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Abstract. Nowadays, concatenative method is used in most modern TTS sys-
tems to produce artificial speech. The most important challenge in this method
is choosing appropriate unit for creating database. This unit must warranty
smoothness and high quality speech, and also, creating database for it must
reasonable and inexpensive. For example, syllable, phoneme, allophone, and,
diphone are appropriate units for all-purpose systems. In this paper, we imple-
mented three synthesis systems for Kurdish language based on syllable, allo-
phone, and diphone and compare their quality using subjective testing.
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1 Introduction

High quality speech synthesis from the electronic form of text has been a focus of
research activities during the last two decades, and it has led to an increasing horizon
of applications. To mention a few, commercial telephone response systems, natural
language computer interface, reading machines for blinds and other aids for the
handicapped, language learning systems, multimedia applications, talking books and
toys are among the many examples [1].

Most of the existing commercial speech synthesis systems can be classified as
either formant synthesizers [2,3] or concatenation synthesizers [4,5]. Formant synthe-
sizers, which are usually controlled by rules, have the advantage of having small foot-
prints at the expense of the quality and naturalness of the synthesized speech [6]. On
the other hand, concatenative speech synthesis, using large speech databases, has
become popular due to its ability to produce high quality natural speech output [7].
The large footprints of these systems do not present a practical problem for applica-
tions where the synthesis engine runs on a server with enough computational power
and sufficient storage [7].

Concatenative speech synthesis systems have grown in popularity in recent years.
As memory costs have dropped, it has become possible to increase the size of the
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acoustic inventory that can be used in such a system. The first successful concatena-
tive systems were diphone based [8], with only one diphone unit representing each
combination of consecutive phones. An important issue for these systems was how to
select, offline, the single best unit of each diphone for inclusion in the acoustic inven-
tory [9,10]. More recently there has been interest in automation of the process of
creating databases and in allowing multiple instances of particular phones or groups
of phones in the database, with the selection decided at run time. A new, but related
problem has emerged: that of dynamically choosing the most adequate unit for any
particular synthesized utterance [11].

The development and application of text to speech synthesis technology for various
languages are growing rapidly [12,13]. Designing a synthesizer for a language is
largely dependent on the structure of that language. In addition, there can be varia-
tions (dialects) particular to geographic regions. Designing a synthesizer requires
significant investigation into the language structure or linguistics of a given region.

In most languages, widespread researches are done on Text-to-Speech systems and
also, in some of these languages commercial versions of system are offered. CHATR
[14, 15] and AT&T NEXT GEN [16] are two examples offered in English language.
Also, in other languages such as French [17,18], Arabic [1,4,7,19,20], Norwegian
[21], Korean [22], Greek [23], Persian [24-27], etc, much effort has been done in this
field.

The area of Kurdish Text-to-Speech (TTS) is still in its infancy, and compared to
other languages, there has been little research carried on in this. To the best of our
knowledge, nobody has performed any serious academic research on various branches
of Kurdish language processing yet (recognition, synthesis, etc.) [28, 29].

Kurdish is one of the Iranian languages, which are a sub category of the Indian-
European family [30]. Kurdish has 24 consonants, 4 semi vowels and 6 vowels. Also
Iz1, Igl, and ¢/ entered Kurdish from Arabic. Also, this language has two scripts: the
first one is a modified Arabic alphabet and the second one is a modified Latin alpha-
bet [31]. For example “trifa” which means “moon light” in Kurdish, is written as
/4% 5/ in the Arabic script and as “tirife” in the Latin. Whereas both scripts are in use,
both of them suffer some problems (e.g., in Arabic script the phoneme /i/ is not writ-
ten; also both /w/ and /u/ are written with the same Arabic written sign /s [32,33], and
Latin script does not have the Arabic phoneme /%/, and it does not have any standard
written sign for foreign phonemes [31]).

In concatenative systems, one of the most important challenges is to select an
appropriate unit for concatenation. Each unit has its own advantages and disadvan-
tages, and appropriate for a specific system. In this paper we develop three various
concatenative TTS systems for Kurdish language based on Syllable, Allophone, and
Diphones, and compare these systems in intelligibility, naturalness, and overall
quality.

The rest of the paper is organized as follows: Section 2 introduces the allophone
based TTS system. Section 3 and 4 presents syllable and diphone based systems re-
spectively, and finally, comparison between these systems and quality test results are
presented in Section 5.
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2 Allophone Based TTS System

In this part, a Text-To-Speech system for Kurdish language, which is constructed
based on concatenation method of speech synthesis and use allophones (several pro-
nunciation of a phoneme [33]) as basic unit will be introduced[28,29]. According to
the input text, proper allophones from database have been chosen and concatenated to
obtain the primary output.

Differences between allophones in Kurdish language are normally very clear;
therefore, we preferred to explicitly use allophone units for the concatenative method.
Some of allophones obey obvious rules; for example if a word end with a voiced
phoneme, the phoneme would lose the voicing feature and is called devoiced [34].
However, in most cases there is not a clear and constant rule for all of them. As a
result, for extracting allophones we used a neural network. Because their learning
power, neural networks can learn from a database and can recognize allophones prop-
erly [35].

Fig. 1 shows the architecture of the proposed system. It is composed of three major
components: a pre-processing module, a neural network module and an allophone-to-
sound module. After converting the input raw text to the standard text, a sliding
window of width of four is used as the network input. The network detects second
phoneme’s allophone, and the allophone waveform is concatenated to the preceding
waveform.

Preprocessing

Raw
Text Text Standard Standard

—p|| Normalizer Converter Text

| | Neural |Allophone Allophone Speech
Network | toSowmd [ *

Fig. 1. Architecture of the proposed Kurdish TTS system

The pre-processing module includes a text normalizer and a standard converter.
The text normalizer is an application that converts the input text (in Arabic or Latin
script) to our standard script; in this conversion we encountered some problems
[30,32,34,36].

Finally, in standard script, 41 standard symbols were spotted. Notice that this is
more than the number of Kurdish phonemes, because we also include three standard
symbols for space, comma and dot. Table 1 shows all the standard letters that are used
by the proposed system. Table 2 shows the same sentence in various scripts. Also, the
standard converter performs standard text normalization tasks such as converting
digits into their word equivalents, spelling out some known abbreviations, etc.
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In the next stage, allophones are extracted from the standard text. This task is done
using a neural network. Kurdish phonemes have about approximately 200 allophones,
but some of them are very similar, and non-expert people cannot detect the differ-
ences [34]. As a result, it is not necessary for our TTS system to include all of them
(for simplicity, only 66 important and clear instances have been included; see Table
3). Also the allophones are not divided equally between all phonemes (e.g., /p/ is
presented by five allophones but /r/ has only one allophone [34]). However, the neural
network implementation is very flexible as it is very simple to change the number of
allophones or phonemes.

Major Kurdish allophones (more than 80%) are dependent only on the following
phonemes. Others (about 20%) are dependent on one preceding and two succeeding
phonemes [34]. Hence, we employed four sets of neurons in the input layer, each
having 41 neurons for detection of the 41 mentioned standard symbols. A sliding
window of width four provides input phonemes for the network input layer. Each set
of input layer is responsible for one of the phonemes in the window. The aim is to
recognize the relevant allophone to the second phoneme of the window. The output
layer has 66 neurons (corresponding to the 66 Kurdish allophones used here) for the
recognition of the corresponding allophones and the middle layer is responsible for
detecting language rules and it has 60 neurons (These values are obtained empiri-
cally); (See Fig. 2). The neural network accuracy rate is equal to 98%. In Table 4,
neural network output and desired output are compared.

fif target output
Q00080000 66 output units

/TN

000000 OO0 OOOOOO 60 hidden units

]

000 000 OO0 OO0 4 groups of41input

units

J m n 0 4 Letters of text input

target letter

Fig. 2. The neural network structure

After allophone recognition, corresponding waveform of allophones should be
concatenated. For each allophone we selected a suitable word and recorded it in a
noiseless environment. Separation of allophones in waveforms was done manually by
using of Wavesurfer software. The results of this system and comparison between it
and other systems are presented in Section 5.
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3 Syllable Based TTS System

Syllable is another unit which is used for developing a text-to-speech system. Various
languages have different patterns for syllable. In most of these languages, there are
many patterns for syllable and therefore, the number of syllables is large; so usually
syllable is not used in all-purpose TTS systems. For example, there are more than
15000 syllables in English [6]. Creating a database for this number of units is a very
difficult and time-consuming task.

In some languages, the number of syllable patterns is limited, so the number of syl-
lables is small, and creating a database for them is reasonable; therefore this unit can
be used in all purpose TTS systems. For example, Indian language has CV, CCV, VC,
and CVC syllable patterns, and the total number of syllables in this language is
10000. In [37], some syllable-like units are used; the number of this unit is 1242.

Syllable is used in some Persian TTS systems, too [26]. This language has only
CV, CVC, and CVCC patterns for its syllables and so, its syllable number is limited
to 4000 [26].

Kurdish has three main groups of syllables that are Asayi, Lekdraw, and Natewaw
[36]. Asayi is most the important group and it includes most of the Kurdish syllables.
In Lekdraw group, two consonant phonemes occur at the onset of syllable. For exam-
ple, in /pshu/ two phonemes /p/ and /sh/ make a cluster and the syllable pattern is
CCV. Finally, Natewaw group occurs seldom, too. Each group is divided into three
groups, Suk, Pir, and Giran [36]. Table 5 shows these groups with corresponding
patterns and appropriate examples.

According to Table 5, Kurdish has 9 syllable patterns; but two groups Lekdraw and
Natewaw are used seldom and in practice, three patterns, CV, CVC, and CVCC are
the most used patterns in Kurdish language. According to this fact, we can consider
only Asayi group in implementations, and so the number of database syllables are less
than 4000. In our system, we consider these syllables and extend our TTS system
using them.

4 Diphone Based TTS System

Nowadays diphone is the most popular unit in synthesis systems. Diphones include a
transition part from the first unit to the next unit, and so, have a more desirable quality
rather than other units. Also, in some modern systems, a combination of this unit and
other methods such as unit selection are used.

Kurdish has 37 phonemes, so in worst case, it has 37x36=1332 diphones. How-
ever, all of these combinations are not valid. For example, in Kurdish two phonemes
/g/ and /g/ or /z/ and /z/ do not succeed each other immediately. Also, vowels do not
form a cluster. So, the number of serviceable diphones in Kurdish is less than 1300.

After choosing the appropriate unit, we should choose the suitable instance for
each unit. For this reason, we chose a proper word for each diphone and then extract
its corresponded signal using COOL EDIT. Quality testing results are discussed in
Section 5.
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5 Quality Testing Results

In this paper, we have developed three synthesis systems based on allophone, syllable,
and diphone. In order to assess the quality of the implemented systems and to have a
comparison of them, a subjective test was conducted. A set of seven sentences was
used as the test material. The test sets were played to 17 volunteer native listeners (5
female, and 12 male). The listeners were asked to rate system's intelligibility, natural-
ness and overall voice quality on a scale of 1 (bad) to 5 (good). The obtained test
results are shown in Table 6.

The allophone based system has the worst quality and in practice, we cannot use it
in all-purpose system. In this system we use only 66 most important allophones and
s0, we can improve its quality using more units in the database.

The syllable based system has intermediate overall quality and high intelligibility.
In fact, syllable is a large unit, therefore, its prosody is constant and naturalness
is intermediate. On the other hand, because of large size of this unit, this system
intelligibility is high.

The diphone based TTS system has best quality between these three systems. Intelli-
gibility and naturalness is high and overall quality is acceptable. Diphones include tran-
sition part between a specific phoneme and its next phoneme, so using this unit, we have
smooth and pleasant output signal. Hence, diphone is most appropriate unit for develop-
ing an all purpose TTS system and in most modern TTS systems use of it as main unit.

Table 1. List of the proposed system standard letters

Arabic

tle|Floe S| olalo]r|élclele|lo]|e|e
Latin - - 1S sljlz|mom|r|d|ix]|-]¢lc]t|p]|bla]-
Standard | X | G | S s |jlz|R|[R|d|x|H|C|c]|t|p]|bla]|A
Arabic [s e[ [-[J a3 s sJo][d]d]E]=Ta <
Latin yl|i]lefli|lé& |h|G[]o|U|w|n|m|lI|[]l1|g|k]|]q|Vv]TfF
Standard | y | I i| Y| h|UJo|U|w|n|m|L|1l1|g|]k]|q]|]Vv]f
Table 2. The same sentence in various scripts
Arabic Format Sailsla Uhdaias oty a8 8 Gk sl
Latin Format Dillop dillop baran gull enlisétewe 0l nime nimeys ¢cawanim to
Standard Format | diLop diLop baran guL AenUsYtewe U nime nimeyS Cawanim to

Table 3. List of phonemes and their corresponding allophones as used in the proposed system

Phoneme P b t d K g Q F s S z J G| A

|Allophones| PpO*&| bEB | t@T | d!D | k?K | G%g | Qq | FVf | s | $S | 27> | Jj A A
Phoneme C h H m X X n v y 1 r L R Y
Allophones | Cc h H mWM| X X | nN v y 1 r L R Y

Phoneme E a N U u 0 w 1 i C U . s
Allophones E a # U u o w 1 i ~

— . 5

Table 4. A comparison between neural network output and desired output

NN Output DiLo&_DiLoP_baraN_GuL._AenUsY@_U,_nime_nimeyS_~awaniM_to
Desired Output DiLo&_DiLo&_baraN_GuL_AenUsY @_U,_nime_nimeyS_~awaniM_to
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Table 5. Kurdish syllable patterns

Suk Pir Giran
Asayi Syllable Pattern CV CVC CVCC
Example De, To Waz, Lix Kurt, Berd
Lekdraw Syllable Pattern CCv CCVC ccvcee
Example Bro, Chya Bjar, Bzut Xuast, Bnesht
Natewaw Syllable Pattern \ VC VCC
Example -i -an -and

Table 6. Subjective testing results for various systems

Intelligibility | Naturalness | Overall Quality
Allophone Based TTS System 2.71 2.31 2.45
Syllable Based TTS System 3.35 2.85 3.02
Diphone Based TTS System 3.9 3.37 3.51
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