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Preface

Software Philosophy

TDT's philosophy on software development issimple. We design
comprehensive drivers that control all aspects of the hardware from
common, high-level programming languages. TDT'sreal-time
Processor visual design studio (RPvds) enable scientists to produce
high-quality signalstailored to meet their specific needs from a drag-
and-drop environment. This approach works quite well in most
research environments. With TDT's software, scientists no longer face
the arduous task of programming each experiment in low-level machine
code. Furthermore, they avoid the limitations imposed by "turn-key"
software.

There has been an increasing demand for an interactive environment
for designing complex stimuli for auditory experimentation. In
response to thisneed, TDT has raised its approach to software
development to a higher level by designing a powerful and flexible
software package, SgGenRP. SigGenRP offers asignal generation
environment that accesses the power of the System 3 hardware. Itisa
complete stimulus design application and the basis for a suite of TDT
programs (including BioSigRP) specifically developed for auditory
research.

SigGenRP is the most complete signal design package available today.
Based on standard Windows techniques, SigGenRP is at once powerful
and easy to use. Many complex auditory stimuli can be generated with
ease when using SigGenRP. Principal investigators as well as students
can quickly learn to use SigGenRP to design, specify, and preview
signals. In addition to offering an extensive menu for generating
waveforms, SigGenRP allows you to bring in your own waveforms,
including sampled speech. Thisflexibility isuseful, and often
necessary, when designing complex signals.

Aswith all software applications, SigGenRP has its inherent
limitations. Undoubtedly, some researchers find it necessary to design
and generate highly sophisticated stimuli that are beyond the current
capabilities of SigGenRP. For thisreason, TDT dtill maintains asits
highest priority continued support of its software drivers.
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Organization of the Manual

The SgGenRP User's Guide is divided into three parts:

m Patl SigGen Fundamentals
m Pat2 [llustrative Examples
m Pat3 Appendices

SigGen Fundamentals

Part 1, SigGen Fundamentals, presents all the basic SigGen concepts
necessary to build asignal. Part 1 guides you through the process of
building a SigGen signal and also serves as a general reference tool.
Part 1 provides:

m  Genera information about SigGenRP.
m Basic information about SigGenRP's features.

m A detailed explanation of the signal design and preview process.

General Information

General Information describes the purpose and uses of SigGenRP,
SigGenRP installation, and basic SigGen concepts. General
information is presented in:

m Chapter 1 Introduction

Basic Information

Basic information about SigGenRP's features is described in the
following section:

m Chapter 2 Learning the Basics
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The Signal Design Process

The steps required to design and preview a signal are presented below,
along with their associated chapter.

Step Chapter

1. Definesignal parameters Chapter 3 Preparing to Build a
Signal — The First Step

2. Define segment parameters Chapter 4 Signal Segments— The
Building Blocks of a Signal

3. Define components Chapter 5 Components— The
Building Blocks of Segments

4. View, modify, and/or preview  Chapter 6 Working with
completed segments Segments

5. View, modify, and/or preview  Chapter 7 Working with the
completed signals Complete Signal

lllustrative Examples

In Part 2, Illustrative Examples, various SigGenRP signals are designed
in a step-by-step manner. These sample signalsillustrate many
powerful SigGenRP features. The illustrative examples were designed
to:

m  Provide general examples utilizing various SigGenRP features.

m  Provide examples geared toward speech and auditory scientists.

General Examples

SigGenRP has numerous features that enable you to design complex
signalswith ease. Examples of signals designed with many of these
features are presented in the following chapter.

m Chapter 8 General Examples

Examples for the Speech Sciences

SigGenRP may be used to process speech signals, design vocal source
signals, or even generate simple steady-state vowels. Such examples
are provided in the following chapter:

m Chapter 9 Genera Examples. Speech Sciences

Examples for the Auditory Sciences

SigGenRP provides numerous features that enable you to quickly and
easily design complex auditory stimuli. Examples of common auditory
stimuli are presented in the following chapter:

m Chapter 10 General Examples: Auditory Sciences

SigGenRP User's Guide



Organization of the Manual Xi

Appendices

Part 3, Appendices, presents additional information in the following
appendices:

m  Appendix A SigGenRP Menus and Toolbars

m  Appendix B Customizing the SigGenRP Display
m  Appendix C Using SigGenRP with System ||

m  Appendix D Index Variable Example
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Chapter 1 Introduction

Welcome to SigGenRP, the most complete Windows-based signal
generation package available today.

What Is SigGenRP?

Signal generation is an integral part of virtually all tests and
experiments involving acoustic stimuli. The SigGenRP stimulus
design application enables scientists to quickly design, specify, and
preview the complex auditory stimuli used in their experiments. It
offersafully interactive, high-level signal development environment
that can be used to generate sophisticated signalsto be used with the
entire suite of TDT's run-time programs.

SigGenRP Capabilities

SigGenRP is a complete stimulus design environment with many
desirable features. Y ou can use the system to generate waveforms for
saving to disk; however, when combined with arun-time application,
which can be TDT’ s BioSigRP, SigPlayRP, OpenEx, Brainware, or a
user’s program devel oped with SigGen engine, SigGenRP becomes a
comprehensive design platform where stimuli for all trials of an
experiment are specified. SigGenRP files are also supported in TDT’s
OpenEx software suite. SigGenRP provides control over the type of
stimulus, frequency content, gating function, level, starting time,
overall duration, and calibration. SigGenRP even provides a means for
controlling the systematic variation of these parameters from one
stimulus interval to another.

Calibration

SigGenRP allows you to specify all signal levelsin terms of a
calibrated reference level. Thisreference level can be specified as 0 dB
SPL or some other reference.

Signal Design

SigGen alows you to design awide variety of signals. Signa
components can be specified in the time or frequency domains. Y ou
can choose between tones, clicks, noise, bands of noise, harmonics, FM
sweeps, and waveforms from disk. SigGenRP's features enable you to
build complex tones and amplitude modulated signals. Y ou can aso
specify exact signal onset and offset times.
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Playback Preview

SigGenRP allows you to simulate stimulus presentation for an entire
experiment by playing through all of the signal intervals. The values of
variables are displayed and are reflected in the real -time generation of
the signals.

Displays

SigGenRP's two main displays are the Signal window and the Segment
editor. The Signal window displays the overall stimulus signal,
showing the placement of segment waveforms along atemporal axis.
The Segment editor displays design parameters, the time-domain
segment waveform generated by these design parameters, and the
magnitude spectrum of the segment waveform. Y ou can zoontin on a
specific area of the signal. Vaues associated with the displayed signal
areviewed in an information window. Y ou may place this window
anywhere within the screen display.

SigGenRP will support any screen resolution currently used by your
Windows system.

Hardware Support

SigGenRP supports TDT's System 3 or System |1 instrumentation. Y ou
can design simple, single channel stimuli or complex stimuli that can
play to two channels simultaneously. SigGenRP also supports
programmabl e attenuation through TDT's PA5s or PA4’s (for System
I1). SigGenRP alows usersto design complex stimulus presentation
using RPvds, TDT’ s graphical interface for programming a signal
processor.

When SigGenRP is used with the Real-time processors (RPx devices)
the program uses a software emulation of the System Il array processor
to design signals. The generated waveform is then loaded to a memory
buffer on an RCO circuit. This RCO circuit determines the maximum
number of channelsthat are played out, the maximum sample
frequency and also the triggering properties of the system. In addition,
the RPx devices can be used in place of System |l peripheral hardware
such as waveform generators, cosine switches, and programmable
filters.

SigGenRP continues to support any combination of TDT's System 11
programmabl e attenuators, waveform generators, cosine switches, and
programmable filters. Information on using SigGenRP with System |1
can be found in Part 3 of this guide.
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Who Can Use SigGenRP?

Anyone with a PC, Windows 2000 (or higher), and TDT System 3 or
System |l instrumentation can use SigGenRP. Signals designed with
SigGenRP can be used in avariety of disciplines. Usersinclude:

m Auditory scientists
m  Speech scientists
m Physiologists

m  Signa processing instructors

Auditory Scientists SigGenRP is an excellent tool for the custom
design of complex auditory stimuli. SigGenRP provides a means for
controlling the presentation of auditory stimuli across multiple
intervals. Used in tandem, SigGenRP and TDT's BioSigRP application
provide auditory scientists with the means to custom design an auditory
stimulus; present multiple intervals; vary signal parameters across
intervals; and collect, average, and process raw response data.

Speech scientists Speech scientists may use SigGenRP to design
signalsfor avariety of tasks. With SigGenRP you can design asigna
for use as the excitation source of avocal tract model. Through the use
of custom spectral shaping, you can generate steady-state vowels.

Physiologists SigGenRP isavery flexible signal design tool. Many
types of stimulus signals may be designed with SigGenRP.

Signal Processing Instructors Becauseit isan intuitive, graphically
based environment, SigGenRP is extremely useful as atool for teaching
students the fundamentals of digital signal synthesis.

SigGenRP User's Guide
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gGenRP Work with System 3?

System 3 hardware and software make stimulus generation and
presentation more flexible. SigGenRP takes advantage of System 3
hardware featuresin several ways. First, SigGen files can be used with
avariety of hardware devices. Second, circuits can be customized for
stimulus presentation.

System 3 RPx devices combine a programmable signal processor with
memory, high quality DAC' sand ADC'’s, and digital 1/0. Users
generate custom circuits for complex stimulus generation and data
acquisition in RPvds, a graphical circuit design program. The circuits
are compiled and saved so that they can be used with any TDT
software. SigGenRP uses the circuit design to control stimulus
presentation, sample period, and other processing abilities. A few
System 3 hardware and software features are important to better
understanding how to use the TDT software.

1) Depending on their capabilities, most RPx devices allow the user
to set the sample period in discrete steps of 6K, 12K, 25K, up to
200kHz. System 3 RPx devices (with the exception of the RV 8)
can deliver excellent waveforms almost up to the Nyquist limit
(.85x). Choose the sample rate that is 2.2x greater than the largest
frequency.

2) SigGenRP comes with several preconfigured RCO circuit files.
These circuits were designed for use with BioSigRP, athough they
can aso be used with other TDT system software. Custom
designed RCO files can a so be designed for use with other TDT
software. (See RP Device Selection and Setup in Chapter 3 for
more information on RCO files).



Chapter 1: Introduction 1-5

How to Build and Present SigGenRP Signals

SigGenRP alows you to build avariety of complex signals. More
importantly, however, SigGenRP alows you to specify how these
signalswill be presented as stimuli. This section answers two
guestions critical to the design and presentation of SigGenRP signals:

m  How does SigGenRP build signals?
m  What isthe SigGen Index (SGI)?

How Does SigGenRP Build Signals?
SigGenRP builds signalsin a hierarchical fashion.
m A SigGenRP signal consists of at least one segment.

m A segment consists of one to three components. Segments without
components can also exist.

In order to build asignal with SigGenRP, all you have to do is specify
the parameters of each signal, segment, and component.

Steps

1. Define"signa" parametersincluding: duration of the entire signal,
devicesto be used for playback, overall attenuation, calibration,
amplitude and phase correction, and variables.

2. Define "segment" parametersincluding: segment duration,
segment onset, gate, component generation method and application
method, and segment level.

3. Define "component” parameters. There are various parametersto
specify depending on the type of component to generate. These
parameters may be in the time or frequency domains. It isthese
parameters that actually generate the component waveforms that
comprise your signal.
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Results

Defined components are additively combined to produce a segment.
Segments may be added together or multiplied by each other to produce

SigGen signals.
Overall signal
i) f‘l‘
Segments — — f
Components A

What is the SigGen Index (SGI)?

In most cases, asignal isbuilt asthe first step in alarger process.
Often the signal will be presented as an auditory stimulusin an
experiment or test. The stimulus may be presented over multiple
intervals with signal parameters varied as a function of theinterval.

The SgGen Index (SGI) is simply another name for the interval
number. During stimulus presentation, signal parameters are varied as
afunction of the SigGen Index (SGI).
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How to Use SigGen Signals

SigGenRP provides asimple, yet powerful, means for designing and
previewing awide variety of signals. Signal design, however, is often
just thefirst step in alarger process. The rea power of SigGenRP lies
in its ability to generate files that can be used by other signal
processing/experimental applications.

The Power of Signal Files

Signals designed in SigGenRP may be saved in formats that can be
read by avariety of signal processing applications. SigGenRP signals
may be saved in the following formats:

m  SigGenRP format

m Binary file format

SigGenRP File Format

Files saved in the SigGenRP format are known as SigGen files. These
files contain signal parameter information that can be used to generate
SigGen signals. Thesefiles also contain the variable information
necessary to control the presentation of stimulus signals across multiple
intervals, or SigGen Indices (SGls). These files can be read by many
TDT software products. Assisted with SigGen Engine, you will be able
to read the SigGenRP format for use in your own run-time programs
written in ahigh level language. SigGen Files are saved with the
default extension .sig.

Binary File Format

Files saved in binary format may be easily used with many commercial
application software packages or user’s programs. Thesefilesare
saved in 16-bit integer binary format and consist of the waveform only.
Default extension for binary signal filesis.16.
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Using SigGen Signals

The process of designing and using SigGen signalsis as follows:
1. Designthe signal with SigGen.

2. Savethesignal to afile.

3. Usethefileasinput to asignal processing or data acquisition
application.

4. Process output.

o
/ SigGenRP \
[ Binary File j [ SigGen File J

e -
gigGen T ——

—_
—_—

[ Custom Application j E TOT Applications J

Qutput Output

Applications

SigGenRP may be used by scientists and researchers from a variety of
disciplines. Below arejust afew examples of how SigGen signals may
be used in the disciplines of speech and hearing science.

Hearing Sciences

SigGenRP may be used to generate complex auditory stimuli. When
used together, SigGenRP and TDT's BioSigRP application can perform
experiments designed to obtain auditory evoked potential data,
including: auditory brainstem response, auditory middle latency
response, late evoked potential, and electrocochleograph data. Below
arejust afew of the kinds of stimulus signals that can be generated

with SigGenRP.

m Forward masking m Tonebursts
m Backward masking m Clicks

m  Customized noise m  Tonesweeps

m  Amplitude modulation

SigGenRP User's Guide
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Speech Sciences

SigGenRP can be used to generate a number of signalsfor usein
speech sciences. Such signals can be used in education, research, and
vocal tract modeling.

m Clicks

m Noise

m  Steady state vowels

m Excitation source for voca tract models

SigGenRP can also be used to manipulate signals from speech filesto
generate new signals.

Before You Begin

See your Microsoft
Windows
documentation.

See Chapter 1, How to
Build and Present
SigGenRP Signals.

With abit of preparation, signal generation with SigGenRP is quick
and easy.

What You Need

m  Windows fundamentals

Y ou should be comfortable with Windows basics: starting Windows;
using the mouse; manipulating windows; opening, closing, and saving
files.

m Signa processing

m A basic understanding of System 3 hardware and RPvds

A basic knowledge of signal processing is hecessary. Y ou should
understand the parameters necessary for specification of asignal in the
frequency and time domains.

m Basic SigGen concepts

Y ou should recognize the terms component, segment, signal, and SgGen
Index.

Installing the Software

Req u | rem entS (for use with System 3)
In order to run SigGenRP, you must have the following:
m  Microsoft Windows 2000 or higher

m A monitor with at least VGA resolution graphics. Super VGA
(1024 x 768) resolution graphics highly recommended

m TDT Drivers software (version 44 or greater)

m TDT's Real-time Processor and ZBUS hardware (required for
playing back signalsin SigGenRP)

SigGenRP User's Guide
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Installation

Toinstall SigGenRP

1.

SigGenRP User's Guide

Make sure your TDT hardware isinstalled and functioning
properly.

Refer to the System 3 Installation Guide.

Insert the software CD in to your CD-ROM drive.

Click Install TDT drivers, click System 3, and click Install
SigGenRP.
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Chapter 2 Learning the Basics

Getting Started

Starting SigGenRP
ﬁ To start SigGen

» Click the Start button on the Windows taskbar, point to Programs, point to
TDT Sys 3, and click SigGenRP on the start menu.

or
» Double-click the SigGenRP icon.

The SigGenRP main window opens.

Y ou are now ready to begin designing signals with SigGenRP.

SigGen User's Guide



Getting to Know the SigGen Main Window

Toolbar

Signal
Preview Area

Variables
Area

Status
Bar

NEleldE = =z 8 BEET 5 v & e

E” SigGen Signal Generator - Sigl
File Modify View Operations Window Help

Upon starting SigGenRP, you will be presented with the SigGenRP
main window. It isfrom thiswindow that you will be able to view the
complete signal once you have defined all of its segments. Since
SigGenRPisaMDI environment, one or more signals can be edited at
the sametime. The SigGenRP main window also provides functions
that allow you to preview the signal through multiple intervals, or
SigGen Indices.

Title Bar Menu Bar

SGI...

2| < 3 |35
J—I—J— 0.002 Overall Waveform
Al d
s

“ariables:

£ sig1

Cuiz l—

~

Initialize Edit

Preview Yariables
Prampt Lewvel #1...

Prompt Level #2

AP2 Mem: I4DBEKB

Ready

vaolts

Cury

Level | 0.000 vims
de |-140.0d8

T 40.0 60.0 80.0 Energy | 0.000mi
zl milliseconds Npts |2500
Seq[l Hide

[

The window contains the following sections:

Title Bar Displays"SigGen Signal Generator" and the name of the
current SigGen file. If the signal has not been saved to a SigGen file, a
default name, Sigl for example, will be displayed.

Menu Bar Containsalist of menus used for building, manipulating,
or saving your signal.

Toolbar Provides easy-to-use icons for the most commonly used
SigGenRP menu commands.

Signal Window Displays the signal(s) as a time-domain waveform.
More than one signal can be displayed at the same time, but only one
can be the current signal (the one you are working on).

Signal Preview Area Allowsyou to preview the stimulus through one
specific interval or al intervals.

Variables Area Variablesallow you to specify the manner in which
signal parameters will be varied from oneinterval to another. Thisarea
displays the variable names and their current values corresponding to
the current SGI.

Cursor Window Provides areadout of parameter values pertaining to
any selected segment or signal.

Status Bar Provides you with information concerning the selected
command.

SigGenRP User's Guide
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Using the SigGen Menus and Toolbar

SigGenRP provides you with afull set of menu commands and a
toolbar buttons. Using these menus, commands, and toolbar buttons,
you can create, open, and save signals; build new signals or edit
existing signals; print signals; and make choices about your screen
display. The SigGenRP menus and toolbars are covered in detail in the
Appendix A.

The Signal Window

Signals are displayed in child windows known as signal windows.

To open a new signal window

» Choose New from the File menu.

or

Click on the New Signal icon on the toolbar.

More than one signal can be generated, displayed and manipulated
concurrently under SigGenRP. Each signal hasits own Signal Window.

::.’_. Ex_2.sig H=] E3
A.000 Owverall Waweform

wvolts
Signal Area ~_
-4.000
0.0 60.0 120.0 180.0 240.0 300.0
milliseconds
Segment ~__ b Scgll] i ! B
Area L | Seql?]

Each Signal Window consists of:
Signal Area Containsthe time-domain waveform display.

Segments Area Displays graphic representations (segment bars) of the
durations and temporal positions of each segment in the signal. At any
time scale, up to four overlapping segment bars can be displayed.

SigGen builds asignal from mini-signals called segments. When you
are designing signals in SigGen, you are actually designing at least one
segment, specifying how these segments are related to each other in
time, and specifying how the segments will affect the entire signal.
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Because each signal must contain at least one segment, "new" signals,
by default, contain one segment. This default segment is defined as
follows:

m  Segment onset is O milliseconds.
m  Segment length is 20 milliseconds.

m No components are defined in the segment.

Opening a SigGen Signal

Y ou can always open an existing SigGen signal file to modify it again,
or to view it. When an existing SigGen file is opened in SigGen or an
application, SigGen will reset SigGen Index to 1 and load all necessary
files (including the normalization file, variable files and signal
component files; whichever apply).

Note: SigGen or the application loading a signal will look for needed
filesin the path(s) specified in the SigGen file. An error will be
displayed when afile cannot be found or loaded, and an incorrect signal
will be generated. Y ou must remember that when you move a
normalization file, variable file, or asignal component file to another
location or delete it from its current location, related SigGen files
should be updated to reflect the change.

To open an existing signal

1. Choose Open Signal... from the File menu, or click on the Open
Signal icon on the toolbar to open the Open File dialog box.

2. Click on or typein the desired file name.
3. Click the OK button.
Note: The selected signal file must bein SigGen format. Thesefiles

aretypically saved with the extension, .sig. Trying to open a non-
SigGen file will generate an error and crash the software.

To open arecently updated signal
1. Choosethe File menu.

SigGen displays the names of the last 4 signal files saved at the
bottom of the file menu.

2. Select the desired file name.

Importing a Non-SigGen Signal

Y ou may import non-SigGen waveformsinto SigGen. SigGen signals
are built from segments. Segments, in turn, are built from components.
When importing a non-SigGen signal, you are actualy using this signal
as a SigGen component. This means that all non-SigGen signals must

be imported as components. The procedure for importing components
is described in the Importing Components section of Chapter 5.
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Working with Multiple Signals

Because SigGenRP supports the Windows Multiple Document
Interface (MDI), it is possible to be working with more than one signal
window at atime. SigGenRP supports common Windows features for
working with multiple windows.

Saving Signals
Signals may be saved in the following formats:
m  SigGenRP format

Files saved in the SigGenRP format contain signal, segment, and
variable parameter information that can be used to generate the
signal through multiple intervals, or SigGen Indices (SGls). These
filescan beread by all TDT application software products.
Another TDT software product, SigGen Engine will allow you to
use SigGen files with user applications. The default extension for
files saved in SigGenRP format is .sig.

m Binary fileformat

Y ou can aso save signals as time-domain waveforms stored in 16-
bit integer binary file format. Thesefiles are given the default
extension of .16 unless you change it to another one. Since such
files are raw datafiles containing only the current waveform, they
do not include any other information in the SigGen files, and each
interval must be saved separately. Y ou must display the waveform
of another interval before you save that interval. Raw data files
can be used as a SigGenRP component, or with many commercial
programs and your own run-time programs.

Saving Files in SigGenRP Format

To save a new filein SigGen format
1. Select the signal by clicking anywhere in the signal window.

2. Choose Save... or Save As... from the File menu, or click the Save
Signal icon on the toolbar.

The File Save As dialog box will be displayed. You may assign a
name to your new signal. If you do not give an extension, SigGen
will use the default .sig extension. 1t is best to use the default .sig
file extension.

To save an existing file
1. Select the signal by clicking anywhere in the signal window.
2. Choose Save... from the File menu

Thefile will be saved with its current name.
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Saving Files in Binary Format

To save afilein binary format

1. Select the signal by clicking anywhere in the signal window.

2. Choose Save Wave... from the File menu.

SigGenRP User's Guide

The Save Wave File dialog box will be displayed. You may assign
anameto your new signal. If you do not give an extension,
SigGen will use default .16 extension. It isbest to use the default
.16 file extension.

The displayed waveform will be saved as a 16-bit binary file.
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The Signal Design Process
SigGenRP builds signalsin a hierarchical fashion.
m A SigGen signal consists of at least one segment.
m A segment consists of up to three components. A segment with

zero componentsis also acceptable.

In the process of building a signal with SigGenRP, you have to either
specify the parameters of each signal, segment, and component, or
accept their default values. To build complicated signals, you aso have
to define various variables and/or create necessary file(s).

Results

Defined components are additively combined to produce a segment.
Each segment may be added or multiplied to the signal to produce a
final SigGen signal.

Overall signal

Segments A

Components 2R
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SigGenRP User's Guide

In the chapters that follow, the details of this process are explained.
The steps required to design and preview asignal are presented below,
along with their associated chapter. Y ou may find it more helpful to go
over someor al of theillustrative examples in the second part of this

guide.
Step

1. Define signal parameters

2. Define segment parameters
3. Define components

4. View, modify, and/or preview

completed segments

5. View, modify, and/or preview
completed signals

Chapter
Chapter 3 Preparing to Build a
Signal — The First Step

Chapter 4 Signa Segments— The
Building Blocks of a Signal

Chapter 5 Components— The
Building Blocks of Segments

Chapter 6 Working with
Segments

Chapter 7 Working with the
Complete Signal



Chapter 3 Preparing to Build a
Signal - The First Step

Prior to designing the constituent segments of a signal, you should
define the parameters that will determine the entire signal, aswell as
any variables that might be used to change signal, segment, or
component parameters as a function of the presentation interval, or
SigGen Index (SGlI).

RP Device Selection and Setup

RP device selection and setup includes:
= Devicesdection
= Logical number of device
= Type of stimulus playback circuit
=  Sample Period of the device

RP device parameters are defined from the Setup RP Device dialog
box, which can be accessed from the Modify menu or from the RP
Device icons on the toolbar.

To access the RP device dialog box

» Click RP Devices... from the Modify menu, or click the RP
Device[A] button “A” on the toolbar.

The RP device setup dialog box has three sections. The first

section selects the RCO file to use with the playback device.
The second section selects the device and module. Thethird
section controls the sample frequency.

SigGen User's Guide
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For more information
about RPx and RCO
files see the RPx Help.
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Setup RP Device-A x|

—RACO File

Standard Files: ISeIect j

File narme: IE:'\TDT YSighenR PhegRCOMASwpPlapb0k <2 I

[ Use sample rate zpecified in RCO file

— Device Select
Tvpe: [Rin=NRE ak.
: =1
Index: |1 =i
Cancel

— Bandwidth and Timing

Standard Sample R ate: |25K j I SR = 244140625

Murnber Time Slhces; |'| 0 jl

RCO file

Users can choose from the RCO files that come with SigGenRP or
make their own. Standard files come in two modes, sweep play and
continuous play. Under most circumstances users will use sweep-based
presentation. The maximum sample frequency for each RCOfileis
given in parenthesis. Clearing the Use sample rate specified in RCO
file check box can modify the sample rate of the RCO file.

Deciding Which RCO File To Use

There are two types of standard RCO files, sweep and continuous. Sweep
RCO files generate anew signal based on the duration of the signal, i.e. the
interstimulus interval, and continuous RCO files repeat the signal for the length
of the stimulus cycle. Sweep RCO files are good for Pyschoacoustic testing
and Physiological recordings. Continuous RCO files are excellent for
analyzing room acoustics and Distortion Product Otoacoustic Emissions
(DPOAEsS).

In addition RCO files differ in the number of output channels (1-4) and the
maximum sample rate of the circuit. The maximum sample rate of the circuit
determines the maximum stimulus frequency. The greater that value of the
sample rate the greater the stimulus frequency that can be used. For example, a
50kHz SigGenRP RCO file can generate stimuli up to 22 kHz, whichisjust a
little less than the nyquist limit. The sigma-delta parts on the RP2.1, RA 16, and
RL 2 produce smooth signals with no aliasing up to the nyquist limit.
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Device Select

Under Device Select, users must select the device type (RP2.x,
Medusa, Stingray, or Barracuda) and the index number.

Type

All RPx modules are accessible from the dialog box. The RP2, RP2.1,
and the Stingray, each have two DA C outputs while the Medusa has
eight DAC outputs and the Barracuda can have up to eight DAC
outputs. The standard RCO files are device independent so the
standard RCO files will work with any of the System 3 devices.

Index

Many TDT workstations include multiple RPx modules. To select the
RPx module for stimulus presentation use the devicesindex. Devices
are numbered logically beginning with one. A device index of zero
means that the module type has not yet been selected. Logical device
numbers may not correspond to the physical device organization. To
ensure that the devices are ordered consistently each time the systemis
used make sure that devices are turned on in the same order each time
the system isturned on. To check that the devices have been properly
selected run zBUSmon to check the order of the logical devices.

Bandwidth and Timing

The Bandwidth and Timing settings are only visible when the Use
sample rate specified in RCO file check box has been cleared. Under
most conditions you can select one of four or five samplerates. In
addition, systems with the Barracuda can access its arbitrary sample
rate.

Standard Sample Rate

When the Use sample rate specified in RCO file check box has been
cleared the standard sample rate of the RCO file can be modified by
selecting a new rate from the drop-down list. System 3 devices can use
sample frequencies of 6, 12, 25, 50 and in some cases 100, 200 and 400
kHz.

The sample frequencies are approximate. The true sample frequency is
shown in the text box to the right. An RCO file may not be able to
operate at some of the higher samplerates. For the standard files, users
can select the maximum sample rate. For user generated files users
should determine the maximum sampl e rate by checking the cycle
usage of the circuit.
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Arbitrary Sample Rate
— Device Select
Tvpe: [N Ok
Index: |1 j
Cancel
— Bandwidth and Tirming
Standard Sample Rate: | 25K ~| | SR= 244140625

OR

Arbitrary Sample Fate: IEI Check Realizable
Mumber Time Slices: |1EI ﬁ

The Arbitrary Sample Rate field is only accessible when the Barracuda
deviceis selected asthe device type. The Barracuda can have arbitrary
sample rates from 10 Hz to 500000 Hz. Any RCO file can be modified
to use these arbitrary samplerates. Again it is necessary to check the
cycle usage to insure that the circuit will work at the higher sample
rates. The sample frequency is calculated from a 0.04 microsecond
clock. Pressthe check realizable button to determine the true sample
rate.

Overall signal parameters include:

m A namefor the signal

m Theduration of the signal

m Thesample period of the time-domain waveform (for System [1)
m Theplayback D/A channel

m  Any externa attenuation

m Cadlibration specifications

m Variable definitions

Signal parameters are defined from the Signal Parameters dialog box,

which can be accessed from the Modify menu, or from the Modify
Signal icon on the toolbar.

To accessthe Signal Parameters dialog box

» Click Signal... from the Modify menu, or click on the Modify
Signal icon on the toolbar.
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Signal Parameters

=]|

Signal M arme: I

— Playback Device
Use Sps3 v

DAL Chan: |Eihc'm-1 "I
Sample Period: I‘”:I LZEC

— Timing
Dhuration; |-||:||:| S
Rad-2 | 2500 pts

045 delay: IEI s
IEDnst "I

Cancel

— Calibration

Lewvel [dB] Yaolkage [peak]
IEI = |1
1.0"%alt RS |

Fird File... |

[~ Usze Marm File

— Attenuation

Device: I Mone = I

Lewvel: ID 4B
I Const - I

File Mame
Itj,lpil:al.nrm
—Yariahles
Edi...
Clear

Signal Name

Signals are defined using names that may not exceed 15 charactersin
length. Signal names can be used to identify a specific signal in

applications.

Playback Device

Use Sys 3

SigGenRp continues to support TDT's System || hardware platform.
By default SigGenRP is configured for System 3 and the Use Sys 3
check box should be selected. For more information on using System 11
see Appendix C, Using SgGenRP with System 11.
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DAC Channel

SigGenRP supports up to eight D/A channels for signal definition, and
one channel for signal preview. Prior to signal preview, you must
select the playback channel.

DAC Channel: |Chan-1 vI

Maone

Chan-2
Chan-3
Chan-4
Chan-5
Chan-&
Chan-¥
Chan-3

All possible D/A channels are displayed in the D/A Channel box. Y our
system may not have all the channels displayed in the D/A Channel
box. Check your D/A hardware to find the number of D/A channels
available, and which one you want the signal to be played to.

To select/deselect a D/A Channel for signal preview
» Click the desired channel.

Run-time applications, such as TDT's BioSigRP, read and use the D/A
channel information stored in the SigGenRP file

When your device uses channel numbers higher than
eight

System 3 processors such as the RX6, RX8, and RZ2 are configured
with D/A channel numbers higher than eight.

When using RCO files designed for the RX6 the channel numbers have
been shifted, allowing the D/A channels to be selected as Chan-1 and
Chan-2.

The RX8 and RZ2 allow for custom D/A channel configurations. Refer
to your system specs to determine the correct D/A channel values. Any
RCO circuits must be modified accordingly.

For example:

1. Load the standard RCO
CATDT\SigGenRP\sgRCO\SwpPlay50K x2.rpd.

2. Locate the DacOut componentsin the circuit file — circled below.
Double-click the component to change the channel value as
needed. The diagram below would play the SigGenRP signal on
D/A channel 9 when Chan-1 is selected in the SigGenRP DAC
Chan drop down menu.
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Memory Access for Chan-1

4.0
Sersowce ¢
ize=1e+005

sgRamiNpts 1

ngaveE)

3. Savethe newly created configuration with a different filename.

[Ad=Enab=1

gPlayindexd

Sample Period

Sample period indicates the length of time in microseconds between
successive data points in the time-domain waveform. With System 3
the sample period is directly tied to the Real-time processing device
available in your system and the sample period box is unavailable in
the Signal Parameters dialog box. The sample period is configured in
the Setup RP Device dialog box. For more info see RP Device Selection
and Setup at the beginning of this chapter.

Timing
— Timing
Druration:
Liratiah |-||:||:| S
Rad-2 | 2500 pts

045 delay: IEI e
IEDnst "I

Duration

The Duration field of the Signal Parameters box defines the total
duration of the signal in milliseconds. The value entered in thisfield
determines the scaling of the Signal Window x-axis.

Radix-2

Sometimes a duration corresponding to aradix-2 number of sampling
pointsis desired. For example, to generate awaveform as short as
possible while collecting enough points for Fast Fourier
Transformation (FFT) analysis. In order to eliminate the calculation to
get aduration with desired radix-2 samples, SigGen provides a quick
function button that truncates the value in the Duration field so that the
total number of pointsin the signal isrounded to the closest radix-2
number.

3-7
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To truncate to radix-2
1. Enter the approximate duration in the Duration field.
2. Click Rad-2.

The duration will be recalculated so that the total number of pointsis
defined in terms of radix-2. The new duration and number of data
pointswill be displayed. If you feel adifferent radix-2 number is what
you want, you can double the duration value (or divide it by 2), and
then click the Rad-2 button to get the next radix-2 number.

O/S Delay

The O/S Delay field specifies the onset delay of the signal in
milliseconds. Onset delay is defined as the delay between the initiation
of an SGI and the beginning of signal presentation.

Attenuation

When signals are presented to TDT D/A devices, only 16-bit integer
samples will be converted to analog signals. Asaresult, small
amplitude signals will lose their details and appear distorted, and the
signal-noise ratio will be reduced. To make a good use of the dynamic
range of the D/A devices, you should make your signal’s amplitude as
large as software and hardware allow, and use attenuators to adjust the
signal level after D/A conversion to produce desired signal level.

When using a programmable attenuator, it is necessary to specify two
parameters:

m Device
m Levd
Altenuation

Device: INDHE "I

Level: ID 4B
I Const - I

SigGenRP User's Guide
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Device

Device: |N.:,ne vI

Pid -
Pid -
Pad -
Fad -
Pid -
Pad -
Fad -
Fid -
PAS -
PAS -
PAS -
PAS -

?

4

P LI = 0D - O e LD

A list of attenuatorsis displayed in the Device box. Your system may
not have all of the displayed attenuators available.

To select/deselect an attenuator

» Click the desired attenuator name or click None.
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Level

Thelevel field specifiesthe level of attenuation sent to a programmable
attenuator.

Level: ||:| 4B
II:l:unst "I

Constant or Variable Level By default, Level isdefined as Congt,
and therefore remains constant, regardless of the current SigGen Index
value. Level may be varied as a function of the current SigGen Index
value by assigning a predefined variable (see Creating Variables).
Whether or not you can use avariable for Level depends on the run-
time program.

To set Level to a constant or a predefined variable

» Click Const or the desired variable name in the Level box.
If Level isaconstant,

> Enter thevaluein the Level field.

SigGenRP User's Guide
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Calibration

In designing signalsin SigGen, adecibel (dB) value is used to specify a
level of asegment gain, or acomponent level. Since all signals will
eventually be presented in terms of volt, a dB-volt relation or
calibration must be correctly entered. By default, all measurements of
level in SigGen are calculated in dB volts with areference of 1 volt
peak. You may calibrate measurements of level by setting a specific
voltage egqual to a designated dB level, or using one Volt RMS equal to
the dB level.

— Calibration
Lewvel [dB] Woltage [peak]

IEI = I'I
1.0%al RS |

[~ Use Morm File
Filz Harme Find File... |
It_l,lpical.nrm

Level

The Level field specifiesalevel in dB that equal's the specified number
of volts (peak), or one volt RMS.

Voltage

The Voltage field specifies the number of volts of the signal peak
amplitude that equal the specified number of level units (dB). For
example, in the specification (90 dB = 1 Volt (peak)), atonethat is
specified to be 90 dB will produce atone with a 1-volt peak amplitude.

One Volt RMS

Clicking this button sets Voltage (peak) field equal to 1 volt RMS
(1.41421 (pesk) volts). Thisis convenient when you want to make
your calibration in terms of RMS values.

Example: Calibrating unitsto reflect SPL

Y ou may wish to calibrate SigGenRP's level units so that they
correspond to the sound pressure level (SPL) output of your system.

To calibrate SigGenRP

1. Generate apure tone signal of a specified number of peak volts.
2. Set Voltage equal to this number of peak volts.

3. Measure the output of your systemin SPL.

4. Set Level equal to the measured output in SPL.

3-11

SigGenRP User's Guide



3-12

Normalization Files

There may be some instances when you may wish to modify the
magnitude and/or phase of various frequency components in the
SigGenRP signal. For example, if you want to generate a pure tone
simulating the output from a speaker which has a nonlinear frequency
characteristics. This can be accomplished through the use of
Normalization Curves. The Normalization Curves are inputted to
SigGenRP through a Normalization file, and will apply to the signal
components generated in the frequency domain only.

Note: Normalization files may be applied to signals created in the
frequency domain only. A normalization file does not affect atime
domain signal.

‘What Is a Normalization File?

A Normalization fileisan ASCII text file that normalizes a SigGenRP
signal by specifying correction factors for magnitude and phase at
specific frequencies. Parameters specified include:

m Frequency inHz
m  Magnitude correction in dB

m Phase correction in degrees

Creating a Normalization File

Normalization Files may be created with any editor that can savefiles
in ASCII text format.

Default Naming Conventions. By default, SigGenRP |looks for files
with the .nrmfile extension. It isagood ideato use thisfile extension
when creating variable files.

Normalization File Structure

Each linein the Normalization file contains three val ues specifying the
magnitude and phase correction factors for a specific frequency. The
syntax is asfollows:

frequency in Hz, magnitude correction in dB, phase correction in
degrees

A comma*“,” isthe required separator between two valuesin aline. An
error will be generated in SigGen when one or more commas are
missing from the normalization file.

An example Normalization file is shown below.

0.0,0.0,0.0

500.0, 0.0, -30.0
1000.0, -6.0, -60.0
2000.0, -12.0, -90.0
4000.0, -24.0, -120.0

SigGenRP User's Guide
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How Normalization Files Work

SigGenRP normalizes signals at the segment level. The frequency
characteristics of each segment are adjusted according to the correction
factors specified in the magnitude and phase correction curves.
Specifically, magnitude and phase correction factors will be generated
to every sample point of the segment, and added to the magnitude and
phase parts of the segment. Consequently, segments generated using
Time method will not be corrected by the normalization curves.

For example, the above Normalization file specifies the following
correction factors:

Correction Factor

Frequency in Hz Magnitude in dB Phase in degrees
0 0 0
500 0 -30
1000 -6 -60
2000 -12 -90
4000 -24 -120

By using linear interpolation to calculate intermediate values, the
following correction curves are produced.

Magnitude Correction Curve

0 1000 2000 3000 4000
0

-10
-20
-30

Amplitude in
dB

Frequency in Hz

Phase Correction Curve
0 2000 4000
O o
-50
-100
-150

Phasein
degrees

Frequency in Hz

Using a Normalization File
In order to use a Normalization file, you must:
m Indicate that you wish to use anormalization file.

m  Specify thefile name.

SigGenRP User's Guide
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To use a Normalization file
» Check the Use Norm File check box.

To specify a Normalization file
» Typein the desired file namein the File Name field.
or
1. Click Find File.
2. Selectthedesiredfile.

Viewing Normalization Curves

From the SigGenRP main window, magnitude and phase normalization
curves may be viewed in the Normalization Curves box.

To display the Normalization Curves box

» Select Norm Curve from the View menu or click on the
Normalization Curvesicon on the toolbar.

* Normalization Curves EH

Magnitude Correction

dB

-30.0

2500

5000 7500
Hertz

Phase Correction

10000 12500

10.0

degrees

-100.0
0

2500

5000 7500
Hertz

10000 12500

The Normalization Curves box displays:
m  The Magnitude Correction curve

m  The Phase Correction curve

Magnitude Correction Curve The Magnitude Correction curve plots
magnitude correction in dB as afunction of frequency in Hz.

Phase Correction Curve The Phase Correction curve plots phase
correction in degrees as a function of frequency in Hz.
To hide the Normalization Curves box

» Click the OK bhutton in the upper right corner.
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For more information
about creating
variables, see Creating
Variables in this
chapter.

Variables

SigGenRP uses SigGen Index (SGI) and variables to generate
waveforms of different signal intervals. SigGenRP allowsyou to
specify variables. These variables may be used to change signal or
segment parameters as a function of the presentation interval, or
SigGen Index (SGI).

Up to ten variables can be defined in each signal. Variable values are
functions of SigGen Index, and can be altered systematically, read in
from afile, or specified by you prior to each interval.

Variables may be created, edited, and cleared in the Signal Parameters
dialog box or from the Variables Area of the main window.

The Variables Area of the Signal Parameters Dialog
Box

—%anables

Edi...

Clear

Edit...

A new variable (except an alternating variable) can be defined at any
available place of the Variables box.

To create a new variable
1. Click onan available variable place (.......... ) in the Variables box.
2. Click the Edit... button.
or

» Double-click on the available variable (.......... ) in the Variables box.

Thiswill open the Signal Variables dialog box.

To edit an existing variable
1. Click thedesired variable in the Variables box.
2. Click the Edit... button.
or
» Double-click the variable in the Variables box.
Thiswill open the Signal Variables dialog box.
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For more information
about creating
variables, see Creating
Variables in this
chapter.

Clear

To delete an existing variable
1. Click onthe desired variable in the Variables box.
2. Click the Clear button.

Note: When avariableisdeleted, SigGenRP will remove its name
from the Variables box, but will not always reset the parameters
corresponding to this variable to their default values. Any parameter
which uses this variable will still point to the place of this variable, and
use zero as the variable value. Consequently, when anew variable is
defined at this variable place, those parameters which use the del eted
variable will automatically use the new variableinstead. Y ou should
always remember that when you clear avariable, you must change all
the signal/segment/component parameters which use the variable.

The Variables Group Box in the Main Window

W ariables:

freq = 1500 -

.......... =1

.......... =

.......... =0

.......... =0

.......... =

.......... =0

.......... =

.......... =0 |
|nitialize | Edit...

Preview Varables

Prompt Lewvel #1...

Prompt Level #2...

Variables Box

The Variables box displays alist of al currently defined variables along with
their current values corresponding to the current SGI value.

When more than one signal is used in an application, the SigGen Index of the
channel-1 signal will be the active SGI in the application. Asaresult, when two
signals are created and used in an applications like BioSigRP, variables used in
the signal assigned to the second channel should also be defined at the same
variable locationsin thefirst signal.

Initialize

Clicking the Initialize button sets the SigGen Index (SGI) back to 1, causing any
variables associated with the current signal to be initialized to their starting
values. Clicking Initialize also causes any variable filesto beread. When using
avariablefile, it isagood ideato initialize the variable(s) prior to assigning the
variable(s) to parameters.

SigGenRP User's Guide
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Edit...

Clicking the Edit... button will open the Signal Variables dialog box.
Clicking any variable or empty variable position will select that
variable or position. When the Edit... button is clicked, the selected
variable (or position) will be edited (or created) in the Signal Variable
dialog box. Clicking Edit.. without selecting any variable or position
will cause the first variable to be edited/created. Variables may be
deleted in Signal Parameters dialog box.

To edit an existing variable
1. Click the desired variable in the Variables box.
2. Click the Edit... button.

Thiswill open the Signal Variable dialog box and you can edit the
parameters of this variable.

To create a new variable

1. Click on one of the available variable positions (.......... =0) inthe Variables
group box.

2. Click the Edit... button.

Thiswill open the Signal Variable dialog box. Y ou can assign a name to
this variable and select other parameters.

Preview Variables

Once you have defined the signal variables, it is possible to preview how they
will change acrossintervals. Clicking the Preview Variables button opensthe
Variable Preview dialog box.

Prompt Level #1...

Y ou may wish to specify the value of avariable on the fly during the
presentation of a stimulus signal. From the Signal Variable dialog box,
you may create user-prompts. When you save your SigGen signal file
(see Working with Signals, Saving Signals), user-prompts will be saved
aswell. When using SigGen files to generate signalsin other TDT
applications, these user-prompts will be available.

When a user-prompt variable is defined, you can click on Prompt Level
#1 or Prompt Level #2 button to access the Input Request dialog box.
Y ou may enter anew value for thisvariable. Current user-prompt
variable value(s) will be used for al intervals of the signal preview.

To define Prompt Level #1

1. Click on the Prompt Level #1... button to open Input Request
dialog box.

If you have not defined alevel 1 prompt, the Prompt Level #1...
button will be disabled.

2. Enter the desired value in the Unknown Prompt field.

From the Input Request dialog, you can view the prompt message and
enter any test value you may wish to use for signal preview.
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Prompt Level #2...

In some cases, you may wish to vary parameters in a nested fashion.
For example, you may wish to vary the frequency of a puretone. For
each frequency, you may in turn wish to vary the level.

Y ou may specify a user prompt for a nested variable by using Prompt
Level #2. In our example, this would be specified for level.

Note: Current versions of TDT's signal processing applications do not
support nested variables or Prompt Level #2.

To define Prompt Level #2

1. Click on the Prompt Level #2... button to open Input Request
dialog box.

If you have not defined alevel 2 prompt, the Prompt Level #2...
button will be disabled.

2. Enter the desired value in the Unknown Prompt field of the Input
Request dialog box.

If you have more than one Prompt Level #1 or Prompt Level #2
variable defined, Input Request dialog box will appear repeatedly until
enough values are entered for all Prompt Level #1 or Prompt Level #2
variables.

SigGenRP User's Guide
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Creating Variables

Y ou may change the value of signal and segment parametersasa
function of the SigGen Index (SGI) value by defining variables. From
the Signal Variable dialog box you can define the names of up to ten
variables, aswell as specify starting values, minimum values,
maximum values, and the manner in which the value will be varied.

Y ou may access the Signal Variable dialog box from the following:
m TheVariables areaof the main SigGenRP window.

m TheVariables group box of the Signal Parameters dialog box.

To access the Signal Variable dialog box
1. Do oneof thefollowing:

» Click avariablein the Variables box to edit an existing
variable.

or

» Click an available variable place (.......... ) in the Variables box
to create anew variable.

2. Click the Edit... button.

Signal ¥Yariable | x| |

— Eeneral —%alue Limitz
N ame Units Default/Start [100
IFrequenc_l,l |H2

Step Size (100
b ethod

L kimirnurn | 100
ILinearStep j Edit Lizt |

b @irnunn | 4000

18711

Prompt/Caomment

ILInknu:uwn Prarmpt No. of Steps |40

File Marne Frdfle. || -5GI Modifiers

I Index ISGI [default] j

— Combination % anable

Elperatin:nn:l Mane j Offzet |0
Fepeat Factor |1
Skip Factar |1

11

— Temination Caontral

C I
ElilEE &+ Mormal/More
Freview " Boundary Contral
(1] 4 " Loop

SigGenRP User's Guide



3-20

SigGenRP User's Guide

General Variable Parameters

General variable parametersinclude:

m  Name
m Units

m  Method
Name

Variables are defined using names that may not exceed 12 charactersin
length. You can enter avariable name by typing in the Name field.
When you change a variable name or its parameters, SigGenRP will
also make changes to those parameters using this variable when editing
variable is completed. Using a name reflecting the physical nature of
the variable is highly recommended.

Units

In the Unitsfield, you may enter up to 5 charactersto describe the
variable'sintended unit of measure. The unit value you entered hereis
only areminder, not a standard for data conversion. The unit
consistency of your experimental system depends on your application
program and the hardware you are using. Three basic unitsused in
SigGenRP are: decibel (dB) for level, millisecond (ms) for duration,
and Hertz (Hz) for frequency. Y ou should use a correct unit for this
field.

Note: The actua unit of measure assigned to the variable will be
determined by the SigGen parameter with which the variable is
associated. For example, you may have defined a variable named
"Freq" and described its Unitsas "Hz." However, if you assign "Freq"
to aduration parameter, its unit will be milliseconds.

Method

Method defines the mechanism (function) of altering variable values as
afunction of the SigGen Index (SGI). There are 14 methods available
in SigGen.

Lirear Step j Edit Ligt

Indefined
| Constant

Log Step [baze 2]
Log Step [baze 10]
R andom per SGI
Prompted [level 1]
Prampted [level 2]
Schedule File

Sch File [prompted]
Alternating

Walue List
Diyramic

Sy File

A andomized




Chapter 3: Preparing to Build a Signal — The First Step  3-21

Variable methods include:
m  Undefined

Undefined means that no Method has been defined for the current
signal variable. The variable will be zero for all the signal
intervals.

m  Constant

This method sets the variable equal to a constant value. This
method is most useful when more than one SigGen parameter will
be set to the same value. Constant defines a variable that will
always have the same value as given in the Default/Start field of
the Vaue Limits box. Thisvauewill be afloating-point constant
between 1.2E-38 to 3.4E+38.

m Linear Step

For each SigGen Index (SGI) increment, Linear Step defines a
variable that will increment by the Step value specified in the
Value Limits box.

m Log Step (base 2)
Log Step (base 2) defines avariable that will perform as abase 2
exponential function of SGI:
Variable = Start x 2 S®* (6
The Start and Step values are defined in the Value Limits group
box of the Signal Variable dialog box.

m Log Step (base 10)

Log Step (base 10) defines a variable that will perform as abase 10
exponential function of SGI:

Variable = Start x 10 9% (S¢1-D)

The Start and Step values are defined in the Value Limits group
box of the Signal Variable dialog box.

m Random per SGI

The value used for the variable is a random number between the
Minimum and Maximum set in the Value Limits group box. The
random numbers are generated with a uniform distribution within
an SGl.

A Step Size of zero will give afull floating-point random value
within the specified range. Use a non-zero to define the resolution
of theresult (e.g.: a Step Size of 0.1 might produce values of 3.7,
2.9,7.2, etc.).

m  Prompted (level 1)

To specify the value of avariable on the fly during the presentation
of astimulus signal, you may create user prompts. These prompts
will be availablein TDT's application programs.

If you have defined alevel 1 prompt for the selected variable, the
Prompt Level 1 button will be enabled, and you can use this button
to enter variable values when you preview the signal.
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See Using Variable
Files later in this
chapter.

See the BioSigRP
User's Guide for more
information.
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Prompted (level 2)

Using this method, you can be prompted for avalue at run-time.
Level 2 prompts are used for 2nd level nested variables. (Not
currently implemented.)

Variables defined with Prompt (level 2) method is not currently
supported in TDT’ s application programs.

Schedule File

Variable values are read from atext file. Thefile nameis specifiedin
SigGenRP and is used by TDT’ s application programs.

Each variable in avariable file can have up to 100 values.

Sch File (prompted)

Variable values are read from avariable file. Thefilenameis
specified by you during run-time. One usage of this method isto
allow user to use more user-defined variable values. For example,
when you want to use more than 100 specific variable values, you
can put them into more than one variable file, and access them one
after another.

File prompt will be available for applications supporting this
feature. While previewing signalsin SigGenRP, you can display
this prompt and assign variable file(s) by clicking Prompt Level #1
button in SigGenRP Signal Window.

Alternating

The value of the variable alternates between the values defined in the
Minimum and Maximum fields. The variable value does not depend on
SGI value, but on the number of the continuous presentation of the current
signal interval. Inthe Variables group box, an alternating variable must be
defined next to another predefined variable, or as the first variable.

Note: Dueto the nature of this variable, this feature is not available during
Play or Play All in SigGenRP since the “ continuous presentation of the
current signal interval” condition is not met. However, you can test the
aternating effect by repeatedly initializing variables. Alternating variables
function when the SigGenRP signal isused asa stimulusin TDT's
BioSigRP application.

Vauelist

Variable values are specified in SigGen by you during the signal
design process. A maximum of 100 variable values can be
specified for the variable.

To enter or modify a variable list

1. Choose VaueList from the Method box.
2. Click the Edit List button.

3. Enter valuesto define the variable.
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Edit ¥alue List |

Ok

Cancel

_:J Clear |

Dynamic
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Dynamic variable values are controlled by the run-time application, usually

based on a subject feedback.
CsV File

The valuesfor this variable type are reads from windows standard
Comma Separated Value (CSV) fileswhich allows for matrix (two
dimensional) arrays where each row is an SGI and each column is
arepeat. The CSV filesused by thisvariable type are easily
generated and saved using EXCEL or similar programs. A typical
CSV fileis shown below.

1, 6,11,16,21,26

2, 7,12,17,22,27

3, 8,13,18,23,28

4, 9,14,19,24,29

5,10,15,20,25,30

6,11,16,21,26,31

7,12,17,22,27,32

8,13,18,23,28,33

9,14,19,24,29,34
A variable using this CSV file would use the current SGI to index
down to a specific row. For example, for SGI = 6 the row with
numbers 6,11,16,21... would be indexed. If this variable was used
in the component of arepeating segment, the first repeat would use
the value 6 and the second would use 11 and third 16 etc. This

allows the user to get full control of how repeats are computed and
where they are applied to the overall waveform

Randomize

The value used for the variable is a random number between the
Minimum and Maximum set in the Value Limits group box. The
random numbers are generated with a uniform distribution.
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A Step Size of zero will give afull floating-point random value
within the specified range. Use a non-zero to define the resolution
of theresult (e.g.: a Step Size of 0.1 might produce values of 3.7,
2.9, 7.2, etc.).

Prompt/Comment

If the defined method is Prompt (level 1 or level 2), you will be
defining the variable values. If the defined method is File (prompted),
you will be defining the name of the variablefiles. In these cases, a
user prompt will be necessary, and the text string(s) entered in the
Prompt/Comment field will be used as the Prompt. A prompt may be
up to 50 characters in length including spaces.

To define a Prompt/Comment

1. Select Prompted (level 1 or level 2) or File (prompted) from the
Method dialog box.

2. Typeinthe desired text in the Prompt/Comment field.

File Name

File Name | :
IE:'&TDT\SigG enFPYE sampleshEs_4

If the chosen method is Schedule File, avariable file must be specified.

To definea variablefile

» Typein thefile path and name
or

1. Click the Find File... button.

2. Choosethefile name.

When you choose File (Prompted), you do not need to enter afile name
at design time, however, you may need to supply the file when you run
an application. A filefor aFile (Prompted) variable is not required
when you preview asignal in SigGenRP.

Combination Variables

In many cases, asimple variableis not sufficient to defineasignal. For
example, consider asignal consisting of two segments in which the first
segment has a variable duration, and the second segment starts 10
milliseconds after the first segment. Y ou could calculate the start times
of the second segment by hand, or you could define acombination
variable.

A combination variable is a variable whose value is calculated by
performing a mathematical operation on another variable or a constant.
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— Combination % ariable

Dperatiu:-n:l =% + “Weomb j

"W ariable: I Constant j

Walue: IEI

To Define a Combination Variable

1.

Open the Signal Variable dialog, either by choosing Signal under
the Modify menu and then clicking the Edit button, or by clicking
the Edit button on the side bar.

Name and define the combination variable in the General box.

In the Combination Variable box select an Operation to apply to
thisvariable (V in the Operation formula). Combination variables
can be defined using addition, subtraction, multiplication, and
division.

Operation: | =\ + Yeomb |
M ore

=Y -Woomb
=Yroomb - W
=% *%oomb
=% M Weoomb
=Yoomb £

The Variable drop down menu in the Combination Variable box, is
used to define Veomb in the operation. Vcomb can be defined as
either aconstant, and its value entered in the Vaue box, or it can
be defined as another variable.

3-25
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Combination Variable Example

This exampleillustrates how to use a combination variable to build a

signal consisting of two segments in which the first sesgment has a

variable duration, and the second segment starts 10 milliseconds after

the first segment.

£* Comb¥ar.sig

=] E3

0.400

-0.400
0.00

Overall Waveform

Illﬁlll

.
volts |'| I'. ;
L | UI Illk;,f

milliseconds

80.00

gealy

| Seq?] ,

SeglDuration is asimple variable that specifies the duration of the first
segment. A combination variable, Seg2start, is defined so that segment

2 starts 10 msec after segment 1. Seg2start is defined with method

Constant and Default=10.

In the Combination Variable box Veomb is set equal to the variable
SeglDuration. V+Vceomb is selected so that Seg2start = 10 msec +

SeglDuration.

SigGenRP User's Guide
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signal ¥ariable |
— eneral —%alue Limitz
Name Units Default/Start [10
SegdStart
I I Step Size IEI
M ethod
|E:E Dt t =1 Ediwi | Miim.m [ 124010
arztan -
b asirnarm |1 e+0110
Prompt/Comment
ILInknu:uwn B Mo, of Steps IEIEIEIEI
File Name Find Fie.. | — 5GI Modifiers
I [hides ISGI [defaul] j

— Combination ' ariable

Elperaticun:l =%+ Yoomb j Offzet ID
" ariable: ISeg'IDuratiu:un j Repeat Factor |1
v illze Combined Walue Skip Factor I1
— Termination Contral
Cancel * Marmal/More
Preview " Boundary Contral
Ok, " Loop

We can preview the results of the combination variable operation by
selecting Preview. The uncombined value of the combination variable
Seg2start isdisplayed. To see the results of the combination operation,
check the Show Combined Vaues box. In this case you can see that
Seg2start begins 10 ms after SeglDuration.

Yariable Preview Ed |

S0l [SeqlDuration]  SegZStatt ... ..
1 10 20
2 20 an
3 an an
4 40 50
] a0 G0
B G0 70
7 70 a0
a an a0
9 an 100
10 100 110
Termn. =100 110
S | 22 | v Show Combined Values Done I
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Combination Variables in BioSigRP

When SigGenRP signals that contain combination variables are used in
BioSigRP, the combination variable value is calculated and used in
generating the signa and controlling the peripherals. However, the
screen and output files display the uncombined value of the variable.
Thus, for the example shown above, Seg2start would be shown as 10
ms, even though it would change with different SGls.

Example: Controlling SPL using a PAS

This comes in handy when controlling the level of signal presentation
using a Programmable Attenuator (PA5). For example, avariable
Level can be defined that steps through levels of sound presentation
from 100 to 0 dB in 10 dB steps. However, to get 100 dB SPL, may
require O dB attenuation, while a60 dB SPL would require 40 dB
attenuation. To do this define Level as a combination variable that is
calculated by subtracting Level from a constant value (100 dB).

Operation:
Vcomb-V
where, Vcomb=100 (constant value) and V=Level

Signal ¥ariable [ x| |

— General —alue Lirnits
Name Units Default/Start [100
ILE?El IdE Step Size |-1EI
b ethod I—
ILinear Step j Edif: izt | Mirirnum |0
R |1 aa
Prompt/Camment No. of Steps I_H—

ILInknu:uwn Prampt

File Mame Frdfies. | ~ SGI Modifiers

| Index |5GI (defaul) ]

— Combination % anable

Elperatin:nn:l =Veomb -V j Offzet |0

" anahle: IEDnstant j Fepeat Factor |1

"W alue: I'IEIEI Skip Factar |1

— Temination Caontral

11

C I
EllEE &+ Momal/More
Freview " Boundary Contral
(1] 4 " Loop

Then, for the PA5 use Level as the variable.
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Attenuation

Device: IF'-"-"-E-'I 'I

Lewel: I':' dE
I Lewvel - I

The uncombined values will show the true level of the sound. The
combined values will show the attenuation applied to the PA5.

In BioSigRP, the PA5 will be loaded with the combined value, while
the screen displays the uncombined value of Level. For asound level

of 100 dB, the PA5 will be set to O dB attenuation, and for a sound
level of 60 dB, the PAS5 will be set to 40 dB attenuation. Y ou can see
thisin SigGenRP by stepping through each SGI, playing the signal, and
looking at the attenuation loaded on the PAS.

Uncombined Values

¥ariable Preview |
Sl [SeqlDuration]  Seg2Start [
1 10 10 100
2 20 10 a0
K] an 10 a0
4 a0 10 70
4] i 10 R0
B G0 10 50
7 70 10 40
a an 10 a0
9 a0 10 20
10 100 10 10
Term. =100 10 ]
<44 | 2 | [ Show Combined Yalues | Done I

Combined Values

¥Yariable Preview |
SGI [SeqlDuration]  Seg2Start Level
1 10 20 1]
2 20 an -10
3 an an -20
4 40 A0 -30
a] 1] 5] -40
E El 70 -50
7 il an -E0
a an a0 70
3 a0 100 -20
10 100 110 -90
Tem. =100 110 -100
Ses | i | V¥ Show Combined Yalues Done I
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Value Limits

From the Value Limits group box you can define the manner in which a
variable value changes as afunction of the SigGen Index (SGI) value.

Y ou can also define the range of allowable values for the variable. For
combination variables, these values will only apply to primary
variable(s), and will not limit the combination variable result.

However, a zero will be used when the combination variable result
becomes a divide-by-zero.

—%alue Limitz

Default/Start IW
Step Size IW
Mirirnurn W
M axirnLinn W

Ma. of Steps IW

Default/Start

Default/Start defines the value of the variable when the SigGen Index =
1. Thisisalsothe valuefor aconstant variable. When prompt
variables (Prompt Level 1, Prompt Level 2, Prompted File) and
Dynamic variables are defined, this value is also the default variable
value before the value is specified.

Step Size

Step Size must be defined when using the following functions:
m Linear step

m Log Step (base 2)

m Log Step (base 10)

m Randomize

m  Random per SGI

Step determines how much the variable will be systematically varied as
afunction of the SigGen Index value. Default Step Sizefor a
Randomized variable is 0, which causes SigGenRP to use the full
floating point precision to generate the variable values. A zero Step
Size for other functions will define a constant variable.

Minimum

In the Minimum field, you define the minimum allowable value for the
variable.
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Maximum

In the Maximum field, you define the maximum value allowed for the
variable.

Note: Minimum value must be smaller than Maximum, and
Default/Start must be within Minimum and Maximum range.

No. of Steps

Thisfield displays the total number of steps between the minimum and
maximum variable values, when appropriate. Thisfield isnot editable.

SGI Modifiers

SigGen Index (SGI) is a unique number which starts at 1 and
increments by 1 when ainterval is presented. This SGI appliesto every
variable by means of SGI Modifiers. These SGI Modifiers become
important when SigGen is used to design signals with complicated
variables or nested variables.

By default, a stimulus presentation begins with the SGI = 1. Often, the
stimulus signal generated at SGI = 1 is presented until a desired number
of response signals have been attained. The SGI is then incremented by
1, then all variables and the entire signal are updated. This process
continues until all SGIs have been presented. Through use of SGI
Modifiers, it is possible to customize the process of SGI incrementation
for individual variables. Y ou may:

m  Start variable calculation with an offset to SGI.
m  Repeat SGI.

m  Skip aspecified number of SGlis.

m Create nested variables

— 5G| Modifiers

Index |Gl [defaul)  ~ ]

Offzet I':'
Fepeat Factaor I1
Skip Factar |'|

Index

By default, variables are indexed using the SigGen Index or SGI. SGI
indexing can also be replaced by another variable with an optional
scalar applied. Thisisuseful for amultitude of applications when one
or more variables should be calculated based on a single control
variable. (See Appendix D for more information on index variables.)
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Offset

Theinitial SGl isaways 1. When SGI isused to calculate variables,
any deviations from this default value are termed offsets. If you wish
to start stimulus presentation with a variable calculated based on a
modified SGI = n, then enter n in the Offset field. If thevariable's
valuesare 0, 1, 2, 3,4, 5, ..., corresponding to SGI =0, 1, 2, 3, 4,5, ...,
an Offset = 2 will result in modified SGI = 2, 3, 4, 5, 6, ..., and so the
variable'svalues 2, 3,4, 5, 6, ..., correspond to SGI =0, 1, 2, 3,4, 5, ....

The default value of Offset is0, that is, the modified SGI equalsto SGI.
The value of Offset must be no less than -10,000 and no greater than
10,000.

Repeat Factor

The Repeat Factor field specifies the number of times, r, an SGI will be
used as modified SGI. For example, when r = 2, modified SGI will be
1,1,2,23,3, .., correspondingto SGI =1, 2, 3,4,5, 6, ....

By default, Repeat Factor is set to 1 (use SGI once). Repeat Factor
may be no less than 1 and no greater than 100.

By using a Repeat Factor in tandem with a Termination Control
specification of Loop (see next section), you can create nested
variables.

Skip Factor

The Skip Factor field specifies the number of the SGIsis to beignored
in the modified SGI. For example, if Skip Factor is 2, modified SGI
will bel, 3,5,7,9, ..., corresponding to SGI=1, 2, 3,4,5, 6, ....

By default, Skip Factor isset to 1. Skip factor may be no lessthan 1
and no greater than 100.

Termination Control

Y ou can control the termination of SGI, so the signal play by choosing
one of three types of termination control.

Termination Contral
&+ MNarmal/MNone
" Boundary Contral
" Loop

Normal/None

When Normal/None is chosen, the variable will not be considered in
termination control. Thus, if aminimum or maximum variable value is
reached, signal play will not terminate, nor will the variable value loop.
Continuous signal generation will be based on the final variable value.
In this case, signal play will be terminated by other variables or
manually.
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Boundary Control

Boundary Control provides a method of experiment termination. When
Boundary Control is chosen, the SigGen Index (SGI) will not be
incremented if such an action would cause the value of the variable to
be:

m Lessthan the Minimum value

m  Greater than the Maximum value

and signal play will halt. Such failure to increment the SGI produces
differing results, depending on the application.

Boundary Control in SigGenRP In SigGenRP, when aboundary is
reached and the SGI is no longer incremented, all signal generation
halts.

Boundary Control in TDT's BioSigRP application When a
boundary is reached and the SGI ceases to be incremented, signal
generation will continue for the current SGI, but no more response data
will be collected.

Note: Specification of Minimum and Maximum does not provide
boundary control. Minimum and Maximum simply define the limits of
parameter variation. The variable will not be allowed to go beyond
either of these limits. With Boundary Control disabled, SigGen will
continue to increment the SigGen Index and produce asignal during
preview of multipleintervals, even if a Minimum or Maximum
parameter value has been reached.

Loop

When Loop is chosen, parameters continuously loop through the series
of variable values as SGI increments.
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Previewing Variable Values

Y ou may wish to preview the manner in which parameter values will
vary asafunction of the SGI. Variable values may be previewed from
the Variable Preview dialog box.

To open the Variable Preview dialog box
» Click the Preview button.

¥Yariable Preview

SGI Freql Fregz ...
1 10 100
2 11 110
3 12 120
4 13 130
5 14 140
B 15 180
7 1B 160
a 17 170
| 18 180
10 19 140
11 20 200
12 20 200
13 20 200
14 20 200
15 20 200
16 20 200
17 20 200
18 20 200
19 20 200
20 20 200
21 20 200
22 20 200
23 20 200
24 20 200
2R 20 200
25 20 200
e | s | [~ Show Combined aluss Dane

The Variable Preview dialog box displays the current stimulus
schedule. Variable values are shown for each SGI.

Scrolling

The Variable Preview dialog box can display up to five variables. You
may view additional variables by scrolling to the right or the left.

To scroll to theright

»> Click on the >>> button.

To scroll to the left

» Click on the <<< button.

To scroll up and down

» Usethevertical scroll bar.

SigGenRP User's Guide
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Showing Combined Values

Y ou may have defined a combination variable. By enabling Show
Combined Values, you may display the values of this combination
variable as afunction of the SGI. When Show Combined Valuesis not
enabled, only their primary values will be displayed for combination

variables.

To enable Show Combination Values

» Check the Show Combination Values box.

Enabling this feature would cause the previous stimulus schedule to

appear as follows:

¥ariable Preview
=1E]] Freql Freq2

1 10 110 -
2 11 12

3 12 132

4 13 143

5 14 154

g 15 165

7 16 176

g 17 187

9 18 198

10 19 209

11 20 220

12 20 220

13 20 220

14 20 220

15 20 220

16 20 220

17 20 220

18 20 220

19 20 220

20 20 220

1 20 220

22 20 220

23 20 220

24 20 220

25 20 220

26 20 220 =l

P

¥ Shaw Combined ¥ alues

[one |
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Using Variable Files

When other functions cannot generate desired variable values, you may
design custom variables using Variable Files. Variablefilesare also
called Schedulefiles.

What Is a Variable File?

A variable (schedule) fileisan ASCII text file that defines one or more
user-customized variables by specifying the following:

m Variable Names
m  Number of Repetitions for each variable

Set this number equal to the number of times you want the signal
repeated for agiven variable value.

m Alist of variable values for each variable

Creating a Variable File

Variable Files may be created with any editor that saves ASCI| text
files.

Default Naming Conventions By default, SigGenRP |ooks for files
with the .sch file extension. It isagood ideato use thisfile extension
when creating variable files.

Variable File Structure

Text Strings Most users will want to include some text information in
their Variable File that describes the variable(s) defined. Such
information can be placed at the top of the file, or between Variable
Definition blocks.

Variable Definition One or more variables may be defined in a
Variable File. Each variable is defined in avariable block. The
beginning and end of a variable definition block are marked by a pair of
brackets ({}). The variable definition block structureis as follows:

{

Variable Name

Number of signal repetitions, r
Variable value 1

Variable value 2

Varisblevaluen

}
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Below isasample variablefile.

Sample schedule file
It contains two variable definition blocks

This one controls my Delta_ T, separation between masker and probe.
{
Deta T
7

82.0
66.0
58.0
54.0
52.0
51.0
50.0

}

Thisisalist for intensity of the masker. We'l run each intensity level
for all valuesof Delta T.

{
Masker Level
1

20.0

25.0

30.0

35.0

40.0

45.0

50.0

}
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Nesting Variables

In some cases, you may wish to vary parameters in a nested fashion.
For example, you may wish to vary the separation between a masker
and its probe through the use of avariable such as Delta T. For each
Delta T, you may in turn wish to vary the masker level.

The variable file shown above is an example of atwo-level variable
nesting. Please note the following:

m Variables are defined in the order of nesting.

In this case, the separation between a masker and its probe,
Delta T, will bevaried. For each value of Delta_ T, the intensity
of the masker, Masker_Level, will bevaried. Thus, Delta T is
defined first; Masker_Level is defined second.

m  The Number of Repetitions parameter is used to control repetitions
during nesting.

There are seven values for Masker _Level. This means that for
each value of Delta T, Masker_Level level will be varied seven
times. Thisisindicated by setting the Number of Repetitions for
Delta T to seven. Seeline seven of the above variablefile.

For each Masker_L evel, the signal will be played only once. This
isindicated by setting the Number of Repetitions for
Masker Level to one. Seeline 21 of the above variablefile.

Nesting variables can be also defined in SigGenRP without using a
variablefile. In the above cases, we can define Masker_Level with
proper limits and Loop boundary control so it will loop over 7 values,
and define Delta_T with a Repeat Factor of 7, we can obtain the same
nested result.

Using avariable file you can define more complicated nesting
variables, while you can only achieve atwo-level nesting if you do not
use avariablefile.

Using Variables Defined in a Variable File

To accessvariablesin a Variable File
1. Specify thefile name.

» Typein the desired file namein the File Name field.

or

a Click Find File.

b. Select thedesired file.
2. Typethevariable namein the Name field.
Note: SigGenRP uses variable names to access variable valuesin

variablefiles. The variable name typed in the Name field must match
exactly the variable name assigned in the variablefile.
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Initializing Variables in a Variable File

When avariableis created using avariablefile, variable values will be
read as soon as the variable is accepted (clicking the OK button).
However, when afile variable is edited (assigned with another variable
file), or the variablefileis altered, variable values may not be read
automatically. At thistime, when the current signal interval is
previewed using Play button, the presented signal may not be the one
with new variable values.

In many cases, the value of afile variableisread at thetimeitis
assigned to aparameter. This value will be afunction of the current
SigGen Index (SGI). In some cases, however, the variable value is not
automatically read upon assigning the variable to a parameter. Thiscan
cause problemsif the parameter must fall within aspecific range. Itis
agood ideato manually initialize all file variables prior to assigning
them to parameters.

To manually initialize a file variable
» Click the Initialize button of the SigGenRP main window.

Using Variables to Control System 3
Parameter Tags

When the demands of the required stimulus are beyond SigGenRP' s
basic signal design abilities, SigGenRP can be used to control RPx
device properties through parameter tags. Parameter tags are a powerful
component of the RCO file and can be used to control various aspects
of a stimulus such as programmable digital filtering, waveform
generation, and even hardware such as programmable multiplexers
(PM2r) and response boxes.

A good working knowledge of System 3 hardware and RPvdsEX is
needed before modifying the SigGen RCO files.

System 3 Hardware and Software

For more information The RPx family of processors is an easy-to-use, easy-to-program data

about creating RCO acquisition and stimulus presentation environment. Each RPx device contains

files, see the RPx help.  gngj0g outputs and inputs, digital inputs and outputs and a development
program, RPvds. Compiled RPvdsEX files program the signal processor for
stimulus generation and data acquisition using a drag-and-drop design. Circuits
generated in RPvdsEx can be saved for use with other TDT software
applications.
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Chapter 4 Signal Segments - The
Building Blocks of a
Signal

When you are designing signals in SigGenRP, you are actually
designing sub-signals, segments, and specifying how each segment is
related to any otherstemporally. You are also specifying how a
segment will affect the entire signal. This chapter introduces Segment
design and its characteristics.

Segments, in turn, are composed of one to three components. From the
Edit Signal Segments window, you can define segment components.

The Segment Window

The Edit Signal Segments window allows you to specify all the
parameters necessary for the definition of a segment.

To access the Edit Signal Segment window

»  Select Segment... from the Modify menu of the main window.
or

» Click the Modify Segment button on the toolbar.
or

» Double-click the desired segment marker.

| Segl1] | | Seg[2] |
Select: Gen. Meth: App. Meth ~ Previ
Compute ISeg['H j IT\me j IAdd j l—
SGE << < I 1 3| 3>
™ futo UL Gate Type: Start; Duration: J—I
: ‘052 S I_D e l_zn P Rep: << ¢ I o > >>|
New Gate Time: ICD"Sl j' ICD"‘St j e
1
Delete mes S Nete [1000_ ] Tone( 10, 200,90, )
Conzt 'I To Begin | ToMax |
Gain: Nap(]
0K IDaL Repeats I1 RepSep ID Noa(]
~— d8 IEonst j I Const j 2
ANCE| Ci t vl
= I Freema el ¥ Use hanning window
4.000 Time Form 10 Mag. Spectrum
2.400 -10
0.800 -30
volts dBy
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Creating/Selecting/Deleting a Segment

SigGenRP User's Guide

Select

I Seq(1] - I

Existing segments are listed in the Select drop-down combo box.

To select an existing segment
» Click the desired segment in the Select box.

New

When you start to design anew signal, there is only one segment
(empty) for the signal. Y ou may need to create new segment(s) to
complete the signal. New segments must be created in the Edit Signal
Segment dialog box.

To create a new segment
» Click the New button.

Delete
A segment can be removed (del eted) from the signal.

To delete a segment
»  Click the Delete button.

Note: A signal must contain at least one segment. Y ou may not delete
the last segment of asignal. If you wish to clear the entire signal,
return to the SigGen main window and close the unwanted signal
window.
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Segment Generation Options

Windowing/Gating Parameters

Gate Type

Coszd - I

Hann
Ramp
Blackman

From the Gate Type box, you can select avariety of gating or
windowing functions, including:

Gating functions Windowing functions
m  Cos?(10% - 90%) m Hanning
m  Ramp

m Blackman

In cases where gating or windowing is not necessary (e.g., click
generation), choose:

m None

Gate Time

|5 MSEC
IEDnst vI

Gate_Timel
Late_Time?

Gate Time specifies the rise/fall times of the gating function in
milliseconds.

Constant or Variable Gate Time By default, Gate Time is defined as
Const, and therefore remains constant throughout the preview process,
regardless of the current SigGen Index value. Gate Time may be varied
as afunction of the current SigGen Index value by assigning a
predefined variable (see Creating Variables).

To set Gate Time to a constant or a predefined variable

» Click Const or the desired variable name in the Gate Time box.

> |f Gate Timeisaconstant, enter the value in the Gate Time field.

SigGenRP User's Guide



SigGenRP User's Guide

Signal Parameters

Gain

I':' dB
IEDnst vI

The Gain field of the Edit Signal Segments window is used to adjust
the overall level of the digital segment generated by SigGenRP. All
components of this segment are affected by this value.

Note: Gainismeasured in dB. Thereference level for dB is user
defined (see Signal Setup).

Note: TDT's Real-time processors, as well as other equipment, limit
the voltage range to + 10 volts. Clipping will result during signal play
if voltages exceed thisrange. If voltages of the segment, as displayed
in the Time Form window of the Edit Signal Segments screen, exceed
+ 10 volts, lower the value of Gain. You may haveto lower the level

of one or more of the segment's components to obtain a correct segment
level. In contrast, when the voltage of the segment is too small, signals
will not be correctly presented at the D/A converter even if the segment
is smoothly displayed on the segment Time Form plot. If this segment
is the dominant one in the signal, audible noise may appear. When this
happens, you must increase the gain value to suppress noise, and use an
external attenuator to adjust the signal.

Constant or Variable Gain By default, Gain is defined as Const, and
therefore remains constant throughout the preview process, regardless
of the current SigGen Index value. Gain may be varied as a function of
the current SigGen Index value by assigning a predefined variable (see
Creating Variables).

To set Gain to a constant or a predefined variable
» Click Const or the desired variable name in the Gain box.

If Gain is a constant,
» Enter thevauein the Gain field.
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Start

IU msec
IEl:unst vI

The value defined in the Start field defines the delay of the segment
onset in the signal in milliseconds.

Constant or Variable Start By default, Start is defined as Const, and
therefore remains constant throughout the preview process, regardless
of the current SigGen Index value. Start may be varied as afunction of
the current SigGen Index value by assigning a predefined variable (see
Creating Variables). You can arrange segments in various manners by
assigning different (or variable) Start values for each segment.

To set Start to a constant or a predefined variable
» Click Const or the desired variable name in the Start box.
If Start is a constant,

» Enter thevaluein the Start field.

SigGenRP User's Guide
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To set the Start value to the beginning of the signal
» Click the To Begin button found in the segment dialog box.

Duration

|2':' msec
IEDnst vI

Dhuration
Dhuration 2

The value of the Duration field defines the total duration of the segment
in milliseconds.

Constant or Variable Duration By default, Duration is defined as
Const, and therefore remains constant throughout the preview process,
regardless of the current SigGen Index value. Duration may be varied
as afunction of the current SigGen Index value by assigning a
predefined variable (see Creating Variables).

To set Duration to a constant or a predefined variable
» Click Const or the desired variable name in the Duration box.
If Duration is a constant,

> Enter the valuein the Duration field.

Note: Start and Duration values should not fall outside of the signal
duration. If this happens and you do not correct it, SigGenRP issues a
warning, truncates the segment, and continues.

To set the Duration value to the entire length of the signal
» Click the To Max button found in the segment dialog box.

Generation Method

Gen. Meth (Generation Method)

Y ou must specify how the segment (its components) is generated by
SigGenRP when you design the signal. SigGenRP uses two basic
generation methods. Time and Frequency. The Time method
generates signal components by calculating their time waveform points.
Frequency methods specify their frequency characteristics first, and use
inverse FFT to obtain the waveform points. Depending on the
frequency resolution, there are several Frequency method options.
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Freq. [1024)

Freq. [2043)
Freq. [4096]

To choose a Generation Method

» Click on the Gen. Meth. pull-down button and click on the desired
Generation Method in the Generation Method combo box.

When to Use a Frequency Domain Generation Method

Generating signals in the frequency domain allows you to specify the
frequency components of your signal. Some signals (tone, click,
Gaussian noise, DC shift) can be generated from time domain or
frequency domain, while others (band-limited noise, harmonics) can
only be generated from frequency domain. Usually when you want to
generate band-limited noise, harmonics, or to specify the frequency
contents of asignal, you may consider using frequency method.

Choosing Among the Frequency Options

SigGenRP generates time-domain waveforms from frequency parameters
through the use of the inverse Fast Fourier Transform (iFFT). TheiFFT builds
signals based on afinite number of frequency components (FFT points, which
must be aradix-2 number). A list of frequency optionsis displayed in the
Generation Method box. The number of combined magnitude and phase
spectra FFT pointsisindicated in parentheses. To determine the number of
either magnitude or phase spectra FFT points, simply divide this number by 2.

Choice of the number of FFT points depends on the sample period you have
defined for the time-domain waveform and the desired binwidth, or distance
between two adjacent point in the signal spectrumin Hz.

number of FFT points = 1/(binwidth - sample period)

To choose a frequency option

1. Calculate the desired number of FFT points using the above
equation.

2. Choose the frequency option with a combined number of
magnitude and phase FFT points greater than 2 times the number
calculated in (1) in order to ensure a minimum binwidth. Since
there are only alimited number of pointsfor inverse FFT, the
signal generated may not be enough to cover the duration of the
segment. SigGen repeats the same iFFT result to obtain enough
points.

SigGenRP User's Guide
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App. Meth (Application Method)

Add 7
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Segments may be applied to the existing signal in one of several ways:

= Add A segment may be added to the existing signal.

m  Multiply A segment may multiply the existing signal.

m  Subtract Subtract a segment from the existing signal.

m Divide Divide the existing signal by the segment.

m MakeGap Createsagap inthesignal, based on the segment.

m InvGap Creates an inverse gap in the signal, based on the
segment.

Note: TDT's D/A converters, aswell as other equipment, limit the
voltage rangeto + 10 volts. Clipping will result during signal play if
voltages exceed thisrange. If thisoccurs, the overall signal, as
displayed in the Signal Window of the SigGenRP main window, will
appear clipped. When this occurs, some modification of segment level
or component level will be necessary.

To choose an Application Method
» Click the desired method from the Application Method box.

Using Application Method to Build the Signal

Two Application Method options are designed to help build or modify
asigna:

m Add
m  Subtract

Add is used primarily to build asignal by adding together two or more
segments. For example, anoise segment can be added to asignal to
reflect the background noise.

Subtract is used primarily to remove unwanted signal components
from the signal. For example, DC offset has to be specified in decibel
values, so only positive DC offset can be produced in a segment. A
negative DC offset can be generated by subtracting a DC offset from a
signal.
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Note: Segments consist of one or more components. Components are
always additively applied to the segment. As part of component
definition (see Chapter 5), it is necessary to define a component level.
When using the Application Methods Add or Subtract, component level
is defined in terms of the system calibration specified during signal
parameter definition. For example, if system calibration is defined as
90 dB eqgual to 9 voalts, specifying a 90 dB tone will result in atone
whose peak amplitudeis 9 volts.

Using Application Method to Modulate the Signal

Severa Application Method options allow you to modulate the current
signal:

= Multiply
m Divide

m  MakeGap
m  InvGap

Note: Segments consist of one or more components. As part of
component definition (see Chapter 5), it is necessary to define a
component level. When using the modulating Application Methods
presented above, component level is NOT defined in terms of the
system calibration specified during signal parameter definition, but is
instead defined as 0 dB equals 1 volt. Thus, specification of atone
with alevel of 0 dB will create atone with a peak amplitude of 1 volt.

The segment waveform generated will be displayed at the bottom of the
Edit Segment Parameters dialog box in both Time Form and Magnitude
Spectrum. The waveform can be previewed and updated in this box.
Refer to Chapter 6, Working with Segments for detailed information.

Segment Repeating

To support the production of stimuli with multiple pulses, SigGenRP
supports segment repeating. The exact number of repeats and each of
the repeats’ temporal position is controlled by three new parameters
within the Segment edit dialog box.

The Repeats, RepSep, and Freeze Repeats options are used to control
Segment repeating. When Repeatsis set to zero or one, a single copy
of the generated segment will be applied to the overall signal. Making
the Repeats parameter two or more will cause the segment to repeat
across the signal with a start-to-start separation of RepSep milliseconds
between each segment onset.

SigGenRP User's Guide
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Chapter 5 Components - The
Building Blocks of
Segments

Components are the foundation of a SigGen signal. Each component is
abasic waveform of the signal. It isthrough the definition of
component parameters that the time-varying waveform is defined.

How to Build a Segment - Signal Components

Components are the building blocks of a segment. The manner in
which a component is generated is determined by the Generation
Method assigned to the segment it is building.

Components may be generated in the following ways:

Generation Method Parameter specification
Time Time-domain parameters
Frequency Frequency-domain parameters

Example: Building a segment in the time-domain

Y ou are building a segment, segl, composed of two component pure
tones. Y ou have chosen a Time as the Generation Method. Both of its
components will be defined in the time domain.

How Components are Generated

SigGenRP generates a time-domain waveform for every component,
regardless of which Generation Method, Time or Frequency, has been
selected.

Time When time-domain parameters are specified, SigGenRP uses these
parameters to generate a time-domain waveform. Specifically, SigGenRP
utilizes built-in functions to calculate signal points when time method is used.

Frequency When frequency-domain parameters are specified, SigGenRP
computes the magnitude spectrum of the signal based on those parameters,
generates a phase spectrum, and then converts them into a complex buffer pair
(real and imaginary buffer pair). Aninverse Fast Fourier Transform (iFFT)
will then be applied to the complex buffer pair to generate the time-domain
waveform.

SigGen User's Guide
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Combining Components

The time-domain component waveforms generated by SigGenRP are
always combined additively.

Note: TDT'sD/A converters, aswell as other equipment, limit the
voltagerangeto + 10 volts. Clipping will result during signal play if
voltages exceed this range. Combining components that arein phase
may result in segment voltages in excess of + 10 valts.

Designing Signal Components

Components may be designed from the Component Parameters dialog
box. Component Parameter dialog box can be accessed from Edit
Segment Parameter dialog box, Component group.

Components
Compaonents
Mop( ]
Mopl[ ]
Mopl ]

To open the Component Parameters dialog box
»  Click the desired Component button.

Component buttons read Nop[] (no operation) before a component
has been added. After acomponent has been added, summary
information is displayed on the button.
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Component Parameters Dialog Box

Components of a signal segment are defined in the Component
Parameters Dialog Box. Under Call thereis a pull-down combo list
box which contains al possible signal components SigGenRP can
generate. Clicking on the pull-down arrow to display the list. There
are different options for Time and Frequency methods.

Component Parameters

OF.

Cancel

Call:
Mop

x|

Call

The Call list box displays alist of options you may use in designing
your segment. From thislist you may choose the type of signal
component you wish to define. Depending on which Generation
Method you have chosen (Time or Frequency) you will see one of two

lists of options:

Time

Mop

Tone
Sweep
Gauss
Flat
Click
DL Shift
File16
File*

Frequency

Mop

Tone
Band
Range
Click,
Harm
DL Shift
File16
FileF

-
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Parameter Definition Fields

Once you have chosen the desired type of signal component,
corresponding Parameter Definition Fields will be displayed in the
dialog box. Each field specifies a parameter required for definition of
the component. Y ou must understand and fill the parameter values
correctly for SigGenRP to generate the desired signal.

Component Parameters |

Call:

[IES— - |
Lewvel [dE] |'3

IE-:unst "I

Frequency [Hz] I':'

II:-:unst "I

Phase [dearees] IEI
I Const - I

k. Cancel

Each Parameter Definition field is associated with:
m A Vauefieldfor entering a constant value

m A Variable box containing the names of all defined variables

IE-:unst 'I
Const |

Frequency
Druration
B andwidth

To specify a constant value
1. Choose Const from the Variables box (this selection is default).
2. Enter the desired value for the constant in the Value field.

SigGenRP User's Guide
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To specify a variable value
» Choose the desired variable from the Variables box.

Note: In most cases, component definition requires the specification of a
component level. When using the Application Methods, Add or Multiply (see
Chapter 4), level isdefined in terms of the system calibration specified during
signal parameter definition. When using the modulating Applications Methods
Multiply, Divide, Gap, Inv Gap (see Chapter 4), component levels of this
segment are NOT defined in terms of the system calibration specified during
signal parameter definition, but isinstead defined as 0 dB equals 1 volt. For
example, specification of atone with alevel of 0 dB will create atone with a
peak amplitude of 1 volt.

The Time Options

MHop -

Tone
Sweep
auzs
Flat
Click
DL Shift
File16
File*

Nop Causes no operation to be performed, so no component will be
defined. Choosing Nop for an existing component causes the
component to be removed from the segment.

Tone Produces apure tone waveform in the time domain. Parameters
include:

m LevelindB

m Frequency inHz

m Phase (cosine) in degrees
Note: The phase of the Tone component is considered as cosine
degrees, that is, atone with a zero degree phase will begin generating

the waveform at the peak of atone waveform, which is 90 degrees out
of phase from a sine waveform.

Sweep Produces afrequency sweep (atone with its frequency varying
continuously). Parametersinclude:

m LevelindB ] Sweep ratein Hz/s

m  Starting frequency in Hz m Phase (cosine) in degrees
Sweep rate can be either positive or negative. When sweep rateis
positive, the generated signal will have an increasing frequency, or

when it is negative, a decreasing frequency. A pure tone will result if
the sweep rate is specified to be zero.

Gauss Produces random noise with a Gaussian distribution.
Parameters include:

m LeveindB
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Note: The Gaussian distribution has a zero arithmetic mean, and in
SigGenRP its standard deviation is the level specified above. If you
generate a Gaussian noise with a specified level, the actual noise peak
amplitude will be higher than the specified level.

Flat Produces random noise with aflat (uniform) distribution.
Parametersinclude:

m LeveindB

Note: Thewaveform sample points of aflat noise are uniformly
distributed between zero and the level specified above.

Click Produces atwo-level (bi-polar) click. There are two peaks
(positive and negative) in the bi-level click. Parametersinclude:

m LevdoneindB =m Duration onein ms
m LevdtwoindB m Duration two in ms

m Polarity (Enter +1 or -1, other values will affect the signal
level.)

Two-level click can be considered as a pair of two opposite polarity
clicks. Level one and Duration one specify the level and duration of
the first click, and level two and Duration two, the second. When
Polarity is a positive number, the first click will be a positive one, the
second the negative one, and when Polarity is negative, the first will be
negative, and the second positive. A zero Polarity will result in a Nop.
The absolute Polarity value will also be used as a scaling factor to be
multiplied to the generated component. For example, a Polarity value
of 1.5 will result in a positive-negative click pair, and their peaks are
1.5 times of their levels.

If you want to generate asingle-level click, you can specify a zero
duration to either first or the second click. Durations must be either
positive or zero. A negative duration will be taken as zero.

DC Shift Produces aDC offset (from O volt). Parametersinclude:
m LevdindB

Since Level of DC Shift operation isa dB value, only positive DC shift
can be achieved with one DC shift component. To make a negative DC
shift, you can generate a positive one first in one segment with desired
level, and make another onein a new segment with twice the desired
level and subtract it from the signal.

Filel6 Thisoption allows you to define acomponent based on one or
agroup of headerless, 16-hit integer binary files. The file extension
must be .000. When you use only onefile, the rea file extension must
be 000. When you use a group of files, the file extensions must be
three-digit numbers (for example, five possible file names: file.005,
file.004, file.003, file.002, file.001, and only file.000 should be entered
in the parameter field). Parametersinclude:

m  File name (always filename.000)
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m Fileextensionvariable. If thereisonly onefile, Const should
be selected. |If more than one file will be used, a variable must
be selected, and the variable values must be the three-digit
numbers of the file extensions.

When aFilel6 fileis read to SigGen in time domain, the data points
will be converted into voltage values based on 16-bit integer range of
values (-32768 to 32767) and TDT D/A hardware range of output
levels (£10V).

File* Allows you to define a component based on one or a group of
sound files. Thefile extension must be .000. Refer to Filel6 for using
more than onefile. In addition to reading raw 16 bit integer and
floating point datafiles, FILE* supports a number of file formats
including the sound file format used on PCs, WAV files. In addition,
FILE* includes arguments for controlling file seek position and the
number of words read from the file, allowing FILE* to excerpt
specified portions from files under variable control.

Finally, FILE* supports a versatile file-name access convention
whereby the accessed file name is built using any combination of user
defined text and avariable value. FILE*’s most powerful feature may
be the indirect-file-access control whereby the named file contains alist
of files names that are indexed using a specified variable to select the
actual datafile name.

Parameters include:

m FileType

m FileTypevariable

m  Seek Position

m  Seek Position variable

m Excerpt Size

m Excerpt Sizevariable

m Indirect File Offset

m  Indirect File Offset variable

m File name (always filename.000)

m Fileextensionvariable. If thereisonly onefile, Const should
be selected. If more than one file will be used, a variable must

be selected, and the variable values must be the three-digit
numbers of the file extensions.

SigGenRP User's Guide
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File Types By default, FILE* will load raw floating-point data without
offset. When FILE* is selected, the first argument becomes the File
Typeto be accessed. This parameter can be specified with avariable,
but care should be taken that the variable generates legal values that
match the actual filetype. Itispossibleto ‘hang’ the program by
mismatching the file type specified with the actual file being accessed.
The currently supported file types are:

Raw Float index =0
Raw Int16 index = 1
Ascii index = 2
WAV (Mix) index =3
WAV (Left) index =4
WAV (Right) index =5

Raw Float Data samples are organized in a sequential floating point
format using standard | EEE 32-bit (four byte) data. Numbers should be
scaled between +/- 10.0 corresponding to the +/- 10 volt peak to peak
output of the D/A converters.

Raw Intl6 Dataorganized asaraw file of 16 bit integers stored in
MSB first format. This component call is compatible with the INT16
file format supported by SigGenRP and includes the other features of
FILE* like indexing etc. Data should be scaled between +32767 and —
32768 which will be converted to +/- 10volts when loaded.

Ascii Thisisastandard text list of floating point numbers. These lists
can be generated with EXCEL or MATLAB. Datashould be scaled
between +/- 10.0 as with Raw Float. It should be noted Ascii datafiles
may be quite large with a single data value taking over 20 bytes of disk
space.

WA Files SigGenRP supports the Windows WAYV file format. While
WAV files can be either 8- or 16-hit, SigGenRP only supports 16-bit
filesand will fail to load if an 8-bit fileis selected. A number of free-
ware Windows programs are available for editing and formatting WAV
files. These programstypically allow the user to get the file into the
proper 16 bit format with the needed sample rate.

NOTE: the FILE* loader will NOT convert the sampling rate of the
loaded file to match that specified within SigGenRP. It isthe users
responsibility to ensure the WAV files being used have the appropriate
sample rate.

WAV (mix), WAV (left) and WAV (right) Mono and Stereo WAV
files can beread. When mono files are used, any of the WAV
component callswill load the same data. If stereo files are used, use
the mix, left and right options to load the needed channel. WAV (mix)
sums the left and right data and scales down by 6dB.
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Seek Position

Seek position and excerpt size are used to select the portion of the
sound file you wish to load. The SEEKPOS parameter can range from
Oto files_size—points-to-read. Seeking beyond the end of the file will
cause garbageto load. It isthe user’sresponsibility to limit file access
to thefilessize. The SEEK_POS parameter is useful for accessing
random segments from a pre-computed noise file. Often masking noise
is needed with specific frequency characteristics. A large noisefile can
be pre-computed and saved to disk. The SEEK _POS argument can
then be fed with a RANDOMIZED variable accessing random noise
segments generating a pseudo-random noise effect.

Excerpt Size

The EXCERPT SIZE parameter is used to select the number of points
to be read from the file. Normally (EXCERPT SIZE = 0) FILE* will
read enough pointsto fill the target segment. That is a 100 ms segment
sampled at 50KHz will load 5000 points. The EXCEPRT SIZE
parameter can be used to override this behavior, by limiting the number
of points read to something less than the 5000 needed to fill the
segment. Thisargument is very useful for reading sound segments
from raw data files with variable lengths. Also if one wishesto take
excerpts from alarger file, this parameter is useful for controlling the
number of points read into the segment.

File Name

FILE* supports a versatile file naming/lookup scheme, allowing the
output of avariableto beinserted at any point within atext field
specifying the file name. The examples below illustrate how the file
name parameter functions.

Simple fixed file access.

File Name = “sound.wav”
SigGen Variable = Const
FileAccessed = ‘sound.wav’

* Wildcard file access Example 1. Will accessfile with the
name built using the text specified and the current value of the

variable named QSPEC.

File Name = “snd*** .wav"

SG Variable = QSPEC = 247.0
FileAccessed = ‘snd247.wav’

* Wildcard file access Example 2. Buildsfile name as
specified and truncates the number to the integer portion.

File Name = “sound.g**”
SG Variable = QSPEC = 12.8
FileAccessed = ‘sound.g12’

5-9
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* Wildcard file access Example 3. Buildsfile name using
first three digits of current value of QSPEC.

File Name = “snd***zz.i16”
SG Variable = QSPEC = 5437.0
FileAccessed = ‘snd543.i16'

Indirect File Offset

When this parameter is made non-zero, indirect file accessing is
enabled. Thisfeature supportsindirect file accessing whereby the File
Name parameter (described above) accesses atext file containing alist
of sound file names each on its own text line. Each line of the file must
have the exact same number of characters and the first lineis not used
(index=0). The value of the Indirect File Offset parameter is used to
index to a specified line and get the actual sound file name. Consider
the following example.

Component Parameters | |

Call:

File Type I‘\"‘-‘f-‘t"-\'f [Left] 'I
I Const *I
Seek Poshion |'|52-B

FFF -

Excerpt Size I'I ]
I Corst 'I

Indirect File Offzet |5
Iﬁbﬁd *I

0k, Cancel

File M ame

Im_l,lfiles.t:-:t

Find File | I Corsgt *I

Myfiles.txt contains the following text:
1234567.123
flk cat.wav
flk dog.wav
filk mou.wav

filk _frg.wav
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flk _bat.wav
flk zea.wav

The WAV file accessed will be f1k_bat.wav. 1000 pointswill be read
starting at point 152 and if thefileis stereo, left channel datawill be
returned. Notethat thefirst lineis not used, and al lines have the same
number of characters.

File16 and File* are very useful ways to generate waveform
components which cannot be easily produced with simple mathematical
functions. Combined with SigGenRP variables, you can assign severa
binary files to the same component, and use a certain file for a certain
interval based on the variable values.

When aFile* fileisread to SigGenRP in time domain, the values of the
data points will be taken in terms of volts and no conversion will be
performed.

The Frequency Options

MHop -

Tone
Band
Range
Click
Harm
DC Shift
File1B
FileF

Note: Components generated from Frequency Method are periodic
waveforms. Each “period” of the waveform includes the same number
of points of inverse FFT (specified as Freq[####] in Edit Segment
Parameters dialog box). One “period” of the generated tone has an
integer number of complete cycles. So, generated noises may appear
periodic due to thisinverse FFT technique. You may want to select a
different number of iFFT points to produce a satisfactory signal.

Nop Causes no operation to be performed, so no component will be
defined. Choosing Nop for an existing component causes the
component to be removed from the segment.

Tone Produces a pure tone waveform from frequency domain.
Parametersinclude:

m LevelindB ] Phase (cosine) in radians

m  Freguency inHz

Band Produces anoise of a specific bandwidth around a center
frequency. Parameters include:

m Low frequency level in dB: Thelower end level of the band.
Thislevel isper Hz average level.

m Highfrequency level indB: The higher end level of the band.
Thislevel is per Hz average level.
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m Center frequency in Hz: The geometric center frequency. The
high and low frequencies are calculated based on following:

Fy = Fox 28W2
FL=Fcx 282

Where: Fy isthe high frequency. F, the low frequency, and F¢ the
center frequency, and BW the bandwidth in Octaves.

m Bandwidth in Octaves: One Octaveis adoubling (or halving)
usually in frequency measurements. For example, one Octave
from 200Hz is 400Hz, while two Octavesis 800Hz, and so
forth. Thisvalue must be greater than zero. A zero will
produce atone, and a negative value will generate an error
message.

m Roll-off in dB/Octave: Theroll-offs at the band boundaries.
A negative value specifies aroll-off, while a zero or positive
value sets the roll-off to be infinite.

Range Produces anoise of a specific frequency range. Parameters
include:

m Low frequency level in dB: Magnitude spectral level at the
lower end of the range.

m Highfrequency level in dB: Magnitude spectral level at the
higher end of therange. Levelsat other frequencieswill be
linearly interpolated.

m Low frequency in Hz
m Highfrequency in Hz
m Roll-off in dB/Octave (see Band)

Click Produces abi-leve click from frequency domain. Parameters
include:

m Low frequency level in dB
m Highfrequency level in dB
m Low frequency in Hz
m Highfrequency in Hz
m  Roll-off in dB/Octave
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Harm Produces a spectrum composed of afundamental frequency
and severa of its harmonics. Parametersinclude:

m Fundamental frequency level in dB

m Fundamental frequency in Hz

m Frequency separation in Hz: Distance between the frequency
components.

m Roll-off in dB/component: The magnitude reduction ratein
dB per component. A positive number indicates an increase in
magnitude.

m  Number of components: Unity means only the fundamental
component (tone), zero indicates infinite number of harmonic
components. A negative number isinvalid, and may crash
your system.

DC Shift Produces aDC offset in frequency domain. Parameters
include:

m Leve indB: SinceaDC-offset in spectrum is the same level
of DC offset in time signal, thislevel is both time and
frequency domain DC offset level. (See The Time Optionsiif
you want to generate a hegative DC Shift)

File 16 and FileF

These options alow you to define a component based on one or a group
of headerless, 16-bit integer binary files or binary floating point files.
When you use a group of files, the file extensions must be three-digit
numbers (for example, five possible file names: file.005, file.004,
file.003, file.002, file.001, and only file.000 should be entered in the
parameter field). Parametersinclude:

m  File name (filename.000 for more than onefile)

m Fileextensionvariable. If thereisonly onefile, Const should
be selected. If more than one file will be used, avariable must
be selected, and the variable values must be the three-digit
numbers of the file extensions.

The frequency and phase data should be interleaved (freq, phase, freqg,
phase ...). Thelevel of each frequency binis specified in dBVolts and
the phase in degrees (0 to 360).

The values of the frequency bins should be set to something like -250 if
you don't want sound, and O if you want sound (for example, a0 in one
bin would produce a1V tone). Itisimportant that you have the same
number of frequency points and phase points as you have pointsin your
FFT. For example, if you use a 1024-pt FFT, your file should contain
2048 points (1024 freq points, and 1024 phase points). If it istoo short,
SigGen will include a bunch of zeroes at the end, which resultsin a
large unwanted signal. If you have too many points, SigGen will use
the number of points of the specified FFT, and ignore the remaining
values. Note, thiswill ignore the calibration you set in SigGen (e.g. 9V
=180dB).
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Note: Entering O for Roll-off in dB/Octave will result in the
computation of infinite roll-off.

Note: In both time domain and frequency domain, data pointsin
File16 and FileF files must have the same sampling period as the signal
you are designing.

SigGenRP User's Guide
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Importing Components

Y ou may desire to create a SigGenRP signal based on one or several
existing non-SigGenRP digital signals. SigGenRP signals are built
from segments. Segments are built from components. A non-
SigGenRP signal, therefore, must be imported as a component.

Imported waveforms may be specified in either the time or frequency
domains. Refer to the above sections for designating file extensions.

Importing Time-domain Waveforms

Time-domain waveforms may be imported for avariety of reasons.
m Including the waveform as one segment of a multi-segment signal.
m  Adding the waveform to another component or segment.

m  Multiplying another segment by the imported waveform.

To import a time-domain component

1. If youwant to import more than onefile, define avariable which
will have values equal to the file extension digits while SGI is
increasing.

2. Accessthe Edit Signal Segments window.
Choose Time from the Generation Method list box.

4. Click one of the three Component buttons to access the
Components Parameters dial og box.

5. Choose the desired File command from the Call list box.
To import a 16-bit integer binary file,
» Choose Filel6.
To import another file type,
» Choose File*.

6. Typeinthefile nameintheFilefield. Thefile extension must be
.000.

7. If youwant to import more than one file, select the file extension
variablein the variablelist.

8. Click the OK button.
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Importing Frequency-domain
Waveforms

Y ou may wish to import a component defined in the frequency domain.
An imported frequency domain waveform may be used to:

m Generate atime-domain component waveform with spectral
characteristics that remain constant over time.

m  Apply spectral shaping to other SigGenRP components.

To import a frequency-domain component

1. If youwant to import more than onefile, define avariable which
will have values equal to the file extension digits while SGI is
increasing.

2. Accessthe Edit Signal Segments window.
Choose Time from the Generation Method list box.

4. Click one of the three Component buttons to access the
Components Parameters dialog box.

5. Choose the desired File command from the Call list box.
To import a 16-bit integer binary file,
» Choose Filel6.
To import afloating point binary file
» Choose FileF.

6. TypeinthefilenameintheFilefield. Thefile extension must be
.000.

7. If youwant to import more than one file, select the file extension
variablein thevariablelist.

8. Click the OK button.



Chapter 6 Working with
Segments

After you have defined component parameters and created a segment,
you may:

m  Modify segment parameters.

m  Obtain information about the segment's time-domain waveform.

m  Obtain information about the segment’ s the frequency spectrum.

Y ou may do these things from the Edit Signal Segments window.

Computing Segments

Asyou modify segment parameters, you affect the characteristics of the
segment waveform. SigGen does not automatically regenerate the
waveform every time you change a parameter. A recalculation and
updating will be performed when you click OK to finish editing
segments. It may be necessary to recal cul ate the segment while you
modify the parameters. This can be done at various pointsin the
modification process.

Compute |

v auto LD

Manual Update

Y ou may elect to re-compute segments manually. This allowsyou to
edit segment parameters without recal culating the segment.

Compute

Clicking the Compute button recal cul ates the segment based on the
currently specified parameters.

Auto Update

Y ou may wish to have SigGenRP automatically recal culate segments
when a parameter value is changed.
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Auto U.D.

When Auto Update is checked, the segment is automatically

recal culated whenever you move the focus from a field that has been
updated. The following are examples of situations where recal culation
would occur.

m  You edit aparameter and then TAB to another field.
m  You edit aparameter and then click in another field.

m  You select anew parameter from alist.

Displaying Segments

[w | Use hanning window

4.000
2.400
0.800
volts
-0.800
-2.400

-4.000
0.00

Time Form

10 Mag. Spectrum

-10

-30

dBY

50

-70

-90
10.00 20.00 0 12500 25000
MS5ECS hertz
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After you have created a segment, SigGenRP displays the time-domain
waveform in the Time Form window. The magnitude spectrum of the
segment is displayed in the Magnitude Spectrum window.

The Time Form Window

The Time Form window displays the time-varying waveform of the
current segment. The x-axisis measured in milliseconds. They-axisis
measured in volts.

Default Display

x-axis By default, values of the x-axis extend from 0 to the number of
milliseconds defined in the Duration field of the Edit Signal Segments
window. You may use cursor to zoom-in to display details.

y-axis SigGen automatically scalesthe y-axis so that the peak voltage
of thesignal isdisplayed. The x-axisisaways centered at the y-axis (0
volt horizontal line). y-axisisaways placed at the left boundary of the
time plot.

The Magnitude Spectrum Window

The Magnitude Spectrum window displays the frequency domain
values of the segment. The x-axisismeasured in Hertz. They-axisis
measured in dBV (decibelsin Volts). Thereference valuefor dBV is
user defined (see Calibration).
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Default Display

x-axis The x-axis extends from 0 Hz to the Nyquist frequency based on the
current sample period.

Nyquist frequency (Hz) = 1/sample period (seconds) - 1/2

y-axis SigGenRP automatically scalesthe y-axis so that the maximum value
in dBV can be displayed clearly.

Using a Hanning Window

Y ou may apply a Hanning window to the frequency domain signal by
checking the Use Hanning Window box.

Using Cursors

Y ou may wish to focus on a portion of either the Time Form window or
the Magnitude Spectrum window. SigGenRP provides two types of
cursor functions that you can use to zero-in on specific areas of the

display.

Zoom-In

Y ou can zoom-in on a section of either the Time Form window or the
Magnitude Spectrum window.

To zoomin

1. Placethe mouse at theright or left edge of the desired area of
either the Time Form window or the Magnitude Spectrum window.

Hold down the left mouse button.
Drag the mouse over the desired area.
4. Releasethe left mouse button.
The window will now display the desired section.
Note: When you zoom-in on a Time Form window, the Magnitude

Spectrum window is automatically recal culated to reflect the new
spectrum of the zoomed-in section.

To return to the default display
»  Click the right mouse button anywhere in the display window.
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Crawling

Y ou can "crawl" through a zoomed-in time-domain waveform.
Crawling will scroll the display through the waveform.

To crawl to theright

» Click the left mouse button in the right portion of the display
window.

To crawl to the left
» Click the left mouse button in the |l eft portion of the display
window.

Note: The magnitude spectrum will be automatically recal cul ated
when the time domain window is scrolled in order to reflect the energy
represented in that portion of the signal that is displayed in the window.

Placing a Cursor

Y ou can obtain information about a specific point in either the Time
Form window or the Magnitude Spectrum window by placing a cursor
within the desired display. The information will be displayed in the
Segment Time Form, described on the next page.

To place a cursor

1. Placethe mouse pointer in the desired display window.
2. Hold down the Shift key.

3. Hold down the left mouse button.

4. Drag the cursor to the desired location.

5. Release the Shift key and left mouse button.
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The Segment Time Form

The Segment Time Form displays information about the current
segment or portion of a segment. The Segment Time Form may
display information about the Time Form window or the Magnitude
Spectrum Window.

Cus | 3310 ms
Curt’ 10,045 +
Level | 1-224 wimns
de | 4.763 dB
E nergy 11.87 mj
Hide

QELFk

CurX

CurX isthe x-axis (time) value at the cursor, in milliseconds (ms).

CurY

CurY isthe current y-axis value of the signal at the point of any cursor,
in volts.

Level

Level isthe root mean squared (RMS) value of the signal as measured
in volts.

dB
dB isthelevel in dB Volts of the currently displayed signal.

Energy
Energy isthetotal energy of the displayed signal, in millijoules (mJ).

Npts

Nptsis the number of sampling points contained in the displayed time
signal waveform.

Hide

Clicking the Hide button causes the Segment Time Form to be hidden.
Y ou may display it again by selecting Cursor Box from the View menu
of the main window.
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Previewing Segment Intervals

Individual segment can be previewed in the Time Form and Magnitude
Spectrum windows of the Edit Signal Segments window. Using SGI
you can preview the segment in any interval of the signal.

Specifying the SigGen Index

Presiew

sal: << | <[ B
Rep: << | <0 > >

SigGen Index

The SigGen Index (SGI) field specifies the specific interval you wish to
preview. Since variable SGI isdefined in Edit Signal Parameters
window, boundary control is not applied to the SigGen Index here. In
other words, you can increment SGI beyond its actua value. In this
case, the last variable values will be used to compute the waveform.

< > Lowerg/raises the trigger tick in increments of 1.
<< >> Lowerg/raises the trigger tick in increments of 10.
Note: The Rep. Field isnot used at thistime.
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Chapter 7 Working with the
Complete Signal

Once you have defined all signal-level, segment-level, and component-
level parameters, you can view the final waveform and preview the
signal.

To view or preview the overall signal

» Return to the main SigGen window.

;%1 1 SigGen Signal Generator - Ex_2.sig

File Modify View Operations Window Help

Ele|aEs = == 8 ®5FE5 u &l 2

SGI..
e "
T ol Corn Time Farm
Play I Al 4.000 Overall Waveform o (3510 s

Stop

Cure |-D.045 W

ariables:

Lewvel | 1.278 vrms
4B | 85.14dB
Energy | 43002 mij

Npts 30000
Hide |

L ’ 0.0 60.0 120.0 180.0 240.0 300.0
LI milliseconds

Seq[l Seqld
Initializel Edi... Seq[?

Preview Varisbles

Frampt Level #1...

Frampt Level #2...

#F2 Mem: [4056KE
Ready [ um 4

SigGen User's Guide



Displaying the Signal

The overall signal is now displayed in the current Signal window.

*,:..:EH_Z.Sig !IE[E
A.000 Overall Waveform
volts
-4.000
0.0 60.0 120.0 180.0 240.0 300.0
milliseconds
SE[IHI 5'3[][3]

Seq[?]

When you click OK to return to the current Signal window from either
Signal Parameters or Edit Signal Segments window, SigGenRP will
automatically update all parameters and the overall signal waveform.
The Signal window displays the time-varying waveform of the current
segment and the x-axisis measured in milliseconds. They-axisis
measured in volts. If you have defined/modified a variablefile, you
may click on the Initialize button to read in all variable values and
recal cul ate the waveform.

Default Display

x-axis By default, values of the x-axis extend from O to the number of
milliseconds defined in the Duration field of the Signal Parameters
window.

y-axis SigGenRP automatically scales the y-axis so that the peak
voltage of the signal isdisplayed. The origin of they-axisisaways0
volts.

Note: TDT'sD/A converters, aswell as other equipment, limit the
voltagerangeto + 10 volts. The Signal window limits the displayed
voltage to thisrange. If there are points of which the calculated values
are greater than 10 volts, or smaller than -10 volts, you will spot
clipping from this display. When this happens, if you are concerned,
you may change either the segment levels or component levels.
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Using Cursors

It may be desirable to look at the details of a small signal portion, or
obtain information on specific point. You can zoom-in on a portion of
the overall signal or place a cursor on a specific point in the overall
signal.

Zoom-In

To zoomin

1. Placethe mouse at theright or left edge of the desired area of the
Signal window.

2. Hold down the left mouse button.
Drag the mouse over the desired area.
4. Release the left mouse button.

The window will now display the desired section.

Toreturn to the default display

»  Click the right mouse button anywhere in the Signal window.

Crawling

You can "crawl" through a zoomed-in time-domain waveform.
Crawling will scroll the display through the waveform.

To crawl to theright
»  Click the left mouse button in the right portion of the display
window.

To crawl to the left

» Click the left mouse button in the | eft portion of the display
window.

Placing a Cursor

Y ou can obtain information about a specific point in the Signal window
by placing a cursor with the desired display. Thisinformationis
displayed in the Cumulative Time Form, as described on the next page.

To place a cursor

1. Placethe mousein the desired display window.
Hold down the Shift key.
Hold down the left mouse button.

2

3

4. Dragthe cursor to the desired location.

5. Release the Shift key and left mouse button.
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The Cumulative Time Form

The Cumulative Time Form (or Cursor Box) displays information
about the current signal or portion of asignal. It isdisplayed by default
when SigGenRP opens, but may be hidden at any time.

When thereis no cursor in the signal waveform, CurX and CurY in the
Cumulative Time Form will be empty.
To display the Cumulative Time Form

» Select Cursor Box from the View menu.

cum. Time Form |

Cui= | 1550 ms
Curt’ | 0,999 v

Lewel | 1.278 wims
4 | 85.14dE
Energy | 430.2 mj
Mpts |30000
Hide

dREEGK

CurX

SigGenRP alows you to place a cursor within the displayed signal .
CurX isthe x-axis (time) value of the cursor, in milliseconds (ms)

CurY

CurY isthe current y-axis value at the cursor, in volts.

Level

Level isthe root mean squared (RMS) value of the displayed signal
measured in volts.

dB
dB isthe average level, in dB Voalts, of the currently displayed signal

Energy
Energy isthetotal energy of the displayed signal, in millijoules (mJ).

Npts

Nptsis the number of sampling points contained in the displayed signal
waveform.
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Hide

Clicking the Hide button causes the Segment Time Form to be hidden.
Y ou may display it again by selecting Cursor Box from the View menu
of the main window. Y ou can a so hide the Cumulative Time Form by
clicking Cursor Box on the View menu.

Previewing the Signal

While SigGen can design signals for avariety of purposes, many users
will wish to design stimulus signals for experiments. Often, these
experiments will require the repeated presentation of the stimulus
signal through multiple intervals. Signal parameters may be varied
from one interval to another during the experiment. SigGen provides a
means for previewing (listening to) the signal through al intervals, or
SigGen Indexes (SGls).

The SigGen Index

By setting the SigGen Index (SGI), you can play one selected interval
of your signal or play al intervals of your signal.

1]

<<| 4 |3 > |>>
Play I Al

Stop

SigGen Index

Y ou can preview a specific interval, n, of the signal by setting the value
of the SigGen Index equal to n. Thisis most useful if at least one
signal parameter will vary from one interval to another. Boundary
control appliesto this SGI display, so if your variables are limited by a
boundary, you can only change SGI in the range to view the signal.

< > Lower/raise the SigGen Index in increments of 1.

<< >> Lower/raise the SigGen Index in increments of 10.
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Previewing

Play

Clicking the Play button playsinterval n of the signal where nisthe
number specified in the SigGen Index field (the currently displayed
signd).

All

Clicking the All button plays all specified intervals of the displayed
signal. When All isclicked, SigGenRP will initialize all variables,
recal culate the entire waveform, and present every signal interval as
SGI increments. A next interval is calculated when the previous
interval is played, so the signal intervals will not be presented
continuously. The delay between intervalsis determined by the time
SigGen takes to calculate the next interval.

Stop

Clicking the Stop button stops the signal preview (either the Play or
play All mode).

Note: When SigGen is started and it cannot find a D/A device (the
hardware may not be turned on), it will still run but the above three
buttons will be dimmed and not be available for signal preview.

SigGenRP User's Guide



Part

lllustrative Examples



SigGenRP User's Guide



Chapter 8 General Examples

The examples presented in this chapter illustrate the use of avariety of
SigGen features. Each example introduces new SigGen concepts. The
examples found in this chapter are listed below. Also listed are the
concepts introduced in each example.

Example 1: Generating a Tone Blip

m Signa m Duration

m Segments m CdlibrationindB
(SPL)

m  Components m  Tone

m Sampling Period m  SigGenFiles

Example 2: Generating a Three-Tone Blip Series

m Vaiable m Previewing Signa
Intervals

m  SigGen Index m  SigGen WaveFile

m  SGI Modifiers m Gating

Example 3: Generating an Amplitude-Modulated
(AM) Signal

m  Application Methods
m  AM Signa

Example 4: Generating a Multi-Component Signal
m Vaiablefile

m UsingaDisk File (FileF)

Example 5: Generating a Band-Limited Gaussian
Noise

m  Freguency Method

m  Segment Level

m VaiableFile

m Normalization File
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Example 1: Generating a Tone Blip

qﬁ

Concepts introduced:

v’
v’
v’
v’
v’
v’
v’
v’

Signal
Segments
Components
Sampling Period
Duration
Calibration

Tone

SigGen Files

1000Hz Tone Blip

% 150 ms ——}

This example will show you how to generate a single-tone blip signal with a
frequency of 1 kHz, alevel of 80 dB, atotal duration of 150 msec, and a
sampling frequency of 50 kHz (sampling period = 25 usec). The cdibration
reference will be 80 dB = 1.0 V peak voltage. Finally, thissignal will be
previewed and then saved to a.sig file.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen
icon when they are introduced.

To generate, preview, and save the single-tone blip signal, you will need to
perform the following steps:

1. Run SigGen.

2. Definethe signal parameters.

3. Create the segments and components.

4. Preview the signal.

5. Savethesignal.

Note: Only those parameters to be entered or selected are given

below. All other parameters will remain according to the default
settings.

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.
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Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(See RPvdsEX help) to play out signals. The

To configure the RPx device and select the RCO file

1. Select RP devicegDevice A from the Modify menu or click on the
“A” icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

Select RP2 Processor as device type
Select Index 1.
Desdlect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time Slices).

Setup RP Device-A E

— RCO File:

o 0 A~ ®

Standard Files: ISeIect j

File name: |C:'\TDT\SigGenHP‘\ngED\SprIayEEIKHE |

[ lse zample rate specified in RCO file

— Device Select

Tupe: IHP2 Processar oK

1l Lo

Index: |1

Cancel

— Bandwidth and Timing

Standard Sample Flate: |25K =] | SR = 24414.0625

Murnber Tirme Slhices: I'ID j

The RCO fileis an RPvdsEXx circuit that controls stimulus generation and
presentation. The sample rate can be set to the standard rate by selecting “Use
sample rate specifiecd...” Deselect “Use sample rate specified...” to choose a
different sample period.

@ﬁ The RPx device and index is the hardware device for playing out the signal.
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Define the Signal Parameters

In SigGen, asignal is defined as an overall waveform consisting of segments
and components. These signal "building blocks" will be discussed later in this
example. To createasignal in SigGen, you must first define the parameters

for the overal waveform.

To define the signal parameters

1. Select Signa from the Modify menu of the main window, or click
at the Signal icon on the toolbar.

Under Playback Device select “Use Sys3”.
3. Enter thefollowing parametersin the Signal Parameters dialog

box:
Name: Ex 1
Duration: 150 msec
Calibration
Level: 80 dB
Signal Mare: Cancel Ok
— Playback Device — Calibration
Use Sps3 W Lewvel [dB) Yoltage [peak)
&0 = |
DAC Chan |Ch=‘m-1 - !
1.0 VoltHMSl
Sample Period: |2E|-48 VLTt
¢ ™ Use Marmn File
Timing IFiIe Mame Eiridlkiles. I
- typical.nim
Cruration: I
uration: |50 S
Rad-2 | 7324 pts _
— Warniable
045 delay: IU i E
...
ICDnst VI 20 |
IR
. 4, Clear |
— Attenuation 5
- - E.
Dievice: IF'#’-‘«5 -1 I 7
— L R
Level: |0 dB 9 LI
Const 'I

In this example, the signal duration is 150 msec and the sampling period is
20.48 psec (the sample period text box is grayed out with System 3 hardware).
The sampling period is the timeinterval between two digital signal points and
istypically specified in microseconds (usec). The duration parameter defines,
in milliseconds (msec), how long the signal or segment will last. With a
sampling frequency of 50 kHz (the inverse of the sampling period in seconds)
and a signal duration of 150 msec, 7,324 points will be needed to generate the

signal in this example.

SigGenRP User's Guide
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In SigGen, the calibration reference defines the relationship between
sound pressure level (in dB) and waveform amplitude (voltage level in
Volts). TheLevel field in the Calibration group box is used to adjust
the overall level of the digital segment generated by SigGen. All level
measurements in SigGen are calculated in dB volts with areference of
1 volt peak or 1 volt RMS (root mean squared). By setting the Level
parameter to 80 dB in this example, the amplitude reference will be
calibrated as 1V peak =80 dB. To expressthe calibration in actual
decibel sound pressure level (dBSPL), measurement must be made for
the system, and the dBSPL value corresponding to 1 volt peak signal
must be entered in thisfield.

SigGen can produce signals in graphic and digital forms. In this
example, the signal will be played in D/A channel 1. Since signal
attenuation will not be needed for this signal, the Level parameter
remains at zero.

To accept the parameters and return to the main menu
» Click the OK button.

Create the Segments and
Components

A SigGen signal consists of one or more segments. These segments may be
added or multiplied to produce the overall signal. Each SigGen segment
consists of one to three components. The components are defined by either
time or frequency domain parameters and are combined additively to produce
asegment.

In this example, you will create one segment and one component for
the single-tone blip signal.

To edit/create a segment

1. Select Segment from the Modify menu of the main window, or
click at the Modify Segment icon on the toolbar.

2. Set the Duration parameter to 150 msec, or click the To Max
button below the field to set the segment duration the same as the
signal duration.

L eave the remaining parameters at their default settings. The
parameters for the first segment will be:

Select: Seqg[1]
Gate Type:  Cos?
Gate Time: 5 msec

Leve: 0.0dB
Gen. Meth.: Time
App. Meth.: Add
Start: 0.0 msec
Duration: 150 msec
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To modify/create a component
1. Click one of the three buttons in the Components group box.

2. Enter the following (constant) parameters in the Component
Parameters dialog box:

Cal: Tone
Level: 80dB
Frequency: 1000 Hz

The Phase (cosine) parameter will remain at the default setting of
0.0 degrees.

Component Parameters E

one
Level db) [60
IConst =
Frequency [Hz] IWDDD
IEonst =
Phase [degrees] ID
IConst =

The component parameters above define Seg[1] as a pure tone with an 80 dB
amplitude, a 1000 Hz frequency, and a 0.0 degree starting phase. A toneis
defined as a sinusoidal signal with only one frequency. In SigGen, there are
three parameters to determine atone: amplitude (or level), frequency, and
phase. These parameters, aswell as other related terms, will be introduced in
later examples.

To accept the parameters and return to the Edit Signal
Segments dialog box

» Click the OK button.

The dialog box above indicates that Seg[1] will be gated by a cos?
window with arise and fall time of 5 msec. The only component of
this segment will be generated in the time domain, starting at 0.0 msec
and lasting for 150 msec, and will be added to the overall signal.

To accept the parameters and return to the main window

» Click the OK button.

SigGenRP User's Guide
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Ex 1.si

Overall Waveform

milliseconds

Seqll]

Preview the Signal

To play the signal

» Click the Play button of the Signal Preview Area.

To stop signal play

» Click the Stop button.

Save the Signal
SigGen alowsyou to save al of your signal parametersin a standard SgGen

fileformat. The default extension for files saved in the SigGen format is .sig.

Y ou can also use any other extension.

To savethesignal file

1. Select Save As... from the File menu of the main window.

2. Enter thedesired file name, Ex_1.

SigGenRP User's Guide
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Example 2: Generating a Three-Tone Blip
Series

This example will show you how to generate a three-tone blip signal
consisting of:

m A puretonewith afrequency of 500 Hz at alevel of 70 dB, and
gated by a cos? window;

m A puretonewith afrequency of 1500 Hz at alevel of 80 dB, and
gated by a cos? window; and

m A puretonewith its frequency changing on each trial. The
frequency will step from 1500 Hz to 2500 Hz at alevel of 90 dB.

Thetotal duration of thissignal will be 300 msec long, with each segment
lasting 100 msec. The sampling frequency will be 100 kHz, which
éﬁ corresponds to a period of 10 usec. The calibration reference will be 80 dB =
1.0V peak voltage. Finaly, thissignal will be saved to a 16-hit binary file.
Concepts introduced:
Variable

SigGen Index ) .
Sg | Modifiers icon when they are introduced.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen

'Sni;egglsv\/ave cje  Performthe following steps

v
v
v
v Previewing Signal  1q generate, preview, and save the three-tone blip signal, you will need to
v
v Gating 1. Run SigGen.

2. Definethe signal parameters.

3. Create the segments and components.

4. Preview the signal.

5. Savethesignal.

Note: Only those parametersto be entered or selected are given

below. All other parameters will remain according to the default
settings.

SigGenRP User's Guide
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Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

»  Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(See RPvdsEx help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devices|Device A from the Modify menu or click on
the®A” icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K

(max 100K)".
Select RP2 Processor as device type
Select Index 1.

Desdlect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample
Rate to 25kHz. (Ignore the Number of Time Slices).

o 0 A~ ®w

Define the Signal Parameters

To definethe signal parameters
1. Select Signal from the Modify menu of the main window.

2. Enter thefollowing parametersin the Signal Parameters dialog
box:

Name: Ex 2
Duration: 300 msec
Use Sys3: Checked
Cdlibration
Level: 80dB

These parameters define a 300 msec long signal with a sampling period
of 20.48 usec. By setting the Level parameter to 80 dB, the amplitude
reference will be calibrated as 1 V peak = 80 dB.
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Create a Variable

Since the third tone in this signal requires the frequency to step from
1500 to 2500 Hz, you will need to create a variable to generate such an
effect.

A SigGen variable alows you to change the value of signal and segment
parameters. In SigGen, you can define the starting value of each variable, as
well as establish signal boundaries by defining the maximum and minimum
values. You can aso specify the method in which these values will be varied.

This exampleillustrates just one way to control avariable (linear step).
Later examples will describe other methods of controlling variables.

To createavariable

1. Click an empty variable field and the Edit button in the Variable
box of the Signal Parameters dialog box.

2. Enter or select the following parameters in the Signal Variable
dialog box:

Name: freq
Method: Linear Step
Value Limits
Default/Start: 1500
Step: 100

Minimum:; 1500
Maximum: 2500
Boundary Control:

SGI Modifiers
Offset: 0
Signal ¥ariable
— General — Walue Limits
Name Units DefaultyStart [1500
fre Hz
I Step Size I'IDD
tethad
L..E - o Edit List MinirnLrn I'IEDD
I inear Step 'I [t L7 |
I axirnum |25EIEI
Prompt/Comment l—
IUnknown Praript We. al Slizps [T

File Mame frind File.. | — GGl Modifiers
I Index ISGI [default) vl

— Combination Variable

Dperation:l Mahe 'I Offset IU
Repeat Factor I'I
Skip Factor I'I

— Temiination Contral
Cancel |
" Nomal/Mone
Presviev ' Boundary Control

oK " Loop
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SigGen variables alow you to change the value of signal parametersas a
function of the SgGen Index (SGI) value. The SGI indicates the current status
of thesignal. The linear step variable, freq, has a starting value of 1500 Hz
and, for each SGI increment, will increase by a step of 100 Hz.

freq will be used to produce the increasing sweeping frequency for the
third tone in your signal. Since freq is controlled by boundaries, the
signal will automatically stop playing when it reaches the specified
Maximum and/or Minimum value.

The parameters in the SGI Modifiers box alow you to define the starting point,
the increment, and the number of intervals of SGI. With an Offset setting of 0,
theinitia value of freq will be 1500 Hz [1500 + 0(100)]. With adefault
setting of 1 for both the Repeat and Skip Factors, freg will increment each step
by 100 Hz, starting at 1500 Hz.

To accept the parameters and return to the Signal
Parameters dialog box

» Click the OK button in the Signal Variable dialog box.

Signal Parameters
Signal Marne: Im Cancel k.
— Playback Device — Calibratian
Use Sys2 W Lewvel [dE] Waltage [peak)
a0 = |
DAL Char: |Chc‘-n-1 - I
1.0%olk RMS |
Sample Period: |1U-24 LTt
i ™ Use Nom File
~Timing File Mame Fitid Eile... I

Duration: Itypical.nrm
uration, |3ug S
Aad-2 | 29297 pts

045 delay: ID ms
ICUnst 'I

—Wariable

Edi...

. Clear
— Attenuation

Device: INone 'I

Level |0 dB

ICUnst *I

To save the parameters and return to the main window
» Click the OK button in the Signal Parameters dialog box.

Create the Segments and
Components

To create the first segment

1. Select Segment from the Modify menu of SigGen's main window.
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Select Gen. Meth: App. Meth, Preview
Compute | |5eall] x| |Time x| |add [ sak <] <[ o] >
= .~ Gate Type: Stark: Diuration:
W AuteU.C |Cos2 ﬂ |IJ |1DD - Fep: << < |0 >
Mew Gate Tirne: | Const j | Corst ﬂ Components
5
e msec Hpts |0 . MNpts |376E | Tanel 70, 500, 0.
Cangt - ToBegin | Ta Max |
e Nop()
oK EIE Fepeats 1 RepSep 0 N
0 dB | Carist ﬂ | Const ﬂ il
Eancel Canst jv [ Freeze Repeats

2. Set the Duration parameter to 100 msec and leave the remaining
parameters at their default settings.

The parameters for the first segment will be:

Select:

Gate Type:
Gate Time:
Level:

Gen. Meth.:
App. Meth.:
Start:
Duration:

Seg[1]
Cos?

5 msec
0.0dB
Time
Add

0.0 msec
100 msec

To create a component for the first ssgment

1. Click thefirst button in the Components group box.

2. Enter the following parameters in the Components Parameters

dialog box:

cdl:
Level:
Frequency:

Tone
70dB
500 Hz

The Phase (cosine) parameter will remain at the default setting of

0.0 degrees.

To accept the parameters and return to the Edit Signal

Segments dialog box
» Click the OK button.

¥ Usze hanming window

vaolts

MSECS

Mag. Spectrum

dBY
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The parameters above indicate that Seg[1] and Seg[2] will be gated by a cos?
window with arise and fall time of 5 msec. In SigGen, agateisdefined asa
window that modifies the rising and falling of a signal segment. SigGen offers
four options: Cos?, Hann, and Ramp gates, and None (no gate).

According to the parameters above, Seg[1] will have atone component
with a 70 dB amplitude, a 500 Hz frequency, and a 0.0 degree starting
phase (default setting). It will be gated by a cos? window with arise
and fall time of 5 msec. The segment's only component will be
generated in the time domain, starting at 0.0 msec and lasting for 100
msec, and will be added to the signal.

To create the second segment
1. Click the New button in the Edit Signal Segments dialog box.
2. Enter the following parameters for Seg[2]:

Start: 100 msec
Duration: 100 msec

Therest of the parameters for this segment are the default settings, and
are the same as those for Seg[1].

To create a component for the second segment
1. Click thefirst button in the Components group box.

2. Enter the following parameters in the Components Parameters
dialog box:

cdl: Tone
Level: 80 dB
Frequency: 1500 Hz

The Phase (cosine) parameter will remain at the default setting of
0.0 degrees.

To accept the parameters and return to the Edit Signal
Segments dialog box

» Click the OK button.

To create the third segment
1. Click the New button in the Edit Signal Segments dialog box.
2. Enter the following parameters for Seg[3]:

Start: 200 msec
Duration: 100 msec

Therest of the parameters for this segment are the default settings, and
are the same as those for Seg[1].

To create a component for the third segment

1. Click thefirst button in the Components group box.
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2. Enter thefollowing parameters in the Components Parameters
dialog box:

Call: Tone
Level: 90 dB
Frequency: freq

Then this third segment (tone) will have afrequency starting at
1500 Hz and incrementing by 100 Hz as SGI increments. The
Phase (cosine) parameter for this segment will remain at the
default setting of 0.0 degrees.

To accept the parameters and return to SigGen's main
window
1. Click the OK button in the Component Parameters dialog box.

2. Click the OK button in the Edit Signal Segments dialog box.

5 Ex_2RP.sig M=

Overall Wawveform

volts

milliseconds
Seq[l] . : Seq(3]
Seq[Z]

According to the calibration, 80 dB = 1.0 V peak, the first segment is
70 dB, or 0.3162 V; the second segment is 80 dB, or 1.0 V; and the
third segment is 90 dB, or 3.1623 V. Note that the signal shown above
corresponds to these levels.

Preview the Signal

In many cases, one or more signal parameters will be varied from one interval
to the next during an experiment. SigGen provides a means for previewing the
signal through all of itsintervals. You also may select a specific interval for
preview.

SigGenRP User's Guide
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SGI...

<<| B I1 ¥ |>>
Flay I Al

Stop

To play all specified intervals of the display signal
> Click the All button.

To play a specific signal interval
1. Setthevaue of the SGI equal to the number you wish to preview.
2. Click the Play button of the Signal Preview Area.

To stop signal playing prior to the end of the signal
» Click the Stop button.

Save the Signal

&3 SigGen alows you to save your signal in two different formats. The signal file

D?:E saves all current SigGen settings. The wave file saves only the overall
waveform in a standard 16-bit integer file for playing and processing. In this
example, you will save the three-tone series signal in the wave file format.

To savethesignal file
1. Select Save As... from the File menu of the main window.
2. Enter the desired file name, Ex_2.

To save the wavefile
1. Select Save Wave from the File menu of the main window.

2. Enter the desired name for the 16-bit integer format file name, e.g.,
Ex_2.

SigGen will add the extension .16 to the file name if you do not specify
it. The.16 file contains the generated waveform data for playing or
further processing using SigGen or other software and hardware.
Waveform files that are not generated by SigGen can be imported into
SigGen by using a.000 or athree-digit extension (refer to previous
chapters). For usage of the 16-bit integer waveform file, please refer to
TDT's software and hardware references.

SigGenRP User's Guide
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Example 3: Generating an Amplitude-
Modulated (AM) Signal

60 Hz Modulator

800 Hz Carrier

The waveform generated in this example will be an amplitude-modul ated
(AM) signal. Thetime method will be used to generate a waveform with a
carrier frequency of 800 Hz and an amplitude modulated by 25% with a 60 Hz
sinusoid. Thisis equivalent to a combination of three sinusoids with
frequencies of 740 Hz, 800 Hz, and 860 Hz. The amplitude of the AM signa

c'ﬁgﬁ will be approximately 5.0 V, with acalibration of 80 dB = 1.0V peak. The
duration of this signal will be 100 msec.

?“Cept_s introduced:  penth of modulation is defined by subtracting the ratio of the valley and the

Qﬂfﬁgﬂon peak amplitude of the AM signal from 100%. For example, the peak of the

v AM Signal AM signal is1Voalt, and the valley is 0.25Volt, theratio is 0.25, or 25%, and
the depth of modulation is 75%.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen
icon when they are introduced.

To generate the AM signal, you will need to perform the following steps:
1. Run SigGen.

2. Definethe signal parameters.

3. Create the segments and components.

Note: Only those parameters to be entered or selected are given

below. All other parameters will remain according to the default
settings.

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.
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To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEX help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devices|Device A from the Modify menu or click on
the“A” icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K

(max 100K)".
Select RP2 Processor as device type
Select Index 1.

Desdlect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample
Rate to 25kHz. (Ignore the Number of Time Slices).

o u &~ w

Define the Signal Parameters

To define the signal parameters
1. Select Signal from the Modify menu of the main window.

2. Enter the following parameters in the Signal Parameters dialog

box:
Name: Ex 3
Use Sys3: checked
Duration: 100 msec
Calibration

Level: 80dB
S In SigGen, there are two Application Methods for specifying how the
D?:E segment(s) will construct the signal. The Add method adds the segment to the

signal, whereas the Multiply method multiplies the segment to the signal.

In this example, you can generate the signal by using either of the two
SigGen Application Methods. One way isto multiply the carrier by a
modulation signal. The other isto add the carrier to lower and upper
sideband signals. The amplitudes of the lower and upper sideband
signalswill be equivalent to one-fourth of the carrier amplitude. Their
frequencies will differ from the carrier frequency by the modulation
frequency. In this example, the Multiply method will be used to
modul ate the carrier signal.

SigGenRP User's Guide
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Create the Segments and
Components

When the amplitude of the AM signal is 5.0 V, and the depth of
modulation is 25% (valley amplitude 3.75 V), the amplitude of the
carrier must be 5.0 V, and the difference of the peak and valley of the
modulator is0.25V and is elevated 0.75V (modulator amplitudeis
always 1.0 V). The 800 Hz carrier’slevel is93.98 dB. The modulator
will consists of three components: atone and two DC Shifts. Since the
modulator will be multiplied to the signal, component levelsare in
referenceof 0dB = 1.0 V. Thelevel of the modulator toneis 0.125 V
(half of 25% of 1.0V), that is 18 dB down from 1.0 V. Two DC Shifts
will offsets the modulator tone by 0.125V and 0.75 V separately, or -
18 dB and -2.4988 dB.

To create the first segment
1. Select Segment from the Modify menu of the main window.

2. Set the Duration parameter to 100 msec and leave the remaining
parameters at their default settings.

The parameters for the first segment will be:

Select: Seg[1]
Gate Type: None
Leve: 0.0dB
Gen. Meth.: Time
App. Meth.: Add
Start: 0.0 msec
Duration: 100 msec

To create a component for the first ssgment

1. Click thefirst button in the Components group box.

2. Enter the following parameters in the Component Parameters

dialog box:
Cal: Tone
Level: 93.98dB (5.0V)
Frequency: 800 Hz

The Phase (cosine) parameter will remain at the default setting of 0.0

degrees.

To create the second segment
1. Click the New button in the Edit Signal Segments dialog box.

2. Enter thefollowing parameters for Seg[2]:

Gate Type: None
Leve: 0.0dB
Gen. Meth.: Time
App. Meth.: Multiply
Start: 0.0 msec
Duration: 100 msec

SigGenRP User's Guide
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Therest of the parameters for this segment are the same as those for
Seqg[1].

The Multiply Application Method chosen for the second segment
indicates that the overall signal will be modulated by Seg[2]. The
amplitude of the overall signal will change as the amplitude of the
modulator changes — this modulation is called Amplitude Modulation
(AM).

To create the first component for the second segment
1. Click thefirst button in the Components group box.

2. Enter the following parameters in the Component Parameters
dialog box:

cdl: Tone
Level: -18dB
Frequency: 60 Hz

The Phase (cosine) parameter will remain at the default setting of 0.0
degrees.

To create the second component for the second segment
1. Click the second button in the Components group box.

2. Enter thefollowing parameters in the Component Parameters
dialog box:

Cal: DC Shift
Level: -18dB
Since the calibration reference for the components with Multiply
application isbased on 0dB =1V, thislevel of DC Shift will elevate
the first component by itslevel. Now the modulator varies between 0
and 0.25V.

To create the third component for the second segment
1. Click the third button in the Components group box.

2. Enter the following parameters in the Component Parameters
dialog box:

Cal: DC Shift
Level:  -2.4988 dB
As you can expect, -2.4988 dB will produce a DC shift of 0.75V. Now
as you can see in the Time Form plot, the modulator is completed.
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segments. The effect of modulation can be seen clearly. Note that the
signal is approximately 5.0 V, as designated at the beginning of this

example.

The overall waveform, shown below, is composed of two multiplied

[=1 E3

g

Ex_3RP.si

Overall Waveform

milliseconds

Seq[l]
Seq[?]

1. Select Save As... from the File menu of the main window.

2. Enter thedesired file name, Ex_3.

Save the Signal
To savethesignal file

SigGenRP User's Guide
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Example 4:
Signal

@i

Concepts introduced:

v~ Variable file

v~ Using a Disk File
(FileF)

Generating a Multi-Component

Sustain
Attack Decay

o/ 10ms 50 ms 600 ms

This example will show you how to generate 12 pseudo guitar notes
across an octave, starting with the "A" note (110 Hz). Each note will
include nine primary harmonics and three secondary harmonics. The
full length of the signal will be 600 msec, with 10 msec of attack, 40
msec of sustain, and 550 msec of decay. The entire signal will be
modulated by a frequency of 40 Hz and a depth of 10 percent. The
output signal level will be approximately 5.0 V peak, with a calibration
reference of 1.0V = 80 dB.

This SigGen example is a complicated case of signal generation—multiple
harmonics will be used to create the signal. In this example, pure toneswill be
used to represent the harmonics. The shaping envelope was generated using
TDT's APPs software and is provided with your SigGen software.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen
icon when they are introduced.

Thisexampleis donein Time domain again. Asone may expect, it can also be
donein Frequency domain using SigGen Normalization file. The readers are
encouraged to try the frequency method by themselves.

To generate this signal, you will need to perform the following steps:
Run SigGen.

Definethe signal parameters.

Create avariablefile.

Define the variables for each frequency.

Create the segments and components.

o 0 s ®w N P

Create an envelope segment and apply it to the signal.
Note: Only those parametersto be entered or selected are given

below. All other parameters will remain according to the default
settings.

SigGenRP User's Guide
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Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEX help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devicegDevice A from the Modify menu or click on the
“A" icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

Select RP2 Processor as device type
Select Index 1.
Deselect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time Slices).

o 0 &~ W

Define the Signal Parameters

With a calibration reference of 1.0 V = 80 dB and a 10% modul ation,
the 5.0 V peak output will correspond to a 93.98 dB base signal level.
To definethe signal parameters

1. Select Signal from the Modify menu of the main window.

2. Enter the following parameters in the Signal Parameters dialog

box:
Name: Ex 4
Duration: 600 msec
Calibration
Levd: 80dB

To accept the parameters and return to the main window
» Click the OK button.
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Create the Variable File

The multi-component signal in this example will consist of multiple notes with
varying frequencies. To define those frequencies, you will need to use a
variablefile. In SigGen, avariablefileisan ASCII text file that contains the
names and values for user-customized variables. Variable files may be created
with any text editor, such as Windows Notepad. For more information about
the format of SigGen's variable files, please refer to "Preparing to Build a
Signal - The First Step” of this guide.

The variablefile, ex_4v.sch, is provided with your SigGen software,
and may be viewed in Notepad. It contains the harmonic frequencies
for each of the 12 guitar notes. The 10 frequencies of each note are
named f1, f2, 13, ..., f9, sl. Thefirst frequency, f1, is defined as
follows:

The first frequency of the primary
harmonics

f1

1

110.0
116.541
123.471
130.813
138.591
146.832
155.563
164.814
174.614
184.997
195.998
207.652

}

Define the Variables for Each
Frequency

Although the variables f1, 2, ..., f9, sl are already defined in the
ex_4v.sch file, you will still have to define each of them in SigGen.

To define the variables for f1
1. Select Signa from the Modify menu of the main window.

2. Click the Edit button in the VVariables group box of the Signal
Parameters dialog box.

3. Enter or select the following parameters in the Signal Variable
dialog box:

Name: fl
Method: File
File Name: C:\TDT\SgGenRP\Examples\EX_4V.SCH
Termination Control: Boundary Control
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When entering the File Name, you must also provide the full path of
the file name, or use the Find File ... button to locate thefile. The
variable name must match exactly the variable name defined in the
variablefile.

Note that variable f1 varies according to the valuesin the ex_4v.schfile
and the SGI value.

To accept the parameters and return to the Signal
Parameters dialog box

» Click the OK button in the Signal Variable dialog box.

To definethevariablesfor 2, f3, ..., f9, s1

1. For each frequency, select the next available variable in the
Variables group box of the Signal Parameters dialog box.

2. Click the Edit button.
3. For each frequency, enter the following parametersin the Signal

Variable dialog box.
Name: f2, £3, f4, 15, 16, f7, 18, 9, or sl
Method: File

File Name: C:\TDT\SgGenRP\Examples\EX_4V.SCH
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Create the Segments and
Components

Thissignal will consist of six segments, all having the same duration.
Thefirst three segments will be the primary harmonics, the fourth will
be the secondary harmonics, the fifth will be the modulation tone, and
the sixth will be the envelope. The normalized levels of each
component are listed below.

Name dB Level Voltage
f1 0 1.0
f2 -25 0.0562
f3 -15 0.2512
f4 -35 0.0178
5 -45 0.0056
f6 -40 0.01
f7 -47 0.0045
f8 -45 0.0056
f9 -47 0.0045
sl -20 0.1

The total voltage level will be 1.4554 V peak (3.2596 dB) for these
normalized components. In order to get a5.0 V peak signal, the actua
total voltage level will need to be 5.0 V; that is, 290.7198 dB gain will
be needed.

To create the first segment
1. Select Segment from the Modify menu of the main window.

2. Enter or select the following parameters in the Edit Signal
Segments dialog box:

Gate Type: None
Gate Time: 5 msec
Levd: 90.7198 dB
Duration: 600 msec

The parameters for the first segment will be:

Select: Seg[1]
Gate Type: None
Gate Time: 5 msec (dimmed)
Level: 90.7198 dB
Gen. Meth.: Time
App. Meth.:  Add
Start: 0.0 msec
Duration: 600 msec

To create three components for the first segment

1. Click thefirst button in the Components group box.

2. For each of the three components, enter or select the following
parameters in the Component Parameters dial og box:

8-27
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Component Call
First Tone
Second
Third

Tone

Tone

Frequency Phase
Level (dB) (Hz) (Degree)
0.0 f1 0.0
-25.0 f2 0.0
-15.0 f3 0.0

To accept the parameters and return to the Edit Signal

Segments dialog box
» Click the OK button.

To create the second through fifth segments and their
corresponding components

1. Click the New button in the Edit Signal Segments dialog box.

2. Create the segments and components according to the following

parameters.
Second segment parameters:
Select: Seg[2]
Gate Type: None
Gate Time: 5 msec
Leve: 90.7198 dB
Gen. Meth.: Time
App. Meth.: Add
Start: 0.0 msec
Duration: 600 msec

Second segment components:

Tone( -35.0, 4, 0)
Tone( -45.0, 5, 0)
Tone( -40.0, 16, 0)

These three tones will be for the fourth, fifth, and sixth primary

harmonics.

Third segment parameters:

Select:
Gate Type:
Gate Time:

Levd:

Gen. Meth.:
App. Meth.:
Start:
Duration:

SigGenRP User's Guide
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Third segment components:
Tone( -47.0,7,0)
Tone( -45.0, f8,0)
Tone( -47.0,9,0)

These three tones will be for the seventh, eighth , and ninth
primary harmonics.

Fourth segment parameters:

Select: Seg[4]
Gate Type: None
Gate Time: 5 msec
Leve: 90.7198 dB
Gen. Meth.: Time
App. Meth.:  Add
Start: 0.0 msec
Duration: 600 msec

This segment will be the secondary harmonics.
Fourth segment component:
Tone( -20.0,s1,0)

Fifth segment parameters:
Select: Seg[5]
Gate Type: None
Gate Time: 5 msec
Levd: 0.0dB
Gen. Meth.: Time
App. Meth.: Multiply
Start: 0.0 msec
Duration: 600 msec

This segment will be the modulator. The level of this modulator will
be 0.5V peak (-6.0205 dB), with a DC shift of 0.5V to maintain the
signal level at a depth of 10% (-0.91515 dB).

Fifth segment component:

Tone( -6.0205, 40, 0)
DC Shift( -6.0205)

Create an Envelope

Since the overall waveform in this example has asignal duration of 600
msec and a sampling period of 40 usec, the shaping envelope will have
to consist of 15,000 points. The envelope will increase linearly from 0
to 1.0 in the first 250 points, remain at 1.0 for 1000 points, and then
decrease from 1.0 to O for the remaining 13,750 points.

8-29
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has two types of file formats, a 16-hit integer file (Filel6) and afloating-point
binary file (FileF). SigGen signal files should have a 3-digit extension. This
extension can be used with variables to select files.

@ﬁ In SigGen, complicated signals can be created by reading disk files. SigGen

The disk file, env.000, will be used in this example and is provided
with your SigGen software. It isin the standard floating-point binary
format and was generated using TDT's APPs software. Other methods
also can be used to generate thisfile.

As arecommended exercise, the readers can generate an envelopefile
using 16-bit integer binary format (Filel6) instead of FileF for the
following segment.

To create an envelope segment

1. Select Segment from the Modify menu of the main window.

2. Click the New button in the Edit Signal Segments dialog box.
3. Create the sixth segment according to the following parameters:

Select: Seq[ 6]
Gate Type: None
Gate Time: 5 msec

Level: 0.0dB

Gen. Meth.: Time
App. Meth.: Multiply
Start: 0.0 msec
Duration: 600 msec

To create a component for the sixth segment
1. Click thefirst button in the Components group box.

2. Enter or select the following parameters in the Component
Parameters dialog box:

Cal: FileF
File Name: env.000

This binary data file must be in the current directory where SigGen is
working.

To accept the component parameters and return to the
Edit Signal Segments dialog box

» Click OK in the Component Parameters dialog box.
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To accept the segment parameters and return to the main
window

» Click the OK button.

*+ Fy 4RP.sig

Overall Waveform

- B Ll

R

milliseconds
Seq[l]
Seq[?]
Seq[3]
Seq[d]
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As one may notice that, due to the cancellation of individual
components, the final signal amplitude is not exactly 5V. To make it
exactly 5V, you can modify the envelope file by changing 1.0 to 1.25.
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Example 5: Generating a Band-Limited

qﬁ

Concepts introduced:

NNAN

Frequency Method
Segment Level
Variable File
Normalization File

Gaussian Noise

Limited-Band Gaussian Noise, 500 msec Duration

In this example, you will create a series of 500-msec, band-limited noise bursts
with a 2-octave band starting with a center frequency of 600 Hz and stepping to
2000 Hz at a step size of 100 Hz. A 20-msec cos? gate will be applied to the
signal. The output signal level isto be held at 2.0Vrms. A normalization file
will be used to modify the magnitude and phase of the componentsin different
frequency ranges.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen
icon when they are introduced.

To generate the band-limited Gaussian noise, you will need to perform the
following steps:

1. Createanormalization file.

Run SigGen.

Definethe signal parameters.

Create the segments and components.
Add Norm file to the signal.

o~ w DN

Note: Only those parameters to be entered or selected are given
below. All other parameters will remain according to the default
Ssettings.
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Create a Normalization File

In SigGen, anormalization file (.nrmfile) is atext file that states the corrections
of amplitude (in dB) and starting phase (in degrees) of specific frequency
values. SigGen will use the data provided in this file to normalize the output
signal. Thisfreguency normalization will provide away to calibrate signals
consisting of different frequency components. For more information about the
format of SigGen's normalization files, please refer to "Preparing to Build a
Signal - The First Step” of this guide.

When the normalization file is defined, the normalization curve can be
displayed by clicking the Hy button in the SigGen main menu toolbar.

The normalization file, ex_5.nrm, can be created using atext editor.
Thefileis defined asfollows:

0.0, 0.0, 0.0

500.0, 0.0, -30.0
1000.0, -3.0, -60.0
2000.0, -27.0, -90.0
3000.0, -51.0, -120.0

Thisfile defines a frequency-wise normalization, asillustrated below:

i Normalization Curves

Magnitude Correction

dB

Hertz

degrees

Hertz

This normalization corrects each of the signal components by the
normalization magnitude and phase. For instance, the signal
component at 2000 Hz will be delayed in phase by 90 degrees, and
reduced in magnitude by 27 dB.

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon

or
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o 0 &~

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

»  Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEXx help) to play out signals.

To configure the RPx device and select the RCO file

Select RP devices|Device A from the Modify menu or click on the “A”
icon on the toolbar.

Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

Select RP2 Processor as device type
Select Index 1.
Desdlect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time dlices).

Define the Signal Parameters

To define the signal parameters
1. Select Signal from the Modify menu of the main window.

2. Enter the following parameters in the Signal Parameters dialog

box:
Name: Ex 5
Duration: 500 msec
Calibration
Level: 80 dB

Voltage: 1.41421 Volt-peak (1.0 Volt RMS)
The following may be applied later after viewing the signal without the
effects of the normalization file:
Use Norm File
File Name: C:\TDT\SgGenRP\Examples\EX_5.NRM

Two SigGen variables, freq and level will be created so that we can
step through increasing values of center frequency.
To create the variable freq

1. Click thefirst position and then the Edit button in the Variable
group box of the Signal Parameters dialog box.
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2. Enter or select the following parameters in the Signal Variable

dialog box:
Name: freq
Method: Linear Step
Value Limits
Default/Start: 600
Step: 100
Minimum:; 500
Maximum: 2000
Boundary Control:

To create the variable level
1. Click the second position and then the Edit button in the Variable

group box of the Signal Parameters dialog box.

2. Enter or select the following parameters in the Signal Variable

dialog box:
Name: level
Method: File
File Name:

C:\TDT\SgGenRP\Examples\EX_5V.SCH

To accept the parameters and return to the Signal

Parameters dialog box

» Click the OK button in the Signal Variable dialog box.

Signal Marne: IUnNamed Cancel ok
 Flayback Device r— Calibration
Usze Gys3 Lewel [dE] Viltage [peak]
ISD = |1.4‘I421
DAL Char: |Chc'm-1 |
‘I.IJVoItFlMsl
S ample Period: |4U-95
SpElEE Hese v Usze Marm File
~ Timing |File I arne: Find F'|B;|
. C:ATD TS igGenRPAE xamples' STERGIL
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X Clear |
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Dievice: IF'AE-‘I VI
Lewel: |0 dB
IConst 'I




Chapter 8: General Examples  8-37

Create the Segment and Component

There will be only one segment for thissignal. The frequency method
will be used to generate the band-limited noise.

To create the segment
1. Select Segment from the Modify menu of the main window.

2. Enter or select the following parameters:

Select:
Gate Type:
Gate Time:

Level:

Gen. Meth.:
App. Meth.:
Start:
Duration:

Seg[1]

Cos?

20 msec

80dB
Freq.(8192)

Add

0.0 msec (Begin)
500 msec (Max.)

The frequency method in SigGen specifies a spectrum first, and then generates
the signal component using an inverse FFT. The number of magnitude points
determines the frequency resolution. In this example, the frequency valueis
8192, which corresponds to 4096 magnitude points and 4096 phase points.

The Level parameter in the Edit Signal Segments dialog box specifies the
attenuation or amplification applied to the components of the segment. Thisis
just one of the many ways to regulate signal componentsin SigGen.

To create a component

1. Click thefirst button in the Components group box.

2. Enter thefollowing parameters in the Component Parameters

dialog box:

Call:

Low Freg. Level:
High Freq. Level:
Center Freq.:

Band Width (Oct.):

Roll-off (dB/oct.):

Band
level
level

freq
2

0

Asyou may remember, avalue 0 in the Roll-off field will result in the
maximum roll-off which SigGen can generate.

To accept the parameters and return to the Edit Signal

Segments dialog box

» Click OK in the Components Parameters box.

At this stage, after you view the Magnitude Spectrum in the Edit
Segment Parameters window, you can return to Modify Signal
Parameters window to enter the normalization fileto the signal. The
effect of normalization (frequency-domain correction) isillustrated by
the two magnitude spectrum plots below.
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Mag. Spectrum

dBY

hertz

dBY

The first spectrum shows the signal without normalization. Itslevel at
2000 Hz isabout -10.0 dB. The second plot is the spectrum modified
by the normalization file. Note that the signal level across the noise
band is gradually reduced by 20 dB.
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The band-limited noise is shown below:

- [O] %]

g

Ex_5SRP.si

Foi
=

Overall Waveform

milliseconds

Seq[1]
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Chapter 9 Examples: Speech
Sciences

In this chapter, examples of speech signal processing are presented.
Each example introduces new SigGen concepts. The examples found
in this chapter are listed below. Also listed are the concepts introduced
in each example.

Example 6: Creating Speech in Noise
m Using aDisk File (File16)
m Printing the Signa

Example 7: Approximating A Glottal Waveform
m  Applying a Spectral Envelope m  Zoom-in

m Using Normalization File m Using Harm

Example 8: Producing a Steady State Vowel
m Using aHanning window

m Saving asignal for later use as an imported component
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Example 6: Creating Speech in Noise

First Speech Signal

Second Speech Signal \
< s S G
A\ _
/ Composed Speech

Background Noise

In this example, you will read from disk and concatenate two long speech files.
£ These signals are stored in 16-bit integer binary format. Y ou will then add low-
°z:E level Gaussian noise. Thelevel of the noise will be varying to show the effect

_ of background noise.
Concepts introduced:

v" Using a Disk File Throughout this example, several SigGen concepts will be discussed. These
(File16) concepts are listed in the adjacent column, and will be marked by the SigGen
v Printing the Signal  jcon when they are introduced.

To generate the speech in noise, you will need to perform the following steps:
Create the speech files.

Run SigGen.

Definethe signal parameters.

Create the segments and components.

Print the signal.

o~ 0w NP

Note: Only those parametersto be entered or selected are given
below. All other parameters will remain according to the default
settings.

Create the Speech Files

& In SigGen, there are two types of files that can be used for input as a signal

O?:E component: FileF and Filel6. FileF isafloating-point binary file (see
"Example 4: Generating a Multi-Component Signal"). Filel6 isa 16-hit
integer binary file with no header. When aFilel6 fileisread in asatime signal,
SigGen will convert it to a+10 V waveform (corresponding to +32767 and
-32767).
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A Filel6 speech file can be created by recording a speech signal
directly to afile using many commercial sound recording systems, or
TDT ssystems. Inthisexample, the two files are two simple speech
files. Thefirst speech is 1.8 secondslong, and the second 3.0 seconds.
The speech isrecorded at a sampling rate of 25 kHz.

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEX help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devices|Device A from the Modify menu or click onthe “A”
icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max

100K)".
Select RP2 Processor as device type
Select Index 1.

Desdlect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time dlices).

o 0 A~

Define the Signal Parameters

To definethe signal parameters
1. Select Signa from the Modify menu of the main window.

2. Enter or select the following parametersin the Signal Parameters

dialog box:
Name: Ex 6
Duration: 4800 msec
Calibration
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Level: 80dB
Note: Dueto the length of the speech signal, you must have 8 Meg
AP2 memory to exercise this example.
A variable, noise_level, will be created and used to control the band-
limited Gaussian noise level. There are only two values for this noise:
0dB and 70dB (with and without noise).

To create the variable noise_|evel

1. Click thefirst position and then the Edit button in the Variable
group box of the Signal Parameters dialog box.

2. Enter or select the following parameters in the Signal Variable
dialog box:

Name: noise level
Method: Linear Step
Vaue Limits
Default/Start: 0
Step: 70

Minimum: 0
Maximum: 70
Boundary Control:

Create the Segments and
Components

The overall waveform in this example will consist of three segments.
The time method will be used for all of these segments.

To create the first segment

1. Select Segment from the Modify menu of the main window.

2. Set the Duration parameter to 1800 msec and leave the remaining
parameters at their default settings.

The parameters for the first segment will be:

Select: Seg[1]
Gate Type:  Cos?
Gate Time: 20 msec
Levd: 0.0dB
Gen. Meth.: Time
App. Meth.:  Add
Start: 0.0 msec
Duration: 1800 msec

To create a component for the first ssgment

1. Click thefirst button in the Components group box.

2. Enter or select the following parameters in the Component

Parameters dialog box:
cdl: Filel6
File Name: EX_6S1.000
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To create the second and third segments and their
components

1. Select Segment from the Modify menu of the main window.

2. Setthefollowing parameters for each segment:

Second segment parameters:
Select: Seg[2]
Gate Type:  Cos?
Gate Time: 20 msec
Levd: 0.0dB
Gen. Meth.: Time
App. Meth.:  Add
Start: 1800 msec
Duration: 3000 msec

Second segment component:

Ccdl:
File Name:

Third segment parameters:

Filel6
EX_652.000

Select: Seg[3]
Gate Type:  Cos?
Gate Time: 20 msec
Levd: 0.0dB
Gen. Meth.: Time
App. Meth.:  Add
Start: 0.0 msec
Duration: 4800 msec

Third segment component:

cdl:
Level:

To return to SigGen's main window
» Click OK inthe Edit Signal Segments dialog box.

SigGenRP User's Guide
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& Ex_GRP.sig [_ (O]
Overall Wawveform
volts
milliseconds
seq(1]
seq[2]
Seq(3]
Print the Signal
S In SigGen, asignal waveform can be printed directly through a Windows
°-(—E printer. SigGen has three printing options: Print, Print Preview, and Print

Setup.

To print the signal
» Select Print under the File menu of the main window.

The current signal setup will be printed with the waveform.
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Example 7: Approximating A Glottal
Waveform

N
K /

@i

Concepts introduced:

v’

v’
v’

Applying a
Spectral Envelope
Using Harm
Using
Normalization File

In this example, you will create an approximation of a glottal waveform. The
Harm option will be used to generate asignal consisting of energy at the
fundamental frequency and itsinteger multiples. Level will remain constant
across harmonics. A normalization file that reduces level at arate of 12 dB per
octave will then be applied to the original signal, resulting in asignal consisting
of energy at the fundamental frequency and its integer multiples, the level of
which falls off at arate of 12 dB per octave.

Throughout this example, several SigGen concepts will be discussed. These
concepts are listed in the adjacent column, and will be marked by the SigGen
icon when they are introduced.

To generate the glottal waveform, you will need to perform the following steps:
1. Create anormalization file.

Run SigGen.

Definethe signal parameters.

Create the segment and component.

Zoomrin.

© 0 A~ WD

Save the signal as a SigGen signal and as a binary waveform.
Note: Only those parameters to be entered or selected are given

below. All other parameters will remain according to the default
settings.
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Create a Normalization File

& A normalization file (.nrmfiles) isan ASCII text file that specifies correction
‘lz:ﬁ factors for amplitude (in dB) and phase (in degrees) at specific frequencies. The
normalization file created for this example will be used to apply a spectral
envel ope that will reduce amplitude at a rate of approximately 12 dB per octave.
No corrections will be specified for phase. For more information about the
format of SigGen's normalization files, please refer to "Preparing to Build a
Signal - The First Step” of this guide.

The variablefile, ex_7.nrm, is provided with your SigGen software,
and may be viewed in Notepad. Y ou can create thisfile using atext
editor. Thefileisdefined asfollows:

0.0, 0.0, 0.0
150.0, -12.0, 0.0
300.0, -24.0, 0.0
600.0, -36.0, 0.0
1200.0, -48.0,
2400.0, -60.0,
4800.0, -72.0,
9600.0, -84.0,
19200.0, -96.0, 0.0

The above normalization file chooses an arbitrary starting frequency of
150 Hz from which to build a spectral envelope that approximates afall
off of 12 dB per octave. Thefirst parameter specifies frequency. The
second parameter specifies the amount of amplitude reduction (in dB)
to be applied at the specified frequency. Thethird parameter specifies
phase correction. Notice that as frequency is doubled, amplitudeis
reduced by an additional 12 dB.

SigGen reads the information stored in the normalization file and uses
it to correct amplitude. The correction factors specified for each
discrete frequency are used to generate a continuous amplitude
correction curve. Thisisaccomplished by applying alinear function to
each pair of successive correction factor values. Thus, the correction
curve generated by the abovefileis not truly curvilinear, but consists of
8 linear segments that approximate afall off of 12 dB per octave.

The resulting normalization curve is seen below:

10.0 Magnitude Correction

dB

-100.0
0 4883 9766 14648 19531 24414
Hertz

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
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or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEXx help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devicegDevice A from the Modify menu or click on the
“A” icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

Select RP2 Processor as device type
Select Index 1.
Deselect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time slices).

o 0 A~ ®

Define the Signal Parameters

To define the signal parameters
1. Select Signal from the Modify menu of the main window.

2. Enter or select the following parametersin the Signal Parameters
dialog box:

Name: Ex 7
Duration: 200 milliseconds
Sample Period: 25 pseconds
Calibration
Level: 80 dB
UseNorm File
FileName  C\TDT\SgGenRP\Examples\EX_7.NRM

In this example, the signal will be low-pass filtered such that
the cut-off frequency is at or below 10,000 Hz. Therefore, we
have increased the sample period from the default of 20 n
seconds to 50 pseconds.
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The normalization file, ex_7.nrm, is defined as:

0.0, 0.0, 0.0
150.0, -12.0, 0.0
300.0, -24.0, 0.0
600.0, -36.0, 0.0
1200.0, -48.0, 0.0
2400.0, -60.0, 0.0
4800.0, -72.0, 0.0
9600.0, -84.0, 0.0
19200.0, -96.0, 0.0

After the normalization file is defined, the normalization curve can be
displayed by clicking the Hy button in the SigGen main menu toolbar.

Create the Segments and
Components

The overall waveform in this example will consist of one segment. A
frequency method, Harm, will be used to generate the segment.

The frequency-domain signal generation method, Harm, generates a magnitude
spectrum consisting of afundamental frequency and harmonics at specified
intervals. Parametersto be specified include:

m  Fundamental level in dB
m Fundamental frequency in Hz
m  Freguency separation in Hz
m  Roll-off in dB/component
Roll-off controls the harmonic (component) amplitude values.
m  Number of components

SigGen generates a time-domain waveform from the magnitude spectrum
through use of the inverse Fast Fourier Transform (iFFT).

SigGenRP User's Guide
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To create the segment
1. Select Segment from the Modify menu of the main window.

2. SetLevel to 20in order to keep the overall voltage between + 2
volts.

3. Select aGen Meth of Freq(8192) in order to utilize the smallest
possible binwidth. See Digital Sgnal Processing Applications,
Chapter 1, for more information.

4. Set Duration to 200 msec.
All other parameters remain at their default settings.

The parameters for the first segment will be:

Select: Seg[1]
Gate Type:  Cos?
Gate Time: 5 msec
Level: 20dB
Gen. Meth.: Freq(8192)

App. Meth.: Add
Start: 0.0 msec
Duration: 200 msec

To create a component for the segment

1. Click thefirst button in the Components group box.

2. Enter or select the following parameters in the Component
Parameters dialog box:

Cal: Harm
Fund Level: 70dB
Fund Freg: 150 Hz
Freq Step: 150 Hz
Roll-off: 0 dB/component

No. Comp. (0 =inf): 0

Note: The Roll-off parameter remains at its default setting of O,
resulting in harmonic amplitudes equal to that of the fundamental,
in this case, 90 dB. Harmonic amplitude will be controlled
through the application of the normalization file. The
normalization file is necessary because we desire aroll-off of 12
dB per octave. The Harm option calculates roll-off per component,
not per octave, and is therefore linear rather than curvilinear.

3. Click the OK button to accept the component parameters.
The normalization file is automatically applied to the segment. This

can be seen by observing the magnitude spectrum. There is areduction
of amplitude at arate of 12 dB per octave.
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To return to SigGen's main window
» Click OK inthe Edit Signal Segments dialog box.
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Zoom-in

The zoom-in feature allows you to expand a section of the waveform.

To zoom-in
1. Placethe mouse at the edge of the area you wish to zoom-in.
2. Hold down the left mouse button.
3. Drag the mouse over the desired area.
4

Release the | eft mouse button.

volts

milliseconds

Seaq[l]

Save the Signal

To savethesignal file as a SigGen signal
1. Select Save As... from the File menu of the main window.
2. Enter the desired file name, Ex 7.

To save the signal file as a 16-bit binary waveform
1. Select Save Wave... from the File menu of the main window.

2. Enter the desired waveform file name, source.

Ex_TRP.sig [_ 0]

Overall Waveform
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Example 8: Producing a Steady State Vowel

TN
N

il

@i

v’

v’

Using a Hanning
window

Saving a signal for
later use as an
imported
component

In this example, you will generate a steady state vowel. The fundamental
frequency of this vowel will be varied according to a C Major scale. Y ou may
choose to generate a steady state [Q], [i], or [u]. The Harm option will be used
to generate asignal consisting of energy at the fundamental frequency and its
integer multiples. Level will remain constant across harmonics. A
normalization curve designed to represent the vowel spectrum will then be

applied.

To generate the steady state vowel, you will need to perform the following
steps:

Create anormalization file.

Run SigGen.

Definethe signal parameters.
Create the frequency variable.
Initialize the variable.

Create the segment and component.

Play the signal.

© N o o A~ W DN PE

Save the signal for later use as a component.
Note: Only those parametersto be entered or selected are given

below. All other parameters will remain according to the default
settings.
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Create a Normalization File

For this example, three normalization files have already been created for your
use. Thesefile were provided with your SigGen software, and may be viewed
in Notepad. They provide spectral envelopes for the following vowels:

m [q] EX 8 a.NRM
m i EX 8 i.NRM
m [u] EX 8 u.NRM

For more information about the format of SigGen's normalization files, please
refer to "Preparing to Build a Signal - The First Step" of this guide.

The normalization curve generated for [i] is presented as an example below:

Magnitude Correction

dB

Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(See RPvdsEX help) to play out signals.

To configure the RPx device and select the RCO file

1. Select RP devicegDevice A from the Modify menu or click on the
“A” icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

3. Select RP2 Processor as device type

SigGenRP User's Guide
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Select Index 1.
Deselect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time dlices).

Define the Signal Parameters

To definethe signal parameters

1
2.

Select Signal from the Modify menu of the main window.

Enter or select the following parametersin the Signal Parameters
dialog box:

Name: Ex 8
Duration: 1000 milliseconds
Calibration
Level: 65 dB

Use Norm File
FileName  C\TDT\SgGenRP\Examples\EX_8 a.NRM
or
C:\TDT\ SigGenRP\Examples\EX_8 i.NRM
or
C:\TDT\ SgGenRP\Examples\EX_8 u.NRM

In this example, the signal will be low-pass filtered such that
the cut-off frequency is at or below 10,000 Hz.. Therefore, we
have increased the sample period from the default of 20 p
seconds to 50 pseconds.

After the normalization file is defined, the normalization curve can be
displayed by clicking the H¢ button in the SigGen main menu toolbar.

Create the Frequency Variable

Values for fundamental frequency and harmonic interval will be varied
according to aC Magjor scale using equal tempered tuning.

To create the variable, Frequency

1.
2.

Select Signal from the Modify menu of the main window.

Click the Edit button in the Variables group box of the Signal
Parameters dialog box.

Enter or select the following parametersin the Signal Variable
dialog box:

Name: Frequency
Method: ValueList

9-19
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— General W alue Limits
Name Urits Default/Start [0
Freguency Hz
I I Step Size ID
l% E it List MirirnLrn |-1e+D1D
alue Lis A it Lis |

I aimum |1 e+010
Prompt/Comment
Imﬁown — Mo. of Steps [3999
File: Name Find File... | — SGI Modifiers

— Combination Y arisble

Operation: I Maone - I

Index ISGI [default) 'I

Dffset |D
Repeat Factor I1
Skip Factor |1

Cancel |

oK

Presigw

— Termination Contral
" Momal/None

& Baoundary Control
 Loop

After selecting the Value List method you must then edit the list. Click
on the Edit List button.

Once the empty Value List window pops add the specific frequencies.

264
296
332
353
395
444
498
528

Note: You can simply copy and paste the frequencies listed above
directly into the empty Value List.
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Edit ¥alue Lisk x|

Freauency

264 ]
296 0K
332
353
395
igg Cancel

|52E!

LI Clear |

To accept the Value List Changes and return to the
Signal Variables dialog box

» Click the OK button in the Edit Value List dialog box.

To accept the variable parameters and return to the
Signal Parameters dialog box

» Click the OK button in the Signal Variable dialog box.

To accept the signal parameters and return to the SigGen
main window

» Click the OK button in the Signal Parameters dialog box.

Create the Segments and
Components

The overall waveform in this example will consist of one segment. A
frequency method, Harm, will be used to generate the segment.

The frequency-domain signal generation method, Harm, generates a
magnitude spectrum consisting of a fundamental frequency and
harmonics at specified intervals. Parametersto be specified include:

| Fundamental level in dB

[ Fundamental frequency in Hz
| Frequency separation in Hz

[ Roll-off in dB/component

| Number of components

SigGen generates a time-domain waveform from the magnitude
spectrum through use of the inverse Fast Fourier Transform (iFFT).
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In this example, you will be employing a Gate Type of Hann. Hann specifies
the application of a Hanning window. A Hanning window does not require
specification of Gate Time. Changing the value of the Gate Time parameter

SigGenRP User's Guide

will have no effect on the Hanning window.

To create the segment

1. Select Segment from the Modify menu of the main window.
2. Select aGate Type of Hann.
3. SetLevel to0in order to keep the overal voltage between + 1

volt.

4. Select aGen Meth of Freq(8192) in order to utilize the smallest
possible binwidth. See Digital Sgnal Processing Applications,
Chapter 1, for more information on binwidth.

5. Set Duration to 1000 msec.
All other parameters remain at their default settings.

The parameters for the first segment will be:

Select: Seg[1]
Gate Type: Hann
Gate Time: 5 msec
Level: 0dB
Gen. Meth.: Freq(8192)
App. Meth.:  Add
Start: 0.0 msec
Duration: 1000 msec

To create a component for the segment
1. Click thefirst button in the Components group box.

2. Enter or select the following parameters in the Component

Parameters dialog box:
Call: Harm
Fund Level: 70dB
Fund Freq: Choose the variable, Freguency

Freq Sep: Choose the variable, Fregquency
Roll-off: 0 dB/component
No. Comp. (0=inf.): 0

3. Click the OK button to accept the component parameters.

The normalization file is automatically applied to the segment. This
can be seen by observing the magnitude spectrum.
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To return to SigGen's main window
» Click OK in the Edit Signal Segments dialog box.

&+ Ex_BRP.sig
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Play the Signal

The variable file specifies eight frequency values that correspond to aC
major scale originating at middle C. Any note in the scale may be
played by selecting the appropriate SigGen Index (SGI) value.

Note SGI

Middle C 1
D 2
E 3
F 4
G 5
A 6
B 7
C 8

SGI...
|2 i b5
Play | a0
Stop

To play a specific notein the C Major scale
1. Click < or > until the appropriate SGI is displayed in the SGI field.
2. Click the Play button.

To play the entire C Major scale
» Click the All button.
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To stop play
» Click the Stop button.

Save the Signal for Later Use As a
Component

Components may be created from any 16-bit binary waveform or floating point
waveform. It istherefore possible to save any SigGen signal as a 16-bit
integer waveform and later use it as a component in a multi-component signal.

Waveforms that will be used later as components must be saved with
the extension, .000. These waveforms may be saved as 16-hit integer
waveforms by using the Save Wave... command found in the File
Menu.

Note: When saving SigGen signals as 16-hit integer waveforms, it is
important to keep in mind that only the current waveform will be saved.
No variable information is saved. Before saving, make sure the current
waveform reflects the desired variable values by setting the SGI to the
correct value. In our example, if you wish to save avowel with a pitch
of G, you would set the SGI to 5, then save the waveform.

To save the vowd for later use as a component

1. Set the SGI index to the value that produces the vowel at the
desired frequency.

2. Choose Save Wave... from the File menu.

3. Typeinthedesired file name followed by the mandatory .000
extension.



Chapter 10 Examples: Auditory
Sciences

In this chapter, examples of auditory stimuli are presented. Each
exampl e introduces new SigGen concepts. The examples found in this
chapter are listed below. Also listed are the concepts introduced in
each example.

Example 9: Amplitude Modulated (AM) Noise

m Cadlibration of dB in SPL

m DC Offset

Example 10: Forward Masking

m Calibration of dB in SL (Correction factors)
m  Combination Variables

m Dynamic Variables

SigGen User's Guide
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Example 9: Amplitude Modulated (AM) Noise

Example to be included in a future version of this document.
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Example 10: Forward Masking

qﬁ

Concepts introduced:

v’

v’
v’
v’
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Calibration in SPL
Calculation of SL
Correction Factors
Combination
Variables
Dynamic Variables

—

Masker 1000 Hz Probe Tone

In this example, we will create aforward masking experiment. The
masker will consist of 150 ms of band-limited Gaussian noise presented
at a Sensation Level (SL) of 65 dB. The probe will consist of a40 ms,
1000 Hz puretone. Theinterval between the masker and probe, AT,
will vary from 10 msto 100 msin 10 msincrements. For each value of
AT, the subject's forward masking threshold will be determined by
increasing the probe intensity level from 0 dB SL in 5 dB increments
until the probe signal can be detected 2 out of 3 times or until the probe
level reaches 70 dB SL.

Several new concepts are introduced. First, we will calibrate SigGen so that
all signal level measures are reported in dB SPL as measured at the system
output. Because we want to set the masker and probe levels based on the
subject's Sensation Level, we will also need to calculate correction factors for
the masker and the probe. For each value of AT, probe intensity will be varied.
Thistype of nested variable manipulation requires the use of aVariable File.

The new concepts described above are also listed in the adjacent column, and
will be marked by the SigGen icon when they are introduced.

To generate this signal, you will need to perform the following steps:
Run SigGen.
Obtain dB SPL reference value.
Calculate SL correction factors.
Definethe signal parameters.
Create avariablefile.
Define the variables for AT and probe intensity.

N o O s~ 0w NP

Define adynamic variable which is also a combination variable.
8. Create the noise and probe tone segments.

Note: Only those parametersto be entered or selected are given
below. All other parameters will remain according to the default
Settings.
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Run SigGen and Create a New Signal

Torun SigGen
» Double-click the SigGen icon
or

» Select SigGen from the Start\Program menu.

To create a new SigGen signal

» Select New from File menu, or click on the New Signal icon on the
toolbar.

Obtain dB SPL Reference Value

In order to calibrate SigGen in dB SPL, you must have some means for
determining the output SPL of the system. The processisasfollows:

1. Open anew signal window.
2. Set duration to 2000 ms and calibrate SigGen so that 1 dB equals 1 volt.

3. Build apuretone signal of 1000 Hz with aan amplitude of 1 dB (peak
amplitude of 1 volt).

4. Play the signal and measure the output SPL. The measured output
becomes your dB reference.
To open a new signal window

» Choose New from the File menu.

To set duration and calibrate 1 dB = 1 volt
1. Choose Signal... from the Modify menu.

You will seethe Signal Parameters dialog box.
2. Enter Tonein the Name Field.
3. Enter 2000 msin the Duration field.
4. Enter 1dB inthe Calibration Level field.
5

Click OK to return to the main signal window.

Tobuilda 1 dB, 1000 Hz pure tone
1. Choose Segment... from the Modify menu.
Y ou will seethe Edit Signal Segments dialog box.
2. Entire 2000 msin the Duration field.
3. Click the first Component button.

SigGenRP User's Guide



10-6

SigGenRP User's Guide

4. Set the following Component parameters:

Cal: Tone
Level: 1dB
Frequency: 1000 Hz
Phase: 0 Degrees
5. Click OK to accept the Component parameters.

6. Click OK to accept the Segment parameters.

To play the calibration tone and measure the output
1. Click the play button.
2. Measure the output SPL during the middle portion of the signal.

For our example, we will assume this measured output SPL was 85
dB.

Calculate SL Correction Factors

In order to calculate correction factors for our masker and probe, we must
create a separate calibration signal for each. We will use amodified version of
our existing signal, Tone, to determine the SL correction factor for the 1000
Hz probe. We will then create anoise signal, Masker. Thiswill be used to
determine the SL correction factor for the masker.

Probe SL Correction Factor

In order to determine the probe SL correction factor, we will present
the probe to the subject while increasing the intensity from 0 dB SPL in
5 dB steps until the tone is barely perceived. The probe will be
repeated several times at each intensity level depending on the
experiment. The process consists of the following steps:

1. Cadlibratethesignal ToneindB SPL.
2. Definetheintensity variable, Probe Level.

3.  Modify the segment parameters and assign the variable,
Probe Level

4. Present thesignal.
5. Record the SPL level.

To calibrate Tonein dB SPL
1. Choose Signal... from the Modify menu.
Y ou will seethe Signal Parameters dialog box.
2. Enter 85dB inthe Calibration Level field.
Recall that 85 dB isour SPL calibration reference for one volt.
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To define the intensity variable, Probe Level

1. Click the Edit button in the Variables group box of the Signal
Parameters dialog box.

2. Enter the following parameters.

Name: Probe Level
Method: Linear Step
Default/Start: 5
Step Size: 5
To accept the parameters
1. Click the OK button in the Signal Variable dialog box.

2. Click OK to return to the main signal window.

To modify the segment and assign the variable,
Probe Level

1. Choose Segment... from the Modify menu.

Y ou will seethe Edit Signal Segments dialog box.
2. Entire40 msin the Duration field.

Click the first Component button.
4. Set the following Component parameters:

Call: Tone
Level: Probe Leve
Fregquency: 1000 Hz
Phase: 0 Degrees
Click OK to accept the Component parameters.

6. Click OK to accept the Segment parameters.

To present the signal

1. Preparethe subject for signal presentation.

2. Instruct the subject to signal when they hear the tone.
3. Click the All button.
4

Click Stop when the subject signals that the tone has been
perceived.

To record the probe SL correction factor

» Note the current value of Probe Level as shown in the Variables
box.

Thiswill be the probe SL correction factor. The probe SL
correction factor isadB SPL number that correspondsto 0 SL for
the subject. For this example, we will say the probe correction
factor equals 35 dB SPL.

SigGenRP User's Guide
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Masker SL Correction Factor

We will determine the masker SL correction factor in much the same
way aswe did the probe SL correction factor. The process consists of
the following steps:

1. Openanew signal window.

2. Cdlibratethesigna ToneindB SPL.

3. Definethe intensity variable, Masker_Level.
4

Modify the segment parameters and assign the variable,
Masker Level

Present the signal.
6. Recordthe SPL level.

o

To open a new signal window

» Choose New from the File menu.

To calibrate Tonein dB SPL
1. Choose Signal... from the Modify menu.
Y ou will seethe Signal Parameters dialog box.
2. Enter Masker in the Namefield.
3. Enter 300 msin the Duration field.
4. Enter 85dB inthe Calibration Level field.
Recall that 85 dB is our SPL calibration reference for one volt.

To define the intensity variable, Masker L evel

1. Click the Edit button in the Variables group box of the Signal
Parameters dialog box.

2. Enter the following parameters.

Name: Masker Level
Method: Linear Step
Default/Start: 5
Step Size: 5
To accept the parameters
1. Click the OK button in the Signal Variable dialog box.

2. Click OK to return to the main signal window.

To modify the segment and assign the variable,
Masker Level

1. Choose Segment... from the Modify menu.

Y ou will seethe Edit Signal Segments dialog box.
2. Enter 150 msin the Duration field.
3. Click the first Component button.
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4. Set the following Component parameters:

Cdl: Gauss
Level: Masker Level

5. Click OK to accept the Component parameters.
6. Click OK to accept the Segment parameters.

To present the signal

1. Preparethe subject for signal presentation.

2. Instruct the subject to signal when they hear the tone.
3. Click the All button.
4

Click Stop when the subject signals that the tone has been
perceived.

To record the probe SL correction factor

» Notethe current value of Masker_L evel as shown in the Variables
box.

Thiswill be the masker SL correction factor. The masker SL
correction factor is the number of dB SPL that correspondsto O SL
for this subject. For this example, we will say the masker
correction factor equals 30 dB SPL.

Configure the RPx device and RCO
file

For System 3 equipment SigGenRP uses the RPx device and RCO files
(see RPvdsEx help) to play out signals. The

To configure the RPx device and select the RCO file

1. Select RP devicegDevice A from the Modify menu or click on the
“A" icon on the toolbar.

2. Select from the Standard file menu “ Sweep Play, 2 Chan 50K (max
100K)".

Select RP2 Processor as device type
Select Index 1.
Deselect “Use sample rate specified in RCO file”

Under Bandwidth and Timing change the Standard Sample Rate to
25kHz. (Ignore the Number of Time dlices).

o 0 &~ w

Define the Signal Parameters

We are now ready to construct our masking experiment. Although we
could build the signal by modifying one of our calibration signals, it
will be easier to describe the processif we simply start from scratch.

SigGenRP User's Guide
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Previously, we determined the output of the system based on asignal of
one volt peak amplitude. For purposes of this example, we said the
output was 85 dB SPL. We can now calibrate SigGen so that all level
values represent output SPL. Calibration is accomplished during the
signal parameter definition process.

To define the signal parameters

1. Closeadll existing signal windows.

2. Choose New from the File menu.

3. Select Signal from the Modify menu of the main window.
4

Enter the following parametersin the Signal Parameters dialog
box:

Name: Ex 10
Duration: 300 msec
Cdlibration
Level: 85dB

To accept the parameters and return to the main window
» Click the OK button.

Define the Variables
Each variable must be defined in SigGen.

In aforward masking experiment, Probe_Onset variable will be varied
according to the response of the subject. A Dynamic variable will alow an
application software to control the value of the variable.

Probe_Onset is defined as the delay from the masker to illustrate its physical
meaning. While generating stimulus, this delay must be in reference to the
Beginning of the signal. A Combination variable is used below to implement
this scale conversion (adding 160 ms).
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To definethe variable for probe onset

1. Select Signal from the Modify menu of the main window.

2. Click the Edit button in the Variables group box of the Signal
Parameters dialog box.

3. Enter the parameters seen below:

Signal ¥Yariable

— General

Units

Marne

Ims
it [Lrgk |

Method
ID_l,Jnarnic: 'I

Prompt/Comment
IUnknown Prompt

Find File.. |

File Mame

— Combination \ariable

—Walue Limits

Default/Start |0
Step Size |0
Minimum |0
bl ainniarn | 100

M. of Steps {9999

1911

— SGI Maodifiers

Index ISGI [default]) "I

Dperation:l =%+ Yeomb 'I Offzet ID
Y ariable: Il:onstant 'I Repeat Factor I-I
Value: I'IEEI Skip Factor I'I
— Termination Caontral
&l ' Momal/Mone
Preview " Boundary Control
oK

" Loop

To accept the parameters and return to the Signal
Parameters dialog box

» Click the OK button in the Signal Variable dialog box.

To definethe variable for probe level

1. Select the next available variable(........ ) in the Variables group
box of the Signal Parameters dialog box.

2. Click the Edit button.

3. Enter or select the following parameters in the Signal Variable

dialog box:

Name:

Method:
Start/Default:

Step Size:

Minimum:
Maximum:
Termination Control:

Probe Level
Linear Step

5

5

5

70

Boundary Control

4. Click OK to accept the variable parameters.

5. Click OK to return to the main window.

SigGenRP User's Guide
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Create the Segments and
Components

Thissignal will consist of two segments, the masker and the probe.
The masker will consist of a150 ms Gaussian hoise presented at 65 dB
SL. The probe will be a 1000 Hz pure tone presented at varying
intensity levels. Theinterval between the masker and the probe will be
increased by varying the probe onset time.

To create the masker segment
1. Select Segment from the Modify menu of the main window.

2. Enter or select the following parameters in the Edit Signal
Segments dialog box:

The parameters for the first segment will be:

Select: Seg[1]
Gate Type: Cos2
Gate Time: 5 msec
Levd: 30dB & Conversion factor for masker
Gen. Meth.: Time
App. Meth.:  Add
Start: 0.0 msec
Duration: 150 msec

Note: The Level parameter above has been set to the masker SL
conversion factor, 30 dB. In afuture section, we will define the
intensity of the masker section as65 dB SL. Since SigGenis caibrated
in SPL, it will interpret the masker intensity as 65 dB SPL. In order to
correct for this, we must increase the overall segment level by 30 dB,
yielding an SPL of 95 dB SPL. Thisintensity isthe equivaent of 65
dB SL for this subject.

To create the component for the masker segment

1. Click thefirst button in the Components group box.

2. Enter or select the following parameters in the Component
Parameters dialog box:

cdl: Gauss
Leve: 65 dB

To accept the parameters and return to the Edit Signal
Segments dialog box

» Click the OK button.
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To create the probe segment and components
1. Click the New button in the Edit Signal Segments dialog box.

2. Create the segments and components according to the following

parameters.

Probe segment parameters:

Select:

Gate Type:
Gate Time:
Level:

Gen. Meth.:
App. Meth.:
Start:
Duration:

Seg[2]
Cos2
5 msec
35dB
Time
Add
Probe Onset
40 msec

& Conversion factor for probe

Probe segment component:

Cdl:
Level:
Frequency:
Phase:

Tone

Probe Leve
1000 Hz

0 Degrees

Note: The Level parameter above has been set to the probe SL
conversion factor, 35 dB. The probe Segment Level parameter,

Probe Level isdefinedindB SL. Since SigGenis calibrated in SPL, it
will incorrectly interpret these intensity values. By increasing the
overall segment level by 35 dB, an SPL level that correspondsto the
desired SL level is produced.

To accept the segment parameters and return to the main

window

» Click the OK button.
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Appendix A Menus and Toolbars

The File Menu

The File Menu provides a standard Windows method for creating,
saving, opening, closing, and printing files.

New... Opensanew Signal Window.
Open... Opensand displays an existing signal file.
Close Closesthe current signal window.

Save and Save As... These menu options save signalsin SigGenRP's
own format. Files saved in thisformat use the default extension .sig.

Save Wave... Savesawaveform as a 16-bit integer binary file. Files
saved in thisformat use the default extension .16.

Print... Printsthe current waveform.

Print Preview Allowsyou to preview the waveform as it will be
printed.

Print Setup... Allows you to select a printer, define the paper size,
and choose a page orientation.

The Modify Menu

The Modify Menu provides commands that allow you to specify and
edit signal and segment parameters, configure peripheral devices, and
modify SigGenRP display.

Signal... Opensthe Signal Parameters dialog box, from which you can
define variables and specify parameters that will effect the entire signal.

Segment... Opensthe Edit Signal Segments dialog box, from which
you can specify the segment parameters and design the components of
the segment.

Peripherals... Opens the Peripheral Configuration dialog box, from
which you can configure TDT's programmable hardware (e.g.,
attenuators, waveform generators, switches and programmable filters).

Note: Not available unless using System 1.

RP Devices P Opens the Setup RP Device dialog box, from which
you can configure TDT’ s Real-time processors.

Display... Opensthe Display Setup dialog box, from which you can
specify colors for different display areas and select cursor types.

The View Menu

From the View Menu, you can choose to display or hide the Toolbar,
Status Bar and Cursor Box. If aNormalization Curve is used to correct
the signal, you can display the Normalization Curve.
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The Operations Menu

The Operations menu provides commands that calculate the signal, set
the value of signal variables, and control signal preview.

Calculate Causesthe signal displayed in the current signal window to
be recal culated based on the current SGI and parameter settings. This
operation will update the waveform displayed in the Signal Window.

Initialize Variables Causesthe SigGen Index (SGI) to bereset to 1,
restoring all signal variables to their starting values. Recalculates and
updates the waveform displayed in the Signal Window.

Prompt Level #1 When a Prompt Level #1 variableis defined, this
operation will display the Input Request dialog box and prompt you for
the value of the variable. Thisbox will be repeatedly displayed if there
are more than one Prompt Level #1 variable defined. This box will not
be displayed if there is no Prompt Level #1 variable defined.

Prompt Level #2 When a Prompt Level #2 variable is defined, this
operation will display the Input Request dialog box and prompt you for
the value of the variable. Thisbox will be repeatedly displayed if there
are more than one Prompt Level #2 variable defined. This box will not
be displayed if there is no Prompt Level #2 variable defined.

Note: When there are more than one Prompt variable defined, values
entered to Input Request box will be assigned to the variables according
to their order in the variable table.

Increment SGI Incrementsthe SigGen Index by 1. This operation
will recalculate and update the current waveform.

Advance SGI by 10 Increments the SigGen Index by 10. This
operation will recalculate and update the current waveform.

Decrement SGI Decrements the SigGen Index by 1. This operation
will recalculate and update the current waveform.

Decrease SGI by 10 Decrements the SigGen Index by 10. This
operation will recalculate and update the current waveform.

Play Waveform Playsthe signa at the current SigGen Index.

Play All Playsthe signa for all SigGen Indices beginning at SGI = 1.
If there is no boundary control for SGI through a SigGen variable,
signal will play until it is stopped manually.

Stop Playing Haltssignal play.

The Window Menu

SigGenRP supports the Multiple Document Interface (MDI) standard.
The Window menu provides standard Windows commands that allow
you to easily manipulate multiple signal windows.

The Help Menu

From the Help Menu, you can display the About SigGen message box
or access the SigGen help.
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The Toolbar

Y ou can find quick point-and-click access to the most common
commands on the SigGenRP Toolbar.

=| =z dl @TET 28 | &8 2

To

Click
o
-
LS New
é? Open
E Save As
g
L=k Save Wave
=3 Calculate
=3  Modify
=1 signa
-l Modify
=1  Segment
H Configure
| =1 Peripherals
=1 Configure
Al Device A
e | Configure
B Device B
e | Configure
C Device C
= Configure
1] DeviceD
E Display
Setup
Norm
H'F Curve
% Print
Preview
'3? SigGen

Open anew Signal Window

Open an existing SigGen signd file

Save a SigGen signal file

Saveto a 16-hit binary file

Calculate the current signal

Edit signal parameters

Edit segment parameters

Configure programmable TDT hardware.

Configure programmabl e Real -time processor.

Configure programmabl e Real -time processor.

Configure programmabl e Real -time processor.

Configure programmabl e Real -time processor.

Customize display colors and cursor types

View Normalization Curve

Preview the waveform asit will be printed

Access SigGen Help
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Appendix B Customizing Your

Display

You may find it useful to alter the default SigGenRP screen
configuration. Many of the display settings (such as window title bar
color and size, box border color and size, etc.) can only be altered from
Windows Control Panel. Customizing these system settingsis beyond
the scope of this user’ s guide, and you may read your Windows User’s
Manual provided with your Windows software. Display settings that
can be altered in SigGenRP can be customized from the Display Setup
dialog box.

To access the Display Setup dialog box

» Choose Display... from the Modify menu.

]|

Display Setup
— Plat Calarz
; (1] 4
Overall Time Plat: >
Segment Time Plat >3 Cancel
Segrment Freq Plat
— karker Caolors

&l

Backgrounds >

Background >

Grids > Marker Barg >
Zoomed Plots >3 Teut >3

Titles »»»

Labels »»> Cursor Type

Box

=

From the Display Setup dialog box you may configure the following:

Colors

Cursor Type
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Customizing Colors

Y ou can customize the color of numerous screen and plot elements.

Plot Colors
Y ou may customize the color of waveform plots:
m  TheOveadl TimePlot

The Overall Time Plot isthe plot of the completed signal. This
plot isdisplayed in the Signal Window of SigGenRP's main
window. Thisisthe color of the waveform.

m  The Segment Time Plot

The Segment Time Plot displays the time-domain waveform of an
individual segment. Thisplot isdisplayed in the Time Form
display of the Edit Signal Segments window.

m The Segment Frequency Plot

The Segment Time Plot displays the frequency-domain waveform
of an individual segment. This plot is displayed in the Magnitude
Spectrum display of the Edit Signal Segments window.

Y ou may also customize the color of other plot features. The changes
made here will apply to both the signal window and segment window:
m Background

Background color isthe plot background color of both signal and
segment windows.

m Grids

Grids color isthe plot grid color of both signal and segment
windows

m Zoomed Plots

Zoomed Plots color isthe waveform color in both signal and
segment windows when the plot is zoomed in.

m Titles

Title color isthe color of plot title and x-axis and y-axis titles of
both signal and segment windows

m Labds

Label color isthe color of x-axis and y-axis scale numerical labels
of both signal and segment windows

Marker Colors

The Segments Area of the Signal Window displays graphic
representations of the durations and temporal positions of each segment
inthe signal. These graphic representations are known as markers.

Y ou may customize the color of the following:

m  Marker Background
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The Marker Background is the background of the Segments Area.
m  Marker Bars

Marker Bars are the graphic representations of the durations and
temporal positions of each segment.

m  Marker Text
Marker Text isthe text |abel of the marker.

To access the Color dialog box
» Click the appropriate Color button of the Display Setup box.

From the Color dialog box, you may select one of the available colors
or design your own custom color.

oo B
Basic colors:

TR
I
ey ) Jnld | |
EFfEAEEEEN
EEEEEEEN

Cuztom colors:

[
T

Define Cugtomn Colors = "

[k I Cancel |

To design custom colors
» Click the Define Custom Colors button.

The Color dialog box will expand to provide a color palette from
which you can design your custom colors by selecting apoint in
the palette. You can also design your color by using one of the
two color models (see below) provided in SigGen. Sample color is
displayed in both actual display color and solid color. Solid color
isaclosest representation of the selected color with basic system
color. Clicking at the Add to Custom Colors will add the selected
color to one of the Custom colors. Clicking at a specific color
button of the Custom colors and then click Add to Custom Colors
button will add the color to the specified button.
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B azic colors;

T RNT
_ U |
Ry ey B
HMEEEEN N
EEEEEEEN
C 00 0l A

Cuztomn colors:

N Y ) I
Hue:IED— Fied:ll:l—
I_I_I_I_I_I_I_I_ - Sat:lm Green:lﬁ

| D efine Cugtom Calars 2 I ColorlSalid |1 20 Bl II:I
k. | Canicel | Add ta Custam Colors |

Color Models

SigGenRP provides two different color models for creating display
colors: RGB (red, green, blue) and HSB (hue, saturation, brightness).
Y ou can create colors using the model you are most comfortable with.

RGB Model

The RGB color model uses percentages of red, green and blue to create
colors. Each component has 255 levels of intensity, ranging from black
to the component's full intensity. Thus, to produce pure red for
example, set Red to 255 and Green and Blueto 0. Similarly, set Green
to 255 and the others to 0 to produce pure green. To produce a dark but
pure shade of one of the three, lower its setting while leaving the others
at 0.

Whiteis produced by setting all three componentsto 255. Setting
them all to O produces black. Equal amounts of each produces varying
shades of gray.

HSB Model

The HSB model, creates color by varying three parameters: hue,
saturation and brightness (lumens). Hue refersto the quality which
makes a particular color different from another. Blue, red, and green,
for example, are all hues. Saturation refers to the purity or intensity of
acolor. By varying the intensity, you can make the color lighter or
darker. Brightnessrefersto the percentage of black in a color, where O
percent is black and 255 percent is white.
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Customizing the Cursor Type

Y ou may place a cursor in any of the SigGenRP plots. Cursors can be
of the following types:

m Box m Fat Vertical Line
m  Small Box = Smal X'

m LargeBox m Fa'X

m Vertica Line m CrossHar

To customize a Cursor Type
» Select the desired cursor from Cursor Type box.
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Appendix C Using SigGenRP
with System Il

This appendix provides the information needed to use SigGenRP with
System || Hardware.

While SigGenRP continues to support System |1 hardware we
recommend continuing to use the version of SigGen that was purchased
with System |1 hardware whenever possible. SigGenRP is configured to
for System 3 by default. If you decide to use it with System |1, contact
TDT for assistance with reconfiguring the software.

Signal Setup

Signal parameters are defined from the Signal Parameters dialog box,
which can be accessed from Modify menu, or from the Modify Signal
icon on thetoolbar. The signal parameters are defined in the same way
as described for System 3 with the exceptions described below.

To access the Signal Parameters dialog box

» Click Signal... from the Modify menu, or click on the Modify
Signal icon on the toolbar.

Use Sys 3

The check box should be cleared.

Sample Period

Sample period indicates the length of time in microseconds between
successive data points in the time-domain waveform.

When other factors that affect signal generation are held constant, the
value of the sample period affects signal generation in several ways:

Change in Sample  Resulting Maximum Resulting
Period Frequency Binwidth
Decrease Increase Decrease

Increase Decrease Increase

To determine the Sample Period
1. Determine the maximum frequency (f5,)-
fmax Will be the lower of the following:

m Thefrequency (in Hz) of the highest component desired in the
signal.
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m Thecorner frequency (in Hz) of thefilter being used during
signal presentation.

2. Determine asampling frequency (in Hz) that is at least 2 or 2.5
timesf,,, to avoid aliasing.

Theoretically sampling frequency must be at least 2 timesf,, to
avoid diasing. Intherea world, if f ., isat or near thefilter's
corner frequency, the cut-off slope of the filter must be considered.
To avoid aliasing with TDT's FT5 filter, multiply the f,, by 2.5.

sampling frequency = 2.5 * f.«

For a more accurate representation of a signal, you may need to
select a higher sampling frequency. For example, if you want to
present a square waveform, a sampling frequency selected by the
above formulawill produce a saw-type waveform, and sinusoidal-
like waveform after an anti-aliasing filter. In such a case, sampling
frequency must be increased based on your accuracy demand.

3. Compute the inverse of the sampling frequency (in Hertz) to
determine the Sample Period (in seconds).

Sampl e Period (seconds) = 1/sampling frequency (Hertz)
4. Convert Sample Period in seconds to microseconds.
Sample Period (microseconds) = Sample Period (seconds) - 10°

Onset Delay

Onset delay is controlled through use of a TG6. During signal play,
Channel 2 of the TG6 is programmed such that it's output is delayed n
milliseconds, where n is the value defined in the O/S Delay field.

Note: Inorder to delay signal presentation through use of the TG6, the
playback D/A channel must be triggered through Channel 2 of the TG6.

Peripherals

SigGenRP alows you to configure various programmable TDT
devices. These device configurations may be static or may vary across
SGils, and can be used in application programs.

m Thisfeatureisonly available with System Il hardware.

The programmable devices which can be configured in SigGenRP
include:

m  Waveform generators: WG1s and WG2s
m  Programmablefilters. PFls
m  Cosine switches: SW2s

m  Programmable attenuators: PA4s
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Only one of each group of above devices can be configured in one
signal. For example, you cannot control two PA4s at the same time.

Y ou cannot configure a device that you do not have in your hardware
system, even SigGenRP listsit in the Peripheral Configuration dialog
box. Peripherals may be configured from the Peripheral Configuration
dialog box.

To access the Peripheral Configuration dialog box
» Choose Peripherals... from the Modify menu, or
Click on the Peripheral Configuration icon on the toolbar.

=

Peripheral Configuration

it L A— rPRAl———————————— rewe2———————————— rPA——————
Device
Dewv. |WG1-1 Dev. |PF1-1 Dev. |SW2-1 PAd-1
rTriggering— ] E> r Filter Spec E> Gate Shape E> Att. Level
[ Free Run Type Type 3. dB
o
Time D ms Order RJF time D Mute while
pole 1. ms undating
Waveform Fe Const

Shape 1000. Hz

Const D Mute w:hile

Frequn _ undating
1000. Hz 2000.
Const Const I @ Setup #1

iming
Phase Gain
Setup #2

0 deg i dB Enable [ © p
Const Const Onset Delay 0. ms

Sweep Rate Const Cancal
0. Hzis

Const Duration |10 ms

— Const oK
D Mute while
undating

Setups

@ Setup #1

O Setup #2

Peripheral configuration parameters may be saved as " Setups.” Setups
provide a quick an easy means for changing peripheral configurations.
Y ou may save up to two setups.

To save a peripheral configuration setup

1. Specify peripheral configuration parameters.

2. Click Setup #1 or Setup #2.

3. Click OK.
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To quickly change between setups
» Click the desired setup.

WG1/2

SigGenRP supportstwo TDT waveform generators, the WG1 and
WG2. You may configure aWG1 or WG2 by specifying the
parameters found within the WGL1/2 group box.

rWG1/2
Dewv:

 Triggering
@ Free Run

Pl s

Time

rWaveform

Gauss

%]

-

B
Im
i« ]

Frequn
1000. Hz

Const

-
=
=
w
@

0 deg
Const
Sweep Rate

0. Hz{s

Const

L]
z
=
o
£
s
&

undating

Dev.

There may (or may not) be more than one WG1 or WG2 in your
system. Y ou must specify which WG1 or WG2 you wish to configure.
Thisis accomplished by choosing the desired device from the Dev. list.

Triggering

Free Run. Checking Free Run causes the WG1 or WG2 to generate
noise continuously. During Free Run, triggering isignored. If you
wish to initiate waveform generation through use of atrigger, do not
check Free Run.

R/F Time. Waveform output generated by the WG1 or WG2 can be
gated on and off by alinear gating feature. Thisfield specifiesthe
gate'srise and fall time after triggering. Y ou cannot use avariable for
thisvalue.
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Waveform

Shape. This parameter allows you to specify the waveform shape.
Y ou may choose any one from the three available WG1/2 waveform
shapes:

m  Gauss Gaussian noise
m  Uniform Uniform noise

m Tone Sine function

Frequency. Thisfield defines sine wave frequency in Hertz. Y ou may
enter a constant, or vary Frequency as a function of the SGI by
assigning a SigGenRP variable.

Phase. Thisfield specifies the sine wave onset phase or noise
generator seed value at the start of each gating. You may use a
constant for phase or vary Phase as a function of the SGI by assigning a
SigGenRP variable.

Note: Default valuefor phaseis O, for Tone, thisis zero phase, and for
Gaussian and Uniform noises, this is continuous phase (phase changes
continuously from trigger to trigger). Y ou may wish to generate
"frozen noise," noise that does not vary from trigger to trigger. To
generate frozen noise, enter -1 in the Phase field.

Sweep Rate. You may wish to generate a sine wave sweep. To do so,
enter the rate of frequency change (Hertz per second) in thisfield. You
may vary Sweep Rate as a function of the SGI by assigning a
SigGenRP variable.

WG1 and WG2 can only provide limited sine wave sweeping
capability, and Sweep Rate value must be between 1 and 10,000 Hertz
per second

Mute While Updating

When this box is checked, output will be muted while parameters are
being updated (between intervals).
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PF1

SigGenRP supports programmabl e filtering through the use of TDT's
PF1.

L D —
Dev:

 Filter Spec

Type

Dev.

Y ou must specify the PF1 you wish to configure. Thisis accomplished
by choosing the desired device from the Dev. list. Y ou can select only
one PF1 or None from thislist.

Filter Spec

Type. Thisparameter allows you to specify the specific filter type.
Y ou may choose from:

m All-pass m  Band-reect
m Low-pass m  Range-pass
m High-pass m  Range-rgect

m Band-pass

The parameters required to specify afilter vary depending on the
chosen filter type. The required parameters for each filter type are
presented below.

All-pass Filter

All-pass filtering allows the signal to pass through unfiltered. No
parameter specification is required.
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Low-pass and High-pass Filters

Order. Thisfield specifies the number of poles necessary to achieve a
user-desired roll-off rate. Roll-off rate equals 6 dB per octave per pole.
For example, if you desire aroll-off rate of 60 dB per octave, you
would specify 10 polesin the Order field (60 dB per octave/ 6 dB per
octave = 10 poles). Thisisafixed number, and the maximum number
of poles of the PF1 depends on frequency range of the filter. For
example, when the corner frequency is above 1000Hz, the maximum
number of polesis 10.

Fc. Thisfield specifies the corner frequency (-3dB fregquency) for low-
pass and high-passfilters. You may vary Fc as afunction of the SGI
by assigning a SigGenRP variable. The accuracy (placement
resolution) of the corner frequency (Fc) depends on the filter frequency
range, see PF1 Specification for more information.

Gain. Thevalue specified inthe Gain field is used to adjust the signa
level in the following manner: Output voltage (volt) = Input voltage
(volt) xGain. You may vary Gain as afunction of the SGI by
assigning a SigGenRP variable. This value must expressed in terms of
dB.

Band-pass and Band-regject Filters

Order. See Low-passand High-pass Filters.

Fc. When thefilter type is band-pass or band-reject, thisfield specifies
the center frequency of the band you wish to pass or reject. The
accuracy (placement resolution) of the corner frequency depends on the
filter frequency range. The you may use a constant value as Fc, or vary
Fc asafunction of the SGI by assigning a SigGenRP variable.

BW. Inthisfield, you specify the bandwidth you wish to pass or
reject. Bandwidth is defined in octaves. You may vary BW asa
function of the SGI by assigning a SigGenRP variable.

Gain. See Low-pass and High-pass Filters.

Range-pass and Range-reject Filters
Order. See Low-pass and High-passFilters.

F1. Thisfield specifiesthe -3dB lower corner frequency of the range
you wish to pass or reject. Y ou may enter a constant value, or vary F1
as afunction of the SGI by assigning a SigGenRP variable.

F2. Thisfield specifiesthe -3dB upper corner frequency of the range
you wish to pass or reject. You may enter a constant value, or vary F2
as afunction of the SGI by assigning a SigGenRP variable.

Gain. SeeLow-pass and High-pass Filters.
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SW2

SigGenRP supports analog signal gating through the use of TDT's
SW2.

rSwW2
Dewv:

 Gate Shape

Type
R/F time

1. ms

Const

I:‘ Mute while
undating

Dev.

Y ou must specify the SW2 you wish to configure. Thisis
accomplished by choosing the desired device from the Dev. list. You
can only select one SW2 or None.

Gate Shape

Type. Thisparameter allows you to specify the rise/fall shape of the
gate. You may choose from:

m  OnOff (no gate) m  Ramp

m Cos2 m  Ramp2
m Cos m  Ramp4
m Cos6 m  Ramp6

R/F Time. Thisfield specifiesthe gate'srise and fall timein
milliseconds. Y ou may select a constant value, or vary R/F Timeasa
function of the SGI by assigning a SigGenRP variable.

Mute While Updating

When this box is checked, output will be muted while parameters are
being updated.
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PA4

SigGenRP supports programmable attenuation through the use of
TDT'sPAA4.

rPA4
Device

Att. Level
3. dB

Const

I:‘ Mute while
undating

Device

Y ou must specify the PA4 you wish to configure. Thisisaccomplished
by choosing the desired device from the Device list. If you choose the
same PA4 as you do in the Signal Parameter dialog box, this selection
will overwrite the other selection.

Att. Level

The attenuation level in dB is defined in the Att. Level field. You may
use a constant value, or vary the attenuation level as afunction of the
SGI by assigning a SigGenRP variable.

Mute While Updating

When this box is checked, output will be muted while parameters are
being updated.

C-9
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Timing
Y ou may control the overall timing characteristics of peripheral
devices.

 Timing
Enable I:‘
Onset Delay 0. ms
Const
Duration |10- ms
Const
Enable

Checking the Enable box enables the timing parameters, Onset Delay
and Duration.

Onset Delay

Y ou may define an Onset Delay. You may vary Onset Delay asa
function of the SGI by assigning a SigGenRP variable.

Duration

The Duration field specifies the signal duration. You may vary
Duration as afunction of the SGI by assigning a SigGen variable.
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Appendix D Index Variable
Example

To use five different frequencies in atone pip experiment (index.sig in
c:\tdt\siggenrp\examples) where each tone is calibrated to account for
transducer variability across frequency you would need to use an index
variable.

The tones for this example are listed below:

Frequency Transducer Sensitivity  Attenuation Setting
1000 Hz 98.0 dBSPL/vrms 8.0
1400 Hz 96.5 6.5
2000 Hz 93.8 3.8
2700 Hz 92.0 20
3500 Hz 91.1 11

To get the tone pipsto play out at a calibrated level the low frequency
tones must be attenuated so that they match the level of the highest
frequency tone. The last column shows some attenuation settings that
could be used to normalize the transducer to have a uniform sensitivity
of 90.0dBSPL /vrms.

First make a variable file with the information for both frequency and
the corresponding calibration attenuation:

{

Freqg
1

1000
1400
2000
2700
3500

}
{

CalAtten

—~— R N WO WK
R O o Ul o

Next make avariable called PipSel that goes from 1 to 5, which will be
used as the SGI modifier. For example, to do afrequency intensity
series another variable called Level that steps through the desired levels
is needed.
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Next nest these variable using the Index modifier settings.

Now make two variables called Freq and Cal Atten both using the
variable file above as their source. Under SGI modifiers select the
PipSel variable with ascalar of 1.0. These variables will then use the
value of PipSel to pick which frequency and attenuation to use.

Signal ¥ariable
— General = alue Limits
et Wisdis Default/Start [0
IFreq IHEl

Step Size ID
Ih;d:oj le Fil l Elit st | Miriirmurn |-1 e+10
chedulz File = it
I axirnLim I‘Ie+D1D

Prompt/Caomment
IUnknown Frampt Mo of Steps IQQSS

File Mame Find File... I 5G| Modifiers

' arFile "
I Index IF'IIJ59| 'l
— Combination Yariable——————— Seals Factor |1

Dperalion:l Mone 'l Offset ID
Repeat Factor I'I

Skip Factor I'I
r— Temnination Caontral
C |
Ll & Normal/None

Preview " Boundary Control

ok " Loop

Now click preview variables and at the bottom on the screen click the
combined values button.

Yariable Preview
SGI [FipSel] Lewvel Freq Calstten ...
1 1 90 1000 g -
2 1 a0 1000 8 =i
3 1 70 1000 g
4 1 60 1000 g
5 1 50 1000 g
5} 1 40 1000 8
7 2 a0 1400 6.5
8 2 a0 1400 E5
9 2 70 1400 E5
10 2 [=1] 1400 B.5
1 2 50 1400 6.5
12 2 a0 1400 E.5
13 3 90 2000 38
14 3 a0 2000 38
15 3 70 2000 38
16 3 E0 2000 38
17 3 50 2000 38
18 3 40 2000 3.8
13 4 a0 2700 2
20 4 an 2700 2
A 4 70 2700 2 I
22 4 [=1] 2700 2
23 4 50 2700 2
24 4 a0 2700 2
25 5 90 3500 11
2 5 g0 3500 1.1 =]
< 244 ™ Show Combined Yalues
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