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WAVEFORM PLAYBACK AND ANALYSIS
USING WINDAQ WAV EFORM BROWSER

GENERAL

The WINDAQ Waveform Browser allows you to review, examine, and otherwise analyze waveform data previously
recorded to disk with WINDAQ/Lite, WINDAQ/Pro, or WINDAQ/Pro+ waveform recording software, or any
hardware/software package capable of storing datain the CODAS data storage format.

Using the WINDAQ Waveform Browser, you will be able to perform the following functions:

* Retrieve a data file and examine its contents by moving the waveforms in either a positive or negative time
direction (i.e., right-to-left, or left-to-right). Waveforms may be smooth scrolled (panned) across the screen to
achieve maximum waveform continuity, or paged in a manner that allows the entire screen to be updated one
screen width at atime.

 Enable acursor allowing you to measure the value at any point on the waveform.

» Measure time differences between two points on the same or different waveforms.

 Copy and paste (export) waveforms from the original datafileto a separate datafile for more detailed analysis.

* Select a specific file conversion format that will allow other software-based analysis packages such as L otus 1-2-
3, ASYSTANT and ASY ST to read the data.

» And much, much more.

This manual covers WINDAQ Waveform Browser software for Windows™ and isintended for users of al proficiency
levels. The reference information at the beginning describes how to start the WINDAQ Waveform Browser, what you
will see when in the WINDAQ Waveform Browser, and how to navigate within the WINDAQ Waveform Browser. After
the reference information, each command or function is described in detail.

To help you find the information you want, the reference information contains a menu hierarchy with page
references. Also included is a chart showing which command islocated on what menu.



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

REFERENCE INFORMATION

CONVENTIONSUSED IN THE DOCUMENTATION
Before you start using the WINDAQ Waveform Browser, it's important to understand the terms and notational
conventions used in this documentation.

General Conventions
» Commands you choose are given with the menu name preceding the command name. For example, the phrase
“Choose File Open” tells you to choose the Open command from the File menu. This naming convention
describes the sequence you follow in choosing a command — first you select the menu, then you choose the
command.

* Whenever possible, WINDAQ Waveform Browser functions are presented with both mouse and keyboard
procedures. When separate mouse and keyboard procedures are listed for a function, you can identify each
procedure by the mouse or keyboard icon. The mouse icon represents procedures that are accomplished using
the mouse and the keyboard icon represents procedures that are accomplished using the keyboard.

D @

Mouse icon Keyboard icon

Mouse Conventions

In general, most WINDAQ Waveform Browser mouse actions require only the left mouse button. For example,
selecting a command from a menu or working in a dialog box requires only the left mouse button. However, the
right mouse button is not totally neglected. Among other things, the right mouse button is used for waveform
scaling, selecting awaveform channel, centering the cursor on the screen, and moving the horizontal crosshair on a
spectrum plot (when using FFT analysis).

Since the majority of mouse procedures are done with the left mouse button, we will not specify which mouse
button to click, drag, or double-click with in the procedures unless it is the right mouse button. When the right
mouse button is required, it will be specified as such. For example, “Double-click the right mouse button anywhere
in the bottom annotation line to move the cursor to the lowest displayed waveform valley.” When not specified, the
left mouse button is assumed for the procedure.

» “Point” means to position the mouse pointer until the tip of the pointer rests on what you want to point to on
the screen. For example, “ Point to the View menu.”

e “Click” meansto press and immediately release the mouse button without moving the mouse. For example,
“To display the menu that contains the command you want, click the menu name in the menu bar.”

* “Double-click” means to click the mouse button twice in rapid succession. For example, “Double-click the
WINDAQ Waveform Browser icon to start the WINDAQ Waveform Browser package.”

» “Drag” means to press the mouse button and hold it down while you move the mouse; then release the
button. For example, “Drag down to Data Cursor to enabled the cursor for on-screen display.”

Keyboard Conventions
» Key names match the names shown on most keyboards and appear in capital letters. For example, the Shift
key appearsas SHIFT.

e A plussign (+) used between two key names indicates that you must press both keys at the same time. For
example, “Press SHIFT + F1” means that you press the SHIFT key and hold it down while you press the F1

key.
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e A comma (,) between two key names indicates that those keys must be pressed sequentially. For example,
“PressALT, F, 0" meansthat you pressthe ALT key and release it, press F and release it, and then press O and
releaseit.

» Thekeysthat you use to move around in WINDAQ Waveform Browser are referred to as cursor control keys;
they includethe-, ,- ,and ® keys, HOME, END, PG UP, and PG DN.

CONVERTING FOREIGN DATA FILE FORMATS

WINDAQ Waveform Browser contains a file conversion utility that allows you to convert other data files to the
CODAS data format. This enables data files from other sources such as ASYSTANT, DADISP, I10tech, or any
spreadsheet program to be viewed and/or otherwise analyzed in WINDAQ Waveform Browser.

The convert program (hereafter referred to as CONVERT) is a DOS utility that can be executed from within the
WINDAQ Waveform Browser by choosing File Open and entering the input file (or non-CODAS file you wish to
convert) inthe Fi | enane: text box. Make sure the proper input file format is selected from the list on the right side
of the dialog box and choose SAVE.

When an input file is entered, the Convert Output Open dialog box is displayed, prompting you to select the proper
input file format and specify an output file name. We recommend using the same file name as the input but with a
different extension, like WDQ to indicate that the original file has been converted to a WINDAQ Waveform Browser
file. When an output file name has been specified and the proper input file format is selected, choose SAVE.

After some initial file identification, CONVERT prompts you for details about the file you are converting. These
details consist of: the number of channelsin the file, the sample rate, the £ full scale channel values, and the units
specified per channel. Not all conversions will require that you input every one of these parameters. For example, if
you are converting a DADISP floating point file, you will not have to enter any of these parameters since this
information is already contained in the DADISP file header and therefore readily available for CONVERT to use.
Y ou will be prompted for these parameters only when they are not available in the original file. The following table
shows the parameters for which CONVERT will prompt, depending on the type of file you are converting:

#of Channelsin File SampleRate tFull ScaleValues Units File Type

No * No Yes  ASYST(ANT) or EASYEST LX/AGred

No * Yes Yes  ASYST(ANT)or EASYEST LX/AGinteger

No * No Yes  SPREADSHEET print file

Yes Yes No Yes  ASCIl singleline

No No No No DADiSPfloat

No No Yes # DADISP integer

Yes Yes Yes Yes  |Otech binary (without header)

Yes Yes Yes Yes  Rawhinaryinteger 14 msbandevent marks

Yes Yes Yes Yes  Rawhbinary Sngleprecisoninteger - 2bytes

Yes Yes Yes Yes  Rawhinary doubleprecisoninteger - 4bytes

Yes Yes No Yes  Raw binary single precision real - 4 bytes

Yes Yes No Yes  Raw binary double precision real - 8 bytes

Yes Yes Yes Yes  Raw binary signed byte - 1 byte

Yes Yes Yes Yes  Raw binary unsigned byte - 1 byte

Yes Yes Yes Yes  Raw binary unsigned word - 2 bytes

Yes Yes Yes Yes  LabVIEW hinary single precision integer - 2
bytes

Yes Yes No Yes LabVIEW binary single precision rea - 4
bytes

*promptsif no sample rate has been entered in the original file.
#promptsif no units have been entered in DADISP.
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Instructions for entering values and moving between fields are displayed onscreen. It isimportant to enter the same
values from the original file to ensure an accurate conversion. When the necessary parameters have been entered,
press ENTER to accept and convert the data file. When the file has been successfully converted, it will be displayed
on your screen in the WINDAQ Waveform Browser ready for review.

STARTING THE WINDAQ WAVEFORM BROWSER PACKAGE

To start the WINDAQ Waveform Browser, you must first start WindowsO. From WindowsO, use the mouse to
double-click on the WINDAQ Waveform Browser icon, or use the cursor keys to highlight the WINDAQ Waveform
Browser icon and then press ENTER. Thisdisplays the following window:

= WINDAG Playback Open

Filename: |".WDQ. |

sample wdq c:\windaq

[
=

The Open window prompts you for the file name of the data file you wish to review. Data file names may assume
any type that is compatible with PC- or MS-DOS including paths. When a valid file name is selected from the list
box or input in the Filename: text box, WINDAQ Waveform Browser will present the file in its own window, with
the initial default settings enabled (assuming the default settings have not been changed from the data acquisition
package). When thefileisinitially opened, the default settings are as follows:

1. Display format 1 enabled.

2. Acquired logical channel 1 displayed.

3. Waveform data annotation off.

4. Waveform cursor disabled.

5. Timeto Beginning of File (TBF:) annotation off.

6. Timeto Marker (TM:) annotation off.

7. Distanceto End Of File (% EOF:) annotation off.
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THE WINDAQ WAVEFORM BROWSER WINDOW

The typical WINDAQ Waveform Browser window consists of six fundamental components: the title bar, menu bar,
left/right annotation margin, waveform strip, bottom annotation line, and the horizontal scroll bar. These
components are shown in the following illustration.

ﬂE WINDAQ - P3445.DAT
I File Edit Yiew Search Scaling Options Help
1.000
Menu bar 000 Title bar
HAE
—1.000
4.386
1 237 Waveform
oz strip area
-1.912
Left . R
annotation
i 4.41
margin i
—. 40
40.59
i 20.89
Bottom annotation nnHg Horizontal
line
116 scroll bar

18 1560 SEC{TEF) —. 8200 SEC(TH) 27 .5 XEQOF

Before we examine each component of the WINDAQ Waveform Browser window in detail, we will describe some
basic skills that will help you navigate within or otherwise work with windows. WINDAQ Waveform Browser works
exactly like those of most WindowsO applications. If you’ ve worked with WindowsO applications before, much of
thismaterial will already be familiar to you.

Asyou canin any WindowsO application, you can open several WINDAQ Waveform Browser windows, or you can
open other applications in separate windows outside of the WINDAQ Waveform Browser window. However, you can
work in only one window at atime. The window in which you are currently working is called the active window—
the very next command or action you perform occurs in this window. Y ou use either the mouse or the keyboard to
scroll through, switch between, size, move, or close windows.

Titlebar: Thetitle bar has two purposes: it identifies a file through the file name and it serves as a visual cue
that the window may be moved or manipulated. Thetitle bar consists of three parts: the system menu
icon, the window title, and the window sizing icons.

/ System menu icon Window title Window sizing icons R t

=] WINDAQ - SAMPLE.DAT Y

System menu icon: The system menu icon can be selected to display a pull-down containing
commands for moving, sizing, and closing windows on the screen. Y ou can use either the mouse or
the keyboard to size and move a window, but because of the many mouse shortcuts built into the
WINDAQ Waveform Browser program, the mouse is faster and easier. For example, moving the
window by dragging with the mouse is a much faster alternative to selecting the Move command
from the system menu, repositioning with the arrow keys, and then pressing the ENTER key.
Whenever applicable, the mouse shortcuts are included in the system menu command descriptions
that follow. The commands are: Restore, Move, Size, Minimize, Maximize, Close, Switch To..., and
Always on Top (WindowsO version 3.1 only).

8
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Restore returns the window to the size it was and the position it was in prior to a Maximize or
Minimize action. Clicking the Restore window sizing icon also accomplishes a Restore
action.

Move allows you to move or reposition the window to any location you want on the screen.
Dragging with the mouse positioned anywhere in the title bar also accomplishes a Move
action.

Size allows you to change the size and shape of the window by moving each of the window
borders. Dragging with the mouse positioned anywhere along the window edge (including
corners) also accomplishes a Size action.

Minimize removes from the screen all windows associated with the active window and shrinks
the active window to an icon. This command is useful when you're using two or more
windows at the same time. Y ou are now free to move thisminimized icon if desired. To restore
the minimized icon, simply double-click the icon or choose Restore from the system menu.
Clicking the Minimize window sizing icon also accomplishes a Minimize action.

Maximize enlarges the window to the largest possible size, the size of the screen. Clicking the
Maximize window sizing icon or double-clicking anywhere in the title bar also accomplishes
aMaximize action.

Close removes the window and all associated windows from the screen. Closing has the
potential to lose unsaved changes, therefore, the Close action also displays several save
options. Double-clicking the system menu icon also accomplishes a Close action.

Switch To... forces the appearance of atask list that contains a list of all active applications
and several options for these applications.

Always on Top (available with WindowsO version 3.1 only) allows the WINDAQ Waveform
Browser window to remain displayed on top of the WindowsO working environment even
though a different window is active. When this feature is enabled, the WINDAQ Waveform
Browser window is always in sight even though you may be working in a different window. A
checkmark (©) appears before this command on the system menu when enabl ed.

Window title: The window title contains the WINDAQ WAVEFORM BROWSER utility name and
the currently active datafile name.

Window sizing icons: The window sizing icons provide a fast, convenient way to use the mouse to

select three of the system menu actions: Minimize, Maximize, and Restore. Selecting one of these
icons with the mouse performs that action, which isidentical to selecting it from the system menu.

“ "~
- -

Minimize Maximize Restore

Like other WindowsO applications, WINDAQ Waveform Browser contains a menu bar. The
commands available in WINDAQ Waveform Browser are grouped on menus. These menus appear in
the bar across the top of the window and represent the heart of the package.

|| File Edit Yiew Search 5caling Options Help ||

With these menus you can apply the powerful waveform review and editing capabilities of WINDAQ
Waveform Browser. To choose a command from a menu, you can either point to the desired menu and

9
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L eft/Right
annotation
margin

click, or press the ALT key and then the underlined letter of the desired menu. This causes the
commands available on that menu to be “pulled down” or displayed. Once displayed, the commands
on the pull-down menu can be chosen (and thus performed) by clicking on the desired command or
by pressing the underlined letter in the desired command. Also provided on the pull-down menus are
keyboard shortcuts or accelerators. Accelerators are function keys or combinations of keys displayed
next to the menu item that when pressed, immediately invokes the desired action. This lets you
bypass the pull-down menus and carry out commands directly from the keyboard, a time-saving
feature when processing repetitive tasks. Refer to the WINDAQ Waveform Browser Menu Hierar chy
for alisting of accelerators. Refer to the WINDAQ Waveform Browser Pull-Down Menus chart for a
“roadmap” of command locations.

When you choose a command that is followed by an ellipsis (...), WINDAQ Waveform Browser
displays adialog box indicating that more information must be entered or an option must be selected
before the command can be carried out.

Some command names occasionally appear dimmed. Thisindicates that the command does not apply
to the current situation or that you may need to make a selection or complete an action before
choosing the command.

The left and/or right annotation margin has three purposes. it can be used for waveform strip
selection, it can be used with the mouse to scale the displayed waveform, and it displays the
numerical values of the waveform.

When more than one waveform is displayed on the screen, clicking the left mouse button in the
unsel ected strip’s annotation margin selects that strip.

Clicking the left mouse button in the annotation margin of a selected strip doubles the vertical size
of the waveform. Conversely, clicking the right mouse button in the annotation margin of a selected
strip reduces the vertical size of the waveform by one half.

Clicking the right mouse button in the annotation margin of an unselected strip starts a graphic
selection rectangle, which is used by the Edit Copy or File Print commands.

A selection rectangle can also be used with the annotation margins to scale the waveform. For
example, if you wanted to examine a small section of waveform in greater detail, it is possible to fill
the entire strip with the small section of waveform. Thisis done by drawing a selection rectangle and
then clicking the left mouse button in the annotation margin. A selection rectangle is drawn by
dragging anywhere in the strip until the area of interest is enclosed in the rectangle. When the |eft
mouse button is released, the rectangle remains on the display framing the area of interest. Now click
the left mouse button in the annotation margin to enlarge the contents of the selection rectangle to
full strip size. Conversely, the entire waveform can be shrunk to fit inside a similarly drawn rectangle
using the right mouse button.

The left annotation margin is displayed whenever a non-overlapped screen format is selected, and
both the right and left annotation margins are displayed when an overlapped screen format is
selected. The information displayed in either margin isidentical in format and consists of three parts:
the variable waveform assignment indicator, the value of waveform at cursor/baseline intersection,
and the full scale values for the waveform strip.

10
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Variable waveform assignment indicator: The variable waveform assignment indicator allows any
valid waveform channel to be assigned to a specific strip. The highlighted box surrounding the X=Y
annotation indicates that the strip is selected, and the waveform contained in the strip can be scaled,
offset, or otherwise adjusted.

Value of waveform at cursor/baseline intersection: When the data cursor is enabled for display, the
waveform value at the point of waveform/cursor intersection is displayed. When the data cursor is not
displayed, the waveform value at the point of waveform/baseline intersection is displayed.

zFull scale values for the waveform strip: These values indicate the +full scale values of the
waveform strip. If desired, these values may be specified and the waveform will be automatically
scaled to fit the new values. Thisisuseful for displaying the waveform strip in whole numbers (e.g., 0
- 200 mmHg instead of 10.372 - 189.628 mmHgQ).

The waveform strip area is where the recorded waveform information is replayed. Waveform
information recorded during data acquisition is streamed from disk and displayed on the monitor in
graphical form for review. In this area, you can expand or contract the amplitude of the selected strip,
make cursor-oriented time and amplitude measurements, compress the waveform so it can be
displayed in its entirety on the screen, overlap waveforms to examine how they correlate, perform
event mark searches, display up to 29 waveforms at once, and much more.

The bottom annotation line serves two purposes: it contains the waveform measurement displays, and
when used with the mouse, controls cursor motion and peak/valley searches.

Clicking the left mouse button anywhere in the bottom annotation line moves the data cursor to the
position of the mouse pointer. If the data cursor is not enabled for display, clicking the left mouse
button anywhere in the bottom annotation line displays the data cursor.

Dragging with the mouse positioned anywhere in the bottom annotation line moves the cursor to the
desired position, simultaneously updating the data display.

Double-clicking the left mouse button anywhere in the bottom annotation line moves the data cursor

to the highest peak of the waveform displayed on the screen or to the highest peak within the limits
of aselection rectangle, if drawn.

11
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Clicking the right mouse button anywhere in the bottom annotation line automatically centers the
data cursor on the screen.

Double-clicking the right mouse button anywhere in the bottom annotation line moves the data
cursor to the lowest valley of the waveform displayed on the screen or to the lowest valley within the
limits of aselection rectangle, if drawn.

The bottom annotation line consists of five elements: the cursor mode indicator, the live display
field, the marker display field, the distance-to-end-of-file function, and the time reference function.

[HID 18.1560 SEC{TEF) —.B200 SEC{TH) 27.5 XEQF T:. .3200 SEC-DIV i
L S L A L A
Live display field Marker display Time reference
field function
Cursor mode Distance-to-End-
indicator Of-File function

Cursor_mode indicator: The cursor mode indicator displays the mode of the waveform value
annotation. When baseline-oriented waveform data is enabled (accomplished by disabling the data
cursor from the Options menu), the cursor mode indicator displays BASE. When cursor-oriented
waveform data is enabled, the cursor mode indicator displays DATA (assuming the waveform
compression factor is 1). If the waveform is compressed, the mode indicator will display MID, MIN,
MAX, or MxMn, depending on the chosen method of line segment reporting. Refer to the
WAVEFORM COMPRESSION - FILE or WAVEFORM COMPRESSION - SIGNAL functions in this
chapter for more details.

Livedisplay field: Thelive display field reports waveform information in one of four selectable data
display formats. Asthe waveform is panned across the screen (or as the cursor is moved), the selected
display format is constantly updated to provide a“live’ readout. The display formats are as follows:

« Time from beginning of file (TBF): Shows the elapsed time (in seconds) from the current cursor
position to the beginning of the datafile.

« Difference from time marker point (DATA-TM): Shows the difference in waveform values between
the time marker position and the current cursor position.

* Percent change from time marker point (%CHANGE): Shows the percent change in waveform
values between the time marker position and the current cursor position.

« Yope of line to time marker point (SLOPETM): Shows the slope of an imaginary line formed by
connecting the waveform value at the time marker position with the waveform value at the current
cursor position.

Marker display field: The marker display field reports the data lying between the time marker and
current cursor position in one of four selectable time-related formats:

« Timefrommarker (TM): Displays the time (in seconds) from the cursor position to the time marker.

e Samples from marker (SMP): Displays the number of samples (or data points) in the section of
waveform defined by the positions of the time marker and cursor.

« Hzfor cycleto marker (H2): Displays a frequency (in Hz) for the section of waveform defined by
the time marker and cursor.

12
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e Cycles/min for cycleto marker (C/M): Displays a frequency (in cycles per minute) for the section
of waveform defined by the time marker and cursor.

Distance-to-end-of-file function (%EOF): The distance-to-end-of-file function indicates your current
position in the datafile (expressed as a percentage) with respect to the end of thefile.

Time reference function: The time reference function provides a time reference for the waveform in
one of four selectable formats:

« Sarttime(S): Displaysthe date and time the file was opened, thus beginning acquisition.
« Endtime(E): Displaysthe date and time the file was closed, ending acquisition.
« Time/division (T): Displaysthetime (in seconds) per screen grid division.

e Cursor time (C): Displaysthe date and time for the cursor position.

Horizontal The horizontal scroll bar controls horizontal waveform motion. With it, you can move from one part of
scroll bar the waveform file to another.
Click this area to scroll one screen width at a time
Drag slider box to scroll long distances. \
[t X[a A JNEY

Click scroll arrows to scroll 16 pixels at a time-

Smooth scrolling (panning) or paging of waveformsin either a right-to-left (positive time) or left-to-
right (negative time) direction are possiblein the WINDAQ Waveform Browser.

For optimum scrolling speed, ensure that the window WinDag Waveform Browser software occupies
is positioned entirely on the screen. If a portion of the currently active window is hidden offscreen,
scrolling speed is dramatically reduced. For best scrolling speed results, position (or resize) the active
window so it is contained entirely onscreen.

The keyboard’ s number lock (NUM LOCK) function must not be enabled when waveform scrolling is
activated.

Using a floppy disk-based data file as opposed to a hard disk-based file will adversely affect the
maximum speed of waveform travel in either direction.

To achieve maximum waveform scrolling speed for your particular computer, copy the file to hard
disk. If you do not have a hard disk, copy the data file to virtual disk and specify the virtual disk’'s
“drive” letter when invoking the WINDAQ Waveform Browser. Refer to the VDISK command of your
computer’s DOS manual (version 3.0 or greater) for full VDISK details.

The position of the slider box within the scroll bar serves as a rough guide to the position of the
window relative to the rest of the waveform file. If the window is revealing a section of waveform
one-third of the way from the beginning of the waveform file, the slider box will be about a third of
the way from the left end of the scroll bar.

Dragging the slider box selects the desired position in the file, simultaneously updating the TBF,
TM, and %EOF functions (if enabled). Thisaction is useful for scrolling long distances.

Clicking the left or right scroll bar arrow scrolls the waveform 16 pixels. Clicking and holding (but
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not dragging) in either scroll arrow repeats the scrolling action until the beginning or end of the file
is reached. Pressing ALT + left or right scroll arrow activates the automatic scrolling mode. The
waveform file will automatically scroll in the chosen direction, without any user intervention, until
the end (or beginning) of the datafile is reached or any other key is pressed. For optimum scrolling
speed, ensure that the window is positioned entirely on the screen. Note that if a portion of the
currently active window is hidden offscreen, scrolling speed is dramatically reduced. For best
scrolling speed results, position (or resize) the active window so it is contained entirely onscreen.

To scroll by lessthan 16 pixels, drag the cursor (by positioning the mouse in the bottom annotation
line) to the desired point. If desired, this new position can be centered on the screen by pressing the
gray star key (*) on the numeric keypad with the SCROLL LOCK feature enabled.

Clicking anywhere in the horizontal scroll bar on either side of the slider box scrolls the waveform
one screen width toward the beginning or end of the datafile. The mouse button can be held down to
scroll rapidly until the slider box reaches the mouse pointer.

The split bar appears at the left end of the horizontal scroll bar. The split bar allows you to adjust the
size of the split between the top and bottom screen sections or panes. These panes are used with the
Transform function and allow you to adjust the amount of screen space devoted to the Fourier
Transform. When the mouse pointer is positioned anywhere inside the split bar, the mouse pointer
takes on adifferent shape, indicating you can drag with the left mouse button to adjust the size of the
horizontal panes.

o

| — [ [+]

Split bar
(point here)

14
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WORKING IN A DIALOG BOX

When you choose a command that has options, WINDAQ Waveform Browser displays a dialog box. A dialog box
may include areas in which you enter text or numbers and view or change settings for options related to the
command. Or it may simply display additional information or arequest for confirmation.

A command name followed by an ellipsis (...) on amenu indicates a dialog box will be displayed after you choose
that command. For example, the following illustration shows the Save As dialog box that appears when you choose
the File Save As... command. This dialog box contains most of the elements found in dialog boxes.

A dotted box around a dialog box item is called the selection cursor; it indicates the active area of the dialog
box—the next action you perform occurs in this area. When you move to an area in which you enter text or
numbers, the active areais shown by ablinking line called the insertion point.

Some dialog box options occasionally appear dimmed. This indicates that the option does not apply to the current
situation or that you may need to make a selection or compl ete an action before sel ecting the option.

Selection cursor shows
Text box Check box (turned on) active area of dialog box

Filename: | 1] | B4 Visible 'channels only:

ammod. dat +| c\special i_r 1) ASCII [sequential)

chile. dat | |E] _»® 2) Binary (with CODAS header)
emg.dat —1 [[woice] S e ¥

lis.dat [-a-] 1 AT ¢ 3) Binary [without CODAS header)

lis1.dat

[-c-]
markart. dat [-d] ,  4) ASYST(ANT)
[-e-]

marksamp.dat ] 5] LOTUS [release 2]
noise._dat

p3445_dat H B Format:» O 6] Deferred Hard Copy
sample. dat + » 7) DADISP
A {_» 8) CALC
Option button (selected)
List box Command buttons

» List box - A list of available choices for the command. You can scroll through the list to see additional
choices. Y ou can scroll quickly to the item you want by pressing the key for itsfirst letter when the list box
is active. The list box scrolls to the first item starting with that letter. If there is more than one item
beginning with that |etter, you can press the letter key again to see each of those items.

»  Text box - A box inwhich you type information (text or numbers) needed to carry out the command.

e Option button - One of a group of related options; you can select only one option in a group at a time.
When an option is selected, ablack dot appearsin the small round button.

»  Check box - An option that can be turned on or off. Unlike option buttons, you can turn on as many check
boxes as you want. When a check box isturned on, an X appearsin the box.

» Command button - A rectangular button labeled with the action it carries out. A bold border indicates that
the command button is the default and will be chosen automatically if you press ENTER.

Y ou choose a command button to carry out the command, cancel the command, or display more options. In
most cases, OK isthe default button and choosing OK closes the dialog box and carries out the command.
Choosing Cancel closes the dialog box and cancels the command; WINDAQ Waveform Browser ignores
any changes you made in the dial og box.
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MOVING AND SELECTING IN A DIALOG BOX

The following illustration shows how to use the mouse to move around and select optionsin adialog box:

Click where you want the insertion point when editing in a text box

Click to turn a check box on or off

Filename: |mark|art.dat | ¥isible channels only
ammod dat | ciAspecial ¥ 11 ASCII [sequential)

hile_dat 1 |- . N
et ju Llice] 2] Binary (with CODAS header)
liz_dat ‘e [-a-] ) 3] Binary [without CODAS header]
lis1.dat 7 | |lc] o
markart._dat [-d-] AJASYSTIANT]
ma_rksamp_dal [-e-] ) BILOTUS [releaze 2]
© B Do Had ooy
sample.dat * ) 71 DADiSP

) 8 CALC
Click to select an option button
Click to select an option button

Click scroll arrow to scroll one line at a time; click area below scroll box
to scroll several lines; drag scroll box to go to a specific part of the list

Y ou can al'so use the following mouse techniques to move and select in adialog box:
» Double-click alist item to select the option and carry out the command.

» Click the check box label to turnit on or off, or click the option button label to select it.

@ The following illustration shows how to use the keyboard to move around and select options in a dialog
box:

Press T or { to scroll in a list box Press ENTER to choose Save button

Save As

Filename: |mark|art.dal [ visible channels only
ammod_dat +| c\special 3 1] ASCII [sequential)

hile.dat — L. ) )
et N Llice] @ 2) Binary [with CODAS header)
lis_dat —{ |[-a-] O 3] Binary [without CODAS header]
lisl.dat Y [-c-]
[-d] () 4) ASYST(ANT)
mark samp.dat [-e-] O 5] LOTUS [release 2]

ise.dat

:g:!sfﬁ.:at n O 6] Deferred Hard Copy
sample.dat ¥ 7] DADISP

> 8l cALC

Press ESC to choose Cancel button
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Y ou can also use the following keys to move around and select optionsin adialog box:

To Press

Move to the next or previous list box, TAB
text box, check box, command button,
or group of option buttons...

Select among an active -, 7, ®keys
group of option buttons...

Turn an active check box on or off, or SPACEBAR
choose the active command button...

Move directly to the first item in an active The key for the first
list box starting with a specific letter and letter of an item.
select that item...

EDITING IN A TEXT BOX
Some dialog boxes have text boxes in which you type text or numbers needed to carry out the command. What you
type appears to the | eft of the insertion point, which shifts existing text to the right as you type.

When you want to edit an existing entry in atext box, you must first select the text box. The entire entry in the text
box is highlighted and the insertion point appears at the end of the highlighted text. When you start typing, the
highlighted text is deleted and replaced with what you type.

@ Use the mouse techniques in the following table to select in atext box. To edit in atext box, use the
techniques shown in the keyboard procedure.

To Do this

Move insertion point within text box Click where you want insertion point
entry...

Select or extend selection... Drag to extend selection

17
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@ Use the techniques in the following table to edit in atext box with the keyboard.

To Press

Move one character left or right; scroll - or®
through text that extends beyond
border of text box...

Select text as the insertion point moves SHIFT+- or SHIFT+®
to the left or right...

Move to beginning of text line... HOME
Extend selection to beginning of text line... SHIFT+HOME
Move to end of text line... END

Extend selection to end of text line... SHIFT+END
Clear character to left of insertion point... BACKSPACE

Clear character or selection to right of DEL
insertion point...

DRAWING A SELECTION RECTANGLE

In the WINDAQ Waveform Browser, you can draw agraphic selection rectangle and just a plain selection rectangle.
A graphic selection rectangle is used to print a portion of waveform graphics (bounded by the rectangle) or to copy
a portion of graphics onto the clipboard. A selection rectangle is used in conjunction with the mouse to offset
and/or scale awaveform.

Both rectangles are drawn the same way, only the graphic selection rectangle is created with the right mouse button
while the selection rectangleis created with the | eft.

A graphic selection rectangle is drawn by positioning the mouse pointer anywhere in the waveform strip area and
dragging with the right mouse button until the rectangle encloses the area you wish to print or copy to the
clipboard. When the mouse button is released, the rectangle remains fixed in size. Y ou can now choose Print from
the File menu and select the Graphic Selection Rectangle method from the Print dialog box to print, or choose
Copy from the Edit menu to | oad the image onto the clipboard.

A selection rectangle is drawn by positioning the mouse pointer anywhere in the waveform strip area and dragging
with the left mouse button until the rectangle reaches the desired size. When the mouse button is released, the
rectangle remains fixed in size. Once a selection rectangle is drawn, several operations become functional,
depending upon where the mouse pointer is positioned (i.e., the left/right annotation line, or the bottom annotation
line) and which mouse button is clicked. The following examplesillustrate how the selection rectangle can be used
in typical offsetting and scaling operations.
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Offsetting a Specified Channel’s Waveform

= WINDAQ - EMG.DAT ﬂ -
File Edit View Search Scaling Options Help
31847
08537
Volt
—.14778
HID 1B.1560 SEC(TBF) —.B200 SEC{TH) 27.5 %XEQF
[«[ T 1 [+

1. Theoriginal waveform. The object isto offset the waveform from its current position to a position centered
on the baseline. Note that the “1=1" annotation in the left annotation margin is highlighted, indicating
window 1 is enabled for adjustments.

= WINDAQ - EMG.DAT ﬂ -
File Edit View Search Scaling Options Help

31847

08537
Volt

Started

hen\
PAN A N/\,\/ﬂf"\/\’\/

HID 1B.1560 SEC({TBE) —.8200 SEC(TH) 2%¥.5 %XECQF
[«[ 11 [+

2. Drag the left mouse button to draw a selection rectangle. The size (and placement) of the rectangle is
immaterial. In this example, it was drawn to approximate the vertical limits of the waveform so it could be
accurately centered on the baseline. Note that the rectangle remains fixed in size when the left mouse
button is released.
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= WINDAQ - EMG.DAT ﬂ -
File Edit View Search Scaling Options Help
31847
08537 k
Volt
—.14778
HID 1B.1560 SEC(TBF) —.B200 SEC{TH) 27.5 %XEQF
[«[ T 1 [+

3. With the mouse pointer positioned inside the selection rectangle, drag the rectangle to achieve the desired
offset (in this example, vertically centered on the baseline).

= WINDAQ - EMG.DAT ﬂ -
File Edit Yiew Search Scaling Options Help
13786

= 03521 N afs e VAN f\ﬂ/\ A /U\’\

Valt [ VWS VV VAR V\}U\/ VALY \,\/\/‘-‘ Vv\f
—. 32840
HID 18 1560 SEC{TEE} — . B200 SEC{TH; 27 & HEQF
[«[ 1 [+

4. The offset waveform. When the left mouse button was rel eased, the waveform was vertically offset by the
amount the rectangle was dragged (within the limits of the A/D converter). Note the waveform’s numerical
valuesin the left annotation margin reflect the new position.
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Scaling a Specified Channel’s Waveform

= WINDAQ - EMG.DAT ﬂ -
File Edit Yiew Search Scaling Options Help
.11151

— 09560 AL ot J| ]
Volt .

—. 30268
MID 18,1560 SEC{TEE) —.B200 SEC{TH) 27 .5 XEOF
[«] [ [+

1. The original waveform. The object is to scale a small section of waveform so it fills the entire strip area,
thus allowing the small section to be examined in greater detail. Again note that the “1=1" annotation in
the left annotation margin is highlighted, indicating window 1 is enabled for adjustments.

= WINDAQ - EMG.DAT - -
File Edit Yiew Search Scaling Options Help
.11151
Started
her\
m I
Valt P ' ' " |
—. 30268
MID 1B.|15|6E| SEC({ THE ) —.|E2|EIEI SEC{TH) 27 5 HECE |
+ +

2. Drag the left mouse button to draw a selection rectangle. Once again, the size of the rectangle is
immaterial. In this example, it was drawn on the very tip of the waveform because thisis the area of interest
that we would like to examine in greater detail. Note that the rectangle remains fixed in size when the left
mouse button is released.
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= WINDAQ - EMG.DAT - -
File Edit Yiew Search Scaling Options Help
—. 00059

_ 01038
Volt
-.02025
HID 15 1560 SEC(TBF) - 9200 CEC(TH] 27 § WEOF
[«] [ [»

3. The scaled waveform, accomplished by clicking the left mouse button in the left annotation margin. The
contents of the selection rectangle have been scaled to fill the entire waveform strip area.
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TYPICAL WINDAQ WAVEFORM BROWSER SCREEN COMPONENTS

System

menu Time marker Currently active Wl_n(_:iow
ico data file name sizing
Waveform cursor icons

=] WINDAQ - P3445 DAT
Menu ba = "

[ File Edit YView Search Scaling

Base line
(one per channel)

Variable waveform
assignment indicator

Value of waveform at
cursor intersection

» Upto 16
/ playback channels

+full scale values fo
waveform window

Cursor mode

0 SEC(TM) 27.5 %EOQOF

Time-to-Beginning- Time-to-Marker Horizontal
of-File function function scroll bar

Distance-to-End-
Of-File function
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WINDAQ Waveform Browser Pull-Down M enus

-

Shift+1
Shift+2
Shift+3
Shift+4
Shift+5
Shift+6
Shift+7
Shift+3
Shift+3
Shift+0
Shift+-

Open... Chrl+0 Unda Chil+2 Azsign Channel... =
Save Chil+5 Copy Chil+C Assign Range...
S — Forward Range Chrl+Down
ave Az, o
Low Calibration...  F3 Backward Range  Cil+Lp
Acguire... High Calibration...  F11
d _.|g N I. N |.0n Format Screen b ¥ 1 'Waveform
Calculate... Fied Calibration... F12 S\ avef | d
HNote CtileN Dotre Mk Do Statistics... OtlsT 5 W"“’efmms' oVEIIERpS
Commented Note... Alt«N = DAC Playback...  ChilsShiftsD avetoms
Insert Mark Insert Channel Settings. F100 4w/ aveforms, overlapped
Print... Crl+P Clear Marks to TM  Ctr+Shift+E = g5 4 aveforms
Print Setu Event Markers...  F8
mink Setup... Compressian.. F7 8w aveforms, overlapped
Euit et Palette Alt+P 2w aveforms
— Previous Palette Al+Shift+P 16 ‘Waveforms, overlapped
User Palefte.... Chrl+lJ 16 Wavefams
Splt 32 Wavetorms, overlapped
Exit/Enter Split Chl+ User-specified format. ..
Moare Battom ' N
Less Bottom Y Al
Left Limit Alt+F1
Right Limit Chrl+F1
Toggle Pane F&
Refresh Shift+F5
Mext kark Chil+Right Limits... Alt+F3 DFT Chil+F
Previous Mark Chrl+Left Autoscale Alt+dy Windowed FFT...  Chileaf
Peak on Screen  Chil+k Show Dynamic Bang AR tag Engr Units Crlebd
Walley on Screen Al Grow 2 Up Scale DB Shift+F4
Goto TH Postion Gray / lﬁhnnr 2 gtolwln Compress FRO...  Chl+F3
LCenter Cursor Gray * et il Eraze Frequency  Chl+E
Go to Range.. Tl waveform Down 1 PIH.E| Gray - High-pass Ellter Chrl+H
Gt Tine CbShiiteT “waveform Down 10 Pisels  Chil+Gray - Low-paszs Filker Chil+L
i Waveform Up 1 Pixel Gray + Inverse Transform — Alt+l
A Il Right  Alt+Right i
Eﬁtzzgz" L;i Alt:L;?t Wwaveform Up 10 Pivels  Chri+Gray + verage Power.. Chbds
— Analog Plat Al+Shift+h Dutput FRQ Data... &+
Digital Plot... A+ hift+T

[rata Cursor Alt+F2
Data Display F2

Limit & Frequency Display  Alt+L
Acquizition Assignments  Chil+Shift+a,
Enable Live Dizplay F3

Select Live Display

Enable Time dMarker F4

Select Marker Dizplay

EOF F5

Curzor Time Chrl+Shift+R
Start Time Chil+B

End Time Ctrl+5hift+B
Time/Division Chil+D
Ewent Marks Alt+F8
Grids Al+G

User Annotation Al+Ll

B 0000000

Exit/Enter =7 Clrl+

Deltas Alt+Shift+D
Slopes Chil+Shift+5
Area Alt+F3
Adjust Area Shift+F3
LClear Areaz Chil+Shift+C

Time from Beginning of File
Difference from T pt
% Change from T pt
Slope of line to TM pt

[y

Time from Marker
Samples from Marker
Hz for Cycle to Marker

LCveles/min for Cycle to Marker
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WINDAQ WAVEFORM BROWSER COMMAND HIERARCHY

<
o)
S
c

I
©

Edit

Menu

Command

Open...

Save
SaveAs...
Acguire...T
Calculate...

Note

Commented Note...

Print...
Print Setup...
Exit...

Undo

Copy
Low Calibration...

High Calibration...
Fixed Calibration...

Delete Mark
Insert Mark

Clear Marksto TM
Compression...

Assign Channel ...
Assign Range....
Forward Range
Backward Range
Format Screen

Statistics. ..
DAC Playback...

Channel Settings...

Event Markers...
Next Palette
Previous Palette
User Palette...
Split

Exit/Enter Split
Command

View (Continued)

Command Options

SaveAll...
Save Calibration...

Proceed with no save...

Cancel

SaveAll...
Save Calibration...

Proceed with no save...

Cancel

SaveAll...

Save Calibration...
Exit with no save...
Cancel

Command Options
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Accelerator key(s)

CTRL+O

CTRL+S

CTRL+N
ALT+N
CTRL+P

CTRL+Z
CTRL+C

Fo

F11

F12

Delete

Insert
CTRL+SHIFT+E
F7

CTRL+
CTRL+-

CTRL+T
CTRL+SHIFT+D
F10

F8

ALT+P
ALT+SHIFT+P
CTRL+U

CTRL+Y
Accelerator key(s)

Reference

80

90
50, 55
n/a
30

78
78
83

49, 61

100
38

34

35

31

48

48

48

36, 65

29, 65
89
88
88
74

97
38
36
48
83
83
83
98
63, 67, 98
Reference
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Search

Scaling

Transform

More Bottom Y
LessBottom Y
Left Limit
Right Limit
Toggle Pane
Refresh

Next Mark
Previous Mark
Peak on Screen
Valley on Screen
Goto TM Position
Center Cursor
Goto Range...
GotoTime...
Autoscroll Right
Autoscrol | L eft

Limits...

Autoscale

Show Dynamic Range
Grow 2X

Shrink 2X

Invert

Waveform Down 1 Pixel
Waveform Down 10 Pixels
Waveform Up 1 Pixel
Waveform Up 10 Pixels
Analog Plot

Digital Plot...

DFT

Windowed FFT...
Mag Engr Units
ScaleDB
Compress FRQ...
Erase Frequency
High-pass Filter
Low-pass Filter
Inverse Transform
Average Power...
OQutput FRQ Data...

Exit/Enter XY
Deltas

Sopes

Area

Adjust Area
Clear Areas

Command Command Options

26

Y

ALT+Y
ALT+F1
CTRL+F1
F6
SHIFT+F5

CTRL+®
CTRL+=
CTRL+K
ALT+K

Gray /

Gray *

CTRL+R
CTRL+SHIFT+T
ALT+®

ALT+-

ALT+F9
ALT+A
ALT+R

Up

Down

CTRL+I

Gray -
CTRL+Gray -
Gray +
CTRL+Gray +
ALT+SHIFT+N
ALT+SHIFT+T

CTRL+F
CTRL+W
CTRL+M
SHIFT+F4
CTRL+F3
CTRL+E
CTRL+H
CTRL+L
ALTH
CTRL+A
ALT+D

CTRL+X
ALT+SHIFT+D
CTRL+SHIFT+S
ALT+F3
SHIFT+F3
CTRL+SHIFT+C

Accelerator key(s)

98
98
98
98
98
92

50
50
43
43
77
43
77
77
29
29

32, 36
92
98
92
92
80
92
92
92
92
45
45

64
58, 68
72
71
70
74
74
74
74
69
72

104
108
108
109
109
109

Reference



Options

Data Cursor
Data Display

Limit & Frequency Display
Acquisition Assignments

Enable Live Display
Select Live Display

Enable Time M arker
Select Marker Display

%EQF

Cursor Time
Start Time

End Time
Time/Division
Event Marks
Grids

User Annotation

tNonfunctional.

Timefrom Beginning of File
Difference from TM pt
% Change from TM pt
Slopeof lineto TM pt

Time from Marker

Samples from Marker
Hz for Cycleto Marker

ALT+F2

F2

ALT+L
CTRL+SHIFT+A
F3

F4

Cycles/min for Cycleto Marker
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F5
CTRL+SHIFT+R
CTRL+B
CTRL+SHIFT+B
CTRL+D
ALT+F8

ALT+G

ALT+U
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43
102
102
102
46
94

47
96

28
101
101
101
101
50
79
102
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Reviewing Recorded
Waveforms

After waveforms have been recorded, WINDAQ Waveform Browser functions are used to make timing and amplitude
measurements, review event markers, overlap waveforms to examine interdependencies, cut and paste portions of
the waveform, and do all forms of interpretive analysis.

These functions are listed al phabetically to make them easy to find. In addition, you can use the WINDAQ
Waveform Browser Menu Hierarchy as atable of contentsto find a specific command or menu item and the page
number whereit is described.

%EOF (Distance to End of File)

Displaysthe distance from the current cursor position to the end of the datafile, expressed as a percentage.

cursor position

-5.0000 |
DaTa

distance from cursor to end of file

This distance is displayed at the bottom of the screen where 0% EOF indicates that the cursor position is at the
beginning of the datafile, and 99.9% EOF indicates that the cursor position is at the end of the datafile.

Point to the Options menu and drag down to %EOF. This will enable the distance-to-end-of-file function in
the bottom annotation lineif disabled, or disableit if enabled.

When enabled, a check mark (O is displayed on the Options menu immediately preceding the %EOF command.
When the distance-to-end-of -file function is disabled, the check mark is removed.

Assign Channel

Allows any enabled channel to be assigned to any display window.

WINDAQ Waveform Browser software supports up to 29 waveform display windows, in which any one of 240
channels may be displayed. In some cases, any two waveforms may be displayed in an overlapping format within
the same window.

The two-element equality (X=Y) displayed for every enabled channel is called the variable waveform assignment

indicator. This indicator shows which channel is assigned to which window. The first element is the window
number. The second element is the analog channel assigned to that window.
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File Edit View S

Mode: Scroll
2/s (Fa): 800

window number

5.0000

L0043

analog channel ;0 Volt

assigned to this — 5 0000
window

By default, WINDAQ Waveform Browser software always displays channel 0 in window 1, channel 1 in window 2,
channel 2 in window 3, etc. However, you can display any channel in any window.

To display achannel in awindow other than its default assignment:

1. Select the window to receive the channel by clicking the left mouse button in the unsel ected window’ s

annotation margin.
File Edit View File Edit Miew File Edit View

Mode: 0scill ode: 0scill Mode: Oscill
/s (F3): 200 S/s (F3): 200 5/8 (F3): 200
10.000 LU Uy 10.000

L0001 .001 L0011
1=0 Volt =0 WVolt Yolt
10,000 000 k—l0,000

A
\

click
to select

2. Point to the View menu and drag down to Assign Channel... The channel portion of the variable
waveform assignment indicator flashes.

File Edit View
L=—— = =" channel

Mode: Oscill
e (F30s 530~ prompt
0000

Wolt
=5.0000

3. Enter the desired channel number and pressthe ENTER key if required.

Autoscroll
Used to automatically (hands off) scroll the datafile. When enabled, the file will scroll in either the backward or
forward time direction (left or right) until the end of the fileisreached or any other key on the keyboard is pressed.

To autoscroll the datafile:

Point to the Search menu and drag down to Autoscroll Right or Autoscroll Left.

Choose Search Autoscroll Right (ALT, S, A) or Search Autoscroll Left (ALT, S, L).

The file can a so be autoscrolled using the accel erator keystrokes:

Keystrokes Comment
ALT+® Automatically scrollsthe datafileto theright (positive time direction).
ALT + = Automatically scrollsthe datafile to the left (negative time direction).
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CALC (Advanced CODAS)

Used to exit the WINDAQ Waveform Browser and enter the Advanced CODAS analysis and calculation package
(hereafter referred to as“ CALC”). When CALC isentered, theentire file that is active at the time CALC is invoked
becomes the input. Note that Advanced CODAS is an optional, extra-cost waveform analysis package that is not
included with the purchase of WINDAQ Waveform Browser.

To enter the Advanced CODAS analysis and cal cul ation package (CALC):

Point to the File menu and drag down to Calculate...

This displaysthe following dialog box. Y ou are required to select one of these options prior to entering CALC.

= Saving changes to current file header

Do you want to:

| savean... |

Save Dalibradbon.,. | |Emceed with No Save... | ‘ Cancel ‘

This dialog box merely serves as a confirmation for the CALC function. It’s purpose is to allow you to continue
with CALC without saving any prior work done on the file, continue but first save all work done, continue but first
save only the calibration work done on thefile, or exit back to the WINDAQ Waveform Browser.

After selecting an option, CALC' sfirst level menuis displayed. Refer to the Invoking CAL C Using the Waveform
Playback Utility’s CAL C Function section of the Advanced CODAS user’s manual for more details.

When CALC isexited, the WINDAQ Waveform Browser is automatically reinitialized with the original waveform
datafile asthe default. At this point, the CAL C-generated waveforms may be examined.

Calibration—Fixed Method

The WINDAQ Waveform Browser offerstwo different waysto calibrate your waveform: the fixed calibration method
and the high/low calibration method. Either method will produce the same results, however one method may be
preferable or easier to use over the other because of the nature of the signals that were acquired and/or what was
known about the transducers used to acquire the signals.

Without calibrating, waveform data is scaled, annotated, and displayed in volts, which in many cases is not very
meaningful. Calibration is used to give meaning to the displayed data. Instead of volts, your data can be scaled,
annotated, and displayed in significant engineering units (i.e., PSI, RPM, lbs, ft/s, etc.). Calibration is done
primarily for display purposes, it makes the data more visually appealing and easier to understand on your monitor.
However when you calibrate, the calibration information is saved in an accompanying header file along with the
datafile. This header file stores the calibration information, allowing it to be re-used and thus eliminating the need
to calibrate again.

The fixed method allows waveform data (in the form of ADC counts) to be scaled and annotated in significant
engineering units (using minus full scale, baseline, or plus full scale values) when a quantity per unit of measureis
known.

The fixed calibration function allows you to calibrate a waveform when a known linear input to output relationship
exists for two of these three points: +full scale, baseline, or -full scale. For example, suppose you were acquiring
temperature signals and you were using a temperature-to-analog converter (TAC). With the two-calibration-level
method, you could probably determine the low calibration level (such as zero or room temperature) but you could
not easily determine the high calibration level (how hot is it going to get?). Since you have only one known
calibration value, it is not possible to calibrate the waveform using this approach. However with the fixed method,
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the TAC device itself offers a solution. Say for instance the TAC you are using is a thermocouple to millivolt
converter. According to its specifications, it accepts an input signal from atemperature sensor and outputs alinear 1
millivolt per degree analog voltage signal. This ImV/degree input to output ratio is the key. Since you know the
relationship between voltage and the units you are measuring (in this case temperature), you can calibrate the
waveform using this known quantity per unit of measure instead of using two calibration levels.

Ensure that the window containing the waveform to be calibrated is enabled. When enabled, the X=Y annotationin
the left or right annotation margin will be highlighted, indicating that window X is enabled for adjustments.
Although not required, the current data and data display options can be enabled for more recognizable results
(choose Options, Data Cursor and/or Options, Data Display). To calibrate a waveform using the fixed calibration
method:

@ 1.  Point to the Edit menu and drag down to Fixed Calibration....

When selected, the Fixed Calibration dialog box is displayed on the screen:

Channel 1 Fixed Calibration

—High Calibrator
¢ Baseline & + Full Scale Engr. Value = 5.0000

— Low Calibrator

 Baseline & - Full Scale Engr. Value = -5.0000

Engr. Units = [Volt

OK Next Previous Cancel

Thevalues displayed in the Engr. Value = text boxes are the upper and lower A/D converter ranges,
which are preset according to the selected gain. When the dialog box is first displayed, a blinking
vertical line (called the insertion point) appears behind the value in the High Calibrator Engr. Value
= text box. This insertion point indicates the active area of the dialog box—the next action you
perform will occur in thisarea. Type the desired engineering unit value for the high calibrator.

2. Pressthe TAB key twice to position the insertion point in the Low Calibrator Engr. Value = dialog
box. Type the desired engineering unit value for the low calibrator.

3. Pressthe TAB key again to position the insertion point in the Engr. Units = dialog box. Type up to a
four character optional engineering unit tag (i.e., PSI, f/s, rpm, etc.).

There are also two option buttons for the High and Low Calibrator val ues:

High Calibrator
|;{:3' Baseline . + Full Scale

/

Option button

_} Baseline - Full Scale
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These option buttons allow you to calibrate negative only, positive only, or bipolar signals. For example, when you
are acquiring a signal that is bipolar, you would select the +Full Scale (High Calibrator) and -Full Scale (Low
Calibrator) options. When the signal you are acquiring is always negative, choose the Baseline (High Calibrator)
and -Full Scale (Low Calibrator) options. When you are acquiring a signal that is always positive, such as RPM,
choose the +Full Scale (High Calibrator) and Baseline (Low Calibrator) options.

The Next and Previous command buttons allow you to step through all of the enabled channels in order,
calibrating each enabled channel, without closing this dialog box. Note that when either the Next or Previous
button is activated, the channel number in the title bar of the dialog box changes to indicate which channel you are
currently calibrating.

4. Completethefixed calibration entry asfollows:
Click OK.

The Fixed Calibration dialog box disappears and the waveform channel displays all waveform data values
calibrated in the chosen engineering units.

If desired, the upper and lower grid limit values may be specified (and the waveform automatically scaled to fit).
This feature allows the channel's full scale display span to be shown in whole numbers rather than obscure
fractional values, which sometimes result from calibrating. For example, a waveform scaled in mmHg can be
automatically expanded or contracted to fit within grid limits of 0 to 100 mmHg, or -200 mmHg to +200 mmHg, or
whatever is desired. Note that a channel spanning 0 - 200 mmHg is much easier to read and interpret on a per
division basis than one that spans 10.372 - 189.628 mmHg.

To specify convenient upper and lower chart edge values:
1. Select Scaling Limits... asfollows:

Point to the Scaling menu and drag down to Limits....

When selected, the Display Limits dialog box is displayed on the screen as follows:

Top Limt = [a00n

Bottom Lime = [5.0080

ok | et | Fredows | tance |

2. Using the same procedure as before, type convenient top and bottom chart-edge values in their
respective text boxes.

The Next and Previous command buttons allow you to step through all of the enabled channelsin order, entering
the desired display limits for each channel, without closing this dialog box. Note that when either the Next or
Previous button is activated, the channel number in thetitle bar of the dialog box changes to indicate the channel
for which you are currently setting display limits.

3. Complete the chart-edge value entry asfollows:

Click OK.

Your specified values will nhow be displayed on the upper and lower chart-edges and the waveform will be
automatically scaled to fit the new values.
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The value of engineering units may range from 1.0 E+32to 1.0 E-32.

The following charts can be consulted when selecting the proper calibration values, gain range, and input
configuration. To use the charts, simply read across. For example, with a DI-200 configured for aunipolar signal we
know that the full scale measurement range is +10V at again of 1. But what isit if we select again of 8? From the
chart we see it is +1.25V. The example that follows illustrates how the charts are used in a typical waveform

calibration.

DI-200, DI-210, DI-222, DI-400, DI-410, and DI-500 Series

Maximum

Measurement Bipolar Input Configuration Unipolar Input Configuration

Gain Range +FS BL -FS +FS BL -FS
1 +10V +10V oV -10V +10V +5V oV

2 +5V +5V oV -5V +5V +2.5V oV
4 +2.5V +2.5V ov -2.5V +2.5V +1.25V oV

8 +1.25V +1.25V oV -1.25V +1.25V | +0.625V oV
10 +1V +1V oV -1V +1V +0.5V oV
100 +0.1V +0.1V oV -0.1V +0.1V +0.05V oV
1000 +0.01V +0.01V ov -0.01V +0.01V | +0.005V ov

+FS = +Full Scale BL = Baseline -FS = -Full Scale

DI-220, DI-221TC, and DI-401*

Maximum

Measurement Bipolar Input Configuration Unipolar Input Configuration

Gain Range +FS BL -FS +FS BL -FS
1 +5V +5V oV -5V +5V +2.5V oV
2 +2.5V +2.5V oV -2.5V +2.5V +1.25V oV
4 +1.25V +1.25V oV -1.25V +1.25V +0.625V ov
8 +0.625V +0.625V oV -0.625V | +0.625V | +0.3125V ov
10 +0.5V +0.5V oV -0.5V +0.5V +0.25V ov
100 +0.05V +0.05V oV -0.05V +0.05V +0.025V oV
1000 +0.005V +0.005V oV -0.005V | +0.005V | +0.0025V ov

+FS = +Full Scale BL = Baseline -FS = -Full Scale

*DI-401 data acquisition boards have a fixed gain of 1. Maximum measurement range is 5V.

Example - Suppose we are using a DI-200 board to acquire pressure data and we are using a converter device that
accepts an input signal from a pressure sensor and outputs a linear 1 millivolt per PSI analog voltage signal. We
want to acquire pressure data in the 0 to 100 PSI range. (a) What input configuration should we select? (b) What
should our calibration values be?

(b) Because the converter device output is going to be 0 to 100 millivolts, we should select the unipolar input

configuration since our signal will never be negative (below zero). Select the +Full Scale option button in the High
Calibrator row and the -Full Scale option button in the Low Calibrator row asfollows:
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Channel 1 Fixed Calibration =

—High Calibrator

CBaseline >+ Full Soale  Engr. Value = [5.0000

Click here
Wr
@ - Full Scale

 Baseline

Engr. Value = [-3.0000

Engr. Units = |Volt

OK Next Previous Cancel

(b) From the chart, the -full scale value is 0 volts and the +full scale value is 100 millivolts. Since we will be
measuring 0 to 100 millivolts, Oisideal for the low calibrator value (enter O in the Low Calibrator Engr. Value box)
and 100 is ideal for the high calibrator value (enter 100 in the High Calibrator Engr. Value box). Then specify
significant units (in this case PSI) in the Engr. Units box. All of the acquired data will be within this range and
calibrated in PSI rather than volts. The following illustration depicts our calibrated screen display.

Units Given: 1 mV/PSI Volts
100 PsSI +FS (+Full scale) 0.1V (100 mV)
50 PSI o BL (Baseline) 0.05V (50 mV)

<

0 PSI -FS (-Full scale) 0

Calibration—High/Low Method

The high/low method allows waveform data to be scaled and annotated in significant engineering units by
choosing two known, individual, clearly-defined waveform points as calibration values. Using this approach, you
must use two known waveform points as reliable calibration levels. For example, supposeit is known that O psi
occurs when the waveform is on the baseline (ideal for the low calibration level) and 50 psi occurs when the
waveform registers 2.5 volts (ideal for the high calibration level).

Ensure that the window containing the waveform to be scaled is enabled. When enabled, the X=Y annotation in the
left or right annotation margin will be highlighted, indicating that window X is enabled for adjustments. Although
not required, the data cursor and data display options can be enabled for more recognizabl e results (choose Options,
Data Cursor and/or Options, Data Display). To calibrate a waveform using the high/low calibration method, you
must use the cursor to choose calibration levels:

1. Position the cursor over the desired lower calibration value of the waveform.

2. Select Low Calibration... asfollows:

Point to the Edit menu and drag down to Low Calibration....

When selected, the Low Calibration dialog box is displayed on the screen:
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Low Calibration |
Input Level = | | voit
Low Cal Value | |

Engr. Units = | Volt |
Ok Cancel

When the dialog box is first displayed, a blinking vertical line (called the insertion point) appears
behind the value in the Low Cal Vaue text box. This insertion point indicates the active area of the
dialog box—the next action you perform will occur in this area. This is where you enter the low
calibration data value that is to be assigned to the input voltage level.

Press the TAB key to position the insertion point in the other text boxes. Type up to a four character
optional engineering unit tag (i.e., PSI, f/s, rpm, etc.).

3. Completethelow calibration entry asfollows:
Click OK.
The Low Calibration dialog box disappears and if no high calibration has been done yet, an offset is applied to the
waveform to achieve the entered value. But you are only half done, it takes two points to define aline and so the
high calibration must be done.
1. Now position the cursor over the desired high calibration value of the waveform.
2. Select High Calibration... asfollows:

Point to the Edit menu and drag down to High Calibration....

When selected, the High Calibration dialog box is displayed on the screen:

High Calibration __________________H|
Input Level = | | volt
High Cal Value | |
Engr. Units = | |
e Cancel

Again theinsertion point appears behind the value in the High Cal Value text box. This insertion point
indicates the active area of the dialog box—the next action you perform will occur in thisarea. Thisis
where you enter the high calibration data value that isto be assigned to the input voltage level.

Again you use the TAB key to position the insertion point in the various text boxes.

Type up to afour character optional engineering unit tag (i.e., PSI, f/s, rpm, etc.).

3. Complete the high calibration entry as follows:

Click OK.
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The High Calibration dialog box disappears and the waveform channel displays all waveform data values
calibrated in the chosen engineering units.

If desired, the upper and lower grid limit values may be specified (and the waveform automatically scaled to fit).
This feature allows the channel's full scale display span to be shown in whole numbers rather than obscure
fractional values, which sometimes result from calibrating. For example, a waveform scaled in mmHg can be
automatically expanded or contracted to fit within grid limits of 0 to 100 mmHg, or -200 mmHg to +200 mmHg, or
whatever is desired. A channel spanning 0 - 200 mmHg is much easier to read and interpret per division than one
that spans 10.372 - 189.628 mmHg.

To specify convenient upper and lower chart edge values:
1. Select Scaling Limits... asfollows:

Point to the Scaling menu and drag down to Limits....

When selected, the Display Limits dialog box is displayed on the screen as follows:

Top Limt = fatliug

Battom Lime = [5.0080

ok | et | Fredows | gance |

2. Using the same procedure as before, type convenient top and bottom chart-edge values in their
respective text boxes.

The Next and Previous command buttons allow you to step through all of the enabled channelsin order, entering
the desired display limits for each channel, without closing this dialog box. Note that when either the Next or
Previous button is activated, the channel number in thetitle bar of the dialog box changes to indicate the channel
for which you are currently setting display limits.

3. Completethe chart-edge value entry asfollows:

Click OK.

Your specified values will now be displayed on the upper and lower chart-edges and the waveform will be
automatically scaled to fit the new values.

The value of engineering units may range from 1.0 E+32to 1.0 E-32.

Channel Settings...

Provides channel settings information about the selected channel. This information tells you what the sample rate,
gain, acquisition method, input type, dynamic range, etc. settings were when the channel was recorded.

Since most of the settings this fuction displays can be assigned on a per-channel basis in WINDAQ/Lite,
WINDAQ/Pro, or WINDAQ/Pro+ recording software, the desired channel must first be selected.

1. Select the desired channel:

Click the left mouse button in the desired channel’ s annotation margin.
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File Edit View File Edit View File Edit View

Mode: 0scill ode: 0scill Mode: Oscill
S/ (F3): 200 S/ (F3): 200 5/5 (F3): 200
10.000 LU Uy 10.000

L0001 .001 L0011
1=0 Volt =0 WVolt Yolt
10,000 000 k—l0,000

A
\

click
anywhere
to select

selected
window

unselected
window

2.  With the desired channel selected, select Channel Settings...

Point to the View menu and drag down to Channel Settings...

This displays the Channel Settings dialog box as follows:

[Chaneed Siettings g |
FPlayback chamnel b
Acquisition channel Meng
LZampe rate [Hz) 250
Sample rate divieor 1
Eftective sample rote [Hz) 250
Al =it n method hverage
Input type Linear
G ain 1
It Il tap 10D
Input units HFE
It levgl rotbam -100.00
Dymzmic range fap ki {ili e |
Emgineering uniie mije

Dymamic range bottam 88,24

Ueer annitation
File: CAWINDAMMEAMPLE WO

Wt | Provious | To Cligbosed | Cconoel |

The Next and Previous command buttons allow you to step through all of the enabled channelsin order, viewing
the channel settings for each enabled channel without closing this dialog box.

The To Clipboard command button allows you to send all of the information in this dialog box to the clipboard in
text format, ideal for pasting into aword processor or spreadsheet. Since the information pasted from the clipboard
isin text format (not a bitmap), the values are separated from the settings labels by tabs and can easily be edited
with your word processor or spreadsheet program.

The following describes each item in the Channel Settings dialog box (these items are originally set from within
WINDAGQ/Pro or WINDAQ/Pro+ waveform recording software by choosing Channel Settings... from the Edit menu.
Complete details on these items can be found in the WINDAQ/Pro and WINDAQ/Pro+ User’ s Manual):

Playback channel - Displaysthe channel you are currently viewing the settingsfor.

Acquisition channel - Displays the physical channel number that was used during recording. If None is displayed,
it means this channel was never recorded but instead is a “calculated” channel, created by Advanced CODAS
Analysis Software (available as an extra-cost option).

Samplerate (Hz) - Displaysthe sample rate (in Hz) that was used to record this channel.

Sampleratedivisor - Displays the sample rate divisor that was used for this channel to achieve a specific sample

rate. Note that if the channel was recorded with WINDAQ/Pro waveform recording software, this divisor will always
be 1. If the channel was recorded with WINDAQ/Pro+ waveform recording software, this divisor can range from 1 to
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255, indicating the factor that was used to divide the per channel sample rate down to adesired value.

Effective sample rate (Hz) - Displays the channels effective sample rate. When the sample rate divisor is 1, the
effective sample rate is the same as the sample rate. When a sample rate divisor other than 1 is used, the effective
sampl e rate describes the rate at which data was recorded to disk.

When a sample rate divisor other than 1 is used on a channel, the sample rate still accurately describes the rate at
which data gets sampled, but does not accurately describe the rate at which data was recorded to disk. Thisiswhy
we need a new value, called “effective sample rate”. It takes into account the original sample rate, the number of
enabled channels, and the sample rate divisor of all enabled channels. Full effective sample rate details can be
found in the WINDAQ/Pro and WINDAQ/Pro+ User’s Manual.

Acquisition method - Displays the method chosen for displaying data on your monitor and recording it to disk.
Valid displays are Average, Last Point, Maximum, or Minimum. Complete definitions of each method can be found
in the WINDAQ/Pro and WINDAQ/Pro+ User’s Manual.

Input type - Displays the type of transducer originally used on this channel to record the data. Valid displays are
Linear, Thermocouple, and Nonlinear. Complete details of each input type can be found in the WINDAQ/Pro and
WINDAQ/Pro+ User’s Manual.

Gain - Displaysthe gain chosen for this channel prior to recording. Gain factors vary by instrument.

Input level top - Displaystheinput level at the top of the A/D converter’srange. This value will be avoltage (either
+5.00 or +10.00 volts) if the channel was truly used for recording, or it will be expressed as a percentage of full
scale (+100.00%) if thisisa“calculated” channel created by Advanced CODAS Analysis Software.

Input units - Displays voltsif the channel was used for recording, or displays %FS (percent full scale) if the channel
isa“calculated” channel created by Advanced CODAS Analysis Software.

Input level bottom - Displays the input level at the bottom of the A/D converter’s range. This value is a voltage
(either -5.00 or -10.00 volts) if the channel was truly used for recording, or it will be expressed as a percentage of
full scale (-100.00%) if thisisa*“calculated” channel created by Advanced CODAS Analysis Software.

Dynamic rangetop - Displays the engineering unit value at the top of the A/D converter’ srange. Thisvalue will be
an engineering unit value if the channel was calibrated in WINDAQ/Pro or WINDAQ/Pro+, or it will be expressed asa
percentage of full scale (+100.00%) if the channel was not calibrated.

Engineering units - Displays the units used to calibrate the waveform in WINDAQ/Pro or WINDAQ/Pro+, or it
displays %FS (percent full scale) if the channel was not calibrated.

Dynamic range bottom - Displays the engineering unit val ue at the bottom of the A/D converter’ srange. Thisvalue
will be an engineering unit value if the channel was calibrated in WINDAQ/Pro or WINDAQ/Pro+, or it will be
expressed as a percentage of full scale (-100.00%) if the channel was not calibrated.

User annotation - Displays any channel specific user annotation that may have been entered during recording.

File - Displaysthe name and path of the file you' re working with.

Compression
Allows the waveform datafile to be compressed: a). entirely onto one screen width or b). to any given ratio.

To enable waveform compression:
1. Point to the Edit menu and drag down to Compression....
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When enabled, the waveform compression dialog box is displayed on the screen:

Compression =|ﬂ |

Compressed Data Display:
= MID ' MIN 0 MAX " MxMn

0K 1 | Maximum | Cancel

Compression Onto One Screen Width
To achieve waveform data file compression so that the entire file is compressed onto one screen width:

@ Click the Maximum command button.

Conversely, time compression can be disabled (causing the datafile to be “uncompressed”) just as easily. To disable
time compression:

Click the 1 command button.
When the entire waveform datafile is compressed, the following features are al so activated:
1. Theentire waveform datafile fits within one screen width.
2. Thecursor will not automatically be displayed, it must be manually enabled.

3. The- and® cursor control keys are active, allowing the cursor to be moved in aleft or right direction across
the waveform(s).

4. The cursor position at any given location on the screen will define the center of the screen when the screen is
expanded by entering alower compression factor.

5. The fully compressed file display is saved in memory to allow fast reentry when moving between lower (or
uncompressed), and the full file compressed formats.

When time compression is disabled, the compression ratio displayed in the Compression text box revertsto avalue
of 1.

Compression to Any Given Ratio

The value displayed in the Compression = text box is the selected waveform compression ratio. This ratio can
range from 1 (time compression disabled) to whatever value is required to compress the entire file on the screen.
When the compression dialog box is first displayed, a blinking vertical line (called the insertion point) appears
behind the compression factor in the Compression = text box. This insertion point indicates the active area of the
dialog box—the next action you perform will occur in this area. To increase or decrease the compression ratio,
make sure the insertion point isin the Compression = text box, then simply enter the new compression ratio. If you
choose a compression value that is too large, an “Invalid Compression” message box will appear. Click OK or press
ENTER to clear the message box and try asmaller compression value.

Entering a compression ratio of 1 disables time compression, resulting in an “uncompressed” datafile.
The Compression ratio (displayed in the Compression = dialog box) is the number of data points for each enabled

channel that are evaluated for a min/max value. For example, if the compression ratio equals twenty, then twenty
data points are evaluated to plot amin/max line.
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Cursor Mode Control (Mid, Min, Max, or MxMn) for compressed displays - The waveform compression function
operates by accumulating n number of waveform samples (where n equals the compression ratio). From these
samples, a line is then displayed, where the end points of this line equal the absolute minimum and maximum
values detected for the sample group. When both the cursor and compression are enabled, a dilemma exists
regarding the appropriate value to report since multiple waveform segments have been compressed into one. To a
degree, the cursor mode control solves this problem by allowing you to specify the value of a compressed line
segment at cursor intersection as either its minimum, maximum, mid point, or minimum/maximum quantity. Mid
reports the compressed line segments mid point value. Min reports the minimum value of the compressed line
segment. M ax reports the maximum value of the compressed line segment. MxMn reports both the maximum and
the minimum compressed line segment values in a blood pressure like format (i.e., separated by a slash, such as
120/80).

Compression allows you to choose between MID, MIN, MAX, and MxMn line segment reporting. To select the
desired line segment reporting method:

1. Click the desired option button (either MID, MIN, MAX, or MxMn).
2. Click OK.

The currently active cursor mode is automatically reported at the bottom of the screen where the normal DATA
annotation isreplaced by MIN, MAX, MID, or MxMn. The default state isMID.

Copy

Copiesthe graphicsin the graphic selection rectangl e to the clipboard.

The Copy command on the Edit menu is dimmed until a graphic selection rectangle is drawn to enclose the desired
graphics.

To copy graphicsto the clipboard:
1. Position the mouse pointer anywherein the graphics area.

2. Dragwiththe RIGHT mouse button until the desired graphics have been enclosed

With the graphics selection rectangle drawn, the Copy command on the File menu is enabled and the enclosed
graphics can be copied to the clipboard as follows:

Point to the Edit menu and drag down to Copy.

The graphic is copied to the clipboard in both bitmap and device-independent bitmap (DIB) formats.

DAC Playback...

Outputs analog data from the selected channel to the digital-to-analog converter (the DAC port on DI-200 Series
instruments, or the DACL1 pin on DI-400, DI-500, and DI-700 Series instruments). The information to be output or
played back is defined by the position of the cursor and time marker. Only the portion of the waveform confined
between these two markers is played back. Once initiated, the playback process can be controlled by various
command buttons.

Before the analog playback utility is invoked, two prerequisites must be met: you must select the range of
information to be played back, and you must connect a device to receive the output analog data (i.e., speaker, LED,
chart recorder, etc.) to your instrument.

The “range of information” is defined as all data in the selected channel lying between the time marker and cursor.
The entire length of the waveform channel, or any portion thereof can be designated as the range of information.
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The range of information is selected by positioning the cursor at one desired range limit, inserting atime marker (by
pressing the F4 key, assuming time markers are enabled for display from the Options menu), and then moving the
waveform cursor over to establish the other desired range limit. When enabled, the time marker appears on window
one’'s waveform. Even though the time marker itself is displayed only on window one's waveform, be assured that
the datain the desired output channel lying between the limits specified will be replayed.

Connecting adevice to your instrument is simply done. For DI-200 Series instruments, there are two screw terminals
labeled “DAC” and “AGND” on the 20-contact screw terminal strip. Placing your output device between these ports
(as shown below) configures these instruments for analog output capability.

A b
Z<E$
2 o
\4——»“

~-Connect device here

For DI-400 instruments, the output device is connected between pin 9 (DACL) and pin 19 (LLGND) on the card’s
37-pin connector. For DI-500 and DI-700 Series instruments, the output device is connected between pin 9 (DAC1)
and pin 28 (AGND) on the instrument’s EXPANSION or EXPANSION OUT 37-pin connector. When the prerequisites
have been met, invoke the analog playback utility asfollows:

Point to the View menu and drag down to DAC Playback...

This displaysthe DAC Playback dialog box. The analog output is controlled from this dialog box as follows:

Playback Speed Ratio = |1-|]|]|]|]|] |
Playback Channel Humber = |5 |
Acquisition Rate / Channel = 250.000
Playback Rate / Channel = 250.000
Starting TBF = h.1586
Statug = TBF = h.156
Gaps =
Start/R esume I Pausze | Abort |
Clear Marks I Mark Up I Mark Down |
Abort and Go | Exit DAC Playback |

Playback Speed Ratio = Allows you to select the ratio of playback speed to acquisition speed. When the analog
playback utility isinitially invoked, thisfield contains a default value of 1, meaning the datawill be played back at
the same speed as originally acquired. With each subsequent use of the analog playback utility, the previously used
ratio is displayed as the default value. The data can be played back at a slower rate than originally acquired by
entering a fractional value such as 0.5, 0.25, etc. Conversely, the data can be played back at a faster rate than
originally acquired by entering a value larger than 1. Although thousands of different playback speed ratios can be
entered, the exact channel playback speed you desire may not be achievable. Thislimitation is due to the inability
to divide the 16MHz master clock in a manner that results in a whole numbered quotient. For example, suppose
some data was acquired at 3,500 Hz and a playback speed ratio of 2 was entered. The theoretical channel playback
speed would be 7,000 Hz but the actual channel playback speed, because of the previously mentioned limitation,
will be7,022.5 Hz.

Playback Channel Number = Allows you to specify the channel number to be played back. It may range from 1 to
29, consistent with the total number of channels that may be reviewed with the WINDAQ Waveform Browser.

Acquisition Rate/Channel = Displays a five-digit real number defining the per channel speed at which the
playback channel datawas originally acquired.
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Playback Rate/Channel = Displays a five-digit real number that defines the per channel speed at which the data
will be played back. The value displayed is the product of the original acquisition speed times the value displayed
for playback speed ratio.

Starting TBF = Displays the TBF (Time to Beginning of File) value in seconds of the left-most point of the
waveform range to be played back.

Status = Displaysthe status of the playback utility. Status messages are as follows:
“ACTIVE...” - indicates that an analog waveform isin the process of being generated.

“CLEARING MARKS...” - indicates that marks are in the process of being cleared from the
specified channel. Depending upon the range length of channel data, this process could take
sometime.

“TBF =" - indicates the point being played back in terms of elapsed time in seconds from the
beginning of thefile. Thisfield is updated when the Pause command button is activated.

Gaps = Indicates the number of gaps in the output waveform. The software updates this number in real time as the
waveform is being played back. At high playback speeds or in files with many channels, performance may be
improved by defragmenting the input file and installing a disk cache such as SMARTDRYV, or by placing thefilein
avirtual (RAM) disk.

Command Buttons

The following command buttons allow you to start, pause, resume, and abort the analog output and can be
activated either by mouse or keyboard. Activating these buttons with your mouse is simply a matter of pointing to
the desired button and clicking the left mouse button. Activating these buttons with the keyboard requires you to
type the underlined letter or press the TAB key until the desired button (or text box) is highlighted, then press the
ENTER key to activate the button (or enter the desired value if atext box is highlighted).

Start/Resume — Activating this button begins or resumes the anal og playback process.

Pause — Activating this button while datais being played back pauses the playback process and returns you to an
idle state. The Status = field is updated to indicate the TBF value that existed at the time the Pause button was
activated. Activating this button while in an idle state has no effect. Playback may be resumed following a pause by
activating the Start/Resume button.

Abort — Activating this button while data is being played back immediately quits the analog playback process
and resets the Status TBF= to the Starting TBF=. Activating this button while in an idle state has no effect.

Clear Marks — The analog playback utility allows you to insert event marks in the waveform file as it's being
played back. Activating this button removes all previously enabled event marks from the specified channel within
the range defined by the cursor and time marker. When channel 1 is enabled, this button clears only the negative-
going marks.

Mark Up — Activating this button while datais being played back inserts a positive-going mark on the waveform
channel being played back. Any number of positive-going marks may be inserted in the playback channel.
Activating this button while in an idle state “readies” a positive-going event mark for insertion into the playback
channel theinstant playback is started (by activating the Start/Resume button).

Mark Down — Activating this button while data is being played back inserts a negative-going mark on the
waveform channel being played back. Any number of negative-going marks may be inserted in the playback
channel. Activating this button while in an idle state “readies” a negative-going event mark for insertion into the
playback channel the instant playback is started (by activating the Start/Resume button). Recall that channel one
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contains event mark information enabled by the data acquisition program. These are stored as positive-going marks
in the waveform data stream. Since a positive- and negative-going mark cannot coexist, attempts to place a
negative-going event mark on channel 1 where a positive-going event mark already exists will fail and a warning
beep will sound.

Abort and Go — Activating this button while data is being played back returns you to the WINDAQ Waveform
Browser window with the cursor positioned at the point on the waveform display coincident with that being played
back at the time this button was activated. Activating this button while in an idle state exits the analog playback
utility and returns you to the WINDAQ Waveform Browser window with the cursor positioned at the point on the
waveform indicated by the TBF (Timeto Beginning of File) value indicated in the Status = field.

Exit DAC Playback — Activating this button while idle or active causes the analog playback utility to terminate
with control passed to WINDAQ Waveform Browser software. Unlike Abort and Go, this button has no effect on
cursor placement upon exit. Y ou are returned to the point you started from when first invoking the analog playback
utility.

Analog Playback Utility Specifications

Vour #5Volts
lout +5mA
Zoor <0.1W

Data Cursor/Cursor Movement (Data Cursor, Peak on Screen,
Valley on Screen, Center Cursor)

Used to turn the waveform data cursor on or off and to control cursor movement on the screen. Including moving
the cursor to the highest peak displayed onscreen for the selected channel, moving the cursor to the lowest valley
displayed onscreen for the selected channel, and moving the cursor to the center of the screen.

Turning the Data Cursor On/Off
Point to the Options menu and drag down to Data Cursor. This will turn the data cursor on if it is off, or
off ifitison.

OR
Click the left mouse button anywhere in the bottom annotation line.

-5.0000

click anywhere in here

In addition to turning the data cursor on and off, this action also toggles the waveform value display
between waveform/cursor intersection point values and waveform/base line intersection point values
when the data display option is enabled. These values are displayed in the left/right annotation margin
next to the variable waveform assignment indicator. The data display option (choose Options, Data
Display) must be enabled before waveform/cursor or waveform/base line values can be toggled. Asthe
following illustrations show, when cursor oriented waveform data is enabled, the cursor mode
designator at the bottom of the screen indicates DATA and when base line oriented waveform data is
enabled, the cursor mode designator indicates BASE.
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The annotated waveform value will be either the raw waveform voltage, or the waveform voltage
converted into engineering unitsif calibrated.

If the data cursor is off, clicking the left mouse button anywhere in the bottom annotation line will turn
it on at the point coincident with the mouse pointer. If the data cursor is on, adeliberate click of the left
mouse button in the bottom annotation line at the point horizontally coincident with the data cursor
turns it off. Note when attempting to toggle the cursor on and off quickly, clicking the left mouse
button twice in rapid succession (double-clicking) produces a much different result than turning the
cursor on and off. See the following function for more details on double-clicking in the bottom
annotation line.

Moving the Cursor to the Highest Peak
Point to the Search menu and drag down to Peak on Screen. This moves the cursor to the highest
waveform peak displayed on the screen in a selected channel.

OR

Double-click the left mouse button anywhere in the bottom annotation line. This will also move the
cursor to the highest peak displayed on the screen in a selected channel.

Moving the Cursor tothel owest Valley
Point to the Search menu and drag down to Valley on Screen. This moves the cursor to the lowest
waveform valley displayed on the screen in a selected channel.

OR

Double-click the right mouse button anywhere in the bottom annotation line. This will also move the
cursor to the lowest valley displayed on the screen in a selected channel.

Moving the Cursor tothe Center of the Screen
Point to the Search menu and drag down to Center Cursor. This moves the cursor to the center of the
screen in a selected channel. If your computer’s SCROLL LOCK function is enabled, the waveform will
move to center screen along with the cursor.

OR
Click the right mouse button anywhere in the bottom annotation line. Thiswill also move the cursor to
the center of the screen in a selected channel. If your computer’s SCROLL LOCK function is enabled,
the waveform will move to center screen along with the cursor.
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When the data cursor is turned on, a check mark (O is displayed on the Options menu immediately preceding the
Data Cursor command. This check mark indicates that the cursor is enabled, even though it might not be
immediately obvious on the screen because of its position at the far right or left margin of the display or because it
is otherwise obscured. When the cursor isturned off, the check mark is not displayed.

Note that highest peak and lowest valley searches can also be done within the limits of a selection rectangle.

Digital Inputs (Analog Plot, Digital Plot)

Two separate functions on the Scaling menu allow you to review digital input channel information. The Analog
Plot function toggles the digital input channel display between a bipolar analog plot and a digital individual bit
plot. The Digital Plot function displays the digital input channel as a digital subchannel featuring each individual
bit. Both of these functions are normally dimmed on the Scaling menu unless the file being reviewed isadigital file
(specified as such prior to acquisition).

A digital input channel displays either ahigh signal or alow signal, nothing more or less. These two functions offer
two different ways of displaying the same high or low digital signal information. The Analog Plot function allows
you to toggle the display of these high or low signals between an analog plot of a digital channel (with a display
similar to the output of a D/A converter) and a digital plot that shows the state per bit. The Digital Plot allows you
to display the high or low state per bit (0 to 7), with a display option for normally open or normally closed
conditions.

Both of these functions are normally dimmed on the Scaling menu unless the file being reviewed was specified as a
digital input channel prior to acquisition. When the file being reviewed contains digital information, both of these
functions are selectable.

Analog Plot — This function has two purposes. It displays a bipolar analog plot of a digital input channel and it
also serves as a toggle switch between an analog plot and a digital plot of the selected digital input channel. The
analog plot displaysthe digital input channel in away similar to the output of aD/A converter.

When this function is enabled, the digital input channel information is displayed as an analog plot and a check
mark is displayed on the Scaling menu immediately preceding the Analog Plot command. When this function is
disabled (or enabled again), the selected digital input channel information is displayed as a digital plot and the
check mark isremoved from the Scaling menu in front of the Analog Plot command.

To enable an analog plot of adigital input channel:

Point to the Scaling menu and drag down to Analog Plot.

Digital Plot... — Thisfunction displays the digital input channel asadigital subchannel featuring each individual
bit. When enabled, the display is divided into eight equally spaced horizontal bars or bits (one for each digital
input). Digital input bit 0 is positioned at the top of your screen, digital input bit 7 is at the bottom, and the others
are equally spaced in between. Note that this is true regardless of the size of the window in which the WINDAQ
Waveform Browser is running, the horizontal bars or bits are still equally spaced, they are just proportioned with the
screen size. The default display shows a vertical line for each data point that contains at least one high signal.
Many of these vertical lines adjacent to each other make up a horizontal bar that you see displayed on your screen.
If the signal you wish to monitor is usually high, the vertical line can be inverted so it is displayed for each data
point that contains at least one low signal.

When this function is enabled, the selected digital input channel is displayed as adigital plot with each individual
bit (digital inputs O through 7) displayed as a vertical line, and a check mark is displayed on the Scaling menu
immediately preceding the Digital Plot... command.

For example, display window 1 of the following illustration shows a digital plot of a digital input channel. The
vertical line indicates a high condition on bits 2 and 6. The absence of the vertical line on bits 2 and 6 indicate a
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low condition. Display window 2 shows an analog plot of the same two input bits.

DI-220 Acquisition
File Edit View Scaling Options Help
Mode: Oscill Channels: 4

S-= (F3): 500 c 7): St % d 1ai 1 i
< ; appEess >E N : = Digital input bit 2

Ty | Digital input bit 6

»
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12g.00

—69.00
2=1 15B _—\ "

=128 00
E/S/CHAN 125 sec/DIV 16 tatus: SET_TE

To enableadigital plot of adigital input channel:

Point to the Scaling menu and drag down to Digital Plot...

This displays the “Channel X Digital Input Inversions” dialog box (where X represents the digital channel, in this
exampleit is channel 0):

i Channel O Digital Input Inversions I

Check each input to be
plotted when low instead
of high if selected for
digital viewing.

It is here that you can invert the digital input bit line display to accommodate your preference. The default
configuration, shown by an X in the desired digital input box, isadark line on alight background for a high signal
condition and no line for alow signal condition. Clicking in the digital input box removes the X and inverts the
line display (alight line on a dark background for a high signal condition and no line for alow signal condition).
Multiple combinations are possible.

Enable Live Display

Displaysthe Time-To-Beginning-Of-File (TBF) format (or one of the other three time marker-related data formats) in
thelive display field.

live display field enabled

When enabled and the waveform is panned across the screen (or the cursor is moved), this display field is constantly
updated to provide a“live” readout.

Point to the Options menu and drag down to Enable Live Display. This enables the live display field in the
bottom annotation lineif disabled, or disablesit if enabled.
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When the live display field is enabled, a check mark (O is displayed on the Options menu immediately preceding
the Enable Live Display command. When the live display field is disabled, the check mark is removed.

When the live display field is enabled, the data displayed in this field is determined by the Select Live Display
setting. Refer to the SELECT LIVE DISPLAY function for more details.

When thelivedisplay field is disabled, of f isdisplayed in the field with the last selected format.

Enable Time Marker

The time marker is used to define one end of a range of waveform information (the data cursor is used as the other
end). When a range of waveform is defined, the data lying between the time marker and cursor can be reported in
one of four selectable, time-related formats.

To set atime marker:

1. Position the cursor (by using the mouse in the bottom annotation line, or by using the left- and right-arrow keys)
at a point on the waveform in window 1 where the time marker isto be placed.

= WIKDAG - MARK. WDO
Fike  Edit  Miew Search  Sgaling  Transform @Y Oplions  Help

Bzn0

- 0123 | n A a il A
ualt TN RN AT A g b i i g
1=1 1 1‘\..% bl v, Fi¥, .w.-" \ .Uf Il.i'l_,-"
CUrsor—m —
3-oot0 Ensr_tmned at
eginning of
desired range move cursor
weie (T by dragging
i laft mouse

| button here

=% o0Dh ! i 1 i—f I

2. Enablethetime marker by:

Pointing to the Options menu and dragging down to Enable Time Marker. Note that you can also enable a
time marker by pressing the F4 key or with ALT, O, M keystrokes.

Fle Edit View Sessch  Sgaligg  Iranstoem XY OpBors  Help

- IL3E | A b B a
e SR T b VA, JWW,I“\.IJWV\.IJ; ':‘b.r
1 1! " L 1 L
T
time marker enabled —»
(inling with cursor ': ST G s e o et

When enabled, acheck mark (€ is displayed on the Options menu immediately preceding the Enable Time Marker
command and zeroes fill the time marker display field. The check mark indicates that the time marker function is
enabled, even though it might not be immediately obvious on the screen for various reasons. When the time marker
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function is disabled, the check mark is removed and the display field shows off.

3. Movethe cursor away from the time marker, (in either direction) to the other end of the desired range (again, by
using the mouse or the arrow keys).

WINDAG - MARE. WG
Fie  Edit  Miew Search Scaling  Transtorm XY Oplions  Help

RIED
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75" f.'a..,-"'. AT :l_ﬁwx__ﬁl 7 Mx!.\,
r\.ﬂ\\-’l :J s 1T ST
time marker -7
cursor moved to other
end of desired range -

~ indicates length of
range (in seconds),

As the cursor is moved, the time difference between the cursor and time marker will be displayed in the bottom
annotation margin in one of four selectable formats (refer to the SELECT MARKER DISPLAY function for more
details on time marker display formats). Time differences are annotated as both positive and negative numbers.
When the cursor is to the right of the time marker, the time difference will be displayed as a positive value. When
the cursor isto the left of the time marker, the time difference will be displayed as a negative value.

A time marker can be set with or without the cursor enabled, however it is much easier to see what is transpiring
with the data cursor on.

Since cursors for all channels align perfectly in time, the time difference for events on channels other than that in
window one may be measured even though the time marker itself is displayed only on window one's waveform. Y ou
can display any waveform channel in window one, allowing time measurements to be made on any channel.

When atime marker is placed directly over an event mark, the time marker has priority and the event mark
disappears.

Selecting Options Enable Time Marker a second time turns the time marker. function off.

Event Markers...

Allows you to: automatically locate event markers that were enabled during data acquisition; display the date and
time at the current cursor position; quickly vector to any part of the data file; and enable or disable the display of
event markers.

@ Point to the View menu and drag down to Event Markers....

This displays the Event Markers window as follows:
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= Event Markers

Cursor Date and Time = 03-12-92 14:48:39

Event #  TBF #EQF DATE TIHE COMMENT
1 . .0 03-12-92 14:48:36
2 2. 850 3.3 4:48:38
03-12-592 14:48:39
03-12-592 14:48:40
03-12-592 14:458:41
03-12-92 14:48:42 Intervention 1
03-12-592 14:48:49
03-12-592 14:48:50
03-12-592 14:48:51
03-12-592 14:48:52
03-12-92 14:48:53 Intervention 2
03-12-592 14:49:03
03-12-92 14:49:04 +
Clipboard

Cancel
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While the Event Markers window is displayed, you may scroll through the list of all enabled event markers as
follows:

@ Click the up- or down-scroll arrow on the right side of the window to scroll oneline at atime.
Click inthe scroll bar above or below the slider box to scroll 12 lines at atime.
Drag the slider box to go to a specific part of thelist.

When a specific event number is highlighted, activating the OK command button (or double-clicking on the
highlight bar) repaints the WINDAQ Waveform Browser screen with the segment of waveform that contains the
specified event number. If the data cursor is enabled for display, the cursor will appear positioned directly over the
specified event number. If no event markers were enabled during data acquisition, the file will contain 256 equally
spaced transparent event markers. These markers will not appear on the screen, but they will allow you to quickly
vector to any part of the datafile.

Activating the Cancel command button will abort the SEARCH-FOR-EVENT function without vectoring the
display to the indicated event number.

Activating the To Clipboard command button copies all event marker columnar information to the clipboard in text
format. Since the datais copied to the clipboard in text format (as opposed to bitmapped format), it can be pasted
into aword processing document or a spread sheet and edited. The information can be viewed with the Clipboard
Viewer feature of Windows™ (to maintain the vertical alignment of the data, select the OEM Text display option
from the Clipboard Viewer).

The current position of the cursor relative to date and time is displayed at the top of the screen as Cur sor dat e
and time = date tine

The EVENT # column indicates a unique number applied to the event marker at the time it was enabled during data
acquisition. Event marker numbers are always assigned sequentially (i.e., starting with 1 and incrementing until the
last event marker enabled is reached, or until the maximum number of event markers is achieved. Event marker
numbers followed by a star (*) indicate those automatically created by data acquisition at the start of a storage-to-
disk cycle.

The TBF column indicates the event marker's position in time relative to the beginning of the data acquisition file.
All values are annotated in seconds.

The TM column displays the event marker's position in seconds relative to the time marker if the time marker is
enabled.

49



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

The %EOF column indicates the position of the event marker relative to the end of the datafile as a percentage.
The DATE column displays the date on which the event marker was enabled.
The TIME column indicates the time at which the event marker was enabled to the nearest second.

The COMMENT column displays the comment that was provided (if any) at the time the event marker was enabled
during data acquisition. Assuming a full 39-character comment was provided for the event marker when it was
enabled, the comment will appear truncated if the time marker function is enabled. Characters consumed by the
time marker column are freed for comment display when the time marker is disabled.

When you scroll the event list to an event number greater than the total enabled during acquisition, all columns
(except EVENT #) will display **.

The TM column is active only if the time marker was enabled before Event Markers... was chosen from the View
menu. If the time marker was not enabled, ** will be displayed in the TM column.

If no event markers were enabled during data acquisition, WINDAQ Waveform Browser will pad the data file with
256 equally spaced event markers, allowing you to quickly vector to any area of the datafile.

Event Marks (Next Mark, Previous Mark, Insert Mark, Delete
Mark, Clear Marks to TM)

Next Mark and Previous Mark provide a convenient method for moving from one event mark location to the next
on a selected channel. Insert Mark and Delete Mark allow a positive or negative-going event mark to be placed on
or deleted from any enabled window's waveform except waveform channel 1.

After achannel has been selected, you must enable event marks for display. Thisis done by:

@ Pointing to the Options menu and dragging down to Event Marks

When event marks are enabled for display, a check mark (O is displayed on the Options menu immediately
preceding the Event Marks command. When event marks are disabled, the check mark is removed.

With event marks enabled for display, use the following procedures to move among event marks:

Sear ch for Next Event Mark
Point to the Search menu and drag down to Next Mark.... This moves the window in the positive time
direction to the next event mark.

Sear ch for Previous Event Mark
Point to the Search menu and drag down to Previous Mark.... This moves the window in the negative
time direction to the previous event mark.

Insert an Event Mark
Point to the Edit menu and drag down to Insert Mark. This inserts a positive-going event mark on the
selected window’ s waveform at the point of waveform-cursor intersection. Repeating this action toggles
the event mark from positive-going to negative-going. Note that this procedure will work on any
channel except channel 1. Note also that the waveform must be uncompressed (waveform compression
must equal 1) to insert an event mark.

Delete an Event Mark
Point to the Edit menu and drag down to Delete Mark. This deletes an event mark (from the selected
window’ s waveform) that is coincident with the waveform cursor. Note that this procedure will work on
any channel except channel 1. Note also that the waveform must be uncompressed (waveform

50



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

compression must equal 1) to delete an event mark.

Clear all event marksbetween cursor and time marker (from selected channel)

Point to the Edit menu and drag down to Clear Marks to TM. This deletes all event marks (from the
selected channel) in the range between the cursor and time marker. The range can be defined by
positioning the cursor at one desired limit, enabling the time marker (by pointing to the Options menu
and dragging down to Enable Time Marker), then moving the cursor over to the other desired range
limit. If this function is used on channel 1, only the negative-going marks are deleted. This is because
channel one contains event marker information enabled by the data recording program. These are
stored as positive-going markersin the waveform data stream and are not to be deleted.

When attempting to seek an event mark in either direction where one does not exist, an audible beep will sound,
the display will fail to move, and an error message will be displayed. Click on the OK box or pressthe ENTER key
to clear the error message.

Exit...

Quitsthe WINDAQ Waveform Browser program and returns you to the Program Manager window (Windows 3.1) or
to the desktop (Windows 95).

To quit the WINDAQ Waveform Browser:
Point to the File menu and drag down to Exit...

When the Exit... command is chosen, the following dialog box is displayed. Y ou are required to select one of the
following options prior to exiting:

= Saving changes to current file header

Do you want to:
[ savesn |

Save (alibration ‘ | Exit with No Save || Cancel |

SaveAll... command button - Saves the entire state of WINDAQ Waveform Browser data (including display format,
scales, offsets, compressions, calibration constants, etc.) before returning to the Program Manager or desktop.

Save Calibration... command button - Saves the calibration data only. The next time the datafile is reviewed, all
waveforms will appear calibrated without needing to repeat the calibration process.

Exit with no save... command button - Exits to the Program Manager or desktop without saving calibration or
state. If calibration data was previously provided and saved, the constants provided are unaffected by this
command. They remain intact for futurefile review.

Cancel command button - Returns to WINDAQ Waveform Browser without saving anything (cancels your exit
request).

Export

Allows you to select arange of waveform information from an existing data file and export it into a new datafilein
avariety of different storage formats.

Thisfunction operates on all channels in the datafile lying between the specified range. If you wish to export only
certain channelsin adatafile, refer to the EXTRACT CHANNELS function.

The range of data to be exported is user-definable. Created data files may be read by user-generated, or standard

(i.e,, ASYST, Lotus 1-2-3, Excel, Quatro Pro, etc.) software analysis packages, or by Advanced CODAS CALC
package.

51



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

Before data may be exported to adisk file, the copy range must be selected. The copy rangeis defined as all datafor
each waveform lying between the time marker and cursor.

To select the copy range:
1. Position the cursor at one end of the desired range (drag the left mouse button in the bottom annotation margin

to position the cursor).
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2. Enable the time marker (by pressing the F4 key; by pointing to the Options menu and dragging down to
Enable Time Marker; or by choosing Options Enable Time Marker with ALT, O, M keystrokes).
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3. Movethecursor (in either direction) to the other end of the desired range (by dragging the left mouse button in
the bottom annotation margin).
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When the copy range is selected as described above, the waveforms are exported as follows:

Point to the File menu and drag down to Save As....
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This displays the Save As dialog box. Before you enter a file name, select a file storage format. The file storage
format selections are displayed by:
@ Clicking the Format>> command button.
Thefile storage format sel ections appear on the right side of the dialog box as follows:

text box chack bex

Filename: |-wnu V4 ‘ !mmle channels only
sample.wdq ciwindaq 1) ASCII (sequential)
8] ®
Ca- 2) Binary (with CODAS header)
[a]
[-c] () 3) Binary (without CODAS header)
[-d-]
9] - () 5) Spreadsheet print
{:;—]] __an.m» ) 6) Deferred Hard Copy
0 7) DADISP
{1 8) CALC
() 9) EASYEST LX or AG
,OA) nSoft DAC
4 -
command buttans I tarmar option butions

Select the storage format by:

Clicking the desired format option button.

With the desired format selected, enter in the text box the name of the data file (including desired path names) to
which the WINDAQ Waveform Browser is to write the copied data.

When afile nameis entered, export the waveforms by:

@ Clicking the Save command button.
The data within your selected range and from every channel in the file will be exported to the specified datafile.

Note the Visible channels only check box at the top of the Save As dialog box. This option must remain
unselected (no X appears in the check box) for the export function to work on all channels in the data file. If this
option is selected (an X appears in the check box), only the visible channels (those that are displayed on your
monitor) in the datafile will be copied and pasted. Refer to the EXTRACT CHANNELS function in this chapter for
complete details on the Visible channels only check box.

A description of each data storage format follows:

SEQUENTIAL ASCII - This data storage format is one of three (Binary without CODAS header, and Lotus 1-2-3
are the others) that may be used to create a data file readable from a user-generated applications program (e.g.,
BASIC, FORTRAN, C, etc.). Data is stored as ASCII strings with a“,” (comma) delimiter. Each data value field

consists of eleven characters (excluding the comma). The data format is scientific notation, and is scaled into
engineering units as follows:

SX. XXXXESXX

Where:  Sisthe sign of either the exponent or mantissa.
E flags the value of the exponent.

The order of data storage is sequential with waveform channel one always being the first data value written. For
example, if four waveform channels exist, the first data value written is channel one, the fourth is channel 4.

The sequential ASCII data storage format is perhaps the easiest to use from the applications program level, but you
will pay apriceintermsof datafilelength sinceit takes 10 characters (bytes) to represent one data value.
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BINARY WITH CODAS HEADER - Use this data storage format to review the created data file with WINDAQ
Waveform Browser software. This utility is useful when you need to break up alarger CODAS datafile into smaller,
easily manageable unitsfor review by WINDAQ Waveform Browser software.

BINARY WITHOUT CODASHEADER - This data storage format, like Sequential ASCI|, is used when you need
to access the created data file through your own BASIC, FORTRAN, C, etc., applications program. But, unlike
Sequential ASCII, the Binary-without-CODA S-header format requires only two bytes of storage to represent one
datavalue, thusyielding much smaller datafile lengths.

ASY ST - When this data storage format is selected, WINDAQ Waveform Browser software stores channel datain a
fashion that is directly compatible with the ASY ST data storage convention. The storage format allows ASY ST to
input data as atwo-dimensional array (channel number, channel data).

When the ASY ST format is invoked, you are prompted to select the storage format as either (R)eal or (I)nteger.
Select (I)nteger if you do not need to have waveform data scaled into engineering units. This format allows more
data to be ported into ASY ST(ANT) arrays. Select (R)eal if you need the waveform data ported to ASY ST(ANT) to
be scaled in engineering units. Y ou can also enter up to two optional comment lines that you may use to describe
your particular test. The aggregate sample rate is automatically entered as a comment. The sample rate, as well as
any additional comments you provide, will be printed on your monitor (by using the ASY ST "?FILE" command)
when you retrieve the datafileinto ASY ST.

ASYSTANT - Although the data storage format for ASYSTANT (including [R]eal and [l]nteger conversions) is
identical to ASY ST, datafiles areimported slightly differently. An ASY STANT/ASY ST-formatted file isimported to
ASYSTANT by using the FILE 1/O option and specifying a FILE/V AR TRANSFER. Enter the data file name and the
ASYSTANT variable that will be assigned the data (for this example we will assume variable T was specified), and
select the READ option at the bottom of ASYSTANT's FILE INPUT/OUTPUT menu. Quit the FILE I/0O menu and
return to the upper-most ASY STANT menu. Notice that variable T indicates the size of the data array. Y ou may now
operate on the data contained in variable T using all of ASY STANT's powerful routines.

A NOTE TO ASYST AND ASYSTANT USERS - When waveform data are pasted in the ASYST/ASYSTANT
storage format using the (I)nteger conversion, waveform channel values are equivalent to A-D converter counts
(integers). To translate A-D converter counts into a voltage, perform the following operation from the ASY ST or
ASYSTANT level:

VOLTAGE = (Counts/ 8192) * Voltsfull scale

SPREADSHEET PRINT - Allows you to paste waveform data to files that may be read directly by Lotus 1-2-3,
Excel, Quatro Pro, or any spreadsheet program that uses the comma-separated-value (CSV) dataformat. Even if your
spreadsheet program uses something other than a comma to separate data values, it is still possible to use this
format. Contact DATAQ INSTRUMENTS for details on changing the delimiter from a comma to whatever your
program requires.

Selecting the Spreadsheet option from the format option list creates a data file that, when read by Lotus 1-2-3 using
their IMPORT command (do not use Retrieve), will present the data in spreadsheet fashion where each waveform
channel fills one column (i.e., column A contains waveform channel one's data, column B waveform channel twa's,
etc.). When the Spreadsheet format isinvoked, you are prompted to enter up to two optional comment lines that you
may use to describe your particular test. The aggregate sample rate is automatically entered as a comment. The
sample rate, as well as any additional comments you provide, will be printed on your spreadsheet when you import
the datafile to your spreadsheet program.

Some spreadsheet programs (i.e., Excel) require the newly created CSV file to contain a.CSV extension in the file
name.

DEFERRED HARD COPY - Use this data storage format to create a print file (or several print files) that can be
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invoked and printed (even batch processed) at a later time from DOS with the AT-CODAS hard copy utility
(HCU.EXE). Thetarget printer and port are those specified during CODAS configuration.

WINDAQ Waveform Browser users can also use the hard copy utility (HCU) provided they have a Laserjet, Thinkjet,
or IBM-compatible, dot-matrix graphics printer that CODAS supports. In this case, the hard copy utility (HCU.EXE)
will be automatically installed at the time of WINDAQ Waveform Browser installation (contact DATAQ Instruments
technical support for details).

After selecting this data storage format, you will be prompted to enter a comment. You may enter a line of
comments (up to 70 characters) that will be passed to the hard copy record.

DADISP - Selecting the DADISP file format will create a data file that may be directly imported into the DADiISP
waveform analysis program. The file format is that defined by DSP Systems where a data file header describing the
format of the dataisfirst created, and the data format is floating point binary.

CALC - When the CALC option in the format selection menu is selected, the following events automatically take
place:

1. A new datafileiscreated on disk carrying the file name you supplied when the waveforms were exported.

2. The specified range of waveform information is extracted (copied) from the currently active waveform datafile,
then pasted into the newly created file using the CODAS (with data file header) format along with any
calibration information.

3. CALC isrun and initialized with the default file name of that containing the pasted waveforms. At this point,
the CALC first-level menu will be displayed and you may execute your required CALC function(s) on the data
file containing the pasted waveforms, or even change the default file name to operate on another file. When
CALC isexited, control returnsto WINDAQ Waveform Browser software in the state that existed just before the
waveforms were exported. The waveform data file from which waveforms were copied remains as the active
WINDAQ Waveform Browser file.

4. DO NOT PASTE DATA IN A COMPRESSED FORMAT WHEN USING THE ADVANCED CODAS CALC
OPTION.

Note that Advanced CODAS is a separately-purchased software utility for waveform analysis.

EASYEST LX or AG - When this data storage format is selected, data is stored in a fashion that is directly
compatible with the “light” versions of ASY ST software (called EASYEST LX or EASYEST AG). These two flavors
of EASYEST are smaller, simpler, less complex versions of ASY ST software.

nSoft DAC - When this data storage format is selected, datais stored in afashion that is directly compatible with the
“nSoft” DAC package from nCode International Inc. This format stores one file per channel, and the last two digits
of the filename indicate the channel number (i.e., 01 is channel one, 02 is channel two, 10 is channel 10, etc.). If
you are using WINDAQ Waveform Browser software, statistical information is also included in the data file when
this storage format is selected.

PASTING DATA IN COMPRESSED FORMAT

Since the waveforms displayed by WINDAQ Waveform Browser software may be compressed at the time of export, it
is possible to paste compressed data. If waveform compression was enabled at the time of export, and the
SPREADSHEET or ASYST(ANT) storage format is selected, the sample rate figure automatically added to the
comment lines will be divided by the compression ratio that was active at the time the export function was sel ected.
If the DADISP storage format is selected, the time axis of DADISP windows will be automatically adjusted.

Extract Channels

Allows you to select a range of waveform information, only from selected channels in an existing data file, and

55



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

export it into anew datafilein avariety of different storage formats.

This function operates only on selected channels (only the channels that you select to be visible onscreen) in the
datafile lying between the time marker and cursor. If you wish to export all of the channelsin adatafile, refer to the
EXPORT function.

The newly created file may contain any subset of channels from the existing data file. The range of data is user
definable. Before data may be extracted and placed in a disk file, the range of data must be selected. The range of
datais defined as all datalying between the time marker and cursor.

To select therange of data:
1. Position the cursor at one end of the desired range (drag the left mouse button in the bottom annotation margin

to position the cursor).

— WINDAQ - MARK1.WDQ HE
File Edit View Search Scaling Transform XY Options Help
LB2E0
i AL
L0000 g A
volt N /\V /\V
cursor R -
|_positioned at desired range
beginning of of waveform
desired range
L., o position cursor by

‘dragging left
mouse button here

DRTE 13,670 BEC(T off SE

2. Enable the time marker (by pressing the F4 key; by pointing to the Options menu and dragging down to
Enable Time Marker; or by choosing Options Enable Time Marker with ALT, O, M keystrokes)

= WINDAGQ - MARK] WD@Q [~ ]-]
File Edit View Search Scaling Transform XY Options Help
6250

L0000 A LA !

velt TYAN i \7
v v
T 3 time marker enabled -
: A

(coincident with
position of cursor)

.0024
=2 wolt

-5.0000 '
pATE 13,670 BEC(TEE) 000 SEC (TM) 71,8 BEQF T: .200 SEC/DIV
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3. Movethecursor (in either direction) to the other end of the desired range (by dragging the left mouse button in
the bottom annotation margin).
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Although the range is specified only on display window one, when extracted, data in all visible windows lying
between the limits are extracted to your specified file name.

When the datarangeis selected as described above, the extract utility can beinvoked asfollows:
@ Point to the File menu and drag down to Save As....

This displays the Save As dialog box. Before you enter a file name, select a file storage format. The file storage
format selections are displayed by:

@ Clicking the Format>> command button.
Thefile storage format sel ections appear on the right side of the dialog box as follows:

text box chack Eex

Filename: |‘_wDQ V4 ‘ Visible channels only
sample wdq cAwindaq 1) ASCII {sequential)
L1 ®
Ca- 2) Binary (with CODAS header)
[a]
] ) 3) Binary (without CODAS header)
d]
e _W ) 4) ASYST(ANT)
9] / () 5) Spreadsheet print
::_]] ) 6) Deferred Hard Copy
() 7) DADISP
(1 8) cALC
/ (0 9) EASYEST LX 0or AG
105) nSoft DAC
L4 -
command buttons ! tormar option butions

Select the storage format by:

Clicking the desired format option button.

With the desired format selected, enter in the text box the name of the data file (including desired path names) to
which the WINDAQ Waveform Browser isto write the extracted channel data.

When afile nameis entered, extract the selected channel(s) by:

@ Clicking the Save command button.

The data within your selected range and from the visible channels only will be extracted from the active file and
placed in the specified datafile.

Note the Visible channels only check box at the top of the Save As dialog box. This option must be selected (an X

appears in the check box) for the EXTRACT CHANNELS function to work as described above. If this option is
unselected (no X appearsin the check box) and the EXTRACT CHANNELS procedure is completed, all channelsin
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the original file will be extracted rather than just the desired (or visible) ones. Literally, whatever channels are
displayed on the screen (and the order in which they are displayed) become the channels that are ported to the
newly created file.

Fourier Transform Operations

The Fourier Transform converts information in the time domain into the frequency domain. It is an important
analytical tool whenever it is necessary to determine the frequency components of a given time series waveform.
The thumbnail theory is that any periodic waveform may be represented by a series of sine wave functions at
different amplitudes, frequencies, and phase shifts which when summed together for each time series increment will
reproduce the original waveform. Given an appropriate multi-term sine function (Fourier expansion) for a time
series waveform, the magnitude of each term of the expansion may be plotted versus its frequency to yield a power
spectrum that is representative of the frequency makeup of the time series waveform. WINDAQ Waveform Browser
software contains three types of Fourier transforms; the fast Fourier transform (FFT), the discrete Fourier transform
(DFT), and the inverse Fourier transform (1FT).

The FFT is the most computationally efficient transform of the three but also the least versatile. The FFT function
automatically places some restrictions on the time series to be evaluated. It requires that the range or length of
waveform to be evaluated contains a total number of data points precisely equal to a power of 2 (e.g., 256, 512,
1024, etc.). Therefore, with an FFT you can only evaluate a fixed length waveform containing 512 points, or 1024
points, or 2048 points, etc. For example, if your time series contains 1096 data points, you would only be able to
evaluate 1024 of them at atime using an FFT since 1024 is the highest 2" that is less than 1096. Additionally, the
FFT also requires that the time series to be evaluated is a commensurate periodic function, or in other words, the
time series must contain a whole number of periods within the FFT bounds. Obviously, the chances of a section of
waveform containing a number of data points equal to a 2" number and having the last point match the first in
magnitude and slope are slim at best. Significant distortion in the resulting power spectrum can result if careis not
taken to ensure that end-points match as demonstrated by the following figure:
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End-point mismatches over the FFT range can result in significant power spectrum distortion

Fortunately a number of solutions exist to minimize the effects of end-point mismatches. One solution is to window
the time series waveform so that the distortion is greatly attenuated or reduced to zero depending upon the window
type. This approach multiplies the time series waveform by a function resembling a bell-shaped curve before
applying the FFT. The section titled FFT GENERATION describes how windows may be applied to correct the
power spectrum of time series waveforms generated over a number of points equal to a power of 2. Refer to the
subheading in this section titled WINDOW OPTIONS FOR FFTsfor further information on FFT window options.

Another solution abandons windowing in favor of allowing the user to precisely define the range over which the
transform is calculated. This approach nullifiesthe 2" limitation and is known as the DFT. Refer to the subheading
in this section titted DFT GENERATION for further information on Fourier transform generation over variable, user-
defined ranges.
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The IFT allows you to reconstruct the original signal (as afunction of time) from the power spectrum (as afunction
of frequency). This capability makes power spectrum filtering possible. The IFT also comes in handy when
determining what a certain power spectrum represents. Suppose you open a file that was saved and exited from the
split screen Fourier transform utility. The screen will display the typical split screen Fourier transform mode with a
power spectrum that you know very little about at first glance. The quickest way to find out what that power
spectrum representsisto do an IFT and compare thisresult (displayed in window 2 of the Y-T area) with the original
waveform in window 1 of the Y-T area. The IFT will show you the portion of the original waveform that was used to
generate the power spectrum. Refer to the subheading in this section titled IFT GENERATION for further
information on editing in the frequency domain.

FAST FOURIER TRANSFORM (FFT)

FFT GENERATION

The FFT isideally suited for homogeneous-type waveforms (waveforms that have the same structure throughout, or
have a similar cyclic repetition) but need not be limited to this type. Before an FFT can be generated, the channel
you wish to transform must be moved into display window one (e.g., type “1=5" if you wish to transform channel
5). After thisis accomplished, scroll the display of the selected channel to center the area you wish to transform on
the screen. The FFT can now be generated directly from either the Y-T or the X-Y display modes as follows:

@ Point to the Transform menu and drag down to Windowed FFT...

Thisdisplaysthe FFT Window Type, Size, and Averaging dialog box asfollows:

i FFT Window Type, Size, and Averaging

Data Window Type = Huml
Bartlett
g 1024
Hamming 2048
Blackman 4096
8192
16384

From this dialog box, you are able to select the type of FFT window that will be applied, the size of the FFT, and the
input averaging factor.

The FFT algorithm supports four different types of windows that may be applied to minimize the effects of end-

point distortion. These are Bartlett, hanning, Hamming, and Blackman windows. The characteristics of each
window are described by the following figure:
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WANVANIFANS

(baseline) Bartlett (Ba) hanning (hn) Hamming (Hm) Blackman (

Each window has different characteristics that make one window better than another at separating spectral
components near each other in frequency, or at isolating one spectral component that is much smaller than another,
or whatever the task. The window that you use depends on your skill at manipulating the tradeoffs between the
various windows and also on what you want to get out of the power spectrum or its inverse (for complete
information on the Fourier transform algorithm, request Dataq Instruments’ free Application Note number AN-11,
Waveform Analysis Using the Fourier Transform).

The FFT algorithm supports a number of different sized FFTs (size refers to the number of data points contained in
the FFT). Because the FFT function uses a base 2 logarithm by definition, the range or length of the time series to
be evaluated must contain a number of data points equal to a2" number. This is why the FFT selections you see in
the Number of Pointslist box are all apower of 2 (256, 512, 1024, etc.). The number of selections you see displayed
in thislist box will vary for any one data file depending on the factors that affect this power-of-2 limitation. These
factors include the size of the data file, the width of the window that WINDAQ Waveform Browser software is
running in on your monitor, the screen format (whether overlapped or non-overlapped), and whether or not the data
file is compressed. The overall size of the data file determines whether or not the larger FFT options (such as 8192
and 16384) are displayed in the list box, while the size of the window that WINDAQ Waveform Browser is running
in and the screen format determines whether or not the smaller FFT options (such as 32, 64, or 128 points) are
displayed. The minimum sized FFT that can be displayed in thelist box is 32, and the maximum is 16384.

When the FFT algorithm is first initiated with an uncompressed waveform, the FFT selection highlighted in the
Number of Points list box is the maximum power of 2 that will fit on the screen. For example, with avideo standard
of 1024 x 768, 1024 pixels of horizontal screen resolution are available for display. In this case, 1024 is a power of
2, so the 1024-point FFT selection will be highlighted in the Number of Points list box. When the OK command
button is activated and the 1024-point FFT is performed, the data to be transformed is taken from the center of the
screen in window 1. 512 data points in both directions from the center of the screen will be transformed. Similarly
with a 2048 point FFT, 1024 data points in both directions are included in the FFT calculation, and so on with the
other choices.

Note that you are not limited to only a 1024-point FFT. Y ou can select asmaller or larger sized FFT from thelist. So
which size FFT isright for your waveform? That depends on what you want to see in the power spectrum and how
much resolution you want. Beside calculation speed (which is negligible), the only difference between a 1024-
point transform and a 16384-point transform is resolution. A power spectrum always ranges from the dc level (0 Hz)
to one-half the sample rate of the waveform being transformed, so the number of pointsin the transform defines the
power spectrum resolution (a512-point FFT would have 256 pointsin its power spectrum, a 1024-point FFT would
have 512 points in its power spectrum, and so on). Suppose you wanted to see separate 20 and 21 Hz frequency
components in the power spectrum of a complex waveform. A 512-point FFT might not show these individual
components clearly since its entire power spectrum is only divided into 256 equally spaced points and the desired
frequencies are so close together. However, if the transform contained more points, it would be able to devote more
points to the definition of closely spaced frequency components. The more the number of pointsin atransform, the
better the frequency resolution.

When you select an FFT from the list that is larger than the number of horizontal pixels your screen is capable of
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displaying, the waveform will automatically be compressed. This happens semi-transparently and requires no
additional user input. The compression becomes obvious when the split screen display is exited (with the View,
Exit/Enter Split command) and the normal Y-T waveform display is shown.

If you would like to perform a smaller FFT than what is shown on the list, you will have to reduce the amount of
pixels your screen has available for display (the less you see, the less you FFT). This can be done primarily by
horizontally shrinking or resizing the window that WINDAQ Waveform Browser software is running in, and to a
lesser degree by selecting an overlapped screen format. Refer to your Windows™ documentation for details on
resizing the window border. For example, with a VGA display and an uncompressed waveform, it is possible to
display a 32-point FFT option by reducing the window to its minimum horizontal size and selecting an overlapped
screen format.

The FFT algorithm also supports input averaging. Input averaging allows you to perform FFTs on more data points
than the value selected in the Number of Points list box. For example, suppose you have a waveform file that
contains 82,000 data points and you want to perform an FFT on the entire file. The largest FFT selection available
in the Number of Points list box is 16384, which is nowhere close to 82,000. However, input averaging provides a
way for you to perform an FFT on the entire 82,000 point file. Thisis done by averaging the total number of data
points to be transformed. For every N points on the original waveform, input averaging develops a single point on
the transformed waveform. Y ou have complete control over the number of data points that will be averaged to form
each FFT input point. The number you enter in the Input Averaging text box determines the number of data points
that will be averaged to form one FFT input point. In our example, an input averaging factor of 5 should be entered
since 82,000 + 16384 equals approximately 5. This means that for every 5 data points in the original file, an
average value is computed. This value now forms a single point on a waveform that will be used as the input to the
FFT algorithm. It should be noted that because you are averaging data points, some distortion will occur in the
power spectrum. Averaging the input waveform values will not give you a true representation of the original signal
in the power spectrum but instead will give you avery close approximation.

There are also some limits on the number you can enter in the Input Averaging text box. First, it must be a whole
number, fractional values are ignored. Second, the maximum number (or input averaging factor) that can beinput is
a function of the total number of samples in the channel to be transformed divided by the selection made in the
Number of Pointslist box.

After the data window type, number of points, and input averaging (optional) selections have been made, activate

the OK command button to calculate the FFT. When calculated, the following screen is displayed. This screen is
composed of three basic sections; the Y - T waveform area, the analysis reporting area, and the FFT plot area.
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The Y-T waveform areais divided into two windows (window 1 and window 2). Window 1 displays the waveform
from which the transform was derived. Window 2 initially displays the waveform it contained before the transform
was invoked, but is used as the target window for subsequent IFTs if this feature is activated. The waveforms
contained in both windows may be manipulated by using the same functions available in the Y-T mode of WINDAQ
Waveform Browser software while a power spectrum is displayed.

Following the transform, three cursors will appear in the Y-T waveform area to show the portion of the waveform
that was used to generate the power spectrum.
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The center cursor is automatically placed in the center of the screen to indicate the center of the FFT. The left cursor
indicates the left limit of the FFT range, which is 512 pixels away from the center on a 1024 x 768 display. The
right cursor indicates the right limit of the FFT range, which is 511 pixels to the right of the center cursor on a 1024
X 768 display. The actual data used in the FFT calculation is the raw data contained between the two limit cursors.
Assuming that a compression factor of one (1) was enabled at the time the FFT was activated, and a full screen (not

resized) display isused, a 1024 point FFT will be generated.

The analysis reporting area performs a dual role. When manipulating the waveformsin the Y-T area, the analysis
reporting area contains information about the waveforms in this area just as a typical WINDAQ Waveform Browser
screen would. When examining the power spectrum in the FFT plot area, the analysis reporting area changes to
display information about the setup conditions and the power spectrum data. This data is updated as the cross hair,
displayed on the power spectrum plot, is moved. A typical display with the cross hair placed over a frequency of
6.40 Hz with arelative magnitude of -99.34 dB is shown asfollows:

[CaTa 6.40 Hz (X1} —-93.34 DE (hn) of f XEQF I
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The (X1) and (hn) descriptors define the zoom factor and window currently applied to the spectrum. Refer to the “ X -
axis Scaling” and “Power Spectrum Windowing” headings below for further information related to these functions.
When the analysis reporting area is displaying power spectrum data, the display can be toggled to show normal
waveform information by clicking in the left/right annotation area of either waveform displayed in the Y-T area.
Similarly, when the analysis reporting areais displaying waveform information, the display can be toggled to show
power spectrum data by clicking anywhere in the FFT plot area.

The FFT plot area contains the actual plot of the power spectrum. Examining the power spectrum is possible
through use of a cross hair which may be moved anywhere on the plot. When the FFT is plotted, the origin of the
cross hair is placed at the strongest frequency component of the waveform by default. The position of this cross hair
isdisplayed in the analysis reporting areain terms of its frequency and magnitude as described above.

The vertical crosshair can be moved to display a specific frequency value in the analysis reporting area. Clicking
the left mouse button anywhere in the FFT plot area allows you to position the vertical cross hair at the mouse
pointer position. Dragging anywhere in the FFT plot area with the left mouse button held down allows you to drag
the vertical cross hair anywhere on the plot. When dragged the horizontal crosshair follows the plot, and the
analysis reporting area updates to reveal current values. After releasing the left button, SHIFT+F4 will rescale the
power spectrum plot to place the horizontal crosshair at the top of the FFT plot area and use it as the 0dB reference.
This rescale can be undone by dragging the left mouse button in the left magnitude scale margin to position the
horizontal cross hair at the very bottom of the FFT plot area, then by pressing SHIFT+F4 again.

The horizontal crosshair can be moved to display a specific decibel or magnitude value in the analysis reporting
area. Clicking the left mouse button anywhere in the left magnitude scale margin allows you to position the
horizontal cross hair at the mouse pointer position. Dragging anywhere in the left magnitude scale margin with the
left mouse button held down allows you to drag the horizontal cross hair anywhere on the plot and simultaneously
update the decibel or magnitude value in the analysis reporting area. After releasing the left button, SHIFT+F4 will
rescale the power spectrum plot to place the horizontal crosshair at the top of the FFT plot areaand useit asthe 0dB
reference. This rescale can be undone by dragging the left mouse button in the left magnitude scale margin to
position the horizontal cross hair at the very bottom of the FFT plot area, then by pressing SHIFT+F4 again.

Grid lines and axis annotation are also available to aid waveform analysis. Grid lines can be toggled on and off in
the same manner as described in the Grids section. When displayed, the X-axis of the plot represents the frequency
axis of the power spectrum with the scale displayed at the bottom of the screen. The Y-axis represents the
magnitude axis of the power spectrum with the scale displayed at the | eft edge of the screen. The magnitude axis (Y -
axis) is always displayed when atransform is performed, however the frequency axis (X-axis) can be toggled on and
off by selecting the Limit & Frequency Display command from the Options menu.
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EXITING THE FFT MODE
To exit the split screen mode and return to the Y-T mode of operation:

Point to the View menu and drag down to Exit/Enter Split.

Exiting the split screen display in this way retains the power spectrum data in memory so the two modes can be
quickly toggled between if desired.

Alternatively, you may terminate WINDAQ Waveform Browser from the split screen mode by:

Pointing to the File menu and dragging down to Exit....

If you exit from the split screen mode with the option of saving the WINDAQ Waveform Browser state, the state that
existed at the time the program was terminated becomes the default condition the next time the file is reviewed.
Elements of the saved state are marker positions, whether an FFT or DFT was activated, the input average factor,
magnitude in engineering units or db, the window type (Hamming, Blackman, etc.), and the frequency axis
magnification factor.

Note that a significant relationship exists between the location of markers and the resulting power spectrum. To
ensure that the current screen display is reproduced when quitting with the save-state option, no marker
adjustments should be made following the generation of the last FFT.

DISCRETE FOURIER TRANSFORM (DFT)

DFT GENERAL INFORMATION

When it is necessary to select a portion of the waveform more accurately than an FFT will alow, or when a non-
windowed transform is desired, DFT generation may be used. All the functions available for FFT generation such as
scaling, averaging, and smoothing are also available for DFT generation with the exception of windowing. When
using DFT's, the need for a windowing function is replaced by the ability to adjust the end-points that define the
time series range as discussed earlier in the FOURIER TRANSFORM BASICS section above. With the DFT, there
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are two ways to define the range of the time series to be transformed. One method allows you to adjust right and left
limit cursors so the desired length of time series is enclosed within these limit cursors. This approach allows you to
see on window 1 inthe Y-T display area precisely what you are transforming. The other method allows you to use
the time marker and cursor to specify the DFT range. The location of the time marker on a waveform represents one
limit of the transform, while the location of the waveform cursor represents the other limit. This approach does not
require that the full range of waveform information to be transformed be viewed on the screen at once. When a DFT
is performed, the analysis reporting areais changed to reflect the lack of windowing as shown below:

[DaTa 6.40 Hz (¥1) —99.34 DE (hn} off XEOF I

'\ Window desianator indicates an FFT

[DATA 15 Hz (X1y 359.34 DB (C1) 0.8 XEOF I

"C" denotes time marker and Cursor approach DFT

[DaTa 13.3 He (¥1) 50.64 DB (E0) 29.2 XEOF I

~

"E" denotes End-point or limit cursor approach DFT

The window designation is replaced by a C or E (which denotes the DFT approach that was applied) and by the
factors of 2 in the compression factor applied to the waveform being transformed. For example, in the middle
display shown above, the (C1) descriptor indicates a DFT generated by the time marker and cursor approach with 21
(or 2) asthe highest power of 2 used in the DFT calculation. In some cases, an asterisk (C*) will appear in thisfield.
This indicates that the power of 2 used in the DFT calculation is 100 or greater (the field can only accommodate a
two digit number). For the same reason, when the power of 2 is greater than 9 but less than 100, the C will be
dropped from the display field and only the compression factor will be displayed (i.e., 12). Whichever approach
you take, the DFT provides a more accurate power spectrum plot than the FFT at the expense of added time for set-
up and calculation. The resulting power spectrum may then be examined in the same manner asthe FFT.

GENERATING A DFT USING LIMIT CURSORS

To generate a DFT with the limit cursor approach, ensure that the time marker is turned off (e.g., press F4 until of f
isdisplayed in the marker display field of the bottom annotation line). With the time marker disabled, the transform
algorithm assumes that the time series is defined by the left and right limit cursors. Now move the channel you wish
to transform into display window one (e.g., type “1=5" if you wish to transform channel 5). After this is
accomplished, scroll the display of the selected channel to center the area you wish to transform on the screen. The
DFT can now be generated directly from either the Y-T or the X-Y display modes asfollows:

Point to the Transform menu and drag down to DFT.

If an FFT was not done prior to this DFT, the resulting calculation will consist of the points on the waveform
bounded by the Y-T window chart edges as shown below:
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With the limit cursors at the extreme left and right chart edges of the Y-T window, you get a DFT of exactly what
you seein Y-T window 1. Of course, you can adjust the limit cursorsto get any length of waveform you desire.

If an FFT was done prior to generating the DFT, the limit cursors will not be at the extreme left and right chart edges
but instead will be some power of 2 apart (i.e., 512 pixels apart). Which does not give you a DFT of exactly what

you seeinwindow 1. The following illustration shows this subtle but important point:

i

Position of limit cursors after an FFT has been performed
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Since the transform algorithm assumes that the time series is defined by the left and right limit cursors, a DFT
performed after an FFT will produce a power spectrum over the range defined by the position of the limit cursors as
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shown above. A very different power spectrum will be obtained from this range compared to one obtained with the
limit cursors at extreme chart edge.

It is possible to reposition the limit cursors at the chart edges (or wherever desired) of window 1 and then perform
the DFT. Such a procedure is described as follows:

Defining the DFT Range Using Limit Cursors

Before generating a DFT, the right limit cursor and left limit cursor should be adjusted to enclose an integer or
whole number of cycles on the waveform to be transformed. This is best accomplished by picking a spot on the
waveform where the slope is steep and a single points value is well defined, like near the midpoint of a waveform.
Also keep in mind that the DFT is generated over the range including those points occupied by the limit cursors. So
position the limit cursors accordingly, taking care not to enclose one-too-many points when defining your cycle. To
adjust the limit cursors:

1. Position the mouse pointer in the bottom annotation line underneath the desired limit cursor.

2. Drag with the left mouse button to adjust the position of the limit cursor. Note that when the mouse
button is pressed, the limit cursor changes from a dotted line to a solid line in window 1. When the
mouse button is released, the limit cursor remains a solid line until adifferent limit cursor is adjusted.

Note that the cursors can be moved in either direction, but the right limit cursor cannot be moved to the left of the
center cursor and the left limit cursor may not be moved to the right of the center cursor. Note also that the center
cursor isignored, except when it becomes necessary to adjust it to allow the desired placement of the left and right
[imit cursors.

In cases where compression is enabled, the number of points contained in the resulting DFT is a function of both
the compression factor and the number of pixels laying between the right and left limit cursor (or in other words,
window size). The relationship of compression to the number of points in the power spectrum is described by the
following table. In this table, a random assumption was made about how many pixels were contained between the
right and left limit cursors. To demonstrate the math, we randomly assumed 607 pixels were contained between the
right and left limit cursors:

Column A Column D
(Waveform Column B Column C (Points
Compression (Highest (Number of Points ~ Contained in
Factor) Power of 2) Averaged) DFT)
All odd factors — Compression factor 607
2 2 1 1214 (607x2)
4 4 1 2428 (607x4)
6 2 3 1214
8 8 1 4856 (607x8)
10 2 5 1214
12 4 3 2428
14 2 7 1214
16* 16 2 4856
18 2 9 1214
20 4 5 2428
22 2 11 1214
24 8 3 4856
26 2 13 1214
28 4 7 2428
30 2 15 1214
3% 32 4 4856
34 2 17 1214

*The maximum number of data values that may be transformed is
8191. Any combination of compression factor and pixels contained
between the right and left limits that exceeds this value will be
automatically transformed by removing as many factors of two as
necessary from the highest power and multiplying the number of
points averaged by the factor removed.
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To illustrate an example from the table above, suppose we need a compression factor of 10 to compress the
waveform enough so the area of interest can all be seen on the screen. So we enter 10 as our waveform compression
factor and then perform the DFT. The value from column B is derived by evaluating the expression 2%, where the
exponent x is the number that appears in the (EX) descriptor field of the analysis reporting area (a direct result of
the compression factor). In our example, a 1 appearsin the (EX) descriptor field of the analysis reporting area when
acompression factor of 10 isused, so 2! = 2. The value in column B is then divided into the waveform compression
factor to get the value in column C, which is the number of data points averaged. In our example, 10 + 2 = 5. This
means that for every 5 data points on the original waveform, one average value was used as the input to the DFT
algorithm. The value in column D is the number of data points contained in the transform, which is derived by
multiplying the number of pixels between the left and right limit cursors by the value from column B.

The limit cursor approach has the advantage of displaying all waveform information to be transformed on the
screen at once. By adjusting the waveform compression factor, virtually any range of waveform information may be
displayed on the screen, isolated by adjusting the limit cursors, then transformed. However, if a compression factor
is enabled to bring the desired range on screen, this approach suffers from the disadvantage that each point on a
waveform represents multiple acquired points. For example, each displayed point on the waveform represents a
combination of 15 acquired points if a compression factor of 15 is enabled, making precise end-point placement
difficult. For this reason, a second DFT placement approach is available. This approach defines end-points through
use of the time marker and cursor.

Defining the DFT Range Using the Time Marker and Cursor

The time marker approach to specifying a DFT range allows precise placement of end-point markers. Unlike the
previous method of power spectrum generation, the time marker approach does not require the onscreen display of
the full range of waveform information to be transformed. The location of the time marker on awaveform represents
one limit of the transform, and the location of the waveform cursor the other limit. Since the time marker need not
be displayed on the screen to remain active, large transforms are possible at low compression factors. Transforms up
to 8192 points are possible at a compression factor of 1 allowing precise placement of end-points without the
indecision of marker placement at compression factors greater than 1. This approach, however, does support
compression factors greater than 1 adding more flexibility to its use.

Time marker and cursor placement on the waveform to be transformed may occur from either the Y-T or DFT modes
of operation. Since the object of using the time marker approach to end-point definition is precision, it is
recommended that the time marker and cursor positions be defined from the Y-T mode, using display format 1 to
allow full screen resolution during the placement process. Just as with the limit cursor approach, the time marker
and cursor should be adjusted to enclose an integer or whole number of cycles on the waveform to be transformed.
This is best accomplished by picking a spot on the waveform where the slope is steep and a single points value is
well defined, like near the midpoint of a waveform. Also keep in mind that the DFT is generated over the range
including those points occupied by the time marker and cursor. So position the time marker and cursor accordingly,
taking care not to enclose one-too-many points when defining your cycle. The recommended procedure is as
follows:

@ 1. Exit the DFT mode and enter the Y-T display mode by pointing to the View menu and dragging down
to Exit/Enter Split.

2. Assign the waveform to be transformed to window 1 by pointing to the View menu and dragging down
to Assign Channel..., then entering the desired channel number.

3. Enter your desired compression factor by pointing to the Edit menu and dragging down to
Compression...

Note that regardless of the range of waveform information to be transformed or the magnitude of the compression
factor, DFT software will always ensure that the number of pointsin the result does not exceed 8192 by multiplying
the compression factor by the smallest integer necessary. More on the effects of waveform compression follow
shortly. The selected compression factor, however, must be 1 to allow precise end-point placement.
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4. Scroll the window to your first desired end-point (using the = or ® cursor control keys).

5. Place the time marker at the desired location by pressing the F4 key. Make certain that the waveform
cursor is enabled to allow precise placement of the time marker.

6. Scroll the window until the waveform cursor is directly over the second desired end-point.

7. Perform the DFT over the selected range by pointing to the Transform menu and dragging down to
DFT.

Waveform compression operates slightly differently when the time marker approach is used as compared to the
other method. When the time marker is used, the compression factor defines the number of consecutive Y-T points
averaged before transforming the waveform. For example, if 2244 points exist between the cursor and time marker
then the result is a 2244 point transform if the compression factor equals 1. Leaving the markers position
unchanged and incrementing the compression factor to 2 would yield a 1122 point transform since one point
representing the average of each two consecutive points is passed through the transform. Whenever a DFT is
activated using the time marker method, the analysis reporting area will display the actual averaging factor as
follows:

[DATA 28.5 H= (¥1) 52.24 DB (C1) 30.1 ¥EQF I

N

[HID 23.8 He (¥1) 52.50 DB (C3) 30.6 XEOF I

A\

DFT with an averaging factor of 1

DFT with an averaainag factor of 3

POWER SPECTRUM MEASUREMENTS

CROSSHAIRADJUSTMENT

The cross hair may be scrolled along the plot to examine other points of interest. Asthe cross hair is scrolled along
the plot, the frequency and magnitude at the cross hair origin are displayed in the analysis reporting area. The cross
hair can be scrolled by:

Dragging with the left mouse button anywhere in the FFT plot area.
Note that the display of the cross hair may be toggled off and on by pressing ALT+F2.

POWER SPECTRUM WINDOWING

After the power spectrum is plotted, the type of windowing applied to the FFT calculation can be changed.
WINDAQ Waveform Browser supports four window types: Bartlett, Hanning, Hamming and Blackman. The window
applied is changed by:

Pointing to the Transform menu and dragging down to Windowed FFT ...
This displays the FFT Window Type, Size, and Averaging dialog box, from which you simply select a different

window and activate the OK command button. The window designator is always displayed in the analysis reporting
areaasfollows:
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[[DATA 23.4 Hz (¥1) 54 .43 DB (Ba) 30.2 XECF I

\

Bartlett window applied

[[DaTa 23.4 Hz (X1} 52.95 DB (Bl) 30.3 XEOF Il
\ Blackman window applied
|IDATA 23.4 Hz (X1 E5.17 DB (Hm) 30.3 XEQF

Hamming window applied

|DATA 23.4 Hz (X1} 54.59 DE (hn) 30.3 %EOF I

P\

Hanning window applied

POWER SPECTRUM SMOOTHING

After the power spectrum is plotted, a moving average filter can be applied for smoothing the spectrum. The
moving average utility takes X data points (you specify how many) from the spectrum, adds them together, divides
their sum by the total number of data points added, replaces the first data point in the power spectrum with the
average value just computed, repeats these steps with the second, third, and so on data points until the end of the
power spectrum data is reached. This technique attenuates random, small amplitude frequency spikes often
encountered in a power spectrum plot. You control the amount of smoothing by specifying the moving average
factor. Available factors are no averaging (1) or factors of 2, 3, 4, 5, 6, 8, 10, 12, 16, 20, 24, 32, 40, and 48. With a
power spectrum displayed, the spectrum can be smoothed as follows:

Point to the Transform menu and drag down to Average Power ...

This displays the Power Spectrum Smoothing dialog box as follows:

i Power Spectrum Smoothing

| OK || Cancel |

From this dialog box, you simply highlight the smoothing factor (or number of points to be averaged) and activate
the OK command button. This displays the FFT Window Type, Size, and Averaging dialog box, from which you
simply select a different window and activate the OK command button. The smoothing factor chosen is displayed
in the analysis reporting area as follows:
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[[DATA 23.4 Hz (X1) 52.95 DE (Bl)y 30.3 XEOF I
'\ No smoothina applied

[DATA 23 .4 Hz (1) 51.13 DE2(Bl) 30 3 %EOF I
\Smoothing factor of 2 applied

[DATA 31.3 Hz (1) 50.64 DE3(Bl)] 30 .3 %EOF I
>\

Smoothing factor of 3 applied

[DATA 31.3 H= (X1} 49.81 DE4(El} 30.3 XEOQF I

Smoothing factor of 4 applied

X-AXISSCALING

When a power spectrum is plotted, the entire spectrum is displayed on the screen regardless of the number of points
in the transform. If a transform containing a large number of points is performed, the resulting power spectrum is
compressed in order to fit on one screen width. This is fine for spotting the overall trend of a spectrum but what if
you wanted to examine a sel ected portion of the plot more closely? This can be done by scaling the frequency axis.

A video standard of 1024 x 768 provides 1024 picture elements (pixels) of horizontal resolution. If a512-point FFT
is performed, the 256 points generated by the transform fit nicely on a screen capable of displaying 1024 points.
The same is true of a 1024-point FFT, where a 1024 pixel wide screen is more than adequate to contain the 512
points generated by the transform. The problem arises when a transform larger than 2048 points is performed.
Suppose an 8192-point FFT is performed. The 4096 points generated by the transform is much wider than the 1024
pixel width of the screen. So in order to get the entire power spectrum on one screen width, a compression factor (in
this case, afactor of 4) isautomatically applied. To zoom in on the power spectrum and examine a selected portion
in greater detail, you must magnify the spectrum (or in effect, scale the frequency axis).

After the power spectrum is plotted, scaling of the frequency axis may be used to examine a selected portion of the
plot more closely. To do this, scroll the cross hair along the spectrum until it reaches the desired section of the plot
and:

@ Point to the Transform menu and drag down to Compress FRQ...

This displays the Frequency Compression dialog box as follows:

= Frequency Compression

Compression = 1 Shrink
Zoom Factor = |f] Expand

| OK | | Cancel |

From this dialog box, you activate the Expand command button to change the spectrums frequency compression.
Successive activations apply increasing magnification scaling factors to a maximum value of 4X. When the desired
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magnification factor is entered, activating the OK command button applies the magnification. When the spectrum
is magnified in away that prohibits the display of the entire power spectrum on a single screen width, a scroll bar
appears at the bottom of the plot area, allowing you to pan the entire plot.

Activating the shrink command button decreases the magnification factor to a limit of +p, where p =
[(n/2+1)/640]+1 and is the number of pages needed to display individual frequencies of an n-point transform. The
current power of magnification is displayed in the analysis reporting area as follows:

DATa 23.4 Hz (X1 EZ.95 DE (El)} 30.3 %EOF |
\ Display with 1X magnification factor

[CaTa 23 4 Hz (®2) 52 95 DB (Bl) 30 3 %REOF I
\ Display with 2X maanification factor

[CaTa 23 4 Hz (Hd) L7 95 DB (Bl) 30 3 %EOF 1
\

Display with 3X magnification factor

[DaTA 23.4 H= (X4) 52.95 DE (El) 30.3 XEOQF I

N\

Display with 4X maanification factor

Panning the Power Spectrum

Whenever a magnification factor greater than 1/p is active, the entire power spectrum cannot appear on asingle
screen width. For this reason, a scroll bar automatically appears at the bottom of the plot to allow you to easily
examine the entire plot.

Y-AXISSCALING

After the power spectrum is plotted, the Y-axis can be re-scaled to aid spectrum analysis. Activating Y -axis scaling
causes the selected Y level to be plotted at the top of the screen and the rest of the plot to be re-scaled accordingly.
The dB values will also be re-scaled using the top of the screen as the 0 dB reference with decreasing values
displayed as the bottom of the screen is approached. With a power spectrum displayed, the Y-axis can be re-scaled
relative to the position of the horizontal cross hair asfollows:

1. Adjust the horizontal cross hair to the desired reference level by dragging with the left mouse button
in the left annotation margin of the bottom pane (or transform plot area).

2. Re-scalethe spectrum plot relative to the horizontal cross hair by pointing to the Transform menu and
dragging down to Scale DB.

If the results obtained from this re-scaling operation are unsatisfactory, the default Y-axis scale can be restored by
positioning the cross hair at the extreme bottom of the screen and repeating step 2 (in effect, re-scaling with the
cross hair positioned at the extreme bottom of the screen).

CHANGING POWER SPECTRUM AMPLITUDE UNITS

The strength of the frequency component can be displayed in either engineering units or relative magnitude in the
form of decibels (dB). The default scale of decibels (db), assuming the scale has not been changed by adjusting Y -
axis scaling as described above, is derived from the following equation:

dB =20 * log;( (32768 * MAG / FS)
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where MAG is the magnitude in engineering units of the frequency component and FSis the full scale value of the
Y-T waveform from which the transform was derived. For example: if the full scale value was 100 mmHg and the
magnitude at a given frequency component is 39.78, the dB value would be 82.30. After the power spectrum is

plotted, the strength of the frequency component can be toggled from engineering units to relative magnitude (or
viceversa) by:

Pointing to the Transform menu and dragging down to Mag Engr Units.

This causes the display in the analysis reporting areato change as follows:

[[DATa 23.4 H= (XE1) 52.95 DB (Bl) 30.3 XEOF I

Maanitude displayed in decibels

[OATA 23.4 H= (¥1) 8 475E-03 MAG(Bl) 30.3 XEOF I

Maanitude displayed in engineering units

EXPORTING THE POWER SPECTRUM COORDINATES

While in the transform mode, it is possible to export the coordinates that define a transform plot to an ASCI| file.
Thisisdone by:

Pointing to the Transform menu and dragging down to Output FRQ Data...

This displaysthe Save Frequency Datato File dialog box as follows:

= Save Frequency Data to File

Filename: |

c:hspecial

[-a]
[-e-]

Cancel

Framads

Enter in the text box the name of the data file (including desired path names) to which the ASCII file is to be
written. When afile name is entered and the OK command button is activated, a second dialog box is displayed as
follows:

= Frequency File Type

COSIHE SIHE
HAG RADIANS

HAG DEGREES

From this dialog box, you can specify the type of frequency information to be saved as an ASCI| file. The transform
plot information is saved as an ASCI|I file in the form of a three column spreadsheet. These three columns contain

73



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

the information necessary to reproduce the spectrum four different ways in any spreadsheet program (or in any
program that is capable of importing ASCII files). The FRQ DB MAG selection will reproduce the spectrum
showing magnitude and frequency information (exactly as displayed in the plot area of the WINDAQ Waveform
Browser). The FRQ COSINE SINE selection will reproduce the spectrum in a rectangular coordinates format,
showing phase information with the cosine value representing the real component and the sine value representing
the imaginary component. The FRQ MAG RADIANS selection will reproduce the spectrum in a polar coordinates
format, showing the vector anglein radians. The FRQ MAG DEGREES selection will also reproduce the spectrum
in polar coordinates format, but with the vector anglein degrees.

When the desired file typeis highlighted and the OK command button is activated, the transform plot is exported to
an ASCII file. The display will return to the power spectrum plot and analysis can be resumed.

It is possible to reproduce the spectrum in the WINDAQ Waveform Browser. This is useful when you wish to see
phase information for a plot currently displaying magnitude and frequency information. ASCI| files are saved in the
form of athree column spreadsheet preceded by a header. The header contains the set up information used in the
transform cal culation including: the filename of the waveform, the assigned channel, position in the file from which
the FFT was taken, compression applied to input, the number of averaged pointsin the FFT, window type used, and
the size of the FFT. A portion of asamplefileis shown asfollows:

FILE = sanpl e. dat

CHANNEL = 1

TBF OF LEFT PO NT = 1.86080
TBF OF CENTER PO NT = 1.912
TBF OF RICGHT PO NT = 1.96300
SCREEN COVPRESSI ON = 1

| NPUT AVERAGI NG = 1

W NDOW TYPE = hanni ng

FRQ SMOOTHI NG FACTOR = 1

PO NTS = 512

FRQ DB MAG

0. -6.02 7.6294E- 05
10. 40.21 1. 5640E- 02
20. 39.19 1. 3899E-02
29. 40.02 1. 5302E-02
39. 40.21 1. 5631E-02
49. 40.63 1. 6023E-02

This header information may be used to completely reproduce the spectrum (in another format, if desired) through
WINDAQ Waveform Browser. An FFT may be reproduced as follows:

1. With waveform compression equal to one, position the cursor in the original file so that TBF (in the bottom
annotation line) is equal to the TBF OF CENTER POINT value shown in the header.

2. With SCROLL LOCK on, position the cursor and waveform at screen-center by pressing the gray asterisk (*)
key.

3. Set the compression factor of the original file equal to the SCREEN COMPRESSION value shown in the
header.

4. Reproduce the spectrum by pressing CTRL+W.

A DFT spectrum may be reproduced as follows:
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=

Intheoriginal file, set the waveform compression factor to 1.

2. Movethe cursor until TBF (in the bottom annotation line) is equal to the TBF OF RIGHT POINT value shown
in the header.

3. Withthe cursor at this position, press F4 to set atime marker.
4. Now set the waveform compression factor equal to the INPUT AVERAGING value shown in the header.

5. Now move the cursor so that TBF (in the bottom annotation line) is equal to the TBF OF CENTER POINT
value shown in the header.

6. Reproduce the spectrum by pressing CTRL+F.

INVERSE FOURIER TRANSFORMATION (IFT)

EDITING THE POWER SPECTRUM

In many cases it is desirable to examine a waveform without any “noise” present to distort the true nature of the
signal. This can be done by applying high-pass, low-pass, band-pass, and notch filter functions to the power
spectrum to eliminate the noisy frequency components. WINDAQ Waveform Browser software provides high-pass
filter, low-pass filter, band-pass filter, and notch filter functions to eliminate these unwanted frequencies from the
plot. The high-pass filter removes all frequency components to the left of the position of the cross hair origin. The
low-pass filter removes all frequency components to the right of the cross hair origin. The notch filter removes the
frequency (or frequencies if the frequency axis is compressed) at the cross hair origin. The band-pass filter is a
combination of high-pass and low-pass filters applied to isolate a narrow band of interest on the spectrum. The
power spectrum can be edited as follows:

To apply a high pass filter (remove unwanted frequency components to the left of cross hair origin), position the
cross hair origin at the desired point on the spectrum and:

Point to the Transform menu and drag down to High-pass Filter.

To apply alow pass filter (remove unwanted frequency components to the right of cross hair origin), position the
cross hair origin at the desired point on the spectrum and:

Point to the Transform menu and drag down to Low-pass Filter.

To apply a notch filter (removes the frequency or frequencies if compressed, at the cross hair origin), position the
cross hair origin at the desired point on the spectrum and:

Point to the Transform menu and drag down to Erase Frequency.

The band passfilter is simply a combination of High-pass and Low-pass filters, applied to isolate a band of interest.
Seetheindividual procedures as described above for details on applying each.

INVERSE FFT GENERATION
After editing the power spectrum, it is possibleto perform an IFT by:

Pointing to the Transform menu and dragging down to Inverse Transform.

This generates a waveform in Y-T window 2 representing the edited power spectrum currently plotted in the FFT
plot area. This new waveform will be scaled like the original as well as having the current compression factor, but
will appear multiplied by the datawindow if an FFT was applied. From this point, the IFT waveform may be further
examined or exported by using the analysis functions provided by the WINDAQ Waveform Browser from within the
FFT mode or after exiting the FFT mode by pressing CTRL+Y..
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Note that when an IFT is generated, the previous IFT (if any) is not saved and therefore cannot be pasted together to
form alarge waveform made up of several sections of different IFT's. The waveform originally occupying window 2
is deactivated, not removed from the waveform file. Window annotation “2=0" at the bottom of the screen is
automatically enabled by the software when it displays the IFT waveform. The original waveform may be restored

by typing
2=X
where X isthe channel number of the originally displayed waveform.

TRANSFORM CALCULATION TIME CONSIDERATIONS

Since some large transforms take a long time on computers without a numeric coprocessor, a status indicator in the
form of aletter (A, C,D, F, L, M, S, or W) is displayed in the analysis reporting area to indicate the FFT operation
currently in progress.

/ Status indicator appears here

7
[MID - ] 15 14 Hz (-8) & G38E-02 MAG(hn) 74 2 %EOF I

This feature is provided to indicate that the computer is currently active and to discourage you from activating the
transform again, thereby queuing up more time-consuming requests and tying up the machine for several minutes.
Another reason for providing the indicator is to indicate where the computer is spending its time through the course
of atransform calculation. Using the following table as a guide, the “Time-minimizing Element” column defines
what can be employed to minimize the time required to make the calcul ation:

Time-minimizing

Letter Element Action
A Computer type ~ Compute squared magnitudes, averaging by
and speed frequency smoothing factors.
C Computer type ~ Change variable-point sine-consine table
and speed when number of points changes for DFT of

other than a power of 2 points.

D Hard disk with  Gather input data from disk or compute
fast access time  output from IFT.

F Computer type  Perform basic FFT algorithm or its inverse.
and speed
L Coprocessor Compute exponential look-up table for use

in logarithmic plotting.

M Computer type  Multiply input data by window or multiply
and speed transforms during indirect DFT of a number
of points which is not a power of 2.

S Computer type  Form sine-cosine table for basic FFT. This
and speed is done each time an FFT is needed that is
two or more times larger than the previous

largest.

w Computer type  Compute Bartlett, hanning, Hamming, and
and speed Blackman windows. Done each time an
FFT is performed that is two or more times
larger than the previous FFT.

L time, which is proportional to the height of the frequency part of the split screen, can be dramatically shortened
by a numeric coprocessor.

C timeisroughly proportional to the number of transform points, and will show up each time the number of points
changesfor FFTs.

D time is proportional to the total number of transform points and the number of data points to be averaged per
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transform point. For forward transforms, it is also proportional to the number of channelsin the file and thetime
required for disk operations.

F, M, C, W, S, and A times are roughly proportional to the number of transform points and machine instruction
times. Sand W will have to be recalculated after memory deall ocation occurs to spawn another program, to perform
a maximum compression, or to enter the X-Y mode. But, memory is retained after an Exit/Enter Split from the FFT
mode to allow reentering with another Exit/Enter Split without atime penalty.

Format Screen
Used to select a specific waveform display format.

ACTIVATING PROCEDURE

1. Point to the View menu and drag down to Format Screen.
2. Intheformat box, click the desired display format.

It is possible to display a format design other than the standard display formats listed. For example, suppose you
wanted to monitor three waveforms on the screen. Y our best choice among the standard display formats capable of
displaying at |east three waveforms is the four waveform format. However, the fourth displayed waveform would be
blank. It would simply occupy screen space without conveying any useful information. The tool used to devote the
entire screen to the exact number of waveforms you wish to monitor is called the User-specified format option. To
use the User-specified format option:

1. Point to the View menu and drag down to Format Screen.
2. Intheformat box, click User-specified format....

This displays the User-specified dial og box as follows:

Mumber of Channels = E

L] overlapped

1] .4 Cancel

When the User-specified dialog box is first displayed, a blinking vertical line (called the insertion point) appears
behind the number in the Number of Channels text box. This insertion point indicates the active area of the dialog
box—the next action you perform will occur in thisarea. To specify a non-standard format:

Enter the desired number of channels to be displayed (up to 32 overlapped), and click OK. You also have
the option of overlapping the specified number of waveforms. To overlap the waveforms, click the
Overlapped check box. An X appears in the box indicating an overlapped format. A subsequent click
removes the X, indicating a non-overlapped format.

Free/Lock Cursor

This function applies mostly to those who are using the WINDAQ Waveform Browser without a mouse. It allows the
cursor to be released from its default position of screen-center. When released, it may be positioned anywhere on the
screen while the displayed waveforms remain stationary.

@ Pressing the SCROLL LOCK key will free the cursor and allow you to position it anywhere on the screen
using the= and ® cursor control keys. When the cursor isin its free state and if your computer's keyboard
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provides an indicator light for SCROLL LOCK, the light will be off. The light will be on when the cursor is
initslocked state. The cursor state will toggle each time the SCROLL LOCK key is pressed.

The asterisk key (*) may be used to center the cursor in the waveform display window. If SCROLL LOCK is off
when the * key is pressed, the cursor alone moves to screen-center while waveforms remain stationary. If SCROLL
LOCK isonwhenthe* key is pressed, cursor and waveforms scroll to screen-center together.

Go to Range..., Go to Time..., Go to TM Position

Three separate functions that allow you to immediately vector or jump to a specific part of the file. Each feature is
described asfollows:

GotoRange... - This function instantly moves the data cursor to the next or previous data point that is inside or
outside of a specified range of values on the selected channel. When a data point satisfying the range and
conditions has been found, the screen is scrolled to place the cursor at the value of the point found.

To use the Go to Range... feature:

1. Select the window that contains the desired waveform:

@ Click the left mouse button in the unsel ected window’ s annotation margin.

File Edit View File Edit View File Edit View

Mode: 0scill ode: 0scill Mode: Oscill
S/ (F3): 200 S/ (F3): 200 5/5 (F3): 200
10.000 LU Uy 10.000

L0001 .001 L0011
1=0 Volt =0 WVolt Yolt
10,000 000 k—l0,000

A
\

click
to select

2. Specify therange asfollows:

Point to the Search menu and drag down to Go to Range...

This displays the Search for data range dialog box. The Go to Range function is controlled from this dialog box as
follows:

= Search for data range

from lower limit

to upper limit

Volt

‘ << Inside Range | Inside Range >>

‘ << Qutside Range | Qutside Range >>

Cancel
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from lower limit - This text box allows you to enter a value representing the lower end of the range. If this text
box is left blank, the low end of the range is unbounded. This limit is retained until a search is done on a different
channel or anew file is opened. When limits are assigned, the << Inside Range, << Outside Range, Inside Range
>> or Outside Range >> command buttons can be used to move the cursor to the next or previous data point
inside or outside of the specified range.

to upper limit - Thistext box allows you to enter a value representing the higher end of the range. If thistext box
is left blank, the high end of the range is unbounded. This limit is retained until a search is done on a different
channel or anew file is opened. When limits are assigned, the << Inside Range, << Outside Range, Inside Range
>> or Outside Range >> command buttons can be used to move the cursor to the next or previous data point
inside or outside of the specified range.

<< Inside Range - This command button moves the cursor to the previous data point inside the specified range of
values on the selected channel. The limiting values are considered inside and are thus included in the range.

Inside Range >> - This command button moves the cursor to the next data point inside the specified range of
values on the selected channel. The limiting values are considered inside and are thus included in the range.

<< Qutside Range - This command button moves the cursor to the previous data point outside the specified range
of values on the selected channel. The limiting values are not included.

Outside Range >> - This command button moves the cursor to the next data point outside the specified range of
values on the selected channel. The limiting values are not included.

Using the Go to Range... function on a compressed waveform (compression value greater than 1) will oftenresultin
the displayed data disagreeing with the search range. This is because the Go to Range... function looks at
individual data values, and a compressed waveform is many individual data values compressed to form one line
segment. The obvious solution is to make sure the waveform is uncompressed when using this function. If
compression must be used, refer to the Help documentation for details on using this function with compression
enabled.

Goto Time... - This function instantly moves the data cursor to the position in the file that corresponds to the
specified date and time. The date and time can be specified as follows:

@ Point to the Search menu and drag down to Goto Time....

Thisdisplaysthe Go to date and time dialog box. The Go to Time function is controlled from this dialog box as
follows:

= Go to date and time

Date = 09-15-92
Previous Date ‘ | Next Date
Time = 14:41:08

x

Previous Date - Selects the previous date, which is then displayed in the middle of the dialog box, above this
command button.

Next Date - Selects the next date, which isthen displayed in the middle of the dialog box, above this command.
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Time = - Allows you to enter atime value. The time must be entered in 24-hour format from 0:00 to 23:59:59. If
omitted, the seconds val ue defaults to :00.

OK - Moves the data cursor to the position in the file that corresponds to the specified date and time. If it is not
possible to move to the specified time because it falls before the first data point or after the last data point in the

file, an appropriate error message is displayed and the cursor is placed at the next point after the beginning of the
file, or at the end of thefile.

Cancel - This command button removes the dial og box without moving the data cursor anywhere.
Go to TM Position - This function instantly moves the display screen to the position of the file occupied by the

time marker. When at the position of the time marker, you can instantly move back to your original position. To
move to the time marker position:

@ Point to the Search menu and drag down to Go to TM Position.

This moves the display to the position of the previously enabled time marker. If the data cursor is enabled for
display, it will overlay the time marker on the screen. Pointing to the Search menu and dragging down to Go to TM
Position a second time moves the display back to the original position.

Grids

Enables or disablesthereal time waveform display grid pattern.

DI-170 Acquisition - MARK1.WDQ
File Edit View Scaling Options Help
Mode: Oscill Channels: 0,1
[/ (F2): 200 Compress (F73: 1 Storage: 2.1% used
L6250 : :
PR T rTeran PR SR
KSR NV TLENAV A VAT T A VAR VI AVATI T AWANIVAVAY S
-.6250
5.0000
s1en e -
o1 worr M . A o
-5.0000
S/ /CHEN: 100 sec/DIvV: 0.2 Status: STBY
Grid enabled /
Grid disabled

DI-170 Acquisition - MARK1.WD@Q
File Edit View Scaling ©Options Help

Mode: Oscill Channels: 0,1

[5/2 (F3): 200 Compress (F7): 1 Storage: 2.1% used
L6250
L0940
volt
-.6250
5.0000

L2197
2=1 Veolt

-5.0000
3/s /CHAN: 100 sec/DIV: 0.2 Status: STBY
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To enable grid linesfor display (if disabled, or disable them if enabled):
Point to the Options menu and drag down to Grids.

When grid lines are enabled, a check mark (Q) is displayed on the Options menu immediately preceding the Grids
command. When grid lines are disabled, the check mark is not displayed.

Invert
Allowsyou to flip the selected waveform upside down, exchanging the top and bottom limits.

Toinvert the waveform:
Point to the Scaling menu and drag down to Invert.

A subsequent activation of the Invert command flips the sel ected waveform back to its original orientation.

Jump to Beginning/End of File

Instantly moves the display screen to the beginning or end of the waveform file, accomplished by:

Dragging the slider box in the horizontal scroll bar to the leftmost limit (for the beginning of the waveform
datafile) or to the rightmost limit (for the end of the waveform datafile).

Notepad Function (Note and Commented Note)

Allowsindividual data pointsto be written to a notepad datafile on disk, with or without text annotation.

The data sent to the target file are those data points from each channel coincident with the position of the data
cursor at the time the NOTEPAD function isinvoked.

WINDAQ - P3445.DAT
File Edit View Search Scaling Options Help
1.000

oon
HAS

—1.000
4386

1.237

e e These four data points
—1.912 (coincident with the
%20 cursor) will be written
4 41 to the notepad file.

3=3 mmHg

—.40
40.59

20.89
i=4 mnHg

1.16
MID 18 1560 SEC{TEF} —. 8200 SEC(TH; 27.5 XEOF

The NOTEPAD function may be invoked at any time during data review. The first time during the review session
that NOTEPAD is invoked, the Open Notepad File dialog box will appear prompting you to name the file to which
screen data will be written. Any valid file name (including path names) may be entered. Thereafter, invoking
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NOTEPAD sends the selected data directly to that file.
With the cursor positioned at the desired point on the waveform, data can be written to a notepad file as follows:

Note only (plain data, no annotated text)
1. Select File Note asfollows:

@ Point to the File menu and drag down to Note.

When selected for the first time, the Open Notepad File dialog box is displayed on the screen:

= Open Notepad File
Filename: |m

c:wplayback

[ [+]
[-a-]

[-c] ]

Cancel

& Fomal»

2. IntheFilename text box, enter the name of the file (including desired path names) to which WINDAQ is to write
the notepad data.

3. Click OK.

The procedure for writing data and text information to a notepad file is similar. The text is entered in the Notepad
Annotation dialog box, which is displayed when the Commented Note command is chosen from the File menu. The
number of text characters that may be stored for each annotated note conforms to the following equation: (11 x # of
channels enabled) + 22. With the cursor positioned at the desired point on the waveform, data and comments can be
written to anotepad file asfollows:

Commented Note (data with comments)
1. Select File Commented Note as follows:

Point to the File menu and drag down to Commented Note.

When selected, the Notepad Annotation dialog box is displayed on the screen asfollows:

= Notepad Annotation

Notepad Annotation =

Cancel

it

2. Inthe Notepad Annotation text box, enter the desired comment.
3. Click OK.

Datais written to the target file in a columnar format. A maximum of six columns may be written depending upon
the number of waveforms in the data file. When the WINDAQ Waveform Browser program is exited and a notepad
fileistyped to the screen or printed, the columns seen are defined as follows:

82



PLAYBACK AND ANALYSISUSING THE WINDAQ WAVEFORM BROWSER

Column 1 (left-most)  Time-to-beginning-of-file

Column 2 Time marker
Column 3 Channel zero data
Column 4 Channel one data
Column5 Channel two data
Column 6 Channel three data

Data for all waveform channels, time-to-beginning-of-file, and time marker data are all written to the notepad file
whenever the NOTEPAD function isinvoked.

All dataiswritten in scientific notation format. The only exception to thisrule is time marker data. If atime marker
was enabled at the time the NOTEPAD function was invoked, time marker data will be annotated in scientific
notation. If the time marker WAS NOT enabled, column two will contain nine zeros 000000000 indicating that the
time marker was not enabled.

If the channel has been calibrated, the data written to the notepad file will be in engineering units. Channels that
have not been calibrated will be written as raw anal og voltages.

When NOTEPAD is activated with a compressed waveform display, waveform values reported to the notepad file
will be the minimum, maximum, or mid point value of the waveform's line segment that is coincident with the
cursor depending on the state of the cursor mode. Refer to the COMPRESSION section for complete details.

All NOTEPAD files are directly compatible with spreadsheet, ASY ST, and ASY STANT software. In the case of the
latter two, the notepad file will have to be converted from ASCII into the ASY ST/ASY STANT format before being
read. ASY ST and ASY STANT provide the file conversion utilities.

Open...

Allows you to open and review files from within the WINDAQ Waveform Browser program.

@ Point to the File menu and drag down to Open....

Thisdisplaysthe following dialog box.

= Saving changes to current file header

Do you want to:

| Save All... | | Sove Calibralian,,, | |Emceed with No Save... | ‘ Cancel |

Y ou are required to select one of these options for the current data file before you can switch to adifferent file.
SaveAll... command button - Saves the entire state of WINDAQ Waveform Browser data (including display format,
scales, offsets, compressions, calibration constants, etc.) before returning you to the Program Manager or to the
desktop.

Save Calibration... command button - Saves the calibration data only. The next time the datafile is reviewed, all
waveforms will appear calibrated without needing to repeat the calibration process.

Proceed with No Save... command button - Proceeds to the Program Manager or desktop without saving
calibration or state.

Cancel command button - Returns you to the WINDAQ Waveform Browser display without saving anything.

Following your selection of an option for the currently active data file, the Open dialog box will appear prompting
you for the new file name. Supply the name of the data file you wish to review (including path, if necessary).
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Palettes (Next Palette, Previous Palette, & User Palette)

Allows the selection of one of 16 pre-defined display palettes. Additionally, a user-palette option allows you to
redefine the color scheme of the displays by selecting different background, gridline, user annotation, and
waveform colors from among 16 choices.

A different palette can be displayed by selecting either the Next Palette or the Previous Palette command from the
View menu. These commands allow you to pan through and display all 16 palette selections in either a forward or
backward direction.

@ Display the Next Palette

Point to the View menu and drag down to Next Palette.

Display the Previous Palette
Point to the View menu and drag down to Previous Pal ette.

Note that you are not limited to the color combinations presented on the 16 pre-defined display palettes. It is
possibleto tailor one, several, or all palettes to suit your color preference, taste, or room lighting requirements. The
tool used to accomplish this is the User Palette... command. The User Palette... command allows you to redefine
the palettes color scheme by selecting different background, gridlines and user annotation, or waveform colors from
among 16 color choices.

When a palette is changed, you have the option of making the new color scheme permanent or canceling all color
changes. If the changes are canceled, the palette reverts back to the original color scheme you started with. If the
changes are made permanent, the new color scheme is saved as one of the 16 display choices and the original color
combinations are overwritten.
To change a palettes color scheme;

1. Using the technique described above, display the pal ette you want to change.

2. Point to the View menu and drag down to User Palette.... This displays the Palette dial og box.

3. Inthe Palette dialog box, click the Background, Grid Lines and User Annotation, 1st Waveform, or 2nd
Waveform colors you want. A dotted box appears around the selected color sample.

4. Click Apply to apply the colors you have selected.
5. If you are satisfied with the color scheme you have selected, click OK. This saves the newly defined
color scheme as one of the 16 display palettes, overwriting the existing palette. If you are not satisfied,

repeat steps 3 and 4 above, or click Cancel to get back to the original palette you started with.

User Palette Dialog Box
The following information can be referred to when using the User Palette... function.
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= User Palette I

rBackground
NN EEEEEENE NN RN

 Grid Lines and User Annotation

HE BN NN RN AN

r2nd Waveform

LT I O O O O O IO O O B B AN

r 1st Wawveform

E g RN nEIENEN

Palette#=_ - Servesasalabel or identifier for the selected color scheme. Rangeisfrom 0 to 15.

Increment command button - Displays the color scheme that defines the next palette. Activating this button
increments the Palette # and updates the background, waveform, and grid lines and user annotation color selection
barsto show what the palette will 1ook like when the Apply command button is activated.

Decrement command button - Displays the color scheme that defines the previous palette. Activating this button
decrements the Palette # and updates the background, waveform, and grid lines and user annotation color selection
barsto show what the palette will look like when the Apply command button is activated.

OK command button - Saves the new color combination as one of the 16 display choices. When saved, the original
color combination is overwritten.

Apply command button - Allows you to apply or “try out” new color combinations without having to save them.
Also used in conjunction with the Increment/Decrement buttons to view the 16 defined palettes. For example, to
see what each palette currently looks like, activate the Apply button then the Increment button. Repeat this
procedure 16 times to see each defined palette.

Cancel command button - Allows you to cancel any color changes made to a palette, provided that the changes
have not been saved with the OK button. When canceled, the color scheme will revert back to the original palette
you started with.

Monochrome Displays

If you are using WINDAQ Waveform Browser software with a monochrome monitor, select the Monochrome color
scheme from the WindowsO Control Panel. Selecting a color scheme other than monochrome may cause display
conflicts. For example, with other color schemes, the cursor may seem to disappear when positioned coincident
with adark vertical gridline. The same result can happen with awaveform that rides the window baseline (the signal
seems to disappear, but it is merely the same shade as the baseline). Selecting the monochrome color scheme
ensures that your monitor will show every shade it is capable of showing without any conflicts.

Color Selection Conflicts

When selecting color combinations, it isimportant to note that the cursor color (not modifiable) will always be the
inverse of the color chosen for the background. For example, if the background color is black the cursor color will
be white, or if the background color is red the cursor color will be dark cyan.

For this reason, do not pick the inverse color of the background for grid lines and user annotation. If you do, the
cursor will seem to disappear when coincident with avertical grid line.
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As a general rule, do not assign the inverse color of the background to any other parameter (grid lines and user
annotation, 1st waveform, or 2nd waveform) and do not make both waveforms the same color.

Print

Allows any WINDAQ Waveform Browser display currently active on the monitor to be printed (hard copied) on a
compatible graphics printer.

This function offers a “print screen” feature, a “print rectangle only” feature, and a continuous hard copy feature.
The print screen feature prints whatever is currently displayed on your monitor in your choice of two formats and
two size options. The print rectangle only feature prints only the graphics enclosed by the graphic selection
rectangle. The continuous hard copy feature provides a continuous hard copy record of all data between the time
marker and cursor. When executed, the continuous hard copy is printed immediately from within the WINDAQ
Waveform Browser.

Print Screen Feature
To generate a print screen:

1. Point to the File menu and drag down to Print....
Thisdisplaysthe Print dialog box:

" Data to Print
' Entire Window
) Window Excluding Title and Menu Bars
o Graphic Selection Rectangle
10} Continuous From Cursor to Time Marker [TH])._.

" Window Print Options

" Continuous Print Options

[ TBE on left
] TBR on right
Time zoom factor = EI
| Ok | | Cancel |

EntireWindow - Prints everything as displayed on the screen, could be considered a“ screen shot”.

Window Excluding Title and Menu Bars - Prints only the most pertinent information about the waveform file(s)
displayed on the screen. Does not print the title or menu bar at the top of the display.

Note that when either of these formats are selected, the Continuous Print Options are dimmed, thus not selectable.
However, the Window Print Options are selectable. These options control the size of the print screen. The two size
options are as follows:

Best Fit - Maintains the aspect ratio of the display on the screen. The size of the printout fills the page as much as
possible without destroying the aspect ratio.
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Stretch to Page - Fills the entire page with the printout. With the paper portrait oriented, the printed image is
stretched in the vertical direction to fill the entire page, thus not maintaining the aspect ratio of the display on the
screen.

The following illustrates a typical waveform printed on an 8 1/2 x 11 inch sheet of paper in each format and size
option.

Best Fit Option Stretch to Page Option
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Graphic Selection Rectangle Feature

To generate a hard copy of only the waveform(s) bounded by the graphic selection rectangle, you must first draw
the graphic selection rectangle to enable the normally dimmed Graphic Selection Rectangle radio button. Thisis
done by clicking and holding the RIGHT mouse button anywhere in the waveform graphics to enclose the area of
interest. Once the rectangleis drawn, the Graphic Selection Rectangle radio button can be selected.

ContinuousHard Copy Feature
To generate an immediate, continuous hard copy, you must first select arange of waveform datato be hard copied.

Thisrangeisdefined asall datalying between the time marker and cursor.
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To select the copy range:
1. Position the cursor at one end of the desired range (drag the left mouse button in the bottom annotation margin

to position the cursor).
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2. Enable the time marker (by pressing the F4 key; by pointing to the Options menu and dragging down to
Enable Time Marker; or by choosing Options Enable Time Marker with ALT, O, M keystrokes)
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3. Movethecursor (in either direction) to the other end of the desired range (by dragging the left mouse button in
the bottom annotation margin).
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Although the range is specified only on display window one, when hard copied, data for al channels lying within
therangeis hard copied.

Note that each waveform channel should be scaled, offset, calibrated, and compressed on the screen display exactly
the way you would like it to appear when hard copied. Also note that grid lines will be printed if enabled for

display.
When the hard copy ranges are selected as described above, the continuous hard copy feature isinvoked by:
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@ Pointing to the File menu and dragging down to Print....

This displays the Print dialog box. Select the Continuous From Cursor to Time Marker (TM)... option button in
order to generate a continuous hard copy.

— I .

[ Data to Print
} Entire Window
) Window Excluding Title and Menu Bars
O Graphic Selection Rectangle
(] LContinuous From Cursor to Time Marker [TH]...

Window Print Options
® BesiFi
) Smeich o Page

" Continuous Print Options
[ TBE on left
] TBR on right

Time zoom factor = EI

Note that when the Continuous From Cursor to Time Marker (TM)... format is selected, the Window Print Options
are dimmed, thus not selectable. However, the Continuous Print Options are selectable. These check boxes allow
the user to enable or disable the annotations in the left and right margins of the hard copy and to set a time zoom
factor. A time zoom factor can be entered to enhance readability when printing on a high resolution printer (300 dpi
or higher). For example at atime zoom factor of 1 printed at 300 dpi, there will be 300 samples per vertical inch of
waveform. This may not reveal enough important detail in the waveform. Increasing the time zoom factor allows
you to vertically spread out the samples (the horizontal dimension remains unchanged) for better visibility. A time
zoom factor of 2 would produce 150 samples per vertical inch and thus more detail in the hard copy. Set these
options as desired and activate the OK command button.

When the OK command button is activated, the screen will be cleared and the following dialog box will be
displayed:

= Hard Copy Comment

Hard Copy Comment

il

Cancel

Y ou have the option of entering up to one full line (70 characters) of text (comments) that will be passed to the hard
copy record. After your comments are entered, or if you choose not to comment, activate the OK command button.
At this point, waveform hard copy will begin at your printer.

Inter preting the Hard Copy Record — The following describes the information provided by the record:

File Information - Original CODAS-formatted data file name, and the date and time the file was acquired. Y our
comments (if any) are shown as entered when the hard copy was enabled.

Waveform Information - Describes the £full scale and base line values in whatever engineering unit was selected
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for each waveform. If engineering units were not enabled, the units displayed will be volts. Any waveform scales,
offsets, or calibrations applied while using the WINDAQ Waveform Browser will be similarly duplicated in the hard
copy record. When interpreting the hard copy record, the + full scale limit is the top-most horizontal grid line (be
sure to orient hard copy record with reference arrow pointing up), the - full scale limit is at the bottom-most
horizontal grid line, and mid scale limit is the horizontal grid linein the middle.

Also annotated is the Waveform Compression Factor selected at the time the hard copy was enabled. This factor is
provided for reference only since all time functions are automatically adjusted as a function of the compression
factor.

TimeAnnotation - The hard copy produces two types of time annotation: Time referenced to the beginning of the
hard copy record (TBR); and time referenced to the beginning of the parent data acquisition file (TBF). The hard
copy record yields atime division marker approximately every 1cm. Each such marker is annotated on the right and
left chart-edge with TBR, and TBF in seconds respectively. The need for TBR is obvious. This annotation allows
any waveform event to be placed in time relative to the beginning of the hard copy record. The need for TBF is
more subtle, but just asimportant.

The WINDAQ Waveform Browser provides a TBF (Time-To-Beginning-Of-File) function which allows the current
position of a waveform cursor to be known relative to the time in seconds from the beginning of the file being
reviewed. TBF annotation provided by the hard copy directly correlates with WINDAQ Waveform Browser
software’s TBF function. This means that a waveform event occurring on the hard copy record can be similarly
located on the computer-based record by scrolling the waveforms forward or backward until TBF equals that
observed in the hard copy record.

Correlation of a hard copy record with its computer-based parent is a valuable feature, especially when coupled
with Waveform Compression. Large portions, or even an entire data file may be compressed, hard copied, then used
asatool for determining where detailed analysis should begin and end. In this manner, the feature allows you to get
ahandle on large quantities of datain apurely logical and organized fashion.
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PLAYBACK HARD COPY DATA
DATA FI LE: TEST. DAT 11-7-87 12:05:30
COMVMVENT:
This is a test of HCU software.
COMPRESSI ON: 1
Channel -Full Scale Baseline +Full ScaleUnit User Annotation
6 -5. 0000 . 0000 5.0000 Volt 0123456789ABCDEFGHI JKLMNO
6
TBF b ) TBR
40. 3286 . 0000
40. 3743 . 0457
40. 4200 . 0914
40. 4657 . 1371
40. 5114 . 1829
40. 5571 . 2286
40. 6029 . 2743
40. 6486 . 3200
. 3657
. 4110

FIGURE 1— A sample of the hard copy output shows the file, waveform, and time information provided. See text
for acomplete description of each function.

Range of Channels (Assigh Range, Forward Range,
Backward Range)

Three separate functions that allow you to conveniently monitor and manipulate all the channels you have enabled
when they can’t be displayed on the monitor all at once. These functions are most useful when many channels are
enabled (such as with an EXP Series channel multiplexer or with DI-500 Series channel expanders) and the size of
your monitor or the amount of screen space devoted to the WINDAQ Waveform Browser window prevents you from
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seeing them all.

These functions are similar to the ASSIGN CHANNEL function in that they allow you to assign any enabled ADC
channel to a specific display window, however these functions differ by allowing you to assign or manipulate a
block of channels. The ASSIGN CHANNEL function only allows one channel assignment at atime.

Assign Range - Thisfunction is similar to the ASSIGN CHANNEL function in that it allows channel assignment to
a specific display window, however this function allows you to assign a block of any enabled consecutive ADC
channels rather than just asingle channel. To assign arange of channels, you must first select the display window in
which you would like the block of channelsto begin. Thisis done by:

1. Clicking theleft mouse button in the unsel ected channels annotation margin.

The focal point for selecting the desired display window is the variable waveform assignment indicator of each
channel. This is the two-element equality (X=Y) displayed for every enabled ADC channel. Element “X” is the
display window number or letter and element “Y” isthe ADC channel number assigned to the window. Element “X”
(the display window) is always the element specified to enable the waveform contained in that window for
adjustment. When a display window is selected, a highlighted box surrounds the X=Y annotation, indicating that
the window is enabled for adjustment:

File Edit View File Edit View File Edit View

Mode: 0scill ode: 0scill Mode: Oscill
/s (F3): 200 S/s (F3): 200 5/8 (F3): 200
10.000 LU Uy 10.000

L0001 .001 L0011
1=0 Volt =0 WVolt Yolt
10,000 000 k—l0,000

A
\

click
anywhere
to select

selected
window

unselected
window

When the desired display window is selected, the channel range can be assigned as follows:

1. Point tothe View menu and drag down to Assign Range....

This causes the channel number (element “Y”) in the highlighted box surrounding the X=Y annotation to blink.
Enter the new or desired channel number here. If the box is still blinking after typing fewer than the maximum
number of digits, press a non-numeric key to stop it from blinking.

Display windows appearing on the monitor below the selected one are now assigned consecutively higher
numbered channels while the display windows appearing on the monitor above the selected one are now assigned
consecutively lower numbered channels.

For example, say you have 16 channels of data enabled for acquisition but for some reason can only display 8 at a
time on your monitor. Y ou can use the Assign Range... command to conveniently see the remaining eight channels
of data. Just select display window 1, select Assign Range... from the View menu, and enter 8 in the blinking box.
Instead of channels 0 through 7, display windows 1 through 8 now show channels 8 through 15.

Forward Range - This function allows you to conveniently scroll through, in a forward direction, al the
consecutive channels you have enabled when they can’'t be displayed on the monitor all at once. This function is
most useful when many channels are enabled (such as with an EXP Series channel multiplexer or with DI-500 Series
channel expanders) and the size of your monitor or the amount of screen space devoted to the WINDAQ Wavefrom
Browser window prevents you from seeing them all.

To display consecutive channels that are higher-numbered than the one at the bottom of your monitor:
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@ Point to the View menu and drag down to Forward Range.

For example, say you have 32 channels of data enabled for acquisition but for ease of viewing and to keep a high
degree of detail, you want only 8 displayed at atime on your monitor. Y ou can use the Forward Range command to
conveniently scroll forward through the remaining channels of data. Just select Forward Range from the View menu
(or usethe CTRL+DOWN ARROW accelerator keystroke). The next higher-numbered 8 channels will be displayed.

Backward Range - This function allows you to conveniently scroll through, in a backward direction, al the
consecutive channels you have enabled when they can’t be displayed on the monitor all at once. This function is
most useful when many channels are enabled (such as with an EXP Series channel multiplexer or with DI-500 Series
channel expanders) and the size of your monitor or the amount of screen space devoted to the WINDAQ Waveform
Browser window prevents you from seeing them all.

To display consecutive channelsthat are lower-numbered than the one at the top of your monitor:

Point to the View menu and drag down to Backward Range.

For example, say you have 32 channels of data enabled for acquisition but for ease of viewing and to keep a high
degree of detail, you want only 8 displayed at atime on your monitor. Y ou can use the Backward Range command
to conveniently scroll backward through the remaining channels of data. Just select Backward Range from the View
menu (or use the CTRL+UP ARROW accelerator keystroke). The next lower-numbered 8 channels will be
displayed.

Refresh

Updates the scroll bar position and %EOF field to reflect the new length of afile being acquired.

@ Point to the View menu and drag down to Refresh.

Save

Saves a copy of the file you are working with on disk. All header information is saved in the current data file,
resulting in the same display when the fileis reviewed again. Note that this function does not cause you to exit the
file or prompt you for format or save options, it merely saves the current state of your datafile.

Point to the File menu and drag down to Save.

Use the Save function when you want to update a file on disk with the most-recent changes. If you want to save a
copy of afilewithout affecting the version of the file already on disk, use the Save As function.

Scaling and Offsetting a Waveform (Autoscale, Grow 2X,
Shrink 2X, Waveform Down 1 Pixel, Waveform Down 10
Pixels, Waveform Up 1 Pixel, Waveform Up 10 Pixels)

Used to dynamically scale or offset a specified channel's waveform on the real time display.
1. Select the window that contains the desired waveform:

Click the left mouse button in the unsel ected window’ s annotation margin.
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File Edit View File Edit View File Edit View
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The waveform displayed in the selected window is now enabled for scale and offset adjustments.

@ Expanding the Waveform’s Amplitude
Point to the Scaling menu and drag down to Grow 2X. This expands the specified waveform two times
itsoriginal size in the amplitude direction.

OR

Point to the right or left annotation margin and click the left mouse button. This also expands the
specified waveform two times.

Contracting the Waveform’s Amplitude
Point to the Scaling menu and drag down to Shrink 2X. This contracts the specified waveform one-half
itsoriginal size in the amplitude direction.

OR

Point to the right or left annotation margin and click the right mouse button. This also contracts the
specified waveform one-half its original size.

Autoscaling the Specified Waveform
Point to the Scaling menu and drag down to Autoscale. This automatically adjusts the vertical scale to
place the highest and lowest points of the selected waveform at the top and bottom of the waveform
window. In other words, this command automatically scales the waveform to make it as large as
possible while staying within thte top and bottom limits of the waveform window. For a single channel
display, thisresultsin the maximum waveform image visible on screen.

M oving the Waveform Down (— Offsetting)
Point to the Scaling menu and drag down to Waveform Down 1 Pixel or Waveform Down 10 Pixels.
Waveform Down 1 Pixel moves the specified waveform down a single pixel in the strip and Waveform
Down 10 Pixels moves the specified waveform down 10 pixelsin the strip.

Moving the Waveform Up (- Offsetting)
Point to the Scaling menu and drag down to Waveform Up 1 Pixel or Waveform Up 10 Pixels.
Waveform Up 1 Pixel moves the waveform up a single pixel in the window while Waveform Up 10
Pixels moves the waveform up 10 pixels.

Asascaling or offset operation is performed on any selected channel, the channel’ s annotated + full scale and base
line values will automatically adjust to reflect the operation.

Scaling and offsetting data does not, in any way, affect the information stored to disk. These operations are only
provided to configure the real time display.
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Select Live Display
Allows you to select between four different data formats for display in the live display field. These formats report
waveform information for the currently selected channel as: time from beginning of file, difference from time
marker point, % change from time marker point, and slope of line to time marker point.

Time From Beginning of File - Annotates the quantity of time from the beginning of the data file to the point of
waveform/cursor intersection in seconds. To display time from beginning of filein thelive display field:

1. Point to the Options menu and drag down to Select Live Display.
2. Click on Time from Beginning of File.

When the Time from Beginning of File format is selected, the live display field will show XXXXXXXX SEC( TBF) ,
where XXXXXXXX is the time-to-beginning-of-file from the point of waveform/cursor intersection in seconds.

TS
_ o _ 09037 A A A AAAASAANAARA
Time from Beginning 4=1 ] VDlt:V“V?‘VU"”V‘VUV“
of File format enabled e o k
s SRV

DaTa & 16 |2'?|20 SEC(TBF) ' L.|?'D|4u SEC(TH)
-

Difference From Time Marker Point - This format annotates the difference in waveform values between the time
marker position and the current cursor position. To display the difference from TM point in the live display field:

1. Point to the Options menu and drag down to Select Live Display.
2. Click on Difference from TM pt.

When the difference from time marker point format is selected, the live display field will show XXXXXXXX DATA-
TM where XXXXXXXX is the difference in waveform val ues between time marker position and cursor position.

Live display field
shows the
difference in
waveform values at
the point of time
marker and cursor.

H\' T 073INSEC(TH)

RN

\ \
Cursor

Time marker

[¢]

Note that the time marker must be enabled for display with thisformat.

If the cursor is positioned directly on top of the time marker and compression is 1, the live display field shows zero
(no difference).

It is possible to see a negative difference value in the live display field. This occurs when the cursor is moved to a
point on the waveform that is smaller than the value of the waveform at the time marker.

If waveform compression is enabled, the data values reported by the time marker and cursor will be MID, MIN, or

MAX line segment values rather than a single data point value that would be displayed on an uncompressed
waveform.
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Percent Changefrom Time Marker Point - Thisformat annotates the percent change in waveform values between
the time marker position and the current cursor position. To display the percent change from TM point in the live
display field:

1. Point to the Options menu and drag down to Select Live Display.
2. Click on % Change from TM pt.

When selected, the live display field will show XXX. XX %CHANGE, where XXX. XX is the percent change in
waveform values between time marker position and cursor position.

Live display field --02831
shows the percent

. — 3784 [\
change in waveform ¥olt
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cursor. DATA ~42 56 %CH
] N\ |

[\
\
\ Cursor

Time marker

Note that the time marker must be enabled for display with thisformat.

If the cursor is positioned directly on top of the time marker and compression is 1, the live display field shows zero
(no change).

It is possible to see a negative percent change value in the live display field for this format. This occurs when the
cursor ismoved to a point on the waveform that islarger than the value of the waveform at the time marker.

If waveform compression is enabled, the data values reported by the time marker and cursor will be MID, MIN, or
MAX line segment values rather than a single data point value that would be displayed on an uncompressed
waveform.

Slopeof Lineto TimeMarker Point - This format annotates the slope of an imaginary line formed by connecting
the waveform value at the time marker position with the waveform value at the cursor position. To display the slope
of thelineto TM point in thelive display field:

1. Point to the Options menu and drag down to Select Live Display.
2. Click on Slopeof lineto TM pt.

When the slope of line to time marker point format is selected, the live display field will show XXXXXXXXX
SLOPETM where XXXXXXXXX is the slope of an imaginary straight line between time marker position and cursor
position (expressed in scientific notation).

Live display field
shows the slope of

an imaginary line _0378a N\
drawn through the valt *
points of time \
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\ [ 1\
\ \Cursor
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Note that the time marker must be enabled for display with thisformat.
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If the cursor is positioned directly on top of the time marker and compression is 1, the live display field indicates
on because the function is undefined.

If waveform compression is enabled, the data values reported by the time marker and cursor will be MID, MIN, or
MAX line segment values rather than a single data point value that would be displayed on an uncompressed
waveform.

Each of these display formats report waveform information for the currently selected channel. If no channel is
selected, the live display field shows Time from Beginning of File.

Select Marker Display
Allows you to select between four different time formats for display in the marker display field. These formats report
the data lying between the time marker and cursor as: time from marker, samples from marker, Hz for cycle to marker,
and cycles/minute for cycle to marker.

Time From Marker - Annotates the time difference from the cursor to the time marker in seconds. To display time
from marker in the marker display field:

1. Point to the Options menu and drag down to Select Marker Display.
2. Click on Timefrom Marker.

When selected, the marker display field will show XXXX SEC( TM , where XXXX is the time difference from the
cursor to the time marker in seconds.

Time marker Cursor
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Samples from Marker - Annotates the number of samples (or individual data points) in the section of waveform
bounded by the cursor and time marker. To display the number of data samples in the marker display field:

1. Point to the Options menu and drag down to Select Marker Display.
2. Click on Samples from Marker.

When selected, the marker display field will show XXXXX SMP( TM , where XXXXX is the number of samplesin
the section of waveform bounded by the cursor and time marker.

Cursor

Time marker, \

Number of samples
format enabled

— 14547 b
HDATA 19.F5fn SECS
-

Note that the time marker must be enabled for display with thisformat.
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If the cursor is positioned directly on top of the time marker, the live display field shows zero (no samples).

It is possible to see a negative samples value in the marker display field for this format. This occurs when the cursor
is moved to a point on the waveform left of the time marker.

Hzfor Cycleto Marker - Displays afrequency (in Hz) for the section of waveform (or cycle) defined by the cursor
and time marker. To display the frequency (in Hz) of the selected cycle in the marker display field:

1. Point to the Options menu and drag down to Select Marker Display.
2. ClickonHzfor Cycleto Marker.

When selected, the marker display field will show XXXXXXXX Hz (TM , where XXXXXXXX is the frequency (in
scientific notation) of the cycle defined by the positions of the time marker and cursor.
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Note that the time marker must be enabled for display with this format.

If the cursor is positioned directly on top of the time marker, the marker display field displays on because a cycle
has not been defined.

Cyclesper minutefor Cycleto Marker - Displays a frequency (in cycles per minute) for the section of waveform
(or cycle) defined by the cursor and time marker. To display the frequency (in cycles/minute) of the selected cycle
in the marker display field:

1. Point to the Options menu and drag down to Select Marker Display.
2. Click on Cycles/minfor Cycleto Marker.

When selected, the marker display field will show XXXXXXXX C/ M TM , where XXXXXXXX is the frequency (in
scientific notation) of the cycle defined by the positions of the time marker and cursor.
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]

Note that the time marker must be enabled for display with thisformat.

If the cursor is positioned directly on top of the time marker, the marker display field displays on because a cycle
has not been defined.
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Thetime marker formats will be displayed in the marker display field only if time markers are enabled for display. If
time markers are disabled, of f isdisplayed in the marker display field rather than anumerical value.

Show Dynamic Range
Allows you to see the waveform file with respect to the entire dynamic range of the A/D converter. Activating this
function modifies the vertical scale (and automatically adjusts the waveform) so the + and - full scale counts are
placed at the top and bottom of the waveform strip.

By seeing your waveform with respect to the entire dynamic range of the A/D converter, you see how much of this
range you are using. ldeally, the waveform should use the entire dynamic range of the A/D converter in order to
take full advantage of its resolution.

To show the dynamic range of the A/D converter:
@ Point to the Scaling menu and drag down to Show Dynamic Range.

This modifies the vertical scale (and automatically adjusts the waveform) to place the + and - full scale A/D
converter counts at the top and bottom of the waveform strip, thus showing you the waveform file with respect to
the entire dynamic range of the A/D converter.

Subsequent activations of the Show Dynamic Range command does nothing, the function does not toggle. To
revert to the previous display (prior to activating the Show Dynamic Range function), use the Undo command on
the Edit menu.

Split Screen Operations (Split, Exit/Enter Split, More Bottom
Y, Less Bottom Y, Left Limit, Right Limit, Toggle Pane)

Seven individual functions provide away for you to manipulate the split screens (or top and bottom panes), which
are present when the Fourier Transform Operations or X-Y Plotting functions have been used. Operations such as
Split, Exit/Enter Split, More Bottom Y, Less Bottom Y, Left Limit, Right Limit, and Toggle Pane alow you to
adjust, maneuver, or otherwise control the split screen display. Each function is described as follows:

SPLIT Function - This command allows you to adjust the size of the split between the top and bottom screen
sections or panes.

@ Point to the View menu and drag down to Split. This causes a horizontal bar to appear onscreen. Use the
mouse to move the bar to the desired position and click to anchor the split at the new location.

The split can also be adjusted by pointing to the split bar with the mouse as follows:

Split bar
(point here)

off SECITH] _

When positioned anywhere inside the split bar, the mouse pointer takes on a different shape, indicating that you
can now drag with the left mouse button to adjust the split, which divides the window into horizontal panes. When
the left mouse button isreleased, the split will appear where positioned.

The split function can be canceled by pressing the ESC key.
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EXIT/ENTER SPLIT Function - This command allows you to toggle between the regular and split screen
displays. This feature can be used after a Fourier Transform operation to examine a magnified display of the inverse
transform in waveform strip 2. When the split screen view is exited, the spectrum data displayed there is retained,
allowing quick access for subsequent looks at the split screen display. To exit from or return to the split screen
display, proceed as follows:

Point to the View menu and drag down to Exit/Enter Split.

MORE BOTTOM Y Function - This command increases the height of the bottom pane (allows you to see more of
the Y-axis) by 1/16th of the total plot height. To increase the height of the bottom pane by a fixed amount, proceed
asfollows:

@ Point to the View menu and drag down to More Bottom Y.

LESSBOTTOM Y Function - This command decreases the height of the bottom pane (allows you to see | ess of the
Y -axis) by 1/16th of the total plot height. If the bottom pane is completely closed with this command, the spectrum
dataretained in memory (including the inverse transform) will be lost. To decrease the height of the bottom pane by
afixed amount, proceed as follows:

@ Point to the View menu and drag down to Less Bottom Y.

LEFT LIMIT Function - This command selects the left limit cursor in the Y-T waveform area (or upper pane),
allowing you to reposition it withthe= and ® cursor control keys. Repositioning the left limit cursor allows you
to adjust the amount of datato be transformed, however the amount of travel is bounded by the left chart edge and
the center cursor. Note that when the left limit cursor is selected, it appears as a solid line while the center and right
cursors remain dotted. Note also that the left limit cursor may be selected and adjusted more easily by dragging
with the left mouse button just below it in the analysis reporting area. To select the left limit cursor for adjustment,
proceed asfollows:

Point to the View menu and drag down to Left Limit.

RIGHT LIMIT Function - This command selects the right limit cursor in the Y-T waveform area (or upper pane),
allowing you to reposition it with the - and ® cursor control keys. Repositioning the right limit cursor allows you
to adjust the amount of datato be transformed, however the amount of travel is bounded by the right chart edge and
the center cursor. Note that when the right limit cursor is selected, it appears as a solid line while the center and left
cursors remain dotted. Note also that the right limit cursor may be selected and adjusted more easily by dragging
with the left mouse button just below it in the analysis reporting area. To select the right limit cursor for adjustment,
proceed as follows:

@ Point to the View menu and drag down to Right Limit.

TOGGLE PANE Function - This command allows you to toggle between the pane in which the cursor control keys
and numeric pad keys operate. When the upper pane is active (cursor control keys manipulate cursors in the upper
pane), the analysis reporting area contains TBF and TM data just as in a standard display. When the lower paneis
active (cursor control keys manipulate the cross hairs on the power spectrum plot), FRQ and DB or MAG datais
displayed, replacing the TBF and TM data. Note that either pane can be selected more easily by clicking with the
left mouse button in the desired pane. To make the desired pane active (if not already active), thus allowing the
cursor control keysto operate in that pane, proceed as follows:

Point to the View menu and drag down to Toggle Pane.

Statistics

Allows you to derive statistical information from specified segments of the enabled waveform channel. The
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statistics function is available only from the Y - T display mode of WINDAQ Waveform Browser software. It is not
availablefromthe X - Y or FFT display modes.

Statistical information about a waveform is obtained by first enabling the window containing the waveform of
interest. Statistics may be reported for the entire length of the waveform channel, or any section of the channel by
isolating the area of interest between the time marker and cursor. A time marker is enabled by positioning the cursor

at the desired location and pressing the F4 function key.

Statistics may be reported for the area of the enabled waveform window isolated between the time marker and cursor
by the following procedure:

Point to the View menu and drag down to Statistics...

Following this procedure, the screen will clear and the following window will be displayed:

M swatistes
CHANNEL #/UNITS = 1 mvy
# OF POINTS = 42b
MEAN =-F.2247E-02
STD DEVIATION = 1.1636E 00
MINIMUK =-3.4981E 00
MEDIAN =-1.2127E-01
MAXIMUM = 3.B029E 00
RMS = 1.1645E 00
SUM =-3.0777E 01
SUM OF SQUARES = h.7768E 02
VARIANCE = 1.3540E 00
SKEWNESS = 1.2639E-M
SLOPE = 2.2594E-M
AREA =-3.0777E-02
START POINT TBF = 44,3820
END POINT TBF = 44,8070
FILE = CAWINCODAS\EMG.DAT
YWrite to File... | |Open New File... Cancel

The Write to File and Open New File command buttons are used for sending the reported information to a disk file.
The Write to File button originally appears dimmed because a file name has not yet been specified. To specify a
filename, you must first activate the Open New File command button. When activated, you will be prompted to
enter afile name (and path) on the Open Statistics File dialog box:

= Open Statistics File
Filename: |i

\wincodas

[ =
[.1

[-a-]
[-e-]
[-d-]
[-e-]

Cancel

i L

Respond by entering any valid DOS file name and any paths that may be necessary. Next, you will be prompted for
an optional comment to be associated with the data written to disk:
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= Statistics Comment

Statistics Comment =

il

Cancel

Respond by entering a comment, or canceling the comment opportunity. After entering acomment or canceling, the
open windows will be cleared, and the WINDAQ Waveform Browser screen will be restored to the state that existed
before activating the STATISTICS function.

Subsequent requests for statistical information allow the option of appending the reported information with
commentsto the previously defined datafileif you activate the Write to File command button. Activating the Open
New File command button will prompt you for a new file name, thus allowing you to send various statistical
information to different filesif you desire.

Disk files created by the statistical routine are tabular ASCII files with a comma delimiter and are suitable for
importing to any spreadsheet and most other analysis software packages.

Time Reference (Cursor Time, Start Time, End Time, Time per
Division)

Four individual functions that when enabled provide atime reference for the waveform as follows:

Cursor Time - Displays the date and time at the current cursor position.
Start Time - Displays the date and time the file was opened for acquisition.
End Time - Displays the date and time the file was closed for acquisition.
Time/Division - Displays the time per screen grid division.

ISV .

Each of these four functions share the same display field (the lower right corner of the bottom annotation line),
therefore only one of these functions can be displayed at atime.

ToDisplay Cursor Time:

@ Point to the Options menu and drag down to Cursor Time.
This displays the date and time at the current cursor position in the C display field at the lower right corner of the
bottom annotation line. This display option allows you to position the cursor anywhere in the data file and find out

exactly when a certain event occurred.

ToDisplay Start Time:

@ Point to the Options menu and drag down to Start Time.

This displays the date and time the file was opened for acquisition in the S display field at the lower right corner of
the bottom annotation line.

start time enabled

ToDisplay End Time:

@ Point to the Options menu and drag down to End Time.
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This displays the date and time the file was closed for acquisition in the E display field at the lower right corner of
the bottom annotation line.

~5,0000 ..
DATA 19.020

end time enabled

ToDisplay Time/Division:

@ Point to the Options menu and drag down to Time/Division.

This displays the time per screen grid division in the T display field at the lower right corner of the bottom
annotation line.

time per division enabled

Undo

Allows you to reverse the last screen scaling or offset operation performed on a selected channel.

When “undone”, the waveform will revert back to the original values before the previous scaling or offset
operation. Note that this feature only works on the same channel as the most recent scaling or offset operation.

Subsequent undo operations toggles between the previous and most recent versions of screen scaling or offset.
A scaling or offset operation must first be performed on a selected channel to make the Undo command selectable
(undimmed). Once Undo becomes sel ectable, you can perform any other operation (except another scaling or offset
operation) on any other channel and still have the capability to come back to the selected channel and undo the
last screen scaling or offset operation.
After scaling or offsetting awaveform, reverse the operation as follows:

Point to the Edit menu and drag down to Undo.
Waveform Display Annotation (Data Display, Limit &
Frequency Display, Acquisition Assignments, User
Annotation)

Allows you to configure waveform display annotation many different ways. Annotation options data display, limit
& frequency display, acquisition assignments, and user annotation can be enabled or disabled, in any combination,
to customize the waveform display.

Data Display - Enables/disables the display of datavalues or baseline values in the left/right annotation margin.

If neither limit & frequency display nor acquisition assignments are enabled, the engineering units toggle on and
off along with the baseline value. To enable Data Display (if disabled, or disableit if enabled):

@ Point to the Options menu and drag down to Data Display.
When enabled, the annotation margin will have the following appearance and a check mark (& will be displayed
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on the Options menu immediately preceding the Data Display command:

File Edit ¥Yiew Search

T 0000
Fl VOLT

Limit & Frequency Display - Enables/disables the display of upper and lower chart-edge limits in the left/right
annotation margin (assuming the display window islarge enough to have limits).

Data display enablek

If acquisition assignments were displayed when the limit & frequency display was enabled, engineering units
replace them at the baseline.

If data display is disabled when the limit & frequency display is enabled, engineering units toggle on and off along
with thelimits. To enable Limit & Frequency display (if disabled, or disableit if enabled):

@ Point to the Options menu and drag down to Limit & Frequency Display.

When enabled, the annotation margin will have the following appearance and a check mark (O will be displayed
on the Options menu immediately preceding the Limit & Frequency Display command:

File Edit ¥iew Search
Limit display enabledS—-»S.nnnD 5 =

R VOLT |
~5.0000 :

Acquisition Assignments - Enables/disables the display of acquisition assignments in the field normally used for
engineering units. When enabled, the logical vs. physical channel number assignments replace the engineering
units at the baseline, and upper and lower chart-edge values are also displayed. Note that it isimpossible to enable
both acquisition assignments and the limit & frequency display option at the same time. If the data display option
is enabled, the logical vs. physical channel number assignments revert to engineering units instead of toggling off
when acquisition assignments are disabled. To enable Acquisition Assignments (if disabled, or disable them if
enabled):

@ Point to the Options menu and drag down to Acquisition Assignments.

When enabled, the annotation margin will have the following appearance and a check mark (& will be displayed
on the Options menu immediately preceding the acquisition assignments command:

acquisition =|
assignments File Edit Yiew Search
enabled T S.0000 : & & :

S .
1=2
T i

User Annotation - Enables/disables the display of user channel annotation provided during acquisition. To enable
User Annotation (if disabled, or disableit if enabled):

@ Point to the Options menu and drag down to User Annotation.

When enabled, the waveform strip will have the following appearance and a check mark (€) will be displayed on
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the Options menu immediately preceding the User Annotation command:

=] WINDAQ - X.DAT E .
File Edit Yiew Search Scaling Options Help User annotation
H H E E : : : H H H H H enabled

Note that the display annotation options can be enabled in virtually any combination to provide the desired result.
However in some instances, one annotation option will override another. For example, it is not possible to enable
both limit & frequency display and acquisition assignments. When limit & frequency display is enabled, it will be
automatically disabled when you attempt to enable acquisition assignments, and vice versa.

A logical channel number corresponds to a channel number's appearance in adatafile. Thefirst channel acquiredis
the first in the file, the second is the second, etc. In the WINDAQ Waveform Browser, logical channels are always
specified. However, during acquisition you have the ability to acquire any number of channels, not necessarily in
sequential order. For example, you may have acquired channels 0, 2, and 3. These channel nhumbers are called
physical channels 6 relating to the actual physical channel number that provided the waveform. Their logical
channel numbers are 1, 2, and 3. When acquisition assignments are active, L=P means|ogical channel number L is
assigned to physical channel number P.

Acquisition assignments annotation provides a convenient method of determining, for any given waveform, which
physical channel number provided the signal.

X-Y Plotting

Allows any two amplitude/time (Y-T) oriented waveformsto be plotted versus each other, one waveform designated
as the independent (or X-axis) variable and the other waveform as the dependent (or Y -axis) variable. Once plotted,
this function allows some analysis of the resulting X-Y plot (i.e., measure excursions, slopes, and areas).

Before an X-Y plot can be generated, you must decide which channel will be the independent (or X-axis) variable
and which will be the dependent (or Y -axis) variable. The channel assigned to display window 1 is defined as the X
waveform and the channel assigned to display window 2 is defined as the Y waveform. Any channels may be
assigned to display windows 1 and 2. For example, typing “1=3" and “2=12" causes waveform channel 3 to be
displayed in window 1, thus designating it as the independent (X) variable, and waveform channel 12 to be
displayed in window 2, thus designating it as the dependent (Y) variable. With the desired channels moved into
display windows 1 and 2, the X-Y plot can now be generated as follows:

Point to the XY menu and drag down to Exit/Enter XY .

This displays the following X-Y plotting screen:
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Left X-Y Data Right X-Y
limit cursor cursor limit cursor

= DAQ A DQ v |-
File Edit ¥iew Search Scaljng Transfor XY Options Help
A]

D DA e\ /2 le=Window 1 (X)
Y-T waveform area { |B=tH VOLT h - ~ =~ ~ .
_ ) 202 1se ; r : ™. [«—Window 2 (Y)
Analysis reporting area {|pata c.lflf CEC(TBF) -3 74487 SEC(TH) off %EOF |
- »
600,96 O SO OO OO SO SO
RO 0 Resulting X-Y plot ———. ...
(from shaded area above /
' - K
[ T == A :
X-Y plot area 523 1is Bo G A ==
Ho & = T —Ho
S B D 8 B o 00 N B, ot
‘_,_,.,—o—'—'
N G
=~ Cross hair origin: -
_ Cross hairs »]""indicates location™"
S of data cursor
—£00.96 R

The X-Y plotting screen is composed of three basic sections; the Y-T waveform area, the analysis reporting area, and
the X-Y plot area. Each of these components and the purpose they serve will be discussed as follows:

Y-T Waveform Area

The Y-T waveform area is divided into two display windows (window 1 and window 2). Window 1 displays the
independent (X) variable channel and window 2 displays the dependent (Y) variable channel. The waveforms in
these windows may be manipulated in the same way and with the same functions (i.e., scrolling, scaling, offsetting,
etc.) that are available in the standard (non X-Y) WINDAQ Waveform Browser display mode. In other words, the way
you review and analyze the waveforms is still the same regardless of the fact that the waveforms are displayed in a
smaller window space.

Three cursors appear in the Y-T waveform area to show the portion of the waveform used to generate the X-Y plot.
They aretheleft X-Y limit cursor, the right X-Y limit cursor, and the data cursor.

WINDAQ - SAMPLE. WDQ
File Edit Yiew Search Scaling Transform XY Options Help

vorT - : N \L SN su/'\ Fhring ij)l— ﬁ.uf\é Al window 1 ()

222 1= : % j w1 Window 2 (Y)
Left X-Y T Right X-Y
limit cursor Data cursor limit cursor

The portion of the Y-T waveformsto be plotted versus each other is all waveform information lying between the left

and right limit cursors (shown above as the shaded region). The left and right limit cursors and data cursor may be

placed anywhere in the Y-T waveform areawith the following limitations:

1. Theleft limit cursor may not be moved to the right of the data cursor or past the left edge of the screen.

2. Theright limit cursor may not be moved to the left of the data cursor or past the right edge of the screen.

3. Movement of the data cursor is restricted to the region between the left and right limit cursors. When the data
cursor is moved between the left and right limit cursors, the X-Y plot remains stable while the cross hairs trace

the X-Y plot to indicate the position of the data cursor on the X-Y plot.

Tomovetheleft or right limit cursor:
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@ 1. Position the mouse pointer in the analysis reporting area, directly underneath the desired limit cursor.

2. Drag with the left mouse button to move the limit cursor to the desired position. Note that when the
left mouse button is pressed, the limit cursor changes from a dotted line to a solid line in the Y-T
waveform area. When the left mouse button is released, the limit cursor remains a solid line until a
different limit cursor is adjusted.

To movethedata cursor:

1. Position the mouse pointer in the analysis reporting area, directly underneath the data cursor.
2. Drag with the left mouse button to move the data cursor to the desired position.

There are two ways to generate an X-Y plot; statically or dynamically. Both methods produce exactly the same
result and are presented as follows:

Static X-Y Plot Generation

The use of the word static here denotes that the Y-T waveforms are stable on the screen (not scrolling) and any X-Y
plots generated are those that result from adjusting the limit cursors (and the data cursor for the cross hair). As the
limit cursors are moved on the screen, the X-Y plot will update to reflect a plot of only the region of Y-T waveform
information isolated between the limit cursors. Movement of the data cursor, as described, allows the origin of the
cross hair to trace the X-Y plot. The origin of the cross hair at any given point on the X-Y plot correlates exactly
with the location of the data cursor onthe Y-T plot.

Static X-Y plotting fully supports the waveform compression features of WINDAQ Waveform Browser software. This
allows you to compress entire files so they can be displayed on the screen in their entirety. Then the left limit cursor
may be moved to the left edge of the screen and the right limit cursor to the right edge of the screen to produce an
X-Y plot of one entire waveform file versus another entire waveform file. When waveform compression of any
degreeis active, the representative X-Y plot may be afunction of minimum, maximum, or mid-point compressed Y -
T values.

Whilein the static X-Y plotting mode, it is possible to move the cross hair independently of the data cursor. Thisis
done asfollows:

@ Dragging with the left mouse button to position the crosshair origin anywhereinthe Y-T plot area.

This independent movement of the cross hair has absolutely no waveform measurement utility, but you will need
this feature when you want to determine areas bounded by curves using the area fill function described later. When
making these measurements, the cross hair origin is positioned anywhere within a confined region of the X-Y plot
before the areafill command is activated. We will discuss this capability in greater detail in paragraphsto follow.

Dynamic X-Y Plot Generation

The use of the word dynamic here denotes that the Y-T waveforms are scrolling on the screen and any X-Y plots
generated are those that result from the waveforms being scrolled through the region bounded by the limit cursors.
This mode of operation generates a very dynamic X-Y plot allowing large quantities of waveform information to be
examined quickly in an X-Y environment and within a defined span of time. Like static X-Y plotting, dynamic X-Y
plot generation fully supports waveform compression.

To generate adynamic X-Y plot:

While pointing to the left or right scroll bar arrow in the analysis reporting area, press and hold the left
mouse button to scroll the waveform.
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Analysis Reporting Area

The analysis reporting area performs a dual role. When manipulating the waveforms in the Y-T area, the analysis
reporting area contains information about the waveforms in this area just as a typical WINDAQ Waveform Browser
screen would. When examining the X-Y plot, the analysis reporting area changes to display information about the
X-Y plot such astotal areasize, deltainformation, slope information, etc.

X-Y Plot Area
The X-Y plot area contains the actual X-Y plot of the waveforms. Examining the X-Y plot is possible through use of
across hair which may be moved anywhere on the plot.

Introduction to X-Y Plot Analysis

The X-Y plot utility of WINDAQ Waveform Browser software provides five analysis options that may be activated
while an X-Y plot is displayed. These are the calculation of X-Y plot excursions, instantaneous rate of change, 2-
point rate of change, linear regression rate of change, and area bounded by curve. The result of each analysis
function is displayed directly onthe X-Y screen in the analysis reporting area as shown in the following figure:

= WINDAQ - SAMPLE.WDQ hd | -
File Edit View Search Scaling Transform XY Options Help
/ , ™\t N A i
1-1 BRSNS 4 Y v A
Analysis 2=2  1rs = - .
: DATA 9.098E-02 DELTA ¥ 4. 862E+02 DELTA ¥ ff %EOQF
reporting area Ol + e 5
E00. 96 T
\\\\
\\\\ This example
o [T displays x-y
AR MR ST R - excursion data
l It e ]
i ;7jfﬂf;¥df;:;::2s;__h“ﬁhgi”..uﬁx -2
- 1}UU =15 A h“’?‘ W) ! ==
= = s
= m.&hih““_ .E§T3fﬁi:;; Sl SR I
o= = O ol IRy i S
T e
—600.9¢6

Text in the analysis reporting area will change depending upon the analysis option chosen. The following
examples appear in the analysis reporting area for each analysis option:

[CaTa off CEC(TEF) —3.74487 CEC(TH) off %EOF 1
Normal X-Y plot

[DATZ 9 0SBE-02 DELTA % 4 86RZE+02 DELTA ¥ off XEOF I
X-Y excursions

[DiTA -7 294E+03 THSLOPE —7 . 294E+03 THSLOFE  off %ECF i
Instantaneous rate of change

[DiTa 5. S81E+02 LRSIOFE —9.94EE+04 2PSLOFE of f %EQF N

2-point rate of change

[DATZ 9 966E+00 NEWAFEA 3. 966E+00 TOTAREA of f XEOF 1
Area bounded by curve

[DATa © S99E-01 NEWAREL 1 004E+01 ADJAREA off %EOF 1

™ Adjusted area bounded by curve

Calculating X-Y Excursions
For any displayed X-Y plot, the total excursioninthe X and Y directions may be reported. To report the total X and
Y direction excursions:
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@ Point to the XY menu and drag down to Deltas.

This causes the analysis reporting area to display the following data:

[DATA 9. 09BE-02 DELTA X 4 B62E+02 DELTA ¥ off %EQOF [

Where the value to the left of DELTA X is the total X direction (peak-to-peak) excursion in channel X's unit of
measure, and the value to the left of DELTA Y isthetotal Y direction (peak-to-peak) excursion in channel Y's unit
of measure.

Calculating I nstantaneous Rate of Change
An instantaneous rate of change for any point on an X-Y plot may be calculated. This is done by positioning the
cross hair at the point of interest on the X-Y plot, then:

Pointing to the XY menu and dragging down to Slopes.

When the instantaneous rate of change function is activated, the analysis reporting areawill display:

[DATA -7 .294E+03 THSLOPE -7 294E+03 THSLOFE off HEQF [

Where the value to the left of TNSLOPE is equal to the instantaneous rate of change between the points to the left
and right of the point chosen (cross hair origin) in units of channel Y's units divided by channel X's units. For
example, if channel X's Y-T waveform is calibrated in units of PSl and channel Y's in units of Liters, the rate of
changeis expressed in units of Liters/PSl.

Calculating 2-point and Linear Regression Rate of Change

Unlike the instantaneous rate of change, which calculates the rate of change at one point on a plot, the 2-point rate
of change allows the slope of a line connecting two defined points on the X-Y plot to be determined. Linear
regression rate of change reports the slope of a best-fit line between the two defined points. Both 2-point and linear
regression rates of change are reported simultaneously in the analysis reporting area.

The two points over which the rates of change will be calculated are defined by moving the data cursor between the
left and right limit cursors on the Y-T waveforms and enabling atime marker on window 1's (X channel) waveform.
This defines the first point. The second point is defined by moving the data cursor to another point on the Y-T plot
(the cross hair moves automatically on the X-Y plot). Note that cursor movement must be done with both “Scroll
Lock” and “Caps Lock” off. Following your selection of the two points, the 2-point and linear regression rate of
changeisdisplayed in the analysis reporting area by:

Pointing to the XY menu and dragging down to Slopes.

When the 2-point and linear regression rate of change function is activated, the analysis reporting areawill display:

[DATA ©.CB1E+02 IRSIOPE -9.946E+04 2PSIOFE  off ®EQF [

Where the value to the left of LRSLOPE is the rate of change of the best-fit linear regression line and the value to
the left of 2PSLOPE is the rate of change of aline intersecting the two defined points. In addition, a vector will be
drawn on the X-Y screen connecting the two points over which the 2-point derivative is calculated. As with
instantaneous rate of change, the derivative is presented in units of channel Y's units divided by channel X's units.
For example, if channel X's Y-T waveform is calibrated in units of PSI and channel Y'sin units of Liters, the rate of
changeisexpressed in units of Liters/PSl.

Calculating Areas Bounded By Curves
Using the cross hair to target specific bounded areas of the X-Y plot, it is possible to determine the area bounded by
the curve. When the desired X-Y plot is displayed on the screen and the plot area to be determined is completely
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enclosed, adjust the cross hair such that its origin lies within the areato be determined. To fill the enclosed area and
calculate the areait occupies:

Point to the XY menu and drag down to Area.

When the area function is activated, the desired plot areaisfilled and the analysis reporting areawill display:

[D4Ta 9 96EE+00 NEWAREA 9 966E+00 TOTAREL off %EOF 1

Where the value to the left of NEWAREA is the area of the bounded curve just filled, and the value to the left of
TOTAREA is the accumulated result of all bounded and filled areas. The latter quantity (TOTAREA) is possible
since multiple area fills are possible for any given plot by repositioning the cross hair to a new area and filling
again as described above (ALT+F3 is the quickest). As consecutive areas of an X-Y plot are filled, TOTAREA
accumulates a total while NEWAREA displays the area of thelast fill. Any given area may be unfilled by positioning
the cursor within the filled area and pressing ALT+F3 a second time. When this feature is activated, NEWAREA will
display a negative number equal to the area eliminated and TOTAREA will decrease by an equal amount.

The value displayed for NEWAREA and TOTAREA is in units of channel X's units times Channel Y's units. For
example, if channel X's Y-T waveform is calibrated in units of PSI and channel Y's in units of Liters, area is
expressed in unitsof Liters - PS|.

When using ALT+F3 to fill areas, it is possible for the screen to fill completely if the selected area was not
completely bound. If this happens, pressing ALT+F3 a second time without moving the cross hair will unfill the
screen. X-Y plots appearing on your screen that are not bound (i.e., areas that are not completely surrounded by an
X-Y trace) may be forced closed by:

Pointing to the XY menu and dragging down to Clear Areas.

When this feature is activated, the two end points of the X-Y plot are connected with a straight line allowing the
now closed area to be calculated using the procedure described above. If Clear Areas is chosen while there are
active areafills on the screen, they will be cleared and NEWAREA and TOTAREA are reset to zero.

Calculating Adjusted Area

When an X-Y plot is displayed with one or multiple areafills, an adjusted area may be displayed that includes all
X-Y traces passing through the filled area as well as half of the fill area's border. To adjust the enclosed area(s) and
calculate the areait occupies:

Point to the XY menu and drag down to Adjust Area.

When the adjust area function is activated, the desired plot area is adjusted and the analysis reporting area will
display:

[D&Ta& 5. C99E-01 NEWAREA 1.004E+01 ADJAREL off #EOF 1

Where the value to the left of NEWAREA is the amount by which the area was adjusted (the amount occupied by the
traces passing through the fill and half of the fill’s border), and the value to the left of ADJAREA is the total area
fills plus the value shown to the left of NEWAREA).

Selecting Adjust Area a second time causes the value to the left of NEWAREA to exclude the internal traces, which
wereincluded the first time the command was sel ected.

Amplitude Adjustments and Plot Scaling

Scaling of the X-Y plot automatically conforms to that of the associated Y-T waveforms. The “X” Y-T channel
scaled in mmHg will scale the X-Y plot's X axisin mmHg. Similarly, the“Y” Y-T channel scaled in ml will scale the
X-Y plot'sY axisinml.
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Beyond engineering units calibration, WINDAQ Waveform Browser software allows changes in amplitude and offset
to be applied to any Y-T waveform. Asthe X or Y channel of aY-T waveform is adjusted for scale and offset, the X-
Y plot automatically adjusts. This feature may be used to center an X-Y plot on the screen (by applying offset
adjustments to the Y-T waveforms), or to bring off-scale portions of X-Y plots into view (by applying scaling
adjustmentsto the Y-T waveforms).

X-Y Plot Grids, Annotation, and Hard Copy

The Grid pattern and +full scale annotation for the X-Y plot assume the same state as that enabled for normal
operation. In addition, the X-Y display mode of WINDAQ Waveform Browser software is supported by the print
screen function allowing a hard copy of any display to be generated.
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Backward Range, 92 F
baseline, 32 Fixed Calibration..., 25, 31
binary with CODAS header, 53 Format Screen, 76
binary without CODAS header, 54 Forward Range, 92
bipolar, 32

c G

gaps, 42

CIM, 13 GotoRange..., 77
CALC, 55 GotoTime..., 78
calibration values, 33 Goto TM Position, 79
Center Cursor, 44 graphic selection rectangle, 18, 40
Channel Settings..., 37 Grids, 80
Clear Areas, 109 Grow 2X, 93
Clear Marksto TM, 51
close, 8 H
Commented Note, 81
Compress FRQ..., 26, 70 high calibrator, 32
Compression..., 25, 38, 67 High-pass Filter, 74
converting foreign datafile formats, 6 horizontal scroll bar, 13
Copy, 40 Hz, 12
cursor mode indicator, 12 Hz for cycle to marker, 97

Cursor time (C), 13
cycles per minute for cycle to marker, 97
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| Right Limit, 99
Insert Mark, 25, 50 S
insertion point, 15
Inverse Transform, 74 samples from marker, 96
Invert, 80 Save, 53, 92
SaveAs..., 15, 25, 52, 57
L Scale DB, 26, 71
Scaling a Specified Channel’ s Waveform, 21
Left Limit, 99 Select Live Display, 94
left/right annotation margin, 10 Select Marker Display, 96
LessBottomY, 99 selection cursor, 15
Limit & Freguency Display, 103 selection rectangle, 18
Limits..., 26, 32, 36 sequential ASCII, 53
livedisplay field, 12 Show Dynamic Range, 98
Low Calibration..., 25, 34 Shrink 2X, 93
low calibrator, 32 size, 8
Low-pass Filter, 74 Slope of Lineto Time Marker Point, 95
Slopes, 108
M SLOPETM, 12
Mag Engr Units, 26, 72 SM.P’ 12
marker display field, 12 Split, 98
maximize, 8 split bar, 14 .
menu bar ' 9 Spread_sheet Print, 54
minimize, 8 gar:tT.'me('Sl)Oi?)
art time (S),
mg\r/iBSOttom V.99 starting TBF, 42
' starting the WINDAQ waveform browser package, 7
Statistics, 100
N status, 42
Next Mark, 50 switchto..., 8
Next Palette, 83 system menuicon, 8
Note, 81
T
O TBF, 12
Offsetting a Specified Channel’s Waveform, 19 Time from Beginning of File, 94
Open..., 25, 82 Time from Marker, 96
Output FRQ Data..., 26, 72 time reference functions, 13
time zoom factor, 88
P Time/Division, 102
Time/division (T), 13
Peak on Screen, 26, 44 title bar, 8
Percent Change from Time Marker Point, 94 ™, 12
playback channel number, 41 Toggle Pane, 99
playback rate/channel, 41
playback speed ratio, 41 U
Previous Mark, 50
Previous Palette, 83 Undo, 102
Print Setup..., 25 unipolar, 33
Print..., 25, 85, 88 User Annotation, 103
User Palette..., 83
R
\%
Refresh, 92
restore, 8 Valley on Screen, 26, 44
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value of waveform at cursor/baseline intersection, 11 Waveform Up 10 Pixels, 93
variable waveform assignment indicator, 10, 11, 91 WINDAQ command hierarchy, 25
Visible channels only check box, 53, 57 WINDAQ waveform browser pull-down menus, 24
window sizingicons, 9
W window title, 9
Windowed FFT, 58
Waveform Down 1 Pixel, 93 Windowed FFT..., 26, 68

Waveform Down 10 Pixels, 93
Waveform Up 1 Pixel, 93
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