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ABSTRACT

In this paper we describe a speech dialogue system for
the field of directory assistarice. The demonstration task
is a directory with 5000 entries, currently. The speech
technology employed, however, is feasible for
databases of realistic size, too. The system uses
keyword spotting, alphabet recognition, and speech
synthesis. Recognizer and syntheziser are based on a
German pronunciation lexicon. The combination of
keyword spotting and alphabet recognition allows, to
enlarge the vocabulary to be recognized significantly.
The overall system relies on a general architecture for
voice dialogues, which was designed to be open for
other base components and further development in
speech technology. The dialogue software exhibits some
general design rules for speech dialogue systems.

1. GENERAL DESCRIPTION

FAUST is a speech dialogue system with the purpose,
to demonstrate the use of speech technology in an
automated inquiry system. "FAUST" is both, a German
Christian name, and an acronym for
"FernsprechAUSkunft Telekom" ("Directory assistance
Telekom").

It is well known, that the task of directory assistance is
hard for current speech technology. Problems are,
mostly, due to the following factors.

* Perplexity : In Germany, we have to handle
(indicating orders of magnitude, only) 30.000.000
subscribers, distributed over 100.000 city names
and 1.000.000 different subscriber names. Besides
the distribution to cities, there is no natural
partition of those names.

*  Non-standard pronunciation : Many names (city-,
Christian- surnames) do not obey the usual
pronunciation rules. Additionally, there are a lot of
names stemming from other languages.

» Integration into existing service : Since a full
automation is not possible with current
technology, automation has to be performed step
by step. This means, that a (semiautomatic) system
has to be integrated technically into an operating

_ system (call server, database) as well as with
respect to the organisation of usual operator work.
Both aspects are not covered by FAUST.
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FAUST works in a fully-automated manner, but
independent of the current real directory assistance
service of Telekom. It uses a small (artificial) database,
which covers 5000 subscriber entries distributed over 25
cities. '

The system uses automatic speech recognition as well
as speech synthesis.

The user is asked to input the city name and the
surname, both with the option of spelling. The system
then renders the telephone number and the address.
Additional information on the required subscriber like
Christian name or street name is not prompted,
currently. Of course, in a real system this will be done,
using similar methods.

For other approaches to this topic, see [1], [2].

2.- SYSTEM ARCHITECTURE

FAUST is a one channel solution, only. It runs on a
PC (Pentium), equipped with a DSP-board (which is
responsible for the line interfacing and the alphabet
recognition) and a sound card. Main modules are the
dialogue control, two recognition units (for keyword
spotting and alphabet recognition, respectively), a
speech synthesiser, and a lexicon. Figure 1 exhibits the
system structure.

The software is partitioned into three levels (see figure
2). On base level, there are different speech technology
resources, €.g. keyword spotting or speech synthesis
with their respective Application Programming
Interfaces (APT's).

The second level is designed to be generic, which means
independent of special technology components (as far as
they cover the desired features) and special applications.
It's core is a high-level API called TEL_API, together
with macros for unified handlers (e.g. recognition with
handlers for "time-out", "error”, and "help") or common
dialogue situations (like menus or digit string input).
The components covered, so far, are keyword spotter,
alphabet recogniser, speech synthesis, lexicon, line
interface, and database interface. Other components, e.g.
continuous speech input, may be added, in the future.

The top level is a dialogue, which is application
dependent, making use of the TEL,_APL
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Figure 2: Software architecture

3. SPEECH RECOGNITION TECHNOLOGY

FAUST makes use of two types of recognition,
namely, keyword spotting [3] and alphabet recognition.
The keyword spotter is an HMM-recogniser with N-
Best-scoring [4]. It is based on phonetic units, allowing
to use a flexible vocabulary. The vocabulary may be
generated and loaded dynamically, depending on the
current state of the dialogue. A lexicon is used for the
generation of this vocabulary. This feature is used, to
load all the names occurring in a given city, once this
city has been specified by the user.

Additionally, an alphabet recogniser, together with
lexical search, is used. Spelling is expected in the form
"A", "B", "C" (not , e.g. "Alpha", "Bravo" ..). The
alphabet recogniser used is based on Neural Nets [5].

It is well known, that both, keyword spotting and
spelling, have their limitations in terms of size of
vocabulary and discrimination abilities. Some of these
inherent recognition inaccuracies might, however, be
compensated by the combination of both techniques.
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This method is called "speak and spell”, in the
following. It allows to enlarge the vocabulary to be
recognised significantly.

Part of the speech recognition components currently
used in FAUST were developped in cooperation with a
commercial partner and interfaced to our TEL_API.

4. SPEECH SYNTHESIS

Because potentially a large amount of proper names has
to be uttered, the usage of speech synthesis instead of
pre-recorded speech is necessary. Mainly for reasons of
intelligibility, the whole speech output of the system is
produced by speech synthesis. The transcription of
names is done using a lexicon. The prompts are
transcribed by the text-to-speech software and partly
optimised by hand.

The text-to-speech system used in FAUST is a
commercially available software, which was interfaced
to our lexicon and our TEL._APIL
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5. DATABASE AND LEXICON

The systems database contains the telephone directory.
The off-line version of this device can be handled by any
commercial database system (e.g. for editing, insertion
or deletion purposes). In order to generate the on-line
version, the data are transformed into a special structure,
ensuring a fast database access during runtime. In
addition the on-line database contains information,
establishing the link between database and lexicon.

The database is interfaced to our TEL_API.

The lexicon plays a central role within the system,
because both, recognition and synthesis, have to handle
a large vocabulary including 'difficult’ words. Especially
proper namegs cause lots of problems in getting the right
pronunciation, because they do, in general, not obey the
usual pronunciation rules of German, .and they often
stem from other languages.

A special lexicon was generated from the database built
up in the European LRE project ONOMASTICA ([6].
The lexicon contains the transcriptions of all names,
occurring in the telephone directory of FAUST. The
lexicon data are partitioned according to the telephone
directory structure (directory for city names and
subscriber directory for each city ), and transformed into
different structures, each especially designed and
optimised for on-line recognition and synthesis,
respectively.

Special attention was put on treating "homonyms"”
consistently. We distinguish two kinds of homonyms,
here.

Acoustic homonyms (like the German names

"Schmidt", "Schmitt", or "Mayer", "Meier") are
acoustically identical, but written differently. Additional
acoustic homonyms may come up by pronunciation
variants.

Spelling homonyms (like the spelled German names
"F,A,B,ER", "S,A,B,E,R"), are written differently, but
some of their respective letters are acoustically similar
to each other or even indistinguishable over the
telephone line. Additional spelling homonyms may
come up by incorrect spelling. Some of the common
variants, therefore, are provided in the lexicon. (Mostly,
these variants are due to alternative spelling of the
special German letters "A", "O", "U", "B").

Some of the problems caused by homonyms are
resolved by the "speak and spell"-method, as described
above, some, however, remain. Therefore, data
structures were designed to provide structured candidate
lists, which allow for the resolution of remaining
ambiguities in a flexible way. Resolution might be
possible, in the dialogue

¢ on lexicon level ("did you say SCHMIDT written
.D,T")

+ on database level ("Do you mean Frankfurt am
Main or Frankfurt an der Oder™)

6. DIALOGUE
The gross design of the dialogue is adapted to the usual

‘operator work. This means, that we have, as the main

blocks, the input of the city name, the input of the
subscriber name, and the output of information (figure
3).

The fine design is according to certain general design
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Figure 4: Generic menue element

rules, which were made up mainly in the course of a
European COST project [7]. These design rules are
implemented by macros, which were defined on top of
the TEL_API as described above. As an example, see
figure 4 for a generic menu.

7. PERSPECTIVES

FAUST has undergone some informal testing, but no
formal evaluation. However, some conclusions are
obvious. The "speak and spell"-method makes it
possible to enlarge the vocabulary, which might reach
realistic database sizes. A technique missing in FAUST,

which seems to be indispensable for a real application is

‘barge-in'. It requires the additional use of an echo
cancelling device. Using part of the FAUST technique,
a real world pilot for semi-automation of the directory
assistance service is scheduled for the beginning of
1996. This pilot will be accompanied by evaluation of
statistic data and subjective impressions.
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