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ABSTRACT

Prelingual, profoundly deaf children have difficulty in achieving
intelligible speech, obvious reason being absence of auditory feedback
of their own speech. This paper describes a speech training aid based
on visual feedback of Speech in the form of vocal tract shape display.
A PC with an add-on DSP board, having on-board memory shareable between
the dsp chip and the PC, is used as hardware setup. Vocal tract shape
is derived from the Speech signal using LPC technique. Real-time
performance is achieved by first generating the vocal tract image by
the dsp chip and then transferring it to the display memory of the PC.

Vocal tract sharnas obt 3] ned f o vowe]l o

ang  vowes-consonant-—vowel
=&quences are found closely matching with the actual ones. The system
can be further modified by displaying more realistic vocal tract shape

and designing appropriate training strategy.

INTRODUCTION

The absence of auditory feedback of one’s own speech results in
poor development of spoken language. Speech training in such cases can
be achieved by providing feedback of Speech wvia an alternate sense
modality like vision or touch. Lipreading is simplest and widely
adopted natural method of learning speech from visual clues. But the
detail positions and movements of major articulators like tongue are
not visible and the information about other features of speech is not
available. It can be assisted by devices like Upton glasses [1] where
miniature lamps mounted on eyeglasses are flashed in synchronism with
Speech to indicate presence of the lacking features. Spectrographie
displays have been used as Speech training aids as they are capable of
providing more information including pitch variations, formants ‘and
their transitions, ete. However, as rightly pointed out by Liberman et
al [2], this information is still in uncoded form and hence very

difficult te use for correcting errors in speech of the deaf. In their
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opinion, since most of the encoding takes place at the conversion of
muscle contraction to the vocal tract shape, providing information
about articulatory muscle contraction may be much more effective for
speech training of the deaf. Recent advances 1in signal processing
techniques has made it possible to derive the vocal tract shape from
the speech signal. Early training aids based on this principle
displayed a simple line graph indicating variation of vocal tract area
from glottis to lips [3]. The recent ones have more realistic display
and il is pouuible to identify different articulators clearly [4, BI.
The most important advantage of these aids is that the display has a
dirert relation to the actual physical effori lhvoaveld walae pl OGdlLng
a particular sound. However, no single system seems to be completely
successful as a speech training aid. In an attempt to find out the
probable reasons for this,, we realize that it is first necessary to
establish the reliability of the technique used for deriving vocal
tract shape by extensively testing the system for various sounds. The
deaf people may not remember the effort they have put in while
producing a particular sound even for a short while. Therefore a
real-time display may be more useful in achieving better contreol over
the articulatory muscles. Finally it is necessary to investigate
whether the information in this form is truly helpful for deaf pecple
in achieving intelligible speech. However, this can be only known after
clinical trials. Our aim in this study is to develop a system that has
a real-time display as well as slow-motion display of vocal tract
shape. An appropriate choice of hardware and software i= made to
achieve real-time perfermance. The system has been extensively tested
for different sounds and vocal tract shapes are found closely matching
to the actual ones. Cliniecal testing will finally prove the usefulness

of the system as a speech training aid.

THEORY

The vocal tract from glottis to lips can be modeled as loss less
acoustic tubes of varying cross-section connected to each other as
shown in Fig. "'1.” Transfer Tunction of wvocal tracﬂ can be considered
equivalent to that of an all-pole digital filter at least in case of
vowels. Variation in cross-section of vocal tract with respect to
length can be derived using Linear Predictive Coding CLPC). The set of
reflection coefficients, required for this computation, can be obtained
directly from normalized auto-correlation coefficients using
Leroux—Gueguen algerithm [(6]. This algorithm is suitable for fractional

fixed point arithmetic, thus reducing the processing time.
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HARDWARE SETUP

The basic factor governing the choice of hardware setup is
achieving real-time performance. It is already demonstrated earlier [7]
that dsp chip TMS32010 (Texas Instruments) is fast enough to complete
the processing in real-time. It is more important to select a
configuration that will reduce the time required for transferring
processed data to the PC for display. In this context, add-on DSP board
PCLDSP-25 (Dynalog Microsystems, Bombay) has an advantage over other
systems like stand alone DSP tfainer kits because of possibility of
saSe data Wansier via the on-board memery (128 k max.), shareable
between the dsp chip and the PC. Thus we can save time required for
handshaking invelved in other modes of data transfer like serial port
or bidirectional parallel port. In addition, the add-on card uses next
version of signal processor TMS320C25. As the ADC Cconversion time 35
#s) and the programmable timer, for sampling the speech signal, are
available on the add-on DSP board, amd only the analog circuit
Cmicrophone amplifier and antialiasing filter) is to be assembled

externally making the system compact. The complete system is in Fig. 2.

SOFTWARE SETUP

The software development work is aimed at working out a scheme
that will help in achieving real-time display of wveocal tract. The
screen indicates an outline of human face as shown in Elg . 8: =Te
achieve the real—timé display, the image of the vocal tract C(enclosed
within rectangular window) has to be updated within the time interwval
of one speech frame (30 ms), that is before the vocal tract shape data
of the following frame is ready for display. The size of this window is
governed by two factors; toec big the window, more time is required for
updating since larger memory block is to be manipulated; too small the
window, it becomes difficult te identify individual articulatoers. A
program running on PC is not fast enough to update the image within the
selected optimum size window. Therefore, considering much higher speed
of dsp chip TMS320C25, it can be expected that a pregram running on it
will be able to update the image within the required time. Thué. the
program running on the dsp chip, acquires and processes the speech
signal and generates an image of vocal tract on the on-board memor y
only. within 5.2 ms. A _ program, simultaneouély' Funiinagl ary BO, - Lhat
transfers this image directly to the display memory, requires only 20
ms, thus assuring the real-time performance. This program also stores

the vocal tract shape data for slow-motion and frame-by—-frame display.
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TEST RESULTS
Vocal tract shapes cobtained for front vowels ses and i/ indicate
reducing area towards the lips while those for back vowels /a7 and /u”
have reducing area away from the lips as shown in Fig. 4. Vocal tracts
obtained far vowel —consonant —vowel sequences are obser ved in
frame-by-frame mode to locate the transition frames. The location of
the minimum area in these frames is fcund close to the place of

constriction for the particular consonant.

COﬁCLUSION

The configuration of the hardware setup and the scheme devel cped
for display are found appropriate for real-time performance of the
system. Vocal tract shapes obtained for vowels are found matching to
actual ones, thus proving the reliability of the processing technique
used. Presently the vocal tract shape is indicated as sections of
cascaded tubes. More realistic display can be obtained by suitably
interpolating between the discrete steps. The LPC technique fails to
extract information about place of articulation for stop consonants as
the speech signal is absent during this short time interval. It may be

possible teo derive it frem theé positicen of minimum
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Lransition frames and display it in reyview mode.
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Fig. 1. Acoustic model of wocal tract. Fig. 2. Hardvare setup for speech training aid.
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Fig. 3. Seleciion of appropriate window size

for real-time image updating.
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Fig. 4. WVocal trect shapes for front and back vowvels.
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