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ABSTRACT

A PC compatible notebook based multilingual speaking
aid (Hungarian, Spanish, Portuguese) was improved and
tested in the three respective countries. Within this
framework the first Portuguese PC based TTS system
was also developed. The project was partly completed
within the COST219 European program. Hungarian
participation was supported by the ACCORD
programme (contract H 9112-0507).

1. INTRODUCTION

A significant portion of the population of the world
suffers temporarily or lifelong from disability to speak
(after larynx operation, laryngectomy, oral surgical
investigation, stroke, different types of aphasia, etc.).
This disability may have both psychological and
practical effects on their quality of life. Use of speech
gives a significantly better method for communication
contrary to the common practice (i.e. sign language,
writing of messages).

Interdisciplinary knowledge in computer, medical and
linguistic sciences has to be integrated to create a
suitable communication tool. Three technical
universities, one phonetics laboratory and one hospital
from three countries (i.e. Hungary, Spain and Portugal)
joined to create a user friendly, portable multilingual
speaking aid based on standard, PC compatible portable
computers. This speaking aid could ensure the
continuity of communication by speech for operated
patients of clinics and serve the handicapped, too. Both
face to face and telephone conversations can be
conducted and the system may offer additional uses (e.g.
word processing, faxing, reading texts, using it as a
computer terminal, etc.) as well.

Extensive testing is going on in the three countries and
the first results will be reported. As no similar device is
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available in these languages, widespread use can be
envisaged not only in the home countries of the
participating institutions, but in several countries of the
world. Due to the fact that the applied MULTIVOX
text-to-speech system [1] is available in eight languages,
other language versions may also be created. The user
interface is based on the VOXAID system [2].

2. WORKPLAN MILESTONES
2.1. Language development for text-to-speech (TTS)

Phonetic studies and experiments were carried out to
improve the Hungarian and Spanish TTS systems. The
first PC based Portuguese TTS system was developed as
part of the project.

2.1.1. TTS development in Spanish

The cooperation between the Hungarian MULTIVOX
development team and TU Madrid began in 1993, when
the partners performed developments on the Spanish
version of MULTIVOX [3]. On the basis of the
experiences of this work the characteristics of a new
generation of the Spanish TTS system have been worked
out by the partners. The new eclements of this system
are given below.

Human voice based Acoustic Building Unit inventory
To avoid robotic sound (which mainly characterises the
formant based and phonetically planned systems) a new
development system has been created which allows the
direct conversion of human voice into an optimally
compressed (1,5-2 kbit/s) MULTIVOX parameter
representation.  Careful segmentation (together with
auditive listening) produces dyads, triads and special
longer elements as building units (ABUs). The new
ABU inventory consists of 980 elements, where the fine
details of human voice timbre are also represented in the
parameters. The size of this ABU inventory is about 50
Kbytes.
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phoneme code ([s]) appears between two vowels; it is
replaced by phoneme code ([z]). Example: casa.

Word accent

Standard rule: the penultimate syllable is accented if
other accent is not marked in the word. The routine
adjusts 2 vowel codes on the accented vowel and at the
phonemic level, at the present development stage, a
marker value is set for pitch adjustment.

Accent from the written text: the following letters will
be converted as an accent in the word: &4, &, &, 1,
i, £, &, &, n, 4, &, &, &, e, &.

When no accent mark is on the word, it is automatically
set on the last syllable of the word when the word ends
with a sequence such as al, el, ol, ar, er,
ir, az, ez, iz, oz. In other cases the accent
will be automatically set on the last but one syllable.

Unaccentuated elements

The articles, conjunctions and prefixes can be marked
with the unaccentuation marker.

Examples: que, se, um.

Sentence intonation

Declarative sentences are programmed to create a
falling pitch until the end of the sentence. After the
accentuation of the last but one word a falling tendency
is set in the pitch. The last word has no pitch variation
associated with the accentuation marker.

Questions with question word (examples: como,
onde, que, qual, quando) are programmed and
an intonation contour is superimposed automatically. A
pitch rise and fall is programmed starting in the
question word and ending right at the beginning of the
next word. At the end of the sentence, a new rise of
pitch is set in the last word (and eventual fall when the
word is not accented on the last syllable).

Questions having no question word have another
infonation contour. The pitch rise and fall in the
beginning does not exist and only the pitch of the last
word is affected as in the previous case,

Comma detection. The comma is detected and a pause is
then inserted before the comma and the word before the
comma will be treated with a special pitch curve, i.e. in
the last syllable the pitch will be raised until the end of
the word.

Rhythm programming

Simple rules serve to make the synthetic speech more
fluent. For instance joining some articles to the
neighbouring word (either previous or next), changing
or suppressing some phoneme codes in the
neighbourhood of some words, specially in the cases of
some vowels and some fricative phonemes. In other
cases like when the particle e (English: and) is used, a
pause is produced by means of the insertion of a comma.
Some markers are used to implement these rules, e.g.:
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Join the next word This marker can be used to mark
those words which must be joined with the following
word. Example: esta coisa (esta is joined to coisa)
Join the previous word Example: ter a maior (ais
joined to the verb ter)

2.2, User interface development

The VOXAID user interface was further improved.
Spanish and Portuguese versions were implemented.

2.3. Hardware development

A standard lightweight (app. 2kg) notebook computer
(Olivetti Philos 33) was selected as the basic computer
platform. Several user aspects have been considered
(e.g. separate numeric keypad, sound record-playback
capability, easy custom configuration for individual
needs by PC compatible third party add-ons e.g. screen
readers). A speech synthesizer board was also
developed, that could be built into the computer.

2.4, Clinical tests
2.4.1. Clinical tests in Hungary

Long term tests (1 - 18 months) were carried out in six
Hungarian institutions.

The present research sites in Hungary are:

Clinique of Neurology, Semmelweis Medical University,
Budapest, Teacher's College for the Handicapped,
Budapest, Hospital of Makd, Maké, Cerebrovascular
Rehabilitation Center, Szeged, Clinique of Oto- Rhino,
Lharyngology, Semmelweis Medical University,
Budapest, Department of Oto- Rhino, Lharyngology,
Bajcsy-Zsilinszky Hospital, Budapest,  Heim Pal
Hospital, Budapest.

Continuous, regular use of the device (18 months) can
be reported by a single user (M.J-n€). Our experience
with this regular user shows, that the patient is capable
of writing-speaking at an increasing pace and more
frequently uses the complex real-time mode of operation
for expressing her actual thoughts. The simple stored
(pre-written) mode is more and more ignored. It is
probable, that the simple mode of operation has the
greatest importance in two situations:

- at the beginning of the learning process

- and for patients with a definitely short-time
speech defect (e.g. haemilaryngectomia).

As an evaluation illustration, we give some of the fifty
pre-written messages of M.J.-né.

19. The machine helps a lot, it gives back my favour of
life a little bit.

20. Up to now I was very much afraid, because I could
not tell it in the phone, what I wanted to say.

21. I can already build up connections to everybody.
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Multivoice feature

To get a multispeaker characteristic in this system the
possibility of handling two ABU inventories (1 male and
1 female) has been planned. Moreover parameter
transformation algorithms serve to create different voice
timbres inside a voice category. Presently 4 male, 2
female and 2 child voices can be generated by the
maximal realisation. This multispeaker characteristic
gives a wider possibility in practical applications.

Text-to-infonation and rhythm algorithm

The structure proposed in [3] has been modified in order
to be more efficient in terms of memory and speed that are
crucial for the speaking-aid device.

After noticing that the data-driven prosodic patterns
obtained in [3] were good for the MULTIVOX system, we
proceeded to develop a new routine more adapted to the
basic structure of MULTIVOX. The linguistic analysis
has been simplified after some studies of position of
several cases of prosodic marks (20) in some words
contexts. Proceeding in this way no rules for linguistic
analysis are needed, the marks come explicitly from the
MULTIVOX table of orthographic-phonetic conversion
(TAB). These marks drive a procedure of searching in a
database of prosodic patterns as in [3]. The new patterns
have been recalculated for the new human voices
developed for the Spanish version by recording a small set
of sentences (50) and smoothing the data after listening to
the same patterns in other specially designed sentences.
The databases contain both fundamental frequency and
duration so rhythm is considered as well. The pitch
melody curve is imposed after duration frame calculation.

Preliminary listening tests confirm that both the
changes in the ABU inventory and prosody patterns
adapted to a human speaker produce an increasing in
naturalness and inteligibility in the synthetic speech.

New source algorithm and a DSP based synthesiser
The cascade single chip synthesiser used in previous
MULTIVOX systems, had a number of limitations
{quantization effects, unknown source models, some in-
band additive noise etc.). In order to overcome these
limitations a full software, fixed-point arithmetic based
system was developed. Special solutions have been
wortked out to avoid overflow effects. A simple,
configurable voice source was also introduced on the
basis of subjective evaluations. To support low power,
portable and multi-line telecommunications
applications, the synthesiser has been implemented on
the TMS32017 and TMS320C31 DSPs.

2.1.2. TTS development in Portuguese

The development of a Portuguese TTS system was
begun in 1994. The work was based on the MULTIVOX
text-to-speech  technology of TU Budapest. The
MULTIVOX-Porto text-to-speech system consists of the
following main eclements: text  preprocessor
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(abbreviations, names, acronyms), text-phoneme
converter, a speech sound set (38 sounds), an acoustic
building unit (ABU) inventory, and suprasegmental
routines for accentuation, rhythm and intonation. The
Portuguese phoneme set developed for this application is
given in Table 1.

Symbol | Phoneme Code Example
pause
(@) [a] pato
(00) [0] gola
() [0] _pogo
(w) [u] pula
(@ 2] secar
(1) fi] livro
()] [e] Pedro
(a-) [o] bala
(€) [€] terra
() [b] bata
(9] [p] para
(d) [d] dado
1) t] terra
& [g] gato
k) k] casa
(30) [a0] cilo
(1h) [M] filho
{(m) [m] ama
(n) [n] nada
(nh) (] ~pinho
(ii) [i] pai
1\ v] vibora
® {f] filho
(z) {z] casa
(s) __Is] sabado
() [3] . jardim
(uw) [w] pau
(ch) /] chamas
(tch) [is] tcheco
)] f1i ala
(1n) [R] carro
(1) ir] caro
(qu) [qu] quando
(an) [o] canto
(om) 9] ponte
(in) fi] pinto
(un) [ul fundo
(en) [e] dente

Table 1. Phoneme set for MULTIVOX-Porto

The following suprasegmental routines have been
developed for prosody generation:

Phoneme Adjustment

Some rules are implemented to make a phoneme
correction after the standard grapheme-phoneme
conversion rules. An example of these rules is when the
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2.4.1. Clinical rests in Spain

In Spain the following methodology was followed:

In a first phase we studied the system on an intensive
way. We tried to behave as users, testing all system's
functions and all equipment possibilities. On a second
stage we proceeded to contact medical professionals. We
met some of them who were willing to help us. They had
medical experience related to patients with different
grades of speech impairment. Using the experience we
acquired on the preceding phases, we prepared two
different tests: The first one was designed for medical
professionals and the second one for system's final users,
that is, for speech impaired patients. We had a personal
contact with some of the inquired people at the same
time we conducted the tests.

2.4.1. Clinical tests in Portugal

In Portugal evaluation was delayed by the first task
being the development of a full Portuguese text-to-
speech system. The first operational test were carried
out at the University of Porto laboratory and with
laryngotomized users at a nearby hospital.

One prototype was tested for three weeks at the
Portuguese Institute of Oncology - Service of Oto-
Rhino, Lharyngology - ORL. The subjects were three
laryngotomized middle aged men (55-68) of varied
conditions with middle - high education.

Another SPEECH-AID unit was tested at the Portuguese
Institute of Oncology - Intensive Care Unit - UCI. One
male subject was under treatment with tubing in his
throat volunteered to use the SPEECH-AID for
communication with the medical staff.

The unit was introduced by the FEUP (University of
Porto) team and it was later left with the subjects at the
hospital. Subsequently a brief written anonymous
enquiry was made, covering some basic questions. From
the answers the following can be concluded:

For the ORL group:

A- Intelligibility was rated 4 in 5;

B- Suggested improvements: Less robotic voice, higher
volume; Particularly important a smaller size
(carried in the pocket);

C- Learning to use the system was rated good,

D- After learning easiness of use was rated good;

E- General Usefulness of the system was rated average;

F- Portability was rated small and

G- Personal Usefulness of the system was judged low in

the case of these subjects.

For the UCI subject:

A- Intelligibility was rated 4 in 5;

B- Suggested improvements: Less robotic voice

C- Learning to use the system was rated good;

D- After learning easiness of use was rated excellent;
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E- General usefulness of the system was rated good;
particularly also the text communication with the nurse.
F- Portability was rated non-important

G- Personal Usefulness of the system was judged high.
H- The subject was enthusiastic about the use of the unit
and suggested that although he could use it easily, in
other cases a small number of large keys could be better.

A set of tests with handicapped people is also being run
at this moment.

3. CONCLUSIONS

During the project the Hungarian and Spanish versions
of the speaking aid were improved, and a Portuguese
version was developed.

Clinical tests were conducted in the three countries
which proved the usefulness of the device. It is
interesting to note, that aithough the unit was primarily
planned by the developers for personal use, there was
great interest among medical professionals to introduce
it as a regular instrument of hospital departments (oto-
rhino Itharyngology and intensive care). Social security
officers expressed their interest in general use of the
device in Hungary and Spain. One subject in Hungary
was provided with an aid for personal use by the social
security system.

Most users accepted the synthesized sound quality, but
(especially for personal use) greater voice variability
and further quality improvements were requested.
Although the unit can be carried easily using a shoulder
strap, the app. 2kg weight and A4 size seemed to be too
much for the personal users. As PC compatible paimtop
computers become available at a reasonable price the aid
is planned to be implemented in that environment to
allow greater flexibility and mobility.
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