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ABSTRACT

During daily speech communications, we systematically employ variations in pitch,
loudness, phrasing and duration of spoken segments to express our intentions, attitudes
and assumptions. These cues are continuously picked by our listeners and our intentions
are communicated. This phenomenon is what is termed as prosody. Various languages
have been modeled using a prosodic modeling framework and have been used to varying
degrees of success in applications like speech synthesis systems. The prosodic features
of speech are largely dependent on the language, thus it is imperative that prosodic
models be developed and tested for each language to apply them in (language specific)
speech synthesis applications. In this study the prosodic nature of Ambharic is
investigated, and based on the investigation the prosodic cues of Amharic are identified
and an Ambharic prosodic model based on the ToBI framework is developed. This
hypothesized model is then be subjected to a rigorous test to determine whether it results

in improvement of Ambharic synthetic speech in terms of naturalness and intelligibility.
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INTRODUCTION
This chapter gives a brief description of the contents and the structure of this thesis as
well as a discussion about problems associated with prosody modeling.  The basic
problem motivating this study was the lack of prosodic models for Amharic. Such models
are necessary in many respects: first of all, they are an essential part of high quality
speech synthesis systems and secondly, they provide a framework for the description of

the phenomena that prosody comprises.

Prosody is the science of how speech is uttered as contrasted to what is spoken. The
general problems with prosody modeling lie in the gray area between the discrete,
symbolic representation of speech and its actual manifestation as a continuously varying
signal. Basically, one needs to develop a methodology to associate a set of linguistic,
paralinguistic and emotional instructions or representations with the prosodic parameters
of synthetic or natural speech. The solution to the above problems presented in this thesis

is based on the ToBI transcription system of conventions.

Perhaps the most important application of prosody is its importance in Text to Speech
Synthesis (TTS) systems. This was, in fact, the main motivation behind the inception of
this thesis. The lack of prosodic model has been a very significant bottleneck in the
development of Amharic Text to speech Synthesis systems. Thus it is instructive to start
with an overall description of TTS systems and the important role prosody plays in such

systems.

Overview of Text-To-Speech Synthesis (TTS) Systems

A Text-To-Speech (TTS) synthesizer is a computer-based system that reads a given text
aloud, or we can define Text-To-Speech as the automatic production of speech. There
are several kinds of speech synthesizers that use various methods to convert textual input
into sound output. Synthesizers are most commonly distinguished as being either rule-

based or data-driven.



Rule-based synthesizers base their output on an acoustic model of speech production.
This method can create a vowel by modeling how the signal is led through a filter, which
mimics the human vocal tract, creating a set of particular resonance (formant) frequencies
depending on the relative position of the different articulatory organs. Generalized rules
are extracted from the filtered information. The phonetic input of the synthesis is tested
on the rules; when a match is found, the synthesizer produces digital speech. Rule-based
synthesizers are also referred to as formant synthesizers, because the speech information
behind the generalized rules is related to formant and anti-formant frequencies and

bandwidths.

As opposed to data-driven synthesizers, this method does not use human speech samples
in order to create the output speech. These types of synthesizers are considered to have a
greater degree of intelligibility, as well as to be resource-economic, since they do not

depend on stored segments of human speech.

Data-driven or concatenative speech synthesis is a method for creating artificial speech
by merging slices of pre-recorded human speech. Two subcategories can be distinguished
within this method, diphone and unit-selection, differing mainly in the size of the units
being concatenated. Both methods store the pre-recorded speech units in a database, from
which the concatenation originates. Parts of utterances that have not been previously
processed and stored in the database are “built up from smaller units.” The diphone data-
driven synthesis refers to storage of all possible diphones in a particular language, which
are then merged in accordance with the phonetization of the input text. A diphone is a

speech unit consisting of two half-phonemes, or of the phonetic transition in between.

The other method, unit selection, collects its speech data from a repository containing

units of various lengths, including diphones as well as words and phrases.

Each pre-recording is stored in multiple occurrences, pronounced in different prosodic
contexts. Hence, this type of synthesis requires an extensive storage facility, and has only

recently become a popular method, since memories and performance of computers have



increased. The primary motivation for a large database is that with a large number of
units available with varied prosodic and spectral characteristics it should be possible to
synthesize more natural sounding speech than that can be produced with a small set of
controlled units.

Since the diphone unit requires digital post-processing in order to incorporate prosodic
information, the naturalness of the pre-recordings may be reduced. The unit selection
synthesis, however, requires no digital post-processing; it simply concatenates the stored

units as they are. Therefore, this type of synthesis usually gives the greatest naturalness.

Historical Background
Artificial speech has been a dream of the humankind for centuries. To understand how
the present systems work and how they have developed to their present form, a historical
review may be useful. The history of synthesized speech tells us that the effort of speech
synthesis started from the first mechanical efforts to systems that form the basis for
today's high-quality synthesizers. The earliest efforts to produce synthetic speech were
made over two hundred years ago. In St. Petersburg 1779, a Russian Professor Christian
Kratzenstein explained physiological differences between five long vowels (/a/, /e/, /i/,
/o/, and /u/) and made apparatus to produce them artificially. He constructed acoustic
resonators similar to the human vocal tract and activated the resonators with vibrating

reeds like in music instruments.

A few years later, in Vienna 1791, Wolfgang von Kempelen introduced his "Acoustic-
Mechanical Speech Machine", which was able to produce single sounds and some sound
combinations.

In about mid 1800's Charles Wheatstone constructed his famous version of von
Kempelen's speaking machine. It was a bit more complicated and was capable to produce
vowels and most of the consonant sounds. Some sound combinations and even full words
were also possible to produce.

The research and experiments with mechanical and semi-electrical analogs of vocal
system were continued until the 1960's, but with no remarkable success. Stewart

introduced the first full electrical synthesis device in 1922. The machine was able to



generate single static vowel sounds with two lowest formants, but not any of the

consonants nor connected utterances.

The first device to be considered as a speech synthesizer was the VODER (Voice
Operating Demonstrator) introduced by Homer Dudley at New York's World Fair in
1939. The speech quality and intelligibility were far from good but the potential for

producing artificial speech were well demonstrated.

After the demonstration of the VODER, the scientific world became more and more
interested in speech synthesis. It was finally shown that intelligible speech could be
produced artificially.

The first full text-to-speech system for English was developed in the Electro technical
Laboratory, Japan 1968 by Noriko Umeda and his companions. The speech was quite
intelligible but monotonous and far from the quality of present systems. In late 1970's
and early 1980's, considerably amount of commercial text-to-speech and speech synthesis

products were introduced.

Modern speech synthesis technologies involve quite complicated and sophisticated methods and algorithms. One of the methods
applied recently in speech synthesis is the Hidden Markov Models (HMM). HMMs have been applied to speech recognition from late
1970's. Neural networks have been applied in speech synthesis and results have been quite promising. However, the potential of

using neural networks have not been sufficiently explored.

General Architecture of TTS Systems
The process of converting written text into speech can be considered into a two step
process with two independent but interacting modules:
eNatural Language Processing (NLP) Module and
eDigital Signal Processing (DSP) Module.

The natural language process deals with extracting and organizing all possible information from the written text (and possibly
additional extra help) that would aid the digital signal processing module generate the sound signals. The NLP module produces files
with a phonetic transcription of the text, together with the desired intonation and rhythm. These serve as instructions for the digital

signal processing module to actually generate the physical speech signals.

The DSP transforms the symbolic information it receives from the NLP module into

speech. The process of converting text to speech requires a set of rules that translates



each grapheme of the text input into phonemes [4], [5]. This two step process is

depicted graphically in Figure (1.1).

Text-To-Speech Synthesizer

Text

NLP Narrow phonetic DSP
Linguistic formalisms transcription Mathematical Models S h
Infe.rencg engines B | Algorithms peee
Logical inferences Prosody Computations

Figure 3.1 The two step process of speech synthesis [4]

The NLP module consists of the following main processing stages or components:
e Text Analysis
e Automatic Phonetization
e Prosody Generation
In the DSP module a transformation of the received symbolic information into actual
speech waves is performed. There are three different categories of waveform generation
(called types of speech synthesis):
® Articulatory Synthesis: a method of synthesizing speech by controlling the speech
articulators and determines the characteristics of the vocal tract filter by means of a
description of the vocal tract geometry,
e Formant Synthesis: specifies directly the formant frequencies and bandwidths as
well as the source parameters. Formant Synthesizers are also referred to as Rule-
Based Synthesizers, where generalized rules are extracted from the filtered
information. The input is then tested on the rules.
e Concatenative Synthesis: This is the most commonly used technique, where
segments of speech are tied together to form a complete speech chain. The speech

output is produced by coupling segments from a database to create the sequence of

segments.
TTS Engine
Text Analysis
Raw text Document structure detection

A\ 4

Text normalization
Linguistic analysis

A\ 4

Phonetic Analysis



Figure 1.4 A more detailed architectural representation of speech synthesis [5]

The Text Analysis module/component normalizes the text to the appropriate form so that
it becomes speakable. The input can be either raw or tagged text. These tags can be used
to assist text, phonetic, and prosodic analysis. In text analysis, document structure
detection, text normalization, and linguistic analysis are performed.
® Document Structure Detection: Provides context for all later processes, allows for
prosodic classification. It separates the text into its document structures elements
through sentence breaking and paragraph segmentation, allowing the TTS system to
identify when to insert gaps during narration and may have direct implications for
prosody. It also serves as the basis for syntactic and semantic analysis. The elements
in a document structure are chapter and section headers, paragraphs, sentences and
lists. These and other linguistic units are important in regulating prosody.
® Text normalization: Transformation of tokens (words, symbols) in a text, such as
abbreviations, acronyms, idioms, numbers, mathematical formulas, currency, etc. into
full text (common orthographic transcription) suitable for subsequent phonetic
conversion.
e Linguistic Analysis: refers to syntactic and semantic parsing. It produces structural
and semantic information about sentences. The fundamental types of information
extracted in linguistic analysis module are:
O Word part of speech — noun, verb, adjective etc.

O Phrasal cohesion of words — idioms, clauses, phrases, sentences.



O Syntactic identification — questions, commands, quotes.
O Semantic focus — emphasis.
O Semantic type — requesting, informing, narrating
® Phonetic Analysis Module: it converts lexical orthographic symbols (the processed
text) into phonemic representations (phonetic sequence), along with possible stress
markers. Even though it is often referred to as grapheme-to-phoneme conversion, it is
generally believed to have three sub modules: Homographic Disambiguation,
Morphological Analysis, and Grapheme-to-Phoneme conversion.
O Grapheme-to-Phoneme (Letter-to-sound) Conversion: This step generates the
phonetic representation of the text in question. Graphemes are any of a set of
written symbols, letter, or combinations of letters that represent the same sound,
for example, f in “fat,” ph in “photo,” and gh in “tough”. Phonemes are the
minimal units of speech sound in a language. Thus f, ph and gh in the above
example all are represented by a single phoneme. In general, phoneme is the
smallest unit of speech that can be used to make a word different from another
that is same in every other way. E.g. the ‘b’ in ‘big’ and the ‘p’ in ‘pig’ represent
two different phonemes. Phonemes are representation of sounds that are made in a
language. They completely represent all the sounds made in a language and are
limited in number for a given language. E.g. there are 42 or a little more
phonemes in the English language. For example the word quick can be
represented by the phonetic equivalent of /k w ih k/.
O Morphological Analysis: in this module words are decomposed into their
morpheme constituents so that important cues are obtained to the pronunciation
for inflected & derivational words. A morpheme is the smallest meaningful unit in
a language, consisting of a word or part of a word, that cannot be divided without
losing its meaning. These include prefixes, suffixes and stem words. E.g. ‘Gun’ is
one morpheme; ‘Gun-s’ contains two morphemes; ‘Gun-fight-er’ contains three
morphemes
O Homographic Disambiguation: the main purpose of this module is to identify
which one of the possible pronunciations should be used in the context.

Homograph refers to a word that has the same spelling as another, but is different



in meaning, origin, grammar, or pronunciation. E.g. the noun ‘record’ (reka:d)
and the verb ‘record’(rika:d) are homographs (of each other).
e Prosodic Analysis Module: - The prosodic analysis component attaches appropriate

pitch and duration and other prosodic information to the phonetic sequence.

Amharic TTS Systems

Researchers had paid little attention to the study of Ethiopian linguistic technology until
recent years. Few initial attempts as MSc thesis work on TTS have been done during the
last five to ten years. These attempts, although encouraging, have not been generally
followed up and used as a standard for educational purposes by universities nor applied in
industry except, perhaps for a few telecommunication applications. Almost no attempt
has been made to develop multilingual TTS systems.

As pointed out in [15] several computer fonts have been developed for the Amharic
script, but for many years the languages had no standard computer representation. An
international standard for the script was agreed on only in 1998 and later incorporated
into the Unicode standard, but nationally there are still about 30 different standards
regarding Ambharic scripts. The thesis works done (on Amharic TTS) until now can be
taken as initial simple prototypes, which with their limitation can be taken as positive
starting tracks. These developed TTS systems are a good start to producing realistic

speech from text, but there are several areas which can be improved up on.

Scope and Limitations of Previous Studies
In most of the papers, the following limitations and scope can be observed:

® A limited number of diphone speech data was stored in the diphone database. Thus
it is an important issue to apply more experiment on the corpus data and hence to
complete the diphone database. Here it is required to develop an intelligent algorithm
that is able to separate a speech corpus data into diphone units automatically.

® Minimizing noise during recording (Selecting sound library), careful selection of
corpus data, careful extraction of the required diphones and a speaker are most
important.

® Text input could only extend up to paragraph level. A TTS system for discourse



type has not yet been implemented.

® The designed systems do not properly deal with numbers and abbreviations: the
incorporation of number converter and word normalization are important.

® Sounds that may be acoustically different in different places of a word has not yet
been thoroughly analyzed - this is important for speech quality.

® In some papers, the words within the sentences are assumed to be separated only
by blanks.... Punctuation marks like slash, semicolons were not considered and these
words could contain abbreviations, acronyms and the like.

® Dialect issues of the same language in different places were not addressed (a
variety of language, spoken in one part of a country, which is different in some words
or grammar from other forms of the same language.)

® Handling special characteristics and morphographemic structure of Ambharic
alphabets (like che(6bh), gne(7), lwa(Q,), etc)

® Further attention is required in handling prosodic and intonation conditions

® Multilingual systems have not been attempted

® Naturalness (the sound quality and naturalness still remain a major problem)

Goals & Objectives of this Thesis

Goals of this thesis

The general goal of this research is the development of a prosodic model for Ambharic.
Ambharic is the national language of Ethiopia and various attempts have been made to
develop an automatic speech synthesis system for the language. However, the prosodic
aspects of Amharic have been under-researched and no unified model for describing the
prosodical features of Ambharic exist. With the development of such a model it is
expected that Amharic speech synthesizer programs can produce more intelligible and
understandable synthetic speech. Furthermore, the prosodic models that are developed in
this thesis can help speech researchers better understand the processes of Amharic speech
production and perception.

The main outcome of the research is AmhToBI, which is a symbolic collection of pitch
movements (tones), durations and pauses that apply specifically to Amharic. These

collection of prosodic cues can be applied to any written Amharic text as an input to



speech synthesizers and are expected to help the synthesizer produce a more natural and

intelligible synthetic speech.

Objectives of this thesis
The specific objectives of the research in studying and modeling the prosodic features of
Ambharic are:
estudying the prosodic features of a unit of speech, at a word, phrase, clause, or
sentence level
estudying the intonational characteristics, syllable duration, accent, tone, and stress or
pitch contour (FO)
emodeling the prosodic characteristics using a high-level symbolic prosody description
system known as ToBI, based on the knowledge of category or structure of intonation,
measurements of acoustic features (fundamental frequency (fO) for pitch, duration, and
intensity for amplitude). In an effort of this work, the intonational phonology and ToBI
(Tones and Break Indices, a transcription system of intonation and phrasing) model of
Amharic will be proposed, this model is to be referred to as AmhToBI.
oUsing the developed model to attach prosodic information to Amharic utterance
segments, which will then be used to aid the synthesis of Amharic speech and then be
subjected to a rigorous test to determine whether it results in improvement of Amharic

synthetic speech in terms of naturalness and intelligibility.

Organization of the Thesis

Chapter1 presented an introduction into the problem, the motivation behind it, its role in
speech synthesis and the objectives of the project work.

Chapter 2 presents a literature review of some of the fundamental concepts of prosody as
well as the different methods used in prosodic modeling.

Chapter 3 presents the methodological concerns relevant for this thesis work.
Specifically the data collection, data analysis, model selection and evaluation methods
are discussed in this chapter.

Chapter 4 describes the experiments that were conducted and the results obtained from

these experiments. This chapter describes the main work performed in this thesis to
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come up with the Amharic prosodic model. It also indicates, as a result of the
experiments, the model that is proposed in this thesis work.

Chapter S describes the experiments performed to evaluate whether or not the proposed
model results in improvement in intelligibility and naturalness of synthesized Ambharic
speech. The results of the evaluation experiment is indicated and analysis is given on the
results.

Chapter 6 gives concluding remarks summarizing the findings of the research, the

limitations, the way forward and some of the possible applications of the research work.

CHAPTER 2
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LITERATURE REVIEW

In this chapter, a background review of what prosody is and what its constituents are will
be made. In addition, concepts like intonation, stress, accent, prominence, pitch, pitch
range, tone, prosodic phrases, timing, thythm and tune will be introduced and their role in
prosody described in detail. It will also focus on the description of a formal system for
studying the prosodic structure of languages viz. Symbolic Prosody.
Symbolic prosody concerns itself with representation of the prosody of a spoken
language using symbols to represent the elements of prosody, i.e. relative pitch, phone
duration, loudness and pause insertion. Symbolic prosody deals with

® Breaking sentences into what are known as prosodic phrases, possibly separated by

pauses and

® Assigning labels, such as emphasis, to different syllables or words within each

prosodic phrases
Each language uses the basic elements of prosodic cues in its own way. Thus, symbolic
prosody models are clearly language specific and it makes it necessary to study the
prosodic structure of the language in question to identify what sorts of prosodic
components manifest and their particular roles as prosodic cues. The result of this study
must then be used to construct a symbolic system of prosodic modeling. This symbolic
prosody model can then be applied for labeling text and uttered speech. The system
presents a unified model that can be used in the aid of natural sounding automatic speech
synthesis or as an analysis tool for linguistic researchers. This chapter then proceeds to
describe the framework through which symbolic prosody models are constructed. It, thus,
sets the theoretical background required for the development of prosodic models in
general and specifically as applied to Amharic. The models developed for Ambharic,

which are described in later chapters, will be based on this framework.

What is Prosody?

Simply put, prosody refers to how speech is uttered. It can refer both to the melody of
the speech as well as to the science that is dedicated to the study of how speech is uttered.

Prosody, by its very nature, is concerned with features of speech that manifest over large
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units of speech. Prosody doesn't concern itself with realizations of single phonetic
elements but rather larger segments of speech including words, phrases, sentences or
even larger utterances. For that reason, it is usually referred to as a supra-segmental

feature of speech or simply supra-segmentals.

Prosody structures the flow of speech and is manifested as accentuation, loudness,
relative duration and insertion of breaks between utterance segments. These
manifestations are referred to as the melodic features of spoken language. Listeners
depend on prosody to fully understand speech in addition to the juxtaposition of the
words making up the speech utterance. Speech utterance without the systematic

variations of the melodic features is known as segmental speech.

For example, the melody of speech will indicate to the listener: whether a question is
being asked or a statement is being made: whether the speaker is happy, sad, or angry etc.
The term prosody as pointed out in [1], [4], [5], is used to refer to aspects of sentence’s

pronunciation.

From the listener’s point of view, prosody consists of the systematic perception and
recovery of a speaker’s intention based on

® Pauses: to indicate phrases and avoid running out of air

® Pitch: rate of vocal fold cycling

® Rate/relative duration: phoneme durations and timings

® Loudness: relative volume of speech parts.

In the general case the relevant factors and the behavior of the prosodic parameters range
from the simplest, phonetically determined variation on the segmental level to the

linguistically determined variation on the level of the utterance.
Prosodic events can be studied at various levels of representation including:

® Acoustic level: the acoustic manifestation of prosody (fundamental frequency (FO),

amplitude, and duration).
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® Perceptual level: represents the prosodic events as captured by listeners.
® Linguistic level: represents the prosody of an utterance as a sequence of linguistic

units (phoneme, syllable, phrase, etc).

Acoustic Perceptual Linguistic
FO Pitch Tone, intonation, aspect of stress
Amplitude, energy, intensity | Loudness Aspect of stress
Duration Length Aspect of stress
Amplitude dynamics Strength Aspect of stress

Table 2.4 Levels of Representation of Prosodic Phenomena

The variations in the fundamental frequency, amplitude and duration are perceived by
listeners as the pitch, loudness and length of the speech. These variations depending on
the language in question will have linguistic importance and the listeners can extract
meanings from these variations. A good example will be the sentence “She ate the food”.
This sentence can be spoken as a simple declarative statement, as an exclamation
(indicating surprise), or as a question. Although the sequence of words that are uttered is
the same for all three of the aforementioned sentences, there are obvious differences in
the meanings of the three realizations of the same sentence. This change in meaning is
manifested through the variation of the four important components of prosody, namely

pitch, loudness, duration and pauses.

The Role of Prosody in Text-To-Speech (TTS) Systems

The essence of text-to-speech synthesis is to automatically convert symbols into signals
using a computer program. As the previous sections describe there are quite a large
number of steps and interacting modules before the actual conversion is successful. The
success or failure of the TTS system depends both on the quality of concept of each of
the modules and on the quality of the data used to develop the rules in each module. The
prosodic analysis module, being a part of the interacting TTS modules, plays a significant
role in the synthetic speech production process. From an end user's perspective a

synthetic speech with proper prosodic features will sound more natural and is generally
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easier to understand. Thus, it might be stated that the main problem of adding
naturalness and intelligibility to the systems can largely be solved through the

incorporation of better prosodic models [8].

The example of the previous sentence makes it clear that a decent speech synthesis
system needs to have a level of understanding of prosody, otherwise, the output will not
distinguish between questions, exclamations and declarations and a similar other set of
prosodic variations. Furthermore, the absence of the systematic variation of the prosodic
cues will make the uttered speech monotonous, unnatural and hard to understand, even if
there are no ambiguities that are similar in nature to the example sentence mentioned

previously.

Parsed Text and Phone string

v

Pause msertion and Prosodic phrasing

Speaking
Style

Duration FO Contour Volume
| [ |

v v v

Enriched prosodic Eepresentation

Fig 2.1: Architecture of a Prosodic Modeling System

Figure 2.1 presents the architecture of the prosody component. The input to the prosody
module is normally parsed text with a phoneme string. The output specifies the duration
of each phoneme and the pitch contour thus it generates an enriched prosodic
representation for the speech to be synthesized. Depending on the speaking style different
prosodic representations can be obtained. Speaking style can be for example, character
(extra-linguistic properties of a speaker) and emotion (temporary emotional conditions

such as joy, anger etc.). This shows that prosody depends not only on the linguistic
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content of a sentence but also on extra-linguistic properties of the speaker and

environmental effects.

The Autosegmental-Metrical (AM) Theory of Prosody

One of the most popular theories for prosodic analysis is the Autosegmental-
Metrical(AM) model of intonational phonology. In this model prosody is described in
terms of a prosodic structure and distinctive tonal categories (prominence relations) [14].
A prosodic structure is a hierarchical organization of prosodic units from the smallest
prosodic unit to the largest. Prominence relations describe the relative prominence of the
units of prosody within an uttered speech segment. Prominence can happen at the word
or syllabic level. Within a phrase, some words are more prominent than others; and
within a word, some syllables are more prominent than others. This prominence relation
contributes to the perception of the uttered speech as having a certain connotational
meaning. A prosodic structure and prominence relations of an uttered speech are realized
by features such as variations in pitch, duration, and/or loudness as well as the realization

of consonants and vowels.

In addition, the prosodic property of an utterance is a combination of prosody at the word
level and prosody at the phrase level. The word level prosody is termed as lexical
prosody and the phrase level prosody is termed as post-lexical prosody. The post-lexical
prosody is constrained by the lexical prosody, and it also contains information about the

lexical prosody.

The AM theory uses pitch accents and boundary tones as the fundamental components of
prosodic modeling; hence it is instructive to continue with a brief discussion of what is

meant by pitch accents and boundary tones.

Pitch accents and boundary tones
A fundamental notion within AM theory is that the variation of pitch on speech utterance
segments which is referred to as surface pitch contour spread across an utterance arises from

a linear sequence of pitch events. In some languages the variation of pitch changes the
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lexical meaning of words and these languages are referred to as tonal languages. In tonal
languages, the pitch contour will be specified both by lexical events as well as post-lexical
events. But in intonational languages, like English, the variation in pitch are expected to be
of two kinds only:

® Pitch accents: pitch movements which are manifested on stressed syllables; and,

® Edge tones: pitch movements which are manifested near the end of a phrase

Intonation has been defined as
“the use of suprasegmental phonetic features to convey post-lexical or sentence-

level pragmatic meanings in a linguistically-structured way” [13].

By this definition intonation is observed
“in all types of languages across the continuum of variation between an
archetypal ‘tone’ language and an archetypal ‘stress’ language. In a tone
language, such as Mandarin or Thai, pitch is part of the lexical specification of

some if not all morphemes” [4].

The main reason for choosing to analyze Amharic intonation within the context of
autosegmental-metrical (AM) theory of intonation is its ability to capture the notion of

the unity of pitch phonology [13]: A theory which can be used to analyze any language,
regardless of whether pitch functions lexically and/or post-lexically. Thus the AM theory

can be used to describe Amharic as good as it describes English, Korean or Swabhili.

In AM theory all pitch events are defined using one of two level tones - either high (H) or

low (L), with H being near the top of a speaker’s pitch range, and L near the bottom.

The motivation in this project is that Amharic is assumed to be a purely stressed
language, in which tone (variations in the pitch of uttered speech) is used exclusively
post-lexically. In other words, it is assumed that in Amharic, changes in pitch do not

signify lexical changes of meaning.
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Transcription of intonation
AM theory provides a system for the transcription of intonational contours. Intonational
tunes are seen as tonal sequences combining pitch accents and edge tones of various
kinds; with all pitch events transcribed using H and L only. A set of standard notational

devices used in AM theory is listed in [13].

Symbol Meaning
H high target
L low target
* pitch accent (associated with the main stressed syllable of some words)

- phrase tone (associated with a phrase edge)

% boundary tone (associated with a phrase edge)

! Down step

Table 5.2 AM Symbols for representing pitch movements

Pitch accents may be composed of one target (monotonal) or at most two (bitonal)
resulting in the set of possible pitch accents listed in the table below [4]. The star
notation, when it appears in bitonal targes, indicates which of the two tones in a bitonal

accent is associated primarily with the stressed syllable.
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Stress Type
H* monotonal
L* monotonal

H*+L bitonal

H+L* bitonal

L*+H bitonal

L+H* bitonal

Table 2.3 Possible Stress Combinations and Their Symbols

As regards, edge tones, in early AM work on English, notation was proposed for two
types, showing affiliation to the edge of prosodic phrases at different levels [4]: boundary
tones [H%, LL.%] align to the edge of a full prosodic phrase called intonational phrase
(IP), and phrase tones [H-, L-] align to the edge of an intermediate phrase (iP), nested
within the larger phrase. Since an IP is composed of one or more iPs, the right edge of an
utterance was argued always to bear a sequence of a phrase tone and a boundary tone (the

right edge of both iP and IP coincide at the right edge of the utterance [13].

The remaining symbol ‘!’ is used to denote “down stepping” which refers to phonological
lowering of the FO target level of an H tone. In [7], down step was argued to be triggered
phonologically by any bitonal pitch accent, whilst other authors have argued that down
step is better analyzed as ‘an independent linguistic choice’ under the control of the

speaker [13].

An influential AM theory transcription system for intonation is the Tones and Break
Indices (ToBI) system, which was developed for General American English (GAE). English
ToBI can be used to describe the intonation of GAE and possibly other dialects of
English (British English). However, it cannot be directly used to describe the intonation
of other languages since it is the result of a phonological analysis of a particular language,

rather than a phonetic transcription system. The theoretical choices underpinning ToBI
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have, however, been successfully adapted to other languages and as a result AM-style

phonological models exist for many languages, using a similar notation system [4].

This thesis implements an AM-style transcription system for Amharic intonation in
which the tonal sequence is analyzed using symbolic labels to represent pitch accents and
boundary tones, and the correspondence between the tones and prosodic boundaries of

different strengths is motivated in the text.

Pauses
In a long sentence, speakers naturally pause a number of times. These pauses have
traditionally been thought to correlate with syntactic structure but might more properly be
thought of as markers of information structure [4]. In a typical system, the most reliable
indicator of pause location is punctuation. After resolution of abbreviations and special
symbols relevant to text normalization, the remaining punctuation can be reclassified as
essentially prosodic in nature. These include periods, commas, exclamation points,
parentheses, ellipsis points, colons, dashes or their equivalent or similar symbols in
languages other than English. Each of these can be taken to correspond to a prosodic

phrase boundary and can be given a special pitch movement at its end-point.

In predicting pauses, although their occurrence and their duration have to be considered,
the simple presence or absence of a silence (of greater than 30 ms) is the most significant
decision [4]. The exact duration is only secondary, based partially on the current

speaking rate and other factors.

There are many reasonable places to pause in a long sentence, but a few where it is
critical not to pause. The goal is to make sure that the selection of the point where pause
is inserted is not a place where ambiguity, misinterpretation or complete breakdown of

understanding occurs [4].
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Prosodic Phrases
Phrases, as speech processing and specially prosody is concerned, are places within
speech that are signaled by silence, whether or not these are a result of semantic phrasing
is of little concern to the speech processing system, although semantic parsing might help
the system identify where these silences are to be inserted. Places where silence is
inserted are referred to by the general name of prosodic junctures. Junctures that are
clearly signaled by the presence of silence and usually by a characteristic pitch movement
as well are called intonational phrases or IP for short. These junctures are required
between utterances and usually at punctuation boundaries. Prosodic junctures that are not
signaled by silence but rather by characteristic pitch movement only are called

phonological phrases or intermediate phrases or iP for short.

The breaks or pauses that appear between utterance segments are not of equal durations.
Some of the pauses are longer to indicate that the degree of juncture between the
utterance segments either side of the pause is larger and some are shorter to indicate just
the opposite. The break indices part of ToBI specifies an inventory of numbers
expressing the strength of the prosodic juncture. For English, the prosodic association of
words in an utterance is shown by labeling the end of each word for the subjective
strength of its association with the next word on a scale from 0 (the strongest perceived
conjoining) to 4 (most disjoint) [4]. Other languages also use a similar type of inventory
but the list of inventories varies depending on the language. For example German has

only 2 levels of pause inventories while Serbo-Croatian uses 6 [14].

Duration measurement

In order to produce natural sound, TTS systems should be able to provide segment and
pause durations that do not significantly differ from those produced naturally. Durations
can be modeled for different type of target units, for example durations of sub-phonetic
units (such as vowel onset, steady-state part, and offset), phonemes, syllables, feet,
words, or phrases. And appropriate relationships must be established between these units

and the syntactic-prosodic information.
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There are old and recent principles that can be followed in modeling duration units. For
instance, there is an old principle called isochrony, which leads to analysis in terms of
syllable or foot sized units. This is purely a rhythmic principle, and accordingly speakers
would unconsciously use an initial internal clock to schedule speech segments (typically

synchronized with syllables for fixed stress languages and feet for free stress ones).

Since many state-of-the-art TTS systems are based on phonetic elements as speech units,
syllable-based duration systems incorporate an algorithm to derive segment durations
from syllable ones. For this purpose elasticity principle may be used; in which all
segmental durations in a syllable frame are obtained by one and the same factor k by the
formula
Dur=exp(l; +ko;) 2.1

in which Dur; is the duration of the i/ phoneme of a particular syllable and 4 and o; are
the mean and standard deviations of its log-transformed durations in a large corpus. In
equation 2.1, if the syllable duration and its segmental components £ and o; are given,

then k is found and hence the actual phoneme duration is determined.

In general, though TTS systems focus on duration of phonetic segments, effects of
syllable, word and phrase boundaries on segmental duration suggest that larger units

should be considered.

Two main trends can be distinguished in duration modeling. In the first, and by far most
common, one durations are computed by first assigning an intrinsic duration to segments
(pauses being considered as particular segments), which is further modified by
successively applying rules combining co-intrinsic and linguistic factors into additive or
multiplicative factors. For instance several corpora can be analyzed to study speaker
independent intrinsic durations and their modifications under the influence of a consonant
upon the preceding vowel in a stressed syllable, of the type of word (content versus
function word), of the location of the segment within a word, of the distance to major and

minor phrase boundaries, and so on, as well as of the grouping of consonants into clusters
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at various positions of the word/prosodic phrase/sentence. This leads us to establish a

simple multiplicative rule:
Vowel duration = ID V; m, (2.2)
Consonant duration=ID Cj

where ID refers to intrinsic durations, V; and Cj are shortening or lengthening coefficients
dependent on the position i of a segment within a word and in a sentence, j refers to the
phonetic class membership of consonants, and m, reflects, in certain cases of closed

syllables, the influence of a consonant or semivowel on the preceding vowel.

A second and more recent approach requires the availability of large speech corpora and
of computational resources. A large number of possible control factors are
simultaneously varied, this is a very general duration model proposed using CARTSs or
neural networks, and the parameters are automatically derived by the associated
approximation algorithm (standard least squares methods, minimization of entropy, and

error-back-propagation, respectively).

Phoneme duration
Numerous factors, including semantics and pragmatic conditions, might influence
phoneme durations. There are several different duration-modeling mechanisms which can
be used to model and determine durations. One example is Rule-based method [4], which
involves table lookup of minimum and inherent durations for every phone type. In this
mechanism, the duration of a phone is expressed as:

d= dmin"'r(a'dmin) (23)

where 77 is the average duration of the phoneme, d,,;, is the minimum duration of the

phoneme, and the correction r is given by

N
r=TIr; (24)
i=1
for N rules being applied and each rule has a correction of ;. Another commonly used

duration modeling is CART-Based duration.’

1 Interested readers are referred to [4] for a detailed description of CART based duration modeling.
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Syllable duration
Syllable duration can be determining by summing up the phonemes duration in a syllable
as explained in the previous section. Several factors affect the duration of a syllable,

such as it position in a word, whether it is stressed or unstressed, etc.

Several researchers studied the syllable structure of Amharic language and came up with
different syllable templates. Some researchers concluded that there are six possible
syllabic structures described as a juxtaposition of vowel and consonant phonemes. These
are (V, VC, VCC, CVC, and CVCC), where V refers to vowels and C consonants. Other
literature suggests that there are only two types (CV and CVC). Another view in
literature argued that there are more than six syllable structures for Amharic (V, VC,
VCC, CV, CVC, CVCC, CCV and CCVC) in which an initial cluster of two consonants

could exist and when the second consonant in the cluster is liquid (I, 1)).

In a limited experiment conducted on Amharic words structure in this research the
number of possible syllable structure for Amharic is indeed more than six, although the

reasoning (or justification) may vary.

In most cases, the duration of a syllable is in proportion to the number of phonemes
contained within it, though greatly affected by other factors as well. For example:
Amharic rhythm seems to exhibit isochrony, i.e., being equally spaced out in time, and is

usually used in connection with the description of the rhythm of languages. In Ambharic, stressed

syllables tend to be longer than unstressed ones as is in other languages.

Pause Determination
Speakers introduce pauses for different reasons, such as, on arrival at punctuation marks,
to give emphasis, on word junctures, to stop running out of breath, and other phenomena

(such as a disfluency i.e. a repair or filled pause).

24



The most reliable indicator of pause location is, of course, punctuation. These include,
periods, semicolon, commas, exclamation points, parentheses, ellipsis points, colons,
dashes, etc. Each of these can be taken to correspond to a prosodic phrase boundary and
can be given a special pitch movement at its end-point and a corresponding pause which

duration depends on the type of punctuation.

The length of the pause is not as important as the simple presence of silence of equal
length. Thus simple algorithms can implement pause with a fixed pause duration.
However, techniques such as CART (Classification and Regression Tree) can be used for
pause duration assignment. We can use POS categories of words, punctuation, and a few
structural measures, such as overall length of a phrase relative to neighboring phrases to

construct the CART.

In Ambharic, as in other languages, punctuation can be taken as a main indicator for pause.
Some of the commonly used sets of punctuations in Amharic that may involve signaling

of pause are the following.

L. -
[]

==l

- L] -
comna  full stopfpeniod  colon serm-colon  preface colon word space

The word space punctuation (:) is nowadays becoming obsolete and replaced by space
instead, and it has no significance for prosody modeling (it does not tell the degree of

disjuncture between words).

Pauses can be introduced in between different size of linguistic or prosodic units,
example between syllables (which is rare case), words, NP, VP, sentences, iPs, and IPs.
And the duration of pause/silence for such category of units may vary depending, for

example, on speaker's behavior or condition.

The following conditions may be useful in determining the location of pauses:
e When a sentence boundary is encountered (marked by punctuation e.g., ::)
e [f a comma or semicolon is occurred in some part of the utterance.

e Types of words (content or function word) --certain function words are more likely
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to signal a break.

e How many content words occurred since the previous function word (if more than 4

or 5 words, a break is more likely)
e What is the length of current proposed major sentence?

In Ambharic writing system or script, a sentence can be terminated by any of the three
punctuation marks ( !, 2, or ::). This punctuation marks rarely, if at all, occur in any
other context and thus ambiguity related to detecting sentence end punctuation is less
difficult as compared to other languages, for example English sentences can be ended
using either of (., ?,!, or :), of which only the question mark is almost unambiguous,
since the other punctuation marks can be used in other contexts, e.g. the period can

signify abbreviations which can occur in the middle of a sentence.

In the case of Ambharic, exclamation mark can be ambiguous if it is used and refers to the
mathematical symbol for factorial as is in English too. In Amharic alphabet characters
there is no typeface options, such as small letter and capital letter varieties. So processing
and detecting uppercase letters, which may help for detecting start of sentences, start of

new line, acronyms, names etc., is not necessary.

Intonation Determination

The impression of naturalness of speech generated by a TTS system is a function of the
richness of the melodic contours and the quality of the rhythmic patterns it applies to the

speech it produces.

In its more restricted sense, “intonation” refers to the variations in the pitch of a speaker’s
voice used to convey or alter meaning, but in its broader and more popular sense it is
used to cover much the same meaning as ’prosody’, where variations in such things as

voice quality, tempo and loudness are included.

The variations in human speech are mainly caused by alternation of the frequency of

vibration of the vocal cord. The intonation variation can differ from language to
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language. It is certainly possible to analyze pitch movements (or their acoustic
counterpart, fundamental frequency or FO) and find regular patterns that can be described

and tabulated.

Varying the intonation patterns in an utterance can indicate differences between words
with otherwise identical phonological representation. This type of intonation is
commonly referred to as tonal accent (or simply tone). Intonation can also cover an entire
sentence, indicating whether the utterance is a question (interrogative) or a statement
(predicative), as well as if the utterance is expected to be followed by more utterances of
the same speaker, or if the speaker has completed speaking. This type of intonation is

called clause intonation (or simply intonation).

Intonation is said to convey emotions and attitudes. Intonation includes things like the
difference between statement and question. In conversational discourse it, involves
aspects that indicate whether the particular utterance constitutes new information or old

and the regulation of turn taking in conversation.

Generally two types of intonational phrases can be identified in a spoken language: Full
intonational phrases (or simply Intonational phrases, IPs) and Intermediate intonational
phrases (iPs). Intermediate intonational phrase are related to inter-sentence prosodic

junctures while Intonational phrases are related to end-of sentence junctures.

Algorithms have been proposed which attempt to automatically break an input text
sentence into intonational phrases. E.g. statistical models (incorporating probabilistic
predictors such as the CART-style decision trees) for predicting intonational phrase
boundaries based on such features as the part of speech of the surrounding words, the
length of the utterance in words and seconds, the distance of the potential boundary from
the beginning or ending of the utterance, and whether the surrounding words are

accented.
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Prosodic junctures that are clearly signaled by silence (and usually by characteristic pitch
movement as well), also called intonational phrases, are required between utterances and
usually at punctuation boundaries. Prosodic junctures that are not signaled by silence but

rather by characteristic pitch movement only are called phonological phrases.

The primary phonetic means of signaling juncture are: silence (pause) insertion,
characteristic pitch movements in the phrase-final syllable, lengthening of a few phones
in the phrase final syllable, and irregular voice quality such as vocal fry. An end-of-
sentence period may trigger an extreme lowering of pitch, a comma-terminated prosodic
phrase may exhibit a small continuation rise at the end, signaling more to come, etc.
Certain pitch-range effects over the entire clause or utterance can also be based on
punctuation e.g. exclamations may have a heightened range, or at least higher accent

targets throughout.

Accent
Accent may refer to prominence given to a syllable, usually by the use of pitch. In the
broadest sense accent may mean stress, which is more often used to refer to all sorts of
prominence (including prominence resulting from increased loudness, length or sound
quality), or to refer to the effort made by the speaker in producing a stressed syllable.

Accent also refers to a particular way of pronouncing words.

Tone
It refers to an identifiable movement of pitch that is used in a linguistically contrastive
way. In some languages (known as tone languages) the linguistic function of tone is to
change the lexical meaning of a word. In other languages, tone forms the central part of
intonation, and the difference between, for example, a rising and a falling tone on a
particular word may trigger a different interpretation of the sentence in which it occurs.
In the case of tone languages, it is usual to identify tones as being a property of individual
syllables, whereas an intonational tone may be spread over many syllables and its

purpose is to indicate prosodic features such as focus, contrast, exclamation etc.
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Tone determination
In practice, a number of rules are often used to determine pitch accent tones and phrasal
tones, although it requires a complete analysis in the NLP module of a TTS system.
Abstract levels such as H(high) L(low) can be codified for a language to indicate a
relatively higher or lower point in a speaker's pitch range. Using the H/L primitive
distinctions we can form two types of pitch events:
(1) pitch accents, which signal prominence across syllables/word (E.g., H*, L*, L+H%*,
etc.).
(2) Phrasal tones, which signal unit completion or delimitations. These Phrasal tones are
further divided in to phrase accent tones (iP tones, E.g., H-, L-) and boundary tones (IP
tones, E.g., H%, L%).

Evaluation

Once the models are developed, it is essential to evaluate them if they result in any
marked improvement in terms of naturalness and intelligibility. As detailed in [5], there
are different ways to evaluate the performance of a TTS system. These evaluation
methods can be divided into two different classes: subjective measure and objective
measure. With subjective measure, usually perceptual tests (a.k.a listening tests) are
performed. Listeners are presented with the synthesized speech and are asked to judge for

its intelligibility and overall quality.

There are two desirable qualities that a synthesized speech is expected to have. These are
intelligibility and naturalness. These two qualities can be evaluated using either

subjective or objective measures.

Intelligibility: the intelligibility of a synthesized speech measures the degree to which a
human listener can understand the spoken output. Tests that measure the level of
understandability of a synthesized speech are called intelligibility tests. Some examples

of this sort of test methods are Diagnostic Rhyme Test (DRT) and Modified Rhyme Test
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(MRT) on word level and the Harvard Psychoacoustic Sentences and Haskins Syntactic

2
Sentences test on sentence level.

Perceptual tests for intelligibility are designed to check whether listeners are able to identify the
words that make up the sentence of the synthesized speech. They are made to listen to the uttered
speech and asked to transcribe the sentence(s) they have just listened to. A scoring scheme that
gives full points for sentences which have been correctly transcribed, half points for which some
error in the transcription has occurred and no points for which the sentences were completely
understandable is used rate the intelligibility of the uttered sentence(s). This test is conducted for
multiple users and the average score for each utterance is used as an indicative value of the
intelligibility of the utterance. Averaging all these values (for all utterances) will then give an

overall score of the intelligibility of the output of the TTS system.

The ability of the perceptual test to properly measure (evaluate) the degree of intelligibility
depends on two important factors:
® the number and variety of listeners used in the test and

e the number and variety of utterances used in the test.

The larger the number of listeners and sentences used, the better the ability of the test to measure
intelligibility. Furthermore, care must be exercised to make sure that different groups of listeners
representing all potential users of the system have been included in the system. Trained users
might (e.g. speech researchers) might score high on intelligibility test. The sentences included in
the test must include all types of sentences (i.e. declarative sentences, questions, exclamations,
short sentences, long sentences as well as simple and complex sentences). This will assure that
the score for the intelligibility of the system is not restricted to a small subset of sentence types

but covers all possible utterance constructions.

Naturalness: the naturalness of a synthesized speech measures the degree to which the
synthesized speech resembles natural speech uttered by a human speaker. The naturalness

of a synthesized speech is evaluated using methods referred collectively as naturalness

2 For details on intelligibility test readers are referred to [4]
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tests. Some examples of naturalness tests include the paired comparison, the MOS and

Forced-Choice Ranking tests.”

Perceptual tests for naturalness are designed to measure how listeners rate the closeness of the

synthesized speech to naturally produced speech.

In this test listeners are made to listen to the uttered speech and asked to rank, on a subjective
measure, how closely the uttered speech mimics natural speech. The ranking varies from
excellent to that of not at all. Each rank being associated with a point that varies from a
maximum value (for excellent) to that of zero (for not at all). Like the intelligibility test, this test
is conducted for multiple users and the average score for each utterance is used as an indicative
value of the naturalness of the utterance. Averaging all these values (for all utterances) will then

give an overall score of the naturalness of the output of the TTS system.

Much like the intelligibility test, the variety and number of the sentences and listeners used in the
test affects the the naturalness test's ability to evaluate the level of naturalness of the synthetic

speech.

Though several individual test methods for synthetic speech have been developed during
the last few decades, there is still no single definitive test method that can be uniformly
applied to all evaluation situations.. Therefore, the most suitable way to test a speech
synthesizer is to mix several testing and evaluating methods. Depending on the required
kind of evaluation, the methods can be applied on several levels of speech units including

phonemes, words or sentences.

Prosody evaluation
As mentioned above evaluation for TTS systems can be done automatically or by using

listening tests with human subjects, which holds too for prosody evaluation. In both the

3 For details on naturalness tests readers are referred to [5]
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automated and listening tests, it is useful to start with natural recorded utterances with
their associated text. It is required to start by replacing the natural prosody with the
system's synthetic prosody. In the case of automatic evaluation, we can compare the
enriched prosodic representations for both the natural recording and the synthetic
prosody. The reference enriched prosodic representation can be obtained either manually
or by using a pitch tracker and a speech recognizer.

Automated testing of prosody involves the following:

e Duration. It can be performed by measuring the average squared difference
between each phone's actual duration in a real utterance and the duration predicted
by the system.

e Pitch contours. It can be performed by using standard statistical measures over a
system contour and a natural one. When this is done, duration and phoneme
identity should be completely controlled. Measures such as root-mean-square
error indicate the characteristic divergence between two contours, while

correlation indicates the similarity in shape across different pitch ranges.

Listening test can be performed to evaluate a prosody module. The marked difference in
this case to that of evaluating a general TTS system is the objective is to compare two
synthetic speech utterances, or a synthetic speech and a natural utterance in terms of their
naturalness and intelligibility. In the former case, one of the utterances is generated with
prosodic models incorporated while the other is not while all other things are equal. The
idea is to test whether the prosody model has improved the naturalness and/or
intelligibility of the uttered speech. In the latter case, the synthetic speech (with prosody
modeling) is compared with naturally produced utterance representing the same sentence
and listeners are requested if the synthetic speech is a good approximation of the

naturally produced utterance.

Subjects are made to listen to two different utterance realizations of the same sentence(s),
either natural recording and synthetic speech, or to two synthetic speech utterances
generated with and without prosody modeling. When the two synthetic speech utterances

are used in the naturalness test, the listeners are asked to choose which one of the two
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utterances sounds more natural or if there is no difference. The scoring is adjusted so that
the utterance closer to the natural utterance gets full points while the other is given no
points, in the case when both are equally close (or far) to the natural utterance, both are
given equal points. This allows us to specifically measure the improvement (or

degradation) attained because of the prosody modeling.

Description of the Tools and Systems used in the Project

A number of tools, systems and programs have been used in the development of the
Amharic prosodic models. The following sections give a brief description of these tools
and systems. The first of these is the ToBI transcription system, which provides the
framework for developing the labeling inventories that are developed for Amharic in this
project and described at the results section of this document. PRAAT and Wavesurfer
are speech analysis toolkits that are used to analyze the properties of sample speech data
in terms of variation in amplitude, pitch, pauses etc. The Eruxelf Amatets Amharic TTS
system is used to generate Amharic synthetic speech to be used for testing the models

developed in this thesis research.

Prosodic Transcription Systems

Prosodic transcription systems are the means that provide the framework for encoding
prosodic phenomena. Encoding implies deciding which variations in the physical
parameters of the speech wave carry out linguistic information and finding a way to
describe them by means of a symbolic system. Several such transcription systems have
been developed and used. The systems developed so far have been designed with

different purposes in mind and within different traditions. Some examples are:

ToBI (Tones and Break Indices)

ToBI is a framework for developing community-wide conventions for transcribing the
intonation and prosodic structure of spoken utterances in a language variety. A ToBI
transcription of an utterance consists minimally of a recording of the speech, its

fundamental frequency (FO) contour, and (in the transcription proper) symbolic labels for
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prosodic events. The transcription proper is usually arranged in four time-aligned parallel
horizontal panels or tiers, so that the symbolic labels can be easily matched with the
corresponding FO track and speech waveform. (Other tiers can be added for the needs of
particular sites.) The four labelling tiers each appear in their own window:
eorthographic tier — used to transcribe the words or syllables
ebreak-index tier — marks the prosodic grouping of the words in an utterance by
labeling the end of each word for the subjective strength of its association with the
next word. For English this tier rates subjective strengths of associations on a scale
from O (for the strongest perceived conjoining) to 4 (for the most disjoint).
etone tier — consists of labels for distinctive pitch events, transcribed as a sequence
of high (H) and low (L) tones marked with diacritics.
emiscellaneous tier — used to mark other events that are arguably not part of

prosody.

Each tier consists of symbols representing prosodic events, associated to the time in
which they occur in the utterance. Although primarily intended for English, work using
the ToBI system has been extended for many other languages and as such has become the
de-facto common framework for modeling prosody. = Modeling the prosody of a
language within the ToBI framework thus involves the following tasks

edetermining the prosodic inventories for the language for the break-index tier and

tone tier

eadding extra tiers if the language so requires and finding the inventories

eapplying these inventories on speech segments
The following table taken partially from [14] [pp. 434] shows some of the inventories for

a few selected languages.
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Types of Tiers — [Types of Break
Language Extra only Indices Type of Tones Prosodic Units
English 0,1,2,34 L* H* L+H* L*+H,H+!H*
L-,H- iP
L%,H%, !,<,> 1P
German 34 L* H* L+H* L*+H,H+!H* H+L*
2r (thythm
mismatch) L-,H- iP
'H-%,1L.%,H%,"H% 1P
2t (tone
mismatch) I, A<>
Italian 0,1,2,34 L* H* L+H*
L*n,L+H*n, L*+Hn, H+L*n iP
H(*)L- iP
L% 1P
I(for *), ! (for nuclear pitch accent)
Prosodic Word =
(phonetic
Greek transcription) 0,1,2 (iP) L* H* L+H* L*+H H*+L
3(IP) L-,H-,!H- iP
s(sandihi) L%,H%, 'H% 1P
m(mismatch) I(for ), <, >, w (for L* undershoot)

Table 2.4 Prosodic models of some languages within the ToBI framework

WaveSurfer and PRAAT are good examples used as environments for doing ToBI

labeling.

Speech Analysis Tools

Several software tools have been developed so far for speech recognition and speech synthesis analysis. Praat and WaveSurfer are two

very good examples of software packages for the analysis of speech signals available free of charge via the Internet.

WaveSurfer
WaveSurfer is an Open Source tool for sound visualization and manipulation developed

by the Sound and Music Research group of the Royal Institute of Technology, Sweden
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available for download at http://www 1.speech.kth.se/prod/wavesurfer. It can be used as a

stand-alone tool suited for a wide range of tasks in speech research and education.
Typical applications are speech/sound analysis and sound annotation or transcription.

WaveSurfer can also serve as a platform for more advanced/specialized applications.

WaveSurfer has a simple but powerful interface. It works with sound files as the basic
document to work on with ability to load a sound file from disk or record a new
waveform using the tape-recorder like controls it provides. It allows users to manipulate
files by opening multiple files, replaying them and other more advanced functions
including combining multiple sounds, deleting segments of sound files, reordering,

inverting, normalizing, reversing, amplifying and removing DC.

WaveSurfer can be used to visualize and analyze sound files in several ways. The
standard analysis plug-in can display Waveform, Spectrogram, Pitch, Power or Formant
panes. Many properties of these panes can be adjusted using the properties context
sensitive menu. Special control windows are available for Waveforms and Spectrograms,
which allows the user to make quick modifications. A special enlarged waveform
window, which is cantered around the cursor, can be used for detailed inspection and

adjustments.

WaveSurfer has many facilities for transcribing sound files. Transcription is handled by
a dedicated plug-in and it's associated pane type. It allows users to create a special
configuration for a certain combination of sound and transcription files, specifying file
properties such as file name extension, label format, and character encoding. There are
many options to control appearance and editing functionality. Depending on the
transcription file format additional options might be available. Unicode characters are
supported if using the source version of WaveSurfer, in order to keep the binary versions
small. The transcription plug-in is used in combination with format handler plug-ins
which handle the conversion between file formats and the internal format used by the
transcription plug-in. Label editing is straightforward, achieved simply by click where it

is wanted to insert a label and typing it in. The label fields are user-configurable and used
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to insert a label directly at the cursor position. Time boundaries can be dragged using the
mouse to right/left justify boundaries with the cursor.

Figure 2.2 Sample Window of Speech Analysis in WaveSurfer

The visualization of data related to a sound file is handled by the dataplot plug-in. Pitch,
Power and Formants are examples of data that this plug-in can be used to plot. It can also
be used to visualize other time aligned data, for example output from other programs. The
plug-in plots tabulated numerical or text data. Optionally a spectrogram or a waveform

can be drawn as a backdrop. The data can be plotted either as continuous curves or using

dots. The data values can be edited by simply dragging them with the mouse.
PRAAT

Praat is a computer program that can be used to analyze, synthesize, and manipulate speech. The program is created by Paul Boersma
and David Weenink of the Institute of Phonetics Sciences of the University of Amsterdam. Praat is available for download from the

web address http://www.praat.org or http://www.fon.hum.uva.nl/praat/. It has functions for speech analysis, speech synthesis,

learning algorithms, labeling and segmentation, speech manipulation, listening experiments, and more.

The following are some of the functions that are available in Praat:
eView sound file as a waveform, pitch plot, spectrogram, various F1 vs. F2 displays,
duration and intensity analysis.
ePlayback with repetition with variable length delay between repetitions.
eLabel intervals and time points on multiple tiers and transcribe speech files
phonetically.
eUse sound files up to 2 gigabytes (3 hours)
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The following two figures show how praat is useful to manipulate speech waveform. The
first figure (Figure 2.3 bellow) shows the pitch movement (or variation) due to sentence
final that can lead to recognize differences among sentences types. The dim FO contour
shows L% boundary tone for the Amharic declarative sentence "Ch. T¢-& ¢ ool @M
170 SOHPA::" But, the same sentence can be changed into yes/no question type sentence
by varying the pitch movement of the sound utterance using the mouse to drag the anchor
points of the FO contour, so that it becomes "Ch. & e avd- @M 10 LAHPA?"
converting the L% boundary to that of H-H% boundary tone sequence.

Similarly, Figure 2.4 below shows the Amharic sentence "7'G AANLLNI®::" which was
changed to "79 AALLNYI"::" by modifying the relative duration for the 7 phoneme.
This example demonstrates how Praat can be used duration modification can be used
disambiguate words' meanings by varying the relative duration of phonemes. Praat is
specially very useful for prosodic modeling as it incorporates many functions that are
specifically relevant to prosodic modeling. It runs in Macintosh, Windows, Linux,

SPARC Solaris etc.

2140470 _0.657961 |2.795431

Sowad 070952
FPulses

075737
Fifch mayip [300.0 Hz

| : 25.0 Hz
{no duration pd:lintsj Lhrafion manip SQEH
3140470 0657961 | 1.000004
] Yisible part 3.798435 seconds 3.7598435

Total duration 3. 798435 seconds
Figure 2.3 Pratt representation of "Ph/T¢& ¢ ool ®M 1 LSAHPA:" to "

Ca X e ool @M 10 LNHPA?" using pitch modification.
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Figure 2.4 Pratt representation of " 1'G ANLLNI®::" to "19 AANLLOI®::" using

duration modification.

The Eruxelf Amatets Amharic TTS System

Eruxelf Amatets is an Amharic Speech Synthesis program primarily designed to help
visually impaired Ambharic computer users to create, modify and read Ambharic
documents. It is developed by Eruxelf Scientific Computing PLC., Addis Ababa. Eruxelf
Amatets is a program that works in two modes — writer mode and reader mode. In writer
mode users can create Amharic documents. Eruxelf helps users by echoing the Amharic
and English characters as they are typed. In addition, Eruxelf Amatets can read out a

saved Ambharic file in reader mode.

Eruxelf Amatets (reader mode) is developed based on the Festival Speech Synthesis
System. It uses the ked voice available in Festival to read out Amharic documents.
Eruxelf Amatets takes the utterances of an English speaking person and tries to find a
mapping for the corresponding Amharic utterances. In this manner the sounds (phones)
are reassembled to imitate an Amharic utterance. Eruxelf Amatets is designed to generate
intelligible Amharic utterances by mapping and assembling their equivalent English
phones. Future versions are expected to use native speaker's voice to generate the

Ambharic utterances.

Eruxelf Amatets runs on Windows using the Cygwin Linux Emulator program. Both

Festival and Cygwin are open source systems.
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Figure 2.5 A screen shot of Eruxelf Amatets

The most common use of Eruxelf Amatets is to open an existing Amharic document and
make it read the document by pressing ctrl+R. In this scenario, Eruxelf Amatets reads
the current document out loud. Eruxelf Amatets can be made to save the sound output of
the narrative by modifying its configuration file. Eruxelf Amatets does not use prosodic
models specifically designed for Amharic. It applies only primitive prosody based on
punctuation marks. Furthermore, these prosodic rules are based on English punctuation

marks available in the Festival system, which it uses as its engine.

Although Eruxelf generates sounds, which are more or less phonetically correct for
Ambharic, it fails in the prosody part. This fact demonstrates the failure of Ambharic
synthesizers in terms of their prosodic sophistication. As the main goal of the thesis
project is to improve the naturalness and intelligibility of Amharic synthetic speech by
incorporating prosodic models, the output speech waveform of Eruxelf provides a very
good test data to test whether the models of this project are successful in improving the
naturalness and intelligibility of synthetic Amharic Speech. Eruxelf Amatets is, thus,
used in this thesis project to generate synthetic Amharic speech to be used as test data for

applying the prosodic modifications.
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Summary

One method of describing the prosody of a language is by the autosegmental metrical
(AM) theory which classifies prosody as composed of prosodic structure and prominence
relationships. Prominences are generally indicated by variations in pitch. In the AM
theory there are two levels of pitch (the high H and the low L pitch targets) which can be
combined to give various prominence relationships. Each language defines its own set of
prominence relationships. The other important prosodic component is the insertion of
pauses. The main problem in insertion of pauses is locating where the pause should be
inserted. This can be indicated either by punctuation marks or a set of other prosodic
cues. The duration of the pause is of secondary nature compared to that of its existence.
However, the degree of juncture between prosodic components is indicated by the
duration of the pause. The set of available pause duration levels varies for each
language. Specifically, this thesis wishes to add Amharic to the set of languages for
which AM models based on ToBI are developed. The first step in this task is to

demonstrate what is to be done in the methodology section of this thesis in chapter 3.
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CHAPTER 3



METHODOLOGY

The purpose of this chapter is to describe in some detail the methodology to be used in
the development of a prosodic model for Amharic. In section 3.1 the corpus collection
methodology is described. In section 3.2 the procedure to be followed in determining the
phonological inventory of Ambharic will outlined. Issues that deal with duration
measurement are described in 3.3 and how the various intonations are determined will be
explained in section 3.4. Sections 3.5, 3.6 and 3.7 describe the procedures for labeling

and transcription, analysis and testing methods and evaluation respectively.

Corpus Collection

Normally, as outlined in [1], NLP and then TTS systems require and have a well
organized corpus database, which contains among other things: lexical dictionary,
phonemically mapped words, phonemes, recorded sounds, diacritics indicating stress
other similar data required by the different modules of the TTS system. Unfortunately
these resources are not available for Amharic. The tagged textual information — the
output of the NLP module — is a required input to the prosodic component. Since such
data is not available, the initial task in the research is the development of a small text

corpus specifically tailored to the research.

Text data collection
In this experiment, around 170 sentences were collected from different sources such as
Amharic magazines, fictions, teaching books — designed to cover the different sentence
types: declarative, yes/no question, Wh-question, interjection (exclamation), ambiguous
statements and sentences having clear prosodic phrases (syntactic structures). Some of
these are to be used as model text data — to be used in the development of the models, and
the rest as test text data — to be used during the testing phase of the model. Manually
normalized text data were used. This text corpus is listed in Annex 2.

Recording the data
All the 170 sentences were recorded by inviting 6 speakers (3 female, 3 male) between 25

and 43 years old of different mother tongue, gender and region. This is done with the
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objective of incorporating the duration and pitch variability caused by gender and

regional effects.

The model text data which are now in sound waveform (intended for modeling Amharic
prosody) are investigated and analyzed using the speech analysis tool PRAAT for the
following prosodic features
ePitch characteristics movement: pitch accent, phrase accent and boundary tones.
eRelative duration of phonemes, syllables, juncture between words, Pause duration

between sentences and 1Ps.

Duration Measurement

In this experiment durations measurements are performed. The durations that are
measured are
ephoneme and syllable durations,
epause durations
Obetween words,
Obetween sentences and,

Obetween intermediate phrases.

The measurement is not absolute since the starting and end points of the target unit to be
measured may have some variability due to manual marking. In reality we should not
expect absolute duration for vowels, syllables and rhyme units, since the enunciation
speed changes from one recording to another and from one speaker to another, the results

are not directly comparable, especially in a small corpus.

There are mechanisms which can be used to apply the coefficients of correction of tempo
of the enunciation, measured by syllables per second or by mean duration (phrase
duration of utterance divided by the number of sounds or syllables) so that the variation
in speed of each recording can be compensated. The only relevant item in a given rhythm

is the proportion between units, not the absolute measurements in milliseconds.
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3.3Intonational Inventory Determination
Lists of primitive intonational elements are to be determined so that intonational

inventories for Amharic are to be proposed. These intonational inventories are classified

into two categories:

®Pitch accent:- under witch H* and L* pitch accent tones are examined for their

realization in Amharic accented and prominence syllables.

®Phrase accent (phrasal tone and boundary tone): tones realized due to phrase final

characteristic pitch movements are to be modeled.

A number of Ambharic utterances, from the data model, are to be considered for this
particular purpose. These utterances will be deliberately selected so that they will have
prominent words and clear intonational phrases (iPs and IPs). Now using PRAAT, the
pitch contour (FO) is extracted from the waveform of the utterances and examined for its
shape. The peaks and valleys in the fundamental frequency of each utterance are
carefully investigated for their alignment in time with a particular syllable. This requires

defining the appropriate pitch range setting for the speaker.

The pitch range is a quantity that defines the minimum, middle and maximum values of
pitch between which the pitch of the utterance of a particular speaker might vary.
Various age and sex groups show different pitch ranges; for example, the pitch range for
adult males usually vary between 75Hz to 300Hz, for adult females this value ranges
between 100hz to 500hz, and for children it is between 200 to 600hz, though these values
greatly depend on the sampling frequency of the waveform and the software tool used.
The pitch range is defined by three basic parameters: the top tone target, the low tone
target and the middle target. Pitch values in the utterance that are above the middle target
will be considered as High tone target and are indicated by the abstract level, H, and any
tone target bellow the middle is considered as Low tone target and is indicated by
abstract level, L. Then, the most significant peaks and valleys will be looked for. The
significant high peaks will be denoted by H* and low targets (valleys) will be denoted by
L*. If the peak and valley characteristic pitch movements are primarily due to prominent
words or accented syllables in a word which is part of a prosodic phrase (iP or IP), it will

be further examined to check whether or not there is another nearby pitch movement. If
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such pair of targets are found, they are taken to constitute a single bitonal pitch accent.

The pitches so identified can be stylized for better experiment.

The significant rise to high level and fall to low level of the speaker's range of the
fundamental frequency in the intermediate phrase final position will be labeled By H-
and L-, respectively. Similarly, the significant rise to high level and fall to low level of
the speaker's range of the fundamental frequency in the Intonational phrase final position
will be labeled By H% and L%, respectively. The following diagram shows how the

High and Low tones will be obtained.

[ P o

0.0853344

0.047132

0.0052163

=00 Hz —» Top target

256.33Hz
20%.33Hz Wony 0. 85Hz _1&,.;21?_41 Hz

i H-H4 » Middle
187.5 Hz

_-H=q"-*—

E 75 Hz —— Bottom
0.439259 | target
Figure 3.1: Identification of Tonal Targets

3.4 Labeling and Transcriptions
Transcription systems are helpful in labeling the prosodic elements of a particular

language. They allow users to transcribe the most important aspects of prosody
symbolically in a tiered structure aligned in time with the waveform of the utterance. The
number of tiers can vary from system to system or from language to language. In this

experiment, a ToBI like annotation system, provided with PRAAT is used.

There are four basic tiers in ToBI. The first tier is used to transcribe tones, and is called
the tone tier, the second tier is used to label orthographic representation of the utterance
and is called the words or orthographic tier, the third tier transcribes syllables and is
referred to as the syllable tier. The fourth layer, called the break index tire, will be used

for transcribing break indices. A miscellaneous tier can be included as a fifth tier for
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storing miscellaneous information related to prosody, which may include comments and
uncertainties in labeling. The following figure shows how the annotated layers looks
when the utterance Africa is transcribed in the ToBI transcribing frame work using the

Praat program.

441 ” ‘ | | | |
J5¢
B3}

: " Sy an |00 Hz

s ﬁr{gz _—— Tone Tier
1 L:' H- ’ Words Tier

1 s rds ——
25°KT] R Adfrica , ug;mme ___ Syllable Tier
ﬁ at 11 I Ka faeex Break Index Tier
0. 468554 ?“:‘

Figure 3.2: The different layers of a ToBI transcription system shown for
the utterance "Africa”.

The following table is another example of how the Amharic ToBI (AmhToBI) will look
like.

H* L-L%

777 - fOnlm-
I°h7 Tho- Zh Na Nh | Cho-
0 1 4

Table 3.1: A transcription of an Amharic Utterance.

The break indices will be placed at corresponding type of prosody junctures aligned with

end of each word or phrase boundary.

3.5 Testing Methodology

3.5.1 Evaluation
In this thesis research, the evaluation of the prosodic models will be performed through

listening tests. Once the Amharic prosodic model is developed, the objective of the test

will be to test if there are any marked improvement in intelligibility and naturalness of
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the uttered speech. For this purpose two synthesized speech utterances of the same
sentence are required. The difference between the tow being one is made with prosodic
modeling as developed in this thesis project and the other having no prosodic models.

Apart from that it is desired that the two speech utterances be identical.

This can be obtained by synthesizing several Amharic written sentences using the Eruxelf
Amatets program and saved in files on hard disk. These files are then modified using

Praat to incorporate the prosodic model and the outputs are saved in another set of files.

To achieve this, several sentences that were developed in the test text corpus will be
submitted to the Eruxelf Amatets Amharic TTS system, and synthesized. The synthesized
speech will be manipulated using parameters for relative duration and pitch characteristic
movement obtained from the Amharic prosody modeling step i.e. signal processing was

performed.

Subjects will then be invited and listening tests will be made using both the speech
synthesized with and without incorporating the prosodic models to identify if there was
any improvement in understanding of the uttered speech (Intelligibility test) and overall

quality of the uttered speech (Naturalness test).

Questions were presented to the subjects to rank the uttered speech in terms of
intelligibility and naturalness. The synthesized speeches (with and without prosody) were
played in random order so that a listener would not know which one incorporates the

prosodic models and which one does not.

3.5.1.1 Intelligibility Test
e A subject is requested to repeat the speech that he/she has just heard. Rank giving

was simple:
OIf a listener repeats the sentence exactly in the first try a score of 1 is given,

OIf the subject misses any word or could repeat the sentence after listening more
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than once a score of 0.5 is given,
OIf the listener cannot repeat the sentence a score o 0 is given.

eListening tests were also performed to determine if a subject can correctly identify
the type of sentence being uttered. In this experiment different types of sentences
have been included: declarative sentence, yes/no question, simple type questions,
sentences with clear phrasal structure, and sentences which need focus or

disambiguating. The same scoring scheme as above was followed.

eTest for comparing which utterance correctly associated emphasis (focus) to specific
words within a sentence and whether homographs were properly disambiguated. .

Answer is in terms of yes/no or (1, 0, - (no change)).

3.5.1.2 Naturalness (or quality) test

To evaluate the naturalness or quality of synthesized speech, the widely used testing
mechanism the Mean Opinion Score (MOS) has been used. This evaluating method is
used to assess the relative closeness of the synthesized speech utterance to naturally

produced speech. The scoring is based on a list of 5 possible values as shown in table 3.2.

Quality of speech | Measure
(category) (Score)
Excellent 5

Good 4

Fair 3

Poor 2

Bad 1

Table 3.2 Naturalness Test Scores

3.6 Summary
Corpus (corpora, plural) preparation is very important for prosody analysis. For prosody

modeling, text corpus of different size, sentence of different type, etc., have to be

recorded and studied using, for example speech tools such as PRAAT.
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Phonologic inventory, which are the most expressive elements for prosody, should be
determined. These include pitch events (pitch accent, phrasal tones), duration of pauses,

phoneme and syllable duration.

The system should be evaluated for the intended goal. For these several evaluating
approaches can be followed of which perceptual listening tests have been selected for this

project.
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CHAPTER 4



4 EXPERIMENTS AND RESULTS

In this chapter a description of the experiments done to develop the Amharic prosodic
model is given. Three types of experiments have been performed to come up with the

model.

The first of these experiments is dedicated to identifying the different pitch accents and
boundary tones that exist in Amharic. The model speech samples are analyzed to identify
the systematic pitch variations that appear in Amharic. The speech samples are fed to the
PRAAT program and a contour of the pitch for the sample is made. The rises and falls in
pitch are then observed to identify high and low targets. The high and low targets are the
ones we are looking for in the pitch contour. These targets might appear alone or in
combination with each other as well as together with phrase end prosodic elements. The
objective is to find all those characteristic pitch movements that appear in the language
and associating them with their prosodic roles (emphasis, contrast, sentence end etc.)
Finally a ToBI like pitch accent and boundary tones classification is made to complete

the pitch accent and boundary tone part of the prosodic model for Amharic.

The second experiment deals with identifying the break indices of Amharic. In this
experiment the model speech samples are analyzed to identify the various breaks that
occur in the Amharic language. The breaks of interest are, breaks between sentences,
breaks between intonational phrases, breaks between phonological phrases and breaks
between words. The important aspect that we are going to look for in this experiment is
the relative strength of each of the breaks and making a classification of the breaks
following the break index nomenclature of ToBI. This will make up the pause (break

index) modeling part of the research.
The third and last experiment deals with duration modeling. In this experiment the

duration of phonemes, syllables and pauses is determined. The model data is once again

used, this time, to find the average duration of the phonemes, syllables and pauses of
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Amharic. The model speech data will be segmented into the phonemes, syllables and
pauses and a measurement of the duration of each of these speech elements is made.

Later the average of the measured durations for each speech element is calculated.

The following figure can help us in visualizing the prosodic units that are assumed to

exist in Amharic language.

Higher Utterance U
A /\
Intonational Phrase / \

Smaller Phrase iP /\
‘ W

Word /\ww
L\,

Syllable S

Lower

Figure 4.1 Ambharic Prosodic Units

4.1 Pitch Accent and Boundary Tone inventory
Consider the following figure which shows the sound waveform and the pitch contour.

for the Amharic sentence “AlNl FTaoCMPA::” (for "Abebe has been elected."). This
Ambharic utterance when syllabified becomes as “aAflafla ThAI°ACThd-AAN::” The
most prominent syllable in this utterance is the second syllable (abebe) of abebe. The

pitch contour shows a rise that peaks at the end of be- and then falls.
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Figure 4.2 H* L-L% for “AlN -+aoCmPH::”

The H stands for a high tonal target and the * indicates that the H tone is associated with
an accented syllable. Perceptually, this H* syllable is more salient than the other syllables
around it. The L-L% sequence is often found at the end of spoken declarative

sentences for Amharic as is for English, especially final sentences in a turn or discourse.

The following example has a falling FO that reaches a minimum on the —na-syllable in
genana. This is a Low pitch accent on genana, marked with L*. Again, the L stands for a
low tonal target and the * means that the low tone is associated with a prominent syllable.
Perceptually, we can hear that the — na-in genana is more salient than other syllables in
this utterance. Also we notice that the end of the utterance has a sharply rising FO. This
intonational phrase has a high phrase accent (H-) and a following high boundary tone
(H%), hence it is marked as H-H%. In Ambharic, this intonational contour is one typical
way of indicating that an utterance is a question for which the speaker expects a yes/no
answer. Figure. 4.4 clearly shows that a question can be identified by its H-H% sequence

of tonal patterns, that is high phrase accent followed by high boundary tone.
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Figure 4.3 L* H-H* for “hooTq. 1997

Figure 4.4 L* H-H% for “ Af0A 10-? ”

In the next example, “Africa”, there is a chance placement of unvoiced segments /f/ and
/k/ (sounds for which the vocal folds don’t vibrate, so there is no FO) separates the three
tonal elements L* H- H%. This results in a step-like appearance. In other segmental
contexts, the FO for the successive tonal elements will flow smoothly from one to the

next.
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Figure 4.5 L* H-H% for ” A%én”

Speakers have choices, to convey the prominence (greater relative salience) of words and
syllables in an utterance. There are times where two tones, both a High and a Low, are
associated with the same prominence-marking event. Such events are called bitonal
pitch accents. For example the bitonal pitch accents (L+H* and L*+H) have in common

a Low tone followed by a High tone as part of the same pitch accent.

This difference in notation (H* and L*) reflects: a perceptual difference in which of the
two tones lends more prominence to the pitch accent and alignment characteristics of FO
movement in relation to the pitch accented syllable. The bitonal pitch accents L+H* and
L*+H differ from the single-tone H* and L* accents by virtue of tone events that precede
or follow the (starred) H or L target of the pitch accent. Specifically, the L+H* differs
from the H* primarily by a more substantial rising pitch movement leading up to the H*
target, i.e. the presence of a preceding L target. The L*+H differs from the L* primarily
by a rising pitch movement that follows the L* target, i.e. the presence of a following H

target.

Intonational Phrases frequently contain more than a single pitch accent. These pitch
accents may combine in an Intonational Phrase: any pitch accent label (H*, L*, L*+H,
L+H*) may precede or follow any of these pitch accent labels. E.g. H* may be followed
or preceded by another H*, or by L* or L+H* or L*+H.

A down stepped pitch accent can be indicated by the !H* pitch accent label which may be

used to indicate that there is a specific tonal relationship between the prominence labeled
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'H* and the preceding pitch accent. Specifically, a down stepped H pitch accent indicates
that the tone of the prominent syllable is realized by a perceptually lower FO than that of
an immediately preceding High tone: the tone has ‘stepped down’ from the preceding
High. While the !H* is realized by a lower pitch than the preceding High, it is distinct
from the L* pitch accent, which is characterized by a pitch excursion down towards the

bottom of the speaker’s pitch range (for that utterance).

The following pitch accents and phrasal boundaries inventories has been identified for
Amharic prosody; we can call it as the tonal part of AmhToBI (Amharic Tone and Break

Indices).

The H* and L* serve identical roles but are variants of each other. Similarly L*+H and
L+H* serve identical (usually contrasting and exaggerated stressing) but are used as
variants. The down step mark, !H* is similar in role to H* but is less prominent and
invariably follows an accent containing another high accent. The L*+!H is similar to

L*+H but the high accent is less prominent as in !H*.

Accent Symbol Accent name Accent use
H* Peak accent Focus (prominence) marker
L* Low accent Focus (prominence) marker
L*+H Scooped accent Focus (prominence) marker usually

associated with contrast

L*+!H Scooped downstep accent | Focus (prominence) marker usually
associated with contrast following

previous high tone

L+H* Rising peak accent Focus (prominence) marker usually

associated with contrast

'H* Downstep high tone Focus (prominence) marker following a

preceding H* accent

Table 4.1 Ambharic ToBI Pitch accent tones
Note:

H stands for high tonal target

L stands for low tonal target
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+ plus symbol used to indicate that the two tones are associated, and form a single unit:

a complex (bitonal) pitch accent.

* indicates that the H/L tone is associated with an accented syllable

Accent symbol

Accent name

Accent use

H- Phrase accent, iP boundary for index 3 | Accent to mark the end of
an intermediate phrase
L- Phrase accent, iP boundary for index 3 | Accent to mark the end of

an intermediate phrase

Table 4.2 Ambharic ToBI intermediate Phrasal Tones -

H- and L- tones are used when the phrase end is not a full boundary.

Accent symbol

Accent name

Accent use

L-L %

Low Phrase accent,

Low boundary tone

Accent to indicate the end of declarative

sentence

L-H% Low Phrase accent, Accent to indicate the end of non yes/no
High boundary tone questions

H-L % High Phrase accent, Accent to indicate the end of a continuation
Low boundary tone phrase (commas, lists etc.)

H-H% High Phrase accent, Accent to indicate the end of yes/no question
High boundary tone

H% Disfluency marker Accent to indicate the restart of a phrase

after a disfluency break (as in a break due to

hesitation)

Table 4.3 Amharic ToBI boundary Tones

Note:

Tables 4.2 and 4.3 list all the phrase-final tonal markers.

- Indicates the tone is associated with phrase.

% Indicates the tone is associated with boundary.
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As explained and verified above, the L.-L.% sequence is often found at the end of spoken
declarative sentences for Amharic as is for English, especially final sentences in a turn or
discourse. Example in the, fig.4.2 above, All(l +aoCMPA statement, the intonational
phrase has a low phrase accent (L-) and following low boundary tone (L% ); hence it is

marked as L-L%.

The H-H% sequence is often found at the end of sentence that indicates an utterance is a
question for which the speaker expects a yes/no answer. Example in the, figure 4.4 above,
APNA 1@-? statement, the intonational phrase has a high phrase accent (H-) and
following high boundary tone (H% ), hence it is marked as H-H%.

In the results we have seen so far, an FO peak or valley occurs on the accented syllable.
This is often the case, but not always. But whether there is a sharp peak/valley and
whether it is aligned with the accented syllable or not, the perception is that the syllable is
more prominent than other syllables (or than it would be if it were not accented), and that

this prominence is associated with an H* or a L* tonal event.

Combinations of separate High and Low pitch accents can occur within the same
Intonational Phrase as well. Example, H* followed by H*, L* followed by L*, L*
followed by H* or H* followed by L*. Thus we can have, for example:

H* H* L-L%

L* L* H-H%

L* H* L-L%

The L-L %, H-H%, LL-H%, and H-L.% intonational phrase boundary tone contours can
occur with any final pitch accent (e.g. L*, H*), there is no constraint on what pitch accent
can precede which of these boundary tones, i.e., L* and H* accents can be combined
freely with various <phrase tone + boundary tone> sequences.

H* L-L%

H* H-H%

H* L-H%

H* H-L%

L* L-L%
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L* H-H%
L* H-L%
L* L-H%

Often, mixed phrase tone/boundary tone combinations (L.-H% or H-L.%) do not end in
the more extreme high or low levels that are typical of H-H% or L-L% respectively.

Example, the L- makes it unlikely that the H% will rise to the top of the speaker’s range.

Figure 4.6 H* L-L% vs. L+H* L-L% for 1% 1@~ ¢ONLD-::

The contour with L+H* might be used in a context where the speaker is trying to make it
clear that the person who broke the material was Kebede, as opposed to some other
person:

Speaker A: AN 1@~ CANLD-::

Speaker B: (h&LNAY°) NNL 10 PONL@-::  for the L+H* L-L% sequence.

In contrast, the H* pitch accent could be expected in response to a question about who
broke the material:

Speaker A: 17 1@~ LONLD-?

Speaker B: n1L. 1@~ PONL@-::  for the H* L-L % sequence.

The use of the label L+H™ is constrained to places where a low FO cannot be accounted

for by some other tonal event. For example a rise from a Low tone to a High-toned
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prominent syllable can sometimes be accounted for by a preceding L-L.% phrase

accent/boundary tone combination, or a preceding L* pitch accent.

4.2 Break Index Determination
Amharic words are normally spoken continuously, unless there are specific linguistic

reasons to signal a discontinuity. In Amharic script, several punctuation symbols are used
to indicate syntactic as well as semantic features of a group of words. These punctuation
symbols can serve as means of indicating junctures between words, juncture between
phrases, clauses or between sentences. Here, juncture refers to prosodic phrasing.
Junctures cue where do words cohere, and where do prosodic breaks (pauses and/or
special pitch movements) occur. Punctuations are not the only means to signal coherence

and/or disjunction between the elements of an utterance.

In general, juncture effects that express the degree of coherency or discontinuity between
adjacent words are determined by physiology (e.g., running out of breath), phonetics,

syntax, semantics, and pragmatics.

In this experiment, an assessment of the punctuations and non-orthographic symbols used
in Amharic script was done. And their function was analyzed to identify their role in
specifying the strength of breaks in their corresponding position in the speech utterance.
For example the punctuation mark :: (which is a sequence of two colons) in Amharic
indicates sentence termination, that is period; the punctuation mark? (a single hyphened
colon, equivalent to comma in English) is used for example to separate lists, or it is also
used to introduce pauses in between the elements of utterance. To add more example, the
single quotation mark symbol can be used to make two words to be merged as one by
contracting the second word. For example the word sequence 7@ A7£? becomes
1M-"72? Thus, as some of the punctuations in Amharic are prosodic by nature, they are
the most reliable candidates for prosodic junctures as well as for pause locations

determination.
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Junctures can be signaled by phonetic means, such as silence insertion, characteristics
pitch movements in the phrase-final syllable, lengthening of a few phonemes in the

phrase-final syllable and irregular voice quality.

The junctures between words is not of the same strength. Thus, in this experiment, the
following inventory of break indices was assumed based on the above basic concepts.
Here, it is assumed that there are basically four distinguishable junctures strength
between Amharic words.

0  weak disjunction (or no noticeable junction).

1 normal junction between words

3 semantically, pragmatically, introduced junctures which are basically related to

intermediate intonational phrases (iPs).
4 junctures between utterances or at the end of utterance. The break index

corresponds to Full intonational phrase.

Starting from this claim, investigation was made on some recorded text used for
modeling Amharic prosody. First scan and determine the presence of any pause, location
of the pause and duration of the pause. Here, pause can be predicted as presence or
absence of silence of greater than 20 ms, though greatly influenced on the current rate
setting and individual speakers and other extraneous factors. The following shows part of
a recorded passage used to examine the prosodic cues signaled by punctuations as well as

characteristics pitch movement.

it BUFT PTLMIaD NAOR: A@oCAT GF ALPE MDLLF UEOIFOS AR i
- Wa2 Wa3 W34 552

Disjuncture between words, WS2 and WS3, seem essential pause insertion and WS4
seams less important. The pitch curve is also indicated to reflect the characteristic pitch
movement with prosodic phrases. Here, in a standard rate of speaking (or reading a text),
if the duration for pauses WS2 and WS3 avoided the intended message to be conveyed by

this utterance becomes less emphasis. These junctures are not due to pauses only but also
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due to characteristic pitch movements or lengthening of the prosodic phrase-final

syllable. Example '@ in '?91.m®Pao@®-' and 7' in 'ALP7 seem somewhat lengthened.

The characteristic pitch movement, which is indicates by the pitch curve, above the
juncture position, shows that for declarative sentences (sentence silence, SS2), goes down

to the speaker's lower pitch range.

Thus, break index 3 corresponds to WS2 and WS3 while SS2 is related to break index 4.
The other break indices, 0 and 1, are assigned for the word junctures other than prosodic
junctures corresponding to break indices 3 and 4. The break index O is to be used, for
several cases: one is to indicate two words that logically can be combined by contracting
the second word, and seemingly form a single word; for example the word sequence ‘1@~
h7%:? is frequently pronounced as 10-7%?, where the initial /e/ of A%7% disappears
and the disjuncture between the two words seems nonexisting. Second, if the joint
between the two words is difficult to determine due to for example changing to other type

of phone (if phoneme substitution occurs). The following are some more examples.

T ATEL?
0 4

a7 e fONLm-?
0o 1 4

erX e ST BN 2Adén:
1 1 1 4
Thus, prosodic junctures that are clearly signaled (or cued) by pause and/or by
characteristic pitch movement can be determined in this manner.
Therefore the juncture types (that can be realized by break indices), proposed from this
experiment for Amharic prosody are summarized in the Table bellow. These break indices
can be frameworked as part of the AmhToBI (Amharic ToBI) transcription system and

specifies an inventory of numbers expressing the strength of a prosodic juncture.

AmhToBI Description
Index
0 Word boundary apparently erased.
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1 Typical b/n word disjuncture within a phrase

3 End of an intermediate phrase (intonational phrase)

4 End of an Intonational phrase

Table 4.4 Ambharic ToBI Break Indices

4.3 Determination of Durations

4.3.1 Pause Duration
Most of the pauses introduced while making an utterance are significant and must be

placed in their appropriate position in time. In this experiment pause durations was

calculated based on the following facts:

* [s there a silence between words? This silence between words can be due to prosodic

grouping of words or physical constraints or any other artifact pauses.
* [s there a pause silence between sequences of sentences?
* Is there a pause and pause silence with any punctuation marks position?
In this experiment silent pause determination and silent pause duration has been done

using PRAAT as shown below.

o FA-FTO AANPEET TIAM WDk . 4T ICLMSOIE ML RTYE MTO .
; W10 536 B 557

Silences of utterances' final (SS, pause between two sentences separated by :: ), uttered
by five speakers, and silences between words (WS), were randomly selected and
measurement were taken to determine their duration. First the starting and ending point of
the pause location is marked and automatically the duration of that assumed pause is
obtained in units of second.

From this experiment, it was observed that (as can be seen from the tables below)
duration assigned to pauses could vary from speaker to speaker for the same pause

location.

Results
Table 4.5 gives the pause durations observed between several two adjacent word silences

(WSi) taken from a recorded passage by five speakers (SPj). Average pause duration as
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calculated from the table is thus, 174ms. Thus, we can conclude from this experiment that
150ms to 200ms is a sufficient duration for pauses between words.

Similarly, Table.4.6 lists the pauses between sentences, taking randomly for 5 speakers.
Average pause duration as calculated from the table is thus, 476ms. The average value in
the last row of table 4.6 shows how a speaker assigns duration to his/her rhythmic style
and clearly shows every individual speaker/reader may produce different pause duration.
Again the average value in the last column of table 4.6 indicates a given sentence silence
(SSi) is recognized and assigned different pause duration by each speaker (SP;).

Taking each silence average as x; the variation and standard deviation is found to be
respectively, as Vr = 0.0053, and S.D =0.073 for word prosody pauses and Vr=0.0132,
and S.D=0.115 for pause duration between full intonation.

There may be also gap between syllables. E.g. 96ms, 135ms gap was observed from two

speakers in the Amharic word Aé\...PAAI":: 50 to 150ms seems normal.

SP1 SP2 SP3 SP4 SP5 | Avg.

WS1 0.576 0.082 |0.416 0.000 ]0.000 | 0.215
WS2 0.000 0.268 |0.322 0.300 |0.000 | 0.178
WS3 0.323 0.268 | 0.365 0.000 |0.442 | 0.285
WS4 0.000 0.000 |0.289 0.000 ]0.000 | 0.058
WS5 0.000 0.000 |0.224 0.000 | 0.000 | 0.045
WS6 0.448 0.067 |0.321 0.000 ]0.502 | 0.268
WS7 0.000 0.261 |0.385 0.304 |0.000 | 0.190
WS8 0.449 0.316 |0.298 0.295 ]0.109 | 0.293
WS9 0.420 0.067 |0.556 0.031 |0.446 | 0.304
WS10 | 0.000 0.060 | 0.000 0.000 |0.000 |0.012
WS11 ] 0.150 0.000 |0.075 0.058 ]0.080 | 0.073
Avg. 0.215 0.126 | 0.295 0.09 0.144 | 0.174
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Table 4.5. Silence duration between words in seconds.

SP1 SP2 SP3 SP4 SP5 Avg.
SS1 0.599 | 0.426 | 0.442 | 0.424 | 0.518 | 0.482
SS 2 0.824 | 0.343 | 0.405 | 0.999 | 0.515 | 0.517
SS 3 0.651 | 0.284 | 0.496 | 0.404. | 0.673 | 0.502
SS 4 0.669 | 0.282 | 0.419 | 0.436 | 0.524 | 0.466
SS5 0.731 | 0.385 | 0.444 | 0.487 | 0.500 | 0.509
SS 6 0.705 | 0.342 | 0.470 | 0.406 | 0.390 | 0.443
SS 7 0.579 | 0.289 | 0.352 | 0.403 | 0.430 | 0411
Avg. 0.680 | 0.333 | 0.433 | 0.437 | 0.502 | 0.476

Table 4.6. Silence duration between sentences in seconds

4.3.2 Phoneme Duration
Phoneme duration determination is not an easy task. First of all the number of phoneme

in a particular language must be determined with their allophones type. But this is beyond
the scope of this thesis project. In this experiment, a sample of phonemes durations was
calculated. Here it is assumed that the grapheme to phoneme mapping is, i.e. before
syllabification is as follows:

1:1 the six order Fidel (alphabet)

1:2  the CV form, or CC when a grapheme is stressed or lengthening

1:3 e.g. A (lwa,ie., lua)

1:0 this is rare case
Thus using PRAAT, a recorded word is segmented manually into its phoneme

composition one by one, but first the word boundary is exactly specified.

Example:
a7 - AN -
ToW7 - B Al uLE! & hiD-

A |7 |7 |A [ |8 A |0 A [N |1 A |C |A o
10z |36 [ 111 [47 [31 [30 |75 [43 |34 |66 [75 [45 |36 [31 [47 [ 75

Table 4.7: Example duration specification for the question “?77 1@+ YANL®-?
According to this experiment on limited number of instance of phonemes duration, the

result shows that phoneme duration can be vary from 30 ms to 11sms, for Amharic.
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4.3.3 Syllable Durations

Syllable duration can be deduced from the number of phonemes it is composed of and
other factors as discussed in chapter 2, once phoneme duration is determined. But in this
experiment since durations of all phonemes was not determined, and for practical
consideration, duration for most syllable (i.e., Amharic grapheme) was measured
separately. And it was found that when Ambharic grapheme (Fidel) is spoken separately,
as shown in the waveform bellow (for U...lF), the duration is in average 350ms to 450ms.
It means, since Amharic grapheme is by it self a syllable, any Ambharic syllable when
pronounced separately at normal condition and rate is between 300ms and 400ms in

average.

I T T T I

But due to many logical facts, syllable duration may vary from 100ms (even less) to
200ms(or more). For example, figure 4.7a shows the waveform for the Amharic word "
NA9:éN (Africa)", taken from the Ambharic sentence "aA & e NhGéh +7& 115
A7T::". In this word there are four syllables according to Amharic template classification
(Ambharic syllable templates are V, VC, VCC, CV, CVV, CVC, CCVC, and CVCC).

The boundary of the syllables for three different speakers was manually marked and
measured accordingly using praat. As is observed from the measured value, syllable
length can vary based on the speakers and/or speaking rate, based on the structure of the
syllable in a particular language (number of phonemes in the syllable). Syllable length
can also vary based on the position of the syllable in a word and/or utterance: fig 4.b
shows two "AG4N" words taken from the two utterances "@o€an(Cfe h&édh 1A
ANNZ:: " and "hASéh Ad ML 1T respectively for three different speakers. The
variation in syllable length is also inherited from the variation of phonemes due to co

articulation, reduction and assimilation.
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ot P e

bbb

5F5 |z a 72ms | i ll6ms = oo

S P4 107 ms 113 ms 141 ms 134 ms

oF3 111 ms 133 ms 197 ms 136 ms
CV v Cov CV

Figure 4.7a Syllables lengths of Africa in "la%éh"

i

e

>

5P5 fa 10imsf{fi 163ms  Jka 172ms 5 93ms i 164me  fka 155ms
aP4 | 98ms 161 ms 139 ms 110ms 1&0ims 137ms
P3| 10lms 171 ms 173 ms 104tns 153ms 137ms
Figure 4.7b Syllables lengths of Africa in "a%éh"
h 9 Ch. A
SP3 133 | 101 | 104 | 197 | 171 | 153 156 | 173 | 137
SP4 113 | 98 | 110 | 141 | 161 | 180 134 | 139 | 137
SP5 72 | 101 | 98 | 116 | 163 | 164 103 | 172 | 155
Average | 310/3=103.33ms | 482/3=160.67ms | 435.33/3=145.11ms

Following similar approach, the length of each syllable in the Amharic utterance "“77

Table 4.8 Syllables lengths in the Amharic word "A440"

1@ PONL@-? " is shown bellow.

oy - fansm-?
707 - & Nl 1A  h-
22%9ms 10&ms 11&tns 2251tms 131ms 153ms
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Of course it is quite true to conclude that most symbols (Fidel, 4£\) in Amharic scripts
corresponds (but not all) to two identifiable phones/phonemes in the form of consonant-
vowel (CV).

Consider the Amharic word “?7C” which it’s meaning is “honey”. If we believe each
symbol bears CV and each symbol is a syllable then the aforementioned word is a two

syllable word.

4.4 Summary
This chapter described the experiments and results obtained in determining prosodic

model of Ambharic; the most important prosodic constituents have been experimented:
ePitch accent — indicating prominence syllables/words.
ePhrasal tones — phrase accent and boundary tone.
eBreak index — showing the disjuncture between words.

eDuration of pauses, phoneme and syllable.
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CHAPTER 5



5 EVALUATION

Table (5.1) is the complete proposed prosodic model for Amharic. It is proposed that
with a systematic application of pitch accents, boundary tones and durations following
the model, a synthesized Ambharic speech will perform better in terms of both
intelligibility and naturalness. It is now time to test this claim. The purpose of this

chapter is performing this evaluation.

Types of Break Indices Type of Tones Prosodic Units
0,1,3,4 H*L* L*+H,L*+!H,L+H*, |H*
L-H- iP
L-L%,L-H%, H-L% H-H%, H% 1P

Table 5.1: Summary of the Prosodic Model for Amharic AmhToBI

There are two evaluations to perform. The first of these is to check the intelligibility test
and the second is to perform the naturalness test. For both these tests the test text data is
used. The text is synthesized using the Eruxelf Amatets Amharic speech synthesis
system. This synthesized speech does not incorporate the prosodic model and will be
stored for comparison. Next the synthesized speech is modified using PRAAT to
incorporate the model that has just been proposed. Therefore, we will have two
synthesized speech utterances that will be used in a listening test and compared. In the
rest of the chapter the unmodified synthesized speech is referred to as the synthesized
speech and the modified speech (which incorporates the prosodic model) will be referred
to as resynthesized speech. Therefore a reference to the synthesized speech will mean a
reference to an Ambharic synthetic speech without incorporating the proposed prosodic
model and to that of the resynthesized speech will be a reference to a synthetic speech
that has been modified to put proper pitch accents, boundary tones, breaks and durations

at the appropriate places within the synthesized speech utterance.

The listening tests are performed according to the procedure described in section (3.5).
Listeners are asked to compare the synthesized and resynthesized speech utterances in

random order and asked a set of questions as described in sections (3.5.2.1) and (3.5.2.2).
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Now assuming the test text data ““77 1@~ PANL®D-?” is synthesized without prosody
first and a copy of it is modified and resynthesized using the prosody parameters as
obtained from the prosody model; the following ToBI like annotation diagram (Fig.5.1)
of several layers conceptually illustrates how the prosodic parameters can be fed to the

synthesizer.

H* L-L%
777 1o fOnim-
I°n7 Thm- 2h NaA A Chm-

188 | 111 | 78 30 | 118 | 150 |75 131 78 75

Table 5.2 Input data (prosody attributes) for: 977 1@ ¢ONL@D-?

Here the basic prosodic parameters to be applied, as indicated in Figure.5.1 are the pitch
accent H*, phrase boundary tone L-L%, break indices 0, 1, 4 and corresponding
durations between prosodic phrases. This can be applied to the synthesized speech to
generate the resynthesized speech using PRAAT. Figures 5.2, 5.3, and 5.4, bellow, are
presented for illustration purposes, and show the natural sound, the synthesized speech

without prosody, and the modified speech with prosody, respectively.

0 Yisible part 2.131973 seconds 2131973

Total duration 2. 131973 seconds

Figure 5.1 Original record data for: 277 1@ $ANL®-? "who had broken it?"
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24858375

0.94791

D.000=0515
-0. 474065

5000 Hz 400 Hz

0 H= e AL LT LR 7o Hz
Qo “isible part 2. 4883375 seconds 2488375
Total duration 2 458375 seconds
Figure 5.2 Synthesized speech (without prosody) for: ?77 ‘1@ ANLMD-?

2. 119554

0.84755
0.00030065

5000 Hz A00 Hz

O Hz 75 Hz

A 1955-’ R kb
1] Yisihle part 2124375 seconds 2124375

Total durgtion @ 124375 seconds

Figure 5.3 Prosodically manipulated sound for: 277 1@ ¢ANL®-?

This procedure is applied to all test data to complete the synthesized and resynthesized
speeches to be used for the perceptual evaluation experiment. A total of twelve utterances
were prosodically synthesized and provided for listening test. Out of these sentences six
are question sentences (three yes/no question and three simple questions), and six
sentences are deliberately selected to have emphasis/focus and homographs (words with

the same spelling but with different pronunciations and different meanings).

5.1Perceptual evaluation
As explained in chapter 3, different approaches can be combined to evaluate TTS systems

as well prosodic models. In this research the simple method for the intelligibility test and
MOS for the naturalness test have been used. A total of ten subjects were selected to
participate in the perceptual evaluation. Of these eight are male and two are female with
seven of them native Ambharic speakers and three of them with other mother tongues.

The subjects were between 21 and 40 years of age.
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The following questions were asked to the subjects to identify the relative qualities of the
two speech utterances (synthesized and resynthesized) in terms of intelligibility and
naturalness.

A. Intelligibility Test (scoring scheme)

In this test questions are asked to subjects as shown in the list below. The scores given
for the subject, for the sentence in question is indicated in the second column of the

tables.

1. Repeat the speech that has just been uttered. =~ What?

1 If subject repeats the sentence after listening only once.
0.5 | If subject repeats the sentence only after listening more than once or
What? if he/she misses some words within the sentence.

0 | If subject fails to understand anything from the sentence

2. What type of sentence is it? Type?

1 If subject identifies correctly the intended sentence type.
0.5 If subject is unsure about sentence type.
0 If subject fails to identify anything.

Type?

3. Test for comparing which utterance correctly associated emphasis (focus) to specific
words within a sentence and whether homographs were properly disambiguated.
(Emphasis and Homographs).

1 If subject identifies correctly identifies emphasized word
Emphasis and or properly disambiguates homograph.
Homographs 0 If subject fails emphasized word or fails to properly

disambiguate the homograph.

To help the analysis and simplify the tabulating of the results, let us denote the utterances

as U, and the listeners as P. Now, under the intelligibility test: 12 utterances were taken,
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out of these 6 utterances were purposely designed for the purpose of identifying their

sentences type, and 6 utterances for recognizing emphasis and disambiguation.

Table.5.3 and Table.5.4 bellow show the result for intelligibility test for the twelve

sentences, without and with prosody respectively. The method of scoring is as explained

above. The last row in both tables indicates the average value for each sentence

indicating identifiability by the ten subjects. The overall intelligibility test average for

this test category is determined by averaging for all Ui values.

Subjects U1l U2 U3 U4 Us U6 | U7 | U8 U9 | U10 | U1l | U12
P1 0 1 1 1 0.5 1 1 0 1 1 1 1
P2 0 1 1 0.5 1 1 1 1 1 1 1 1
P3 0 0 1 1 1 0 1 1 1 1 1 1
P4 1 0 1 1 1 1 1 1 1 1 1 1
PS5 0 0.5 1 0.5 1 1 1 1 1 1 1 1
P6 1 0.5 1 1 1 1 1 1 1 | 1 1
P7 1 1 1 0.5 1 1 1 1 1 1 0 1
P8 0 0 1 0.5 1 0.5 | 0.5 1 1 0.5 1 1
P9 0 0.5 1 0.5 0.5 1 1 0 1 1 1 1
P10 1 0 0.5 0 0.5 1 0.5 0 1 1 1 1
Average 040 | 045 | 095 ] 0.65 | 0.85 | 0.85 1090 ] 0.70 | 1.00 | 0.95 | 0.90 | 1.00

Table 5.3 Intelligibility test for repeating the speech utterance (for utterance without

prosody model). (Total Average: 80%)

Subjects | Ul U2 |U3 | U4 |US U6 |U7 | U8 | U9 |U10 |U11 | U12

P1 0.5 1 1 1 0.5 1 1 0 1 1 1 1

P2 0 1 1 1 1 1 1 1 1 1 1 1

P3 0 1 1 1 1 0.5 1 1 1 1 1 1

P4 1 0 1 1 1 1 1 1 1 1 1 1

Ps 0 0.5 1 0.5 1 1 1 1 1 1 1 1

P6 1 1 1 1 1 1 1 1 1 1 1 1

P7 1 1 1 1 1 1 1 1 1 1 0 1

P8 0 0 1 0.5 1 0.5 0.5 1 1 1 1 1

P9 0 0.5 1 0.5 1 1 1 0 1 1 1 1

P10 1 0 1 0 1 1 1 0 1 1 1 1

Average | 0.45 | 0.60 | 1.00 | 0.75 | 0.95 | 0.90 | 0.95 | 0.70 | 1.00 | 1.00 | 0.90 | 1.00
Table 5.4 Intelligibility test for repeating the speech utterance (for utterance with

prosody model). (Total Average: 85%)
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Table. 5.5 summarize the test result for identifying sentence type, that is, is an utterance
Uj, a declarative sentence, yes/no question or other type of sentence? The value is
entered in pair wise: the first value in each pair corresponds to the speech without
applying prosody, and the second one for the speech after applying prosody. The minus (-
) score indicates the synthesized speech could not be identified for its intended sentence
type and score 1 is given otherwise. Score 0 is given if the listener is not able to identify
the sentence type. The score 1 indicates, if prosodic features are appropriately
incorporated with TTS systems, then, obviously as expected prosody plays important role
in synthesizing different types of sentences as required. The last row of Table 5.5 shows

the average value for each utterance as evaluated by ten subjects.

Subjects | U2 Us Ué U7 U8 U10
P1 1,1 - 1 -, 1 - 1 -, 1 - 1
P2 -, 1 -, 1 -, 1 -, 1 -, 1 1,1
P3 -1 - 1 -, 1 -1 -, 1 -, 1
P4 , 0 -, 1 -, 1 , 1 -, 1 - 1
P5 -, 1 1,1 -, 1 -, 1 -, 1 -, 1
P6 -, 1 1,1 -, 1 - 1 -, 1 - 1
P7 -, 1 -, 1 -, 1 -, 1 -, 1 -, 1
P8 -, 1 - 1 -, 1 - 1 1,1 , 1
P9 1, 1 -, 1 -, 1 -, 1 1,1 -, 1
P10 - - -, 1 -, 1 -, 1 0,0 1,1
Average | 0.2/0.8 | 0.2/1.0 | 0.0/1.0 | 0.1/1.0 | 0.2/0.9 | 0.3/1.0

Table 5.5 Intelligibility test for identifying sentence type. (Average: 15%, 95%)

So the overall intelligibility test average for this test category has been found to be (by
averaging for all Ui) 15% for the synthetic speech and 95% for the resynthesized.

Improvement gained from this test is 80%.

Table. 5.6 summarize result for emphasis and homograph disambiguation in similar
scoring way as above. For example, consider the sentence U2 " A@-¢@ N7 ‘1@
@mLh N P12AM-?". In this sentence the word 11437~ appears twice bearing different

meanings. In one hand it can be for the meaning 'bandit' in other hand it can mean a kind
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of skin rash. Here, the pronunciation for each case is somewhat different although the
spelling is the same. The aim is to determine which word (the first or the second, Ti47")
corresponds to bandit or skin rash. This cannot be disambiguated contextually. The only
solution is, by determining the stress and duration required to distinguish such
differences. Again focuses or emphasis can be realized by changing intensity (loudness)
of speech, by changing pitch movement, etc., this kind of phenomena was explained in

previous chapter.

Subjects Ul U2 U3 U4 U9 Ull
P1 0,0 -, 1 -, 1 -, 1 -, 1 -, 1
P2 0,0 -, 1 -, 1 , 1 -, 1 -, 1
P3 0,0 -, 1 -, 1 -, 1 -, 1 -, 1
P4 -, 1 -, 1 , 1 -, 1 -, 1 -, 1
P5 1,1 -, 1 -, 1 1, 1 -, 1 1,1
P6 -, 1 -, 1 -, 1 1,1 , 1 1,1
P7 -, 1 -, 1 -, 1 -, 1 -, 1 1,1
P8 1,1 -, 1 -, 1 -, 1 1,1 1,1
P9 1,1 , 1 -, 1 1,1 1,1 1,1
P10 1,1 1, 1 -, 1 1, 1 1,1 1,1
Average 0.4/0.7 10.2/10 |0.1/1.0 ]0.51.0 |04/1.0 |0.6/1.0

Table 5.6 Focus or homograph disambiguation (Average: 36.7%, 95%)

In this thesis, six sentences are taken for focus/disambiguating test. The subjects were
asked if they could identify where emphasis lies and properly disambiguate words. The
meaning of score value (0, -, and 1) is as used in table.5.5. The overall intelligibility test
average for this test category has been found to be (by averaging for all Ui) 58.3% better
than the speech without prosody.

b. Naturalness test

This test was made by letting the subjects to select which one of the synthesized speech
(with and without prosody) is better and grade it based on MOS. The general question is
how close is the synthesized speech to human speech. For this purpose, 12 utterances are
taken for Table 5.7 shows the result for naturalness test before applying prosody, and
Table 5.8 with prosody. The overall average improvement for this test type has been

found to be (by averaging for all Ui) 7%.
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Subjects | Ul U2 U3 U4 US U6 U7 U8 U9 U10 | U11 | U12
P1 1 2 3.5 3 2 3 3 1 2 3.5 3 3
P2 1 1 3.5 1 3 3 3.5 3.5 3 3 2 3
P3 1 1 2 4 3.5 1 3 4.5 3 4.5 2.5 5
P4 2.5 1 4 3.5 2.5 2.5 3 3.5 2.5 3 3 3
PS 1 2 4.5 1 4 3.5 3.5 4.5 3.5 3.5 3.5 4.5
P6 2.5 3.5 4.5 4 3 3.5 3.5 4.5 4 4.5 4 4
P7 1.5 2.5 2.5 1 2.5 3 3.5 3.5 2 3 1 5
P8 1 1 3 2.5 3 2 1 3.5 3 2.5 3 4
P9 2 1 4 1 1 3 3.5 1 1 2.5 3.5 4.5
P10 1 1 1 1 1 3.5 2 1 4 3 3.5 4.5
Average | 0.29 | 0.32 | 0.65 | 0.44 | 0.51 | 0.56 | 0.59 | 0.61 | 0.56 | 0.66 | 0.58 | 0.81

Table 5.7 Naturalness (MOS) score (for utterance without prosody). (Average: 55%)

Subjects | Ul U2 U3 U4 US U6 U7 U8 U9 U10 | U11 | U12
P1 1 25 |35 |4 2 35 |4 1 3 4 2 2
P2 1 2 4 1 2 4 4 4 3 3 2 3
P3 1 2 2 4 4 1 4 5 3 5 3 5
P4 3 1 3 4 3 3 3 4 3 35 135 |2
P5 1 3 5 1 35 |4 4 5 4 4 4 5
P6 3 4 5 3 3 4 4 5 3 5 4 4
P7 2 3 3 3 3 35 |4 4 25 135 |1 5
P8 1 1 4 2 4 3 1 4 4 4 4 5
P9 2 1 4 1 2 4 4 1 1.5 |3 4 5
P10 1 1 3 1 2 4 4 1 3 3 4 5
Average | 0.32 | 0.41 | 0.73 | 0.48 | 0.57 | 0.68 | 0.72 | 0.68 | 0.6 | 0.76 | 0.63 | 0.82

Table 5.8 Naturalness (MOS) score (for utterance with prosody). (Average: 62%)

The results of the perceptual tests for limited number of sentences are statistically

analyzed. The test results and improvements in average values are summarized in

Table.5.9.
Target Synthesized | Resynthesized | Improvement
What? 80% 85% 5%
Type? 15% 95% 80%
Emphasis and Homograph Disambiguation 36.7% 95% 58.3%
Naturalness 55% 62% 7 %

Table 5.9 Summary of the Relative Performance of the two Speech Utterances.
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5.2 Summary

The perceptual tests conducted to test the improvement in naturalness and intelligibility
of a synthesized speech by incorporating prosodic models have shown that there are
indeed significant improvements in both tests. The evaluation approach followed in this
paper is subjective, meaning perceptual test. Specifically, perceptual intelligibility and

naturalness tests (using MOS method) have been performed.

This shows that, the models that have been developed are in the right track and result in

significant improvements.
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CHAPTER 6



6 CONCLUDING REMARKS

The objective of this thesis was, in short, to develop a prosodic model for Amharic using
the Autosegmental — Metrical theory of prosody. The end result expected from this
modeling was a better understanding of the prosodical nature of Amharic and an
improvement in the intelligibility and naturalness of automatically synthesized Amharic
speech. The research proposes six pitch accents, two intermediate phrasal tones and five
boundary tones for Amharic. Furthermore, four types of breaks occur in the language.
The hypothesis of the thesis work was that applying this model systematically in
synthetic Amharic speech shall result in significant improvement in intelligibility and
naturalness. The perceptual tests conducted to test this idea have confirmed the
hypothesis. Therefore, it is reasonable to claim the proposed model is a reasonable model

for Amharic prosody.

This thesis is an original research work on prosodic modeling of Amharic that presented a
description of the postlexical prosodic features of the language including pitch accent
tones, boundary tones, intonational phrasal tones, breaks and durations in the

autosegmental metrical framework of prosodic modeling.

The model was developed by investigating what important cues are used in Ambharic
prosody. The analysis was performed mainly through the Pratt speech analysis software.
It follows the popular prosodic modeling framework ToBI and hence following the
custom of speech researchers the model is named AmhToBI. The proposed model has
been tested by investigating the improvement in the intelligibility and naturalness of
Ambharic speech synthesized using the Eruxelf Amatets Amharic speech synthesis

program.

The evaluation results clearly show that the model results in significant improvements in
all test questions for intelligibility and naturalness. Prosody is an important component
of TTS systems and the model proposed by this thesis work can be incorporated into
Ambharic TTS systems to improve the intelligibility and naturalness of their output. The
results can directly be applied for automatic labeling of written text based on punctuation

marks and simple pause insertion rules for longer utterances (every fourth word for
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example) with significant improvement on understanding and naturalness. As is the case
in all other current TTS systems, manual labeling can be used based on the findings of
this thesis to obtain good quality output. The results of this system can be a great
benchmark to identify the mistakes new learners of Amharic (e.g. foreigners) make when
speaking the language by recording pre-labeled text based on the proposed models and

analyzing their output against the model.

6.1 Summary of Findings
In this thesis project great effort has been directed towards assessing and modeling the

prosodic features of Amharic. The work mainly focused in addressing the basic prosody
components in relation to their role in Amharic TTS systems. That is to achieve good
quality synthesized speech output incorporating prosody. The research focused on the

three important aspects of prosody, which are
ePitch accents,
eBreaks and

eDuration

6.1.1 Pitch Accents

In Ambharic, variations in pitch are used uniformly as suprasegmental quantities, which
means that variations in pitch do not result in a change of the (lexical) meaning of any
given word.  The variations in pitch are used to indicate focus (prominence) and mark

phrase boundaries. Thus Ambharic is purely a pitch accent language.

Like all pitch accent models, the Amharic prosodic model (AmhToBI) has two levels of
pitch — the high (H) tone and the low (L) tone. The high and low tones are relative
measures of pitch which are indicated by a rise or fall in the pitch of an uttered speech.
The high tone occurs when the pitch rises to a high frequency value close to the speaker's
top pitch range and the low occurs when the pitch falls close to the speaker's lower range.
These tones can appear either alone or in combination with each other. The high and low
tonal targets can be followed by the (*) symbol. This symbol indicates that the target
appears on the syllable on which stress falls. Thus, when an (H*) symbol is indicated, it

signifies that the pitch rises to the top range of the speaker's pitch range on the stressed
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syllable. This has a special significance when the pitch accent contains two tonal targets
(which are referred to as bitonal pitch accents). Thus the pitch accent L+H* indicates
that the pitch first falls to the speakers low range and then rises again. The (*) indicates
that the high tone is placed on the stressed syllable. In other words, the pitch falls
immediately before the stressed syllable and then rises when it reaches the stressed

syllable. With this understanding the following pitch accents were identified.

Accent Symbol Accent name Accent use
H* Peak accent Focus (prominence) marker
L* Low accent Focus (prominence) marker
L*+H Scooped accent Focus (prominence) marker usually associated

with contrast

L*+!H Scooped downstep accent Focus (prominence) marker usually associated

with contrast following previous high tone

L+H* Rising peak accent Focus (prominence) marker usually associated

with contrast

'H* Downstep high tone Focus (prominence) marker following a

preceding H* accent

Table 6.1 Amharic ToBI Pitch accent tones

Note that although there are other possible combinations of pitch accent targets, only six
appear in Amharic. These pitch accents invariably occur in the middle of a prosodic
phrase. The first two symbols are simple focus markers. They are used during speech to
attract attention to specific words, such type of focus is referred to as informative focus
[16]. The last pitch accent is also used in informative focus. However, its pitch target is
usually lower than that of a simple H*. This accent occurs when two or more high tonal
targets appear within the same phrase. In this case the first of these targets take the full
(H*) accent and the subsequent ones take the !H* target. The !H* target still shows a rise

in pitch but it does not rise as high as that of the H* target.

The bitonal pitch accents, L*+H, L*+!H and L+H* are again used to attract attention to
specific words within a phrase. They differ from the monotonal targets because they are
mainly used in contexts when a speaker is contrasting an idea. This type of focus is

referred to as contrastive focus [16].
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The distinction between informative and contrastive focus can be clarified by looking at
this example.  Here there are two excerpts of a conversation. In the first one, the first
speaker asks the second who ate the bread?. The answer is “Kebede ate bread” and the
stress falls on Kebede and the accent type used is H*, the stress falls on Kebede. This is
an example of an informative focus. On the other hand the second conversation starts
with the first person claiming that Abebe ate bread, but the second speaker clarifies the
mistake by stating that Kebede ate bread. Again the focus is on Kebede, however, the

pitch accent that is used is L+H* with the purpose of contrasting Kebede and Abebe.

(H*)
777 A0 NA? (Who ate bread?)
nNeL 4N NA:: (Kebede ate bread.)

(L+H%*)
AN 40 NA:: (Abebe ate bread.)
(h2LAJ") hNL 4N NA:: ((No) Kebede ate bread.)

The list of intermediate phrasal tones is given in table 6.2. These tones occur at the end
of an intermediate intonational phrase. An intermediate phrases are characterized by
containing at least one Pitch Accent followed by a phrase accent, which is either L- or H-
. The final syllable of this constituent is lengthened more than at a typical phrase-medial
word boundary and less than at a Full Intonational Phrase boundary. They are assigned
when a listener perceives there is a phrasal end because of syllable lengthening and a
distinct rise or fall in pitch but an inspection of the waveform shows that this phrasal end
is not large enough to assign it as a full intonational phrase. Furthermore, the gap
between the end of an intermediate phrase and the next phrase is very small. These tones

are always followed by a boundary index 3.

Accent symbol Accent name Accent use

H- Phrase accent, iP boundary for index 3 Accent to mark the end of an
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intermediate phrase

L- Phrase accent, iP boundary for index 3 Accent to mark the end of an

intermediate phrase

Table 6.2 Ambharic ToBI intermediate Phrasal Tones

Table 6.3 lists the (full) boundary tones in the AmhToBI. These occur at the end of a full
phrase boundary. The end of a full prosodical phrase is indicated by a characteristic pitch
movement and a large break, which is given the level 4 break index. There are four
possible characteristic pitch movements that indicate the end of such a full intonational
phrase L-L%, L-H%, H-L.% and H-H% . The selection of the particular accent
indicates the phrase type. The L-L % accent is used at the end of a declarative sentence,
the L-H% indicates the phrase is the last phrase of a question which answer is not
Yes/No, the H-L % indicates that there is more to come as in lists or as a result of

commas and semicolons, the H-H% accent is used at the end of a yes/no question.

Accent symbol Accent name Accent use

L-L% Low Phrase accent, Accent to indicate the end of declarative sentence

Low boundary tone

L-H% Low Phrase accent, Accent to indicate the end of non yes/no questions
High boundary tone

H-L % High Phrase accent, Accent to indicate the end of a continuation phrase
Low boundary tone (commas, lists etc.)

H-H% High Phrase accent, Accent to indicate the end of yes/no question
High boundary tone

H% Disfluency marker Accent to indicate the restart of a phrase after a

disfluency break (as in a break due to hesitation)

Table 6.3 Ambharic ToBI boundary Tones

The only remaining accent is the H% accent. Unlike the former three, this accent is used
at the beginning of a full phrase. Its purpose is to indicate a continuation of a previously
interrupted phrase. This interruption can occur because of hesitation, coughs etc. Thus

this accent is called a disfluency marker.
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6.1.2 Breaks

Breaks are an important feature of prosody. They mark the distinction between words,
phrases, sentences, etc. In the ToBI framework the possible breaks are indicated by
numbers starting from O up to the desired level. The numbers indicate the relative
strength of the breaks. The total number of breaks varies from one language to another.
In the AmhToBI model a total of four breaks have been identified as shown in table 6.4.
Each of these breaks appear at particular points within an utterance and together with
boundary tones are used to group utterance segments. It appears that in Amharic the
breaks are used to separate words, intermediate phrases and intonational phrases. The
break index O occurs between two words which are contracted together into an apparently
single word, as in “?77 1@-?” into ““771@?”. The break index 1 occurs between words
within a phrase. The break index 3 occurs at the end of an intermediate phrase. It occurs
together with either the H- or L- intermediate phrasal tones. The last break index is 4 and

it occurs at the end of full intonational phrases.

ToBI Index Description

0 Word boundary apparently erased.

1 Typical b/n word disjuncture within a phrase

3 End of an intermediate phrase (intonational phrase)
4 End of an Intonational phrase

Table 6.4 Amharic ToBI Break Indices
The duration of each of these pauses is not an absolute quantity, rather depends on the
speaker, mood of the speaker and environment, but with in the context of a single
utterance they maintain the relative strength relationships according to the assigned

numbers.

6.1.3 Duration

The final aspect of prosody that was investigated in this research was an indicative value
for the duration of speech units. The research considered the durations for pauses,
phonemes and syllables. The results indicate that the average duration of pauses between
sentences (index 4) was 476ms, at the end of intermediate phrases (index 3) was also

476ms, between words (index 1) 174ms and between contracted words (index 0) Oms.
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The average syllable duration was found to vary between 100 to 200ms and phoneme

duration was found to be between 30 to 115ms.

6.2 Applications

The findings of the thesis research has been summarized in the previous section. Simply
put, it is a more or less complete model for Amharic prosody that lists the possible
variations in pitch, the various types of breaks and indicative durations for the pauses,

syllables and phonemes.
This model, as stated briefly in previous sections, can be used for two distinct purposes
e As a framework to study the process of producing Ambharic utterances

e As a standard to tag the prosody of Amharic into written text so that it can be used

in Amharic speech synthesizers.

In the first application scenario, researchers and teachers can use the model to explain the
process of Amharic prosody. In other words it presents a framework for researchers and
teachers to identify and mark Ambharic prosodic cues using the proposed framework to
explain and teach Amharic prosody. It can also be used as a tool for developing software
for teaching proper Amharic prosody to (for example) foreigners and analyzing the

uttered speech of learners in terms of prosody.

The initial proposed model can also serve as a starting point for studying Amharic
prosody and to develop further applications based on the model. The model can be used
to study the distribution of pitch accents among differing groups of Ambharic speakers,
study the role of prosody in Amharic understanding, study the role of prosody in learning
Amharic, study the difficulty among differing type of students (based on ethnic
background and native language) in producing proper Amharic prosody, study the role of

prosody in speech recognition systems etc.

Some of the applications that can be developed based on the model include computer
algorithms and programs to perform automatic generation of prosodic labels for Amharic

text (pre-synthesis labeling), automatic prosody label generation for uttered speech (post-
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synthesis labeling), performance comparison of Amharic speech synthesizers based on

prosody accuracy etc.

In the second scenario, the model can be incorporated into Amharic speech synthesizers
by manually or automatically (requires an automatic labeling program) Ambharic text and
modifying the pitch, inserting pauses and adjusting durations according to the rules of the
labels. This second application of the research is expected to produce better synthetic
speech in terms of both intelligibility and naturalness as verified through the evaluation

results in chapter five of this research.

6.3 Limitations of the Thesis Work

Although every effort has been made to make this project work as complete as possible,
nevertheless, time and financial constraints have made it impossible to include some of
the possible interesting research questions from being asked. In this section, some of the
limitations of the work have been indicated in the hope that other researchers will take up

proceed with an all inclusive prosodic study for Amharic.

The thesis work focused on the post-lexical prosody features of Amharic, simply because
post lexical features are more important in terms of their effect in the intelligibility and
naturalness of a speech. However, lexical prosody is also important and hence must be

properly studied.

Even within the context of post-lexical prosody, the research did not consider all possible
prosodical tools, namely intensity. Literature [4] suggests that intensity plays a minor
role in prosody as compared to pitch and durations. However, intensity does play a role

and its study is important in the full specification of the prosody of a language.

The model development process also suffers from data limitations. The model and test
data used was only from read text data and no spontaneous utterance was used. This may
have prevented in the omission of some prosodic cues which may occur during
spontaneous speech. Furthermore, the text data corpus size was relatively small. Once
again some important Amharic prosodic cues may have not occurred in the data.
Additionally, the number of speakers used for the speech corpus was small, which may

have limited the number of observed prosodic cues.
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6.4 Future work

Considering that this work on prosody model for Amharic is a first attempt for its kind
and that prosody covers broad concepts and involves complex techniques for its solution,
the results only cover a small portion of the total problem. Furthermore, the usability of
the models can be improved to a great extent with further development, therefore, I now
put my recommendations on what can be done to further the initial prosodic model
proposed in this research.
e Syllabification of words: will greatly improve prosodic modeling that is the
syllabic structure of Amharic along with the segmental prosody of Amharic should
appropriately studied and modeled. The proper identification of Amharic syllables is
the first step in determining where the stress point should fall within a word. In
addition, homographs in Amharic are identified through syllabification as has been
exemplified in chapter 5.
e Automatic prosodic labeling: can be attempted based on the models presented
together with automatic semantic and syntactic understanding and further studies on
where post-lexical stresses fall on words,
e Intensity Modeling: should be incorporated into the prosodic model
e Lexical (word level) prosody: needs to be studied
e More accurate phone duration models: can be developed by considering their
position within a word and the co-articulation effect of preceding and following
phones. For this, a statistical measurement of duration for each phone considering the
preceding and following phone (a tri-phone) can be made on a very large speech
corpus. The average duration of each tri-phone can be computed from this large corpus
together with the standard deviation and this can be incorporated into TTS systems for a more
realistic duration modeling.
e Models for other Amharic Dialects: need to be developed. The model that has
been developed in this thesis is for Ambharic as is spoken in Addis Ababa. However,
there is no guarantee that this model will work equally well for other dialects, e.g.,
Wollo Amharic, Gondar Ambharic.
e Amharic speech prosody analysis software: should be developed to analyze the

prosody of spoken utterances. This application can be used to analyze whether a
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speaker is generating speech in line with the standard Amharic prosody, which might
be useful to identify weaknesses in the prosody of a speaker (e.g. Foreigners that are

learning Amharic).
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Annex Il. THE MODEL TEXT CORPUS

dsl

a TN CAVT® PAT C2ITONPL AT ANHLLIVT O NO+HPC R NS OP T
POLOAMT PAAN &F CHENANO APF &TAAN: NHALI® A%ICE 47 U-NTE
EIETO AP 146k WIT A4 STAM::

ds2

ALTF hA7rE £9°C (0 @-0T 26T NAALTE DPo0S. ao v dt
avATYao® CCCATPA:: LVI° C2l.mPao® NHANT AavCaST NTF ALIPT?
ADLLT VEO®FITMG ARNLTON 10 NA1eTT AMHGED TH AALT
AL ALONTIC:: U TH A998 SEmé-n:: TIC 77 ALT AlLTAN
C i NN ANVTPOA ALLCT LTAN:: AT AgohdT O0LA
ALLITVFDG NaPoPTF® aoM? 24-OT7 a18.06 ALLLT NAPEOT 0NN
aomy LWl ANET A7L7 11C NPAN- Pav P 8G Pavl St Ta-FTo-
naPEOT PNAM 1@~ 0éF NLLNSO 0 IR STrE ANTo-:: OCtHa-9°
NAAMIN CavOANTF HINA AL LOAT®-9°:: NAHY N2Lwért 24 av§Ps
amAt PAVT@®9°:: AT Al o031 ANVT@:: ALAGT @ aohh9°
2eOTS ALAMAT@D ANTEPPHT VA ao@L.L T aop(ICC 2INé-FF aoOmt
ANVT@-:: A7LHY OP1S ALT W LT @ +mNe WLr PntaN +C ho7974-9°
NAL ¢ NAON T WIT7 £LLN 0T 10

ds3

PO ONAS 20T A7 A@- N@O-0m PPHOS hAAT (OT AR ?97.eLC10-
MPAN 002 1@-:: PAD ONAS W71 OéF EI9°C PAS Alh APLTT ALY
&40 POLPTA POILLCT YLt 1m:: ChATLT AM Té NNAG P94.T¢ Nk
MG P O%PT ane:: ATH.VI° A°AN PUA THNAT T ao3d.0
myert: NCE 0°F: Né-0 Paot99avy avpd.ft Pavnn SMPAA-::

ds4
@2 07299 HGSD h7L9°7 hCavi?
A% 07t hALEe SEET NOFPC AMSE NM9° LVS T::

ds5 a7t 41 Afoom- GT @
art T Afaome ST m-:

ds6 avdh& 71NN Ab.ANIAV-::
avdhg TN LO LATA:
avdhG: 770N L0 BATA::
avdhG TN LD LAPA::
aodhG 77NN LN LATPA::

ds7. A4PXKE NaTéh 7% TIFAT:: PCOHAP M1 h70 TLAST 0AL 1D-::
ThnAE £T¢ Av? 170410 PUHA $mé- LD PA::

ds8. PaoICS PUINETIC 18-k av19°19° AANTE I°NTLeEI° Cre- 19717
MP, WAPIS 19°21.5 119° 270, AA7L7T17450T '1D-::
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ds9
aCaoCP A4 TINT AN Y aoBaoCP A3 1T TI0F AANT:: £ NF 10-
PILET T € NF 10 NCHF T3 €7 M AGéh ATe NPT ATLHELD-
PA°A AICT (Fathd ALWPT €72 A%dh £9°0 PO1av9IA:: €7 IH hAI°
PRIMGA:: £7 I NCHFT7T STIHEFA: ARSTT 16 91T 17
LU 1 77 ASCHINANT ALPT PPLNETT AT11NT:: P998mPaoyy
ASLCANT:: A%dh Oé INE 1T Lu7 NHY Tim 0AA7 ALPT NP7
ATOMATE 2T OH.L TH OAAT ALPT N91.0°7°77 ATOI° AT ARSNT7
3N G Tl M PF 107 hdF LA ATNANTTPAT: APLlT M-
ASTICNTPAG::

£7 10 Hé CHANRNTE Hé CHHNNENT PA’TT T Al td A6
FAPCIFTTT MM HIEC PA7 U-N OBEYFT77 Lao T e
O7L T 3177 LA

ds10

"FLTT &N 1@ APMNA ao@-LP 1®-:: PANCS Lo P T O TINT9°
2V 1m-:: NANG PLav A707 NECA®- N tavtt AATTU-F::" NAD- N7
AThCTTo Althoo® OLTOAL av3L.l0TM ADONLD: PNS-::

Questions (q)

Wh-question:- What did you give him?

Alternative questions:- Did you give him a book, a pen, or a pistol?
Tag questions:-You give it to him, didn't you?

Yes/no questions:- Did you give him a book?

ql PPN NGA TN 9°7 TN LooNATIA?
Q2 hne nhent hAN-taoAn9™r?

Q3 9°7 ALl M 1@ 990 Favi?
9°7 AL 9°UN 1@ P9° FHOTS?
9°7 ALk 9°IN FHOTEATU-?

9°7 AL 9°UN 1@ P9°tavN?
9°7 AL 9°9MN 1@ P9°FHOTC?
9°7 ALt 9°N FHOTE-AV?

g4 9°7 h2'rl 9°N @ 9o N,?
9°7 ALY 9°N 10+ P9°FHOTE?
9°% ALY 90N FHOTELAT?
97 ALl 90N FNLAT?
9°7 AL 9°UN a1 PAT?

Yes/No question (ynq)

ynql
APNAY 1D
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ANy 1@-?

AfNA h@-::
afnA 1@-?
AafNA 1@m-?
9°77 APNA 1d-?
9°7 APNA 10-?

ynqg2. Is that so!
Are you sure?

yng3. A@.1TU7 102!

ACIMG 1?2
ACIMG 1?2

yngd. 10~ A7L:?!
10 A7L...

(M)

(PN TOE)

(AT18C/+P TP TEE)

(RN TLE)---PINM ALY T/APNA hLLAI"
(PTFP TLE)-—-C9°NN AL APNA hLLAI®

(PaLFIT TEE)
(PaoLTIT TOb)
(ATISP ToE)

(CLTIT TOE)
(a01L9°)

yngS. @vdh& 7701 T®8AV?
avdUE TN FOSAY AFL?
aodUe: 71NN Lh LAYA?
aodUe “INN LOh LAY AT%?

avdUe: “TINN TOELAT?
AU “VTINN TFOELAT h7L%?
aodUE NN L0 LAGA?
aodUE 1NN L0 LAAAN A7%7

avdUe: TN Lh LATIA?
aodUE TN LD LATIA AT%?
avdUe: TN T OZATU-?

aodUE VNN FOSATU W77

Homograph statements (hgs)

hgl

15 16 10 AARLOI®::

19 19 ANLLOT::

19 ANLLOYI® 19 10-::

19 hNLLOTC::

hg2 15 10 AALLAI® 1G::
15 10 AALLAI® 15+

19 19 ANLLOT::

19 ANLLOYC::

hg3 N&I°¢F C7LhNLD- NGA 15 '1D-::
NL:9°+ 1 PoLhNLD- NG 15 LOAA::
NP9+ + PR PoL0NlD NG 16 10-::
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hg4

hg5

hg6

hg7

hg8

hg9

hg10

hgll

hgl?2

hgl3

hgl4

hgl5

hgl6

hgl7

hgl8

hgl9

0T+ PHT PoLhNLD- NGA 15 LOAA:

Al NG F9°PA\::
alll chavao- MG NANFA\:: ANN chaoap- MG::
ms LA®- 171970 OMMG FaoPA::

ATt A7 1IC N WS
AT PPUIT @7 A

HoD-Lo 17 AapMAU- hA::
Ho- O Ad::

L4LN@ $78G CHPNMAT LCOHT LL4LN::
LG M A LL0::
LG M av’F LLA?

NETYE AAhenC PINLD aoh.S A@- 1°5::
ANNT NETr AGhLhC PN aohS 128 ACADA::

NPA D NP7 $78 h&CT AD::
POBA@ AT ANLLOI® 15 A)D 10-:

@t oo LI @@ T LD NAe AP 10

ChateEa e avdet M0 LAHPA::
AL @M POHA: OWFPPI° @M ANHT::

$H0@7 @M NAT MR::
@-A@ 0.0 OM::

Pat LAANTY L 0L @NOT 10 £A 10-::
ey A oL 0 0::

07 CHEm PGS avP it LMBGA::
O CHém P +mPT 10-::

A%CT7 ONAN@ AN T::
anhn NH aodvst hAdt::
A%CV7 ANOND- Ad®-::
+04-2 N a0dh G AAD-::

aolork: A's SINTAN:: T4 9°F AP S10FA::  (stress on two syllables)
AI°A9° AT ANTE PTI° T hbaoMP® AAT::

TC AN SNENA: PTI° L 71C (NN LaoPi::
Me AmM LNEAN: 71C 77 0L ME A.mA LPANANPA::

art M HICE 9°7 W7 SATaPPA?
nng 2°am-7 NA::
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hg20 4.l Navn,G H158F 9Ot VIOT LE Ldh::
ALT MWt 24 av§P CAVT®-9°:: @NFT 24 avGP PANVT@-9°::
hg2l ANN oodUE: LLA: PFI° ALALCH M- LLA::
a0l 07 &% avdv$7 NM@- NAALLA 1CO7 T8 ACT A ::
anN 6&%%m- AD 1@ PSI° 7 AP a0 A2
a0 ALSE +A LA ST PTI° A2L5M hL'T (1MNY9° PA::

hg22 h@-¢@ &3 10- o0 (e P1LAD-:
g\l hW7E ATEL NOT IT9° ACO NANF::
ao( T IT9I° avIm9° I TFANT::
hg23 A77LET Al 2 NNT@-::
NE7? &0 NATFo-::
@ oA ahA-E: +PTAN: VeEDE ALAG aoA LATANT::

AN n.mNe N.AA PO A.mNe L.AA
[y LLN

na T4
279° nD
ned PA
aoQPp D

9 N
msg o

na- M

afh Pq
aA+ L5 A
hh@- aAT
A.0A aoGP
A.m VWAL
Né-

N7

N72L0m-

Phrasal statement (ps)

psl
LN VAN ANTICUF A A TPRLP L4NGF N91LLAD 24 TmF HotC
AL.O0 L5 60

ps2
Lé0, VAN ANTICUF Al A TERERT Lé0. N718LAD ¢ F@-F HOTC
NoOh 29¢N::

ps3




AM@F PN oo HLES RART AANTT (4.7 P9 MLAMS N.do?
Ao ME kT Ago-GG M hTYA::

ps4
NPLLI> T PAPAD NE-OT CATICE PAT MNI° 7T HFhERAD L2150 A1CN9I°:-
A9°: I0F POA: +@Ah - 20: aoO1H99°CE @AM - N9° oNHPL LS PA
hIS STm-:

LV9° hav82A hANE £7E®T POAPAD N&-OT PHmih A78, Ch%ICE
3¢ Qe M7t AhaolP'r 00 10-::

psS

ANhAU7 2290 U1 PATICE AT NA9°0TF PS PS H190T A.ovfN LTAN
MLILAN avfI°LaY ¢ P09 PPN 1M:: NFAEI®:- N9°F POAT 20 : 4mAh -
M oo+ PL e GTFm-::

ps6 & ps66

nae NAL &F PA@- PA Pk 10-?
v. ‘+4.21m or 1. +&D21m
A TeC 2. T'®C
ao, (\INC 3. aNC
w, U-H-9° 4. U-9°

ps7 ARYITT @NFT7E O0NFFTT AT TT -
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Annex III. THE TEST TEXT CORPUS

Ul
U2
U3
U4
us
[8[
U7
U8
U9

Ul10

Ull
Ul2

19 hANLLONTC::

Ao M3 10~ oLn eI L1LAD-::

PLAG M i LLN:
Ph %P ool @M 10 LOHPA::
9°7 427 9°M 1@ P9 oo N?

gk e TTINN Lh LAYAN?

X AE 7NN L0 LAAA?

AfNA 1m-?

AnN @ PONLD-::

nne o ANLm-::

797 10~ PONLD-?

nne o PANLm-::

av9°79°

h9iSh

100



