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HADES: A Case Study of the Development
of a Signal Analysis System?

Philip E. Rubin
Haskins Laboratory

1. Introduction

Research on speech and language, and the development of useful technol-
ogy based on this research, depends on increasingly sophisticated tools,
and most particularly on signal analysis systems. We are using ever more
powerful tools to display, measure, edit and analyze time domain signals
including both acoustic productions and physiological activity. The evo-
lution of speech and signal analysis systems at Haskins Labora tories over
the past 15 years will be described. Thedetails of oursystems aredependant
on our particular computing environment, but many of the issues that are
discussed are quite general and likely arise in some form whenever an
attempt is made to create research tools for general use.

2, Background

The development of speech analysis systems at Haskins Laboratories has
been influenced by the nature of the institution, the interests and needs of
the researchers associated with it, and the available hardware. Haskins is
a non-profit research institution affiliated with academic institutions in the
Northeast and internationally, including Yale University, the University of
Connecticut, City College of New York, Wesleyan University, Wellesley
College, and the Hebrew University. The Laboratories provide a central
facilities resource for research in areas related to speech and language,

1The development of many of the systems mentioned in this paper and the preparation of this
documentweresupported, in part, by a variety of grants and contracts to Haskins Laboratories

including NIH Grants HD-01994, MS5-13870, NS-13617, and NIH Contract NOI-HD-5-2910.
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including speech perception, speech production, phonetics, phonology,
reading, motor behavior, and cognitive and ecological psychology. The
Laboratories serve a small group of full-time research and technical sup-
port staff and a larger group of part-time researchers, graduate students,
undergraduates, and postdoctoral students from many institutions.

Since the mid-1970s software efforts have concentrated on the development
of special-purpose tools for a VAX ~11/780), and more recently the associ-
ated VAX minicomputers that are part of our local area VAX cluster. A
major gaal of new software development has been to exploit the power of
the VAXstation workstations while ensuring that new tools are integrated
with our day-to-day computing environment. In addition, our systems
must provide the power, consistency, features, and speed demanded by
long-term users, while still being accessible to visitors who need to get their
work done quickly and with minimal support from the relatively small
technical staff.

3. Early Developments—WENDY and SPA

The design of new display and analysis systems has been influenced byr

systems that were developed in the early 1970s, many of which are still in
useat Haskins and other institutions. One of the most influential programs,

still in daily use, is the Waveform Editor aNd DisplaY program (WENDY).

The program is used to edit 12-bit sampled data (PCM)* files (see
O'Shaugnessy, Chapter 2, and Gopal, Chapter 8) that conform to a local
standard. While the system is most commonly used for speech signals, it is
readily adapted to physiological records, model-generated data, or the

? Haskins Laboratories uses the Pulse Code Modulation (PCM) method of digitizing analog
signals, which consists of taking amplitude samples at frequent, regular intervals, and
representing the continuously varying signal as binary digital numbers (Whalen, et al,, 1990).
The number of intervals per unit of t{ime is known as the sampling rate. At Haskins, sampling
rates of 10,000 and 20,000 Hz (samples per second) are used for speech data, while physiologi-
cal signals are samples at a wide variety of rales, including non-integer sampling rates. The
resolution within the vollages that the syslem can encompass (known as the dynamic range)
is specified by the number of bits used for the encoding. In the case of the Haskins system, the
approximaterangeof-10V 1o +10V iscoded into 12 bits. The Haskins systems, likemany others,
avoids having a sign bit by adding a dc offset half as large al the dynamic range. For a 12 bit
system, the original values (-02048 to +2047) are internally stored as values in the range of 0-
4095; the Haskins systems represents these values as 16-bit two's complement numbers with
the highest four bils reserved as a control field. The Hasking PCM file format saves sampled
data in a binary file (64 words perrecord), with a 4-record header biock that suppiies additional
information about the file (Whalen, ef af., 1990). Segment labels can either be stored in trailer
blocks (old label format) or as separate ASCHI files (new label format).
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output of synthesizers. Signals can be displayed as waveforms, amplitude
and duration measurements can be made, and signals can be combined or
edited as needed. The program also includes a procedural language for
performing iterative operations and defining macros to repeat complfex or
frequently used operations. WENDY was designed to run on a single
central CPU (originally a PDP 11/45 and later a VAX 11/780) that sup-
ported a number of Tektronix 4010/4014 compatible display terminals.

Figure 1 shows a typical display from the program. In the top panel is the
amplitude waveform of an adult male saying “The cow chewed its cud.”
The bottom panel is an expanded section of a portion of this signal.
Amplitude waveforms are shown in “display ports”; WENDY can accom-
modate up to eight simultaneous display ports.

WENDY is well adapted to performing its main function: displaying and
editing signal waveforms. It can handle multiple signals, and the inter}\al
procedural language provides considerable flexibility for the manipula tion
of these signals. The program can be run from a variety of Tektronix-
compatible terminals, including Digital VT240, GraphOn, and microcom-
puter-based Tektronix emulators. However, the program is not easy o
learn. The command set is unique to this program, and is not self-
documenting, and the functions of many commands are not intuitively
obvious. The LISP-like procedural language is powerful and flexible once
mastered, butis sufficiently difficult to learn that many users never take full
advantage of it. The storage-mode display technology results in long
display times, with many total screen redisplays. The program is also.n_ot
wellintegrated withother forms of signal analysis used at the Labora tories.’

Shortly after the development of WENDY, a program called SPA {SPectral
Analysis) was designed to provide FFT-based spectral analysis {see
O’Shaugnessy, Chapter 2). SPA was intended to supplement iLS5 {Interac-
tive Laboratory System), a commercial package from Signal Technology
Incorporated of LPC-based analysis and filtering routines. SPA is a menu-
driven program using the standard IEEE routines (IEEE, 1979) that is
powerful, and much more accessible to the occasional user than ILS. Table
1 illustrates the SPA command menu (which is based on a Laboratory-wide
applications interface shell called HUI—Haskins User Interface). Sampled

3 An exception to this is WES, which isa modifies version of WENDY thatrunsasan inlegiated
component of our PSP Physiological Signal Processing system, allowing isplay, edition and
measurement of waveforms from within PSP.
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data files can be analyzed, displayed, and saved in a Discrete Fourier
Transforfn ([')FT) format. Graphical interactions with the spectral data are,
once again, limited by the inadequacies of the storage mode displays.
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f-lﬁ:rf,,l: WENDY waveform display. Top panel—the utterance

Yot ~lrmrairn e ” OV aa -
*he cow chewed its cud.” Bottomn panel—expanded view of Lhe
portion of the waveform that contains the word “cow.”
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Table1: Menu of SPA commands,

MENU OF SPA COMMANDS:
SPE SPEctral analysis
DIS DISplay spectrogram
DSP Display SPectral Cross-section
PRI PRInt spectral values
AVE AVErage magnitude spectra
RATE decimation and interpolation (rate)
RMS RMS signal energy
53D diSplay 3-Dim. spectrum
WAVE WAVEform display
SET SET variables, flags
SHOW SHOW variables, flags
VAX VAX DCL comunand
MACRO MACRO definition
SUM SUMmary of SPA
HELP HELP
MENU MENU of SPA commands
EXIT EXIT SPA

Figure 2 shows a pseudo-spectrogram of the first 275 msec. of the utterance,
“Thecow chewed its cud.” The figureis of low quality because spectrogram
displays require gray-level representation: time is on the horizontal axis,
frequency on the vertical, and intensity is represented by darkness. Figure
2 represents the best that can be done on a monoé¢hrome display without
resorting to simulating a grey-scale using custom dot patterns.. Even such
a crude display is often useful (e.g., choosing points for drawing spectral
cross-section information), and when additional resolution is needed the
user can always use an analog spectrograph.

4, HUI—The Haskins User Interface Shell

During the mid-1970s, a wide variety of application programs were devel-
oped at the Laboratories. There were PCM file format support programs
such as AFM (Arithmetic File Manipulation), CPC (viewing PCM data),
INPUT (converting analog signals to PCM), and OUTPUT (PCM to analog).
There were also programs to synthesize speech and other sounds, includ-
ing SYN (acoustic synthesis and synthesis-by-rule), ASY (articulatory
synthesis), and SWS (sinewave synthesis). PSP (Physiological Signal Pro-
cessing), ACT and ACE were developed todisplay and analyze physiologi-
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Figure 2: SPA pseudo-spectrogram.

cal time domain data. Because the user population was large and varied
and the number of application programs was growing quickly, we decideci
to create a simple, generic application shell that we called the }"Iaskins User
Il_][’EI'fElCQ, or HUL HUI providesa flexible and consistent userinterface, and
glvesprogrammersa frameworkand collection of tools fordeveloping‘new
applications. The basic HUI commands, those common to all applications
are shown in Table 2. HUI also supports a standard command-line 'parse;
to ensure commonality of command format. Except for enhancements to
the MACRO function, HUI has been stable for many years.

Table 2: Menu of basic HUI commands.

MENU OF HUI COMMANDS:

EXIT Exit from program

HELP Display help for commands
MACRO Define a macro

MENU Display a list of commands
NEWS Display the latest program news
SET Set program flags

SHOW Show program vﬂags

VAX Execute a DCL command
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5. A New Approach to System Development

The design of speech and signal analysis systems at Haskins, and at many
other institutions, has changed radically in recent years because of the
ready availability of powerful engineering workstations and raster graph-
ics displays. Our earlier systems were severely restricted by relatively
scarce and expensive processing capacity and by the limitations of storage
mode graphics. During the latter half of the 1970s we expended consider-
able effort in creating our own workstation, known as the Digital Pattern
Playback(DPP) (Nye, ¢f al., 1975, Nye, et al., 1977). This system combined
custom-designed software with special-purpose hardware including a
DEC GT40 display processor connected to a PDP 11/45 minicomputer, a
Hewlett Packard gray-scale raster display screen, RAM accessible to both
processors via a bus window, a hardware spectrum analyzer, a 40-channel
speech vocoder, potentiometer input control devices, a GT40lightpen, and
a Summagraphics writing tablet.

The user interface was based on a primitive windowing system with
lightpen-controlled menus. Speech could be input directly or from disk
files, a scrolling waveform could be displayed on the GT40, frequency-
band analysis was done by hardware, and one or two gray-scale spectro-
grams could be displayed on the HP screen. The user could make a variety
of waveform and spectral measurements and do spectral editing with
subsequent vocoder resynthesis. This system had many of the features that
are common today, including using special-purpose hardware to relieve
the CPU of processing-intensive tasks, and a windowing system that
supported both gray-scale and vector graphics. However, the system was
complex, very specialized, and difficult to maintain. The Digital Pattern -
Playback foreshadowed many features that have now become common-
place, and was an important step from time-sharing systems to modern
distributed workstations.

The desire to modernize our approach to signal display and analysis has
been spurred by a variety of factors. These includea change in the mid-80s
to a distributed processing workstation computing environment (Talkin,
1989), the availability of affordable new display technologies, and the rapid
development and acceptance of graphical user interfaces (GUIssuchasthe
operating environments on the Xerox Star, the Apple Lisa and Macintosh,
Suns, etc., and more recently, Windows, Open Look and Motif). While our
newesi systems are a logical continuation of what we tried to do with DPP,
we have profited from such pioneering systems as enthusiasm and excite-
ment generated by low-end solutions such as the MacRecorder{Sound Edit

system on the Macintosh (Farallon, 1989).
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A number of considerations influenced the direction of our newest sys-
tems. Of most importance, we needed the power of a VAX or a Sun
workstation combined witha graphical user interface, The complexity and
sheer number of applications made the consistency and ease of use of GUls
imperative, but at the time micro-computer based applications lacked the
support, hardware integration, and raw processing power necessary for
modern si gnal-processing tasks,

The need for VAX compatibility precluded the use of products from other
workstation vendors such as Sun, Apollo, MASSCOMP, or Lisp Machine.
We werealso faced witha proliferation of new types of data (e.g., magnetic
Tesonance images, microbeam and X-ray data, model-gencrated values)
that made it necessary to display significantly more data channels than we
previously had, and to maintain internal consistency between applications
and Haskins-specific data types. Finally, since we have formali and infor-
mal ties to many institutions, it was essential to both generalize and stan-
dardize our data types fo facilitate file interchanges with individuals and
laboratories world-wide.

As is true for any institution, we had to work within our own limita tions.
Haskinsis not a software Company-—our primary mission is research—and
we generally cannot support speculative projects; nor can we afford to do
system development just because “someone should do this.” However, the
arrival of our first VAXstation 11/GPX system in 1986 forced us to embark
on some pioneering efforts, largely because the graphics windowing
software syslem (VWS) was new to us and fo DEC. While we realized that
our initial efforts might not result in a completely successful system, we
believed that we would gain essential knowledge and hoped to develop a
set of software tools that future applications could use.

6. Initial Steps to a Modern Design; SPEED

SPEED was conceived as a prototype signal processing, display, and
editing program that, while limited in functionality, would be easy tolearn
and to use. Qur injtial requirements for the user interface included:

* Simplified command set
* Integration of waveform and spectral functions
- = Graphical User Interface (GUI) :
Menu Bar with command-key equivalents
Windows for displays

[P |
Meouse control
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Widgets: close and resize boxes, options; elevators and

scroll bars, on-screen tools '
Control Panel (toolbox with icons)
Dialog boxes for options
File finder
» Advanced Graphics features
Scrolling waveform displays
On-screen readouts _
On-screen option selection
On-screen cursors for measurement
Graphical text editor

iti i tions
-and-paste editing of signal sec o s
: g:gti?\:tings of limited analysis and modification primitives

i most

SPEED is currently in use at a number of sxtes.ag'oun; th;eawo:rllc:i. ;l:; most

t version provides simple waveform editing, isplay, | measure:
ment d limited spectral analysis, in a modern GUl environme

gi:t'gzp-g; menus, windows, icons, and dialog boxes. The p

rogram

displays data in the Haskins PCM format, and pel.'forms D:scrfzteIFoucr;ii |

ranstorm. lyses of the data. Up to four PCM files can be dlsp. ayed
TrﬂnSfOfI;: fmi ?‘,main" and an optional “scrolling” window. Basic wav:vzé
form :ﬁ. . (o erations are available, including cut, copy, paite, s;;wbe
fOl'n_‘ inve, t fectify set to silence, reverse, etc. Only one DFT'fl e l%caf be
S‘?Ctlon’ lgv‘:r t'several’views are possible: the main spectrogram;up to .oen
dlsplayle ‘ u-s.ecltions providing a frequency-magmtuc.ie plot at a g{w en
i'}zszt;;r:l?iid a ”wat;erfall” spectrogram with overlapping cross-sectio

1 o

for a series of frames. .
i ED displays. The menu bar is
i an example of the basic SPE . s
F;gtl}izeti;hgf‘:f\e screen pwith individual commands accessed using pu
a T

down menus. The menu structure is simple:

SPEED Help, Quit

Display Wave, Display DFT
i Spectral ‘
a’[i‘;g’:::s FI:ce, Aligned, Hard Copy, TIFF (Tag Image Format)

__ w1 at the

The “Display Wave” command invokes a “file finder c.halc;gnli(::: élf\:;fn ‘

user can use to locate a file by entering a name or s.electmgefo;m e rom 2

i lected, the file is opened and displayed in a wav, o wincow
xz:.t?l?zeasgraphiéal display of the waveform and an array of n
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SPEED 1.2 Display

Analysis Windows

Figure 3: SPEED displays

:.;?ét;ﬁrt'to’:;lc\ieevz ri(}ug disp]ayfand editing parameters. Left and Right show

2 start 2 nd of the waveform displayed, and Head and Tail poi

marked Section, which is the ‘ which o it

. part of the waveform to which all editi
commands are applied. Cursor shows th iti s cursor
. e position of the graphi

and Value shows the magnitude of th Sion. Valuts eon
he m: e wave at the cursor position. Val

Ilje c?an.ged by typing into fields or by graphical operation}s)? placi;l\g t?\eu::;:)?

yC 1ck1ng on the waveform rectangle, moving the head by dragging a handl
(a small triangle at the bottom of the display), and so on. - ** )

:} t t’he iop right in. Fig_urc: 3 is the control panel, a small window with two
ws ol icons, which is similar in function to the tool palette in programs

hke ]VI([C! amt. Ihe COI‘ltI’OlS ElﬂECf tll aCt
154
ve WaUE‘fOI‘I!l WIT l(i( YW, I rom left

Top row:  magnification increase; zoom-in display; zc;orn-out display;
zoom-in section display; zoom-out section display; ct o/
close scrolling section window. pryssectoncontrolopen/

Bottom Tow: magnification decrease; play entire file; play section; cut-
and-paste cditing functions; special effects such as reverse, set to silu;nce

e Ly,

b0 b5 PO, L 2t LT}
Fecunication; eling options dialog; general options dialog.
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The waveform at the bottom of Figure 3 is a scrolling window that displays
the section marked in the waveform window. The scrolling window has
tape-recorder-like controls that provide a convenient way of tracking an
enlarged portion of the master file or for making fineadjustments in section
size and location.

Spectrograms (the middle window in Figure 3) are generated by Discrete
Fourier Transform analysis of the sampled data files using the TEEE
package of signal processing routines (TEEE, 1979). A dialog box guides the
user through the selection of such analysis options as source data file,
analysis type, window type and size, starting and ending portions of the
waveform, and so on. Up to four spectral cross-section windows are visible
at a time, two are shown on the right-hand side of Figure 3. Spectral cross-
sections show frequency-magnitude information fora single framethatcan
be moved by dragging markers (the “houses” labelled “1” and “2” at the
bottom of the Spectrogram window) or by entering a time value in the
cross-section window. Although not illustrated, part or all of the spectro-
gram can be displayed in “Waterfall” form, a projection of a three-dimen-
sional plot of successive cross sections.

Dialog boxes proved to be an essential tool for the SPEED interface, and
contribute greatly both to the power and ease-of-use of the system. A
judicious use of dialog boxes makes the system nearly self-documenting,
provides useful default values for novice users, and imposes negligible
time penalties on experienced users. Wehave also found ituseful toinclude
buttons that set values for a group of choices. For example, the Wide Band
and Narrow Band buttons will set the Window Width, Skip Between
Frames, and # Spectral Values variables to values appropriate forwideand
narrow band spectral analyses. :

7. The HADES Prototype: An Advanced Design

SPEED was intended to providea low-end VAXstation speechanalysisand
display system that used the full power of VAX workstations. It was,
however, conceived as a prototype and never intended to be a large-scale
system. Our next step was to be a system that had an extensible program-
ming language with flexible signal processing primitives, and that was
fully integrated with other Haskins software tools. The Haskins Analysis
Display and Experiment System (HADES) would provide a vehicle for
standardizing and consolidating many of the signal processing tools (e.g.,
PSP, ACT, ACE) that had been developed at the Laboratory over the years.
Our initial design requirements included:
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The development of a single system to handle data acquisition,
inanexperimental context, with subsequentdisplay and analysis.

Multiple waveforms in muiti-panel windows, for manipulation
of multi-channel data (e.g. physiological measurements, di-
chotic speech).
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. bl
command-line entry. All data displayed by or st{?red in HADES a;g :ccesmb e
to SPIEL as variables, and all operations are available as commands.

i i i 3. Themenu bar commands are
ical HADES display is shown in Table ' : '
tabyslz;cnatially more elaborate than in SPEED and in particular the Display

options are greatly augmented:

* A display primitive for multiple waveforms within a single
window, using different colors or line types to differentiate the
individual signals,

* The implementation of a procedural programming language
within the program. '

* Consolidation of a variety of signal-processing tools from other
programs.

* A command window for entering text commands and/or com-
mand strings.

* Handling both existing Haskins label structures and the new
Iaskins label structure.

* Improvements in the quality of the spectrographic display.
* Redesign of the spectral analysis section so that:
a.  Analysis is performed on signals or signal sections.
b.  Analysis results can be stored in a buffer instead of in afile.

* A journaling feature for recording data readings, such as spec-
tral peaks, duration measurements, ete.

* Speciral averaging: both non-destructive display (like cross-
section) and actual data averaging, '

* Specialized display primitives for frequently occurring activi-
ties and for new data types (such as images).

At the heart of HADES are three functions:; acquisition, display, and
analysis.The proposed final system will include acquisition of multiple
streams of data in real-time, experimental set-up and interactive control of
experimental conditions and peripheral devices, standardized data-condi-
tioning and signal-processing routines, multiple display tools for qualita-
tive data exploration, and gereral-purpose analysis procedures. The inter-
nal procedural language (SPIEL) supports the creation of specialized anal ysis
macros that can be stored and manipulated as text files or executed froma

sampled data format multi-panel waveform display

WAVE

OVERLAY multiple overlaid waveform display . .
LISSAJOUS plot X (horizontal axis) versus Y (vertical axis)
PHASEPLOT phase plane: value on X versus delta valueon'Y
TIFF tag image file format for raster images

SPECTROGRAM  gray-scale spectrogram

CROSSSECTION  spectral cross-section
D 3D waterfall spectral display

Table3: HADES 0.1 menu structure.

Hades 0.1 Data Display Analysis | Misc.
~— . Acqu Spec Show Journal
F ire +F | Wave W tral e
vt £ | Save +E | Overlay e o
-: * 3 Y
Eldshcswl control panel +I | List +I | Lissajous ki
dcopy Open L] FPhase plot
z::rs Play P | TEFF
+? | Spectrogram
- ;e:i: +3 | Cross section
3-D spectreogram
FBh

The HADES control panel (bottom of Figure 4) }}as 21 1c0n§ ::Zgul:éeersrr;‘tz
much greater control over multiple window chsp!za.)'(]?l a:; e bie
number of mouse movements nechfi to set values. The sp clrographs
display is much better than that provxde;l b)tr Si’EEI?l '&,C:g; © F;ggu i
of some of the additional display tools ca I
f::l[g.iersnultiple waveform display windowi with two lpaneLsr ;st esgos\:g:l :}
the top of Figure 5. The top panel (PXLA) is a moS;)-gﬁgws ot
showing values of lip aperture; the bottom panel ‘(PX 5 0 PXF[),A ight
The smiall window at the bottom left is a phase display for t 1e LA ot
"E‘h; ;‘r;;all window at the bottom right plo.ts PXLA datacl) c{;St :ieis c;ay). Wl
axis and PXLH data on the vertical axis {(a LISSA] p
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::}ix et;cé:?il display Itype ;an be seen in Figure 6. At the top are waveforms
ng speech and physiclogical records of th iti
articulators derived from microbea i e wavetornis oo
. m analysis. Below the wavef,
; fre . aveforms ar
ht{;rlgrxvviriztfv: lconct]au;mg gray-scale images. At the right is a midsagith?
a head, showing a portion of the vocal t (
display and save files in TIFF f T Vellon o0 D
_ : ormat (Davenport and Vellon, 1 i
a public-domain format for digital i henae et
L : gitalimages allows free intercha
Macintosh, AT-compatible, and VAXstation-based programsnge petween

g;lilsdtext %il}d?w at the bottom of Figure 5 is the HADES command
ow. This feature is a significant departure f '
included toallow for preferred F s, Difforont intorface dosies
g userworkstyles. Different interf: i
are needed for users who need eas it
' ¢ Y access to program tools with mini
training and users who wish to b i to got ot the
. ypass the graphical interface to get
raw processing power of the system. The ¢ i o msers
. . ommand window al
run non-graphics HADES commands from text only terminalss0 et sers

H§PES.O:1 Data Display Analysis

Misc.

A s

Figure 4: HADES 0.1 displays.
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HADES ©.1 Data Display Analysis Misc.
2 = - -

Figure 5: Additional HADES 0.1displays.

8. HADES 0.8: The Beta Version

As is typically the case when moving from a conceptual prototype to a
release version, many of the low level routines were redesigned toincrease
robustness, system performance, ease of maintenance, and extensibility.
Improvements in system functionality are readily seen by looking at the
menu structure summarized in Figure 7. The new structure includes
hierarchical menus, EDIT and PLAY functions as menu selections with
command key equivalents, and additional FLAG, DATA, and LABEL
also eliminated the control panel, some of its functionality has

options. We
other tools appear at the bottom

been incorporated in the main menu while
of the temporal displays (see Figure 8). Breaking with the Macintosh

tradition, all three buttons of the VAXstation mouse are used. For example,
clicking on the Selection Zoom icon with the right button increases the
selection size, pressing the left button decreases it, and clicking with the
center button sclects theentiredisplay. Thereadout portion of what was the
control panel has been enhanced and is showninits new format thebottom
8. The readout panel now contains information about signal

of Figure 8.
values (minimum and maximum values) and, on occasion, analysisresults.
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HADES  DATA
EDIT DIS
PLAY PROCESS PLAY  LABEL n-mq.,@
HADES

HADES
About

FL.
Hgﬁgs > (\:.rigﬁoss PCM FI
5 LE *F
gg;‘.rs DEBUG v USE FILENAME oo FILE
BT i g ||F TO SN > USE EXTENSION COM FILE
Pty Ag UNITS »
QUIT ¥ MiLLISECS FINCTIONS
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SAMPLES SIGNALS
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EDIT
PISPLAY
UNDG n PROCESS
ane o pfiTarone oo fseecran, =y
RELICATE =l HMODE FILTER LABEL ~y,
RELIC N n';ﬁ WINDOW gieu LBL FILE
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A PLAY SELECTION PICK ZEROS
PLAY ALL CLEAR ALL LABELS
PLAY LAST ~p -

Figure 7. HADES 0.8 menu
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What was formerly considered tobea waveform display window has been
reconceptualized as a temporal display window. This reformulation pro-
vides for easier synchronization of data, as shown by the waveform and
related spectrogram in Figure 8. Time domain waveforms have also been
integrated and simplified as is shown in Figure 9, in which the two panels
of WINDOWT1 have been combined into a single panel in WINDOW2 by
using the OVERLAY option. The VERTICAL DISPLACEMENT icon could
be used to reposition the panels for comparison purposes. Many other
small changes in the interface have been made in response to user testing

or user requests.

9. Moving to Release

Few interface changes are planned as we move from Beta test to therelease
version of HADES. It is, however, anticipated that the signal processing
portion of SPIEL will be enhanced and refinements will be made in the
facilities it provides for designing and conducting experiments. Consider-
ablecare wastaken to maintainahigh level of modularity inthe design,and
many new primitives will be imported from existing programs. In future
releases of HADES we expect to pay particular attention to the issues
associated with file interchanges both between other Haskins applications
and systems at other institutions (see Mertus, 1989, for a discussion of the
issues associated with standardization of file formats). We are also evalu-
ating the possibility of migrating our system to the DECwindows (or
MOTIF) implementation of the X windows systems (Nye, 1988).

10. Conclusion

The evolution of the signal processing environment at Haskins is a good
example of the many influences including political, scientific, academic, hu-
man, and technological that contribute to final system design. Developing a
powerful butaccessiblesignal processing system has forced us tobalance what
often appear to be conflicting design requirements. Our systems must always
meet the needs of a diverse user population so we must constantly be aware of
the subtle interplay between power and ease of use. While we try to build on
the workof others, Haskins is uniqueand new tools mustbeintegrated intoour
environment, User interfaces should simplify the user’s task, but can also
enrich their understanding of the problem domain and provide ever more
sophisticated and powerful tools. While we need to provide continuity, speech
research is a dynamic, rapidly changing field and we must provide flexible
open-ended systems that gracefully respond to changing user needs. We need
tobeconstantly awareof “real-world” constraintson ourdevelopment projects
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Figure 8: HADES 0.8 waveform and spectrogram

includingnoton!yresourceIimil‘aﬁons,butalsochangesinuserworks[*yles,the
need to maintain continuity despite changes in programming staff, and
institutional decisions such as funding, changes in priorities, and delays dueto
competing obligations. Finally, we must contend with a need to support
projects that are likely to have immediate benefits, while still reserving re-
soures for exploratory work so we will be prepared to take advantage of
technological and scientific innovations.
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Figure 9: HADES 0.8 multiple waveform and display comparison.
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