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Targets for Spoken Language Processing
and Speech Interfaces : Synthesis
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Abstract

This paper presents a personal view of the challenges facing speech technology during the first ten years of the 21% century. It
suggests that whereas the basic component technologies are alrcady well developed, there is still much work to be done before
machines will be capable of the level of expression and understanding that is required for natural spoken interaction and for the
comfortable transfer of digital information via voice. The paper focuses particularly on the challenges facing speech synthesis.

1. Spoken Language Processing

Both speech recognition and synthesis have reached a
level where they are now appearing in a range of practical
applications, and can be found on sale to the general
public for low prices as software packages in computer
stores. However, while people typically convey more
than words when they speak, current speech recognisers
and synthesisers are still only capable of processing the
basic verbal content. They are not yet able to handle the
full range of information carried by the human voice

Contrary to original predictions dating from the middle
of the last century, general-purpose reading-machines are
not yet found in common use. Instead, speech synthesis is
being used in customer-care services, in car navigation
systems, and in other such limited-domain applications.
The technology for signal generation is mature, but the
text-understanding problems involved in producing
speech from writing remain difficult to solve. We are still
not capable of the level of machine intelligence that is
required to convert written text into meaningful speech-
sized chunks, partly because the media differences require
significant reformulation of the content before it is
appropriate for an audio channel - even in formal
presentations, the text of a natural spoken utterance is
rarely the same as that of its written equivalent.

Speech recognition is similarly limited to word-level
processing and takes little consideration of the way the
component words are spoken, i.e. of the additional
information that is signalled by the speech prosody. This
may be adequate for basic limited transactions such as
buying a ticket or booking a hotel room, but not for
processing conversational-style speech, in which as much
information is provided about the state of the discourse as
about the content of the utterance. In natural spoken
interaction, a human agent will adjust his/her speech in
order to maintain a balance in the discourse and to satisfy
social constraints of the dialogue, matching the needs of
the listener as well as simply providing the required
information. This requires an understanding of the way
that an utterance is spoken, in order to efficiently process
its verbal content.

We can suppose then, that if future speech processing
is to be more user-friendly, it will also begin to take into
account the non-verbal information which is a
characteristic of human speech. For speech synthesis, this
requires a higher level of voice quality and an expression
of inferred meaning that current systems are still
incapable of generating. It also requires a specification of
the intent as well as of the content of each utterance.

2. Speech Synthesis

Before making predictions about the next decade of
speech synthesis, it may be wise to look first at the trends
which have emerged over the past quarter of a century.
Although significant developments have also been made
in text processing technology, we will focus here mainly
on changes in the production of prosody and the voice.

2.1. Twenty-five years of progress

The most significant changes have reflected
computing capacity, and have influenced the very basic
concepts of speech synthesis. Dudley’s Voder [1] was an
extremely large small-memory machine, but when work
began on MiTalk {2], the electronic computer was already
almost personal, albeit slow, limited in memory, and
expensive. Now even notebook computers have a
capacity and speed that far exceed their predecessors.

Figure 1 illustrates the effects that these changes
have had on the approaches to generating computer
speech, particularly with respect to the relationship
between rules and data. MITalk (Fig l.a) was almost
entirely rule-based, relying on analysis of external
databases for the generation of knowledge about speech.
Phoneme formant targets and their transitions were
derived from spectral analysis, and their prosodic
modifications were determined by experiment from
carefully prepared data. Apart from the sparcity of
computer memory, neither the large speech corpora nor
the tools to process them were available at this time, and
the modelling of speech by rule was still deemed possible.
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Figure 1: trends in speech synthesis systems

By the mid-eighties, several hours of speech material
were available online, enabling better modelling and also
better naturalness. However, this improved naturalness
was not obtained as a result of the modelling; it was
largely gained by the inclusion of segments of actual
recorded speech (diphones, demi-syllables, non-uniform
units, etc) to replace the rule-generated waveforms.
Rule-based formant transitions could be replaced by their
natural counterparts, reducing the modelling at the cost of
increased memory consumption. ATR nu-talk [3] (Fig
1.b) illustrated this hybrid approach; relying on a database
of 5000 words for its segmental content, and then
subsequently modifying the prosody by rule. The
increased complexity of the signal resulted in better
quality speech, showing the models to be an over-
simplification of the complex information in speech.

CHATR [4] (Fig 1.c) took further advantage of the
availability of natural speech data and computer memory
to also include the prosodic variations found in fluent
speech. By thus eliminating signal processing, at the cost
of an even-larger source corpus, almost human
naturalness was achieved in the quality of the synthesised
voice. As with the diphone approach, the increase in
quality was gained by a knowledge of which variations
can not be well modelled by rule or manipulation, in
conjunction with a fortuitous increase in available
computer storage memory.

It is interesting to note that whereas these
developments made increasing demands on computer
memory, they resulted in a significant reduction in
computation. We can predict from these trends that future
speech synthesis systems will continue to include more
data and will perform even less processing in order to
meet the demands of high-quality voice production.

2.2. The next ten years

The evolution from rules to data will affect all three
stages of synthesis processing; including text and prosody
as well as signal.

NATR {5] (Fig 1.d) will make further use of the
extended source data to eliminate rule-based prosodic
prediction by using direct-selection of speech units
according to context-specific feature labels. Current
systems use the large database as a source of knowledge
from which to train prosodic models, but it now makes
sense to eliminate this prediction stage and use database
information directly, because using physical values as
targets encourages both prediction and selection errors.

Furthermore, it is time to accept that prediction of
meaning from text is difficult, even for humans, and to
require annotation (e.g., XML markup) of texts to be
synthesised so that their intention as well as their content
can be expressed. It is not a coincidence that the
prevalent html texts allow (and encourage) just such
additional rendering information.

So the remaining challenge for speech synthesis is to
design and construct large speech databases which contain
representative samples of all necessary speech units in all
likely prosodic environments such that direct
concatenation is possible for all ufterances to be
synthesised. The programming challenges are for fast
index-based retrieval; the scientific challenges are for the
identification and automatic labelling of the salient
features.

These design challenges are task-specific, and will
differ according to whether the synthesiser is to speak in
place of a person, providing a voice which listeners will
trust and like, or whether it is to be domain-independent,
in which case compromises must be made between voice
quality and coverage of the almost infinite possibilities for
new lexical items and sentence constructions,

3. Summary

The recent history of speech synthesis has shown a
shift from rule-based systems to data-based systems, The
synthesis systems of the early seventies were limited by
memory and perhaps overly optimistic about the
capability of computers to replicate all the meaningful
variations of the human voice. The remaining challenge
for speech synthesis is not to find further rules for
predicting phonemic or prosodic variation from text, but
to design a source database so that representative elements
of all the perceptually-relevant prosedic and voice-quality
variants can be guaranteed present.
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