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Foreword

As early as 1979, after acquiring its first computing systemphonetic research (a
Data General Eclipse S/230), the Institute of Phoneticsialt Bniversity started de-
veloping its own custom built speech analysis and syntlsediware. The initial result
was the program package SSP — Speech Signal Processor bgdthiter-Vincent
(see Barry et al. 1982), which allowed electronic splicifigignals, analyis of acous-
tic parameters (especially with a very powerful pitch aitjon, see Schafer-Vincent
1982,1983), parameter manipulation and LPC synthesish iNé replacement of the
Eclipse computer by a net of phonetic work stations this pgekwas transferred to
an OS9/68k environment, expanded and made more flexible byViScheffers. The
outcome was ASSP — Advanced Speech Signal Processor (se#fefstand Thon
1991). Eventually, Michel Scheffers transported ASSP to ffamework — Apollo
computers and PCs running on Linux.

In 1990 the Department of Speech Communication and Musiastocs of KTH
Stockholm gave IPDS their MIX program software, which watemded to be used
for labelling speech files on Apollo computers (see Carlsoth @ranstrom 1986),
“mixing” signal files and prototype label files. The latterne@utomatically generated
from orthographic text within the Rulsys/Infovox text$peech system, which IPDS
Kiel adapted for German, including spontaneous speectK@kler et al. 1995). The
MIX software was adjusted to the German segmentation anelliladp conventions
and made more flexible and user friendly by a student of coenmdience at IPDS,
Frank Bartels. It was then used very extensively in the BMBMBF funded ASL and
VERBMOBIL projects. The German speech data processed agthelp of MIX have
been distributed on three CD-ROMs (TKeel Corpus of Read/Spontaneous Spégech

As the Apollo hard- and software ceased to be supported @grbemecessary to
think about a future platform for segmentation and labglih German speech data
of various speaking styles, all the more so since more ane wanpora labelled in-
teractively by hand were required but the number of our Apualbrk stations was
extremely small and thus could not meet the demand. Matiédzold and Adrian
Simpson worked out a general concept for combining the AS§&#Rch processing
algorithms with the MIX framework of speech signal segmeataand labelling in a
comprehensive speech processing software package ottdedoty Unix environment
under the X Window System. This was first realised for prostatelling within the
Kiel PROLAB notation (see Kohler et al. 1995) and then exézhtb segmental la-
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belling. A student of physics at IPDS, Tobias Rettstadtgpgomed theX Windows
implementation, Michel Scheffers incorporated the ASSkorhms in this frame.
The final product ixassp

This User's Manual okasspprovides a guide to the application of the program
package for anyone that wishes to segment, label and argdgseh data in any lan-
guage. The handbook was compiled jointly by Tobias Rettstdichel Scheffers,
Claudia Rehor and myself.

Kiel, November 1997 Klaus J. Kohler



Chapter 1

Introduction

1.1 What is xass?

xassprefers to the IPDSAdvancedSpeechSignal Processing tool, which operates
under theX Window System

xasspcan be used for a wide range of purposes. The most importas are
the analysis and display of speech signals including furetah frequency Kp), en-
ergy, and spectrum (sonagram, section). Another impoaspect is the possibility of
assigning segmental and prosodic labels to distinct paoirttse.

1.2 Manual Structure

This chapter (Chapter 1) contains a short descriptioxasspand this manual.

Chapter 2 shows how to usasspfor the most common tasks. It is intended to be
a tutorial-like introduction tocassp

Chapter 3 provides a complete description of all featuresastp It explains the
data types thatasspcan handle and also shows different ways to create, logolagis
and manipulate them.

Chapter 4 deals with the numerous configuration poss#sliof xassp These
includeX resourcess well asxassps own configuration files.

Chapter 5 explains the methods for analysing speech sitratlsasspis capable
of.

Chapter 6 contains definitions of the most important signat@ssing terms that
are used throughout the manual.

Appendix A provides an overview of all key and mouse binditingd are available
in xassp

Appendix B contains a reference list ¥fresourceghat have an influence on the
behaviour ofxassp

39



40 CHAPTER 1. INTRODUCTION

1.3 Typographic conventions

When referring to keys or mouse buttons, the following comems are used in this
manual:

A single keystroke always appears as a single letter dgpawriter font, e.g.
g means hitting the key labelled G. Special keys such aR#tarnkey are written in
bold face, e.g.Return. The mouse buttons are also treated as special kéys(left
mouse button)MM (middle mouse buttonRM (right mouse button).

Modifier keys (keys that must be held down while pressinglagrdtey) are written
as <Shift>, <Ctrl >, <Alt>. <Ctrl >RM means pressing the right mouse button
while holding down the Ctrl key.



Chapter 2

Getting Started with xassp

This chapter will help you to get to knowasspand its basic principles. It describes
how to perform the most common tasks, while Chapter 3 prevadeomplete descrip-
tion of the features akassp

How xasspconfiguration files and resources may be changed will be geinou
Chapter 4.

2.1 Starting xassp
To startxasspsimply type
xassp

on the command line and preReturn. If you want to do prosodic labelling, type
xassp -ulO

followed byReturn to startxassp If you want to do segmental labelling, you have
to invokexasspby typing

xassp -u20

again followed byReturn.

The numbers in the last two commands are the user levelsrhatquired to do
prosodic (user level 10) or segmental (user level 20) latgell

Please refer to Section 3.1 for more information on userdeswed to Section 3.2
for a complete description ofasspcommand line options.

41
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Figure 2.1:xasspMain Dialog

2.2 Opening Files

After startingxasspthe xasspmain dialog appears on the screen (see Figure 2.1). Now
files are selected for display in windows. There are seveagkwo do this. The first
step is choosing the directory that contains the file of @gerThis can be done either
by typing the path in the text field labellddlter or by selecting a directory from the
Directorieslist. When typing the path remember to add a slash (/) at tde €o tell
xasspto display the contents of the chosen directory you can efilessReturn in
theFilter text field or click on the-ilter button or double-click on the directory in the
Directorieslist.

The next step is choosing the file to be loaded. You can eitflectsthe file from
theFileslist or type the file name in th8electiorfield.

Now you can actually load the file by clicking on thead button. If xasspre-
fuses to load the file, you have to specify the file type by slgone of the buttons
labelledSpeech SignaFzerq Energy andLabels Then try to open the file again by
pressing thé.oadbutton. If xasspstill displays an error message, the file format is not
recognised or you selected the wrong file type.

If the file you chose for display consists of raw speech sigiaéh or data in an
unsupported format, you can specify further options bykalig on theFile Format
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Optionsbutton. These are explained in Section 3.3.3.

If the Align and linkbutton is selected when loading a file, all windows are aligne
and linked after the load operation is complete. For morermétion on links, see
Section 3.4.4. Selecting this button only makes sense ifvame already opened one
or morexasspwindows.

Instead of opening the files one after another you can usegtomafions. To do this
you select one of the files for loading, select one of the candigon buttons (they are
located directly above th8electiorfield, see Figure 2.1) and press thead button.
The configuratiorProsodic e.g., would open a speech signal window, a fundamental
frequency window and a label window. TIs&gmentatonfiguration opens a speech
signal window, a sonagram window and a label window. In bases a speech signal
file with the suffixI16 , rl6 , shh, wav, syn orraw and a label file with the suffix
mix must be present. The fundamental frequency and the sonagweomputed
from the speech signal.

2.3 Segmental Labelling

Segmental labelling ixassphas been especially tailored to meet the needs of the
signal annotation carried outigids (Kohler, Patzold, and Simpson 1995). Before you
can begin with segmental labelling you must load a set of filekiding the speech
signal file and the label file. It is also helpful to use a soaagthat is computed from
the speech signal. You can load the files, do the analysig) ahd link the window by
selecting the configuratioBegmentads it is described in Section 2.2. If you use this
configuration, the windows that appear on the screen shoalddimilar to those that
are shown in Figure 2.2.

When doing segmental labelling labels are set at segmemdames. The labels
and the order in which they are to be placed are given (in th@domg the termlabel
stackwill be used for the given labels). The label order cannothmnged and labels
that are taken from the label stack cannot be deleted. Nesislalan only be inserted
if they are also marked as inserted with &ninus) after the label prefix.

2.3.1 Fetching a Label

To place the next label from the label stack, which is showth@upper right corner
of the label window, at a certain point in time, you first haweset the temporary
marker onto this point (see Figure 2.3). This can be achibyaqulacing the cursor at
this point and then pressingShift>LM . Then you have to move the cursor between
the temporary marker and the end of the window. Pressi8pift>MM moves the
next label from the label stack to the point in time at whick temporary marker is
set. This procedure of setting the temporary marker andiifegca label from the label
stack is repeated until there are no more labels left on #Hekstn this case the small
box in the upper right corner that displays the next labedjiears.
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Figure 2.4: Edit Dialog Box in the Label Window. The place wthe label is to be
inserted is indicated in the dialog title, in this case thmelavill be inserted
before the label#G.

2.3.2 Playing the Speech Signal

It is difficult to determine segment boundaries without regathe relevant stretch of
the speech signal. You can repeatedly play the signal frentettmporary marker to the
cursor withLM and shift the temporary marker (by pressiaghift>LM ) until you
think that it is set on the right point. You can also play otparts of the speech signal
(see Tables A.1 and A.2).

2.3.3 Using the Label List

xasspis able to list the labels of the current file in a separate wimdYou can open

this window by pressing:Alt >RM and selectingghow as Textom the pop-up menu
that appears. The label list consists of two columns. In tst fiolumn the time

in milliseconds is displayed. The second column contaiesldbels. The labels on
the label stack normally have a time of 100,000 millisecondse latter can only be
seen in the label list, they are not displayed in the norntallavindow. If you make

changes to the labels in the label window, the label list catged.
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2.3.4 Fetching and Modifying a Label

Since the labels on the label stack do not always match tkeantte that is to be la-
belled there are several possibilities to modify them. I yoess<Shift>RM instead

of <Shift>MM to fetch the label from the label stack, you can edit the laleé&bre it

is moved. In this case dadit Labeldialog box is displayed (see Figure 2.4). In this
dialog box you can edit the label in the text field that is lecadirectly above the three
buttons labelledK, CancelandHelp. Pressing th®©K button then moves the edited
label onto the temporary marker, and pressing@aacelbutton neither changes nor
moves the label.

The most frequent changes that are made to labels taken frerstack are ap-
pending a minus sign to mark the label as deleted and ingeatpercent sign to mark
an uncertain segment boundary. These frequent modificaltiave been assigned di-
rectly to mouse buttons. You can fetch a label and append aswsign by pressing
<Alt>LM and fetch the label and insert a percent sign by pressiogl >LM .

2.3.5 Modifying a Label after Moving it

If you moved the label and then realise that you forgot to rfyodj you can still
edit it by moving the mouse pointer onto the label (the labdlighlighted), pressing
<Ctrl >RM and selectingedit from the pop-up menu that appears. THdit Label
dialog box is exactly the same as the one described aboveteked the label is not
moved if you press th@©K button.

Note that you are only allowed to make changes that are dlebphecessary, e.g.,
changing the label prefix from# (word boundary) t& (word-internal).

2.3.6 Inserting a New Label

If there is no label on the stack that matches the stretcheadpleech signal that has to
be labelled next, you can insert a new label at the temporarken with<Ctrl >MM .

This label must be marked as inserted by inserting a minusadigr the label prefix.

If you forget to do thisxassprefuses to insert the label and shows a warning message.

2.3.7 Label Syntax Checks

The check that is done when inserting a label is only one ofrabau of label syntax
checks thakasspperforms whenever a label is edited, inserted or deletegfobm-
stance, you are not allowed to insert invalid labels or t¢ latdels so that they become
invalid. A more detailed description of these checks carobed in Section 3.5.4.
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2.3.8 Deleting an Inserted Label

If you accidentally inserted a label and want to delete itj if7ave to move the mouse
pointer onto the label (the label is highlighted), presStrl >RM and selecDelete

from the pop-up menu that appears. You will not be able totdelmy labels that were
fetched from the label stack, since a check is performedreefe label is deleted. If
you try to do this anyway, a warning message is displayedlaathbel is not deleted.

2.3.9 Editing an Inserted Label

xassprefuses any attempt to edit an inserted label (at least if yser level is less
than 30). To edit an inserted label you therefore have toeleled re-insert it at the
same point in time as described above.

2.3.10 Moving a Label

When you discover that a label was not set onto the right pauatwill want to move

it onto a different one. This action is very similar to fetafia label from the label
stack. You first have to set the temporary marker to the paitime onto which you
would like to move the label. Then place the cursor betweendmporary marker and
the label that is to be moved. Note that only a label direcilihe left or directly to the
right of the temporary marker can be moved. The label ordenagbe changed. By
pressing<Shift>MM you can now move the label onto the temporary marker. You
can also use the short-cuts that are described above tdhedéliel before moving it

or to modify it by inserting a percent sign, and so on.

2.3.11 Undoing Recent Changes

xasspremembers every change that you make (inserting, deletioging and editing
labels). By pressing:Ctrl >RM and then selectingindofrom the pop-up menu that
appears you can undo the last change. Repeating this actdwes the last but one
change, and so on. You can continue undoing until the firstghdahat you made is
reversed.

2.3.12 Jumping to a Specified Label

There are several nice features that make segmental tadpellth xasspmore user-
friendly. If you want to label a file that has already beenlgdatbelled, you can jump
to the last label by pressingCtrl >| after loading the file.

<Ctrl >s makes th&so todialog box appear on the screen. Inlisbeltext field
you can type a label you wish to jump to. After pressing @e button, the label
you entered is searched for, starting from the current jposdf the beginning of the
window and the first occurrence of the label. If the label hasrbfound, the label
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window is scrolled so that the label is displayed in the aewofrthe window, if the
label has not been found, a warning message is displayed. ydowan jump to the
next (previous) occurrence of the same label by pressi6gyl >f (<Ctrl >b). If
there is no next (previous) occurrence, a warning messatjspgkayed.

2.3.13 Saving the Labels in a File

If you press thdexit button in thexasspmain dialog box or sele&@losefrom the label
window menu orClose Allfrom the window menu of any opexasspwindow, you
are prompted whether you want to save the data in case you chaages to them.
PressSaveto save the data and exit, prd3s not savdo exit xasspwithout saving any
changes. Pressir@ancelneither saves the data nor exitssp

To save the data without exitingassppress<Alt >RM and selecSavefrom the
pop-up menu that appears. If an error during the writing efdhta, an error message
is displayed on the screen.

You can save the labels under a different file name by pressily>RM and
selectingSave Agrom the pop-up menu. You can then type the new file name in the
Selectiontext field or select a file from thEiles list. Pressing th€®©K button saves
the data to the specified file. If the file you selected alreadglst® you are prompted
whether the file should be overwritten. If the data were ss&ftdly written, a short
message appears.

2.4 Prosodic Labelling

The first step for prosodic labelling is to load a set of filesluling a speech signal
file and a label file. In most cases you will also need the furetdal frequency of
the speech signal. If you select the configurattwasodicas described in Section 2.2,
the speech signal and label files are loaded, a fundameatpldncy analysis of the
speech signal is done and the corresponding windows areed@enshown in Figure
2.5).

As with segmental labellingrassphas been especially tailored to facilitate the
type of prosodic annotation carried outiptis Among other things this assumes a
prior segmental annotation. The segmental labels are theth as the temporal points
at which prosodic labels can be placed. Runmagspat the appropriate user level
(see section 3.1) ensures that prosodic labels can beeadsand modified without
affecting segmental information. Of course, as with segaldabelling all checking
and restrictions on labels can be overridderagspis run using a higher user level
(-u 30).

When doing prosodic labelling new labels are only set attgamtime at which
the segmental labels are already placed. Therefore thema meed for a temporary
marker. The prosodic labels are not fetched from a stack.céounsert any prosodic
label at any point in time at which a segmental label is set.
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Figure 2.5: Window configuration for prosodic labelling. gy window: speech wave, middle window: fundamental freqye
lower window: labels
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2.4.1 Inserting a Prosodic Label

You can insert a prosodic label before or after a given labeldo this you move the
mouse pointer onto the label before or after which the newlleto be inserted (the
label is highlighted), press Ctrl >RM and selectnsert beforeor Insert afterin the
pop-up menu that appears. In tmsert Labeldialog box, which is shown in Figure
2.4, you can either type the label in the text field that is tedalirectly above the row
of buttons and then pregeturn to insert the label, or press one of the label buttons
provided in the dialog box to insert the label it shows. Thtelamethod is intended to
be used for the most frequent labels. How the labels thatherers as buttons in the
Insert Labeldialog box can be changed is described in Section 4.2.3.

Note that inserted prosodic labels, unlike segmental &lokel not require a (mi-
nus) after the prefix and can be edited.

2.4.2 Editing a Label

You can edit an inserted label by moving the mouse pointer tre label (the label
is highlighted), pressing:Ctrl >RM and selectindg=dit from the pop-up menu that
appears. Th&dit Labeldialog box is the same as thhesert Labeldialog box. You
can either edit the label in the text field, or press one of thobs. If one of the
buttons is pressed, the label is changed to the one thafpksyesd on the button.

It is also possible to edit segmental labels. To do this yka the same actions as
for editing prosodic labels. Note that the changes you caken@segmental labels
are restricted.

2.4.3 Deleting a Label

If you accidentally inserted a prosodic label, you can @eieby moving the mouse
pointer onto the label (the label is highlighted), pressa@trl >RM and then select-
ing Deletefrom the pop-up menu that appears. You are asked whetheegptiy want

to delete the label. If you press tl@K button, the label is deleted. If you press the
Cancelbutton, nothing happens.

2.4.4 Undoing Recent Changes

By pressing<Ctrl >RM you can undo the last change you made. You can repeat this
action until the first change is reversed.

2.5 Analysing Speech Signals
The analyses thatasspis capable of are

e fundamental frequency,
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e energy,
e sonagram,

e section.

Refer to Chapter 5 for more information on these differeratigsis methods.

There are two different ways to perform an analysis of a dpe@gmal. First, you
can use the window menu iteAmalysisin the speech signal window. The second pos-
sibility is the definition of analyses in a configuration. Tlater method is described
in Section 4.2.1, while the former will be described in thestson.

The first step in doing an analysis is to open the speech digaiajou want to anal-
yse as described in Section 2.2. Then, in the speech signdbwipress<Alt >RM
and selecAnalysisfrom the pop-up menu that appears. This opengitiaysisdialog
box, in which you can select the analysis to be performedck@in one or more of
the buttons labelle@zerg Energy Labels Sonagramand Section If you select the
Align and Linkbutton, allxasspwindows are aligned and linked after the analysis is
done (see Sections 3.4.4 and 3.5.1 for a description of Ankswindow alignment).

If you marked a region of the speech signal by placing bracgeith F5, F6), you can
choose whether to analyse the whole speech signal (seteatlthutton) or only the
marked region (select tHeegionbutton).

Now you can select th®K button to perform the analysis. The outcome of each
analysis is presented in a separate window. If you selec@émeelbutton, no analysis
is performed and no new windows are opened.

Note that you cannot modify any analysis parameters befaenhalysis is fin-
ished. Instead, you have to presélt >RM in the window that contains the analysis
whose parameters you would like to change and s&eetinalysdrom the pop-up
menu that appears. Theptionsdialog box appears on the screen. Here you can
modify the analysis parameters. After selecting @i€ button, the speech signal is
reanalysed using the modified analysis parameters.

Descriptions of théptionsdialog boxes are found in Sections 3.5.2 (sonagram),
3.5.3 (section), 3.5.5 (fundamental frequency) and 3&n@rgy). For more informa-
tion on the different analysis methods and their parameserssChapter 5.

You may have noticed that there is one button inAmalysisdialog box that has
so far not been explained. It is thabelsbutton, which, if it is selected and you press
OK, simply opens an empty label window.

Since the analysis parameters can only be changed aftendhgse has been done
with default parameters, you can modify the default paranseflThis can be achieved
by editing theX resources used byassp For more information orX resources, see
Section 4.1 and appendix B.
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Using xassp

3.1 User Levels

User levels restrict the use ofsspfeatures excluding those that are not required
for the job at hand. In this way modifications of speech sigman, for instance,
be prevented when only label editing is required. The usesideneeded to perform
certain actions ixassphave been chosen arbitrarily; they will become configurable
the future.

Atuser level 0 all actions that involve mod

| User level| Action

ifications of any kind of data are blocked. If 0 | no editing allowed
you choose a user level of 10 or greater, you 10 | prosodic labelling

can edit and delete labels, but at level 10 you 20 | segmental labelling
may only insert new ones at a point in time if 30 | editing speech signals
other labels are already set at the same point;

and you are not allowed to move labels to a Table 3.1: User Levels

different point in time. This user level is in-
tended for prosodic labelling. To be able to insert new Islagld to move old ones,
which is needed for segmental labelling, you need a usel ¢d\a least 20. With a
user level of 30 or more you are even allowed to edit speectasgand save them.
Furthermore no label syntax checks are performed at a uggrdé30 or more. See
Section 3.5.4 for more information on label syntax checks.

It is important that you always choose thlmvestuser level that allows you to
do your work. Table 3.1 displays a short overview helping yothe choice of the
appropriate user level.

3.2 xasspCommand Line Options
xasspcan be invoked from the command line (shell) with the follogvsyntax:
xassp [-c|--conf <dir>] [-ul|--userlevel <user level>]

[-hl--help]
53
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Brackets enclose optional parameters; options that aeatepl by a vertical bar
are equivalent.

With the option-c you can specify the local directory whexasspsearches for
its configuration files. The default directory is the subcliogy .xassp of the user’s
home directory.

The option-u lets you specify a user level thaasspshould use during the ses-
sion. The default user level is taken from the fdéc/xassp_users , in which the
maximum user level you are allowed is also specified. For nmdogmation on this
file, see Section 4.3.1.

When the optiorrh is given,xasspdisplays a short description of the command
line options and exits. In this case any additional optioesgnored.

If you give an option on the command line that is not knownx&ssp it displays
a short messagdlégal option ) and ignores the option. If you forget to spec-
ify an argument to thec and-u options, xasspprints a short messageftion
requires an argument ) and ignores the option.

3.2.1 Examples

If you wantxasspo show you a short help message describing the options,iygalys
type

xassp -h
or
xassp --help

If you want to startxasspwith user level 20, e.g. to do segmental labelling, you
need to type

xassp -u 20
or
xassp --userlevel 20

Since all options that are shown above are enclosed in lisaake therefore are
optional, you can simply type

Xassp

to invoke xassp The application is then started using the default user kene the
default local configuration directory.
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Figure 3.1:xasspMain Dialog

3.3 ThexasspMain Dialog

The xasspmain dialog (see Figure 3.1) contains

e the file selection boxHilter andSelectiortext fields,DirectoriesandFileslists)
o file type buttons$peech signaFzerg EnergyandLabelg

¢ theFile Format Optionsutton and

e several configuration buttons (for examplesodicandSegmentd)

e arow of buttonsl(oad Filter, Exit andHelp).

These items will be described in the following sections.

3.3.1 The File Selection Box

The file selection box lets you choose the directory and theshile that you want to
load.
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Figure 3.2: File Format Options

To select the directory you use thiter text field, theDirectorieslist and theFilter
button. You can either edit the directory that is given in Bileer text field and press
Return or select the directory in thBirectorieslist and then press théilter button.
Instead of pressing thHélter button it is also possible to double-click on the directory
in the Directorieslist.

Now that you are in the right directory you can simply seléet appropriate file
from theFileslist.

If you know the complete path to the file that you are inter@gte/ou can skip the
whole procedure described above and just enter the patiding the file name in the
Selectiortext field.

Once you have selected a file you can pressLibeed button to load the file and
display its contents in a separate window.

3.3.2 File Type Buttons

If xasspdoes not recognise the suffix of the file you selected, you bawspecify
the file type by selecting one of the buttons labelfgmkech signaFzerg Energyand
Labelsbefore pressing thieoadbutton. xasspthen uses the type information you have
provided when loading the file.

3.3.3 Options for loading speech signal data in other format

By pressing thd-ile Format Optionsbutton in thexasspmain dialog, the dialog box
that is displayed in Figure 3.2 appears. Here you can spdwhheader size (bytes
to skip), the bits per sample (8 or 16), the sampling rate thndrethe file is mono or

stereo, and the byte order. These options are used, if youeldiée that contains raw
speech signal data or another format not supportexhisgp.



3.4. COMMON XASSP WINDOW PROPERTIES 57

3.3.4 Align and Link

Below the file type buttons you find tidign and Linkbutton. If this button is set, all
xasspdata windows are aligned and linked after loading some fdeg Section 3.4.4
for information on window links.

3.3.5 Data Logging

By clicking theData loggingbutton, which is located next to tiAdign and linkbutton,
you can toggle data logging. This feature is explained inie@d.4.5.

3.3.6 Configuration Buttons

To make it easier for you to open several files at orasspprovides configuration
buttons, which you find directly above tiselectiorfield.

xasspallows the definition of configurations that consist of a detaia types and
associated suffixes that describe the files to be loaded.eTdw¥igurations must be
defined in thexasspconfiguration file (see Section 4.2.1).

If you want to open files using a pre-defined configuration, ymi start with
selecting a single file as described in Section X&sspthen determines the files to
be opened by substituting the suffix of the selected file bgdltbat are given in the
configuration.

It is also possible to specify analyses in the configuratibhese are then per-
formed instead of loading a file.

All files that are opened in this way are aligned and linke@ (Section 3.4.4 for
more information on window linking).

3.3.7 Additional Buttons

There are two buttons that have not been mentioned yet.

The Exit button exitsxassp. If any openxasspwindow contains data that have
been modified, you are prompted whether to save them firstdefating.

The Aboutbutton gives information abowt&assp

3.4 CommonxasspWindow properties
xasspis able to handle the following different data types:

e Speech signal
e Fundamental frequency

e Energy
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Data type | Horizontal axis| Vertical axis
Wave Time Sample values
Fzero Time Frequency
Energy Time Signal strength
Labels Time n/a
Sonagram Time Frequency
Section Frequency Spectrum level

Table 3.2:xasspData Types

e Labels
e Sonagram

e Section

To display each of these data typessspuses windows with different properties.
The main differences between the data windows are the dioreepresented by the
horizontal and vertical axes, which are shown in Table 3.2.

Neverthelessxasspwindows have a lot in common, which will be described in
this section.

3.4.1 Elements ofxasspWindows

As you can see in Figure 3.8asspwindows consist of the following elements:

Window title: In the title areaxasspdisplays the window number and the name of the
file the data were loaded from. If this window contains anadydata, the name
of the window the data were derived from is shown as well.

Data area: In this part of the window the data are plotted.

Cursor: The cursor is a vertical bar that is drawn into the data arelbaamays has
the same horizontal position as the mouse pointer.

Status line: The status line provides information about the positiorthefcursor and
the brackets. For displaying these values the same unitrakdohorizontal
scale is used. The cursor position in the speech signal winslaisplayed in
milliseconds because the horizontal axis is a time scaléhdrsection window
the cursor position is displayed in Hertz.

In addition, the status line also shows the data value atutsoc position using
the same unit as the vertical scale. The data value in thggmendow, e.g., is
displayed in dB.
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Horizontal and vertical scales: The scales allow you to associate the data plotted in
the data area with values. In the energy window, for exanyple can easily find
the energy value at a certain point in time by locating thispon the horizontal
(time-)scale and then reading the value on the verticaés@abetter way would
be to move the cursor to the point in time you are interesteshththen read the
data value that is shown in the status line.

Scroll bar: Since the width of the data area is limited you cannot alwagsadl data
at the same time. The data area therefore only shows a pareafata. The
scroll bar lets you choose which part to display.

Pop-up menus: Pressing<Alt >RM makes a pop-up menu (window menu) appear
on the screen. You can either hold the mouse button, move thesenpointer
over the menu entry that you want to activate, and then relgsssmouse button,
or you can release the mouse button right after pressingadttlzen select the
menu entry with the left or the right mouse button.

If you press<Ctrl >RM in the speech signal window or the label window, a
special pop-up menu providing edit functions is displayed.

In Figure 3.4 you can see the window menu and the edit menthéspeech
signal window.

Brackets: xasspprovides two brackets which delimit a region. Brackets @spldyed
as vertical bars in the data area. The region that the bsdiedine can now be
used to play part of the speech signal, to analyse the regjmerately from the
rest of the signal, or to perform cut and paste operationkenspeech signal
window. Normally, brackets are set onto the next zero cngst the left of the
cursor, but this behaviour can be controlled by the user.

Brackets can be set witR5 (left bracket) andF6 (right bracket). To over-
ride the default setting brackets on zero-crossings yowsar:Ctrl >F5 and

<Ctrl >F6 to set the brackets on the exact cursor position. The bracket be
cleared withReturn or Del. Clearing the brackets witReturn does not work
on all machines.

Temporary marker: The temporary marker can be thought of as a way of marking a
certain point in time, where a label is to be placed. It is sét wShift>LM .

The temporary marker is always set on the exact cursor positican be moved
onto the next positive or negative zero crossing to the lefirfessing=3 and to
the next positive zero crossing to the right by typkgy

Not all of these elements make sense for all window types, brgckets and a
temporary marker are not available in the section windowahbse it has no horizontal
time scale.
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Zoom in
Zoom out:
Show all
Show region
Go to.,.
Lirk, ..
Unlink

Redrau

Align
Analysi=

Save Edit

Save ag,.. Cut

Close Copy
Close all Paste

Figure 3.4:xasspWindow Menu (left) and Edit Menu (right) for the Speech Signa
Window

3.4.2 Keyboard and Mouse

xasspwindows are controlled by a combination of mouse and keyhoar

When using the keyboard it is important that the window yomtta control has
the input focus. This is normally achieved by clicking inte title area of the window,
or, in some configurations, by simply placing the mouse @ointside the window.
The window that has the input focus usually has a differeclpured border and title
area than the other windows.

There are some keys that are used in almost all windows fosdh® purpose.
These are listed in Table A.1. Since the section window hasamizontal time scale
only the binding for théesc key applies here.

The mouse buttons are mainly used to play parts of the spegahl.s Refer to
Table A.2 for a list of commonly used mouse bindings. Agaire tommands for
playing the speech signal are not available in the sectiowloww.

Appendix A provides a complete reference to the key and mbunskngs used in
xassp

3.4.3 Pop-up Menus

As explained in Section 3.4.1 eaghsspwindow has a pop-up menu, which is called
up by pressing<Alt >RM (see, e.g., the pop-up menu of the speech signal window
in Figure 3.4). The pop-up menus of the different windowsehavot of items in
common, which will be described first. The special menu itefmsach window are
listed in the sections that deal with the different windowds.

Zoom in: By activating this menu item you increase the horizontahé€) resolution
that the data are displayed with. This implies that the pathe@data that is dis-
played becomes smaller. This action is called zooming ioabee it resembles
the zooming performed by a camera.
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Figure 3.5:Go toDialog Box and Link Selection Menu

Zoom out: Same agoom inexcept that the resolution is decreased and therefore the
part of the data that is displayed becomes larger.

Show all: The resolution is adjusted so that all data are displayducasdame time.

Show region: The region that is defined by the two brackets becomes theoptre
data that is displayed.

Go to: Jumps to a certain point in time or to a label (see Figure 3.5).

Link: Links different features of the windows displayed on theeear (see Section
3.4.4).

Unlink: Unlinks the current window from the other windows displapedhe screen.

Redraw: Redraws the window contents in case parts of the data weidgeatally not
drawn.

Print: Displays thePrint dialog. Please refer to Section 3.7 for more information on
printing.

Close: Closes the current window. If you made changes to the dateag@prompted
whether you would like to save them.

Close all: Closes all windows.

Since zooming depends on the horizontal time scale, théemaare not available
in the section window.
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3.4.4 Window Linking

It was mentioned in Section 3.3.6 that it is possible to linkdwws. This is useful
for a better overview of the different data files associatét & particular signal file,
for instance when segmenting the speech signal. There aeeasevays of linking
windows. The first is shown in Section 3.3.6: in the file setecbox different data
types, e.g. speech signal and fzero, are selected. Theruttundlign and linkis
pressed. The two windows will be displayed on the screematigand linked. By
default all window features cited below are linked.

Another way of getting aligned and linked windows is to use ohthe configura-
tion buttons directly above th®electiorfield (see Figure 2.1). For examp&egmen-
tal, activates a speech wave, a sonagram and a label file in separalows on the
screen: these windows are linked and aligned automatically

Finally, the menu itenkink (see Figure 3.5) may be used in one of the windows.
It has to be chosen if the windows have been called up sepavéataout any config-
uration. You can also use this menu to unlink one or sevenadlow features. If you
want all features to be unlinked, select the window menu iterink.

In the following list all possible links are explained.

Cursor: For several tasks it is necessary that the cursor is at the pamt in time in
each window. Especially for segmenting and labelling a spagnal it is very
important that you can see where you are to correctly posdiabel.

Zoom: The temporal resolution is the same in all linked windows.
Brackets: The brackets are set at the same point in time in linked wirsdow

Play: If a non-speech signal window is linked to a speech signdl eiplay link, you
can use the key and mouse buttons listed in Table A.2 in thespeach signal
window to play the signal in the speech signal window.

Scrolling: The starting time for the data display is the same in all wimglo

Temporary marker: The temporary marker is set at the same point in time in all
linked windows.

3.4.5 Data Logging

xasspprovides the possibility to writéy-values, energy values, formants and labels
that are associated with a certain point in time to a log file.efable data logging
you have to activate thBata loggingbutton in thexasspmain dialog. If logging is
on, a status window appears in the lower right corner of theesc(see Figure 3.6). It
shows which file was selected as tkassplog file (the default file isxassp.log in

the directoryxasspwas started in). Pressing tlidosebutton closes the status window
and disables data logging. If you select #ike button, you can change th@ssplog
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Figure 3.6: ThéData LoggerStatus Window

file by picking a new file in the file selection box that is diggd. Once data logging
is enabled, you can position the cursor at the point in timmiafrest and press to
write the data to the log file. The cursor will now briefly chants shape to a pencil
to confirm that data have been logged. If this does not happeatk which window
has the focus because this determines the search for daig tAlso, some windows,
such as the label and formant lists, do not receive the keghmanmand to log data.

Choosing Data for Logging

The data items that are to be logged can be chosen by operengpthesponding
windows. E.g., if you wantj-values to be written to the log file, you have to load an
Fy-file with the same base name as the speech signal file, or d@g-analysis of the
speech signal filexasspalways logs data items from those windows that belong to the
same speech signal, i.e. if a speech signal window has thig,faad you press, the
values from all associated windows are written to the log file non-speech signal
window has the focus ane is pressedxasspchecks whether it contains analysed
data. If so, it searches the speech signal window that tmslew refers to and logs
the values from all windows associated with this speechasigdtherwise, it uses the
basename of the file to determine which other windows corssociated data.

Log File Format

xassplog files consist of lines that contain TAB-separated itefige first line of a log
file contains the itemXASSPandDATALOGEach time you pressa line is appended
to the log file. The items in each line are paired, the first itdra pair is a keyword,
the second is the associated value. The keywords that adeirugassplog files are
listed in Table 3.3.

An xassplog file could, e.g., look like this:

XASSP DATALOG

TIME 0.82625 LABEL  ##] FO 0 FILE g071a000.r16
TIME 0.9475 LABEL S$A: FO 131 FILE g071a000.r16

TIME 1.09375 LABEL  $T-N FO 136 FILE g071a000.r16
TIME 1.31625 LABEL  ##D FO 0 FILE g071a000.r16

TIME 1.4575 LABEL  $N+ FO 127 FILE g071a000.r16
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Keyword | Description

TIME The point in time the logged data items are associated with

LABEL | The labelthatis associated with the segment containingtbsen point
in time

FO An Fj-value in Hz

RMS An energy value in dB

Fn? The frequency of theth formant in Hz

Bn The bandwidth of theith formant in Hz

An The amplitude of theth formant in dB

FILE The file that is associated with the window in that you presged

an is to be substituted by an integral number

Table 3.3: Keywords used ixassplog files

Adding a Comment to logged Data

If you wish to add some comment to the logged data, ptgSsl >w rather thanw.
After the data have been collected, a text window will appeavhich you can enter
your comment. After pressingeturn or theOK button, the line you entered will be
written to the log file after the line with the data. As idemtfithe line is preceded by
the wordCOMMENANd a TAB.

3.5 SpecificxasspWindow Properties

In this section the different data and the resulting diiféngindow types will be ex-
plained. These are:

e Speech signal

Sonagram

Section

Labels

Fzero

Energy

3.5.1 The Speech Signal Window

In the speech signal window the speech wave of a selectedlsilgnis displayed.
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Window Menu

In addition to the generatasspmenu items listed in Section 3.4.3, you have some
special items in the pop-up menu (see Figure 3.4):

Analysis: Different analyses of the speech signal are possible: samggsection,
energy, fzero, and labels. Taalysisdialog box that is opened upon selecting
this entry in the pop-up menu is shown in Figure 3.7. You caposk one
or more data types. After pressing t&& button, for each selected data type
an analysis of the speech signal is performed, and the rssdisplayed in a
separate window. If thAlign and Linkbutton is selected, akasspwindows are
aligned on the screen (see below for further explanatiod)aihnew analysis
windows are linked to the speech signal window.

Furthermore, you can limit the analysis to the region thateined by the two
brackets by selecting thRegionbutton. This is not possible if no brackets or
only one bracket is set.

There is no analysis routine that generates a label file frepeach signal file,
so xasspopens an empty label file ifabelswas selected in thAnalysisdialog
box.

Align: xasspplaces the first window in the upper left corner of the scrésmsecond
directly below the first, etc. Then the windows are arrangesiich a way that
no xasspwindow is obscured by any other window. The order in whiessp
stacks the windows is the same as the order in which the wiadwve opened.
This order cannot be changed.

xasspwindows are automatically aligned if in opening files a comfagion is
used (see Section 3.3.6), or if tAégn and Linkbutton in thexasspmain dialog
is selected when opening a file (see Section 2.2), or ifdign and Linkbutton
in the Analysisdialog box is selected when doing an analysis (see above).

Save: Saves the speech signal under the file name that is displaykd title area of
the window. If this file exists, it is overwritten without wang.

Save as:Saves the speech signal under a different file name. Whentisgiehis
menu item you can select a file name and a file format. The filmdts you
can choose from are: KTH, RIFF-WAV, CSL, and RAW. For furthdormation
on speech signal file formats see 3.6.1. If the the file yousebasts, you are
prompted whether it should be overwritten.

Edit Menu

Apart from playing and analysing the speech signal, it cao &le edited. This is
important in, e.g., the generation of speech stimuli. F&s thsk you need at least
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Figure 3.7: Left: Analysis dialog box. Right: Sonagram ops

userlevel 30 (see Section 3.1). The edit menu is called updsspg the combination
<Ctrl >RM (see Figure 3.4). The menu items are set out in the followstg |

Cut: Cuts the region that is defined by the two brackets out of tkeedp signal and
saves it in the cut buffer.

Copy: Copies the region into the cut buffer.

Paste: Inserts contents of the cut buffer at the position of the teragy marker. If
no temporary marker is present, a new window is opened wehcth buffer
contents.

Keys

With the keysCursorUp and CursorDown it is in addition possible to increase or
decrease the amplitude resolution of the speech signast Aflkeys that are available
in the speech signal window is given in Table A.3.

3.5.2 The Sonagram Window

One type of spectral analysis of the speech wave resultsanagsam. A sonagram is
a time-frequency-amplitude representation of the speigeiak
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Window Menu

The window menu of the sonagram window has only one addititera:

Re-analyse: Selecting this menu entry opens tBenagram Analysis Optiortkalog
box (see Figure 3.7). See below for a description of the amaparameters that
can be changed in this dialog box.

Analysis Options

In the Sonagram Analysis Optiomalog box, which is opened by selecting the menu
item Re-analysén the pop-up menu, you can modify the following parameters:

DFT/LPC spectrum: The DFT spectrum with a bandwidth of about 300 Hz corre-
sponds to a wide-band sonagram, one with a bandwidth of itz to a
narrow-band sonagram. The LPC spectrum shows the speottelbpe of the
speech signal, enhancing the formant structure.

Window function: Specifies the window function used during analysis.

DFT bandwidth (Hz): Specifies the bandwidth of the DFT spectrum.

LPC eff. length (ms): Specifies the effective length of the LPC analysis window.

LPC order: Specifies the order of the LPC analysis.

Pre-emphasis: Specifies the pre-emphasis applied to the speech signaklsfectral
analysis.

Gain (dB): Specifies the gain applied in mapping the spectral levelsdyp lgvels.

Range (dB): Specifies the difference between the highest and lowestrapkvel to
be displayed.

no. of FFT points: Specifies the length of the FFT used in calculating the spgittr
also sets the vertical resolutiongampling frequency/number of poirkéz per
pixel].

Shift (ms): Specifies the frame shift for the analysis; it also sets threzbotal reso-
lution to shift[ms per pixel].

Please refer to Section 5.4 and to Chapter 6 for further mnébion on spectral
analysis.
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Figure 3.9: The Formants List

3.5.3 The Section Window

The section window shows the spectrum of the speech sigrtakeaturrent cursor
position.

The section window can be opened by selec@agtionin the Analysismenu of
the speech signal window, or by the short-eighift>s (see also Table A.3 for key
bindings in the speech signal window).
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Window Menu

The pop-up menu (see Figure 3.8) contains the followingestr

Follow/Freeze: Selecting this menu item toggles the updating of the setlyacursor
movement in the speech signal window.

Keep: Make a copy of the section that is currently displayed. Thjgas then shown
in addition to the current section allowing you to comparetisas at different
points in time or with different analysis parameters.

Clear: Remove the last section that was kept viirep

Formants: Shows the~ormants Optionglialog box that lets you choose the display
of a formant list in a separate window (see Figure 3.9) anchthmber of for-
mants to display. The formants can only be computédPi€C was selected in the
options menu.

Re-analyse: Opens th&ection Optionsglialog box shown in Figure 3.8. The analysis
parameters you can change here are explained below.

Analysis Options

By selecting the menu itefRe-analyséhe Section Analysis Optiorialog box shown
in Figure 3.8 appears. Here you can make the following ch&inge

DFT/LPC spectrum: The DFT spectrum shows the Fourier spectrum of the speech
signal, while the LPC spectrum shows the spectral envelope.

Window function: Specifies the window function used during analysis.

DFT bandwidth (Hz): Specifies the bandwidth of the DFT spectrum.

LPC eff. length (ms): Specifies the effective length of the LPC analysis window.
LPC order: Specifies the order of the LPC analysis.

Pre-emphasis: Specifies the pre-emphasis applied to the speech signaklsfectral
analysis.

Gain (dB): Specifies the gain applied in determining the highest sadetrel to dis-
play.

Range (dB): Specifies the difference between the highest and lowestrapkvel to
be displayed.
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Figure 3.10: Left: Label Edit Menu. RighEont Selectiordialog box

no. of FFT points: Specifies the length of the FFT used in calculating the saectr
If set to O, the program automatically determines the ogdtimanber of FFT
points, given the analysis parameters and the width of thglaly window (the
latter to obtain a smooth spectrum). This will also be showthe option box
by the wordautoin the field for the number of FFT points.

Average spectrum, ms to averageif this button is selected, the average spectrum of
a region is calculated. The length of this region is givenhiarhs to average
text field. The cursor always defines the centre of the reghwrraging is only
possible for the DFT spectrum. It can be simulated for the ISp€ctrum by
increasing the effective window length.

The section window provides several short-cuts to the itehits window menu;
they are listed in Table A.4.

For further information on spectral analysis, see Sectidn $he subject of for-
mant analysis is covered in Section 5.3. Chapter 6 conteapsitant terms that are
used in all analysis descriptions.

3.5.4 The Label Window

The label window lets you assign labels to distinct pointsinme. This is used to
mark the segment boundaries of an utterance or to descsipeosodic structure as in
segmental and prosodic labelling, respectively.

Window Menu

The window menu of the label window has the following addiibentries:
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Show as text: Opens a dialog box containing a label list. In each line oflibtethe
time in milliseconds and the associated label are displayed

Label font: This menu item opens tH@nt Selectiorialog box (see Figure 3.10) that
lists the fonts that are defined in the font configuration Blee( Section 4.2.2).
You can either choose a label font from the list, or you care tgpvalidX font
name into theSelectiorfield.

Save: Saves the labels to the file that is given in the title of thedein. If this file
exists, it is overwritten without warning.

Save as: You can save the file under a different file name. If the file yelegted exists
you are prompted whether to overwrite it.

Edit Menu

With <Ctrl >RM you get the label edit menu (see Figure 3.10), which has tlefo
ing entries:

Insert before: Insert a new label before the highlighted label.
Insert after. Insert a new label after the highlighted label.

Delete: Delete the highlighted label.
Edit: Edit the highlighted label.

Inserting a New Label

If a new label is to be inserted at a certain point in time, @megorary marker must first
be set onto this point. Then you pres€trl >MM to insert the label at the temporary
marker.

If there already are labels at the point in time at which yountta insert a new
one, you use the edit menu itetmsert beforeandinsert after

Moving a Label

For moving a label to a different point in time, the temporargrker must first be set
onto this point. Then place the cursor between the tempananker and the label to
be moved. If the label to be moved has not been set yet, youthaiace the cursor
after the last label of the file. To actually move the labekgreShift>MM . To edit
the label before moving pressShift>RM. You can automatically move the label and
mark it as deleted (append gminus)) with<Alt >LM , or mark it as deleted and edit
it before moving with<Alt >MM . An uncertainty marker can be added before moving
the label with<Ctrl >LM .
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Keys

The keyh can be used to insert an aspiration label at the temporarkemaf it is
placed directly after a plosive, or a creak label, if it isqad after a glottal stop. If the
temporary marker is placed elsewhere, nothing is inserteshwypingh.

Typing z inserts a lengthening labebz: ) at the temporary marker.

Pressing<Ctrl >s makes th&o todialog box appear on the screen.

<Ctrl >f jumps to the next occurrence of the label that was last sedrfdn.

<Ctrl >b jumps to the previous occurrence of the label that was |astked for.

<Ctrl >| jumps to the last label.

Refer to Table A.5 for a complete list of key and mouse bindingthe label
window.

Label Syntax Checks

If xasspis run with a user level below 30, a syntax check is perfornoectach label
that is inserted, edited or moved. If the label is not validearor message appears and
the edit process is aborted.

The following additional checks are done when a label is

deleted: Only prosodic labels, inserted labels or labels wikpgorefix may be deleted.

inserted: The inserted label must be a prosodic label, a label that ikedaas inserted
or a label with &p prefix. Prosodic labels may not be inserted at the temporary
marker.

edited: Labels that are marked as inserted may not be edited. To elsud a label
you must delete and re-insert it.

You may not change the label class (prosodic or segmertialanonical label
or $ (word-internal) prefixes. You are not allowed to modify tleeital stress
markers or the (minus) that indicates that the label has been inserted.

3.5.5 The Fundamental Frequency Window

In this window the fundamental frequency of a given speeghdifile is displayed.
The window can be called up with the buttBreroin the xasspmain dialog, or with
the window configuratioProsodic which gives you speech signal, fundamental fre-
guency and labels, or it can be analysed directly from a $pewe in theAnalysis
dialog box in the speech signal window (selégtalysisin the pop-up menu of the
speech signal window). In each case a separate window apfoeedahe fundamental
frequency.
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Window Menu

There are several special menu items for this window:

Draw mode: You can choose between three draw modes ofRfigalues: circles,
squares and lines.

Logscale: By selecting this menu item you can toggle between a logaidland a
linear scale.

Set range: In the Set Rangelialog box that opens when selecting this entry you can
specify the minimum and maximutf,-value that should be displayed. If the
Computebutton is pressed, the minimum and maximum values are takem f
the data. Note that this only affects the display, not theysima

Re-analyse: Opens thd=zero Analysis Optiondialog box (see below). This item is
only present when thé, data were analysed on-line rather than loaded from a
file.

Save: Saves the |, data in the file that is shown in the title of the window.

Save as:Opens a file selection box to save thgdata in a different file. If the file
you selected exists you are prompted whether to overwrite it

Analysis Options

In the Fzero Analysis Optiondialog box, which you get by selecting tRe-analyse
menu entry in the pop-up menu of the fundamental frequenogevi, you can specify
the following options:

All/Region If both brackets have been set, you can choose whether toaltgsa the
whole signal or only the part in the marked region. Re-anagys region is
particularly useful if you want to correct an octave errag$ection 5.2).

Frame shift (ms): Specifies the frame shift for the analysis.
Maximum FO (Hz): Specifies the higheg{,-value to be analysed.
Minimum FO (Hz): Specifies the lowedt-value to be analysed.

Noise amplitude: Specifies the minimum speech signal amplitude consideled re
vant for analysis.

Please refer to Section 5.2 for more informationfgranalysis.
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Figure 3.12: Upper window: speech wave, lower window: asedyenergy course

3.5.6 The Energy Window

The energy course of a speech wave can be analysed by clioki&mergyin the
Analysisdialog box called up via the pop-up menu of the speech sigmalow (see
Section 3.5.1). The menu iteAlign and Linkhas to be chosen to display the energy
window linked with the speech signal window on the screes [Sgure 3.12).

Window Menu

The following special menu items exist in this window (segufe 3.11):

Draw mode: You can choose between three draw modes of the energy vaiugss,
squares and lines.

Re-analyse: Opens theEnergy Analysis Optiondialog box (see below). This item
is only present when the energy data were analysed on-liherrthan loaded
from a file.

Save: Saves the energy data in the file that is shown in the title@ftimdow.
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Suffix File type

.16, .116, .shh, .wav, .raw, .syinspeech signal
.fO fzero file

.Mix label file

.rms energy file

Table 3.4: File suffixes

Save as:Allows you to select a file in which to save the energy datahéf file you
selected exists you are prompted whether to overwrite it.

Analysis Options

In the Energy Analysis Optiondialog box you can change the following options:

All/Region If both brackets have been set, you can choose whether toatgsa the
whole signal or only the part in the marked region.

Window function: Specifies the window function to be used during analysis.
Frame size (ms): Specifies the frame size for analysis.

Frame shift (ms): Specifies the analysis frame shift.

Please refer to Section 5.1 for a description of the energlyais and to Chapter 6
for an explanation of the terms that are used in the analgsisrgbtions.

3.6 File Handling

xasspcan load data to be displayed from and save data to files. Ttaaygeaes that can
be loaded and saved are

e Speech Signal
e Fundamental Frequency
e Energy

e Labels

In the following sections the different file formats that aised inxasspare ex-
plained.
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3.6.1 Speech Signal Files

xasspcan handle speech signal files that have one of the formatarin@xplained in
this section.

KTH File Format

Files in KTH format consist of an ASCII header followed by &y data. The reason
to use an ASCII header is that it can be viewed with@re orless command or a
simple text editor such as .

The header of a KTH file normally looks like this:

head=1024<CR><LF>
fle=samp<CR><LF>
data=int16<CR><LF>
msb=first<CR><LF>
nchans=1<CR><LF>
sftot=16000<CR><LF>
length=203722<CR><LF>
=<CR><LF><SUB><EQOT>
<NUL>

<NUL>

The<CR>is a carriage return charactet,F> is a line feed character, ardNUL>,
<SUB>and<EOT>are special ASCII characters. The dots indicate thaktieL>
characters are repeated until the end of the header is kache

The header consists of simple keyword-value-pairs. Thet imbsresting ones
arehead, which gives the header length in byteftot , which gives the sampling
frequency in samples per second, amsb, which gives the byte order.

CSL File Format

The CSL format is used by tH@omputerised Speech Ladbcombination of hard- and
software for sampling and analysing speech data. It is alpnesy format.

WAV File Format

The WAV file format is widely used and has therefore been idetlinxassp It can
be read by almost any application that plays or manipulatesds.
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3.6.2 Fundamental Frequency

xasspknows only one file format for the fundamental frequencys Bm ASCII format.
Each line consists of the time and the associdigdvalue separated by whitespaces
(spaces, TABs, etc.). A part of a typich file looks like this:

0.840000 214.395721
0.850000 223.070328
0.860000 226.532837
0.870000 229.000473
0.880000 221.581589
0.890000 209.492630
0.900000 190.813736
0.910000 168.316666
0.920000 151.206406
0.930000 139.145554
0.940000 130.742325
0.950000 124.183624
0.960000 118.041351
0.970000 116.924339

115.094978

0.980000

xasspfundamental frequency files can optionally contain a helaerwhich must
be the very first line of the file. It contains a file type idestif)XASSP FZERPand
the sampling frequency.

3.6.3 Energy

The file format for energy data is exactly the same as for foreddal frequency, except
for the header, in which the file type identifi¥SXASSP ENERG used instead of
XASSP FZERO

3.6.4 Labels

xassprecognises two label file formats, MIX used internallyiads and SAM, the
label file format found on CD-ROMs#1-4 (IPDS 1994, 1995, 198807). A MIX
file starts with a header, which contains the orthographitthe canonical form. The
lines following the header consist of the identiffeR, the sample number, the label,
the time in centiseconds and the time in seconds.
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TEXT:

TIS010.

das w}rde mir ganz gut passen . also <P> Dienstag ,
drei"igster , Mittwoch , erster ? < {hm> ja , w }rd’

ich sagen . das k|nnen wir ja dann so machen , dann
werd’ ich da meine anderen Termine absa<;T>
PHONET:

DAS+ VYrDEOM+ MIErr+ G'A TS G'UT
P'ASEON . QALZO+ po DENSTA: K
, DR’EISICHSTTr , M1TVOX |,

QETrsSTr ?2 v: QLM J'Ar , VYr D EO+

QICH+ Z'A:GEON . DAS+ K N EO N+
VIEr+ JA+ DAN+ Z0O+ M'AXEON |,
DAN+ VE: TrDEO+ QI CH+ DA+ MEIN EO+
QANDFIrREON TETrM’'l: NEO Q 'AP #Z "A: ;

CT 1

FR 1010 #c: 7 0.06306 sec

FR 1010 #-s: 7 0.06306 sec

FR 1198 #-h: 8 0.07481 sec

FR 3549 #&0 23 0.22175 sec

FR 3549 ##D 23 0.22175 sec

FR 5091 $-d 32 0.31812 sec

FR 5488 $A 35 0.34294 sec

FR 6130 $S+ 39 0.38306 sec

The time in centiseconds and the time in seconds are optisas$paccepts, e.g.,
the following file:

TEXT:

GEPO002.

<#> dann treffen wir uns um neun Uhr <#Rascheln> <Ger {usch>
<A> und <Z> machen <Z> <{h> bis maximal zw|lf <Ger {usch> .
PHONET:

k DAN+ TREFEON VIr+ QUN S+
QUM+ NEUN Q'Ur kp: g hh QUNT+ z
M'AXEONz viQ[ BIS+ MAKSIM'A L
TSV'LF g

CT 1
FR 1600000 #:k
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FR 1600000 #c:
FR 1600000 ##D
FR 1600000 $A
FR 1600000 $N+
FR 1600000 ##T
FR 1600000 $R
FR 1600000 $'E
FR 1600000 $F
FR 1600000 $EO
FR 1600000 $N
FR 1600000 ##V
FR 1600000 $l:r+
FR 1600000 ##Q
FR 1600000 $U

This file is a so-called prototype file. It contains labelstthave not yet been
associated with specific points in time. These labels are pit@ced at the segment
boundaries of the corresponding speech signal in the ppafesegmental labelling.

The SAM label file has a marginally different structure framattof MIX and the
labels are in modified SAMPA (Wells et al. 1989). As with theXMfbrmat, the SAM
format contains an orthographic representation of theasjgm canonical transcrip-
tion and individual lines containing time stamps and labklsddition, following the
canonical transcription, there is a variant transcriptdmnch represents a concatena-
tion of the labels. Lines containing the wordksnd , kend andhend serve to delimit
the various chunks. The following is taken from the begigroha SAM format label
file:

g083a007.s1h

KAKOO7: <A> das k"onnen wir dann gleich dort machen .
ja , das ist ja praktisch . <P> und vielleicht
den Freitag vorher gleich<Z> <P> die Besprechung
daf'ur machen

oend
h: dast k9n@n+ vi6+ dant gl'al C
d o6t max@n . j'a , dast QI s t+

jat+t praktlsS . po QUNt+ fll’al Ct
de:n+t fr'alta:k f'o:6 #h "ec6 gl 'al C z
p: dit+ b@Spr'’ECUN daf'y6 m’'ax@n
kend
c: h: %d -has+ k-h9nm @ n+ Vv ib-6+
danN+ glalC d-h’'O6t max@n . c
j'as , d-hast+ Q-1Ist+ ja+

t-h1S . ¢ p-ht Q -g U-n t-+
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fl-l'alCt-h-zz d-hen+ fr’alt-ha:k-h
f'0:6 #h "e6 g -h Il 'al C zz. p: d -h i+
b@SprECUN d-haf'y6 m’ax @ n-N
hend
1 #c:
1 #h:
11985 ##%d
12640 $-h
12823 $a
13412 $s+
15054 ##k
15715 $-h

3.7 Printing

xasspprovides the possibility to generate PostScript outpubftbe data displayed on
the screen. You can either configure the parameters for esxtow (position, size,
font, etc.) yourself, or you can use configurations that egfiarameters and specify
the layout for printing.

Choosing the window menu entBrint, which is present in all window menus,
opens thePrint dialog. Here you can choose, whether to send the PostSartiptio
directly to the printer or to save it in a file. Further you caedfy a print command
and an output file in separate text fields.

Clicking the Select Windowbutton opens th&elect Windowsdialog box, where
you can select windows, change their parameters and chasalffferent configura-
tions, which are defined in theasspprint configuration file.

Clicking thePage Optiondutton opens th@age Optionglialog box, where you
can change the page size, margins and the page orientatimsfape or portrait).

Press thérint button to generate the PostScript output. TQaacelbutton closes
the dialog box.

3.7.1 Modifying Page Options

In the Page Optiongdialog box you can modify the page orientation, page size and
change the margins. Additionally, you can choose whethget®rate EPS (Encapsu-
lated PostScript) output, which can then, e.g., easily bleided in EX documents.

You can choose between the page orientati@arslscapendPortrait by selecting
the corresponding toggle button in tRage Orientatiorframe.

The page size can be changed either by selecting one of trdefined size from
thePaper Sizdist or by selectingCustomn thePaper Sizdist and specifying the paper
size in thewidthandHeighttext fields (the values must be given in centimetres).
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Figure 3.13:Select Windowdialog box

In the Marginsframe you can specify the values for the left, right, top aattdm
margins. The values must be given in centimetres. All pasitialues in the option
dialog boxes are relative to the margins.

3.7.2 Selecting Windows

If you press théPrint button in thePrint dialog box without having selected any win-
dows for printing,xasspautomatically selects all open windows. To choose the win-
dows that are to be printed yourself you have to operSlect Windowdialog box
and add the desired windows to tBelected Windowlsst. To do this you select one
or more windows from théwvailable Windowdist and click theAdd button, which is
located near the right edge of the dialog box. The selectedaws are then moved
from the Available Windowdist to the Selected Windowlsst. You can remove win-
dows from the list by selecting them in ti8elected Windowtsst and clicking the
Removéutton.

You can change the order of the selected windows by seleatiagvindow in the
Selected Windowsst and clicking theUp or the Down button to move the selected
window up or down in the list. The window order in ti8elected Windowsst is
important if you letxasspcompute the window positions, i.e. if you have selected a
configuration.

3.7.3 Choosing a Print Configuration

Print configurations let you define parameters and layoutpriating so that you do
not need to change the parameters yourself each time. Youhmase a configura-
tion by selecting a toggle button in tli&nfigurationdrame which is located in the
Select Windowdialog box. Choosing a configuration changes the windowrpatars
according to the specifications in tlkasspprint configuration file. You can manually
change them afterwards. These changes are persistentggadgou do not select a
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different configuration.
If you choose the special configurati@efault which is not defined in th@assp
print configuration file, all parameters are set to their diéfealues.

3.7.4 Modifying Window Parameters

xassplets you specify almost every parameter that can be definacconfiguration.
To change the parameters for a certain window you have totseie theSelected Win-
dowslist and press th®ptionsbutton if you want to change the window parameters,
theHscale Option$utton if you want to change the parameters of the horizaatze
for this window, or thevscale Option$utton if you want to change the parameters of
the vertical scale for this window.

You can change the following parameters in the option dialaxgs:

e position (horizontal (X) and vertical (Y)),

e size (width and height),

o title,

o title font,

e whether to print a border,

e border width,

¢ line width (only Wave, Fzero, Energy and Label windows),

e line color or grey value (only Wave, Fzero, Energy and Lakiedews),
e label font (only Label window),

e print style (only Fzero and Energy windows).

The following parameters can be changed in the optionsgllaaes for horizontal
and vertical scales:

o font for tick labels,
e minimum space between two tick marks,

e margin between tick labels and tick marks.
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Figure 3.14: Print output generated wihassp



Chapter 4

Configuring xassp

Sincexasspis an application that runs under tkeNindow Systenyou can make use
of the numerous possibilities of modifyingresources defined byassp With these
you can control the appearancexafsspas well as parameters for the analygassp
is capable of. You can also easily change key and mouse lgisidin

Because of the complexity afassp X resources alone are not sufficient to control
every aspect okassp Therefore xasspsupports three more configuration files to let
the user define the buttons that are to appear ixdsspmain dialog and the windows
to be opened if one of the buttons is selected. Furthermane can specify default
fonts to choose from, and frequent labels that are presemtind Edit dialog box in
the label window.

4.1 X Resources

To be able to modifyX resources, it is important that you understand howxiaesp
widgets are structured and which resources they define. dar&i4.1 you can see
what elements (widgets) a typicahsspwindow containing a speech signal consists
of. Additionally, anxasspwindow is shown in Figure 4.2 with the designations used
in Figure 4.1.

As you can see, every widget in amsspwindow has a name and a class. If you

Window Type | Prefix
Speech Signal wave
Fzero fzero
Labels labels
Sonagram sonag
Section section
Energy energ

Table 4.1: Widget Name Prefixes
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widget class

toplevelShell widget name

waveToplevel

. T
is parent of

- - =
controls
Y
XmRowColumn XmForm XmScrollBar
waveStatusLine waveForm ~|  waveScrollBar
e
\
\
XmSeparator AN XspHscale
\
waveSeparator Y waveHorizontalScale
\\
AN | Y
XspWave XspVscale
- — =
waveData waveVerticalScale

Figure 4.1:xasspwindow structure
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Figure 4.2:xasspwave window

refer to the widget class, all widgets belonging to thisska® affected when changing
some resource. By specifying the widget name, you are alitbange resources for
all widgets that are elements of the specified window types Whiget names consist
of a prefix likewaveand the actual name. Table 4.1 tells you which prefix to use for
each window type.

X resources can be changed in tiéefaultsfile in your home directory. If the
resource you would like to edit is not present in the file, yan copy it from thex
application defaults filéusr/lib/X11/app-defaults/Xassp where the de-



4.2. USER CONFIGURATION FILES 87

faults forxasspresources are specified. The resources you can change armbdss-
ble values are listed in the manual pages forxthsspwidgets, as well as in appendix
B. Itis also useful to have a look at tbemanual page, especially the section called
RESOURCES.

Each resource line in youXdefaultdile changing arxasspresource normally has
the following form:

Xassp*<widget name or class>.<resource>: <value>

If you want to modify the background colour of all widgets taining speech
signals (widget clasXspWavg you type:

Xassp*XspWave.background: white

If you want to change the font of the tick labels in the horizbrscale widget of
all label windows (widget name labelsHorizontalScale)) peed to add the following
line:

Xassp*labelsHorizontalScale.labelFont: 9x14

To learn more about font specifications, you should once roonsult theX man-
ual page (section FONT NAMES).

To alter the default value for the frame shift used in the walton of a sonagram,
you will have to write:

Xassp*XspSonag.shift: 5
After modifying your.Xdefaultdile, you have to run the command
xrdb “/.Xdefaults

to make your changes take effect.

4.2 User Configuration Files

The main purpose of the configuration files described in tlleviing sections is to
cover configurable aspects xéisspthat cannot be sensibly defined as resources. The
files containing information about fonts and labels are moy\womplicated, and will
possibly be included in the main configuration file in the fetu

xassplooks for configuration files in two places. The first is thealdf global
configuration directory/(isr/local/lib/xassp ), the second is the subdirectory
xassp of the user’'s home directoryNOTE: Using a main configuration file in the
global configuration directory has not yet been implement@étie files in the user’s
home directory override any global defaults.
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Option Description
autogain | If set toyes gain the speech signal to maximum amplitude
hscale If set toyes display horizontal scale
scrollbar | If set toyes display scroll bar
smallscale| If set toyes display small scale
statusline | If set toyes display status line
vscale If set toyes display vertical scale

Table 4.2:xasspoptions

4.2.1 The Main Configuration File

The main configuration file is namednfig . Here you can specify the configuration
buttons that appear ixasspmain dialog, and which windows should be opened if one
of them is selected. Furthermore, you can change global anfigaration-specific
defaults.

The file starts with a section in which you can specify valwesgfobal options. If
you change options at this point, every window that you operasspis affected. An
option consists of the option name and the value you want pieroto take. At the
moment you can specifyesor no. Refer to Table 4.2 for a list of valid options.

If you do not want the status line to be displayed, you havaseri the following
line at the beginning of the configuration file:

statusline no

After the global options section you can define an arbitramnber of configura-
tions, i.e. groups of window types that can then be openeélegtng the correspond-
ing configuration buttons. These definitions have the falh@dorm:

<identifier> {
[ <option> <value> ]

[ <window type> (<suffixes>), ]

The names to be used for the window types are identical to risfexps listed in
Table 4.1. The options that you specify affect only the wingddhat are defined after
the option line. If you specify multiple suffixes for a winddype, you must separate
them with commas. A suffix must always include a period. If yeant the data
of a certain window to be computed from the data of anothar,hewe to specify an
asterisk followed by the number of the window from which datato be taken. In this
case, the window number is the number of the window in thisispeonfiguration.

A simple configuration for segmental labelling could lodtelithis:
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Segmental {
wave (.116,.r16),
sonag (*1),
labels (.mix)

}

As you can see, the sonagram is computed using data fromsheiidow in the
configuration, which is the speech signal window.
If you want only one status line and one scroll bar, you cantlusdollowing:

Segmental {
scrollbar no
wave (.116,.r16),
statusline no
sonag (*1),
scrollbar yes
smallscale yes
labels (.mix)

In this configuration the scroll bar is only displayed in theél window, and the
status line is only present in the speech signal window. #altilly, a small scale is
created above the scroll bar in the label window.

4.2.2 The Font Configuration File

The font configuration file is namefdnts and resides in the global configuration
directory or the subdirectorxassp of the user’'s home directory. It contains a list
of fonts that the user can choose from in trent Selectiordialog box in the label
window. It maps user-defined font namesdéont names. Refer to thé manual page
for information onX fonts.

Each line of the file contains the user-defined name anXténdowdont name
separated by a tab. It is important, that no additional veipidees appear in the file.

To map the namdefaultto a 24 point Courier font, you just add the following line:

default<TAB>-*-courier-medium-r-*-240-*

Be aware that a font that you give the nadefaultis not automatically taken as a
default font in the label window. If you want to change theaidf for this, you have
to modify the corresponding resourceassp*XspLabels.labelFont ).
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4.2.3 The Label Configuration File

The labels configuration file is naméabels and can be found in one of the default
directories (global configuration directory or directagassp in the user’s home
directory). It contains labels that are offered in the eaitaly box in the label window.
Each line of the file can contain an arbitrary number of labelsch must be separated
by TAB characters. Additional whitespaces (blanks, lineglis, etc.) are not allowed.

In the edit dialog box in the label window, each line in the foguration file is
shown as a row of buttons that the user can select. This hasthe effect as typing
the label and pressing tli@K button (see Section 3.5.4).

To makexasspcreate the buttons that are shown in Figure 2.4 your labdlgion
ration file must contain the following:

#&pgN<TAB>#&pg/<TAB>#&pg;
#&hp<TAB>#&rp<TAB>#&rm
#&O<TAB>#&1<TAB>#&2<TAB>#&3
$&O<TAB>$&1<TAB>$&2<TAB>$&3
#&0.<TAB>#&1.<TAB>#&2.
#&,<TAB>#&?<TAB>$"
#&0.,<TAB>#&1.,<TAB>#&2.,
#&0.7<TAB>#&1.7<TAB>#&2.?
$-ma<TAB>$-"<TAB>$-z:
#-s:<TAB>#-g:<TAB>#-h:

#it-:k

4.3 Administrative Configuration Files

4.3.1 ThexasspUsers File

The default path to this file ietc/xassp_users . It contains a list of users that are
allowed to usexassp For each user it defines the default user level and the mawimu
user level.

Each line in this file has the following structure

<user>:<default user level>:<maximum user level>
If, e.g., the useaz has the following entry
az:10:10

he or she receives a default user level of 10, which cannoh&reased by any
command line parameters. The user can perform all tasks that are needed for
prosodic labelling.

If this user wants to do segmental labelling as well, theyantil have to look like
this:
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az:10:20

This allows the user to increase the default user level toxdman user level of
20, and so to perform all tasks that are necessary for seghabélling.






Chapter 5

Analyses

This chapter gives an overview of the analyses includecasp The descriptions are
kept brief for the general analyses, details of which carolbed in speech signal pro-
cessing textbooks like Markel and Gray (1976). Hyealgorithm is described in more
detail because itis a method developed at IPDS. Most signaépsing terms used be-
low are described in more detail in Chapter 6. Those of you areonot too familiar
with signal processing can find good introductions in Rosa ldowell (1991) and
Ladefoged (1996). The latter book also includes chaptesoamier analysis, digital
filters and LPC analysis. Beware, however, that especiadlge chapters unfortunately
contain many typing errors.

5.1 Energy Analysis

For showing the course of the signal strength over time, anggnanalysis can be
performed. As a measure of energy the Root Mean Square (RM& s calculated.
In formula:

wheres is the sampled signaly the window function, anaV the frame size.

You are advised to use a non-rectangular window functionsamthdow overlap
of about 50% for a smooth curve. The window function is noy\aitical and is by
default set to Hamming. Defaults for frame size and fram#é ahé 20 ms and 10 ms,
respectively.
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5.2 F, or Pitch Analysis

xasspcontains a version of the Schafer-Vincent periodicityedetr (Schafer-Vincent
1982,1983). This detector operates on local extrema (n@iramd maxima) in the
speech signal as potential period markers. Triplets oleexdr of the same type are
evaluated to mark two adjacent periods (a period twin). Wia is detected, its period
durations are compared to those of previously detectedstwiidjacent or partly over-
lapping twins with comparable period durations are linkedhains (cf.Fy-tracks). If
a chain exceeds a certain length (see point 2. below) and &xests no other, longer,
chain with shorter period durations (this to suppress @céaors), the stretch covered
by that chain is called voiced. For each sample within thetdtr, anF; value is cal-
culated on the basis of the period markers stored in the cHdier same is done for
the samples within the twins that are subsequently appetadéids chain. Samples
between voiced stretches are called unvoiced and recei¥g aalue of 0. Note that
more than one chain may exist at a time, but that only one ohtivay declare the
stretch covered by it to be voiced. Chains die out when no tware can be appended
to them. At a final stage, thE, values are re-sampled at the frame rate. If at least half
the samples within a frame have been declared voiced (hawsiave F; value), the
frame is assigned the mean of the positiyevalues. Otherwise it obtains dry value
of 0.

The following properties of the algorithm should be kept imch

1. In somewhatlifficult voiced stretches (irregularity in the initial part of a vedt
stretch and voiced fricatives), the algorithm has a tengémdeclare the stretch
unvoiced.

2. Conditions for a chain to mark a voiced stretch include mimiim duration of
the stretch of 30 ms. Also, the chain must contain at leasttiperiods and
three twins. Short stretches of voicing (e.g. in the vowekhj may therefore
go unnoticed. If possible, select the analysis intervahghat it begins and ends
in an unvoiced stretch.

3. Creak may be declared voiced or unvoiced, depending oadtdarity and du-
ration.

4. The algorithm is optimised for speech signals and mayetbes fail on some
types of signals such as slightly noisy square waves.

User-definable parameters aninFzerqg maxFzergnoiseAmpandframeShift

minFzero: the lowestF; to be evaluated (default 50 Hz). DecreasmigFzeroslows
down processing but has generally no adverse effect on sudtse Increasing
minFzerospeeds up processing but has no effect on the results asdahgsa
lower than the actually loweg{, in the signal.
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maxFzero: the highestF;, to be evaluated (default 600 Hz). DecreasimgxFzero
speeds up processing. However, since fewer potential goertyp markers will
be evaluated, it may lead to voicing errors. DecreasmagFzeranay be neces-
sary to suppress an octave error. Contrary to most dthanalysesmaxFzero
shouldnot be set to slightly above theorrect Fi but rather to slightly below
its octave (i.e. the lowest erroneous value). IncreasiwagFzeroslows down
processing, may in some cases give somewhat better rdsutltsyay also lead
to octave errors.

noisetAmp: the amplitude threshold for an extremum to be consideredenpal pe-
riod marker (default 16 at 16 bit signal resolution). Exteemith amplitudes
below this threshold are assumed to be due to background poigeak un-
voiced signals. DecreasingpiseAmslows down processing and may in some
cases lead to erroneous detection of periodicity in noisstdtes. Increasing
noiseAmpspeeds up processing but has no deteriorating effect oreiodis as
long as it is lower than the actually lowest extremum in vdis&etches.

frameShift: determines the rate at whick, values are produced at the last stage,
namely once peframeShiftms. The default value is 10 ms for proper align-
ment with other analysis data, such as energy contours.eBgicigframeShift
may in extreme cases lead to gaps in fhetrack. These may, for example,
be caused by a phase shift in the transition from a vowel tosalndNote that
frameShiftmay be reduced to one sample, becaus&thealues are determined
at the sampling rate of the signal. IncreasfrgmeShiftmainly results in the
voicing boundaries becoming increasingly inaccuratey gbiort stretches that
were declared unvoiced (e.g. in the occlusion of lenis pexi may therefore
disappear because the frames extending over such stretovesontain more
voiced samples, resulting in the frames becoming declavextd.

5.3 Formant Analysis

If an LPC spectrum is selected in Section, a formant anatysig be invoked. In this
analysis, local peaks are searched in the LPC spectrum. Byl interpolation
through the three adjacent FFT points that define such a peakeak frequency, its
bandwidth and amplitude are estimated. These values wilstexl in a dialog box
and may be logged in a file. How many peaks will be searcheat#orbe defined in
the section pop-up menu undésrmants There, you will also find a toggle button
for switching formant calculation on or off. The formant d@atill continuously be
updated with a change in the spectrum in the section window.

When analysing formants, you are advised to set the number of FFT points to
auto (or 0) because this would result in the formant data becordemendent on the
width of the Section display window. The number of FFT posttisuld rather be set
such that a spectral resolution of between 20 and 50 Hz isndutge.g. 512 for a
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sampling rate of 16 kHz). In general, but specially if you arerested in formant
amplitudes, you should s@&re-emphasiso 0 and choose an odd LPC order to have
one coefficient free for modelling the overall spectral(skke Chapter 6).

5.4 Spectral Analysis

Underlying both Sonagram and Section are two spectral aesjyiz. calculation
of the Fourier spectrum of the signal via the Discrete Fourransform (DFT) and
calculation of the spectral envelope of the signal via an laR@lysis. In both cases,
the signal is first pre-emphasised and multiplied by the wmntlinction specified. For
the DFT spectrum, the size of the window follows from the sipet bandwidth with
a correction for the window function used. For the LPC spanuirit follows from
the specification of the effective length of the window ane #indow function (see
Chapter 6).

The DFT spectrum is then calculated in a straight-forwargl using an FFT. For
the LPC spectrum, the LPC coefficients are calculated froenviindowed signal.
From them, the inverse LPC filter is constructed and an FFPpied to obtain the
spectrum of the transfer function of this filter. In both cggbe FFT coefficients are
converted to spectral power levels. The paramejais andrangedetermine how the
power levels will be mapped on your screeangedefining the difference between the
lowest and the highest level to be displaygdin determining the highest level relative
to an internal reference.

If both a sonagram and a section are displayed for a speenhlsggtting the
analysis parameters for the section to exactly the samewakithose for the sonagram
will result in a true cross-section of the sonagram.
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Definition of Signal Processing Terms

Bandwidth: The bandwidth parameter determines which details will lselked in
a spectral analysis. Generally, there is a trade-off batvwlee bandwidth (fre-
guency resolution) and the temporal resolution: The b#tefrequency resolu-
tion (smaller bandwidth) the worse the temporal resolutieor display purposes
such as sonagrams and sections, we take the product of tdeviokim and the
effective window length to be 1. Thus a bandwidth of 400 Hzesponds to a
temporal resolution of 2.5 ms. In a frequency detection,tagkh as a formant
or an Fy-analysis, it is more appropriate to use a product value & 2rder to
analyseF; values down to 50 Hz, for example, the effective window lérigta
frequency-domain analysis must thus be at least 40 ms.

Typical values for a sonagram are about 300 Hz (wide-bantysisan which
the harmonics are not resolved) and 50 Hz (narrow-band sisaowing the
harmonics as horizontal bars). Note that for very highk@ttvoices, a 300 Hz
bandwidth may still be too narrow and need to be increaseenmye harmon-
ics. There is a lower limit to the bandwidth, determined by whndow function
and the number of FFT points. If you need a smaller bandwitth this limit,
choose a less compact window function (e.g. a Hamming winaowncrease
the number of FFT points.

Discrete Fourier Transform (DFT): As the name implies, the DFT is the Fourier
transform for discrete signals such as sampled speechisidssually, a short-
term DFT is calculated. FaoW input samples, the DFT deliver§ (complex)
Fourier coefficients. Thus, the frequency resolution of@d equals the sam-
pling frequency divided byV. For example, a 512 point DFT at a sampling
rate of 16 kHz has a frequency resolution of about 31 Hz. Th& BRusually
calculated using the Fast Fourier Transform (FFT). Notedakulating a short-
term DFT violates the requirements for applying a Fouri@nsform. The signal
must therefore be multiplied by a tapering window functiorréduce spectral
distortion due to this violation.
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N L

Figure 6.1: Power Spectrum of a Window Function (solid liaedl of the Rectangular

Filter with the same ENB (dashed line)

Effective Window Length: The application of a (non-rectangular) window function,

puts more emphasis on the signal near the centre of an analysiow than
near the edges. Hence, the length of the window is effegtnedluced. There
are several definitions of the effective length of a windogpehding on the ap-
plication. Unless specified differentlyasspuses the equal bandwidth criterion.
That is: the effective length of a window is the length of at@aegular window
whose transfer function has the same bandwidth. The remuéictor varies
between about 1.3 for a triangular window and 2 for the mostpct Black-
man and Gaussian windows (see Harris (1978) for more detale bandwidth
definition used in this case is the Equivalent Noise Bandwidt

Equivalent Noise Bandwidth (ENB): The Equivalent Noise Bandwidth (also called

Equivalent Rectangular Bandwidth or ERB) of a window fuactequals the
integral over frequency of the power spectrum of the windonction, divided
by the maximum level of the power spectrum. The term EquinaRectangular
Bandwidth refers to the fact that this bandwidth is the samtha width of an
(ideal) rectangular filter with the same peak power gain &edstime integral
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over frequency of its power spectrum (see Figure 6.1). Tha tequivalent
Noise Bandwidth refers to the fact that, if the window fuoativere treated as a
filter, it would output the same noise power as the (ideakbaregular filter when
both are excited by the same white noise (see Harris (1978)doe details).

Fast Fourier Transform (FFT): The FFT is a computer algorithm for calculating a
DFT. It exploits symmetry properties in the calculation bé tFourier coeffi-
cients that occur when the number of coefficients (genecallied the number
of points) is a power of 2, to drastically reduce computatdiiort. This re-
duction is such, that even on modern computers and desjgiteather strong
restrictions on the number of points, the FFT is nearly abwased to calculate
a DFT.

Frame: Since the speech signal is by nature non-stationary, masgses are short-
term. This means that they process only a short signal btegta time. During
this stretch (or frame as it is usually called) the signalssuaned to be quasi-
stationary. Processing parameters involved are the framee the frame shift
and, for most analyses, a window function and an effectivedatv length.

Frame Shift: In a frame-based analysis, the analysis window is shiftedgathe sig-
nal in discrete, fixed, steps. In other words, the globalaidgatures are anal-
ysed at a constant rate (the frame rate). In order not to lpaxts of the signal
unanalysed, a certain overlap should exist between adj&esanes. In general,
an overlap of 50% or more is recommended, hence the defduk wh 10 ms
for a frame size of 20 to 25 ms. Smaller values (larger ovéenha result in
smoother contours at the cost of higher data rates. Lardeevanay result in
data loss, especially for very compact windows like the argbrder Blackman
and Gaussian.

As resource and in menus, frame shift is entered in millisdscas the most
convenient unit. Internally, however, it is set to the nearstegral number of
samples. Therefore, the frame shift used may differ somefrbian the value

you specified, especially for small values at low sampliegyfrencies.

Frame Size: The frame size or length of the analysis window determinesfté-
guency resolution of the analysis. The larger the frame #imebetter the spec-
tral resolution. However, a large frame size will also regusmearingof fast
transients such as plosives. In other words, the largerémed size, the worse
the temporal resolution.

For analysis of global features, such as LPC, formants orggnea generally
recommended compromise is a frame size of 20 to 25 ms. Foihgiypitched

voices a smaller frame size may be used to get a better tehmpeddution. For

very low-pitched voices a larger frame size may be necessagduce variation
in the analysis results of voiced stretches due to the velatsition of the frame
with respect to the pitch period.
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As resource and in menus, frame size is entered in millisks@s the most
convenient unit. Internally, however, it is set to the neamtegral number of
samples. Therefore, the frame size used may differ somefndratthe value
you specified, especially for small values at low sampliegjrencies.

Gain: In sonagrams and sections the gain parameter is used tohehdisplay range
upwards or downwards. A positive gain value shifts the scaragnore towards
black and the spectrum in a section upwards. A negative valre to white
and down, respectively. Note that gain does not influencespieetral levels
themselves, but only which range of levels will be display&din is expressed
in dB relative to an internally calculated estimate of thexmmaum spectral level.
The default value of 0 dB should give a reasonable plot, plexithe signal
values span about the full dynamic range of the A/D conveifbe latter may
be achieved by settingutogain on in your config.

Linear Predictive Coding (LPC): LPC has basically been developed for data com-
pression in signal coding. In speech research, it is tylyicaled for estimating
the spectral envelope of the speech signal, which is themeesd to represent
the transfer function of the vocal tract. Underlying LPChe fissumption that a
sample value can be predicted on the basis of a linear cotidninaf a number
of previous sample values. In formula:

M
5, = Z Ao Sy with M the prediction order
m=1

Since, in the analysis, the sample valyas known, the prediction error

€n = |Sn - §n’

can be calculated for the set of prediction coefficients . a,,;. For each frame,
the LPC analysis determines the prediction coefficientauoghs way that the
energy of the error signal within that frame is minimal. Thrediction coef-
ficients then form the coefficients of a digital filter that iopally flattensthe
signal spectrum. In other words, it will have anti-resoremwhere the signal
spectrum has resonances. The inverse of this filter canftineriee used to esti-
mate the spectral envelope of the signal. The LPC analydisadeised irxassp
is called the autocorrelation method and uses the Durbursem to determine
the prediction coefficients on the basis of autocorrelatioefficients (for more
details, see e.g. Makhoul 1975 or Markel and Gray 1976).
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LPC Order: The LPC order (or number of coefficients) determines howedjothe
inverse LPC spectrum models that of the signal. Since, ie@panalysis, we
are mainly interested in the spectral envelope, the optordgr relates to the
length of the vocal tract of the speaker and the samplingurqy used (see
Markel and Gray 1976). The rule of the thumb is: samplingdesery in kHz +
2 or 3 for male voices and about 10% fewer for female voicesisTfor a sam-
pling frequency of 16 kHz: 18 or 19 for a male voice and 16 todr7af female
voice. Note that two coefficients are needed to model onenegsx® (formant).
Therefore, in the above example for a male voice, maximaligrhants can
be modelled, which corresponds to the rule of the thumb: téort per kHz
bandwidth. The extra formant follows from a potential ndsatant or the co-
efficients may be used to compensate for an anti-resonahesodd coefficient
may be included to model a very global aspect of the specthyfior example,
no pre-emphasis is applied prior to the analysis, this aefft can model the
overall spectral tilt.

If the LPC order is chosen too low, only the strongest resoasmvill be mod-
elled and may undergo a frequency shift. If the order is chdse high, strong
harmonics will be treated as resonances.

Pre-emphasis: Pre-emphasis is used to change the overall spectral titteo§peech
signal. It implies a first-order filter with the transfer fuion:

H(z)=1+uz"', with —1<u<l.

A positive value ofu amplifies the lower frequencies, while a negative value
amplifies the higher frequencies. Typically,is chosen near -1 (e.g. -0.95)
to compensate the -6 dB/oct slope of the spectrum of voiceddp Such a
compensation is necessary in a sonagram in order to showgherHormants.
Although a positive value should be used for unvoiced spéetinch usually
has a positive spectral tilt), the fixed negative value camsptes for the lower
amplitudes of such stretches. Note that some signal priocepackages use a
definition with a different sign for.

Range: The range parameter sets the difference between the highéshe lowest
spectral level to be displayed in a sonagram or a sectionalmnagram, the
default value is 50 dB. Choosing a smaller value may resutbimponents of
interest becoming invisible. Choosing a higher value wilka the picture less
distinct, due to the limited resolving power of grey levéMoreover, too high a
range may lead to sidelobes due to the window function beagwisible. For
a Section, the range may be set larger because the visuhltresas far better
and sidelobes are easier to recognise as such. The defaudthere is 80 dB,
also because no pre-emphasis is applied.
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Window Function: In a frame-based analysis, the signal is implicitly assutodae
zero outside the frame. This is equivalent to multiplying ignal with a win-
dow function which equals 1 within the frame and 0 outsid@&lite sharpedges
of this function cause distortions of the signal spectrurhe Two main effects
are:

e a broadening of the frequency components (width of the ntdie))l
e the occurrence of spurious components (sidelobes)

The second effect is the most serious one, because, forangedar window,
the maximum level of the sidelobes is only 13 dB below thatefmain lobe.
Therefore, the sidelobes of a single strong signal compomay mask other
components completely or suggest energy at frequenciesewihere are in fact
no signal components. In order to reduce these sidelobegpesedwindow
function (a function that gradually approaches 0 at its eislgsually applied
prior to the analysis. For any window function there is a ¢raff between the
width of the main lobe and the maximum level of the sidelob&ke lower
the relative level of the sidelobes, the wider the main lolmesonagrams and
sections, the resulting increase in the analysis bandusdibmpensated for. For
more details on window functions and their figures of megeg 8larris (1978).
In xassp a large number of window functions are available. Theskidethe
classicaltriangular (Bartlett), hanning (or Hann) and Hamming wiwdp and
two groups, viz. the Blackman and Gaussian windows. For iaostyses, the
Hamming window with a highest sidelobe level of -43 dB is a@choice. For
the Sonagram, the minimum 3-term Blackman-Harris windosg/lteeen chosen
because of its even lower sidelobe level of -67 dB.
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Appendix A

Key and Mouse Bindings

Key Action

<Shift>LM | set temporary marker

F3 move temporary marker to next zero crossing on the left
F4 move temporary marker to next positive zero crossing onigtg r
F5 set left bracket on zero crossig

F6 set right bracket on zero crossing

<Ctrl >F5 | set left bracket onto cursor positfon

<Ctrl >F6 | set right bracket onto cursor positfon

<Shift>F5 | clear left bracket

<Shift>F6 | clear right bracket

Return clear brackets

Del clear brackets

Esc close window

Space play signal from start to end or stop playing

Backspace | clear temporary marker

w log data to file (only when data logging is enabled)

<Ctrl >w log data to file and add a comment line

8The brackets are set onto the next zero crossing to the latieotursor only if the resource

setOnZeroCrossing

(see Section B.4) is set forue . If the resource ig-alse , the brackets

are set onto the cursor position.
®This key sets the bracket onto the cursor position and does gawe about the

setOnZeroCrossing

resource.

¢Return does not work on all machines

Table A.1: Commonly Used Key Bindings xassp
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Mouse button| Action

LM play from (temporary marker/left bracket/beginning of danv)y* to
cursor

MM play from (temporary marker/left bracket/beginning of danv)* to
(right bracket/end of window)

RM play from cursor to (right bracket/end of winddw)

<Alt>RM post window menu

<Ctrl >RM | post edit menu

axassptakes the first item from the slash-separated lists thatasgmt when determining what to
play. If a temporary marker is present and you press the leftsa button, this marker determines the
beginning of the region to be played. If the temporary maikeot present, but the left bracket is, then
the region starts at the position of the left bracket. If nohthese are currently displayed, the playing
starts at the beginning of the window.

Table A.2: Commonly Used Mouse Bindingsxassp

Key Action

<Shift>s open a new section window

CursorUp increase the vertical resolution of the speech signal
CursorDown | decrease the vertical resolution of the speech signal
Home restore the original vertical resolution of the speechalign

Table A.3: Key Bindings in the Speech Signal Window

Key | Action

f toggles the updating of the section when cursor in speectabwindow is
moved (same as thH&aeeze/Followmenu item)

k keeps the current section (same askKkepmenu item)

Cc removes the last kept section (same asGlear menu item)

Table A.4: Key Bindings in the Section Window



Key/Mouse button
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Action

<Shift>LM
<Shift>MM

<Ctrl >LM
<Alt>LM
<Alt >MM
<Ctrl >MM
CursorlLeft
CursorRight
h

z
<Ctrl >s

<Ctrl >f
<Ctrl >b

<Ctrl >1

set temporary marker

move label unchanged to the point in time defined by the tem-
porary marker

move label with uncertainty marké

move label and mark as deleted (appendgd

move label and edit name

insert a label at the temporary marker

move the temporary marker to the next label on the left

move the temporary marker to the next label on the right
insert aspiration or creak label (after a plosive or glastab,
respectively)

insert a lengthening label

opens theGo todialog box (same as selecting the menu item
Gotog

jumps to the next occurrence of the label that was last sedrch
for

jumps to the previous occurrence of the label that was last
searched for

jumps to the last label that was set

Table A.5: Key and Mouse Bindings in the Label Window






Appendix B

X Resources

B.1 Resources for theCore widget

TheCorewidget is defined by thintrinsicstoolkit. Because many of its resources are
seldom needed by the user, only the most frequently usedwitidse listed. For a
complete list see th€oremanual page, which is normally included in common Motif
distributions.

background: Specifies the background colour for the widget.

widget class

Core L —
is superclass of

XmPrimitive
XspVscale XspMain XspHscale
XspData
XspWave XspFzero XspLabels XspSonag XspEnerg

Figure B.1:xasspwidget hierarchy
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backgroundPixmap: Specifies a pixmap for tiling the background. The first tile is
placed at the upper left corner of the widget’s window.

borderColor: Specifies the colour of the border in a pixel value.

borderPixmap: Specifies a pixmap to be used for tiling the border. The fitstisi
placed at the upper left corner of the border.

borderWidth: Specifies the width of the border that surrounds the widgatislow
on all four sides. The width is specified in pixels. A width ofz&@ro) means that
no border shows.

height. Specifies the inside height (excluding the border) of thegeis window.

translations: Points to a translations list. A translations list is a listewents and
actions that are to be performed when the events occur.

width: Specifies the inside width (excluding the border) of the witgwindow.

x: Specifies the x-coordinate of the upper left outside corhénewidget’'s window.
The value is relative to the upper left inside corner of theepawindow.

y: Specifies the y-coordinate of the upper left outside corf#ne@widget's window.
The value is relative to the upper left inside corner of theepawindow.

B.2 Resources for theXmPrimitive widget

The XmPrimitivewidget class is defined by thHdotif toolkit. Since many of its re-
sources are seldom used, only the most important ones t&é. liSor a complete list
see theXmPrimitivemanual page.

bottomShadowColor: Specifies the colour to use to draw the bottom and right sides
of the border shadow.

bottomShadowPixmap: Specifies the pixmap to use to draw the bottom and right
sides of the border shadow.

foreground: Specifies the foreground drawing colour used by Primitivégets.
highlightColor: Specifies the colour of the highlighting rectangle.

highlightOnEnter: Specifies whether the highlighting rectangle is drawn wiien t
cursor moves into the widget. The default is False.

highlightPixmap: Specifies the pixmap used to draw the highlighting rectangle
highlightThickness: Specifies the thickness of the highlighting rectangle.
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shadowThickness: Specifies the size of the drawn border shadow.

topShadowColor: Specifies the colour to use to draw the top and left sides of the
border shadow.

topShadowPixmap: Specifies the pixmap to use to draw the top and left sides of the
border shadow.

B.3 Resources for thexspMain widget
cursorColor: Specifies the cursor colour.
dataColor: Specifies the color that is used to draw the data.

dataMargin: Specifies the amount of empty space that is added to the lefthen
right of the displayed data.

gridColor: Specifies the grid colour.

gridLength: Specifies the length of a single grid line.

gridSpace: Specifies the horizontal space between grid lines
leftBracketColor: Specifies the the colour of the left bracket.
maximum: Specifies the maximum data value for display.

minimum: Specifies the minimum data value for display.

pixPerSpl: Specifies the resolution used to display the data in pixelsjiésecond.
rightBracketColor: Specifies the colour of the right bracket.
showCursor: Specifies whether a cursor should be drawn.
showGrid: Specifies whether to draw a horizontal grid.

splPerSec: Specifies the sampling frequency in samples per second.
tempMarkColor: Specifies the colour of the temporary marker.

tempMarkLineStyle: Specifies the line style of the temporary marker. This can be
solid, onoffdash, or doubledash.
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B.4 Resources for theXspData widget

labelLinesColor: Specifies the colour of the label lines.

scrollbarincrement: Specifies the fraction of the window width that the data stioul
be scrolled if the scroll bar arrows are used.

scrollbarPagelncrement: Specifies the fraction of the window width that the data
should be scrolled if the user clicks inside the scroll bar.

setOnZeroCrossing: Specifies whether the brackets should automatically berset o
the next zero crossing to the left of the cursor.

showLabelLines: Specifies whether label lines from a linked label window stide
displayed.

valueUnit: Specifies the value to be used in the status line value label.

B.5 Resources for theXspWave widget

The XspWavevidget class defines no new resources.

B.6 Resources for theXspFzero widget

drawMode: Specifies how to draw the data values. This can be lines,esira@r
rectangles.

frameShift: Specifies the shift of the analysis window.
logarithmic: Specifies whether to use a logarithmic vertical scale.
maxFzero: Specifies the highest FO value to be analyzed.
minFzero: Specifies the lowest FO value to be analyzed.

noiseAmp: Specifies the minimum speech signal amplitude consideledart for
analysis.

B.7 Resources for theXspLabelswidget

bottomMargin: Specifies the space in pixels between window bottom anddabel

highlightColor: Specifies the colour to highlight labels with.
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horizontalSpacing: Specifies the space in pixels to be left between the labelland t
vertical label line.

labelFont: Specifies the label font.

truncate: Specifies whether labels that do not fit into the window aredated, or
other labels are overwritten if there is no space left.

verticalSpacing: Specifies the vertical space in pixels between stackeddabel

B.8 Resources for theXspSonag widget

bandwidth: Specifies the bandwidth of the DFT spectrum.

gain: Specifies the gain in dB.

IpcLength: Specifies the effective length of the LPC analysis window.
IpcMode: Specifies whether to compute an LPC (True) or DFT (False)tspac
IpcOrder: Specifies the order of the LPC analysis.

numFFT: Specifies the number of FFT points.

numLevels: Specifies the number of grey levels to be used.

preEmphasis: Specifies the pre-emphasis.

range: Specifies the range in dB.

shift: Specifies the shift of the analysis window.

wfunction: Specifies the analysis window function.

B.9 Resources for theXspSection widget

average: Specifies whether to compute an average spectrum.

avrLength: Specifies the length of the signal part the average specthauld be
computed from.

bandwidth: Specifies the bandwidth of the DFT spectrum.
gain: Specifies the gain in dB.

listFormants: Specifies whether formants should be analyzed and displayed
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IpcLength: Specifies the effective length of the LPC analysis window.
IpcMode: Specifies whether to compute an LPC (True) or DFT (False)tspac
IpcOrder: Specifies the order of the LPC analysis.

numFFT: Specifies the number of FFT points.

numFormants: Specifies the number of formants to analyze

preEmphasis: Specifies the pre-emphasis.

range: Specifies the range in dB.

sectionColors: This is a comma-separated list of colours that are used iertian
one section is displayed.

wfunction: Specifies the analysis window function.

B.10 Resources for theXspEnerg widget

drawMode: Specifies how to draw the data values. This can be linesesir@r
rectangles.

frameShift: Specifies the frame shift.
frameSize: Specifies the frame size.

wfunction: Specifies the window function.

B.11 Resources for theXspHscale widget
labelFactor: Specifies a factor for multiplication of the scale labels.
labelFont: Specifies the font to be used for the tick labels.
labelMargin: Specifies the margin between tick labels and tick marks.
labelUnit: Specifies a unit that is appended to each label.

relTicLength: Specifies the length of the shorter tick marks in percent efiémgth
of the longer ones.

ticHeight: Specifies the length of the longer tick marks.
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B.12 Resources for theXspVscale widget

factor: Specifies the factor for multiplication of each label.

labelColor: Specifies the colour of the scale labels.

labelFont: Specifies the scale label font.

labelMargin: Specifies the margin between labels and tick marks.
precision: Specifies the number of digits to appear after the decimigitpo
ticColor: Specifies the colour of the scale tick marks.

unit: Specifies the unit to be appended to each scale label.
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