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Abstract: Text to Speech Synthesis along with the Speech
Recognition is widely used throughout the world to
enhance the accessibility of the information and enable
even the disabled persons to interact with the computers in
order to get the potential benefit from this high-tech
revolution. In this paper we introduce a bi-lingual novel
algorithm for the synthesis of Urdu and Sindhi language
text.

The devised bi-lingual algorithm uses knowledge based
approach along with the hybrid rule based and
concatenative acoustic methods to provide efficient and
accurate conversion of Urdu and Sindhi text into the high
quality speech. The algorithm has been implemented in the
VB programming language with a GUI based interface.
The proposed system works with high accuracy and has a
great potential to be used for variety of applications. The
system is versatile enough and can be used for speech
recognition also.

Keywords: TTS, Articulatory, Formant, Concatenative,
waveforms, phones, diaphones

1. INTRODUCTION

Text-to-speech  (TTS) synthesis technology gives
machines the ability to convert arbitrary text into audible
speech, with the goal of being able to provide textual
information to people via voice messages. Key target TTS
applications in communications include: voice rendering
of text-based messages such as email or fax as part of a
unified messaging solution, as well as voice rendering of
visual/text information such as web pages. In the more
general case, TTS systems provide voice output for all
kinds of information stored in databases such as phone
numbers, addresses, navigation information, restaurant
locations and menus, and movie guides. Ultimately, given
an acceptable level of speech quality, TTS could also be
used for reading books i.e., Talking Books.

1.1 Synthesis Methods

There exist several different methods to synthesize speech.
Each method falls into one of the following categories:
articulatory  synthesis, = formant  synthesis, and
concatenative synthesis

1.1.1 Articulatory synthesis

It uses computational biomechanical models of speech
production, such as models for the glottis (that generates
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the periodic and aspiration excitation) and the moving
vocal tract. Ideally, an articulatory synthesizer would be
controlled by simulated muscle actions of the articulators,
such as the tongue, the lips, and the glottis. It would solve
time-dependent, 3-dimensional differential equations to
compute the synthetic speech output [1-3]. Unfortunately,
besides having notoriously high  computational
requirements, articulatory synthesis also, at present, does
not result in natural-sounding fluent speech.

1.1.2 Formant synthesis

It uses a set of rules for controlling a highly simplified
source-filter model that assumes that the (glottal) source is
completely independent from the filter [4]. The filter is
determined by control parameters such as formant
frequencies and bandwidths. Each formant is associated
with a particular resonance of the vocal tract. The source
generates either stylized glottal or other pulses for periodic
sounds and noise. Formant synthesis generates highly
intelligible, but not completely natural sounding speech.
However, it has the advantage of a low memory footprint
and only moderate computational requirements.

1.1.3 Concatenative synthesis

This type of synthesis uses actual snippets of recorded
speech that were cut from recordings and stored in an
inventory called "voice database", either as "waveforms"
(uncoded), or encoded by a suitable speech coding
method. Elementary "units" i.e., speech segments are, for
example, phones (a vowel or a consonant), or phone-to-
phone transitions ("diphones") that encompass the second
half of one phone plus the first half of the next phone (e.g.,
a vowel-to-consonant transition). Concatenative synthesis
itself then strings together (concatenates) units selected
from the voice database, and, after optional decoding,
outputs the resulting speech signal. Because concatenative
systems use snippets of recorded speech, they have the
highest potential for sounding "natural".

1.2 Urdu and Sindhi Language alphabet and Phonemes

Both Urdu and Sindhi languages share the same type of
script, that is, Perso-Arabic Script which is written from
right to left. There are some peculiarities that can be seen
in Perso-Arabic scripts. For example these scripts join
letters with each other, and therefore letters have different
forms as per their position in a ligature [5-6]. These
different forms for a Sindhi character ‘Bhay’ are shown in
figure 1 (a, b, c, and d).
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Figure 1 (c) ‘Bhay’ used as Middle
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Figure 1 (d) ‘Bhay’ used as Last

Some characters do not have middle shape i.e. they do not
join at both the ends. For example alif, vao, daal, etc.

1.2.1 Urdu character set and phonemes

Urdu alphabet utilizes consonant letters, vowels, diacritic
marks, numerals, punctuations and a few superscript signs
with a total of 39 alphabets. The graphic representation of
each alphabet has more than one form depending on its
position and context in the word.

There are consonants with similar phonetic sounds
(homonyms). For example letters “THEH”, “SEEN”,
”SAD” (U+062B, U+0633, U+0635 respectively) have a
similar phonetic sound in Urdu.

The letters “ALIF” (U+0627), “WAW” (U+0648),
“HAMZA” (U+0621), “YEH” (U+06CC) serve as vowels
in Urdu. In addition to vowels, there are diacritic marks
that appear above or below a character to specify a vowel
or emphasize a particular sound. These diacritics have
been taken from Arabic script. The common diacritical
marks used are “FATHA” (zabar U+064E), “KASAR”
(zer U+0650), “DAMMA” (pesh U+064F), and
“SHADDA” (tashdeed U+0651).

The Urdu script has its own numerals. The international
numerals are also used in place of Urdu numerals.
Numerals in Urdu are written left to right. The decimal
separator in Urdu numerals is called “ASHARYA”
(U+066B) and is similar to “HAMZA” in shape. A dot
may also be used in place of “ASHARYA”.

Urdu borrows some punctuation marks from English,

some of which have been modified to suit the right to left
script behavior [7]. For example a question mark is written
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like the English question mark flipped horizontally.
Examples of other punctuation marks used in Urdu are
Division sign, Exclamation, and Sentence Dash.

There are about 220 phonemes of Urdu alphabetical
characters as listed in Table 1. These phonemes have been
used to record the acoustics units of the voice database
(acoustic inventory) which are then used to get the
synthesized speech corresponding to the applied text.

Table 1. List of 220 Urdu phonemes used in the TTS

|  P| @b cl| €| 4| b
co o] co| e é l B| BA| h
(#3) o cp| df & % | 8| I*
d cp| i gi| N| a| aj 1
¢o o] c| di &t 6| 9| 5
(o0] ] cw| i ér Ml Pl Pl P
¢a G| ¢g| dg| éq| 'q| @&| &
ca 6| c¢c&| d2| é2| 2| 6| B| b
co & ¢o | du éu| " B| ®| X
(% b| op| dy| ey |yl ¢ 4] I
20 0 8g| C é ] g |
] o ap| cJ el J o |
o) b| &y ct et | It b B|
20 o} 8g| C. é. ] 6| a| L
o] cg | d é A 6| 9| |
ch &| oB| dE| eEk| %| B| B| E
B d co| | | a| &0
6| O] | d| e| 0| O] D] O
b [ ¢o| di| el 1| B ®| N
¢b [ ol | e| V| o] w| U
| a co| O+ ét| M| Q& |2 |i-
¢ 6| ow| di| &l | ® @l N
cb é cp| b é b 6| B
i o) (3] | ce| éx| e | @
(o) 2] cp| de| éé vl 8| &

1.2.2 Sindhi character set and phonemes

Sindhi language has 52 alphabets out of which some have
same sound e.g. < and o~ resulting in 45 different
alphabets as listed in Table 2. There are 8 different sounds
corresponding to each alphabetic sound so it makes a total
of 8 x 45 = 360 Sindhi phonemes [6]. These all phonemes
are listed in Table 2.
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T I I A S v Pl Y s D P L D D
HEARIF IR IRy
Table 2. List of 360 Sindhi Phonemes used in the TTS

2. SYNTHESIS PROCESS

A block diagram of a typical concatenative TTS system
that has been used for the implementation of bi-lingual
text-to-speech system for Urdu and Sindhi languages is
shown in Figure 2. The first block is the message text
analysis module that takes ASCII message text and
converts it to a series of phonetic symbols and prosody
(fundamental frequency, duration, and amplitude) targets.
The text analysis module actually consists of a series of
modules with separate functions. Input text is first
analyzed and non-alphabetic symbols and abbreviations
are expanded into full words. Then, a syntactic parser
(recognizing the part of speech for each word in the
sentence) is used to label the text. If the dictionary look-up
fails, general letter-to-sound rules are used. Finally, with
punctuated text, syntactic and phonological information
available, a prosody module predicts sentence phrasing
and word accents and, from those, generates targets, for
example, for fundamental frequency, phoneme duration,
and amplitude. The second block in Figure 2 assembles
the units according to the list of targets set by the front-
end. It is this block that is responsible for the innovation
towards much more natural sounding synthetic speech.
Then the selected units are fed into a back-end speech
synthesizer that generates the speech waveform for
presentation to the listener.

Dictionary Store of
and Rules Sound Units

| |

Text Analysis, Assemble
Letter to Sound, nits that mach| _»|
Prosody input targets

speech

Text Synthesizer

Figure 2. Block Diagram of the TTS System
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3. VOICE DATABASE PREPARATION

The voice database or acoustic inventory of a
concatenative TTS system for a given language is a set of
stored speech segments that in its totality covers all legal
phone sequences of that language, including inter-word
combinations. Further requirements are that, first, all the
necessary phonemic and allophonic distinctions are indeed
reflected in the inventory structure and, second, the
concatenative of two or more inventory units does not
produce audible discontinuities in the resulting synthetic
speech. Also, the final inventory should have a
manageable size. The challenge in inventory design is to
capture key coarticulatory phenomena while at the same
time keep the number of units small. Our proposed bi-
lingual TTS system for Urdu and Sindhi languages uses a
total of 352 acoustic units stored as .wav files. We have
tried to make use of same acoustic units for identical Urdu
and Sindhi phonemes where as distinct acoustic units have
been used for distinct Urdu and Sindhi phonemes. The
acoustic units have been recorded with trained speakers,
best quality equipment and sound proof environment.

4. DEVELOPMENT OF THE ALGORITHM

Figure 3 illustrates the flow chart of the algorithm that has
been devised for the implementation of bi-lingual text-to-
speech system for Urdu and Sindhi. The algorithm has
been implemented in the Visual Basic programming
language with the development of a user interface.

QD

| Read the Urdu / Sindhi Sentence and reverse it |
v

| Identify the selected speaker |
v

| Set the path of voice database |

v

| Identify the selected language |

v

| Expand the Abbr. and Map the numerals |
v
| Parse out the Urdu / Sindhi Sentence |
v
—> | Map the parsed characters to ASCII / Unicode |

v

Map the ASCII / Unicode value to acoustic
unit (.wav file) based on letter to sound rules

v

—| Concatenate (Synthesize) the acoustic units |

v

Display the windows media recorder with the
synthesized audio loaded

v
>

Figure 3. Flow Chart for the Bi-lingual TTS System

128



4. IMPLEMENTATION OF THE TTS FOR URDU
AND SINDHI

Based on the steps illustrated in Figure 3 the code has been
written in MS Visual Basic to develop a GUI based user
interface as shown in Figure 4. The interface provides a
menu bar with different menus providing the options for
selection of a particular language, keyboard and speaker. It
also provides a bilingual text editor where the user can
enter the Urdu or Sindhi text. Once the user enters the text
and clicks on the speak button then the interface displays
the windows media recorder with the synthesized speech
corresponding to Urdu / Sindhi text loaded. The user can
just play the sound or save it at any destination for later
retrieval.

&, Urdu & Sindhi Text to Speech System - -0 x|

Fle Language Keyboarad Help

Urdu and Sindhi Text-to-Speech System

Speak

~Speaker Profil

Age :“ Personality :

clin Vocal Effort :

~Select Speaker

Speaker:

Pitch Quality :

Language Enable : Urdu ‘

Figure 4. Ilustration of the Bilingual TTS

5. RESULTS AND DISCUSSION

The implemented TTS system has been tested by writing
different Urdu and Sindhi sentences in the bilingual text
editor as shown in Figure 5 and Figure 6.

[ Select Speaker

Spesker:

Spoaker Profile -

oo [ Porsonsity: [T
Speed : [T Vocal Effort {0
| e ouny: I

“ Language Enable : Urdu

Figure 5. TTS Interface with Urdu text
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k| a e s Jssl gl

Speak

Spoaker Profile - :

soo [ECH  Personsy: [T
| Speed : [T Vocal Effort {0
“ Language Enable : Sindhi |] Pitch Quality : [T

[ Select Speaker

Spesker:

Figure 6. TTS Interface with Sindhi text

As the user clicks on the speak button then the interface
displays windows sound recorder with the corresponding
sound loaded. This is shown in Figure 7. Now user can
play the sound or save it at a particular destination.

R voice43 - Sound Recorder
File Edit Effects Help

Pozition: Lenagth:
8.00 zec. 12.25 sec.
|
|

=101 x|

Figure 7. Synthesized Urdu / Sindhi speech loaded into the
windows sound recorder.

6. CONCLUSION

The proposed bilingual TTS system for Urdu and Sindhi
has been implemented using the concatenative synthesis
method. The system utilizes a common acoustic inventory
for both the languages hence reducing the number of
acoustic units and improving the overall efficiency of the
system. The system provides high quality Urdu and Sindhi
speech and can be further expanded to incorporate
expressive and visual text-to-speech (VTTS) strategies in
future.
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