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Abstract

A general description of the environment for speech
processing called SLOPE is presented. The main area of
application of the SLOPE environment is mid and low-level
speech synthesis — the area between prosody modeling and a
speech waveform generation. The final part of the article
describes the idea of obtaining a strict parametric form of the
utterance from the string of phones and prosodic information
implemented on the basis of SLOPE.

1. Introduction

The state-of-art speech synthesis systems take advantage of
various information retrieval techniques. TTS system
implementation is often a combination of trainable models
such as HMM, ANN or CART and a set of heuristic rules
implemented by human experts. An important stage in the
process of creation an efficient TTS is putting all the working
parts of the system together.

It is desirable to encapsulate system modules in order to
eliminate complex interactions and to enable independent
evolution of each module. However, before such
modularization, it is necessary to make a decision about the
system architecture in order to define interface of the
modules.

The most popular architecture of early software TTS
systems was a serial architecture (with an impressive
example of MITalk in [1]). In serial architecture, consecutive
modules process data one after another in order to convert the
input of the first module in a sequence to the output of the
last module in the sequence. The main disadvantage of the
serial approach is the need of defining independent
communication protocols between all the consecutive
modules. The number of protocols limits reusability of the
modules, makes the experiments with existing or new
modules more difficult and increases the overall resource
consumption of the TTS system.

A good solution for the problem outlined above is to
design a specialized information architecture that would
define module interface standards, global data structures and
that would allow a control over data processing. Many
examples of such architectures can be found in the literature
since mid 80°s (see [2], [3], [6]. [8]). One of the benefits of
such works is a set of design considerations for general TTS
environment.

The further part of this article presents a TTS
environment proposed by the author with an example
application for formant trajectory modeling that would cope
with coarticulation phenomenon.

2. SLOPE - an environment for TTS

SLOPE (Spoken Language Object Processing Environment) is
a software environment designed for dealing with data
processing in the TTS technology. The key features of SLOPE
are:

¢ Processing data on many levels (from the textual input to
speech waveform representation) with the use of the same
data structures.

o Object-based scripting interpreted language that contains
declarative and functional constructs. The language
implements garbage collection and object persistence.
Expressions of the language can constitute a processing
path (in imperative way) as well as can serve as a set of
declarative statements.

e Specialized internal data structures, e.g. an object
designed for statistical trajectory modeling.

e Built-in modules (called components) for pattern
matching and specialized heuristic processing techniques.

o Integrated Development Environment that facilitates
graphical edition of the data structures.

¢ Expandability. The use of Unifying Modeling Language
technology as a designing tool should facilitate further
improvements.

¢ Portability. Current implementation works under
Windows operation system but the internal architecture of
SLOPE is implemented in fully portable C++ code (from
the obvious reason this does not apply to the graphical
shell of the IDE that was implemented under
C++ Builder).

e Automatic deploying. One of the SLOPE design
considerations was to support both the process of
developing a speech technology system (currently the part
of TTS system) and generating standalone executable
program. The system is planned to be equipped with the
SLOPE script to a C++ translator.

The SLOPE system was to a certain extent influenced by
other existing speech processing platforms (e.g. Delta [8] or
Festival [6]) as well as by more general approaches to data
processing (Praat, MATLAB) and computer languages (such
as C++, LISP, SmallTalk, Prolog, Python and Java). It should
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be mentioned however, that the author largely relied on his
own ideas in order to not duplicate the existing solutions.

2.1. The script language

As it was pointed out previously, SLOPE contains specialized
data structures and the ability to combine them into abstract
data structures with the specialized interpreted high-level
script language. This feature enables SLOPE users to build
data models and to customize processing algorithms provided
by the system without modifying the source C++ code.

One of the most characteristic SLOPE data structures is
n-contour — object that defines properties of the
n-dimensional trajectory of a stochastic process with a
distinguished time dimension. The n-contour consists of
nodes, each containing a point location and an additional
parameter characterizing the degree of concentration of the
trajectories around the point. n-contour can be used for
efficient processing of a parametric speech descriptions.

The script language delivers also some standard data
structures (number, string, list, map, etc.) and algorithms
(sorting, searching, etc.).

2.2. Components

Apart from some built-in data types, SLOPE contains a set of
components — objects defined in C++ in a certain way and
linked with the core code. Currently these are:
1. Context Transcriber — a component for pattern
matching.
2. Tracker — a component for obtaining the strict
trajectory of some parameter on the basis of the
(fuzzy) n-contours sequence.

3. OFS (Object Formant Synthesis) -  the
implementation of the Klatt formant speech
synthesizer ([5]).

4. Rule driven LTS (Letter-to-Sound) module with
formal rules for Polish ([7]).

5. ANN (Artificial Neural Network), currently based on
the Feed-Forward model with the QuickProp training
algorithm.

2.3. Knowledge location

SLOPE supports three ways of defining a data processing
model:

1. Knowledge stored as tags in a database containing
fragments of the utterances. The size of such a
database can vary significantly depending on the
quality of segmentation or the extent of segment
description.

2. Knowledge stored as heuristic rules defined (in a
declarative or imperative way) in the script language
expressions.

3. Knowledge gathered as the internal data of
components, e. g. as weights in the ANN component.

The ratio of the model’s storage in the particular parts of

the system depends mainly on SLOPE users’ invention. It is
possible to create a fully heuristic, rule-driven phone-to-
waveform system (comparable with some old style formant
speech synthesizers) as well as a system based on a tagged

database of speech segments and relying on retrieval abilities
of the system.

2.4. Pattern recognition

One of the main purposes of SLOPE is to provide researchers
with an environment for testing and learning new pattern
recognition methods. The system supports two general
methods of pattern recognition:
1. Rule driven (also declarative) pattern recognition, e.g.
regular expression matching.
2. Pattern recognition with the use of specialized,
trainable components (see 2.2).

3. Coarticulation with SLOPE

One of the most important problems in speech synthesis is to
properly eliminate discontinuities after the speech
representation is converted from a discrete sequence of
segments into continuous acoustic parameters. The problem
can be solved in the following ways:

a) Creation of the most accurate psychological, acoustic
or physiological model of speech production i.e.
speech production modeling.

b) Avoiding the problem by using specialized DSP
algorithms (which need not be connected with any
speech production model) in order to generate smooth
transitions between consecutive speech segments.

It seems that the ultimate modeling solution to the problem
(seemingly articulatory synthesis) will require an enormously
complex model whose economics remain questionable.

The further sections will be devoted to coarticulation
modeling based on the resources of the SLOPE environment.
The described solution takes as an input a feature structure
of an utterance. It is assumed that an input feature structure
contains phone codes and prosody markers. Then, the
presented solution gives a strict, continuous parametric
representation of the utterance as an output.

3.1. General concepts

At the very general level the presented model can be seen as
an approach of both parametric and concatenative character.
The proposed solution consists of three parts:

1. A database of parametrized speech segments of
variable length (described in 3.2).

2. A Context Transcriber component which is able to
search the database for the best fitting speech
segment in the current context (described in 3.3).

3. A Tracker component that determines a smooth
parameter trajectory where discontinuities occur
(described in 3.4).

3.2. The database

The database part of the presented coarticulation model
contains parametrized speech segments (i.e. phones,
diphones, triphones). The speech segments are stored in the
form of data structures defined in the SLOPE script language.
The data structures contain parametric acoustical
representation (formants, glottal source, etc.) as well as
supplementary linguistic information (stress, position, etc.).
The SLOPE script enables to organize information in the
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form of feature structures containing n-contours with
parametric data. It’s desirable to store at least all the phones
used in the natural language the model is for.

An 1mportant trait of n-contour is that it stores fuzzy
parameter trajectory, which is expected to be an approximate
representation of the parameter trajectory.

There are many problems connected with the preparation
of such a database. Currently it is assumed that the database
has been prepared by an expert. One of the aims of
developing SLOPE is to create algorithms which would build
a database of the desired size from a given speech corpus.

3.3. Searching for the best fitting segment

At the first stage of converting input data into the strict
parametric counterpart, the Context Transcriber module
searches for the low-level (parametric) information in the
database. This procedure is a data driven approach — the role
of the user is limited to defining metric functions on speech
segments. All the subsequent segment searching is done
automatically in order to minimize the overall cost defined on
the basis of the given metric functions. Even the optimal
selection of segments from the database does not assure
sufficient quality, which largely depends on the database size
and quality.

After the appropriate speech segments are selected from
the database, the information is transferred into the input
feature structure. In addition, transfer rules have to modify
pitch and duration, which is done during the information
transfer.

3.4. Parameter smoothing

In the final data processing stage the calculation of the strict
parameter trajectories occurs. Approximate parameter
trajectories stored in the database in the form of n-contours
can be concretized now.

The task of determination of parameters trajectories is
done by a specialized component called Tracker. Algorithms
implemented in the Tracker component determine values of
the parameters at each time point (within certain range) on
the basis of information included in the appropriate
n-contour as well as the heuristic function /. The role of fis
to simulate physical constraints of the speech production
mechanism, e.g. by means of constriction on parameters
differentials.

3.5. Results

All the system components are being tested now and the
prototype database has been collected for Polish. The
primary results are promising and some further work is
planned.

4. Summary

The SLOPE environment is a system designed for speech
processing with a special regard for trainable models, data-
driven and declarative approaches. SLOPE is equipped with
an interpreted script language and built-in specialized objects
called components. Data processing can be performed on
many levels, from the abstract linguistic level to signal
processing. As a demonstration of the system expressiveness

the coarticulation in parametric speech representation
problem solving was described.

A greater focus on SLOPE is intended in the near
future in order to obtain a prosody model for Polish.
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