a
high-going pulse is produced and vice-versa. The use or otherwise of absolute pulse
levels does not affect digital pulses and overlapping pulses do not invert each other.

The Start parameter sets the start time for the pulse. If absolute times are not in use, this
parameter changes to Delay and sets the delay from the start of the previous pulse to the
start of this pulse. The Length parameter sets the length of the pulse. Both of these fields
will use the time units selected in the Preferences dialog.

If the No return checkbox is checked, the pulse does not return back to the initial level
when it ends but just stays at the pulse level, giving us a single step-change. In this
circumstance the length parameter has no effect.

This specifies a square pulse whose amplitude
varies as it is used. The Size, Start and Length
parameters are exactly the same as for the Lengh(s) )01 |

smple pulse. In addition there are three |Sechresfi0  [Repeds (]2 stps s
parameters controlling the built-in variation, the use of this variation is described under
Pulses with variations, below. This type of pulseis not available for digital outputs.

Size ] |-3U Start (] 0 ™ Maoretum

— Square pulze, varying height, at 060 ta 070 |1d -I —‘

This specifies a pulse whose amplitude is
constant but the pulse length changes as it is
used. This is the only pulse with built-in
variation that is available for the digital outputs.

Length(s] [0.1 ™ Pushback
Step change II] Repeatzs |1 Stepz II]

— Square pulse, varying length, at 0.75 0 — Id -I—
Size [Voltz] |1 Start (5] 0.75

The Size, Start and Length parameters are the same as for the simple pulse. The other
parameters control the variation, with the exception of the Push back checkbox. If this
is checked, increases in the pulse duration delay the start of following pulses and
decreases in the pulse duration move following pulses earlier. If the checkbox is clear,
changes in the pulse duration do not affect the time of following pulses.

pulses. This type of pulseis available for DACs  [se=t 1 stafs)  [02

T~ Pulses 10 Length (5] |0.01
and for the digita outputs. | Imgial[sl 5| et [
The Size, Start and Length parameters are all exactly the same as for the simple square
pulse. The extra parameters are Pulses, which sets the number of pulses in the train,
Interval which sets the pulse spacing — this should not be less than Length, and Freq
(Hz) which allows you to set the pulse spacing in terms of pulses per second.

This specifies a series of non-varying square Fulse tain DAC 0 2t 02010038 — Id | —‘
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Ramp with varying
amplitudes

Sine wave

Arbitrary waveform

This item specifies a pulse with different start = varegeramppukeatoieos — ] |

and end amplitudes so that the top of the pulse | stativals) [0 Statls) [01 [ Howetum
can be sloping. The variation in amplitude, if | M 1L tehis ]02 [sintan ]
Step change |0 Fepeats |1 Steps a

this is used, can be applied to either the pulse
start or end, or both.

The Start and Length parameters are exactly the same as for the ssimple pulse, the size
parameter is aso called Start, but shows the DAC units to avoid confusion. The extra
parameters are End, which sets the pulse level at the end of the pulse and a selector for
the variation which can be set to Step both, Step start or Step end. This is an
extremely versatile form of pulse; for example by setting the start size to zero you can
produce aramp running from one level to another.

duration, amplitude and frequency for output on  [sz=t 2 st o

a DAC. For Signa version 3, sine wave output | %Y [2___ Lenahi [o5

Thisitem specifies a cosine wave output of fixed Sine wave DACD 2t 010t 0605 — Id |
Start phase ISD Cycle 3] IU.1 Freq [Hz) |1 a —‘

can be generated on al DACs. In earlier
versions only DACs 0 and 1 could be used.

The Size parameter sets the amplitude of the cosine wave (the distance from the mid-
point to extreme). The other non-standard parameters are Centre, which sets the level
about which the cosine oscillates, Start phase, which sets the initial phase in degrees,
Cycle (s), which sets the duration of one complete cycle and Freq (Hz) which allows
you to set the cycle period in terms of cycles per second. The Centre valueis an absolute
or relative voltage level as required. Because the output is actually a cosine wave an
initial phase of 90 degrees will start the output off at the centre level.

Thisitem specifies arrays of datato be output t0 | atieywaveiomatosngme —1a ]
one or more DACs at a specified rate. Output to | DaCssket [T s [0

each DAC starts smultaneously and consists of | feeta [5m [pans — fiase | —‘
the same number of points, so the output also

finishes synchronously. The arrays of data can be changed in two ways; by using the
Signal script language functions and by copying and pasting Signal data using the
Windows clipboard.

The DAC select parameter specifies which DACs are used. Its value is [pac code
made up by summing codes for each DAC wanted, the code values are
shown in the table. Thus for DACs 0 and 1, enter the value 3. The Rate
(Hz) parameter sets the output rate for the data points for each DAC and
the Points parameter sets the number of data points for each DAC.

WN RO
whANE

The maximum output rates possible vary according to many factors such as the ADC rate
and the pulse output timing resolution. Tests carried out a¢ CED with two channels of
ADC data sampled at 10 KHz show that waveform rates of 70KHz are possible using a
1401plus, and rates of up to 275K Hz can be achieved with a micro1401.
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Setting a waveform

Pulses with variations

The Signal data view copy operation places data onto the clipboard in a private format
which can be used by the pulse dialog. To place suitable data on the clipboard, open a
data file and adjust the display so that the required time range and channels are visible,
then use the Edit menu Copy command to place the data onto the clipboard.

If you then open the pulse outputs
configuration dialog, select or add a

waveform output item and then press
ctril+Vv (the Paste command ShOI'tCUt), Usze clipoard data starting at data offzet IE
Slgna| I’ECOgni%S this as an attempt to paste FNavefolm pulze iterm outputs is 2000 points of data on 2

. . . DAL ch l= at BO00 Hz [duration 0.4 ds].
data into the waveform buffer. It is difficult chennes st 5000 e (Gurstn 0.4 ssconds)

Clipboard holds 2040 points on 2 channels sampled at a
frequency of 10000 Hz, [duration 0.204 seconds).

to ensure that you have copied exactly the = Medb [ outps. statonpac [0 ]
rlght data. onto the Cllpboard o Slgnal Owenwrite |2D4D paintz starting at offzet ID
prOVideS adlalog to control the paste W Output length zet to end of pasted data
) ¥  Output frequency set from pasted data
ok I Cancel |

The upper part of the dialog describes the
data on the clipboard and provides control of the first data point taken from the
clipboard. An offset of zero takes data starting with the first point on the clipboard, larger
offsets cause points at the start of the clipboard data to be skipped. The same offset is
used for al DACs.

The lower part of the dialog describes the current waveform output parameters, and
provides control over what waveform data is changed and how the waveform output is
modified to match the clipboard data. The upper pair of controls, making up the line
Modify x outputs, start on DAC n, set which channels of the waveform are modified. If
changing more than one channel, channels in use starting with the DAC specified are
changed. The lower pair, making up the line Overwrite X points, starting at offset vy,
sets the amount of data pasted and where in the waveform buffer it is put.

The Output length set to end of pasted data and Output frequency set from pasted
data checkboxes act as their titles imply. If all data offsets are set to zero, the points to
overwrite is set to the points on the clipboard and these two checkboxes are checked, the
paste operation copies al the clipboard data and changes the waveform output
parameters to match. Click OK to paste the data, or Cancel to do nothing.

Some types of pulse can be set up so that they  |-sauae puse, vaying height, at 083t0 070~ 1d | |
vary automatically. The pulse types that support | Sema  [30 (st o5 T Nmelum—‘
this are initial level, square pulse with varying L] I

amplitude, square pulse with varying duration RO N SN
and the ramp pulse. All of these use the same three parameters to control the variation,
only the varying aspect depends upon the type of pulse. The pattern of variation used is:
the pulse is generated a number of times without variation, then a number of times with
one ‘step change' added, then two steps and so on. This repeats until the maximum
number of changes has been reached, at which point the cycle restarts with the pulse with
no step changes.

The Step change parameter sets the amount by which the varied aspect (the pulse
amplitude for example) changes at a time. The Repeats parameter sets the number of
times each step is repeated before moving on to the next step and the Steps parameter
sets the maximum number of changes to be added. This arrangement gives a final value
of Initial + (Steps * Step change). The total humber of pulse forms generated is one
more than Steps as the variation includes the basic pulse without any step changes.
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Outputs frame and Fixed
interval sampling modes

Variable sweep points

In the example shown above, seven pulses will be generated with amplitudes of -30, -20,
-10, 0, 10, 20 and 30 mV. Each pulse will be generated twice in the order shown; the
entire sequence will repeat after 14 pulses. If you wanted a sequence that ran 30, 20, 10,
0, -10, -20,and -30, you would set the pulse amplitude to 30 and the step change to -10.

With Basic, Peri-triggered, Fast triggers and — Frame 2nd iital levels —ua]
Fast fixed int sweep modes, the length of the | Famels |4 Tieger (5] [1

Lewvel Molts)

Step change |0 Fepeats |1 Steps ID

pulse outputs is set by the sampled data. In

Basic, Fast triggers and Fast fixed int

modes, the outputs frame length is the same as the data frame length, in Peri-triggered
mode the outputs length is the data frame length less any pre-trigger points. With
Outputs frame and Fixed interval sweep modes, the outputs frame length is set
independently of the data frame and data acquisition starts at a preset time within the
outputs. Because these values can vary with the state used, they are set in the pulse
outputs dialog for convenience.

=

The outputs length and sweep time are set by extra parameters shown with the Initial
level datafor all outputs. The Frame parameter sets the length of the outputs frame, this
value must be at least as long as the sampling sweep. The Trigger parameter sets the
time, relative to the start of the pulse outputs, of the start of the sampling sweep.

With Fixed interval mode two more

— Frame and initial levels

Framg (3] Trigger [z) [0

parameters; Interval (s), and Vary (%) appear
(with Fast fixed int mode the Interval field is
available but not Vary). These set the timed

Lewvel 1]
Step change

f
0
0

—Id -I
Interval (=] [4
o Yay%  [50
Repeatz |1— Steps I]—

interval between output frames (which cannot be less than the pulse output frame length)
and the percentage random variation in the interval, from 0 to 100, for the selected state.
If the variation is non-zero, the frame interval used while sampling will vary randomly
from Interval-Vary% to Interval+Vary%.

If variable sweep points are enabled (only
available with Outputs Frame and Fixed
interval modes), yet another field is provided in
the pulse initia levels to set the number of
points sampled per channel for the selected state. This ADC points field can be set to
any value less than or equal to the sweep points value set in the General section of the
sampling configuration.

Level [+] a ADC paints 500 Vary %
Step change |0 Repeats 1 Steps

=

=

Frame _initial levels on DAL 1 —Id -I
Frame [5) |2 Trigger [s] IU Interval [s] ITU
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Controlling pulse
outputs during
sampling

Timing warnings

While sampling is in progress, the pulses configuration dialog can be obtained by using
the Sampling menu, by clicking on the relevant toolbar button or by right-clicking on
spare application areas to get a popup menu. All three mechanisms provide the pulse
configuration dialog in the same form as used offline. The only difference is that the OK
button has been renamed Apply and the Cancel button Close and that pressing Apply
doesn’t cause the dialog to disappear.

You can use the pulse configuration dialog freely during sampling to change the pulses
that are output, the only restriction being that you cannot increase the size of any
arbitrary waveform items, or add an arbitrary waveform item where one was not present
beforehand. All changes made will be copied into the sampling configuration if the
sampling completes successfully so that they can be used next time.

With Fixed interval or Fast fixed int mode in use, the use of external sweep triggersis
disabled as the interval timer does all of the triggering. If the delay between the end of
one pulse frame and the start of the next is too short, the internal trigger may be missed.
If this occurs awarning message is generated at the end of data acquisition.
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Sequencer outputs during sampling

Overview

Sequencer control
panel

An output sequence is a list of up to 8191 instructions (2047 for older 1401 types) that
are executed by the 1401 at a constant, user-defined rate to produce the outputs required.
Sequences are defined by a sequence file, which is a text file with a .p1s file extension.
The Signal sequencer has the following features:

e It controls digital output bits 15-8 to produce precisely timed digital pulse sequences.
In the Power1401 and Micro1401 it can also control digital output bits 7-0.

e It controls the 1401 DACs (Digital to Analogue Converters) to produce voltage
pulses and ramps.

e It can play cosine waves at variable speed and amplitude through the DACs.
e It can test digital input bits 7-0 and branch on the result.
e It supports loops and branches and can randomise delays and stimuli.

e [t has 256 variables (V1 to v256) that can be read and set by on-line scripts. The
1401plus allows only 64 variables.

e It supports a user-defined table of values for fast information transfer from a script.

e It can read the latest value from a waveform channel and, using this information,
provide real-time (fractions of a millisecond) responses to input data changes.

e [t can set or get the sweep state code, get the start time of the sweep, wait until a
specified time within the sweep or trigger a sweep.

e [t can control and monitor the arbitrary waveform output.

You write sequences with a text sequence editor; each text line generates one instruction.

While sampling is in progress, you can
. e PR T st | Gwwm 5| 6|
Interact with sequencer execution using [Sten 0001 | Glostat

the sequencer control panel. The control panel displays the next Im

. . . . . G Pulse outputs
sequence step and any display string associated with it. You can
use display strings to prompt the user for an action or to tell the
user what the sequence is doing. If there are any keyboard-controlled entry
points in the sequence, these are also shown in the control panel.

[Grostat
s]s]
You can show and hide the control panel with the Sequencer Controls option in the
Sample menu or by right clicking on any toolbar to activate the context menu. You can
also dock it on any edge of the Signal application window. When undocked, the control
panel displays sequence entry points as the key that activates them and a descriptive
comment. When docked, the keys are displayed as buttons and the comment is hidden to
save space. Move the mouse pointer over a key to see the comment as pop-up text. Click
the mouse on a key and the sequencer will jump to the instruction associated with the
key. The key is also stored as a keyboard marker. This is equivalent to pressing the same
key in the time window or using the script language SampleKey () routine.

The control panel is always displayed if you start sampling using Sequencer outputs
from a Signal menu command or from a dialog. If the sample command comes from the
script language, the control panel visible state does not change. The control panel
position is saved in the sampling configuration. However, the position is restored only if
the control is currently invisible or floating, and the saved position was floating; if the
control panel is docked, we assume it is positioned where you want it.
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Sequencer technical
information

1401-specific limitations

The sequencer clock starts within a microsecond of recording time zero, the time at
which the Start button is pressed, and is time locked to the 1401 sweep timing and
waveform channel recording. Each clock tick books an interrupt to run the next
sequencer instruction and updates digital output bits 15-8 if they were changed by the
previous instruction.

An interrupt is a request to the 1401 processor to stop what it is doing at the earliest
opportunity and do something else, then continue the original task. The time delay
between the interrupt request and the instruction running depends on what the 1401 is
doing when the clock ticks and the speed of the 1401. This delay is typically a few
microseconds, so instructions do not occur precisely at the clock ticks but changes to
digital output bits 15-8 do. Changes made by the sequencer to the 1401 DACs and digital
output bits 7-0 occur a few microseconds after the clock tick.

The table shows the minimum clock interval, the approximate time per step and the extra
time used for cosine and ramp output for each 1401. Notice that the first item is in units
of milliseconds (to match Signal usage) and the remainder are in microseconds.

Power Powe Micro Micro micro plus
2 r 3 2

Minimum tick (ms) 0.006 0.010  0.025 0.025 0.10 3.0
Time used per tick (us) <1 <1 ~1 ~1 <8 <10
Cosine penalty/tick (us) 03 0.55 ~1 ~1 ~5 ~10
Ramp penalty/tick (us) 0.25 0.5 0.7 0.7 ~3 ~10
DIV/RECIP penalty <1 <1 <3 <3 <10 <5
(us)

The Minimum tick is the shortest interval we recommend that you set. The Time used
per tick is how long it takes to process a typical instruction. The Cosine penalty/tick is
the extra time taken per cosine output. The Ramp penalty/tick is the extra time taken
per ramped DAC, the DIV/RECIP penalty indicates the extra time taken up by these
instructions. Time used by the sequencer is time that is not available for sampling,
transferring data back to the host or arbitrary waveform output. To make best use of the
capabilities of your 1401 you should set the slowest sequencer step rate that is fast
enough for your purposes.

If you overload the system so much that the output sequencer cannot keep up, Signal will
warn you of this when sampling finishes. If the 1401 is extremely overloaded by the
combination of sampling and sequencer output, sampling will fail with an appropriate
error message.

The clock interval that you set is rounded to the nearest 4 microseconds to generate the
actual sequencer tick interval. For modern 1401s (the Power1401s and Micro1401 mk II
& later), intervals less than 5 milliseconds are rounded to the nearest 0.1 microsecond.
All subsequent timing is based upon the rounded interval so that full accuracy is
maintained.

On the 1401plus, the sequencer is limited to 64 variables, all other 1401 types allow 256.

On the 1401plus, microl401 and Micro mk II, the limit to the number of sequencer
instructions is 2047, other types allow 8191.
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The sequence editor

Compile

£

Format

Format with step numbers

Current
¥

Help

Loading sequence
files for sampling

The output sequence is stored
as a text file with the |[Famstngbene e B Ped
extension .PLS. You can S e .
open existing Signal output L ey o i

sequence files or create new e oo

ones with File menu New. poE VLT ;335 zjf;‘x:d i

There are five buttons at the ||« |
top of the window:

This checks the sequence to | [
make sure that it iS correct | Coudstind branch desinsion 1] llg 3
with no labels missing or VLAY 24D Tuse less chex 028 5 SUadsig
duplicated and no duplicated Le e o o Laam

key codes. The picture shows e 2 st

a sequence with a simple e v e

error (the LB in the seventh ||y | 0

line should be 1LP). The line
in error is marked and an explanatory message is shown at the top of the window.

This aligns the labels, key [EIrzED M=
codes, instructions and any | [Fematmben AN 2
arguments, output text and DELAY 16 [duse tene than 0,25 o st ing
comments and removes step L ey o e

numbers. Undefined labels e oo

are not flagged but there must ponE LR T e P e

be no other errors. « o
This does the same job as the | - -
Format button, and also | Femetnetme =B 2
starts each line with the step oo0s peiar b Cdum 1as tnon 0.2e o Svasting
number. Step numbers can be woos viiar = e b e

useful as they give an oo0s viiar 7 St b epe

. . . ooog DENZ Vi,LP :Loop required times
lndlcatlon When you are 0007 HALT ;Stop outputs >Done
running out of space and can |l | |

pinpoint the line where your sequence is not behaving as you expect.

This compiles the sequence and, if the sequence is correct, saves it and makes this the
current sequence for use during sampling. If you were to open a new data file and start
sampling, this sequence would be used. You can also set the output sequence file from
the Sampling Configuration dialog.

This is the Help button. It opens a window holding the sequencer topics for which help is
available. You can copy and paste text from the help window into your sequence.

The name of the output sequence file to use during sampling is part of the sampling
configuration. The file name, including the path to the folder containing it, must be less
than 250 characters long. You set the file name either with the Current button, as
described above, or in the Sampling Configuration dialog. When you start sampling,
Signal searches for the output sequence file named in the sampling configuration and will
generate an error message if it cannot be found.

Signal compiles output sequence files whenever you use them. If a file contains errors
you are warned and the file is ignored.
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Simple sequence, restarted

Getting started

each sweep

The sequencer runs instructions in order unless told to branch, starting with the first
instruction. The sequence can either be restarted at the start of each sweep, or it can free
run throughout data acquisition. Sequencer execution can be re-routed during data
acquisition by associating an instruction with a key on the keyboard. Each time the key is
pressed or the associated sequencer control panel button is clicked or the script language
SampleKey () command is used, the sequencer jumps to the associated instruction.
Signal records keys pressed during sampling in the keyboard marker channel, so you can
have a record of where in the sampling you switched to a new portion of the sequence.

Here is a simple sequence that pulses DAC 0 high for 10 milliseconds ten times starting
at 0.25 seconds into the sweep. It for use with sequencer execution restarting each sweep.
You can start and stop the pulses with keys or by clicking buttons. You will find this in
Signal3\Sequence\MyFirst.pls to save typing it in

0000 MOVI V1,10 ;Initialise loop counter

0001 DELAY 248 ;Just less than 0.25 s >Waiting
0002 LP: DAC 0,2 ;Set output high

0003 DELAY 8 ;Wait 9 steps

0004 DAC 0,0 ;Set output low

0005 DELAY 7 ;Wait 8 steps

0006 DBNZ V1,LP ;Loop required times

0007 HALT ;Stop outputs >Done

Open MyFirst.pls and click the Check and make current sequence button at the
upper right of the window (leave the mouse over each button for a second or so to see the
descriptive text). Open the Sampling configuration dialog, and set a configuration with
one sampled channel on ADC port 0, a sample rate of at least 10 KHz and a sweep length
of a second. On the Outputs page, make sure the sequencer clock rate is set to the default
of 1 millisecond, and that the Free run without restarts box is not checked. To record
the output pulses you must connect the DAC 0 output to the ADC 0 input. This is easily
done with a BNC cable on the 1401 front panel. You do not need to make the connection
to follow this description.

Click the Run now button in the sampling configuration, and then
click the Start button. The sequencer control panel is now visible, | =01 ] Glasat

It displays Step 0000 in the top left window and a blank area to |5 Fieoupue

the right. If the control panel is not docked there is also an area for

comment display, currently clear. If you start sampling, you will see that the control
panel displays the text after the > when the relevant steps are being executed, if you are
sampling the output you will see the ten pulses being generated.

As this is our first sequence
we will explain it in detail. | Fomsmaters 1 2|
Click the Format and add 200 DELAY 298 iuse 1ess then 0.25 5 >¥edting
step numbers button at the o DELAY o inte o avepn

top of the sequencer window. 2008 vLar 1 S b e

All of the lines get a step oo mr oron odpute o »bane
number starting at zero, this |l | 0|

is the step number displayed
in the control panel. You can remove step numbers with the Format button.

Step 0 is executed at time zero in each sweep. The MOVI V1,10 instruction on this line
sets the value of variable 1 (v1) to 10. This variable is used as a loop counter in the
sequence, so this statement sets the number of times that execution will go round the
loop. The remainder of the line is a comment.

The next line, step 1, holds the instruction DELAY 248. This causes sequencer execution
to wait at this step for the specified number of sequencer ticks into the sampling sweep,
plus one more for the delay instruction itself (this could be changed, but we have kept it




Sequencer outputs during sampling

Free-running sequence

this way to match the behaviour of the Spike2 sequencer, for those who use both
programs). The sequencer control panel displays the text to the right of the > for the
current step, so while this step is executing, the text “Waiting” is displayed. Note that we
wait for 249 ticks (0.249 seconds). This means that the next step will execute at precisely
250 steps into the sweep, or 0.25 seconds. Note also that we could have written DELAY
ms (249) -1 to achieve the same effect and that this would have the advantage of being
immune to changes in the sequencer tick interval.

Step 2 is DAC 0, 2, which sets the output of DAC zero to two volts. This step has a label
at the start of the instruction text, LB:, so we can branch back here from elsewhere.

Step 3 is DELAY 8, which causes sequencer execution to wait at this step for nine
sequencer clock ticks, thus setting the width of the pulse. The width will include the time
taken by the DAC instruction as well, giving ten ticks (0.01 seconds) overall. Note that,
as for step 1, we could have written DELAY ms (9) -1 to achieve the same effect.

Steps 4 and 5 are the same as steps 2 and 3; they set the DAC output low again and wait
for 8 sequencer ticks. We only wait for 8 ticks because step 6 adds an extra step into this
part of the sequence, so we get 10 ticks overall for the low phase too.

Step 6 is DBNZ V1, LP, which causes the sequencer to decrement the value of variable
number 1 and, if it has not reached zero, branch to the label specified so that the next
instruction executed will be step 2. As we have put the value 10 into variable 1 at the
start of the sequence, this will cause the loop that creates a pulse to execute ten times.

Finally step 7 is HALT, which causes sequencer execution to stop until the start of the
next sweep, where it will be automatically restarted at step 0. This step displays the text
“Done” in the sequencer control panel while it is executing.

The simple way to use the sequencer is with restarts, so that the sequence restarts at the
first step at the start of each sweep. However, this mode of operation may prove
insufficiently flexible for some situations. If you check the Free run without restarts
box in the Outputs page, you get a different style of sequencer operation. You will find a
sequence that operates in this manner in Signal3\Sequence\MySecond.pls; this also
demonstrates some other aspects of sequencer use:

0000 FL: 'F DAC 0,2 ;Start fast pulse >S for slow
0001 DELAY ms(9)-1 ;Wait 9 ms >S for slow
0002 DAC 0,0 ;Set output high >S5 for slow
0003 DELAY ms(8)-1 ;Wait 8 ms >S for slow
0004 JUMP FL ;Continue >S5 for slow
0005 SL: 'S DAC 0,2 ;Set slow pulse >F for fast
0006 DELAY ms(99)-1 ;Wait 99 ms >F for fast
0007 DAC 0,0 ;Set output low >F for fast
0008 DELAY ms(98)-1 ;Wait 98 ms >F for fast
0009 JUMP SL ;Continue >F for fast

Most of this sequence is similar to MyFirst.pls. The differences of interest are:

Steps 0 and 5 have a keyboard character defined as well as a label for looping. The
sequencer control panel will show buttons corresponding to each character defined,
pressing the button or the appropriate keyboard character will cause sequencer execution
to jump to the relevant instruction.

A JUMP instruction is used instead of DBNZ so that the pulse outputs continue forever.
The remainder of this chapter is organised as a reference manual for the sequencer

instructions. You can find more information about the output sequencer in the Signal
Training Course manual.
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Instructions These are the output sequencer instructions available in Signal.

Digital (TTL compatible) input DIGOUT Write to digital output bits 15-8
and output (see page 7-12) DIGLOW Write to digital output bits 7-0 (does nothing in 1401plus)
DIBNE, DIBEQ Read digital input bits 7-0, copy to V56 test and branch
DISBNE, DISBEQ Test last read digital inputs (in v56) and branch
DAC (waveform/voltage) DAC Set DAC value (for DACs 0-7)
outputs (see page 7-14) ADDAC Increment DAC by a value
RAMP Automatic DAC ramping to a target value
Sinusoidal waveform output  SZ Set the cosine output amplitude
(see page 7-16) SZINC Change the cosine output amplitude
RATE Set the cosine angular increment per step
RATEW As RATE, but waits for phase 0
ANGLE Set cosine angle for the next step
WAITC Branch until cosine phase 0
RINC Change the cosine angle increment per step
RINCW As RINC but waits for phase 0
PHASE Defines what phase 0 means
OFFSET Offset for sinusoidal output
CLRC Clear the new cycle flag
General control ~DELAY Do nothing for a set number of steps
(see page 7-21) DBNZ Decrement a variable and branch if not zero
Bxx Compare variables and branch (xx = GT, GE, EQ, LE, LT, NE)
CALL Branch to a label, save return position
CALLV Like CALL, but load a variable with a value before call
RETURN Branch to instruction after last CALL or CALLV
JUMP Unconditional branch to a label
HALT Stops the sequencer and waits to be re-routed
NOP This does nothing for one step (No OPeration)
Variable arithmetic ADD, SUB Addition and subtraction of variables
(see page 7-23) ADDI Add a constant value to a variable
DIV, RECIP Division and reciprocal of variables
MOV Copy one variable to another
MOVI Move a constant value into a variable
MUL, MULI Multiply two variables, multiply by a constant
NEG, ABS Negate variable, absolute value of variable
Variable logic AND, ANDI Bitwise AND of variables, variable & constant
(see page 7-25) OR, ORI Bitwise OR of variables, variable & constant
XOR, XORI Bitwise XOR of variables, variable & constant
Table support TABLD, TABST Load a register from the table and store a register to the table
(see page 7-26) TABADD, TABSUB Add or subtract table value from variable
TABINC Increment a register and branch while within the table
Access to data capture  CHAN Get the latest waveform value from a channel
(see page 7-27) FPOINTS Get the number of points sampled in the current sweep
REPORT, MARK Forces a digital marker, force marker with set code
STATE, SETS Get and set the current sweep state code
SWEEP, TICKS Load variable with the sweep start time, current time
WSWP Wait until a given time within the sweep
TRIG Trigger the start of a sampling sweep
Randomisation BRAND Random branch with a probability
(see page 7-30) MOVRND Load a variable with a random number
Arbitrary waveform output WAVE Start arbitrary waveform output
(see page 7-31) WAVEBR Test arbitrary waveform output and branch on the result
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Instruction format

Expressions

Sequencer expression
functions

Blank text lines and lines with a semicolon as the first non-blank character, are ignored.
Instructions are not case sensitive. Each instruction has the format:

num lab: 'key code argl,arg2,.. ;Comment >display
num An optional step number in the range 0 to 1022, for information only.
lab: An optional label, up to 8 characters long followed by a colon. The first

character must be alphabetic (A-Z). Labels are not case sensitive. Labels may
not be the same as instruction codes or variable names.

'key In this optional field, key is one alphanumeric (a-z, A-Z, 0-9) character.
When this character is recorded as a keyboard marker during data capture, the
sequencer jumps to this instruction. Each key can occur once. Upper and
lower case are distinct. The key appears in the sequencer control panel.

code This field defines the instruction to be executed. It is not case sensitive.

argl,.. Instructions need up to 4 arguments and are separated by commas or spaces.
These are described with the instructions. If an argument can be represented
in different ways, they are separated by vertical bars (read as "or"), for
example: expr|Vn|[Vn+off]. In this case, the argument can be an
expression, a variable or a table reference.

comment The text after the semicolon is to remind you of the reason for the instruction.
If a key is set, this comment also appears in the sequencer control panel.

>display When a sequence runs, text following a ">" in a comment is displayed in the
sequencer control panel to indicate the current instruction.

Many instructions allow the use of an expression in place of a constant value, indicated
by expr. An expression is formed from numbers, round brackets ( and ), the operators
+, -, * and /, and sequencer expression functions. It cannot include a variable.

The operators * and / (multiply and divide) have higher priority than + and - (add and
subtract). This means that 1+2+*3 is interpreted as 1+ (2*3) and not as (1+2) *3. Apart
from this, evaluation is from left to right unless modified by brackets.

The sequence compiler evaluates expressions as real numbers, so 3/2 has the value 1. 5.
If expr is used as an integer, for example DELAY expr, it is rounded to the nearest
integer. Values in the range 3.5 to 4.49999... are treated as 4.

These functions can be used as part of expressions to give you access to Signal sequencer
step timing and to convert between user units and DAC and ADC values.

s (expr) The number of sequencer steps in expr seconds, milliseconds and

Ei 22§g§ ; microseconds. For example, with a step size of 200 milliseconds,
s (1.1) returns 5.5. This is often used with the DELAY instruction. Each
instruction uses 1 step, so use DELAY s (1) -1 for a delay of 1 second.

Hz (expr) The angle change in degrees per step for a cosine output of expr Hz.
For a 2 Hz cosine, use RATE Hz (2). To slow by 0.1 degrees per step
use RINC Hz (-0.1). Use in RATE, RATEW, RINC and RINCW.

VHz (expr) The same as Hz (), but the result is scaled into the 32-bit integer units

used when a variable sets the rate. MOVI v1,VHz (2) followed by
RATE V1 will set a 2 Hz rate.

Vangle (expr) Converts an angle in degrees into the internal angle format. The 32-bit
integer range is 360 degrees. The result is expr * 11930464.71.
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Variables

VAR directive

VDAC16 (expr) Converts expr user DAC units so that the full DAC range spans the
full range of a 16-bit integer.
VDAC32 (expr) Converts expr user DAC units into a 32-bit integer value such that the

full DAC range spans the 32-bit integer range. Use this to load
variables for use with the DAC and ADDAC instructions.

ASz (expr) Converts expr user DAC units into a value suitable for use with the SZ
and SZINC commands.

VSz (expr) Converts expr user DAC units into a variable value suitable for use
with the SZ and SZINC commands.

TabPos () The number of table data items defined at this point by TABDAT.

DRange () The DAC output range in volts, 5.0 or 10.0.

Used with care, the built-in functions allow you to write sequences that operate in the
same way regardless of the sequencer step time or DAC scaling values.

You can use the 256 variables, V1 to V256, in place of fixed values in many instructions.
In the sequencer command descriptions, vn indicates the use of a variable. Where a
variable is an alternative to a fixed value expression we use expr | vn. Variables hold 32-
bit integer numbers that you can set and read with the SampleSeqvar () script
command.

Some variables have specific uses: Variables v57 through v64 hold the last value written
by the sequencer to DACs 0 through 7 and v56 holds the last bit pattern read from the
digital inputs with the DIBxx or DIGIN instructions.

You can assign each variable a name and an initial value with the VAR directive. Names
must be assigned before they are used, usually at the start of the sequence. The syntax is:

VAR Vn, name=expr ; comment

VAR does not generate any instructions. It makes the symbol name equivalent to variable
vn and sets the initial value when the sequence is loaded. Anywhere in the remainder of
the sequence where vn is acceptable, name can be used. name can be up to 8 characters,
must start with an alphabetic character and can contain alphabetic characters and the
digits 0 to 9. Variable names are not case sensitive. A variable name must not be the
same as an instruction code or a label.

There is no need to specify a name or an initial value. If no initial value is set, a variable
is initialised to 0 even if not included in a VAR statement. Signal automatically assigns
V56 the name VDigIn and variables v57 through v64 the names VDACO through VDAC7.
The following are all acceptable examples:

VAR V1,Waitl=ms (100) ;Set name and initial value
VAR V2,UseMe ;Set name only, so value is 0
VAR v3=200 ;No name, initialise to a value
VAR V4 ;No name, initialised to O

When a variable is used in place of a bit pattern in a digital input or output instruction,
bits 15 to 8 and bits 7 to 0 have different uses. In the expressions that describe these
operations we write vn (7-0) and vn (15-8) to describe which bits are used. BAND means
bitwise binary AND (if both bits are 1, the output is 1, otherwise 0), BXOR means bitwise
exclusive OR (if both bits are different the output is 1, otherwise 0).

When used in one of the cosine output angle instructions, the 32-bit variable range from
-2147483648 to 2147483647 represents -180 up to +180 degrees. The varvalue script
in the Scripts folder calculates variable values for the digital and the cosine
instructions.
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Script access to variables

Constants

Table of values

Declaring the table

Setting table data

Scripts can set and read sequencer variable values by using the SampleSeqvar () script
command. See The Signal script language manual for details. You can set initial values
from the script as long as you set the values after you create the new data file, but before
you start sampling. Values set in this way take precedence over values set by the VAR
directive.

It is often useful to define a numeric value as a named constant. For example, when
referencing a table value [V1+Slope] is easier to understand than [v1+23]. It also
helps to maintain code; if you need to change a numeric value that is used often make it a
named constant and just change the constant once. The = directive does not generate any
instructions, it just makes a name equivalent to a number, and the name can be used
anywhere a numeric expression is valid. The syntax is:

name = exXpr ; comment

The name must start with an alphabetic character and can contain alphabetic characters
and the digits 0 to 9. The name can be up to 8 characters long. Numeric constant names
are not case sensitive and must not clash with label, instruction, variable or built-in
function names. Examples of use:

ms (100)

Waitl*1.3
DELAY Waitl-1 ;Use constant in an instruction

Waitl
Wait2

The expression values are calculated and stored as floating point numbers. If they are
used in a context that requires an integer value, the fractional part of the number is
ignored.

The = directive was added at version 4.06.

The Signal sequencer supports a table of 32-bit values when used with the 1401plus,
Micro1401s or Power1401s.

You declare that a table exists with the TABSZ directive, which normally occurs at the
start of your sequence:

TABSZ expr

Where expr is an expression that sets the number of items in the table. The table size
must evaluate to a number in the range 1 to 1000000. Each table item is a 32-bit integer
and uses 4 bytes of 1401 memory. The maximum size in a 1401 with IMB of memory,
and assuming that there is no arbitrary waveform output, is around 150000 items. The
first table item has an index number of 0, the second item is index 1, and so on.

From the script language you can move data between an integer array and the table with
the SampleSeqTable () function. You can also preset table data from the sequence with
the TABDAT directive, which must come after the TABSZ directive:

TABDAT expr
TABDAT expr,expr, expr...

Where expr is an expression that evaluates to a 32-bit integer. Each TABDAT directive
adds data to the table, starting at the beginning. The sequencer compiler will flag an error
if you define more data that will fit in the table. Table data declared in this way is stored
separately from the sequence and is transferred to the 1401 when you create a new data
file to sample. If you do not set the table data with the TABDAT directive or from a script,
the values in the table are undefined.
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Accessing table data

Long data sequences

Include files

Although you can move data between one of the variables and the table with the TABLD
and TABST instructions, many instructions access the table directly. It takes slightly more
time to use a table than to use a variable.

All references to the table use the contents of one of the variables as an index into the
table plus an optional offset as: [Vn] or [Vn+off] or [Vn-off]. The offset off is an
expression that evaluates to a number in the range —100000 to 1000000. For example, if
v1 holds 10, [v1] refers to the contents of index 10, [v1-10] refers to index 0 and
[V1+10] refers to index 20. Out of range table indices read 0 and are non-destructive.

The TABINC instruction makes it easy to increment a variable used as a table index and
branch until the increment generates a value outside the table size. The following
example generates five DAC outputs at 5 different intervals:

TABSZ 10 ; table of 10 items

TABDAT ms (1000)-3,VDac32 (1) ; 1000 ms, 1 volt
TABDAT ms (100) -3,VDac32(2) ;100 ms, 2 volts
TABDAT ms (50)-3,VDac32 (3) ; 50 ms 3 volts

TABDAT ms (500) -3,VDac32(-1) ; 500 ms -1 volt
TABDAT ms (200) -3,VDac32 (0) ; 200 ms O volts

MOVI V1,0 ; use V1 as table index, set O
TLOOP: DELAY [V1] ; programmed delay

DAC 0, [V1+1] ; set DAC 0 to the wvalue

TABINC V1,2, TLOOP ; add 2 to V1, branch if in table

If you have a very long data sequence, you should consider using the table as a buffer.
The basic idea is to divide the table into two halves and use a script to transfer new data
into the half of the table that the sequence is not using. To find out where the sequence
has reached, look at the value of the variable used as an index with SampleSeqgVvar ().
Set a large enough table size so that the time taken to use half the table is several
seconds.

There are times when you will want to reuse definitions or sequence code sections in
multiple projects. You can do this by pasting the text into your sequence, but it can be
more convenient to use the #include command to include files into a sequence. A file
that is included can also include further files. We call these nested include files. Only the
first #include of a file has any effect. Subsequent #include commands that refer to
the same file are ignored. This prevents problems with output sequence files that include
each other and stops multiple definitions when two files include a common file. A
#include command must be the first non-white space item on a line. There are two
forms of the command:

#include "filename" ;optional comment
#include <filename> ;optional comment

where filename is either an absolute path name (starting with a \ or / or containing a
:), for example C:\Sequences\MyInclude.pls, or is a relative path name, for
example include.pls. The difference between the two command forms lies in how
relative path names are treated. The search order for the first form starts at item 1 in the
following list. The search for the second form starts at item 3.

1. Search the folder where the file with the #include command lives. If this
fails...

2. Search the folder of the file that included that file until we reach the top of the
list of nested include files. If this fails...

3. Search any \include folder in the folder in which Signal is installed. If this
fails...
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Opening included files

Errors in included files

4. Search the current folder.

Included files are always read from disk, even if they are already open. If you have set
the Edit menu Preferences option to save modified scripts and sequences before
running, modified include files are automatically saved when you compile. If this option
is not set, the output sequence compiler will stop the compilation with an error if it finds
a modified include file. You must save the included file to compile your sequence.

There are no restrictions on what can be in an included file. However, they will normally
contain constant and variable definitions and possibly user-defined code. It is usually a
good idea to have all your #include commands at the start of a sequence file so that
anyone reading the source is aware of the scope of the sequence.

The #include command for output sequences was added to Signal at version 4.06 and
is not recognised by any version before this. A typical file using #include might start
with:

#include <sysinc.pls> ; my system specific includes

#include "include/proginc.pls" ; search script relative folder
..... ; start of my code...

If you right-click on a line that holds an include command, and Signal can locate the
included file, the context menu will hold an entry to open the file. The search for the file
follows that described above, except that it omits step 2.

If an error is detected during the compilation of an included file, an error message is
displayed at the top of the original window indicating which included file has a problem,
and the included file is opened (if it can be found) and the offending line is highlighted.
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Sequencer instruction

reference

Digital 1/0

DIGOUT

Each instruction below is followed by an example. The examples show the preferred
instruction format, however the system is flexible. For example, a comma should
separate arguments, but a space is also accepted. The patterns used for digital ports
should be enclosed by square brackets, however you may omit the brackets if you wish.

Many of these instructions allow you to use a variable or a table entry in place of an
argument. In this case, the alternatives are separated by a vertical bar, for example:

DELAY expr|Vn| [Vn+toff], OptLB

This means that the first argument can be an expression, a variable or a table entry. There
is no explicit documentation for the use of the table, except in TABLD and TABST. Where
table use is allowed it is written as [Vn+off]. If you use a table value in an instruction,
the effect is exactly the same as using a variable with the same value as the table entry.

OptLab in instructions is an optional label that sets the next instruction to run. If it is
omitted, the next sequential instruction runs.

These instructions give you control over the digital output bits and allow you to read and
test the state of digital input bits 7-0.

The DIGOUT instruction changes the state of digital output bits 15-8 (see the Sampling
data chapter for the connections). The output changes occur at the next tick of the output
sequencer clock, so you need to use this instruction one tick early!

DIGOUT [pattern] |Vn| [Vntoff],OptLab

pattern This determines the new output state. You can set, reset or invert each output
bit, or leave a bit in the previous state. The pattern is 8 characters long, one
for each bit, with bit 15 at the left and bit 8 at the right. The characters can be
“0”, “17, “1” or “.” standing for clear, set, invert or leave alone. You may
omit the square brackets, however the Format command will insert them.

DIGOUT [....0011] ;clear bits 3 and 2, set 1, invert 0
DIGOUT [....... i] ;invert 0 again to produce a pulse
DIGOUT V10 ;use variable V10 to set the pattern
vn With a variable the new output is: (old output BAND Vn(7-0)) BXOR
Vn (15-8). The variable equivalent of [....0011i] is 241+256*3, and of
[eeennn. i) is 255+256*1. If you use a table value, set the same value in

the table that you would use for a variable. You can use the Varvalue script
in the scripts folder to calculate variable or table values.

OptLB If this optional label is present it sets the next instruction to run.

This example produces ten 1 millisecond pulses 100 milliseconds apart.

MOVI V1,10 ;V1 holds the number of pulses

LOOP: DIGOUT [....... 1] ;bit 0 high >Pulsing
DIGOUT [....... 0] ;bit 0 low >Pulsing
DELAY ms (100) -4 ;4 inst in the loop >Pulsing
DBNZ V1,LOOP ;count down >Pulsing
HALT ;finished >Done
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DIGLOW

DIBEQ, DIBNE

The DIGLOW instruction changes the state of digital output bits 7-0 of the Power1401 and
Micro1401 (see the Sampling data chapter for the connections). It has no effect on a
standard 1401 or 1401plus. Unlike DIGOUT, the output changes occur immediately, they
do not wait for the next sequencer clock tick. You can take advantage of this to change
all 16 digital outputs almost simultaneously (within a few microseconds) by using
DIGOUT followed by DIGLOW.

DIGLOW [pattern] |Vn| [Vntoff],OptLB

pattern This determines the new output state. The pattern is 8 characters long, one for
each bit, with bit 7 at the left and bit 0 at the right. The characters can be “0”,

“17, “1” or “.” standing for clear, set, invert or leave alone. You may omit

the square brackets, however the Format command will insert them.

DIGLOW [....0011] ;clear bits 3 and 2, set 1, invert 0

DIGLOW [....... i] ;invert 0 again to produce a pulse

DIGLOW V10 ;use variable V10 to set the pattern
Vn With a variable the new output is: (old output BAND Vn(7-0)) BXOR

Vn (15-8). The variable equivalent of [....001i] is 241+256*3, and of

[eeevnn. i] is 255+256*1. If you use a table value, set the same value in
the table that you would use for a variable. You can use the Varvalue script
in the Scripts folder to calculate variable or table values.

OptLB If this optional label is present it sets the next instruction to run.

This example produces ten 1 millisecond pulses 100 milliseconds apart.

These instructions test digital input bits 7-0 against a pattern (see the Sampling data
chapter for connections). These are the same inputs that will be used for digital markers
in the future. DIBEQ branches on a match. DIBNE branches on a non-match. Both
instructions copy digital input bits 7-0 to V56 (VDigIn), for use by DISBEQ and DISBNE.

DIBNE [pattern] |Vn| [Vn+toff],LB
DIBEQ [pattern] |Vn| [Vn+toff],LB

pattern This is 8 characters, one for each input bit. The characters can be “0”, “1” and
“.” meaning match 0 (TTL low), match 1 (TTL high) or match anything. The
bit order in the pattern is [76543210]. You may omit the square brackets,
however the Format command inserts them.

Vn With a variable the result is: (input BAND Vn(7-0)) BXOR Vn(15-8). A
result of 0 is a match, not zero is not a match.

LB The destination of the branch if the input was a match (DIBEQ) or not a match
(D1BNE). This label must exist in the sequence.

This example waits for a pulse sequence in which the falling edges of two consecutive
pulses are less than 2*v1+2 sequencer clock ticks apart. It waits for a falling edge, waits
for a rising edge with a timeout and then waits for the next falling edge with a timeout. If
timed out, we start again. If the input signal has high states less than three ticks wide, or
low states less than 2 ticks wide, this example may miss them.

WHI: DIBNE [eeee... 1],WHI ;wait until high >Wait high
SETTO: MOVI V1,24 ;set 50 step timeout >Wait low
WLO: DIBNE [ 0],WLO ;wait for falling >Wait low
TOHT : DIBEQ [eeene... 1], TOLO ;wait for high >Wait high
DBNZ V1, TOHI ;loop if not timed out >Wait high
JUMP WHI ;timed out, restart >Restart
TOLO: DIBEQ [ 0],GOTIT;jump if found events >Wait low
DBNZ V1, TOLO ;loop if not timed out >Wait low
JUMP SETTO ;timed out, restart >Restart
GOTIT: ... ;here for 2 close pulses
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DISBEQ, DISBNE

DAC outputs

DAC, ADDAC

These instructions test digital input bits 7-0 read by the last DIBEQ, DIBNE or WAIT
against a pattern. DISBEQ branches on a match. DISBNE branches if it does not match.

DISBNE [pattern]|Vn| [Vn+off],LB
DISBEQ [pattern] |Vn| [Vntoff],LB

pattern This is 8 characters, one for each input bit. The characters can be “0”, “1” and
“.” meaning match O (TTL low), match 1 (TTL high) or match anything. The
bit order in the pattern is [76543210]. You may omit the square brackets,
however the Format command inserts them.

Vn With a variable the result is: (input BAND Vn (7-0)) BXOR Vn (15-8). A
result of 0 is a match, not zero is not a match.

LB The destination of the branch if the input was a match (DISBEQ) or not a
match (DISBNE). This label must exist in the sequence.

This example shows a typical use of this instruction. We want to run a different part of
the sequence for three trial types signalled by external equipment that writes the trial type
to digital input bits 1 and 0; 00 means no trial, 01, 10 and 11 select trial types 1, 2 and 3.

TRWAIT:'W DIBEQ | 00], TRWAIT ;Wait for trial >Wait...
DISBEQ [...... 01],TRIAL1
DISBEQ [...... 10], TRIAL2
DISBEQ [...... 11], TRIAL3

The output sequencer supports up to 8 DAC (Digital to Analogue Converter) outputs.
The 1401plus and Power1401 have four DACs and the Microl401 has two. However,
the Power1401 can be expanded to 8 DAC outputs. The last value written to DACs 0-7 is
stored in variables v57-v64 (which you can also refer to as VDAC0-VDAC7). The values
are stored as 32-bit numbers with the full 32-bit range corresponding to the full range of
the DAC. This high resolution allows us to ramp the DACs smoothly.

Values written to the DACs are expressed in units of your choice. The DAC scaling set
in the sampling configuration Outputs page determines the conversion between the
numbers you supply and the DAC outputs. All DACs are scaled identically. The standard
settings for a system with +5 volts DACs is to set the DAC outputs in volts.

If you write to a DAC that does not exist, the variable associated with the DAC is set as
if the DAC were present. Output to 1401plus DACs 4 —7 is mapped back to DACs 0-3.
For the Micro1401 and Power1401, output to DACs that do not exist has no effect.

The Power1401 DAC 2 and 3 outputs are on pins 36 and 37 of the rear panel 37-way
Cannon D type Analogue Expansion connector. Suitable grounds are on the adjacent
pins 18 and 19. With a Power1401 top-box with additional front panel DACs, the rear
panel DAC outputs are mapped to the two highest numbered DACs. For example, with a
2709 Spike2 top box, DACs 2 and 3 are available as BNC connections on the front panel,
and the rear panel DACs become DAC 4 on pin 36 and DAC 5 on pin 37.

The DAC instruction writes a value to any of the 8 possible DAC outputs. ADDAC adds a
value to the DAC output. The output value changes immediately unless the DAC is in
use by the arbitrary waveform output, in which case the result is undefined.
DAC n,expr|vn| [Vntoff],OptLB
ADDAC n,expr|Vn| [Vn+toff],OptLb
n The DAC number, in the range 0-7. Variable 57+n is set to the new DAC
value such that the full DAC range spans the full range of the 32-bit variable.

expr The value to write to the DAC or the change in the DAC value. The units of
this value are as set in the outputs page of the sampling configuration dialog.
It is an error to give a value that exceeds the DAC output range.
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RAMP

Vn When a variable is used, the full range of the 32-bit variable corresponds to
the full range of the DAC. You can use the VDAC32 () function to load a
variable using user-defined DAC units.

OptLB If this optional label is present it sets the next instruction to run.

This example ramps DAC 2 from 0 to 4.99 volts in 1 second in steps of 0.01 volts using
values and then using variables. You can also use the RAMP instruction to ramp a DAC.

'R DAC 2,0 ;Ramp 0 to 5 >Ramping
MOVI V1,499 ;499 steps >Ramping
RAMP1: ADDAC 2,0.01 ;0.01V increment >Ramping
DBNZ V1,RAMP1 ;count increments >Ramping
HALT ;task finished >Done
'V MOVI V3,VDAC32(0) ;Use variables >Ramping
MOVI V2,VDAC32(0.01) ;increment in V2 >Ramping
MOVI V1,499 ;499 steps >Ramping
DAC 2,V3 ;set initial value>Ramping
RAMP2 : ADDAC 2,V2 ;add increment >Ramping
DBNZ V1,RAMP2 ;count increments >Ramping
HALT ;task finished >Done

It is a property of signed integers that adding 1 to the maximum positive number yields
the minimum negative number. If you use ADDAC repeatedly with the same value,
eventually you will run off the end of the DAC range and come back in at the other end.

DAC units run from -32768 to +32767. In a +5 volt system with 16-bit DACs, this is
-5.0000 to +4.99985 volts. The DAC unit value for +5 volts is +32768, but this number
does not exist in 16-bit signed integers and wraps around to -32878. Users often want to
set the DAC to full scale, so for the DAC command used with expr (not with vn), we
change requests to set +32768 units to set 32767 units.

Unlike the digital outputs, the DAC output changes when the instruction runs, not at the
next sequencer clock tick; the changes may have a time jitter of a few microseconds.

This command starts a DAC ramping with updates every sequencer step. If the DAC was
generating a cosine, the cosine output stops. The DAC ramps from the current value until
it reaches a target value, when the DAC cycle flag sets. You can use WAITC to test for the
end of the ramp. The RATE instruction stops a ramp before it reaches the target value.

RAMP n,target|vn,slope|Vs| [Vs+off]
n DAC number in the range 0-7 (available DACs depend on the 1401 type).

target  This is the DAC value at which to end the ramp. The units of the DAC values
are those set in the outputs page of the sampling control dialog.

Vn When a variable is used for the target, the full range of the 32-bit variable
corresponds to the full range of the DAC. You can use the VDAC32 ()
function to load a variable using user-defined DAC units.

slope This expression sets the DAC increment per sequencer step. The sign of the
value you set here is ignored as the sequencer works out if it must ramp
upwards or downwards to achieve the desired target value. If your DAC is
calibrated in volts, for a slope of 1 volt per second, use 1.0/s(1.0).

Vs You can also set the slope from a variable or by reading it from the table. In
this case, the full range of the 32-bit value represents the full range of the
DAC. The DAC changes by the absolute value of this 32-bit value on each
step. For a slope of 1 user unit per second, use VDAC32 (1.0) /s (1.0).

This example ramps DAC 1 from its current level to 1 volt in 3 seconds, waits 1 second,
then ramps it to 0 volts in 5 seconds. See the OFFSET command for another example.
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Cosine output control

instructions

Output as a function of
Theta+Phi

SZ

RAMP 1,1.0,1.0/S(3) ;start with zero size
. ;other instructions during ramp
WT1: WAITC 1,WTl ;wait for ramp to end >Ramp to 1
DELAY S(1)-1 ;wait for a second >Wait 1 sec
RAMP 1,0,1.0/5(5) ;ramp down
WT2: WAITC 1,WT2 ;wait for ramp >Ramp to 0

The sequencer can output cosine waveforms of variable amplitude and frequency through
Micro1401 DACs 0 and 1, Power1401 DACs 0 to 7 and through 1401p/us DACs 0 to 1.
If you attempt to set cosine output for an unsupported DAC, the instruction is treated as a
NOP. When enabled, the cosine value is computed and output every step. The time
penalty per step per DAC is around 10 us for the 1401plus, 4 us for the micro1401 and
about 1 us for the Power1401 and Micro1401 mk II. The output is:

output in volts = 5 A Cos(Theta+Phi) + offset

where A is an amplitude scaling factor in the range 0 to 1
Theta an angle in the range 0° to 360° that changes each step (set by ANGLE)
Phi  is a fixed phase angle in the range -360° to 360° (set by PHASE)
offset A voltage offset defined by the OFFSET command

Theta changes every step by dTheta. A cycle of the cosine takes 360/dTheta steps. You
can change the angle increment immediately, or you can delay the change until the next
time Theta passes through 0°. You can set dTheta in the range 0° up to 360° to an
accuracy of about 0.0000001°. With the sequencer running at 1 kHz, you can output
frequencies up to 500 Hz with a frequency resolution of around 0.00012 Hz. Ideally the
output would be passed through a low pass filter with a corner frequency at one half of
the sequencer step rate to smooth out the steps in the cosine wave.

By adjusting Phi you control the output cosine phase where Theta passes through zero.
Unless you set the value (PHASE), it is zero and the zero crossing occurs at the peak of
the sinusoid. To have the output rising through 0, set the phase to —90.

Each time Theta passes through zero a new cycle flag sets. The RAMP, RATEW, RINCW,
WAITC and CLRC instructions clear the flag.

T T
0 9 180 70 0 9 180 70 0

This instruction sets the waveform amplitude. If a wave is playing, the amplitude
changes at the next sequencer step. The amplitude is set to 1.0 when sampling starts.

S7Z n,expr|vVn| [Vn+toff], OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The cosine amplitude in the range 0 to 1. A cosine with amplitude 1.0 uses the
full DAC range.
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SZINC

RATE

RATEW

Vn Variable values 0 to 32768 correspond to amplitudes of 0.0 to 1.0; values
outside the range 0 to 32768 cause undefined results.

OptLlB If this optional label is present it sets the next instruction to run.

This instruction changes the waveform amplitude. The change is added to the current
amplitude. If the result exceeds 1.0, it is set to 1.0. If it is less than 0, the result is 0.

SZINC n,expr|vn|[Vn+off],OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The change in the waveform scale in the range -1 to 1.
Vn A variable value of 32768 is a scale change of 1.0, -16384 is -0.5 and so on.

OptLB If this optional label is present it sets the next instruction to run.

You can gradually increase or decrease the wave amplitude. For example, the following
increases the amplitude from zero to full scale (we assume that the waveform is playing):

SZ 0,0.0 ;start with zero size
MOVI V1,100 ;proceed in 1% increments
loop: SZINC 0,0.01 ;a 1% increase
DELAY ms (100) -2 ;show some of the waveform at this size
DBNZ V1, loop ;loop 100 times

This sets the angle increment in degrees per step, which sets the cosine frequency. If the
nominated DAC was ramping, this cancels the ramp. You can stop the cosine output with
arate of 0. Any non-zero value starts the cosine output.

RATE n,expr|Vn| [Vn+off],OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The angle increment per step in the range 0.000 up to 180 degrees. The Hz ()

function calculates the increment required for a frequency.

Vn For a variable, the value 11930465 is an increment of 1 degree. The VHz ()
function can be used to set a variable value equivalent to an angle in degrees.

OptLB If this optional label is present it sets the next instruction to run.

This example starts cosine output at 10 Hz, runs for 10 seconds, and then stops it. This is
then repeated using a variable to produce the same effect:

'C RATE 0,Hz (10) ;start output at 10 Hz
DELAY S(10)-1 ;delay for 10 seconds >Sine wave
X: 'S RATE 0,0 ;stop output
HALT >Stopped
'V MOVI V1,VHz (10) ;set V1 equivalent of 10 Hz
RATE 0,v1 ;start at 10 Hz

DELAY S(10)-1,X ;delay then goto exit >Sine wave

This instruction performs the same function as RATE, except that the change is postponed
until the next time Theta passes through 0 degrees. RATEW cannot start output; a sinusoid
must already be running to pass phase 0. It can stop output, but does not remove the
overhead for using cosine output. This instruction clears the new cycle flag (see WAITC).

RATEW n,expr|vn| [Vn+off] ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The angle increment in the range 0.000 to 180 degrees. The Hz () built-in

function calculates the increment required for a frequency.

Vn For a variable, the value 11930465 is an increment of 1 degree. The VHz ()
function can be used to set a variable value equivalent to an angle in degrees.
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ANGLE

PHASE

OptLB If this optional label is present it sets the next instruction to run.

This example starts cosine output at 10 Hz, runs for 1 cycle, changes to 11 Hz for one
cycle, then stops:

ANGLE 0,0 ;make sure we are at phase 0

RATE 0,Hz (10) ;start output at 10 Hz

RATEW 0,Hz(11) ;request 11 Hz next time around
CYCLE10: WAITC 0,CYCLELO0 ;wait for the cycle>10Hz

CYCLE1ll: WAITC 0,CYCLE1l ;wait for the cycle>11Hz
RATE 0,0 ;stop output

This changes the cosine angular position. It takes effect on the next instruction when the
angle increment is added to the value set by this instruction and the result is output.

ANGLE n,expr|vn| [Vn+toff], OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The phase angle to set in the range -360 up to +360.

Vn For a variable, the value 11930465 is a phase of 1 degree (to be precise,
4294967296/360 is a phase of 1 degree). You can use the VAngle () function
to convert degrees into a suitable value for a variable.

OptLB If this optional label is present it sets the next instruction to run.

This example sets the phase angle to —90 degrees directly, and by using a variable. There
is no need to use the VAngle () function, we could have set vi to —1073741824.
However, VAngle (-90) is much easier to understand.

ANGLE 1,-90 ;set the DAC 1 cosine angle directly
MOVI V1,VAngle (-90)
ANGLE 1,V1L ;set using a variable

This changes the relative phase of the cosine output for the next cosine output. A
common use is to change the output from a cosine (maximum value at phase zero) to sine
(rising through zero at phase zero).

PHASE n,expr|vn| [Vntoff], OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The relative phase angle to set in the range -360 up to +360. The relative

phase is set to 0 when sampling starts. Set —90 for sinusoidal output.

vn For a variable, the value 11930465 is a phase of 1 degree (to be precise,
4294967296/360 is a phase of 1 degree). You can use the VAngle () function
to convert degrees into a suitable value for a variable.

OptLB If this optional label is present it sets the next instruction to run.

This example plays a 1 Hz sinusoidal output (assuming that the output is not running).

PHASE 2,-90 ;set the DAC 2 phase angle directly
ANGLE 2,0 ;prepare to start as a sine wave
RATE 2,Hz (1) ;start the sinusoid
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OFFSET

WAITC

This changes the cosine output voltage offset for the next cosine output.

OFFSET n,expr|Vn| [Vn+toff],OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The offset value for sinusoidal output. The units of this value are as set in the

outputs page of the sampling configuration dialog. It is an error to give a
value that exceeds the DAC output range.

Vn When a variable is used, the full range of the 32-bit variable corresponds to
the full range of the DAC. You can use the VDAC32 () function to load a
variable using user-defined DAC units.

OptLB If this optional label is present it sets the next instruction to run.

This example ramps DAC 0 from 0 to 1 volt, the runs 5 cycles of a sine wave at 1 Hz,
and finally ramps the data back to 0 volts. This example does not work with a 1401plus.

DAC 0,0 ;use DAC 0 for all output
OFFSET 0,1.0 ;set DAC 0 offset
SZ 0,0.2 ;1 V sinusoid
PHASE 0,-90 ;Prepare sinusoid
ANGLE 0,0 ;set start point
RAMP 0,1.0,1.0/s(1) ;ramp to 1 volt in 1 sec
RAMPUP: WAITC O0,RAMPUP ;wait for ramp >Ramp up
RATE 0,HZ (1) ;start sinusoid
DELAY S(4.9) ;Sinusoid >Sine
RATEW 0,0 ;stop at cycle end
END: WAITC 0,END ;wait for end >Wait end
RATE 0,0 ;stop now
RAMP 0,0.0,1.0/S(1) ;ramp to 0 volt in 1 sec
RAMPDN : WAITC 0,RAMPDN ;wait >Ramp down
HALT

Each time the phase angle of a cosine passes through 0°, a new cycle flag sets. This flag
is also set when a ramp terminates. There is a separate flag for each DAC. This flag is
cleared by CLRC, RATEW, RINCW and when tested by WAITC.

WAITC n,LB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
LB A label to branch to if the new cycle flag is not set. If the flag is set, the

sequencer clears the flag and does not branch.

This instruction can produce a pulse at the start (or at least a known time after) the start
of each waveform cycle. The following sequence outputs 4 cycles of waveform at
different rates on DAC 1, and changes the digital outputs for each cycle.

SZ 1,1.0 ;make sure full size
ANGLE 1,0.0 ;make sure we start at phase 0
RATE 1,1.0 ;1 degree per step to start with
DIGOUT [00000001] ;so outside world knows
RATEW 1,1.2 ;next cycle faster, clear cycle flag
wl: WAITC 1,wl ;wait for cycle >1 degree cycle
DIGOUT [00000010] ;announce another cycle
RATEW 1,1.4 ;next cycle a bit faster
w2 WAITC 1,w2 ;wait for cycle >1.2 degree cycle
DIGOUT [00000011] ;yet another one
RATEW 1,1.6 ;last cycle a bit faster
w3: WAITC 1,w3 ;wait for cycle >1.4 degree cycle
DIGOUT [00000100] ;last cycle number
wé : WAITC 1,wéd ;wait for end >1.6 degree cycle
RATE 1,0.0 ;stop waveform
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RINC, RINCW

CLRC

These instructions behave like RATE and RATEW except that they change the output rate
(angle increment per step) by their argument rather than set it. RINCW clears the new
cycle flag.

RINC n,expr|vn| [Vn+off], OptLB ;DAC n

RINCW n,expr|vn| [Vntoff], OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
expr The change in the angle increment per step. You can use the built-in Hz ()

function to express the change as a frequency.

vn For a variable, the value 11930465 is a change of 1 degree. You can use the
VarValue script in the Scripts folder to calculate variable values.

OptLB If this optional label is present it sets the next instruction to run.

This example starts cosine output at 10 Hz and lets you adjust it from the keyboard.

RATE 1,Hz (10) ;start output at 10 Hz
wt: JUMP wt ;HALT stops all output>P=+1Hz, M=-1Hz
'P RINC 1,Hz (1) ,wt;1 Hz faster
'M RINC 1,Hz(-1),wt;1 Hz slower

These instructions can be used to produce waveforms that change gradually in frequency. The
following code generates a linear speed increase every two steps on DAC 1:

SZ 1,1.0 ;make sure full size
ANGLE 1,0.0 ;make sure we start at phase 0
RATE 1,1.0 ;1 degree per step to start with
MOVI V1, 900 ;in 900 steps of...

loop: CRINC 0.01 ;...1/100 degrees to...
DBNZ V1, loop ;...l0 degrees per step

The next example produces 90 cycles, each increasing by 0.1 degrees per step per cycle.
SZ 1,1.0 ;make sure full size
ANGLE 1,0.0 ;make sure we start at phase 0
RATE 1,1.0 ;1 degree per step to start with
MOVI v1l, 90 ;in 90 steps of...

loop: RINCW 1,0.1 ;...1/10 degrees to...

wait: WAITC 1,wait ;...(wait for next cycle)...
DBNZ V1, loop ;...1l0 degrees per step

This instruction clears the cosine output new cycle flag. If you have been running for
several cycles and you want to stop the next time phase 0 is crossed use this instruction
immediately before using WATTC.

CLRC n, OptLB ;DAC n
n DAC number in the range 0-7 (available DACs depend on the 1401 type).
OptLB If this optional label is present it sets the next instruction to run.

This example starts a sinusoid and stops it at the next phase 0 crossing after a user stop
requests. Because the sinusoid passes phase 0 in the WATTC instruction and does another
step in the RATE 1, 0 instruction, we offset the phase by 2 steps. However, this would
cause the start of the sinusoid to be 2 steps wrong, so we change the start angle to match.

'G PHASE 1,-2*Hz (2)
ANGLE  1,2*Hz (2)

compenstate for ending
so we start in correct place

RATE 1,Hz (2) ; 2 Hz output
HERE: JUMP HERE ; output is running >Running
'S CLRC 1 ; Stop output
WT: WAITC 1,WT ; wait for cycle end>Waiting
RATE 1,0, HERE ; stop and then idle
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General control

DELAY

DBNZ

CALL, CALLV, RETURN

These instructions do not change any outputs or read data from any inputs. They provide
the framework of loops, branches and delays used by the other instructions.

The DELAY instruction occupies one clock tick plus the number of extra ticks set by the
argument. It produces simple delays of 1 to more than 4,000,000,000 sequencer steps.

DELAY expr|Vn| [Vn+toff],OptLB

expr The extra sequencer clock ticks to delay in the range 0 to 4294967295. The
s(), ms() and us() built-in functions convert a delay in seconds,
milliseconds or microseconds into sequencer steps.

Vn Variable or table index from which to read the number of extra clock ticks.
OptLB If this optional label is present it sets the next instruction to run.

This example uses display messages to tell the user what the sequence is doing.

SET 1.00,1,0 ;run with 1 millisecond clock ticks
DELAY 2999 ;wait 2999+1 milliseconds>3 second delay
DELAY s(3)-1 ;3 seconds -1 tick delay >3 second delay
DELAY V1,LB ;wait V1+1 ms, branch >variable delay
DELAY [V1+9] ;V14+9 is table index >table delay

DBNZ (Decrement and Branch if Not Zero) subtracts 1 from a variable and branches to a
label unless the variable is zero. It is used for building loops.

DBNZ  Vn,LB
vn The variable to decrement and test for zero.

LB Instruction to go to next if the result of the decrement is not zero.

DBNZ is often used with MOVT to set up loops, for example:

MOVI v2,1000 ;set times to loop

WT: DIGOUT [00000000] ;set all digital outputs low
DIGOUT [11111111] ;set them all high
DBNZ V2,WT ;loop 1000 times

These instructions run a labelled part of a sequence and return. CALL and CALLV save
the next step number to a refurn stack and jump to the labelled instruction. The RETURN
instruction removes the top step number from the return stack and jumps to it. CALLV
also sets a variable to a constant.

CALL LB ; use LB as a subroutine

CALLV LB, Vn, expr ; Vn = expr, then call 1B

RETURN ; return to step after last CALL
LB The next instruction to run. The CALLed section should end with a RETURN.
Vn CALLV copies the value of expr to this variable. CALL1 sets V33, CALL2 sets

V34 CALL3 sets V35 and CALL4 sets V36.
expr A 32-bit integer constant that is copied to a variable.

You can use CALL inside a CALLed subroutine. This is known as a nested CALL. If you
call a subroutine from inside itself, this is known as a recursive CALL. The return stack
has room for 64 return addresses. If you use more than this, the oldest return address is
overwritten, so your sequence will not behave as you expect.
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JUMP

HALT

NOP

This example generates different pulse widths from DAC 0. The sequence is written to
be independent of the sequencer rate, However, it must be high enough so that the widths
are possible. In this case a sequencer Step period of 1 millisecond (set in the Outputs
tab of the sampling configuration) would be fine. The example sets DAC 0 to zero, then
pulses for 20 milliseconds twice, once using CALL and once using CALLV. Then after a
delay, there is a 50 millisecond pulse.

DAC 0,0 make sure DACO is zero
MOVI V3,ms (20) -2 these two instructions...
CALL PUL ...have the same effect as...

CALLV PUL,V3,ms (20) -2
DELAY s (1)-1
CALLV PUL,V3,ms (50) -2

...this one. 20 ms pulse
wait 1 second, then...
...a 50 ms pulse

Ne Ne Ne Ne e e N Ne N Ne N

HALT So we don't fall into PUL routine
PUL: DAC 0,1 set DAC value

DELAY V3 wait for time set

DAC 0,0 set DAC back to zero

RETURN back to the caller

CALL/CALLV and RETURN let you reuse a block of instructions. This can make sequences
much easier to understand and maintain. The disadvantage is the additional steps for the
CALL and RETURN. If you need to set a variable, use CALLV and there is only the
overhead of the RETURN instruction.

The JuMP instruction transfers control unconditionally to the instruction at the label.
Many instructions allow the use of an optional label to set the next instruction, so you
can often avoid the need for this instruction. You can also jump using the contents of a
register as the destination, or relative to a label (LB):

JUMP LB ; Jump to label

JUMP (Vn) , OptLB ; Jump to instruction Vn

JUMP LB (Vn) ,OptLB ; Jump to instruction LB+Vn
(vn)  The value of variable vn sets the instruction number to jump to.

LB (Vn) Jump to the instruction given by label LB plus the contents of vn.

OptLB An optional label to jump to if (Vn) or LB (Vn) is not an instruction number.
The first instruction is 0, the last depends on the size of the sequence.

The HALT instruction stops the output sequence and removes all overhead associated with
it. It does not stop the sequencer clock, which continues to run. Any cosine output will
stop, but will restart when the sequence restarts. To restart the sequencer, press a key
associated with a sequence step or click a key in the sequencer control panel. If you
associate a display string with this instruction, it appears in the sequencer control panel.

HALT >Press X when ready

The NOP instruction (No OPeration) does nothing except use up one sequencer clock tick.
It can be thought of as the equivalent of DELAY 0.
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Variable arithmetic

Compare variable

MOVI

MOV, NEG, ABS

These instructions perform basic mathematical functions while a sequence runs. You can
also compare variables and branch on the result

These instructions compare two variables or a variable and a 32-bit expression and
branch on the result of the comparison. All comparisons are as signed 32-bit integers.

Bxx Vn, Vm, LB ;compare with a variable
Bxx Vn,expr, LB ;compare with a constant
Bxx Vn, [Vmtoff],LB ;compare with a table entry
xx This is the branch condition. The xx stands for: GT=Greater Than, GE=Greater

or Equal, EQ=Equal, LE=Less than or Equal, LT=Less Than, NE=Not Equal.

Vn The variable to compare with the next argument.
Vm A variable to compare vn with or table index variable.
expr A 32-bit integer constant to compare Vn with.

This example collects the latest data value from channel 1 (assumed to be a waveform),
waits for it to be in a set range for 1 second, then outputs a pulse to a digital output bit.

START: CHAN vi,1 ; get channel 1 data
BGT V1,4000, START ; 1f above upper limit, wait
BLT v1l,0,START ; if too low, wait
IN: MOVI V2,S(1)/4 ; timeout, 4 instructions/loop
INLOOP: CHAN v1l,1 ; to check if still inside
BGT V1,4000, START ; 1f above upper limit, wait
BLT v1l,0,START ; if too low, wait
DBNZ V2, INLOOP ; see if done yet
REWARD: DIGOUT [eeenn.. 1] ; Task done OK
DELAY S (1) ; leave bit set for 1 second
; clear done bit

DIGOUT [....... 0]
.. next task...

We want the data to be in range for one second. There are 4 instructions in the loop that
tests this, so we set to the loop to run for the number of steps in a second divided by 4.
For this to work correctly, the sequencer must be running fast enough so that 4 steps are
no longer than the sample interval for the waveform channel.

This instruction moves an integer constant into a variable. The syntax is:

MOVI Vn, expr, OptLB ; Vn = expr
vn A variable to hold the value of expr.
expr An expression that is evaluated as a 32-bit integer.

OptLB If this optional label is present it sets the next instruction to run.

MOVT is not the same as the VAR directive. The VAR directive sets the value of a variable
when the sequence is copied to the 1401 and does not occupy a step. The MOVI
instruction is part of the sequence and set the value of the variable each time the
instruction is used.

The MOV instruction sets a variable to the value of another with the option of adding a 32-
bit number and dividing by a power of two). The NEG instruction is identical to MOV
except that the source variable is negated first, ABS is the same, but it takes the absolute
value. The syntax is:

MOV Va, Vb, expr,shift ; Va = (Vb + expr) >> shift
NEG Va, Vb, expr,shift ; Va = (-Vb + expr) >> shift
ABS Va, Vb, expr,shift ; Va = (|Vb| + expr) >> shift
Va A variable to hold the result. It can be the same as Vb.
Vb A variable used to calculate the result. It is not changed unless it is the same

variable as va.
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ADDI

ADD, SUB

DIV, RECIP

expr An optional expression that is evaluated as a 32-bit integer. If this argument is
omitted, it is treated as 0.

shift An optional argument in the range 0 to 31, set to O if omitted, that sets the
number of times to divide the result by 2.

The following examples assume that v3 holds 1000:

VAR V6,Result

MOV v1,V3 ; set V1 to 1000
NEG v1,V3 ; set V1 to -1000
MOV v1l,v3,-8 ; set V1 to 992
NEG Result,Vv3,0,4 ; set V6 to -63
MOV Result,V3,4,1 ; set Vo to 502

This instruction adds a 32-bit integer constant to a variable. There is no SUBI as you can
add a negative number. The syntax is:

ADDI Vn, expr,OptLB ; Vn = Vn + expr
vn A variable to hold the result of vn + expr.
expr An expression that is evaluated as a 32-bit integer.

OptLB If this optional label is present it sets the next instruction to run.

The following examples assume that v1 holds -1000:

VAR V1,Result=-1000
ADDI Result,1000 ; set V1 to O
ADDI V1,-4000 ; set V1 to -5000

The ADD instruction adds one variable to another. The SUB instruction subtracts one
variable from another. In both cases you can optionally add a 32-bit integer constant and
optionally divide the result by a power of two. The syntax is:

ADD Va,Vb,expr,shift ; Va = (Va + Vb + expr) >> shift
SUB Va,Vb,expr,shift ; Va = (Va - Vb + expr) >> shift
Va A variable to hold the result. It can be the same as vb.
Vb A variable to add or subtract.
expr An optional expression evaluated as a 32-bit integer. If omitted, 0 is used.

shift An optional argument in the range 0 to 31, set to O if omitted, that sets the
number of times to divide the result by 2.

The following examples assume that v1 holds -1000, v3 holds 1000, vé holds 100:

VAR V6,Result=100

ADD v1,V3 ; V1 = 0 (-1000 + 1000 + 0)
SUB v1,V3 ; V1 = -1000 (0 - 1000 + 0)
ADD v1,v3,-8 ; V1 = -8 (-1000 + 1000 - 8)
SUB Result,Vv3,0,2 ; V6 = -225 (100 - 1000 + 0)/4
ADD Result,Vv3,4,1 ; V6 = 389 (-225 + 1000 + 4)/2

DIV and RECIP divide variables. They take around 1 ps in Power1401s, 3 in a micro1401
mk II, 10 in a micro1401 mk 1 and 5 in a 1401plus.

DIV Va, Vb ; Va
RECIP Va, expr ; Va

Va / Vb
expr / Vb

If the numerator is 0, the result is 0. If the denominator is 0, the result is 2147483647 if
the numerator is greater than 0 and —2147483648 if it is negative. The 1401plus truncates
all results downwards, all other 1401s truncate towards 0. So, 7/3 or —7/-3 is 2 in all
1401s, but —7/3 or 7/-3 is -2 except in a 1401plus, where it is —3.
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MUL, MULI

Variable logic
AND, ANDI

OR, ORI

MUL multiplies a variable by another variable, then optionally adds a 32-bit integer
constant and divides the result by a power of two. MULT multiplies a variable by a 32-bit
integer constant and divides the result by a power of 2.

MUL Va,Vb,expr,shift ; Va = ((Va*Vb)+expr) >> shift
MULI Va,expr,shift ; Va = (Va*expr) >> shift

Va A variable to hold the result. It can be the same as Vb.

Vb A variable used to calculate the result.

expr An expression that is evaluated as a 32-bit integer. It is optional for MUL and

required for MULI. If this argument is omitted, it is treated as 0.

shift An optional argument in the range 0 to 31, set to 0 if omitted, that sets the
number of times to divide the result by 2.

The following examples assume that v1 holds —10 and v3 holds 10:

MULI V1,10 ; V1 -100 (=10 * 10)
MUL v1,V3,-8 ; V1 -992(-100 * 10 -8)

These instructions perform bitwise logical functions.

These instructions bitwise AND a variable with a variable or a 32-bit expression. A
bitwise AND means that each bit of the 32-bit result is 1 if both corresponding source bits
are 1, otherwise the result bit is 0. For example, 3 AND 11is 1, 0x55 AND OxAAis 0.

AND Va, Vb ; Va = Va AND Vb
ANDI Va,Vb,expr ; Va = Vb AND expr
Va The variable to hold the result.
Vb A variable to AND with va or with the expression.
expr A 32-bit integer constant to AND with Va.

This example waits for the digital input to have bit 4 set, then branches based on the
digital input value (placed in VDigIn or V56 by DIBNE).

WT: DIBNE [...1....],WT ; wait for bit 4 set >Wait 4 Bit 4
ANDT V1,VDigIn,0x0f ; isolate bits 0..3 (value 0-15)
JUMP ACTION (V1) ; branch based on the result
ACTION: JUMP ACTO ; action for value 0
JUMP ACT1 ; action for value 1
JUMP ACT15 ; action for wvalue 15

These instructions bitwise OR a variable with a variable or a 32-bit expression. A bitwise
OR means that each bit of the 32-bit result is 1 if either corresponding source bit is 1,
otherwise the result bit is 0. For example, 3 OR 1 is 3, 0x55 OR 0xAA is Oxff.

OR Va, Vb ; Va = Va OR Vb
ORI Va,Vb,expr ; Va = Vb OR expr
Va The variable to hold the result.
Vb A variable to OR with Va or with the expression.
expl A 32-bit integer constant to OR with va.
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XOR, XORI These instructions bitwise exclusive OR a variable with a variable or a 32-bit expression.
A bitwise exclusive OR means that each bit of the 32-bit result is 1 if the corresponding
source bits differ, otherwise the result bit is 0. For example, 3 XOR 1 is 2, 0x55 XOR

0xAA is Oxff.
XOR Va, Vb ; Va = Va XOR Vb
XORI Va,Vb,expr ; Va = Vb XOR expr
Va The variable to hold the result.
Vb A variable to XOR with Va or with the expression.
expr A 32-bit integer constant to XOR with Va.

Table access Tables are declared with the TABSZ directive and can be populated with data using the
TABDAT directive. Most access to tables is through the [Vn+off] method, but there are
also instructions for loading and storing a register in a table and for incrementing or
decrementing a register used as a pointer into the table.

TABLD, TABST These two instructions load a register from the table and store a register into the table.
Many instructions can load arguments from the table, so TABLD is not often required.

TABLD Vm, [Vn+off],OptLB ; load Vm from the table

TABST Vm, [Vn+off],OptLB ; store Vm into the table
Vm The variable to load from the table or store into the table.
+off An optional expression that evaluates to an integer in the range —1000000 to

1000000. If omitted, the value 0 is used.

Vn Any offset in the of £ expression is added to the contents of this variable and
the result is used as an index into the table. If the index lies in the table, vm is
loaded from the table or stored in the table at the index. If the index is outside
the table, TABLD copies 0 to vm and TABST does nothing.

OptLB If this optional label is present it sets the next instruction to run.

TABADD, TABSUB These two instructions add a table value to a variable or subtract a table value from a
variable. These instructions were added at version 4.06.

TABADD Vm, [Vn+off],OptLlB ; add table value to Vm
TABSUB Vm, [Vn+off],OptLlB ; subtract value from Vm

v The variable to add data to or subtract it from.

+off An optional expression that evaluates to an integer in the range —1000000 to
1000000. If omitted, O is used.

vn The variable value plus the offset is used as a table index. If the index lies in
the table, vm is changed. If the index is not in the table, the instruction does
nothing.

OptLB If this optional label is present it sets the next instruction to run, otherwise the
next sequential instruction runs.
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TABINC

Access to data capture

CHAN

This instruction adds a constant to a variable and detects if the result is a valid table
index. If it is a valid index, the instruction branches. If it is not, the result is reduced by
the table size if it is positive and is increased by the table size if it is negative, and the
instruction does not branch. This gives you an efficient way to work through the table.

TABINC Vn, expr, OptLB
Vn This variable is assumed to hold a valid table index.
expr This expression evaluates to a positive or negative number that is added to vn.
OptLB If this optional label is present it sets the next instruction to run.

For example, the following codes plays pulses through DAC 0 based on data in the table.
The table data holds groups of three items, holding the time for the DAC to stay at 0, the
DAC amplitude and the time to stay at the amplitude. Some example table data is given,
but the data could also be set with the SampleSeqgTable () script command.

TABSZ 12 ;4 sets of 3 items
TABDAT ms (50)-2,VDAC32(1),ms (50)-3
TABDAT ms(100)-2,VDAC32(1.3),ms(70)-3
TABDAT ms (200)-2,VDAC32(1.5),ms (90)-3
TABDAT ms(400)-2,VDAC32(1.9),ms(110)-3
'G MOVI V1,0 ;use V1 as the table pointer
LOOP: DAC 0,0 ;strt with the DAC low
DELAY [V1] ;wait for first period>Low
DAC 0, [V1+1] ;get the DAC value
DELAY [V1+2] ;wait for second period>High
TABINC V1,3,LOOP
DAC 0,0 ;tidy up the dac

Most activities in the sequencer are independent of the sampling process. However, there
are times when you need to know the value of a channel to decide what to do next. The
CHAN command gives you the latest waveform value or number of events on a channel.
The TICKS command tells you the current time in terms of the sampling clock ticks. The
sequencer can also send information in the other direction.

This instruction gives the output sequencer access to sampled data on a waveform
channel. You can also use this command to get the most recent value written to the DAC
outputs. The variable value is set to 0 if the channel is not being sampled. This
instruction is not available for the 1401plus.

CHAN Vn, chn ; Vn = ChanData (chn)

chn The channel number is 1 to 80 for sampled channels or 0 to -7 for the last
value on DACs 0 to 7. The result is the most recent data available.

Waveform and DAC data are treated as 16-bit signed values from —32768 to 32767. You
also have access to DAC values as 32-bit data in variables V67 to V64 (VDACO to VDAC7)
without the need to use the CHAN instruction. This instruction takes rather longer to
execute than other sequencer instructions (it incurs the DIV/RECIP time penalty), and
may cause timing problems if used in circumstances when the 1401 is heavily loaded.

This example waits for a sampled signal to cross 0.05 volts and produces a pulse.

VAR V1, level=VDAC1l6(0.05) ;level to cross
VAR V2,data ;to hold the last data
VAR V3, low=0 ;some sort of hysteresis level
DIGOUT [000000007] ;set all dig outs low
BELOW: CHAN data, 1 ;read latest data >wait below
BGT data, low,below ;wait for below >wait below
ABOVE: CHAN data, 1 ;read latest data >wait above
BLE data, level,above ;wait for above >wait above
DIGOUT [....... 1] ;pulse output...
DIGOUT [....... 0],below ;...wait for below
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POINTS

REPORT, MARK

STATE

SETS

This instruction sets a variable to the current number of points sampled in the current
sweep. The variable value is set to 0 if the sampling sweep has not started. This
instruction is not available for the 1401plus.

POINTS Vn, OptLB ; Vn = Sweep points
vn This variable is updated with the sweep point count.
OptLB If present, the instruction branches to this label.

This can be used instead of the wSwP command to wait until a specific point in the sweep,
but based on points rather than time. This instruction takes rather longer to execute than
other sequencer instructions (it incurs the DIV/RECIP time penalty), and may cause
timing problems if used in circumstances when the 1401 is heavily loaded.

The REPORT instruction records a digital marker (if the digital marker channel is enabled)
as if there was an external pulse on the “data available” input (see the Sampling data
chapter for the input to use). The MARK instruction does the same, except it takes the
argument as the value to record. REPORT has no arguments.

REPORT OptLB
MARK expr|Vn| [Vn+toff], OptLB

expr The argument should have a value in the range 0 to 255. If a variable or table
is used, the bottom 8 bits of the value are used.

OptLB If this optional label is present it sets the next instruction to run, otherwise the
next sequential instruction runs.

LB: DIBNE [eeeeo.. 1],LB >Waiting for bit 0
REPORT ;save a marker when this is set
MARK 12 ;set code 12 as a digital marker

This instruction sets a variable to the current sweep state code.

STATE Vn, OptLb ; Vn = Sweep state code
vn This variable is updated with the current sweep state code.
OptLb If present, the instruction branches to this label.

This can be used in conjunction with the Signal multiple states mechanism (in Static or
Dynamic outputs mode only) to produce a sequence that behaves in a different fashion
according to the sweep state.

This instruction sets the state code for the current sweep.

SETS expr|Vn| [Vn+toff],OptLB ; Sweep state = expr
expr This is the state code, from 0 to 255 normally.
vn When a variable or table entry is used to set the state, the value sets the sweep
state.

OptLb If present, the instruction branches to this label.

This can be used instead of the normal Signal multiple states mechanisms to generate
data files with separate state codes attached to the data sweeps. This instruction should
not be used with a sampling configuration which uses multiple states as the two
mechanisms will be in conflict; use it in a sampling configuration with multiple states
turned off. To match the built-in multiple states mechanism, you should restrict yourself
to state codes from 0 to 255. However, you can use other state code values if you wish.
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SWEEP

WSWP

TRIG

TICKS

This sets a variable to the time of the current sweep in sequencer clock ticks start plus an
optional expression.

SWEEP Vn, expr ; Vn = Sweep start time + expr
Vn This variable is updated with the start time of the current sweep.
expr This optional expression will be added to the time.

This can be used to find the start time of the current sweep, or a time within the current
sweep. If there is no sweep in progress, the start time of the previous sweep is used.

This instruction waits until a given time (in sequencer ticks) within the sampling sweep.

WSWP expr|Vn| [Vn+toff],OptLB ; Wait till expr in sweep

expr This is time within the sweep, in sequencer ticks. Values of expr from 1 to
the sweep duration specify a time within a sweep, if you specify a time
greater than or equal to the sweep duration the sequencer will wait forever.
The following values of expr have special meanings:

0  Wait until a sampling sweep is in progress
-1 Wait until a sampling sweep is not in progress
-2 Wait until the sampling sweep is armed; the 1401 is ready to accept a
trigger but has not been triggered yet
Vn When a variable or table entry is used, the value is the time within the sweep
in sequencer ticks or one of the special values above.

Optlb If present, the instruction branches to this label.

This can be used to pause sequencer execution until a required sweep time is reached; it
is the easiest way of synchronising the sequencer with sampling.

This instruction causes a trigger to start a sampling sweep. If the Free run without
restarts box is checked, you can use this in Basic, Outputs frame and Fast triggers. If
the box is clear, you can use it in Outputs frame mode only. Using this in other
circumstances may cause sampling problems.

TRIG ; Trigger a sweep

In Outputs frame sampling mode, you must use TRIG to trigger sweeps as external
triggers are disabled.

This instruction sets a variable to the current sampling time in sequencer clock ticks and
adds an expression or 0 if expr is omitted. The s (), ms() and us () expression
functions can be used to make the sequence independent of the clock rate.

TICKS Vn, expr ; Vn = Signal time + expr
Vn This variable is updated with the current time.
expr This optional expression will be added to the time.

This can be used with the CHAN command and variable related branches to check the
timing of external pulses. The sequencer runs under interrupt, and competes for time with
other interrupt driven processes in the 1401 interface. This causes some “jitter” in the
timing. The jitter for a Micro1401 or Power1401 is typically only a few microseconds.
For a 1401plus, it can be a few tens of microseconds, depending on other 1401 activity.
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Randomisation

BRAND

Poisson process

Scripts and variables

These functions use a pseudo-random number generator. The generator is seeded by a
number that is based on the length of time that the 1401 has been switched on.

BRAND branches with a probability set by the argument or by a variable. This could be
used when several different stimuli are required, but in a random sequence.

BRAND LB, expr|Vn| [Vn+off]

LB Where to go if the branch is taken
expr This is the probability of branching in the range 0 up to (but not including) 1.
vn When a variable or table entry is used for a branch, the value is treated as a

32-bit unsigned number; 0 means a probability of zero and 4294967295 (the
largest 32-bit unsigned number) means a probability of 0.9999999998.

BRAND LB,0.5 ;branch with 50% probability

To produce a multiple way random branch you use more BRAND instructions. A three
way equal probability branch to 1A, LB and LC can be coded:

BRAND LA,0.33333 ;Split the first route with p=1/3
BRAND IB,0.5 ;0.6667 to here * 0.5 is 0.3334 (1/3)
LC: e ;If neither of the above, comes here

The following shows the sequence for a five-way branch with equal probabilities:

BRAND LA,0.2 ;5 way, LA probability is 0.2 (1/5)
BRAND FX,0.5 ;Probability to here=0.8, so to FX=0.4

BRAND LB,0.5 ;Probability to here=0.4, so to LB=0.2
IC: Cen ;Probability to here=0.2
FX: BRAND LD,0.5 ;Probability to here=0.4, so to LD=0.2
LE: Cen ;Probability to here=0.2

The best technique is to reduce the branches to a power of two as soon as possible. Case
1 of the five-way branch is split off (probability of 0.2), leaving 4 ways. The 4 ways are
split with a probability of 0.5 (0.4 for each division) then the last two routes are split,
again with a probability of 0.5 (0.2 for each division).

In a Poisson process, the probability of something happening per time interval is
constant. You can generate a delay with a Poisson statistic by:

POISSON: BRAND POISSON, prob ; poisson delay

The probability is given by prob = 1.0 - 1.0/ (mDelay*S(1)), where mDelay is
the mean delay required in seconds and s (1) is the built in function that tells us how
many steps there are per second. If you would rather express this in terms of a rate, then
prob = 1.0 - rate/S (1), where rate is the expected rate in Hz.

TENHZ : BRAND TENHZ,1.0-10/S(1) ;10 Hz mean rate
DIGOUT [....... 1] ;set output high
DIGOUT [eeen.. 0], TENHZ ;set output low, goto TENHZ

This example generates a digital output that pulses to produce an approximation to a
Poisson distributed pulse train with a mean frequency of 10 Hz. The approximation
improves the shorter the step time. The mean interval between pulses is 100 milliseconds
plus the time for 2 steps and the shortest gap between pulses is 3 sequencer steps.

From a script you can set sequencer variables as 32-bit signed integers. For the range
2147483648 to 4294967295 we must use negative numbers. This script example shows
you how to convert a probability into a variable value and pass it to the sequencer:

Proc SetBrandVar (prob, v%) 'prob is probability, v$% is variable
prob *= 4294967296.0; 'range 0-4294967296 is 0 to 1.0

if (prob > 4294967295.0 ) then prob := 4294967295.0 endif;

if prob > 2147483647 then prob -= 4294967296.0 endif;

if prob < -2147483647 then prob := -2147483647 endif;
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MOVRND

Arbitrary waveform
output

WAVE

WAVEBR

SampleSeqgVar (v%, prob);
end;

This instruction generates a random number in the range 0 to a power of 2 minus 1, then
adds an integer constant to it and stores the result in a variable.

MOVRND Vn,bits,expr
Vn The variable to hold the result.

bits The number of random bits to generate in the range 1 to 32. The generated
random bits fill the variable starting at the least significant bit. Bits above the
highest numbered generated bit are set to 0.

expr An optional expression that evaluates to a 32-bit integer number, that is added
to the random bits. If this is omitted, nothing is added.

Expressed in terms of the script language, the random number is one of the numbers in
the range expr to expr+Pow (2,bits) -1. For example, MOVRND V33, 8,1 generates a
random number in the range 1 to 256.

The following code fragment implements a random delay of between 1 and 2.024
seconds (assuming a 1 millisecond clock).

MOVRND V1,10,998 ;load V1 0 with (0 to 1023) + 998
DELAY V1 ;this uses 999 to 2023 steps

In addition to generating voltage pulses, ramps and cosine waves through the DACs,
Signal can play arbitrary waveforms. The sequencer can start waveform output and test it
and branch on the result. The sampling configuration sets the size of the area reserved for
waveform storage, though not all of that area need be used. The waveforms are stored in
1401 memory and can be updated just before and during sampling with the
SampleSegWave () script command.

The WAVE instruction starts arbitrary waveform output from the waveform area.

WAVE ; Start arbitrary waveform output

The waveform output area used by the sequencer can only be loaded up with data by
using the SampleSegWave () script language function, it can be reloaded during
sampling as required.

The WAVEBR instruction tests the state of the waveform output and branches on the result.
No branch occurs if there is no output running or requested.

WAVEBR LB, flag
LB Label to branch to if the condition set by the flag is met.

flag An optional single character flag to specify the branch condition:
S branch if arbitrary waveform output is stopped.
G branch if arbitrary waveform output is going.

The following (fairly trivial) sequence plays the output waveform 5 times.

MOVI V1,5 ; load variable 1 with 5

WL: WAVE ; start output

WT: WAVEBR WT,G ; wait here while output is going
DBNZ V1,WL ; do this 5 times >Waiting for cycle

The wAVE command starts output, it then waits for the output to stop at the WT label. Next
the sequence repeats this process 5 times.
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Sequencer compiler When you use the Format or Compile buttons in the sequence editor, Signal displays
error messages thg result of the compilation or format operation m.the message bar at the top of the
window. The messages report either successful operation or the cause of the problem.
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Sampling with multiple states

Introduction

What does multiple
states sampling do?

State numbers, idling and
state O

Auxiliary states hardware

What else can multiple
states do?

In the Getting started chapter we met the frame state code; a value from 0 to 256 that is
attached to each frame in a Signa data file. The value indicates a condition or
classification of the frame and can be used to select data file frames for analysis. This
chapter describes the uses and control of multiple statesin Signal data acquisition.

Multiple states sampling can do a lot of things, by far the most common (and
straightforward) usage is to allow a sampling configuration to have a number of different
sets of output pulses (one per state) available and to switch between these outputs during
sampling. So, for example, you could have one state that generates a single stimulation
pulse on a DAC, ancther state that has two stimulation pulses separated by 20
milliseconds, and another that has two pulses separated by 40 milliseconds and Signal
could then switch between them randomly or in a preset order during sampling. This
form of multiple states is known as Dynamic outputs, we will concentrate on this type
of multiple states usage because it is the most useful and general-purpose.

With multiple states sampling disabled, all sampling uses the only state available, which
is number zero. With multiple states in use you gain a number of extra states, which are
numbered from one upwards. The design of Signal expects (though it does not require)
that state zero will be reserved for passive or idle outputs rather than for outputs that will
form part of the main experimental data — so for example state zero might generate no
stimulus at al or maybe a sub-threshold stimulus that allows the health of the preparation
to be checked but does not generate any useful data.

This design choice is most visible in the ‘idling’ behavior of Signal states sequencing.
Idling means that Signal will stop states sequencing, switch to state zero, and turn off
writing to disk. Controls in the states configuration allow you to specify when states
sequencing will automatically idle; there is aso an Idle button in the states control bar.
The built-in states sequencing within Signal aso expects this arrangement - for example
if you use numeric sequencing with three extra states Signal will run through states 1, 2
and 3 but will not use state zero until the sequencing has finished.

In addition to controlling the 1401 outputs, Signal multiple states can be used to control
external hardware, for example a MagStim transcranial magnetic stimulator. Such
hardware can be set up differently for each state. This is done using specialised software
for each type of supported hardware and is documented separately in chapter 20;
Auxiliary states devices.

In addition to Dynamic outputs there are two other more specialised forms of multiple
states. Static outputs and External digital. These are described at the end of this
chapter.

Static outputs mode replaces multiple sets of pulse outputs with multiple sets of
unchanging outputs, one for each state. It is not much different from what one could
achieve using Dynamic outputs without any output pulses defined so you could only set
theinitial levels of the outputs. The key extra feature of Static outputs states is that the
outputs are set up before the sampling sweep begins, at the time the sweep is enabled
(soon after the previous sweep finishes). So Static outputs can be useful if you want to
feed controlling information to external equipment such as a stimulator to get it ready to
deliver different stimulations — setting the outputs earlier allows the stimulator time to
read the outputs and become ready before triggering the sampling sweep.
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Enabling multiple
states

Defining multiple
states

Dynamic outputs
states

External digital mode is very different. In this style of operation the 1401 digital inputs
are read by Signa at the end of each sampling sweep to retrieve data generated by
external stimulation equipment such as avisua stimulator. This digital input datais used
to generate the state code value for the frame just sampled. So this form of multiple states
is suitable with external equipment which determines the stimulation to be used
independently of Signal and outputs digital data to indicate what it has done.

The General page in the sampling configuration dialog contains a checkbox labelled
Multiple frame states that enables multiple states in data acquisition. With this
checkbox clear, sampling does not use multiple states and all sampled data frames are set
to state zero, with it checked, sampling will use multiple states and set the data frames to
the appropriate state value. The checkbox is not available with fast triggers, fast fixed
interval or gap-free sweep modes as these do not allow for adjustment of the 1401
behaviour between sweeps.

When multiple frame states are enabled, the sampling configuration dialog gains another
page labelled States holding controls used to configure multiple states.

Al configuration of multiple

states is carried out using the

States e in the samplin
Conflgur;?)n d|a|og p g State variation Diyrammic outputs [id Ordering INumeric 'l

Mumber of extra states |3— Fepeats |4—
The State variation selector at [~ Cycle automatically at start Cycles before idle |2
the tOp |9ft of the States page V' Tum onwriting with cycling T Individual repeats
selects the type of multiple states
to use from External digital,
Static outputs and Dynamic
outputs. The controls shown in
the diadlog change dramatically
with the type of multiple states
that is selected. Unless you are
sure that you want to use another T I IS ele
form of multiple states you should
select Dynamic outputs.

Generall Port setupl Outputz  States |Aut0mate|

With Dynamic outputs each state uses a different set of output pulses. The actual digital
and DAC outputs for each state (along with some other information such as the state
label) are set up using the Pulses dialog available from the Outputs tab of the sampling
configuration. The states page is purely concerned with defining how many states there
are and how they are sequenced — how and when Signal will switch from state to state
during sampling.

The Number of extra states item can be set to any value from 1 to 256, note that this
sets the number of statesin addition to state zero. Thusin the example shown above there
are 4 states possible, with codes running from 0 to 3. In many circumstances Signal will
only make use of the extra states and reserves state zero as a background or idle state.
This item also controls the states available in the pulses configuration dialog; you should
set the number of extra states that you want here and afterwards set up the pulse outputs.
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State sequencing

Numeric (non-protocol)
sequencing modes

Because Signal controls the states, we need to be able to specify Ordering Im
which state is used at what point during sampling. The simplest e
way to do this is to control the state manually using the states
control bar (see below), but we will often want some form of
automatic sequencing — its easier, faster and less error-prone.
Signal provides two basic forms of states sequencing — numeric
or protocol. The three numeric modes provide simple numeric or randomised states
sequencing, while using protocol mode allows more complex sequences of states to be
generated.

Semi-randarm

In the numeric states sequencing modes the user specifies how many of each state are to
be used, how many times they are to be used overal, how and whether the ordering is to
be randomised and what happens when state sequencing starts.

The Repeats item in the dialog sets how many of each state are to be used to make up
one cycle of the states sequence. It can be set to any number from 1 to 1000. In the
example shown above with a Repeats vaue of 4 each state from 1 to 3 will be used 4
times in one cycle of the states sequencing.

The Cycles before idle item sets how many cycles (a cycle being states*repeats as
described above) of sequencing are wanted before the sequencing stops and Signal
switches automatically to idling in state 0. Set thisitem to the number of cycles you want
or to 0 if you want states sequencing to repeat forever until stopped manually.

The Cycle automatically at start checkbox, if set, causes states sequencing to begin
automatically when sampling starts (normally sampling starts with Signal idling in state
zero, though writing to disk can be turned on). The Turn on writing with cycling
checkbox causes writing to disk to be enabled whenever states sequencing is started —
this can be quite useful as otherwise thisis hard to do neatly and easy to forget.

The Ordering selector sets the precise type of sequencing to be used, this can be set to:

Numeric In this mode the states are used in numerical order with each state being
used the number of times that is set by Repeats. First state 1 is used
the specified number of times, then state 2 and so forth. Once the last
state has been done, one sequencing cycle has been completed. For the
example shown above, with 3 states and 4 repeats, Numeric
seguencing would give:
1111 2 2 2 2 3 3 3 3

in one cycle of sequencing.

Random In this mode, one cycle of the sequencing again uses each state the
number of times specified by Repeats, but the order of the states
within a cycle is randomised. So, again for the example shown above,
Random sequencing might give:

2 3 21 3 3 1 2 13 1 2

in one cycle of sequencing (but of course what you actually get will
vary). When the sequencing starts another cycle, the states order is re-
randomised.
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Individual repeats

Semi-random Thisis a slight modification of Random mode where the states are not
al randomised across a cycle but instead randomised within one set of
states. For the example settings the first 3 frames will aways include
one of each state (in random order), as will the next 3 and so forth, but
one cycle of sequencing still consists of (states * repeats) frames. So
you might get:

21 331 2 3 2 11 2 3

in a sequencing cycle for the example above. As you will have realised,
this mode achieves exactly the same as setting the number of repeats to
1 in Random mode, but a sequencing cycle still consists of each state
being used the number of times specified by Repeats.

Protocol This is a non-numeric mode, and is described below. When Protocol
mode is selected, all of the checkboxes and controls for repeats and
cycles are hidden and replaced by a Protocols... button.

The descriptions above all assume NS LT GEEE
that each state is used Repeats
times in one sequencing cycle. TR o
The Individual repeats checkbox atevarton  [Dynaric oups (7] Orderng
a”OWS you toset a dlfferent repe'c‘(t Mumber of extra states |3
count for each state. If it is clear ™ Cycle automatically at start Cycles before idle ID

. . X ¥ Tum on writing with cpcling ¥ Individual repeats
the Repeats item is used to set cate 2 dats
how many times each state is FFFFﬁFFF Fiepeats |2
r(_apeated. If the checkbox is s, rrCrrerrc
different controls are used to set
the repeats wanted for each state

Generall Part setupl Outputs  States |Aut0mate|

rrErrrer

separately.
With Individual repeats selected,
the overall Repeats item is [ ok | cancel | Runnow | Hep |

hidden and the dialog instead
shows a state selector and repeat count so that you can set repeats for each state. The
state selector (on the left) is used to select a state by clicking on the state number; then
you can edit the Repeats value that is shown in the state data box on the right.

Individual repeat counts are used in much the same way as an overall repeat value only
each state has a separate count. In Numeric ordering each state is repeated in turn by the
specified number of times, while with Randomised ordering each state is repeated the
set number of times but the order within each sequencing cycle is randomised. Semi-
random ordering does not work very well with individual repeats enabled, as towards
the end of a cycle the states with a lower repeat count will be left out, but maybe this
behaviour will be useful in some circumstances.
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State sequencing using
protocols

When Protocol states ordering is selected all of the
states page controls apart from the number of extra = . fie =
states are hidden and a Protocol... button is provided
that allows you to create, view and edit the protocols. - Addprotocal | e |
— Details

A protocol consists of alist of steps; each step defines IV Create toolbar buton for protocol
a state that will be used, the number of times it will be l': un protace) sutomalicely = s

ycle protocol state only after write:
used and the step to go to next. There are also controls W Tum an wiiting at protocol start
defining what happens when a protocol starts, and I Reset puise steps at protocol start
when it finishes. Each protocol can useup to tensteps || - Sete - fepeds flo
and protocols can loop and be chained together to step2  [B 2 5
produce longer sequences of states. Up to 50 protocols stepz |0 1 1
can be defined in a single sampling configuration. Stepd [0 1 5
Protocols are defined by using the protocols dialog g:sz E 1 ?
which is obtained by pressing the Protocol... button Siep? [0 ] 5
on the states page. The dialog has a selector at the top sep8 [0 3 5
that is used to select a protocol for viewing and editing. Sepd [0 1 T
To create a new protocol press the Add Protocol Step10 [0 1 0
button, while the currently selected protocol can be Fiemesh saurl e et paless) | [
deleted using the Delete button. Atend  [Finish =l
The protocol name can be changed by directly editing g ?f::f;;[;E:;lﬂ';f;ﬂ'tgzzﬁshes

it in the protocol selector. Blank protocol names are
not allowed and will be rejected. oK ] _Comcel | beb |

The checkboxes at the top of the protocol details set general options and define what
happens at the start of protocol execution — some of them perform similar functions to
checkboxes available for numeric sequencing modes. The Create toolbar button for
protocol item provides a separate button for this protocol in the states control bar — see
the section Controlling multiple states online, below. Run protocol automatically at
start does what it says; sets this protocol to be run when sampling starts. A protocol that
isto be run automaticaly at the start isindicated by having a “*” character appended to
the protocol name. Cycle protocol states only after write controls the sequencing of
protocol steps; if it is checked then the protocol sequence does not advance unless data
file frames are written to disk, if the data is not written or a sweep is rejected then the
same state is repeated. Turn on writing at protocol start causes writing of sampled
sweeps to disk to be turned on when the protocol starts execution. Reset pulse steps at
protocol start causes any varying pulses that are defined in the output pulses to be reset
to their initial state when the protocol starts.

The table below the checkboxes defines the protocol steps. There are ten steps in a
protocol, each one with a State, a Repeats count and a Next step. These specify the
state to be used, the number of times to repeat this state and the step to go to (from 1 to
10) when this step is done. If you set the next step to zero then this step is the end of the
protocol.

When protocol execution begins it starts with step 1. The state set by the State field in
step 1 is set and is used the number of times set in the Repeats field. Following this the
protocol switches to the step that is set by the Next field. This process continues until it
is ended by encountering a Next item of zero. In the example shown above, step 1
repeats state 1 four times and then goes to step 2. This repeats state 3 eight times, after
which the protocol ends. If the Next item for step 2 were set to 1, the protocol would run
forever or it could be set to 3 for amore complex sequence.
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The Repeat count for entire protocol item below the step table controls the number of
times that the protocol repeats before it ends. Set this to 1 for a protocol that goes
through the steps only once (as in the example above) or set it to a larger number for a
protocol that repeats a set number of times before ending. For example, if you set the
repeat count to three in the example above, the protocol would run for 36 frames before
ending. If you set thisitem to 0 the protocol will repeat forever until stopped manually.

The items below the repeat count control what happens when protocol execution ends.
The At end selector selects either Finish or a protocol that will be ‘ chained-to’, chaining
to a protocol allows more complex sequences than is possible with just ten steps. If the
At end selector is set to Finish protocol execution finishes, otherwise execution switches
to the protocol selected and carries on. When a protocol is chained-to, it starts off
completely normally, so the Turn on writing and Reset pulse steps checkboxes take
effect. These checkboxes do not take effect if the last step in the protocol has a Next item
of step 1 or when an entire protocol repeats, so it is meaningful to allow a protocol to
chain to itself.

The checkboxes at the bottom of the dialog control what happens when a protocol
actually finishes; they are disabled if the protocol chains to another protocol. State zero
when protocol finishes enables automatic switching to state zero at the end, if it isclear
then the last state set by the protocol will continue to be used. Turn off writing when
protocol finishes controls disabling of writing sampled data to disc, both of these
checkboxes on together give standard idling behaviour when the protocol finishes.

When the test protocol shown above is executed writing to disk would first be turned on,
then the following sequence of states would be generated:

11 1 1 3 3 3 3 3 3 3 3
and finally Signal would idle in state zero, with writing to disk turned off.
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Controlling multiple
states online

Non-protocol ordering

When sampling using multiple states Signal provides a states control bar to allow you to
control the sampling state and states sequencing. The control bar can be docked at the
edges of the Signal application or be left floating anywhere within the application. The
states control bar will be initially visible when sampling starts, it can be hidden or shown
by using the sample menu or a popup menu that is displayed if you right-click on an
unused part of the Signal application window.

The layout of controls in the states control bar is depends upon whether a humeric or
protocol sequencing style is being used; numeric modes have extra buttons for
controlling states sequencing whilst protocol mode has extra items to select and run a
protocol and optional buttons to run individual protocols.

The states control bar contains a number of buttons and controls:

Feset | Hause | On writel IBasiu:El Ciual 2EI| State4| Bazic 0 - :II
lde |[Marual  Cycle | Single | Dual 40|

Reset Press this button to reset any states sequencing in operation (so that the state
seguence restarts at the beginning) and also to reset any varying pulses to
their initia state.

Idle Press this button to force states sequencing to idle. It switches to manual
control of states, sets state zero and turns of f writing to disk.
Pause Press this button to pause any automatic state sequencing that is in progress.

This option does not pause the sampling itself which continues to run using
the current state (use the sampling control panel if you want to pause the
sampling). While states sequencing is paused this button is shown
depressed; pressit again to resume sequencing.

Manual Press this button to terminate any automatic sequencing in progress and to
switch to manual control of states. With manual control, the frame state is
controlled interactively by the user, sampling begins with manua control
selected unless the Cycle automatically at start option is used.

On write  Press this button for automatic states sequencing with the states changing
only if the previous data was written to disk. The states sequencer will have
control of the frame states and will move on to the next stage after a
sampling sweep only if the sweep data was saved to disk. This allows for
artefact rejection and interactive sweep accept/rejection without missing out
states from the sequence.

Cycle Press this button to start automatic states sequencing with the states always
changing. The state sequencer will have control of the frame states and the
sequencer will aways move on to the next stage after a sampling sweep
regardless of whether the sweep data is written to disk or not.

Basic 0 ... Press these buttons when in manual mode to switch to a state. Buttons for
unused states are hidden, as are buttons for states numbers greater than 9. If
you have created labels for the states in the pul ses configuration dialog these
labels will be used in the buttons instead of the standard state names. During
automatic states sequencing the state buttons are disabled; Signal depresses
them automatically to show the state currently in use.

State n To theright of the individual state buttons is a state selector and spinner that
can be used when in manual mode to choose any state from those available.
This selector is most useful when there are more than 9 states, the limit for
individual state buttons. As for the buttons, if you have set a label for a state
this is shown instead of the simple state name. Selecting a state uses it
immediately. During automatic states sequencing the current state is shown.
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Protocol ordering

Starting a protocol

Stopping a protocol

When multiple states are used with protocol ordering some controls in the states control
bar are hidden and others are displayed instead. Those that are retained behave in the
same way as described above (the On write and Cycle buttons are hidden because the
individual protocols select between these two styles of operation). If the number of states
is less than ten, so that they can all be represented by the individual state buttons, the
main state selector is also hidden to save space. The extraitems provided are the protocol
selector, the run protocol button and the individual protocol buttons:

Rezet | FEause | IBasic 0 State 2| State 4| Main seq - :Il Main seq |
[dle ”Manual State 1 I StateSI Fun I Secondary |

Protocol To the right of the state buttons (or the state selector if it is visible) is a
protocol selector and spinner that can be used to select a protocol from those
available. Unlike the state selector, selecting a protocol does not execute the
protocol. During execution of a protocol the current protocol in useis shown
SO you can see what is going on if you use chained protocols. If al of the
protocols have individual buttons then the protocol selector is not shown.

Run This button is shown below the protocol selector. Pressing it causes Signal
to start executing the selected protocol. If al of the protocols have individual
buttons then thisis also not shown.

Buttons  These buttons are created for the individual protocols as required, they are
arranged to the right of (or below) the protocol selector and are labelled with
the protocol name. A protocol button will be created if the Create toolbar
button for protocol checkbox in the protocol definition is set and there are
not too many protocol buttons — the limit is 20. Pressing one of these buttons
causes the relevant protocol to be executed immediately.

Execution of a protocol can be begun by the user pressing the Run button with that
protocol selected (or the button for an individual protocol), or by another protocol
chaining to it, or by means of the script language.

Execution of a protocol is stopped when the protocol finishes, by the user pressing the
Idle or Manual buttons in the states control bar or by another protocol being started by
whatever means.
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Static outputs states

Static outputs siates are
very similar to Dynamic

outputs mode, the Generall Part selupl Outputs ~ States |.&utomate|

difference is that instead of State variation IStatic outpLts "I Ordering ISemi-randnm 'I
ha}[/mtg dllffereni is of Murmber of extra states |4 Repeats |3

outpu F)LI eS| S up ™ Cycle automatically at start Cycles before idle ID

unchangl ng OUtpUtS that v Tirn an writing witBI: cycling ry Individual repeats

are present throughout the Shate 2 data

sampling sweep. When a saes o T Erre

sampling sweep is primed, et | B :ZE::FFFFF paco I
Signal writes values to the o [ [z [ rFCEEEE oeer [
1401 DACs and digital mm | |4 COCFEErEE

outputs using data for the =

current state of the = :

experiment. These OUtpUtS 0 Digital output bitz 7

could select the stimulus

to be used or have other Ok I Cancel | Run mow | Help |

effects.

The States box to the bottom left of the dialog is used to select a state and to defines the
values to be written to the digital outputs for each sweep. The digital output bits available
are set in the Outputs page of the sampling configuration, check on a checkbox to set
that output high for the relevant state or leave it clear for alow output. The actual digital
outputs and connector pins used are the same as for pulse outputs (see the Pulse outputs
during sampling chapter).

The buttons to the left of the States box set or modify the digita bit patterns in various
useful ways, they are intended to allow simple patterns to be set up quickly and to help to
produce more complex ones:

Invert Thisinverts all of the bits for all states. This is useful for converting all zeroes
to al ones and awalking one into awalking zero.

0000 Thissetsal of thebitsfor al statesto zero.

0100 This sets most bits to zero with awalking 1. This leaves state zero all clear, sets
bit O for state 1, bit 1 for state 2 and so forth. The pattern is not adjusted to skip
disabled digital outputs.

1234  This sets the hit values to count the states using binary code. Thus state 1 has

just bit O set, state 2 has bit 1 only and state 3 has both bits 0 and 1. Once again
the pattern is not adjusted to skip disabled digital outputs.

The State data box to the right of the States box sets the DAC [ State 3 data
outputs for a selected state. You can select the state for which | fiepeats |1
values are shown by clicking on the digital outputs line for that | DACD 2

state. The DAC outputs used (0 to 3 only are available) are | pact [t
enabled and disabled in the Outputs page of the configuration. If

individual repeats are enabled then the repeat count for a state is

set here too.

Static output states can only be used with the outputs type set to None in the Outputs
page, as otherwise the state values would conflict with other outputs that are generated.
When sampling using Static output states, controls for the state and states sequencing
are provided in exactly the same manner as for Dynamic outputs.
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External digital states

Auxiliary state
hardware

External digital states are | [ e e K
very different from the
other: forms of multiple General PortsetupIDutpuls Staleslhulomatel

states. When using this State wariation IExternaIdigital 'I

mOde! external eqlJipment Mumber of extra states |4
generates up to 8 bits of

digital code corresponding
to the current experiment
state. Signal reads this
code from the 1401 digital
inputs at the end of each
sampling sweep and uses
this data to set the state for
each sampled data frame.
Thereis no internal control
over the states so all of the
state muenci ng controls ok | Cancel | Riun ro | Help |
are hidden.

rrrrrrrr
(al l w
(Il o
(Il o
(Il ol o

|72 0 o
0 Digital inputz enable 7

The States box on the bottom left of the dialog is used to define the input bit patterns that
correspond to individual states. Input bits O to 7 are shown, with O on the left, the Digital
inputs enable checkboxes below control which inputs are used; disabled inputs are
ignored. An unchecked bit corresponds to a zero bit (low or 0 volts) while a checked bit
selects aone hit (high or 5 volts). The buttons to the left of the States box modify the bits
in various useful ways as documented for Static outputs mode.

During sampling Signal will read the digital inputs at the end of each sampling sweep.
The hits read are then checked against the bits for each of the states starting with state 1
and the state for the new frame is set to the first one that matches. If no match is found
then the frame state is left set to zero. The bits for state zero are shown disabled as they
areignored.

External digital states uses digital input bits 8 to 15; see the Sampling data chapter for
details of the digital input connections. Please note that if a digital input is not connected
it will read as high; it is thusimportant to disable any unconnected inputs.

When sampling using External digital states, Signal behaves much as it does with
multiple states disabled and no states control bar is shown. The only difference isthat the
state code value for sampled data frames varies according to the digital inputs.

In addition to the standard multiple states facilities that control the 1401 outputs it is
possible to install support for auxiliary states hardware. Auxiliary states hardware is
separate, external hardware (most often a type of stimulator that cannot be adequately
controlled using the 1401 outputs) that is set up in adifferent way for each state.

Auxiliary states hardware support is provided by means of a DLL that is copied to the
Signal installation directory; a separate DLL is supplied for each type of hardware. When
auxiliary states hardware is installed an extra button (labelled with the external hardware
name) is provided in the States page to alow the hardware settings for each state to be
defined. In addition, the SampleAuxStateParam() and SampleAuxStateValue()
script language functions can be used to read and write the auxiliary hardware settings.

See chapter 22 ‘Auxiliary states devices' for details of the supported auxiliary states
hardware.
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File menu

Data Document

Text Document

Script Document

Sequencer Document

XY Document

Other file types used by
Signal

Resource files

The File menu is used for operations that are mainly associated with documents
(opening, closing and creating), sampling configuration files and with printing. The final
command in the File menu is your route out of Signal.

This command creates a new Signal file. This can be a sampling document, an XY file,
or a new text-based file. You can activate this command with the Ctr1+N shortcut key or
from the menu or toolbar.

The command opens the New File dialog,

in which you select the type of document to

create. You can create five types of IoPes
document: Signal data documents, script [5ZiiDocument Cancel |
documents, sequencer documents, text ?equgncerDocument

ext Dacument
documents and XY documents. Select the  |un'picoment Help |

type of document, click OK and Signal will
open a new window holding an empty
document of the specified type.

A sampling document window opens plus additional windows as set by the sampling
configuration (see the Sampling data chapter for details). You cannot create a new
sampling document if sampling is already in progress. Sampling documents are not
initially stored in memory, like most new files, but are kept on disk. Until they are saved
after sampling these are temporary files, without any extension, stored in the directory set
by the Filing path in the Automation page of the sampling configuration or if that is
blank, the new data directory set in the Signal preferences. When they have been saved,
the file name extension is . cfs and the files hold CFS (CED Filing System) format files.

Text documents can be used to take notes, build reports and to cut and paste text between
other windows and applications. The Log view is a specialised type of text document
which is always present. The file name extension is . txt.

A script editor window opens in which a new script can be written, run and debugged. A
script document is a specialised form of text document. The file name extension is . sgs.

A new window opens in which you can type, edit and compile an output sequence (see
the Sequencer output during sampling chapter for details). The file name extension is
.pls.

XY windows are used to draw user-defined graphs with a wide variety of line and point
styles. Although these views can be created interactively, their major use is from the
script language. They are also created when generating a trend plot or measurements to
an XY view. The file name extension is . sxy.

In addition to the document types listed above, Signal also uses a number of other types
of file:

Signal creates resource files with the extension .sgr. Each resource file is associated
with a data file of the same name but with the extension .cfs. The resource files hold
configuration information about the data file display so that Signal can restore the display
on loading. These files are not essential to Signal and if you delete them the associated
data file is not damaged in any way, a new default display configuration will be used.
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Configuration files

Application preferences

Filterbank files

i
Sequencer Files [*pls)
Script Files [* s3]

S Files " amy)

Al Files ]

Signal stores sampling configuration information in files with the extension . sgc. These
store all of the information needed to carry out sampling: the sampling parameters, the
position of the sampling control panel and any other windows, the position and display
configuration of the data document window (including any duplicate windows) plus any
online processing required, the online processing parameters and the position and display
configuration of the memory views showing the results of online processing.

Signal stores some of its preferences in a file called cfsview.sgp. This file holds the
position of the application window on the screen, the colour palette and “use colour’
switch. The main preferences information from the preferences dialog is now largely
stored in the Windows registry. Signal initialises itself with data from this file whenever
it is started and saves the current state of the software into this file when it exits.

These files hold descriptions of digital filters and have the extension . cfb. They are used
by the Analysis menu Digital filters command.

This command opens a file into a
Signal document of any type. You | Leckin  [&3Signal = & e
can activate this command with the | [Hbmes D sigutis ElAverageiDataldcle
|3 cfelgyer ([(3'WinDebug ] Coldresp ofs [
Ctrl+0O Shortcut key or from the [ campiler [Dwinrel %] crapres.cis &
|3 cond [#]011602ab cfs ] Datan ofs [
menu or toolbar. It shows the |3doc 367 7coz cfs | Detel2 s E
. [(Arecarder @AverageT(Caldresp).ds @Data[l} icfs E
standard file open dialog for you to ||{Znnime sl Averagel(Dattd. s [s] Datad cis B
[ sigemd @AverageT(lmslrames) icfs @Datfﬂ cfs E
select a file. You can open five
. . 4] | |
types of file with this command: a
. . File name: | Dpen I
Signal data file with the standard
. . Files of ype: IDatﬁ Files (*cfs) LI Cancel
extension .cfs, a text file with the [ o |

extension .txt, a sequencer file

with the extension .pls, a script file with the extension .sgs or an XY data file with
the extension .sxy. The type of the file is selected with the Files of type field, if this is
set to All files(*.*), Signal will try to open the file selected as a CFS file whatever its
extension.

When you select a CFS data file, Signal also looks for a file of the same name, but with
the file extension .sgr. If this is found, the new window displays the file in the same
state and screen position as it was put away. Several windows may open if the file was
closed with the Close All command. See the Close and Close All commands, below, for
more details.

If a read-only CFS data file is opened, you will be warned that the file cannot be
modified.

If a text file is opened, a simple text edit window is opened. This facility can be used as a
notepad or as a repository for data copied from other parts of Signal. If a script,
sequencer or XY file is opened, a window of the appropriate type is created for it.




File menu

Import data

Import Op/Cl

Close

Close All

Signal can translate data files from other formats into Signal data files. The import data
command leads to a standard file open dialog in which you select the imported file
format and the file to convert. You then set the file name for the result; Signal will
suggest the same name with the extension changed to .cfs. The details of the
conversion depend upon the imported file type.

Supported formats include the SON files used by CED programs such as Spike2 and
Spike2 for Macintosh as well as data from many third party vendors. Signal searches the
import folder in the Signal installation folder for CED File Converter DLLs. If you need
to translate a file format that is not covered, please contact us and describe your
requirements. The script language command used to import files is FileConvert$ ().

Signal can import idealised traces from the CED Patch software for analysis, these are
files of the type *.res or *.r?? generated by the Pulsed Analysis or Continuous
Analysis programs. You can also import idealised traces from David Colquhoun’s SCAN
analysis software, these are files of type *.scn. To use this feature, first open the
relevant cfs data file, then import the idealised trace data — the trace data associated
with the current data file will be used. Once imported the idealised trace will be stored in
the resource file associated with the data file (i.e. the *.sgr file) and can be processed
using the Analysis menu (see the Single channel analysis chapter for more details).

This command is used to close the active window. It is equivalent to double-clicking the
control menu icon at the top left of the window (in windows that have one) or pressing
the right-hand top corner X button. If you use this command on a new memory or XY
view, a newly sampled data document or a text-based view with text that has not been
saved, a dialog will ask if you wish to save the text before closing the window. This
behaviour can be disabled for memory and XY views using an option in the
Preferences dialog.

This command closes the current window and all windows associated with the file. In
addition to saving the state of the data file in a . sgr resource file, Signal offers to save
the state and contents of any memory view windows that belong to the data file. Next
time you open the data file, all the data view windows and their contents will be restored.
If you open saved memory view data then that will be opened as a file view and restored
to its previous state as well.
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Save, Save As

=]

Data documents

Other documents

Export As

Data file

Save will save the current document under its current name, unless it is unnamed, in
which case you are prompted for a name before it is saved. Save As is used to save the
document with a different name, leaving the original file intact. The Save command is
not available for a data document unless the data has been changed since the last save.

Data files are kept on disk, not in memory, as they can be very large. Changes made to a
data file are permanent as they are made on disk. When you save newly sampled data,
you are giving the data file on disk a name (replacing a temporary name). If you save it
to a different drive from that set in the Preferences, Signal copies the file to the new
drive and deletes the original. If the file is large this operation can take a noticeable time.

When you are working with a file view, the current frame for the view is held in memory
and will be discarded when the view switches to a different frame. Any changes made to
the frame data while it is held in memory must be saved before the new frame is loaded
or the changes will be lost. You can write changed data back into the file using the Save
command. The Preferences dialog allows you to select what happens if the frame is
changed while data is unsaved, the default action is to query the user. Changes made to
non-channel frame data (such as the frame state or flags) are always saved. Memory
views hold all frames in memory, changes are not saved until the document is saved.

Text, script and XY documents are held in memory. Changes made to them are not
permanent until the document is saved to disk.

This menu item, available only EE G 21
when the current window is a Savein |3 Signalt =z «®@erEr
data or XY view, is used to save %1401
. BaseDemo
some or all of the view data to a e
. | JExtraDoc
new file in one of a number of gt
] | seripts
formats. The dialog prompts oeence
you to choose a file name for Q:a‘"dava "y
| [F5 AverageZiexample).cfs
the output, and lets you select P texn.rs
the output format. You can
h n: D fil
choose  betwee ata . € File name: [renp CFs =l Save |
*
(*.cfs) to export as a new Signal d e o 3 —
data file, Text file (*.txt), 2

Text File [*tat]
Metafile (use *.emf far enhanced)
Bitmap [~bmp)

MATLAE data (*.mat]

Metafile (*.wmf, *.emf) for a
scaleable image and Bitmap file
(*.bmp) for a copy of the screen rectangle containing the window. More file types will
be listed if you have installed external exporters. Select one of the formats and set a file
name, then use the Save button.

This option opens a dialog in which you can create a new data file from a time range and
selected channels and frames of the current file.
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File menu

XY file

Text file

Bitmap file

Metafile

External exporters

Backup file.sgr

Use the dialog to select the channels, time range

within the frames, and the frames to be exported.
You can choose all the channels or all visible
channels, individual channels, selected channels
or enter a list of channel numbers directly. You | Endtime(s)  [<High()
can export all frames, the current frame, all
tagged or un-tagged frames, frames with a given
state, or you can enter a list of frames. The check
box Force eXpOfted data X range to start at ¥ Force exported data ¥ range o stark at zern
zero shifts the times of data points in the new

file so that the time for the first point in each Exoot |
frame is forced to be zero.

Channels & visible: Charinels

Start time (5] IXLDW[]+U.'|

Lef Led Lef L]

Frames ICunent frame

Cancel |

Once you have selected the channels, frames and a time range, click the Export button to
write the data to the new data file or Cancel to quit.

This option, available for XY views only, saves all the XY view data to a new file.

This is the same as the Edit menu Copy As Text command, but with the output sent to a
text file and not the clipboard. See the Copy As Text command for details of the dialogs
that will be used.

This copies the screen area containing the window to a file. Make sure that the window is
completely on the screen and that it is not covered by any other window. You should
only use this option when the image you require is an exact copy of the screen. If you
need to scale the image, or want to edit it, a Windows Metafile copy is usually better.

This copies the window as a Windows Metafile or enhanced Metafile, use the wmf file
extension for a normal metafile and emf for an enhanced metafile. This file format can
be scaled without losing any resolution and is usually the preferred format for moving
Signal images to drawing programs or into reports. Note however that some drawing
programs can have problems using metafiles, particularly if you are using XY views with
channels that are drawn filled.

These use the same dialog as for exporting to a data file to select the channels, frames
and time range. There may be additional dialogs depending on the target format. See the
Export folder for additional documentation for external exporters. The only external
exporter currently defined is for MatLab files.

You can use this command with any type of data file. Information relating to the current
file is stored in an associated .sgr file, this includes things like the draw modes of the
channels but more significantly it contains any idealised trace data associated with the
file. In a lengthy idealised trace editing session you may wish to backup the . sgr file to
ensure edits are not lost. This option creates a new file called filename.backup.sgr
where filename is the stem of the original data file name, this file will contain all of the
idealised trace data at the time of backup. In the unlikely event of needing to retrieve the
. sgr file you should first make sure that the original data file is not open and then copy
the backup .sgr file to filename. sgr, it will be automatically picked up when the data
file is opened.
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Revert To Saved

Send Mail

Data update mode

Dizcard changes
v [uen the uzer
Alwayz zave

Load and Save
Configuration As

Default configuration files
default.sgc
last.sgc

You can use this command with a text file, sequencer file or a script file. The file
changes back to the state it was in at the time of the last save to disk.

If your system has support for email installed, you can use this command to send any
document from Signal to another linked computer. The command vanishes if you do not
have mail support on your PC. Text-based documents, XY views and memory views can
be sent even if they have not been saved to disk (Signal writes them to a temporary file if
they have not been saved). Signal data files can be sent as long as they have already been
saved to disk.

This command controls how and if changed file view data is written back to the CFS data
file. Signal holds the data for the current frame in memory where it can be accessed and
modified by script commands or by the channel data manipulation commands. When the
file is closed, or the view switches to another frame, the data update mode determines
what happens if there is changed data in memory. Changes to the frame data can be
written back to the disk, or they can be discarded, or the user can be asked to choose
what is to be done. The Edit menu Preferences dialog sets the default data update mode
for all files, this command changes the mode for the file attached to the current view.

If Query the user mode is selected, the Save

changes dialog will appear when required. This ™ Adjust data il updat mode to match
allows changed frame data to be interactively Soecrra |
discarded or saved, check the Adjust data file
update mode to match checkbox if you don’t
want to see the dialog again for this file.

Dizcard changes |

These commands manage Signal configuration files. These hold the sampling
parameters, the window arrangement required during sampling, the output setup and the
types of on-line analysis required. Signal always has one configuration loaded, this is the
configuration used for sampling and the sampling configuration dialogs.

The Load Configuration and Save Configuration As commands transfer the Signal
configuration between disk file and the application. They both open an appropriate file
dialog to select a file for loading or saving to.

The Save Default Configuration command saves the current configuration as the
default configuration which will be automatically loaded whenever Signal is started.

If the configuration file default . sgc exists in the Signal program directory, it is loaded
when Signal starts. You can save the current configuration in this file by using the Save
Default Configuration command. There is also the standard file 1ast.sgc that holds
the last configuration that was successfully used for sampling. If default.sgc cannot
be found, and last.sgc exists, last.sgc is loaded. Signal saves the current
configuration in last.sgc each time sampling finishes successfully.
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File menu

Page Setup

Registry use

Page Headers

Header and footer positions

Line thickness

This opens the printer page setup
dialog. The dialog varies between
operating systems and printers. See
your operating system documentation
for more information. The important
options that are always present include
the paper orientation (portrait or
landscape), the paper source (if your
printer has a choice), the printer
margins and the choice of printer. Sige:

EHE

Page Setup

— Paper

Source: I.&utomaticall_l,l Select j

The Orientation option (portrait or
landscape) applies to all output except
the Print Screen command, which has
it’s own selector for the orientation.

— Orientation targing [millimeters]

i

& Patrait Left: Right:

™ Landscape Top: Bottom:

—
—

o
The printer margins will appear in
inches or millimetres, depending upon Hep | [ ok |

the locale set for your computer. These

margins are used for all printed output. The left and right margins are applied to
everything including headers and footers. The top and bottom margins apply to
everything except headers and footers which have their own top and bottom margin
settings (see the Page Headers command). The top and bottom margins set here are
further modified if a header or footer would collide with them.

Cancel I Frirter... |

Most printers have an unprintable area near the paper edge. If you set margins that are
smaller than this unprintable area, the margins are increased so that all output is visible.
If you set margins that reduce the printable area too much, the margins are ignored.

Signal saves the printer margins in units of 0.01 mm in the system registry. You can find
them in the HKEY CURRENT USER\Software\CED\Signal\PageSetup folder as
REG_ DWORD values: LeftMargin, RightMargin, TopMargin and BottomMargin.

You can apply headers and
footers to all printed | Header

Outpu‘[ The headers set in Space sbove to paper edge I mm Line below thickness | Thin 'I
this dialog are used with all - |

File, Memory, XY and Set Font | rial, 12 Pt & File Time ¢ System Time
b b

text-based views. Other | foe
printed Output (for example Space below to paper edge |1U i Line sbove thickness IThin =
from the Print Screen Test [Pag= ip |
command) uses all of these setfort. | [aral 12Pt € File Time ¢ System Time
settings except for the text

85 excep e | Concel_|

which each  command
provides separately.

The horizontal position is set by the left and right margins in the Page Setup dialog. The
vertical positions are set by the space above the header and the space below the footer
fields in inches or millimetres, depending on the locale. If your header or footer
encroaches on the top and bottom margins set in the Page Setup dialog, the top and
bottom values are adjusted to keep the output clear of the header and footer.

You can choose between: None, Hairline, Thin, Medium and Thick. A Hairline is the
thinnest line possible on the output device. The other settings should be self-explanatory.
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Text

Set Font

File/System Time

Document information

Time and date codes

Registry use

The header line is drawn below any header text, the footer line is drawn above any footer
text. If there is no header or footer text, no line is drawn.

This is the text to display as the header or footer. If this field is empty, the header or
footer is omitted (including any line). You can split the text into left-justified, centred
and right-justified sections with the vertical bar character. You can also insert codes that
are replaced by document and time information. The simplest way to do this is by
clicking the >> button to the right of the text and choosing an option.

Click this button to choose a font for the header and the footer. Font sizes are limited to
the range 2 to 30 points.

You can insert times into both the header and the footer. However, you have to choose
between the current time and the file time. This allows you to display the file time in the
header and the current time in the footer, or vice versa.

The codes shown below are replaced by the relevant document information. Except
where an alternate effect is shown for upper case, upper and lower case are treated alike.
A single ampersand ‘&‘ character can be inserted using a double ampersand ‘&’ code.

&f  File and path &F Upper case file and path
&t Document title &T Upper case document title
&P Page number &n Total number of pages

& Absolute frame time &s Frame state code

&9 Frame flags &c Frame comment

& Current frame number &1 Overdrawn frame list

You can insert times and dates using % followed by a character code. The combination is
replaced as described in the table. You can also use $#c and $#x for a long version of
dates and times. You can remove leading zeros from numbers with #, for example %#7.

%a  Short day of week (Mon) sp Indicator for A.M or P.M.

%A Long day of week (Monday) 85 Seconds as number (00-59)

%o Short month name (Jan) sU Week of year, Sunday based (00-53)
%B  Long month name (January) W Week of year, Monday based (00-53)
%C  Date and time for locale Sw Sunday based weekday (0-6)

%d  Day of month (01-31) 2 Date formatted for locale

$H  Hour in 24 hour format (00-23) %X Time formatted for locale

%I Hour in 12 hour format (01-12) %Y Year without century (00-99)

%] Day of year (001-366) sY Year with century, e.g. 2004

sm  Month as number (01-12) %2/7  Time zone name

oe
oe
oe

M Minute as number (00-59) The percent sign

Signal saves the header and footer settings in the system registry. You can find them in
the HKEY CURRENT USER\Software\CED\Signal\PageSetup folder as strings:
Header, Header info, Footer and Footer info. The Header and Footer items
hold the text strings. The two info items are strings that code up the font name, point
size, bold and italic settings, distance to the paper edge in units of 0.01 mm, line
thickness (0O=none, 1=Hairline, 2=Thin, 3=Medium, 4=Thick), and File time (0) or
System time (1).
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File menu

Print Preview

Print visible,
Print and
Print selection

&

This option displays the current
window as it would be printed
by the Print option. You can
preview file, memory, XY and |[ wmmeremn po——
text based windows. You can Ii\
zoom in and out, view single or :
two pages, step through pages i’IZH

|

of multi-page documents and
print the entire document using

WL

a toolbar at the top of the . .
leave this mode without i

printing.

In previous version of Signal, the print preview window took over the entire program and
no other commands were available apart from those on the preview toolbar. From Signal
version 4, the preview takes place inside the frame of the time, result or XY view. You
can now access the File menu to change the headers and footers and print margins while
within preview. If you use the menus to make changes to the contents of the displayed
data, the screen may not display the changes until you exit from Print Preview mode.

These commands print data views, XY views and text-based windows. The scroll bar at
the bottom of the window is not printed. Print selection prints the selected area of a
cursor or text window. Print visible prints the visible data in the current window. Print
or its Ctrl+P shortcut prints a specified region of a data view at the scaling in the
window (one page of paper holds the same x axis range as the current display, the output
spans as many printer pages as are required to show the data selected). You must set the
print range in a dialog, either by typing the start and end times directly, or by selecting
them from the pop-up menus.

To print an entire frame, move to the frame

required, set the visible width of the view to the X g pogiian [Mintimel HE
axis range per page required in the print, then
select Print. Select Mintime() for the start position
and Maxtime() for the end position. Print doesn’t
print multiple frames, this may be provided in later Prnt_| Carcel |
versions of Signal.

End pozition IMa:-ctime[] j 3

I width  [0.47000000 8

All of the print commands open the standard print dialog for your printer. You can set the
print quality you require (the better the quality, the longer the print takes) and you can
also go to the Setup page for the printer. Once you have set the desired values, click the
Print button to continue or the Cancel button to abandon the print operation.

During the print operation (which can take some time,

particularly if you have selected a lot of data) a dialog box Prining
appears. If your output spans several pages, the dialog box szﬁ"
indicates the number of pages, and the current page so you can HP LaserJet 4/4M PosiScrpt
gauge progress. If you decide that you didn't want to print, T
click the Cancel button.
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Print screen

Registry use

Exit

The Print Screen command [y
prints all file, memory, XY | _p.ge
and text based views to one Header [EREIREE

printer page. The views are
scaled to occupy the same
proportional positions on the

printed page as they do on | Views
the screen. The page margins v Frint Titles v Frint Borders V¥ Preserve text view character Aizpect ratio

are those set by the Page e | et | [ K]

Setup and Page Headers
dialogs.

¥ ¥

Eooter [CED 2007IPrinted %#
€ Portrait % Landscape

The command opens a dialog with two regions: Page and Views. In the Page region
you can set a page header and footer and choose to print in Landscape or Portrait mode.
The header text is printed with an underline across the width of the page. The footer text
is printed with a line over it across the page width. The fonts used and line thicknesses
are as set in the Page Headers dialog If the header or footer is blank, both it and the
associated line are omitted.

You can divide the header and footer into a left justified, centred and right justified
sections with the vertical bar character, for example: Left|Centered|Right. You can
include the current date and time in the header or footer by including, for example %c, as
described for the Page Headers dialog. The >> button can be used to insert the time
and date and vertical bar separators into the header and footer.

In the Views region you can choose to print view titles and draw a box round each view.
You can also ask Signal to attempt to preserve the aspect ratio of characters in text
windows. Without this, characters are scaled in an attempt to match the printed output to
the text displayed in the view. However, this may not produce a very legible output.

Signal saves the Print Screen settings in the system registry. You can find them in the
HKEY CURRENT USER\Software\CED\Signal\PageSetup folder. The text strings
are saved as PSHeader and PSFooter. The remaining values are saved as REG_DWORD

values of 0 (not selected) and 1(selected): PSViewTitle, PSBorder, PSScaleText and
PSLandscape.

This command will close all open files and exit from Signal. If there are any data
documents or text-based files open containing changes that have not been saved, you will
be prompted to save them before the application terminates.
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Edit menu

Undo and Redo

Cut

Text output
Bitmap output

Metafile output

CED binary format

Paste

8|

This menu holds the standard Edit menu functions that all Windows programs provide.
The majority of the menu is associated with commands that move data to and from the
clipboard. You can also use these commands to search for strings in a text window or to
search for the currently selected text. When the current window is a text-based view the
Edit menu operates in the standard manner; you can cut and paste text between Signal
text windows and other applications. When the current window holds a Signal data
document, the behaviour is modified.

In a text-based view this is used to undo or redo the last text edit operation. In Signal data
views you can undo display scaling operations (for example when you drag a rectangle
over a channel to zoom in or out or use the X or Y axis dialogs) and most other
operations that change the appearance of the data window. Changes made to an idealised
trace formed from patch clamp data may also be undone. A multiple-level undo list is
maintained.

You can cut selected portions of editable text to the clipboard from any position in Signal
where the text pointer is visible. This includes any text or numeric fields in dialogs and
all text-based views. You cannot use this command in Signal data document windows.

You can copy selected portions of editable text to the clipboard. If you use this command
from a data document window, the window contents, less the scroll bar, are copied to the
clipboard as text, a bitmap and also as a metafile. It is also copied as binary data that can
be pasted into an XY view or the pulses dialog. See also Copy As Text.

The visible data is copied to the clipboard as text. The text format used is the same as
was last used in Export As with text or the Copy as Text command. See the Copy As
Text command for details of the text output format.

Make sure that the window is completely on the screen and that it is not covered by any
other window before copying. Use this option when the required image is an exact copy
of the screen. If you need to scale or edit the image Metafile format is usually better.

The screen display is copied to the clipboard as a Windows Metafile. You can read an
exported image into a drawing program as either a bitmap or as a metafile. Metafiles are
often the preferred choice as you can treat the image as lines and text for editing. Use
Paste Special and select Picture in the target application to select the metafile image.

The visible waveform data is copied to the clipboard as binary (numbers) using a private
CED format. This binary data can be pasted into the arbitrary waveform buffer used by
the pulses dialog (see the Pulse outputs during sampling chapter), into another data view
or into an XY view. This private clipboard format is not usable by other applications.

You can paste text on the clipboard into any text-based document, or any text or numeric
field in a dialog with the Ctrl1+V key combination. Clipboard data using the private CED
binary format can be pasted into compatible data views, an XY view or into the arbitrary
waveforms output by the pulse dialog. Data is pasted into views within the displayed
limits, if the clipboard holds more points or channels that the visible data, only the visible
data is modified. This is not true for XY views, where all of the clipboard data is inserted
as new channels. If the binary data holds fewer points or channels than the displayed
data, only part of the visible data is modified. Pasting from the clipboard does not affect
the data stored on the clipboard.
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Delete

Clear

Select All

Copy As Text ...
(Data view)

Text output configuration

Output field types

Separator

Decimal places

Field width for all items

String delimiter

This command is used to delete the current text selection, or if there is no selection, it
deletes the character to the right of the text caret. Do not confuse this with Clear, which
in a text field is the equivalent of Select All followed by Delete.

When you are working with editable text, this command will delete it all. If you are in a
memory data view, this command will set all the bins in all channels to zero and redraw
the window contents. In an XY view whose data is created by processing, this command
removes all data points. If you are looking at frame zero in sampled data, Clear erases
any overdrawn traces. Clear removes everything, Delete removes the current selection.

This command is available in text-based views and selects all the text, usually in
preparation for a copy to the Clipboard command.

This command copies data views to the clipboard as text. Text representations of Signal
data can be very large and awkward to manipulate with the clipboard; as an alternative
you can write the text output to a file with the File menu Export As command. The
command leads to dialogs that set the text output format and the data to copy:

This dialog sets the text output format. The first

section sets an interpolation method for Waveform . Mo =]
channels. This is becapuse the Waveform channels will eepaien methad Nm_e '_
be output in columns with each row showing data  weeem fo- B B
sampled at a particular time. If the data is not sampled  Ewars(s0]

in burst mode then the data points in the file will not  Marker r r

all be sampled at the same time. This will result ina  [y% F

small error as data will appear shifted slightly to bring Decinalpaoss (dats, i) [F—
all the points into line. This can be overcome by using '
interpolation to estimate where the waveform on a  Fiedvidhloraliems

given channel would have been at the time a point on | 5ting deimitsr

another channel was sampled. Linear and Cubic  separator Tab
Spline interpolations are available.

4 1 Tl

[ Add header to test block

In the next section you can choose whether to output K | _Cocd |
Headings, Data values and Time values (where
appropriate) for each of Waveform, Errors, Marker, Fitted and Idealised trace data by
checking the boxes. Error data is always the standard deviation and is not generated
unless waveform data is dumped.

All output is written in fields that are either numeric or text. A text field is a sequence of
characters that may include spaces. Text fields may hold numbers, but numeric fields
cannot hold text.

Signal outputs a separator between each field. It can be set to Tab, space or comma with
the Separator selector. The examples below use Tab as a separator.

You can set the number of decimal places to use for both data and time output.

This field sets the minimum width of each output field, in characters, leave this set to
zero for the default field width.

You can mark the start and end of a text field with special characters (usually ") so that a
program reading the field can include spaces and punctuation within a field without
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Edit menu

Add header to text block

Data output

Copy data selection

Copy As Text ...
(XY view)

Find
Find Again
Find Last

confusion. Use this field to set a one or two character delimiter, or leave it blank. The
examples use " as a delimiter.

If you check this box, Signal outputs a header of the file name followed by the frame
number before the text output. This header is normally disabled as it may interfere with
reading exported Signal data into spreadsheets.

"Noisy.cfs" “"Frame 4"

All waveform data is output together, with the first column holding the time values, if
enabled, and then one column per waveform channel. Waveform headings are a single
line holding a title for each text column. Following this are multiple lines with the
waveform data times and values:

t'st "ADC 0" "ADC 1" "ADC 2" "ADC 3"
0.23675 1.01074 4.61670 0.46875 0.23438
0.23700 1.37451 4.61182 0.44678 0.27832

0.33350 -1.69922 -0.18799 0.43945  0.21729

Each Marker channel is output separately. The output starts with the channel headings, if
these are enabled. The data follows in two columns: a time followed by a character.

"'s' ""Keyboard™
20.20608 -
21.24544 n'

Fitted data is output with two lines of headings, if enabled, followed by the data.

"Single exponential fit on channel 1"
“"Amplitude 1" "Time constant 1" "Offset"
0.27061 0.00575 -0.20811

Once you have defined the output format, you have

to select the data to copy. This is done using the
same dialog that is used to select the data to be
exported to a CFS or text file. You can specify the
channels to use, the time range for the data within = Endtime(sl fxHigh)
each frame and the frames to be used, if you select | Frames |Cunent frame
Frames with state = xxx a separate field appears

to set the state in the usual manner.

Charnels [0 Channels

Start time [2] IXLOW[]

Lef Lel Led L]

When you are satisfied with the selection, click on Corv | Cancel
Cancel to quit or Copy to start the copy process.

This menu item is available in XY views. It copies the XY points for all visible channels
to the clipboard. The first line of output for a channel holds “Channel : cc : nn”
where cc is the channel number and nn is the number of data points. The data points are
output, one per line as the X value followed by the Y value, separated by a tab character.

The Edit menu Find command opens [FFEET

=

the Find Text dialog. The dialog is [Findwhat:

shared between all text-based views. It By [
is closely linked to the Find and - Clup kel
Replace Text dialog and shares all its - Metchees=  povn _terkat|
fields with it; opening this dialog closes [ Resular expression " wirap Concel_|
the Find and Replace dialog. Click Replace. | e |
Replace... to swap to the Find and
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Search direction

Regular expression

Replace dialog. A successful search moves the text selection to the next matching string.
Searches are line by line; you cannot search for text that spans more than one line.

Find Next starts a search for the text in the Find what field. The Mark All button sets a
bookmark on all lines that match the search text, but does not move the selection.
Searches are insensitive to the case of characters, unless you check Match Case. Check
the Match whole word only box to restrict the search so that the first search character
must be the start of a word and the last search character must be the end of a word.

Select Up to search backwards, towards the start of the text. Select Down to search
forwards towards the end of the text. Select Wrap to search forwards to the end, then
wrap around to the start and stop when you reach the current position. Searches do not
include the currently selected text.

Check this box to search for regular expressions. This disables Match whole word only

as regular expressions have their own way to match word starts and word ends. It also

disables Up searches; regular expression searches are forwards only. It enables the >>

button, which displays a list of regular expressions to insert into the search string. The

simplest pattern matching characters are:

N Start-of-line marker. Must be at the start of the search text or it just matches itself.
The following search text will only be matched if it is found at the start of a line.

$ End-of-line marker. Must be at the end of the search text or it just matches itself. The
preceding text will only be matched if it is found at the end of a line.

- Matches any character.

To treat these special characters as normal characters with regular expressions enabled,
put a backslash before them. A search for “"\~_\.” would find all lines with a “~” as
the first character, anything as a second character and a period as the third character.

You can use \a, \b, \f, \n, \r, \t and \v to match the ASCII characters BELL, BS
(backspace), FF (form feed), LF (line feed), CR (carriage return), TAB and VT (vertical
tab). Searching for \n and \r will not normally match anything as \n or \r\n mark line
ends and the search is of complete lines ignoring end of line markers. \xnn can be used
to search for an ASCII character with hexadecimal code nn.

To search for one of a list of alternative characters, enclose the list in square brackets, for
example [aeiou] will find any vowel. For a character range use a hyphen to link the
start and end of the range. For example, [a-zA-Z0-9] matches any alphanumeric
character. To include the - character in a search, place it first or last. To include ] in the
list, place it first. To search for any character that is not in a list, place a ~ as the first
character. For example, [~aeiou] finds any non-vowel character.

You can search for the start and end of a word with \< and \>. Word characters are the
set [a-zA-Z0-9], or [a-zA-Z0-9%$] in script views. For example, the regular
expression \<[a-zA-Z]+\> will match a text word, but not if it contains numbers. You
can also use \w to match a word character and \W to match not a non-word character.
Likewise, \d matches a decimal number and \D to matches a non-number character and
\s matches white space (space, TAB, FF, LF and VT) and \S matches non-white space.
You can use \w, \W, \d, \D, \s and \S both inside and outside square brackets.

There are search characters that control how many times to find a particular character.

These characters follow the character to search for:

*  Match 0 or more of the previous character. So 51*2 matches 52, 512, 5112, 51112
and h.*1 matches hl, hel, hail and B[aeiou]*r matches Br, Bear and Beer.

+ Match 1 or more. The same as “*”, but there must be at least one matching character.
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Edit menu

Replace

Replace with

Replace

Replace All

Edit toolbar

You can also tag sections of matched text by wrapping it in \( and \). You can then
insert the tagged text later in the regular expression (or in the replace text in the Find and
Replace dialog) using \n, where n is 1 for the first remembered text, up to 9 for the
ninth. For example, \(foo\)-\1 matches foo-foo. More interestingly, the regular
expression \(\<[a-zA-Z]+\>\)-\1 matches Jim-Jim, plum-plum and the like.

Find Again and Find Last repeat the previous search forwards or backwards.

The Edit menu Replace command is
available when the current view is text- Findwhat: [Fiecpen =] =]

based. It opens the Find and Replace
Text dialog in which you can search for
text matching a pattern and optionally
replace it. The search part of the dialog is [ match case
identical to the Find Text dialog. The
search pattern set by the Find what
field can be a simple match, or can be a
regular expression. In regular expression
searches, the replacement text can refer back to tagged matches in the search text. See the
Find Dialog for details of regular expressions and tagged matches. The >> buttons are
also enabled in regular expression mode and let you insert expressions into the search
and replace text.

Replace with: IF\B'I,IC ﬂ >>|
. Direction
i Find Mext

Replace |
Replace all |

Help I Cancel |

 up
& Down

e
| | Regular expression i

This field holds the text to replace the matched search text. In a regular expression
search, you can include tagged matches from the search text using \1 to \9 as described
for the Find dialog. For example, suppose you have variables named fredO to fred17
that you want to convert into an array fred[0] to fred[17]. You can do this by setting
the Find what field to \<fred\(\d+\)\> and the Replace with field to fred[\1].

The Replace button tests if the current selection matches the Find what field and if it
does, the field is replaced by the Replace with text field and the selection is moved to
the next match. If the selection does not match, Replace is equivalent to Find Next.

This button searches for all matches in a forward direction starting from the beginning of
the text to the end, and replaces them.

The Edit toolbar gives you access to the edit window
bookmarks and short cuts to the Find, Find next, J /‘l%lﬁlﬁl ‘ﬁl FIE""'l.ﬁ”
Find previous and Replace commands. If you are
unsure of the action of a button, move the mouse pointer over the button and leave it for

a second or so; a “ToolTip” will reveal the button function and any short-cut key
associated with it.

The four bookmark functions toggle a bookmark on the current line, go to the next or
previous bookmark and clear all bookmarks. You can set bookmarks on all lines
containing a search string with the Edit menu Find command.

If the Edit toolbar is not visible, click the right mouse button on an empty area of a
toolbar or of the Signal main window. Then select Edit bar in the pop-up menu. You can
use the same procedure to hide it. The bar can be docked to any side of the application
main window or dragged off the application main window as a floating bar.
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File comment

Frame comment

Auto Format

Apply Formatting

Settings...

Proc and Func body

end...next

Indentation method at end of

line

Th|3 Command iS File Comment for example.cfs
available with file and
memory  views, it
allows you to see and et Cancel |
edit the file comment.
The file comment is a single line of text attached to the data file; it can be entered at the
end of sampling or by using this command.

ISampIed after applying treatment 260

This command is available with file and memory views, it allows you to see and edit the
frame comment. The frame comment is a single line of text attached to each frame in the
data file that is available for any purpose.

Automatic formatting is available for script views only and applies standard formatting
while you type and lets you reformat entire scripts or selected script regions. Formatting
is done by indenting lines of text based on the script keywords. An indented line is one
that starts with white space. The indenting is in units of the Tab size set for the view in
the Script Editor Settings dialog. Indentation is done with Tab characters if you have
chosen to keep Tabs in the view, otherwise indentation is done with space characters.
There are two sub-commands:

If any text is selected in the current view, all lines included in the selection are formatted.
If there is no selection, the entire document is formatted. If text is selected, you can right-
click in the text view and choose Auto Format Selection from the pop-up menu to
activate this option.

The Auto Format Settings dialog controls

how text is formatted. Formatting is based on P S —

the same scheme that is used for folding text.

Each script keyword that starts a block M en V! then ¥ else

construction (proc, func, if, docase, R endf Gl e W endcase
_ . . W wend W until W next

while, repeat, for) increases the indent,

and the keywords that complete blocks Indentation method at end of line Inutomatic 'l

decrease the indent. However, many users

prefer the look of the text with some extra concel_| x|

outdents.

The standard CED formatting is to have all the boxes checked, however, it makes no
difference to the script operation so, what you choose is a matter of personal taste. It is a
good idea to use consistent indenting as it helps you to understand the structure of the
script.

If this box is not checked, all text within a function or procedure is indented. Check the
box to outdent the text between the Proc or Func and the end.

You can choose to outdent any line starting with one of the keywords end, then, else,
endif, case, endcase, wend, until and next.

This field determines what happens to the indentation of the current line and the new line
when you type the Enter key. The settings are:

None No automatic formatting is applied. The new line is not indented.
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Edit menu

Toggle Comments

Auto Complete

Minimum characters for auto
complete display

Initial size (lines) of the
matching words list box

Do not display if more
matching words than

Maintain  The new line is indented to match the indentation of the current line.

Automatic The indentation of both the current line and the new line is adjusted based on
the Auto Format settings.

This Edit menu command is available in script and text sequencer views, and is also
available in the context menu when there is a selection. It adds or removes a comment
marker at the start of the line for all lines in the current selection. It decides what to do
based upon the first character of the first line in the selection.

CursorFenunber ()

In any script, you will find that you
Chanﬂ

are typing the same text items
repeatedly. The editor can save you
some time by popping up lists of
known words that match your
typing. The matching is done by
looking for a word break in the text
before the text caret, then matching your typing against various categories of words
known to the script. Matched words are displayed in alphabetical order and the current
word is highlighted.

i 8=

ik, 2, Cursor (i),

[l ChanMean
¥ +° ChanMeasure

Prit chanMult
if 5 =

ohms += [ (w/1]
nutes += 1;

t from %9 Lo %9 on

# sadj):

You can use the up and down arrow keys to choose an item in the list and the Enter key
to select an item or double click an item to enter it. The Esc key cancels the list.
Alternatively, you can just keep on typing, which will narrow the choice of words to
match. The Edit menu Auto Complete Setup dialog gives you some control over the
words that are matched and when the auto-completion lists appears.

The Word lists section of the dialog lets you erryrm—m.
choose the categories of words to match your

typing against. If you do not want to display
auto-completion lists, clear all the categories.

You can choose from script keywords (Proc,

Minimurm characters For auto complete display I 4] _%
Initial size (lines) of the matching waords lisk bosx I 5 j:

Do not display if mare matching words than 30 _:I

L

™ automatically insert when orly one matching word
™ also select when user bypes { of [ in addition ko Enter

Func, EndCase, ...), built in functions and
procedures (SampleSequencer, NextTime,

™ Enable auto complete in comments

"Wmd lists

...), and words that already exist in the script. liwes  EEbipes  gonsiies
You may wish to disable the Script text
option if you are working with a huge file and cancel | o« |

you notice an appreciable delay after typing
before the list appears.

This sets the number of characters in a name that must be typed before the list will
appear. You can set this to 1 to 12 characters. Setting a low value can cause the pop-up
display to become annoying. You need to choose a count that gives you enough help, but
not too much. Try a value of 3 to start with.

This field sets the maximum number of words to display at a time in the range 1 to 40. If
there are more matching words, the list contains a scroll bar. After the list appears, you
can re-size it by clicking and dragging on the horizontal edge furthest away from the
matched text.

If there are more matching words than you set here, the list is not displayed. You can set
this value in the range 1 to 200 words.
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Automatically insert when

only one matching word

Also select when user types (

or[

Enable auto complete in
comments

Preferences

Display

Show time as

Frame start as

Line widths

Because of the design of the script language, apart from variable declarations, all words
you type in are likely to have been defined already. If you set this option, once your
typing has reduced the list size to 1, the word is automatically inserted. You may want to
increase the Minimum characters for auto complete display if you enable this option.

Normally, the list text is inserted when you type the Enter key or double-click the list
text. If you check this option, the text is also inserted when you type an opening round or
square bracket, followed by the bracket.

Normally, automatic word completion is disabled in a comment. However, if refer to
script functions in your code documentation you may find it useful to check this box.

The Edit menu Preferences dialog has separate tabs for display options, data options,
sampling options, script options, signal conditioner setup, time scheduling and clamping
options. The preferences are stored in the Windows registry and are user specific. If you
have several different logons set for your computer, each logon will have its own
preferences. It is possible to change the preferences from a script; see the Profile()
command for details.

This tab contains options
relating to the way data is
shown on the screen.

Preferences

v il Data I Samplingl Conditionerl Script I Schedulerl Clampl Compatibilityl

ISeconds 'l Ling width for axes IHairIine 'l
ISeconds 'l Line width for data IHairIine 'l

[V Standard Display shows lowest numbered channel at the top
[" Danot use the flicker-free drawing method for data

[~ awis drag may not invert asis range

[ Danot change colours if they are very similar b the background

— General
Show time as

The Show time as
selector controls the time
units used within Signal,
you can select Seconds,
Milliseconds or
Microseconds. The
selected units will be
used in the sampling
configuration, for all data
files with a time-based X
axis including cursors and cursor windows and for all appropriate dialogs including the
various process settings dialogs. The main area of Signal not affected by this setting is
the script language, which will always see and use values in seconds, though script
programs can read the current settings and adjust their behaviour as required. This setting
does not affect any data stored by Signal, just the way time is displayed to the user, so
you can switch settings without causing problems with data collected using another
setting. Some time values are saved by Signal as strings, particularly the parameters for
memory view and XY view processing online and active cursors, and these may be
misinterpreted after the time units are changed.

Frame start as

— Text view setting

Scriptfiles...l Sequencerfiles...l Dtherfiles...l Brint IScreencolours YI
oK. I

Cancel | Apply | Help |

The frame start time shown in the status bar and in printouts may be set to be the time
since sampling started in seconds; the same value shown as hours, minutes and seconds
or the absolute time of day also shown as hours minutes as seconds.

The two Line width items set the line width in points for drawing data and axes
respectively. These are relatively unimportant for displays on the screen, where most
reasonable settings will only select between lines one or two pixels wide and many
different settings will produce the same display. The line width controls are particularly
valuable for printing, where the lines drawn can get unsatisfactorily fine. At CED we
find that values of 0.75 pt for data and 1.0 pt for axes look pleasant. The line widths also
control various other drawing operations; for example the axis width controls borders
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Edit menu

Channel order

Do not use the flicker-free
drawing method

Y axis drag may not invert
axis range

Do not change colours

Text view settings

Print

Script files...

drawn around views and the data width sets the basic size of drawn dots and XY view
lines and symbols.

You can change the order of data and memory view channels by clicking and dragging
channel numbers. The Standard display shows the lowest numbered channels at
the top checkbox sets the order when you use the Standard display command or open a
new window. If you do not check the box, lower numbered channels are at the bottom.

Version 3.04 implemented a new buffered drawing method that reduces screen flicker on
updates. However, this may impact the display speed. Check the box for the old method.

Set this checkbox to prevent a Y axis being inadvertently inverted by dragging it too far.

Signal attempts to avoid your data being invisible by overriding your colour choices if
they are very similar to the view background colour. Set this checkbox if you want your
selected colours to be used regardless.

This area of the dialog holds controls that let you configure the appearance of text-based
views (script, text sequencer, log views and text views created by a script) on screen and
when printing. The dialogs accessed by the Script, Sequencer and Other files buttons
will apply any changes globally (to all open files of the selected type and to all future
files). The same dialogs can be used from the View menu Font commands to make
changes to the current view (there is then an extra button to apply changes to all views).

This sets how to print coloured text from a text view. The choices are:

Screen colours  Use the displayed screen colours. This is very wasteful of ink or

toner if the background is not white.

Invert light If you display your text as a light colour on a dark background, this
setting prints on a white background and inverts the text colours.
Black on White  Prints black text on a white background.

Colour on White Prints in screen colours on a white background.

Open the editor settings dialog
from the Edit menu Preferences
General tab to change settings for
all views of a given type, or from
the View menu Font command to
change the current view only.
When used for the current view,
an extra button Apply to All
appears at the bottom of the dialog
to apply changes to all views. The

Script editor seltings [ x]

— Skyle
Def ault 4

Caourier New

The other styles and Tab sizes are based on this one

@Point ™ Bold I Italic Change Font. ..
Background | Case INona 'l ™ Underline Reset Style

Fareground

—Tabs Shaw
Tab Size |4 _I; ™ Keep Tabs ’7|_ Inderts [~ white space [ Line ends

~Language sekbings

Call tips IFuIItext vl Format.., [ Auto-Complete...| Folding |sguares i

var fred$, i3, x, ¥; 'A comrent on oa line

Reset All button returns all the for 1% = 0 to 100 do
H H x = Jin(iy / 100.0);
dialog values to standard settings. i hoatis rio00y )

if x*x + y*y - 1.0 > 1e-5 then
PrintLog("Maths problem at $d\n", i%);
end: Func PrirtLogl form$largd, arg, )
next; formE A optional steing holding the
' Thisz 1 Formatting information. .

The bottom half of the dialog
holds example text suitable for the
view type to show the effect of

line comment

any changes. R 2
Reset all | Appliota ol Cancel | [s]4 I
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Style

Tabs

Show

Language settings

Call tips

Each view type supports one or more text styles. For each style you can set a font
(including proportionally spaced fonts). The font includes the size in points (in the range
2-256) and bold and italic settings. You can also choose to force upper or lower case and
underlines for all text in the style. You can set a foreground and background colour for
the style by clicking on the Foreground and Background rectangles.

All views have the Default style that the remaining styles are based on; it is used for
everything that is not covered by one of the other styles. The Tab size is based on the
width of a space character in this style. If you change any aspect of this style, all the
other styles that match that aspect will also change.

In a Script view, you can control the appearance of many different aspects of the display,
based on the syntax of the language. There are settings for:

White space Style used when drawing spaces and tabs and control characters.
Comment  The style used when displaying comments.

Numbers  The style to use when displaying numbers.

Keywords  The style to use for script keywords, such as for, next and end.
String The style for literal strings, such as ""This is a string".

Function Used for built-in script functions, such as PrintLog().

Operator The style for script language operators, such as +, - and +=.

Identifier The style for function, procedure and variable names created in a script.

Call tips The style for pop-up call tips. This style has an extra Tip highlight colour
field, used to highlight the current argument in a function. This replaces
the Bold, Italic, Case and Underline fields, which are not displayed.

The Reset Style button reverts the current style to standard settings.

This dialog region controls the size of tabs (set in units of the width of a space character
in the Default style) and if Tabs are implemented by saving a Tab character in the text
(check Keep Tabs) or are implemented as multiple spaces (clear the Keep Tabs
checkbox). If you use a fixed pitch font, such as Courier New, then it does not matter
too much if you choose to keep Tab characters or not. If you use a proportional font for
anything except comments, it is better to keep the Tab characters. When automatically
formatting a script, the Keep Tabs setting determines if indents are generated with Tab
characters or spaces.

In addition to displaying the text, you can also choose to display information about the
white space in your file. The settings are:

Indents It can be useful when manually lining up indented loops in a script to see
the indent level. Check this box to display vertical lines at each tap stop in
the leading white space of each line.

White space Check to display spaces with a centred dot and tabs as right arrows.

Line ends Check this box to see the Carriage Return (CR) and Line Feed (LF)
characters that mark the end of a line. This can be helpful to understand
what is happening when working with scripts that move the caret around.

This area of the dialog is used by script and output sequencer views. It sets your
preferences for call tips, automatic formatting, automatic text completion and folding.
The Format and Auto Complete buttons duplicate Edit menu commands and are
described separately.

A Call tip is a block of text that pops up in a script view when you type the opening
brace of a function of procedure name. The call tip text contains a synopsis of the
command and a list of the command arguments, with the current argument highlighted.
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Edit menu

Folding

Sequencer files...

You can choose from None (no call tips), Single line (just the command name and
arguments) and Full text (includes a command synopsis).

For built-in functions, the call tip text holds the command name and arguments plus one
sentence of description. For user-defined Proc and Func items, the arguments are taken
from the line containing the Proc or Func keyword (expected to be the first item on the
line). If the line before the Proc or Func is a comment, up to 10 lines of comment are
used as a description. If the line before is blank, and the line after is a comment, up to 10
lines following are used as a description. If you document your functions and procedures
as in this example, they will generate tidy call tips (and fold away to a single line):

Func Example(argl, arg2, arg3)

"This is an example of how to document for a nice call tip

"argl |If the first word on a line is followed by more than one

- space or a tab, the rest of the line is indented. If a line
" starts with two or more spaces or a tab, it is indented.
"arg2 Description of second argument

"arg3 And something about the third argument

var X,y; T“the start of the code

The example text above would produce a call ~Exampie(
tip looking like this. Comment markers at the
start of each line are removed and multiple
spaces after the first word or at the start of
each line are replaced with Tab characters.

Script views and output sequence views can display a folding margin, and allow you to
fold the code by clicking in the margin, from the View menu Folding command, and by
right clicking in the view and selecting Expand All Folds, Collapse All Folds or
Toggle all folds (which finds the first fold point in the document, reads its folded or
unfolded state and then sets all folds to the opposite state). In a script view, fold points
are based on a lexical analysis of the script text. You can choose from one of four folding
styles, or have no folding margin.

The editor settings dialog for
output sequencer files is very | stk
. . N \eF o = he other styles and Tab sizes are hased on this one
similar to that for script files. The i
eXampIe teXt |n the IOF:/Ver half Of Courier New IlD _I;Point " Bald I Italic Change Font...
the dialog displays some typical Backgroung | Gase [ione (=] [ nderine | Resettye_|
sequencer code and there is no |jTes Show
Support f0r Ca” tlps, auto Tah Size: IS _I::' I Keep Tahs ’7|_ Indents [ White space [ Line ends
formatting or automatic | - auage setings
completion. olltips [iene. 2| | Bt | |BoioGonmiee | Folding [suerss 2]
. . aooo DIGOUT [00000000] PR1L tput
There is a list of styles that you pAC 0,5 JDAC 0 high
H Dac a,no sDAC O low a3
can apply to the different elements Sooo: i ParT Cetop
of the sequencer text. The Default 0002 PULSEL: '1 DIGOUT [00000001] :Pulse hit 0
. - o003 DELAY m=(50)-1 rwait 50 ms
style is used in exactly the same 0004 DIGOUT [00000000] rremove hit
Way as for Scrlpt VieWS as the oons DELAY mw=s(50)-2 rwait 50 ms
. oooe JUMP pulsel :loop
basis for all other styles and as the
font that is measured to set the | 2
Tab size. The remaining styles are: Resetall | Cancel_| x|

White space Style used when drawing spaces and tabs and control characters.
Comment  The style used when displaying comments.

Numbers  The style to use when displaying numbers and digital i/o expressions such
as [...0101].

10-11



Signal for Windows version 4

Folding support

Other files...

Data

Data export format

Keep zero at zero

Keywords  The style to use for standard output sequencer instructions.

Deprecated The style to use for outmoded output sequencer instructions like DACO that
have been replaced and may not be supported in future revisions.

Display Text introduced by > for display on screen during sampling.

Directives  Items such as VAR that do not generate output instructions.

Operator The style for mathematical operators like +, -, * and /.

Identifier The style for user-defined variable names and labels.

Step The style for the optional step numbers at the start of an instruction line.

Key The style for keyboard links introduced by a single quote, for example *H
Functions  The style for built-in conversion functions like ms().

The output sequencer editor supports code folding based on the keyboard link entry
points. That is, you can fold up all code from a line holding a keyboard link up to the
next line holding a link.

The editor settings dialog for all views except script and sequencer views is the same as
the dialog for script views, except that there are no language settings and there is only the
Default text style.

The Data tab controls
the way data is stored
and exported.

Preferences [ x|

Dizplay Data ISampIingI Conditionerl Script | Schedulerl Clampl Compatibilit}ll

— Data expart format

[™ Keep zem at zem

The data export format
items control decisions
on how waveform data is
written to CFS files when
no other information is
available to help Signal
make this decision. The

Save waveform data as IHeaI 'l

— General
Save changed data IQuery the uzer j
Metafile output resolution for picture IScreen image x 16 ﬂ

[ Do not prompt me to save unsaved memony and <7 views

¥ Use enhanced metafile format (EMF) for clipboard and pictures

[ Use lines in place of rectangles to draw metafile akes

¥ Do not compress metafile waveform output when many points per  pixel

Save waveform data
as field sets the preferred
format for waveform data
on disk. Waveform data
in CFS files can be stored either as floating point numbers or as scaled integers. Scaled
integers are the format of data sampled by the 1401, occupy less space on disk and are
the only format that can be read by the DOS SIGAVG software, but can be less accurate
and can overflow (when a data value outside the possible integer range is required).
Floating point numbers are more bulky on disk, but are more accurate and cannot
overflow. In most circumstances, the format used for waveform data is derived from the
data source or set by the destination file, but when creating a new CFS data file by other
mechanisms (saving a some types of memory view in particular), the format used is
controlled by this field. Select Real for maximum data accuracy, Integer to produce
smaller data files or for SIGAVG compatibility.

o]

Cancel | Apply | Help |

This item controls how scaling factors for integer data are calculated. Signal tries to use
the same integer scaling factors as the previous values for the frame (or the previous
frame where appropriate), but may need to recalculate the factors if the data values
become too large for the existing scaling or too small to represent accurately. If this
checkbox is set, Signal will always calculate scaling factors that keep zero in the integer
data corresponding to zero in the scaled values, which can be convenient in some
circumstances.
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Default data update

Prompting to save views

Metafile output resolution

Use enhanced Metafile
format

Use lines in place of
rectangles...

Do not compress metafile
waveform output ...

The Save changed data selector sets the default action for file data that has been
changed in memory. For example, the script language could have been used to
differentiate the data in a channel. You can choose to write changes back always, to only
write changes after querying the user or to always discard changed data. This option sets
the default initial state for all data files opened, use the File menu Data update mode
command to control data write-back for a single file.

Several users pointed out that it was very irritating to be asked if you want to save data
that is derived from other data, and that can easily be derived again. This is especially
true when you are developing a new script application. If you check the Do not prompt
me to save unsaved result and XY views box, Signal will close and throw away result and
XY views without requiring a confirmation. As this is potentially destructive, we suggest
that you don't use this option when you care about the result or XY data.

Signal saves file, memory or XY views as pictures in
either bitmap (screen image) or metafile format. A g
metafile describes a picture in terms of lines and text [Sireenimagex2
based on a grid of points. Metafiles have the advantage |Screen image x 4

that they can be scaled without losing resolution. Sereen image x 8
Screen image » 16

You can choose the density of the grid. The higher the ﬁ'g:ﬂ 3'3*3:‘33 :':' Egg “”i:s
density, the more detail in the picture. The problem for |, Z5==0 2 Jo0 Hits
. . . o Width zcaled to 1000 units
time and result views with a lot of data points is that the |vidth scaled to 2000 units
higher the grid density, the more lines need to be drawn, |wfidth zcaled to 4000 urits
and many drawing programs have limits on the number of |%idth zcaled ta 8000 units

lines they can cope with.

=~

ISame az sCreen image

You can set a grid based on the screen resolution, or a grid such that the width of the
image is a fixed number of points. If you are not sure what setting to use, start with Same
as screen image and adjust it as seems appropriate for your use.

Signal supports two metafile formats: Windows Metafile (WMF) and Enhanced Metafile
(EMF). WMF is a relic of 16-bit Windows and has limitations, but is widely supported. EMF
is the standard for 32-bit programs and has many more features. However, some graphics
packages do not support this fully (this was written in late 1998, but is still true in 2007).

This only affects metafile output. Some graphics programs cannot cope with axes drawn
as rectangles; check this box to draw axes as lines. We use rectangles to make sure that
axes drawn with pens of other than hairline thickness join up correctly.

When generating metafiles (and also when drawing to the screen, though that is not
affected by this option) Signal can save space and time by drawing waveforms with a
large number of points per pixel as a series of vertical lines, one pixel apart. This does
not result in drawing errors because there are already many waveform points drawn on
top of each other.

When drawing to a metafile this can cause problems, as there is not the same match
between the vertical line width and vertical line spacing. If you check this box, no such
compression is done when you generate a metafile. For the most precise metafile data, set
the Metafile output resolution to screen*16 and check this box.
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Sampling

Directory for new data

Prompt for file comment

Assume Power1401
hardware

Defer on-line y-axis optimise

to sweep end

Show decorated states

information in window title

Voltage range for 1401 ADC

and DACs

The Sampling tab contains preferences for the sampling of data.

When Signal ~ samples
data' the NEW data _IS Displa_l,ll [ata  Sampling | Eonditionerl Script | Schedulerl Elampl Eompatibilit}ll
stored in a temporary file _
while it is being collected 'ff”'”f O e o

. . inectory for new data | c:Wwark\Signal inD eby
and only stored in a final = i o f gl. :
CFS flle When the flle iS o Arompt or file comment after sampling

) szumne Powerl 407 hardwars

Saved' The D|reCt0ry for ¥ Defer onine y-axis optimise to sweep end
new data field sets the [~ Show decorated states infarmation ik window title
direCtOfy in WhICh Slgnal Woltage range for 14001 ADCs and DACs |5VOIts j
pUtS t_hlS _tempqrary flle' b aimtain digplay of ADC range online INeVer, keep Y axiz limits j
If this field is blank,
Signal  will use the
current directory (which ok | cacel [ spay | Hen |

may not be where you
expect), so it is a good idea to set one. If you want to save over a network, for example,
or store new data files on media that is slow to write, you can use this field to ensure that
the temporary file directory (which is where all the real-time writing occurs) is on a fast
hard disk.

When you save a new data file, Signal prompts you for the file name. What happens next
depends on where you choose to save the file. If the file is on the same volume (disk
drive) as the temporary file, Signal just renames the file. If the volume is not the same,
Signal copies the file, then deletes the original.

The Prompt for file comment after sampling item is used to encourage entry of a file
comment when a new data document has been created by automatically popping-up the
file comment entry dialog.

In order to correctly show the sampling rates attainable and limits to the pulse output
resolution, Signal needs to know if Power1401 hardware is in use. Signal tries to detect
the 1401 type automatically when it starts up, this checkbox sets whether Signal will
assume the presence of a Power1401 if it cannot detect the 1401 type directly.

If a channel display is optimised in the y-direction and the Defer on-line y-axis
optimise to sweep end box is checked, Signal will wait until the sweep finishes before
scanning the data collected in order to perform the optimise. If this box is unchecked then
the optimisation will be done only with the data collected so far in that sweep. This may
mean no data has been collected and axes will be set to default limits which may well not
be ideal.

When sampling using multiple states, Signal will display the frame state number (with
optional state label) in the window title bar for frame zero. This is intended to make it
easier to see what is going on during data acquisition. Signal can also display extra
information showing the progress of the states sequencing or, if an auxiliary states device
is in use, the auxiliary states device settings. This extra information is only shown if this
checkbox is ticked, otherwise the state number and label only are shown.

Most 1401s have a +5 Volt input range, but some are set up for 10 Volts; more modern
1401 hardware can be switched between these voltage ranges using the Try1401
application. Signal detects the voltage range in use automatically in recent 1401s, but you
must set it manually for the 1401plus. Choose from 5 Volt, 10 Volt and Last seen
hardware. You will be warned if Signal detects a conflict between user settings and
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installed hardware. The voltage range setting affects scaling in the sampling
configuration and DAC output values in the output sequencer. It has no effect on scale
values in previously sampled data files. If a sampling configuration generated with the
voltage range set to 5 volts is read into a copy of Signal set up for 10 volts or vice versa,
the scalings in the sampling configuration are automatically adjusted to keep things
correct.

Maintain display of ADC  When a programmable signal conditioner settings are changed or a telegraph voltage
range online  changes during sampling, the display y-range for the relevant channel can do one of three
things. Never, keep the y-axis limits will keep the y-axis unchanged. In this case there
may be no visible indication that the amplifier gain has changed although the resolution
of the data may change. Maintain it if Showing All range will alter the y-axis when the
gain changes to show the new full range of the ADC provided the full range was
previously displayed. Maintain ADC range percentage will maintain the ADC range
previously displayed but show the new values corresponding to the amplifier settings. In
all cases you should note that, for example, data drawn at 3 mV would continue to be
drawn at 3 mV. It is only the axis limits that may change.

Conditioner This tab lets you set |[Ermm—
the port used by a

. .. Displa_l,ll Data | Sampling Conditioner I Script | Schedulerl Clampl
signal  conditioner

(See the r~ Conditioner settings
Prog rammable COM port for signal conditioner control oMt |8
signal conditioners I~ Dump erors to CEDCOMD.LOG fin the Signal application folder]

chapter). Check the
Dump errors... box
to write diagnostic

r Skatus
CED 15902 signal conditioner support DLL installed

Mo available CED 1902 conditioner channel: can be detected

messages to
CEDCOND . LOG in
the Signal
application folder. If oKk | Cancel [ ooy | Heb |

you wish to change
the type of conditioner you must run the Signal install program; you will be offered a list
of conditioners to choose from.

If the currently installed signal conditioner uses a serial line port, you can select any port
in the range COM 1 to COM 8. Each time you change the port, Signal searches for any
conditioner attached to it and will update the status panel.

The Status panel gives information on the type of signal conditioner support that is
installed. If it can detect a signal conditioner, it also holds information about the channels
that have conditioner support.

Script  This tab items regarding the script editor and script behaviour.

Save modified scripts and Save modified scripts and sequences before they run can be checked so that any
sequences before they run  changes to a script will be automatically committed to disk each time the script is run.
This checkbox also affects automatic saving of modified sequence text before sampling.

Enter the debugger If Enter the debugger when a script has a runtime error is set then if a runtime error
in a script happens then the script view will be displayed with the debugger running. This
allows the user to check on the values stored in the variables as well as looking at the call
stack.
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Maximum lines in Log
window

Scheduler

Minimum gap between timed
update routine end and next
start

Maximum duration of script
idle before Signal sleeps

Maximum script idle cycles
before Signal sleeps

About threads

You can use this field to prevent huge amounts of text accumulating in the Log view. If
there are more lines of text in the Log view than set here, and a script writes more, the
oldest lines are deleted to leave room. Set to 0 for no limit.

This tab limits the processor

tlme Consumed by the Displayl Data I Samplingl Conditionerl Script  Scheduler | Elampl
Signal user thread while g o

R oo R ackaround routine lirnit
Sampl Ing an.d Idllng Wlth a Minimum gap between timed update routine end and next start |2U _|::' ms
script running. If Signal

M axirourn duration of script idle before Signal sleeps [O=na limit) I‘ID _|:;' ms

The background routing runs periodically to update displays and to keep script
idle-time functions active. This page limits the time used by Signal, so that the
system feel: responsive and other applications get a chance to run.

takes too much time, the
system feels unresponsive. It
does not affect the time-
critical thread that writes
sampled data to disk. You
can read more about threads
below. Signal runs a [ o |
background routine when it

has idle time and also periodically on a timer. The routine handles the following tasks:

e When sampling, it gives windows a chance to detect that the maximum time has
changed, which may cause windows to update and processing to occur. Any
invalidated windows will update the next time Signal gets idle time.

M aximum script idle cycles befare Signal sleeps [0=na limit)

You must close this dialog to see the full effect of any changes.

Cancel | Apply | Help |

e Ifascriptis running, it gives any "idle function" in the script a chance to run.
e Inautomatic file naming mode it starts the next file running.

There are three fields that limit the time used in the background routine. They have no
effect on the time used when Signal runs a script that does not idle (see the Yield() or
YieldSystem() script commands for this). The standard values work for most cases.

If the time interval set by this field passes without the background routine running, it is
scheduled to run as soon as possible. You can use values in the range 1 to 200
milliseconds. The standard value is 20 milliseconds. The lower the value, the more time
Signal will spend on background processing relative to other applications. This field also
limits the time that Signal will sleep for (see the discussion of threads, below).

When Signal gets idle time (see the discussion of threads, below), you can limit the time
it uses before Signal goes to sleep. Signal uses idle time to run script idle routines, such
as those created by ToolbarSet(O0, ...). You can set from 0 to 200 milliseconds (0
means no time limit). The standard value is 10 milliseconds. The larger the value, the
more the script idle routine runs at the expense of other applications.

As an alternative to limiting the script idle routine by elapsed time, you can limit it by the
number of times it is called. You can set from 0 to 65535 times (0 means no limit). The
standard value is 0. Setting both this and the Maximum duration... field to 0 is unkind to
other applications. Setting this to 1 is the most generous to other applications.

A thread is the basic unit of program execution; a thread performs a list of actions, one at
a time, in order. To give you the impression that a system with one processor can run
multiple tasks simultaneously, the system scheduler hands out time-slices of around 10
milliseconds to the highest priority thread capable of running. Tasks at the same priority
level share time-slices on a round robin basis. Lower priority tasks rely on higher priority
tasks "going to sleep" when they have nothing to do or when they are blocked (for
example, waiting for a disk read). If this did not happen, low priority tasks would not
run.

When Signal gets a chance to run, it processes pending messages such as button clicks,
keyboard commands, mouse actions and timer events and then updates invalid screen
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areas. Finally, Signal is given idle time until it says it does not need any or new messages
occur. If Signal needs no more idle time it sleeps until a new message appears in the
input queue. The Minimum gap... timer wakes up Signal if nothing else happens.

Clamp This tab is currently used only for enabling the clamping features in Signal. If you are not
involved with patch/voltage clamping work then you may want to use this option to turn
off and conceal clamping features to avoid confusion.

Compatibility  This tab contains options for reverting Signal behaviour to that of earlier versions. At the
moment there is just one option here.

If showing frame zero, switch  Signal changed in version 4.03 to showing the last sampled frame when sampling
to frame 1 when sampling  finishes — it is after all the most recent data. Checking this box will cause Signal to revert
finishes  to showing frame 1.
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Toolbar
Edit bar
Status bar

Next frame
Previous frame

{{|H|

Goto frame

Show buffer

Overdraw frames

The view menu is used to control the appearance of the data and XY views, it contains
commands to show and hide the application toolbar, edit bar and status bar, to move the
display from one frame to another within the data file, to control frame overdrawing, for
zooming in and out in both the x and y directions, controlling the channels and other
items that are displayed on the screen and the drawing mode and the fonts used and the
use of colour.

These three commands enable and disable the display of the application toolbar, the edit
toolbar and the status bar. The toolbar is the array of buttons normally displayed below
the application menu bar. The edit bar contains buttons for functions available in text
views. The status bar is always at the bottom of the application window and displays
information about the current (highlighted) view. These items display a checkmark if the
corresponding bar is displayed, click on the item to toggle the display state.

These bars can also be shown and hidden by right-clicking on an unused | v Todbar

area of the application window to open a pop-up menu. This menu can | v Statusbar
show and hide other types of toolbar. The script and sample bars are — g2™
described in the Script menu and Sample menu chapters. The debug bar is Sl oz

described in the script manual.

Sample bar

These commands, together with the buttons at the bottom left of the data window and the
shortcut keys PgUp and PgDn, change the current frame to the next or previous frames in
the data document. If the current frame is the first or last frame in the document then the
corresponding menu item and button are greyed out. The Ctri+PgUp and Ctrl+PgDn
shortcuts change to the last or first frame in the document. When sampling Ctr1+PgUp
switches to always showing the last frame filed until the frame is manually changed.

This command (shortcut Ctr1+G) opens a dialog to allow you to enter a frame number to
move to directly.

This command (shortcut Ctrl+B) toggles between showing the frame buffer and the
current frame. When the buffer is shown, the menu item is shown checked, and the view
title is modified to show that the buffer is visible. The frame buffer is a separate frame of
data ‘behind’ each open CFS file which is provided by Signal. See the Analysis menu
chapter for more details of the frame buffer.

This command (shortcut Ctr1+D) switches the display between normal mode, displaying
the current frame only, and overdraw mode, which also displays all of the frames in the
frame display list, either behind one another or using a 3-dimensional representation.
When overdraw mode is enabled, this menu item is shown checked.

The frame display list defines frames to display in addition to the current frame, it is set
using the Overdraw settings option, below. These additional frames can also be drawn
in a 3D style plot.
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Add frame to list

Overdraw settings

Frame selection

Colour usage

This adds the currently displayed frame to the frame display list that will be displayed
along with the current frame if frame overdrawing is enabled. If the current frame is in
the display list, this command becomes Remove frame from list. Adding or removing a
frame from the display list in this way will destroy any dynamic behaviour of the list. For
example: if you have requested to overdraw all tagged frames and then add another frame
using this menu item, the display list will then remain fixed even if you subsequently tag
or un-tag a frame.

This command (shortcut Ctrl+Shift+D)
opens a dialog that sets the frame display list
and also controls the manner in which
overdrawn frames are displayed. The upper
part of the dialog is used to enable frame list
overdrawing and to define the frames to be
overdrawn, the lower part controls the optional
3D overdraw mode.

Overdraw settings

[ Overdraw frames ¥ 20 drawing

Framesz ITagged frames

LefLed

Frame subset IFrarne stabe = uxM

Selected frame state

|

Colour usage

Led

IUse arverdraw colawr

Maximumn overdrawn frames

=

M aximum time range overdrawn

At the top of the dialog there are checkboxes to

turn on frame overdrawing and to enable 3D i asis space for 30 effect 0 =%
overdrawing. Th_ere is anpther checkpox at _the Y avis space for 3D effect = =p
bottom of the dialog which causes immediate - -

. . . Perspective ¥ size for 3D 50 oE
display updates as you change fields in the
dialog; very useful for getting a display just = Ferspective ¥ size fr 3D 5

right. 3D Z axiz iz zcaled by the frame Index

¥ Update display to show changes
The next items select the data frames to be
. . ok I
overdrawn. Set the frames either by entering a
list of frame numbers directly or by using the
drop-down list to select a category of frames from: All frames, Current frame, Buffer,
Tagged frames, Un-tagged frames, Frame state = xxx and Last n frames. A

subsidiary field below allows a subset of these frames to be defined.

Cancel |

If you select Frame state = xxx the Selected frame state field appears, use this to
select the state number to be displayed. Similarly if you select Last n frames an extra
field appears for the number of frames wanted, this selects the number of frames before
the current frame when used offline, and the number of frames most recently filed to disk
when used online.

The frame list is dynamic so that, for example, if you request all tagged frames and
subsequently tag a frame it will be added to the overdrawn frames.

This item selects the colours used for overdrawn frames. You can choose between the
following options:

Use overdraw colour Draw all overdrawn (non-current) frames using the

Overdraw colour defined in the colour settings.

Draw overdrawn frames using an internal table of 18
colours. Each frame is drawn using the next colour in the
table.

Draw overdrawn frames using a colour halfway between the
channel trace colour and the channel background.

Draw overdrawn frames using the same colour as the current
frame — the standard trace colour.

Draw overdrawn frames in a colour that fades from the trace
colour to the channel background colour.

Use colour cycling

Draw at half intensity
No colour variation

Fade to background
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Frame limits

3-D overdrawing

X axis space for 3D effect

Y axis space for 3D effect

Perspective X size

Fade to overdraw colour Draw overdrawn frames in a colour that fades from the
trace colour to the defined overdraw colour.

Fade to secondary colour Draw overdrawn frames in a colour that fades from the
trace colour to the channel secondary colour.

The next two items, labelled Maximum overdrawn frames and Maximum time range
overdrawn, can be used to set limits to prevent overdrawing from taking too long. Leave
these fields set to zero if you do not want to apply such limits.

If you enable 3D overdrawing using the checkbox at the top of the dialog, data is drawn
as a 3-dimensional ‘stack’ of frames, with the current frame at the front and older (lower-
numbered) frames behind (you cannot show frames after the current frame — we found it
made things impossibly confusing). To create the 3D effect, each frame is drawn inside a
rectangle, and the position and size of the rectangle depends on a notional z axis. The z
axis can be based on the frame’s position in the frame display list, the frame number or
the trigger time of the frame.

Y axis Rear rectangle
space
E_ ¥
0
E X axis
53 Front rectangle Space

0.0 0.2 04

3D drawing rectangles

In this example, there are three frames of data. The Front rectangle, used for the current
frame, is always positioned at the bottom left of the channel area. The Rear rectangle,
used for the oldest (lowest-numbered), is always positioned at the top right of the channel
area. The middle frame also has a rectangle that is calculated by a linear interpolation
between the front and rear rectangles based on the z axis position of the frame.

The dialog fields concerned with 3-D overdrawing control the positioning of the front
and rear rectangles:

This field sets the percentage of the width of the channel area to use for the 3D effect.
The larger the value, the smaller the width of the front rectangle. Set this and the
Perspective X size fields to 0 to make all frames draw vertically aligned.

This field sets the percentage of the entire view vertical space to share between all the
channels to generate the 3D effect. All channels are given exactly the same space so that
the 3D effect is the same for all channels. The larger the value, the smaller the height of
the front rectangle.

This sets the width of the rear rectangle as a percentage of the width of the front
rectangle in the range 0 to 100. Setting a value less than 100 gives a perspective effect.
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Perspective Y size

Z axis is scaled by the frame

Notes

Overdrawing online

Enlarge view
Reduce view

&3¢

X Axis range

|

This sets the height of the rear rectangle as a percentage of the height of the front
rectangle in the range 0 to 100. Setting a value less than 100 gives a perspective effect.

The position of each frame of data (between the Front rectangle and the Rear rectangle)
can be set by the frame index within the display list (giving equally spaced frames), the
frame number within the file, or by the frame trigger time (as shown for the current frame
in the status bar). Choose from Index, Number or Time.

The 3D display mode behaves in exactly the same way as ordinary overdrawing except
that the overdrawn frames are offset and scaled. There is one other difference; only
frames from earlier in the file than the current frame will be overdrawn, ensuring that the
current frame is at the front and the oldest overdrawn frame is at the back.

The 3D display mode makes no difference to any measurements you may make with
cursors, the X and Y axes that are displayed match the current frame that is displayed at
the front.

When 3D overdrawing data while it is being sampled, the special frame zero behaves as
if it is after all other frames in the file — where it will be if it is written to disk.

The All sampled frames option is only available overdrawing online; it enables special
behaviour where frame data is never erased so that the display accumulates sampled
traces. However if the display redraws for any reason then all the overdrawn data is lost.
The Edit menu Clear option can be used to erase the data. The Last n frames option is
renamed Last n frames filed when used online. Options that will cause a lot of frame
overdrawing (such as All frames) should be avoided online unless you use the frame
limits; the time taken to redraw many frames may impact on sampling performance.

These commands, the two buttons at the lower left of data windows and the keyboard
shortcuts Ctri+Right and Ctri+Left expand and contract the displayed x axis area.
The enlarge command zooms out by doubling the data region spanned by the x axis. The
reduce command zooms in by halving the data region. The left hand edge of the screen is
fixed unless the expand operation would display data beyond the end of the frame, in
which case the start of the displayed area is moved backwards. If the result of expanding
would display more data than exists in the frame, all of the frame data is displayed.

This menu command, double-clicking the x axis of a

data or XY view and the shortcut key Ctri+X open L T
the x range dialog, which sets the region of the view  Figntisl 0.03 =

to display. The dialog also gives you the option of [ widh  Jidd e |
setting the x axis tick spacing. I Lorge tok spacing 1 Carce |

™ Tick subdivisions I‘I i] 3

The Left and Right fields set the window start and | “e%ime [ suosdutunis o= |
end. You can type in new positions or select values from a drop down list. Each drop
down list contains the initial field value, cursor positions, the minimum and maximum
allowed values and the left and right edges of the window (XLow() and XHigh()). The
Width field sets the window width if the box is checked. Click the Draw button to apply
changes without closing the dialog. Show All expands the x axis to display all the data
and closes the dialog. Cancel undoes changes made with the dialog and closes it. Close
accepts any changes and closes the dialog.
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Y Axis Range

1|

Standard Display

Normally, you let Signal organise the x axis style. However, when preparing data for
publication you may wish to set the axis tick spacing. If you prefer a scale bar to an axis,
you can select this in the Show/Hide channel dialog. You can control the Large tick
spacing (this also sets the scale bar size) and the number of Tick subdivisions by
ticking the boxes. Your settings are ignored if they would produce an illegible axis.
Changes to these fields take effect immediately; there is no need to use the Draw button.

The Auto adjust units option will cause the units displayed on the axis to switch to
multiples of powers of 10 in order to keep the figures sensible when zoomed well in or
well out. This option affects only the axis; the units used by the cursors etc will still be
the same. Checking the Logarithmic option will switch the axis from linear to
logarithmic; modifying the displayed range only if it included negative values. In
logarithmic mode another check box: Show powers will appear. This allows the big
ticks to be labelled with powers of the big tick spacing. As with the tick spacing options
these changes take place immediately with no need to press Draw.

This command, double-clicking a y axis or using the
Ctrl+Y shortcut open the Y Range dialog. This sets B

the y axis range and style for data or XY view R 7 a—
channels. The Channel field chooses one, all or Showal |
selected channels. If more than one channel js So0m 02770 |
selected, the settings shown are from the first e [

channel.

Draw

"

o o ) rgérge llcklsEéC|ng |1— o
Optimise draws the visible data scaled to fill the I Tick subdvisions T =
display. Show All sets the y axis to display the ™ puo susturies __Ooe_|
maximum possible range for waveform channels, for
channels without a range limit the available data range is shown. Both buttons close the
dialog. To optimise without opening the dialog, right-click a channel and select the
optimise option from the context menu.

The Top and Bottom fields are used to directly enter the limits to the displayed data. The
buttons to the right of these fields are used to set up a symmetrical axis - clicking on one
copies the current setting, negated, into the other field.

Lock axes and Group offset are visible when the current channel shares a y axis with
other channels. They are enabled when the channel is the first in the group. If you check
Lock axes, the grouped channels not only share the same space, they also share the y
axis of the first channel in the group. The Group offset field sets a per-channel vertical
display offset for each locked channel to space out channels with the same mean level.

Draw applies changes to the Top, Bottom, Lock axes and Group offset fields. The
axis type can be selected to be Linear, Logarithmic or Square root. Cancel undoes any
changes and closes the dialog. Close accepts changes and closes the dialog. The
remaining options are identical to those already described under X Axis Range (above).

This command sets the current data, memory, XY or text view to a standard state. In file
and memory views it turns on all channels in a standard display mode and size, ordered
as set in the Edit menu Preferences, all special channel colours are reset, x and y axes
turned on and all special axis modes and grids off. In an XY view, all channels are made
visible, the point display mode is set to dot at the standard size, the points are joined and
the x and y axis range is set to span the range of the data.
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Customise display

]

Channel Information

File Information

In a text-based view it removes any maximum line limit except in the Log view, where it
applies the line limit set in the Edit menu Preferences option. It also hides line numbers,
displays the gutter and the folding margin (for views that support folding). All the text
styles are set to the default values (equivalent to opening the Font dialog and using Reset
All) and any zooming is removed.

This command opens a dialog

that controls the channels to = = Channumbers I Grid ¥ Ao % Ads
display in a data or XY view, /5 Kayboord - Marker ' @il Hapims
z ¥ MNumbers ¥ Mumbers
the display of x and y axes, = [¢4ADC3-Wavelorm ) )
rids and of the horizontal scroll [ ADC2-wavstomn o -
grias and ot the horizontal scro ¥ 2 ADC 1 -Wavetorm W Units il Wi
bal’. v 1 ADC 0 -Wavetorm ¥ Small ticks v Smallticks
™ Cnright v Scroll bar
Check the Chan numbers box I Scale only I Scale only
to show channel numbers in file won | wior | Do | cose |[ ok |

and memory views. All On and
All Off select all or none of the channels to be shown, or you can show and hide
individual channels using the checkboxes. Draw updates the data window. You also have
control over the x and y axes. You can hide or display the grid, numbers on the axes, the
big and small ticks and the axis title and axis units. You can also choose to show the y-
axis on the right of the data, rather than on the left.

For publication purposes, it is sometimes preferable to display axes as a scale bar. If you
check the Scale only box, a scale bar replaces the selected axis. You can remove the end
caps from the scale bar (leaving a line) by clearing the Small ticks check box. The size
of the tick bar can set by the Large tick spacing option in the Y Axis Range or X Axis
Range dialogs, or you can let Signal choose a suitable size for you.

Use this dialog to view and edit data view channel information. You can open it by
double-clicking a channel title, from the View menu or by right-clicking the channel to
open the context menu. You can edit the Title of the channel set by the Channel field.
The remaining fields are hidden or displayed depending on the channel type. For
waveform channels the Units may be changed. The Full scale and Zero values may also
be edited. These are the same as the values set in the sampling configuration when the
file was sampled originally and can be changed to re-calibrate the data. For an idealised
trace channel the Units may also be changed as well as the —3 dB frequency used for
drawing the convolution and fitting the trace to the raw data. The Reset, Apply and OK
buttons are disabled until you make a change to one of the fields. The Close button
closes the dialog and does not apply any changes.

This command (shortcut Ctri+1) displays information about the current data document.
Currently, it displays the number of sweeps that have been added into a waveform
average; the number of data blocks in a power spectrum or the number of events from an
idealised trace added. For an amplitude histogram the number of points included is
displayed. Equivalent information is also shown for the frame buffer.
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Options This command is for XY windows only and opens the XY
options dialog. This dialog controls the XY window “key”. & showkey

The key is a small region to identify the data channels that & key with ransparent backaiound
you can drag around within the XY window. For each ., ik border

visible channel it displays the channel name and draws the
line and point style for the channel. The dialog also has a
checkbox that controls the automatic expansion of the axes Eanc=E'|
when new data is added. The equivalent script language
command is XYKey ().

V' Auto expand awes ranges

S This example (made by the clock.sgs script in the Scripts
weet — . folder) shows the key. You can choose to make the key
SHad  —— background transparent or opaque and choose to draw a border
* around the key. If you move the mouse pointer over the key,

the pointer changes to show that you can drag the key around

the picture. Double-click the key to open the Options dialog.

Draw mode The Draw mode dialog sets the [ Errarmm——"s
+—| display mode for channels. You can K

e | set the mode for a single channel, all  Ehamel fai:1.5 =l x|

channels or any subset of the

channels. :
Diraw
Cubic Spline ;I

The Channel field sets the channels

to change. The next field sets the draw mode to use. Click Draw to change the draw
mode for the selected channels without closing the dialog, click OK to change the draw
mode and close the dialog.

Waveform draw modes There are five drawing modes available for waveform channels: Line, Histogram,
Skyline, Dots and Cubic Spline. Line joins the data points with straight lines. Skyline
joins points with horizontal and vertical lines. Cubic Spline joins the points with smooth
curves based on the assumption that the first and second derivatives of the data are
continuous at the data points. However, you must always remember that the only data
values that you can rely on are those at the sample points. Cubic Spline mode becomes
Line mode in Windows metafile output.

If your view has associated error information, for example a waveform average with
error bars enabled, you can set the error display mode as: None, 1 SEM, 2 SEM or SD.
Error bars only have meaning if the data points that contribute to the average have a
normal distribution about the mean. Given this, 1 SEM shows 1 standard error of the
mean, 2 SEM is £2 standard errors of the mean and SD is * 1 standard deviation.

If each point of your data can be modelled as a constant "real" value to which is added
normally distributed noise with zero mean, then you would expect the measured mean
value to lie within 1 standard error of the mean (SEM) 68% of the time, or within 2 SEM
95% of the time. The standard deviation represents the width of the normal distribution
of the underlying data at each data point.
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Marker draw modes

Dots and Lines mode

Idealised trace draw modes

There are three drawing modes available for marker channels; Dots, Lines and Rate.

The simplest method is to draw the

marker channel as dots. You can

-DK
choose large or small dots (small dots  Shannel | & Keybaard =] Jpas = [ o ]
can be very difficult to see on some W Large Dots Cancel |
displays). You can also select Lines Draw_|

in place of Dots. The picture above
left shows the result of both types of
display. If you select lines mode the display of marker values is suppressed.

The rate display mode counts how

many markers fall in each time period
) ; = =
and displays the result as a histogram, ~ Shannel | 5 Keyboard =] rats = [ o ]

The result is not divided by the width  Binsi= |1 5 Cancel |
of the bin, so strictly speaking it is a Draw |

count histogram, not a rate. This form
of display is especially useful when
the marker rate before an operation is to be compared with the rate afterwards.

There are three drawing modes for
idealised traces: Basic, Convolution <

and Both. The Basic mode draws the ~ Chael 201 Chan 1 Idzalsed) =] fBoth

trace as horizontal lines representing  Trsceofisst [873337 pdmp W Show baseine _Careel |
event amplitudes separated by -
vertical lines for the transitions. Ll
Closed states are drawn in a different

colour. There is an optional offset to allow the trace to be drawn below or above the raw
data when displayed with a shared locked axis. The Convolution is a continuous curve
formed by the convolution of the Basic idealised trace and the step response function.
The step response function is the error function erf() defined as the integral of the
Gaussian function. This is because it is assumed that the raw data was filtered using a
close approximation to a Gaussian filter. The cut-off frequency for this filter can be
changed by using the channel information dialog. For an idealised trace generated using
threshold crossing the cut-off frequency will be set to the Nyquist frequency by default.
There is also an optional baseline indicator which will show the level of the baseline for a
selected event. Both shows both the Basic and Convolution at the same time. It is
possible to "break" the drawing of an idealised trace if it is taking too long; hit
Ctrl+Break and the drawing will be abandoned.
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XY Draw Mode

Join style
MHat joined
Joined
Looped
Filled
Fill and frame

Line type and Width
Solid
Dotted
Dashed

Marker and Size
m0ot ®Crozz  +Diamond
oBox <Circle  -Horizontal
+Pluz 2Triangle 1 Yertical

Font

This command is used in XY windows
to set the drawing style of the XY data | e [chemeit ] sonsyie [Netianed =] Corcal_|
channels. Click OK to make changes _

: |—_[Di - width [1 =
and close the dialog, click Apply to = % _t El [ |
make changes without closing the Mk [oa 4 s=p 5 [ |

dialog. Cancel closes the window and
ignores any changes made since the last Apply. The Channel field sets the channel to
edit. If you change the channel, the dialog remembers any changes you have made so
there is no need to use the Apply button before changing channel unless you want to see
the change immediately. The settings available are:

You can set five join styles for a channel. In Not joined style, no lines are drawn
between data points. In Joined style, each point is linked to the next by a straight line. In
Looped style, the points are joined and the final point is linked back to the first point. In
Filled style, the data points are not joined, but they are filled with the XY channel fill
colour. In Fill and frame style, the first and last points are joined and linked by a line
and the channel is filled. The Line type and Width fields set the kind of line that joins
the points.

These two fields set the type of line used to join data points. The Width field determines
how wide the line is, in units of half the data line width set in the Signal Preferences
dialog. If you set a Width of other than 1, the Line type field is ignored and a solid line
is drawn.

The Size field sets how far, in points, the markers extend
around their screen position. A size of 0 makes the

[ I |
markers invisible. There is a wide range of marker styles v e o O o000
to choose from, including boxes, circles, triangles and N AW AWAN
vertical and horizontal bars. ° 0000000
ET ><><><><
The picture to the right shows a screen dump of all the : ; ; E EEEE
marker styles in sizes 1 to 10. If you need to tell them s «snmEEHE

apart on screen, sizes below 3 should be avoided. If you
have excellent eyesight and a high-resolution printer, size
1 is viable in printed output.

This command sets the font [
that is used for each window.

N R . Eont: Font style:
The font selection dialog is Timas New Roman [Fregular
generated by the operating Small Forts = =~
. . T Symbol Italic
system, and varies with the System Bold
VerSion Of WindOWS Terrminal . Bold talic

The font size changes the | | Wingdings EI v
space allocated to data
channels in a data view.

Smaller fonts give more space AaBbYyZz

to the channels, however fonts

—Sample

need to be large enough to Seript

read easily. You can set Ji#sestern =l
different fonts in each data or

text window.
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View menu

Use Colour and Use
Black And White

Change Colours

sl

Application colours

Channel primary colour
Channel secondary colour
Channel background
colour

In a text-based view, this command opens the editor settings dialog for the current text
view type where you can set fonts and text styles for view. This is described in the Edit
menu Preferences dialog under the Display tab.

If you have a colour monitor, you can choose to display your data files in colour. The
Use Colour menu item switches from black and white data displays to colour. If you
change to colour, the menu item changes to Use To Black And White. You may prefer

to work in monochrome if you have to print the end result in black and white.

You can choose the colours for almost
everything in Signal. If you open the dialog
with an active file, memory or XY view, the
dialog has multiple pages. Select a page with
the drop-down list at the top. The pages are:

To change colours, select one or more items
in the list on the left, and then click a colour
in the palette on the right. You can check the
result of your action with the Draw button.

Cancel removes the window and undoes any [l =~ =
changes. OK accepts changes and closes the  |conos | Corcel |

dialog. The Reset All button returns the list

IAppIication colours

Data view background
W avetorm as aline

W aveform as dots

' aveform as skyline
' aveform as histogram
i aveform histogram fill
Markers as dots
Markers as lines

b arker text

Fiate histogram

Fiate histogram fill

Reset &l | Draw |

and the palette to a standard set of colours. You can change the following:

Marker text

Rate histogram
Rate histogram fill
Text labels

Data view background
Waveform as line
Waveform as dots
Waveform as skyline
Waveform as histogram
Waveform histogram fill
Markers as dots
Markers as lines

Controls
Data display grid

Cursors and cursor labels

Tagged frames background
Frame list traces

XY view background
Standard deviation/SEM

Fitted data

Convoluted trace
Closed state

Axis markings & text labels

See the Edit menu Preferences for text view colours.

These three pages assign colours to channels
in the current file or memory view and [Crannel pimay colou |
override the application colours set for e =
drawing modes. The primary colour sets the i chand fidcaied) 5
drawing colour for lines, waveforms,

markers, and histogram outlines. The

secondary colour is for filling histograms and
for drawing the SEM and SD in data views.
The channel background colour overrides the
view background for the area occupied by
the channel data. An X in a box marks a
channel with no colour override.

Flesetglll Beset |
Cancel |

Changes made on this page are applied immediately, so there is no Draw button. You
can Reset the selected channels back to the standard colours set in the Application
colours page. The equivalent script command is ChanColour().
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XY channel colours

View colours

Changing the Palette

Folding

Show Gutter

Show Line numbers

This page lets you change the XY channel line colours and the fill colours. Changes
made on this page are applied immediately; there is no Draw button. The equivalent
script command is XYColour()

This page allows you to override the application colours set for the current view. At the
moment you can only override the view background colour. The equivalent script
command for this is ViewColour().

Color To change a palette colour, double click it to open the
el Gl colour dialog and select a replacement colour. The first
seven colours form a grey scale from black to white and
cannot be changed.

|

= You can replace the palette colour with any standard
= colour, or you can click the Define Custom Colours...
—

—

button to select an arbitrary colour. Click OK or Cancel to
exit.

LCustom colors:

EEEEEEE The colour selection applies to all data files. It is stored
I | with the Signal preferences in Signal.sgp, not in the
| data files. When you restore a Signal data file, the colours

will be those that are currently active, not those in use
ok | G | Hoe || \yhen you last saved it.

Defing Custom Colors »»

This item, which is available for script and sequencer views, allows you to select the
style of code folding margin (including disabling code folding), while the Expand All
Folds command unfolds all fold points, Collapse All Folds folds all fold points, and
Toggle All Folds finds the first fold point in the document, reads its folded or unfolded
state and then sets all folds in the document to the opposite state.

The gutter is an area to the left of the text in a text view, usually with a grey background,
that can be used to select lines of text, except in a script view where clicking on it sets
break points. The gutter is also used in script views to display the current line pointer.
This menu command shows and hides the gutter, equivalent to the Gutter() script
command. The gutter shares the same display background colour as line numbers. The
gutter is normally visible.

You can choose to display line numbers in any text view. Line numbers usually have
space for up to 5 digits, but if you need more than 99,999 lines of text you can use the
ViewLineNumbers() script command to increase the displayed digits. This menu
command makes the line number area visible if it is invisible and hides it if it is visible.
You can change the appearance of the line number region with the View menu Font
command. Select the Line number style, and a line number will appear in the example
window so you can preview any changes.
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View menu

Keyboard display
control

Windows software is usually orientated towards control by means of the mouse and
menus, but it is often convenient to use the keyboard instead. For interactive adjustments
of the data or display, keyboard control can also be much faster. With this in mind,
Signal includes keyboard shortcuts to handle most display manipulation requirements:

Scroll data down / up

Decrease Y range / increase range
Optimise Y range

Show all Y range

Y axis dialog

Scroll left / right

Decrease X range / increase range
Show all X range

X axis range dialog

Next frame / previous frame
First frame / last frame

Zoom / un-zoom channel
Hide selected channels
Customise display

Cursor Down/Cursor Up
Ctrl+Down / Ctrl+Up

End

Home

Ctri+Yy

Cursor Left/Right
Ctri+Left/Ctrl+Right
Ctrl+Home

Ctri+X

PgUp / PgDn
Ctri+PgDn/ Ctrl+PgUp

Double-click
Del
ctril+Del

Some of these shortcuts are documented with the appropriate menu command, others do
not have an equivalent command. All display shortcuts are listed here for convenience.
There are more shortcuts provided for data manipulation; see the Analysis menu chapter.
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Analysis menu

New Memory View

Iy

Waveform Average

The Analysis menu is divided into several regions, all associated with the analysis of
data or the processing of data into a different form. The first two regions contain
commands that are associated with processing data from a data or memory view into a
memory or XY view. The New Memory View command opens a pop-up menu from
which you can choose an analysis that generates a memory data window, for example a
waveform average of one or more channels. The New XY View commands are used to
generate an XY graph from measurements based on cursor positions. The Process and
Process Settings commands allow you to modify analyses created with these
commands. The Fit Data command opens a dialog from which you can fit mathematical
functions to sections of data in time, result or XY views.

The third region holds commands to append new data frames to documents and to delete
appended frames. The fourth region holds commands that use the frame buffer, this
buffer is a separate frame of data, not part of a data file, that can be used in a number of
ways. This region also includes the multiple frames dialog, which carries out operations
on many frames. The final regions holds channel data modification commands, control
frame tagging and provide FIR and IIR digital filtering, which are described separately in
the Digital filtering chapter.

This command is enabled when a file view is selected. It opens WaveFarm Average. .,

a pop-up menu in which you can select an analysis type from: Amplitude Histogram, .,
Waveform Average, Amplitude histogram, Auto-Average, Auto-Average. .

Power Spectrum and Leak Subtraction (this last if you have Pawer Spectrum. .
clamping enabled). Selecting an analysis opens a Settings __-eaksubiraction. .
dialog where you set the analysis parameters and other information needed to construct a
memory view to hold the analysis results. This dialog can be recalled from the memory
view to change the analysis parameters.

Click New in the Settings dialog box to create a memory view with all data values set to
zero and to open the Process dialog, in which you select the source data frames to
analyse. The results of analysing different sets of frames can be summed by repeatedly
using the Process dialog to select different frames.

This analysis averages waveform data channels
across multiple frames. The Channels field sets

the waveform channels to average. The Width of | S P14 I
average field sets the width of the new memory | it of average 0.040000 c
view. The Offset field sets the start time for the Stant ofset for | s

data as an offset from the start of the frame. An
offset of zero selects data from the start of the
frame, regardless of the frame start time. The data
from each frame to be analysed starts at Frame New Cancel |
start + Offset and runs up to Frame start +
Offset + Width. If this data range extends beyond the end of the frame data for any
sweep, the sweep is not added into the average and an error message is generated.

[ Awerage x axis starts at zero

v Display mean of data. ™ Errorbars

If you check Average x axis starts at zero, the X axis of the memory view created by
this analysis starts at zero, otherwise the x axis starts at the start time of the first section
of data added into the average. This is Frame start + Offset for the first frame analysed.
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Analysis menu

Auto-Average

The Display mean of data checkbox selects between displaying the mean data value or
the sum of all sweeps added into the average. It can be changed after the data has been
generated.

If you check the Error bars checkbox, extra information is saved with the averaged data
so that Signal can display the standard deviation and standard error of the mean of the
resulting data. The Waveform Draw Mode dialog controls the display of the error
information.

The New button (or Change if the memory view already exists) closes the dialog,
creates the new memory view and opens the Process dialog, described below.

This form of analysis averages waveform channels

in the same manner as standard waveform average

processing, but automatically produces a memory | Ehannels falChannels [
view with multiple frames, each frame holding a | idtof average [0:0a0000 s
separate average. Each memory view frame is Start affsst | ECIEE

generated from a preset number of source frames, Fromesperaversgs |2
the groups of frames used can overlap, be adjacent, .

rames between averages |2
or can have gaps of unused data between them.

[ Awverage x awis starts at zero
. A ) ¥ Display mean of data v i
The Settings dialog holds fields for the channels, I~ Count excluded frames

the width of the average, the data start offset and the New Cancel |
number of frames and frame separation per average.
The Channels, Width of average and Offset fields are all the same as for the standard
waveform average processing described above, as are the Average x axis starts at
zero, Display mean of data and Error bars checkboxes.

The Frames per average item sets the number of source frames that are used to make
up each average. The Frames between averages item sets the number of frames in the
source between the start of one average and the start of the next.

Thus if you want 4 frames to make up each average you would set Frames per average
to 4. If you set Frames between averages to 4, Signal will use frames 1, 2, 3 and 4 for
the first average, 5, 6, 7 and 8 for the second average and so on. Setting Frames
between averages to 6 would mean that frames 1, 2, 3 and 4 make average frame 1 as
before, but now frames 7, 8, 9 and 10 are used for the next average and frames 5 and 6
are not used. Then again, if you set Frames between averages to less than Frames
per average then the data for each average will overlap, with some frames being used to
make more than one average.

The Count excluded frames checkbox controls whether the frames used are determined
only on frame numbers or if they take into account the subset of frames selected for
processing. For example, with 4 frames per average, 4 frames between averages and
processing tagged frames only, if Count excluded frames is not checked then the first 4
tagged frames will make up the first average, the next 4 tagged frames the next average
and so on. Alternatively if Count excluded frames is checked then those of frames 1 to
4 that are tagged will make up the first average, any tagged frames from frames 5 to 8
make up the second average and so on. In this case some of the averages would be
formed from fewer than four frames, any averages formed from no frames are left set to
zero.

The New button (or Change if from the Process Settings command) closes the dialog,
creates the new memory view and opens the standard Process dialog, described below.
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Amplitude Histogram

Power Spectrum

This analysis creates a memory view showing a [ EYEEErSrrms
histogram of the number of points of a waveform L |
channel that lie within particular amplitude ranges. =~

. . . (n] i A -
The option will not appear for log-binned data. The = 2% piow) [o]'s
[rata end time #aHigh() -| s

processing reads data for the channel being analysed
that covers a set time range, and for each data point
read the waveform level is used to calculate the | Minimum ampiiuce
corresponding histogram bin. If this bin number exists = i 005

within the histogram then the bin data is incremented, =~ Numberefbins 200

This process is repeated for every data point read from Mew Cancel |
every frame, the resulting histogram shows the
relative frequency of occurrence of the different waveform levels. For example, if your
data waveforms were generally at one of two levels then the amplitude histogram of the
data would show two peaks with (probably) Gaussian distributions.

b aximurn amplitude:

W
L
W

L

The Channel item sets the waveform channel to be analysed, only a single channel can
be selected. The Data start time and Data end time items define the time range over
which the source data will be analysed. The Maximum amplitude and Minimum
amplitude items set the range of X values that the histogram will cover. These items are
linked to the Bin size and Number of bins items, both of which set the number of
histogram bins. If either of the amplitude range items are changed the Bin size will be
adjusted to fill the new range and keep the Number of bins constant. If the Bin size is
changed then the Number of bins is adjusted to keep the amplitude range constant.
Finally if the Number of bins is changed then the Bin size changes, again keeping the
amplitude range constant.

This analysis creates a memory view that holds the

power spectrum of a section or sections of

waveform data. The option will not appear for log- | Chafnels [4l Chanei: i
binned data. If multiple sections are processed the = EFTsee  [s512 =] 10244
result is an averaged power spectrum. The results
of the analysis are scaled to RMS power (where
power is amplitude squared), so they can be | ndew [Harning =]
converted to energy by multiplying by the time
over which the transform was done. Signal uses a
Fast Fourier Transform (FFT) to convert the New Cancel |
waveform data into a power spectrum.

Start offzet oo | =z

Result showes frequencies from O to 2500 Hz in
256 bins, resolution 3. 766 Hz

The channels and offset items in the settings dialog behave the same way as they do in
the Waveform Average settings dialog.

16 The FFT is a mathematical device that transforms data between a waveform
A and an equivalent representation as a set of cosine waves each with an
128 amplitude and relative phase angle. The version of the FFT that we use limits
“;?2 the size of the blocks to be transformed to a power of 2 points in the range 16
;gi; to 16384. You set the FFT block size from a drop down list in the dialog, the
a006 | dialog will automatically update to show the time range that this block size
covers. The way the maths works out, the resulting memory view data ends up

with half as many bins as the FFT block size. As for waveform averaging, if the block of
data starting at the offset specified runs past the end of the frame the sweep is discarded

and no analysis is done.
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Windowing of data

Mo window
Hanning

H armming

K.aizer 30 dB
K.aizer 40 dB
F.aizer B0 dB
K.aizer B0 dB
K.aizer 70 dB
K.aizer 80 dB
K.aizer 90 dB

The data in the memory view spans a frequency range from 0 to half the sampling rate of
the source waveform channel. The width of each bin is given by the waveform channel
sampling rate divided by the FFT block size. Thus the resolution in frequency improves
as you increase the block size. However, the resolution in time decreases as you increase
the block size as the larger the block, the longer it lasts.

The mathematics behind the FFT assumes that the input waveform repeats cyclically.
This means that the maths treats the block of data as though it was taken from an input
consisting only of that block, repeated over and over again. In most waveforms this is far
from the case; if the block was spliced end to end there would be sharp discontinuities
between the end of one block and the start of the next. Unless something is done to
prevent it, these sharp discontinuities cause additional frequency components in the
result.

The standard solution to this problem is to taper the start and end of each data block to
zero so they join smoothly. This is known as windowing and the mathematical function
used to taper the data is the window function. The use of a window function causes
smearing of the data, and also loss of power in the result.

You can find all sorts of windows discussed in the literature, each with its own
advantages and disadvantages; windows shaped to have the smallest side-lobes spread
the peak out the most. By reducing the side-lobes you decrease the certainty of where any
frequency peak actually is (or the ability to separate two peaks that are close together).
Signal implements the following windows:

No Window Use this if there is one sine wave, or if more than one, they all have similar
amplitude. This has the sharpest spectral peaks, but the worst side-lobes.

Hanning  This is a good, general purpose, reasonable
compromise window. However, it does throw
away a lot of the signal. It is sometimes called
a “raised cosine” and is zero at the ends. If
you are unsure about which window would
be best for your application, try this one first.

Hanning

Hamming This preserves more of the original signal than a Hanning window, but at
the price of unpleasant side-lobes.

Kaiser These are a family of windows calculated to
have known maximum side-lobe amplitude .,
relative to the peak. Of course, the smaller the
side-lobe, the more signal is lost and the
wider the peak. We provide a range of RV
windows with side-lobes that are from 30 to
90 dB less than the peak.
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Power spectrum
of a sine wave

If you sample a pure sine wave of amplitude 1 volt and take the power spectrum, you will
not get all the power in a single bin. You will find data spread over three bins, and the
sum of the three bins will be 0.5 volts2. The factor of 2 in the power is because we give
the result as RMS (root mean square) power. This is illustrated by the example below
where we have sampled a sine wave with amplitude 3.06 volts (peak to peak amplitude =
6.12). We have formed the power spectrum of the signal using a 256 point transform and
zoomed in around the bins where the result lies.

If the sampled waveform was a perfect sine wave we would predict a RMS power of
4.6818 volts? from this waveform (3.062/2). The cursor analysis of the power shows a
total power of 4.7135 volts2. This is about 0.7% above the predicted result for a perfect
waveform.

% Signal - data3.cfs [_ O] =]
Fils Edit View Analysis Cursor Sample Script Mindow Hslp
= e
E¥A datad.cfs M= El| [+~ Powerd(data3)
30 ] ] ]
g g 254 ;
s 0173857 0382857  0.3942%6 186537 981346
H 2.0 H
: E Ba o 15
h Ee 004 H hoEE g
5 | £
B :
104
2.54
0.5
-5 I:l_l T T T T T o T T T T
o o1 0z 03 04 0ns o )
f Frequency
el szl sl EEEFEIEE KN |
Cursors for data3 cfs S[=1E3 EP Cursor regions for Powerd(data3) [B[=] EY
Cutsors | Cuwsorl | Cursor2 | Cursor3 [ Cwsors | 1.2 | 2.3 [ 3.4
s 011 | 0328857 [ 0111429 Tz 7 54509 i
[Viaveform | 61338 | 3073 612548 (i FEEE i
v X Zeo ; ((-: rf: I~ Zero region [ ‘8 s
v ¥ Zera g T 4 »
s L1 =

The predicted result is slightly low because the waveform samples used for the cursor
measurements are unlikely to lie at the exact peak and trough of any particular cycle.
Using the script language Minmax() function on a waveform channel to find the
maximum and minimum values over a wide time range gives a slightly larger amplitude,
and a much closer agreement:

Evaluate aline of t

Ivar wdohi:Minman(1 0,055 lo hilx=(hida)/2 Message Amp=2ndmp " 2/2=%F, Power=2f" » xw*/2 4. 71 SB]j

‘DK. 0.01 zecs compile time. 0.83 secs execution time. i| >>| Eancell Eval[...]l E:-:ecutel

You can use the Evaluate command in the Script menu if
you want to try this. It gives a slightly larger value for the S ST

amplitude and now the power calculated from the amplitude | Amp"2/2-4712660. Pawer-4713800
and the measured power differ by 0.025%. For an explanation

of the text in the Evaluate window see The Signal script
language manual.

The duration of one cycle of the waveform (the time between cursor 1 and cursor 3) is
approximately 0.2214 seconds, a frequency of 4.52 Hz. Again, this is in agreement with
the displayed power spectrum.
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Leak Subtraction

This analysis creates a multi-frame memory view
by carrying out a leak subtraction analysis on the
source data. Leak subtraction is a specialised
analysis used by voltage and patch clamp
researchers, this analysis will not be available
unless clamping support has been enabled in the
Edit menu Preferences dialog. The basic
technique is to apply a small stimulus, one that
does not cause the cell membrane ion channels to
turn on, and to measure the current flow through

Settings for LeakSubl (IVDAT x|
Leak subtract method PN hd

I 1 chan 0{1000 Hz) VI

I 2 ADC chan 7 (1000 Hz) Vl

Response chan

Stimulus chan

Baseline time Cursar(1) | ms
Pulse tifme Cursar(Z) > ms
Measurement width W ms
Form from firet |4—
Subtract from next IE—

the membrane (made up from resistive and ~
capacitive components) caused by this stimulus. ™ ComenEgiEmn:
This ‘leak measurement’ is then scaled by the New
stimulus amplitude to give the expected leak
conductance generated by larger stimuli and this scaled leak is subtracted from the
recorded traces to leave only the ion-channel effects. Normally an average leak trace is
generated from a number of small pulses to minimise the effects of noise. Leak
subtraction makes special use of two channels; the stimulus channel which is used to
measure the amplitude of the stimulus pulse so that the leak can be scaled (but which is
not modified by the analysis) and the response channel which is the only channel
modified by the leak subtraction process. All other channels are ignored and copied into
the memory view unchanged.

Base line correction

Cancel |

The Settings dialog holds fields for the leak subtraction mode and to define the channels
for the stimulus and the response signals. Baseline time defines a time within the sweep
where there will be no stimulus and the Pulse time is a time where there is a stimulus.
These two times are used to measure the stimulus amplitude from the relevant channel;
the measurements are averaged over the Measurement width (using the time range from
time-width/2 to time+width/2).

The following two edit fields are used to specify the frames used to generate the leak
measurement and the frames from which the leak is subtracted. These fields are
interpreted in different ways depending on the leak subtraction method (see below). If
Base line correction is on, the corrected response will also have a DC offset removed
so that at the baseline time the response level will be unchanged.

The Leak subtraction method can be set to Basic, P/N, or States. These three modes
are very similar, the only real difference being how frames used to generate the leak trace
are selected:

Basic here the leak measurement is generated from a fixed contiguous set of frames
regardless of which frames are being processed, these frames are set using the
First frame for leak and Last frame for leak items. All of the frames
processed use this single leak measurement, frames contributing to the leak
data are automatically skipped during processing.

P/N here the leak measurements are extracted from the frames that are being
processed. The first n frames processed are used to make the leak data, then
the next m frames are processed using this leak data. Then the next n frames
are used to make a new leak data set and the following m frames are
processed using this new leak data, this cycle continues throughout the frames
being processed. The values for n and m are entered in the settings dialog

using the Form from first and Subtract from next items respectively.
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Process...

States  here the leak data is assembled from all frames within the file with a given
state, the state number is entered in the settings dialog. All the frames
processed use this set of leak data, frames contributing to the leak data are
automatically skipped.

As in Auto-Average processing if, for instance, we only process un-tagged frames and
there are some tagged frames in the file, the process will continue to search for un-tagged
frames until the required number have been found to complete the formation or
subtraction of the leak. If Count excluded frames is turned on, however, then even
frames that are excluded from the process will still be counted as part of the frames used.

The New button (or Change if this is used from the Process Settings command)
closes the dialog, creates the new memory view and opens the Process dialog, described
below. Leak subtraction processing uses the same process dialog, but because leak
subtraction creates a set of frames in the memory view the behaviour is subtly different;
the Clear bins checkbox, if set, clears out the entire memory view (deleting all frames
apart from the first one) and if not set does not accumulate more data into the existing
memory view frames but rather appends more frames to the view. For similar reasons the
Analysis menu Append Frame command does not create a second set of process
parameters; all frames use the same process parameters.

This command is available when a memory view

created using the New Memory View command or
an XY created using New XY view is the current
view. When you use it a dialog prompts you to
select the frames of the source data document to be | Selected fiame state
processed. The Process dialog is also provided I"" Clear memary view data before processing
automatically when you use the New or Change ¥ Fe-process i source data changes
button from the Process Settings dialog to create or V' Dpimise Y aes afer processing

rebuild a memory view.
Process I Cancel | Settings |
The dialog contains a number of items used to

select the source data frames that will be processed, plus checkboxes controlling what
happens when data is processed.

Frames IT agged frames

Frame subset IFrame state = k=¥

“ILI;

The Frames and Frame subset items are the main controls used to select source
frames. The simplest way to use these is to type in a frame list directly. You can also
select the current frame, all frames, tagged or untagged frames or frames with a given
state code. If you choose the state code option, the dialog also displays a field into which
you can enter the state code to use. The Frame subset selector can be used to further
qualify which frames are wanted.

The frame list values are evaluated when the Process button is used, then the frames are
processed and the results added into the memory view data.

If you check the Clear memory view before process checkbox, the memory view data
is cleared before the results of the processing are added. The Reprocess if source data
changes checkbox enables automatic re-processing. Automatic re-processing is
optimised to try to prevent unnecessary work, but can still slow Signal significantly on
occasion, particularly with large files. If you check the Optimise Y axis after process
checkbox, the memory view y axes will be re-scaled after the new results are added into
the memory view to best display the data. If you are processing data to generate points in
an XY view, an extra checkbox provides automatic X axis optimisation.
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Breaking out
of Process

Multiple frame processes

Process command
with a new file

Process settings...

If the Settings button is pressed, the process dialog is removed and replaced by the
settings dialog.

Processing operations can take quite a time, especially in large data documents. You can
stop a processing operation early with the Esc key.

For Waveform average, Amplitude histogram and Power spectrum processing, you can
use the Append frame command (below) to add more frames to the memory view created
by processing. This new frame will have the same process settings as the original frame,
but will have its own separate Process dialog so that you can analyse a different set of
source frames for each memory view frame.

The Process dialog is slightly different when

the current window is a memory view derived
from a sampling document. The dialog is also = Frames |
activated automatically when you create a new

memory view from a sampling document OF  Number of frames I
when you press the Change button in the |D—
Process settings dialog for a similar memory
view.,

ILast r frames filed

Frames between updates

[ Clear memany view data before processing

¥ Optimize ' axis after processing

This form of the Process dialog gives you

control over when and how the memory view is ok | Cancel | satings |
updated during sampling. The Frames field
contains extra items that are suitable for processing sampled data: Sampled frames and
Last n frames filed. The contents of the dialog change depending upon which frame
option is selected. In addition there is a new field: Frames between updates.

Sampled frames all frames that are sampled will be processed. This option is not
available in Fast triggers, Fast fixed int or Gap free sampling
modes.

All filed frames all frames saved to disk are processed.

Last n frames filed  process the most recent frames saved to disk; the dialog displays
a field in which you can enter the number of frames required.
The Clear memory view checkbox is ignored as the memory
view is always cleared before processing.

The Frames between updates field sets how often the processing of filed frames
occurs. Set this to zero to process as often as possible. If you are processing Sampled
frames, then this field is ignored and the memory view is updated for each frame.

This menu command re-opens the analysis settings dialog for the current memory or XY
view. This is the same dialog as the one used to define and create the new view except
that the New button is now a Change button. The Change button accepts the changed
settings, if the changes are significant enough to make any previous analysis
incompatible the destination memory view will be cleared and re-initialised.
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New XY View

Trend plot

This command, analogous to the New Memory View command, is available when a
file or memory view is selected. It provides a pop-up menu from which you can select
an analysis type, Trend plot or Measurements analysis are available.

Analyses that generate XY view data can be used online in the same way as the memory
view analyses to take measurements from the sampled data as it is collected. In addition,
these analyses can also be carried out online on memory views that are themselves being
generated by analysis of the sampled data. In this circumstance, the exact manner in
which the XY measurements are generated depends upon the form of analysis generating
the memory view data. For Auto Average analysis, the XY measurements are taken when
a new averaged frame is completed - when the required number of source frames have
been averaged into the frame. For Leak Subtraction analysis, the XY measurements are
taken whenever a new frame is added into the leak subtracted data. For all other analyses
all of the available memory view frames are re-processed in a manner very similar to
offline analysis whenever any of the memory view data is changed, so the XY view data
automatically updates to reflect the changing memory view contents.

A trend plot consists of sets of measurements taken from a source data document and
plotted into an XY view. Trend plot analysis generates a single measurement from each
source data frame, each measurement having an X and a Y part which generate the
relevant parts of the XY data. An XY view holds lists of XY points, one per channel.
Trend plot analysis can create data points using a wide variety of measurements for both
the X and Y values, up to 32 separate channels of XY data can be created.

Selecting Trend plot analysis provides a Settings dialog where you define the analysis
parameters. This dialog is also available later on to change the analysis parameters.

The dialog consists of
four regions. At the top
is a control to select the

Settings for TrendPlot 1{Actions)

Plat Chanrel IEhannE| 1 & I

Add Channel | [elete Efiatne] |

. 4 measLrement ' measurement
currently viewed channel _
(in the XY ViEW) and Type IFrame rurmber "l Type I\-"alue at point 'l
bUttonS to add and delete Source chatinel 1 lmemb (10 kHz) =
channels. In the middle
are two very similar Time ] 20 =

regions that set the

parameters for the X and [F-000000
Y measurements and at

Mew Cancel
the bottom are the l_l 4'

standard New and Cancel buttons plus controls that affect the XY view data.

Width for level [rs)

User check positiohs
r P Faints ID

™ &l channels use same =

You can set the XY view channel title by typing into the Plot Channel selector and
create additional channels by using the Add Channel button. The Delete Channel
button deletes the current channel; you cannot delete the last remaining channel.

The X measurements and Y measurements sections are the same as each other. Both
hold a selector for the type of measurement plus a variety of other parameters used by the
measurement process; a channel to take measurements from, items for the one or two
time values needed, a measurement width and a fit coefficient number. These additional
parameters are shown and hidden according to the type of measurement selected. The
types of measurement available are:

the value on the channel specified at the time specified,
measured using the set width. A non-zero Width will give a
measurement averaged over Time-Width/2 to Time+Width/2,

Value at point
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Value difference

Value above baseline

Value ratio
Value product

Time at point

Time difference

Frame number
Absolute frame time
Frame state value
Fit coefficients

User entered value
Expression
Cursor regions

a zero width reads the value of the nearest available waveform
data point.

the difference between the value on the channel at the time
specified and the value at the reference time, both
measurements using Width as for Value at point.

the difference between the channel value at the time specified
and the value at the reference time. Only the reference time
measurement uses the specified width, the other is always a
single-point measurement.

the channel value at the time specified divided by the value at
the reference time, both using the specified width.

the product of the channel value at the time specified and the
value at the reference time, both using the specified width.

the time specified. This can be a cursor position; if that cursor's
mode is set to move to a feature, it measures the feature
position in each frame.

the difference between the time specified and the reference
time. Either or both of these can be a cursor position that can
vary.

the frame number. This is often used as the X measurement to
give a plot of ‘measurement against frame’.

the absolute start time of the frame. Often used as an
alternative to the frame number to give a ‘measurement against
time’.

the frame state value for the frame in question.

a coefficient resulting from a fit on the specified channel. The
coefficient index from zero upwards should be specified.

a value entered by the user. A dialog opens to read the value.
a string entered by the user is evaluated and the result used.
any measurement available in the cursor regions window can

be used (see the Cursor menu chapter).

The channel selector and time entry fields are as standard for Signal and should be
familiar to you and easy to use. Don’t forget that, in addition to entering a time value
directly or selecting an item such as “Cursor(2)” or “XLow()", you can apply an offset
to these selected value allowing you to enter “Cursor(2)-0.1" or “XLow()+1".

The User check positions checkbox below the X measurements will, when checked,
cause Signal to pause on each frame after positioning any active cursors. This allows you
to check that the cursor positions are correct and to skip individual measurements or
cancel all further measurements.

The All channels use same X checkbox below disables the X measurement for all XY
view channels apart from the first one, then all the XY channels created will use the same
X value. This makes the trend plot setup easier and when the XY data is converted to text
only a single column of X values is created, which makes the text easier to handle in
spreadsheets.

The Points item below the X and Y measurements allows you to specify the number of
points the currently selected XY channel can contain before old points are deleted to
make way for new data. Set this field to zero if you want all data points to be retained.

The New button (or Change if this is used from the Process Settings command)
closes the dialog, creates the new XY view and opens the Process dialog, described
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Trend plots and active
cursors

Measurements

above. Processing for trend plots is very similar to standard memory view processing; the
frames specified are used to generate measurements which are added to the view data. If
the Clear XY view data before processing checkbox is checked, all of the data points
in the XY view will be deleted first. In addition to the Y axis optimisation control, there
is also an extra checkbox for view X axis optimisation after processing.

Trend plot analysis can be made a great deal more powerful by the use of active cursors.
Active cursors can be set up to move to features in the data such as a maximum or a
threshold crossing, so that they are automatically aligned to significant features in each
data frame. By using the cursor position to specify a time or time range for a
measurement, many useful effects can be achieved. For example, with cursor 1 set to find
the maximum value between a preset time range within the frame, you could have the X
measurement being the frame number and the Y measurement being Time at point. With
the time field set to “Cursor(1)”, you would get a graph of time for the maximum versus
the frame number. See the Cursor menu chapter for complete details of active cursors.

Measurements analysis is very similar indeed to trend plot analysis, the basic difference
is that multiple measurements can be taken from each frame. This is achieved by using a
special cursor, cursor 0, which is used by Measurements analysis to iterate through
each frame searching for features. A separate XY data point is generated for each feature
found by the cursor 0 search. Even more than Trend plot analysis, Measurements
analysis depends strongly upon the use of active cursors, both as a mechanism for
controlling cursor O feature iteration and to cause other cursors to position themselves
around each cursor 0 position found so that each feature is separately analysed.

When Measurements
analysis is used Signal | -Cusor0stepping
provides a Settings d|a|og tethod IPeakfind Yl Channel |1AEEh‘I [5kHz) =]
used to define the various | Satal  [dend Z] Endxl e =
analysis parameters. This is
very similar to the Trend Minimum step (<) 0.01
plot settings. Ampliude [+] B Skipif |

I ax width [5] ID_2 T User check positions
The main and hlghly ViSible Plat Channel IEhanneI‘I VI Add Channel | [ElEte Channell

¥ measurement T meast

difference is the addition of
the Cursor 0 stepping
section at the top of the

ITime at point 'l Type IVaIue difference 'l

Source channel I 1 &C Chl [5 kHz] 'l

Type

dialog, an extra measurement Retime(s)  [owo@02 5]
type and an Optlor:: for Time (2] IFrameAbs[]+CD VI Time [g] IEursor[D] vl
averaging measurements are

H - ‘wiidth fior lewvel 0000000
also available. Everything Ghskay |
else is identical to the trend ™ Average measurements within frame
p|0t Settingsl ™ &l charnels uze zame ¥ Pairts IU Cancel |

The Cursor 0 stepping section of the dialog contains items that define how cursor zero
searches through each frame that is processed to find features in the data. When a frame
is processed, cursor zero is initially positioned at the Start at time. Then (except for
Expression mode, where a measurement is generated at the initial position) the feature is
searched-for, other cursors are positioned and a measurement is taken if the search has
been successful and the other active cursors have also succeeded in their searches (are
valid). This search-and-measure process is repeated until the search fails or the End at
time is reached. An XY point is generated for each feature found; there may be no
features found in a given frame of data and in that case no measurements will be
generated for that frame. The available cursor O stepping methods are:
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Peak find local maxima in the data are found. The data must rise and fall
again by the set amplitude, a maximum allowed width for the
peak can be set.

Trough find

Rising threshold

Falling threshold

Outside dual thresholds

Within dual thresholds

Slope peak

Slope trough

+ve slope threshold

-ve slope threshold

Turning point

Data points

Expression

local minima in the data are found. The data must fall and
then rise again by the set amplitude, a maximum allowed
width can be set.

upwards crossings through a threshold level are found. The
data must first fall far enough below the threshold level as
set by a hysteresis value, a delay value sets how long it must
remain above the threshold.

downwards crossings through a threshold level are found.
The data must first rise far enough above the threshold level
as set by a hysteresis value, a delay value sets how long it
must remain below the threshold.

transitions from within a pair of levels to outside the levels
are found.. The data must first of all lie sufficiently far
within the levels as set by a hysteresis value, a delay value
sets how long it must remain outside the levels.

transitions from outside a pair of levels to within the levels
are found. The data must first of all lie sufficiently far
outside the levels as set by a hysteresis value, a delay value
sets how long it must remain within the levels.

local maxima in the slope of the data (steeply rising data
values) are found. The slope measured must first rise and
then fall again by the set amplitude, a width value sets the
time range over which the slope is measured.

local minima in the slope of the data (steeply falling data
values) are found. The slope measured must first fall and
then rise again by the set amplitude, a width value sets the
time range over which the slope is measured.

upwards transitions of the slope through a threshold level
are found. The slope value must first be sufficiently below
the threshold level as set by a hysteresis value, a width
value sets the time range over which the slope is measured.

downwards transitions of the slope through a threshold level
are found. The slope value must first be sufficiently above
the threshold level as set by a hysteresis value, a width
value sets the time range over which the slope is measured.

points at which the slope changes sign in either direction
(peaks and troughs in the data) are found. A width value
sets the time range over which the slope is measured.

a specified number of data points or marker items.

a string specifying a time such as “Cursor(0)+0.1” is
evaluated and cursor O set to the position generated. This is
most useful for stepping cursor 0 through the data by a fixed
amount, but other effects are possible. Iteration stops when
the cursor passes the End at location, if the expression used
does not move cursor zero onwards through the data then
the analysis will hang.
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Fit data

These stepping methods and nearly all of the parameters controlling them are identical to
the active cursor modes for cursor zero, see the active cursor documentation in the
Cursor menu chapter of this documentation for complete details of these. If cursor zero is
already set up as an active cursor when a Measurements analysis is created the current
active cursor parameters are copied into the settings dialog.

The Skip if parameter can contain a string such as “Cursor(1) < Cursor(2)” that is
evaluated after each cursor zero iteration and other cursor placement. If the result of
evaluation is non-zero then no measurement will be taken for this cursor zero position.
The User check position checkbox, if set, allows the user to check each cursor
positioning and accept or reject them individually.

The X and Y measurements are almost identical to the trend plot measurements but they
do contain an extra measurement type, Iteration count which, when used with averaged
measurements, counts how many features the cursor 0 stepping found, this mechanism
could be used to count action potentials, for example.

The Average measurements within frame checkbox at the bottom of the dialog
applies to all measurement channels. If set then only a single XY data point is generated
per frame, this being the average of the data values measured. So, for example, you could
produce a plot of mean response amplitude against frame number.

This command opens a tabbed dialog FYEEEILELOEE S & 3

from which you can fit mathematical
functions to channels in a file, memory

Fit settings | Coefficientsl Hesultsl

or XY view. If you fit data to a channel fr)=ae™% +a
in a file or memory view and error bars ’ :
are displayed, the fit minimises the chi- Chariel Fit [Exponenial =[1 =]

squared value, otherwise the fit fom pod = 0 )

minimises the sum of squares of the

. Reference [1 v| Masimum ferations  [1000
errors between the data and the fitted SEEEs ssimum terations
curve. for frames I-"-\" frames "I

™ Use maimim likelihood fitting
¥ Make an initial guess at fit coefficients (ighore curment values)

¥ Showfit [ from |><Low[] o |><High[] =]

In addition to best-fit coefficients and
an estimate of how much confidence to
place in them, you also get an estimate
of how likely it is that the model you
have fitted to your data can explain the [ Doft | Hep | cese |
size of the chi-squared value or sum of
errors squared. If your data does not have error bars, these estimates are based on the
assumption that all data points have the same, normally distributed error statistics.

Mo fit on data in frame 1

The dialog has three tabs:

Fit settings  Set the fit type and range of data to fit and range to display.
Coefficients Set the starting point for your fit and optionally fix coefficients.
Results Display the fitting results and show residual errors.

The three buttons at the bottom of the dialog are common to all pages. The Help and
Close huttons do what they say. Do Fit attempts to fit with the current fit settings.
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Fit settings

Channel

Fit

Range

Reference

Maximum iterations

for frames

Use maximum likelihood
fitting

This page of the Fit Data dialog controls the type of fit, the data to fit and what to
display. The area at the bottom of the window gives a synopsis of the current fit state.
Fields are:

You can select a single channel from the current view. If this is a file or memory view,
the channel must have a y axis. If you change the display mode of a marker-based
channel, any fit associated with the channel will most likely become invalid.

The fit to use is defined by its name and the order of the fit (a number). For example, an
exponential fit allows single exponents or double exponents. The window at the top of
the dialog displays the mathematical formula for the fitting function. The following fits
are currently supported (N is the maximum order allowed):

Name N  Comments

Exponential 2  This fit includes an offset. You can force a zero offset in the
coefficients page. Set a local reference point for the fit, otherwise
the even-numbered coefficients may become too large to be useful.

Polynomial 5  These fits do not require starting values for the coefficients.

Gaussian 2 If you attempt to fit two overlapping peaks you may need to
manually adjust the guesses for the peak centres to get
convergence.

Sine 1  You can fit a single sinusoid with an offset. If the frequency guess
(in radians) is not reasonably close, the fit may not converge.

Sigmoid 1  Asingle sigmoid may be fitted.

You fit data over a defined x axis range, set by the between and and fields. You can
choose values from the drop down list or type in simple expressions, for example
Cursor(1)+1. There must be at least as many data points to fit as there are coefficients.
For example, to fit a double exponential, which has 5 coefficients, you need at least 5
points. Most fits will use many more points than coefficients.

This is the x axis position to use as the zero value of x in the fitting function. The most
common value for this would be the start point of the fit. However, in some cases you
may want this to be elsewhere. For example, in exponential fitting, you may want to
calculate the likely amplitude of a trace at some position. Making this position the
reference point makes it easy to calculate the amplitude (it is the sum of the even-
numbered coefficients).

All fits except the polynomial are done by an iterative process. Each iteration attempts to
improve the coefficient values. The iterating stops when improvements in the fit become
insignificant, the iteration count is exceeded, the mathematics of the fitting process
suggests that the fit is not going to improve or there is a mathematical problem. This field
sets the maximum number of iterations to try before giving up.

It is possible to have the fit run automatically across several frames at once. Choose the
frames whose data you wish to fit here. If you select Frame state = xxx, an extra field is
provided for entry of the state code value.

This option is only available when fitting exponential curves to data derived from a
single-channel idealised trace by generating open/closed time or burst duration
histograms and when the processing link between the original trace data and the binned
histogram data being fitted is still present. When these conditions apply Signal can use
maximum likelihood fitting techniques (which require access to the original, unbinned,
trace data). The details of maximum likelihood fitting are a topic beyond the remit of this
manual; suffice it to say that by using the original idealised trace data you avoid
mathematical complexities and errors caused by the histogram binning process.
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Make an initial guess

Show fit

Coefficients

Results

Coefficient values

The iterative fits need a starting point. There are built-in guessing functions that usually
generate a starting point near enough to the solution that the fitting process can converge.
If you check this box, these guessing functions are used each time you click the Do Fit
button. Otherwise, each fit starts with the current values.

Check this box to display the current fit for the current channel. If the From box is
checked, you can also choose the range over which to display the fitted data. If this box
is not checked, the fit is displayed over the range that the data was fitted.

This page of the Fit Data dialog lets [y T p—————" o]
you set the starting values for iterative
fits. You can also use this page to hold

Fit settings  Coefficients | Fiesults |

some of the coefficients to fixed a Walue Hald Lowwer limit Upper limit
values and you can set the allowed  © I'7&1Z L 1000000100000
range of values for fitting. 1 [oooozomeezs. T o f1000000

2 [osnszs:z I |1000000 [1000000
If you know the value of one or more 3 [oowmesr T [0 00000
of the coefficients, type the value in s [ | [ [roooos —
and check the Hold box next to it. For = I I

example, in an exponential fit you
may know that the final coefficient Estimate vaues | Clear fi |
(the offset) is zero.

Exporential fit from 0.00844743 ta 0.0144834, 30 points, 28
iterations

The limit values are applied after each _
iteration. The fit may have to follow a oot [ be [ G |
convoluted path before it converges on a solution, so do not set the fit limits too close to
an expected solution as this may prevent convergence.

The Estimate values button can be used to guess initial values for fitting based on the
raw data. The Clear fit button removes the fit from the channel.

The results page of the Fit Data dialog holds information about the last successful fit
done with the dialog The page has three regions: coefficient values at the top, a message
area at the bottom, and a plot of the residuals (differences between the fit and the data) in
the middle. The residuals are displayed immediately after a fit but will not be displayed if
you close the dialog and reopen it.

Fit data for Test fit.sxy, frame 1 - |EI|1|
40 Fit settings I Coefficients
Double exponertial Walue Sigma
35 Amplitude 1 [miv] 30 0.00118361
Time constant 1 [mz] 0.18002 1.41932e-005
Amplitude 2 [miv] 249858 0.00075954 7
30 Time constant 2 [ms] 1.8013 0.00151615
Offzet mi] 7.99368 0.000525862

25

mV

Double exponential fit, channel 2, -1e+030 to 1e+030, 500 points
15 Sum of erors squared 0.001967, estimated probability 0.2149

20

T e e e
00l 0203 04 050607 08( N
Time Do Fit | Help | Cloge |

The Value column holds the fitted value that minimised the chi-squared or sum of
squares error for the fit. The Sigma column is an estimate of how the errors between the
fitted curve and the original data translates into uncertainty in the fit coefficients given
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Residuals

Message area

Context menu

that the model fits the data and that the errors in the original data are normally
distributed. If a coefficient is held, the Sigma value will be 0. The Testing the fit section
gives more information on the derivation of these values and how to interpret them. You
can select rows, columns or individual cells in this area, the use Ctr1+C to copy them to
the clipboard. This also copies a bitmap image of the page to the clipboard.

This section of the page displays the differences between the data points and the fitted
curve in the large rectangle and a histogram of the error distribution on the right. The
error plot is self-scaling based on the distribution of errors; the plot extends from +3 at
the top to -3 at the bottom times the RMS (root mean square) error. The grey line across
modelled by the fitting function plus

the middle of the plot indicates an error of zero.

normally-distributed noise, you would -
expect to see residuals distributed randomly around the 0 error line and the histogram on
the right should resemble a normal curve.

way, you would expect to see q
evidence of this in the residuals. In

this example (generated by fitting a cubic to data that was actually a double exponential),
you can see that there are clear trends in the errors.

In the case that the data can be

If the data cannot be modelled in this

In extreme cases, the error due to the [™._ ]
wrong model being used becomes oo S —.4
much larger than the errors due to

uncertainty in the data values, and you get a residual plot like this one.

This area displays a summary of the fit information that you can select with the mouse
and copy to the clipboard. The first line holds the type of the fit, the channel number, the
ordinate range and the number of points in this range. For example: "Double exponential
fit, channel 1, 0 to 50, 50 points".

The contents of the second line depend on the source of the data. If you are fitting a
result view channel that has error information displayed, the second line displays the chi-
squared error value for the fit and the probability that you would get a chi-squared value
of at least that size if the function fits the data and the errors are normally distributed. For
example: "Chi-square value 58.6, probability 0.5867".

In all other cases, the second line displays the sum of the squares of the errors between
the data and the fitted function and an estimate of the probability that you would get a
sum of squares of errors of at least this size based on the assumptions that the errors in
the original data had a normal distribution that was the same for all points. For example:
"Sum or errors squared 1.22, estimated probability 0.8553".

If the probability value is very low or very high, there are extra lines of information
warning that the fitted function plus normally-distributed noise is unlikely to model the
data, or that the errors in the original data have probably been over-estimated.

If you right click on this page you are offered a context menu that contains Copy, Log
and Log Titles commands. The Copy command copies selected sections of the results,
or all the results if there is no selection to the clipboard as text. It also copies the page as
a bitmap. The Log command prints a one-line synopsis of the current fit to the log
window. The Log Titles command copies a suitable set of titles for the logged data.
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Testing the fit

Chi-square fits

Least-square fits

When you fit a model to measured data to obtain the best-fit coefficients, there are two
questions you would like answered:

1. How well does this model fit the data? Put another way, how likely is it that this
model plus some degree of random variation can explain my data set?

2. Given that the model does fit the data, how much confidence can I place in each of
the fitted coefficient values?

When we talk about fitting curves to data, we are making the implicit assumption that
you took measurements from some process that follows a model, and that this model can
be expressed as a mathematical function with adjustable parameters, which are our fitting
coefficients. Further, we assume that the measurements you make are not perfect; they
have random variations with a known probability distribution about the correct value. To
allow us to calculate likelihoods, we assume that this probability distribution is a normal
(Gaussian) distribution. In the real world, or course, only some of this may apply. You
may have no a priori knowledge of the distribution of errors in your original data, and
this distribution may be anything but normal.

In the ideal case, where you know the standard deviations of each data point, the fitting
minimises the chi-squared value, which is the sum of the squares of the differences
between the model and the data points divided by the standard deviation of data point
values. Given a chi-squared value and the number of points it was measured from, we
can calculate that probability of getting a chi-squared value at least this large, due to
random variations in the data. This is the value given in the Results tab. Ideally, you
would like to see a value around 0.5, meaning that you were equally likely to get a larger
value as a smaller one. Values very close to 1 mean that, given the errors in each point,
the data is too close to the model. Either the error estimates are too large, or the data has
been "improved". Although you can hope for probabilities in the range 0.1 to 0.9, values
down to 0.01 may occur for acceptable fits, and even smaller values can occur if your
error distribution is not as normal as you thought.

your data contains variations that are s e S e S o
significant compared to the errors in —

the input values and that are not included in the model. For example, if you are fitting
exponents to a sampled waveform that includes perceptible mains interference, you can
get a good fit (by eye) to the exponential data, but with a probability of 0.0000 as far as
the mathematics is concerned because the model does not include the mains hum and
cannot explain why the chi-squared value is so high.

Very low fit probabilities will occur if - 5 L .~ . o '

If we assume that the model fits the data, we can make an estimate of the standard
deviation of the fitted coefficients. This means, that if we re-ran the experiment many
times and fitted the data to each set of results, what would be the likely variation in the
fitted coefficients. This is presented as the Sigma value in the results tab.

If there is no error information for each point, we assume that all the points have the
same, normal error distribution and the fit minimises the sum of squares of errors
between the model and the data. Because there is no independent estimate of the likely
spread of the errors in the original data, strictly speaking, there is no way to give a
probability of getting an error of at least this size.

However, we can say (though statisticians may shudder), "Given that the model does fit
the data, and that the errors all have the same, normal distribution, then the differences
between consecutive errors should also be normally distributed with twice the variance
of the errors". We use this to estimate the standard deviation of the data and then we
apply the probability test. We label this as estimated probability. The same comments
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Virtual channels

Virtual channel

Match to channel

Sample Interval

Align to time

Expression

about likely values apply as for the Chi-square fits, except that very small values may
just mean that our estimation process fails for your data.

The coefficient Sigma values are calculated on the assumption that the model fits the
data, that all the original points have the same standard deviation, and that the standard
deviation of the original data can be deduced from the residual sum of squares errors.

Virtual channels hold waveform data derived by a user-supplied expression from existing
waveform channels and built-in function generators. No data is stored on disk; the virtual
channel data is recalculated as required. You can match the sample interval and data
alignment to an existing channel, or type in your own settings. Channel sample intervals
and alignments are matched by cubic splining of the source waveforms. The script
language equivalent of this command is VirtualChan().

You can use virtual channels to carry out a wide variety of channel arithmetic (for
example sums and differences of channels), to linearise non-linear transducers, to process
channel data in various ways (for example DC offset removal), to generate waveform
data from scratch and to construct waveforms proportional to a marker channel rate.

There are Analysis menu commands to create a new virtual channel or edit the settings of
existing virtual channels. Both commands open the Virtual channel dialog:

¥irtual channels for Test data v1.cfs E

Yirtual channel Iv'l ik j New Yirtual Channel |

Match ta channel

Sample mtenal ID.D1 Ailigr b time ID

Expression:

chi1] »> |
Cloze I S ave EXprEsSIan | Help |

Use this field to select a virtual channel to work with when you have more than one
virtual channel. The New Virtual Channel button creates a new channel.

You can select an existing waveform-based channel (but not a virtual channel) from
which to copy the sample interval and data alignment, the virtual channel first point time,
sample interval and point count will all be set to match the designated channel.
Alternatively, you can select Use manual settings and type in the interval and
alignment yourself.

This field sets the sample interval between data points in the virtual channel in seconds.
You can edit the sample interval if you select Manual Settings in the Match to channel
field. This field accepts expressions; for example, to set 27 Hz you can type 1/27. The
number of data points in the virtual channel will be set to the frame width divided by the
interval.

This field sets the time of a data point in the virtual channel. The time of any point and
the sample interval completely defines all the sample times for the channel - the first
point for the channel will be at the time Align mod Interval. You can edit the
alignment if you select Manual Settings in the Match to channel field.

This field holds an expression that defines the virtual channel. Expressions are composed
of scalars, vectors and operators. A scalar is a number, such as 4.6 or Sqrt(2). A vector
is a list of data values (a script programmer might think of them as arrays) that are
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Arithmetic operators

Comparison operators

Operator precedence

Channel functions

Marker kernel functions

derived from a channel or generated by a waveform function. The result of the
expression should be a vector - this is the channel data that will be displayed.

You can use the four standard arithmetic operators plus (+), minus (=), multiply (*) and
divide (/) and comparison operators together with numbers, round brackets and some
mathematic and channel functions. The result of combining a vector and scalar with an
operator is a vector, for example, the expression Ch(1)+1 is a vector, being the data
points of channel 1 with 1.0 added to each of them.

Dividing by a scalar value of zero is an error. Dividing by a vector holding zeros is not
an error and generates special floating-point numbers for positive and negative infinities.
These can cause problems in subsequent calculations (and they are difficult to display),
but they are more useful than an error!

You can also use comparison operators less than (<), less than or equal (<=), equal (=),
not equal (<>), greater than or equal (>=) and greater than (>); the result of these is 1.0 if
the comparison is true and 0.0 if it is false. In the expression a op b, where a and b are
vectors and/or scalars and op is a comparison operator, if either a or b is a vector, the
result is a vector with value 1.0 at points where the comparison is true and 0.0 where it is
false. For example Ch(1)>1 has the value 1.0 where channel 1 is greater than 1.0 and
0.0 elsewhere. Ch(1)<>Ch(2) is 1 wherever channels 1 and 2 are not the same. Be
cautious using <> (not equals) and = (equals) as we are dealing with floating point
numbers and exact equality may be compromised by arithmetic rounding.

Multiply and divide have a higher precedence than all the other operators which all have
the same precedence. You can use round brackets to force other evaluation orders. Apart
from that, evaluation is from left to right, so a>b*c+d is interpreted as (a>(b*c))+d.

You can insert spaces between operators and numbers and between round brackets and
the items within them. You may not insert spaces between a function name and the
opening bracket that follows it.

The following functions take a channel of data (but not a virtual channel) and create a
vector holding data at the sample interval and alignment set for the virtual channel.

Ch(n) n is a waveform channel. Copy channel n data.

1f(n,g) n is a a marker channel to convert to a waveform by linear interpolation
of the instantaneous frequency. g is the maximum gap to interpolate
across, in seconds. Omit g or set it to O for no limit to the gap.

1fc(n,g) The same as 1) except that cubic spline interpolation is used.

The following functions convert marker channel n to a waveform by replacing each
marker by a kernel of unit area with a width set by w to the left and r to the right. You
may omit r, in which case the kernels are symmetrical (r is set to w). You can set one
(but not both) of r or w to 0 for a single sided kernel.

Ec(n,w{,r}) This vector expression converts the marker channel into a waveform by
counting the number of markers from —w to +r seconds around each
waveform point.

Et(n,w{,r}) This converts a marker channel into a waveform by weighting the
markers from —w to +r seconds around each waveform point with a
triangle function.

Es(n,w{,r}) This converts a a marker channel into a waveform by weighting the
markers from —w to +r seconds around each waveform point with a
sinusoid.

Eg(n,w{,r}) This converts a maker channel into a waveform by weighting the
markers from —w to +r seconds around each waveform point with a
Gaussian function with a sigma (standard deviation) of w/4.
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Waveform generation

Mathematical functions

Ee(n,w{,r}) This sets an exponential kernel. The time constant of the exponential is
w to the left of each marker and r to the right. The kernel extends to 8
times the time constant in each direction.

These functions generate waveforms without the need for an input channel, they all
produce output from the start to to the end of the frame. All the arguments are in units of
seconds, except the sine wave frequency, which is in Hz. All these waveforms have unit
amplitude. You can use the standard maths operators */+ and - to scale and shift the
output to different values.

NN \VAVAVaR Y
WV

Generated waveforms and their alignment points

If you attempt to create a cyclic waveform with a frequency above half the channel
sample rate, no output will be generated. You can generate the following outputs:

WLev (V) A constant level of value v running from the start of the frame up to the
end.

wsSin(f, a)  Sine wave of frequency ¥ Hz running from the start to the end of the
frame and aligned so that phase 0 (the point where the rising sinusoid
crosses 0) is at time a seconds. The amplitude of the output runs from -
1.0 to +1.0. The sinusoid is most accurate at the start of a frame; the
accuracy falls off as the number of cycles increases (this is highly
unlikely to be noticeable).

WSqu(l,h,a) Square wave with low period 1 seconds and high period h seconds
aligned so that a low period starts at time a seconds. Both I and h must
be greater than 0 seconds. The output level of the low section is 0, the
output level of the high section is 1.

WTri(r,f,a) Triangle wave with a rise time of r seconds and a fall time of ¥ seconds
aligned so that a rise starts at time a seconds. Either of r or ¥ may be
zero, but not both. The triangle output level is from 0 to 1.

WEnv(r,h,¥,a)Envelope with a rise time of r seconds, a hold time of h seconds, a fall
time of f seconds with the rise starting at time a seconds. The output
waveform is 0 before time a and after time a+r+h+f and is 1 during
the hold time. At least one of r, h or ¥ must be non-zero.

WPoly(f,t,r,L) Polynomial in time from f to t seconds and O before ¥ and from t.
The value at time t is a function of (t-r) where r is a reference time. L
is a list of 1 to 6 coefficients. WPoly(f,t,r,a,b,c,d,e,f)is:

y(t) =a+ b*(t-r) + c*(t-r)" 2 + d*(t-r)* 3 + e*(t-r)* 4 + F¥(t-r)" 5

WT(s,e) Ramp of time starting at time s and running up to up to time e. The
ramp value at time t is (t-s) with value 0 before s and from e onwards.

Omit e to run to the end of the frame, omit both e and s to start from
the beginning and run to the end.

The mathematical functions all have the form Func(x), where x can be either a scalar or
a vector and Func() is the operation. If x is a vector, the result is a vector with the
function applied to each value otherwise the result is a scalar.

Max(X,y) The maximum of x and y. This can be used to set a lower limit, for
example Max(Ch(1),1) is a vector with minimum value 1.
Min(x,y) The minimum of x and y. This can be used to set an upper limit, for

example Min(Ch(1),Ch(2)) can be thought of as the value of
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Channel process functions

Sar(x)
Sqrt(x)
Cub(x)
Poly(x,L)
Sin(x)
Cos(x)
Tan(x)
ATan(x)
ATan(s,c)

Ln(x)

Exp(X)

channel 1 with the maximum value limited by the value of channel 2
(or vice versa).

This calculates the square of x. Sqr(x) is the same as x*x, but is
faster, particularly when x is a vector.

This calculates the square root of x. When x is a vector, negative values
are set to 0. If x is a scalar, negative values cause an error.

This calculates the cube of x. Cub(x) is the same as x*x*x but is much
faster, particularly when x is a vector.

Replace x with a polynomial in x of order 1 to 5; L is a list of 1 to 6
coefficients. Use this to apply a non-linear calibration to a signal. For
example: Poly(x,a,b,c,d) = a + b*x + c*x*x + d*x*x*x

Calculates the sine of x (x is in radians).

Calculates the cosine of x (x is in radians).

Calculates the tangent of x (x is in radians). The result can be infinite.
The arc tangent of x. The result is in radians in the range -pi/2 to pi/2.

Both s and ¢ must be vectors or both must be scalars. The result is the
arc tangent of s/c with the quadrant set by the signs of s and c. The
result is in the range -pi to pi.

Natural logarithm of x. Negative or zero x values generate -100 when x
is a vector and an error when x is a number.

Exponential of x. If the result overflows, this is an error when x is a
number and sets the largest allowed result when x is an array.

The channel process functions all have the form Func(x) where x can generally only be
a vector and Func() is the operation. The result is a vector.

Abs(x)

Hwr (xX)

Int(x)

Dif(x)

Smth3(x)

Smth5(x)

The absolute value of x (hegative values are replaced by positive values
of the same size). This can also be used to generate the absolute value
of a scalar.

Half wave rectify x (negative values are replaced by zeros). This
function can also be used on a scalar quantity.

The integral of x, where the value at position p is replaced by the sum
of all values from the start of the data frame up to and including p,
multiplied by the sample interval. This gives the total area from the
start of the data.

The slope of x calculated by differences, where the value at position p
is replaced by the difference between the current value and the
preceding value divided by the sample interval.

A 3-point smoothing of x, where the value at position p is replaced by
the average of the 3 points around that position.

A 5-point smoothing of x, where the value at position p is replaced by
the average of the 5 points around that position.

Smooth(x, tc)Smoothing of x with time constant tc. The value at position p is

DCRem(x, tc)

Slope(x, tc)

replaced by the mean of the data over the range p-tc to p+tc.

DC offset removal of x with time constant tc. The value at position p
is replaced by the value at p minus the mean of the data over the range
p-tc to p+tc.

Slope measurement of x with time constant tc. The value at position p
is replaced by the slope measured using least-squares fitting over the
range p-tc to p+tc.
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Example expressions

Build expression

Waveform from channel

Generate waveform

RMSAmp(x, tc)RMS amplitude of x with time constant tc. The value at position p is
replaced by the RMS value of the data over the range p-tc to p+tc.

Median(x, tc)Median filter of x with time constant tc. The value at position p is
replaced by the median value (the middle point after the data has been
sorted into order) of the data over the range p-tc to p+tc.

These functions all generate a scalar quantity based upon an aspect of the current frame,
which makes is possible for the virtual channel behaviour to vary with the frame.

FrmQ The result of this function is the current frame number.

Tag(Q The result of this function is 1 if the current frame is tagged, 0 if it is
not.

State() The result of this function is the state code number of the current frame.

If channels 1 to 3 hold waveform data, then Ch(2) — 2*Ch(2) displays the difference
between channel 2 and twice channel 1.

Sqrt(Sqr(Ch(1))+Sqr(Ch(2)+Sgr(ch(3))) displays the square root of the sum of
squares of three channels. You could use this to display the magnitude of the resultant of
three perpendicular forces or movements. Sqr(Ch(1)) is the same as Ch(1)*Ch(1),
but Sqr() is faster. To generate a polynomial function of the input it is much quicker to
use Poly () than to use Ch(), Squ(), Cub() and so on to generate a power series.

There is no need to remember all the expression functions; just click the >> button and
choose from a list of possible items to add. You can choose from:

Select one of these items to generate the

commands that create a waveform from an ks
existing channel. You build the commands  Copywaveformfrom |2 Cz (waveform) =
using a dialog. All dialogs display the

g 9 . . 9 play Chiz} Cancel | ok I
equivalent command in their lower left corner.

The result replaces the selection in the
Expression field.

Select one of these tems to generate

the commands that create a channel
based on a level, sine, square or
triangle wave or on a waveform Align sinusoid so it rises through zero at ID.D vl s
envelope or based on linear time or on  wsin(1, o)
a polynomial of time. You build the
commands using a dialog, the dialogs vary according to the waveform that is being
generated. All dialogs display the equivalent command in their lower left corner. The
result replaces the selection in the Expression field.

Sinusaid frequency (cycles per second) | 1.0

Cancel | |

The WPoly() command is more complex, and [rm—"—""m—
can be used to generate polynomials in time  _poynomal
relative to a reference time. Such curves can be | order of the palynamial [1-trear =]

used to create complex envelopes, or to subtract | cocfficent [o- offset ] vae [0
out a curve generated by the interactive curve

fitting routines. ~Time range (s)

Skart data generation at Im
The WT() command generates a ramp from a | groaedmswte [ =
start time up to, but not including an end time. | geterence time T

The data is zero outside this time range. Within
the time range, the ramp value is the current time  swraly(-0.200000003, 2.200000111, -0.200000003,0, 1}

minus the start time. Hep | cancel  [[ ok ]
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Ch

annel process functions

Mathematical functions

Mathematical functions:
Poly()

Frame, tag and state
functions

Mathematical operators

Previous virtual channel
expressions

The Marker to waveform

functions

Channel process functions are generally used to modify existing channel data in some
useful fashion. For example, if the Expression field holds Ch(1) + Ch(2) and you
want to rectify the channel 1 data before adding it, select Ch(1), click the >> button,
select Channel process functions, then select Rectify.

The commands in this section apply a nominated mathematical function to the selection
in the Expression field, which will usually be vector expressions (but do not have to be).
For example, if the Expression field holds Ch(1) + Ch(2) and you want to rectify the
channel 1 data before adding it, select Ch(1), click the >> button, select Channel
process functions, then select Rectify.

Select this to generate a polynomial. The Py ————— =]

Vector expression field is set to whatever
was selected when this dialog was opened,  #=ctor expression (Ch(1], IF(3)...} | Chi1)
or is set to Ch(1) if nothing is selected. | Fahmamial
This field is not tested for validity. Each | 2rder of the palynomial |1-Linear -]
element x of the vector is replaced by @ | coeficient [o- Offset =] value [0
polynomial in x. You can set the order of
the polynomial (order means the highest  PalviCh{1},0,1)

power of x used) in the range 1 to 5. The Hep | Cancel | o |
command is:

Poly(x, a0, al, a2, a3, a4, ab)

where x is the vector expression (you can also use a scalar, but this is not very useful)
and the a0 to a5 are the coefficients of the polynomial. This expression generates the
quintic:

- 2 3 4 5
y =a, +a X+a x2+a, x3+a x*+a X

For lower order polynomials, omit the coefficients from the right. For example, for a
quartic (fourth order polynomial), omit a5, for a cubic omit a5 and a4. To set coefficient
values in the dialog, use the Coefficient field to select the required coefficient and then
set its value.

The commands in this section insert a function that returns a frame-dependent scalar
value, for example the frame number or frame state code.

These commands replace the selection with +,-, * and 7 to remind you that you can use
these operators to add, subtract, multiply and divide vectors and scalars.

This option lists expressions that you have used previously. Valid expressions are added
to the list when you click the Save expression button, when you change to a different
virtual channel and when you close the dialog with the Close button. The expressions
are stored in the system registry. The most recently used expression is at the top of the
list.

The Ec(n,w,r), Et(n,w,r), Es(n,w,r), Eg(n,w,r) and Ee(n,w,r) functions
convert marker channel n into a virtual waveform and can be used anywhere in an
expression that you can use the Ch() function. They replace each marker by a kernel
(shape), centered on the marker time. For a marker at time t, the kernel extends from t-
w to t+r seconds except for Ee (), which extends from t-8w to t+8w seconds. Normally
you will omit r, in which case the shapes are symmetrical with r set equal to w. The
resulting waveform is the sum of the kernels for all the markers. The area of each kernel
is unity, so the area under the waveform between any two times is the number of markers
within that time interval.
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Append frame

Append frame copy

Delete frame

Delete channel

w r

cand )\

<« > «—o—>
Ec(n,w,r) Et(n,w) Es(n,w) Eg(n,w) Ee(n,0,r)

The Ec() function simply counts the markers in the time range. This is the fastest
analysis method, but produces the most jagged output. The Et() function weights the
markers with a triangle function. This is slower than Ec(), but much faster than Es()
and Eg(Q). The Es() function weights the markers with a raised cosine. The EgQ)
function weights the markers with a Gaussian curve extending to 4 sigmas.

The Ee() function is rather different from the others as it is not suitable for use as a
smoothing function and is more likely to be used in a single-sided form. It weights the
markers with an exponent exp(-t/r) to the right and exp(-t/w) to the left (t stands for
the time difference between the point and the time). The exponent extends to 8w to the
left and to 8r to the right.

This command appends a new, blank, frame to the end of a file or memory view. This
command can be used on a file view to generate an extra frame that will be used to hold
processed data; for example a frame containing leak subtraction data that will be
subtracted from other frames in the file. The extra frame can be used as part of a script,
or it can be manipulated via the frame buffer.

If the command is used to append a frame to a memory view created by processing, the
new frame will have its own processing parameters. When the frame is appended, the
process dialog is provided to define the new frame’s processing parameters. This allows
for result views with different frames holding the results of processing different sets of
source frames. For example, if you were sampling with multiple states, you might want
to produce a multiple frame average with each frame holding the results of averaging
source frames with a different state. Multiple-frame memory views, with attached
processing parameters, can be saved as part of a Signal sampling configuration.

This command appends a new frame, containing a copy of the data in the current frame,
to the end of a file or memory view. This command is not available for memory views
created by processing.

This command removes the current frame from the file or memory view. It is only
available if the current frame has been appended and not yet written to disk. The last
frame in a memory view and file view frames stored on disk may not be deleted.

This command may be used to remove a channel permanently from an XY data
document or an idealised trace from a file view. Once the channel has been deleted, it
cannot be retrieved.
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The frame buffer

Clear buffer

Copy to buffer

Copy from buffer

Exchange buffer

Add to buffer

Subtract buffer

The frame buffer is an extra frame of data that is automatically provided by Signal. Every
open data file and memory document has a separate frame buffer that is used in
conjunction with the document data, this buffer is shared by all of the views of that
document. The frame buffer can be used to carry out arithmetic on frames (for example,
subtract the average of frame 1 to 4 from all frames), either interactively via the
commands described below or by using the multiple frames dialog, also described below.

The way to think of the frame buffer is as an extra frame of data that is behind the current
frame in the view. When you change to a different current frame, the buffer moves too so
that it is always associated with the current frame. Understanding this association is
important because all of the frame buffer arithmetic commands described below work
with the current frame. If you are displaying the frame buffer the buffer moves so that it
is in front of the current frame, but it is still closely associated with the current frame.
When the buffer is shown the view title changes to show that the buffer is visible, the
current frame number is still shown in brackets because the user still needs to be aware of
which frame is current in order to use the buffer.

This command (keyboard shortcut Ctri1+0) clears the data in all channels of the frame
buffer to zero. This is the initial state of the buffer after a CFS data file has been loaded.

This command (keyboard shortcut Ins) copies the data in the current frame into the
frame buffer.

This command (keyboard shortcut Ctr1+1ns) copies the data in the frame buffer, and
any count of sweeps averaged, to the current data frame.

This command (keyboard shortcut Shift+Ins) exchanges the data in the frame buffer,
and any count of sweeps averaged, with the data in the current frame.

This command (keyboard shortcut +) adds the data in the current frame to the data in the
frame buffer. There is an alternative form of this command, available only through the
Cctrl++ shortcut and the Multiple frames dialog, which adds the buffer data to the data
in the current frame.

This command (keyboard shortcut -) subtracts the data in the frame buffer from the
current frame. There is an alternative form of this command, available only through the
Ctrl+- shortcut and the Multiple frames dialog, which subtracts the current frame data
from the buffer.

12-25



Analysis menu

Average into buffer

Multiple frames

Modify channels

This command (keyboard shortcut Enter) adds the data in the current frame into an
average accumulating in the frame buffer. The addition is carried out in such a way that
the buffer holds the average of frames accumulated. If the buffer contains data before
averaging starts, this will be included as the first frame of the average. There is an
alternative form of this command, available only through the CtrI+Enter shortcut and
the Multiple frames dialog, which removes the current frame data from an average in the
buffer - this will not work correctly if the frame was not accumulated into the buffer
average in the first place.

If you mix the buffer averaging commands with the normal addition and subtraction
operations, you will find that normal addition and subtraction on the buffer ‘resets’ the
average by setting the count of sweeps so far to one. The actual addition and subtraction
act as you would expect.

This command (keyboard shortcut Ctri+M) I
provides a dialog that can be used to carry out

numerous operations on multiple frames in the ~ Opsration |Scale sslected channels [
document. The dialog contains a selector for = scale factor to apply 125

the operation to be carried out, a field to enter

any operation data required (this is hidden if

the operation does not need it) plus a standard @™ |Tagged fames r
set of controls to specify frames in the data  Frams subsst [ Frame state = xux =
document to be used. The dialog can be used = selected frame state |17
repeatedly by pressing the Apply button, it

doesn’t disappear until Close is clicked. dochy_| Cose |

The operations available from the dialog include all of the frame buffer operations, all of
the channel data modification options, plus tag and un-tagging frames and clearing any
fits.

For operations that modify the frame buffer, such as accumulating an average or
summing frames, the effect is straightforward. For operations that modify file view data,
such as rectifying channels or subtracting buffer data from frames, the changed data must
be saved to disk if the action is to have an effect (otherwise the changed file data will be
discarded). This is because Signal only holds one frame from a data file in memory at a
time; frames are loaded from disk as required and discarded when another frame is
wanted. Use the File menu Data update mode option to ensure that changed frame data
is saved, either unconditionally or by querying the user. For memory views, all of the
document data is held in memory and changes to frame data are always saved.

This command provides a pop-up menu specifying the data modifications that are
available. All the modifications operate on the selected waveform channels or on all
visible waveform channels if none are selected. If the frame buffer is being shown then
they operate on frame buffer data. In either case, all data points in the channels are
modified. Most of the modifications are also available via the keyboard shortcuts shown
in the menu. As for the frame buffer operations, changes to the frame data will be saved,
or not, according to the file data update mode.

The behaviour of the modifications themselves are mostly straightforward. Subtract DC
measures the mean value of the channel data, then subtracts this DC offset value from all
data points. Normally, the DC level is measured over the visible frame area, the X range
for the DC measurement can be set using the Area of DC item. Differentiation replaces
each data point with the difference between that point and the previous point and divides
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Tag frame

Digital filters

Keyboard analysis

control

the result by the sample interval; the first data point is set to zero. Integration replaces
each data point with the sum of all data points up to and including that point multiplied
by the sample interval. Neither integration nor differentiation are available for log-binned
data. 3-point and 5-point smoothing replace each point with the average of the 3 or 5
points centred on that point. The scale and offset data options provide a dialog in which a
numeric value can be entered. Scaling the data multiplies each data point by the number
entered, offsetting adds the number entered to each data point.

The shift data option rotates data points by shifting data from one time to another within
the frame. Note that this operation rotates; data points that fall off one side of the frame
are shifted back in on the other side, so the operation can be reversed without loss of
data. There are special shortcuts Shift+< and Shift+> to shift left and right by one
point.

The last four options are for inter-channel arithmetic. A channel will be prompted for and
this channel will be applied with the appropriate operand to the other channels on a point
by point basis.

This command (keyboard shortcut Ctri+T) is used to tag or untag the current frame in
the current view. When the current frame is tagged, this menu item is shown checked. All
data frames in files handled by Signal can be tagged or untagged, the tagged status of a
frame is displayed as part of the application status bar and can be interrogated by scripts.
Frame tagging can be used for any purpose you require; all commands requiring a frame
selection are able to operate on all tagged frames or all untagged frames. The command
toggles the tag state of the current frame, changing tagged frames to untagged and vice-
versa.

This option provides the FIR and IIR digital filtering dialogs, which can create filters and
apply them to waveform channels. See the Digital filtering chapter for details of these.
This option will be greyed out for log-binned data

Windows software is usually orientated towards control by means of the mouse and
menus, but it is often convenient to use the keyboard instead. For interactive analysis of
the data, using the keyboard can often be much faster. With this in mind, Signal includes
keyboard shortcuts designed to handle most common data manipulation requirements:

Channel arithmetic Key Frame buffer operations Key
Zero channels Shift+Z  Toggle display of frame buffer Ctrl+B
Negate data ShITt+N  Add frame to buffer (average) Enter
Rectify data Shift+R  Add frame to buffer +
Subtract DC level Shift+0  Add buffer data to frame Ctri++

Differentiate data
Integrate data
3-point smooth
5-point smooth
Shift 1 point left
Shift 1 point right

Shift+D  gybtract frame from buffer (average) Ctri+Enter

Shift+l  gybtract buffer data from frame -

Shift+3  gybtract frame from buffer Ctri+-

Shift+5  Copy frame data to buffer Insert

Shift+<  Copy buffer data to frame Ctri+ins

Shift+>  Exchange buffer and frame data Shift+lns
Multiple frames dialog Ctri+Mm

All of these shortcuts are documented with the appropriate menu commands. All analysis
shortcuts are listed here for convenience. There are more keyboard shortcuts for display
and text view manipulation; see the General information chapter.
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Open/Closed times

About idealised traces

The Analysis menu for file and memory views contains a separate section,
Open/Closed times, that is dedicated to facilities used by patch clamp researchers to
analyse single channel data. To avoid confusion among non-clampers, these features will
be hidden unless clamping support is enabled in the Edit menu Preferences dialog.
With clamping support enabled, the Open/Closed times item is visible in the analysis
menu and the available commands for analysis and interaction will be displayed in an
attached sub-menu.

The currently available single-channel analysis commands are New idealised trace
(SCAN), New idealised trace (Threshold), which generate idealised trace data from a
waveform channel and Open/Closed time histogram, Open/Closed amplitude
histogram and Burst duration histogram, which process previously generated idealised
trace data. A final command; View and modify event details, provides the Event
details dialog used for interactive generation and editing of idealised traces.

An  idedised trace
represents the opening
and closing (assumed to
be instantaneous) of an
ion channd in a
membrane. It shows the

vr“\/\ A e

ull

noise-free  underlying l
current  through the
membrane that,

processed though imperfect transducers and amplifiers, would generate the distinctly
non-ideal signal that is actually sampled. |dealised trace data is generated by fitting the
trace to the sampled data in such a manner as to most accurately represent the behaviour
of the actual ion channel, taking into account such things as the sampling rate, the
average level of sections of the data and the frequency response of the signal amplifiers.

Idealised trace data is very different, in a number of ways, from other data handled by
Signal. Whereas normal waveform data consists of a series of measurements equally
spaced through time, an idealised trace is a sequence of levels, called events, of arbitrary
duration, each running from the end of the previous level up until the start of the next
one. Each event has a start time, an amplitude, a duration and a set of flags to identify the
type of event: a closed time; first latency etc. Because this is rather different from a
sampled waveform many analyses such as waveform averaging and the cursor regions
measurements are not available for idealised trace data. On the other hand other analyses
such as open\closed time histograms are possible with idealised traces.

An idealised trace must be generated from a waveform before histograms based upon the
trace data can be built. If you set up histograms based on an idealised trace channel
where the trace has not yet been generated the histograms will still be created, but will
not contain any data. If you are working on-line, it is worth noting that idealised trace
data will be generated first for newly sampled data so that other analyses that depend on
it will work correctly. Once an idealised trace exists, it is stored in the .sgr file
associated with the data file and will be re-loaded each time the datafile is opened.
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New idealised trace
(SCAN)

This analysis generates idedised trace data from a EEEEETATLE
waveform using the SCAN technique, the settings cherdl 10T ]
dislog provided when you use this command holds """ :lnt -
fields to determine how the trace should be generated. LT

9 D ata end time IMaxtime[] vl s

Note that before you can use the SCAN method you ~ °%"  JHowsall) =] pine
must first perform the Baseline measurements ~ Bassinetack [1o000 " pois

option available in the same sub-menu. Openbelow  [HCwsor2] | w| plmp
Open level HCursor(3] ~ | phmp
SCAN analysis makes use of an assumption that a | Fiter cutaff frequency |4 kHz

Gaussian filter was used to remove noise from the = avodsublevels | Dutward curent
signal to produce a high time resolution guess of what Advencad | [ New ]
the original unfiltered, noise free waveform was. This
is a form of reverse convolution of the idealised trace
using the step response function for the amplifier and other electronics. It is worth noting
that the usual multiple poles Bessdl filter used by most patch clamp amplifiersis a good
approximation to a Gaussian filter so produces quite satisfactory results with this
technique. The default draw mode for the analysis is to show the convolution over the
top of the raw data with the idealised trace drawn below. Once this process has been used
to produce a rough idealised trace, the trace will need to be fitted to the data using the
Event details dialog to achieve maximum accuracy.

Cancel |

The Channel field sets the waveform channel to be fitted. The time range to be fitted is
then defined by the Data start time and Data end time fields. If you are analysing
voltage activated channels then you should set these times to be the start and end times of
the stimulus. The first event generated by the analysis will be flagged as afirst latency so
if you are interested in first latency times you will need to make sure that the first event
starts when the stimulus does. You should note however, that the transition times
calculated will be skewed by the effects of the filter. This does not affect the durations of
most of the events as they are all skewed by the same amount but first latencies will be
dightly extended. If you are analysing a spontaneously active channel you should set the
end time to be XHigh() as you will need to process small chunks of data at atimeto keep
a check on progress through the file. More details of how to do this are given at the end
of this chapter.

The Baseline field is used at the start of the analysis to tell the event detection where the
closed state is expected to fall. Using a horizontal cursor here will alow rhe cursor to be
moved by the analysis routines to update their positions as the baseline is tracked.
Baseline track will keep a running average of points in the closed state in order to
correct for baseline drift during the recording.

The next field will be either Open below for an inward current where an opening is
downwards on the display or Open above for an Outward current where an opening is
upwards on the display. This field should be set to just outside the noise level. It is used
to determine when an event istoo short to be distinguished from noise.

Open Level defines the full open level. It is used in conjunction with the Advanced
parameters to determine what amplitude change is significant enough to constitute a
transition.
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Advanced

The Filter cut-off frequency is the -3 dB frequency of the Gaussian filter. If an
analogue Bessel filter is used it is worth noting that the —3 dB frequency is often about
half the cut-off frequency set on the front panel of the filter which uses a different
definition for the cut-off.

Sometimes a transition takes longer than expected for a given filter cut-off. When this
happens Signal can either insert an event at a sub-level or insert two full height
transitions in opposite directions in order to make the resulting convolution approximate
to the raw data. With the Avoid sublevels checkbox checked then the latter option will
be used whenever appropriate though it does not guarantee that no sub-levels will be
fitted.

The New button generates the channel to hold the idealised trace and provides the
standard process dialog where you can control the processing. The idealised trace data
channel is originally positioned in the file view on top of the original waveform channel,
the drawing is set up so that the convoluted trace is shown on top of the waveform, with
the idealised trace itself offset below.

The a|gOI’Ithm used by the SCAN Advanced Parameters
technique is highly complex. The
Advanced button alows various
parameters used in the trace
formation to be changed. The basic

I
s
]

pri nCi ple Of the trace formaion iS inimum amplitude change of a tranzition |—5 4
I 3
=
—

Mumber of pointz past critical level for ranzition
Percentage of full amplitude for critical level

M arimurn rmultiple of rize time that might not be a sub-level

that an average is kept of the pOl nt Sengitivity for sublevel ve multiple transitions

amplltudes of the data. When a Percentage of filker langth ta jurmp after a tranzition

number Of ConseCUtive p0| nts fa” Free amplitudes longer than thiz multiple of rize time

outside a critical level then a Restore Defaults oK I Cancel
transition is deemed to have taken | |
place. The critica level is defined
as a percentage of the difference between the baseline and the full open level. To begin
scanning for the next transition imediately would probably result in another transition
being detected straight away when in fact it was just part of the same transition already
found. For this reason the scanning jumps ahead by an amount to get past the transition
just found. This amount is specified as a percentage of the filter length; the filter length
being defined as the time taken for the step response to get from 1% to 99% of the step
amplitude. For a Gaussian filter this turns out to be 0.6165062/f;. where f is the -3 dB
filter cut-off frequency. Risetime is defined as 0.3321412/f..

An average of the data point values found while looking for a transition is kept and used
as the default amplitude for an event. If this amplitude is less than the critical level from
the baseline then the event is flagged as closed. The data skipped over by the transition
detection is checked for turning points that might indicate that a transition in the oposite
direction to the previously detected one had been missed. If a turning point is found, a
transition is inserted at a time calculated from the amplitude of the turning point and an
assumption that the original data reached full amplitude or was closed.
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New idealised trace
(Threshold)

Consecutive transitions in the same directions can either mean a sub-conductance level or
apair of transitions have been missed. If the Avoid sublevels box has been checked then
by looking for turning pointsin the first derivative of the raw data the times of transitions
can be deduced or their presence eliminated. Any missed events are assumed to be of full
amplitude or closed and are flagged as assumed amplitude.

Transitions having less than a certain amplitude are stripped out in a fina pass. At the
fitting stage in the Event details dialog amplitudes having the assumed amplitude flag
set are held fixed then a second pass of fit is made freeing up assumed amplitudes
above a certain duration. The Advanced parameters dialog can be accessed from the
Event details dialog by clicking the Parameters button.

This anaysis generates idedlised trace data from a
waveform using a threshold crossing technique.
Threshold crossing as a method for generating an
idealised trace is needed if you have more than one
channel in your patch or if you want to make use of a

settings for constest.cfs

Channel I 1 Chan 1 vI
Drata start time: IMintime[] vl g
Drata end time IMaxtime[] YI ms

simpler technique and are not concerned with a very ~ P [l =] pame
high time resolution result. Dosebelon |03 7] pémp
B aze level 0.0 - | pimp
The first three fields in the setting dialog set the  1iansiion poins e
channel to be analysed and the timerange to analyse in | p..cine nack —
exactly the same way as for the SCAN method settings. | cpolation r—

I Multiple level v Outward curent

The next two fields set the thresholds to use for
detecting openings. These are labelled Open above
and Close below for outward currents or Open below
and Close above for inward currents. Having two thresholds in this way provides some
protection against false events being detected, which are actually noise. It is assumed that
these thresholds will be positions approximately around the half-way mark between the
baseline level and the open level, so if the open level was approximately 1.8 pA then the
thresholds would be placed around 0.9 pA; at 0.8 and 1.0 pA for example.

Mew Cancel |

The Base level field is mostly used in multiple level analysis, where the thresholds for
subsequent levels are calculated by averaging the two thresholds and then doubling the
difference between this average and the base level. The result is assumed to be the
current per channel opening for subsequent levels and so subsequent thresholds are
calculated by adding multiples of this value to the origina thresholds. This value is aso
used to provide the reference level for event amplitude measurements when baseline
tracking isnot in use.

Transition points can be set to a number greater than zero to provide a‘dead time' after
a transition before another transition can be detected. This allows for settling of data
which has been filtered.

The Baseline track field sets the number of points over which the baseline level is
averaged to produce a current baseline level. The current baseline level is used to set the
level for closed events, plus all thresholds are shifted to match shifts in the current
baseline level. Set thisfield to zero to disable baseline tracking, in which case the level of
aclosed event is set by the average value of the waveform making up this event.

By default an event will start at the first data point found to be across a threshold and will
have an amplitude which is the average amplitude of all the data point within the event
period. The Interpolation field alows the start time of the event to be calculated by
extrapolating the data around the transition to find the exact time that the threshold was
crossed. Currently only linear interpolation is available, this assumes that a straight line
can represent what happens between sample points.
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Open/Closed time
histogram

Select Multiple level if you have more than one channel in your patch or if other
circumstances give your preparation more than one open level. Outward current means
that a channel opening produces a more positive current; a commonly used convention.
An inward current would produce a more negative current when a channel opens.

The New button generates the channel to hold the idealised trace and provides the
standard process dialog where you can control the processing. The idealised trace data
are originally positioned in the file view on top of the original waveform.

This ana|ySIS generates a hlStOgl’am showi (A8 Bl < tings for OpCIHist1{constest)
the relative frequency of events of various
durations, the flags associated with trace o
events are used to select which events are i':n:::f " I:'DDD— "
included in the analysis. The command

opens a settings dialog which defines the
analysis and histogram parameters.

Channel |20 Chan 1 =]

M awirurn duration 100.0 i

[ Use log bitning

Includs Exclude
[V Dpen time [ Level1||[” Opentime [ Lewvell

The Channel field selects the idealised race |- 50T, - (243 & Eifis, - LS
channel that will be ana|ysed The Bin [~ Tncated [ Leweld ||V Tuncated [ Level 4
width, Number of bins and Maximum |- G5EE*" - (2325 G - 107
duration fields define the histogram that will
be created; the x-axis of the result starts at e Concel_|
zero (unless log binning is used) and the Bin
width and Number of bins fields are linked

S0 as to remain consistent with Maximum duration.

If the check box marked Use log binning is checked then the Bin width field changes to
Minimum duration. Log binning means that the width of each bin increases
geometrically so that when the resulting histogram is drawn with a logarithmic x-axis,
the bins occupy a constant number of pixels across the histogram. The contents of each
bin are divided by the bin width to maintain the overall shape of the histogram.

The two sections labelled Include and Exclude represent the flags associated with each
event and are used to control which events are included in the histogram and which are
not. An event will be included in the histogram if at least one flag set for the event
matches the Include set specified and none of the event flags match the Exclude set. The
flags are:

Open time An event where the channel is open.
Closed time An event where the channel is closed.
First latency  Thefirst idealised trace event in the frame.

Truncated The last idealised trace event in the frame.
Assumed amp. An event where the amplitude is not an average of the raw data points.
Bad data Event flagged as not suitable for analysis.
Level n Six flags, one for each level of multiple level data. The Level 1flagis

set for all closed times as well asthe first open level.
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Open/Closed

amplitude histogram

Burst duration
histogram

This analysis generates a histogram showing
the relative frequency of occurrence of Channel  [207 Chan 1 =]

events with specific levels, the flags e VHigh)  ¥] pdmp
associated with trace events select which Minimum amplitude Lol =] pémp

events are included in the analysis. This
analysis is amost identical in concept to the

¥ Amplitudes relative to baseline

i . Bin size 0.190954 ot
amplitude histogram for waveform data § . "

3 . ) urnber of bitis 200
described previously. The differences are .. Euiude
that the y-axis is a count of trace events at @ | Opentime [ Levell |[” Opentime [ Levell

[T Closedtime [ Level 2 ||W Clozedtime [ Level 2
I Fistlatency [ Lewel 3 ||V Firstlatency | Level 3
I Trumcated [ Leveld || Truncated [~ Level 4
™ Assumed amp ] Level 5 ||[T Assumed amp. [ Level 5
I Baddata [ Level6 ||V Bad data [~ Level&

level rather than the time spent at that level
and that the analysis can select events for
analysis using the Include and Exclude
flags for the analysis in the same manner as
the Open/Closed time histogram.

Mew Cancel |

The Channel field in the settings dialog sel ects the idealised trace that will be analysed.

The Maximum amplitude and Minimum amplitude fields set the amplitude range that
will be divided into bins and thereby set the x axis range in the memory view holding the
histogram. The Bin size and Number of bins fields both set the number of bins that
cover the amplitude range, whenever you change one of these items the other one will
change to match.

By default, the amplitudes added to the histogram will be absolute amplitudes as
measured by Signal. The amplitudes can be measured relative to the baseline by checking
Amplitudes relative to baseline.

The Include and Exclude sections control which events are included in the analysis in
exactly the same manner as for the Open/closed time histogram analysis.

This analysis generates a histogram showing
the relative frequency of occurrence of event Sharnsl 257 Cran | =]

burst.f, of d!fferent durations, the flags i wih B m
associated with trace events are used to N of bins —

select which events are part of a burst and Wi duration o

which events can terminate a burst. The

. . . Critical ink | 100
command opens a settings dialog which e I "
. . . ™ Use log binning
defines the analysis and histogram |
nclude Exclude
parameters- [V Open time [~ Levell ||[” Open time [ Levell

I Closedtime [~ Level2 |W Closedtime [~ Lewel2
[T Firstlatency [ Level 3 |V Firstlatency [ Level 2
I Truncated I~ Leveld ||W Truncated [~ Leveld
I Assumed amp. [ Level 5 || Aszsumed amp. [ Level 5
I Bad data " LevelG ||[¥ Baddata [ Levelb

The Channel field selects the idealised trace
channel to be analysed. The Bin width,
Number of bins and Maximum duration
fields define the histogram that will be
created; the x-axis of the result starts at zero
(unless log binning is used) and the Bin width and Number of bins fields are linked so
asto remain consistent with Maximum duration.

Mew Cancel |

If the check box marked Use log binning is checked then Bin width changes the
Minimum duration. Log binning means that the width of each bin increases
geometrically so that when the resulting histogram is drawn with a log x-axis, the bins
appear to occupy a constant number of pixels across the histogram. The contents of each
bin are divided by the bin width to maintain the overall shape of the histogram as if it
were binned normally.
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Baseline
measurements

View and modify event
details

Merge

The Critical interval field defines how an event burst can be terminated; a burst is
terminated by a non-included event whose duration is longer than the critical interval.

The Include and Exclude sections control which events can start or terminate a burst.
An event can start a burst if at least one flag set for the event matches the Include set
specified and none of the event flags match the Exclude set. All events that cannot start
a burst are capable of terminating it. A burst begins with any suitable event and is
terminated by any suitable event whose duration is greater than the critical interval. The
burst duration runs from the start of the first event in the burst to the start of the event
that terminated it.

This option must be used before any SCAN analysis can be carried out. A dialog is
presented asking for a time range over which the baseline is to be measured and the
channel on which to measure it. Clicking OK produces a message window with the mean
data point value in the time range; the standard deviation of the measured values and the
standard deviation of the first derivative of the measured values. This information is also
be written to the log window and saved internally for use by the SCAN analysis.

The View and edit event details command is available when the current view contains
idealised trace data. It opens a dialog that alows information about individual events to
be viewed and changed. Click on a horizontal portion of the idealised trace to select an
event or on a vertical section to select the following event. You can also click and drag
the idealised trace to change transition times and levels. The event whose details are
displayed in the dialog will have a small box drawn at both ends to indicate that it is the
current event.

The event details dial (oo I Event details for constest.cfs [_ ]
shows information about [201 Chan 1 = Flli-gsnpen ——
Sttt tme, Duration g St o n e Tl
y Izt latency el
i i Duration  [1.322783 s [ Tuncated [ Level4
Amplitude items and all of B Geoniealer, B Ll
the Flags can al be Amplitude  [5.008540 p&mp [~ Bad data [~ LevelE

Changed manua”y Any Baszeline 4 848601 pAmp [V Amplitudes relative ta bazeline

Start time yOU enter mUSt R eszolution IU.U29883 s

be between the start times :

Of the nEigthUrS. Merge I Chop Delete I Split I Fetch Amp |
Scroll Back | Fitvisile | ShoCuts | Unda |

Changing the start time
adjusts the event duration
so that the end time
remains unchanged. The duration must be a positive value and cannot extend the event
beyond the end time of the following event. The baseline level, calculated by averaging
points in the closed state, is also displayed. The Resolution item will be shown if the
idealised trace has a SCAN process attached to it. It shows the minimum duration of full
amplitude opening needed for the data trace to reach the trigger level. Each event also
has a number of flags associated with it and these may be set or unset using this diaog.
These flags and their uses are explained in the documentation of Open/Closed time
histogram generation in this chapter. The buttons below the event details provide many
useful functions:

I
Scroll On |
I

Previous I Mext Farameters I

Process I Cloze |

Merge combines the current event with the one to the right to produce a single event
with the combined duration of the two events but the attributes of the first.
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Chop

Delete

Split

Fetch Amp

Scroll On and Scroll Back

Fit Visible

Undo

Previous and Next

Parameters

Process

View event list

Chop will break the current event in two. If the current event has an amplitude between
those before and after then the first and second new events created by the break will be
given amplitudes and attributes from the following and preceding events respectively.

The Delete button will delete both the current and following event and extend the
preceding event to cover the time gap created. This event will have an amplitude adjusted
to the weighted average of all the events previously covering the time period.

Spilt will divide the current event into three separate events al having the same
amplitude and duration.

Fetch Amp will scan backwards through the trace to find an event of the same type and
copy the amplitude of this previous event to the current event.

Scroll On and Scroll Back will do the same thing as Previous and Next but will do so
using a smoothly scrolling display. Repeatedly hitting the scroll buttons will double the
scroll speed each time. To stop the scrolling either click on the Next, Previous or the
other scroll button or simply click on the data window.

The Fit Visible button will adjust the time and amplitude of the transitions using the filter
cut-off frequency defined during the SCAN process to build a step response function to
fit. Idealised traces created using threshold crossings will be fitted using the Nyquist
frequency as the cut-off frequency unless this frequency is changed in the Channel
information dialog. Amplitudes having the assumed amplitude flag set are held fixed
then a second pass of fit is made freeing up assumed amplitudes above a certain
duration. This duration is defined in the Advanced Parameters dialog, which can be
accessed by clicking the Parameters button. If you do Fit Visible when the end of the
display is beyond the least event of the idealised trace then a process will be done to
extend the idealised trace before afit is done. After fitting either the first event to fail to
be fitted will be made the current event or the last displayed event will be.

Press this button to undo the last operation. Up to 100 operations can be undone.

The Previous and Next buttons step the current selection of event through the idealised
trace forwards and backwards respectively. Stepping past the end of the idealised trace
will cause the display to jump on to the next possible opening ready for processing. If
thisis done there is then a short "dead" period during which the Next or Scroll On keys
do nothing after that pressing either Next or Scroll On will extend any closed time
terminating the idealised trace to include the displayed data.

The parameters button displays the advanced parameters dialog for SCAN processing.
Though the button and dialog are still available for threshold analysis, the settings do not
affect the processing.

This button causes the process for generating the idealised trace to be caled. If the
process settings are such as to process MinTime() to XHigh() then the trace will be
extended from the current end time to the end of the displayed data.

The View event list command opens a hew window showing a list of idealised trace
event durations and amplitudes. Up to 10 events are shown (drag the right edge of the
window to change the number of events visible) with the currently selected event on the
trace being shown highlighted in the list. Information for events in the closed state is
shown using the colour set for drawing such events. Y ou can click on an event in the list
to select it and this will be reflected in the data trace as well as the Event details dialog.
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Single-channel analysis

Export to HICFit

Short cuts

Tips for fitting

Strategy for long
recordings

This command exports idealised trace data to a . scn data file suitable for use by HICFit
and EKDIST. HJCFit is an analysis program used for modelling channel states and
calculating the rate constants for each possible state change. EKDIST is a separate
program used to build and plot histograms. These applications take an idealised trace as
input, this needs to bein a . scn format file. HICFit and EKDIST are not CED software,
they are written and maintained by Prof. David Colquhoun of UCL. For more
information on these programs see http://www.ucl.ac.uk/Pharmacol ogy/dcpr95.html.

Because of the intensely interactive nature of idealised
trace generation using the event details dialog, you can set oo ‘
keyboard shortcuts so that a single keypress is the |acw ¢

Close Esc

equivalent of clicking on a button. These shortcuts can be Dolte
Fetch Amp

freely adjusted to match your preferences. Two standard | vistie

Merge

configurations of shortcuts can also be set using the ot
Numeric Defs and the Letter Defs buttons. Letter Defs will Parameters

Prewvious

set the standard shortcuts as indicated by the underlines on Process

the event details dialog. Numeric Defs will select aset of  |on
shortcuts that uses the numeric keypad. Thisis to provide = |unio

the keys close together by the right hand to speed up  mumericoefs ||fTetiorBerst]  close
interaction as much as possible. If you use numeric

shortcuts you should remember to have Num Lock on.

Cuwo@mMUDZZ <O

Occasionally the fitting routines may produce unexpected results and there can be a
number of reasons for this.

1. The initial guess is too poor. Use the other edit functions to produce a more
plausible guess.

2. An amplitude needs fixing. If you flag an event as having an assumed amplitude it
will be held fixed for the fit. If it is a very short event the assumed amplitude flag
will remain set otherwise the fit routine will clear the flag.

Although it is possible to analyse along single channel recording by simply zooming all
the way out and processing the entire recording in one go then hitting Fit Visible to give
your result, this is not to be recommended. Subtle changes in conditions throughout the
file combined with mistakes in the processing caused by noise conspire to make this an
error prone strategy. An incremental approach is needed and here is a suggested
approach for doing this.

The SCAN method is by far the superior method for event detection. It copes well with
sub-conduction bands and can detect events far shorter and with far higher time
resolution than would be possible with threshold crossing. To begin with, select an area
of data near the start of the recording with a full opening and an area of baseline
showing. Place a horizontal cursor on the baseline, another on the full open level and a
third between the two towards the baseline but out of reach of the noise. Once these have
been set up you can now evoke the SCAN settings dialog via the analysis menu as
described above. Use the drop downs in the dialog to select the relevant horizontal
cursors for the different levels. Select a Data Start Time of Mintime() and a Data End
Time of XHigh(). Long recordings will normally only be a single frame of data,
however, if there are multiple frames you will want to process just the first one to start
with. Once theinitial process has been done an idealised trace will appear. Thisisjust the
initial guess and will now need refining. Zoom in on the first opening or burst so you can
see the transitions in more detail.
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The convolution of the idealised trace with the step response function for the amplifier
will be drawn on top of the data. By default this will be in blue; indicating that the trace
has not yet been fitted. At this stage you may decide that the initial guessis poor and edit
the trace to something more plausible. Once you are happy with the guess, click on Fit
Visible and the convolution should jump to fit the data and turn black; indicating the fit
was successful. If it does not then the initial guess may need to be refined further (See
Tipsfor Fitting, above).

E= constest.cfs - frame 1 =]
b e feengpee et —\\.4.82(1j
= 341(2)
3
:,5 8 LA et 1.40(3)--
— ._.'
5
1
L B e L A e e e L e e T e e e LA
38 39 40 4
s
RN FE IR EE i

Once you are happy with the idealised trace on the screen, step forward using either the
Next or Scroll On buttons. These will take you either to the next part of the idealised
trace to work on or to the next possible opening past the end of the idealised trace. If it is
the latter you can then decide if this possible opening isreal or just an artefact. If it isan
artefact you can step past it using either the Next or Scroll On buttons, optionally setting
the Bad data flag. If a possible opening extends past the end of the display you may like
to adjust the display range to include the full open time. The incremental analysis will
work better if breaks in the middle of openings are avoided though if thisis not possible
you can gtill edit any discontinuity that appears as a result and re-run the fit. A fit done
on a section of data with no idealised trace fitted will generate a guess first. Closing the
datafile at any time will save the idealised trace and process settings to disk allowing the
analysis to be spread over several sessions.
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Delete

Cursor menu

New Cursor

A

Delete

Cursar1 0.0730226
Cursor 2 0.00124294
Cursor 3 0.00564372
All Cursors

Fetch

Move To

Position Cursor

Display All

A cursor is avertical or horizontal dashed line drawn in a data view to mark or obtain a
position. The Cursor menu creates and destroys cursors, defines the behaviour of
vertical active cursors, changes their labelling mode and obtains the values of channels
where they cross the cursors and between the cursors. Up to 10 cursors of each type,
numbered 1 to 10, can be active in each data view, there is a'so an extra vertical cursor,
number O, which is used for special purposes. Cursors can be dragged over and past each
other and horizontal cursors can be dragged from channel to channel. Cursors in separate
windows are independent of each other. When a window is duplicated, the cursors are
also duplicated.

In addition to using the Cursor menu commands, if you right-click on a vertical or
horizontal cursor there are additional cursor commands available from the context menu.
For example you can copy the position of cursor, or the difference of two horizontal
cursor positions to the clipboard.

This menu command (keyboard shortcut Ctri+]) duplicates the action of the new cursor
button at the bottom left of data views. The command is available when a data view is the
current window and there are less than ten cursors already active in the view. A new
vertical cursor is added at the centre of the window. The cursor is given the lowest
available cursor number and is labelled with the cursor label style for the window.

This command opens a pop-up menu in which you select a cursor to remove, or you can
delete all cursors. The cursors are listed with their number and position as an aid to
identification. Deleting a cursor removes it from the view; other cursors are not affected.

This opens a pop-up menu where you select a cursor to place in the centre of the x axis.

This command activates a pop-up menu from which you can select the cursor to move to.
The cursors are listed with their number and position as an aid to identification. The
window scrolls to show the cursor in the screen centre, or as closeto it as possible.

This command opens a pop-up menu to select a cursor and then opens a dialog in which
you can type or select a cursor position. You can aso activate this dialog by right
clicking on avertical cursor and selecting Set Position from the cursor context menu.

This command has no effect if there are no cursors. If there is a single cursor, the
command behaves as though you had used the Move To command and selected it. When
there are multiple cursors, the window is scrolled and scaled such that the earliest cursor
is at the left-hand edge of the window and the latest is at the right-hand edge.
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Lakel Mode »

Label Mode

Fosition

MNumber

Fosition and Mumber
MNane

Set Label

User-defined labels

Each cursor has an optional label used to identify it. You can
drag the cursor labels up and down the cursor with the mouse
to suit the data. There are five cursor label modes. None,
Position, Position and Number, Number and User-
defined. Select the most appropriate mode for your purposes
from the pop-up menu. To avoid confusion between the cursor number and the position,
the number is displayed in bold type when it appears aone and bracketed with the
position. The style applies to all the cursors in the window. You can drag the cursor
labels up and down the cursor with the mouse to suit the data.

27.435 28.289(1) 1

Each cursor stores its own mode and label, and the view has a mode that is applied to
new cursors. The first four items in the menu set the view mode and the mode of all
cursors. You can also set a user-defined label for cursors (but not for the view) with the
Set Label command.

You can open the cursor label dialog from | preererr————
the Label Mode and Horizontal Label
Mode cursor menu commands or by right- == [t =] mode fuseriabe |
clicking on a cursor and using the Set  Label IStartat“}‘np ﬂ
Label command from the cursor pop-up

menu. Cancel | QK I

From this dialog you can set the cursor label mode for one or al cursors. The Cursor
field can be set to the number of any cursor in the view, or All. If you choose All, any
change applies to all cursors and sets the view mode except in User-defined mode,
where the view mode does not change.

The Label Mode field lets you choose one of None, Position, Number, Position and
Number, and User-defined as the cursor mode. If you select User-defined, the Label
field appears together with the >> button and you can set alabel of your choosing.

User-defined labels display the text you type, except that the text sequences %p, %n and
%v(n) are replaced with the cursor position, cursor number, or the value of channel n
where it is crossed by the cursor. You can aso stipulate the width (w) and the number of
decimal places (d) used for the position and value by using %w.dp and %w.dv(n). For
example: %n at %6.4p, %v(2) might display: 1 at 2.2346, 87.128756 if cursor
1 was at 2.2346 x axis units and channel 2 had the value 87.128756 at this point. The
%v(n) option is not allowed for horizontal cursors or for vertical cursorsin an XY view.
The value returned by %v(n) is the same value as displayed in the cursor values dialog
for that cursor and channel.

The >> button pops up the list of replacements, and if you choose one, it replaces any
selection in the Label field. If you choose the %v(n) option, you are prompted to select a
channel to measure.

We allow you to type in quite long labels. However, when you close a data file, only the
first 19 characters of a user-defined label are saved and long labels look messy, so it is
usualy agood ideato keep labels short.
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Cursor menu

Renumber

Active cursors

Cursor 0

Valid and invalid cursors

Active mode

This command renumbers vertical cursors 1 to 10 by position, with cursor 1 on the | eft.

Normally, Signal cursors are static; they stay where they are put. Using the cursor mode
dialog, cursors in time and memory views can be made active; they will move to the
position of a data feature, if it can be found. This search is repeated whenever the view
data changes, cursor O is iterated, or the view switches to a different frame. This
repositioning is carried out in order of cursor number so cursor 2 can reliably make use
of the current position of cursor 1 but not vice-versa. Active cursors can be used as a
simple way of quickly finding features within your data; they are also very powerful
tools for extending the capabilities of analyses that generate measurements from data
filesin XY views.

Vertical cursor O is special. It always exists and cannot be deleted, but it can be hidden
(and will normally be initialy hidden by Signal). Unlike the other cursors, when cursor 0
is active it is designed to iterate through the data to repeatedly find features in the
waveform. Whenever cursor 0 is moved, all the other active cursors will recalculate their
positions in order of cursor number. To hide cursor 0O, right-click on it and select Hide in
the cursor O context menu.

Active cursor positions are either valid or invalid; invalid cursors have an exclamation
mark at the end of the label. The cursor position is invalid if the active search fails and
the Position if search fails field is empty or does not contain a valid expression.
Expressions that use invalid cursor positions are also invalid. The XY Trend plot and
Measurements analyses reject points that come from invalid measurements. Cursor
positions are made valid by any operation that moves them to a specific place such as

dragging.

This command opens a dialog from which you can select a cursor and set up its active
search mode. The contents of the dialog depends upon the Search method field and the
selected cursor. An active cursor has an associated Search channel and start and end
positions for the search that define the data within aframe that is searched.

Cursor 0 does not have a Position if search
fa@ls_ parameter. .Howe.'ver, _it does have a . . ... [Cursr 2 =
Minimum step field; iterations of cursor O

forwards or backwards will reject features that =~ *==hmthed JPeak find I
are closer to the previous feature than this | Searchchannel [ 14C Ch1 (waveforn) =]
limit. Cursor O also has a restricted range of Start posifon for search 5] [Cuso(1] 7]
search methods: Peak find, Trough find, | guipastionforseachisl  [RHigho =
Rising threshold, Falling threshold,

Outside dual thresholds, Within dual

thresholds, Slope peak, Slope trough, +ve P —— .
slope threshold, -ve slope threshold, s it 4 [

Turning point and Expression.

PosMonWseamhfdk[ﬂlcuwoﬂﬂ+ﬂ5
The start and end search positions can be a ok |
fixed time, but they will often be expressions
that involve the positions of other active cursors, particularly when cursor 0 is being used
to iterate through features. For cursor n, an expression that refers to an active cursor less
than n refers to the new cursor position. An expression that refers to a cursor greater than
or equal to n refers to the old position — this is to be avoided as it will cause odd effects
when switching between data frames.

Cancel |
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Static

Maximum and Minimum

Maximum excursion

Peak, Trough

Rising threshold, Falling
threshold, Threshold

Outside dual thresholds,
Within dual thresholds

If the End position for search is less than Start position for search, searches go
backwards through the data. If a search is backwards, read previous for next and last for
first in the descriptions of the search methods. As far as is possible, we have designed
searches that run backwards to work in a similar manner, and to find the same positions,
as searches that run forwards. However you will find that threshold crossing searches
that use the Delay after crossing parameter will behave differently when running
backwards.

Several modes use the slope of a waveform. These methods all have the field Width for
slope measurement, which sets the time range over which slopes are calculated. Signal
uses the data points from Width/2 before the current point to Width/2 after to calculate
the slope unless there are more than 2000 points, in which case 1000 points before and
after are used. The contribution of each point to the slope is proportional to the distance
of the point from the current position. Because the slope at any point uses data around it,
the slope within Width/2 of the ends of the data frame cannot be relied upon.

When you add a new cursor, it starts off in Static mode. In this state, the cursor stays
where you put it; it is not changed by a change in the data or the position of a lower
numbered cursor.

This finds the position of the maximum or minimum value found within the search range.

This finds the position of the data point that is the

maximum distance in the y direction away from a  Reference ,\//\\l/"v

reference level. There is an extra field in this mode
for the Reference level.

The Minimum amplitude field sets the minimum
acceptable size of the peak or trough; by how much
the data must rise before a peak and fall after it (or
fall before atrough and rise after it), to be accepted.
In the diagram of a peak search, the first peak is not
detected because the data did not rise by Minimum
amplitude within the time range of the search. The
Maximum width for peak field rejects peaks that are too broad (set it to O for no width
restriction). The peak position is located by fitting a parabola through the highest point
and the points on either side.

The data must cross Threshold from alevel that is Crossing. Delay
at least Noise rejection/hysteresis away from it ' |
and stay crossed for a time of at least Delay after

crossing. For a Rising threshold mode, the data 1 hreshold v @
must increase through the threshold, for a Falling ¥ =
threshold mode it must fall through the threshold. ‘T‘ <

In Threshold mode the crossing can be in either direction. The picture shows a rising
threshold. The crossing point is found by linear interpolation of the data points on each
side of the crossing.

These two modes are similar to the rising and falling threshold modes except that they
search for the data being outside or within two threshold levels. In addition to the First
threshold, Delay after crossing and Noise rejection/hysteresis fields there is a
Second threshold which sets the other threshold level. The data must cross a threshold
from alevel that is at least Noise rejection away from it.
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Steepest rising, Steepest
falling, Steepest slope (+/-)

Slope threshold, +ve slope
threshold, -ve slope threshold

Slope peak, Slope trough

Turning point

Slope%

Repolarisation %

Data point

Expression

This finds the position of the maximum, minimum
or maximum absolute value of the waveform slope.
The Width for slope measurement field sets the
length of data used to calculate the slope.

This finds the position at which the slope crosses a
particular threshold level. The Width for slope
measurement field sets the length of data used to
calculate the slope. The Threshold units are y axis
units per second

These modes calculate the slope of the data in the
search range, and then find the first peak or trough
in the result that meets the Amplitude limit. The
Width for slope measurement field sets the
length of data used to evaluate the slope at each
data point. The Amplitude field sets how much the
slope must rise before a peak and fall after it (or fall
before a trough and rise after it), to be accepted.
The Amplitude units are y axis units per second.

This mode finds the first point in the search range
where the slope changes sign. Put another way, it
finds a localised peak or trough. The Width for
slope measurement field sets the data range to
calculate the slope. The picture shows this method
used to find the top of a sharp rise where Maximum
mode would get the wrong place. To use this you

Maximum slope

/\

Data

VAN

Slope ~—~

yaN
4

V4

N4

Data

Crassing

o

Threshold

Data
Peak slope
............ ¥ :
s Ao-Amplitude
SleE \_./A A f\v

\V

would probably set a cursor on the peak slope and start the search from that point

This method finds the start and end of a fast up or
down stroke in a waveform. The Width for slope
measurement field sets the time width used to
calculate the slope. The Slope% field sets the
percentage of the slope measured at the start of the
search that we want to find. To use this mode, set a
cursor at the peak slope, then use it as the start point
and search forwards or backwards for the required
percentage. 15% usually works well.

This mode finds the point at which the waveform
returns to a set percentage of the distance to a
baseline. The search start position defines the 0%
repolarisation level. The 100% position and 100%
measurement width fields set the position of the
100% level (this can lie outside the search range)

Data
Slope
Find
0%
100%
position
\ 80%
F100%
start end

and the width over which it is measured. Repolarisation percentage (drawn at 80% in
the picture) sets athreshold relative to the measured 0% and 100% levels. The position is

the first point in the search range to crossit.

Moves on by a specified number of data points. Thisis most useful for stepping through

digital markers.

The cursor position is obtained by evaluating the Expression field. This field will
normally hold an expression based on cursor positions, for example "*Cursor (1)+2.5".
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Search Right
Search left

New Horizontal Cursor

Delete Horizontal

Delete Horizontal 4 1: 01336456 on chan 1
2: 0476711 on chan 2
Al HCursars
Fetch Horizontal

Move To Level

Position Horizontal

Display All Horizontal

Horizontal Label Mode

If cursor O is active, these two commands cause the cursor to search for the next or
previous position that satisfies the active mode. If the cursor active mode is Expression,
the cursor goes the same way for both commands.

This menu command is available when a data view is the current window and there are
less than four horizontal cursors in the view. A new horizontal cursor is added at the
centre of the data for the lowest numbered visible channel. The cursor is given the lowest
available number and is labelled using the horizontal cursor label style for the window.

The delete command activates a pop-up menu from which you can select a horizontal
cursor to remove, or you can delete all of them. The available cursors are listed with their
number, position and channel number as an aid to identification. Deleting a cursor
removes it from the window; other cursors are not affected.

This opens a pop-up menu where you select a horizontal cursor that is placed in the
centre of the visible y axis for the relevant channel.

This command activates a pop-up menu from which you can select the horizontal cursor
to move to. The cursors are listed with their number, positions and channel as an aid to
identification. The Y axis of the relevant channel will be scrolled to display the
nominated cursor in the centre of the axis, or as close to the centre as possible. This
command does not change the y axis scaling.

This command opens a pop-up menu in which you can choose a horizontal cursor and
then opens a dialog in which you can set the position and channel for the cursor. Y ou can
also open the dialog by right clicking on a horizontal cursor and selecting Set Position
from the cursor context menu.

This command is the equivalent of using the Fetch Horizontal command for al cursors.

Each cursor has an optional label used to identify it. Y ou can drag the cursor labels to the
left and right with the mouse to suit the data. There are five cursor label modes: None,
Position, Number, Position and Number, and User-defined. You select the most
appropriate for your application using the pop-up menu or by right clicking on a cursor
and choosing to set the cursor label from the context menu. To avoid confusion between
the cursor number and the position, the number is displayed in bold type when it appears
alone and bracketed with the position.

Each cursor stores its own mode and label, and the view has a mode that is applied to
new cursors. The first four items in the menu set the view mode and the mode of &l
cursors. You can also set a user-defined label for cursors (but not for the view) with the
Set Label command.
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Cursor menu

Renumber Horizontal

Display Y values
o

Selecting and
copying data

When created, cursors take the lowest available cursor number rather than being ordered
by position. You can also drag cursors over each other, confusing the ordering further.
This command renumbers the cursors by position, with cursor 1 at the bottom.

Th|S Command OpenS anew wi ndOW M Cursors for example.cfs (=[] X]
Conta' n| ng the Val ues at the pOSItIOﬂ Cursors Cursor 1 Cursor 2 Cursor 3 Cursox 4
of any cursors in the current data | 000844749 © 00144894 | 00205479 | 00276712
. 5 Keyhoard 0.018 0018
view. Columns for cursors that are [jjizes b N T S T o,
absent, or for which there is no data, |zaDc2 0737305 ¢ 00146484 § 0078125 0141402
are blank 2 ADC 1 117188 ¢ 00830072 : 000976563 ]
: 1 ADC O 0915527 | 00146424 ¢ 00268555 | 00146484
. [l X Zero: G (el (ol ‘e
The values displayed depend upon |~ ¥z @ s e e
the channel type and display mode. K| [

There is an entry in the table showing
the time for each cursor, plus entries for each channel displayed. The displayed values
are asfollows:

Waveform The y axis value of the nearest data point that is within one sample
period of the cursor, or nothing if there is no data point close enough.
Waveform measurements are not affected by the drawing mode.

Marker as Rate  The height of the rate bin that the cursor crosses. If the cursor lies on
abin boundary, the cursor is considered to liein the bin to the right.

Marker The time of the next marker at or to the right of the cursor.

The X zero check box enables relative cursor time measurements. If checked, the cursor
marked with the radio button is taken as the reference time, and the remaining cursor
times are given relative to it. The reference cursor displays an absolute time, not 0.

The Y zero check box enables relative cursor value measurements. The radio buttons to
the right of the check box select the reference cursor. The remaining channels display the
difference between the values at the cursor and the values at the reference. The values for
the reference cursor are not changed.

You can select areas of this window by clicking on them. Hold down the Shift key for
extended selections. You can select entire rows and columns by clicking in the cursor
and channel title fields. Use the Ctr1 key to select non-contiguous rows and columns.

To copy selected rows and columns to the clipboard, by right-click the values window
and use the Copy command in the popup menu. If you use the Log command the
selected text is copied and pasted directly into the log window in one operation. Y ou can
also print the selected portions of the window by right-clicking and using the Print
command in the popup menu, or use the Font command to change the window font.
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Cursor Regions

kY

Cursor region measurements

This command opens the Cursor
regions dialog for the current data Cursors 0-1 1-2 2-3 3-4
. - . Time (5] 00045558447 | 0.0062408353 | 0.0024800043
VIEW. The dlalog dlsplays Val UeS for 1iTime (Hz) 204 5729 144 07895 105.48518
data regions between cursor pairs. At | [5Keybaad 0 0 103 45318
h f h dal . f e” 4 ADC 3 0035351583 | 0094281385 | 0051472982
t etop 0 t € dl Og Isarow ol S 3 ADC2 00855375 0.17081121 003852827
showi ng the separation in time of 2 ADC 1 0.0625 022499828 | 0.032908122
eﬂ:h cursor pa”_ and a $COr_]d row 1ADCO 0062402344 0.2461511% 0020504541
' ™ Zero region * ol ol ol
showing the inverse of the separation [tz >« | |

as Hz. One pair can be designated the

Zero region by checking the box and selecting the column with a radio button. The
value in this column is then subtracted from the values in the other columns. The pop-up
menu in the bottom-left corner indicates and controls how the values are calcul ated.

The region set by a pair of cursors is the data starting at the first cursor up to, but not
including, the data at the second cursor. For a waveform channel (including one drawn as
histogram etc), the measurements are:

Curve area Each data point makes a contribution to the

Mean

Slope

Area

Sum

Modulus

Maximum

Minimum

Amplitude

area of its amplitude above a line joining
the endpoints multiplied by the x axis
distance between the data points. The
picture makes this clearer. This =
measurement cannot be made on log-binned daIa

Curve Area /

The mean value of al the waveform points in the region. If there are no
samples between the cursors the field is blank.

The dope of the least squares best fit line to waveform pointsin the region.

The area between the data points and the y
axis zero. Area is positive for sections
above zero and negative for sections below °
zero. Use Modulus if you want areas below -
they axisto be treated as positive.

The sum of all the waveform points in the region. If there are no samples
between the cursors the field is blank.

Each waveform point makes a contribution

to the area of its absolute amplitude value
multiplied by the time between sampleson °
the channel. Thisis equivaent to rectifying
the data, then measuring the area over zero. '
If azero region is specified, the amount subtracted from the other reg|ons is
scaled by the relative width of the regions.

+ Modulus

+

The value shown is the maximum vaue
found between the cursors.

Minimurm

The vaue shown is the minimum vaue
found between the cursors.

The value shown is the difference between maximum and minimum values
found between the cursors.
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Selecting and
copying data

RMS amp. The vaue shown isthe RMS level of the values found between the cursors.
If there are no values between the cursors the field is blank.

SD The value shown is the standard deviation from the mean of the values
between the cursors. If there is no data, the field is blank.

Abs Max  The value shown is the maximum absolute value between the cursors. If the
maximum was +1, and the minimum was -1.5, this mode would display 1.5.

Peak The value shown is the maximum found
between the cursors measured relative to the
baseline formed by joining the two points
where the cursors cross the data.

Peak

Trough
Trough The value shown is the minimum value
found between the cursors measured relative to the baseline formed by
joining the two points where the cursors cross the data.

Point Count The number of waveform or marker channel data points, or idealised trace
channel transitions.

The measurements available for marker channels are Mean, Sum, Maximum,
Minimum, Amplitude and Abs max. If you select other measurements the result is a
blank field. The values calculated for the measurements are:

Mean The count of markers between the cursors divided by the time difference
between the cursors. This could be thought of as the mean marker rate.

Sum The total number of markers between the cursors.

Maximum The maximum inter-marker interval, or the maximum histogram value for
Rate display mode.

Minimum  The minimum inter-marker interval, or the minimum histogram value for
Rate display mode.

Amplitude The difference between the Maximum and Minimum values.

Abs max  The largest absolute value of Maximum and Minimum, this will always be
the same as Maximum for marker channels.

You can select areas of this window by clicking them. Hold down the Shift key for
extended selections. You can select entire rows and columns by clicking in the cursor
and channel titlefields. Use the Ctr1 key to select non-contiguous rows and columns.

To copy selected rows and columns to the clipboard, right-click in the values window
and use the Copy command in the popup menu. If you use the Log command the
selected text is copied and pasted directly into the log window in one operation. You can
also print the selected portions of the window by right-clicking and using the Print
command in the popup menu, or use the Font command to change the window font.

The above popup menu commands are also available via the following keyboard
shortcuts:

ctri+C Copy
Ctri+P Print
Ctri+F Font
Ctri+L Log
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Context menu commands

In addition to the main menu commands it is also possible to access some commands by
right-clicking on a cursor. This produces a popup menu which has a sub-menu specific to
the cursor which has been clicked on. For vertical cursors the sub-menu has the
following items:

Active mode... Puts up the active cursor mode dialog for the cursor.

Set position ... Puts up the position cursor dialog for the cursor.

Set Label ... Puts up the cursor label mode dialog for the cursor.

Copy Position=xxx The position of the selected cursor is copied to the
clipboard.

Delete Deletes the cursor (thisis Hide for cursor 0).

For horizontal cursorsthe list of commands are as follows:

Set position ... Puts up the position cursor dialog for the cursor.
Set Label ... Puts up the cursor label mode dialog for the cursor.
Copy Position=xxx Copies the position (xxx) of the cursor to the clipboard.

Copy Position-HCursor(n)=Y Subtract the position of horizontal cursor n from the
cursor position and copy the result () to the clipboard.
Only available if there are multiple horizontal cursorson
this channel.

Delete Deletes the selected cursor.
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Sample menu

Sampling
configuration

=]

Sample Bar

Sample Bar List

Signal conditioner

The sampling menu divides into three regions. The first configures the channels to
sample and provides support for users with a serial line controlled signal conditioner, for
example the CED 1902. The second region shows or hides the sampling and output
control panels during sampling. The third region matches the sampling control panel and
holds commands to start, continue and end sampling, enable and disable sweep triggers
and to enable and disable data storage to disk.

This command opens the Sampling Configuration dialog, which sets the data capture
parameters used when you select the File menu New command (see the File menu
chapter for details). You can load and save the sampling configuration with the File
menu Save Configuration and Load Configuration commands. You can also access
this command from the Signal toolbar.

You can show and hide the Sample Bar and manage the
Sample Bar contents from the Sample menu. The Sample pepl | test | wnew |
Bar is a dockable toolbar with up to 20 user-defined buttons.
Each button is linked to a Signal configuration file. When you click a button, the
associated configuration file is loaded and a new data file is opened, ready for sampling.
You can also show and hide the Sample Bar by clicking the right mouse button on any
Signal toolbar or on the Signal background.

The Sample menu Sample Bar |EINTYEED
List... command opens the | |

o
H H H test Chsignalitest SGC
Sample Bar List dlalog In UNEXp C:hsignaliunesp. SGC Clear Al |
Ad

Delete

d

which you control the Sample
Bar contents.

d..
Add opens afile dialog in which —l
you can choose Signa

configuration files (*.SGC) to Cancel |
add to the bar. If afile holds a
label or comment, it is used,

otherwise the first 8 characters Labellprem QommentlDo preparation

of the file name form the label | Cisignaliprept.SEE
and the comment is blank.

You can select an item in the list and edit the label and comment. This does not change
the configuration file contents. Y ou can re-order buttons in the bar by dragging itemsin
thelist. Delete removes the currently selected item. Clear All deletes all items.

The Sample Bar state is saved in the registry when Signal closes and is loaded when
Signal opens. Each Windows logon account has a different registry configuration. If your
system has three user accounts, each has its own Sample Bar settings.

Signal supports serial line controlled programmable signal conditioners. These devices
amplify and filter waveform signals and can provide other specialist functions. If a
suitable conditioner is installed in your system, this command is available during
sampling to open the conditioner dialog so that you can view and change the amplifier
settings online (see the Programmable signal conditioners chapter for afull description).
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Show Sampling
controls

E

Start sampling

Stop sampling

Continue sampling
Triggered sweeps

Write to disk at sweep end
Pause at sweep end
Abort sampling

Restart sampling

Show Pulse controls

nr

Sample now

+—

Show Sequencer
controls

kil

This command, or its toolbar equivalent, hides and shows the sampling control panel; the
menu item is checked when the control panel is visible. The main controls within the
control panel are duplicated in this menu as the Start sampling, Continue sampling,
Triggered sweeps, Write to disk at sweep end, Pause at sweep end, Abort
sampling and Restart sampling commands, (see the Sampling data chapter for full
details of the control panel commands). In summary, the commands are:

This command starts sampling. It is the same as the sampling control panel Start button.

When sampling has started, the Start sampling command changes to Stop sampling.
This is equivalent to the sampling control panel Finish button. There is no warning
before this command takes effect.

This command enables sampling of the next sweep when sampling is paused after
collecting a sweep. It is equivalent to the sampling control panel Continue button.

This command toggles the state of the Sweep trigger checkbox in the sampling control
panel. The menu item displays a checkbox when this option is selected.

This command toggles the state of the Write to disk at sweep end checkbox in the
sampling control panel. The menu item displays a checkbox when this option is selected.

This command toggles the state of the Pause at sweep end checkbox in the sampling
control panel. The menu item displays a checkbox when this option is selected.

This command aborts sampling and discards any sampled data. It is equivalent to the
Abort button in the sampling control panel.

This command discards all data, returns sampling to the state it was in before sampling
started and restarts sampling. It is the same as the sampling control panel Restart button.

This command, and its toolbar equivalent, hides and shows the pulse
definition dialog that is available during sampling if pulse output isin
use. This dialog can be used to change the output pulses while data
acquisition is in progress, changes made will be saved in the current
sampling configuration. The menu item is checked when the control
panel isvisible.

v Toolbar

v Status bar
Edit bar
Debug bar
Script bar
Sample bar

v Sampling controls
Pulze controls
v States bar

The sampling control panel, pulse controls and states control bar can =—=—/—= |
all be shown and hidden by using the popup menu generated by clicking the right mouse
button on an unused part of the Signal window (the blank parts of the toolbar area are
suitable and always visible) during sampling.

This command is only available on the toolbar. It is equivalent to selecting New in the
File menu then choosing Data Document. That is to say: it prepares Signal to start
sampling with the current sampling configuration.

This command hides or shows the sequencer control panel that is available during
sampling if the output sequencer isin use.

15-2



Script menu

Compile Script

E/

Run Script

Evaluate

Turn Recording On/Off

The Script menu gives you access to the scripting system. From it you can compile a
script, run aloaded script, evaluate a script command for immediate execution and record
your actions as a script. You can find details of the script language and a description of
the script window in the separate manual The Signal script language and in the on-line
help. The script menu commands are:

This command is enabled when the current view holds a script. It is equivalent to the
Compile button in the script window. Signal checks the syntax of the script, and if it is
correct, it generates a compiled version of the script, ready to run.

This command pops-up a list of all the scripts that B2
have been loaded so that you can select a script to | Campils Script

run. Signal compiles the selected script and if there  ERAKIEEL MR fosdendun.
are no errors, runs the script. If you run a script |t Recording On Bindump

calib

twice in succession, Signal only compilesit for the | Debugbar 5
eakAverage

first run, saving the compilation time. If a script | seiptgar
stops with a run time error, the script window is | SeriptList..
brought to the front and the offending line is
highlighted.

You can aso select the Load and run... option from which you can select a script to
run. The script is hidden and run immediately (unless a syntax error isfound in it).

This command and the Ctrl+L keyboard shortcut open the Evaluate dialog where you
can type aline of script commands for immediate execution. The window remembers the
last ten lines of script entered, which are shown in the drop-down list. You can cycle
round the saved lines using the << and >> huttons. The Execute button executes the line
entered, Eval(...) adjusts the line internally to include an Eval () on the last statement so
that you can see the result. You can execute any script that can be typed in one line,
which can include variable declarations.

Evaluate a line of text: =]

|CharMsasus(1, 1, -0.0076, 0.02926) =]

00015386211 ilil Eancell Eval[...]l E:-tec:ulel

You can record your actions into a script that will produce equivalent actions. Use this
command to turn recording on and off. When you turn recording on, Signal begins to
save script commands corresponding to your actions. While script recording is in
progress, the rightmost indicator in the Signal status bar will display the text REC as a
reminder. When you turn recording off, a new script window opens that holds the saved
script commands. If you then compile and run this script, the actions that you performed
while recording was on will be repeated.

You can use this mechanism to record a sequence of actions that you wish to rerun at
some later date, to find out what script commands correspond to a given menu command
or user action or to record a sequence of actions that can be copied into another script or
edited to produce a complete scripted ‘application’.
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Debug bar

Script Bar

Script List

Y ou can show and hide the debug bar from this menu when the current view is a script.
You can aso show and hide the debug bar by clicking the right mouse button on any
Signal toolbar or on the Signal background.

You can show and hide the Script Bar and manage the
Script Bar contents from the Script menu. You can also
show and hide the Script Bar by clicking the right mouse
button on any Signal toolbar or on the Signal background.
The Script Bar is a dockable toolbar with up to 20 user-defined buttons. Each button is
linked to a Signal script file. When you click a button, the associated script is loaded and
run. There is also a user-defined comment associated with each button which appears as
atool-tip when the mouse pointer lingers over a button.

calibJ TOOLMAKE|  Bindump |
|

L
[Run C:\signal\SCRIPT 5 calib. zos|

Script list This command opens the Script
Delete List dialog from where you can
control the contents of the Script

Bar.

calib
TOOLMAKE
Bindump

Nl S CRIET S 4T 00l MAKE sos
-aignal\S CRIPT S Bindurp.

Clear Al

The Add buttons opens a file
dialog in which you can choose
one or more Signal script files

Cancel

i g

Label IT OOLMAKE LComment IWrite a toolbar driven script skeleton

(*.SGS) to add to the bar. If the
first line of a script starts with a
single quote followed by a dollar
sign, the rest of the line is

C:\signal\SCRIPTSATOOLMAKE sas interpreted as a labe and a

comment, otherwise the first 8
characters of the file name form
the label and the comment is blank. The label is separated from the comment by a
vertical bar. The label can be up to 8 characters long and the comment up to 80
characters. A typica first line might be:

"$ToolMake|Write a toolbar driven script skeleton

You can select an item in the list and edit the label and comment. This does not change
the contents of the script file. You can re-order buttons in the bar by dragging items in
the list. The Delete button removes the selected item. Clear All removes al items from
thelist.

Thelist of filesin the Script Bar is saved in the registry when Signal closes and is loaded
when Signal opens. Each different logon to Windows has a different configuration in the
registry, so if your system has three different users each has their own Script Bar settings.
Alternatively, you can have different experimental configurations by logging on as a
different user name.
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Window menu

Duplicate window

Hide

Show

Tile Horizontally

Tile Vertically

The Window menu has seven permanently available commands in two sections. The first
section holds three commands, one to duplicate a data document window and two to hide
and show windows.

The second section holds five commands, four to arrange windows and the final one to
close al windows.

The remaining space in the menu holds alist of al the windows that belong to the Signal
application. If you select one of the windows in the list, the window is brought to the
front and made the current window. The list shows the current window checked. The last
item in the list activates a dialog, which lists the windows together with their view
handles (used by scripts to access them) and the window state (maximised etc).

This command creates a duplicate window with all the attributes (list of displayed
channels, display modes, colours, cursors and size) of the original window. Once you
have created the new window, it is independent of the original. Duplicating a window
allows you to have different views of the same data with different scales and different
channelsvisible.

You can close all windows associated with a data document using the File menu Close
All command (see the File menu chapter). Thiswill remember the position and state of all
windows associated with the document.

This command makes a window invisible. This is often used with script windows and
sometimes is used to hide data windows during sampling when only the memory views
with analysis results are required.

This command lists all hidden windows. Select a hidden window to make it visible.

You can arrange all the visible Signal windows so that they are arranged in a horizontally
tiled pattern by using this command. Horizontal tiling arranges the windows so that they
tend to be short and wide, the exact arrangement depends upon the number of windows.

You can arrange all the visible Signal windows so that they are arranged in a vertically
tiled pattern by using this command. Vertical tiling arranges the windows so that they
tend to be tall and thin, again the exact arrangement depends upon the number of
windows.
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Cascade

Arrange Icons

Close All

Windows

All windows are set to a standard size and are overlaid with their title bars visible.

Y ou can use this command to tidy up the windows that you have iconised in Signal.

This command closes all windows in the Signal application. You are asked if you want to
save the contents of any text windows that have changed. The positions of data document
windows are all saved.

This dialog lists al the document-related windows that are open and lets you apply
common window operations to one or more of the windows. Y ou can sort the list based
on the window title, type, view number (as seen by the script language) and window state
by clicking the title bar at the top of the list.

Restare

LCloze windows

Windows
Window tite 5 | Tuype | Wigw ﬂl State | Activate |
Average] [example] - frame 1 temarny 14 Marmal
example. otz - frame 1 0 Harmial I aimize: |
LogText Log a lconized
MAME 084, cfs - frame 1 File 12 MHarmal
Seql.pls Sequence 9 Mormal lconize |
TEST.cfz - frame 1 File 13 Marmal
TrendPlat] [&verage [example) Y 15 Hidden
TRIALDAA, ofs - frame 1 File 11 Mormal

Cancel
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Help menu

Using help

About Signal

1401 device driver

1401 Monitor revision

Signal supports context sensitive help and also duplicates the contents of this manual in
the help file. You can activate context sensitive help with the F1 key, or by pressing the
Help button, from most dialogs to get a description of the dialog and its fields. You can
use the Help menu Index command to get a dialog holding the help contents, an index to
help keywords and a word search system to find topics that are not covered by the
contents and index.

From a script view or the script evaluate dialog you can obtain help by placing the cursor
on any keyword in the script and pressing F1. To get help on a script function, type the
function name followed by a left hand bracket, for example Fi leOpen(, then make sure
that the cursor lies to the left of the bracket and in the function name and press F1.
Pressing the help button (the button with a question-mark) at the top right of the script
window provides overall script language help.

The help is implemented using the standard Windows help system, with contents,
indexes, hypertext links, keyword searches, help history, bookmarks and annotations. If
you are unsure about using Windows help, use the Help menu Using help command to
get detailed instructions.

This commend is found in the Help

menu. It opens an information dialog
that contains the serial number of your
licensed copy of Signal, plus your name
and organisation. Please quote the serial
number if you call us for software
assistance.

If there is a 1401 device driver installed,
the driver revision is displayed. If the
driver is older than Signal expects, you
will be warned. Signal displays the type
of 1401 and the monitor version if a Licensed to: Simon Parker

1401 is connected and powered up. Carnbridae Electronic Design Lid
Serial Number 040123

14071 driver:  PCl 2,00, Micro? 407 mk 1| Monitor 10

Signal vergion 4.00 [Oct 3 2007 17.52:36)
Copyright & Cambridge Electronic Design Lkd. 1357-2007

If the monitor is not the most recent at
the time this version of Signal was ‘working set 400 to 4000 kB
released, an asterisk follows the version.
If it is so old that it compromises data
sampling, two asterisks follow the
version.

S Help

The Power1401 and Micro1401 mk 1, and more recent devices, have firmware in flash
memory. Flash updates and instructions for applying them are available as downloads
from the CED web site; you can update the flash firmware without opening the 1401
case.

New monitor ROMs are available from CED for the 1401plus and the micro1401. You
will need to open the 1401 case to replace them; we ship detailed instructions with the
ROM.
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Working set size

Free system resources

Tip of the Day

View Web site

Other sources of help

If you are running Windows NT, NT 2000 or Windows XP, there is information about
the Working Set Size at the bottom of the About box. The two numbers describe the
minimum and maximum physical memory that the operating system allows Signal to use.
If you use Windows NT and suffer from error -544 when you sample data, these numbers
are important.

If you are running Windows 95, 98 or Me, the working set information is replaced by the
Free 16-bit system resources for the GDI (graphic objects) and User (all other
objects). The figures given are the percentage of free resources compared to the state
when the system started up. If either of these figures gets less than 10% you will find that
system performance is severely impacted, windows may not open and images may be
missing from buttons. If free resources reach 0%, Windows tries to warn you;
unfortunately, as resources have reached 0 the message box may not be legible.

The usual cause of running out of resources is to open many windows at the same time,
usualy from a script. On my Windows 98 system with 256 MB of memory | can
generate about 90 result windows before | run out of resources, as long as Signal is the
only open application. If system resources is a problem, consider changing to Windows
NT 2000 or XP where thisis not an issue.

This command provides a dialog with a small piece of information in a“Did you know?’
form. Further details can then be requested. This dialog can aso be set to appear when
Signal isfirst run.

If you have an Internet browser installed in your system, this command will launch it and
attempt to connect to the CED web site (www.ced.co-uk). The site contains down-
loadabl e scripts, updates to Signal and information about CED products.

If you are having trouble using Signal, please do the following before contacting the
CED Software Help Desk:

1. Read about the topic in the manual. Use the Index to search for keywords related to
the topic.

2. Try the help system for more information. Use the Search facility to find related
topics.

3. If none of the above helps, FAX, email or call the CED Software Help Desk
(numbers and addresses are to be found at the front of this manual, and in the
Contacting CED help page to be found near the start of the help contents). Please
include a description of the problem, the Signal serial number and program version
number and a description of the circumstances leading to the problem. It would also
help us to know the type of computer you use, how much memory it has and which
version of Windows you are running.
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Digital filtering

FIR and IIR filters

IIR filters

FIR filters

So which to choose?

Filtering is used to remove unwanted frequency components from waveforms and can
also be used to differentiate a signal. In Signal we provide you with two basic types of
filter: Finite Impulse Response (FIR) and Infinite Impulse Response (I1R). Both types of
filter have their advantages and disadvantages.

These are similar to analogue filters, and we design 0
them by mapping standard Butterworth, Bessel, »
Chebyshev filters and resonators into their digital
forms. IR filters have these advantages:

e They can generate much steeper edges and 0
narrower notches than FIR filters for the same . |

10

. 01
computational effort. Fisaueney He

e |IR filters are causal; they do not use future data to calculate the output, so there is
no pre-ringing due to transients.

They also have disadvantages:

e |IR filters are prone to stability problems particularly as the filter order increases or
when afilter feature becomes very narrow compared to the sample rate.

o IR filters impose a group delay on the data that varies with frequency. This means
that they do not preserve the shape of a waveform, in particular, the positions of
peaks and troughs will change.

The output of an IR filter may take a long time to settle down from the discontinuity at
the start (transition from no data to the supplied data).

We describe FIR filters in terms of frequency
bands. pass bands, stop bands and transition gaps.
Y ou define afilter by the arrangement of bands and
the corner frequencies of each band. FIR filters
have these advantages:

e They are unconditionally stable as they do not
feedback the filter output to the input.

e Thereis no phase delay through the filter, so peaks and troughs do not move when
dataisfiltered (thisis called linear phase in the literature).

Gain
de

Frequency Hz

They also have disadvantages:
e They are poor at generating very narrow notches or narrow band pass filters.

e The narrowest frequency band or band gap is limited by the number of coefficients
(we alow up to 511 coefficients).

e FIRfilters are not causal; they use future as well as past data to generate each output
point. A transient in the input causes effects in the output before the transient.

If your FIR filter has n coefficients, the first and last n/2 output points are estimates due
to the discontinuity at the start and end of the data.

If you want a differentiating filter, you have no choice as we have not implemented
differentiators for IIR filters. Unless one of the disadvantages of the FIR filter is a
problem, you will likely have fewer unexpected effects with an FIR filter.

However, there are circumstances in which only an IR filter will do. If you need a high
Q notch filter or resonator, then use an IR filter. If you are interested in small changes
just before a large discontinuity, only the IIR filter will help you. However, make sure
that you understand the disadvantages of IR filters before you depend on their output.
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Digital filter dialog

Show axes

Same scale

Channel

Filter

Comment

Close

The Analysis menu Digital filters command is available when you have a data or
memory view open. You can choose to apply Finite Impulse Response (FIR) filters or
Infinite Impulse Response (IIR) filters. Apart from the dialog title, the initial dialog
display is the same for IIR and FIR filters. You can apply one of twelve stored digital
filters to awaveform channel, or you can create your own digital filter. You can also load
and save additional sets of filters from the dial og.

FIR Digital filtering

Charnel |1 Sinewave [100.000Hz] =] Eiter [Band pass 1310 23 Hz i Apply

Comment IEomment for band pass filter Close

Help

4

Load...

P L b

4
=
Fittered

Save...

E__g v Shaw axes

[~ Same scale

i

10 20 3 40 RO BD 70 80 40 100 110 Show details

The dialog shows the original waveform in grey, and a filtered version in the colour you
have set for waveform data. Whenever you change the filter, the display updates to show
the effect of the change.

Y ou can choose to Show axes for the original data and for the filtered version. The axis
for the original data is always on the left. If a separate axis is required for the filtered
data, it isdrawn in thefiltered data colour on the right.

Initialy, the filtered data is drawn at the same scale as the original data. However,
sometimes this is inconvenient, for example when high-pass filtering a signal with a
significant DC offset or when the result of filtering is very small compared to the
original. If you clear the Same scale checkbox, the filtered data is scaled to fit in the
window independently of the scaling of the original waveform.

The Channel field allows you to select awaveform channel to filter.

The Filter field of the dialog box selects the filter to apply. There are normally 12 filters
to choose from. When you first open the dialog, this field is grey, indicating that you
cannot edit the filter name. If you display the filter details you can modify the filter name.

The Comment field is for any purpose you wish; there is one comment per filter. When
you first open the dialog, this field is grey, indicating that you cannot edit the comment.
Click the Show details button to edit the comment.

The Filter field of the dialog box selects the filter to apply and the Channel field sets the
waveform channel to filter.

The Close button shuts the dialog and will ask if you want to save any changed filter and
the Help button opens the on-line Help at the digital filtering topic.

Click the Close button to shut the filtering dialog. If you have made a change to any of
the filters, or loaded a new filter set, you are asked if you want to save the current set of
filters as your standard filter set.
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Load and Save

Show details

Apply

FIR filter details

lIR filter details

Filter bank

You can choose to save the current set of filters to a .cfb file, or to load a new set of
filters from a . cfb file. If you are working with FIR filters, this only saves or loads FIR
filters. If you are working with 1R filters, this only saves or loads IR filters. Loading a
new filter set does not change your standard filter set, however, you will be asked if you
want to change your standard set when you close the dialog.

The Show details button increases the dialog size to display a new area in which you
can design and edit filters. Click this button again to hide the new dialog area. When you
display the filter details, the Filter and Comment fields become editable. If you change a
filter or create a new filter or load a new set of filters from afile, you will be prompted to
save the filter bank when you close the digital filter dialog. The details are different for
FIR and IR filters.

The Apply button opens a new dialog in which you set [REERI el
which channels and frames to filter with the Channels  appiy Example low pass fiter to:

and Frame list fields. The Frame subset field can be  Chames [ 1ADCO[5KHZ -
used to further specify which frames are to be filtered.  Fiamelst  [Taggedfiames =]
The Selected frame state field only appears if yoU Frame subset [Frome stale=smn 7]
select Frame state = xxx in either the Frame listor the ¢ i rame state R
Frame subset field. The channels should all have the
same sampling rate as the one you were previewing in x| Cancel |
the main dialog. Channels of a differing sampling rate
will beignored — this situation should only occur with dataimported into Signal.

As applying a filter can be a lengthy process, a progress dialog appears with a Cancel
button during the filtering operation.

If the filter is of length n, then n/2 points around each input data point are used to
produce each output point. When there is no input data available before or after a point,
the filter uses a duplicate of the nearest input point as an estimate of the data value. This
means that the n/2 output points next to either end of the input data should not be used for
any critical purpose.

IIR filters are applied to al the data in the selected area. IR filters feed back the results
of previous filter steps into the current step. This means that the result of the filter on a
data point depend on all the data points up to and including that point. For a stable filter,
the effect of adistant point is much less than that of an adjacent one. After a discontinuity
(the start of a frame), it will take some time for the filter to settle down. Generally, the
sharper the filter, the longer it takes for the result to settle. If afilter is unstable or close to
unstable, the result may never settle.

A digital filter definition is complex and it would be tedious to specify all the properties
of a filter each time you wanted to apply one to data. To avoid this, Signa contains a
filter bank of 12 FIR and 12 IIR filter definitions. This filter bank is saved to the file
Filtbank.cfb when you close Signal and reloaded when you open it. When you use
the digita filter dialog, you specify which filter you want by the filter name.

Script users identify the filter by its type (FIR or [IR) and an index number in the range O
to 11. Script users also have access to two additional temporary filters with index number
-1 (one for FIR and the other for IR filters) that they can set and use for channel filtering
operations without changing the standard filter set.
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FIR filter details

Set

-3dB point

Gain in dB

Log frequency

Continuous update

Free parameters

Length, Auto and traffic lights

@9 [V Gain in dB [~ Log frequency
M futo |V Continuous update during drag

Lenath  |¥ Free parameters (move next barnd)

Twpe IBand pasz j
Edge | Frequency | -3dB point
Low fam = | 1074

High |23. oo 3: 2527

Frequency Hz

I?ﬁ Transition gap IE_SD 3: St

The graph in the details area displays the ideal and actual frequency response of the filter.
The ideal response appears as blue solid lines for each pass band linked by dotted lines
that mark transition gaps between the bands. All transition gaps have the same width. The
calculated freguency response is drawn as solid black lines and is greyed when the filter
specification has changed and the response has not yet been calculated.

The mouse pointer changes to indicate the feature it is over: +HI* for a pass band or stop
band, HH for atransition gap and +2+ for aband corner. The small circles can be dragged
sideways to change the slope of the band edges or you can edit the band edges as
numbers in the Frequency panel on the right. You can also drag the bands and the
transition gaps sideways.

If you edit the numbers in the Frequency panel, the Set button is enabled so you can
force arecalculation of thefilter.

The filters produced by the program are not defined in terms of -3dB corner frequencies
and n dB per octave, as is often the case for traditional analogue filters. The -3dB point
column is present to help users who are more comfortable describing filter band edgesin
terms of the 3 dB point.

The Gain in dB check box sets the y axis scale to dB if checked, linear if not checked.
Using dB is usually the more convenient, except when working on a differentiator.

You can choose to display the frequency axis as the logarithm of the frequency, which
gives you more resolution at low frequencies. However, this can make working with FIR
filters more awkward as it removes the visual symmetry of the transition bands. In log
mode, the frequency axis extends down to 0.001 of the data sample rate.

If you check the Continuous update box, the filter is updated while you drag the filter
features around. If you have a slow computer and this feels ponderous you can clear the
check box, in which case thefilter is not recalculated until you stop changing features.

If you check the Free parameters box, dragged features are not limited by the next band
and will push bands along horizontally. If you clear the box, the horizontal motion of a
dragged feature is limited by the next moveable object.

To the right of the frequency response display is a dider that controls the number of filter
coefficients. In general, the more coefficients, the better the filter. However, the more
coefficients, the longer it takes to compute them and the longer to filter the data. If you
check the Auto box, the program will adjust the number of coefficients for you to
produce a useful filter. The “traffic light” display above the dider shows green if the filter
isgood, amber if the result is usable but not ideal, and red if the result is hopeless.
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FIR Filter types

All pass

All stop

Low pass

High pass

Band pass

Band stop

One and a half low pass

An FIR filter of length n uses the n/2 points before and after each input point to produce
each output point. When there is no input data available before or after an input point, the
filter uses a duplicate of the nearest point as an estimate of the data value. The n/2 output
points next to any break in the input data should not be used for any critical purpose.

The Type field sets the arrangement of filter bands. If you need afilter that is not in this
list you can generate it from the script language with the FIRMake() command. There
are currently 12 different filter types:

This has no effect on your signal. This filter type covers the case where you apply alow
pass filter designed for a higher sampling rate to a waveform with a much lower sampling
rate, so that the pass band extends beyond half the sampling frequency of the new file.

This removes any signal; the output is always zero. This filter type is provided to cover
the case where you apply a high pass filter designed for a higher sampling rate to a
waveform with a much lower sampling rate, so that the stop band extends beyond half the
sampling frequency of the new file.

This filter attempts to remove the high frequencies
from the input signal. The Frequency field holds

one editable number, Low pass, the frequency of . .
the upper edge of the pass band. The stop band
starts at this frequency plus the value set by the
Transition gap field.

Frequency

A high pass filter removes low frequencies from the o
input signa. The Frequency field holds one 20
editable number, High pass, the frequency of the -, -
lower edge of the pass band. The stop band starts at 0 ;
this frequency less the value set by the Transition o] ﬂﬂ :
gap field.

T T T 1
/40 45 &
Hz

A band pass filter passes a range of frequencies and
removes frequencies above and below this range.
The Frequency field has two editable numbers,
Low and High, which correspond to the two edges
of the pass band. The stop band below runs up to
Low-Transition gap, and the stop band above from
High+Transition gap to one half the sampling rate.

1
Frequency Hz

A band stop filter removes a range of frequencies.

The Frequency field has two editable numbers,
High (the upper edge of the first pass band) and ¢, -
Low (the lower edge of the upper pass band). The

stop band below runs from High+Transition gap

up to Low-Transition gap.

o & 10 15 0 25 a0
equency

T T T 1
3B 40 45 &
Fi Hz

This filter has two pass bands, the first running
from zero Hz and the second in the frequency space
between the upper edge of the first pass band and «, -
one half the sampling rate. The Frequency field

has three editable numbers: Band 1 high, Band 2

low and Band 2 high. These numbers correspond

to the edges of the pass bands.

1} 1
Frequency Hz
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One and a half high pass

Two band pass

Two band stop

Low pass differentiator

Differentiator

IIR filter details

This filter has two pass bands. The second runs up
to one half the sampling rate. The first band lies in
the frequency space between 0 Hz and the lower
edge of the second band. The Frequency field has
three editable numbers: Band 1 low, Band 1 high
and Band 2 low. These numbers correspond to the
edges of the pass bands.

This filter passes two frequency ranges and rejects
the remainder. Both 0 Hz and one half the sampling
frequency are rejected. The Frequency field has 4
numeric fields: Band 1 low, Band 1 high, Band 2
low and Band 2 high. These fields correspond to
the four edges of the two bands.

This filter passes three frequency ranges and rejects
the remainder. Both 0 Hz and one half the sampling
rate are passed. The Frequency field has 4 numeric
fields: Band 1 high, Band 2 low, Band 2 high
and Band 3 low. These fields correspond to the
four edges of the three bands.

This filter is a combination of a differentiator (that
is the output is proportional to the rate of change of
the input) and a low pass filter. The y axis scale is
linear, rather than in dB (although you can display it
in dB if you wish). There is one editable number in
the Frequency field, Low pass, the end of the
differentia section of thefilter.

The output of the filter is proportional to the rate of
change of the input. They axis scaleislinear, rather
than in dB (although you can display it in dB if you
wish). The Frequency field is empty as there is
only one band and it extends from O Hz to half the
sampling rate.

Gain
dB

10
Frequency Hz

Gain
dB

b ET s
Frequency He

Gain
dB

i
)
i

LI A S T
Frequency He

Gain

D-\

w3

510 15 20 25 9 35 40 45
Frequency Hz

Gain

=3
&
i

o & 10 18 21 2% 40 3 40
Frequency He

We describe IR filters in terms of a filter type (low pass, high pass, band pass or band
stop), the analogue filter model that they are based on (Butterworth, for example), the
corner frequencies and the filter order (which determines the steepness of the cut-off
outside the desired pass bands). Filters based on Chebyshev designs also require a ripple

specification and resonators require a Q factor.

Frequency Hz

i 5 0 15 20 25 30 3\ 40 45 B

@@F [ Gaininde [~ Log frequency
¥ | Cartinuous update during drag

¥ Fiee parameters [move nest band)

Filter Type IBand pass j Order |1D ::II
todel IEutterworth VI
Low edge |'| 3 = High |23 =
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Gain in dB

Log frequency

Continuous update

Free parameters

Traffic lights and messages

Filter Order

Filter type

The graph in the details area displays the corner frequencies and the frequency response
of the filter. You can adjust the filter by clicking and dragging in this area or by editing
the filter parameters as text. The mouse pointer changes to indicate the feature it is over:
HH for a corner frequency and § for an adjustable parameter (ripple or Q factor).

The Gain in dB check box sets the y axis scale to dB if checked, linear if not checked.
Using dB is usually the more convenient.

You can choose to display the frequency axis as the logarithm of the frequency, which
gives you more resolution at low frequencies. The display extends to 0.0001 of the
sample rate. If you need a corner frequency below this you should consider sampling the
signal more slowly in the first place. Alternatively, low pass filter the signal and then use
achannel process to down sample it before filtering.

Thisisaways checked for IIR filters, and is greyed out.

If you check the Free parameters box, corner frequencies are not limited by the next
corner, and will push them along. If you clear the box, corner frequencies cannot be
moved past each other.

The traffic lights show green if the filter appears to be OK, amber if the filter may be
unstable and red if the filter calculation failed, the filter is unstable or if one of the input
parameters is illegal. There will usually be an explanatory message in the lower right
hand corner of the dialog explaining the problem. In the amber state, the filter may still
be usable; you can look at the frequency response and the filtered data to see if the result
is acceptable.

In an analogue filter, the filter order determines the sharpness of the filter, for example
Butterworth and Bessdl filters tend towards 6n dB per octave, where n is the filter order.
In a digital filter, the order determines the number of filter coefficients. The higher the
order, the sharper the filter cut-off and also, the more likely thefilter isto be unstable due
to problems in numerical precision. You can set filter orders of 1 to 10. You should
aways use the lowest order that meets your filtering criteria. Phase non-linearity gets
worse as the filter order increases.

There are four filter types. Low pass, High pass, Band pass and Band stop.
However, if you set the filter model to Resonator, there are only two types, being Band
pass (this creates a resonator filter) and Band stop (this creates a notch filter). For all
filter models except Chebyshev type 2 and Resonator, the frequencies given are the
points at which the filter achieves a cut of 3 dB. For Chebyshev type 2 filters, the
frequencies are the point at which the filter cut reaches the value set by the Ripple
parameter. For Resonators, the frequency is the centre frequency of the resonator.

Lowpass Use this to remove high frequencies and pass low frequencies. This has a
single corner frequency.

Highpass Use thisto remove low frequencies and pass high frequencies. This has a
single corner frequency.

Band pass This passes arange of frequencies between the Low edge and the high edge.
If the filter model is Resonator, then this has a single Centre frequency.

Bandstop  This removes a range of frequencies between the Low edge and the high
edge. If the filter model is Resonator, then this has a single Centre
frequency.
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Filter Model

Butterworth

Bessel

Chebyshev type 1

Chebyshev type 2

Resonator

The lIR filters we provide are digital implementation of standard analogue filter models.
The following descriptions use fifth order 1 to 10 Hz band pass filters on 100 Hz data as
examples (except for the Resonator filters). The five filter models are:

This has a maximally flat pass band, but pays for it
by not having the steepest possible transition
between the pass band and the stop band. Thisis a
good choice for a genera-purpose IIR filter, but
beware that the group delay can get quite bad near
the corners, especially for high-order filters.

An analogue Bessdl filter has the property that the
group delay is maximally flat, which means that it
tends to preserve the shape of a signal passed
through it. Thisleads to filters with a gentle cut-off.
When digitised, the constant group delay property
is compromised; the higher the filter order, the
worse the group delay.

Filters of this type are based on Chebyshev
polynomials and have the fastest transition between
the pass band and the stop band for agivenripplein
the pass band and no ripples in the stop band. You
can adjust the ripple by dragging the small circles
vertically or with the Ripple field to the right of the
displayed frequency response.

Filters of this type are defined by the start of the
stop band and the stop band ripple (the minimum
cut in the stop band). They have the fastest
transition between the pass and stop bands given
the stop band ripple and no ripple in the pass band.
Drag the small circlesto adjust the ripple, or use the
Ripple field to theright of the frequency response.

Frequency Hz

o1 10
Frequency Hz

Resonators are defined by a centre frequency and a Q factor. The Q is the width of the
resonator at the -3 dB point divided by the centre frequency. Y ou can have a band stop or
a band pass resonator. The Q is adjusted by dragging the small circle or with the Q field

to the right of the displayed frequency response.

Band stop resonators are also called Notch filters.
The higher the Q, the narrower the notch. Notch
filters are often used to remove mains hum, but if
you do this you will likely need to set notches at the
first few odd harmonics of the mains frequency.
The example has a very low Q (1.24) to make the
filter response visible.

A band pass resonator is the inverse of a notch.
Band pass resonators are sometimes used as
alternatives to a narrow bandpass filter. The
example has a Q of 100. The higher the Q set for a
resonator, the longer it will take for the output to
stabilise at the start of the filter output.

203
S m 404
5 a -40

503

803

204
o 403
g

603
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FIR filters technical
information

FIR filtering

Frequencies

The FIRMake(), FIRQuick() and FiltCalc() script commands and the Analysis
menu Digital filters... dialog generate FIR (Finite Impulse Response) filter coefficients
suitable for a variety of filtering applications. The generated filters are optimal in the
sense that they have the minimum ripple in each defined band. These filter coefficients
are used to modify a sampled waveform, usually to remove unwanted frequency
components. The algorithmic heart of the filter coefficient generation is based on the
well-known FORTRAN program written by Jim McClellan of Rice University in 1973
that implements the Remez exchange algorithm to optimise the filter.

The theory of FIR filters is beyond the scope of this document. Readers who are
interested in learning more about the subject should consult a suitable text book, for
example Theory and Application of Digital Signal Processing by Rabiner and Gold
published by Prentice-Hall, ISBN 0-13-914101.

g g °

. ° ° °
e L L ° L ®  Waveform
o |

|

|

o
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P ) L OUtpUt

This diagram shows the general principle of the FIR filter. The hollow circles represent
the filter coefficients, and the solid circles are the input and output waveforms. Each
output point is generated by multiplying the waveform by the coefficients and summing
the result. The coefficients are then moved one step to the right and the process repeats.

From this description, you can see that the filter coefficients (from right to left) are the
impulse response of the filter. The impulse response is the output of a filter when the
input signal is al zero except for one sample of unit amplitude. In the example above
with 7 coefficients, there is no time shift caused by the filter. With an even number of
coefficients, there is atime shift in the output of half a sample period.

The Analysis menu Digital filters... command deals with frequencies in Hz as this is
comfortable for us to work with. However, if you calculate a FIR filter for one sampling
rate, and apply the same coefficients to a waveform sampled at another rate, all the
frequency properties of the filter are scaled by the relative sampling rates. That is, the
frequency properties of an FIR filter are invariant when expressed as fractions of the
sampling rate, not when expressed in Hz.

It is usually more convenient when dealing with real signals to describe filters in terms of
Hz, but this means that each time afilter is applied to a waveform the sampling rate must
be checked. If the rate is different from the rate for which the filter was last used, the
coefficients must be recalculated. Unless you use the FIRMake() script command,
Signal takes care of al the frequency scaling and recalculation for you. The remainder of
this description is to help users of the FIRMake() script command, but the genera
principles apply to all the digital filtering commandsin Signal.

Users of the FIRMake () script command must specify frequencies in terms of fractions
of the sample rate from 0 to 0.5. For example, if you were sampling at 10 kHz and you
wanted to refer to afrequency of 500 Hz, you would call this 500/10000 or 0.05.
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Example filter

Coefficients and frequency
response for low pass filters

The heavy lines in the next diagrams show the results obtained by FIRMake () when it
designed a low pass filter with 80 coefficients with the specification that the frequency
band from O to 0.08 should have no attenuation, and that the band from 0.16 to 0.5 should
be removed. We can specify the relative weight to give to the ripple in each band. In this
case, we said that it was 10 times more important that the stop band (0.16 to 0.5) should
pass no signal than the pass band should be completely flat.

We have shown the coefficients as a waveform for interest as well as the frequency
response of the filter. The shape shown below istypical for aband pass filter. One way of
understanding the action of the FIR filter is to think of the output as the correlation of the
waveform and the filter coefficients.

0.25 0
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Gap=0.04 ——

404

0.15
-60

0.10
-80-

0.05 -100-

Ll

T
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0.00

The frequency response is

shown in dB, which is a logarithmic scale. A ratio r is represented by 20 logo(r) dB. A
change of 20 dB is a factor of 10 in amplitude, 6 dB is approximately a factor of 2 in
amplitude. The graph shows that a frequency in the stop band is attenuated by over 110
dB (afactor of 300,000 in amplitude with respect to the signal before it was filtered).

Because we didn't specify what happened between a frequency of 0.08 and 0.16 of the
sampling rate, the optimisation pays no attention to this region. You might ask what
happens if we make this transition gap smaller. The lighter line in the graph shows the
result of halving the width of the gap by making the stop band run from 0.12 to 0.5. The
filter is now much sharper. However, you dont get something for nothing. The
attenuation in the stop band is reduced from 110 dB to around 70 dB. Although you
cannot see it from the graph, the ripple in the pass band also increases by the same
proportion (from 1 part in 30,000 to 1 part in 300).

We can restore the attenuation in the stop band by increasing the number of coefficients
to around 120. However, there are limits to the number of coefficients it is worth having
(apart from increasing the time it takes to calculate the filter and filter the data). Although
the process used to calculate coefficients uses double precision floating point numbers,
there are rounding errors and the larger the number of coefficients, the larger the
numerical noise in the result.

Because the waveform channels are stored in 16-bit integers, there is no point designing
filters that attenuate any more than 96 dB as this is a factor of 32768 (215). Attenuations
greater than this would reduce any input to less than 1 bit. If you are targeting data stored
in real numbers this restriction may not apply.
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FIRMake() filter types

Multiband filters

It is important that you leave gaps between your bands. The smaller the gap, the larger
the ripple in the bands.
This is illustrated by these two

12 graphs. They show the linear
1 \ frequency response of two low pass
0.8 filters, both designed with 18
0.6 \ coefficients (we have used so few
04 \ coefficients so the ripple is obvious).
' \ Both have a pass band of 0 to 0.2, but
0.2 \ the first has a gap between the pass
0 band and the stop band of 0.1 and the
0.2 second has a gap of 0.05. We have
0 0.1 0.2 0.3 0.4 0.5 also given equal weighting to both
the pass and the stop bands, so you
1.2 can see that the ripple around the
1N \//'\ desired value is the same for each
08 \ band.
06 \ As you can see, halving the gap has
04 \ made a considerable increase in the
0.2 \ ripple in both the pass band and the
0 \//-\\ //'\ stop band. In the first case, the ripple
02 is 1.76%, in the second it is 8.7%.
0 0.1 0.2 0.3 0.4 0.5 Halvmg the transition region width

increased the ripple by afactor of 5.

In case you were worrying about the negative amplitudes in the graphs, a negative
amplitude means that a sine-wave input at that frequency would be inverted by the filter.
The graphs with dB axes consider only the magnitude of the signals, not the sign.

FIRMake() can generate coefficients for four types of filter: Multiband, Differentiators,
Hilbert transformer and a variation on multiband with 3 dB per octave frequency cut. The
other routines can generate only Multiband filters and Differentiators.

The filter required is defined in terms of frequency bands and the desired frequency
response in each band (usually 1.0 or 0.0). Bands with a response of 1.0 are called pass
bands, bands with a response of 0.0 are called stop bands. You can aso set bands with
intermediate responses, but this is unusual. The bands may not overlap, and there are
gaps between the defined bands where the frequency response is undefined. You give a
weighting to each band to specify how important it is that the band meets the
specification. As a rule of thumb, you should make the weight in stop bands about ten
times the weight in pass bands.

FIRMake() optimises the filter by making the ripple in each band times the weight for
the band the same. The ripple is the maximum error between the desired and actual filter
response in aband. The ripple is usually expressed in dB relative to the unfiltered signal.
Thus the ripple in a stop band is the minimum attenuation found in that band. The ripple
in a pass band is the variation of the frequency response from the desired response of
unity. In some situations, for example audio filters, quite large ripples in the pass band
are tolerable but the same ripple would be unacceptable in a stop band. For example, a
ripple of -40 dB in a pass band (1%) is inaudible, but the same ripple in a stop band
would alow easily audible signals to pass. By weighting bands you can increase the
attenuation in one band at the expense of another to suit your application.
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Differentiators

Hilbert transformers

Multiband with 3dB/octave

cut

Low pass filter
example

The output of a differentiator increases linearly with frequency and is zero at a frequency
of 0. The differentiator is defined in terms of a frequency band and a slope. The
frequency response at frequency f is f * dope. The dope is usualy set so that the
frequency response at the highest frequency is no more than 1.

The weight given to each frequency within a band is the weight for that band divided by
the frequency. This gives a more accurate frequency response at low frequencies where
the resultant amplitude will be the smallest.

Although you can define multiple bands for a differentiator, it is unusual to do so. Almost
al differentiators define a single band that starts at 0. Occasionally a differentiator
followed by a stop band is needed.

A Hilbert transformer is a very specialised form of filter that causes a phase shift of -r/2
in a band, often used to separate a signal from a carrier. The theory and use of this form
of filter is way beyond the scope of this document. Unless you know that you need this
filter type you can ignoreit.

Thisis avariation on the multiband filter that can be used to filter white noise to produce
band limited pink noise. The filter is identical to the band pass filter except that the
attenuation increases by 3 dB per octave in the band (each doubling of frequency reduces
the amplitude of the signal by a factor of the square root of 2). It is used in exactly the
same way as the multiband filter.

A waveformis sampled at 1 kHz and we are interested only in frequencies below 100 Hz.
Wewould like all frequencies above 150 Hz attenuated by at least 70 dB.

A low passfilter has two bands. The first band starts at 0 and ends at 100 Hz, the second
band starts at 150 Hz and ends at half the sampling rate. Trandated into fractions of the
sampling rate, the two bands are 0-0.1 and 0.15 to 0.5. The first band has a gain of 1, the
second band has a gain of 0. We will follow our own advice and give the stop band a
weight of 10 and the pass band aweight of 1. We will try 40 coefficients to start with, so
apossible script is:

var prm[5][2]; "Array for parameters
var coef[40]; "Array for the coefficients
" band start band end function weight

prm[0][0]:=0.00; prm[1][0]:=0.1; prm[2][0]:=1.0; prm[3][0]:= 1.0;
prm[0]1[1]:=0.15; prm[1][1]1:=0.5; prm[2][1]1:=0.0; prm[3]1[1]:=10.0;
FIRMake(1, prm[][], coef[]);

PrintLog(‘'Pass Band ripple=%.1fdB Stop band attenuation=%.1f\n",

prm[4]1[0], prm[4]1[11);
If you run this, the log view output is:
Pass Band ripple=-28.8dB Stop band attenuation=-48.8

The attenuation in the stop band is only 48 dB, which is not enough. The ripple in the
pass band is around 3% of the signa amplitude. We can increase the stop band
attenuation in three ways. by increasing the number of coefficients, by giving the stop
band more weight, or by making the gap larger between the bands.

We don't want to give the stop band more weight; this would increase the ripple in the
pass band. We could probably reduce the width of the pass band alittle as the attenuation
of the signal tends to start slowly, but we will leave that adjustment to the end. The best
way to improve the filter is to increase the number of coefficients. If weincrease the size
of coef[] to 80 coefficients and run again, the output now is:

Pass Band ripple=-58.7dB Stop band attenuation=-78.7
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A final finesse

This is much closer to the filter we wanted. Y ou might wonder if there is a formula that
can predict the number of coefficients based on the filter specification. There is no exact
relationship, but the following formula, worked out empirically by curve fitting, predicts
the number of coefficients required to generate a filter with equal weighting in each of
the bands and is usually accurate to within a couple of coefficients. The formula can be
applied when there are more than two bands, but becomes |ess accurate as the number of
bands increase.

" dB is the mean ripple/attenuation in dB of the bands

" deltaF is the width of the transition region between the bands
" return An estimate of the number of coefficients

Func NCoefMultiBand(dB, deltaF)

return (dB-23.9*deltaF-5.585)/(14.41*deltaF+0.0723);

end;

In our example we wanted at least 70 dB attenuation, and we weighted the stop band by a
factor of 10 (20 dB). This causes a 10 dB improvement in the stop band at the expense of
a 10 dB degradation of the pass band. Thus to achieve 70 dB in the stop band with the
weighting, we need 60 dB without it. If we set these values in the formula (dB = 60,
deltaF=0.05) , it predicts that 67.13 coefficients are needed. If we run our script with 67
coefficients, we get 70.9 dB attenuation, which is close enough!

If we look at the frequency response of our filter in the area between the pass band and
the stop band, we see that the curve is quite gentle to start with. If you are used to using
analogue filters, you will recall that the corner frequency for alow pass analogue filter is
usualy stated to be the frequency at which the filter response fell by 3 dB which is a
factor of /2 in amplitude (when the response fallsto 0.707 of the unfiltered amplitude).

If we use the analogue filter definition of )

corner frequency, we see that we have

produced a filter that passes from 0 to 0.8 ]

0.115 of the sampling rate, and we 3 \\

wanted from 0 to 0.1, so we can movethe 8 0.6

corner frequency back. Thiswill increase & 0.4 \

the attenuation in the stop band, and & \

reduce the filter ripple, as it widensthe T 0.2 N

gap between the pass band and the stop AN
band. If we move it back to 0.085, the 0

attenuation in the stop band increases to ocg 01 012 014 016
84 dB. Alternatively, we could move Fraction of sampling rate

both edges back, keeping the width of the
gap constant. This leaves the stop band attenuation more or less unchanged, but means
that the start of the stop band is moved lower in frequency.
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High pass filter

Effect of odd and even
coefficients

A high pass filter is the same idea as a low pass except that the first frequency band is a
stop band and the second band is a pass band. All the discussion for a low pass filter
applies, with the addition that there must be an odd number of coefficients. If you try
to use an even number your filter will be very poor indeed. The example below shows a
script for a high pass filter with the same bands and tolerances as for the low pass filter.
We have added alittle more code to draw the frequency response in aresult view.

var prm[5][2];

var coef[69];

" band start band end function weight
prm[0][0]:=0.00; prm[1][0]:=0.1; prm[2][0]:=0.0; prm[3][0]:=10.0;
prm[0][1]:=0.15; prm[1][1]:=0.5; prm[2][1]:=1.0; prm[3][1]:= 1.0;
FIRMake(1, prm[][]1, coef[1);

const bins% := 1000;

var fr[bins%];

FIRResponse(fr[], coef[], 0);

SetResult(bins%, 0.5/(bins%-1), 0, "Fr Resp", "Fr","dB");
ArrConst([1, fr[lD);

Optimise(0);
WindowVisible(l);
25
0 i i i s s B
AR N AP PR e
-25
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-50 69 coef
68 coef —
75 ﬂ
-100
0 0.1 0.2 03 04 0.5

Fraction of sample rate

The graph shows the results of this high pass filter design with 69 coefficients, which
gives a good result, and with 68 coefficients, which does not. In fact, if we had not given
a factor of 10 weight (20 dB) to the stop band, the filter with 68 coefficients would not
have achieved any cut in the stop band at all!

The reason for this unexpected result is that we have specified a non-zero response at the
Nyquist frequency (half the sampling rate). If you imagine a sine wave with a frequency
of half the sample rate, each cycle will contribute two samples. The samples will be 180°
out of phase, so if one sample has amplitude a, the next will have amplitude -a, the next a
and so on. The filter coefficients are mirror symmetrical about the centre point for a band
pass filter, so with an even number of coefficients, the result when the input waveform is
a, -a, a, -a... is 0. Another way of looking at thisis to consider that afilter with an even
number of coefficients produces half a sample delay. The output halfway between points
that are alternately +a and -a must be 0.

You can use the formula given for the low pass filter to estimate the number of
coefficients required, but you must round the result up to the next odd number.
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Digital filtering

General multiband
filter

Band pass filter with 111
coefficients

Y ou can define up to 10 bands. However, it is unusual to need more than three. The most
common cases with three bands are called band pass and band stop filters. In a band pass
filter, you set a range of frequencies in which you want the signal passed unchanged, and
set the frequency region below and above the band to pass zero. In a band stop filter you
define arange to pass zero, and set the frequency ranges above and below to pass 1.

You must till allow transition bands between the defined bands, exactly as for the low
and high pass filters, the only difference is that now you need two transition bands, not
one. Also, if you want a non-zero response at the Nyquist frequency, you must have an
odd number of coefficients.

For our example we will take the case of a signal sampled at 250 Hz. We want a filter
that passes from 20 to 40 Hz (0.08 to 0.16) with transition regions of 7.5 Hz (0.03). If we
say it is 10 times more important to have no signal in the stop band than ripple in the pass
band, and we want 70 dB cut in the stop band we will get 50 dB ripple in the pass band
(because a factor of 10 is 20 dB). To use the formula for the number of coefficients we
need the mean attenuation/ripple in dB and the width of the transition region. The two
stop bands have an attenuation of 70 dB and the pass band has a ripple of 50 dB, so the
mean value is (70+50+70)/3 or 63.33 dB. We have two transition regions (both the same
width). In the general case of transition regions of different sizes, use the smallest
transition region in the formula. Plugging these values into the formula predicts 113
coefficients, however only 111 are needed to achieve 70 dB.

var prm[5][3]; ® 3 bands for band pass
var coef[111]; " 111 coefficients needed
" band start band end function weight

prm[0][0]:=0.00; prm[1][0]:=0.05; prm[2][0]:=0.0; prm[3][0]:=10.0;
prm[0][1]:=0.08; prm[1][1]:=0.16; prm[2][1]:=1.0; prm[3]1[1]:= 1.0;
prm[0][2]:=0.19; prm[1][2]:=0.50; prm[2][2]:=0.0; prm[3][2]:=10.0;
FIRMake(1, prm[][1, coef[1);

3
209
40

-60

50
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Fraction of sample rate
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Differentiators

Ideal differentiator
with slope of 2.0

A differentiator filter has a gain that increases linearly with frequency over the frequency
band for which it is defined. There is also a phase change of 90° (/2) between the input
and the output.

1.0

0.8

Linear

0.4

0.2

0.0 [rerrrrrrrpr e [~ T [rrrrrrrrrprrrrrT T

0 0.1 0.2 03 04 0.5
Fraction of sample rate

You define the differentiator by the number of coefficients, the frequency range of the
band to differentiate and the dope. The example above has a slope of 2. Within each band
(normally only 1 band is set) the program optimises the filter so that the amplitude of the
ripple (error) is proportional to the response amplitude. A differentiator is normally
defined to operate over a frequency band from zero up to some frequency f. If £is0.5, or
close to it, you must use an even number of coefficients, or the result is very poor. You
can estimate the number of coefficients required with the following function:

" dB the proportional ripple expressed in dB
. the highest frequency set in the band
" even% Non-zero if you want an even number of coefficients
func NCoefDiff(dB, f, even%)
if (f<0) or (£>0.5) then return 0 endif;
f = 0.5-F;
var n%;
it (even%) then
n% := (dB+43.837*f-35.547)/(0.22495+29.312*F);
n% := (n%+1) band -2; "next even number
else
if £=0.0 then return 0 endif;
n% := dB/(29.33*F);
n% := n% bor 1; "next odd number

endif;
return n%;
end

For an even number of coefficients this is unreliable when f is close to 0.5. For an odd
number, no value of n worksif fiscloseto 0.5.

These eguations were obtained by curve fitting and should only be used as a guide. To
make a differentiator that uses a small number of coefficients, use an even number of
coefficients and don't try to span the entire frequency range. If you cannot tolerate the
half point shift produced by using an even number of coefficients and must use an odd
number, you must set a band that stops short of the 0.5 point. Remember, that by not
specifying the remainder of the band you have no control over the effect of the filter in
the unspecified region. However, for an odd number of points, the gain at the 0.5 point
will be 0 whatever you specify for the frequency band.
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Differentiators with 31
coefficients

Differentiators with 10
coefficients

The graph below shows the effect of setting an odd number of coefficients when
generating a differentiator that spans the full frequency range. The second curve shows
the improvement when the maximum frequency is reduced to 0.45.

1.0
i laz=0 50
0.8 Ba=045 —
EM
ﬂ
0.4
0.2
0.0 R D D
0.1 0.2 0.3 0.4 0.5

Fraction of sample rate

If you must span the full range, use an even number of coefficients. The graph below
shows the improvement you get with an even number of coefficients. The ripple for the
0.45 case is about the same with 10 coefficients as for 31.

0.5—:
0.4
o 037
I
=]
0.2—;
0.1
E]O_IIIIII
] 01 0z 03 04 035
Fraction of sample rate
var prm[4][1]; " 1 bands for differentiator
var coef[10]; " 10 coefficients needed
" band start band end slope weight

prm[0][0]:=0.00; prm[1][0]:=0.45; prm[2][0]:=1.0; prm[3][0]:=1.0;
FIRMake(2, prm[1[]. coef[1);
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Hilbert transformer

A Hilbert transformer phase shifts a band of frequencies from Fiqy, to Frigh by -n/2. The
target magnitude response in the band is to leave the magnitude unchanged. Fo,, must be
greater than 0 and for the minimum magnitude overshoot in the undefined regions, Fyign
should be 0.5-Fig,. The magnitude response at 0 is 0, and if an odd number of
coefficients is set, then the response at 0.5 is also 0. This means that if you want Fpigh to
be 0.5 (or near toit), you must use an even number of coefficients.

There is a special case of the transformer where there is an odd number of coefficients
and Fhigh = 0.5-Fjoy. In this case, every other coefficient is 0. This is no help to Signal
and the MSF and M SF programs, but users who write their own software can use this fact
to minimise the number of operations required to make afilter.

It is extremely unlikely that a Hilbert transformer will be of any practical use in the
context of Signal, so we do not consider them further. You can find more information
about this type of filter in Theory and Application of Digital Sgnal Processing by
Rabiner and Gold.
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Programmable Signal Conditioners

What a signal
conditioner does

Serial ports

Signal can control programmable signal conditioners using the computer serial line ports
and can use the signal conditioners to alter input signal gains, offsets or filtering before
or during sampling. Three types of signal conditioner are supported: the CED 1902 Mk
11, the Powerl401 with programmable gains option and the Axon Instruments
CyberAmp.. When you install the Signal software you can chose to install support for
one of these types of signal conditioner or you can chose not to install any conditioner
support at all. You can not choose to install support for more than one type of conditioner
and only one type of conditioner can be used at any time. Y ou can open the conditioner
control panel from either the sampling configuration dialog port setup page or from the
Sample menu.

A signal conditioner takes an input signal and amplifies, shifts and filters it so that the
data acquisition unit can sample it effectively. Many input signals from experimental
equipment are too small, or are masked by high and or low frequency noise, or are not
voltages and cannot be connected directly to the 1401.

Signal conditioners may also have specidist functions, for example converting
transducer inputs into a useful signal, or providing mains notch filters. The CED 1902
has options for isolated inputs and specialised front ends include ECG with lead
selection, magnetic stimulation artefact clamps and EMG rectification and filtering. With
the Power1401 with programmable gains option only the gain may be set from within
Signal.

You should consult the documentation supplied with your signal conditioner to
determine the full range of its capabilities.

Most signal conditioners

use a serial line E;;s:tionerfsett.ingsl » l

H t It i -
connection fOf Software port bor zighal condibiaher conkrol ICDM1 J
control. The seria port, I™ Dump errors to CEDCOND.LOG (in the Signal application folder)

if any, wused to
communicate with signal conditionersis set in the Edit menu Preferences dialog, in the
Conditioner page. In addition to using serial line ports built into your computer you can
also make use of seria lines provided by plugging an adaptor into a USB socket. USB
serid lines generally work fine but you do need one which aways appears as the same
COM port, or where you can set the COM port as which it appears.

Check the Dump errors to CEDCOND.LOG box if you are having problems using
your conditioners; this will cause a log file detailing communications attempts to be
created which will alow the cause of problems to be determined. Leave this checkbox
clear if you are not having any problems connecting to signal conditioners —it’s intended
for troubleshooting only.
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Control panel

Port

Input

Gain

Offset

The s gnal conditioner 1902 controls
f\glr:}(rg ﬁﬁge:eftl-shall']r(; ;v(\;(; Part ID j Input INormaI diff. j 5Y [ Vol
holds the controls that = &an [ = = & =
Change the Cond|t|oner Trigger 2 1 " Falling edae trigger
settings, the right-hand side || rae e owees
dlq)la?ysi date? from the |2-pole B orth j |2-pole B orth j
Condltlona,. S'gnal OmItS Cukaff IDE VI Hz Cutoff |1U 'l Hz
the right-hand side while - L
sampling data or if the 1401 oK | Cancel |
interface is not available for
any reason.

-0.00473 Y

If the right-hand side is present, the Volts check box |cyberamp controls x|

causes the data to be displayed in Volts a the = ___

conditioner input in place of user units as defined by the ™" =

Channel parameters dialog. The number at the bottom

right is the mean level of the signal in the area marked

above the number. Difset  volt ;‘;98*; o -
. . . . . ey ID j ™ Motch

Signal conditioners differ in their capabilities. Not al

the controls listed below may appear for al oest |

conditioners. This example is the CyberAmp control

panel (with the right-hand half omitted). The controls

are:

Filters

Gain [1000 ¥] | 2% [ion0He ]

Cancel I Help |

This is the 1401 ADC port number whose conditioner settings are being adjusted. Only
ports for which a conditioner was found are shown.

If your signal conditioner has a choice of input options, you can select the input to use
with thisfield. The choice of input may also affect the ranges of the other options.

This dialog field sets the gain to apply to the signal selected by the Input field. Signal
tracks changes of gain (and offset) and will change the channel scaling factors in the
ports configuration to preserve the y axis scale. To make the best use of the accuracy of
the 1401 family, you should adjust the gain of your signal so that the maximum input
signal does not exceed the limits of the data displayed on the right of the control panel.

Some signals are biased away from zero and must be offset back to zero before they can
be amplified. If you are not interested in the mean level of your signal, only in the
fluctuations, you may find it much simpler to AC couple (1902) or high-pass filter
(CyberAmp) the signal and leave the offset at zero.
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Low-pass filter

High-pass filter

Notch filter

Reset calibration

AC couple

A low-pass filter reduces high-frequency content in your signal. Filters are usualy
specified in terms of a corner frequency, which is the frequency at which they attenuate
the power in the signal by a factor of two and a slope, which is how much they increase
the attenuation for each doubling of frequency. Sampling theory tells us that you must
sample asignal at arate that is as least twice the highest frequency component present in
the data. If you do not, the result may appear to contain signals at unexpected frequencies
due to an effect called aliasing. As the highest frequency present will be above the corner
frequency you should sample a channel at several times the filter corner frequency
(probably between 3 and 10 times depending on the signal and the application).

You can choose a range of filter corner frequencies, or you can choose to have the data
unfiltered (for use when the signal is already filtered due to the source).

If you are using a modern 1902 that uses digital filtering, you can set the low-pass filter
type (from 2-pole and 3-pole Butterworth and 2-pole and 3-pole Bessel) as well as set the
filter corner frequency.

A high-pass filter reduces low-frequency components of the input signal. The high-pass
filters areais specified in the same way as low-pass filters in terms of a corner frequency
and a slope, except that the slope is the attenuation increase for each halving of
frequency. If you set a high-pass filter, a change in the mean level of the signal will cause
atemporary change in the output, but the output will return to zero again after atime that
depends on the corner frequency of the filter. The lower the corner frequency, the longer
it takes for mean level change to decay to zero.

Again, if you are using a modern 1902 that uses digital filtering, you can set the high-
pass filter type (from 2-pole and 3-pole Butterworth and 2-pole and 3-pole Bessel) as
well as set the filter corner frequency.

A notch filter is designed to remove a single frequency, usualy set to the local mains
power supply (50 Hz or 60 Hz, depending on country).

The Reset Calib. button resets the calibration information to show raw volts taking into
account the current gain and offset. The units for the calibration will be set to V and the
port Full and Zero values adjusted as appropriate. On the CyberAmp, this option will use
the ‘native’ calibration information and units specified by a SmartProbe, if present.

The remaining options are for the 1902 only:

Thisis present for the 1902 only, and can be thought of as a high-pass filter with a corner
frequency of 0.16 Hz. However, it differs from the high-pass filters as it is applied to the
signal at the input; the high-pass filtersin the 1902 are applied at the outpuit.
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Trigger

Filter type

Setting the channel
gain and offset

The 1902 provides two conditioned trigger inputs, and one output. These controls select
which of the trigger inputs is used to generate the output and, in a 1902 mk 1V, allow
selection of the trigger input polarity.

A 1902 mk IV with digita filters has extra fields that allow you to set the low-pass and
high-pass filter types. Y ou can choose Butterworth or Bessel characteristics and 2 pole or
3 polefilters.

If you change the gain or offset in the control panel, Signal will adjust the port Full and
Zero values in the sampling configuration to compensate so as to keep the y axis
showing the correct values. This means that if you change the gain, the signals will still
be correctly calibrated in the file. However, the first time you calibrate the channel you
must tell the system how to scale the signal into y axis units.

For example, to set up they axis scales in microvolts you do the following:

Open the Sampling Configuration dialog.

Select the ADC port in the Ports setup page.

Press the Conditioner button to open the conditioner control panel.

Adjust the gain to give areasonable signal. Make a note of the gain G you have set.
Close the signal conditioner control panel.

Set the Units field of the Channel parametersto uV.

Set the Full field to 5000000/G.

You only need do steps 6 and 7 once. Any subseguent change to the conditioner gain will
adjust the channel Full value to leave the unitsin microvolts.

Nog,rwbdE

For the more general case imagine you have a transducer that measures some physical
guantity (Newtons, for example) and it has an output of 152.5 Newtons per V. If you
wanted the y axis scaled in Newtons, you would replace steps 6 and 7 above with:

6. Set the Units field of the Channel parameters dialog to N.
7. SettheFull field to (5* 152.5)/G.
To work this out you must express the transducer calibration in terms of Units per Volt

(in this case Newtons per Volt), multiply this by 5 to get the Full value at five volts, then
divide it by the gain of the conditioner.

If you have set an offset in the conditioner, and you want to preserve the mean signal
level, you should null it out by changing the offset in the Channel parameters dialog.
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Conditioner
connections

CED 1902

CyberAmp

Signal normally expects the first channel of signal conditioning to be connected to 1401
ADC port 0, the second to port 1 and so on. Connect the conditioner output BNC
(labelled Amp Out on the 1902, and OUT on the CyberAmp) to the relevant 1401 input.
This arrangement can be adjusted to start with another port, but in al cases the
conditioner channel number must match the ADC port to which it is connected.

Most signal conditioners connect to the computer with a seria line. You will have
received a suitable cable with the unit. Basic communication and connection information
isstored in the file CEDCOND. INI in the system folder of your computer. Thisfile holds:

[General]
Port=COM1

The Port value sets the communications port to use. We would recommend you use the
Edit menu Preferences... to change the port. If this file is missing, COM1 is used.
Preferences... can aso set adiagnostic option, enabled in the file by:

Dump=1

If this entry is included, Signal writes a log file called CEDCOND.LOG to the current
directory when it initialises the conditioner.

As mentioned above, the first signal conditioner is usually connected to ADC port O, the
second to port 1, and so on. The program searches for signal conditioners based on this
assumption. The search starts at signal conditioner channel 0 and continues until a
channel does not respond. The search sequence can be changed by two additional lines
that you can insert manually (not supported by Preferences...) into CEDCOND. INI:
First=1

Last=3

If you do not supply these values, they are assumed to be 0. How these values are used
depends on the signal conditioner:

CED 1902s have unit numbers set by an internal switch pack; multiple units usually have
the channel number as a label on the front panel. If you have multiple units, they must
have different unit numbers. Each 1902 output should be connected to the 1401 ADC
input with the same number as the 1902 unit.

First and Last set the range of unit numbers to search. The search continues beyond
Last until a unit does not respond. The purpose of Last is to force the search to skip
over missing conditioners. The purpose of First is to skip over missing lower-
numbered conditioners to avoid time delays waiting for them to respond.

Normally you will have 1902s with consecutive unit numbers starting at 0, in which case
you do not need to set First and Last. As an example of a more complicated situation,
let us suppose you have unit numbers 4, 5, 6, 7, 12, 13, 14 and 15. In this case, you
should set First to 4 and Last to 15.

CyberAmps have a device Address set by a rotary switch on the rear panel. If you have
multiple units, they must have different addresses. There are two types of CyberAmp: 8-
channel and 2-channel. If you have multiple units, they must all have the same number of
channels, or al the 8-channel units must have lower device addresses than al the 2-
channel units.

First and Last set the range of addresses to search. The search continues beyond Last
until a device does not respond. The purpose of Last is to force the search to skip over
missing devices. The purpose of First isto skip over missing lower-numbered devices
to avoid time delays waiting for them to respond.

The range of ADC channels supported by each CyberAmp is set by the device address
(dev) and the number of channels in the first device detected (num). The first ADC
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channel supported by the device at address dev is dev*num. Each CyberAmp support 8
or 2 consecutive ADC channels.

Normally you will have one 8-channel CyberAmp, and you will give it address O to
support ADC channels 0 to 7. In this case you do not need to set First and Last. If
you want to connect it to channels 8-15, you would set both First and the device address
to 1 and then you could connect it to channels 8-15.

Here is a more complex example with three CyberAmps, two with 8-channels and one
with 2-channels. The table shows some possible configurations (assuming you have 32
ADC inputs to choose from):

CEDCOND. INI 8-channel unit 1 8-channel unit 2 2-channel unit 3
First Last Switch ADC Switch ADC Switch ADC
0 2 0 0-7 1 8-15 2 16-17
1 3 1 8-15 2 16-23 3 24-25

2 3 2 16-23 3 24-31 - -
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Amplifier Telegraphs

Standard 1401
telegraphs

1401 telegraph
configuration

If you are using an external amplifier to scale your signals before they are sampled by the
1401, you can encounter problems if you change the signal gain while sampling — the
amplitude of the sampled data changes and makes the signal calibrations incorrect. Signal
can avoid this problem by using amplifier telegraphs to determine the current amplifier
settings and dynamically adjusting the signal calibration to match. Amplifier telegraphs
are signals, usually analogue voltages, from an amplifier that signal the current amplifier
settings, such as gain and offsets. By collecting and interpreting amplifier telegraphs,
Signal can automatically adjust for changes in the amplifier settings to maintain signal
calibration.

Signal currently supports two types of telegraph signal; a standard telegraph using one or
more analogue signals that are sampled using the 1401 interface, and an auxiliary
mechanism provided by a customisable DLL that can be installed with Signal. Currently,
only one type of auxiliary telegraph DLL is available; this supports the Axon Instruments
MultiClamp 700 range of amplifiers. If you do not install support for an alternative
amplifier telegraph then standard telegraphs using 1401 inputs will be available.

The standard 1401 telegraph support uses 1401 ADC ports to sample telegraph signals
(analogue voltages) generated by the amplifier. A lookup table is used to convert the
telegraph signal voltage to an amplifier gain which is used to adjust the relevant signal
calibration. Up to four separate telegraph signals can be defined, each controlling a
separate sampled channel. Setting up standard 1401 telegraphs consists of defining the
ADC ports involved and setting up the lookup table used to convert telegraph voltages to
gain settings.

The 1401 telegraph configuration dialog

can define up to four ADC ports whose

scaling depends upon amplifier telegraph ~ Telegraph set | Telearaph 1 [
outputs. For each of these ports, you set a Sl |g vl Telegraph Ig vI
port from which the telegraph signal is : -

read and a list of telegraph Voltages and [aenerate zettings far a known amplifier |

the corresponding amplifier gains. Select

Wl I
between the four separate telegraph "
settings using the Telegraph set field.

Gain Sdd
Telegraph data set for .-’-‘n.mpatc 200

0.50% signals gain of 0.1 - Femave
1.00% signals gain of 0.2

. 1.50% signals gain of 0.4

The Scaled item sets the ADC port 2.00% signals gainaf 1
. . 250% zignals gain of 2

Whose scahng is controlled b}/ a telegraph 300 signals gain of 4
signal, set this to None to disable use of 350 signals gain of 10
this telegraph set. The Telegraph item 4.00' sianals azin of 20
sets the ADC port from which to read the 1401 hardware is gt to + 5.0 volts range

corresponding telegraph signal.

Cancel

LLILL

Help

The button labelled ‘Generate settings for a known amplifier’, if pressed, provides a
list of common amplifiers which provide telegraph signals. Selecting an amplifier from
the list will generate telegraph data matching that amplifier. If your amplifier is not in the
list please contact CED and we will try to add it — our thanks to John Dempster for
providing much initial amplifier information.
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MultiClamp 700
telegraphs

Integration with Signal
channel scaling

Integration with Signal
clamping support

If your amplifier is not in the list of known types you can use the Volts and Gain
controls to directly enter a list of telegraph signal voltages and corresponding amplifier
gains. For each amplifier gain setting enter a voltage value and a corresponding gain,
then press Add to add this pair of values to the list. To remove a pair of values from the
list simply select them by clicking with the mouse and then press Remove.

The checkbox for a 10 volt system present in earlier versions of this dialog has been
replaced by an indicator of the voltage range in use. The 1401 voltage range is now set
by an item in the sampling preferences.

The telegraph voltage values are not affected by the Full and Zero calibration values set
for the telegraph ADC port, they are raw voltages as read from the 1401 inputs and
converted to actual volts using the ADC voltage range in use. The scaled port should be
calibrated (in the main ports configuration page) as though the external amplifier gain is
set to unity; the telegraphed gains with then be applied to this ‘basic’ calibration. It is
very important that you enter the value for unity amplifier gain, not whatever gain you
happen to have in use at the moment. During sampling, the telegraph signals are read at
the start and end of each sampling sweep and used to adjust the signal scaling to match
the amplifier.

The MultiClamp 700 amplifiers supplied by Axon Instruments have two sections
(referred to as channels) within them, each of which has two outputs, giving four
separate signals that can be sampled. The MC commander software controlling the
amplifier generates telegraph information telling interested applications about changes to
amplifier gain settings and other settings such as the voltage or current clamp mode and
external command sensitivity. Using the MultiClamp 700 telegraph configuration dialog
you can configure Signal so that it can receive and make use of this telegraph
information.

In addition to signalling changes to the amplifier gain, the MC700 control software
provides information about other aspects of the amplifier setup. For each channel in the
amplifier, Signal can retrieve:

The primary output’s low-pass filter settings
The secondary output’s low pass filter settings
The membrane capacitance

The series resistance

The external command sensitivity

All these (for both channels) are retrieved for every frame and the values obtained placed
in the first ten user frame variables in the sampled data file. These values can be retrieved
using the Signal script language.

The basic MC700 support uses the information provided by the MC700 control software
to adjust the port scaling factors to match the channel gains set on the amplifier in the
same way as for 1401-based telegraphs. The MC700 support is also able to set the initial
port scale factors, name and units to match the MC700 settings, ensuring that all
information for ports sampled from MC700 outputs match the amplifier settings.

Extra MC700 support features integrate the Signal support for clamping experiments
with the MC700 amplifier setup. This additional mechanism selects between voltage-
clamp and current-clamp according to the amplifier controls and in addition sets up the
scaling and units of the DAC used for external amplifier control. This ensures that all
relevant controls and calibrations are correct at the start of a clamping experiment.
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MultiClamp 700 telegraph
configuration

Automatic signal calibration

Automatic clamp setup

The MultiClamp 700 telegraph configuration dialog is used to configure the Signal
software so that it can communicate with the MultiClamp Commander software
controlling the amplifier and to define how you want information from the amplifier to
be used.

At the top of the dialog is a [N

checkbox to s clect ﬂ.le type of V¥ Amplifier is Multiclarnp 7008

amphﬁer and information used to Multiclamp FO0B zenial number [-1 for off) W
identify the amplifier. Set this

according to the type of amplifier

you are using. For the 700A you ADC ports
will also have to specify the Chanmel 1 Primary : I'I "I Secondary ID ’I
COM port used to control the Channel2  Primay :  |More =] Secondany : |Nere =]
amplifier and the Axon bus ID for

the amphﬁer, for the 700B you v Get 3|gnallnames, unitz and calibration frc:m arnplifier SPTtlup
v Get clamping mode and control DAC scaling from amplifier setup

have to specify the serial number
. i I i 'I i I 'I
of the a phﬁer. If you do not Control DAL WClamp units | m! IClamp units | p&

want to make use of the MC700 1401 hardware iz zet to + 5.0 wolts range
telegraph system in this sampling
configuration, set the bus ID to ok | Cancel | Test | Help |

Do not use (for the 700A) or set
the serial number to —1 (for the 700B).

Below the amplifier identification section is an area defining the 1401 ADC ports that are
connected to the amplifier. Each MC700 amplifier has two channels, each of which has
two outputs (called Primary and Secondary for the 700B, Scaled and Raw for the
700A). Set the ADC ports on the 1401 that are connected to the various amplifier
outputs, leaving any amplifier outputs that are not being used set to None.

The checkbox labelled ‘Get signal names, units and calibration from amplifier
setup’ is used to allow automatic signal definition & calibration from the amplifier up.
When set, ports connected to MC700 outputs are automatically set up using information
retrieved from the amplifier. The information retrieved is the port name and units
(depending upon what signal you have routed to the relevant MC700 output) plus both
the port calibration values. This is the easiest way to use MC700 telegraph data - it is
generally recommended as it will force channels sampled from MC700 outputs to be
correct.

If this checkbox is left clear, then the name, units and calibration entered in the Signal
port setup dialog (from the Port Setup page in the sampling configuration) are used. You
can set the channel name and units to anything you wish, the port Zero value should be
set to 0 and the Full scale value should be set to the value of a full-scale signal with the
MC700 amplifier gain set to unity. It is very important that you enter the value for unity
amplifier gain, not whatever gain you have in use at the moment. The full scale value is
the value corresponding to a +5 volt (or +10 if appropriate) signal on the 1401 input.

The checkbox labelled ‘Get clamping mode and control DAC scaling from amplifier
setup’ is used to allow automatic setup of the Signal clamp system from the amplifier
settings. When set (the checkbox for automatic signal calibration must also be set for this
option to be available) clamp setups within the Signal software that match a MC700
channel will be set to match the amplifier channel settings at the start of sampling.
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In order for a clamping setup to match a MC700 channel and thus be set up using
amplifier information, the port connected to the Primary channel output (Scaled output
for a 700A) must be used to sample the Response channel defined in the clamping
setup. In addition, the port connected to the Secondary channel output (Raw output for
a 700A) must be used to sample the Stimulus channel. If these criteria are met then the
clamping mode is set to voltage clamp or current clamp as appropriate and the control
DAC in use in that clamp setup is calibrated. The DAC scaling is set using the external
command sensitivity information from the amplifier, the DAC units are set as defined
using the Control DAC VClamp units and IClamp units fields in the configuration
dialog.

With this option enabled you can set up a single sampling configuration containing
control DAC pulse sequences suitable for both voltage clamp and current clamp
(knowing which units that the DAC will use in either mode) and can quickly switch
between voltage and current clamp experiments by stopping sampling, switching the
MC700 amplifier mode, and beginning sampling again. You do have to keep track of
which sets of DAC outputs are suitable for which mode! When editing the DAC pulses in
a sampling configuration intended to be used in both clamping modes in this manner you
should make sure that the full scale value currently set in the DAC calibration is the
larger of the two values you expect to use, otherwise the pulses dialog will limit the pulse
sizes that you can enter.

The Get MultiClamp settings button in the clamping configuration page of the
sampling configuration can be used to retrieve the current MultiClamp settings and use
them to set the ADC calibrations, clamping mode and DAC scalings in the sampling
configuration. This allows you to see what the settings are without starting sampling and
should make it easier to set up an integrated Signal/MultiClamp system.

The checkbox for a 10 volt system present in earlier versions of this dialog has been
replaced by an indicator of the voltage range in use. The 1401 voltage range is now set
by an item in the sampling preferences.

The button marked ‘Test’ at the bottom of the configuration dialog is used to test that
Signal can communicate successfully with the MultiClamp Commander software and
will provide some diagnostic information if the test fails. Of course, you need to be
running MultiClamp Commander on the same machine for Signal to be able to
communicate with it.
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Magstim auxiliary
device support

Magstim Safety notice

introduction

When sampling using multiple frame states, Signal can control external devices such as
stimulators in addition to switching the 1401 outputs. This is achieved by using auxiliary
states devices; external equipment that is set up in different ways according to the
sampling state.

Signal auxiliary states device support provides a mechanism for controlling arbitrary
equipment and setting it up in different ways according to the sampling state in use. In
addition to controlling equipment settings by state, Signal is also able to provide device-
specific configuration dialogs, to check the equipment health and readiness while
sampling, to save the stimulation parameters used in the new data file and to save and
load auxiliary states setup information to and from sampling configurations. Script
language functions (SampleAuxStateParam and SampleAuxStateValue) are also
provided to give access to the auxiliary device settings.

Signal currently supports two types of auxiliary states device; the Magstim range of
transcranial magnetic stimulators and the CED 3304 programmable constant current
stimulator. You can select which of these devices you wish to use (or none) during the
Signal installation process, if you wish to change the type of auxiliary states device in use
the simplest way to do this is to re-install Signal. If you need auxiliary states device
support for other equipment please contact CED.

The Magstim range of transcranial magnetic stimulators are widely used to provide non-
invasive neuronal and muscular stimulation. Signal provides support all three types of
Magstim (the 200, BiStim and Rapid), as the software uses a serial line for control of the
stimulator only the modern Magstims that provide serial line control (these have a 2
suffix to the model name) can be used. In addition Signal can also control a pair of
Magstim 200 units using two serial lines.

Transcranial magnetic stimulators are dangerous devices capable of causing serious harm
and should only be used by qualified medical practitioners. Before using a Magstim
device you should read the user’s manual produced by Magstim paying particular
attention to the warnings and precautions section. It is your responsibility to ensure that
Signal’s control of a Magstim is set up in an appropriate and safe fashion for the intended
use and to verify that it is operating correctly. CED is not responsible in any way for
problems caused by use of this software.

For Magstim devices, the auxiliary states system sets the power output and (where
appropriate) inter-pulse timing, remote control of the hardware can be disabled for
specific states to allow the user to control the stimulation manually. Options are provided
to cause Signal to assume independent triggering mode and to enable high resolution
interval timing (for the BiStim?) and to cause the Magstim to ignore the coil interlock
switch and to enable single pulse mode (for the Rapid®). This documentation only
describes the controls available from within Signal; consult the Magstim user manuals
for complete information.

In addition to using a serial-line to set the stimulation parameters, standard operation
with Signal requires that the stimulation be triggered using one or more TTL pulses
generated by the 1401 digital outputs. This allows the pulse timing to be precisely
controlled relative to the Signal sampling. A Rapid? can be configured to either generate
a train of pulses in response to a single trigger or to generate one pulse per trigger,
allowing complete control of the patterns of stimulation. Manual triggering of the
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Magstim configuration

Type of stimulator

Don't generate settings text
for window title

Allow use with Magstim not
present

Com port for communications

stimulator is also possible, as is triggering from other external hardware, in which case
you would use the Magstim trigger to trigger the sampling sweep as well.

The Magstim support monitors the stimulator health; both waiting until the Magstim is
ready for use before allowing a sampling sweep to proceed and terminating sampling if a
hardware problem develops. To aid data analysis, Signal saves the Magstim stimulation
parameters used in the data section variables of the sampled file. The parameters saved
are the power level, the pulse interval (BiStim only), the secondary power level (BiStim?
and dual 200%), the pulse frequency (Rapid® only) and the pulse count (Rapid? only).
These values are placed in the first user frame variables in the sampled data file. The
saved values can be retrieved using the script language; later versions of Signal may
make use of them directly.

To configure a Magstim in Signal, open the sampling configuration dialog and make sure
that Multiple states is enabled in the General tab. Select the States tab and make sure that
you are in Dynamic outputs or Static outputs mode. If Magstim support is installed, there
will be a button labelled Magstim. If this button is not present, reinstall Signal and make
sure that you select Magstim auxiliary states device support. If the button is present, but
disabled, you are in External Digital states mode which does not operate with auxiliary
states devices, change the mode to enable the button. Click the button to open the
Magstim configuration dialog.

It is meaningful to use the Magstim support without using multiple states, but this is not
directly supported because the states system is so closely linked to the Magstim support.
If you want to make use of Magstim support without using multiple states (so that the
pulse parameters are recorded and Magstim health checks are made, but with complete
manual control) you should turn on multiple states, set only one extra state, set state zero
to use manual control, and only make use of state zero while sampling. This will allow
you access to the Magstim configuration dialog to set the basic Magstim parameters.

This selector is used to select the Magstim
type. You should set this to the type of = 1. it [Megimz0 =]

StimUIator yOU WI“ be USing or to Do not use [~ Don't generate settings text for window title

if you do not want to make use of the Magstim = ™ Allaw use with Magstim not present

support in this sampling configuration. If you  Cemportfor communications [com1 =]
set the device type incorrectly errors during
sampling will almost certainly result.

This checkbox prevents the Magstim system
from generating text showing the power level
and other settings that Signal can display in the
title bar of a sampling document. It is often S ——
useful to see what the Magstim settings are, but [~ Manual Power() [0
some users find it distracting. A separate
checkbox in the Signal sampling preferences

< Copy to all | Copy above | Test I
must also be set to allow use of this text. o | — woe |

This checkbox is provided to allow sampling with a configuration that uses a Magstim
without Signal having a connection to a Magstim device, for demonstrations or training.

This is a selector for the COM port used to control the stimulator, you can select any port
from COML1 to COM9. As many PCs only have one COM port you may have to use a
USB serial port expander to provide a spare COM port — we have found that most of
these USB serial ports work satisfactorily. When a dual-200% device is selected, two
COM port selectors are shown.
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200° device

Manual

Power

Copy...

Test

BiStim? device

BiStim in independent trigger
mode

Use Hi-res timing mode

Manual

Below the basic stimulator configuration are controls that vary according to the type of
stimulator selected. These are in three sections; first there are controls which govern the
overall behaviour for all states, next is a display of settings for all states which is used to
select a state for editing (by clicking on the information for that state) and finally an area
where the settings for the selected state may be edited.

This is the simplest type of Magstim and does not require any controls for overall
behaviour. The settings available for the individual states are:

Set this checkbox for this state to be controlled by the manual controls and not by Signal.

This sets the stimulator power output as a percentage of the maximum available, you can
set any value from 0 to 100. This control is disabled for manually controlled states.

The buttons labelled Copy to all and Copy above can be used to set up many states
quickly; Copy to all copies the currently selected state to all other states, while Copy
above copies the current state’s settings to all higher state numbers. These buttons are
available for all types of Magstim.

The button labelled Test tests if communications with the Magstim can be established. It
checks that you have the correct COM port, that the serial line is connected and that the
Magstim is communicating correctly with Signal. These buttons are available for all
types of Magstim.

The BiStim? is more complex than the 200% in essence it is two 200® units with one
slaved to the other. When a BiStim? device is selected two controls governing overall
behaviour are shown:

This sets how Signal will expect the BiStim? to
be configured, rather than how it will be set up

Magstim configuration

IMagstim BiStim 'l

Tupe of stirulatar

by Signal. Normally, a BiStim? generates two
output pulses, one at the time of the trigger and
the second at a preset interval after the trigger.
Using the controls on the front of the BiStim?
master unit, you can set the device into

[~ Don't generate settings ket far window title

[T dillow use with Magztim not present
ICDM 1 'l

Com port far communications

[~ BiStim in independent tigger mode
[~ Use Hi-res timing mode

independent trigger mode (referred to as IBT
mode in the Magstim documentation). When
this mode is in use two separate triggers are
used (presumably signals from two 1401
digital outputs), one firing the main pulse and
the other firing the second (Power B) pulse.
Because a BiStim? behaves rather differently
when in IBT mode it is important that you set

State 2 power . poweer b B0 after 80 me

— Settings for state 1
[ Marual FPower [%] 20

Interval [ms] IED Power B (%] |30

; A Copy to all | Copy abovel Test I
this checkbox to match the BiStim setup you o | e

will be using.

When this checkbox is clear, the interval between the two pulses can be set to any value
between 0 and 999 milliseconds, the actual timing in the BiStim? will be set with a
resolution of 1 millisecond. With this checkbox set, the maximum interval is reduced to
99.9 milliseconds but the interval timing resolution is improved to 0.1 milliseconds. This
control is disabled if independent trigger mode is selected.

The BiStim? settings available for the individual states are:

Set this checkbox for this state to be controlled by the manual controls and not by Signal.

22-3



Signal for Windows version 4

Power

Interval

Power B

Rapid?® device

Ignore coil interlock switch

Use Rapid single-pulse mode

Manual

Power

Pulses

This sets the main (master) stimulator power output as a percentage of the maximum
available, you can set any value from 0 to 100. This control is disabled for manually
controlled states.

This sets the interval between the two pulses, you can use any value from 0 to 999
milliseconds (or 0 to 99.9 milliseconds for Hi-res timing). Note that the BiStim cannot
tolerate timing intervals between 0 and 1 millisecond in Hi-res mode, if you enter one of
these values the interval will be rounded to the nearest of 0 and 1 millisecond. Setting a
zero interval will switch the BiStim into simultaneous pulse mode, setting a value greater
than zero switches it out of simultaneous mode. In simultaneous pulse mode both
stimulators must use the same power level, so both levels are set by the main power field.
This field is disabled if independent BiStim triggers are in use or for manually controlled
states.

This sets the second (slave) stimulator power output as a percentage of the maximum
available, you can set any value from 0 to 100. This control is disabled for manually
controlled states and also if a zero stimulus interval has been set.

The Rapid? is rather different from the other [ EEe———-
devices as it is capable of producing a train of = 1. it [MagsimRapd =]

pUIseS at hlgh rates. Rather than the Simple [~ Dwon't generate settings kext far window title
case-mounted manual controls of the other two I~ llow use with Magstim nat present
units, the Rapid® has a separate control system  Com prt for sommurications [comt =]
that has to be disconnected to gain access to the I lanore coi interlock switch /A
serial line control port, limiting the usefulness | !@Rapidsindepuise made

State 0 manual contral
of manual control. There are two CONtrolS  |Siae 1 power 20% 2 pubses st 10 Hz
governing overall behaviour:

ulses at 20 Hz

This disables checks on the coil interlock
switch on the handle of the Magstim coil, so
that the unit will fire without a button being
held down. Magstim do not recommend Pulses [4 Frea(Hz) [0

disabling these checks as they are a safety Copytoal | e Test |

feature' 0K | Cancel | Help I

This turns on single-pulse mode, which allows higher power levels - up to 110%. In
single-pulse mode only a single pulse is produced per trigger and the pulse train
parameters are ignored. The pulse rate can be up to 100 Hz normally (depending upon
the power level used — see the user manual) but if you select power levels above 100%,
the maximum allowed pulse rate is forced to 0.5 Hz. With single pulse mode turned off a
train of up to 1000 pulses can be generated at the specified frequency from one trigger
and power levels above 100% are not available. Again, the pulse rate can be up to 100
Hz depending upon the power level used.

Settings for state 2
’7l'  anual Power [%] B0

The Rapid? settings available for the individual states are:

Set this checkbox for this state to be controlled by the manual controls and not by Signal.
As you have to disconnect the manual controls in order to connect the serial line used by
Signal, | fear that this option will not be particularly useful.

This sets the stimulator power output as a percentage of the maximum available, you can
set any value from 0 to 100. This control is disabled for manually controlled states.

This item is only available if single-pulse mode is not in use, it sets the number of pulses,
you can set any value from 1 to 1000. This control is disabled for manually controlled
states or if single-pulse mode is selected.
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Freq

Dual 200° devices

Manual

Power

Power 2

Magstim Connections
and cabling

This item is only available single-pulse mode is not in use, it sets the pulse frequency in
Hertz, you can set any value from 0 to 100. This control is disabled for manually
controlled states or if single-pulse mode is selected.

Two Magstim 200% can be controlled by [ sm—r———
Signal to achieve much the same effect as = 1. o imator [DualMagetimz00s =]

- - - 2 . - - -
USIng a BIStIm . When USIng thlS Conflguratlon [~ Dwon't generate settings kext far window title
two separate serial lines are used to control the I~ Allaw use with Magstim not present

Magstims and two separate trigger pulses are  Gemport for communications [com1 =]
required (as for a BiStim in independent trigger = Com port for seeond unit [comz =]

mode). When the dual 200° option is selected a
separate selector for the second serial-line port
is shown, but as for the 200° there are no
controls governing overall behaviour. The
settings available for the individual states are:

State 0 manual contral

. ) Settings for state 2
Set this checkbox for this state to be controlled ™ Manual Power (%] |50
by the manual controls and not by Signal. Power2 (%) [50
Copy to all | Copy above | Test I

This control sets the main (master) stimulator

Ok I
power output as a percentage of the maximum
available, you can set any value from 0 to 100. This control is disabled for manually
controlled states.

Cancel | Help I

This control sets the second stimulator power output as a percentage of the maximum
available, you can set any value from 0 to 100. This control is disabled for manually
controlled states.

There are two connector arrangements provided by Magstim for serial line control and
external triggering of the unit. Older 200 and BiStim units have an arrangement with a 9-
way serial line and separate 15-way trigger connector while newer 200 and BiStim units
and all Rapids have a high-density 26-way combined serial line and trigger connector.

In both cases two separate connections need to be made; serial line control from a PC and
a TTL trigger signal from the 1401. The standard high level trigger input suggested by
Magstim works well with Signal and the 1401 and is used in the diagrams shown below,
consult the Magstim documentation if you require a different arrangement. In the case of
a Rapid stimulator, the 26-way connector is also used by the integrated control system
and this will need to be disconnected before the control cable can be connected.
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Cabling for 26-way combined
serial and trigger connector:

Cables for separate 9 pin
serial and 15-way trigger
connectors:

Magstim PC serial
S Way D Type S Way D Type
plug

pe
. socket
Serial cable

"O°00°0
mo -.lo ao mO

o

AW L W W

CABLE SCREEN

Magstim Trigger

15 Way D
plug

Type BNC plug
(to 1401 digital out)

Trigger cable )

il out)

If you are not using the external trigger input to trigger the Magstim from the 1401 you
will need a different cabling arrangement, for example to take the Magstim low-going
trigger out signal (on pin 8 of the 26-way connector) and use that as an input to the 1401
to trigger the 1401 sweep. Consult your Magstim documentation for more information.

Notes on Magstim use A straightforward arrangement to use a Magstim with Signal would be as follows:

1.

Connect the serial port of your computer to the Magstim serial line input using
the appropriate serial line cable. Connect the trigger BNC plug to the 1401
digital output port 0 BNC socket found on the front of all modern types of 1401.
If you are using a 1401plus the digital output pulse is available from the 25-way
digital output socket on the front of the 1401.

In the outputs page of the sampling configuration, make sure that digital output
bit zero is enabled for use. Using the pulses configuration dialog set the initial
level of digital output bit zero to 0 and place a pulse (which will be high-going)
in the outputs at the time when you want the Magstim to fire. This output pulse
should be at least 10 microseconds long — 1 millisecond works well.

The Magstim support uses Signal multiple states sampling, which should be set
up in dynamic outputs mode. You can use any number of extra states, each extra
state providing separate Magstim settings. Each set of pulse outputs should
include digital output pulses to trigger the Magstim along with any other outputs
required. The Magstim support will work correctly with manual control of the
states or with any style of automatic states sequencing including protocols.
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When Signal begins sampling with the Magstim support enabled, it checks for a correctly
functioning Magstim device as part of the process of initialising for sampling. If a
Magstim is found then Signal will carry out the initial configuration of the Magstim and
arm the device. While sampling is in progress, Signal will set up the Magstim using the
current state data before each sweep, it will then delay the start of each sweep until the
Magstim reports that it is armed and ready. At the end of each sweep the Magstim health
is checked to make sure it is OK. Note that the checks on Magstim readiness can impose
a significant extra inter-sweep delay though steps have been taken to minimise this.
When sampling finishes normally, the Magstim is disarmed and remote control disabled.

If the Magstim coil temperature rises too high, Signal will stop sampling. Once the coil
temperature has dropped sufficiently you can press ‘More’ on the sampling control panel
to resume sampling again.

While sampling is in progress, Signal continuously maintains communications to prevent
the Magstim from disabling remote control and disarming itself. If Signal ceases to
communicate with the Magstim because it has encountered a significant problem
(“crashes™), the Magstim will disarm itself automatically within 1 second, but this safety
feature only applies if manual control has not been selected by Signal beforehand.

If manual control is selected, the Magstim will disarm itself spontaneously only after 60
seconds have passed without a stimulus trigger, so it is your responsibility to make sure
the Magstim is disarmed if manual control is used and Signal encounters a significant
problem. The Rapid stimulator does not appear to disarm itself after 60 seconds in this
manner and must be disarmed manually if Signal fails during sampling.

Because Signal needs to communicate frequently with a Magstim to stop it disarming,
scripts that operate while Signal is sampling need to be correctly designed. If a script
carries out a lengthy operation without yielding or using a toolbar or dialog to allow
control to pass back to the operating system, this may interfere with Magstim
communications and cause the unit to disarm.
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CED 3304 auxiliary
device support

CED 3304 Safety
notice

Introduction

CED 3304 support
configuration

The CED 3304 current stimulator can be used to generate controlled constant-current
stimulations of up to 10 milliamps and is fully controlled by Signal, allowing you to set a
different level of current for each state. Signal controls the CED 3304 programmable
constant current stimulator using a serial line or USB port to interact with the hardware.

The CED 3304 current stimulator can generate outputs of up to 90 volts, which lies
within the potentially lethal range. Before using the device you must read the CED 3304
Owners Handbook paying particular attention to the warnings and precautions section.
In particular, you are reminded that the CED 3304 is not qualified for human use. It is
your responsibility to ensure that Signal’s control of a CED 3304 is set up in an
appropriate and safe fashion for the intended use.

This documentation only describes the CED 3304 controls available from within Signal;
for a complete understanding of the effect these have upon the behaviour of the
stimulator you should consult the CED 3304 Owners Handbook.

The CED 3304 produces current pulses in one of four current ranges: 10 and 100
microamps and 1 and 10 milliamps. The current range is selected by a manual switch on
the CED 3304. You specify a current range when you define the stimulus settings in
Signal; Signal will not let you sample if the wrong range has been set on the CED 3304.

The timing of the 3304 current pulses is controlled by a TTL signal connected to the
front panel Trigger input. Signal can control the timing of the current pulses with one of
the 1401 digital outputs in Dynamic outputs mode, or external equipment can control the
pulsing in Static outputs mode. For safety reasons, the CED 3304 will switch off a pulse
after a preset limit is reached — see the 3304 documentation for details of how to control
this limit.

Signal monitors the stimulator health; waiting until it is ready for use before allowing a
sampling sweep to proceed and terminating sampling if a hardware problem develops. To
aid data analysis, Signal saves the stimulation current in the data section variables of the
sampled file. This value, in uA, is placed in the first user frame variable in the sampled
data file. The saved values can be retrieved using the script language; later versions of
Signal may make use of them directly.

To configure the CED 3304 in Signal, open the sampling configuration dialog and make
sure that Multiple states is enabled in the General tab. Open the States tab and make sure
that you are in Dynamic outputs or Static outputs mode. If CED 3304 support is present,
there will be a button labelled CED 3304. If this button is not present, reinstall Signal
and make sure that you select CED 3304 stimulator support. If the button is present, but
disabled, you are in External Digital states mode. Change the mode to enable the button.
Click the button to open the CED 3304 configuration dialog.

From the configuration dialog you can enable use of the CED 3304, set the serial line
port used to communicate with the hardware and other overall parameters, define the
current settings for each state in use, set the active level for the Trigger input and test for
successful communications with the CED 3304.
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Hardware selection

Com port for communications

Current range selection

Active high trigger

Don’t generate settings text
for window title

Settings for state...

Copy...

Test

Simple use

At the top of the dialog are settings that apply RRE IR
to all states. In the centre is a list of the currents . 1

.. . . I se CED 3304 'l
set for each state. Below this is a field to edit S - T
the current for the selected state. At the bottom "
are buttons to copy settings, get help, test the ~ Cuentange selzction [1 miliame |
CED 3304 and accept the dialog settings. B fiteali fages

[~ Don't generate settings test far window title

State 0 current O microamps

Set this to Use CED 3304 to use the |gae ] curent 10 microames

State 2 curent 20 microamps

stimulator or to Do not use if you do not want
to make use of the 3304 support software in
this sampling configuration.

Settings for state 0

Signal connects to the CED 3304 either via a Current [microamps) [0 ‘
serial communication port, or through a USB Copptoal | Copy above | Test |
port, which is setup as a virtual COM port. o |

This field sets the COM port that the CED = |
3304 is connected to. If you use the USB connection, follow the instructions at the start
of the Operation chapter of the CED 3304 Owners Handbook to obtain a suitable device
driver for your operating system.

Cancel | Help

This field sets the maximum current that you can enter for each state. You can select
from 10 and 100 microamps and 1 and 10 milliamps. This control matches the current
range rotary switch on the front of the CED 3304 but does not override its setting — the
actual range switch setting must match the setting in this dialog or an error will be
generated when sampling is begun.

Check the box for an active high trigger (current is generated while the CED 3304
Trigger input is at a high TTL level). Clear the box for active low operation (current
generated when the Trigger input is at a low TTL level). When you are driving the
trigger input from the 1401 digital outputs, it is usual to set an active high trigger.

This checkbox prevents the 3304 system from generating text showing the current level
that Signal can display in the title bar of a sampling document. It is often useful to see
what the 3304 settings are, but some users find it distracting. A separate checkbox in the
Signal sampling preferences must also be set to allow use of this text.

This field displays and lets you edit the desired current for the state selected in the list of
states. You can enter any value (in microamps) from zero to the maximum available, for
example in the 10 uA range you could enter: 0 or 8.234 or 10.

The buttons labelled Copy to All and Copy above can be used to set up many states
quickly; Copy to All copies the currently selected state to all other states, while Copy
Above copies the current state’s settings to all higher state numbers.

This button tests if communications with the CED 3304 can be established. It checks that
you have the correct COM port, that the serial line is connected and that the CED 3304 is
operating correctly.

The Help, Cancel and OK buttons have their usual meanings.

If you want to use the CED 3304 from Signal very simply with a single current setting,
you must still enable multiple states. Set one extra state (so states are enabled), and set
the desired current for state zero, and then sample using state zero only. This gives you
access to the configuration dialog to set the basic CED 3304 parameters and enables
checking of CED 3304 behaviour during sampling and the recording of the stimulation
settings.
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CED 3304 Connections

and cabling

3304 serial cable

The CED 3304 uses a USB A-B cable or a 9-pin serial-line cable (both are supplied with
the unit) for control. Use one cable or the other. If you plug in both, the USB connection
will take precedence. See the Operation chapter of the CED 3304 Owners Handbook for
more information about the control cables.

The front panel Trigger input should be connected to the 1401 digital outputs or other
TTL pulse source using a standard BNC cable. The front panel Data and Clock inputs
are not used with Signal and should be left unconnected.

CED 3304 PC serial
9 Way D Type 9 Way D Type
socket socket
O R
» ©
o, O
e o2

3
O —O
7 C)E-J\ f\_EC) 7
O <
= T

CABLE SCREEN

Notes on 3304 use A straightforward arrangement to use a CED 3304 with Signal, assuming we use digital

output bit 0 to control the current pulse timing, would be as follows:

1. Connect your computer to the CED 3304 using the either a serial or use a USB
connection. Connect the CED 3304 front panel Trigger BNC plug to the 1401
digital output 0 BNC socket found on the front of all modern types of 1401. If you
are using a 1401plus the digital output pulse is available from the 25-way digital
output socket on the front of the 1401.

2. In the Outputs page of the sampling configuration, make sure that digital output bit
zero is enabled for use. Using the pulses configuration dialog, set the initial level of
digital output bit zero to 0 and place a pulse (which will be high-going) in the
outputs at the time when you want the CED 3304 to fire. This output pulse should be
as long as the required stimulation.

3. The CED 3304 support is designed to work with Signal multiple states sampling,
which should be set up in Dynamic outputs mode. Set one extra state for each output
current setting you require and each state should generate digital output pulses to
trigger the CED 3304 plus any other outputs required. The CED 3304 support will
work with manual control of the states or with any style of automatic states
sequencing including protocols.

When Signal begins sampling with the CED 3304 support enabled it checks for a
correctly functioning device. If a CED 3304 is found, Signal will check the range switch
setting, initialize the device and enable the trigger. While sampling is in progress, Signal
sets the output current using the state data before each sweep. At the start and end of
each sweep the CED 3304 health is checked to make sure it is OK. When sampling
finishes, the CED 3304 trigger is disabled.

Because of the extra overhead in setting up current levels for each sweep and checking
that the device is operating correctly, you may find that the maximum sweep rate with the
CED 3304 is reduced.
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MATLAB file export

Workspace variable
naming

Using Signal versions 4.02 onwards you can export data and XY view data to MATLAB
by selecting MATLAB data (*.mat) as the Save as type from the File menu Export As
dialog. To enable this functionality, you must select the MATLAB file export option
when installing Signal. You do not need a copy of MATLAB to be installed on your
computer.

Once you have selected MATLAB data, set a file name and click on Save in the Export
As dialog. Signal will then proceed to dialogs where you choose the data to export and
the format to export it in. The details of the following dialogs depends on the source view

type.

If you have a problem getting the export to work, check that the file MatExp.sx1 is
present in the Signal4\Export folder. A whole bunch of other files are also needed in
this folder, but if this one is there, it is likely that the rest have made it too. If the file is
not present, you need to reinstall Signal and make sure that you select the option to install
MATLAB file export support.

Mat-files represent a collection of workspace variables inside MATLAB. Signal creates
mat-files containing one variable holding aggregated data for all waveform channels and
separate variables for each other data channel that is exported. The variables are
structures containing multiple fields that hold the channel data.

The workspace variables in a mat-file must have names that are both unique and legal. If
a variable name is not unique it will overwrite the existing workspace data with the same
name. MATLAB cannot read variables with illegal names. Signal mat-file export creates
variables with names based upon the source view file name and the channel name. You
can independently select if either of these is to be used. This produces variable names that
are both useful and unique. The default setting is to use the source view file name but not
the channel name. The variable name settings are used to build the variable name as
follows:

If the source view name is to be used, it is placed at the start of the variable name
followed by an underscore character * ’. Following this a channel identifier is added.
The identifier is always ‘wave data’ for the aggregated waveform channels, for other
channels it is either the channel title (if using the source channel name) or Signal builds a
name using ‘Ch’ followed by the channel number. For example, when exporting a view
called Expt1l containing 2 waveform channels and a keyboard marker channel called
‘Keyboard’ we would get the following MATLAB variable names:

Using source view and channel name: Exptl wave data, Expt Keyboard

Using source view name only: Exptl wave data, Exptl Ch3
Using channel name only: wave data, Keyboard
Using neither name: wave data, Ch3

Having generated a name according to these rules, Signal then checks and, if necessary,
modifies the name to guarantee that it is legal. The rules for a legal name are that it must
not be more than 63 characters, must begin with an alphabetic character and must only
contain alphanumeric characters and the underscore character  ’. Signal modifies the
name by appending a ‘v’ to the start of the name if it does not begin with an alphabetic
character, converting all illegal characters to underscores and finally truncating if more
than 63 characters long.

If despite all this you end up with variable names that are the same, the variables will
overwrite each other when you read the file into MATLAB and you will only see the last
variable.
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Data view data

Compatibility

Use ... in variable names

Waveform options

XY view data

Mat-file data format

When exporting data from a file or memory view you will first get a dialog that allows
you to select the channels, frames and time range that you want to export. There is also a
checkbox that selects offsetting the start of the time range being exported to zero. This
dialog is the same as the dialog used to select data to export to a CFS file.

When you have selected your channels, [T wrymrremmn x|

frames and time range you are then
presented with a second dialog that — “empatabilly |Standard version 7 [
controls mat-file export opti()ns. These ¥ Use source name in Matlab variable names
options allow you to define how the I¥ Use source channel name in variable names

MATLAB workspace variables will be ‘wavelom options

named, what data is generated for different Layout aptions | wavefarmns anly =l
channel types and the format used for \aveform data & [Double 5261 7]
various types of Signal data.

ak I Cancel |

If you are using an older version of
MATLAB (before version 7), you must use
the compatibility field to select a suitable output format.

These two options in the dialog control how the mat-file variable names are constructed
as described previously.

These two controls specify how waveform data is handled. The Layout options item can
be set to Waveform only or Waveform and errors, if the second option is selected and
there are error values available these will be exported to a separate array. The Waveform
data as item sets the type of data created for waveforms, it can be set to Float (32-bit) or
Double (64-bit). Floats use less memory while doubles are the most generally useful in
MATLAB, it is probably best to leave this set to doubles unless you are suffering from
memory problems with large amounts of data.

For an XY view you do not get a dialog to control what data is exported; all the visible
channels are exported and only data points that lie within the displayed X and Y axis
ranges are used.

A dialog is provided to control how the data is exported. This is a simplified version of
the data view export options dialog shown above; it only contains the compatibility
selector and the two checkboxes to select the use of the source view name and channel
names to create the MATLAB variable names.

A mat-file represents a collection of MATLAB variables rather than simple data values
which allows for a complex representation of Signal data within MATLAB. Each Signal
channel exported into a mat-file is represented by one variable, except for waveform
channels which are grouped together into a single variable. The variables are structures
containing fields that hold information about the channel and other fields holding the
data. For example, a structure holding data from waveform channels has the fields
xlabel, interval and start each of which is a simple (scalar) datum holding the x
axis title, the sample interval in seconds and the time of the first data point. In addition
there is a field called wave data that is a 3D matrix holding the waveform data values
and an optional field called SD which is a 3D matrix holding the standard deviation for
the corresponding waveform points. The structure varies according to the channel type,
though some fields are common to all channels.
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Waveform data

Marker channels

Waveform data is exported as a 3-dimensional array <points x chans x frames> of
waveform values with an optional associated array of error values. All waveform
channels are exported together in the same variable. There are separate arrays of
structures holding information about the channels and frames that are exported. The
fields in the waveform data structure are:

xlabel a string holding the X axis label, normally blank.

xunits a string holding the X axis units, this is normally ‘s’ even if you have

opted to display time as milliseconds or microseconds.

start
interval

points

chans
frames

chaninfo

frameinfo

values

SD

a double holding the start time, in X axis units, for the waveform data.
a double holding the waveform data sample interval, in X axis units.

an integer holding the number of waveform data points exported for
each channel (and frame).

an integer holding the number of waveform channels exported.
an integer holding the number of frames exported.

an array of structures, length chans, holding information on the
channels exported. Each structure contains the following items:
number an integer holding the actual source file channel number.
title a string holding the channel title.

units a string holding the channel units.

an array of structures, length frames, holding information on the

frames exported. Each structure contains the following items:

number an integer holding the actual source file frame number.

a double holding the start time, in seconds, for the frame.

an integer holding the frame state code.

tag an integer holding the frame tag (0 or 1).

sweeps an integer holding the frame sweep count. This will be zero
for frames not produced by averaging.

start
state

an array with dimensions <points x chans x frames> holding the
waveform values. Depending upon the output options selected, this
array could be double or single-precision real values.

an optional array with dimensions <points X chans x frames>
holding the waveform error values as standard deviations. Depending
upon the output options selected, this array could be double or single-
precision real values.

Marker channel data is represented as a 2-dimensional array of marker times and a
corresponding 2-dimensional array of marker code values. Each marker channel is
exported to a separate variable in the MATLAB workspace. The fields in the channel
structure are:

title a string holding the channel title.

units a string holding the channel units, normally blank.

resolution a double holding the underlying timing resolution in seconds.

points an integer holding the maximum number of markers in a frame.

frames an integer holding the number of frames exported.

times a <points x frames> 2-dimensional array of doubles holding the
marker times in seconds. Times for markers not present in a frame are
set to zero.

codes a <points x frames> 2-dimensional array of integer values holding the

marker codes.
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Idealised trace channels

XY channels

Idealised trace channel data is represented as a 2 dimensional array of structures, with
each structure holding information on one trace segment. Each marker channel is
exported to a separate variable in the MATLAB workspace. The fields in the channel

structure are:

title
units
points
frames

values

a string holding the channel title.

a string holding the channel units.

an integer holding the maximum number of trace segments in a frame.
an integer holding the number of frames exported.

a <points x frames> 2-dimensional array of structures holding the
trace segment information. Each structure contains the following items:

start a double holding the start time of a segment.

period a double holding the length of a segment. This will
be zero for segments not in this frame.

amplitude a double holding the level of a segment.

flags an integer holding the flags set for a segment.

baseline a double holding the baseline level for a segment.

level an integer holding the level of a segment. This is zero

for a closed segment, 1 to n for open levels.

XY view channel data is represented as two 1-dimensional arrays holding X and Y data
plus ancillary information. Each marker channel is exported to a separate variable in the
MATLAB workspace. The fields in the channel structure are:

title
yunits
xunits
points
xvalues

yvalues

a string holding the channel title.

a string holding the Y value units.

a string holding the X value units.

an integer holding the number of XY points.

a <points x 1> array of doubles holding the x values of the data.

a <points x 1> array of doubles holding the y values of the data.
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Script export to mat-
files

Data view export options

XY view export options

Export to mat-files is also available from the script language by wusing the
FileExportAs () function with the file type set to 100. With this type in use, the file
name selection dialog (if provided) will use a ‘“*.mat’ filename filter, an extra exp$
argument becomes available to allow MATLAB-export specific options to be set and the
time range, frames and channels to be exported are set by ExportTimeRange (),
ExportFrameList () and ExportChanList (). The extra exp$ argument that sets
options is a string of the form:

name=value |name=value]|..|name=value

where name specifies some export option and value sets it’s value. You can include as
many options as you want, options that you omit are set to the default value. Option
names are not case-sensitive. It is not an error to use an unknown option.

UseSName selects use of the source name in the channel variable name. Set to 1 if
you want to use the source name, 0 if not. The default is 1.

UseCName selects use of the channel name in the channel variable name. Set to 1 if
you want to use the channel name, 0 if not. The default is 0.

WaveOpts selects generation of an array of waveform error values in the
workspace variable, if errors are available. Set to 1 if you want errors, 0
if not. The default is 0.

WaveData selects the sort of data generated for waveform channels. Set to 1 for
single-precision reals and 2 for double-precision reals. The default is 2.

Compat sets the compatibility option. Set to 0 for version 7 or later, 1 for
version 4 or earlier and 2 for version 6. The default is 0.

UseSName selects use of the source name in the channel variable name. Set to 1 if
you want to use the source name, 0 if not. The default is 1.

UseCName selects use of the channel name in the channel variable name. Set to 1 if
you want to use the channel name, 0 if not. The default is 0.

Compat sets the compatibility option. Set to 0 for version 7 or later, 1 for
version 4 or earlier and 2 for version 6. The default is 0.
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—Symbol—
z in Ternary operator for dialogs
Colon, 3-3
= in times for dialogs
Colon, 3-3
? in Ternary operator for dialogs,
3-3

—1—

1401
Device driver, 18-1
Monitor revision, 18-1
Select unit, 3-8

1902
AC coupling, 20-3
Interactive support, 20-1
Trigger inputs, 20-4

-3
3304 stimulator, 22-8
3-point smooth data, 12-26

—5—
5-point smooth data, 12-26

—A—
Abort sampling, 4-21
ABS sequencer instruction, 7-23
Active cursors, 14-3
Step right/left, 3-4
ADD sequencer instruction, 7-24
ADDAC sequencer instruction, 7-
14
ADDI sequencer instruction, 7-24
Adding a pulse, 6-3
All pass filter, 19-5
All stop filter, 19-5
Amplifier telegraphs, 21-1
Amplitude between cursors, 14-8
Amplitude histogram, 12-3
Analysing data, 2-10
Analysis
Add to buffer, 12-25
Amplitude histogram, 12-3
Append frame, 12-24
Append frame copy, 12-24
Average into buffer, 12-26
Change settings, 12-8
Clear buffer, 12-25
Copy from buffer, 12-25
Copy to buffer, 12-25
Curve fitting, 12-13
Delete channel, 12-24
Delete frame, 12-24
Exchange buffer, 12-25

Fit data, 12-13
Leak subtraction, 12-6
Measurements to XY view, 12-
9,12-11
Modify channel data, 12-26
Online analysis, 12-8
Power spectrum, 12-3
Processing data, 12-7
Subtract buffer, 12-25
Tag frame, 12-27
Trend plot, 12-9
Virtual channels, 12-18
Waveform average, 2-10, 12-1,
12-2
Analysis menu, 12-1
Baseline measurements for
SCAN analysis, 13-7
Burst duration histogram, 13-6
Export to EKDIST, 13-9
Export to HICFIT, 13-9
Keyboard alternatives, 12-27
Multiple frames, 12-26
New idealised trace, 13-2, 13-4
New Memory View, 12-1
New XY View, 12-9
Open/Closed amplitude
histogram, 13-6
Open/Closed time histogram,
13-5
Open/Closed times, 13-1
Process settings, 12-8
View and edit event details,
13-7
ANGLE sequencer instruction, 7-18
Append frame, 12-24
Append frame copy, 12-24
Area
between cursors, 14-8
under curve between cursors,
14-8
Area under curve, 2-8, 14-8
Arrange icons, 17-2
Avrtefact rejection, 4-18
Artefact rejection dialog, 4-18
ASCII values table, 4-4
Assume Power1401 hardware, 10-
14
Auto complete settings, 10-7
Auto-Average of waveform, 12-2
Automate
Directory for file, 4-17
File naming, 4-17
File saving, 4-17
File size limit, 4-17
Frames limit, 4-17
Time limit, 4-17
Automatic format settings, 10-6
Automatic formatting, 10-6

Auxiliary states devices, 22-1
Average. see Mean
Average of waveform, 12-1
Number of sweeps, 11-6
AXis
Customisation, 2-5
Dragging to scale, 2-5
Dragging to scroll, 2-5
Axis controls, 2-5, 11-4
Show and Hide, 11-6

—B—
Band pass filter, 19-5
Band stop filter, 19-5
Bessel filter, 19-8
Bitmap output, 9-5, 10-1
Black and white displays, 11-10
Bookmarks, 10-5
Set on found text, 10-3
BRAND sequencer instruction, 7-30
BRANDV sequencer instruction, 7-
30
Breaking out of processing, 12-8
Buffer
Add frame data into buffer, 12-
25
Add to current frame, 12-25
Average into, 12-26
Clear buffer, 12-25
Copy frame data into buffer,
12-25
Copy to frame data, 12-25
Description, 12-25
Exchange with frame data, 12-
25
Multiple frame operations, 12-
26
Remove frame from average,
12-26
Show buffer, 11-1
Subtract current frame, 12-25
Subtract from current frame,
12-25
Butterworth filter, 19-8
Bxx sequencer instructions, 7-23

—C—
CO-C9 cursor shortcut in dialogs,
3-2
CALL and CALLYV sequencer
instructions, 7-21
Call tips
Display of, 10-10
Style for, 10-10
Capacitance measurement, 5-4
Cascade windows, 17-2
Case sensitivity

Index-1



Signal for Windows version 4

In searches, 10-4
Sequencer, 7-7
CED Software help desk, 18-2
CEDCOND. INI, 20-5
CEDCOND. LOG file, 10-15
cTb file extension, 9-2
CFS
Library, 1-4
Standard file extension, 9-1
cFs file extension, 9-1
CHAN sequencer instruction, 7-27
Change colours, 11-10
Change process settings, 12-8
Channel arithmetic, 12-18
Channel display
Colour override, 11-10
Draw mode colour, 11-10
Standard order, 10-9
Channel information, 11-6
Channel lists, 3-1
Channel range, 3-1
Channels
3-point smooth, 12-26
5-point smooth, 12-26
Arranging order, 2-8
Differentiate, 12-26
Integrate, 12-26
Marker channels, 4-3
Modify data, 12-26
Negate, 12-26
Offset data, 12-26
Overdrawing, 2-9
Overlaying, 2-9
Rectify, 12-26
Scale data, 12-26
Selecting, 2-1
Set DC measurement area, 12-
26
Shift data, 12-26
Show and hide, 11-6
Specifying, 2-6
Subtract DC level, 12-26
Types of channel, 4-1
Waveform channels, 4-1
Zero, 12-26
Chebyshev type 1 filter, 19-8
Chebyshev type 2 filter, 19-8
Clamp features enable, 5-1, 10-17,
12-6, 13-1
Clamping
Channel configuration, 5-2
Configuration, 5-1
Membrane analysis, 5-4
Membrane capacitance, 5-4
Membrane resistance, 5-4
Online controls, 5-4
Resistance measurements, 5-2
Clamping experiment, 5-4

Clamping support, 5-1
Clear data, 12-26
Clipboard
Copy cursor values, 14-7, 14-9
Copy data view as picture, 10-
1
Copy data view as text, 10-2
Copy to, 10-1
Copy XY view as text, 10-3
Cut text to, 10-1
Paste data, 10-1
Paste text, 10-1
Close all associated windows, 9-3,
17-1
Close document, 9-3
CLRC sequencer instruction, 7-20
Coefficients of filters, 19-9
Colour
Enabling, 11-10
Colour dialog, 11-10
Channel colours, 11-10
Command line options, 3-8
Comment
Sequencer, 7-7
Comment file at sampling end, 10-
14
Compatibility, 10-17
Compile output sequence, 7-3
Conditional averaging state, 12-7
Conditioner
CEDCOND. INI settings file,
20-5
CEDCOND . LOG file, 10-15
Sample menu, 15-1
Serial port, 10-15
Configuration files, 9-2
Contents, 4-23
Load and run from Sample
Bar, 15-1
Load and save, 9-6
Connections
Power1401 DACs 2 and 3, 7-
14
Signal conditioner, serial, 10-
15, 20-5
Waveform output, 7-14
Continue sampling, 4-21, 4-22
Convert
foreign file format, 9-3
Copy
Cursor values, 14-7, 14-9
Data view as text, 10-2
XY view as text, 10-3
Copy data
As binary numbers, 10-1
As bitmap, 10-1
As picture, 10-1
As text, 10-1

Copy to clipboard, 10-1
Copy views as pictures, 10-1
Copying a pulse, 6-4
Copying pulses, 6-5
Cosine wave output, 7-16
Count of markers, 2-8
Creating a new document, 4-19
Cubic Spline draw mode for
waveforms, 2-6
Cursor labelling styles, 14-2, 14-6
Cursor menu, 14-1
Active mode, 14-3
Cursor regions, 14-8
Delete, 14-1
Delete horizontal, 14-6
Display all, 14-1
Display all horizontal, 14-6
Display Y Values, 14-7
Fetch, 14-1
Fetch horizontal, 14-6
Label mode, 14-2
Move To, 14-1
Move To Level, 14-6
New cursor, 14-1
New horizontal cursor, 14-6
Renumber cursors, 14-3
Renumber horizontal cursors,
14-7
Search right/left, 14-6
Cursor regions
Zero region, 14-8
Cursor regions dialog, 2-8
Cursor search modes, 14-3
Cursor values
Time zero, 2-7, 14-7
Y zero, 2-7, 14-7
Cursors
Active, 14-3
Active searches, 14-3
Add horizontal, 14-6
Adding, 2-3, 14-1
Button for new, 2-3
Delete cursor, 14-1
Delete horizontal, 14-6
Display all, 14-1
Display all horizontal, 14-6
Fetch cursor, 14-1
Fetch horizontal, 14-6
Label style, 14-2, 14-6
Labelling styles, 2-4
Mouse pointers, 2-4
Move window to centre a
cursor, 14-1
Offset channel to centre
horizontal cursor, 14-6
Region measurements, 14-8
Renumber, 14-3
Renumber horizontal, 14-7
Search right/leftl, 14-6
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Value at, 14-7

Values between, 2-8, 14-8
Curve fitting

Testing the fit, 12-17
Curve Fitting, 12-13
Cut text, 10-1
CyberAmp

Interactive support, 20-1

—D—
DAC connections for Power1401,
7-14
DAC output during sampling, 7-1
DAC output range, 4-16
DAC outputs, 4-16
DAC outputs for state, 8-9
DAC scaling and units, 4-12
DAC sequencer instruction, 7-14
Data
Exporting, 9-4
Incoming sampled data, 4-19
Saving, 9-4
Data channels, 2-1
Data export
CFS data format, 10-12
Data file update, 10-13
Data update mode, 9-6
Data view
Copy as Text, 10-2
Data view short cut keys, 3-4
dB scale, 19-10
DBNZ sequencer instruction, 7-21
DC measurement area for subtract,
12-26
Decibel scale, 19-10
DEFAULT . S2C configuration, 11-
11
DEFAULT . SGC default
configuration file, 9-6
DELAY sequencer instruction, 7-21
Delete channel, 12-24
Delete frame, 12-24
Delete selected text, 10-2
Dialog expressions, 3-2
D IBEQ sequencer instruction, 7-13
D IBNE sequencer instruction, 7-13
Differentiate data, 12-26
Differentiator, 19-12
Differentiator filter, 19-6
Digital filter
Dialog, 19-2
FIR filter dialog, 19-4
FIR filters, 19-1
FIRMake filter types, 19-11
lIR filter dialog, 19-6
lIR filters, 19-1
Digital input
test bits, 7-13

test saved bits, 7-14
Digital inputs
Connections, 4-16
Digital markers, 4-3
Enable, 4-7
Digital output, 7-12
micro1401 and Power1401, 7-
13
Digital output voltages, 4-16
Digital outputs, 4-16
Bit numbers, 4-16
Connections, 4-16
Socket pins, 4-16
Digital outputs enable, 4-12
Digital outputs for state, 8-9
Digital state inputs
Bit numbers, 4-16
Socket pins, 4-16
D IGLOW sequencer instruction, 7-
13
DIGOUT sequencer instruction, 7-
12
Directory for file name generation,
4-17
Directory for file saving, 4-17
Directory for new data files, 10-14
D ISBEQ sequencer instruction, 7-
14
DI SBNE sequencer instruction, 7-
14
Display
Customise, 2-6
Standard settings, 11-5
Zoom in button, 2-3
Zoom out button, 2-3
DIV sequencer instruction, 7-24
Dots draw mode for markers, 11-8
Dots draw mode for waveforms, 2-
6
Drag and drop text, 3-6
Draw mode, 11-7
Drawing method selection, 10-9
Drawing modes
Data view, 11-7, 11-8
Dual threshold cursor modes, 14-4
Duplicate view, 17-1

—E—
Edit bar, 11-1
Edit menu, 10-1
Auto complete settings, 10-7
Auto Format, 10-6
Copy, 10-1
Copy as text, 10-3
Cut text, 10-1
Delete selection, 10-2
File comment, 10-6
Find text, 10-3

Frame comment, 10-6
Paste, 10-1
Preferences, 10-8
Redo, 10-1
Replace, 10-5
Select All, 10-2
Toggle comments, 10-7
Undo, 10-1
Edit text
Bookmarks, 3-6, 10-5
Cut, copy and paste, 3-5
Drag and drop, 3-6
Editor settings, 10-9
Find, 3-6, 10-5
Indent and outdent, 3-6
Multiple selections, 3-7
Rectangular select, 3-7
Regular expressions, 10-3
Replace, 3-6
Search, 10-3
Short cut keys, 3-5
Status bar information, 2-2
Text caret control, 3-5
Virtual space, 3-7
Wildcard searches, 10-3
Edit toolbar, 10-5
EKDIST export, 13-9
Email support, 9-6
Enhanced metafiles, 10-13
Enlarge view, 11-4
Error bars, 12-1
Errors
Sequencer compiler, 7-32
Evaluate bar, 16-1
Event 1 sampling trigger, 4-3, 4-21
Exchange data with another
computer, 9-6
Exit, 9-10
Export data
As bitmap file, 9-5
As CFS file, 9-4
As text file, 9-5
As Windows Metafile, 9-5
Format, 10-12
To clipboard, 10-3
Expression cursor mode, 14-5
Expressions
In dialogs, 3-2
External convert sampling, 4-6

—F—

Fast trigger sweeps, 4-5

Feature detection, 12-11

FFT (Fast Fourier Transform), 12-3

File comment, 10-6

File comment at sampling end, 10-
14

File format converters, 9-3
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File icons, 1-3
File menu, 9-1
Close, 9-3
Close All, 9-3
Data update mode, 9-6
Exit, 9-10
Export As, 9-4
Import data, 9-3
Import open\closed times, 9-3
Load configuration, 9-6
New File, 9-1
Open, 9-2
Page Setup, 9-7
Print, 9-9
Print screen, 9-10
Print selection, 9-9
Print visible, 9-9
Revert To Saved, 9-6
Save and Save As, 9-4
Save configuration, 9-6
Send Mail, 9-6
File name extensions, 9-1
File name generation, 4-17
File size limit, 4-17
File view, 2-1, 2-10
Filtbank.cfb filter bank file,
19-3
Filter bank, 19-3
Find text, 10-3
Finding a pulse, 6-4
Finish sampling, 4-21, 4-22
FIR filter
Attenuation and ripple, 19-11
Coefficients, 19-9
Details of filter, 19-4
Dialog, 19-2
Differentiator example, 19-16
Frequencies, 19-9
Frequency bands, 19-10
Load and save filters, 19-3
Maximum useful attenuation,
19-10
Multiband example, 19-15
Number of coefficients, 19-13
Nyquist frequency, 19-14
Overview, 19-1
Pink noise from white noise,
19-12
Ripple in bands, 19-11
Slope for differentiator, 19-12
Technical details, 19-9
Transition region, 19-10
Types of filter, 19-5
Weighting, 19-10
FIRMake()
filter types, 19-11
FIRMake() script command
Discussion, 19-9
First frame, 11-1

Fit data, 12-13
Fitting, 12-13
Fixed interval period, 6-9
Fixed interval sweeps, 4-5
Fixed interval variation, 6-9
Folding, 10-11, 11-11
Font selection, 11-9
Format of Signal data files, 1-4
Frame buffer. See Buffer
Frame comment, 10-6
Frame lists, 3-1
Frame selection, 3-1
Frame start time display, 10-8
Frame zero, 4-19
Frames
Channels, 2-2
Comment, 2-2
Description, 2-2
Display list, 11-1
Extra data, 2-2
Flags, 2-3
Goto frame, 11-1
Next, 11-1
Next button, 2-3
Overdrawing, 2-7, 11-1
Overdrawing online, 4-22, 11-
4
Previous, 11-1
Previous button, 2-3
Processing data, 12-7
Save changed data, 10-13
Show frame buffer, 11-1
Specifying, 3-1
Start time, 2-3
State, 2-3
Status bar information, 2-2
Tag, 2-3
Tagging and untagging, 12-27
User variables, 2-3

Variation, 2-2
Frames limit, 4-17
—G—

Gap-free sweeps, 4-5
Gradient of line, 2-8, 14-8
Grid

Set colour, 11-10
Grid show and hide, 11-6
Group channels, 11-5

—H—
HALT sequencer instruction, 7-22
Hardware required for Signal, 1-2
Header and footer

Print screen, 9-10

Help, 2-1, 18-1
Help desk, 18-2
Hexadecimal marker codes, 4-4

Hide window, 17-1

High pass filter, 19-5

High pass filter example, 19-14

Hilbert transformer, 19-12, 19-18

Histogram draw mode for
waveforms, 2-6

HJCFIT export, 13-9

Hz () sequencer expression
function, 7-7

—]—
I/V Curves, 12-9
Icons for files, 1-3
Icons, arrange, 17-2
Idealised trace
Amplitude analysis, 13-6
Available analyses, 13-1
Baseline measurements, 13-7
Burst analysis, 13-6
Description, 13-1
Drawing mode, 11-8
Editing, 13-7
Events, 13-1
Export to EKDIST, 13-9
Export to HICFIT, 13-9
Fitting strategy, 13-9
Generation, 13-2, 13-4
Open closed times analysis,
13-5
Shortcut keys, 13-9
Tips for fitting, 13-9
Idling control, 10-16
IIR filter, 19-6
Details of filter, 19-7
Dialog, 19-2
Filter model, 19-8
Filter order, 19-7
Load and save filters, 19-3
Notch filter, 19-8
Overview, 19-1
Types of filter, 19-7
import folder, 9-3
Import foreign data file, 9-3
Impulse response, 19-9
Installation, 1-2
Installing Signal, 1-2
Instructions for sequencer, 7-6
Integrate data, 12-26

—J—

JUMP sequencer instruction, 7-22

—K—
Key for XY view, 11-7
Keyboard control of display, 11-12
Keyboard control of sequencer, 7-
1,7-7
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Keyboard driven analysis, 12-27
Keyboard markers, 4-3

Enable, 4-7

Entering, 4-21

—L—

Label for cursor, 2-4, 14-2, 14-6

Last frame, 11-1

LAST . SGC last sampling
configuration, 9-6

Leak subtraction, 12-6

Least squares fitting, 14-8

Licence information, 1-4

Licences, 1-4

Line draw mode for markers, 11-8

Line draw mode for waveforms, 2-
6

Line style in XY views, 11-9

Line thickness for printing, 10-8

Line width for displays, 10-8

Load and Run a script
on startup, 3-8

Lock Y axes, 11-5

Log view, 2-1

Logarithmic scale, 19-10

Low pass differentiator filter, 19-6

Low pass filter, 19-5

Low pass filter example, 19-12

—M—
Magnify mouse pointer, 2-4
Magstim
Configuration, 22-2
Connections, 22-5
Types, 22-3
Magstim stimulator, 22-1
MARK sequencer instruction, 7-28
Marker codes, 4-4
Marker count, 2-8
Marker display
Dots, 11-8
Lines, 11-8
Rate, 11-8
Markers
Drawing mode, 11-8
MATLAB file export, 23-1
File format, 23-2
Marker data, 23-3
Script support, 23-5
TextMark data, 23-4
Time view data, 23-2
Waveform and RealWave, 23-
3
Workspace variable naming,
23-1
XY data, 23-4
XY view data, 23-2
Maximum

Sampled frame length, 4-7
Total sampling rate, 4-6
Maximum and Minimum cursor
modes, 14-4
Maximum between cursors, 14-8
Maximum waveform output rate, 6-
7
Mean value between cursors, 2-8,
14-8
Measurements, 12-11
Measurements by dragging mouse,
2-4
Membrane
Analysis, 5-4
Capacitance, 5-4
Holding potential, 5-5
Resistance, 5-4
Memory
Minimum required in
Windows, 1-2
Memory view, 2-10
Behaviour, 2-11
Creating a new view, 12-1
Loading as file view, 2-12
Number of sweeps, 11-6
Saving to disk, 2-12
Menus
Analysis, 12-1
Cursor, 14-1
Edit, 10-1
File, 9-1
Help, 18-1
Sample, 15-1
Single channel analysis, 13-1
View, 11-1
Windows, 17-1
Metafile image export, 9-5
Metafile output scaling, 10-13
Metafiles
Enhanced, 10-13
Microseconds time, 10-8
Milliseconds time, 10-8
Minimum between cursors, 14-8
Modify channel data, 12-26
Modulus of data, 14-8
Mouse
Measurements by dragging, 2-
4
MOV sequencer instruction, 7-23
MOV I sequencer instruction, 7-23
Moving a pulse, 6-4
MOVRND sequencer instruction, 7-
31
ms as time scaler, 3-3
ms () sequencer expression
function, 7-7
MUL and MUL 1 sequencer
instructions, 7-25

Multiband filter, 19-11
Multiband with 3 dB/octave cut,
19-12
MultiClamp 700 telegraph
configuration, 21-3
MultiClamp 700 telegraphs, 21-2
Multiple 1401s, 3-8
Multiple frame operations, 12-26
Multiple frame states enable, 4-6
Multiple states
3304 stimulator, 22-8
Auxiliary devices, 22-1
Configuring, 8-2
DAC outputs for state, 8-9
Digital output bits, 8-9
Dynamic outputs, 8-2
Enable, 4-6
Enabling, 8-2
External digital states, 8-10
Individual states repeats, 8-4
Magstim stimulator, 22-1
Number of states, 8-2
Numeric sequencing, 8-3
Online control, 8-7
Protocol control online, 8-8
Protocol definition, 8-5
Randomised, 8-3
Sequencing, 8-3
Static outputs, 8-9
Types of multiple states, 8-1
Variable points, 4-6

—N—
NEG sequencer instruction, 7-23
Negate data, 12-26
New document, 4-19, 9-1
Temporary directory for data
files, 10-14
New file from existing file, 9-4
New memory view, 12-1
New XY view, 12-9
Next frame, 11-1
Button, 2-3
NOP sequencer instruction, 7-22
Notch filter, 19-8
Numeric expressions in dialogs, 3-
2

—0—

Offset data, 12-26
OFFSET sequencer instruction, 7-

19
One and a half high pass filter, 19-6
One and a half low pass filter, 19-5
Online ADC range, 10-15
Online clamping support, 5-1
Online data processing, 12-8
Online optimisation
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Defer, 10-14
Online pulses control, 6-10
Online update of memory view, 12-

8
Open/Closed times, 13-1
Opening

Configuration file, 9-6

Files from command line, 3-8

New document, 9-1

Old document, 9-2
Operators

In dialogs, 3-3
Optimisation online, 10-14
Optimise Y axis, 11-5
Options for XY view, 11-7
Order of channels, 10-9
Outputs. See Pulses, See Sequencer

Absolute levels, 4-12

DAC, 4-16

DAC enable, 4-12

DAC scaling, 4-12

DAC units, 4-12

Digital, 4-16

Digital outputs enable, 4-12

Pulse output frame, 6-1

Pulse type, 4-11

Pulses or sequencer, 4-15

Relative levels, 4-12

Sequencer, 7-1

Sequencer type, 4-13

Start of pulses, 6-1

Time resolution, 4-11

Type select, 4-11

Types available, 4-15
Outputs dialog

Absolute times, 4-12
Outputs frame length, 6-9
Outputs frame sweeps, 4-5
Overdraw mode, 11-1

—p—
Pass band, 19-10, 19-11
Paste data into view, 10-1
Paste text, 10-1
Patch clamp, 13-1
Patch clamping, 5-1
Pausing sampling, 4-20
Peak between cursors, 14-9
Peak search
cursor mode, 14-4
Peri-trigger
Configuration, 4-9
Level adjust online, 4-22
Peri-trigger sweeps, 4-5
PHASE sequencer instruction, 7-18
pls file extension, 9-1
Point style in XY views, 11-9

POINTS sequencer instruction, 7-
28
Port
Configuration, 4-10
Full value, 4-10
Options, 4-10
Telegraph, 4-11
Zero value, 4-10
Power spectrum, 12-3
Number of sweeps, 11-6
Windowing, 12-4
Power1401 configuration adaption,
10-14
Preferences, 10-8
Assume Power1401 hardware,
10-14
File comment at sampling end,
10-14
Line widths, 10-8
Script files, 10-9
Preferences file, 9-2
Preferences folder, 4-23
Previous frame, 11-1
Button, 2-3
Print
Selected cursor values, 14-7,
14-9
Print control
Line thickness, 10-8
Printing
Header and footer, 9-7
Page setup, 9-7
Preview printed output, 9-9
Print data, 9-9
Print screen, 9-10
Print visible data, 9-9
Process dialog, 2-11, 12-7
for new file, 4-19, 12-8
Process frames dialog, 12-7
Process settings, 12-8
Prompt to save result and XY
views, 10-13
Pseudo-operators
Style for, 10-12
Pulse outputs frame, 6-1
Pulse outputs start, 6-1
Pulses
Adding a pulse, 6-3
Animation, 6-2
Avrbitrary waveform, 6-7
Configuration, 6-1
Controlling online, 6-10
Copying a pulse, 6-4
Copying pulses, 6-5
Current pulse, 6-2
Delete pulse, 6-2
Dialog, 6-1
Digital bits, 6-5
Display, 6-1

Drag and drop, 6-3

Finding a pulse, 6-4

Fixed interval period, 6-9

Fixed interval variation, 6-9

Initial level, 6-5

Moving a pulse, 6-4

Paste waveform, 6-8

Pulse selection, 6-2

Pulse train, 6-6

Ramp, 6-7

Removing a pulse, 6-4

Sine wave, 6-7

Square pulse, 6-6

Square with varying
amplitude, 6-6

Square with varying duration,
6-6

State label, 6-2

State selector, 6-2

Step change, 6-8

Total variation, 6-8

Trigger sampling, 6-9

Types, 6-3

Values, 6-3

Variable sweep points, 6-9

Varying, 6-8

Waveform, 6-7

Pulses or sequencer, 4-15

_Q_

Quiet startup, 3-8

—R—
RAMP sequencer instruction, 7-15
Randomisation in sequencer, 7-30
Rate marker display mode, 11-8
RATE sequencer instruction, 7-17
RATEW sequencer instruction, 7-17
RECIP sequencer instruction, 7-24
Rectify data, 12-26
Redo command, 10-1
Reduce view, 11-4
Relative measurements, 14-7
Remove Signal, 1-3
Removing a pulse, 6-4
Renumber cursors, 14-3
Renumber horizontal cursors, 14-7
Replace matched text, 10-5
Repolarisation cursor mode, 14-5
REPORT sequencer instruction, 7-
28
Resistance measurement, 5-4
Resistance measurements
State for, 5-1
Resonator filter, 19-8
Resource files, 9-1
Resources, free, 18-2
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Restart sampling, 4-21
Result view
Prompt to save unsaved view,
10-13
RETURN sequencer instruction, 7-
21
Revert text document to last saved,
9-6
RINC sequencer instruction, 7-20
R INCW sequencer instruction, 7-20
Rotate data, 12-26
Run script
command line, 3-8
from Script Bar, 16-2
startup.sgs, 3-8

—S—
s() sequencer expression
function, 7-7
Sample Bar, 15-1
Sample Bar List, 15-1
Sample interval, 4-1
Sample menu
Output controls, 15-2
Sample Bar, 15-1
Sample Bar List, 15-1
Sampling configuration, 15-1
Sequencer controls, 15-2
Signal conditioner setup, 15-1
Sample rate
For waveform data, 4-1
Minimum, 4-1
Sampling
Aborting, 4-21
Accept sweep, 4-21
ADC calibration, 4-10
ADC ports, 4-7
Amplifier telegraphs, 4-10
Aurtefact rejection, 4-18
Automation configuration, 4-
17
Burst mode, 4-7
Clamp support, 5-1
Configuration contents, 4-23
Configuration dialog, 4-5
Continue with next sweep, 4-
21, 4-22
Control of multiple states, 8-7
Controls while, 4-20, 15-2
Creating a new document, 4-19
Customise toolbar, 15-1
Digital outputs, 7-1
Display configuration, 15-1
Enabling multiple frame states,
4-6
File size limit, 4-17
Finish button, 4-21, 4-22
Fixed interval sweeps, 6-9

Fixed interval variation, 6-9
Frame zero, 4-19
General configuration, 4-5
Incoming data, 4-19
Keyboard marker entry, 4-21
Maintain displayed ADC
range, 4-22
Maximum frame length, 4-7
Maximum rate, 4-6
Menu, 15-1
Online analysis, 4-19
Output during, 7-1
Outputs configuration, 4-11
Outputs frame sweeps, 6-9
Outputs type, 4-11
Overdraw frames, 4-22
Pausing at sweep end, 4-20
Peri-trigger configuration, 4-9
Peri-trigger level adjust, 4-22
Pulse controls while, 15-2
Reject sweep, 4-21
Restarting, 4-21
Sample now button, 15-2
Sample rate, 4-6
Saving configuration, 4-24
Saving new data, 4-23
Sequencer controls while, 15-2
Setting configuration, 4-24
Signal conditioner controls,
15-1
Start on trigger, 4-20
Stopping sampling, 4-22
Sweep trigger, 4-8, 4-20
Sweep trigger polarity, 4-8
Time limit, 4-17
Toolbar for configurations, 15-
1
Triggered start, 4-21
Variable sweep points, 4-6
Write sweep automatically, 4-
20
X axis offset, 4-7
Sampling configuration, 15-1
Loading and saving, 9-6
Sampling configuration files, 9-2
Save changed data, 9-6, 10-13
Save file at sampling end, 4-17
Saving configurations, 4-23
Scale data, 12-26
SCAN method, 13-2
Scheduling, 10-16
Screen dump, 9-10
Script bar, 16-2
Script code folding, 10-11
Script menu
Compile script, 16-1
Evaluate line, 16-1
Recording on/off, 16-1
Run script, 16-1

Script bar, 16-2
Script bar customisation, 16-2
Show debug bar, 16-2
Scripts
Enter debugger on error, 10-15
Save modified, 10-15
Scroll bar show and hide, 11-6
Search for text, 10-3
and replace it, 10-5
Seconds time, 10-8
Selected channels, 3-1
Selecting a channel, 2-1
Selecting Channels, 2-1
Send Mail, 9-6
Sequencer, 7-1
Absolute value of variable, 7-
23
Access to data capture, 7-27
Add constant to variable, 7-24
Add table value, 7-26
Arbitrary waveform output, 7-
31
Calculate variable values, 7-8,
7-12,7-13, 7-20
Compare variable, 7-23
Compile sequence, 7-3
Compiler errors, 7-32
Control panel, 7-1
Copy variable, 7-23
DAC outputs, 7-14
DAC scaling, 4-14
Delay for period, 7-21
Digital input tests, 7-13
Digital outputs, 7-12
Disable interactive jumps, 4-13
Divide variable, 7-24
Example, 7-4
Expressions, 7-7
Format text, 7-3
Format with step numbers, 7-3
Free run, 4-13
Free running example, 7-5
Get current sample points, 7-
28
Get current sweep state, 7-28
Get current time, 7-29
Get latest sampled data, 7-27
Get sweep start time, 7-29
Instruction format, 7-7
Instructions, 7-6
Jump to label, 7-22
Keyboard control, 7-1
Load variable from table, 7-26
Multiply variables, 7-25
Negate variable, 7-23
Outputs, 7-1
Ramp DACs, 7-15
Randomisation, 7-30
Reciprocal of variable, 7-24
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Record digital marker, 7-28
Set file to use, 7-3
Set state of current sweep, 7-
28
Set variable value, 7-23
Sine wave output, 7-16
Stop operation, 7-22
Store variable in table, 7-26
Subtract table value, 7-26
TABDAT directive, 7-9
Table of values, 7-9
TABSZ directive, 7-9
Technical information, 7-2
Time resolution, 4-13
Trigger sweep, 7-29
Variable sum and difference,
7-24
Variables, 7-8
Wait till time in sweep, 7-29
Sequencer or pulses, 4-15
Serial number, 18-1
SETS sequencer instruction, 7-28
SGC Configuration file extension,
9-2
SGP Preferences file extension, 9-2
SGR Resource file extension, 9-1
sgs file extension, 9-1
SGS standard file extension, 9-1
Shift data, 12-26
Short cut keys
Data views, 3-4
Text views, 3-5
Show hidden window, 17-1
Show\Hide
Axes, 11-6
Channels, 11-6
Edit bar, 11-1
Grid, 11-6
Scroll bar, 11-6
Status bar, 11-1
Toolbar, 11-1
Signal command line, 3-8
Signal conditioner
Connections, 20-5
Control panel, 20-2
Functions, 20-1
Sample menu, 15-1
Types, 20-1
Sine wave output, 7-16
Single channel, 5-1
Single channel analysis, 13-1
Single-channel analysis, 13-1
Skyline draw mode for waveforms,
2-6
Slope of line, 2-8, 14-8
Slope peak and trough cursor
modes, 14-5
Slope search cursor modes, 14-5

Slope threshold cursor modes, 14-5
Slope% cursor mode, 14-5
Smooth data, 12-26
Software
Device drivers, 1-2
Installation, 1-2
Licencing, 1-4
Running multiple copies, 3-8
Uninstalling, 1-3
Updating, 1-2
Software help desk, 18-2
Standard 1401 telegraphs, 21-1
Standard deviation
curve fitting, 12-17
Standard display settings, 11-5
startup.sgs, 3-8
STATE sequencer instruction, 7-28
States sequencing, 8-3
Static outputs states, 8-9
Status bar, 2-2
Stimulator
CED 3304, 22-8
Magstim, 22-1
Stop band, 19-10, 19-11
Stop Process command, 12-8
Stop sampling, 4-21, 4-22
SUB sequencer instruction, 7-24
Subtract DC level from data, 12-26
Sum of data, 14-8
Sweep
Mode selection, 4-5
Sweep mode
Basic, 4-5
Fast triggers, 4-5
Fixed interval, 4-5
Gap-free, 4-5
Outputs frame, 4-5
Peri-trigger, 4-5
SWEEP sequencer instruction, 7-29
Sweep trigger polarity, 4-8
sxy file extension, 9-1
System resources, 18-2
System software required, 1-2
SZ sequencer instruction, 7-16
SZINC sequencer instruction, 7-17

—T—

TABADD sequencer instruction, 7-
26

TABDAT directive, 7-9

TABLD sequencer instruction, 7-26

TABST sequencer instruction, 7-26

TABSUB sequencer instruction, 7-
26

TABSZ directive, 7-9

Tag frame, 12-27

Telegraph configuration dialog, 21-
1
Telegraph output, 21-1
Telegraph outputs, 4-11
Telegraphs
MultiClamp 700, 21-2
Standard 1401, 21-1
Ternary operator, 3-3
Text editor settings, 10-9
Text output, 10-1
Data specification, 10-3
Format specification, 10-2
From data view, 10-2
From XY view, 10-3
Text view control keys, 3-5
Threshold crossing, 13-4
Threshold crossing cursor modes,
14-4
TICKS sequencer instruction, 7-29
Tile windows
Horizontally, 17-1
Vertically, 17-1
Time
Frame start time display, 10-8
Time units for data, 10-8
Time as expression, 3-2
Time expressions in dialogs, 3-3
Time limit, 4-17
Time range controls, 11-4
Time shift, 19-9
Time units
In X axis dialog, 2-5
Time zero, 14-7
Times
Specifying, 2-5
TMS
Magstim, 22-1
Stimulator control, 22-1
Toggle all folds, 10-11, 11-11
Toggle comments, 10-7
Toolbar, 11-1
Toolbar, 2-2
Trend plots, 12-9
TRI1G sequencer instruction, 7-29
Trigger
Analogue, 4-9
Digital bit, 4-9
Peri-trigger modes, 4-9
Pre-trigger points, 4-10
Sweep trigger, 4-8
Waveform, 4-9
Triggered start of sampling, 4-21
Trough between cursors, 14-9
Trough cursor mode, 14-4
TTL compatible signals, 4-3
Turning point cursor mode, 14-5
Two band pass filter, 19-6
Two band stop filter, 19-6
txt file extension, 9-1
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TXT standard file extension, 9-1

—yU—

Undo command, 10-1
Un-magnify mouse pointer, 2-4
Update mode for changed data, 9-6
Updating Signal, 1-2
us as time scaler, 3-3
us () sequencer expression

function, 7-7

—\V—
Value at cursor, 14-7
Values between cursors, 14-8
VAngle () sequencer expression
function, 7-7
VAR directive in sequencer, 7-8
Variable sweep points, 4-6
Variables for sequencer, 7-8
VarValue script, 7-8, 7-12, 7-13,
7-20
VDACO-7 sequencer variables, 7-8
VDAC16 () sequencer expression
function, 7-8
VDAC32() sequencer expression
function, 7-8
VDigln sequencer variable, 7-8
VHz () sequencer expression
function, 7-7
View handle
Interactive access to, 17-2
View menu, 11-1
Add frame to list, 11-2
Channel Information, 11-6
Colour commands, 11-10
Draw mode, 11-7
Edit bar, 11-1
Enlarge and reduce, 11-4
Font, 11-9
Goto frame, 11-1
Info, 11-6
Keyboard alternatives, 11-12
Next frame, 11-1
Overdraw frames, 11-1
Overdraw settings, 11-2
Previous frame, 11-1
Show buffer, 11-1
Show/Hide channel, 11-6
Standard display, 11-5
Toolbar, 11-1
X Axis Range, 11-4

XY Options, 11-7
Y Axis Range, 11-5
View-based expressions, 3-2
Virtual channels, 12-18
Build expression, 12-22
Channel processing, 12-21
Expression, 12-18
matching channel, 12-18
Mathematics, 12-20
Setting parameters, 12-18
Waveform generation, 12-20
Voltage clamp, 5-1
Voltage limits
TTL inputs, 4-3

—\W—
WAITC sequencer instruction, 7-19
WAVE sequencer instruction, 7-31
WAVEBR sequencer instruction, 7-
31
Waveform average, 2-10
Waveform data
Amplitude histogram, 12-3
Area, 14-8
Area over zero, 14-8
Average, 12-1
Connections, 4-2
Copy and Export format, 10-3
Leak subtraction, 12-6
Mean value, 14-8
Modulus, 14-8
Multiple averages, 12-2
Power spectrum, 12-3
Slope of best fit line, 14-8
Sum, 14-8
Underlying CFS data, 4-1
Value at cursor, 14-7
Waveform display
Cubic spline, 2-6
Dots, 2-6, 11-7
Histogram, 2-6, 11-7
Line, 2-6, 11-7
Skyline, 2-6, 11-7
Waveform output, 6-7
During sampling, 7-1
Maximum rates, 6-7
test from sequencer, 7-31
Waveforms
Drawing mode, 11-7
Web site, 1-2
Whole cell, 5-1
Width of a memory view, 2-10

Window for FFT, 12-4
Window menu, 17-1
Arrange icons, 17-2
Cascade, 17-2
Close all, 17-2
Duplicate, 17-1
Hide window, 17-1
Show window, 17-1
Tile Horizontally, 17-1
Tile Vertically, 17-1
Window list dialog, 17-2
Write to disk, 4-20
WSWP sequencer instruction, 7-29

—X—
X axis control, 2-5
X Axis Range dialog, 11-4
X Range dialog, 2-5
XY Draw Mode, 11-9
XY view, 2-12
Auto-expand axes, 11-7
Controlling display, 2-12
Copy as text, 10-3
Creating a new view, 12-9
Delete channel, 12-24
Draw mode, 11-9
Example, 2-12
Fill with colour, 11-11
Key, 11-7
Line style, 11-9
Options, 11-7
Point style, 11-9
Prompt to save unsaved view,
10-13

—Y—
Y AXis
Lock, 11-5
Optimise, 11-5
Y axis control, 2-6
Y Axis Range dialog, 11-5
Y zero, 14-7

-7
Zero data, 12-26

Zero region, 2-8, 14-8
Zoom in button, 2-3
Zoom out button, 2-3

Index-9



	Signal for Windows

	Table of Contents

	Signal for Windows

	Introduction
	New features in version 4
	Hardware required
	Installation
	During installation
	Custom install
	After installation

	Updating Signal
	Removing Signal
	File icons
	Using this manual
	Direct access to the raw data
	Licence information
	Additional software licences


	Getting started

	Introduction
	Basic operations
	Selecting channels
	Toolbar and Status bar

	A discussion about frames
	Scroll bars and buttons
	Controlling the display 
	Cursor measurements
	Channel arrangement
	Memory views
	Saving and reloading memory views
	XY views
	Summary

	General information

	Channel lists
	Frame lists
	Dialog expressions
	Data view keyboard shortcuts
	Text view keyboard shortcuts
	Text caret control
	Cut, Copy, Paste,�Delete, Undo and Redo
	Miscellaneous
	Find, Replace and Bookmarks
	Indent and Outdent
	Drag and drop
	Virtual space
	Multiple selections
	Select rectangular text area

	The Signal command line

	Sampling data

	Types of channel
	Waveform channels
	Minimum sample rate
	Voltage range
	Use of filters
	Input connections

	TTL compatible signals
	Marker channels
	Keyboard markers
	Digital markers
	Digital marker connections

	Marker codes
	Sampling configuration
	General configuration
	Peri-trigger configuration
	Ports configuration
	Clamp configuration
	Outputs configuration
	Step period (ms)
	Free run without restarts
	Jumps controlled by
	Sequence file
	DAC scaling and waveform

	Pulses or sequencer? 
	Pulses
	Free-run sequence

	DAC outputs
	Digital outputs
	Digital inputs
	Automation configuration
	Artefact rejection
	Creating a new document
	Online analysis
	Sampling control panel
	During sampling
	Other interaction with sampling

	Stopping sampling
	Finishing sampling
	Saving new data
	Saving configurations
	Sequence of operations to set and save the configuration

	Sampling with clamp support

	  Introduction  
	Online clamp support features
	Sampling configuration
	Multiclamp 700 integration
	Other sampling configuration considerations

	Running a clamping experiment
	Membrane analysis
	Changing pulses
	Resistance data
	Analysis methods


	Pulse outputs while sampling

	Introduction
	Pulses dialog
	Pulses dialog layout
	Dragging and dropping
	Adding a new pulse
	Moving a pulse
	Removing a pulse
	Finding a pulse
	Copying pulses

	Editing pulse parameters
	Initial level
	Simple square pulse
	Varying amplitude pulse
	Varying duration pulse
	Square pulse train
	Ramp with varying amplitudes
	Sine wave
	Arbitrary waveform
	Setting a waveform
	Pulses with variations
	Outputs frame and Fixed interval sampling modes
	Variable sweep points

	Controlling pulse outputs during sampling
	Timing warnings


	Sequencer outputs while sampling

	Overview
	Sequencer control panel
	Sequencer technical information
	The sequence editor
	Loading sequence files for sampling
	Getting started
	Instructions
	Instruction format
	Expressions
	Variables
	Constants
	Table of values
	Include files
	Sequencer instruction reference
	Digital I/O
	DIGOUT
	DIGLOW
	DIBEQ, DIBNE
	DISBEQ, DISBNE
	DAC outputs
	DAC, ADDAC
	RAMP
	Cosine output control instructions
	SZ
	SZINC
	RATE
	RATEW
	ANGLE
	PHASE
	OFFSET
	WAITC
	RINC, RINCW
	CLRC
	General control
	DELAY
	DBNZ
	CALL, CALLV, RETURN
	JUMP
	HALT
	NOP
	Variable arithmetic
	Compare variable
	MOVI
	MOV, NEG, ABS
	ADDI
	ADD, SUB
	DIV, RECIP
	MUL, MULI
	Variable logic
	AND, ANDI
	OR, ORI
	XOR, XORI
	Table access
	TABLD, TABST
	TABADD, TABSUB
	TABINC
	Access to data capture
	CHAN
	POINTS
	REPORT, MARK
	STATE
	SETS
	SWEEP
	WSWP
	TRIG
	TICKS
	Randomisation
	BRAND
	MOVRND
	Arbitrary waveform output
	WAVE
	WAVEBR
	Sequencer compiler error messages

	Sampling with multiple states

	Introduction
	What does multiple states sampling do?
	State numbers, idling and state 0
	Auxiliary states hardware

	What else can multiple states do?
	Enabling multiple states
	Defining multiple states
	Dynamic outputs states
	State sequencing
	Numeric (non-protocol) sequencing modes
	Individual repeats

	State sequencing using protocols

	Controlling multiple states online
	
	Non-protocol ordering
	Protocol ordering


	Static outputs states
	External digital states
	Auxiliary state hardware

	File menu

	New
	Other file types used by Signal

	Open
	Import data
	Import Op/Cl
	Close
	Close All
	Save, Save As
	Export As
	Backup file.sgr
	Revert To Saved
	Send Mail
	Data update mode
	Load and Save Configuration As
	Page Setup
	Page Headers
	Print Preview
	Print visible,� Print and�Print selection
	Print screen
	Exit

	Edit menu

	Undo and Redo
	Cut 
	Copy
	Paste
	Delete
	Clear
	Select All
	Copy As Text ...(Data view)
	Text output configuration
	Copy data selection

	Copy As Text …(XY view)
	Find Find AgainFind Last
	Replace
	Edit toolbar
	File comment
	Frame comment
	Auto Format
	Apply Formatting
	Settings...

	Toggle Comments
	Auto Complete
	Preferences
	Display
	Script files...
	Sequencer files...
	Other files...
	Data
	Sampling
	Conditioner
	Script
	Clamp
	Compatibility
	Scheduler
	About threads



	View menu

	ToolbarEdit barStatus bar
	Next framePrevious frame 
	Goto frame
	Show buffer
	Overdraw frames
	Add frame to list
	Overdraw settings
	Frame selection
	Colour usage
	Frame limits
	3-D overdrawing
	X axis space for 3D effect
	Y axis space for 3D effect
	Perspective X size
	Perspective Y size
	Z axis is scaled by the frame

	Notes
	Overdrawing online

	Enlarge view Reduce view 
	X Axis range
	Y Axis Range 
	Standard Display
	Customise display
	Channel Information
	File Information
	Options
	Draw mode
	Waveform draw modes
	Marker draw modes
	Dots and Lines mode
	Rate histogram mode
	Idealised trace draw modes

	XY Draw Mode
	Join style
	Line type and Width
	Marker and Size

	Font
	Use Colour and Use Black And White
	Change Colours 
	Application colours
	Channel primary colourChannel secondary colour Channel background colour
	XY channel colours
	View colours
	Changing the Palette
	Folding
	Show Gutter
	Show Line numbers
	Keyboard display control


	Analysis menu

	New Memory View
	Waveform Average
	Auto-Average
	Amplitude Histogram
	Power Spectrum
	Windowing of data
	Power spectrum of a sine wave

	Leak Subtraction
	Process…
	Breaking out of Process
	Multiple frame processes

	Process command with a new file
	Process settings…
	New XY View
	Trend plot 
	Trend plots and active cursors

	Measurements
	Fit data
	Fit settings
	Coefficients
	Results
	Testing the fit

	Virtual channels
	Virtual channel
	Match to channel
	Sample Interval
	Align to time
	Expression
	Arithmetic operators
	Comparison operators
	Operator precedence
	Channel functions
	Marker kernel functions
	Waveform generation
	Mathematical functions
	Channel process functions
	Frame, tag and state functions
	Example expressions

	Build expression
	Waveform from channel
	Generate waveform
	Channel process functions
	Mathematical functions
	Mathematical functions: Poly()
	Frame, tag and state functions
	Mathematical operators
	Previous virtual channel expressions

	The Marker to waveform functions

	Append frame
	Append frame copy
	Delete frame
	Delete channel
	The frame buffer
	Clear buffer
	Copy to buffer 
	Copy from buffer 
	Exchange buffer 
	Add to buffer
	Subtract buffer
	Average into buffer
	Multiple frames
	Modify channels
	Tag frame
	Digital filters
	Keyboard analysis control 

	Single-channel analysis

	Open/Closed times
	About idealised traces
	New idealised trace (SCAN)
	Advanced

	New idealised trace (Threshold)
	Open/Closed time histogram
	Open/Closed amplitude histogram
	Burst duration histogram
	Baseline measurements
	View and modify event details
	View event list
	Export to HJCFit
	Short cuts
	Tips for fitting
	Strategy for long recordings

	Cursor menu

	New Cursor
	Delete
	Fetch
	Move To
	Position Cursor
	Display All
	Label Mode
	Set Label
	Renumber
	Active cursors
	Cursor 0
	Valid and invalid cursors

	Active mode
	Search Right�Search left
	New Horizontal Cursor
	Delete Horizontal
	Fetch Horizontal
	Move To Level
	Position Horizontal
	Display All Horizontal
	Horizontal Label Mode
	Renumber Horizontal
	Display Y values
	Selecting and�copying data

	Cursor Regions
	Cursor region measurements
	Selecting and�copying data
	Context menu commands


	Sample menu

	Sampling configuration
	Sample Bar
	Sample Bar List
	Signal conditioner
	Show Sampling controls
	Show Pulse controls
	Sample now
	Show Sequencer controls

	Script menu

	Compile Script
	Run Script
	Evaluate
	Turn Recording On/Off
	Debug bar
	Script Bar
	Script List

	Window menu

	Duplicate window
	Hide
	Show
	Tile Horizontally
	Tile Vertically
	Cascade
	Arrange Icons
	Close All
	Windows

	Help menu

	Using help
	About Signal
	Tip of the Day
	View Web site
	Other sources of help

	Digital Filtering

	FIR and IIR filters
	IIR filters
	FIR filters
	So which to choose?
	Digital filter dialog

	Show axes
	Same scale
	Channel
	Filter
	Comment
	Close
	Load and Save
	Show details
	
	Apply

	Filter bank
	FIR filter details
	FIR Filter types

	IIR filter details

	Filter Model
	FIR filters technical information
	FIR filtering
	Frequencies
	Example filter

	FIRMake() filter types
	
	Multiband filters
	Differentiators
	Hilbert transformers
	Multiband with 3dB/octave cut


	Low pass filter example
	A final finesse

	High pass filter
	General multiband filter
	Differentiators
	Hilbert transformer


	Programmable Signal Conditioners

	What a signal conditioner does
	Serial ports
	Control panel
	Port
	Input
	Gain
	Offset
	Low-pass filter
	High-pass filter
	Notch filter
	Reset calibration
	AC couple
	Trigger
	Filter type

	Setting the channel gain and offset
	Conditioner connections

	Amplifier Telegraphs

	Standard 1401 telegraphs
	1401 telegraph configuration

	MultiClamp 700 telegraphs
	MultiClamp 700 telegraph configuration


	Auxiliary states devices

	Magstim auxiliary device support 
	Magstim Safety notice
	 introduction
	Magstim configuration
	2002 device
	BiStim2 device
	Rapid2 device
	Dual 2002 devices

	Magstim Connections and cabling
	Notes on Magstim use

	CED 3304 auxiliary device support
	CED 3304 Safety notice
	Introduction
	CED 3304 support configuration
	CED 3304 Connections and cabling
	Notes on 3304 use


	MATLAB data export 
	Workspace variable naming
	Data view data
	XY view data
	Mat-file data format
	Waveform data
	Marker channels
	Idealised trace channels
	XY channels

	Script export to mat-files

	Index





