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We present in this article our method for text-to-speech synthesis based on syllable concatenation.
The method consists of two main text processing stages. In the first stage input text is processed for
detection of sentences, words, and syllables. Units are detected by a LEX-generated text parser. In the
second stage syllables are marked as common or stressed syllables by mean of another LEX parser.
For testing of our method a TTS prototype has been implemented. The prototype invokes the text
parser, matches the units from an acoustical database and realizes speech synthesis.
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1. INTRODUCTION

This article presents an original approach for constructing a syllable-based TTS system for
Romanian. Syllable-base methods are an alternative to large corpora methods, as they give good results using
a smaller database with acoustic units. Using of syllables in synthesis also leads to a good level of speech
naturalness and low concatenation error rate because of small number of concatenation points inside the
synthesized text.

The syllable approach is very appropriate in Romanian case, because Romanian spoken language
contains a large number of opened vowels that gives a constant rhythm of speech and similar manner of
accentuating words.

The particular aspects of our work are:

- using of linguistic and phonetic rules based of which we have done text analysis and obtained

appropriate units and prosody data;

- constructing a vocal database with a subset of Romanian syllables;

- using of a specific unit matching procedure for retrieving data;

- using a concatenation algorithm for generating chain units.

These aspects were implemented into a TTS system prototype, as one can see in following diagram:
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Figure 1. Main modules of our Text-to-Speech prototype.
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The TTS prototype contains following modules:

— a text analysis module that brings input text and produces basic units, that in our approach are
syllables, and prosody data, which mean the information about how words are accentuated;

— a unit matching module that generates acoustic units sequence according to the linguistic units
detected from the input and prosody data;

— a speech synthesis module that generates speech based on the acoustic units sequences.

2. TEXT ANALYSIS

First stage in text analysis is the detection of linguistic units: sentences, words and segmental units
that in our approach are the word syllables.

Detection of sentences and words is done based on punctuation and literal separators. For detection
of syllables we had to design a set of linguistic rules for splitting words into syllables, inspired from
Romanian syntax rules ([2], [3]).

The principle used in detecting linguistic units is illustrated in figure 2. Here we can see the structure
of text analyser that corresponds to four modules designed for detection of units, prosody information and
unit processing.

These modules are:

— a lexical analysis module for detection of basic units;

— a phonetic analysis module for generating prosody information;

— a high level analysis module for detection of high-level units;

— the processing shell for unit processing.
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Figure 2. Text analyser for syllable detection.

Processing shell accomplishes the unit-processing task and controls the subsequent modules. The shell
calls high-level analyser for returning main syntactic units. High-level analyser calls the lexical analyser for
input text parsing and detection of basic units. Then phonetic analysis module is called for generating stress
information.

Lexical analyser extracts text characters and clusters them into basic units. We refer to the detection of
alphabetical characters, numerical characters, special characters and punctuation marks. Using special lexical
rules (that have been presented in [8]), alphabetical characters are clustered as syllables, digits are clustered
as numbers and special characters and punctuation marks are used in determining of word and sentence
boundaries.
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Phonetic analyser gets the syllables between two breaking characters and detects stress position, i.e.
the accentuated syllable from corresponding word.

Then, high-level analyser takes the syllables, special characters and numbers provided by the lexical
analyser, and also prosodic information, and constructs high-level units: words and sentences. Also basic
sentence verification is done here.

Processing shell finally takes linguistic units provided from the previous levels and, based on some
computing subroutines, classifies and stores them in appropriate structures. From these structures, synthesis
module will construct the acoustic waves and will synthesize the text.

3. LEXICAL ANALYSIS FOR SYLLABLE DETECTION

Lexical analyser is called by the higher level modules for detection of basic lexical units: syllables,
breaking characters and numbers. The lexical analyser is made by using LEX scanner generator [4]. LEX
generates a lexical scanner starting from an input grammar that describes the parsing rules. Grammar is
written in BNF standard form and specifies character sequences that can be recognized from the input. These
sequences refer to syllables, special characters, separators and numbers. Also BNF grammar specifies the
actions to be taken in the response of input matching, actions that will be accomplished by the processing
shell subroutines.

The whole process realized by the lexical analyser is illustrated in figure 3. As we can see, input text
is interpreted as a character string. At the beginning, current character is classified in following categories:
digit, special character or separator, and alphanumeric character. Taking into account left and right context,
current character and the characters already parsed are grouped to form a lexical unit: a syllable, a number or
a separator. Specific production rules for each category indicate the mode each lexical unit is formed and
classified, and also realize a sub-classification of units (for numbers if they are integer or real numbers, and
for separators — the type: word or sentence separator, affirmative, interrogative, imperative or special
separator).

Once the unit type and subtype is identified, corresponding character sequence is stored and
transmitted to the high-level analyser by mean of specific actions, as they will be described in next paragraph
(Proceed syllable, Proceed number, Proceed separator).
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Figure 3. Lexical analyser for syllable detection.

3.1. Specific actions in lexical analyser

Specific actions inform high-level module about matching of syllables, numbers and breaking
characters. Inside lexical parser three types of input response actions are defined as follows:
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1. Proceed syllable - this is the action to be taken when a syllable is matched in specific location
of one word.

Special attention is taken when a syllable is matched at the beginning of a word. In Romanian,
different word decomposition rules apply when a character sequence occurs at the beginning or in the middle
or the final part of a word.

2. Proceed number - is the action to be taken when a number is matched from the input. The
number is identified as INTEGER or REAL type. In future stage, numbers will be translated in orthographic
alphabetical form.

3. Proceed separator — is the action corresponding to a breaking character matching from the input.
Breaking characters and punctuation marks are used for detecting word and sentence boundaries.

3.2. Syllable rules matching

Regarding rule matching process inside lexical analyser, two types of rule sets were made: a basic
set consisting of three general rules, and a large set of exception rules which states the exceptions from the
basic set.

(A) The basic set shows the general decomposition rules for Romanian.
First rule is that a syllable consists of a sequence of consonants followed by a vowel:

syllable= {CONS}*{VOC} (R1)

Second rule statues that a syllable can be finished by a consonant if the beginning of the next syllable
is also a consonant:

syllable= {CONS}*{VOC} {CONS}/ {CONS} (R2)

Third rule says that one or more consonants can be placed at the final part of a syllable if this is the
last syllable of a word:

syllable= {CONS}*{VOC} {CONS}*/ {SEP} (R3)

(B) The exception set is made up from the rules that are exceptions from the three rules of above.
These exceptions are situated in the front of basic rules. If no rule from the exception set is matched, then the
syllable is treated by the basic rules. At this time, the exception set is made up by more then 100 rules. Rules
are grouped in subsets that refer to resembling character sequences. All these rules were explained in [7]. In
this paper only few examples are shown at each group of rules (rules are grouped in subsets that refer to
resembling character sequences).
First group of rules considers two-vowel sequences situated at the final of the word (‘ei’ ‘ua’, ‘ou’,
eu’, ‘o1’ sequences have been considered). For example words like macrou have to be decomposed in
‘ma-crou’ as following:

3

{CONS}*ou/ {SEP} {Proceed_Syllable;}

Next rules consider word-ending sequences finished by a soften ‘i’ vowel (like in many plurals of
Romanian words or some verb terminations). Here plurals like « {VOC} RI» have been considered ({VOC}
means a vowel), like in gru-puri, co-cori . Other examples of plurals traced here are: sub-tili, masti, terti
pusti, casti, stu-denti, ursi, stingi. Present tense of second singular person verbs is also considered, like ci-
testi, ga-sesti.

An example of rule from this set is:

{CONS}*e [cnss]l*[tt] i/ {SEP}
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/* is-teti, stu-denti, repe-tenti*/
{ Proceed_Syllable;}

Special cases refer to groups of two adjacent vowels. In some cases these groups act like diphthongs
(both vowels being part of the same syllable), but in other cases they don’t and the two-vowel group is
divided in two distinct syllables (we say they act like hiatus).

For example <IA> group acts like a diphthong in bd-iat and like a hiatus in Ma-ri-a, A-dri-a-na.
After main set rules, <IA> is not a diphthong and in main cases will be automated separated in distinct
syllables. So in the exception set we have to indicate the cases when the vowels act together as a diphthong,
like in following rule:

ia {CONS}/ {CONS}
ia {CONS}/ {SEP} { Proceed_Syllable;}
/* iar-na, bd-iat*/

Another case is that of CI, CE, CHI, CHE, GI, GE, GHI, GHE groups. ‘C’ and ‘G’
followed by an ‘I’ or ‘E’ have specific behaviour and they will be always placed in same syllable. If the
groups < [CG] I> or < [CG]HI> are followed by the vowel ‘U’ then ‘IU’ acts like a diphthong:

{CONS}*{VvOC}/[cg]l [h] /* ma-CHe-ta */
{ Proceed_Syllable;}

[G]1IU/ {SEP} | [G] I/UL {SEP} |
[C]IH*{IU} | [C] H*{IU} {CONS} +/ {SEP}

{ /* ve-CHIUL; DbarcaGI-ul*/
Proceed_Syllable; }

Next ‘U{CONS}I’, ‘U{CONS}{CONS}I' word-ending groups are considered. These groups will
be placed in the same syllable as follows:

{CONS}?{CONS}?uni/{SEP} { /* co-muni, pruni */
Proceed_Syllable;}

{CONS}*ulln] [st]1i/{SEP} { /* cd-runti, des-culti */
Proceed_Syllable;}

Also IU and IE groups act differently, some cases as diphthongs, some cases as hiatus. Diphthong
cases are illustrated in the rules:

{CONS}{IU} | ({IU}|IE)

({IU}|IE) {CONS}/{CONS}

{ /* iu-bi-re; iur-ta ; ile-le; ier-na*/
Proceed_Syllable;}

Other groups of vowels have been considered because they have not regular behaviour. IO and EA
groups also act like diphthongs (‘cio-ban’, ‘tea-tru’) and as hiatus (‘pi-o-let’, ‘re-al’). In our approach only
OA,UA,IT,AI groups have been considered as diphthongs in all situations.

4. SYLLABLE ACCENTUATION

The principle for determining syllable accentuation is shown in Figure 4.

The parser returns current word from input stream. The word consists of series of phonemes F/;, F,
..., Fr and is delimited by a separator S. Phonetic analyser reads this word and detects syllable accentuation
based on phonetic rules.
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Figure 4. The principle of detecting syllable accentuation.

In Romanian, stressed syllable can be one of last four syllables of the word: S,, S,.;, S,..> or S,..3, (S, is
the last syllable). Most often, stress is placed at next to last position.

The rule set consists of:

(a) one general rule: S, ; syllable is stressed:

{LIT}+/{SEP} { return(SN_1);}

and

(b) a consistent set of exceptions, organized in classes of words having the same termination.

Unlike syllable detection analyser, in stress detection case we don’t have specific actions for each
rule (like Proceed number, Proceed_syllable). Here only index of stressed syllable is returned.

First case in exception set consists from Romanian verbs ended with ‘A’ vowel (infinitives or past
tense). At this moment, we have inserted a limited set of these verbs, but in the final version we shall use all
the verbs from a Romanian dictionary. In this case, last syllable (S,) will be stressed. From example:

(picur|lu|calcul|furis|hotdr|judec)a/{SEP}

(mir|scri|pict|desen|juc|disloc| (de) ?conect)a/{SEP} |

(stud|rdsfo|cop|td|chinu|rdsfo|pretu|miru) ia/ {SEP}
{return(sSN) ;}

Also, some noun plurals are exceptions from basic rule. These are /I ending words, and also
articulate or non-articulate nouns ended with LE:

(scat|geamg|coliv|cop|pust|pdldr|cut|terap)ii/{SEP}
/* scatii, copii*/
{return(SN) ;?}

(bre|a|cas|s|be|sal)tele/{SEP} {/* bretele, atele, castele */
return (SN_1);
}

{LIT}+(d|1l|m|n|t)ele/{SEP} {/* peretele,stelele,numele,colindele*/
return (SN_2);
}

{LIT}+gleulrele/{SEP} { /* fagurele, strugurele */
return (SN_3);
}
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Then EA4-ending words (articulate nouns or past tense verbs) follow:

{LIT}+(e|a)rea/{SEP} {/* mlncarea, studierea, puterea */
return (SN_1);
}

{LIT}+[nr]ltea/{SEP} {/* cartea, mintea, puntea */
return (SN_1);
}

(origi|margi|nime|aseme|creme|funingi) nea? / {SEP} {
/* marginea */
return (SN_2);

}

{LIT}+ea/ {SEP} {/* sosea, andrea; putea, placea */
return (SN) ;
}

Other exceptions are RI and RII ending nouns. These are plural nouns, articulated or not:

{LIT}+[bdlmnrt]dri/{SEP} {/* mutdri */
return (SN) ;

}

(nastu|marto)rii/{SEP} {/* nasturii, martorii */
return (SN_2);
}

(na|sta|ma|fac|cap|rup|pic|mon|tor|struc|fladlp)turi/ {SEP} {
/* fac-turi, na-turi*/
return (SN);

}

(mdrtu|dato|cdsdto|pdls|bucu)rii/{SEP} {
/* marturii, pdldrii */
return (SN);

}

{LIT}+rii/{SEP} {/* senatorii */
return (SN_1);
}

Then follows a category of word ending with 7, 71, T, T1, S, SI. These words can be nouns,
adjectives, verbs at present or past tense:

{LIT}+esi/ {SEP} {/* rédzesi culesi */
return (SN);

}
{LIT}+alcr][tt]li?/{SEP} {/* compact(ti), imparti */
return (SN) ;

}

{LIT}+ulln] [st]1i/{SEP} {/* ajunsi, carunti, desculti */
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return (SN) ;

}

{LIT}+i[ss][tt]1i?/{SEP} {/* politist, navetist */
return (SN) ;
}

Then words with 7, O, U vowels in last syllable were considered:

{LIT}+i[lnssttv]i? / {SEP} {/* fi-til, fu-ris, ciu-1lit, pi-tit */
return (SN) ;

}

{LIT}+{VOC}u/ {SEP} {/* tablou, maieu, saleu */
return (SN) ;
}

(pic|can|mar|vec|Nis)tori? / {SEP} {/* pictor, cantor, vector */
return (SN_1);
}

{LIT}+u(r|[stt]li?|ni?)/{SEP} {/* pldcut, actiuni, matur */
return (SN) ;

}

Other category is represented by R4, RE, REA, RA, RI ending words:

{LIT}+[jm]ur([de]/ {SEP} {/* tremurd, latura */
return (SN_2);
}

(fal|co|mo|car)duri/{SEP} {/* fal-duri*/
return (SN_1);
}

{LIT}+[dirt]leri/{SEP} {/* cd-deri, pa-reri, pu-teri */
return (SN) ;

}

We must say that only few examples of rules have been exposed here, but in [7] one can find the

complete set.

5. VOCAL DATABASE AND UNIT MATCHING

Vocal database includes a subset of Romanian language syllables. Acoustic units were separated
from male speech and normalized in pitch and amplitude. Segmentation was done through a semi-automated

procedure that can detect silence/speech and voiced/unvoiced signal.

Vocal database with recorded syllables has a tree data structure. Each node in the tree corresponds

with a syllable characteristic, and a leaf represents appropriate syllable.
Units have been inserted in database following the classification:

— after length of syllables: we have two, three or four character syllables (denoted S2, S3 and S4) and

also singular phonemes (S1);
— after position inside the word: initial or median (M) and final syllables (F);
— after accentuation: stressed or accentuated (A) or normal (N) syllables.



Original Method for Romanian Text-to-Speech Synthesis Based on Syllable Concatenation 117

This classification offers the advantage of reducing time for matching process between phonetic and
acoustic units.

The matching process is done according to the three—layer classification of units: number of
characters in the syllable, accentuation and the place of syllable inside the word.

If one syllable is not founded in vocal database, this will be constructed from other syllables and
separate phonemes that are also recorded. Following situations may appear:

(a) Syllable is matched in appropriate accentuated form. In this case acoustic unit will be directly
used for concatenation.

(b) Syllable is matched but not the accentuation. In this case, unit is reconstructed from other
syllables and phonemes that abide by the necessary accentuation.

(c) Syllable is not matched at all, so it will be constructed from separate phonemes.

6. IMPLEMENTATION

The final aim of our work was to build a speech synthesis system based on concatenation of syllables.
The system includes a syllable database in which we have recorded 386 two-character syllables: 283 middle-
word syllables and 103 ending-word syllables, 139 most frequent three-character syllables and 37 four-
character syllables. Syllables that are not included in database are synthesized from existing syllables and
separate phonemes that are also recorded.

The speech synthesis system first invokes text analyser for syllable detection, then phonetic analyser
for determining the accentuation. Appropriate unit (stressed or unstressed) is matched from vocal database,
and speech synthesis is accomplished by syllable concatenation.

Unit
Text Concatenation

and Synthesis
Y

A4

Lexical analysis Phonetic Unit
Syllable > analysis » Matching
detection Accentuation

h 4 \ 4

Basic units: Prosodic info: Vocal
Syllables Stress

Database

Figure 5. The principle of our syllable-based speech synthesis system.

7. CONCLUSIONS

We have presented in this article a rule-driven approach for construction of a syllable-based TTS
system. Special efforts have been done to accomplish the text processing stage. After serious researches in
linguistic field, we have designed two sets of rules: one for detecting word syllables and a second set for
determining which syllable is accentuated in each word. Even these sets are not complete, they cover yet a
good majority of cases. The lexical analyser is entirely based on rules and assures more than 85% correct
syllable detection and 75% correct stress detection rate at this moment.

By the advantages of detecting syllables through the rule-driven analyser we can mention: easy
accessibility and readability of rules, easy modifying of existing rules and facile insertion of new ones.

Even in this stage of TTS prototype development, the results obtained are encouraging. The
synthesized speech is understanding and conserves the quality of recorded units. We have observed that
normalization and correct concatenation are essentials for the quality of speech. As future development, we
think that FO adaptive correction in concatenation points will increase the smoothness of the signal. We also
consider that completion of syllable database in next stages will bring more accuracy in the syllable
generation process.
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