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Chapter 1
Welcome

Welcome to the wonderful world of SuperScopell. We are extremely excited about this product and hope
you can share in our enthusiasm. SuperScope |1 ismore than just 1 product, it is a core technology on
which anumber of products are based. For example, SoundScope/16 is SuperScope |1 with additional
sound analysis capabilities. GW Instruments is committed to the SuperScope I platform and will continue
to develop it throughout this decade and into the 21st Century. The current members of the SuperScope |
product family are listed below:

SuperScope | Basic Package #GWI-SS2
SoundScope/16 Base Package #GWI-S0S16

TO GET STARTED
To get started, we recommend that you begin with Chapter 1 of the User's Manual. This Reference manual
isto be used as areference; whereas the User's Manual is intended to teach the basics.

Introduction 1-1



Super Scope |1 & SoundScope Reference Manual

ABOUT THIS MANUAL
This Reference manual is divided into eight chapters, summarized below:

Chapter 1 Introduction

Chapter 2 The Front Panel
Describes the objects and controls on the front panel.

Chapter 3 The Menubar
Describesin detail each menu command and it's associated dialog box.

Chapter 4 Programming
Describes how to program using the powerful Task environment.

Chapter 5 Data Acquisition
Describes the Digitize Segment, programming, and hardware issues associated with data acquisition,
analysis and presentation.

Chapter 6 Instructions
Describes the basic building blocks used to create tasks.

Chapter 7 Functions
Describes SuperScope I1's built-in functions and operators.

Chapter 8 Step-By-Step Design Reference
Step-by-step instructions that provides aroad map for building SuperScope |1 instruments.

1-2 Introduction
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WARRANTY

GW Instruments, Inc. warrants that the Products furnished under this Agreement will be free from material
defects for a period of one year from the date of shipment. The Customer shall provide notice to GW
Instruments of any defect within one week after the Customer’ s discovery of such defect. The sole
obligation and liability of GW Instruments under this warranty shall be to repair or replace, at its option,
without cost to the Customer, the product or part which is so defective and about which such noticeis
given. Upon request by GW Instruments, the product or part claimed to be defective shall be returned
immediately to GW Instruments at the Customer’s expense. Replaced or repaired products or parts will be
shipped to the Customer at the expense of GW Instruments. There shall be no warranty or liability for any
products or parts which have been subject to misuse, accident, negligence, failure of electric power, or
modification by the Customer without GW Instruments approval. Final determination of warranty
eligibility shall be made by GW Instruments. If awarranty claim is considered invalid for any reason, the
Customer will be charged for services performed and for expenses incurred by GW Instruments in handling
and shipping the returned item. The warranty period of replaced or of repaired products will terminate with
the termination of the warranty period of the origina product or part.

THE FOREGOING WARRANTY CONSTITUTES GW INSTRUMENTS SOLE LIABILITY AND THE
CUSTOMER' S SOLE REMEDY WITH RESPECT TO THE PRODUCTSAND ISIN LIEU OF ALL
OTHER WARRANTIES, LIABILITIESAND REMEDIES. EXCEPT ASTHUS PROVIDED, GW
INSTRUMENTS DISCLAIMS ALL WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
WARRANTY OF MERCHANTIBILITY OR FITNESS FOR A PARTICULAR PURPOSE.

Apple, Macintosh and LaserWriter are registered trademarks of Apple Computer, Inc. MacRecorder isa
registered trademark and SoundEdit is atrademark of Farallon Computing, Inc. Audiomediais aregistered
trademark of Digidesign, Inc. Apple VideoRoommatesis aregistered trademark of Bose Corporation.
instruNet, SuperScope, SoundScope, SoundScope, SuperScope I, MacADIOS and MacSpeech Lab are
registered trademarks of GW Instruments, Inc.

Introduction 1-3
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Chapter 2
The Front Panel

The SuperScope |1 front panel is composed of objects that are easily created, resized, and positioned by the
user. A typical front panel isillustrated below.

title bar
marker name

. auto vertical scale adj
horiz marker value

auto horizontal scale adj

vert value status bar , titlebar
= Ch2 Ingfrumerit = Wi journal
freq:51.885¢3 72400 W Maotes vertical
R : : : e freq scroll
: X:H=z V. dE
47 851559 4. 142 _
grid 45 . 508434 4. 704 horiz.
: 0. 062496 7287 scroll
plot region
Bonj our
marker PICT
vertical
wave axis label
vertical
position
(scrollbar)
wave label
vertical £ vertical
adjust icon }D scale
2l (adjust)
selected : : : : ; ; ; ol
wave | 0 50 100 150 200 250 300 msec K
wave |abel : Afﬁﬁ’|ﬂ'|5'3 msec /0w |‘ifi‘|
region
horizontal horizontal axis horizontal scale
segment position (scroll) |abel (adjustable)
The Front Pand



Super Scope |1 & SoundScope Reference Manual

Thetitle bar can be used to move the front panel around the screen
by clicking and dragging. Thetitle bar also indicates the name, if SoundScope/ 16
any, of the current instrument. If the instrument has not yet been named, the title bar simply shows the
product name.

The status bar indicates the current status of SuperScope Il. The status bar is
typically empty (i.e. everything is OK) and only shows a message occasionally.
For example, if two displays overlap in Panel Edit mode, "Invalid Panel” is shown.

Invalid Panel

Theresize box at the lower right of the front panel can be used to resize the entire front panel by
clicking and dragging until the desired size is achieved. The objects on the front panel are resized
proportionally to the front panel window, or remain fixed in size, as specified by radio buttons in the Panel
Optionsdialog. Resizing can only be done when Panel Edit is On. Also, SuperScope Il prohibits shrinking
displays below a practical minimum size to ensure readable content.

@l

The optional horizontal scale control, located at the lower right of each [50 msec/miv [{3]
display, controls the horizontal scale used for plotting waves, in terms of
horizontal units/div. The scale can be changed by clicking on the scale arrows.

The optional horizontal scrollbar, located at the lower |eft of each display, "-'
controls the horizontal position used for plotting waves. The position can be .
changed by clicking on the arrows, clicking in the gray page |eft/right region, or by dragging the thumb.

The optional display label indicates the contents of each display with user definetext. This [spectrum:
text is shown in the upper left corner of each display and isboth enabled and definedinthe | |77~ :
Display Features dialog. C o

The display region is used to graphically display waveforms as dots, line
Segments’ or bars. m“”l"“ﬂ ""lhr ---------------

The optional wave label region, located along the left edge of adisplay, labelsthe waves |seg1
inthedisplay. Thisfeatureis enabled/disabled, for each display, in the Display Features
dialog (via[<] Add wave labels).

The Finder uses a noun-verb metaphor with it'sicons. The user first selects an icon (noun)
and then operates on it (verb) with amenu command or keypress. The SuperScope |1 front
panel uses the same noun-verb metaphor. The user selects afront panel journal, display, or wave within a
display with a simple mouse press; and then operates on that object (e.g. enter notesinto ajournal, edit a
wave segment, etc). It isnecessary to do this with multiple targets since the computer needs to know where
to direct mouse and keyboard activity.

When afront panel journal is selected, it's scrollbars become active. Once active, al keyboard activity are
directed to the journal. To select adisplay, click the mouse anywhere within the display or |abel regions.
Double-clicking the wave label region of a selected display opensits Display dialog, and is equivalent to
choosing the Display command for that display. When adisplay is selected, one of it'swave labels
becomes highlighted to indicate that this wave is selected within the display.

Wave labéls, located in each wave label region, correspond to the names of each wave in that Segll
display. Theselabelswill not appear if the Add Wave Labels option is turned off in the Display
Features dialog. A waveform can be selected by clicking it's wave label (this causesit's label to

become highlighted). A selected wave can be modified using the mouse modes (Edit, Draw,
Move Marker, Log Coords, Vertical Adjust) which are described under the Mouse command in the
Display menu. Double-clicking awave label causesit's Wave dialog box to appear. Thisactionis

2-2 The Front Pand
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equivalent to choosing the Wave command for that wave. To de-select awaveform without selecting
another one, click anywhere in the wave label region not occupied by awave label. If thereisonly one
wave in adisplay, selecting that display causes the one resident wave to become selected, independent of
whether or not the wave label region is shown.

OPTION AND CLOVERLEAF ( ) KEYS

All tasks can be stopped by choosing cloverleaf period (  .). To learn about undocumented Option and
keys, please open file (choose Open... under Journal) "!'Hidden Features.note" in the "Programmer’s
Notes' folder inside the "Goodies' folder. Thisfile expects tabs every 4 characters (i.e. choose Options...
under Journal and then set the Tabsto "4" characters).

The Front Pand 2-3
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INSTRUMENT DOCUMENTATION

To copy acomplete textural description of your instrument to the clipboard, press Shift Option'A’. To
view or print the description, paste the text into aword processor or into ajournal. If ajournal by the name
of "ReadMe" exists, it'stext isincluded in the description. A journal by this name is the standard repository
for user documentation of an instrument If the user presses Option 'a (i.e. lower case 'a), a more brief
textura description of the instrument is sent to the clipboard. The brief version does not include the

ReadMe or the Menubar text. These documents look best when printed with asmall fixed character width
font such as Courier 9. A fragment of the Option 'a text is shown below:

I NSTRUMENT « | NSTRUMENT ¢ | NSTRUVENT ¢ | NSTRUMENT « | NSTRUMENT « | NSTRUMENT

Nane: .sosb5

Date: 8/12/92

Appl i cation: SoundScope/ 16
Ver sion: 1.0R9. 84

©00000000000000000000000000000000000000000000000000000000000000000000000000000

DI SPLAYS « DI SPLAYS « DI SPLAYS « DI SPLAYS « D SPLAYS « DI SPLAYS « D SPLAYS

D spl ay Narre
time

anal ysi s
snap

D4

VAVES « WAVES « WAVES « WAVES ¢« WAVES « WAVES « WAVES « WAVES « WAVES « WAVES

Wave Narre Wave Type V Units HuUnits Length Val i dPts
time | nt eger Vol t sec 44509 44509
snap Fl oat dB Hz 256 256
anal ysi s Fl oat Vol t sec 0 0
W | nt eger Vol t sec 0 0

eee VAve Mappi ng For 16bit Integer Wves eee

Wave Narre Quanta Mn Code NMax Code M n Val ue Max Val ue
tinme 0. 000305 - 32768 32767  -10. 000000 9. 999695
WL 0. 000305 - 32768 32767  -10. 000000 9. 999695

eee First 5 Points eee

VWave Narre Poi nt #1 Poi nt #2 Poi nt #3 Poi nt #4 Poi nt #5
tinme 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000
snap 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000
anal ysi s

WL
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% File Edit Wave Display Journal Task Control ioNet

Chapter 3
The Menubar

This chapter describes al commands in the SuperScope || menubar, in menubar order. This chapter isa
comprehensive source of detailed information in encyclopedic form. To develop thelevel of understanding
assumed by this chapter, it is recommended that you first do the Tutorial in the instruNet User's Manual and
aso the Tutorial inthe SS11 User's Manual.

The Menubar 3-1
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File Menu | File |
In many Macintosh gpplications, the File menu contains all commands New Instrument...
that interact with the disk (e.g. Open, Save) and that deal with the
entire file or document (e.g. Page Setup, Print). But typical Open... #0
applications only deal with one kind of document or object. In Save 3ES
contrast, SuperScope |1 includes many different objects, such as Save As...
displays, waves, journals and tasks. Each of these objects hasits
own menu for loading, saving and printing (if applicable). Together,
they comprise a software instrument. The SuperScope || File menu Datapipe... 4
deals with the entire instrument. Bpipte Datapioe... B
. _ Datapipy Falder.., ¥
New | nstrument clearsal displays, markers, waves, journals, Delete File
tasks and datapipes from memory; and lets you create your own
instrument from scratch. SuperScope |1 can only have one instrument
active at atime. Page Setup...
_ _ _ . Print Setup...
Open. .. ( O)letsyou select apre-defined instrument file from disk Print %P
to replace the current instrument. Unless you press Cancel, al rint...
displays, waves, journals, tasks, datapipes, etc will be cleared from
memory, and replaced by new ones. All changes that have not been Quit 30

saved will belost (careful!).

Save. .. ( S writestheinstrument configuration to disk using the current instrument name (shown in the
title bar), effectively deleting the previous version. An Instrument Designer has some control over which
information is saved with the instrument. The name and attributes of all objects are always saved. To make
sure their contents (data) are saved, verify that the appropriate Save Contents With Instrument File
checkboxes are selected. (In Full Menus, select the Options under Wave menu, and click the Points button.
Also, choose Options under Journal. For more information, see the wave and journal discussion later in
thisManual). Saving wave and journal contents with the instrument is a convenient way of letting you start
up exactly where you left off. Note that this additional information can increase the instrument size greatly.

Save As. .. promptsfor afile name and location with the standard File dialog, and then saves the
instrument to disk. Option-Shift 'S will bring up the Save As dialog.

What is a Datapipe?

A datapipe isareference to a folder on a hard disk or floppy disk. Technically, a datapipe is a pathnameto a
folder. Think of it asa pipe, through which you send data between Super Scope |1 and a folder on disk.
Datapipes are often used to access folders from within tasks, where the name of the folder may change with
each experiment. The Datapipe instruction can be used to create a new data folder, and to attach a datapipe
to that folder. The Disk I/0 instruction could then be used to push data into the datapipe, and ultimately into
the new folder. Datapipes, like other SuperScope |1 objects, are created, deleted, and named. To view or
modify a datapipe's folder, choose Datapipe Folder » under File.

Dat api pe. . . isusedto adjust and view the datapi pe pathname, edit the datapi pe name, and enable/disable
the datapipe on/off ( 'U') feature. Choosing Datapipe causes a submenu to appear with alists of existing
datapipes and a New Datapipe command. Selecting New Datapipe causes a datapipe to be created, and
selecting an existing datapipe causes it's options box to appear, shown below.

The Menubar
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The upper-most pop-up menu determines which

datapipeis being viewed. The Namefield allows Datapipe:[_DP1___ |

you to change the name of the datapipe. If the Turn -Options

On and Off box is enabled, the datapipe can be :

switched on and off during task execution by hitting Name

the keys, Command U ( 'U") . Files saved and [ITurn on and off with 3%-U

loaded via datapipe proceed normally if the datapipe

is"On"; otherwise, the file transfers do not occur.

Thisisuseful if you are recording and want to save gswHD: 'SS2 src: §§ 11 tutorial Inst's:

(or not save) aparticular interesting range of data.

The datapipe's pathname is shown in the Folder area.

For example, in the above dia og, the datapipe points [ Help... | Cancel 0K
to folder "SS |1 tutorial Inst's", inside folder "'SS2 [ telp-.. ) L Coneel J J

src”, which resided in the "gswHD" hard disk. To modify the pathname, press the Folder button.

Del et e Dat api pe. .. causesasubmenu to appear with alist of al currently defined datapipes. Selecting
a datapipe from the submenu causes SuperScope |1 to first issue awarning, and then, upon receiving your
confirmation, delete the datapipe from memory.

Dat api pe Fol der. .. letsyou change the folder pointed to by a datapipe.

Del ete File... isusedtodeeteany file that has been created. SuperScope prompts for confirmation
beforeit deletes afile. Deleting afile deletesits definition as well asits contents.

Page Set up. .. presents the LaserlWriter Page Setup 70 |ﬁ|
standard dialog for the current printer Paper: @ US Letter () A4 Letter ; :
(specified from the Chooser in the CIUS Legal () BS Letter [ _Tabloid v] (cancel)
Apple menu). For example, the Reduce or Printer Effects:

LaserWriter dialog is shown to the Enlarge: O'?° B4 Font Substitution?
right. Refer to your printer Orientation [ Text Smoothing?

documentation for detailed [ [ Graphics Smoothing?
explanations of the available settings. @ (] Faster Bitmap Printing?

Print Setup... letsyou select the objectst .
print. You may print the entire Front panel or Print Display Control
one or more Displays, using horizontal and ~Print ~Horizontal Scale: -~
vertical scales according to the Front panel (2 Front panel @ Front panel setting
setting or Fit to page. Printout shows you the ® Displays: time & O Fit to page
Current length, and lets you set a maximum Stical )
Slices @ Front panel setting
P I5 | OFittopage
~Printout
pages mos
Current length: 3 pages [ Help ] [ Cancel ]
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Print... ( P)presentsthe
standard Macintosh print
diaog, smilar to the one
shown to theright. Y ou may
simply click OK or hit the
Return key to print. Refer to
your printer documentation for
detailed explanations of the
available settings.

Laserllriter “LaserllUriter 11 NT” 70 ||

Eupies:l!l Pages: @ All Frum:| |T“: | |

Cover Page: @ WNo (O First Page ) Last Page
Paper Source: ® Paper Cassette O Manual Feed
Print: i@ Black & White O Color/Grayscale
Destination: @ Printer i) PostScript® File

Qui t ( Q) leaves SoundScope, returning you to the Finder (the desktop). All changes that have not been
saved will belost. Be careful, there is no warning prompt.

The Menubar
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Edit Menu

Aswith most Macintosh applications, the Edit menu contains
commands to edit information and place data on the Clipboard for
exchange with other software. It also lets you show or hide the
Clipboard and other objects. Since waves are represented as a column
of numbers separated by carriage returns, one can easily move wave
data between SuperScope I, spreadsheets, word processors and
graphics programs. To select part of awave with the mouse, make
sure that the Mouse mode (under the Display menu) has been set to
Edit. Then, click onceto select the display that contains the wave of
interest. Finally, drag over any part of the wave, highlighting your
selection. To select text in ajournal, click once on the journal then
double-click on aword or drag over any amount of text.

Undo ( Z)isused by desk accessories to undo the last command.

Cut ( X) removesthe selected wave data or text, placing it on the
Clipboard.

Copy ( C) placesthe selected data on the Clipboard without altering
original.

HEERER Ly
Cut 3#H
Copy EA M
Paste #U
Clear

Select Al #A
Show 4
Copy Task 4
Copy Display »
Copy Wave Text 4
Copy Wave Graph P
Choose Menubar P
Edit Menubar... 4

Past e ( V) isusedin anumber of ways. Inawave, if the cursor isacross-hair (i.e. Mouse P Edit is
selected under Display), Paste inserts the wave data stored in the Clipboard at the cursor position. (It inserts
nothing if the Clipboard contains non-numerical text.) If part of the wave is selected, the Clipboard data
overwrites the selection. (If the Clipboard contains non-numerical text, Paste has the same effect as Clear,
i.e. it deletes the selection without inserting any datainits place.). Inajournal, Paste inserts the text stored
in the Clipboard at the cursor position. (It inserts athe wave valuesif the Clipboard contains wave data.) If

sometext is aready selected, the Clipboard data overwrites the selection.

Cl ear removes the selected wave data or text, without altering the contents of the Clipboard.

Sel ect Al ( A)sdectsal datainthe active display or journal.

Show will bring a different window to the front, creating it if I AEEEEE front Panel
necessary. Aswith most Macintosh applications, Show ! Clipboard
Clipboard opens awindow onto the Clipboard data. Cursor
Show } Cursor presents awindow, shown to the right, that Notes

tracks the wave values for the current cursor location. The
Show command will aso bring any window-based journal to
thefront. Thisisuseful since the Front Panel often occupies

the entire screen. Wave| Horizontal Uertical

MmoLEE S 0.079 Sec 14,453 Uaolt
Copy Task placesatextua copy of atask onto the Aind 0.079 Sec —0.967 Uolt
C||pboard To save or print, H1 0.079 Sec 0.931 Uolt
Copy Task placesatextual copy of atask onto the
Clipboard. To save or print, smply paste the datainto a
SoundScope journal or another application. To copy al tasks . ”
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to the clipboard, press Option Shift ‘O". To copy a description of the entire instrument to the clipboard,
press Option 'a. To copy adescription of the entire instrument, including menubars, to the clipboard,
press Option Shift 'a.

Copy Di spl ay placesavisua copy of adisplay (in PICT format) onto the Clipboard. To create areport
or presentation, smply paste the data into another application.

Copy Wave Text placeswave values (in text format) onto the Clipboard. To save, print, plot or
analyze the data, simply paste into a SoundScope journal or another application.

Copy Wave G aph placesavisual copy of awave (in PICT format) onto the Clipboard. To create a
report or presentation, smply paste the data into another application.

Choose Menubar letsyou select SoundScope's Full menus, or any other menubar created by an
Instrument Designer. To copy adescription of the current menubar to the clipboard, press Option'p'. To
copy al menubars, press Option Shift 'P.

Edi t Menubar. .. isusedto create, define, and

modify entire menubars. Edit Menubar opensthe Custom Menubar:[_Full |
Menubar Editor, which isa powerful environment i

for defining your own menubar; and hence, Name:| Full |
designing your own menu-driven application ~Menu:| Task |

program.

One can create amenubar bar by choosing New
Menubar in the Custom Menubar pop-up. Menus
are easly deleted by pressing the Delete button while
they are selected in the pop-up at the top of the
dialog.

i@ Show default text "Task"

> Show custom tent: [Task |

T Hide menu

~1tem:| User Item 1 }
1 Show default text "User Item 1"
@ Show custom tEHt:|Sag Hello |

One can have an unlimited number of menubars, one (> Hide item

of which isawaysin use as specified by Choose Run Task| myTask | [ Delete |
Menubar under Edit. Inthe Menubar Editor, X4 Run Tas m m
selecting Use Default Text causes the default menu ((cancel | ok |

or menu item text to appear. Selecting Use Custom
text allows you to rename a menu or menu item.

Selecting Hide allows you to hide amenu or menu item. Selecting New User Item in the Item pop-up

causes anew menu item to appear at the end of the menu. This new item can then be renamed, hidden, or

setup to run atask when selected. Tasks provide the functionality for user defined menu items.

Option-Shift 'M" will open the Menubar editor and Option-Shift 'S will open the Save Asdialog. These

are useful if the menu commands are hidden.
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Wave Menu
The Wave menu contains commands that you perform on waves.

Each item is a hierarchical menu with which you choose an entire wave N ... *1

(by name), anamed segment (which is defined in the Marker dialog as Options... 4

the portion between two markers) or the currently selected portion (if Delete... 4

something has been selected). Notethat boththeraw dataandthe |

results of most calculations are stored as waves, and that wave datais

either stored as 16bit integers or 32bit floating point values (defined in Open..

the Format dialog which is opened from the Wave diaog) Save As... 4
W dth s ontions didl Load Data... 4

Sleeﬁvcv.ribéd(belozlvc.reat&sane\Nwavean then opensit's options dial og, Append Data... b

Opti ons. .. opensthe Wave Optionsdialog; whichisusedtoedita | Edit lalues... 4

wave's name, data storage format (i.e. 16-bit integer or 32-bit float), synthesize... b

number of points, and actual data. All wave names can be up to eight

characters long and must be UniqUe. SUpErScope Il 1S case Senitiye [

(e.g. "bubble" and "Bubble" are two different labels). The Units box Calculate...

specifiesthe vertical engineering units, which are used for labeling Filter... b

purposes. The Place Wave Into Display pop-up is used to pop the T Statisti b

wave into the specified display when OK is pressed. The If Wave ave statistics...

Changes, Run Task checkbox and pop-up is used to setup the running

of atask when the wave's data changes. For

example, if task T1 does"W1 = Deriv(W2)", one Wave:|_ W1 |

could setup T1 to run when W2 changes,

insuring that W1 will always be seen asthe Name:|W1 | (Format... | [ Edit... |

derivative of W2’ no matter what. Units: [ Points... ] [Synthesize]

The Link to instruNet option links a SuperScope Place wave into display: [_o |

Il wave to an instruNet input or output channel. [11f wave changes, run: < |

To digitize from instruNet hardware, an input Seamless scrolling via: | _o |

channel must be linked to a SuperScope |1 wave. ) ) i

Pressing the Channel button opens the instruNet [1Link to ioNet

Channel Selection dialog where a specific channel

is chosen with it's network#, device#, module# (Comments | [_ Help... ][ Cancet ][0k ]

and channel#.

Pressing the Comments button causes the Comments box to appear, which provides a place to keep notes
with each wave. Pressing the Edit button invokes the table editor, which is described under the Edit Values
command in the Wave menu. Pressing the Synthesize button invokes the wave synthesizer's dialog box,
which is described under the Synthesize command in the Wave menu. This box isuseful for loading a
wave with a constant value, ramp, sine wave, triangle wave, square wave, gaussian noise (gaussian
distribution), or uniform noise (flat histogram). Pressing the Revert button in the Wave dialog reverts al
values except data to what they were when the dialog first appeared, canceling all changes.
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The Points... button opens the Points
dialog. Thisbox enables oneto view and edit PR
parameters related to the actual data. Fields Data Points: W1

are provided to view and edit the amount of St L ih: (200 int
data storage (in points) assigned to the wave, orage Length. points
the number of valid data points, the sample Dalid Data: 200 points
period (time between points) and the first

point time. The storage length is the amount Sample Period: |0.0010000000 | sec

of memory allocated to the wave in terms of # ) )

of points, and the number of valid data points First Point: 0.0000000000 | sec

isthe# of valid data currently in that storage 5
buffer. The# of valid pointswill range from ioe

0 to the storage length, and the storage length Last Stu_rage_Lucﬂtmn. 0.199000 sec
will rangefrom(_')tothat permitted by Last Ualid Point: 0.199000 sec
available memory. 16bit integers consume . Sample Rate: 1000 pis/sec

2bytes per point and 32bit float consume 4

bytes per point; therefore a 250K point float
wave would consume 1IMB, for example. |If
Save Data With Instrument Fileis checked,

SuperScope || will save the wave's datain the [_Help | [ cancel |
instrument file. If it isnot checked, the wave
is saved with 0 points of data. Note that including wave datain an instrument file increases the size of that
file by the space required to hold that data.

[] Save data with instrument file

The Format... button opens the Format
dialog, which is used to specify theinterna
storage format for awave's data. Waves can
be stored as a series of 32bit Floating Point
or asaseries of 16bit Integer values. The

Data Format: Segment

{1 32-bit Floating Point (Dolt)

default format for all wavesis 32-bit, and @ 16-bit Integer

waves linked to instruNet input or output

channels must be of type 32-bit float. 32bit Internal Uolt
floating point waves are stored directly as

engineering units (i.e. you view and analyze Max: 32767 | & |9.99969482
the same value that is stored internally; thisis .

not the case with 16bit integer waves). 16- Min: |-32768 | & |-10.000000
bit integer waves are stored as 16bit integers

(e.g. -2048, 16384), and are mapped to
engineering units (e.g. 5V, -3V), as Cancel -
specified in thisdialog. The minimum and
maximum specified interna values are
mapped to the minimum and maximum specified engineering unit values, respectively (e.g. +32768 internal
is mapped to +10Volts engineering units). Internal values can range from -32768 to +32767.

Also beware that 16bit integer values can overflow if the computer triesto load them with a number larger
than their max/min engineering unit value (e.g. £ 10V). When this occurs, the data is often set to the closest
bound. For example, if we do W1=W2+WS3, and all three waves have a + 32768 to + 10V mapping, and are

loaded with 8V, the result will be set to 10V, not 16V.

Beware that 16bit integer waves have limited resolution. For example, the valuesin a £ 32768 to + 10V
mapped wave are accurate to 0.000305V = 10V/32768. This means that you could set the wave to -
0.000305V, 0.0, 0.000305V, 0.000610V; yet to nothing in between. An attempt to do so would result in a
rounding to the nearest value. To convert a 16hit integer wave to 32bit float, press Format in the Wave
Dialog, and then choose Floating Point.
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Calculations with 32bit floating point waves are faster than with 16bit integer waves since the computer
does not need to map frominternal units to engineering, do the calculation, and then map back to internal

units.

Del et e disposes of the wave selected in the delete submenu. Once awave isdeleted, it'sgone. Unlessit

was saved, thereis no recall.

Open. . . letsyou select awave file on disk, and then
loads that wave and it's data into SuperScope Il. The
new wave is added to thelist of waves. Thisissimilar to
Load Wave, except Open causes a new wave to appear,
and Load loads data into an existing wave.

Save As... writesto disk the datain the wave that you
select, prompting you for afilename and location

(folder). Like all standard File dialogs, the pop-up menu
at the top lets you move "up” in the folder hierarchy. As
an aternative, the Folder pop-up menu in the bottom

right corner lets you select a datapipe as the destination
folder. If no datapipes exist, it will smply show the
current folder.

|23 SoundScope Betal v| = Scott's HD
e inuiis 2

O e fauily Yo dispinygs
gt § hanned

O odunt channal - B

O D Chasnel i pichae
iR neaks o iinpe Bl
0 Single Channel

3 Single Channeblbisi §

EEEE
Desktop

i

Cancel

Format...

File name: Folder:

[ [_Soundsco|

The Format... button lets you
change thefile format and other
parameters. The default format is

Save Wave Options

16-hit integer or 32-bit floating ~File Format -Data -

point, depending on the internal @ 16-bit integer ® Al P“'"‘_S
datatype. (To check or changethe (O 52-ui floating paint (2 From points:
type, switch to the Full Menubar, ) Text (engineering units) (| to 100 |

select the Options command from
the Wave menu, and click on the

Points button.) The data can be > Audio IFF
saved as Text for use in another ) Resource
application. The Audio IFF (AIFF) O PiEY

format is an emerging industry

i3 MacSpeech Lab (16-bit int)

~Append to file name -
[ Trace Number

[] Date
O Time

standard for sound. See Appendix

A, Transfer Wave Data, and

Appendix B, File Formats for

additional information. The Data options let you save only a subset of the wave, and the Append choices
will annotate the filename with useful information. As noted earlier, wave data can also be saved with the

instrument.

Load Dat a. .. letsyou select awavefile on disk, and then loadsits datainto an existing wave. The new

datawill overwrite the old data (careful!).

Append. . . letsyou select awave file on disk, and then appends its data to an existing wave.

The Menubar
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Edit Val ues... organizeswave

vauesin atablefor smpleviewing Edit Values:] A |
and editing, asillustrated to the right. sec

0,000[ -0,039: 0,029 0,020 0,034
The leftmost columnin thetableisan 4 Bla_4 0.044 0,054 00200 0. 77e-3
index which corresponds to the point 0 G0e—4| 9.77e-3 0020 0. 054 0,054
in the adjacent column (e.g. in the 1.44e-3 0.0200 9.77e-3 0.015 0.015
dialog to theright, the value at 1.92e-3|  -0.044) -0,229: -0,200; -0,176
.00048sec is .044Volts). Thisindex 2,40e-3| =0, 146: -0.142; -0.107.  -0,088
Is shown in units of time (e.g. 7.8fe-3|..-0.044; -0,039: -0,029i -0,039
seconds) or point number (i.e. an 3.36e-3|...-0.059; -0.0200  0.024i 0,039
incrementing integer, starting with 3.84e-3| -9.77e-3; -0.0200 -0,020i -9.77e-3
1), depending on the setting of the 4.3%e-3] -0.0200 -0.024 -0.0200 -0.020
Index radio buttons. The five right- ~Options
most columns hold the wave data, . Index  Format Units Typing
proceeding left to right then top to . @Time @Dec @ Uolt @ Overwrite
bottom. c (O Point Or#ex O Internal O Insert :

There is no way to cancel or undo
changes made in thisdialog. To change the value at any point, just click onits cell and type anew number.
Use the arrow keys to move the cursor up, down, right and left between cells. Depending on the Typing
option, both the Tab and Return keys will either move the cursor to the right (Overwrite mode) or insert a
new cell (Insert mode). To select arange of values, ssimply drag the mouse over any series of cells.

Although the File menu is disabled, the keyboard equivalents for Cut ( X), Copy ( C), and Paste ( V)

work as expected. The Delete key has the same effect as Cut, and the Enter key will accept changes and exit
the dialog.

Severa display options are available. The two Format radios determines whether points are displayed in
Decimal or Hexadecimal form (e.g. decimal 25 in hexadecimal form is 0x019). Hexadecimal can only be
selected when displaying 16bit integer Internal data. The Units option specifies whether values are
displayed in engineering units (e.g. -10 to +10Volts values) or Internal units (e.g. -32768 to +32767 values
from a 16bit A/D converter). Internal units only apply to 16-bit integer waveforms. Independent of the
display options, datais always Cut, Copied, or Pasted in engineering units.

The Typing option controls the behavior of the Tab and Return keys. In Overwrite mode, pressing Tab or
Return moves the cursor one cell to theright. In Insert mode, Tab or Return inserts anew cell, increasing
the total length of the wave by one point. Finally, the upper-most Wave pop-up menu allows you to select
another wave, segment, or selection.

Caution: Only 3 digits after the decimal are shown in the Wave Editor, yet more precision is stored
internally. 16bit integer waves often have aleast-significant-bit value of 0.000305 (i.e. 20/65536) and 32bit
floating point waves offer 7 significant digits of scientific notation accuracy (i.e. £X. XXXXXX e+YY).
Copy Wave Text in the Wave menu is a more accurate way to copy wave datato the clipboard. Pasting into
the Wave Editor is very accurate and does not involve unnecessary truncating. If you select acell and move
to another cell, it will read the text if it differs by more that .001 from the value stored internally and update
the internal vaueto that (truncated) viewed value (careful!).
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Synt hesi ze. . . alowsyou to load waves
with internally-generated (i.e. synthesized)
data. Waves can be loaded with asine wave,

Synthesize: @

square wave, triangle wave, ramp, constant

Length:

points

value, gaussian noise, or uniform noise.
Sine, Triangle and Square waves are defined
with the Points-per-cycle and Peak-to-Peak
Amplitude fields. The Ramp isdefinewith
two fields that specify the value at the two
end points. Gaussian noise has a gaussian
distribution (i.e. a histogram of the wave data
isagaussian curve centered about 0) with the
specified RM S (Root Mean Square). RMS
isthe same as standard deviation isthis case.
For example, 10V rms gaussian noise will
have 60.6% of it's values between -10 and

i® Periodic: |52 points/cycle
10.000 Dolt amplitude

@ Sine (O Square ( Triangle

CJRamp:  |0.000 | to |5.000

i Constant: ICI Dolt
1 Guassian: Uolt rms noise
{3 Uniform: [10.000 Volt random noise ()

| vt

+10V. Uniform noiseisevenly distributed
about the specified bound. A histogram of
uniform noise shows values evenly

[ Help ] [ Do It ] [ Cancel ]

distributed between -Bound and +Bound.

For example, each point of +10V uniform noise has
an equal probability of appearing anywhere between
-10V and +10V. The Length edit field is used to
specify the # of pointsin the synthesized wave, the

maximum being that permitted by available memory.

The wave isloaded with synthesized data when the
user presses the OK or Do It button.

Cal cul at e. . . isused to perform waveform
calculations. Over 80 functions and operators (e.g.
fft, cos, +, *) are supported. The calculation takes
place only when the Do It button is pressed. For
details on this dialog box, please consult the
Calculate Wave instruction (which isidentical to the
Calculate command under the Wave menu) in

Chapter 6, Instructions. For details on each function, please refer to Chapter 7, Functions & Operators.

Calculate Wave
O [_w | = (w1 |
o[ | = [ |+ ] [jo.000 |
O w1 | = w1 |+ ][ w1 |
@[ wn | = | Histogram |
Source: IEl Bins:
Mau:
Min: [Juse Dariables
[ Help ][view Data][ Dot ][ cancel J[[ o0k |

Filter... isusedtorunalow-pass, high-
pass, band-stop, band-pass or user defined
FIR filter on awave, segment or selection.
For details on this dialog box, please consult
the Filter instruction (which isidentical to

the Filter command under the Wave menu)

in Chapter 6.

Filter: Selected

Type: | Smoother (ham)

Freq Cutoff:
Boundaries:

| (Custom...]

(% of sample rate)

Freq Cutoff; 100.0 Hz
$topband: -42 dB

Phase: linear
Taps: 20
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Wave Statistics... providesgeneral information on
the designated wave, segment or selection. Depending on Wave: [ W1 | Statistics
the wave size, you may have to wait several seconds for the
datato appear. The Wave pop-up menu at the top alows _
you to view statistics for adifferent wave, segment or Data sampled at:  1000.000 points / sec
selection. Minimum: -5.000 Dolt (at 195.0 msec)

Madimum: 5.000 Dolt (at 169.0 msec)
Mean: 0.100 Dolt
Standard deviation: 3.562 Uolt

Area under wave: 0.020 Dolt - sec

Number of points in memory: 200

Root mean square: 3.563 Dolt
Duration: 0.199000 sec
Sum of points: 19.909302 UVolt
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Display Menu bisplay

The Display menu controls your interaction with the SuperScope 11 front New ... %[
panel and it'sdisplays. It includes commandsto control marker location .

and various choices for mouse behavior. Additionally, it contains Options... 4
commands that create and customize display, markers, and waveform Delete... 4
segments. New..., Options..., and Delete create, modify and dispose of Moue... b

displays. Controls..., Features... and Labels... are used to specify
attributes of existing displays.

Mouse 4
Marker... is used to create, rename and dispose of markers and Grid Snap On

segments. Marker objects represent atime (e.g. .1 seconds) and are
viewed asavertical linein adisplay (after being placed into that display via Log Coords To b
the Marker dialog). They are often used to identify and mark interesting

points or regions within awaveform. Segments are waves themselves that Controls... b
are defined as the section of another wave between two markers. For

example, wave W1 isa0to 1V ramp between Osec and 1sec. Segment Features... 4
Segl is defined as the section of W1 between M1 and M2. If M1isat .1 Markers... 4
sec and M2 is at .2sec, then Segl would be a .1V to .2V ramp from .1sec to Labels... b

.2sec, and would share W1's data (i.e. if you draw on one, you will draw
on both).

Panel Edit On *E

New. . . ( D) createsanew display and then opens the Display Options Panel Options...
dialog, described below.

Opt i ons. .. opensthe Display Options -

dialog; which is used to specify the type, the Display:[ time |

display. The Display pop-up menu at the " _ — Waves ti"'::"'ﬂu
top of every Display dialog box indicates Type: Segment e
which display's parameters are being viewed selected

or changed. slice

Selecting New Display from this pop-up Shee?

creates anew display with default values for time

al the parameters. Should a new display abels. olce

exceed the front panel capacity, awarning test

appears. In this event, you can create room (wep. ) [ cancel | ok )
on the front panel by resizing existing front

pand itemswhilein Panel Edit mode. The Name edit field allows you to change the display name (caution:
two displays cannot have the same name). The Type pop-up menu selects the type of graphsto be
displayed, such as XY Plot or Wave Plot. 1n Wave Plot displays, SuperScope |1 plots the wave pointsin
order, from first to last, across the screen. In XY Plot displays, SuperScope |1 plots one wave against
another, point for point. For example, if W1 is plotted against W2, SuperScope | plots the point
(W1[1],W2[1]), then the point (W1[2], W2[2]), and so on.

The Waves list shows the names of all waves and channels in memory; and the Contents list showswhich
waves are shown in the display.. To place awave into adisplay, drag it's wave name from the Wave list to
the Contentslist. A Wave Plot display needs one wave for each plot; whereasthe XY Plot needstwo. To
remove awave from the display, drag its name out of the Contentslist. To replace one wave with another,
drag the name of the new wave onto that of the old wave asit appearsin the Contentslist.

To change the color of the plotted wave, make sure your monitor isin Color mode and then double-click on
the wave name asiit appearsin the Contentslist. A color picker will appear. Click once on the desired color
and then press OK. Pressing the Comments button causes the Comments box to appear, which provides a
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place to keep notes with each display. The Controls..., Features... and Labels... buttons lead to dialog
boxes that are used to adjust visual attributes and controlsin each display.

The Marker... button leads to adialog that is used to create, rename and dispose of markersand
segments. For more information on Controls, Features, Labels and Markers, please see their respective
sections in the next few pages. Please refer to the Front Panel chapter for alabeled illustration of displays,
markers and segments.

Del et e. .. disposes of the display selected in the delete submenu. Once awaveis deleted, it’s gone.
Unlessit was saved, thereis no recall.

Move. . . shiftsadisplay, movesamarker or ]

both. For displays, the first Position option shifts Move Display

the contents by the specified amount. To move ~Move: -

|eft, enter a positive number; to move right, enter a [ pisplay:
negative number. Note that "moving" the display OMarker: [ A1 |

contents | eft is equivalent to pushing an imaginary o LI

piece of graph paper to theleft. An unfortunate ~rosition:

(but arguably unavoidable) subtlety of the ® secs left

Macintosh user interface isthat "moving” left is .
equivalent to "scrolling” right. The second option o the secs position
sets the left edge of the display to the specified O To marker:

value, and the third sets the left edge to the marker

position. For markers, the first Position option

moves the marker by the specified amount. To C 0
move left, enter a positive number; to moveright,

enter a negative number. The second option
moves the marker to the specified value, and the third to the position of another marker.

Mouse. . . isused to select one of five mouse EETTIE:]
modes: Edit, Draw, Move Marker, Log

Coords, or Vertical Adjust. In each mode, the

operation of the mouse relatesto asingle wave
inadisplay that has been selected. If a Log Coords o |
display includes more than one wave and you : :

need to operate on awave other than the first Vertical Adjust d9
(asviewed in the Contents list of the Display Options dialog), wave labels must be visible. To enable wave
labels, select Features from the Display menu (which is available in the Full Menubar), and click on the Add
Wave Labels checkbox. Thefirst four letters of each wave name are shown in the wave label area, and
clicking on awave label selects that wave for mouse work.

Mouve Marker

Edit ( 1) isthe most commonly used mode and is automatically selected when you first
launch SoundScope. In this mode, you can Cut, Copy and Paste sections of awave much
like one would edit text in aword processor (i.e. by dragging the mouse over the area of
interest). The selected portion is highlighted and magically becomes a waveform of its own
called "Selected". The Selected wave appears in wave submenus, shares data with the host
wave, and is viewed as an ordinary waveform by the analysis and presentation tools. Only the user can
change the length of the Selected wave (i.e. with the mouse).

Draw ( 2) changesthe cursor to a pencil and alows you to edit the wave data graphically.
When the mouse button is held down, the pencil leaves amark everywhereit is dragged.

When the mouse button is released, the wave is updated with the drawing. If the Grid Snap On
option is selected the mouse drawing will be restricted to straight lines.
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Move Marker ( 3) changes the cursor to a" #*", which is used to move markers. |f Move
Marker mode is not selected, you can still move markers by holding down the Option key while
dragging the mouse.

Log Coords ( 4) changes the cursor to a cross-hair, which is used to log wave coordinates to a

Journal. Each time the mouseis clicked on awave, it's position (usually time) and % :Hz Y dE
value are sent to ajournal. The coordinates are preceded with aheader onthefirst  2z72.63  12.080
click, as shown in the aboveillustration (e.g. "X:Hz Y:dB"). TheLog CoordsTo 2330.62  12.060

submenu specifies which journal receives the text.

Vertical Adjust ( 5) changes the cursor to a hand, which is used to move the
selected wave up and down in itsdisplay. Moving awave is purely a graphical
operation and does not affect the wave data. Clicking once onthe"*" symbol next
to the wave name will cause that wave to snap back to it's non vertically adjusted position.

Gid Snap On/ O f isused by the Draw
mouse mode, described above, to lock the
cursor at specific grid intervals while
drawing.

Controls:

..Horizontal

Position: | Scrollable |

Scale: | Adjustable |

Log Coords To isused by the Log Coords

mouse mode, described above, to specify
which journal receives coordinate data.

Control s. .. isusedto specify adisplay's
horizontal and vertical scale and position
controls. The Horizontal and Vertical

Position pop-up menus select the method for
determining the left edge and middie
horizontal, respectively, of adisplay (and
therefore what portion of the waveis

viewed). The Horizontal and Vertical Scale
pop-up menus select the method for
determining the scale along the horizontal and

[JAdd "H" auto adjust button
[<] Auto-scroll seamless data

- lertical

Position: | Scrollable |
| Adjustable |
[JAdd "I auto adjust button

Scale:

[JFi# sample period to |0.001000 |sec/pt

vertical axis, respectively, of adisplay. The Fix Sample Period checkbox is used to override the sample
period of each wave with the one specified in the edit field. The various position and scale control options

are described below:

Adjustable is used to specify a scale with arrow buttons.
Scrollable is used to specify a position with a standard Macintosh scrollbar.

Fixed sets the scale or position to a value specified in the

Controls dialog.

Fixed Base sets the bottom edge of a display to the value
specified in the Controlsdialog. Thisissimilar to Vertical

Fized at

Fizxed base at

Position Fixed, yet pegs the bottom of a display instead of the middle.

|~D| a0 mSEE.-"Di'-.-'l‘i:i'l

10.000000

0.000000

Previous sets the scale or position to that used in the previous display, as viewed in the Display submenu.
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Next setsthe scale or position to that used in the next display, as viewed in the Display submenu.

Continue sets the horizontal position such that the wave plotted in the previous display, as viewed in the
Display submenu, continues where it |eft off in thisdisplay (e.g. Osec to 1secis plotted in D1, and D2
continues with 1sec to 2sec).

Feat ures. . . isusedto specify the
ga?jplr;g etI:r;er\reaéctsenstlcsof the plot region Features:

-Plot Heginn ..... Horizontal s
The Plot pop-up menu alows you to i ) )
specify how points are to be plotted: Plot: |_Lines wigtn:[1 | | ® "5“ am%
Lines connects points with straight lines Background: [ White | Unit:
(T——~"-), Dots plots dots at each ; wnrte | [ hrs:min:sec
point (- ... "), Tagged Lines Gric:[_32k32Bok] ™ T
g?/gﬂg;}gg?mézl\glth stralght lines and [] Hide entire display [<] Add axis labels
( @+ 08 B x = # ) every -Display Labels L Umit:
32pixels or so, Symbols plots symboals,
and Bars draws a vertical bar at each [1Add label: |01 |
POINt (#*=--sapa-=te-) . B Add wave labels [ Help.. | [ cancel |
The Background pop-up menu allows
you to specify the display background color in Blue, White, or Black.
The Grid pop-up menu allows you to select the background : . IR I
grid pattern of the display. Some grids take an appreciable : Ce C o
amount of timeto draw. On the Macintosh Plus and ' _ I L B
Macintosh SE, the fastest grids are the 8x8 and 8H 1616  16x16 Box S¢SV Lines SH Lines
The Hide entire display box is used to hide a display. --------------
This option can be set in a SuperScope |1 task using the
"Displays" instruction. 167 Lines 16H Lines 32HLines |27 Lines

Add L abel isused to indicate the contents of each display with user defined text in the Spectrum:
display's upper left corner. oo :

Add wave labelsis used to enable the wave label region, which shows the name of each  |3eg1 ¢
waveinthedisplay. The five Mouse modes (Edit, Draw, Move Marker, Vertica Adjust,
Log Coords) operate on the selected wave, and awave is selected by clicking on one of
these labels.

The Horizontal and Vertical Units boxes are used to override a wave's units label
(e.g. "mmHg"), and the Horizontal and Vertical Axis L abel checkboxes are used to enable/disable the
axis labelsthemselves. The default horizontal scaleistimein seconds. To changethe 2o 30  mszec
horizontal scaling to hours, minutes and seconds click the hrs:min:sec box.
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Mar ker s. . . isused to create, dispose and Markers & Sedments

rename markers; to define, create, dispose, 9

and rename segments; and to specify which ~-Display: [_time ] ~Segment: [_Segment ]
markers are to be visible in each display. Show markers: Name:

The Marker pop-up listsall currently Wave: [ time |
defined markers. Selecting a marker from : _

this submenu displays that marker's name slice1 Bound:
and its window width in milliseconds. The Bound:
Name field allows you to assign or change ~Marker:

the marker name. Since each marker name Name: [ New | [ Delete |
must be unique, SuperScope |l rejectsa :

repeated name and prompts for a new one. (] Windouw: ms

Checking the Window box causes a

diamond frame of the specified width to be ORunTask[ o ]
affixed to the vertical marker indicator in the [ New ][ Delete | el | [ cancer )
displays. Thisisused to indicate the ep... ance

window width when doing analysis on the
section of wave about amarker (e.g. marker is at .1sec and you do an FFT on the section between .075sec
and .125sec). Clicking the New button creates a new marker with adefault name. Clicking Delete causes
the displayed marker to be deleted.

A neat trick isto use two markers and one wave to describe another wave, called a"segment”, which is
defined as the section of the original wave from one marker to the next. Since segments and their parent
wave share the same data, changing the datain one will change the datain the other. The Segment pop-up
listsall currently defined segments. The Name field alows you to assign or change the segment name. The
Wave pop-up allows you to select the wave on which the segment isbased. And the Left and Right pop-
ups are used to specify which markers define the end points of the segment. The New button creates a new
segment with a default name. The Delete button erases the displayed Marker.

The Display section is used to specify
which markers are shown in each display (as Labels:
avertical line). Thisisdone by clicking Marker:
Once On amarker name as |t app%rs |n the ..... arker: | slicel [, 'DEItﬁ ”ﬂluES BT
Show Markers area (it will highlight) while gsmm H value O e deiin ¥
the desired display is selected in the above Show ¥ value of O snow daita v
pop-up. Clicking again will de-select the wave: e eten s
marker, and hence take it out of the [] show marker name [ 4 teaws deitn ¥ dalia B
designated display. One can view any :
number of markersin each display, andeach || Marker: | M2 e
marker can appear in any number of (] Show K value
displays. [ Show ¥ value of

P wave
Label s. . . isused to setup the labeling of L] Show marker name (_tetp... | [_cancer |
markers and marker related information.

Although any number of markers may appear in one display, only two markers may be represented in the
marker label line, asillustrated below.

The Display pop-up menu selects which display is represented in the dial og.

Each Marker pop-up menu selects one marker to be labeled. The Show X value, Show Y value and
Show marker name checkboxes are used to activate their corresponding labels.
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delta X marker name marker name

deltayY X value X value
/ deltaY/X / Y value / Y value

0.039c02. 9025 [73.925] M2:0.049c-1.77V32 M1:0.083c-4.6V52

" 10

D N P '

- 10

o 1w =20 =20 40/ 50 60 70 80/ 900 meec
MarkerMZ/ Markeer/

The Delta Values area allows you to display any of three different statistics. Checking Show delta X will
display the difference between the horizontal value of the first marker and that of the second. Checking
Show delta Y displays the difference between the vertical values of the two markers. Checking Show delta
Y/deltaX displays the dlope between the two points defined by the markers and the wave selected in the
Show Y Value of Wave pop-up menus. ThedeltaY and delta Y/delta X options are only available if both
Show Y Value of Wave menus select the same wave and both Show X value checkboxes are enabled.
Additionally, Show delta X isonly available if both Show X value checkboxes are enabled.

Panel Edit On/Of ( E)isusedtoenter and eXit L.
Front Panel Design mode. In Panel Edit Mode, all Slice? | Sliced
displays, journals, controls, indicators and pictures can

be moved, resized, and deleted. When Panel Edit is
turned on, arectangular outline of each front panel
object appears, with the object nameintheupper left & . . a
corner. If an object is selected, its name appears bold. n
To resize, one simply drags the resize box (i.e. little black square at lower right). To reposition, one drags
the actual object. To reposition an object one pixel at atime, one selects with the mouse, and then taps on

the < 4 T—= keys. To resize one pixel at atime, one selects with the mouse, holds down the Option key,
and then taps on the “— LT keys. Thisisvery similar to working with rectanglesin MacDraw.

SuperScope Il prohibits shrinking displays below a practical minimum size to ensure readable content.
Individual items within a objects cannot be resized independent of the object. Should displays or journas
overlap, awarning isissued (i.e. "Invalid Panel" in status bar) and the user is prohibited from leaving
design mode until the overlapping is eliminated.

A PICT file (72 dpi picturefile) can be placed onto the front
panel by first transferring it to the clipboard (with Cut or
Copy) and then moving it to the display with the Paste
command. Also, PICTs can be Cut or Copied from the

SuperScope |1 front panel to the clipboard. Since front panel Boonmibion, & ndl e,
displays, journals, and so forth are not PICTSs, they cannot be Contrd & Dat Expert
moved to or from the clipboard.

Gl
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Panel Options. .. isusedto specify severa front pane
characteristics such as background color and resizing
mode.

The Background Color pop-up menu is used to specify
aBlue, Black, or White front panel background color.
This setting does not affect the coloring of individual
displays. If Object Size Fixed is selected, al front
panel objects (i.e. displays, journas, PICTs) stay the
same size when the front panel is resized (which occurs
when you Save an instrument with one monitor size and

Front Panel Dptions

Background color:

5izing options:
i) Object size fived
i@ Object size proportional

[ Help ][ cancel |

then Open with another). Object Size Proportional

causes the front panel objects to resize proportionally to the front panel during resizing.

The Menubar



Super Scope |1 & SoundScope Reference Manual

Journal Menu | Journal |

A journal is atext editor for entering notes, logging values, and recording New ... 3|

any information pertinent to your analysis. Text may be transferred between .

journals and the Clipboard using Cut, Copy and Paste from the Edit menu. Options... 4

Journal files that have been saved to disk can be read directly from most Delete... 4

spreadsheets and word processors; they are of type TEXT" Clear b

Each journal can be placed on the front panel, or in it's own window.

Journals on the front panel can be of any size and in any number, memory Open...

permitting. Their attributes, such astitle bar, scroll bar, and rectangular Save As... b

border are al optional. Journasin their own window are similar to a

standard word processor window. They can be hidden by pressing the Load Text... 4

Close box in their upper left corner, and shown by choosing Show under

Edit. Page Setup... »
Print... »

New. . . ( J) createsanew journa and then opens the Journal Options
dialog, described below.

Opti ons. .. opensthe Journa Options dialog
which is used to specify the type and attributes

Journal:] Notes |

of each journal. The Journal pop-up menu at
the top indicates which journal’ s options are
being displayed. Typing inthe Name field
changes the journal name. Journal names must
be from one to eight characters long, and every
journa name must be unique. Default journal
names are J1 for thefirst journal, J2 for the
second journal, and so on. A Font pop-up
menu alows you to specify the type font as

Name:

Position: | Front Panel Mode:| Spread Sheet |

E Show name
& Show vert scroll bar [ Show horiz scroll bar
(< Show rectangular border

Options: [] Save contents with instrument file
Runtime: [] Prefid notes with: @ Seconds O hrs:min:sec

B Show notes in displag

liew:

either Monaco 9 or Monaco 12 (fixed character
width fonts). Each journal can reside on the

front panel, or in it's own window, as Tab:
determined by the Position pop-up menu.

Hidihe =1 ingiae

A journal operatesin either Word Processor or

Spreadsheet mode, as specified in the Mode pop-up menu. In Word Processor mode, lines that exceed the
width of the page are automatically wrapped to the next line. Typing "max" into the Width field will cause
text to always wrap to the width of the journal window size, even if the journal isresized. Thismodeis
useful for journals that are going to be printed. In Spreadsheet mode, lines can have arbitrary length, so that
any number of columns can be placed acrossaline. Thismodeis useful for journals that will be used to
transfer datato a spreadsheet. The default creation mode for ajournal is Spreadsheet. The valuein the
Width field determines the maximum line length of ajournal in Word Processor mode. When Spreadshest
mode is selected, the Width option is disabled and the width is assumed to be infinite. The valueinthe Tab
Width field determines the width of atab in the journal. Tabs are spaced uniformly across the page,
separated by the specified width. The tab width applies to both Spreadsheet and Word Processor modes.

[ Assist... ] [ Cancel ][[ 0K ]]

Four View check boxes enable the user to elect whether afront panel journal’ s name, avertical scroll bar, a
horizontal scroll bar, or arectangular border are displayed. Checking Save contents with Instrument file
specifies that the contents of the journal will be saved in the configuration file on disk. Journa data saved in
an instrument file cannot be accessed by other applications, and they increase the size of the instrument file.

Enabling the Runtime option "Prefix Notes with:" designates ajournal as a
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"Runtime Journal" where any notes entered
into the journal are time annotated from the

beginning of the execution of atask. If a
Digitizing Task isrun al notes are time W
annotated with respect to the beginning of the

first trigger condition, whileif a Task (i.e.
non-digitizing) isrun al notes aretime
annotated with respect to the Begin Task
instruction. Notes can either be prefixed with
timein seconds or timein
hours/minutes/seconds by enabling the
appropriate radio button. 5/25/96 01:09:11 [Turn relay on_

To show the time annotated notesin a :
display, aswell asin the journal, select a Hotes
journal in the Show notes in display 00 Jizasen 01.08: 11

popup. Thisoption that allows users to add 53 Turn haater aff

notes to their experiments during experiments 20.6 Turn coffee machine on

and have the notes time annotated in a

designated display as shown in the above
right figure. Inthefigure above thefirst time
annotated noteis"Turn relay on" which was entered into the journal "Notes" at 2.2 sec after the start of data
acquisition. The note also appearsin the display "D1" immediately above at 2.2 seconds. For an example
of creating and using "Runtime Journals' refer to Chapter 3 Advanced Tutorial of the SuperScope Il User's
Manual.

Del et e. .. disposes of the journa selected in the delete submenu. Once ajournal is deleted, it's gone.
Unlessit was saved, thereis no recall.

Cl ear erasesthe contents of the specified journal. All changes that have not been saved will be lost
(careful).

Save As. .. writesthe specified journal to disk, prompting for afile name and location (folder) with the
standard File Save dialog.

Load Text... readsfrom disk the contentsof atext filethat you select with the standard File dialog, and
places the text into the specified journal.

Page Set up. .. presentsthe standard page setup dialog for the current printer.

Print... presentsthe standard print dialog and then printsthe journal contents.
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Task Menu

SuperScope |1 tasks let you set up sequences of events such as data
acquisition, analysis, presentation, printing and file I/O. Tasks are composed
of instructions and each instruction hasit's own dialog box, for complete
point-and-click access to every option. For additional details on tasks, please
see the Programming and Data Acquisition Chapters.

To copy atask's text to the clipboard, choose Copy Task under Edit; to copy
the texts of all tasks to the clipboard, choose Shift Option 'O’. Task text is
not a functional description of atask, sSince many settings are not included; it
isto be used only as areference.

New. .. ( T) createsanew task and then opensthe Task Editor dialog,
described below. Tasks opened with New... do not involve the digitizer
specified under the Hardware menu.

New Digitizer. ..

Mewr... #T
New Digitizer...
Edit... ;
Delete... 4
Open...

Save As 4
Run 2
Stop 4
Continue 4

creates anew Task that is based on the settings in the instruNet menu. The instruNet

menu is used to create input and output channels, set channel parameters (filters, gain) and to set samplerate
and number of data pointsto be acquired. Please refer to the instruNet Menu section of this manual for
details on setting up instruNet channel parameters. Digitizing tasks support all of the input and output
channels of instruNet. Digitizers are represented as templates in atask, as outlined in the Hardware

discussion that follows and in the Programming chapter.

Edit... opensthe Task
Editor; whichisused to

(DM )W)

[ Go ][Step] [S%gkgk]

Task Begin

create, edit, and debug tasks.
Each task is composed of a
list of instructions which can
exist in any number and in
any order. When atask is
run, instructions are executed
in order from top to bottom.
There are over 19 different
instructions types and each is
packed with features. For
example, the Calculate Wave
instruction supports over 80
waveform functions and
operators (e.g. deriv, fft,
cos, +, *, etc,). For a
description of each, please
consult the Instructions
Chapter.

Maowe M3 to absolute time X of FFT
Mowe M3 to next maximum of FFT
Marker M2 & wave FFT intersection (uwalue to PeakFFT2
Ihsert "Max FFT walue = " into journal Results
If ¢5tring PeakFFT » 4.500 then ...
Append text onto the end of Results with data from stiring PeakFFT
Jump to Mout”
If end
Ihsert "Low” into journal Results
Beep
Beap

———————————— Analysis ———————————-
Calculate Hawe

Filter

Pulse Analuysi=s

Name: |Calc |

[I]ptiuns...] [ Debug... ] [ Revert ]

Sound Statistics
Statistics
Synthesize

The user adds an instruction to atask by dragging it's name from the Instruction Dictionary, at the lower
left, to the desired position in the task. When the mouse is released, the instruction's dialog opens and the
user can then specify the instruction's functionality in a standard Macintosh dialog box. To add an
instruction to the end of atask, one can double-click on the instruction in the dictionary instead of dragging
it, asashort-cut. To view or edit an existing instruction, the user smply double-clickson it'stext. To
move or duplicate an instruction; one can Cut, Copy and Paste instructions within atask or between tasks.

w)
1
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Many instructions use pop-up menus to Mouve Marker:
customize asentence. For example, Move
Marker moves the specified marker to thefirst ~ Moue to [ first peak | of wave

peak, first maximum, first value, etc of a
specified wave; asillustrated above. When the user presses OK in the instruction dialog, the instruction is
inserted into the task and represented with one line of text (e.0. Move M2 to first peak of Voiced).
Instructions are very smart and will not let you press OK if they are not setup properly (OK becomes gray).

One can press Cancel at any time to abort the creating of anew instruction, or to reverse changesto an
existing instruction. If an instruction becomes non-executable after it is created, it'stext is suffixed with
">>>SETUP INVALID <<<" (e.g. your instruction moves marker M1, and someone later deletesM1). In
this case, the user must either fix the instruction by doing what is necessary to repair it, or give up and
delete the task.

To force immediate execution of the instruction, one can pressthe Do It... button. Do It isnot aways
allowed since the instruction might require the front panel to be visible. In these cases, Do It is disabled
(i.e. it becomes gray).

Bold-faced template instructions (e.g. Task Begin) are permanent; they cannot be moved or deleted. Certain
instructions cannot be used in an areawhere datais collected point-by-point; consequently, when dragging,
the instruction insertion point will not appear within the point loop. The task nameis changed by typing a
unique, one to eight-character name in the Name edit field.

Pressingthe C, J, M, S, V, W buttons at the upper left of the Task
Editor opens the Control, Journal, Marker, String, Variable, and Wave

Options boxes, respectively. The box opens for the first object in each @ @ @
list (e.g. given W1, W2 and W3, pressing the W button opens the W1

Options box) and if there are zero itemsin the list, anew object is Task Begin _
created and it's Options box is opened. Pop-up menus at the top of Mowe M3 to absolute time
each Options box enable the user to easily move from one object to Mowe M3 to next max:imum

another (e.g. from wave W1 to W2).

The Go, Step and Stop buttons at the Task Editor upper right are used to
run and debug tasks. Go executes atask while the Task Editor isopen. A [ Go ] [Step] [_f} %53;3] “

triangular instruction pointer ( #) at the left edge follows the execution and
indicates to the user which instruction is being executed. Whilethetask is
running, the user can either press Step, to freeze execution, or Stop to halt execution and move the
instruction pointer to the top. When execution is frozen via Step, the instruction pointer stays whereit is
and the user isfreeto either view and alter data (e.g. withthe C, J, M, S, V, W buttons), press Go to
continue running, press Step to execute another instruction and then freeze, or press Stop to halt execution
and move the pointer to the top. Stepping is an extremely powerful debugging tool since it helpsyou verify
that each instruction does as expected; and if there is adiscrepancy, you are placed at the heart of it.
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The Debug... button opens the Debugging

Options dialog which is used to enable Debugging Options

debugging features. The settingsin this

dialog are globa and therefore pertain to all <] Show Wave, Variable, Journal, Marker buttons
tasks (as opposed to independent settings for [ Show Debugger buttons

each taSk)' (<] Limit GO exdecution to .9sec per instruction

The Show Wave. Variable. Journa. Journal (<] At run time, send instruction execution times
M arker buttons checkbox iéused tO! ' (x16ms) to journal "Bench”, if it exists
show/hide the object buttons at the upper left (] At run time, send first 10 characters of Task

of the Task Editor. instruction text to journal "Task10", if it exists

. B At run time, send Task instruction text to journal
The Show Debugger buttons checkbox is "Task80", if it exnists
used to show/hide the Go, Step, Sto

P
buttons at the upper right of the Task Editor. (_cancel ] [ ok |

The Limit Go execution to .5sec per
instruction checkbox is used to slow Go execution to at least .5seconds per instruction, to help the user
watch the task run. If this checkbox is non checked, the task executes asfast asit can.

The At run time, send execution times (+16ms) to journa "Bench" if it
exists checkbox is used to enable the benchmark feature, which causes
the execute time (seconds) and instruction text, for each executed
instruction, to be written to journal "Bench”; if ajournal by that name
exists. For example, in the printout to the right, the "L oop 3 times®
instruction took 320ps to execute. Benchmark times are accurate to
+.25psif an instruNet controller isinstalled. If aninstruNet controller
isnot installed and you are running under System >7.0; otherwise, the
durations are accurate to £16ms.

Task :Analyze Dote:7/4 090

Task Begin

L0200 Clear at begine
.E45930 Clear, Calculag:
135480 Vaiced = Waice:
L0120 Mowe M1 to abs:
LO17SE0 Mowve M2 1o absg
LQoaz20 Loop 2 times

L0EFSE0 Ful=se analysis

o e Y 2

The At run time, send first 10 characters of

instruction_ text to journa "Bench" if it exists
.CheCkaXIS’used to Send 10 Cha.]raCt.erSOf | Task Beg | Clear at | Clear, C | Uoiced = |
instruction text, as each instruction isexecuted, t0 | | pop end | Loop 2 ¢ | Pulse an | Sound St |
journal "Taskl0"; if ajournal by that name exists. | Mowe MZ | Mowe MZ | Mowe M3 | Mowe M3 |

Task :Analyzea Oate: 7 /492 Time:15:41:50

The At run time, send S==———<——— Task80
instruction text to journal [
"Task80" if it exists TASK Calc
checkbox is used send an

arrar Action

i ; H Task Begin & | 000000 L
mst_ructlon_statpsllne, a Mowe M3 to absolute time X of = 1.000000 & e moved the marker
ﬂ1e|nsiruciuqn|s Mowe M3 to next maximum of FF & 3. 000000 ® marker i=s on last wave pt
executed, to journal Marker MZ & wowe FFT intersec & 1.000000  # walue=0.000
WTEEkgo"; if ajournd by Insert "Max FFT walue = " int & 1000000 L

If ¢String PeckFFT » 4.500> + = 1.000000 & (0.000 > 4.3002 = false

that name exists. The
status line includes the first 30 characters of the instruction's text, the value of the "error” variable after the
instruction is executed, and the action taken. For example, in the report above, the "If (string PeakFFT >
4.5) then" lineresulted a"(0 > 4.5)" test, which produced False. The "error” variable isloaded with a
status value after each instruction is executed. For alist of these, please see Appendix D.

Task80 is a very powerful debugging feature, and should be
used when a task is not working as expected.

w)
1
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The Options button opens the Task ‘5“'3
Options dialog, which determines which vor
computer processes are executed in v.1sec
between each instruction execution. For 50ms
example, you might want to choose a :rﬁnfzs

menu command while the task is running,
and subsequently delay it's execution. Or

perhaps you want the task to run extremely Task Options
fast, and lock out other processes. During Runtime
Generally, the computer can onIy do one (] Allow other application programs to update
thing at atime. The following processes & Allow mouse & keyboard activity euerg@*
can be enabled for execution in-between (] Allow other tasks to run
each task instruction. Their only costis & Allow wave lengths to change easily faster
time.
Abort Options
o Update events to other applications [ Stop task if mouse button is pressed
i P e [ e s mnsssnas dowen alsnrd, shows an alerd

%grua[;n—dsa[eAeeg;fsaEgogfh%rene?(cetﬁllzg [ e o manss down abat, baen

applications. Thisis done when the

active application isidling, and doesn't

mind letting someone else use the
microprocessor for alittle while. Some
applications are hungrier than others when receiving update events (e.g. Filemaker running over the
network consumes .2 seconds!).

» Mouse and keyboard activity (e.g. choose menu command, mouse down on front panel control,
keyboard typing). The frequency at which mouse and keyboard activity is processed is selected in the
popup.

» Other tasks. If thisisenabled, and more than one task is running at atime, then the instruction execution
for each task isinterwoven. What do they call that? Multitasking.

» Flexible wave lengths. Tasksrun faster if the wave lengths are set that the beginning of the task, and
remain unchanged during task execution. Thisis done at the expense of flexible wave lengths.

If the "Stop task if mouse button is pressed” checkbox is enabled, the task will stop execution at the end of
the current instruction if the mouse button is pressed. And if the "Upon a mouse down abort, show an
alert" checkbox is enabled when the abort occurs, an alert will appear to tell you what you did. Optionaly,
one can enable a beep to occur.

Del et e. .. disposes of the task selected in the delete submenu. Once atask is deleted, it'sgone. Unlessit
was saved, thereisno recall.

Qpen. . . readsin atask from disk. Please see Save As..., below, for a discussion on tasks that reference
objects that just do no exist.

Save As. .. writesthe specified task to disk, prompting afile name and location (folder) with the standard
File Save dialog.

One getsinto trouble very quickly when atask isloaded into an instrument that does not contain all
referenced objects (e.g. the task calculates"W1 = W2 + W3" and wave "W1 " does not exist). If an
instruction cannot find areferenced object, it is marked "Invalid Instruction™ in the Task Editor, and the task
is disabled from running. When this happens, the user must either fix each Invalid instruction by double-
clicking onit (in the Task Editor) and doing what is necessary to repair it, or give up and delete the task.
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Run executes the task that you select from the submenu.
St op halts the task that you select from the submenu. To stop all running tasks, press  period ( .).

Cont i nue executes the task that you select from the submenu, beginning where it was previously
stopped.
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instruNet Menu
The instruNet menu is used to set instruNet channel

instruNet

parameters, and maps directly to instruNet World pages Network ) Uiew Page
and buttons. To build SuperScope Il data acquisition Record »

instrumentsit is recommended that you first set up your Test

channels and debug using instruNet World. instruNet Trigger Restore
World alows you to view incoming dataiin real-time and = 5tore
therefore provides instant feedback on your channel Open
settings (e.g. digital filters, channel gain). Refer to

Chapters 2 (instruNet Tutorial) and 3 (Connecting to Save
Sensors) of the instruNet User's manual for information on Clear
setting up the instruNet data acquisition network. When Reset

you are satisfied with your configuration click the Save
button on the Network Page to save the instruNet World configuration. Then when you are in SuperScope
I1, choose Network View Page under instruNet , and then press the Open button to load the Network setting
from disk. The network settings are automatically saved with the SuperScope |1 instrument file every time
you choose Save or Save As... in the SuperScope 1 file menu. The figure below shows the mapping
between the instruNet menu and individual itemsin instruNet World.

View Page | = OpensinstruNet World Network Page

Restore —]—== Presses Restore button in Network Page
S$tore ——3—== Presses Store button in Network Page
Open  ——1—== Presses Open button in Network Page
Sare  — ] == Presses Save button in Network Page
w| ClB@r — 1 == pressesClear button in Network Page

Hesel — == Presses Reset button in Network Page
View Page -}—=— OpensinstruNet World Record Page
Start ——]—== Presses Start button in Network Page
Stop ——= Presses Stop button in Network Page
Open  —F—== Presses Open button in Network Page
Save  ——1—= Presses Save button in Network Page
Options ——== Presses Options button in Network Page
Timing ——== Presses Timing button in Network Page
Trigger ———s= Presses Trigger button in Network Page

Network P J Probe — ] == Presses Probe button in Network Page

Record b

Test ——= OpensinstruNet World Test Page

Trigger —m= OpensinstruNet World Trigger Dialog

instruNet devices support multiple analog and digital 1/0 channels For details on each device, please refer to
the instruNet User's manual. For information on setting up an acquisition sequence, please refer to the
Programming chapter and the Task Menu discussion in this chapter.
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TheinstruNet menu is used to setup all Task Begin

parameters for input and output channels.  [Scan Loop Begin (2 scans)

Data acquisition is then accomplished with Segment Loop Begin

adlgltl zer-based-task.  After the channel Digi tIZE. Segyent (10000 ptsfscan, leth ptsfsec)
and Digitize Segment parameters are iy gi;'_”erif n@

defined (with itemsin the instruNet Segment Loop End

menu), the user then chooses New Clear & Update

Digitizer... under Task to create a Scan Loop End

digitizer-based-task. Thesetasks are very

similar to regular tasks, except they include several bolded (i.e. "template") instructions that implement the
acquisition defined under instruNet. The user can easily add to these tasks. For example, the above
illustration shows a task that repeatedly acquires atrace, calculates a derivative, and then updates the screen.
The bolded instructions were present when the digitizer task was created; the derivative instruction was
added by the user.
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Control Menu | Control |

Front panel Controls and Indicators show, and alow adjustment of, New Control... Y
Boolean True/False values, scalars, lists, and text. These objects appear New Indicator b
4

inavariety of styles, sizes, fonts, and colors; and their states are easily

read and updated with tasks. Several controls and indicators are Mew Graphic...
illustrated below. e
Dptions... 4
Delete... 4
w1 FILE Power
_._
F B L,l'l:l Dn
Doutd Off
Lights Buttons Switches
indicate the state of aBoolean || often initiate the execution of af| specify atrue/false Boolean
true/false value. task. condition.
19
=
Velume
. - Offset 1 Current C
Sliders Dials Meters
control ascalar quantity. control a continuos or indicate a scalar quantity.
quantitized scalar quantity.
4.5% |#] charnel o Duration = 12.52
Numeric Fields Static Text
control ascalar quantity ora || showsascalar quantity or a
text string. text string.
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Controls are positioned and resized in Panel Edit Mode ) |

just like displays and journals. Attributes of e ements TEII]I]. 0.12 Hide Label
within objects are adjusted by  Option clicking on the

element (hold down boththe  and Option keysand uﬂtﬂ. H.ﬂ"gE'"
then mouse down). This causes a floating menu to Precision...
appear, illustrated to the right, that lists the various Text Format...|
adjustable attributes, such as Data Range, Precision, and Show Border
Text Format. For example, one could set alabel's font Ootions

by  Option clicking on that 1abel, and then choosing p

Text Format from the floating menu.

New. . . creates anew control and then opens the Control Options dialog, described below.

Opt i ons. .. opensthe Control Options
dialog, which is used to specify the style, Control:| C1 |
attributes and behavior of controls and .Object
indicators. The Control pop-up menu at

the top indicates which control’s options Name:
are being displayed. The Type and Style Tupe: style: | (@

pop-up menus determine if the object isa

switch, button, dial, knob, etc. Value:[0.000000 |

The Name field determines the object name Con [_mouseup  |run| < |
and is used by tasks to reference the -

object's value. For example, atask could -Options

be setup to beep if switch "Fred" was set Main:[¥] Label:[v] Readout:w! Ruler:[v]

to the On position. In the Boolean world,
0.000 represents False; Where.asa” other This area is still in development (be careful)
values represent True (1.000 is the most

common True value). Therefore, atask
could read the value of Fred, and beep if
Fred's value was not zero. Other itemsin the Control Options dialog specify the range for aknob or dlider,
the label shown next to the object, and the task that is executed when the control is moved.

Del et e. .. disposes of the control selected in the delete submenu. Once acontrol is deleted, it’'s gone.
Unlessit was saved, thereis no recall.

Label : containstheitems"Edit Label" and Text Format. Selecting "Edit Label"
opensthe Displayed Label dialog where you can edit the |abel that appears on the -
front of the control. If afront panel control's label contains'@' characters, then Edit Label...

the displayed label changes depending on the vaue of the control/indicator. Text Format...

For example if you created a button control (i.e. acontrol that can only have two

states - true or false) and entered "Off @ON" into the Displayed Label dialog then whenever the
button was pressed in the label would read "On" and whenever the button was out it would read
"Off".
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Chapter 4
Programming

SuperScope |1 provides an easy to use environment called Tasking by which one explicitly defines
acquisition, analysis, archival and presentation functionality. From this Tasking environment, each of
which can be created, edited, viewed and run. These Tasks consist of alist of instructions which are
executed in atop to bottom sequence. Each instruction is not typed however, as done in traditional textual
programming environment; instead, each instruction has an associated dialog box from which the user
specifiesin detail the instruction's functionality -- with easy to use pop-up menus, check boxes, radio
buttons and edit fields. These dialogs appear when oneinitially adds an instruction to atask and when one
edits an instruction by double clicking on it in the Task area.

Instructions are added to atask by dragging one from the Instruction Dictionary. Instructions are deleted
from atask by selecting them and pressing the Delete key. Instructions are moved from one positionin a
task to another viathe standard cut, copy & paste clipboard features, and modified by double-clicking with
the mouse. An example instruction isthe Calculate Wave instruction which enables the user to place
mathematical expressionsinto atask (e.g. "W1 =W2 - W3" would cause the difference between two waves
to be placed into athird).

Tasks are little programming sequences that are easily created, deleted, and viewed with commands in the
Task Menu. Commands under Task allow oneto Run atask, Stop arunning task, Continue a stopped task,
save atask to disk, and load atask from disk. For details on these commands, please see the Task Menu
discussion in the Reference chapter.

Menu Command Description
New... create anew task
New Digitizer... create a new digitizer-based-task
Edit... modify or view an existing task
Delete... delete an existing task
Open... load atask from disk
Save As... save atask to disk
Run run atask
Stop stop arunning task
Continue continue a stopped task
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THE TASK EDITOR

A simple example of the task
environment is described below.

For a more complete example, please
the Tutorial. To create atask, one
must choose New... or New
Digitizer... from the Task menu.
Upon doing this, the Task Editor
appears, as shown to theright. The
upper window contains alist of
instructions in the task and the
lower, the Instruction Dictionary,
containsalist of User Instructions to
choose from. One simply adds an
instruction by dragging from the
Dictionary into the Task Area above.
Upon doing this, the instruction's
dialog box appears, an example of
which is shown below.

The Calculate Wave Instruction,
illustrated to the right, is one of the
more popular and provides an
environment where one can define
one waveform as a function of
others via pop-up menus and edit
fields. For example, one could
define one wave as the fast Fourier
transform of another, or the sum of
two waves. Upon pressing OK,
the Calculate Wave dialog
disappears and a summary phrase
(eg. "W1 = fftfw2]", or "W1 =
W2 + W3") of theinstruction's
functionality is placed in the task's
text area. To edit an existing
instruction, one simply double-
clicksonit and it's dialog appears.
Instructions are also cut, copied,
pasted, and deleted in the same way

DA w)

Task:| HAcquire
Task Begin

Scan Loop Begin (2 scans)
Segment Loop Begin
Digitize Segment (10000 pitsfscan, le+b pissisec?
Plot Segment
Segment Loop End
Clear & Update
Scan Loop End

ik

=
———————————— Analysis ——————————— =
Calculate Hawe Name: |HC[|UII’E |
Curwe Fitting
Filter
gg&ig g:gﬁzﬁcs [ Help... ] [ Assist... ]
ESEEAZEIEZ : [I]pliuns...] [ Debug... ][ Cancel ]
Calculate Wave
O W | = |_wi |
o[ | = [ | 1] |lo.000 |
O W | = [_Wwi |+ | [ wi |
@ | Wi | = | Histogram |
Min: [JUse Dariables
([ Help ] (view Data]( Dot ][ cancel J|[ ok ]

that text is manipulated in aword processor.

Programming



Super Scope |1 & SoundScope Reference Manual

TEMPLATES

When atask isfirst created, one or more permanent (cannot be moved or deleted) instructions, known as
Template Instructions, appear in the Task area. These form a skeleton functionality that the user builds on.
The user can, at any time, add instructionsin between the template instructions, ssimply by dragging them
from the instruction dictionary. Two base templates exist, one for Digitizing tasks and one for non-
Digitizing tasks.

If one chooses, New... under task, a one instruction template appears, as
shown to theright. The oneinstruction, Task Begin, isused to initialize
several objects when the task isrun, and isignored by the user in most cases.
In this example, the "Ain0 = Ainl + Ain2" instruction is not bolded, and is
therefore not part of the template (i.e. it was added by the end user by dragging
the Calculate Wave instruction from the Dictionary to the task area).

Task Begin
ARind = Ainl + AinZ

If one chooses New Digitizer... under Task, aTemplate appears  [Task Begin

that includes the minimal set of instructions required for adata Scan Loop Begin {2 scans)
acquisition task. The Scan Loop Begin - Scan Loop End
instruction pair executes the enclosed instructions (i.e. the
Segment Loop and Clear & Update) for the number of scans as
set in the Scan Loop Begin instruction. The Segment L oop
actually acquires data. To processincoming datain real-time asit
is being acquired put your analysis instructions inside of the Clear & Update
Segment Loop. Refer to Appendix C for the list of Scan Loop End
instructions that will execute in real-time inside of the Segment

Loop. Clear & Update causes the front panel to update displays, as determined by settingsin this
instruction's dialog box.

Segment Loop Begin
Digitize Segment {1000
Plot Segment
Segment Loop End

Instructions which define the skeleton of the task, Template Instructions, appear in bold and cannot be
moved. They, like instructions from the dictionary, can however be edited by double-clicking and entering
their dialog box. Examples of Template Instructions are Clear & Update, which determines what is updated
on the front panel and when; Task Begin, which initializes objects, and Trace Loop Begin, which
determines the number of traces which are digitized.
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PROGRAM FLOW

For the most part, instructions are executed in sequence from the top of the task to the bottom; however,
some instructions effect program flow (i.e. cause instructions to execute out of order).

The Programming Instruction, shown to the right, provides the
fundamental programming constructs (e.g. loop, if, jump, jump to
subroutine, etc). For example, the Jump command causes program
flow to divert to another location in the task. Locationsto jump to
are identified with program labels. These appear in atask asa
phrase with a colon suffix (:) and are created with the Programming
Instruction's Add Label command. For details, please refer to the
Programming section of the Instructions chapter.

Add Subroutine

Add Label
Jump
Add Comment

IT-Then
While Loop

Jump to Subroutine

Do Every H Traces
Do Every Y Points

>

&
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Chapter 5
Data Acquisition

This chapter describes the timing relationships between the acquisition of data and the analysis, display and
saving to disk of the acquired data.

As described in the previous chapter; data acquisition, analysis, presentation & archival can be done either
manually with the menubar, one step at atime, or with atask, which isalist of instructions that are executed
one at atime. Tasksare created, edited, run, stopped, saved to disk, loaded from disk, and deleted. The
Task Editor contains an easy to use environment for adding and editing atask's list of instructions.

SuperScope |1 alows the user to create two types of tasks; Digitizing Tasks that are used for data
acquisition, and non-digitizing Tasks that are typically used for post acquisition analysis. Instruments can
be designed that analyze data asit is being acquired by adding analysisinstructions (e.g. Calculate Wave,
Pulse Analysis) to a Digitizing task. Instruments can be designed that stream datato disk asit isbeing
acquired by adding disk 1/0 instructions to a Digitizing task.

Since the quantity of memory and the power of the computer's processor is limited, SuperScope Il breaks
up wave datum in manageable pieces of finite length. These pieces are called "waveforms' and generally
range in size from 500 to 10,000 points, yet are limited by the amount of available memory in the computer.
All incoming data points are stored in waveforms of type 32-bit floating point and all analysis are done with
waves of type 32-hit floating point. 32-bit floating point waves consume 4 bytes of RAM per datapoint. A
computer with 16 MByte of RAM might use 4 MB of RAM for the operating system (System 7 or newer)
and 3.5 MB of RAM for SuperScope |1, which would leave 8.5 MB remaining for waveform storage. In
this situation enough memory would be available for one 32-bit wave of 2,125,000 points (2.125 M =
8.5M/4), or twenty 32-bit waves (can be a combination waves containing acquired data and analysis waves)
each of length 106,250 points (.106 M = 8.5M/20*4).

The computer's microprocessor typically takes .1 to 100 psec to plot apoint or perform a mathematical
operation (e.g. +,-,*,/); subsequently, plotting a wave of length 10K might take .001 to 1 seconds, and
saving awave of length 10K to hard disk might take .1 to 10 seconds. Sample rates (i.e. time between
adjacent digitized samples) are limited by instruNet hardware, and are specified in the instruNet User's
manual. SuperScope |1 will not allow the user to select aninvalid sample rate, and will set it to the closest
valid setting if oneisrequested.

USES OF SUPERSCOPE |1
SuperScope 11 is generally used in one of four different ways. as an oscilloscope, as an XY recorder, asa
strip chart recorder or as a post acquisition analysis tool.

A SuperScope |1 oscilloscope instrument works ssimilarly to a digitizing storage oscilloscope (DSO) where
datais acquired and processed in blocks. In SuperScope Il oscilloscope instruments the number of blocks
of datato be acquired is defined by the number of scans. An example of an oscilloscope instrument is
where aresearcher uses SuperScope |1 to repeatedly (e.g. 1000 times) flash light into a subject's eyes and
digitize the resulting EEG brain waves, accumulating a set of independent trials and saving each trial to disk.

A SuperScope |1 strip chart recorder instrument will acquire continuous streams of data the sasmeway a
conventional chart recorder does. One advantage of using SuperScope |1 and instruNet hardware for strip
chart applicationsis that higher frequency signals can be acquired with the SuperScope Il system than can
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be acquired with a conventional chart recorder. While a conventional strip chart recorder can acquire signals
in the hundreds of Hertz range at best, a SuperScope | strip chart instrument can acquire datain the kHz
range. Also SuperScope Il instruments can be designed that analyze data as it is being acquired, and both
acquired data and the results of analysis can be streamed to disk. An application for a SuperScope |l strip
chart instrument is the engineer who monitors the pressures and temperatures of vessels and pipesin a
manufacturing plant, calculates statistics on the recorded data, displays the incoming waveforms and the
analysis resultsin real-time, and saves al datato disk. In summary if the Scan Mode popup in the instruNet
Digitize Segment dialog is set to Strip Chart any Digitizing Task created will run in Strip Chart mode.

While SuperScope || instruments can be designed that process incoming data online, sometimesit is more
optimal to acquire data and then analyze it at alater date. SuperScope Il allows usersto design non-
digitizing (i.e. instruments that don't collect data) instruments that load already acquired data, view the data,
analyze the data, and then print and send the results back to disk.

Oscilloscope Instruments

Tasks that are designed to turn SuperScope |1 into an oscilloscope (i.e. instruments built with Oscilloscope
or Oscillo Queued selected in the Mode popup in the instruNet Digitize Segment dialog) acquire datain
blocks as shown in the figure below. In both Oscilloscope mode and Oscillo Queued mode each scan is
acquired on auser specified trigger condition, whereasin Strip Chart mode one trigger initiates a data
acquisition sequence and all acquired scans are continuous with each other. A typical oscilloscope
instrument would be an instrument where datais acquired on a user defined trigger condition, displayed,
analyzed and then saved to disk. Thisistypically done multiple times, much like with a benchtop
oscilloscope. While a scan is being processed instruNet waits for the next trigger condition in the
background and will continue to acquire and buffer scansin the background.

The difference between Oscilloscope Mode and Oscillo Queued mode is that in Oscilloscope mode the most
recently acquired scan is always retrieved from the buffer for processing and previoudly stored scans are
discarded, whereas in Oscillo Queued mode the first scan is always retrieved from the buffer. In Oscillo
Queued mode all scans continue to be stacked in the buffer and no scans are discarded, whilein
Oscilloscope mode each time ascan is retrieved it isthe most recent scan and all older scans are discarded.
For a complete description of the difference between Oscill oscope mode and Oscillo Queued mode please
refer to Chapter 5 of the instruNet User's manual. The figure below shows the general operation of
Oscilloscope and Oscillo Queued modes.

Scan#l time =0 Scan#zltime =0 .

1

. . > [Ime

1 C |

§| & Q E 1 < Q
19 P2 8 g2 |§331
1 = Controller DigitizesScan#1 | 5 ! ! Controller Digitizes Scan#2 | = 1
I QIW 4 = Q R 1
1 — | C | __J IWV:- E C |
= %. _é_l a g g !
| 1 Q o |
1 8 a ©1 @ 3 8
N

A

l«———— ScanlLoop#1 Scan Loop #2

In summary to build an oscilloscope instrument set the Scan Mode popup in the instruNet Digitize Segment
dialog to either Oscilloscope or Oscillo Queued (i.e. Oscilloscope Queued). Then create a SuperScope |
wave for each input channel and tie it into an instruNet channel following the directions in Chapter 2 of the
SuperScope Il User'smanual. After thisany Digitizing Tasks created will automatically run as an
Oscilloscope. For details on the Oscilloscope and Strip Chart modes of data acquisition refer to Chapter 5
of the instruNet User's manual. For details on building SuperScope |1 oscilloscope instruments please refer
to Chapters 2 and 3 in the SuperScope |1 User's manual.
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Strip Chart Instruments
Digitizing Tasks that are designed to turn SuperScope |1 into an strip chart recorder (i.e. instruments built

with Strip Chart selected in the Mode popup in the instruNet Digitize Segment dialog) acquire data
continuously across scans as shown in the figure below.

time=0 .
: > Time
1 L
:4_ Controller Digitizes Scan #l_>:<_ Controller Digitizes Scan #2—>!
1 1
| | |
s ! ) | g 0 T lc g 0
o2 waveform 'S 2 g waveform |3 = 8
1 g ! I §_ 2 = | 18 § |
4 | 1 c c | IUJ c C |
T U 9 5 s 2 8,
cC —_
1 8 2 g g o S 2.
: o) 3 g 1 2
< Scan Loop #1 \:l Scan Loop #2 —>:

Strip chart instruments are triggered once at the beginning of all scans. Thisisin contrast to Oscilloscope
instruments that are triggered separately at the beginning of each scan.

In many strip chart instruments more datais acquired than can fit into computer RAM. To managethis
situation SuperScope |1 breaks up the recorded data into manageable chunks (i.e. typically 1K to 10K
points), called scans, which are collected each time the Digitizing Task goes through the Scan Loop (i.e.
Digitize, Clear & Update). Consecutive scans are seamless with respect to their digitized data; yet are
analyzed, presented and stored to disk in blocks of finite length. SuperScope |1 takes care of making sure
that the last point of one scan and the first point of the next scan are continuous (i.e. no datais lost across
scans) as described in #1 below. SuperScope Il aso runs analysis correctly across the scans as described in

#2 below.

#1 Thefirst point of the first trace is viewed as occurring at time = 0, and the first point of subsequent
traces are viewed at occurring at times which correspond to the last point of the preceding trace, plus
one sample period. Therefore, time = 0 only occurs once when the task isrun.

#2 Instructions which do analysis automatically insure that resultant datais not adversely effected by the
fact that the consecutive blocks are analyzed at different times. For example, the derivative function
[deriv()] keepstrack of the last few points of the previous trace so that it can make an accurate slope
calculation at the beginning of thetrace. A by product of thisisthat deriv() will not necessarily return
the same number of pointsthat it is given. For example, if it isgiven 3 traces of length 100, 100, and
100; the resultant waves will be of length 98, 100, and 100. Anocther example of seamless compatible
analysisisthe Pulse Analysisinstruction. A seam which occursin the middle of apulseisnicely taken
care of by automatically storing the first part of the pulse to be analyzed with the following trace. For
details on which instructions are support seamless and point-by-point analysis, please refer to the
Seams and Things appendix.
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THE DIGITIZING TASK
If you create aDigitizing Task in SuperScope Il aminimal set of  [Task Begin

instructions will automatically be put into that task by Scan Loop Begin (2 scans)
SuperScope |1 to facilitate data acquisition. Thisminimal
instruction set that appearsin a Digitizing Task is shown to the
right. The added instructions will always appear in bold letters
(as opposed to the non-bolded letters of user added instructions),

Segment Loop Begin
Digitize Segment (1000
Plot Segment

and none of these instructions can be deleted or moved with Segment Loop End
respect to each other. This same instruction will appear for al 3 Clear & Update
modes:. Strip Chart, Oscilloscope & Oscillo Queued Scan Loop End

The user isfree to add instructions from the instruction dictionary to the end of, or in between, the bolded
instructions in a Digitizing task. Keep in mind that where an instruction is added can have vastly different
affects. For instancein a Strip Chart instrument if a Calculate Wave instruction (e.g. calculating a
derivative) was added between the Digitize Segment (1000... ) instruction and the Plot Segment instruction
in the figure above, the Calculate Wave instruction would be run in real-time as data was being acquired.
The derivative would be calculated continuously across scans. An example application would be if someone
wanted to acquire data in strip chart mode, calculate a derivative on the incoming data, and display both the
acquired data and the derivative in real-time.

If the Calculate Wave instruction was instead added after the Scan Loop End instruction (i.e. the last
instruction in the task) the derivative would be calculated on the last scan only, at the end of data acquisition.
Please refer to the SuperScope |1 User's manual for information on the instruction dictionary and adding
instructions to aDigitizing Task. Also please refer to the Seams & Things appendix of this manual for
information on what analysis instructions can be put inside of the Segment L oop.

In Strip Chart mode the last point of one scan and the first point of the next scan are continuous across
individual scans so no datais lost between the scans. In Oscilloscope mode and in Oscillo Queued mode
there are breaks in data acquisition between the scans. In both Oscilloscope and Oscillo Queued mode
individual scans are queued in abuffer asthey are acquired. In Oscilloscope mode the most recent scan in
the queue is always retrieved when the Scan Loop begin instruction is executed, while in Oscillo Queued
mode the first scan is aways retrieved.

The total amount of data that SuperScope |1 will collect in aDigitizing task is the product of the number of
scans collected * the amount of data collected per scan. The number of scansto be run, and the number of
points to be collected per scan are set in the Digitize Segment dialog. The Digitize Segment dialog can be
accessed by double-clicking on the Digitize Segment instruction in a Digitizing task. Please refer to Chapter
2 of theinstruNet User's manual for information on the Digitize Segment dialog.

Each scan is acquired by repeatedly processing little segments, a segment at atime, until the entire scan has
been acquired. Instructions that are added inside of the Segment loop are processed in real-time as datais
being collected. At the end of a scan instructions that are outside of the Segment loop but inside of the Scan
loop are executed. Then the next Scan isstarted. This process continues until al of the scans are done.
Thismodeisideal for recording, analyzing, viewing and storing a very long (e.g. 1000 MByte) continuous
streams of datain Strip Chart mode and in Oscillo Queued mode.
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Digitize Segment pullsin L

: —™ ™ Task Begin
alittle segment of b g Lo

digitized data from the —— "I— Scan II.oop Begi n —’: :‘— Scan Loop Begin

instruNet Controller [ T T T T T e T T T ST = segment Loop Begi n
I i | |

(which continuously I - .«--:— ----L —:<—>I<— Digitize Segment

between scans or ~ = ~l«>=— Plot Segnent

segments), which can be
analyzed, displayed and
streamed to disk while
data continuesto be

|
|
|
digitizes with no gaps :
|
|
|

|
acquired in the ! . . ;! o ime
background. Plot —= ~— atfortrigger L
Segment plotsthe «—  digitizescann -« digitize scan n+1, —»—» digitize scan n+2
segment on the screen. - | | |

. : ! ime=0 ! !
The user easily builds on | | ! !
this template by adding : | .
instructions at any /|/\ ’ Ime
position. Many >
instructions can analyze long streams of data via seamless segments, as detailed in the Seams & Things
appendix. Theillustration above shows two iterations through the Segment Seamless scan loop:

DATA ACQUISITION PARAMETERS
Parameter are set by the user as described in the following table.

Parameter

Where Parameter is Specified

# of channels

# of sets of scansto acquire

# of points-per-scan

samplerate

Trigger source & method

Specified inthe Link To instruNet Channd button in the
Wave diaog.

Specified in the No. of Scansfield in the Digitize Segment
diaog.

Specified in the Pts per Scan field in the Digitize Segment
diaog.

Specified in the Sample Rate field in the Digitize Segment
diaog.

Specified in the Trigger Settings dialog, which is opened by
choosing Trigger under the instruNet menu. Refer to
Chapter 2 of theinstruNet User's manual for details on the
Trigger Settings dialog.
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Chapter 6
| nstructions

SuperScope |1 provides over 30 programming instructions. These are accessed in the Task Editor and are
used to construct tasks. For details on how to create and edit tasks, please see the Programming chapter and
the Task discussion in The Menubar chapter. This chapter describes each instruction in detail.

Many instructions use pop-up menus to Mouve Marker:
customize asentence. For example, Move
Marker moves the specified marker to thefirst ~ Moue to [ first peak | of wave

peak, first maximum, first value, etc of a
specified wave; asillustrated to the right. When the user presses OK in the instruction dialog, the
instruction isinserted into the task and represented with one line of text (e.g.

Mowe M2 to first peak of Woiced). Instructions are very smart and will not let you press OK if they
are not setup properly (OK becomes gray). One can press Cancel at any time to abort the creating of a new
instruction, or to reverse changes to an existing instruction. 1f an instruction becomes non-executable after
itiscreated, it'stext is suffixed with ">>>SETUP INVALID <<<" (e.g. your instruction moves marker
M1, and someone later deletes M 1). In this case, the user must either fix the instruction by doing what is
necessary to repair it, or give up and delete the task. To force immediate execution of the instruction, one
can pressthe Do It... button. Do It isnot always alowed since the instruction might require the front panel
to bevisible. In these cases, Do It isdisabled (i.e. it becomes gray).
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THE TRANSFER DIALOG

Thetransfer dialog is used by
many instructions (e.g. Statistics on:| Fo |
Statistics, Pulse Analysis) to fo ]
transfer valuesto and from Transfer... auvg to...
waves, variables, journals, (vavg = 020202[B i i
strings, controls, instruNet min K wave: |_Slicel | (options... ] (w]
fields and markers. Thiscan max []variable:| error | (8ptisas.. ] (V]
be thought of as a hub where H at min ] :
datais transferred to and from H at max (<] Journal: | Data | [l]ptmns...]
objects. area [string: |_retlalue | [5ptinas... | @
std dev >

Thelist at the eft is used to rms L Controt:
select parameters for transfer duration || | Oarker: | time
and the options at theright sum of points <> '

ecify where each parameter
isgtran)gferred to or fF;om. For [ Doit | [ Clear | [ cancel ]
example, in the above

illustration, Statistics are calculated on wave Fo, and the transfer dialog is setup to transfer the average value
to both journal Data and wave dicel. Pressing on another parameter (e.g. min, max) would cause the
transfer options for that parameter to appear to theright. Subsequently, the Transfer dialog can be used to
send any combination and number of parameters to any combination of journals, waves, variables, strings,
controls and markers. Recall that markers are like variables since they contain one value, which is often a

time.

The Wave, Variable, Journal, String, Control and Marker

checkboxes enable the transfer of values to or from the object
selected in the adjacent pop-up menu. PressingtheW, V, J, S,
C, and M buttons opens the Wave, Variable, Journal, String,
Control and Marker Options boxes, respectively. The box opens
for the first object in each list (e.g. given W1, W2 and W3,
pressing the W button opens the W1 Options box) and if there are
zero itemsin the list, a new object is created and it's Options box
isopened. Pop-up menus at the top of each Options box enable
the user to easily move from one object to another (e.g. from

wave W1to W2). The Options... buttons open dialogs that
specify exactly how the value is transferred.

The Journal Transfer Options dialog sets the numerical precision used to
transfer values to journals. High prints with 7 digits after the decimal, Medium

with 3 digits, and Low with 1. An exampleisillustrated to the right.

Journal Transfer Options

Precision: ) High
i Medium
1 Low

Increasing journal tab spacing
can increase precision.

High 0.5923239
Medium 0,592
Lo Ge—1

The Variable Transfer Options dialog determines if the
variable's unitslabel (e.g. "Volt", "mmHg") is updated with the
transferred value's units label.

Dariable Transfer Options

£ Transfer units label
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The Wave Transfer Options dialog

specifies which point receivesthe
transferred value. Thefirst value
transferred in atask is either sentto a
specific point number (where point #1 is
the first point), or to the end of the
wave. Each subsequent transfer (ina
running task) is either done with the
Next Point Location, or to the Same
Location. If the wave'slast storage
location is exceeded: thevalueis
transferred to point #1, the transfer does
not occur, the task is stopped, or the
waveisenlarged and the valueis
transferred normally. When a new scan
isacquired in a digitizer-based-task,
transfers can occur normally, or they

1st Transfer:

Mext Transfer:

If hit wave end:

Upon new trace: & Continue

Wave size:

Ilave Transfer Options

@ Point #
i Append to last point of wave

@ Nedt location (O Same location

@ Transfer to point #1

i» Stop transfers yet don't stop task
1 Stop task and show alert

i3 Try to enlarge wave

i Transfer to point #1

200 points minimum

canreset to point #1. At the beginning

of atask, all waves are resized, as requested by the Wave Size field. Wave enlarging occasionally fails due
to memory limitations; in which case, an dert is shown. Each wave begins at a certain place in time (Osecin
most cases) and thiswave start timeisreset to 0 at the 1st Transfer. If thisisundesirable, one can change
the start time after the Transfer viathe Set Wave Internal s instruction.

The instruNet Field

instruNet network, as

Options dialog is used to -~ 1oNet Field -
s ect aspecificfield inthe Network Device Module Channel
[ #18lot14 || 1#100 || 1#100 || Chi Vin+ |

Field Current Dalue:

| | value Input | | -1.86057

illustrated to the right (e.g. Settings
which is set up to read the [ General
voltage from Channel "Chl

Vin+"). Thisisused by the

Scalar Math and String

instructions when reading or

writing to specific instruNet v General
fields. Noticethat any cell Hardware
shown on the instruNet Constants
Network page can be Display
accessed with this dialog. Lowpass Filter

Highpass Filter
Bandpass Filter
Bandstop Filter
File

Driver Ram Buffer
User Ram Buffer

+ Ualue Input
Units Lahel
User Mame
% Samp Rate
Channel
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THE STRING DIALOG
Strings are used to hold a series of

characters of any length, memory permitting string: [ S1 |
(e.g."hi","1.2"). They are easily created,

renamed, and ddeted; and thar text iseasily pr is thn_a time for all good men and women to come to the (9
viewed and edited. Many task instructions aid of their countryl

transfer text to and from strings.
Transferring avalueto astring resultsin the
textural representation of that number being
placed into the string (e.g. "1. 23412").
Transferring avalue from a string resultsin =
the string being scanned for a number. If a PAFAMELErS e

ber i t isfound (e.g."hi! "), 0.000
S o ee Ty amesr ] e ) ()
Units: [ Delete ][ Revert ]

The String Options diaog, illustrated above,
manages string objects. The New button
creates a new string, the Delete button del etes the string shown in the upper-most pop-up menu, the Name
field is used to view and edit the object's name, and the Unitsfield is used to view and edit the objects
engineering units label (whichisused in some calculations). Thetext areais very powerful sinceit supports
the standard Cut, Copy, Paste, and user typing -- just like ajournal or text editor window! In the above
dialog, string S1 isshown ascontaining"Now is the tine for all good women and nen to conme to
the aid of their country".

THE VARIABLE DIALOG

Variables are used to hold one 32-hit floating point value

(e.g. 16, 2.3, 1.34e6). They are easily created, Dariable: [ H |

renamed, and deleted; and their values are easily viewed barameters

and edited. Many task instructions transfer values to o

and from variables.  Name:[F K (T
. |

The Variable Options dialog, illustrated above, manages . Dalue: |1, P

variable objects. The New button creates a new  Units: [voits |

variable, the Delete button deletes the variable shown in Delete

the upper-most pop-up menu, the Vaue field is used to

view and edit the object's value, the Name field is used
to view and edit the object's name, and the Units field is used to view and edit the objects engineering units
label. Inthe above diaog, variable X is shown as containing 1.2.
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ALERT, BEEP, OR DELAY Prompt User

[lustration

Description

Alert, Beep & Delay
' Beep
i1 Stop task
i1 Break out of Scan Loop
7 Increment Scan Number
i1 Wait for mouse down
1 Iait for mouse up
) Wait for key |“r |[press

) Delay for|2.000000 |seconds

{_3 Synchonize to|1.000000 (second intervals
@ Show Alert: | Hello

[J use Dariables

[ Help ][ Do It ][ Cancel ]

Alert, Beep Or Delay is used to sound a beep, show a message in an adert, stop the
task, wait until the mouse button is pressed, wait until the mouse button is released,
wait for a specific key press, freeze for a specified duration, or synchronizeto a
specified duration.

Beep causes the computer to beep for .3 seconds. The task freezes during thistime.

Stop task causes the task to come to ahalt. Thisissimilar to choosing Stop under
Task; Continueis allowed.

Break out of Scan L oop causes the task to break out of a Point or Scan loop and
continue with instructions after these loops.

Increment Scan Number causes the task to increment the scan loop count by 1.
For instance if atask is running throughout the third scan of atota of 10 scansand
thisinstruction is executed the next scan done will be scan 5 instead of scan 4.

Wait for mouse down causes the task to freeze until the mouse button is pressed.
Wait for mouse up causes the task to freeze until the mouse button is depressed.

Wait for key press causes the task to freeze until the specified key is pressed.
Specify "\r" for the Return key, "\t" for the Tab key, and "\b" for the Delete.

Delay causes the task to pause for the designated number of seconds, before
executing the next instruction. The delay is accurate to +.25us if an instruNet
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controller isinstalled, otherwise, the durations are accurate to +16ms. The maximum

delay timeis 23 hours.

Synchronize paces a programmed |oop
such that a set of instructions are executed at
aconstant rate. Inthe exampleto theright,
the synchronize feature is used to sound 5
beeps at 2 second intervals. The sync
interval is accurate to +.25us if an instruNet
controller isinstalled.

Task Begin
Loop 5 times

Delay for 2.00000 seconds

Beesp
Loop end

Display message causes an alert box to appear with the specified message. The
task freezes until the user presses the OK button.

Use Variables allows the user to specify any SuperScope |1 variable to define the
Delay for or Synchronizeto options. If the Use Variables box is checked the edit
fields next to Delay for and Synchronize to will turn into popups where the user can

sdect avariable.
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ARITHMETIC

Scalar Math

[lustration

Description

Debugging

See Also

Scalar Arithmetic

| Journal

()
£
i
s
E-g
a:]

| wiew

Eniinng..

0.00000 0.01000 0.00000 Dolt

[ Help... ][ Doit |

This instruction arithmetically combines two objects (e.g. +, -, +, *)
and transfersthe result to athird. The AND and OR are bitwise
operators; for example, (5 AND 12) produce 4 (01012 AND 11002 =
01002). The>, <, >= (greater then or equal to), <= (less then or equal
to), == (equal to), and != (not equal to) return 1.0 if true and 0.0 if
false. For adetailed discussion of operators, please see the Operators
section at the beginning of Chapter 7. Recall that amarker'svalueis
derived from it's position; a control's value is derived from it's
position; astring or journal’'s value is derived from it's text (zero is
assumed if the text does not contain a number); and awave's scalar
value is derived from one point, as specified by the Wave Transfers
Options dialog, discussed at the beginning of this chapter. For your
convenience, the current value of each object is shown at the base of
thedialog. It'saseasy asforming a sentence!

To view the run time results of thisinstruction (e.g. V2 = V1 + V2
»» 3.000 = 2.000 + 1.000), please enable the Task80 option in the

Task Debugging Options dialog, create ajournal by the name of "Task80" (Position:

Window is usually best), and run the task.

Assignment (scalar), Transcendental (scalar)
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ASSIGNMENT Scalar Transfer

[llustration
Scalar Assignment

|__Variable | | Dalue |

| error | ¥ |o0.000
Fnbinng..
1.00000 Volts 0.00000

[ Help.. ][ Doit |[ Ccancel ]

Description Thisinstruction copies the scalar value of one object into another. Recall that a
marker's value is derived from it's position; a control's value is derived from it's
position; a string or journa's value is derived from it's text (zero is assumed if the
text does not contain a number); and awave's scalar value is derived from one point,
as specified by the Wave Transfers Options dialog, discussed at the beginning of this
chapter. For your convenience, the current value of each object is shown at the base
of thedialog. It'saseasy asforming a sentence!

Debugging To view the run time results of thisinstruction (e.g. V2 = V1 »» 2.000 = 2.000),
please enable the Task80 option in the Task Debugging Options dialog, create a
journal by the name of "Task80" (Position: Window is usually best), and run the
task.

See Also Arithmetic (scalar), Transcendenta (scalar)
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CALCULATE WAVE Waveform Mathematics

[lustration

Description

Seamless
Scans

Debugging

For More

Calculate Wave

| time | =| time |

T [ time | = [ time ||+ ||o.000000
| time | =| time || + || time
@ | ac | = | AutoCorrelation |

[J use Dariables

([ Help ) (view Data)( Doit J( Cancel J[[ ok ]

Calculate Wave is used to perform waveform calculations; such as fft, cos, +, or *.
Over 80 functions and operators are supported, as detailed in the Functions &
Operators chapter. Calculations are easily setup by adjusting popup menus and radio
buttons. For example, in the illustration above, an autocorrelation of waveform
"time" is placed into waveform "ac" upon calculation. Calculation occurs when the
user presses the Do It button, or when the instruction is executed in atask (the OK
button does not trigger a calculate).

The Calculate Wave instruction can be accessed from the Wave menu viathe

Cd culate command, or from the Instruction Dictionary in the Task Editor. The
former is used to do calculations manually, while the later is used to do calculations
automatically (i.e. in atask).

Thisinstruction typically supports seamless scans and is not effected by scan breaks;
subsequently, it can be used to process very long (e.g. 1 billion points) continuous
streams of data. For example, if the user processes ten seamless 1K point scansin
Strip Chart mode, the result isidentical to that done with one 10K point trace. For
details on the which functions support seamless scans, please see the Seams &
Things Appendix.

To debug, use the Task Editor button to view the source and result waves
before and after the Calculate Wave instruction. Viewing waves can be done
graphically with afront panel display, or viathe Wave Value Editor. Notice that one

can access the Value Editor by pressing the Task Editor () button, and then pressing

the Wave Options(__Edit.. | button. To switch from one wave to the next, click on
the Vaue Editor's upper-most pop-up menu.

Please see the Functions & Operators chapter for a discussion of waveform
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Information types, complex numbers, programming, operators and functions.
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CHOOSE M ENU

Menu and Keyboard Access

[lustration

Description

Choose Menu

® Menu:

Command: | Load Data... || time

) Key press:
) ¥ Key:

» Open instruction number

in task

[] Automatically press encountered 0K buttons

[ Help.. | [ DoIt | [ Ccancel ]

Choose Menu is used to select a menubar command, press akey (e.g. choose Print
under File, press Option '€, etc), or open an instruction dialog. For example, in the
aboveillustration, Load Data... Timeis chosen under Wave, automatically, when
thisinstruction is executed. Thisisvery powerful sinceis brings all menubar and
keyboard commands within the scope of task instructions.

Menu...Command is used to specify the selection of a menubar command, with
full support for submenus.

Key Pressis used to specify any key press, such as option m, which opens the
memory report dialog. For alist of hidden features, many of which are accessed via
the option key, please open file (choose Open... under Journal) "!Hidden
features.note" in the "Programmer's Notes' folder inside the "Goodies' folder. This
file expects tabs every 4 characters (i.e. choose Options... under Journal and set
Tabsto "4" characters).

Key isused to select a cloverleaf key, such as W, which creates a new
waveform.

Automatically press encountered OK buttons is used to close dialog boxes,
after they are opened by thisinstruction (it isasif someone pressed the OK button).
Thisworks on most dialogs, yet not al; due to interna dialog mechanisms.

Many command keys are disabled when adialog is open; therefore, Choose Menu
may not respond as expected when Go or Step is pressed in the Task Editor.

Open instruction ... in task ... is used to show the dialog box of an instruction
a runtime. Theinstruction number uses base 1 (i.e. Task Begin isinstruction #1,
the instruction after Task Begin is#2, and so forth and so on).

Instructions



Super Scope |1 & SoundScope Reference Manual

CLEAR & UPDATE Display Control

[llustration
Clear and Update

" uisplﬂu: | |]'| I ..............
[<] Clear every |1 trace
[<] Update every |1 trace

-Journal:| Task80 |-

[]Clear every trace

1

Description Thisinstruction is used to control displays and journalsin a digitizer-based-task. It
is here that one specifies the maximum rate that each display is cleared, each display
is updated (i.e. redrawn) and each journal is cleared. The display clear and update
fields are often used to reduce the amount of time dedicated to screen graphics. For
example, one can acquire and analyze 100 scans much faster if clear & update is done
once every ten scans, as opposed to once ascan. Drawing to the screen often takes
more time than analysis or acquisition.

The Display Clear every n scans edit field sets the rate each display is cleared.
If the Clear every n scans checkbox is not checked, clearing isinhibited all together.
This pertains to each display, as selected with the Display pop-up menu.

The Update every n scans edit field sets the rate each display is redrawn. If the
Update every n scans checkbox is not checked, clearing isinhibited all together.
This pertains to each display, as selected with the Display pop-up menu.

The Journal Clear every n scans edit field sets the rate each journal is cleared.
If the Clear every n scans checkbox is not checked, clearing isinhibited all together.
This pertains to each journal, as selected with the Journal pop-up menu.

o)
1
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CURVE FITTING

L east-Squar es-Fitting

[lustration

Description

Curve Fit: E

-~MMethod

Model:| Polynomial | # of terms: |1

al +alyg + a2yt + ..

~Results

[<] Replace source wave with result
[ Help ][ Do It ] [ Cancel ]

Thisinstruction fits the specified wave to asin, .
polynomial, exponential or linear expression. For . .
example, in theillustration to the right, a series of 200
samples were fit to a 5th-degree polynomial (i.e. a0 +
alx + a2x2 + a3x3 + adx4 + abx>). To facilitate
viewing both the source and result, the source was
copied (via Calculate Wave) into a another wave
before replacing it with the result.

The Transfer dialog is used to setup the transfer of any combination of coefficientsto
any combination of SuperScope Il objects. For example, one could send the a0, al,
a2, a3, a4, and ab valuesin the above example to ajournal. Additionally, the RMS
Error, Avg Error & Max Error values can be transferred to objects viathe Transfer
dialog.

The table below summarizes the various models with which to do aleast-squares
curvefit.

M odel Expression
Linear a0 + al*x
Polynomial a0 + al*x + a2*x2 + a3* x3
Exponential a0l + al*exp(-a2* x)
Sine a0 + al*sin(a2*x + a3)

Polynomial offers aflexible number of terms. The # of terms field determines the
number of terms after the a0 parameter. The maximum number of termsis 10 with
Polynomial. The SIN function returns Radians and the x-axis values correspond to
the sample period and start time of the wave.

In some cases, it isimpossible to converge on agood fit. Thisisusually dueto
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excess random behavior and is often fixed with alow pass filter or a smoothing
function (i.e. Filter instruction or Smooth function in Calculate Wave). When the
curvefitter fails due to lack of convergence, an alert appears and the task is stopped.
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DATAPIPES File Pathname Control

[lustration

Datapipe:

{® Show datapipe's Folder Dialog
» Create new folder and prompt for folder name
3 Create new folder with default name, don't prompt

[ Help... ][ Doit ][ cancel |

Description The Datapipes instruction is used to show a datapipe folder dialog, create a new
folder for data, or create a new folder and prompt for afolder name.

Show datapipe's Folder Dialog is identical to choosing Datapipe Folder...
under File.

Create new folder and prompt for folder name is identical to choosing New
Folder... under File. When afolder is created, the datapipe will go up one level,
create afolder, and then dip the pipe into the new folder; therefore, it might be best to
preposition the pipe to a data set folder.

Create new folder with default name, don't prompt is similar to New
Folder... under File, except a default unique name is chosen (i.e. the user does not
seeadialog box). When afolder is created, the datapipe will go up onelevel, create
afolder, and then dip the pipe into the new folder; therefore, it might be best to
preposition the pipe to a data set folder.

For details on datapipes and their commands, please refer to the Datapipe discussion
in The Menubar chapter.
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Disk I/0O Journal, Wave & File Transfer

[llustration
Data Transfer

() Save | wave I[ Fo | to disk
@ Load | journal |l Data | from disk

(O Transfer wave | Fo | to journal | Data

() Transfer journal | Data | to wave | Fo

i Delete last saved file
7 Delete last loaded file

[ File... ][l]ptiuns...] ] [ Cancel ]

Description The Disk I/O instruction is used to transfer awave or journal to or from disk, delete a
file, transfer wave datato ajournal, or transfer journal datato awave.

Save Wave or Journal to Disk and Load Wave or Journal from Disk are
identical to choosing Save As... or Load As... under Wave or Journal, respectively.
For details, please see the discussion of these commands in The Menubar chapter.
The File button in the Disk 1/O instruction is used to access the standard File Open or
Save dialog. Itisfrom herethat one chooses afile name and location, as done in any
file 1/0 operation.

The Save/Load
Wave/Journal Options File Options
button is used to open the Database
{:O”'[?'Ie?i%tf'llto.nlst goﬁ(éres?hogtvn g:regu ?:e name LI.II:: inc:lrementing integer
one can specify that an refix file name with value:[_ D1 |
L?g?ﬂé@%gﬁ?gﬁatﬁe B Prefid file name with ualue:

. ! _ & Prefix file name with value:
(e.g. file"myFil€e" is stored (o5 ]
under file name "000001 < Upon file error, show an alert

myFile" on the first save,
"000002 myFile" on the
second save, etc). Thisis
helpful if you want to hold
many scans, in a database-
like format, in one folder, for analysis post-acquisition. Y ou can aso specify that 1,
2 or 3 variable values be prefixed to afile name (e.g. "0000055 0000020 0000230
W1". This providesthe ability to createa 1, 2 or 3 dimensional database of wave
and/or journal files. The Upon file error, show an alert checkbox is used to enable
error reporting. And, if Upon file error, shop al running tasksis checked, all tasks
are stopped upon incurring afile 1/O error.

] Upon file error, stop all running tasks

The Format button in the File Save Wave dialog, described in The Menubar chapter,

o)
1
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provides many formatting and data size options (e.g. store datain binary or text
format).

Transfer Wave to Journal is used to transfer wave points, in text form, to ajournal or
astring. Thisistypically used to get wave datainto an ASCII format for easy export
to spreadsheets and word processors. If you are transferring waves > 32kBytes you
must transfer wave data to a string since 32kBytes is the maximum capacity of any
singlejournal. String capacity isonly limited by available computer RAM so large
waves can be transferred to strings.

Y ou can transfer multiple waves to the same string or journal, each of which will
appear in a separate column. A wavethat istransferred to ajournal or a string will be
put in one column and can be indexed by point number, or by time, or have no

index. If anindex isapplied it will appear as the first column in the string or journal.
When astring or journal is opened in a spreadsheet each wave in the string will
appear as a separate column of numbers. For details on transferring text between
application programs, please see Appendix Transferring Data.

The Transfer Wave Options

button opens the Tr ansfer Transfer Data from Ain0 to Notes
Wave Options dialog,

shown to theright. Itishere -Save:

that one specifiesif the entire @ Entire wave

wave, or only a segment, is

transferred to the journal. > From point ([ te|100

Also, one can specify if each
point is labeled with an -Label data with:
index, atime, or nothing. )
Theillustration below shows @ Index () Time () Nothing
four wave points labeled

with an index. If thistext
was transferred to a [ Hetp | [ _cancel |

spreadsheet, one column

would contain the offsets, and the neighboring column WA
would contain the wave values. Transferring datato a Ualt
spreadsheet is very powerful when combined with a offset base: 1
spreadsheet macro that automatically analyzes, graphs, +0 0. 000
stores and prints. The macro capability in Microsoft Excel ~ +1 0,602
is especialy wonderful sinceit dlowsyou to create macro  *2 1.197
sheets by recording key and mouse activity (i.e. youdonot  *+3 1773

need to type macros into a macrosheet and "program”).

Transfer Journal to Wave is used to transfer a column of numbers, in a
journal, to a wave.

Instructions



Super Scope |1 & SoundScope Reference Manual

The Transfer Journal Options button opens the Transfer

Journal Options dialog, shown
totheright. Itisherethat one
specifies the maximum number of
points to transfer; the journa
column number to transfer from
(column #0 is the left-most column);
and whether the datais appended to
the end of the wave, or replaces
existing data.

Delete Last Saved or Loaded
File deletes the last saved or loaded
wave or journa file, respectively.

Transfer Data from Data to Fo

Mumber of points to transfer:

B

Transfer from journal column:

i) Replace wave every transfer
i Append to end of wave

[ Hein ] [Eancel]

This pertains to any wave or any journal, saved from atask, or viathe menubar.
Careful, this feature will make you sad if not used properly.

For More Please see the Save As.. under Wave discussion in The Menubar chapter for more
Information information.
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DISPLAYS Clear, Calculate or Redraw Displays
[llustration
Display:
(® Clear display
1 Plot additional points
{_) Show display ) Hide display
{_ Clear, Calculate and Redraw display
{_J Calculate and Redraw display; don't Clear
(_) Clear, Calculate and Redraw all displays
which are not current with the latest data
(O Lo display dats
{_) Scroll display as needed
{_) Shift the display left by |I].Il]l]
{_) Shift the display to the |0.000 position
7y Shift the display to the | error | position
[ ] Use UHariables
[ Help... ] [ Do 1t ] [ Cancel ]
Description Displaysisused to clear, calculate, or redraw adisplay. Thisisimportant since

updating a display takes processor time, and therefore should not be done
redundantly or too seldom. For related information, please see the Clear &
Update Instruction.

Clear display causes adisplay to be cleared and for the redrawing to be inhibited.
Subsequently, the display appears "empty", independent of resident waves.

Plot additional points causes points that have not yet been plotted to be plotted.
Show display, Hide display causes a display to be visible or hidden.

Clear, Calculate and Redraw display causes the display to be redrawn.
Calculate and Redraw display; don't Clear causes the display to be redrawn,
without clearing old data before drawing. Subsequently, old and new datais shown
simultaneoudly. Thisisuseful for viewing aset of scansin one display.

L og display data has the same affect as clicking the Log button in an Analysis or
Snapshot display in SoundScope. Thisoption isonly applicable to SoundScope.

Clear, Calculate and Redraw all displays which are not current with
the latest data causes all displays with new data to be redrawn.

Scroll display as needed causes the display to be scrolled such that the last point
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of thewaveis shown in the display.!

Shift the display left by ... causes the display to be scrolled by the specified
quantity. If the"Use Variables' option is enabled the edit field will turn into a popup

where the amount of the shift is specified by the value of the variable.

Shift the display to the ... position causes the display to be scrolled to the
specified left edge position plus 2 divisions.1

Shift the display to the "variable popups" position causes the display to be
scrolled to the | eft edge position specified by the value of the variable in the popup.
The display will shift to a position 2 divisions from the left edge of the variable.

11f disk-based seamless scrolling is enabled, this will cause disk-based data to be
brought in from disk, as needed.
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FILTER

FIR Filters

[lustration

Overview

Description

Filter: | Fo

Type: | Low pass (FIR) | (Custom...]

FreqCutoff: (% of sample rate)

Boundries: | zero pad |

Freq Cutoff: 125.0 Hz Phase: linear
Stopband: -98 dB Taps: 99

The Filter instruction is used to run alow-pass filter, high-pass filter, hamming
window filter, or rectangular window filter on awaveform. Alternatively, you can
provide your own filter coefficients to implement acustom FIR filter. This
instruction can also change the sample rate of waveform, while maintaining the
integrity of it'sdata (i.e. it low-passfiltersto avoid aliasing).

The Filter instruction contains several resident filters, yet in many cases they will not
suit your specific needs. In these cases, you would need to design a custom filter
with another application program, and store it in a SuperScope Il instrument. For
details on how to do this, press the Custom button.

For a wonderful little $99 filter design application
program with a 1 page manual, please contact Zola
Technologies, Inc = ORDER #Z-1ULFDAP = TEL
404/843-2972 = FAH 404/843-0116.

The Type pop-up menu is used to set the filter type to Low Pass FIR, High Pass,
Smoothing, Low Pass HAM, or Change Sample Rate. The cutoff frequency (i.e. the
frequency where the transfer function is 3dB down from the pass band) is set with
the Freq Cutoff pop-up menu, as a percentage of the sample rate. The actua

cutoff frequency in Hz is displayed at the bottom of the dialog. The Hz cutoff value
is based on the sample rate of the source wave (i.e. the one chosen in the top-most
pop-up menu). Since this sample rate can change, the filter is always specified asa
percentage of the samplerate. The Stopband value in the rectangular box shows
the difference, in dB, between the pass band and the stop band. Thisvalueis often
proportional to the number of FIR coefficients (shown asthe Tapsvalue), and is

Instructions

6-21



Super Scope |1 & SoundScope Reference Manual

Low &
High Pass

Change
Sample Rate

Low Pass HAM

Smoothing

therefore proportional to the time required to run thefilter. The Boundaries pop-up
menu specifies the technique for handling end points: Zero Pad or Truncate. Zero
Pad entails zero padding before and after the original source wave to produce a
resultant wave that contains the same number of points as the original, without a
phase shift. Truncateisalittle faster and produces aresult that is a convolution
between the source wave and the coefficients. The number of result pointsisless
than the number of source points by the number of coefficients (i.e. # result points =
# source points - # coefficients). Also, a phase shift equal to half the number of
coefficientsisinduced (i.e. phase shift = source wave sample period * (# of
coefficients + 1)).

For example, in the above illustration, alow pass FIR filter with 99 taps is setup to
run on wave "Fo". If Foisa 10,000 point 16bit integer wave, roughly 99 * 10K =
.99M multiply and accumulate calculations are made. On aMacintosh 11X, this takes
approximately 1 second (~1ps per multiply and accumulate -- not bad!). Inthis
example, the pass band is 98 dB down from the stop band, and the 3dB down point
is.25 timesthe samplerate. Therefore, if Foisa 10 Vpp (i.e. amplitude peak-to-
peak) sineat .1 * samplerate plusa10Vpp sineat .5* samplerate, the first sine will
remain untouched and the second sine will be attenuated 98dB to .00012V pp (98dB
=20 * 10g10(10/.00012)).

Low Pass passes |ow frequencies and attenuates high; whereas High Pass passes
high frequencies and attenuates low. The Freq Cutoff pop-up shows several
choices, each of which correspond to afilter installed in the application. Expect the
number of installed filtersto grow.

The Change Sample Rate feature is used to change the sample rate of awave,
without adversely effect it'sdata. Several conversion rates are offered in the New
Rate pop-up menu (e.g. 25%, 50%, 200%, 400%).

Down sampling isimplemented by first low pass filtering, and then tossing
unwanted points (e.g. toss 3 out of every 4). Up sampling isimplemented by zero
inserting the original data (e.g. expand wave horizontally by x4, and place zeros 3
out of every 4 points), and then low-pass filtering.

The Compress() and Expand() functions, described in the Functions & Operators
chapter, can be used to change a sample rate dightly (lessthan +15%). Changing
rates drastically viathese two functions will result in aliasing.

Sample rate conversion can be done severa times on the same wave to achieve anon-
standard conversion rate. For example, one could do 400% twice to achieve 1600%.
Or one could take a 44.1K s/sec wave, do 25% to get to 11.025K g/sec, and then do
Compress(wave, 1.1025), in atask, to get 10K s/sec data.

The Low Pass HAM option convolves the wave in the top-most pop-up menu with a
hamming window, and therefore implements a rough low-pass filter. It's transfer
function follows a sin(f)/f shape with a stopband 43dB down from it's pass band.

Smoothing convolves the wave in the top-most pop-up menu with arectangular
window, and therefore calculates a "moving average" of it's points. For example,
{1,2,3,4,3,2,1} convolved with {.5, .5} produces{3/2, 5/2, 72, 7/2, 5/2, 3/2}.
Smoothing is much faster than the other filters and is often used to "smooth" a noisy
waveform. It's transfer function follows a sin(f)/f shape and with a stopband 12dB
down from it's pass band (i.e. it isavery rough low pass filter).
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Custom

To run acustom FIR filter, choose Custom FIR in the Type pop-up. Subsequently,
a Coefficients popup appears, and it is from here that one chooses awave that
contains the FIR coefficients. When thefilter is run, the pointsin the coefficient
wave are convolved with the source wave (which is selected in the top-most pop-up
menu). For example, if the source contains{1, 2, 3, 2, 1} and the coefficient wave
contains{.25, .5, .25}, the result will be {2, 2.5, 2}. For an example custom filter
wave, please seefile"Low Pass .25" in the "Custom Filters' folder, within the
"Goodies’ folder. This contains 99 coefficientsin asin(f)/f format, as shown in the
illustration to theright. To load this wave, choose Open...

under Wave. This coefficient stream implements the low-

pass filter shown in the Filter dialog above.

If you are not setup to calculate your own filter
coefficients, and want help, press the Custom... button.

Coefficients values range from -1.0 to 1.0 and their sum is

the gain of thefilter (e.g. .25, .5, .25 will yield again of 1). The sum of coefficients
istypically set to .98 or so. If working with 16bit integer source data, it is possible
for the result to overflow at the +32K bound. The convolver overflows well and sets
an out of bounds value to the bound. The number of coefficients can range from 1 to
1K. If you run the filter with zero padded boundaries, it helps to have an odd # of
coefficients (thingswill round off alittle better at the end points).

To import a stream of coefficients, copy them to the clipboard as a column of
numbers (i.e. each number is separated by a carriage return), enter SuperScope 1,
create a new wave (with a 32bit floating point format, which is the default), open the
Value Editor, select all the pointsin the wave, and choose Paste. To save thiswave,
choose Save As... under Wave. To store the coefficient wave's datain an
Instrument file, press the Points button in the Coefficient wave's Options dialog
(choose Options under Wave), and then enable the Save data with instrument file
checkbox.

Only 3 digits after the decimal are shown in the Wave Vaue Editor, yet more are
stored internally. If you type into the editor, you may only get 3 digits of accuracy.
Paste to the table editor is more accurate since the interna datais moved, and not the
"viewed" (3 digits after decimal). If you select acell and move to another cell, it will
read thetext if it differs by more that .001 from the values stored internally and
update the internal value to that (truncated) viewed value. If you Copy datafrom the
clipboard, you will only get 3 digits of accuracy; Copy Wave Text under Waveis
better.
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GET TIME +.25us Timebase
[llustration
Get Time
Transfer... month to...
+ month
ﬂu O wave: | time | (gptiens... ] (W]
EEﬂr (] variable:| error | [Bstisns...| @
muiﬁztes X Journal: | Task80 | (options...] [4]
seconds O] string: [ retvalue | [i;g;%émmm] @
powrer on secs
apl launch secs ] Control: IZI
begin task secs WP IPIN ti M
trigger secs LiMerker: | me
[ Doit | [ clear | [ cancel | 0K |
Description Get Time provides immediate time information for purposes of absolute time, and
duration measurements. For example, one could use thisinstruction to read the time
since the beginning of the task, twice, accurate to +.25ps, and then subtract the two
values to produce a duration measurement accurate to +.25us. For details on how to
use thisdialog, please see the Transfer Dialog discussion at the beginning of this
chapter.
Parameters month is the current month {1..12}, day is the current day {1..31}, year isthe
current year {1904..2040}, hour is the current hour {0..23}, minutesisthe
current minute {0..59} and seconds is the current second {0..59} 1.
power on secsis the number of elapsed seconds since powering on the
computer?.,
apl launch secsis the number of elapsed seconds since launching the application,
choosing New Instrument under File, or choosing Open under File 3.
begin task secsis the number of elapsed seconds since the task began execution 3.
trigger secsisthe number of elapsed seconds since the trigger condition was last
achieved in adigitizer-based-task. Thisistypically the time since the acquisition of
the first point of the most recently digitized scan. If ascan has not yet been acquired,
this is the number of elapsed seconds since the task began execution 3.
hrs since 1/1/04 is the number of elapsed hours since powering on the computer 1
Footnotes 1 Based on the computer's time clock, which is set by the General Controls Control

Panel and is accurate to +1 second. Thisis not effected by disabled interrupts.
2 Based on the computer's 60.15Hz clock, which is accurate to +.16 seconds.
3 Accurate to +.25us if an instruNet controller isinstalled.

o)
1
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JOURNALS & STRINGS Journal Control

[lustration

Description

Journal or $tring: _

i Clear { O Insert wave definitions

@ Clear at beginning of task _ Insert today's date

i»Copy to clipboard ) Insert today's time

> Copy into: 3 Insert trace number

i_» Append untu: { () Update all journals

"y Remouve row number |_|| From top row |

{ZRemove column number |l || From left column |
[Juse Dariables

i_»Change |‘xt |tu|, |

i_»Insert: [Hello.

[ Heip ][ Dot | [ cancel | [ o0k |

The Journals & Stringsinstruction is used to modify ajournal or string. The upper-
most pop-up menu indicates which journal isto be operated on, and the radios
buttons beneath select which operationsis performed.

Clear clearsthejourna or string of all text when the instruction is executed.

Clear at beginning of task clears the journal or string of all text at the beginning
of the task, independent of where the instruction is positioned within the task.

Copy to clipboard copies the contents of the journal or string to the clipboard.
The copied text can then be pasted into a spreadsheet, word processor, or database.

Copy into copies the contents of the primary journal or string (i.e. upper-most pop-
up) into the specified journal or string.

Append onto appends the contents of the primary journal or string (i.e. upper-most
pop-up) onto the end of the specified journal or string. For example, "cd" appended
onto "ab" produces "abcd".

Remove Row # deletes the specified row. Rows are separated by carriage returns
(\r) , and the top-most row is#1. The popup to the right of the Remove row number
option allows the user to specify whether the row number that isto be removed is
counted from either the bottom or from the top of the journal or string. If the Use
Variables button is clicked the edit field next to the Remove row number instruction
will turninto a popup listing al SuperScope |1 variables and the row number to be
removed will be specified by the value of the variable selected in the popup.

Remove Column # deletes the specified column. Columns are separated by tabs
(\t) in each line, and the left-most column is#1. The popup to the right of the
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Debugging

Remove column number option allows the user to specify whether the column
number that is to be removed is counted from either the Ieft or from the right of the
journa or string. If the Use Variables button is clicked the edit field next to the
Remove column number instruction will turn into a popup listing al SuperScope |
variables and the row number to be removed will be specified by the value of the
variable selected in the popup.

Change ... to ... replaces al occurrences of the former text with that of the latter.
“\r*, "\t", "\n", "\b" and "\Q" entries are interpreted as their control character
equivalents (i.e. return, tab, line feed, delete, null character respectively). For
example, Change "\t" to "," will replace al tab characters with commas. Thisis
useful when preparing a string to be sent to a database.

Insert inserts the text in the adjacent field into the journal or string.

Insert wave definitions enters descriptions of all waves into a journal or string,
asillustrated below:

Haue Haue Llart Hor iz Sample
Hame Type Urits Urits Length Feriod
Fo fli32 dE Hz ] 2.00=-3
Segment Intib Lalt sec 10736 4. 489=-5
Selected 1132 Lol 1 Sec 1] 1.00=-3

Insert today's date inserts the current date (e.g. 7/ 22/ 92) into the journal or
string.

Insert today's time inserts the current time (e.g. 09: 05: 31) into the journal or
string.

Insert scan number inserts the current scan number into the journal or string.
Thisonly applies to digitizer-based-tasks. The first scan is#1.

Update all journals causes all non-current journals to update. Thisis relevant
with tabular data generated by some task instructions (e.g. transfer-to-journal in the
Statistics instruction). The transfer-to-journal process often transfers text into a
holding buffer before writing it out to ajournal. This buffer istypically flushed by
the Clear & Update instruction; however, it is sometimes necessary to do it manually
with the Update all journals feature.

To debug, use the Task Editor button to view the source and result journals
before and after the Journal & Strings instruction. Viewing journals can be done
visually from the front panel, or via Show under Edit in the case of a window-based
journal. Strings can be viewed from the String dialog, which is accessed by pressing
the Task Editor 5] button. To switch from one string to the next, click on the String
dialog's upper-most pop-up menu.
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LOG MARKER VALUES Access Marker-Related Data

[lustration

Marker and Wave |I| Intersection

Transfer... value to...
&

point# Owave: | W1 | (gpiians...| (]
tdi::;:ime [ Variable:| error | (options... | @
set value (] Journal: |_dJ1 | (gptians...] (4]
Ostring: [_retValue | (sptisns...| (5]
M
.
[ Do it ] [ Clear ] [ Cancel ]

Description Thisinstruction is used to analyze the intersection of a marker and wave, or to set the
value of awave where amarker intersectsit. Two pop-up menus at the top of the
dialog are used to specify awave-marker intersection. Given the intersection, one
can extract the value of the wave at the marker position (i.e. the value of the closest
wave point),.the point number of the closest point (the first point is point number 1),
the time of the marker, and the daytime.

Daytime isthe time of the marker in hours/minutes/seconds. This appliesonly to
digitizer-based-tasks. For example, if you record EKG for 5 hours starting at noon,
and the marker is at position 10 seconds, the marker's daytime value would be
12:00:10. The value, point#, time and daytime parameters can be sent in any
combination to journals, waves, variables and markers; as described in the Data
Central appendix.

If the option "set value' is

selected you must select Control

an object in the dialog pournal

will change as shown to string

theright. You must select | variable

a SuperScope || object in poue

the "Read:" popup to set ) ioNet Field

theval ue Of thewa\/e SEJBTE; value ... =1 With...

where the marker point#

intersectsit. For example time

if you select "variable" in 3“9 Read:[ Ualue | |[0.00000000

the "Read:" popup ar!d — . Current value: 0.00000 Bptinas..
select "V1" inthevariable =

popup next to it then the

wave "W1" will haveit's value at the intersection of the marker "M 1" set by the value
of thevariable"V1".

For details on how to use this dialog, please see the Transfer Dialog discussion at the
beginning of this chapter.
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Special Note Markers are like variables since they hold (or "correspond to") numerical vaues (e.g.
0.01, 10e3). These values often denote time, in units of seconds; yet not always. In
fact, SuperScope |1 views Markers as numerical values, without units. Therefore,
they can be used in displays where the horizontal axisis not time. For example, one
could place amarker in adisplay showing frequency spectra, where the horizontal
axis corresponds to Hertz. In this case, the marker's numerical value would be in
units of Hz, and the intersection of the marker and spectra wave would produce a
"time" (asread in the Log Marker dialog) in units of Hz. In other words, "time", in
the Log Marker instruction, corresponds to the horizontal units of the wave. Inthis
example, daytime is meaningless.
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MOVE MARKER

Find Wave Attribute

[lustration

Description

Attributes

Move Marker:

Move to | first downstroke | of wave @

~[ptions
Hysteresis: (0.010000 Uolt

Help

Threshold: |(2.000000 Dolt

Cancel

[Juse Dariables

Jalle

Thisinstruction is used to move markers to waveform minimums, maximums, local
minimums ("valleys"), local maximums ("peaks'), upstrokes, downstrokes,
specified points, and specified wave values. This instruction supports seamless
scans; subsequently, scan breaks have no effect (e.g. ten seamless scans would be
viewed as one long scan).

: Fo
to the first downstroke of wave Fo, where e R I > 005 dE

"first downstroke" is defined as the position — | > 000 dB
where Fo first traverses from 2.005 to 1.995 DownStroke =) '

dB (i.e threshold + .5* hysteresis). The " @, 1.93548
marker is moved to the place where the wave

passes the threshold value, interpolating if necessary, as shown in the above figure.

In the above illustration, Marker M1 is moved i* M1

After executing Move Marker, the "error” variableis set to 1 if the marker was
moved, 2 if the marker was not moved, and 3 if the marker is on the last wave point
or to theright of the last wave point.

The upper-most pop-up menu in the Move Marker dialog specifies which marker is
to be moved, and the remaining items specify where to move, as summarized below.

Maximum and Minimum are used to move the marker to the largest or smallest
value in awave, respectively.

First Upstroke and Next Upstroke are used to find where the wave crosses the
threshold vaue in the positive direction. That is, when the wave travels from
(threshold - .5 * hysteresis) to (threshold +.5 * hysteresis). Hysteresis decreases the
chance of noisetriggering afalsereading. First Upstroke finds the first threshold
crossing; whereas Next Upstroke finds the next crossing, starting with the current
marker position and scanning forward (i.e. to the right).
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Seamless

Scans

See Also

First Downstroke and Next Downstroke are similar to First and Next
Upstroke, except they look for wave crossing the threshold in a negative direction.
That is, when the wave travels from (threshold + .5 * hysteresis) to (threshold -.5 *
hysteresis).

First Valley and Next Valley
are used to find local minimumsin
awave. A "valley" isdefined as .. Marker

the minimum point between a ES, =S P ot
downstroke and upstroke about the | Hysteresis ----- A S Threshald
threshold value, asillustrated in the  eeees . . A

adjacent figure. For example, the + |+

task below uses First Valley e Valley

tomovetothefird Loop 5 times

local minimum and Mowve M1 to next valley of Fo

then uses Next Harker M1 & wave Fo intersection (walue to Ji3
Valley to moveto Loop end

the next five

minimums. The Log Marker instruction logs the six local minima valuesto J1.

Wave Points

First Peak and Next Peak are similar to First and Next Valley, except they look
for local maximums instead of local minimums.

Next Valueis used to move to the next upstroke or next downstroke, whichever
occurs first.

Absolute Time X moves the marker to the time specified in the X Time edit field.

Relative Time X moves the marker forward (i.e. to the right) by the amount
specified in the X Offset edit field. If thetarget position isto the right of the last
waveform point, the marker is set to the last point. To avoid thislast point limitation,
use the scalar arithmetic instruction to move the marker (e.g. marker M1 = marker
M1+ 5).

Use Variable allows the user to select a variable to specify the amount a marker is
to be moved. If Use Variableis selected the edit fields will turn into popups listing
SuperScope |1 variables which can then be selected to specify the move marker
parameters.

This instruction typically supports seamless scans and is not effected by scan
breaks; subsequently, it can be used to process very long (e.g. 1 billion points)
continuous streams of data. For example, if the user processes ten seamless 1K
point scans in Strip Chart mode, the result isidentical to that done with one 10K
point scan. For details on the which functions support seamless scans, please see the
Seams & Things Appendix.

Log Marker and Pulse Analysisinstructions.

To set the Move Marker threshold & hysteresis parameters with variables create
variables with the following names:

Variable Name Parameter set
_MmThres threshold
_MmHyste hysteresis

30
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If their values are not set to 12345.0 and the USE VARIABLES check box is
unchecked; their values will replace the settings in the Move Marker dlog when the
Move Marker instruction is executed.
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PROGRAMMING

Control Program Flow

[llustration
Select instruction: Add Subroutine
Jump to Subroutine
Add Label
Jump Enter Subroutine Name:
Add Comment |mg$uhruutine|
Do Every H Traces
Do Every ¥ Points
Loop
IT-Then
While Loop g
Description Programming supports common programming features such as If...Then, Goto,
While Loop, Loop N Times, Define Subroutine, Jump To Subroutine, Insert
Comment, and Insert Label.
Add Subroutine creates a subroutine, ) )
which is an independent program Subroutine "mysSub” begins here
sequences that is executed with aJump To Subroutine return
Subroutine command, described below.
Upon completion of a subroutine, program flow returns back to where the subroutine
was originaly called.
Jump To Subroutineis used to jJump to the designated subroutine or task.
Y ou can jump from adigitizer based task but not —— .
to another digitizer based task. Irdump to subrouting “mysub
Add Label isused to insert a program label, for purposes of I@
documentation, and to provide atarget for the Jump instruction. d :
Labels are suffixed with acolon (e.g. "Jump Here:").
Jump is used to divert program flow to a program label " "
(which is setup with Add Label). [ump_to "mylabel
Add Comment inserts a comment, for Hi, my rome = spoonman,
documentation purposes.
Do Every X Scans is Task Begin
placed into the body of a Scan Loop Begin (100 scans)
.SC?ndLe(éOp_(\rl]VhICh IS Segment Loop Begin
Inciu with many Oo every 5 scans starting at scan 1
templates) to execute a Ain2 = A )
/ . in2 = Ainl + Aind
group of instructions every
X passes through the scan Do end
|00p. Body instructions are Digitize Segment (10000 pt=/fscm
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indented 4 characters from the Do Every line.

L oop is used to implement an unconditional loop. The [Coop 5 times

body (i.e. one or more instructions between Loop N Aimd = Ainl + Bine
times and Loop end, that are added by the user) is
execute several times, as specified in the Programming
Instruction dialog. Body instructions are indented 4 characters from the Loop line.

Loop end

I f-Then conditionally executes several instructions.
The body (i.e. one or more instructions between If.. Hird = Ainl + Aino
then and If end, that are added by the user) is executed If end

if the conditional is TRUE. Body instructions are =n

indented 4 characters from the If-Then line. To edit the conditional expression, press
the Edit Conditional button. The Conditional dialog is similar to the Arithmetic
Instruction, discussed earlier. It supports less than (<), greater than (>), less than or
equal to (<=), greater than or equal to (>=), equal to (==), and not equal to (!=).

If Ch1:HZ then:

Whileis used to implement a conditional loop. The
body (i.e. one or more instructions between oo~ oo ,
While...do and While end, that are added by the user) nino = nint + Ainz
is executed repeatedly, while the conditional is TRUE. L=

Body instructions are indented 4 characters from the Whileline. To edit the
conditional expression, press the Edit Conditional button. The Conditional dialog is
similar to the Arithmetic Instruction, discussed earlier. It supports lessthan (<),
greater than (>), less than or equal to (<=), greater than or equal to (>=), equal to
(==), and not equal to (!=).

Hhrile Chi:H2 do:
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PULSE ANALYSIS

Record Pulse Characteristics

[llustration
Fulse Analysis on: EI
Send to juurnal: [4 Log pulse number
« tmane tmax minz 14
]
areal  maxZ
|
%
j— ati
£
Description The Pulse Analysisinstruction is used to analyze pulses and send up to 24
characteristics (e.g. min, max, risetime, fall time, etc) of each pulse to journals,
waves, controls, strings, variables, and markers.
The upper-most pop-up menu specifies which wave isto be analyzed and the Send
To Journal pop-up specifieswhich journal isto receiveresults. If Log Pulse
Number is checked, pulse numbers are sent to the journal. The user selects which
characteristics to record by clicking on their labels. A box appears around all selected
labels (e.g. ), and the user merely clicks again to de-select. One can send any
number or any combination of pulse characteristics to any journal.
Additionally, one can _
transfer any combination of Pulse Analysis on:[_Fo |
pUl% characteristicsto a Transfer... min to...
wave, marker or variable min _
viathe Transfer d|alog, umla“ O Journal: [_Data | [ggtians...
shown to the nght Please w2 Owave: | test | [2ptians...) @
seethe Transfer Dlalog I; [ variable:| error | [Bptinns...) @
discussion at the beglnnl ng 3 O murxes | time
of this chapter for details by
on how to use this ot
powerful facility, whichis
accessed by pressing the - ot s
Transfers... button. The (poit J{ Clear ) [ concel ] {_ox_J
Transfersdialog is used to
enable analysisin addition to that which is setup on the main dialog (i.e. one does not
need to select a pulse characteristic in the main dialog in order to enableit in the
Transfers dialog).
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If the wave data contains

1 1 1
several pulses, each are 3 ata s lope |
anayzed separately, andthe |p, 1z = pzec msec ol t/sec
resultsare placed into atable |4 5. 247 14.043  £17.002

with arow dedicatedtoeach |=
pulse, as shown above. <

34427 30,253 aaE . 592
Bd. 501 44 . 247 B0 50

K1
maxz
Valt
1.040
-3.716
-3.716

The Detection dialog specifies the criteriafor detecting pulses with two threshold
values. Thisdiaog isopened by pressing the Detection... button.

Example In the Pulse Analysis dialog shown previously,
parameterst3 (time of rising edge), dopel (s ope of
rising edge) and pulse number from wave W1 are
sent to journa "Data’. With this setup, the waveto
the right, produces the following results:

1 1
12 slopel
Fulse # m=ec Uolt/=ec
1 5,342 217.992
2 34,427 908, 592
Pulse The Detection
Detection dialog isused to definea Pulse Detection

pulse and set several pulse
analysisoptions. A
section of awaveis
considered to be "a pulse’
when it falls below the low

-Thresholds

High threshold: |ERULY Lolt
Low threshold: |2.000 olt

threshold, climbs above
the high threshold, and
then falls below the low
threshold, as summarized
in the following figure.
Both the low and the high

-1 and U2
@ 1 = Low threshold, U2 = High threshold

1 Calculate: vl = % of min to ma#
2 = % of min to max

threshold values are set in
the Detection dialog box.
Two thresholds are used
instead of one to minimize

[] Exit instruction after finding pulse

Cancel

false triggers due to noise.
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Pulse#]1 -—1le— Pulse#2 — wl  » Pulse #3

Pulse #1 I

Maximum

_____ — — L — Pulse #2 Maximum

Pulse Detection
High Threshold

Pulse Detection
Low Threshold

&Ise #2 V1

) _ V1 is defined as
V2 is defined as a percentage of Min

a percentage of Min to Max (e.g. 10%)
to Max (e.g. 90%)

Pulse #3
Minimum

Pulse #2
Minimum — — =

Pulse Analysis defines two parameters, v1 and v2, that are instrumental in calculating
many pulse characteristics. Pulse Analysis concentrates chiefly on the sections of
each pulse below v1 and above v2. These values can be set to the thresholds or
defined as a percentage of max and min and recal culated for each pulse.

By default, v1is set to the low threshold and v2 is set to the high threshold. Y ou can
change these settings in the Detection dialog box. The diagram above shows vl and
v2 for atypical wave, as calculated with default settings of 10% and 90%. In

genera, v1 and v2 should be outside the interval between falling threshold and rising
threshold, but not so far apart that normal variation in the input stream causes the
wave to cross either line several timesin asingle pulse.

Exit instruction after finding pulse is used to exit the Pulse Analysis
instruction after finding each pulse. If this checkbox is not checked, al pulses are
analyzed in one execution of the Pulse Analysisinstruction. Exiting after finding
each pulseis useful if you want move markersto each pulse and then do further
analysis on the segment between those two markers. For example, if your signal
requires a sloped threshold (i.e. you have a drifting baseline), you might want to
define"seg" as segment from marker M1 to M2 of wave W1, and then analyze each
pulse viathis segment:

deriv = DerivFivePt (W)

|l oop 5 tines
Pul se Analysis on deriv (t1 to ML, t5 to M)
Pul se Anal ysis on seg
| oop end

In the above task, we find pulses by analyzing the derivative of the source wave (i.e.
W1), move two markers to each segment, and then do pulse analysis on that
segment.

Seamless This instruction typically supports seamless scans and is not effected by scan
Scans breaks; subsequently, it can be used to process very long (e.g. 1 billion points)
continuous streams of data. For example, if the user processes ten seamless 1K
point scans in Strip Chart mode, the result isidentical to that done with one 10K
point scan. For details on the which functions support seamless scans, please see the
Seams & Things Appendix.
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Pulse
Characteristics

See Also

Pulse characteristics are summarized below. For an illustration of these, please
seethefigurein the pulse analysis diaog box.

min
max
vl& v2
max2
min2
areal

area?2

minimum value between t1 and t3

maximum value between t3 and t5

et relative to min and max via parametersin the Detection dialog box
maximum val ue between t1 and t2

minimum value between t3 and t4

area bounded above by v1, below by the pulse, and on either side by
tland t2

area bounded on the left by t2, on the right by t5, from below by v1,
and above by the pulse.

average value of the pulse between timestl and t2

average value of the pulse between timest3 and t4

time of the first downward crossing of v1

time of second upward crossing of v1

time of the first upward crossing of v2

time of the first downward crossing of v2

time of the first downward crossing of v1 after t4 (this usually occurs
during the next pulse)

time of maximum between t3 and t4

t2—-t1

t5—t2

t5—-t1

time between tmax of two adjacent pulses

slopes of pulse between t2 and t3

slopes of pulse between t4 and t5

therising edgeis modeled as

=
Y =8c1
thefaling edgeismodeled as
=
Y= €2 -

Move Marker, Log Marker, and Statistics instructions.
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READ WAVE INTERNALS

Get Wave Parameters

Illustration

Description

Read Wave Internals:lII

Transfer... start time to...
+ start time
sample time
#palid pre pts
#palid data pts
pre size
data size
post size
min IU code
max U code
min EU value

CJwave: | time Bntian...

CJJournal: | Task80
[ string: | retDalue

OMarker: (2] time

[ Do it ] [ Clear ] [Ean-::el] 0

Grriians..

|

& Dariable:| error | [options...
| [
| [

R N N N—

REEEEE

Frpbinnn..

’

Read Wave Internalsis used to extract wave characteristics, such as sample rate and
# of points, and transfer them to journals, waves, controls, strings, variables, and
markers. For details on how to use this dialog, please see the Transfer Dialog
discussion at the beginning of this chapter.

sample tm is the time between points (e.g. awave sampled at 10K samples/sec will
have a 0.0001 sec sampletime), start tm is the time of thefirst point (thisisusualy
0), end timeis the time of the last point, and duration is the duration of the wave.

#data ptsisthe number of valid data points in memory. data size is the amount
of memory, in# of points, alocated to the wave.

#pr e ptsisthe number of valid points before point #1. These are referred to as "pre
points’, and are used to make the transition across seams allittle easier; they are used
for internal purposes only. pre sizeisthe amount of memory, in number of points,
allocated to the wave for pre points. post size isthe amount of memory, in number
of points, allocated to the wave for post points. Post points are similar to pre points,
except they start at the end of the wave instead of the beginning.

min 1U code, max U code, min EU value, and max EU value correspond
to the wave mapping values in the Wave Format dialog (accessed by pressing Format
in the Wave Options dialog). For example, if your 16bit integer mapping is+32,768
to £10V, then the min IU code is-32768, the max |U codeis +32767, the min EU
valueis-10V, and the max EU valueis +9.9997V.

wave lock is1if the wave data has been locked in memory; O otherwise.

last point isthe last valid data point in the wave.

o)
1
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RS-232 Communicate via the Serial Port
[llustration
R§-232 Command Sequence
D 7
=
- Results
2 [Copyimta ] journal 1|
0| Copyinto | string
] Read 1 scalar value and
0| Append || ASCII | data into wave[_ Wi ]
[ Help ][ Do It ][I]ptiuns... ][ Cancel ]
Description The RS-232 Instruction is used to communicate with RS-232 hardware devices via

Transmit Text

Receive Text

the computer's MODEM and PRINTER ports. These ports support serial
communication at rates up to 57.6K BAUD viathe Macintosh Serial Port Driver.
Text typed in the upper edit region is sent when the instruction is executed; and, if a
checkbox is enabled in the Results area, text is received and transferred as setup by
theuser. A Macintosh to RS-232 (mini DIN8 to DB25 male) cableis available from
GW Instruments, Part #GWI-RS232-cbhl.

To output SuperScope |1 objects, just type the object name bracketed with apostrophe
characters (" '). For example, "Output 14#'S1™ would be viewed as " Output
14#1000" if S1 contained "1000". To convert the object text to a 32bit integer,

prefix the object name with "i.". For example, if string S1 equals "abc12.3", "i.S1"
would be substituted with "13". To convert to afloating point number (e.g. "12.2"),
prefix with "f."; to convert to a Hexadecimal number (e.g. "Ox2BF"), prefix with
"h."; and to convert to an octal number (e.g. "0312"), prefix with "0.". In many
cases, output text is very simple and is merely used to tell the device to send data

If at least one Result

checkbox isenabled, text is Formatter

received by the computer. rASCIT Result Text

Result text isfirst pl’OCGSSEd . [ Remove leading non-printable characters.

by the formatter. which (] Remove leading non-numerics. ;
. _ [J Remove trailing non-numerics.

L?m?;bilﬂggtgrgn ~ ORemove character positions [1___| througn

removes leading non-

. Yy Cancel 0K
numerics, removestrailing [ I )

NON-NUMEics, or removes a
range of characters as specified in the Formatter dialog. For example, removing
character positions 2 through 4 would cause "abcdefg” to become "aefg".
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Options

The Formatter dialog is opened by pressing the Formatter button in the main diaog.
Received text isrouted as setup in the Results area. Thefirst 2 Results checkboxes
are used to copy or append the incoming text to ajourna or string. The Transfer 1
Scalar Value option is used to read a number from the incoming text (0.0 if no
numbers are received) and send it to a SuperScope Il object. For example, if
"voltage = 1.23" was received, 1.23 would be transferred to objects as specified in
the Transfers dialog. The forth results option is used to receive a series of values and
transfer them into awave. These values can be copied into awave or appended onto
the end of awave, as specified in the first pop-up menu. The second pop-up
specifies the format in which the text isinterpreted. If ASCII is chosen, then
numbers are received in ASCII text form, with one of the following charactersin-
between each number: , ; : * #\n\t \r \O (Note: \nislinefeed, \tistab, \r iscarriage
return, and\O isend of line.) . For example, "1.2, 3.4" would be interpreted as two
points and 1.2 would be transferred to the first point of the specified wave, and 3.4
to the 2nd point. The other non-ASCII formats are internal data formats:

+128 binary lbyte (128 to 127)

0-255 binary 1byte (O to 255)

+32K binary 2bytes (-32768 to 32767), high byte 1st
0-65K binary 2bytes (0 to 65536), high byte 1st
+32K intel 2bytes (-32768 to 32767), low byte 1st
0-65K intel 2bytes (0 to 65536), low byte 1st

These are typically used when transferring large (e.g. 512) blocks of data.

The Options dialog is used to set the baud rate, handshaking, 1/0 port and the stop
criteria. Thisdialog isopened by pressing Optionsin the main RS-232 diaog. All
settings must be correct in order for RS-232 communication to commence.

R§-232 Setup

Hﬂrdmare l]ptiuns ...................................... HEEE".IE I]ptiuns

Data bits: 506 @7 8 [Jstop at ETH

Stop bits: 01 01,5 @2 < Stop at character
CTS flow control
U ] Receive bytes mazimum

[J DTR input flow control
[] Hon/Hoff handshaking [ Timeout at seconds

Hon Ehar: Buffer: m bytes
Roff Char:[b_|
Baud I-'Iate:

parity: e ) (Ceamee) %)

Port: @ Modem O Printer

Port selects which hardware connector at the back of your computer is used: Modem
or Printer. Databits and Stop bits sets the number of data bits per character, and the
number of stop bits per character, respectively. Xon/Xoff determinesif handshaking
is controlled with software via two message characters, or by hardware via one
handshaking wire. Baud Rate sets the number of bits transmitted and received each

40
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Cabling

RS-232 Cable

Example

second and Parity sets the parity bit check to Even or Odd.

The four checkboxes in the Receive Options area determines how long the RS-232
instruction waits for the receive string. Limitations can be specified in terms of time,
maximum number of characters received, receipt of an ETX character, and/or receipt
of an arbitrary character. If more then one condition is selected then text is received
until oneis met.

Buffer determines the amount of memory allocated for the receive string. The
instruction will attempt to process al incoming data with the specified Buffer, and an
alert will appear if an overflow occurs.

The GWI-RS232-chl cable available from GW Instruments providesaDB25 male
connector for connection to your RS-232 device. If your device does not mate this
connector, it is recommended that you employ RS-232 accessories available from
Radio Shack (e.g. DB9 to DB25 interface, DB25 gender-changer, etc). Also, you
might need a Null modem (available from Radio Shack) in-lineto insure that the
computer istransmitting on the same wire that your RS-232 deviceis listening (as
opposed to both transmitting on the same wire, and both listening on the same wire).

The Macintosh Modem/Printer port to RS-232 cable, available from GW Instruments
(Part# GWI-RS232-chl ) is diagrammed below:

MODEM/PRINTER port RS-232 Connector
(Mini DINS8) (DB-25 D-Sub Male)

View When Looking <L>
Into DIN8 Connector DTE

DTR L— 2 TxD
CTS ——| 3 RxD
TxD- ——| 4 RTS
GND ——| 5CTS
RxD- —— 6 DSR
TxD+ L—| 7 GND
GPi 8 DCD
RxD+ 20 DTR
——| 22 RI

O~NO O WNPE

ADB 1.4V | .1pF

IL

o| Pin3 N

O 5V ANNAN-
3.3K 1.2K

[eXe]

Connecting a Radio Shack Digital VVoltmeter (Micronta Part #22-182) to the
Macintosh involves the following:

Cabling

Macintosh DIN8 Maeto DB25 Male Cable (GWI Part #GWI-RS232-chl)

DB25 Femaeto DB9 Male Null Modem (Radio Shack Part #26-287)

Digital Voltmeter DB9 Female to DVM 5pin connector (included with Voltmeter).
In order to tell the DVM to transmit, it's RS (Request to send) line must be pulled
low (DB-9 pin 7, DB-25 pin 4). Therefore, the end user must open the GWI
cable and attach DB-25 pin 4 (RTS) to DB-25 pin 7 (GND). How would the end
user have know to do this? Good question. RS-232 is occasionally maddening.

Instructions
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RS-232 Setup
» 1200 baud, 7hit data, 2bit stop, no handshake, stop at \r character & stop at 1sec
timeout, Modem Port.

[nstruction
* Send"D\r" character, Copy resultsinto journal J1.

Please refer to the RS-232 instrument in the "More Instruments' folder for more
RS-232 examples.

Debugging If things are not working as expected, create a"Task80" and/or an"_rs232" journal
as soon as possible ("rs* must be lower-case). When you create these journals,
choose Window in the Position pop-up inside the Journal Options dialog. Thiswill
cause the journal to be given it's own window. If journals exist by these special
names, helpful information is printed to them as each instruction is executed. If an
" rs232" journal exists, both the transmitted and received RS-232 text is printed to
thisjourna. Thisisagood way to check the command text when you send
SuperScope |1 objectsviathe' ' bracket feature. Notice that the INPUT line shows
text before it has been run through the formatter and that \0', \r', '\t', \n" control
characters are shown as "\0", "\r", "\t", and "\n". Viewing control charactersin this
"visible" format isvery helpful, since unseen control characters are infamous for
causing unexpected results.

To check your computer, cables, and software; connect the RS-232 transmit signal
to the RS-232 receive signal (i.e. connect DB25 connector pin #2 to pin#3), output
text viathe RS-232 instruction, and see if it comes back (i.e. append resultsto a
journal).

The Macintosh provides a simple implementation of RS-232. If your device
reguires amore complex implementation (e.g. one that uses several additional
control signals), you arein trouble. Figuring out if you arein trouble or not is best
determined empirically -- try it, and if it works, you know you are not in trouble.
Unfortunately, you cannot do better then this. The book referred to below can be
helpful in complicated cases.

If things are not working, try placing a Null Modem connector (available from
Radio Shack) in-line.

Make sure you apply 1.4V to the Macintosh Mini-DIN8 connector pin#8. Thisis
done automatically by the GWI-RS232-chl cable via power from the Apple Desktop
Bus. If the ADB connector portion of this cableis not connected to the Macintosh
ADB port, you will probably incur trouble.

The null character (ASCI1 0 = 0x00 ="\0") will not appear in ajournal, and will
cause a string to terminate immediately. For example, transferring "\Oabc" to astring
will causeit to receive"". Beware.

If you are having trouble with RS-232, your problem may be caused by the external
device not having time to respond to your queries. To combat this, you can add a
delay before ALL RS-232 input and output operationswiththe" ioDelay" variable.
If avariable exists by the name"_ioDelay" and it's value is non-zero, then
SuperScope |1 will introduce adelay before ALL RS-232 input and output operations
that isthe duration of the"_ioDelay" variable, in units of seconds.

If you are having trouble and want to learn more about RS-232, we recommend:

o)
1

42 Instructions



Super Scope |1 & SoundScope Reference Manual

The RS-232 Solution,

How To Use Your Serial Port
Second Edition

By Joe Cambdll

Published by Sybex Computer Books
|SBN #0-89588-488-7
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RUNTIME NOTES Journals, Runtime Notes & Markers

Illustration

Description

Runtime Notes

------ Journal:| J1 |

@ Scroll to the | M1 | position

) Insert note | retlalue |attime| M1 |

() Move marker| MI1 | to the next note

(T Move marker| MI | to the next note
that contains | retlalue |text

[ Help.. |[ Doit |[ cancel ]

Runtime Notesis used to move a marker to a note, to move a marker to a note that
contains a string, to insert at notein ajourna at atime defined by the position of a
marker or to select anotein ajourna at atime defined by the position of a maker.

Scroll to the "marker popup™ position uses the time of a marker to select and
highlight an entry in aruntime journal. For instance in the above diaog if a marker
"M1" isinadisplay at the 2.0 sec mark, the entry in thejournal "J1" at 2.0 sec, or
thefirst entry after 2.0 sec, would be selected and highlighted.

Insert note "string popup” at time "marker popup” inserts an entry into a runtime
journa at the time defined by the position of the marker in the marker popup and the
contents of the string in the string popup.

Move marker "marker popup” to the next note selects the next runtime notein a
runtime journal and moves the marker selected in the marker popup to that point in

the display.

Move marker "marker popup” to the next note that contains "string popup”
text selects the next runtime note in aruntime journal that contains the contents of the
string selected in the string popup and moves the marker selected in the marker
popup to that point in the display.
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SET WAVE INTERNALS Set Wave Parameters

[lustration

Description

Set Wave Internals:lII

Set sample time ... Wwith...
start time
+ sample time
#palid pre pts
#palid data pts
pre size
data size
post size
min IU code
max U code
min EU value

[ Read:| UDariable|| &

AEEEEE

Current value: 0.00000 B biong...

[ Do it ] [ Clear ] [Ean-::el]

Set Wave Internalsis used to set wave characteristics, such as sample rate and # of
points. Thisis done with values from journals, waves, controls, strings, variables,
or markers.

sample tm is the time between points (e.g. awave sampled at 10K samples/sec will
have a 0.0001 sec sampletime). start tm isthetime of thefirst point, and is
usually 0.

#valid data ptsisthe number of valid data pointsin memory. datasizeisthe
amount of memory, in # of points, alocated to the wave. Set the Selected Wave "#
valid data points' parameter to O to deselect the wave.

Setting "#valid data points' to -1 tells the scanners of this wave that they should
begin from point #0. Thisis helpful in the case where the Calculate Wave instruction
has already read the source wave and the instruction is called again, yet no one has
written to the source in between and the scanner thinks that it should begin from the
last point.

#pre ptsisthe number of valid points before point #1. These are referred to as "pre
points’, and are used to make the transition across seams a little easier; they are used
for internal purposes only. pre sizeisthe amount of memory, in number of points,
allocated to the wave for pre points. post size is the amount of memory, in number
of points, allocated to the wave for post points. Post points are similar to pre points,
except they start at the end of the wave instead of the beginning.

min U code, max U code, min EU value, and max EU value correspond
to the wave mapping valuesin the Wave Format dialog (accessed by pressing Format
in the Wave Options dialog). For example, if your 16bit integer mapping is+32,768
to £10V, then the min U code is-32768, the max |U code is +32767, the min EU
valueis-10V, and the max EU valueis +9.9997V.

Setting wave lock to 1 causes the wave data to be HLock()'ed in memory; O
unlocks. Thisisaseldom used feature.
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SOUND STATISTICS

Analyze Speech

[llustration
Sound 5Statistics un:
Transfer... silence to...
iced
Eﬁll,c:iced Owave: | W1 | [ié;;iéi;;;‘au] @
+ silence Uariable:| error Options...
shimmer (APQO) X variable:| . I[ = IID"S ]@
HNE [(JJournal: | view | [ié;;i;(i;;‘au]
breathiness String: retllalue Gplinns..
jitter (RAP) Olstring: | | forions ] (5)
1o avg O Controt:
f0 kurtosis Marker! | time M
f0 skewness LI aricer |
[ Help... ] [I]ptiuns...] [ Do it ] [ Clear ] [ Eancel]
Description Sound Statistics is used to calculate the following statistics on a speech wave: %
voiced, % unvoiced, % silent, shimmer, jitter, HNR, breathiness, Fo average, Fo
kurtosis, fo skewness, Fo range and Fo std dev. For details on how to use this
dialog to transfer data to Journals, Waves, Variables, Strings, Controls, and
Markers; please see the Transfer Dialog discussion at the beginning of this chapter.
For More For details on these parameters, please see the Sound Analysis Computations
Infor mation Appendix in the SoundScope manual.
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STATISTICS Calculate Waveform Statistics
[llustration
Statistics un:
Transfer... aurqg to...
vavg __H :
min CJwave: | time | [iég;iéi;mm] @
maH Uariable:| error BniaR..L
4 at min [J variable | |[ H §-§>§EX ]@
4 at max [l Journal: | Data | [options... |
area String: retlalue Fpbinng..
otd dew [ String: | I[ friseng ]@
rms L] Control:
duration simrioprs | i M
sum of points |44 L racker: |
(Dot ] (“clear ] (CCancel ]
Description Statistics is used to calculate the following statistics on awave: avg, min, max, time
of min, time of max, std dev, rms and area. For details on how to usethisdialog to
transfer datato Journals, Waves, Variables, Strings, Controls and Markers; please
see the Transfer Dialog discussion at the beginning of this chapter.
Parameters avg averagevaue
min lowest value
max highest value
xatmin time where minimum value occurs
X at max time where maximum value occurs
aea integration of wave data
= sum of points* sample period
std dev standard deviation
= (sum of points squared / # of points) - average2
rms root mean square
= square root (sum of points squared / # of pts)
duration length of wave
sumof pts ~ sum of all points
Seamless Thisinstruction typically supports seamless scans and is not effected by scan
Scans breaks; subsequently, it can be used to process very long (e.g. 1 billion points)
continuous streams of data. For example, if the user processes ten seamless 1K
point scans in Strip Chart mode, the result isidentical to that done with one 10K
point scan. For details on the which functions support seamless scans, please see the
Seams & Things Appendix.
See Also Calculate Wave functions: AvgToDate(), MinToDate(), MaxToDate().

Instructions



Super Scope |1 & SoundScope Reference Manual

STRING OPERATION

Managing Strings

Illustration

Description

General $tring Operations

| Sstring | .| String | i Text |
[ s1 | = | retvalue ||5 |
after char:
options... 6 aptrans..,
Latte coffeelLatte o

[ Help.. | [ Doit | [ cancel || ok

)

The String instruction is used to Append two string, Compare
two string, Copy one string into another string, fill astring with
the Date, copy a Row of text within one string into another
string, Insert text from one string into another string, take the
integer value of one string and copy it into another string, get
the Length of a string, grab the middle of a string, round off the
value in astring, Set one Row of text within astring, or copy
the Time into a string.

The user must specify two source objects, one result object, and
a specific operation in the String instruction dialog. For
example, "string S1 = variable V1 Append Text 'abc™ would
result in string S1 being filled with "1.0000abc" if V1'svalue
was 1.0. Notice that objects that are not typically considered as
strings (e.g. waves, variables, etc) are "converted" to a string
representation in thisinstruction.

+ Append

Compare
Copy
Date

Get Row
Insert
Integer
Length
Middle
Round Off
et Row
Time

Append concatenates the contents of the 1st source (in string form) to the contents
of the 2nd source, and places the result into the destination object (left most group).
For example, "string S1 = text 'abc’ APPEND text 'DEF" would result in string S1

being filled with "abcDEF".

Compar e loads the destination object with 1.0 if the 1st and 2nd sources, in string
form, areidentical; and 0.0 if they are not identical. For example, "string S1 = text
‘abc’ COMPARE text "abc™ would result in string S1 being filled with "1.0".

Copy copies the source object, in string form, into the destination object.

Date copies the date into the destination object (e.g. "12/25/96").

Get Row copies the N'th row of the 1st source object into the destination object, in
string form. N is specified in the 2nd source object (i.e. right-most). For example,
"string S1 = text 'a\r b\r c\r' GET ROW text '2" would result in string S1 being

filled with "b".

Insert inserts the 2nd source text into the 1st source text after the "after char”
character. For example, "string S1 = text 'abc’ INSERT 'Z' after char '2™ would

result in string S1 being filled with "abZc".
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Integer takesthe integer value of source #1, and copiesit into the destination object.
For example, "string S1 = text '2.34' INTEGER" would result in string S1 being
filled with "2".

L ength fills the destination string with the number of charactersin the source string.
For example, "string S1 = text 'abcd’ LENGTH" would result in string S1 being
filled with "4".

Middle copies alittle chunk of text within the 1st source string, and placesit into the
destination string. The number of characters of the chunk are specified in the 2nd
source object, and the little chunk begins after the "after char” character number. For
example, "string S1 = text 'abcDEf' MIDDLE text '2' after char ‘3™ would result in
string S1 being filled with "DE".

Round Off rounds off the value in source #1 to N digits past the decimal, and
copiesit into the destination object. N is specified by the 2nd source object. For
example, "string S1 = text '2.3456" ROUND OFF 2" would result in string S1
being filled with "2.34".

Set Row copies the 1st source object into the N'th row of the destination object,
where N is specified in the 2nd source object. For example, "string S1 = text 'Z'
SET ROW text 2" would result in string S1 being changed from "alr b\r c\r" to "a\r
Z\r C\r".

Time copies the time into the destination object (e.g. "6:30:00").

50
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SYNTHESIZE Create Wave Data
[llustration
Synthesize: | W1 |
Length: 200 points
(@ Periodic: |52 points/cycle
10.000 Volt amplitude :
@® Sine (O Square O Triangle |
i Ramp: 0.000 to (5.000 Uolt
{yConstant: |0.000 Uolt
{» Gaussian: |5.000 Dolt rms noise
¢y Uniform: |[10.000 Volt random noise ()
[]Use Dariables
[ Help ] [ Do It ] [ Cancel ]
Description Thisinstruction loads waves with internally-generated (i.e. synthesized) data

Waves can be loaded with a sine wave, square wave, triangle wave, ramp, constant
value, gaussian noise, or uniform noise. Sine, Triangle and Square waves are
defined with the Points-per-cycle and Peak-to-Peak Amplitude fields. The Rampis
define with two fields that specify the value at the two end points. Gaussian noise
has a gaussian distribution (i.e. a histogram of the wave data is a gaussian curve
centered about 0) with the specified RMS (Root Mean Square). RMSisthe same as
standard deviation isthis case. For example, 10V rms gaussian noise will have
60.6% of it's values between -10 and +10V. Uniform noiseis evenly distributed
about the specified bound. A histogram of uniform noise shows values evenly
distributed between -Bound and +Bound. For example, each point of £10V
uniform noise has an equa probability of appearing anywhere between -10V and
+10V. The Length field is used to specify the # of pointsin the synthesized wave,
the maximum being that permitted by available memory. Thewaveisloaded with
synthesized data when the user presses Do It, or when the instruction is executed.
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SCAN LOOP BEGIN Scan Loop Control

[llustration
Scan Loop

. Run from scan # |1 to scan ¥ |2

Description The Scan Loop Beginindtructionisused  [Task Begin
to set the number of scansin al digitizer-
based-tasks. Thisloop includesthe
Segment Loop, and Clear & Update

Scan Loop Begin (2 scans)
Segmeent Loop Begin
Digitize Segment {1000

instructions. Flot Segment

The trace loop executes with the specified Segment Loop End
range of trace numbers. For example, if 1 Clear & Update

to 100 is chosen, the trace loop executes Scan Loop End

100 times with trace numbers 1,2,3 ... 100.

o)
1
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TRANSCENDENTAL

Scalar Transcendental

[lustration

Scalar Transcendental

|__String i | Marker

| v ~ Lo [ M
i ...
0.00000 Dolts 0.01000

[ Help.. ][ Doit

][ Cancel ]

Description Thisinstruction calculates a transcendental function (e.g. sin, cos, —~Abs
abs, In) on one object, and then transfers the scalar result into
another object. For adetailed description of transcendental ArcCos
functions, please see Chapter 7. Recall that amarker'svalueis Arcsin
derived from it's position; a control's value is derived from it's ArcTan
position; a string or journal's value is derived from it's text (zero is
assumed if the text does not contain anumber); and awave's scalar Cos
value is derived from one point, as specified by the Wave Transfers Exp
Options dialog, discussed at the beginning of this chapter. For Int
your convenience, the current value of each object is shown at the
base of the dialog. It's as easy as forming a sentence! Ln

Log10

Debugging To view the run time results of thisinstruction (e.g. v2 = Sing
abs(V1) »» 2.000 = abs(-2.000)), please enable the Task80
option in the Task Debugging Options dialog, create ajournal by sqrt
the name of "Task80" (Position: Window is usually best), and run Tan
the task.

See Also Assignment (scalar), Arithmetic (scalar)
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USER INTERFACE Monitor Keyboard & Mouse
[llustration
User Interface
Transfer... mouse H to...
/mousen &
mouse ¥ Owave: | W1 | [ié;;iéi;;;@m] @
mouse status & variable:| U2 | [l]ptiuns...] @
key press
CJournal: | Data | [ptians...
(] String: | retlalue | [iBg}?ésmm] @
|| O ke | time
>
[ Do it ] [ Clear ] [ Cancel ]

Description

Parameters

Thisinstruction is used to monitor the X-Y position of the mouse, the status of the
mouse button (up or down) and the status of the keyboard (i.e. the last keypress).
Results are sent to journals, waves, variables, strings, markers, and controls. For
details on how to use this dialog, please see the Transfer Dialog discussion at the
beginning of this chapter.

mouse X isthe current horizontal position of the mouse, in pixel coordinates. The
left edge of the screen is pixel #0.

mouse Y isthe current vertical position of the mouse, in pixel coordinates. Thetop
edge of the screenis pixel #0.

mouse status is the status of the mouse button; 0.000 for mouse up, and 1.000 for
mouse down.

key pressisthe ASCII value of the last keypress. If akey has not yet been
pressed, 0.000 isreturned. In order for thisinstruction to be routed key press
information, "Allow mouse and keyboard activity" must be disabled in the Task
Options dialog (press the Options button in the Task Editor). If thisis not done, key
presses are routed to the front panel. Please refer to the following table for alist of
ASCII character codes.

54
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ASCI| Codes

The following table shows each keyboard character, and it's associated ASCII code.

Chr Dec Hex Chr Dec  Hex Chr Dec Hex
sp 32 0x20 3 64 O0x40 96 0x60
I I3 Oxz1 ) 65 Ox< a a7 Ox61
" I Ox22 B BE Oxad2 b a3 OxG2
# Z5 Ox23 C BT Oxd3 C g OxE3
36 Oxz2d b 63 Oxdd d 100 Oxéd
® I7 0x25 E 69 Oxd5 e 101 0Oxa5
L 1 Ox 26 F 0 Ox<di T 102 0Ox66
' 9 Ox27 G 71 Oxa7 g 103 0Oxa7?
i 40 OxZz28 H T2 Oxa3 h 104 0Ox63
) 41 Oxz9 [ T3 Ox49 i 105 0Oxe9
¥ 42 Ox 28 J T4 Oxdd ] 106 Ox6ds
+ 43 0xZ2B K 75 Ox4B k 107 0Ox6B

L Ox2C L TG Oxdc | 108 0OxaC
- 45 OxzD | 77 OxdD m 109 0Oxa&Db
) 46 Ox2E | 78 Ox4E n 110 0Ox6E
/ 47 Ox2F 0 79 Ox4F 0 111 0Ox&F
0 43 Ox30 P a0 Ox50 p 112 0Ox70
1 49 0x31 [ g1 0Ox51 q 113 0xT
2 50 Ox32 R g2 Ox52 r 114 0Ox72
I 51 0x33 5 83 Ox53 5 115 0Ox73
4 52 Ox3 T g4 Ox54 t 116 0Ox74
£ &3 0x35 1 35 0Ox55 u 117 0Ox75
6 54 Ox36 W g6 Ox5i v 118 0Ox76
7 && 0x37 i 87 Ox57 w119 0Ox77
3 56 0x33 " g8 Ox53 H 120 0Ox73
a9 57 0x39 i g9 Ox549 y 121 0Ox79
: 53 O 3 £ a0 Ox54 zZ 122 0Ox74
; 59 0x 3B [ 91  Ox5B { 125 0x7B
¢ &0 0Ox3C N 92  0x5C | 124  0Ox7C
= &l 0x30 ] 93 Ox5D } 125 0x70D
¥ G2 Ox3E " a4  Ox5E ~ 126 0Ox7E
T B3 Ox3F — a5  Ox5F Del 127 0Ox7F
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USER PROMPT Custom Alert

Illustration

User Prompt
Message

Do you cook with gas?

<] Response:

Mo, | cook electric. Right Button:
[ Left Button:[Nope |

Uariable "error" is loaded with 1 if Right button is pressed; 2
otherwise. 5tring "retllalue” is loaded with response text.

(o ] (Dot ]

Description Thisinstruction shows a custom
alert, with an optional response Do you cook with gas?
field and an optiona Cancel
button. For example, the above
instruction resultsin the alert
pictured below it. |Nn, | cook electric. |

The alert message, defaullt [ Nope J[__ver J
response text, Left button text and
Right button text are all specified with fieldsin theinstruction dialog. If the
Response checkbox is enabled, aresponse field is shown in the alert. If the Left
Button checkbox is enabled, a"Cancel" button is shown in the alert. Upon exiting
the custom alert, string "retValue" isloaded with the response text, if applicable.
Also, variable "error" isloaded with 1 if the Right button was pressed, and 2 if the
Left button was pressed. Since al instructions set the "error” variable, you must
copy it to another variable (e.g. "variable temp = variable error” via the Assignment
instruction) immediately after the User Prompt instruction (since it gets trampled on
each instruction).

o)
1
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Chapter 7
Functions & Operators

In SuperScope |1, waves can be defined as functions of other waves and themselves, using the Calculate
Wave ingtruction. This chapter explains the functions, operators and data used in that instruction.

OPERATORS

SuperScope |1 supports the standard arithmetic operators, listed below.
Symbol Name Operation
+ add add two operands
- subtract subtract two operands
* multiply multiply two operands
/ divide divide two operands
AND bitwise and binary AND operation on internal bits
OR bitwise or binary OR operation on internal bits
< less than return 1 if lessthan; O otherwise
> greater than return 1 if greater than; O otherwise
<= less than or equal to return 1 if lessthan; O otherwise
>= greater than or equd to return 1 if greater than; O otherwise
== equal to return 1 if equal to; O otherwise
I= not equal to return 1 if not equd to; O otherwise

All operators are binary—they operate on two arguments. A waveform isan array of numbers that
represent successive values of asignal. When an operation is performed between two waveforms, it is
performed on a point-by-point basis. When an operation is performed between a scalar and a waveform,
the scalar is applied to every point in the wave. For example, the expression W2 = W1 would set every
point in W2 to the value of the corresponding point in W1, while the expresson W2 = W2 + 7 would set
add 7 to every point in W2. In an expression such asW2 = 5.3 * Ain0O, every point in W2 would be set
to 5.3 times the value of the corresponding point in AinO.

If an operation is performed on two waveforms of unequal length, SuperScope |1 assumes the missing
pointsin the shorter waveform to be the identity element for the operation. Note that sampling rateis
ignored during all formulacalculations. For example, if you instruct SuperScope |1 to add together two
waveforms that were sampled at different rates, the result will be their point-wise sum, not their time-wise
sum. The resulting wave will always adopt the sample rate of the first argument. For example, if the wave
AinO has a sample rate of twice that of the wave W2, in the formula W1 = Ain0* W2 wave W1 will
adopt AinO's sample rate. However, in the formulaW1 = W2 * AinO, W1 will adopt W2's sample
rate.

The AND and OR operators are used to perform binary bitwise AND and OR operations. For example, (5
AND 12) produce 4 (0101 AND 1100, = 01005); and (5 OR 12) produce 13 (0101, OR 1100, = 1101y).
Comparative operators make atest and then return 1 if TRUE, and O if FALSE. For example, (1 < 3)
producesal, since lislessthan 3; and (1 > 3) produces a 0 since the statement is FAL SE.
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COMPLEX NUMBERS

Some functions require the use of complex numbers. In SuperScope I, thisis accomplished using waves
in complex number format. When awave isin complex number format, its values represent aternately
the real and the imaginary parts of complex numbers. Odd-numbered points represent the real part while
even-numbered points represent the imaginary part. If W1 were awave in complex number format, itsfirst
six values would represent the following:

W1[1] = Real {first value} W1[2] = Imaginary {first value}
W1[3] = Real {secondvalue} = W1[4] = Imaginary { second value}
W1[5] = Real {third value} W1[6] = Imaginary {third value}

The following functions help manage complex numbers.

Function Operation

Mag convert awave of complex #'sto awave of it's magnitudes

Phase convert awave of complex #sto awave of it's phases

MakeCompex convert awave of real #sto awave of complex #s

Redl convert awave of complex #sto awave of rea #s
WAVES

Waves can be stored as a series of 32bit Floating Point or 16bit Integer values. 32bit floating point waves
are stored directly as engineering units (i.e. you view and analyze the same value that is stored internally;
thisis not the case with 16bit integer waves). Most waves should be stored in thisformat. 16-bit integer
waves are stored as 16bit integers (e.g. -2048, 16384), and are mapped to engineering units (e.g. 5V, -3V),
as specified in the Wave Format dialog. The minimum and maximum specified internal values are mapped
to the minimum and maximum specified engineering unit values, respectively (e.g. £32768 interna is
mapped to +10Volts engineering units). Internal values can range from -32768 to +32767. Data received
froman A/D or sent to aD/A isamost aways 16bit integers, since that is the native language for digitizing
hardware. In many cases, 32bit floating point waves are analyzed faster since the mapping from internal
units to engineering units, and back, is not a burden to the processor every time it reads or writes a stinking
value.

Beware that 16bit integer values can overflow if the computer triesto load them with a number larger than
their max/min engineering unit value (e.g. £10V). When this occurs, the data is often set to the closest
bound. For example, if we do W1=W2+W3, and all three waves have a+32768 to 10V mapping, and are
loaded with 8V, the result will be set to 10V.

Beware that 16bit integer waves have limited resolution. For example, the valuesin a+32768 to £10V
mapped wave are accurate to 0.000305V = 10V/32768. This means that you could set the wave to 0.0 or to
0.000305V, yet to nothing in-between. An attempt to do so would result in arounding to the nearest value.
To convert a 16bit integer wave to 32bit float, press Format in the Wave Dia og, and then chose Floating
Point.

Edit fields in the Wave Points dialog are provided to view and edit the amount of data storage (in points)
assigned to awave, the number of valid data points, the sample period (time between points) and the first
point time. The storage length is the amount of memory allocated to the wave in terms of # of points, and
the number of valid data pointsis the # of valid data currently in that storage buffer. The # of valid points
will range from 0 to the storage length, and the storage length will range from O to that permitted by
available memory. 16bit integers consume 2bytes per point and 32bit float consume 4 bytes per point;
therefore a 250K point float wave would consume 1IMB, for example. |If Save Data With Instrument Fileis
checked, SuperScope 11 will save the wave's datain the instrument file. If it isnot checked, the waveis
saved with O points of data. Note that including wave datain an instrument file increases the size of that file
by the space required to hold that data.
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SPECTRUM ANALYZER EXAMPLE
The following tutorial sets up a Spectrum Analyzer using the popular FFT(), Mag(), Log10(), Hamm(), and
Spectrum() functions.

1.
2.

Choose New Instrument under File to reset SuperScope
.

Choose Network View Page under the instruNet menu
and create an input channel. Select Digitize Segment in the
M ode popup and set the Mode to Oscilloscope. Set the
number of pointsto 1024 and the sample period to be half
the maximum frequency of the spectral plot. For example,
a 630 ps sample period will produce a0 to 793 Hz
spectral plot (793 Hz = (1/630 us) / 2).

Create awave, nameit Ain0O and link it to channel Ch
Vinl+ of instruNet.

Create awave; nameit "Spectra”.

Create a digitizer-based-task (chose New Digitizer...
under Task) and then add the following Calculate Wave
instructions under the Digitize Trace instruction:

Spectra = ain0 * Hamm(1024)
Spectra = FFT (Spectra)
Spectra = Mag (Spectra)

Spectra will be loaded with a 512 points spectra analysis
of AinO.

Create 2 displays. Load one with Spectra and the other
with AinO.

Run the task to see both an oscilloscope and spectrum
analyzer emulation.

To see decibels, add the following Calculate Wave

Ain0O

o 100

Edﬂ mzéc

instructions under the Spectra = Mag (Spectra) instruction:

Spectra = Logl0 (Spectra)
Spectra = Spectra * 20.0

Or, replace your Hamm(), FFT(), and Mag() instructions with:

Spectra = Spectrum(AinO, 1024)

Emtﬁl{}|1ﬂﬂ m=

lal =82 [o|alE

200  Hz

A2 100 Bz /0id13]
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Abs(A1l) Absolute Value
Parameters al  wave, channel, or scalar
Description Abs() calculates the absolute value of the parameter al. If al isawave or channdl,
the calculation is made on each point of al and awaveisreturned. If al isascaar,
ascalar isreturned. Thisfunction supports seamless scans and is not affected by
scan breaks.
Definition Result [n] =|al[n] | for a wave or channel
Result =|al|for ascalar
Example Wave = Abs (argl)
arg 1
a8
| -
N
I:I“ }J""‘-\.\.
4 /
- -----#‘r‘r
Wave
E - ™
N
. .-__!"'.-.--“'I .
0 ———— % —
.|
-
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Alarm(Ain0Q, Uthresh, Lthresh)

Alarm Control Output

Parameters

Description

Example

AinO
Uthresh
Lthresh

input channel or wave
scalar
scalar

Alarm() setsits output bit high (1) or low (0) according to the strength of the input
signal. If the signal is between the upper threshold Uthresh and the lower threshold
Lthresh, the output is set to “off” (0); if the input signal is greater than Uthresh or
less than L Thresh, the output is set to “on” (1). This function supports seamless
scans and is not affected by scan breaks. Thereis no hysteresisin the feedback loop,
therefore the signal may oscillate at athreshold if the input contains noise. See also
OnOff() and Limit().

Aout0 = Alarm (AinQ, 8, 4)

Upper Threshold

Upper Threshold

Lower -~

[ |
- Lower

Thr'EEh-:-]g,r"
-~

[ Ju T ] =
]

0 e

H_Thr'EEh-:ﬂ-:I
.

",

..

[+ Output on —}i<- Output off

+ Qutput on -

f- Dutput off ->ii— Output on |
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Append(d1, d2) Append Two Waves
Parameters di wave or channel

d2 wave or channel
Description Append() returns the concatenation of d1 and d2. The appended wave will consist

of al the points of d1 followed by all of the points of d2. The samplerate of the
appended wave will be set equal to the sample rate of d1.

Example Wave = Append (d1, d2)
dl d2
5 mmmmE-mmnan 5 LN
‘[.,I' ‘I\.
0 WP gHHHHH-H
I\. .,I
-5 [N NN RN N - 5J .'l..l’.
Vave
5 me-n/nn-minn-n-n m-mim|

-5 E/E{E-EeEE-aE gE

7-6 Functions & Operators



Super Scope |1 & SoundScope Reference Manual

ArcCos(al) ArcCosine

Parameters al wave, channel or scalar

Description ArcCos() returns the inverse cosine of the parameter al, inradians. If alisa
wave or channel, the calculation is made on each point of al and awave isreturned.
If al isascalar, ascaar isreturned. If aparameter value does not fall between -1
and +1, SuperScope reports a function error. ArcCos() returns values between O
and 1t This function supports seamless scans and is not affected by scan breaks.

Definition Result[n] = cos1(al[n])  for awave or channel
Result =cosl(al) for ascalar

Example Wave = ArcCos (argl)

a1

Wave
q.
-y,
"k.._l'—-m.#--"/. L I
0 f———
-2
-
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ArcSin(al) ArcSine
Parameters al wave, channel or scalar
Description ArcSin() returns the inverse sine of the parameter al, inradians. If al isawave

or channel, the calculation is made on each point of al and awaveisreturned. If al
isascalar, ascalar isreturned. If aparameter value does not fall between -1 and +1,
SuperScope reports a function error. ArcSin() returns values between -172 and
+172. Thisfunction supports seamless scans and is not affected by scan breaks.

Definition Result[n] = sin-1(al[n]) for a wave or channel
Result =sin-1(al) for ascalar

Example Wave = ArcSin (argl)
arg 1
1
-
I 5-{1.-".1‘““1*’.I ﬁ"t-
. M ety

, a e
1
S
I:I'rr.\-- L ._._.-.-‘_-_'
— o
-1 e e
-2
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ArcTan(al) ArcTangent

Parameters al wave, channel or scalar

Description ArcTan() returns the inverse tangent of the parameter al, inradians. If alisa
wave or channel, the calculation is made on each point of al and awave isreturned.
If al isascalar, ascaar isreturned. ArcTan() returns values between -172 and
+102. This function supports seamless scans and is not affected by scan breaks.

Definition Result[n] = tan-1(a1[n]) for a wave or channel
Result =tan"1(al) for ascalar

Example Wave = ArcTan(argl)

arg 1

Wa e
2
1 -
AT PR
1} ‘I\.-__!"."l{..
1 .-
-2
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AutoCorrelation(dl) AutoCorrelation Curve
Parameters dl  waveor channe
Description AutoCorrelation() returns awave indicating the degree of correlation between d1
and shifted copies of d1.
M
Definition Resultin] = S d1[m+n] * d1[m]
m=1
Example Wave = AutoCorrelation(dl)
dl
5 LT
I,., ‘.\I
0 Wbt
I\. .,I
5 " e [ 4
Wave
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AvgToDate(d1) Running Average
Parameters dl  waveor channe
Description AvgToDate() returns a wave whose points are equal to the average of al preceding
valuesin the parameter d1. For example, the tenth value of the result wave isthe
average of thefirst ten valuesin d1. AvgToDate() on seamless scans returns the
average since thefirst point of thefirst scan. Do not confuse this function with
SignalAvg(), which computes a running average acr 0ss scans.
1 N
Definition Result[n] = x Yd1fj]
=1
Example Wave = AvgToDate (argl)
arg 1
E L ] I"\
41! M -
0 ‘I", . \'T'
4 /
-3 I-l-l-"‘.}{
Wave
i
4] por e
1(. .
0}— W E R RS
_q.
-8
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Blackman(points) Create Blackman Window
Parameters pointsscalar integer
Description The Blackman() function generates a Blackman window of length pointsand is

generally used in conjunction with the FFT () function. Weighting asignal with a
Blackman window prior to calculating its Fourier Transform yields a more accurate
spectral analysis because it eliminates some of the inaccuracies that result from
performing a Fourier Transform on asignal of finite length. To perform the
weighting, the signal to be weighted should be multiplied by the wave returned by
Blackman(). Points is rounded down to the nearest power of 2 (e.g.
Blackman(1000) will return a Blackman window of size 512). When
Blackman() is used in conjunction with FFT (), both functions should use the
same value of points. Since Blackman() returns a wave with an arbitrary sample
period and the function processor uses the sample period of the first wave argument,
the Blackman window should aways be the second argument in an equation. For
example, "freq = Ain0 * Blackman(1024)" will work well but "freq =
Blackman(1024) * Ain0" will not have the correct sample period.

Definition The Blackman window is defined as follows for 1 < n < points:

21N 4™
WH [n] = 0.358 - 0.488 x coS(;5ints ) + 0.141 X €oS(55imts)
61N
- 0.011 x Cos(points)

Example Wave = Blackman(16)
1 ./I—I\.
I/ \I
0 I/ \I
l/ \I
om ././I ! ! ! ! ! ! ! ! |\.\._.
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Compress(dl, scale) Thin wave data

Parameters dil wave or channd
scale scalar floating point value

Description Compress() returns awave which is similar to the parameter d1, but appears to
have a sampling rate afactor of scale slower than the sampling rate of d1. Scale
must be less than or equal to the length of d1, greater than 1, and less than 32768
(1.056 is OK). If Scaleisanon-integer, an interpolation method is used; otherwise
we toss (Scale - 1) out of every Scale points. Interpolation is much slower, and
consumes more memory than the toss X out of Y points technique. If you want each
resultant point to be an average of Scale points, call Smooth() before
Compress(). The resulting wave aways has (1 / Scale) times as many points as
the original wave. Thisfunction isthe inverse of the function Expand().

Compress() does not low-pass filter the data and will therefore induce aliasing. If
thisis unacceptable, please use the Filter Instruction's Change-Sampl e-Rate feature
instead.

When Scale is a non-integer, the actual scale used is M/N where:

M = # of source points
N = the number of result points= INTEGER(M / Scale)
Example Wave = Compress (d1, 3)
dl Wave
5 [ TLI N 5 ./I
l,., ‘.\I \I
0 #i-HHHHHPRdHHHHHHHH 0 m—t— :\\: —
SJ l...l' 5 \./
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Convolve(dl, d2) Convolution

Parameters dl wave or channd
d2 wave or channd

Description Convolve() returns the result of the convolution d1 * d2. Convolutions are useful
for smoothing or applying filter functionsto waveforms. The d1 input is zero
padded before the first point and after the last point such that the output is the same
length as the input with only a 1/2 sample period time shift to the left. The number of
pointsin d1 must be greater than or equal to the number of pointsin d2; otherwise,
d1issimply copied into the result.

n
Definition Result[n] = Zdl[j] x d2[n-j]
=1
Example Wave = Convolve (argl, arg2)
arg’l arg?
81 . _,\ 2
4 L . (L RN N
I:l“ T T T 7T ™ T T T T .'f’. ™TT T\.i I:l'—l_l—l_‘l\'"'."'
- t/ -1
-G ln.in.w‘r.r A
W
32
16 }f} ‘\ -
1 Gl S Rl
W o
-16 \. .},
-32 “»

\l
1
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CopyTiming(d1) Copy sample period & start time

Parameters

Description

dil wave or channd

CopyTiming() copies the start time and the sample period from the source wave
into the destination wave. Thisis helpful before doing point-wise arithmetic since
points must align in time in order do things such as add, subtract, multiply and divide
two waves.
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Cos(al) Cosine
Parameters al wave, channel or scalar
Description The Cos() function returns the cosine of the parameter al. If al isawave or
channel, the calculation is made on each point of al and awaveisreturned. If alis
ascalar, ascalar isreturned. The parameters should be expressed in radians. This
function supports seamless scans and is not affected by scan breaks (e.g. a
calculation on 10 seamless scans, in aloop,.
Definition Result[n] = cos(al[n]) for a wave or channel
Result = cos(al) for ascalar
Example Wave = Cos (argl)
arg 1
| et
2 _-_._._._._--.
a-"
I]it-!.'""."..'_..l
-2
_q.
Wave
1LY
- "'l\h-i.
0.5
Htl
| o
0.5 .,
* .
-1 "o l-l-l‘.-.
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CrossCorrelation(d1, d2) Cross Correlation

Parameters dil wave or channd
d2 wave or channd

Description CrossCorrelation() returns a wave containing the cross correlation function
between d1 and d2. The number of pointsin the resulting wave is one less then the
sum of the lengths of d1 and d2.

M
Definition Resultin] =  d1 [m+n] * d2 [m]
m=1
Example Wave = CrossCorrelation(argl, arg2)
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CrossPower (d1, d2) Cross Power Spectral Density

Parameters dl wave or channd
d2 wave or channd

Description CrossPower () returns a wave containing the cross power spectral density between
d1 and d2. The number of pointsin the resulting wave equals the number of points
contained in d1, rounded up to the nearest power of 2.

Definition Result[n] = Spectrum(CrossCorrelation(dl, d2))
Example Wave = CrossPower (argl, arg2)
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DeConvolve(input, output) Deconvolve Two Waves

Parameters input wave or channel
output wave or channel

Description DeConvolve() returns the deconvolution of a system'sinput and output waves,
which may be regarded as the system impul se response function (sometimes referred
to as "h(n)").

Definition Result[n] = Convolve (output, AutoCorrelation(input))

Example Wave = DeConvolve (input, output)
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Delete(al,

leftTime rightTime)

Delete Part of a Wave

Parameters

Description

Example

al wave or channd

leftPoint scalar integer
rightPoint scalar integer

Delete() returns awave equal to d1 but with the segment between, and including,

leftTime and rightTime deleted.

Wave = Delete (d1, 3, 5)

di

VWave

\l
1

20
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Deriv(dl) Derivative

Parameters di wave or channel

Description Deriv() computes an approximation to the derivative of the parameter wave at each
point in the wave by subtracting two adjacent points (i.e. derivative = AY/AX where
x isin units of points). Thisinduces a half-sample-period time-shift to the left (see
DerivFivePt() if you don't like this). Beware that overflow or underflow could
occur if the result wave is of type 16bit integer (e.g. a 16bit integer wave with a
+32K to +10V mapping supports amax value of 10V and a min value of .000305V
= 10V/32768; therefore, a value of 0.0001 would be rounded down to 0.0). This
function supports seamless scans and is not affected by scan breaks.

Definition Result[n] = (d1[n] - d1 [n-1])

Example Wave = Deriv (argl)

100 - Argl -
a0 n’
Gl A
<0 - "

20 - —_

-

'
-
I:I.._..".ui__.l'llllllllllllllll

124 Wave
10 -t
i el

6 - -
4- e
2 4 —

=

|:I .‘.r--l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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DerivFivePt(d1) Five-Point Derivative Approximation
Parameters argl wave or channel
Description DerivFivePt() computes an approximation to the derivative of the parameter wave

at each point in the wave. DerivFivePt() approximates the curve around each
sequence of five points by a quartic polynomial and takes the derivative of the
polynomial at the center point (i.e. derivative = AY/AX where x isin units of points),
returning the result as the corresponding point of the output wave. Thisfunction
supports seamless scans and is not affected by scan breaks. Beware that overflow or
underflow could occur if the result waveis of type 16bit integer (e.g. a 16bit integer
wave with a£32K to £10V mapping supports a maximum value of 10V and a
minimum value of .000305V = 10V/32768; therefore, a value of 0.0001 would be
rounded down to 0.0). DerivFivePt() does not induce a phase shift.

Definition DerivFivePt() uses the Lagrange polynomial of fourth degree about each point
argl[n] to compute the derivative at that point.

1
Result[n] = 75 (argl[n-2] - 8 argl[n-1] +8 argl[n+1] - argl[n+2])

Example Wave = DerivFivePt(argl)
Arg1
100 .,-*.
&
G0 1 ._f,l
-~ ave
&0 4 .f_,l g
40 -~ ra
. n -
( T I
20 - ; L
.;.d_..-' - ‘_—___,--—-'(-F(
I:l "_.._'..'__.I'FTFT T T T T 1T T 1T T T 17 111 g - '.’-.H-.H-.( ...............
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Exp(al) Exponential

Parameters al wave, channel or scalar

Description Exp() calculates powers of e (=2.71828), the base of natural logarithms. If alisa
wave or channel, the calculation is made on each point of al and awave isreturned.
If al isascalar, ascaar isreturned. This function supports seamless scansand is
not affected by scan breaks.

Definition Result[n] = eal[n] for a wave or channel
Result =eal for a scalar

Example Wave = Exp (argl)

arg 1

Waye
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Expand(dl, scale) Make Wave More Dense
Parameters dl wave or channel

scale scalar integer
Description The Expand() function returns awave which is similar to the parameter d1, but

appears to have a sampling rate afactor of scale faster than the sampling rate of d1.
Scale can be anon-integer (e.g. 1.055 is OK) and must be greater than or equal to
1, and less than or equal to 32,768. New points are calculated by interpolating
between existing points. The result will always be scaletimesaslong asdl. Each
point on the original wave or channel is expanded to scale points on the result.
Since the algorithm must interpol ate between two points, the resulting wave may
include the last scale number of points at the end of the wave (since we don't have a
point after the last point to interpolate with). Thisfunction isthe inverse of the
Compress() function.

Expand() does not low-pass filter the data and will therefore induce aliasing. If this
is unacceptable, please use the Filter Instruction's Change-Sample-Rate feature
instead.

Example Wave = Expand (d1, 3)
dl Wave
5 —" 5 LD
/ \. l,., ‘.\-
0m—t— :\\: — 0 B+ HHHHHH
u || .\l l,.
_ SJ \./ 5 "a aim "
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FET(d1, points) Fast Fourier Transform

Parameters dil wave or channdl
pointsscalar integer (2 through 32767)

Description FFT() performs afast Fourier transform on the first points points of d1. If the
points parameter is left out or set to zero, adefault of the length of d1isused. Data
isreturned in awave in complex number notation. Note that pointsis always
rounded down to the nearest power of two (e.g. FFT(1000) is equivalent to
FFT(512)). The resulting wave contains points values, that correspond to
(points /2) complex pairs (i.e. real, imaginary, real, imaginary, etc). For an
example use of FFT (), or for adiscussion on imaginary numbers, please see the
beginning of this chapter. The spectrum is scaled such that a+X Volt sine produces
an X Volt high spike. See also Spectrum(), InvFFT(), MVFFT(), Mag(),
Imag(), Phase(), and Real().

-j 21Ki
Definition Result[2i-1] = (2/ points) * Re % Zdl[k] X € points %
m:<points> g
-j 21Ki
Result[2i] = (2/ points) * m % Zdl[k] X € points %
[0 j=<points> O
Example Wave = FFT (arg, 8)
argi WEVE
100 T | 100
&0+ ™ . -50
T R T T < ¢ 5 6 7
0w } } } # } } } 0 — } ———
I 1 2 3 1 2 3
-60 1 - - -50
-ion 4+ m =100 =
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Hamm(points)

Create Hamming Window

Parameters

Description

Definition

Example

pointsscalar integer

The Hamm() function generates a Hamming window of length pointsand is
generally used in conjunction with the FFT () function. Weighting asignal with a
Hamming window prior to calculating its Fourier Transform yields a more accurate
spectral analysis because it eliminates some of the inaccuracies that result from
performing a Fourier Transform on asignal of finite length. To perform the
weighting, the signal to be weighted should be multiplied by the wave returned by
Hamm(). Pointsisrounded down to the nearest power of 2 (e.g. Hamm(1000)
will return a hamming window of size 512). When Hamm() is used in conjunction
with FFT(), both functions should use the same value of points. Since Hamm()
returns awave with an arbitrary sample period and the function processor uses the
sample period of the first wave argument, the hamming window should always be
the second argument in an equation. For example, "freq = Ain0O *
Hamm(1024)" will work well but "freq = Hamm(1024) * AinQ0" will not have
the correct sample period.

The Hamming window is defined as follows:

_2m_ -
WH [n] = B)'SA' - 0.46 x cos(pointy) 1<nspoints
L0 otherwise [

Wave = Hamm(16)

26
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Hann(points) Create Hanning Window
Parameters pointsscalar integer
Description The Hann() function generates a Hanning window of length pointsand is

generally used in conjunction with the FFT () function. Weighting asigna with a
Hanning window prior to calculating its Fourier Transform yields a more accurate
spectral analysis because it eliminates some of the inaccuracies that result from
performing a Fourier Transform on asigna of finite length. To perform the
weighting, the signal to be weighted should be multiplied by the wave returned by
Hann(). Pointsis rounded down to the nearest power of 2 (e.g. Hann(1000)
will return a Hanning window of size 512). When Hann() is used in conjunction
with FFT (), both functions should use the same value of points. Since Hann()
returns awave with an arbitrary sample period and the function processor uses the
sample period of the first wave argument, the Hanning window should aways be the
second argument in an equation. For example, "freq = Ain0 * Hann(1024)"
will work well but "freq = Hann(1024) * Ain0" will not have the correct sample

period.
Definition The Hanning window is defined as follows:
21 .
WH [n] = %).5 - 0.5 x cos(55ints) 1snSp_0|nts%
[0 otherwise U
Example Wave = Hann(16)
1 ./I—I\.
I/ \I\
O 5 /I/ I\
e .
O e e S S S
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Histogram(dl. max, min, bins Histogram
Parameters dil wave or channd

max scalar

min scalar

bins scalar integer

Description The Histogram() function returns a wave that represents a histogram of d1. The

value of thenth point of the result isthe number of pointsin d1 whose valueslie
max-min

between min + (n-1)d and min + nd, where d =—pns - Theresult wave

must contain 32-bit floating values. To view and modify internal datatypes, press

the Format button in the Wave Options dia og.

Example Wave = Histogram(argl, 0, 50, 10)
argl
..................................... 32767
...................................... 16}38.-‘.1
. ............. . ................... - 16._'38.-:1
. .................................... ‘32,?55
WaYE
&__
'3-||— ]
2.
1—— =
e
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|maginary(dl) Return Imaginary Parts of Complex Wave
Parameters dl  waveor channe
Description Imaginary() returns awave which is half the length of the parameter wave and

contains al of the even-numbered points in the parameter wave d1 (base 1). This
function is useful for extracting the imaginary parts of waves in complex number
format. For adiscussion on complex numbers, please refer to the beginning pages
of this chapter. See Also MakeComplex(), Mag(), Real(), and Phase().

Definition Result[i] = d1[2i] i isbase 1
Example Wave = Imaginary (d1)
d1
4 []
31 -/
2 (]
e \ /
0 ! } } L] } |
1 2 3 4 5 6
Wave
4 []
3
2
1m
0 I\- |
1 2 3

Functions & Operators 7-29



Super Scope |1 & SoundScope Reference Manual

IndexSort(dl, index) Sort Wave According to Index
Parameters di wave or channel with < 32768 points

index wave or channel
Description IndexSort() sorts d1 according to the indices stored in index. For example, if d1

={1,4,8}, and index = {3,1,2}; then the result would be {8,1,4}. Seeaso
Makel ndex() and Sort():

index = Makelndex (wave)
sorted = IndexSort (wave, index)

isthe same as

sorted = Sort (wave)
Definition Result[i] = d1[2i]

Example Wave = IndexSort (d1, index)
{2, 1, 4, 3, -5} = IndexSort ({1, 2, 3, 4, -5} , {2, 1, 4, 3, 5})

\l
1
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Insert(dl, d2, time)

Insert One Wave into Another

Insert() returns a wave equal to d1 with d2 inserted into it, after time points. For

example, if d1={1,4,8}, d2 ={3,1}, and point = 2; then the result would be
{1,4,3,1,8}. The sample rate of the wave returned by Insert() will be set equal to

Parameters dl wave or channel
d2 wave or channel
point scalar integer

Description
the samplerate of d1.

Example Wave = Insert (d1, d2, 5)

di

5 mim/m-uin-m/n/n.nn

dz

5 mmm-mm

-5

"\
4 7 10 13 16%19 22 2% 28
Y Vs

Wave

1 34 37 40

I.. ._I
B H-N-N-N-N:E-NH-N-E-E
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Int(d1) Round Off to Nearest Integer
Parameters dl  scalar, wave, or channel
Description Int() takes the closest integer to d1 (or each value of d1if it isawave or channel)
and returnsthe result in asimilar form (scalar, wave, or channel with the same
samplerate, etc.). Thisfunction supports seamless scans and is not affected by scan
breaks.
Definition Result[n] = [d1[n]], if d1 isawave or channel; Result[n] = [d1] if d1 isascalar.
[X] is defined asthe integer that is closest to X.
Example Wave = Int (d1)
dl Wave
B ¢--- plig -------------=- 5 ]
4----l----\l -------------- 4 ---{--.\- --------------
3 ---./------\. ------------ 3 -l/- ----- \ [T
2--;/--------\; ----------- 2 I/- ------- -\I ------------
A N LY \ooeoee
0 S 1 A 0 S
- 13---4---7--10-\1—3-16--1—9- - 1a---4---7---1e\1e—-1-6-19-
i I W SN
1 .\.---/.- i \ .----./..
N o \" 7/
| Y P ---- B e e e oo - NN ---
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|nteg(d1)

|ntegrate (i.e. return sum to date)

Parameters

Description

Definition

Example

dil wave or channd

The Integ() function computes the indefinite integral of the parameter wave. The
values returned by Integ() arein units of vertical engineering units ¢ horizontal
engineering units. For example, the area under d1={ 1,2,3V} with a 50us sample
period would be (1+2+3) * 50e-6 = 0.0003 Volts* Seconds. Beware that overflow
or underflow could occur if the result wave is of type 16bit integer (e.g. a 16bit
integer wave with a+32K to +10V mapping supports a maximum value of 10V and a
minimum value of .000305V = 10V/32768; therefore, avalue of 0.0001 would be
rounded down to 0.0). This function supports seamless scans and is not affected by
scan breaks. See also IntegAV (), IntegPT(), IntegTL (), and IntegTV ().

Result[n] = gdl[j]
j=1

Wave = Integ (d1) dl'ssampleperiodis lsec

di

1 4 7 10'\1_3 16 1g"

Wave
40
-y
20 - ",
l'. .‘l
0 WM

1 4 7 10 13 16 19
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IntegAV(d1l, area) Integrate & Reset on Reaching Area
Parameters dl wave or channel

area scalar
Description IntegAV () calculates the indefinite integral of the parameter wave until the area

reaches the parameter area value, at which timeit resets and immediately restarts
accumulating new area. The valuesreturned by IntegAV/() arein units of vertical
engineering units « horizontal engineering units. For example, the area under
d1={1,2,3V} with a 50ps sample period would be (1+2+3) * 50e-6 = 0.0003 Volts
» Seconds. Beware that this might cause overflow or underflow if the result waveis
of type 16bit integer (e.g. a 16hit integer wave with a+32K to +10V mapping
supports a maximum value of 10V and a minimum value of .000305V = 10V/32768;
therefore, a value of 0.0001 would be rounded down to 0.0). Thisfunction works
with seamless scans and is not affected by scan breaks. See aso Integ(),

IntegPT (), IntegTL(), and IntegTV().

n
Definition Result[n] = yd1[j] ; Result[j] = d1[j] when Result[j] > area
=1
Example Wave = IntegAV (d1, 10) dl's sample period is 1sec
dl Wave
I 10 T--g-m-gr------------
'l.l ./\. ./ am
4 "",."".i """"""" 0 V.l g 'l‘
- n R o
3 N AR W \
h n 1 4 7 10 1316 19
0 l-|+|—|—|—|—|—|—|-l\-|—|—|—l—|—|—|—H 104--mmmmmmm - -
Spd 4. 7 103 16 19 '\_
] u - 20- ....................
B }I:.- -.-'I/-- i\".
- B 230 T
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IntegPT(d1, time) Integrate & Reset at Preset Time
Parameters dl wave or channel

time scalar
Description IntegPT () calculates the indefinite integral of the parameter wave until the parameter

time; it then resets and immediately restarts accumulating new area. The values
returned by IntegPT () arein units of vertical engineering units « horizontal
engineering units. For example, the area under d1={ 1,2,3V} with a 50us sample
period would be (1+2+3) * 50e-6 = 0.0003 Volts *« Seconds. Beware that this might
cause overflow or underflow if the result wave is of type 16bit integer (e.g. a 16bit
integer wave with a+32K to 10V mapping supports a maximum value of 10V and a
minimum value of .000305V = 10V/32768; therefore, avalue of 0.0001 would be
rounded down to 0.0). Thisfunction works with seamless scans and is not affected
by scan breaks. See also Integ(), IntegAV(), IntegTL (), and IntegTV ().

Definition Result[n] = zdl[;] Result[j] = d1[j] when Time(j ) > time
=1
Example Wave = IntegPT (d1, 5) dl'ssample periodislsec
dl Wave
5'|' .l.l. 20‘|’ ....
R R L -|—I—I—I—H—|—H—I—H—.|-";:I—|—H
147101_3161_9‘ 1 7101316-1_9
-5 m g -20
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IntegTL(d1l, timeList)

Integrate & Reset at Listed Times

Parameter

Description

Definition

Example

dl wave or channd
timeList wave or channd

IntegTL () computes the indefinite integral of the first parameter wave between the
times listed in the second parameter wave. At each timelisted intimeL ist,
IntegTL () resets and immediately begins accumulating anew area. IntegTL()
expects that timeList will contain alist of timesin chronological order, and discards
any times out of order. The valuesreturned by IntegTL () arein units of vertical
engineering units « horizontal engineering units. For example, the area under
d1={1,2,3V} with a 50us sample period would be (1+2+3) * 50e-6 = 0.0003 Volts
» Seconds. Beware that this might cause overflow or underflow if the result waveis
of type 16bit integer (e.g. a 16hit integer wave with a+32K to +10V mapping
supports a maximum value of 10V and a minimum value of .000305V = 10V/32768;
therefore, avalue of 0.0001 would be rounded down to 0.0). See also Integ(),
IntegAV (), IntegPT(), and IntegTV().

Let s be the sample period of d1 and let TimeL ist contain times (in order) t1, t2,....
The index numbers nj corresponding to thetimesin TimeList is nj = tj/s, with
no=0. Then for nj <n<nj+1,

Result[n] = gdl[j] :
j=ni+1

Wave = IntegTL(d1, timeList)
» dl'ssample period is 1sec
e timeList = {3, 9, 14, 17}

d1 W'aye

301
/ zo4 g F

1o+

" Reset#1

=20+ Reset#

Reset #3
Feset¥®#2 FEe

Feset®4
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IntegTV(d1, threshold) Integrate & Reset at threshold

Parameter

Description

Definition

dil wave or channdl
threshold scalar

IntegT V() computes the indefinite integral of the parameter wave below upward
crossings of ahorizontal line at the parameter threshold. After the wave increases
beyond the threshold, IntegTV () resets and immediately stops accumulating new
area. After the wave decreases below the threshold, IntegTV/() starts accumulating
new areaagain. The valuesreturned by IntegTV() arein units of vertical
engineering units ¢ horizontal engineering units. For example, the area under
d1={1,2,3V} with a 50ps sample period would be (1+2+3) * 50e-6 = 0.0003 Volts
* Seconds. Beware that this might cause overflow or underflow if the result waveis
of type 16bit integer (e.g. a 16bit integer wave with a+32K to £10V mapping
supports a maximum value of 10V and a minimum value of .000305V = 10V/32768;
therefore, a value of 0.0001 would be rounded down to 0.0). Thisfunction works
with seamless scans and is not affected by scan breaks. See aso Integ(),
IntegAV(), IntegPT(), and IntegTL().

Let ng be the greatest integer m<n such that:

(1) d1[m] > Threshold, and
(2) d1[m-1] < Threshold.

Then

Result[n] = d1[j]
j=no
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Example Wave = IntegTV (Argl, Threshold) Threshold

N AN/
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IntegTH(d1, threshold) Integrate & Reset at threshold

Parameter

Description

Definition

Example

dil wave or channdl
threshold scalar

IntegTH() computes the indefinite integral of the parameter wave both above and
below upward crossings of a horizontal line at the parameter threshold. After the
wave increases beyond the threshold, I ntegTH () resets and immediately starts
accumulating new area. After the wave decreases below the threshold, IntegTH ()
immediately resets and starts accumulating new areaagain. The values returned by
IntegTH() arein units of vertical engineering units * horizontal engineering units.
For example, the area under d1={1,2,3V} with a 50us sample period would be
(1+2+3) * 50e-6 = 0.0003 Volts * Seconds. Beware that this might cause overflow
or underflow if the result waveis of type 16bit integer (e.g. a 16bit integer wave with
a+32K to +10V mapping supports a maximum value of 10V and a minimum value
of .000305V = 10V/32768; therefore, avalue of 0.0001 would be rounded down to
0.0). Thisfunction works with seamless scans and is not affected by scan breaks.
See also Integ(), IntegAV(), IntegPT(), and IntegTL ().

Let ng be the greatest integer m<n such that:

(1) d1[m] > Threshold, and
(2) d1Jm-1] < Threshold.

Then

Result[n] = d1[j]
j=no

Wave = IntegTH (Argl, Threshold)
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InvEFT(d1, points) Inverse FFT

Parameters

Description

Definition

Example

100

oo
- = = - ' = = =

dl wave or channd
pointsscalar integer

InvFFT () computes the inverse fast Fourier transform of the first points/2
complex pairsof d1. If the points parameter isleft out or set to 0, adefault of the
length of d1isused. The parameter wave contains points/2 complex pair (each pair
contains areal and an imaginary component) and the result wave contains points
magnitudes. Note that pointsis rounded down to the nearest power of two (e.g.
InvFFT(1000) is equivalent to InvFFT(512)). The result is scaled such that
InvFFT (FFT(wave, points) = wave. For an example use of FFT (), or for a
discussion on imaginary numbers, please see the beginning of this chapter. See also
Spectrum(), FFT(), MVFFT(), Mag(), Imag(), Phase(), and Real().

points
+j2nkn

1 JELSLL
Result[n] =5 Zdl[k] X e points
k=1

Wave = InvFFT(d1, 8) Threshold
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L ast(al) Data From Last Scan

Parameters al wave, channel or scalar

Description The Last() function returns data which was contained in al during the previous
scan. Inscan#l, Last() returns awave of length zero, if the argument is awave, or
the value zero for ascalar argument.. If al isawave or channel, awave or channel
isreturned. If alisascalar, ascalar isreturned. Last() can only be called during
an digitizer-based-task..

Definition Result[n] = alt-1[n]) for awave or channel
Result =alt-1 for ascalar

Example Wave = Last (Ain0)
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Limit(di, Uthresh, Lthresh)

Clip_Above and Below

Parameters di wave or channel
Uthresh scalar
Lthresh scalar
Description The Limit() function clips the parameter wave d1. Valuesthat do not fall between
Lthresh and Uthresh are replaced by Lthresh and Uthresh, respectively. Other
values are left unchanged. This function supports seamless scans and is not affected
by scan breaks.
ndi[n] if Lthresh<dl1[n]<Uthresh
Definition Result[n] = [ L thresh if d1[n]<Lthresh
[ Uthresh if d1[n]>Uthresh
Example Wave = Limit (argl, 5, -4)
arg1 Wave
8 -’ 8
I__.I_--lk\i"':-X- ---------------- 4 Il-l"_i ----------------
;__.I-I-I,_. ‘f'{ ;__.I-I-I,_.
0 » . \.i 0+ » . \.i
4tF------- ---- '/- -------- 4 - - - - - (N '{ ---------
-3 - -_-H‘r’{ -3
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Natural Logarithm

L n(a1)

Parameters al wave, channel or scalar

Description The Ln() function returns awave equal to the natural logarithm (base €) of the

parameter. If al isawave or channel, the calculation is made on each point of al
and awaveisreturned. If al isascalar, ascalar isreturned. In(0) isdefined as -
INF (negative infinity) with 32bit floating point results, and -32768 (internally) for

16bit integer results. In(<0) is defined as

NAN (not anumber) with 32bit floating point results, and -16420 (internally) for
16bhit integer results. Thisfunction supports seamless scans and is not affected by

scan breaks.

Definition Result[n] = In((al[n]) for a wave or channel
n(al) for ascalar

Result =1

Example Wave = Ln (argl)

10

a1

a-n
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L 0g10(a1) Base 10 L ogarithm
Parameters al wave, channel or scalar
Description The L og10() function returns the common (base 10) logarithm of the parameter. If

al isawave or channel, the calculation is made on each point of al and awaveis
returned. If alisascalar, ascalar isreturned. 10g10(0) is defined as

-INF (negative infinity) with 32bit floating point results, and -32768 (internally) for
16bit integer results. 10g10(<0) is defined as NAN (not a number) with 32bit
floating point results, and -16420 (internally) with 16bit integer results. This
function supports seamless scans and is not affected by scan breaks.

Definition Result[n] = logl0(al[n]) for a wave or channel
Result =1logl0(al) for ascalar
Example Wave = logl0 (argl)
arg 1
11 #r.#l-l,_.h.h
- .
g -’.__I "
.-'..- .“-."
I:I""’ .‘“I
-5
Wave
3
2
| P o-0-8-0-00-0 ey,
I:I'-f.l T 1 T T T -H-
-1
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Mag(dl) Return Magnitudes of Complex Wave

Parameters dl  waveor channe

Description The Mag() function returns awave which contains the magnitudes of the complex
numbersin the parameter d1. The wave d1 should be in complex number notation.
Theresult waveis half the length of the input wave. For adiscussion on complex
numbers, please refer to the beginning pages of this chapter. See Also
MakeComplex(), Phase(), Real(), and I maginary().

Definition Result[i] =V/(d1[2i-1])2 + (d1[2i])2

Example Wave = Mag (d1)

di
4 [
31 -/
2 [ ]
1m -/ \/

0 ! } } n } i
1 2 3 4 5 6
Wave

6
n
4{ /
24 _——n
0 ! } i
1 2 3
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MakeComplex (d1) Return Complex Wave Given Reals
Parameters dl  waveor channe
Description MakeComplex() is given awave of real numbers, and returns awave of complex

numbers, where the imaginary part is 0 and the real part is based on the parameter
wave. Theresult istwice the length of the parameter wave Thisfunction is useful
for converting a timewave to the complex number format. For a discussion on
complex numbers, please refer to the beginning pages of this chapter. See Also
Mag(), Phase(), Real(), and Imaginary().

Definition Result[i] = d1[i/2+0.5] for al odd numbered i
Result[i] =0 for all even numbered i
Example Wave = MakeComplex (d1)
d1

ﬁ\ / :\./ |
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M akelndex (d1)

Return Index Sort List for Wave

Parameters

Description

Definition

Example

dl wave or channel with < 32768 points

Makel ndex() creates an index list that describes how to sort d1 such that the wave
elements are sorted in ascending order. The output wave is composed of non-scaled
integers (i.e., no units) and is of the same length as wave. Its companion function
IndexSort() will sort awave according to the output wave.

For example, if d1 ={1,-4,8}, then the result would be {2,1,3}. See also
IndexSort() and Sort():

index = Makel ndex(wave)
sorted = IndexSort(wave, index)

isthe same as

sorted = Sort (wave)

Result]i] = d1[2i]

Wave = Makelndex (dl1)
{2, 3, 4, 5, 1} = Makelndex ({1, 2, 3, 4, -5} )
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Maximum (d1, d2) Maximum Value

Parameters dl wave or channd
d2 wave or channd

Description The Maximum() function returns the maximum value for each corresponding pair
of pointsin waves d1 and d2. For example, if d1={1, 2, 3} andd2 ={3, 0, 1},
Maximum() would return {3, 2, 3} since 3 is greater then 1, 2 is greater then 0 and
3isgreater then 1.

Example Wave = Maximum (d1, d2)
£ —
—a—n—N—pg —n "."'."E'-.-'E
41 l"'f H.H‘l l""j Hl
1 -
2 /I ] ] ] ] ] ] [ .IHH"' )r(‘;l ] ] Illl"\ ] ] ] ]
I:I. T h_:l T LILJ T r\.\l_ T U\: T . T h_:l T LI_:l .\I'L\.\I_ T U\: 1
T — ]
- T 7 m. .

\l
1
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MaxToDate (dl)

Maximum Value To Date

Parameters dil wave or channd

Description The M axToDate() function computes a running maximum of the parameter d1.
Thenth point of the result wave is the maximum value of the first n points of d1.

This function works with seamless scans and is not affected by scan breaks.

Example Wave = MaxToDate (d1)
d1
o
L [
AW
- ;,In-l--l,_.
0 o . \\ﬁ.
: /
- I-I-l-‘"r'r
Wave
i sg_gT TE-0-0-0-0-0-0-0-0-0-0-0-0-0
4
L
a
-4
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Minimum (d1, d2)

Minimum Value

Parameters dl  waveor channe
d2  waveor channd
Description The Minimum() function returns the minimum value for each corresponding pair of
points in waves d1 and d2. For example, if d1={1, 2, 3} andd2 ={3, 0, 1},
Minimum() would return {1, 0, 1} since lislessthen 3, 0islessthen2and 1is
less then 3.
Example Wave = Minimum(dl, d2)
“T '
aye
41 I"'-.h\"'l
i
|:| ..___-"= : : :lll"\. ] ] [ ] [} [ ] ] ] ] ] ] ] ]
4w hye o Agwm wm o~ om
“ZT \l .)r‘,{: M"‘:H — - — ]
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MinToDate (d1) Minimum Value To Date
Parameters dl  waveor channe
Description The MinToDate() function computes a running minimum of the parameter wave

d1. Thenth point of the result wave is the minimum value of the first n points of
d1. Thisfunction works with seamless scans and is not affected by scan breaks.

Example Wave = MaxToDate (d1)
dl Wave
6 6
L]
44+ @ 4
| ||

217 \ 2
0 l/-|+H—|+H—|-\l\-|+H+H—H O mwmmwmmmnn H t +++FI
-2 4 7 10!‘.3 16 1.? -2 4 7 10!‘.3 16 19
-4 \I~ 'l/ -4 \',

Hgm el I
-6 -6
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Modulo (d1) Modulo
Parameters dl  waveor channd or scalar
d2  waveor channd or scalar
Description Modulo() returns awave each of whose values is the remainder when the
corresponding value of d1 isdivided by the corresponding value of d2. Unitsare
set to the units of d1. Thisfunction supports seamless scans and is not affected by
scan breaks.
Definition Result[n] = d1[n] — (d2[n] - IntError!))
where Int(x) istheinteger msuchthat m<x<m+ 1.
Example Wave = Modulo (d1, d2)
dl
10T
%1 / az |
I/
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MVFFT (dl, points) Fast Fourier Transform

Parameters

Description

Definition

Example

dl channel or wave
pointsscalar integer (2to 32767)

MVFFT () computes the magnitudes of the Fourier transform of the first points
points of the parameter wave using avery fast algorithm. If the points parameter is
left out or set to 0, adefault of the length of d1 isused. Notethat pointsisaways
rounded down to the nearest power of two (e.g. MVFFT (1000) is equivalent to
MVFFT(512)). The resulting wave contains points/2 magnitude values. The
MVFFT(d1, points) returns the same result as Mag(FFT(d1, points)). For
an example use of FFT(), or for a discussion on imaginary numbers, please see the
beginning of this chapter. The spectrum is scaled such that a+X Volt sine produces
a spike of amplitude X . See also Spectrum(), InvFFT(), MVFFT(), Mag(),
Imag(), Phase(), and Real().

Result[i] =V/(d1[2i-1])2 + (d1[2i])2 where
-j 21Ki
di[2i-1] = (2/ points) * Re % Zdl[k] X € points %
|m:<points> g
-j 2TKi
d1[2i] =(2/ points) * I m % Zdl[k] X € points %
j:<points> g
Wave = MVFFT (d1, 8)
dl Wawve
100 4 n 1004+ =
o1 ™ = 60
1 I = T - T 1
0o+t 0 p—t——a—
I 1 2z 3 I 1 2 3
A0 T . . A0 T
-100 + L -100 +
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OnOff (d1, Uthresh, Lthresh)

On-Off Control

Parameters di input channel or wave
Uthresh scalar
Lthresh scalar
Description OnOff() setsthe output to 1 (true) or O (false) in response to changes in the input
signal strength. The output bit isturned “ off” (0) when the input signal rises above
the upper limit, Uthresh, and isturned “on” (1) again when the signal falls below
the lower limit, Lthresh. If the run starts with the signal above the lower limit, the
output will start in the “ off” (0) state. This function supports seamless scansand is
not affected by scan breaks. See also Limit() and Alarm().
Example Output = OnOff (AiInO, 8, 4)
Aind
10 4 _ f,-x.
a Uppet Thre=hald - S Uppet Thre=hald
- e
G I""-r H'“l
I""-l- Hl
4 Lower - e Lower
Threshold -~ g Threshold
2 l""f HI
I"-.f H\'“l
|« Output is on (1) =8 Output is off (0) a1 Cutput is on (1)
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Peak (dl1, threshold) L ocate Peaks

Parameters

Description

Definition

Example

dil wave or channdl
threshold  scalar float

The Peak() function returns awave and marks peaks (local maxima) in the
parameter d1. Peaks in the parameter wave whose values exceed thresh are
preserved. All other pointsin the result wave are 0. This function supports seamless
scans and is not affected by scan breaks.

1[n] if d1[n] isa peak = thresh
Result[n] = % otherwise

Wave = Peak (argl, 6)

Wave

- — - B---0-0-N-0-E-B-N-N-0-B-B
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Phase(d1) Return Phases of Complex Wave
Parameters dl  waveor channe
Description Phase() returns a wave that contains the phase angle (in radians) of each complex
number in the parameter d1. d1 should be in complex number format. The result
wave contains exactly half as many points as the parameter wave. Thisfunctionis
useful for interpreting the results of the FFT () function. For adiscussion on
complex numbers, please refer to the beginning pages of this chapter. See Also
M akeComplex(), Mag(), Real(), and Imaginary(). Phase returns values that
range from 1tto -TL
di[2n jmaginar
Definition Result[n] = tan-1 %ﬁg =tan1 Eﬂ%&
Example Wave = Phase (d1)
d1
4
3 1 -/
2 (]
L \ /
0 ! } } u }
1 2 3 4 5
Wave
T
0. jl\
0+ " |
1 2 3
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PID(d1) PID Feedback L oop
Parameters currentValue wave or channel

setPoint wave or channel

P proportional term

I integration term

D derivativeterm
Description PID() isthe most common algorithm that controls quantities such as temperatures,

pressures and velocities. The currentValue parameter is the current value of the
guantity being controlled, the setPoint is the target quantity, P is the proportional
term, | istheintegration term, and D is the derivative term.

The derivative term uses a 3 point filter, described below, to reduce susceptibility to
noise. PID() must be placed within a segment loop in order to operate correctly.

To limit the output term’'s maximum value, create avariable named " _PIDmaxV" and
set it's value to the output maximum (e.g. 9.995V {not 10.000}). To limit the
output term's minimum value, create avariable named " _PIDminV" and set it's value
to the output minimum (e.g. -10.000). PID() is based on an article in Personal
Engineering & Instrumentation News (Oct 87, page 59) entitled "3-term PID
algorithm optimizes control strategies’. For an example use of PID(), please see the
PID examplein the More Instruments folder.

Definition output[i] = P * {error[i] + sampleTime* | * sum(error[k]) +
(D / sampleTime) * deltakrr(i]}
where
error[i] = setPoint[i] - currentValug]i]
deltakrr[i] ={error[i] + 3*error[i-1] - 3*error[i-2] - error[i-3]} / 6
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Example output = PID setPoint output input

(currentValue, _ _
%tpoint, P, I’ D) 0 %...E ......
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PulseEndTimes (d1, threshold, schmidt) Time Stamp Pulses

Parameters dil wave or channdl
threshold scalar
schmidt scalar

Description PulseEndTimes() returns alist of times which correspond to pulse positionsin
d1. A pulseisregistered when d1 rises above threshold + schmidt, and another
pulse will not be registered until d1 falls below threshold. Thetimeisregistered
when the pulse falls below the threshold level. If two points straddle threshold,
the function interpolates. Schmidt is used to reduce false triggers due to noise and
should be 3x to 5x larger than the typical noiselevel. The length of the result wave
depends on how many pul ses are detected.

This function supports seamless scans and is not affected by scan breaks. The result
wave must contain 32-bit floating values. To view and modify internal wave data
types, press the Format button in the Wave Options dialog. See aso
PulseStartTimes(), PulseM axTimes(), and TimeHisto().

Example {0.0867, 0.02867} = PulseEndTimes (d1, 2, 0.5)

PulseEndTimes() finds two pulses; one at time=0.00867 and another at
time=0.02867. d1's sample period is 0.001 sample/sec.
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PulseM axTimes (d1, threshold, schmidt) Time Stamp Pulses

Parameters

Description

Example

dl wave or channd
threshold scalar
schmidt calar

PulseM axTimes() returns alist of times which correspond to pulse positionsin
d1. A pulseisregistered when d1 rises above threshold + schmidt, and another
pulse will not be registered until d1 falls below threshold. Thetimeisregistered at
the pulse's maximum value. Schmidt is used to reduce false triggers due to noise
and should be 3x to 5x larger than the typical noise level. The length of the result
wave depends on how many pulses are detected.

This function supports seamless scans and is not affected by scan breaks. The result
wave must contain 32-bit floating values. To view and modify internal wave data
types, press the Format button in the Wave Options dialog. See aso
PulseStartTimes(), PulseEndTimes(), and TimeHisto().

{0.005, 0.025} = PulseMaxTimes (d1, 2, 0.5)

PulseMaxTimes() finds two pulses; one at time=0.005 and another at time=0.025.
d1's sample period is 0.001 sample/sec.
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PulseStartTimes (d1, threshold, schmidt) Time Stamp Pulses

Parameters

Description

Example

dil wave or channdl
threshold scalar
schmidt scalar

PulseStartTimes() returns alist of times which correspond to pulse positionsin
d1. A pulseisregistered when d1 rises above threshold + schmidt, and another
pulse will not be registered until d1 falls below threshold. Thetimeisregistered
when the pulse rises above threshold + schmidt. If two points straddle this
value, the function interpolates. Schmidt is used to reduce false triggers due to
noise and should be 3x to 5x larger than the typical noise level. The length of the
result wave depends on how many pulses are detected.

This function supports seamless scans and is not affected by scan breaks. The result
wave must contain 32-bit floating values. To view and modify internal wave data
types, press the Format button in the Wave Options dialog. See aso
PulseEndTimes(), PulseMaxTimes(), and TimeHisto().

{0.002, 0.022} = PulseStartTimes (d1, 2, 0.5)

PulseStartTimes() finds two pulses; one at time=0.002 and another at time=0.022.
d1's sample period is 0.001 sample/sec.
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Real(d1) Return Real Parts of Complex Wave
Parameters dl  waveor channe
Description Real() returns awave which is half the length of the parameter wave and contains all

of the odd-numbered pointsin the parameter wave d1 (base 1). Thisfunctionis
useful for extracting the real parts of wavesin complex number format. For a
discussion on complex numbers, please refer to the beginning pages of this chapter.
See Also MakeComplex(), Mag(), Imag(), and Phase().

Definition Result[i] = d1[2i-1] i isbase 1
Example Wave = Real (d1)

dil

~
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—

'I/\/
1 2 3 4 5

Wave
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Reciprocal(d1) Point-wise reciprocal of a Wave
Parameters dl  waveor channe
Description Reciprocal() returns the reciprocal of the parameter. Each point of the result wave

becomes one divided by each corresponding point in the source wave. Thisfunction
supports seamless scans and is not affected by scan breaks.

Definition Result[i] = 1.0/ d1]i]

Example Wave = Reciprocal (dl)
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Reverse(dl) Reverse of a Wave
Parameters dl  waveor channe
Description Rever se() reverses the order of the elementsin d1 (e.g. the first point of
Reverse(d1)'s result corresponds to the last point of d1).
Definition Result[i] =d1[1 + Length(dl) - i]
Example Wave = Reverse(dl)
dl Wave
6 6
4 4 ,-'.' .‘-\
2 . 2 ] \l
0 -/-H+H—H—H- -H+H+H—| 0 "{I—H+H+H-\-;
> 7 105‘3 16 19 -2 -fo 13 16 19
4 S ll. -4 II.
6 ) -6
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SetBit(d1l, bitNum) Set or Clear bit in result

Parameters

Description

Definition

Example

dl wave or channel
bitNum scalar integer between 0 and 31

SetBit() sets or clears the specified bit number (bitNum) in the result wave. If the
corresponding point in d1 isequal to 0, the bit is cleared (0); otherwiseit is set high
(2). Thisfunction supports seamless scans and is not affected by scan breaks.

if (d1[n] =0)

result[n] = result[n] BitwiseAnd falseMask
ese

result[n] = result[n] BitwiseOr trueMask

where

falseMask = InvertBits (1 shiftedL eft by bitNum bits)

trueMask = 1 shiftedL eft by bitNum bits

If d1={1, 0} and result = {3, 5}, SetBit (d1, 2) would cause the 2nd bit (base 0)
of the 1st result point to be set (since thefirst point in d1 is non-zero), and the 2nd bit

in the 2nd result point to be set to 0 (since the 2nd point ind1is 1) . Subsequently,
the result would become {7, 1}.
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Shift(d1l, points)

Shift

Parameters dl wave or channel
pointsscalar integer
Description Shift() returns the parameter d1 shifted by points points. If pointsis positive,
d1 is zero padded and shifted to the right. If pointsis negative, point points are
deleted and the rest are shifted to the left.
Definition Result[n] = d1[n- points] for n > points
Result[n] =0 for n < points
Example Given:
10 ./I——.\.\. dl
5+ o \\
0-::::::?\::::::::::
51 2 3 45%6 78 5\[011121314)516171
l\. /.
10 ~Ng—=
Wave = Shift(dl, 3)
" Wav
10 T ave
5 o N
0-—-.—-.—-./::::::':\_:::::::
.51 23 45 6 7 8 9101112\1314151617)18
I\. /.
-10 ~a—=
Wave = Shift(dl, -3)
Wave
10 l'—.\.
5~|~ "\
0 :::':\_:::::::::::::
_51 2 3 45 6\] 809 1011 3@ 13 14 1516 17 18
-10 '\.,-/.
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SignalAvag(dl)

Signal _Average Multiple Wave

Parameters dil

wave or channd

Description SignalAvg() returns a wave which contains the point-wise average of the previous
occurrences of d1, since the beginning of thetask. The nth point of the result wave

contains the average of al the nth points of d1 since the beginning of thetask. The
result wave has the same length as the parameter wave. Do not confuse this function

with AvgtoDate(), which computes a running average within a scan; or

Smooth(), which computes an n point moving average of one occurrence of d1.

1 scan#
Definition Result[n] = gganz * Y 9N scan
=1
Example Wave = SignalAvg (d1)

on

d1 {1zt cccurance)

D-|- . .I.-FF..I_\-.I-F'- |-\-H.|_'-.| .l-\_.. 1 1 1 1 1 1 1 1 1 ]
el 23 6 7 8 9101112015 1617 WE1320
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gl 23456789 1011153444@_54.14.94'9‘20
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Silent(speech) Calculate Silent Regions in Speech
Parameters speech wave or channel
Description Silent() returns a wave that indicates where speech, a speech waveform, is silent.

The points in the result wave occur at a 100 sample/sec rate and are set to 1 when
silent and O otherwise. For details, see the SoundScope Manual's appendix on
speech analysis techniques. See also UnVoiced() and Voiced().

Example silent = Silent(speech)

silent

speech
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Sin(al)

Sine

Parameters al wave, channel or scalar

Description Sin() returns the sine of the parameter. If al isawave or channel, the calculation is

made on each point of al and awave isreturned. If al isascalar, ascaar is
returned. Angle values are expected to bein radians. Thisfunction supports
seamless scans and is not affected by scan breaks.

Definition Result[n] = sin (al[n])

Result =sin(al) forascalar

Example Wave = Sine (d1)

d1

for awave or a channdl

0.5

-0.51
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Smooth(d1l, points) Smooth Wave

Parameters dl wave or channd
pointsscalar integer

Description Smooth() returns a smoothed copy of the parameter as d1. Smoothing is
performed by averaging each point in the parameter with its points-1 neighbors.
For example, smoothing with points equal to 3 produces a 3-point moving average
of the parameter wave. Note that points should be an odd, positive integer. If
pointsis even, averaging will be performed over points+ 1 points. This does not
induce a phase shift. For example, {1, 2, 2.33, 2, 1} = Smooth ({1, 2, 3, 2, 1} ,
3). Thisfunction supports seamless scans and is not affected by scan breaks.

1 -.5+n+points/2
Definition Result[n] = 5gints X > difj]
J=.5+n-points/2

Example Wave = Smooth (d1, 3)

Wave

10
—
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Sort(d1) Sort in Ascending Order
Parameters dl  waveor channe
Description Sort() returns awave which contains all the pointsin the parameter d1, sorted in

ascending order.

Example Wave = Sort (d1)

d1

_.-.1.
- I-l-l-"‘r(
Wawve
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Spectrum (d1, points) Power Spectrum

Parameters

Description

Definition

Example

di channel or wave
pointsscalar integer (2 through 32767)

Spectrum() computes the frequency spectrum of the input timewave d1. A
points number of time points are analyzed and points/2 dB magnitudes are
returned. 16bit integer datais evaluated w.r.t. 1 LSB; e.g. the spectrum of a+10V
sinein awave where £10V is mapped to +32K yields approximately (due to
hamming weighting) a 70dB = 20log(10V/.000305) high spike. 32bit floating point
datais evaluated w.r.t. 1.0; e.g. the spectrum of a+£10V sineyields approximately a
~20dB = 20l0g(10V/1.0) high spike. If the points parameter is set to 0, a default of
the length of d1isused. Note that pointsis aways rounded down to the nearest
power of two (e.g. Spectrum(1000) is equivalent to Spectrum(512)). For an
example use of Spectrum(), or for a discussion on imaginary numbers, please see
the beginning of this chapter. See also MVFFT(), InvFFT(), Mag(), Imag(),
Phase(), & Real().

Spectrum() is equivalent to:

ham = Hamm(points) Cal culate hamming window
timeWave = timeWave* ham Apply hamming window
spectra= MVFFT (timeWave, points) Calculate spectra magnitudes

spectra = log10(spectra) Convert to dB
spectra = spectra* 20.0

spectra = Spectrum (timeWave, 1024)

spectra

72

Functions & Operators



Super Scope |1 & SoundScope Reference Manual

Sgrt (al) Square Root

Parameters al wave, channel or scalar

Description Sgrt() returns the square root of the parameter. If al isawave or channel, the
calculation is made on each point of al and awaveisreturned. If al isascalar, a
scalar isreturned. The sguare root of a negative number is defined as NAN (not a
number) with 32bit floating point results, and -16385 (internally) with 16bit integer
results. Thisfunction supports seamless scans and is not affected by scan breaks.

Definition Result[n] =v/al[n] for awave or channel
Result =4/al for ascalar

Example Wave = Sgrt (dl)
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Tan (al) Tangent
Parameters al wave, channel or scalar
Description The Tan() function returns the tangent of the parameter. If al isawave or channel,
the calculation is made on each point of al and awaveisreturned. If al isascaar,
ascaar isreturned. The angles are expected to bein radians. Thisfunction
supports seamless scans and is not affected by scan breaks.
Definition Result[n] = tan (al1[n]) for a wave or channel
Result =tan(al) forascalar
Example Wave = Tan (dl)
d1
4
2 { .’./.’./.’.
0+t |
i 21|_ 2 3;’4,5—0’7’5 9 1011121314151617 181920
4
Wave
15 o
10 /
5 .
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TimeHisto (d1, threshold, bins) Time Histogram

Parameters dl wave or channel
threshold  scalar integer
schmidt scalar integer
bins scalar integer

Description TimeHisto() creates a time histogram of d1 and returns the result in a wave of
length bins. The histogram shows the number of "pulses’ above threshold that
occur in each timerange. A pulseisregistered when d1 rises above threshold +
schmidt, and another pulse will not be registered until d1 falls below threshold .
Thetimeisregistered at the pulse's maximum value. Schmidt is used to reduce
false triggers due to noise and should be 3x to 5x larger than the typical noise level.

Thenth valuein the constructed waveis egual to the number of peaks above

threshold that occurred during the nth division. The length of the d1 isdivided
into bins divisions, and the pulses are counted in each of those divisions. This
function supports seamless scans and is not affected by scan breaks. The result
wave must contain 32-bit floating values. To view and modify internal datatypes,
press the Format button in the Wave Options dialog. See also PulseStartTimes(),
PulseEndTimes(), and PulseM axTimes().

Example Wave = TimeHisto (d1, 5, .2, 10)

Wawve
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TimeValues (d1, timelList)

Read Values at Specified Times

Parameters dl wave or channel
timeL ist wave
Description TimeValues() returns alist of pointsin waveform d1, at the specified timesin
timeList. Thevaue of each point intimeList represents an amount of timein
seconds (which could originate from the PulseMaxTimes() Instruction, for example).
At each timein timeList, TimeValues() reads the wave d1 and appends it's value
to the result wave. For example, if d1={0, 1, 2, 3} and it's sample period is 0.001
samples/sec, times = {.001, .003}, then TimeValues(dl, times} would return { 1,
3}.
Example Wave = TimeValues (d1, timeList)
d1'ssample period is 1 sample/sec
TimeValues() finds 10V @ time=3 and 9V @ time=8.
di timeLis Wave
10 8 -
g 6.
&
44
4
7 21
0 0-
1T 3 5 37 9 11 1
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UnV oiced(speech) Calculate Unvoiced Regions in Speech
Parameters speech wave or channel
Description UnVoiced() returns a wave that indicates where speech, a speech waveform, is

unvoiced (e.g. fricatives). The pointsin the result wave occur at a 100 sample/sec
rate and are set to 1 when unvoiced and O otherwise. For details, see the
SoundScope Manual's appendix on speech analysis techniques. See aso Silent()
and Voiced().

Example unvoiced = UnVoiced(speech)

5 unvaoiced

speech
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Voiced(speech) Calculate Voiced Regions in Speech
Parameters speech wave or channel
Description Voiced() returns a wave that indicates where speech, a speech waveform, is

voiced. The pointsin the result wave occur at a 100 sample/sec rate and are set to 1
when voiced and 0 otherwise. For details, see the SoundScope Manual's appendix
on speech analysis techniques. See also UnVoiced() and Silent().

Example voiced = Voiced(speech)

— voiced

speech
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Chapter 8
Step-By-Step Design Reference

These step-by-step instructions provide a roadmap for building SuperScope |1 instruments. They assume
the reader is proficient with the Macintosh and has gained a basic understanding of SuperScope |1 by doing
Chapters 2, 3 and 4 Tutorial of the User'sManual. Itisrecommended that you following these instructions
in the order they are presented.

WHAT IS SUPERSCOFPE |17

SuperScope Il is software for the Apple Macintosh computer that can digitize (with the help of instruNet
hardware), analyze, calculate, graph and database waveforms in real-time. It includes standard ready-to-go
instruments such as a Strip Chart Recorder, Oscilloscope and Spectrum Analyzer. SuperScope |1 can
digitize long (e.g. 100M Bytes) continuous waveforms, spool them to disk, plot and analyze every point,
alow on-line annotation, and then allow post-acquisition viewing — it’ s the ultimate strip chart recorder!

SuperScope I can monitor and control RS-232 devices; read analog inputs (A/D), control analog outputs
(D/A) and do digital 1/0. It can export data to a spreadsheet, word processor, database, graphing or math
program. SuperScope |l isaLaboratory Instrumentation Design Environment that can be used to build
Virtually any software instrument. Building these instrumentsis as easy as setting up an Excel spreadsheet
or aFilemaker database. SuperScope |l isafull featured application program like Excel or Filemaker; and
NOT aprogramming language like C, BASIC or LabVIEW.

BUILD ON AN EXISTING INSTRUMENT

In some cases, the user begins with an instrument supplied with SuperScope I1. These contain Help
journals with extensive documentation and can sometimes place the user very closeto their ultimate
objective. If you are doing Oscilloscope work with instruNet, we recommend " Oscill oscope with
Database.iNet" and " Strip Chart w Database.iNet”, both in the " SuperScope I1:instruNet Instruments:BEST
INSTRUMENTS' folder.

SIX PHASES TO INSTRUMENT DESIGN
Instrument design istypically asix step process, as described below.

#1 Red-time: The user sets up the recording of raw data using the Oscilloscope or Strip Chart model asa
base. An Acquire button typically runs atask that does the digitizing.

#2 Analysis: The user addsinstructions and tasks to analyze the raw data. In many cases, the analysis
instructions are added to the Acquire task after the Scan Loop Begin, or Digitize Segment instructions.

#3 User Interface: The user adds buttons and tasks to provide a nice user interface similar to that of atypical
application program. The Print button causes the front panel to be printed, the Help button opens a
journal with extensive instrument documentation, the Save button causes the current data to be save,
and the Open button causes previoudly recorded data to be loaded.

#4 Database: The user sets up the saving of datain aformat that SuperScope Il can later understand. Data
is stored in the RECORDNUMBER OBJECT filename format (e.g. file "000005 W1" containsthe
W1 datain the 5th record of the database) in one folder referenced by a datapipe (discussed later). An
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Edit field shows the record number that is currently viewed { 1... total # of Records}. The user

presses the adjacent = Record arrows to increment or decrement to the next record. A year'sworth
of data could be stored in one database and the user could easily create tasks that search for trends and
compilereports. Database support typically requires the following buttons: New DB creates anew
database folder and attaches the datapipe to that folder, Open DB opens an existing database folder,
Add Record adds arecord to the database folder (i.e. saves a collection of waves and journals to the
database in the RECORDNUMBER OBJECT filename format), and the Record# Field shows the
current record number and provides a control to move to any record.

#5 Documentation: The user expands the Help journal to describe who built the instrument, what the
instrument does, how each button is used, the science behind the experiment, and the hardware setup.
For an example of anicely documented instrument, please see the Eye Movement Analyzer
instrument. Also, please see the SS2/Sos Documentation Standard file for more details on how to do
this. Please, please, please document your instruments for yourself and others (especidly if you area
temporary employee).

#6 Publish: In this optional phase, the user publishestheir heavily documented instrument. Thisinvolves
sending it to GW Instruments who distributes it as public domain free software (e.g. placesit on
CD's, places it on bulletin boards, sends to SS2 owners, etc.).

THE OSCILLOSCOPE & STRIP CHART MODELS

SuperScope |1 alows three modes of data acquisition; Strip Chart, Oscilloscope and Oscillo Queued.
Oscilloscope and Oscillo Queued are triggered at the beginning of each scan, while Strip Chart istriggered
once at the beginning of all scans. Strip Chart mode allows for the design of instruments that will stream
large amounts (e.g. >100MB) to hard disk and is not affected by scan breaks (i.e. data collection is
continuous across scan breaks). Modes are selected in the Scan Mode popup in the Digitize Segment
Dialog. For details on the Digitize Segment Diaog and the Scan M odes please refer to Chapter 5 of the
instruNet User's manual.

How many signals do | want to simultaneously digitize & at what sample rates?

A typical instruNet network typically supports multiple channels being digitized smultaneoudly at rates up
to 166K s/sec throughput (e.g. 83K samples per second per channel for 2 channels); however, this varies
depending on the network, length of cables, and computer. Generaly, the sample period is set small
enough so that an artifact in the wave is nicely represented when its points are plotted. For example, if a
wave contains 10ms wide pulses and 25 points would describe them nicely, one would set the sample
period to 10ms/25 = 0.4ms (2500s/sec sample rate).

What data do | want to keep in memory and what do | want to keep on hard disk? How
much RAM and disk space does this require?

System 7.0 consumes ~2.5MB of RAM, SuperScope || code consumes ~3MB, and the rest istypically left
for data (e.g. ~2.5MB for dataon an 8B RAM computer). Since each wave point consumes 4bytes, one
can typicaly hold afew hundred thousand pointsin RAM memory. In an Oscilloscope, the digitized datais
pulled into RAM memory; therefore, its maximum sizeis limited by the 4byte-per-point rule. InaStrip
Chart, you need to decide how many points arein your continuous stream, and if thisislarger than available
RAM memory, you need to break the stream into "scans’, and hold only one scan in RAM at atime. Inthis
case, the stream gets plotted and analyzed as it passes through the computer; yet does not accumulate in
RAM memory.

Notice that the raw dataislost unlessit is saved to disk (thisis easy to do) or saved on analog tape (running
ataperecorder in parallel with adigitizer isacommon practice). Y ou probably don't want to spool ten's of
megabytes to disk since large files are difficult to maintain on a computer. It isoften desirable to do data
reduction in real-time while the datais being digitized. Thisinvolves determining what valuesyou realy
need, and calculating that information in real-time. In many cases, the analysis results consume 1/1000th as
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much RAM asthe raw data.

SuperScope |1 does not compete with the tape recorder, paper strip chart recorder, graphing program, or
math package -- each are complementary and offer aspecialty. SuperScope |1’s speciaty isdoing analys's,
database and presentation in real-time. The tape recorder is good at storing long waveforms, the paper strip
chart isgood at producing a real-time paper tracing, the graphics package is good at non-real-time
presentation quality graphics, and the math package is good at non-real-time symbolic math.

To Build An Oscilloscope Or Strip Chart...

Choose New Instrument under File to delete all existing objects, choose New... under Wave and click the
Link to instruNet checkbox. Thiswill open the instruNet Channel dialog which is used to specify which
instruNet channel islinked to this particular SuperScope Il wave. Select channel Chl Vin+ in the Channel
popup. Click OK to exit the dialog and click Assist in the Wave dialog.

Assist will automatically do the following: create adisplay, give the new display the same name asthe
Wave, place the Wave into the new display, and reposition al front panel objectsin the Assist format, as
described inthe Assist inset. Select New Digitizer... under Task and double click on the Digitize Segment
instruction to open the Digitize Segment dialog. To build a Strip Chart instrument select Strip Chart in the
Scan Mode popup. To build a Oscilloscope instrument select either Oscilloscope or Oscillo Queued in the
Scan Mode popup. Please refer to Chapter 5 instruNet World Application Program of the instruNet User's
manual for afull description of these modes.

To adjust the sample rate, or the number of data points to be acquired...

To adjust the # of points digitized each second, or the number of data points to be acquired, double click on
the Digitize Segment instruction in a Digitizing Task to open the Digitize Segment dialog. Enter the sample
rate (in samples per second) into the " Sample Rate" field, and the number of pointsto be acquired in the
"Pts per Scan” field and then press OK.

THE ASSIST FORMAT

When creating a new Journal, Display, Button, or Task, theuser [TIT 2131141151 161 171 __ tasks _
can exit their respective Options dialogs with the Assist button D1 A
instead of the OK button. Assist causes the front panel objects D2 di ' |

(in the case of tasks, a button that runs the task) to be ISplays
repositioned in the standard Assist format with buttons across the D3 N 2
top of the front panel, journals across the bottom 30%, and 11 12 13 | |
displays stacked in the middle. Sometimes this repositioning is journals

helpful, especialy at the beginning of the instrument design
process; in other cases, it can position objects undesirably. While doing instrument design, it isimportant
to save your instruments every 15 minutes with unique names (e.g. file names"osc 1", "osc 2", etc).
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TASKS

Tasks are sequences of instructions that perform a series of operations. For example, one could write atask
to record data, analyze the acquired data, update the screen, and then print the results. Tasks are created,
viewed, edited, and debugged; and can be set up to run when a button is pressed. One “programs’ tasks
using asimple mouse/dialog user interface. The neat thing about programming SuperScope 11 isthe user
does not need to know a syntax — the mouse-driven dialog boxes take care of you. For more details,
please refer to Chapter 4 Instrument Design of the User's Manual and the Task Menu discussion in Chapter
3 The Menu Bar of the Reference Manual.

INSTRUCTIONS

Instructions are the building blocks of tasks. There are different kinds of Instructions, each dedicated to a
specific function (e.g. save awave to disk, move a marker, choose a menu command, etc.). A task
contains alist of instructions that are executed in the order that they appear in the task; and each instruction
isviewed inits own dialog, edited, cut, copied, & pasted. For more details on each Instruction, please refer
to the latter part of Chapter 4 Instrument Design in the User's Guide, and Chapter 6 Instructionsin the
Reference Manua (where each instruction appears in aphabetical order).

To create a task that digitizes...

Choose New Digitizer under Task to create atask that digitizes, change the name of the task to "Acquire" via
the Name field in lower-right corner, double-click on the Scan Loop Begin instruction to open it's dialog,
adjust the scan loop fields to specify how many scans are acquired when the task is run (e.g. 1 to 1000
would mean 1000 scans and 1000 times through the Scan Loop), press OK to return to the Task Editor,
press the Assist button to open the Assist dialog, and press OK to exit the Assist dialog. Assist will
automatically do the following: create afront panel button, name the new button after the task, set up the
button to run the task, and reposition all front panel objects.

Special Considerations

#1 Recdl that a"scan” isdefined in the Digitize Segment dialog as a specific number of points at a specific
sample rate. 1n Oscilloscope mode or in Oscillo Queued mode, each scan corresponds to one
digitization and one update on the screen; however, in the Strip Chart mode, one scan immediately
follows another, with no gaps in-between. Subsequently, the plotting and analysisis done
automatically on the entire stream (i.e. set of consecutive scans) and is not affected by scan breaks.
For example, to process a 10M point stream, one could set the Pts per Scan field in the Digitize
Segment dialog to 100,000 points, and set the No. of Scansfield to 100. In most Strip Chart cases
the No. of Scansis set to 1 and the entire stream isheld in RAM to make post-acquisition viewing and
analysiseasier. For details on the Digitize Segment dialog please refer to Chapter 5 instruNet World
Application Program of the instruNet Users's manual.

#2 Notice we chose New Digitizer under Task instead of New under Task. New Digitizer creates atask
with bolded template instructions that digitize as set up under the Hardware menu; whereas New
creates atask without these, and therefore does not contain the framework to do the oscill oscope or
strip chart instrument. Instruments typically have one Digitizer task, and several non-Digitizer tasks.

To save an instrument to disk...

Choose Save under File to save an instrument description to disk. The instrument isloaded by choosing
Open under File, or by double-clicking itsfile from the Finder. It isagood ideato repeatedly Save As
instruments with a new filename while doing instrument design (e.g. file names "osc 1", "osc 2", etc.).

To digitize...
Press the Acquire button.
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To stop the Acquire Task...
Choose Stop I Acquire under Task.

To adjust the Digitize Scan Trigger...

Choose Trigger under Hardware, adjust the trigger parameters as desired and then press OK. Note that
NORM waits until an analog input channel crosses a threshold in a specific direction (Pos or Neg), AUTO
issimilar to NORM yet falls through after several secondsif no trigger isreceived.

To set individual channel parameters (i.e. filters, gain)...

Choose Network P View Page under instruNet to open the instruNet Network Page. Set individual
channel parameters as desired. For more information on setting instruNet channel parameters please refer to
Chapter 7 Channel Reference and Chapter 8 Settings Reference of the instruNet User's manual.

To add another Input Channel...

Choose New under Wave to create another wave and open itsdialog. Click the Link to instruNet checkbox.
Select achannel in the Channel popup. Click OK to exit thedialog. If you want to automatically create
another display, link its horizontal scaleto that of the previous display, and place the new channel into this
display, use option A; otherwise, B:

A) Press Assist, and then press OK.
B) Press OK to exit the Channel dialog. The channel will not be visible until you placeit into a Display
(discussed latey).

To delete a Wave...
Choose Delete P targetWave under Wave.

To change the name of a Wave...

Choose Options P desiredWave under Wave to open the wave dialog, change the name, and then press
OK.

To Add a front panel Stop Acquisition button...

Choose New under Controls to create a new button and open its Options dialog, change its Name to
"Stop", and choose Mechanical Action # Standard in the Main popup to specify that the button togglein or
out for each mouse click, as opposed to automatically popping out after one mouse click. If you are starting
out and can tolerate the automatic repositioning of all front panel objectsin the Assist Format, pressthe
Assist button and then press OK; otherwise, Press OK to close the dialog and then reposition the front panel
objects manually (i.e. choose Panel Edit On under Display, reposition manually, and then choose Panel Edit
Off).

Choose Edit P acquireTask under Task, drag the Programming instruction from the Instruction Dictionary
to the position after the Digitize Scan instruction (or Digitize Segment if you don't mind stopping in the
middle of a scan), select If-Then in the list area, press the Edit Conditional button, set up "Control Stop ==
Vaue 1.0" (i.e. if the stop button is down...) in the popups, press OK, and press OK to return to the Task
Editor.

Then drag the Assignment instruction from the Instruction Dictionary to the line below "If (Control Stop ==
1.0) then...", set up "Control Stop = Value 0.0" (i.e. push the button back out) in the popups, and press
OK. Dragthe Alert, Beep, or Delay instruction from the Instruction Dictionary to the line below "Control
Stop = 0.0", select the Stop Task (or Break out of Scan Loop) radio, press OK to return to the Task Editor,
press OK to return to the front panel. To test, press the front panel Acquire button to run, and then press
the Stop button to stop. Note that the value of a button is 1.0 if down, and 0.0 if up.
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USER INTERFACE

To create a Button that runs a task...
If you are starting out and can tolerate the repositioning of all front panel objectsin the Assist Format, use
option A; otherwise B:

A) Choose Open P desiredTask under Task, press the Assist button, and then press OK to exit the Assist
diadog. Assist will automatically create afront panel button, reposition all front panel objects, give the
new button the same name as the task, and set up the task to run when the button is pressed.

B) Choose New P under Controlsto create a new button and open its Options dialog, change its
Nameto that of the target task to make the instrument easier to understand, select On Mouse Up Run
desiredTask, press OK to close the dialog and create the button. Choose Panel Edit On under Display,
resize and reposition as desired, choose Panel Edit Off, and then press the new button to run the task.

To create a Button that Prints the screen...

Choose Print Setup under File, set the Print choice to Front Panel (as opposed to selecting specific displays
for printing), press OK to exit Print Setup, choose New under Task to create a task and open the Task
Editor, rename the task "Print", drag the Choose Menu instruction from the Instruction Dictionary into the
Task region, set the Menu popup to File and the Command popup to Print (to choose Print under File when
executed), press OK to exit the Choose Menu instruction, press OK to exit the Task Editor, and then create
abutton that runs this task, as described earlier.

To add a button that opens a Help Window...

Choose New under Journal, change the Name to "Help", set the Position popup to Window, set the Font
popup to Monaco 12, set the Mode popup to Word Processing, select the Save contents with instrument file
checkbox, press OK to exit the Journal Options dialog, reposition the Journal window over the front pane,
type your documentation into this window, click the Help journal's close box to hide it, choose New under
Task to create atask and open the Task Editor, rename the task "Help", drag the Choose Menu instruction
from the Instruction Dictionary into the Task region to open the Choose Menu dialog, set the Menu popup to
Edit and the Command popup to Show # Help (to choose Show Help under Edit when executed), press
OK to exit the Choose Menu instruction, press OK to exit the Task Editor, and then create a button that runs
this task, as described earlier.
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DISPLAYS

Displays reside on the front panel and are used to view waveforms and show calculation results. They are
extremely versatile with many customizable attributes such as horizontal/vertical scroll/position controls,
labels, waves, markers and much more. Displays can be positioned on the front panel in any pattern and in
any number, space permitting. Each can contain up to 8 waves and supports mouse-driven cut/copy/paste
of wave snippets. For more details, refer to the Displays discussion in Chapter 4 of the User's Manual and
the Display Menu discussion in Chapter 4 of the Reference Manual.

To create a new display...

Choose New under Display, and drag the waves that you want to show from the Waves areato the Display
area. Y ou can show between 1 and 8 wavesin each display. The waves could be digitized data, calculation
results, or astatic list of numbers -- the displays don't care where the data comes from, they just plot the
waves. If you are starting out and can tolerate the repositioning of all front panel objectsin the Assist
Format, use option A; otherwise B:

A) Pressthe Assist button, and then press OK to exit the Assist dialog. Assist will automatically link the
new display's horizontal scale to that of the previous display and reposition all front panel objectsin
the Assist Format.

B) Press OK, choose Panel Edit On under Display, resize and reposition front panel objects as desired, and
then choose Panel Edit Off under Display.

To plot one wave against another (i.e. XY)...

Do asinstructed under To create a new display..., described above, except choose XY Plot in the Display
Type popup, and drag 2 waves instead of 1, onefor X and onefor Y. The 2 waves can be any 2 waves
(digitized, calculated, etc.) and should be adjacent inthe X Y dialog area.

To plot bars in a display...
Choose Features # desiredDisplay under Display, choose Bars in the Plot popup, and then press OK.

To plot dots in a display...
Choose Features P desiredDisplay under Display, choose Dots in the Plot popup, edit the Width field (dot
width in pixels), and then press OK.

To set the width of a display's plot line...
Choose Features P desiredDisplay under Display, choose Linesin the Plot popup, edit the Width field (line
width in pixels), and then press OK.

To change the grid pattern in a display...

Choose Features # desiredDisplay under Display, select the desired pattern in the Grid popup, and then
press OK.

To change the horizontal or vertical scale or position controls on a display...

Choose Controls P desiredDisplay under Display, select the desired controls in the popups, and then press
OK. For more detalls, refer to the Controls discussion, under Display, in Chapter 3 of the Reference
Manual.

To place a PICT picture on the front panel...

Copy aPICT picture to the clipboard via something like MacPaint, choose Panel Edit On under Display,
click at the target position on the front panel, choose Paste under Edit, position the PICT as desired by
dragging, and then choose Panel Edit Off under Display.
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JOURNALS

Journals are text regions that are used to enter, view and edit text in amanner similar to that done with a
word processor. With commands in the menubar, the user can Clear, Save, View, Copy to Clipboard,
Print, Delete and Create Journals. Also, the contents of Journals are easily saved to disk asa TEXT file.
Journa windows are resized and positioned on the front panel in any pattern and in any number, space
permitting. Many task instructions transfer text to journals. For more details, refer to the Journal
discussion in Chapter 4 of the User's Guide and the Journal Menu discussion in Chapter 3 of the Reference
Manual.

To create a journal...

Choose New under Journal to create a new journal and open the Journal Optionsdialog. Rename the
journal asdesired. If you want the journal'stext to be saved with the instrument file, select Save contents
with instrument file. If you want to automatically wrap text when the right edge is encountered, select Word
Processing in the Mode popup; otherwise, select Spreadsheet. In general, Word Processing is used when
typing notes, and Spreadsheet is used when building tables. If you want the journal to have its own
window, choose Window in the Position popup; otherwise, the journa will be glued to the Front Panel, like
aDisplay. If your Position popup is set to Window, press OK to exit and you are done; otherwise, proceed
with the directions below.

If you are starting out and can tolerate the repositioning of al front panel objectsin the Assist Format, use
option A; otherwise B:

A) Pressthe Assist button, and then press OK to exit the Assist dialog and automatically reposition all front
panel objects.

B) Press OK, choose Panel Edit On under Display, resize and reposition objects as desired, and then
choose Panel Edit Off.

To insert user-specified text into a journal...

Drag the Journals & Strings instruction from the Task Editor Instruction Dictionary, select the destination
journal in the uppermost popup menu, select the Insert radio option, and then type the text to be inserted, at
the insertion point location, at runtime. Inthe Insert field, a carriage return istyped as"\r" and atab is

typed as"\t". For example, "1\t2\r3\t4\r" would be printed as:
1 2
4

To send analysis results to a journal...

The following task instructions send numbersto ajournal: Statistics, Analog & Digita 1/O, Arithmetic,
Assignment, Curve Fitting, Get Time, RS-232, Log Marker Vaues, Read Wave Internals, Transcendental,
and User Interface. In general, one must drag one of these instructions from the Instruction Dictionary into
the task area and set up itsinstruction dialog to transfer avalue to a specified journal. When values are
repeatedly sent to ajournal, atable isformed with one column for each parameter (e.g. max, avg) and one
row per transfer.

Important Table-Building Considerations

1) If you don't like the displayed precision, you can use the Round Off or Integer options in the General
String instruction to clean up your text. For example, to append variable V1'sinteger value to the end
of J1 without showing V1 with 6 digitsto the right of the decimal (you want "1" instead of
"1.00000"), you would transfer V1's value to atemporary string, round-off the string viathe General
string instruction and then append the string onto the end of J1 via General string.

2) Textinstructions (e.g. Insert, Append) often conflict with table building instructions that transfer
numbersto journals. Thisis because the table builders expect the journal to bein a particular state at
each step of the table-building process, and the text instructions upset this state. If your tables are
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getting torn to shreds, consider setting up two journals, one for tables and another for text; or consider
building your own tables with Append in the General string instruction.

To calculate the average value of each scan and send the result to a journal...
If you have built an Oscilloscope, as described earlier, and want to transfer the average value of each scan to

ajournal, make sure a Journal has been created, as described earlier, choose Edit # Acquire under Task to
open the digitizer task, drag the Statistics instruction from the Instruction Dictionary to the line below
"Digitize Scan" to open the Statistics dialog, select W1 in the uppermost popup to specify that we are doing
calculations on thiswave, select "avg" inthelist area, select the Journa targetJournal checkbox to specify
that the average value of W1 isto be sent to this journal when the task isrun, select "max" in thelist area,
select the Journal targetJournal checkbox to specify that the maximum value of W1 isto be sent to the
journal when the task isrun, press OK, press OK to exit the Task Editor, and then press the Acquire button
to run the task and build a two column table.

Notice that you can obtain 10 different parameters in the Statistics dialog (e.g. avg, min, max...). Also,
notice that each parameter could be transferred to any of the following objects. wave, journal, variable,
string, marker, control or indicator. This means that one Statistics instruction could cause up to 60
transfers!

To Save, Load, Clear or Print a journal...
Choose Save As, Load Text, Clear, or Print P desiredJournal under Journdl.
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WAVES, CHANNELS, SEGMENTS & SELECTED

A waveisalist of numbers, which, when plotted, show awaveform. Waves can be digitized, synthesized,
analyzed, edited, viewed, used to hold the results of analysis, saved to disk, and sent to the clipboard as a
text column of numbers. Typical instruments have 3 to 10 waves. There are four kinds of waves: Normal,
Channels, Segments, and Selected. Almost all task instructions treat these the same; they are all alist of
numbers. A Segment is a section of another wave between two markers and is defined in the Marker
dialog, under Display, with a Name, two bounding markers, and a source wave.

The Selected wave is the section of another wave that has been graphically selected by the user in adisplay.

This requires putting the mouse in Edit mode by choosing Mouse P Edit under Display, clicking once on a
wave label at the Display |eft edge to select it, and then dragging over the wave region of interested. There
isonly one selected wave and its name isaways " Selected”. Channels are waves that typically receive
digitized data (e.g. "W1"). They are created by choosing New under Hardware, and are, in a sense, waves
attached to hardware ports. Normal waves are alist of numbers that are not attached to hardware ports and
are not based on other waves. They are created by choosing New under Wave. For more details, refer to
the Wave discussion in Chapter 4 of the User's Guide and the Wave Menu discussion in Chapter 3 of the
Reference Manual.

To create wave...

Choose New under Wave, set the wave name viathe Name field, choose a display in the Place Wave Into
Display popup if you want to place the wave into a Display for viewing, and then press OK to create the
wave. Placing awave into adisplay does not effect the wave's data, since displays are for the user's eyes
only. At any time one can adjust which waves are in each display viathe Display Options dialog. For more
details, refer to the Wave Menu discussion in Chapter 3 of the Reference Manual.

To load a wave with a sine, square, etc...

Choose Synthesize # desiredWave under Wave, specify the number of pointsin the Length field, set the
synthesize options as desired, and then press OK to load the wave with synthesized data. One could also
execute thisin atask viathe Synthesize task instruction. For more details, please refer to the Synthesize
discussion, under Wave, in Chapter 3 of the Reference Manual.

To view & edit a wave's numerical values...

Choose Edit Values P desiredWave under Wave to open the Value Editor. The leftmost column is an index
which corresponds to the point in the adjacent column while the five right-most columns hold the wave data,
proceeding left to right then top to bottom. To select arange of values, simply drag the mouse over any

series of cells. Pressdfix to Cut, dEic to Copy, and dEv to Paste. Datais placed onto the clipboard as a
column of numbers. To edit avalueinafield, click onceinthe cell to select it and then type. For more
details, please refer to the Edit Values discussion, under Wave, in Chapter 3 of the Reference Manual.

To filter a wave...

Choose Edit VValues P desiredWave under Wave to open the Filter dialog, set the Type popup (low pass,
high pass, etc), set the Frequency Cutoff popup (as a percent of sample rate), and then press OK to run the
filter. One can also do thisin atask viathe Filter instruction. For more details, please refer to the Filter
discussion in Chapter 6 of the Reference Manual. To learn how to create your own filters with a user-
specified cutoff frequency and stop band attenuation, please read the WLFDAP Documentation file in the
Goodies folder shipped with SuperScope 1.

To view statistics of a wave...

Choose Statistics P desiredWave under Wave to open the Statistics dialog, view the statistics, and then
press OK. One can also do thisin atask viathe Statistics task instruction.

To manually save a wave to disk...
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Choose Save As P desiredWave under Wave to open the standard Save File dialog and then set thefile
name and folder as desired. The default file format is BINARY , yet can be changed to TEXT viathe
Format button. BINARY isfast and compact, TEXT is slow, yet compatible with other programs. Press
Saveto save the wave. It ishighly recommended that waves be saved in a SuperScope || database,
discussed later, so they can be automatically accessed later.

To manually load a wave from disk...

To load awavefileinto an existing wave, choose Load Data P targetWave under Wave. Otherwise, to load
awave and have it appear as anew wave, choose Open under Wave.

To view a wave in an existing display..

Choose Options P desiredDisplay under Display, drag the desired wave from the Waves area to the Display
area, and then press OK.

To remove a wave or channel from a display..

Choose Options P desiredDisplay under Display, drag the desired wave out of the Display area, and then
press OK.

To vertically adjust a wave in a display..

Choose Mouse P Vertical Adjust under Display to put the mouse in vertical adjust mode, select the desired
wave by clicking on itswave label at the display left edge, and then drag the wave up and down as desired.
When awave has been vertically adjusted, its values will no longer correspond to the vertical scaleand a +
symbol will accompany itswave label. To snap awave back into registration, click once on its + symbol.

To view wave values at the mouse position...

Choose Show P Cursor under Edit to open the Cursor window, and then position the mouse in the display.
Another way to do thisisto create amarker, as described later, and then add a label at the top of the marker
to show the wave value at the marker position.

To graphically edit a wave in a display...

To Cut, Copy, and Paste wave snippets within a display, choose Mouse # Edit under Display to put the
mouse in Edit mode, select the desired wave by clicking on itswave label at the display |eft edge, and then
drag across awave region to select it. From here, you can choose Cut, Copy or Paste under Edit. Waves
are saved to the clipboard as a column of numbers and can be pasted into other programs such asa

spreadsheet. To Draw on awave, choose Mouse P Draw under Display to put the mouse in Draw mode,
select the desired wave by clicking onits wave label at the display |eft edge, and then draw as desired.
Drawing can be done with Grid Snap On or Off, as specified under Display.

To view the contents of the clipboard...
Choose Show P Clipboard under Edit.

To copy a display to the clipboard...
Choose Copy Display P display under Edit.

To copy a picture of a wave to the clipboard...
Choose Copy Wave Graph P wave under Edit.

To copy wave values to the clipboard...

Choose Copy Wave Text P desiredWave under Edit. One can then paste this column of numbersinto a
spreadsheet or graphics program.

To specify that a wave's data be saved in the instrument file...
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As adefault, wave data (which consumes 2 bytes for each wave point) is not saved inside an instrument file;
however, to specify that this be done, choose Options P targetWave under Wave, press the Points button,
select Save data with instrument file, press OK, and then press OK to exit the Options dialog. In the case of
channels, one chooses Options P channel under Hardware and then presses the Options button to access the
Save data checkbox.

To view a wave's internal parameters...

To view or modify Sample Period (time between points), First Point time (time of first point, which is
usually 0.0), Storage Length (buffer space in memory), or # of valid points (# of pointsin wave): choose
Options P desiredWave under Wave, press the Points button, view and modify as desired, press OK,, and
then press OK to exit the Options dialog.

To delete a wave...
Choose Options P waveToDelete under Wave.

To Add a wave that is a mathematical function of another wave...

Create awave by choosing New under Wave and place it into adisplay as described previously. Choose
Edit P desiredTask under Task to open the Task Editor, drag the Calculate Wave instruction from the
Instruction Dictionary to the place in the task that you want the calculation to occur, set up the popup menus
and fields as desired (for details on each function, please refer to Chapter 7 of the Reference Manual), press
OK to exit the Calculate Wave dialog, press OK to exit the Task Editor, and choose Run P desiredTask
under Task to seeit run.

To build a Spectrum Analyzer...

To add a spectrum analysis display (i.e. plot dB amplitude V's. frequency) to an existing Oscilloscope
instrument, create a new display as described earlier, create a new wave by choosing New under Wave,
nameit "FFT", place the wave into the new display, add a"FFT = Spectrum (W1, 0.0)" Calculate Wave
instruction after the Digitize Scan instruction in the Acquire task, run the task, stop the task, and then adjust
the FFT display's horizontal and vertical scale as needed. The FFT wave will update each time through the
Scan Loop and will therefore always reflect the most recent W1 scan.

To append one point to the end of a wave each time through a loop...

In many cases, one value is produced each time through aloop (e.g. the scan loop). The user can
accumulate these valuesin ajournal, as described earlier, or in awave. The wave isthe recommended
option since SuperScope 11 can access wave vaues for analysis, storage and recall; whereas journals are
primarily for export to a spreadsheet and for the user's perusal.

To append one point to the end of awave each time through aloop, one must create a wave to receive the
data by choosing New under Wave, placeit into adisplay (possibly plot Dots instead of Linesviathe
Features dialog under Display), and set up the transferring of a scalar value to that wave viaany of the
instructions that transfer scalars (e.g. Statistics, Pulse Analysis, Assignment, Arithmetic, etc). These
instructions have a Wave Transfer Options button that opens a dialog that specifies which wave point
receives the scalar each time the instruction is executed. The default settings transfer a value to point#1 the
first time through the loop, point#2 the next time, and so forth.
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M ARKERS
Markers mark atimein awave or display. When aMarker is placed into aDisplay, it appearsasavertica

line that can be moved with the mouse after choosing Mouse # Move Marker under Display, or viaatask
instruction. Markers are sort of like variables, they consist of aname and a corresponding value. Their
position, which is usually in units of Seconds, istheir value. Thisvalue can be read or written by most task
instructions. Writing to amarker movesiit to anew position. Any number of markers can be placed into
each display, and each marker can be placed into any number of displays. If amarker'spositionisnotin
the displayed region, it appears as a dotted line at the left or right edge. Markers are used to scan dong a
waveform to find specific attributes, and are used to mark the bounds of segments. For more details, refer
to the Markers discussion in Chapter 4 of the User's Guide & the Markers discussion, under Display, in
Chapter 3 of the Reference Manua.

To create a marker...

Choose Markers P anyDisplay under Display, press New in the lower-left Marker region, set the Name
field in the Marker area as desired, and then press OK to create the marker. At thispoint, it existsin
memory as avalue and name, yet isnot visiblein adisplay. To seeit in adisplay, do as described below.

To view a marker in a display...

Choose Markers P desiredDisplay under Display, select (i.e. click once to highlight) the desiredMarker
name in the upper-left Display area, and then press OK. To take amarker out of adisplay, Deselect instead
of Select by clicking once on a highlighted marker name (which causes the highlight to disappear).

To add a marker label to a display....

Choose Labels I desiredDisplay under Display, choose the desiredMarker in the Marker popup, and then
set up the marker label asdesired. Marker labels appear above a marker's position and show the marker
name, position and/or wave value at marker position. Up to 2 markers can be labeled in each display.
Additionaly, the difference between two markers (i.e. delta X) can also be displayed. For more details,
refer to the Labels discussion, under Display, in Chapter 3 of the Reference Manual.

To create a Segment...

A "Segment” is a section of awave between two markers. Segments are created and defined in the Markers
dialog, under Display, and are given a unique name that appears in the wave list; therefore, they can be
referenced just like anormal wave. To create a segment, choose Markers P anyDisplay under Display,
press the New button in the Segment region (in center of dialog) to create a segment, choose a source wave
in the Wave popup, and two bounding markersin the two Bound popups (if you have not yet created 2
markers, do so now by pressing New twice in the lower-left Marker ared), rename the segment viathe
Name field, and then press OK to exit the Markers dialog. To view the valuesin a segment, choose Edit

Values I desiredSegment under Wave. To view the segment in adisplay, choose Options #
desiredDisplay under Display and drag the segment into the Display Contents area. If the source waveis
aready inthe display, it might be useful to Vertically Adjust the segment.

To calculate the energy in a segment...

Suppose you have an oscilloscope and want to calculate the RM S energy in the oscilloscope scan between
t=10ms and t=20ms. Thiswould involve the creation of two markers as described earlier, the creation of a
segment based on W1 between the two markers as described earlier, setting one marker to 0.01 viathe
Assignment task instruction positioned at the beginning of the task (i.e. Marker M1 = 0.01), setting the
other marker to 0.02 via another Assignment instruction, and adding a Statistics instruction after Digitize
Scan that calculates the RM S value in the segment and transfers the result to another object (i.e. awave or
journal), one result value per scan.

8- 14 Sep-By-Sep Design Reference



Super Scope |1 & SoundScope Reference Manual

VARIABLES AND STRINGS

Variables are used to hold one 32-bit floating point value (e.g. 16, 2.3, 1.34e6) and Strings are used to hold
aseries of characters of any length, memory permitting (e.g. “hi”, “1.2"). These objects are easily created,
renamed, and deleted; and their datais easily viewed and edited. Many task instructions transfer data to and
from variables and strings.

To create, delete, edit or view a string...

Choose Edit P anyTask under Task to open the Task Editor and then press the S button in the upper-left to
open the String dialog. To create a new string, press the New button or choose New String in the
uppermost popup menu. To rename astring, edit the Name field. To delete, select in the uppermost popup,
and then press the Delete button. An Edit areais provided to view, edit, cut, copy, or paste a string's text.

To create, delete, edit or view a variable...
Variables are handled in the same manner as Strings, described above, except one pressesthe V button
instead of the S button in the Task Editor.

To read & write values to and from strings and variables...

Many task instructions read and write values to and from strings and variables (e.g. Statistics, Analog &
Digital 1/0, Arithmetic, Assignment, Curve Fitting, Get Time, RS-232). In general, one must drag one of
these instructions from the Instruction Dictionary into the task area and set up itsinstruction dialog to
transfer avalue to or from a specified string and/or variable. Numerical values sent to strings are sent as
text (e.g. "1.243").
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CONTROLS AND INDICATORS

Controls and Indicators allow the adjustment of Boolean true/false Border>[ |jatume<k Label
values, scalars, lists, and text. These objects appear in avariety of olume
styles, sizes, fonts, and colors; and their states are easily read and Ruler—b10.0= %(" Arrow
updated with task instructions. In general, these objects are viewed A s0=<—T Major
as variables by the instructions -- they contain aname and avalue, Data oo $ Tick
except agraphical thing istied to the value. For example, abutton's RangeN] _s = |
valueis 1if pressed; O otherwise. A knob'svaueisits position. Precision ‘\-11:1'1:1—: K Minor
Tasks can read and modify the state of Controls and Indicators. N vﬁ. Tick
D'g'tal-)l[:]'[j':' =< Increment

To create a Control or Indicator... Readout
Choose New Control or New Indicator under Control, and then

select the desired object in the submenu. When the Control Options dialog appears, set the Name, the initial
value (1 = on, 0 = off for switches and buttons), and attributes (accessed via submenus at the base of the
dialog). To run atask when abutton is clicked or a control is moved, click the On MouseUp run

desiredTask checkbox. If you are creating ai.d button and can tolerate the repositioning of al front panel
objectsin the Assist Format, use option A; otherwise B:

A) Pressthe Assist button, and then press OK to exit the Assist dialog.

B) Press OK, choose Panel Edit On under Display, resize and reposition the front panel objects as desired,
and then choose Panel Edit Off under Display.

To adjust control's or indicator's attributes...

Hold down both the 3 and Option keys and then click on the control or indicator's main body. A submenu
will appear with alist of attributes. To show or hide a Label, choose Show/Hide Label in the submenu. To
show or hide a Digital Readout, choose Show/Hide Digital Readout in the submenu. To adjust the range of
ameter or dider, choose Data Range. To show or hide a scale for a meter or dlider, choose Show/Hide
Ruler. To show or hide = . buttons, choose Show/Hide Arrow. To show or hide a border, choose
Show/Hide Border. To open the Options dialog, choose Options.

To modify a control's or indicator's label...

Hold down both the 38 and Option keys and then press the mouse on the control or indicator's label. A
submenu will appear with alist of attributes. To edit the text, choose Edit Label in the submenu. To change
the font type or size, choose Text Format in the submenu. To change the position of the label, choose L abel
Position.

To modify a control's or indicator's ruler...

Hold down both the 3 and Option keys and then press the mouse on the control or indicator'sruler. A
submenu will appear with alist of attributes. To edit the displayed precision (# of digits to right of decimal
point), choose Precision in the submenu. To change the font, style or size, choose Text Format in the
submenu. To change the # of minor or major ticks, choose Tick Marks.

To run a task when a control is moved...

Hold down both the 3 and Option keys and then press the mouse on the control or indicator main body to
show its submenu, choose Options in the submenu, set up the On Mouse Up run desiredTask area, and then
press OK.

To read & write values to and from controls & indicators...

Many instructions read and write values to and from controls & indicators (e.g. Statistics, Analog & Digita
1/O, Arithmetic, Assignment, Curve Fitting, Get Time, RS-232). In general, one must drag one of these
instructions from the Instruction Dictionary into the task and set up itsinstruction dialog to transfer avalue
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to or from a specified control and/or indicator. All controls and indicators have a state that correspondsto a
numerical value. In the case of knobs, meters and diders; it istheir numerical position. In the case of
Boolean aobjects (e.g. buttons, lights, toggle switches), 1.0is ON or DOWN and 0.0 if OFF or UP.

To create a control that offers one of several text choices...

Choose New Control P : under Control to create an Edit Field (or % to create a dider) and open the
Control Options dialog, edit the object's Name as desired, choose Data Range in the Main popup menu to
open the Data Range dialog, set the Minimum to 0.0, set the increment to 1.0, set the Maximum to 1 less
than the number of itemsin your list (e.g. set to 2 if you have 3 itemsin your list), press OK, choose Edit
Label inthe Label popup to open the Label dialog, type theitemsin thelist separated by an " @" symbol
(e.g. "a@b@c" for alist that shows a, b, or c), press OK (If you are working with a Slider instead of an
Edit field, choose Tick Marksin the Ruler menu, set the 2 fields to 0 and then press OK.), press OK to exit
the Control Options dialog, click on the new Edit field's = . arrowsto see the value and label move up
and down in thelist (e.g. 0=a, 1=h, 2=c). Choose Panel Edit On under Display, resize the Edit field until
itswidth isas small as possible (i.e. just the label and == .« arrows are shown), choose Panel Edit Off
under Display, and then play with the == . arrows to see your list.
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POLYMORPHISM ISKEY

Most task instructions transfer individual values (one number) to and from waves, journals, variables,
markers, strings, controls and indicators. SuperScope |1 is polymorphic, in that it allows oneto transfer
values between objects of different types. A marker’svalueisits position, a control’ svalueisits setting,
and awave' s scalar value is one point in that wave as specified in the Wave Transfers Options dial og.
When the numeric value of ajournal or string is sought, its text is scanned until a number isfound, and
that'sits"value'. If anumber isnot found, 0.0 isused. When anumerical valueistransferred to a string,
it istransferred in text form (e.g. 1.23 becomes"1.23"). When numerical values are transferred to a
Journal, atableis built, where columns are formed for each parameter, and a new row isformed each time
another transfer occurs.

Polymorphism also works with strings. The General String instruction appends, copies, inserts, or
compares text between two source objects, and places the text result in adestination object. In the case of
Journal and String objects, text isread or written directly; however, when the numeric-based objects are
read, their values are converted to text (e.g. 12.33 becomes "12.33"). Also, when a numeric-based object
is set with text, the text is scanned for anumber, and if oneis not found, 0.0 is used.

To transfer a value from one object to another...

Choose Edit P desiredTask to open the Task Editor and drag the Assignment instruction from the
Instruction Dictionary to open itsdialog. Choose your source object type in the upper-right popup, specific
source in the lower-right popup, destination object type in the upper-left popup, and specific destination in
the lower-left popup. The Options dialogs are used to set various transfer options. For example, the Wave
Transfer Options dialog enables one to specify which wave point is used in the transfer. The default
settings transfer to point #1 on the first transfer, #2 on the 2nd, and so forth. For your convenience, the
current value of each object is shown at the base of the dialog.

To +, -, *, etc individual values...

One does scalar arithmetic viathe Arithmetic task instruction in amanner very similar to that done with
Assignment, described above; however, the user specifies two source objects, one destination object, and a
mathematical operation. The conditional operations (e.g. <, >, <= less then or equal to, >= greater then or
equal to, == equal to, != not equal to) return 1.0 if the expression is True, and 0.0 if False. “AND” &
“OR” are bitwise operators.

To copy, append, insert, delete, compare, or round-off text...

One does text operations viathe Genera string task instruction in amanner very similar to that done with
Arithmetic, described above. In the case of General string, the user specifies two source objects, one
destination object, and atext operation. Copy copies text from the source object into the destination.
Append appends the text in Source #2 at the end of Source#1, and transfers the result to the destination
object. Compare compares two objects and fills the destination with "1.0" if they are the same text; "0.0"
otherwise.

Insert inserts the text of source #2 into the text of source #1 at the specified character position. Integer
converts the source text to an integer textural value (e.g. "1.000" becomes"1"), Round Off rounds off the
source text to a specified number of digitsto the right of the decimal, Length returns the number of
characters in the source text, Time returns the time (e.g. "18:38:58"), and Date returns the date (e.g.
"1/30/64"). For your convenience, the first 30 characters of each object is shown at the base of the dialog.
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DATAPIPES

Datapipes reference afolder on disk (i.e. apathname). Think of it as a pipe, through which you push data
between SuperScope |1 and afolder on disk. The Datapipe task instruction is used to redirect a datapipe, or
to attach a datapipe to anew folder. The Disk 1/0 task instruction is used to load and save waves and
journalsto and from folders referenced by datapipes. For more details, please refer to the Datapipes
discussion in Chapter 4 of the User's Guide and the Datapipes discussion, under File, in Chapter 3 of the
Reference Manual.

To create a Datapipe...
Choose Datapipe P New Datapipe under File, edit the Name as desired, and then press OK.

To re-point a datapipe...
Choose Datapipe Folder P desiredPipe under File to open the standard File dialog (which shows you where
the pipeis pointing), navigate as desired to redirect the pipe, & press OK.

To create a new folder for data...

First, switch to the Finder, create a"Master Data" folder , open it, create afolder inside this Master folder
and name it "Experiment #1". Create a datapipe, drag the Datapipe instruction to the beginning of your
Task, set up the instruction to Create new folder and prompt for folder name (and attach pipe to new folder),
choose Datapipe Folder P desiredPipe, to open the Standard File dialog, direct the datapipe to the inside of
the Experiment #1 folder, press OK, and then run the task.

The Create new folder task instruction will disconnect from Experiment #1, and then create a new folder
inside Master Data, at the same level as Experiment #1.
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SUPERSCOPE || DATABASES

For an overview of SuperScope Il databases, please see the Database discussion in Six Phases To
Instrument Design on pg4. For examples of databases, please see instruments Oscilloscope with Database,
EEG Analyzer, & Strip Chart w Database, supplied with SS2.

Why should | bother with Databases?

They are easy to implement since they only require 4 buttons and 4 tasks, each with several instructions.
Also, if you save your datato afile with arandom name, in arandom folder, SuperScope |1 can no longer
access the data automatically. Instead, it should be stored in atightly controlled RECORDNUMBER
OBJECTNAME filename format, in one folder that is accessed with a datapipe.

When should | transfer data to a spreadsheet?

Generally, one should minimize the number of application programsin use since transferring data from one
to another is often laborious and other programs are typically not designed to work with many long lists of
numbers. We recommend that data and results be kept in a SuperScope |1 database, and spreadsheets be
used only to make presentation quality graphs.

To create a database...

#1 Create DB datapipe: Choose Datapipe # New Datapipe under File to create a datapipe, set the Name to
"DB", and then press OK.

#2 Create Record field: Choose New Control P [1.3]: under Control, change the Name to "Record",
choose Data Range in the Main popup menu, set the Minimum to 0.0, set the increment to 1.0, set the
Maximum to 10000000, press OK, choose Precision in the Main popup menu, set the # of digitsto
right of decimal field to O, press OK, and press OK.

#3 Create New DB button: Choose New under Task, set the task Name to "New DB", double-click on the
Datapipe instruction, choose Create new folder and prompt for name, press OK, double-click on the
Assignment instruction, set up the "Control Record = Value 0" transfer, press OK, press OK to close
the Task Editor, create a button called "New DB" that runs the New DB task, as described previously.

#4 Create Record variable: Choose Edit P anyTask under Task, pressthe V button, press the New button,
set the Name to "Record", press OK, and then press OK to exit the Task Editor.

#5 Create Add Rec button: Choose New under Task and set the Nameto "Add Rec". Usethe
Programming (Comment), Arithmetic, Assignment, Programming (Comment), and Disk I/O
instructions to set up the following task:

Task Begin
I ncrenent to next record.
Control Record = 1.000 + Control Record
Vari abl e Record = Control Record
Save waves & journals to disk.
Save wave WL to di sk
Save journal Notes to disk

The Disk I/O instructions are used to save waves and journalsto disk. In the example above, each
database record contains one wave W1 file and one journal Notesfile; although what you keep in your
database record is completely up to you. After each time you open the Disk 1/O instruction dialog,
choose Save wave/journal objectName, press the Options button, select the Prefix file name with value
Record checkbox to tell it to prefix the filename with the record number, press OK, pressthe File
button, choose the datapipe in the lower-right corner to tell it to save to the pipe location, press Save,
& then press OK to exit the Disk I/O dialog. When finished setting up the Add Rec task, create a
button called "Add Rec" that runs the Add Rec task.
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#6 Testing: Pressthe New DB button to create a new folder and attach the DB pipe, and then press the Add
Rec button to save the current datainto a new database record. The Record Edit Field should
increment from 0 to 1, and one should see the files saved to disk (e.g. 0000001 W1", "0000001
Notes") after choosing Datapipe Folder # DB under File.

#7 Create Load Rec task: Choose New under Task and set the Name to "Load Rec". Use the Assignment
and Disk 1/O instructions to set up the following task:

Task Begin

Vari able record = Control Record
Load journal Notes from di sk
Load wave energy from di sk

After each time you open the Disk 1/O instruction dialog, choose L oad wave/journal objectName,
press the Options button, select the Prefix file name with value Record checkbox, press OK, press the
File button, choose the datapipe in the lower-right corner to tell it to load from the pipe location, select
the "0000001 objectName" file, press the Open button, and then press OK to exit the Disk I/O diaog.
Y ou need one Disk 1/O instruction for each object that you saved in your database. When finished

setting up the Load Rec task, choose Options # Record under Control, set up the On MouseUp run
L oad Rec area, and then press OK. Thislast step causes a new record to be loaded each time the

R&ecord field is adjusted by the user. Since we set the Record control's increment to 1.0, pressing the

= arrows change its value by 1.0, and then the Load Rec task runsto load in the new record.

#8 Create Open DB button: Choose New under Task and set the Name to "Open DB". Use Datapipe,
Assignment, Assignment, and Programming (Jump to Subroutine) to set up the following task:

Show Dat api pe "DB" Fol der D al og
Control Record = 0

Vari abl e Record = Control Record
Junp to Subroutine "Load Rec"

Create a button called "Open DB" that runs the Open DB task, as described earlier.
#9 Reposition objects. Reposition the front panel objects as desired via Panel Edit On/Off under Display.

#10 Testing: Press New DB to create a new database, press Acquire (or something that changes your
data), press Stop (or something that halts the Acquire task), press Add Rec to save this new datato the
database in record #1, press Acquire to get more data, stop Acquire, press Add Rec, press Acquire,
stop Acquire, press Add Rec, press the == Record button to move from record 3 to record 2 (you
should see record #2's data appear), press the == button to move to record #1, then press .= twiceto
move back to record #3, press Acquire, press Add Rec to add a 4th record, press New DB to create a
new database, press Open DB and navigate to the inside of the database folder with the 4 records,

press OK to hook up to this database, and then type 4 in the Record field to see the 4th record. You're
done!
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WORKING WITH TASKS

To debug a task...

#1 Create Task80 Journal: Choose New under Journal, set the Name to "Task80", choose Window in the
Position popup to specify ajourna with its own window, press OK to exit the Journal Options dialog,
resize the new window to be approximately 7" wide without overlapping the front panel (if possible),
and then run atask. One linewill be printed to the Task80 journal each time an instruction is executed
showing the instruction text and what it did. Study this printout to get an idea of what your task is
doing. Choose Clear P Task80 under Journal to clear thejournal. To turn this feature off, change the
name of the Task80 journal (e.g. to "Task80ff") by choosing Options # Task80 under Journal.

#2 Step through task: Choose Edit I desiredTask to open the Task Editor and then press the Step button in
the upper-right corner to execute each task instruction, one line per button press. AnP arrow at the
Editor left edge will show you where you are in the execution of the task. Debugging involves
viewing waves, journals, variables, strings, markers, and displaysviathe W, J,V, S, M and D
buttons before and after instruction executions. The W button, for example, opens the Wave Options
dialog, and from here, one can press the Edit button to open the Value Editor to view awave'sinternal
values. A popup menu at the top of the Value Editor enables oneto view any wave. Also, one can
press the Points button in the Wave Options dialog to open the Data Points dialog, which shows the
number of valid data pointsin awave, and the sample time. Stepping is an extremely powerful
debugging tool, sinceit helps you verify that each instruction does as expected; and if thereisa
discrepancy, it places you at the heart of the problem.

#3  For more ideas on debugging, refer to the Debugging discussion near the end of Chapter 3in the
Tutorial & User's Guide.

To benchmark a task's performance...

Choose New under Journal, set the Name to "Bench"”, choose Window in the Position popup to specify a
journal with its own window, press OK to exit the Journal Options dialog, resize the new window to be
approximately 4" wide without overlapping the front panel (if possible), and then run atask. Thetimeto
execute each instruction is printed to the Bench journal, in units of seconds. Neither the time required to
print to the Bench journal nor the time between instructionsisincluded. To turn thisfeature off, change the
name of the Bench journal (e.g. to "Benchoff").

To make a task run faster...

1) PressOptionsin the Task Editor to open the Task Options dialog and then deselect some of the options
in the During Run-time area. These options specify which chores are done in-between the execution
of each task instruction. Obviously, some might be needed, such as support for Mouse and Keyboard
activity. Run your task with different During Run-time optionsto get afedl for the trade-offs.

2) Decrease the amount of graphic update by reducing the size of displays, placing fewer wavesin
displays, placing fewer markersin displays, writing less information to journal's, not showing
journalsthat are receiving text, putting your monitor into Black & White mode via the Monitor control
panel, or using the Display task instruction to Hide a display whilein atight loop, and then Show it
when done.

3) Increase the amount of memory given to SuperScope Il by selecting the application icon from the Finder
(when the applicationis not in use), choosing Get Info under File, & then setting the Memory
Requirements Preferred Size field to alarger value. This decreases the amount of time the computer
spends moving things around in available memory.

4) Minimize the number of tasks, waves, & indicators. Also, minimizetheir sizes.
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5) Inafew casesitis helpful to increase the amount of memory alocated for awave at the beginning of the
task (so that this does not need to be done later in the task) viathe data size parameter in the Set Wave
Internals task instruction.

6) Moveto afaster computer.

To print atask's text...

Choose Copy Task P desiredTask under Edit to copy itstext to the clipboard, and then paste it into aword
processor or Journal for printing. Keep in mind that thistext is not the actual task instructions, but only a
textual representation.

To Cut, Copy & Paste task instructions...
To copy an instruction from one place to another, select it in the Task Editor, and then press dbx to Cut, dbic

to Copy, and 36V to Paste.
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Features You Can Add To Your Strip Chart Instrument

The following instructions apply to the Strip Chart model. In summary, a Strip Chart processes (i.e.
analyzes, plots, savesto disk, supports mouse & keyboard, etc) signals while they are digitized, and can
support long continuous streams that are larger than RAM memory. In order for an instrument to qualify as
a"Strip Chart", the Mode popup at the base of the Digitizer Setup dialog, under Hardware, must be set to
Point-by-Point Seamless or Segment Seamless.

To spool to disk...

Spooling to disk involves saving along continuous stream to disk, one file per scan. The stream is broken
into a set of consecutive scans since each scan must be ableto fit in RAM (e.g. 100 scans at 100K points
each would result in a 10M point stream). Thefiles are stored in the SCANNUMBER WAVENAME file
name format (i.e. "001 W1", "002 W1") in one folder referenced by adatapipe. Any number of waves and
channels can be spooled to disk in parallel. After the acquisition, the user can move the horizontal scrollbar
to cause separate scans to automatically load in from disk, making the set of scans appear as one continuous
stream. For examples of instruments that spool to disk while acquiring, please see Strip Chart To Disk.iNet
and Strip Chart w Database.iNet, supplied with SuperScope Il. To add spooling capability to your Strip
Chart please do the following steps:

1)  Create DB datapipe: Choose Datapipe P New Datapipe under File to create a datapipe, set the Nameto
"DB", and then press OK.

2)  Choose Edit P Acquire under Task to open the Task Editor, Drag the Datapipe instruction from the
Instruction Dictionary to the position under Task Begin, choose Create new folder and prompt for
name, press OK, Drag a Disk /O instruction from the Instruction Dictionary to the position above
Clear & Update, choose Save wave spooledWave, press the Options button, select the Prefix file
name with incrementing integer checkbox to tell it to prefix the filename with the scan number, press
OK, press the File button, choose the datapipe in the lower-right corner to tell it to save to the pipe
location, press Save, and then press OK to exit the Disk 1/O dialog. Repeat the Disk 1/0 step for each
wave that you want to spool to disk (e.g. "W1", "W2" and "W3"). Press OK to exit the Task Editor
when done.

3) Totell SuperScope to automatically load in scans from disk when the horizontal scroll bar is moved,
do the following for each channel that is spooled to disk: choose Channel P spooledChannel under
Hardware, press Options, and then select Support continuous scrolling viathe DB folder. In the case
of waves, one selects Support scrolling via datapipe in the Wave Options dialog, under Wave.

4) Testing: Pressthe Acquire button to create a new folder, attach the DB pipe to that folder, and begin
acquiring. Stop the Acquire task after several scans have been digitized and spooled to disk. Then
move the horizontal scrollbar to scan the entire, disk-based stream. Recall that the stream length is the
# of scans multiplied by the # of points per scan; the # of scansis set in the Scan Loop task
instruction, and the # of points per scan is set in the Timebase dialog, under Hardware. To view the

spooled files, choose Datapipe Folder # DB under File.

To analyze a spooled, disk-based stream, post-acquisition ...

Thisinvolves loading from disk and analyzing consecutive scans. The task instructions automatically
operate on the entire stream, as though it was one long wave. Choose New under Task and set the Name as
desired. Usethe Programming (Loop) and Disk 1/O instructions to set up the following task:

Task Begin

Loop 100 tines
Load wave WL from di sk
"Place analysis instructions (e.g. Statistics, Calculate Wave, Myve Mker) here
Loop end
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After each time you open the Disk 1/O instruction dialog, choose L oad wave spooledWave, press the
Options button, select the Prefix file name with value Record checkbox, press OK, press the File button,
choose the datapipe in the lower-right corner to tell it to |oad from the pipe location, select the "0000001
spooledWave'" file, press the Open button, and then press OK to exit the Disk 1/O dialog. Y ou need one
Disk I/O instruction for each disk-based object that you want to scan through. The analysis instructions
placed under the Disk /O instructions automatically operate on the entire disk-based stream (or, the number
of scans specified in the loop). Also note that you can do analysis on a stream whileit is digitized by
placing the same analysisinstructionsin the Acquire task, under the Digitize Segment or Digitize Point task
instruction; or, if you want to analyze entire scan blocks at atime, above the Clear & Update instruction.

To create a wave that is a mathematical function of other digitized and calculated
waves...

Long continuous streams can be digitized data (e.g. "W1"), or amathematical function of other continuous
streams. For example, one could plot both W1 and its derivative (or integral, or absolute value, €tc.) in
real-time by simply creating a new wave (e.g. named "deriv") viaNew under Wave, placing the new wave
into adisplay (probably with W1), adding a"deriv = Deriv(W1)" Calculate Wave instruction after the
Digitize Segment (or Digitize Point) instruction in the Acquire task (described earlier), and then running the
task. To amplify the deriv wave in real-time, one would add a"deriv = deriv * 20.0" Calculate Wave
instruction after the Deriv Calculate Wave instruction. One can have as many calculated waves, and as
many Calculate Wave task instructions as desired, memory permitting. In fact, most task instructionsinside
aloop that processes a continuous stream automatically operate on that stream as though it were one long
wave.

To calculate pulse period, amplitude, etc. data on an incoming stream...

Choose Edit I Acquire under Task to open the Task Editor, Drag the Pulse Analysisinstruction from the
Instruction Dictionary to the line under Digitize Segment (or above Clear & Update if you want to operate on
entire scans at atime), choose the wave to analyze in the uppermost popup menu, press the Detection
button, and then set the High and Low Threshold values as desired. A pulseisdefined as a section of a
wave that passes below the low threshold, above the high threshold, and then again below the low
threshold. Generally, these two numbers are close (e.g. 2.0 and 2.1). Press OK to exit the Detection
dialog. Any of the 25 displayed parameters can be calculated and transferred to journals, waves, markers,
indicators, etc.

#1 Totransfer to ajournal: select ajourna in the Send to journa popup, select the Log pul se number
checkbox, click once on each parameter of interest to select it for calculation (selected parameters are
shown with abox around them), press OK to exit the Pulse Analysis dialog, press OK to exit the Task
Editor, and then run the task to test your work.

#2 Totransfer to awave: Pressthe Transfer button in the Pulse Analysis dialog, select a calculation
parameter inthelist area, select awave in the Transfer To areato receive the calculated parameter (if
you don't have a free wave available, create one by exiting the task, choosing New under Wave, and
then reentering), press the adjacent Wave Options button, adjust the options as desired (however, the
default settings are OK 99% of the time with wave point #N reflecting pulse #N), set the Wave Size
field to the maximum # of expected pulses, press OK, press OK to exit the Transfers dialog, press
OK, press OK to exit the Task Editor, and then run the task to test your work. Note that you can
calculate any or al of the 25 pulse parameters on any of theincoming waves. If the Pulse Anaysis
instruction undesirably sends pulse numbersto ajournal, deselect the Log pul se number checkbox in
the Pulse Analysis diaog.

a) Toplacethe pulse analysis output wave (e.g. alist of amplitudes, one point per pulse) into a new
display: choose New under Display, drag the pulse parameter wave into the Display area, press OK,
and then reposition via Panel Edit On/Off under Display. To plot dotsin the new parameter display (to
see a dot appear when the pulseis received), choose Features P newDisplay under Display, choose
Dotsin the Plot popup, edit the Width field (dot width in pixels), and then press OK.
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b)  To make the output wave's horizontal scale correspond to the pulse number: choose Options #
parameterWave under Wave, press the Points button, set the sample period to 1.0, press OK, & then
press OK.

c) Toseethepulseanaysisoutput points (in the new pulse parameter display) time registered against the
time wave (e.g. amplitude of pulse #N is displayed under pulse #N's time wave): choose New under
Wave, set the wave nameto "t3", press OK, choose Edit P Pulse Analysis under Task, press the
Transfer button, select t3 in thelist area, select the Wave 13 Transfer To option, press the adjacent
Wave Options button, set the Wave Size to the expected maximum # of pulses, press OK, press OK to

exit the Transfers dialog, press OK, press OK to exit the Task Editor, choose Options P newDisplay
under Display, select XY Plot in the Type popup to establish the plotting of one wave against another,
drag t3 (which contains alist of timesfor each pulse) into the X position, drag the pulse output
parameter wave into the adjacent Y position, press OK,, choose Controls P newDisplay under
Display, select Previousin the Horizontal Scale popup, select Previousin the Horizontal Position
popup to link the horizontal axis of the new display to that of the previous timewave display, press
OK, position the new pulse output parameter display directly under the timewave display via Panel
Edit On/Off, and then run your task to test your work.

d) Toseearea-time histogram of the pulse anaysis parameter: choose New under Wave, set the nameto
"histo", press OK, choose New under Display, set the nameto "histo”, drag the histo wave into the
Display area, press the Features button, choose Bars in the Plot popup, press OK, press OK,
reposition the histogram display via Panel Edit On/Off, choose Edit P Acquire under Task, drag
Calculate Wave from the Instruction Dictionary to the position below the Pulse Analysisinstruction,
set up "histo = Histogram (parameterWave)"”, press OK, press OK to exit the Task Editor, run the
Acquire task, and then adjust the histogram display as needed.

To type notes at run-time that later appear at the bottom of a display, synchronized to
their input time...

Choose New under Journal to create anew journal, set the Name to "Runtime”, select the Prefix notes with
Seconds option (or hrs:min:sec if you don't want to see time-stamps like " 14532 seconds") to cause atime-
stamp to appear next to each note, select the Show notesin the display W1 option to cause the time-stamped
notes to appear below the display post acquisition, press OK to create the journal, reposition the front panel
objects via Pand Edit On/Off under Display, run the Acquire task to start the digitizing, click oncein the
Runtime journal, type a note, press RETURN to end the note, type another note, press RETURN, stop the
Acquiretask, and scroll the W1 display to see the run-time notesin the display. The notes are stored in the
Runtime journal, yet appear in both the journal and the display. The stamped time is the time of the first
character of each note; the RETURN key has no time significance, and is only used to end the note. In
many cases, the Runtime journal is stored in a database in its own file, in the "RECORDNUMBER
Runtime” file name format. For examples of instruments that support run-time notes, please see instruNet
Strip Chart and 2Ch instruNet Strip Chart, supplied with SuperScope .

To print while digitizing, like a paper strip chart recorder...

Choose Print Setup under File, select the Displays radio option under Print to tell it to print displays (as
opposed to the entire front panel), select (i.e. highlight) the displays that show the digitized waves, press
OK, choose Edit P Acquire under Task, drag the Choose Menu instruction from the Instruction Dictionary
to theline below Clear & Update, set the Menu popup to File and the Command popup to Print (to run the
Print command when the instruction is executed), select the Automatically press encountered OK buttons
option, press OK, press OK to exit the Task Editor, choose Timebase under Hardware, set the scan size to
be dightly larger than the display width (e.g. 60 second scan with 58 second wide display), run the Acquire
task, stop the Acquire task after several scans, and then visit the printer to see one page printed per scan.
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To print one scan post-acquisition...

Choose Print Setup under File, select the Displays radio option under Print to tell it to print displays (as
opposed to the entire front panel), select (i.e. highlight) the displays that show the digitized waves, press
OK to exit the Print Setup dialog, and then choose Print under File.

To analyze attributes in a continuous stream with markers & segments...
Create two markers, named "L" and "R", viathe Markers dialog (discussed earlier), create a segment that is
defined as the section of W1 (or any continuous stream that you want to analyze) between the two markers,

choose Edit P Acquire under Task to open the Task Editor, pressthe V button to create avariable, set its
name to "deltaT™, press OK, and then set up the following task structure:

Initialize objects via Assignnent instruction.
Marker L = 0.00000
Vari abl e deltaT = 0.1000
Scan Loop Begin (1200 scans)
Segnent Loop Begin
Pull digitized segnent out of controller
Digitize Segnent (200 points)
LookFor Spi ke | abel is created with Label feature in the Programm ng instruction.
LookFor Spi ke:
' Move Marker instruction noves marker L to upstroke, and sets systemerror
variable to 1 if the upstroke was found; 2 otherw se.
Move L to next WL upstroke, thr=2
If an upstroke was found...
If (Variable error == 1.000) then ..
' Move markers around upstroke...
Marker R = Marker L + Var deltaT
Marker L = Marker L - Var deltaT
"Do analysis on the segnment (or what ever you want to do here).
Statistics on Nseg (max to J1)
'Move Left marker to Right marker...
Marker L = Marker R
"CGo | ook for another upstroke...
Junp to "LookFor Spi ke"
If end
Pl ot Segnent
Segnment Loop End
C ear & Update
Scan Loop End

The above framework uses the two markers to scan along the W1 wave, and when an upstroke (W1 rising
above 2V) isfound, it calcul ates the average value of the section £0.1 seconds from the upstroke position.
It then continues aong, analyzing each upstroke. One could modify thistask to process many waves using
markers, segments and analysisinstructions.
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Appendix A
Inter-application Data Transfer

The computer is apowerful environment for acquiring, analyzing and presenting data. And managing this
datais sometimes alittle tricky when one wants to transfer it from one application program to another, when
the applications were designed without knowledge of each other. The following table recommends several
methods for transferring wave data from one place to another.

Sour ce Destination Method
SuperScope 1 Spreadsheet | Choose Copy Wave Text under Wave to copy awave to
or SoundScope or Word the clipboard, and then paste into spreadsheet or word
Processor processor.

Spreadsheet SuperScope Il | Select avertical column of numbersin the spreadsheet or
or Word or SoundScope | word processor window (carriage returns will separate
Processor each value) and choose COPY, make sure the Edit tool is

selected (viaMouse under Display), select awave (click
once on the wave or it'swave label), select a point in the
wave (click once with the Edit tool) and then choose Paste.
One can a so cut/copy/paste in the wave table editor, yet it
sometimes truncates each value to 3 places after the
decimal.

SuperScopel | SoundEdit Pro | Save wave as type AIFF and then load into SoundEdit Pro.

or SoundScope

SoundEdit Pro SuperScope Il | Save wave as type AIFF and choose Load or Open under

or SoundScope | Wave in SoundScope/SuperScope | .

SuperScopel 1 Audiomedia | Save wave astype AlIFF and then load into Audiomedia.

or SoundScope

Audiomedia SuperScope Il | Save wave astype AIFF and choose Load or Open under

or SoundScope | Wave in SoundScope/SuperScope 11.

SuperScope |1 supports the following data formats:

TEXT

Text datais represented as a series of characters and is by far the most common datatype. Text can be
moved from one place to another viathe clipboard and aTEXT file on disk. Waves, Journals, word
processors, spreadsheets and graphics programs all support text files and clipboard data. Wavetextisa
special case and must appear in aformat where carriage returns separate each value (this gppearsas a
column of numbersin aword processor and a column of valuesin a spreadsheet). One can cut/copy/paste
text to/from the clipboard in the following places:

*  Waves and Journals both support TEXT fileson disk. Thesefiles can be load/saved to/from
spreadsheets, word processors and analysis programs.

e Journals support cut, copy, paste of text.

» Displayssupport TEXT cut, copy, and paste of waveforms viathe Edit Mouse tool (choose Mouse Edit
under Display and then select awave asit appearsin adisplay). Dueto aninternal clipboard format,
one cannot copy awave as text and then paste that text into another application program; however, this
can be done by choosing Copy Wave Text under Edit.

» TheWave Table Editor (choose Edit Vaues under Wave) allows oneto view, edit, cut, copy and paste
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individual waveform values or segments.

» One can copy atask'stext to the clipboard by choosing Copy Task under Edit. To copy al tasks, one
can choose Option Shift 'O'.

» One can copy the current menubar to the clipboard (as text) by pressing Option 'p’. To copy al
menubars, one can choose Option Shift 'P. Toc

» Tocopy asummary of the entire instrument (i.e. alist of waves, tasks, variables, menubars, etc), one
can choose Option 'a.

16BIT INTEGER WAVEFORM FILE FORMAT

GW Instruments 16bit Integer file format is used to save/load 16bit integer waves (press Format in the
Wave dialog to select format) to/from disk in a 16bit binary format. Thisisthe computer's native language
and is therefore much faster than text. The following programs support this file format:

*  SoundScope/16 or SuperScope |

32BIT FLOATING POINT WAVEFORM FILE FORMAT

GW Instruments' 32bit Floating Point file format is used to save/load 32bit float waves (press Format in the
Wave dialog to select format) to/from disk in a 32bit binary format. Thisisthe computer's native language
and is therefore much faster than text. The following programs support this waveform file format:

»  SoundScope/16 or SuperScope |

AUDIO IFF

Thisis Apple's standard sound file format and is widely accepted by many programs that work with sound
such as SoundScope/SuperScope |1, SoundEdit, SoundEdit Pro, and AudioMedia. It supports different
sample rates and data types and is therefore quite versatile.

SYSTEM 7.0 8BIT SND RESOURCE

Thisisapopular format for saving sounds as resources within afile. SoundScope/SuperScope Il supports
'snd ' format 1 8bit resources stored in afile of type 'sfil'. One can double-click on one of these files from
System 7 to hear the sound play. SoundEdit Pro refersto this format as " System 7 Sound"”. Audiomedia
does not support 'snd ' format 1 (it only supports format 2).
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Appendix B
File Formats

This appendix describes the wave file formats supported by SoundScope. A variety of formats are provided
to facilitate the transfer of data between SoundScope and other applications, such asword processors,
spreadsheets, MacSpeech Lab | and I1, Digidesign’s Audiomedia software and Farallon’s SoundEdit
program. Please refer to “The Load and Save Commands’ section in Chapter 4 for information on how to
load and savefilesin various file formats.

Available Formats

The Format button in the Save As Wave dialog box allows you to choose among six file formats for saving
waves. The default format, 16-bit integer, suffices for most applications, but other formats have been
provided to facilitate the exchange of data between SoundScope and other application software. Those of
you using the 8-bit digitizer should take note of the Audio IFF format, which can save disk space duetoits
support of 8-bit data points— all other formats save waves as 16-bit integer or 32-bit floating point values,
depending on their internal representation in computer memory.

16-bit integer Thisisthe default format in SoundScope for waves stored internally as 16-bit integers
and is suitable for use with the vast majority of waves. Each point (sample) in the
wave is represented as a 16-bit integer, which takes up two bytes of disk memory.

32-bit floating  Thisformat issimilar to 16-bit Integer yet stores data as 32-hit

point floating point values. Thisisuseful for waves which are stored internally in the 32-bit
floating point format. To view or ater how awave is stored internally, please open the
wave type dialog by clicking the Type button, which is accessible after choosing the
Wave or New Wave command under the Wave menu.

Please consult the “ Save As Wave” section of the SuperScope |1 Reference Manual for
more information.

Text Datais saved asalist of numbersin text format, each number corresponding to one
point in thewave. Filesin thisformat can be transferred to and from spreadshest or
word-processor applications.

Note that this format takes up much more disk space than the other formats, since each
point in the wave is represented as a string of several characters (digits). Additionaly,
It takes more time to save or load.

Audio IFF Datais saved in the standard AlFF format (Audio Interchange File Format) used by
many Macintosh applications that work with sound.

Thisformat is efficient for waves that have been recorded with the 8-bit digitizer, since
each 8-bit sample is represented by 8 bits (one byte) on disk, rather than the 16 bits
(two bytes) used in the default 16-bit integer format. (This memory savingsis not
conferred to waves recorded with the 16-bit digitizer or the MacSpeech Lab I/11
hardware.)

Note that SoundScope/16 software supports 8, 12 and 16-bit Audio IFF files, whereas
SoundScope/8 supports 8 and 12-bit Audio IFF files only.
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Resource Datais saved asaresource inside afile. No files are created when saving awave asa
resource; instead, wave datais embedded inside an existing file. More than one
resource can be saved in the samefile.

Thisformat is a standard Apple sound format and is used to encode the alert soundsin
the Macintosh system software (e.g. Boing, Clink-Klank, Monkey and Simple Beep).
Each system alert sound is stored as aresource in the “ System” filein the “ System
Folder”. If you store aresource sound in your system file, you can designate it as
your aert sound by selecting it in the sound section of your computer's Control Panel
(i.e. choose Control Panel under the Apple menu).

SAMPLING RATES

A SoundScope time wave is a sequence (i.e., an ordered list) of values called samples. These samplesare
acquired by an analog-to-digital (A/D) converter, which measures the voltage of asignal (typically produced
by a microphone and then amplified) at a specified sampling rate, or number of samples acquired each
second. Thedigital samples acquired with the A/D converter are then played back using a digital-to-analog
(D/A) converter. Each digitizer supports various sample rates for record and playback, each of whichis
suited to different applications. High sample rates are useful in applications that demand high fidelity and
high frequency response, but require large amounts of memory to store time waves. Low samplerates are
appropriate when frequency response and/or fidelity may be compromised in order to accommodate small
amounts of RAM and disk space for time waves.

The abundance of different sampling rates creates some incompatibilities between different pieces of
hardware. In general, atime wave recorded by one digitizer (e.g. the 8-bit digitizer) may not be played by
another digitizer (e.g. MacSpeech Lab 1) unless the playback digitizer supports the exact sampling rate at
which the time wave was recorded. There is one exception to thisrule, however: the internal Mac Speaker
(accessible by either SoundScope/8 or SoundScope/16, regardless of hardware configuration) supports all
SoundScope sampling rates.
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Appendix C
Seams & Things

This following table describes which instructions and functions can be placed within a Segment L oop.

Instructions that work within a Segment Loop are not effected by scan breaks, and subsequently can be
used to process very long (e.g. 1 billion points) continuous streams of data. Thisonly appliesto
SuperScope Il instruments built in Strip Chart mode. Oscill oscope mode does not acquire data continuously
across scans. Please refer to the instruNet User's manual for details on the Strip Chart, Oscilloscope and
Oscilloscope Queued modes of data acquisition.

The power of the Segment Loop isthat it allows usersto design instruments that will acquire data on
multiple channels, analyze the data as it is being acquired, view the incoming data and the results of the
analysisin real-time, and save both the acquired data and analysisto disk. Please refer to the SuperScope
User's manual tutorial chapters for information on building instruments that use the Segment L oop.

Supports
Task Instruction Description Seamless
Traces
Alert, Beep & Delay show aert, beep or delay n/a
Arithmetic scaar arthmetic n/a
Assgnment transfer scalar vaue na
Calculate Wave waveform mathematics see next table
Choose Menu menu & keyboard access na
Clear & Update display control n/a
Curve Htting do aleast squares curve fit no
Datapipes file pathname control na
Dix 1/O tsfr wave/journal to/from disk yes
Displays clear, calculate or redraw display n/a
Filter FIR filter no
Get time +20s timebase na
Journals & Strings journal & string utilities n/a
Log Marker record marker position yes
Move Marker move a marker yes
Plot Points plot wavetorm points yes
Programming control program flow na
Pulse Analysis analyze pulses yes
Read Wave Internals get wave parameters n/a
RS-232 communicate viaRS-232 n‘a
Set Wave Internals set wave parameters na
Sound Statistics analyze speech no
Statistics calculate waveform statistics yes
Synthesize synthesize waveform data yes
Trace Loop Begin trace loop control n/a
Transcendental scalar transcendenta functions n‘a
User Interface monitor keyboard & mouse na
User Prompt show custom alert na
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Supports
Function Description Seamless

Traces
+ add yes
- subtract yes
* multiply yes
/ divice yes
AND bitwise AND yes
OR bitwise OR yes
< 11t lessthen; O otherwise yes
> 11f greater then; O otherwise yes
< 11t <or equal; O otherwise yes
> 11t > or equal; O otherwise yes
== 11t equd; O otherwise yes
I= 11f not equal; O otherwise yes
Abs absolute value yes
Alam beep It valueisout of bounds yes
Append append one wave to another no
Arccos INnverse cosine yes
Arcsin Inverse sine yes
Arctan INverse tangent yes
AutoCorrelation autocorrelation no
AvgToDate average value to date yes
Blackman generate a Blackman window na
Compress decrease samplerate not well
Convolve convolution no
Copy Timing copy sample period & start time yes
Cos cosine yes
CrossCorrelation cross correlation no
CrossPower Cross power no
DeConvolution de-convolution no
Delete delete awavetorm segment no
Demux demultiplexes awavetorm no
Deriv derivative yes
DerivHvePt 5pt Lagrange derivative yes
Exp exponential yes
Expand Increase sample rate not well
FFT fast Fourier transtorm, return real no
Hamm generate a hamming window na
Hann generate a Hanning window na
Histo histogram no
Imag return Imaginary given complex yes
IndexSort sort given indices no
Insert Insert a segment INto awave no
Int convert to closest integer yes
Integ integrate, yes
IntegAV Integrate, reset when area= A yes
IntegPT Integrate, reset whentime=T yes
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Supports
Function Description Seamless
Traces
IntegTL Integrate, reset at list of times yes
IntegTV Integrate, reset when wave >V yes
INVFFT Inverse fast Fourier transform no
Last returns data from last trace na
Limit apply high & low bounds yes
Ln natural logarithm yes
Logl10 logarithm with base 10 yes
Mag return magnitude given complex yes
MakeComplex return complex given real yes
M akel ndex return indices for a sort no
Maximum maximum value yes
MaxToDate maximum value to date yes
Minimum minimum value yes
MinToDate minimum value to date yes
Mod modulo yes
MVFFT return magnitude FFT no
OnOrtt on/oft feedback control loop yes
Peak Tind peaks yes
Phase return phase given complex no
PulseEndTimes return list of pulse times yes
PulseMaxTimes return list of pulse times yes
PulseStartTimes return list of pulse times yes
Red return real given complex no
Reciproca return reciproca value yes
Reverse reverse the order of elements na
Shift shitt wave horizontally no
SigndAvg determine waverorm average n/a
Silent determine where sound Is silent no
Sin sne yes
Smooth smooth waveform by n points no
Sort sort wave elements no
Spectrum calculate frequency spectrum no
ort square root yes
Tan tangent yes
TimeHisto time histogram no
TimeVaues returns values given times yes
UnVoiced determine where sound 1S unvoiced no
Voiced determine where sound Is voiced no
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Appendix D
| nstruction Error Codes

Theinformation in the following table is returned after each task instruction is executed. Variable "error"
and string "retValue" are system objects, and are reserved for this purpose. The Task80 Action field is used
for debugging purposes, and is enabled by creating ajournal with the name "Task80".

"error” "retValue" Task80
Task Instruction Variable String Action Field

Alert, Beep, Delay 1=0k, O=error na na
Anaog & Digitd 1/0 1=0k, O=error na 1/0O values
Arithmetic (scaar) 1=0k, O=error n/a numerical values
Assignment (scalar) 1=0k, O=error na numerica values
Cdculate Wave 1=0k, O=error na calculated pts, pts/sec
Choose Menu 1=0k, O=error na na
Clear & Update 1=0k, O=error na n‘a
Curve Hitting 1=0k, O=error n/a numerical values
Datapipe 1=0k, O=error n/a n/a
Disk 1/0 1=0k, O=error na na
Display 1=0k, O=error na na
Filter 1=0k, O=error na result points, pts/sec
Get Time 1=0k, O=error n/a numerical values
Journals & Strings 1=0k, O=error n/a n/a
Log Marker Vaues 1=0k, O=error n/a numerical values
Move Marker O=error na “Error”

1=moved the marker "moved marker"

2=did not move marker "did not move marker"

3= marker >=|ast pt "marker to right of last pt"
Programming

Loop Programming 1=0k, O=error na loop count value
It Then, WhileLoop | 1=ok, O=error na numerical values

Pulse Analysis O=error n‘a “Error"

1=found pulse "found pulse"

2=did not find pulse "did not find pulse”
Read Wave Internals 1=0k, O=error n/a numerical values
RS-232 1=0k, O=error na receive text
Set Wave Internals 1=0k, O=error na numerical values
Sound Statistics 1=0k, O=error n/a numerical values
Statistics 1=0k, O=error n/a numerical values
Synthesize 1=0k, O=error na n‘a
Trace Loop 1=0k, O=error n/a na
Transcendental (scalar) | 1=ok, O=error n/a numerical values
User Interface 1=0k, O=error na numerical values
User Prompt O=error response user's response

1=Pressed Right button
2=Pressed L eft button
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